Cancer Management and Research

Dove

ORIGINAL RESEARCH

Investigation of Chromosome | Aberrations in
the Lymphocytes of Prostate Cancer and Benign
Prostatic Hyperplasia Patients by Fluorescence
in situ Hybridization

Justyna Miszczyk
Mikotaj Przydacz?
Michat Zembrzuski?
Piotr L Chtosta (>

'Department of Experimental Physics of
Complex Systems, The H. Niewodniczanski
Institute of Nuclear Physics PAN, Krakow,
Poland; 2Department of Urology, Jagiellonian
University Medical College, Krakow, Poland

Correspondence: Justyna Miszczyk
Department of Experimental Physics of
Complex Systems, The H. Niewodniczanski
Institute of Nuclear Physics PAN,
Radzikowskiego 152 Street, Krakow,
31-342, Poland

Tel +48 126628409

Fax +48 126628458

Email Justyna.Miszczyk@ifj.edu.pl

Purpose: Radiotherapy is one of the most common treatments for prostate cancer. Finding
a useful predictor of the therapeutic outcome is crucial as it increases the efficacy of
treatment planning. This study investigated the individual susceptibility to radiation based
on chromosome 1 aberration frequency measured by the FISH (fluorescence in situ hybridi-
zation) method.

Patients and Methods: Whole blood samples were collected from 27 prostate cancer
(PCa) patients and 32 subjects with benign prostatic hyperplasia (BPH), who were consid-
ered as a control group. Samples were irradiated with 2 Gy of x-rays, cultured, harvested,
and used in the FISH procedure.

Results: After irradiation, significantly higher levels of all studied chromosome 1 aberra-
tions (except for deletions) in the group of PCa patients were revealed. Furthermore, in the
lymphocytes of cancer patients, nearly five-fold higher frequencies of acentric fragments
were observed compared to the BPH group. The highest individual radiosensitivities for all
estimated biomarkers were seen in PCa patient cells who reported cancer incidence in the
immediate family (CIF+).

Conclusion: The differences in chromosome 1 aberrations between PCa and BPH demon-
strate that lymphocytes taken from patients with prostate cancer have higher radiosensitivity
which might be related to hereditary or familiar inclinations. Therefore, this technique may
find future application in searching biomarkers of the cellular radiotherapy response in
prostate cancer patients.

Keywords: benign prostatic hyperplasia, chromosome 1, prostate cancer, radiotherapy
planning, biomarkers, FISH method

Introduction

Cancers develop and progress because of genetic instability and the accumulation
of mutations. A high frequency of chromosomal aberrations in human peripheral
blood lymphocytes (HPBL) has been shown to be a risk factor for the cancer
initiation process.'” The frequency of chromosome aberrations increases with
radiation dose to the cells and serves as an indicator of the radiation dose
received. In vitro irradiation experiments using HPBL can provide a dose-
response relationship that can be used to estimate radiation dose to individuals

based on the aberration frequency detected in their lymphocytes. Thus,
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chromosomal aberrations are considered to be valuable,
internationally standardized, and validated biomarkers of
biological effects after exogenous radiation exposures.>
Many cancer types are associated with specific chromo-
somal abnormalities.* Among the various types of
induced aberrations, dicentric and acentric fragments
are eliminated from the peripheral blood during subse-
quent cell divisions (hence, they are called unstable
aberrations). However, reciprocal translocations persist
in peripheral blood lymphocytes for a long time,” which
is advantageous for using them as a biomarker in mon-
itoring studies."” Any exposure to low LET-radiation
(Linear Energy Transfer, eg, X-rays) leads to
a relatively homogeneous distribution of energy in the
cell and initial DNA damage.® Subsequent repair and
post-repair mechanisms may lead to a selection of spe-
cific breakpoint locations along chromosomes. Due to
impaired repair mechanisms, cells from subjects with
increased or decreased radiosensitivity might express
additional specific breakpoints.’

Prostate cancer (PCa) is the sixth most common cancer
in the world, being the third most common male cancer,8
while benign prostatic hyperplasia (BPH) is among the
most common age-related male disorders worldwide.”
The development of BPH, as well as normal prostate
function, are known to be principally regulated by sex

inflammation.”'°

hormones and influenced by local
Recent data suggest that the action of androgens alone
may not explain the hyperplastic development of the pros-
tate gland, but that dietary and other lifestyle factors may
also play an important role.”!" Novel studies suggest that
BPH might represent an element into the wide spectrum of
disorders constituting the Metabolic Syndrome (MS)."?
Cancer risk might be strongly influenced by hereditary
and familial predisposition;'**'* however, social and envir-
onmental factors—particularly diet and lifestyle—also
play an important role.'*'> The already known and com-
mon chromosomal abnormalities characteristic of prostate
cancer are alterations in chromosomes 1, 7, 8, 10, 11, 16,
17, and X.'®'7 Chromosome 1 is the largest, comprising
8.28% of the human male genome.'® Therefore, the aber-
rations in this chromosome are generally more frequently
detected than those in other chromosomes. In addition,
chromosome 1 undergoes frequent molecular changes in
the case of prostate cancer, although many controversial
findings have been reported; nevertheless, half of the most
common prostate cancer susceptibility loci have been

reported there.'®!”

Radiotherapy—either alone or prescribed as an adju-
vant therapy—is one of the standard methods for prostate
cancer treatment.'® However, approximately 23-40% of
prostate cancer patients still suffer from clinically relevant
adverse acute gastrointestinal or genitourinary effects.'®
Several technological advances over the last years have
enhanced the precision of external beam radiotherapy
delivery.'>** Therefore, resulted in improved outcomes.
Among them, intensity-modulated radiation therapy,
stereotactic body, carbon ion, and proton therapy offer
biological and physical advantages over conventional
radiotherapy and demonstrated favorable outcomes.'®’
Establishing an appropriate method and biomarkers that
will allow the reliable screening and selecting of indivi-
duals according to their level of radiosensitivity and
genetic predisposition would help to better target the ther-
apeutic procedure while avoiding the highest risk patients.

Many reports indicate that the FISH (fluorescence
in situ hybridization) technique is a useful and effective
approach for revealing structural rearrangements that are
stable aberrations in individual chromosomes.'”=' Our
previous results from classic cytogenetic studies revealed
significantly higher numbers of unstable aberrations in all
of the chromosomes of PCa patients compared to BPH
subjects.” It is thus essential to investigate whether parti-
cular chromosomes in the lymphocytes of PCa patients are
more vulnerable to the induction of chromosomal aberra-
tions as a result of therapeutic exposure. HPBLs are inter-
nationally used in biological dosimetry for radiation dose
assessment.”""** Lymphocytes circulate in the whole body
and are all at the same stage of the cell cycle at the time of
the radiation exposure as well as the time of the blood
draw.”* They are at a significant advantage to other tissue
cells. This study investigated different types of aberrations
observed in chromosome 1 in non-irradiated and irradiated
HPBLs from PCa and BPH patients, as well as the poten-
tial involvement of these abnormalities in hereditary or
family predisposition to prostate cancer development.

Patients and Methods

Study Subjects

Whole blood samples were provided by the Department of
Urology, Jagiellonian University Medical College. The
investigated group consisted of 32 PCa patients and 27
BPH subjects, who were clinically considered as a healthy
control group (PCa was excluded). The design of the study
was described previously.”> Preliminary studies aimed to
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compare, on molecular and cellular levels, the response of
HPBLs from PCa or BPH diseases to the X-rays. Briefly,
every donor was asked to provide blood samples for clas-
sical chromosome aberration assessment (Dicentric assay),
an alkaline DNA repair competence assay, and the FISH
method. Information about each donor’s health, age, life-
styles, diets, habits, and cancer incidence in the immediate
family (CIF) was collected via voluntary interviews. PCa
appears earlier than BPH; the average age of the PCa
patients was 62.1£5.5 years and that of the BPH group
was 68.9£8.5 years. Patients from both groups had no
known history of exposure to ionizing radiation, other
than necessary for routine medical diagnosis. They no
had a history of blood transfusion and a history of malig-
nant tumors other than prostate cancer. At the moment of
blood taking patients were before radiotherapy and che-
motherapy treatment. For patients who reported a history
of PC cancer in the immediate family, a number of
affected relatives and degree of kinship were collected.

All procedures involving human participants were per-
formed according to the ethical standards of the institu-
tional and/or national research committee and according to
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Consent was obtained by the
study participants prior to study commencement. The
Bioethics Committee of Jagiellonian University in
Krakow approved the study methodology and the
informed consent form used in this study (No. KBET/
197/B/2012).

Sample Collection and X-Ray Treatment
Peripheral blood samples were collected into vacutainers
containing lithium heparin by phlebotomy and then de-
identified in the laboratory of The H. Niewodniczanski
Institute of Nuclear Physics Polish Academy of Sciences
in Krakéw, Poland (IFJ PAN). To evaluate individual
susceptibility to radiation, one-half of the sample from
each donor was irradiated with a 2 Gy X-ray dose using
a Philips MCN 323 machine (250 kV, 10 mA). The dose
rate was 1 Gy/min. The dose was chosen to simulate
a typical for prostate cancer fraction dose used (1.8-2.0
Gy).>* The other half of the blood sample was not treated
with X-rays to analyze the endogenous and exogenous
chromosome 1 aberrations induced in vivo, eg, sponta-
neous aberrations.””*® The X-ray irradiation procedures
were previously described in detail.?* Immediately after
the irradiation, the samples underwent cytogenetic cultur-
ing procedures.

Culture Conditions and FISH Procedure
Lymphocyte culturing was carried out according to
a previously described standard methodology."'” After cul-
turing, the lymphocytes were fixed according to a standard
protocol."!” Metaphase spreads were dropped (1-2 drops)
onto clean microscope slides, dried at room temperature, and
stored at —20 °C before the FISH procedure. The slides with
metaphase spreads underwent the FISH procedure using
biotin-labeled whole chromosome probes for chromosome
1; the procedure was carried out according to the StarFish
Cambio, Cambridge, United Kingdom painting protocol.

Microscopic and Statistical Analysis

Slides were examined at 1000x magnification with an
(Nikon E400)
equipped with a 100 W mercury lamp, an excitation filter
of 515-560 nm, and a barrier filter of 590 nm for the
visualization of DAPI and Cy-3 (red) signals. The aberra-

epifluorescence  microscope Eclipse

tions of chromosome 1 were defined and measured accord-

ing to guidelines and previously published data,"!’

as
follows: translocation (T(;)) — a rearranged chromosome
with a single centromere and at least two colors; acentric
fragment (Faee(1y) — a linear part of the painted chromo-
some without a centromere; deletion (Del(;)) — a visible
deletion in one arm of the painted chromosome; insertion
(Ins(;y)) — an acentric chromosomal material from the
painted chromosome inside a different chromosome.
Representative examples of scored aberrations and normal
chromosome 1 are presented in Figure 1.

Chromosomal aberrations in irradiated cells were
counted in an average of 450 and 1768 metaphases for
irradiated and not irradiated cells, respectively, and was
dependent on the number of aberrations detected or accep-
table metaphases available. On the basis of the measured
aberrations, the following biomarkers were estimated: %
AB.C(y), T(yF, Face)F, DelyF, and InsiyF. The results
were analyzed in STATISTICA 8.0. The standard deviation
(S.D.) was calculated for all estimated biomarkers. The
Mann—Whitney rank-sum test and Student’s z-test were
used to compare the biomarkers of the two groups depend-
ing on whether the biomarkers were normally distributed, as
verified by the Shapiro—Wilk test. P values of <0.05 were

considered to be significant and are indicated in the tables.

Results and Discussion
Table 1 presents the estimated cytogenetic biomarker
results of PCa patients compared with BPH subjects
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Figure | A representative example of a metaphase spread with normal chromosome | (A), translocation (B), acentric fragment (C), deletion (D), and insertion (E)

detected by fluorescence in situ hybridization (FISH) using whole chromosome paints.

based on cellular responses to an X-ray dose of 2 Gy.
These were measured with the FISH technique for whole
chromosome 1. To facilitate literature comparisons, the
results were standardized to a dose of 1 Gy per 100
metaphases.

After irradiation, the percentage of cells with aberrant
chromosome 1 and the frequencies of translocations, acen-
tric fragments, and insertions were significantly higher in
the PCa patients than in the BPH patients. Acentric frag-
ments were almost five-fold more frequent in the cells of
PCa patients after radiation than in those of BPH donors.
A similar trend was observed for the number of insertions;
however, their incidence was lower than acentric frag-
ments. No significant difference between the PCa and
BPH subjects was found regarding deletions. These find-
ings indicated that chromosome 1 in the PCa patients was
more vulnerable to genotoxic action than the same chro-
mosome in the BPH subjects. The presented data are in
line with previous results of the classical cytogenetic assay
and alkaline version of DNA repair competence assay that
were conducted in the same patients.> The results showed
that PCa patients had a higher level of DNA damage in
lymphocytes than BPH subjects that were not repaired
during post-radiation exposure incubation. A similar

1’25

study design has been presented by Hille et al,” were

found that spontaneous yields of acentric chromosome

fragments and simple exchanges were significantly
increased in lymphocytes of prostate cancer patients
before the onset of therapy, indicating chromosomal
instability in these patients. Simple exchanges were eval-
uated in chromosomes 2 and 4.>° To evaluate FISH as
a method for predicting radiosensitivity, Beaton-Green et -
al,?® examined the incidence of translocations in HPBLs,
after exposure to in vitro radiation, suggesting that the
FISH technique should be considered as a potential pre-
dictor of radiosensitivity. Additionally, in their next work
in vitro irradiated blood samples from prostate cancer
patients showed statistically significant differences
between the radiosensitive PCa and control cohorts for
the mean number of dicentric chromosomes per cell and
the mean number of excess fragments per cell.’’ In the

1,>® the authors evaluated chro-

pilot work of En-Zein et a
mosomal instability of prostate cancer using fluorescence
in situ hybridization assay using two probes targeting
specific regions on the X chromosome and chromosome
1. Results showed a significantly higher mean level of
chromosome 1 spontaneous breaks, without specification
what exactly the type of aberration was studied.

To investigate the individual radiosensitivity and the
impact of genetic and familial predisposition, we performed
an in vivo analysis of aberrations in non-irradiated lympho-

cytes. We analyzed whether the observed increased or

Table | The Mean Cellular Biomarkers Evaluated for PCa and BPH Patient Cells Irradiated with X-Rays

Group MetAn % AB.C(jy TyF Face()F Del)F Ins)F
PCa 15067 5.09 3.33 2.29 0.54 0.17
+ S.D. - 1.44 1.00 0.96 0.42 0.21
BPH 11487 2.70 2.08 0.48 0.44 0.04
+ S.D. - 1.21 0.95 0.27 0.42 0.10
p< - 0.001* 0.001* 0.001* ns** 0.00 | **

Notes: *Student’s t-test. **Mann—Whitney test. P values of <0.05 were considered to be significant and are bolded.
Abbreviations: MetAn, the total number of metaphases analyzed; % AB.C(), the percentage of cells with aberrant chromosome I; T())F, Fice(iyF Del(yF; Ins)F; the

translocations, acentric fragments, deletions, and insertion frequencies of chromosome | per 100 metaphases/| Gy, respectively.
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decreased frequency of aberrations in response to irradiation
was due to a higher background frequency (influence of
endogenous and exogenous factors or familiar predisposi-
tion) or due to enhanced radiosensitivity of the prostate
cancer lymphocytes. For this sub-analysis, we included
only donors who had a positive family history of prostate
cancer. In the PCa group, nine of the patients reported cancer
incidence in their immediate family (CIF+ with no. of codes:
5,6,9, 36,49, 52, 55, 58, 60), and 10 patients reported no
family history of cancer (CIF-). In the control BPH group,
10 patients were CIF+ and 10 were CIF-. In this sub-
analysis, groups were smallest than in groups when cells
were irradiated with X-rays because for a few donors data
about their family history were limited or the proliferation
index was too low for obtaining enough metaphases suitable
in the hybridization process. The results of the analyzed
aberration frequency of chromosome 1 in non-irradiated
lymphocytes from the two patient groups are presented in
Table 2.

An analysis of chromosome 1 aberrations in lympho-
cytes before irradiation (in vivo) showed significantly
higher levels of all studied endogenous and exogenous
chromosome 1 aberrations, except for translocations

Table 2 The Mean Frequency of Endogenous and Exogenous
Chromosome | Aberrations Found in vivo, Evaluated in Non-
Irradiated Cells from PCa and BPH Patients

GI‘OUP MetAn % T<|) Fa:e(l) Del(|) Ins(|)
AB.C, | F F F F
PCa 41563 0.39 0.27 0.06 0.04 0.04
+S.D. - 0.14 0.13 0.06 0.04 0.07
BPH 27382 0.26 0.23 0.02 0.01 0.01
+ S.D. - 0.24 0.20 0.05 0.02 0.03
p< - 0.05%* ns* 0.05* | 0.05*% | 0.05*

Notes: *Mann-Whitney test. P values of <0.05 were considered to be significant
and are bolded.

Abbreviations: MetAn, number of metaphases analyzed; % AB.C(l), the percen-
tage of cells with aberrant chromosome |; T(I)F, Face(l)F, Del(l)F, Ins(l)F, the
translocation, acentric fragment, deletion, and insertion frequencies of chromo-
some | per 100 metaphases, respectively.

(Table 2) in cells from PCa patients. These results are
similar to those of Hille et al*® and El-Zein et al*® who
also examined spontaneous chromosome instability in PCa
patients and healthy controls indicating that spontaneous
chromosome instability could be a risk factor for prostate.

Finally, individual radiosensitivity was estimated. For
each patient, the frequency of aberrations at the in vivo
level was subtracted from the frequency of aberrations eval-
uated for the same donor in cells irradiated with X-rays.
Table 3 shows a comparison between the cellular radiosen-
sitivity presented as different estimated biomarkers in cells
of PCa and BPH patients after stratification by CIF.

We observed the highest values of cellular radiosensi-
tivity for all estimated biomarkers in cells from CIF+ PCa
patients compared with the other subgroups (PCa(CIF-),
BPH(CIF+), and BPH(CIF-)). The largest difference in
radiosensitivity was observed for acentric fragments
between the PCa(CIF+) and BPH(CIF+) groups (nearly
six-fold higher for PCa(CIF+)). Additionally, in the PCa
patient group, a significant, prominent difference was
observed in the frequency of deletions (p<0.05) between
subgroups of patients with or without cancer in the
immediate family.

This result might be related to the report that the deletion
of region 1p36 (CAPB) is most commonly observed as
a terminal syndrome in men.?’ Prostate cancer susceptibility
loci in chromosome 1 have also been reported at the region
1q24-25 (denoted as the HPC1 gene locus) and at 1g42-43
(PCAP).>**° Therefore, further research is needed on the
suggested types of aberrations using larger patient groups,
stratification by cancer incidence in the immediate family,
and probes specific to the 1q24-25, 1g42.2-43, and 1p36
regions. Individual variability also necessitates deeper mole-
cular insight and further studies in terms of smoking, diet,
and other lifestyle factors. These studies would benefit from
the use of molecular markers specific to early and late events
in cancer progression, which are critical for these types of
diseases.

Table 3 Comparison of Cellular Radiosensitivity of Chromosome | Aberrations Obtained for PCa and BPH Patients, After

Stratification by Cancer in the Immediate Family

% AB.C(|> *SD T(|)F +SD Face(l)F *SD Del(|)F +SD Ins(|)F +*SD
PCacir, 4.18 + 1.59 2.77 + 1.08 1.85 + 1.07 0.29 + 0.31 0.15 +0.15
PCacir+) 541 = 1.61 341 £097 273 + 1.12 0.77 £ 0.57 0.27 + 0.28
BPH i 241 + 122 1.81 £0.97 0.44 + 0.23 0.45 + 0.47 0.05 + 0.11
BPH ciF+) 2.59 = 1.01 1.97 £ 0.89 0.47 + 0.25 0.40 + 0.31 0.05 + 0.09

Abbreviations: CIF cancer incidence in the immediate family; % AB.C(|), the percentage of cells with aberrant chromosome I|; T(yF Fice)F Del(yF InsyF the
translocation, acentric fragment, deletion, and insertion frequencies of chromosome | per 100 metaphases/| Gy.
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Recent advances in chromosome staining using the FISH
technique facilitate the fast and reliable measurement of
simple translocations, which are an excellent biomarker for
retrospective biological dosimetry of absorbed dose.*' Our
results show that the frequency of acentric fragments
detected in response to X-ray exposure can be proposed as
an efficient predictor of susceptibility to radiation treatment
in PCa patients. Figure 2 presents individual radiosensitivity
(RS) as the frequency of acentric fragments (Fuc(1)F) of each
PCa patient as evaluated as the dispersion from the average
RS of the whole PCa group subtracted by the value obtained
for the BPH group in the peripheral blood lymphocytes. The
x-axis representing the mean RS value (2.05). The lines
above and below the x-axis showed on the histogram indicat-
ing the standard deviation (+SD=1.08) of the mean RS value.
The patient identification number is typed on a single bar.

After subtraction of spontaneous chromosome 1 aberra-
tions, the FISH results revealed differences in susceptibility
to radiation, expressed as significantly increased or
decreased frequencies of acentric fragments for chromo-
some | in the group of cancer patients compared to the
BPH stage, which suggests that this technique and biomar-
kers in future might be proposed as screening and selecting
of individuals to estimate individual susceptibility to radia-
tion according to their level of radiosensitivity and genetic
predisposition. Similar trends were observed in our pre-
viously published data.’*>? In literature, studies analyzing
chromosomal aberrations have shown great promise to pre-
dict cancer risk and individual sensitivity.”** Analyzing the
frequency of chromosomal aberrations in lymphocytes after
in vitro irradiation have shown great promise to predict late
sequelae due to cancer treatment.** This suggests that cancer
patients are predisposed to radiosensitivity compared to the

RS value

5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00 &
0.50

0.00

Mean value + SD = 2.05 + 1.08
Median value = 2.06

Patient no.

JELRE RN

general population. Radiotherapy inflicts acute and chronic
toxicities to the normal tissue surrounding the tumor which
is represented by HPBLs.>® Since HPBLSs traffic throughout
the body, which include irradiation field, could potentially be
used to interrogate radiation injury to normal tissue during
irradiation of tumors.*® Accordingly with data, following
a standard regime of thirty fractions of 2Gy, 98.8% of the
blood pool has been exposed to more than 0.5 Gy.*

The observed differences between PCa and BPH patients
might be due to different factors. Our previous study indi-
cated that lymphocytes from PCa patients have a higher
level of DNA damage that was not repaired during post-
Furthermore, DNA
damage was less efficiently repaired than BPH subjects.

challenging exposure incubation.
Another open issue is the role of genotoxic and carcinogenic
agents experienced by study subjects at the time of FISH
testing on the level of spontaneous aberration frequency and
radiosensitivity. We can not exclude more complex models
or even the simultaneous occurrence of multiple events and
their interaction during radiation therapy. The hypothesis is
still under investigation because the effect might be influ-
enced by the initial amount of DNA damage, physical activ-
ity, smoking status, etc. Notable, despite technological
advances in chromosome identification, the mechanisms
behind the origination and transmission of chromosomal
aberrations after irradiation remain unclear.’” Many research
groups suggest that any double-strand breaks (dsb) can
participate in aberration formation, others postulate that
only clustered can be involved.’” Understanding the rela-
tionship of aberrations with other endpoints, such as patho-
logical grade, Gleason score, and conversion to malignancy,
is one of the challenging tasks in biological dosimetry and
radiotherapy.

| - I
II I|||

22 25 36 ! 52 53 55 58 60 62

Figure 2 The individual radiosensitivity (RS) presented as the frequency of acentric fragments (F,c(1)F) of each PCa patient. The RS value is calculated for each donor. The
central cross-line (the x-axis) represents the mean RS value and how the RS value varies among the donors. The lines (above and below the x-axis) showed on the histogram
are the standard deviation (+SD) of the mean RS value. The patient identification number is typed on a single bar.
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Compared to classic cytogenetics, the method applied in
this study could be a useful and more rapid method to
identify overly sensitive or resistant patients. The FISH
method is clinically applied to detect genetic abnormalities
or the identification of novel oncogenes in cancer patients.
However, before this method can be applied as a reliable and
sensitive biomarker of individual predisposition to treat-
ment, further effort is needed to examine whether the
observed variation in patient radiosensitivity is associated
with health recovery outcomes or with molecular and med-
ical observations. Our studies are performed under ex vivo
irradiation conditions, it is speculative at this time that this
technique can be translated to clinical use for radiation
assessment. The experimental or clinical implementation of
the FISH technique is time-consuming and costliness.
Additionally, all steps require experienced personnel. The
lower sensitivity might happen due to a technical failure in
the probes hybridization process with chromosome 1. In our
studies in total, 26,554 irradiated cells and 68,945 not-
irradiated were examined. However, future studies on bigger
PCa group together with correlation studies with pathologi-
cal grading, staging, and Gleason score are planned.
Valuable will be studies comparing the incidence of chromo-
some aberrations before and after receiving radiotherapy.
Further effort is needed to examine if the observed variation
in radiosensitivity of PCa donors in the induced frequency of
aberrations ich chromosome 1 could be associated with
other molecular and medical observations, or with a health
recovery outcome before it will be applied as a reliable and
sensitive biomarker of the individual predisposition to the
treatment.

Conclusions

Our preliminary investigation found statistical differences
in the radiosensitivity of lymphocytes of PCa patients and
BPH subjects. Among the various aberrations that can be
analyzed using the FISH technique, acentric fragments of
chromosome 1 appeared to be specifically detected in
response to radiation treatment for prostate cancer. Thus,
acentric fragments can be proposed as a biomarker of
radiosensitivity for future detailed studies. This report is
a part of cytogenetic and molecular research reflecting
individual differences in the HPBLs response which
aimed to find processes underlying the observed effects.
Understanding these processes might bring fundamental
insights to optimize radiotherapy and better exploit the
influence of chromosomal instability.
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