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INTRODUCTION 
Breast cancer in some countries becomes a major public 
health issue because of its cause of mobility and mortality 
among women. It is the most prevalent cancer type in Arabian 
countries, as an example it represent at least 33% and 24% 
of total cancers in Egypt and Saudi Arabia, respectively.  The 
characteristic of the DNA of tumor cells is an essential tool 
in cancer treating. The treatment by fractionated doses in ra-
diotherapy showed a repopulation of some surviving malig-
nant cells between the fractions [1-3]. FCM analysis is used 
for DNA cells analysis that count and sort cells and bookmark 
it for detection. It is based on real time fluorescence detection 
for DNA cells which exposed to different laser frequ cies.  It al

lows many instant physical and chemical parameters analysis 
for thousands of particles in a very short time. It is achieved 
by the analysis of fluorescence categorization of cell nuclei of 
tumor samples under study. Thus, there are some interest-
ing phases which appears in the cell population, for example 
G1/G0 phase which has less DNA per cell in contrast to a S-
phase (cells percentage that in phase with cycle of cell of DNA 
producing)  or even in G2/M phase before cell division since 
the DNA got doubled during S-phase [4]. Photon treatment 
radiation effects on tumor cell cycle cell and distribution ar-
resting is different than chemotherapy which has a variable 
effect depending on the administered drug, which may lead 
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ABSTRACT
Our study is considered a continuing effort in radiation therapy treatment of breast cancer. It is concerned a comparison 
study between the effect of hyperfractionation radiotherapy (a short term course) and hypofractionation radiotherapy (a 
long term course) of treatment photon doses on breast cancer cells. The comparison is done with refereeing to normal 
breast tissue measurements using flow cytometric analysis of DNA ploidy studies. Our samples are extracted from normal 
benign tumors (non-irradiated) and cancer cells in patients pre-irradiated to VARIAN LINAC of 6 MV photon energy at Ra-
diology Department, NCI. S-phase is extracted from flow cytometric analysis that presents a sophisticated comprehension 
on the rate of growth of breast tumor cells. It is showed a low S-phase fraction less than 7 % in   hyperfractionation radio-
therapy, however in hypofractionation radiotherapy showed a high S-phase fraction great than 10%. Accordingly, our study 
reveals the importance of hyperfractionation radiotherapy for breast cancer treatment, its capabilities to kill larger DNA of 
tumor cells and restrict its populations.
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to partial synchronization (change cellular redistribution). 
Nowadays, modern technology of radiotherapy treatments 
are directed to high dose gradient delivery in a very short time 
for high conformal therapy implementation in cancer patients 
like IMRT and HDRBT. Our study is aimed to study the effect 
of radiotherapy treatment by introducing two different type 
of dose delivering a hyperfractionation and hypofractionation 
radiation therapies to breast cancer patients.  The probabili-
ties of killing tumor cells or restriction of its populations in 
the sensitive phases will be estimated by evaluated SPM. Our 
study is concerned the influences of a quantitative partial syn-
chronization in tumor cells by different treatment modes that 
depend strongly on tumor type and kinetics such as length of 
the cell cycle.

MATERIALS AND METHODS

Materials

A fifty of blocks FFPE cases of highly aggressive carcinoma of 
cancer breast patients treated with conservative surgery and 
axillary dissection are obtained from department archives of 
the of surgical pathology, NCI. Their ages are in the range of 
20-65 years old. From each block, three sections 50 μm thick 
each are obtained for DNA content determent by flow cyto-
metric DNA analysis. Flow cytometric studies on patients are 
randomly allocated to one of the following groups: 

A. Ten Patients without radiation benign tumors (fibro adeno-
ma cases).

B. In the relative hyperfractionated groups twenty invasive 
breast cancer patients received short course of radiation cells 
are pre-irradiated to 6 MV LINAC photon energy with a total 
dose of 4160 cGy. 

C. Twenty invasive breast cancer patients received long curse 
of radiation, exposed to same irradiation facility of 6 MV LIN-
AC photon energy with a total dose of 5000 cGy.

METHODS

RT schedule

Three to four weeks after the 6th cycle of chemotherapy, pa-
tients started external beam irradiation using 6 MV photon 
linear accelerators, to the whole breast and ipsilateral lymph 
nodes (supraclavicular and axillary if it is indicated).

The patients are randomized into two three groups:

Group A: 10 patients control non recessive radiotherapy,

Group B: 20 patients ; received short radiotherapy treatment 
course (HFRT) course with a total dose of 4160 cGy, 260 cGy/
fraction in 16 fractions in 3 weeks (5 days/week and the last 
{third} week 6 fractions/week are given to end the total over 
all time in 3 weeks ),

Group C:  20 patients; received conventional long course with 
a total dose of 5000 cGy, 200 cGy/fraction with an overall time 
of 5 weeks; 5 days/weeks. 

FCM studies  
In this study, FCM is used to identify DNA (Ploidy) content in 
the 50 samples by using Dako-Cytomter System. Standardiza-
tion of the FCM and initial alignment are performed according 
to the manufacturer’s instructions.

Sample preparation
Solid tumor samples are mechanically dissociated to get a sus-
pension of single cell nuclei and prepared for DNA analysis fol-
lowing the technique of Costa et al. [5]. The specimen, which 
should be represented, devoid of hemorrhage, necrosis, fat or 
fibrosis is minced in a clean sterile Petri-dish containing RPMI-
1640 medium using two scalpels or scissors. The cells released 
in the medium are withdrawn from the Petri dish using clean 
sterile Pasteur pipette and then filtered twice through a nylon 
mesh with pore size 53 micron. Later, it are collected in a fif-
teen milliliter sterile clean conical tube.  Sample size of about 
1.5-1 cm is considered optimum yielding about 0.5-x106 cells. 
Centrifugation of the filtered specimen is done at 1200 rpm, 
continued for 10 min, the supernatant is then discarded and 
the pellet is re-suspended by gentle tapping on the bottom 
of the tube. The cells are washed with a fresh medium fol-
lowed by re-centrifugation is done twice. The pellet is then 
re-suspended in a citrate buffer solution. Total cell counting is 
performed prior to staining using a hemocytometer and ad-
justed to 2-3x10 6 cell/ml.

DNA staining
Staining is performed according to technique of Vindelov et al. 
[6]. Then, it is  washed in phosphate – buffered saline (PBS), 
nuclear count is adjusted to 2.3x 106 cell/ml. Nuclear stain-
ing for DNA content is done using cold PI (Becton Dickinson, 
USA), which a Fluorochrome that binds to the DNA and emits 
visible light in the real-time it is stimulated by the laser beam 
of different frequencies. The tubes are light protected for 10 
min, with shaking gently every minute. Sample is incubated in 
the dark in refrigerator till running in FCM which count your 
cells and calculated your amount of PI per cell number in both 
samples (untreated and treated)

Sample running and data acquisition   

a. At least ten thousands of cells is consistently attained by the 
FCM at a growth rate of one hundred up to two hundred cells 
per second for standard lymphocyte in addition to all cases 
under study.

b. The normal lymphocyte suspension is run first to confirm 
that the diploid G0/G1 peak is at channel number (2N). The 
peak channel number and corresponding % CV is recorded for 
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G0/G1 only since normal human lymphocytes.

c. Sample is run in the FCM and proper gating of the desired 
population is done to exclude any debris that might be pres-
ent in the specimen. DNA histogram shows the mean channel 
number of G0/G1, G2/M, % CV and the ratio of G2/M to G0/G1 
which is the mean channel numbers for both diploid and aneu-
ploid populations that is recorded and stored in the list mode.

Interpretation of the DNA histograms

The FL2 channel by a staining with PI shows DNA content since 
PI will intercalate with DNA. In G0/G1 phase have less DNA per 
cell in contrast to a cell in S-phase or G2/M phase before cell 
division since the DNA is got doubled during S phase.  There-
fore, more PI molecules can intercalate within DNA cells as 
follows:- 

a. If it represents a single peak (G0/G1) with a CV ≤ 5%, so the 
DNA is diploid and whose position is confirmed by running of 
the lymphocyte sample at first. 

b. On the other hand, if a Sample is considered “DNA aneu-
ploid” when an additional abnormal peak is presented and it 
represents at least 10% of the total population collected with 
an identifiable G2/M peak [6].

c. The relative DNA content identified the DNA content of the 
tumor relative to a normal diploid control. It is obtained by 
calculating the ratio of the abnormal (aneuploid) G0/G1 peak. 
This ratio is defined as DI whereas diploid tumors with nor-
mality case of DNA content have DI is greater than or equal 
to 0.95 and  less than or equal to1.03, aneuploidy tumors of 
abnormality case of DNA content have DI greater than 1.03 
or less than 0.95.DI ranges followed in this study according to 
Flyger et al. [7].

RESULTS AND DISCUSSION

Flow cytometric DNA content analysis

Results of FCM of normal breast tissues, hyper fractionated 
and hypo fractionated are represented in Fig.1 (a-c) which is 
histogram of total cell florescence (FL2-area) versus count of 
DNA cells.

a. Normal breast tissue without radiation: All the 10 cases 
analysed are diploid. Fig. 1a shows a single peak (G0/G1) with 
a mean channel number at the (2N) position similar to the 
reference peak.      

b. Breast cancer patients received short course of radiation 
(fewer fractions, larger doses per fraction, shorter overall 
treatment time). All the 20 cases analysed are diploid. They 
showed diploid peaks at the 2N position. No aneuploidy peaks 
are detected (Figure.  1b).

c. Breast cancer Patients received long curse of radiation 
(standard radiotherapy)

All the 20 cases analyzed are diploid. They showed diploid 
peaks at the 2N position. No aneuploid peaks are detected 
(Figure.  1c).

Figure 1: Histograms of DNA for:-  (A) normal breast tissue and two tu-
mors  treated by (B) HFRT and  (C) HRT recorded  by FCM using red excita-
tion optical fluorescence after staining of PI. Ratios of the first (normal 
tissue) and second (tumor tissue) of the fluorescence peaks.

Larger doses of radiation (hypofractionation) would probably 
kill larger cell populations in the sensitive phases.

a. DNA frequency histogram of normal breast showing a dip-
loid peak, at channel number 50 and with small G2/M cell 
population at channel number 100 and with low SPF.  

b. DNA frequency histogram of a case received short course 
of radiation (HFRT) showing a diploid peak at channel number 
200 with a G2/M cell population at channel number 400 and 
low SPF (less than 7%).  Cell cycle time would influence your 
outcome: breast tumour has a shorter cycle which in term has 
a lesser degree of synchronization (or ‘pile up’ in the S-phase) 
due to high cell turnover, than a tumour with longer cell cycle 
time. 

c. DNA frequency histogram of a case received long course 
of radiation (HRT) showing diploid population with high SPF 
(higher than 10%).  

In hyperfractionation technique, small doses per fraction 
which in this case 200 cGy/fraction with an cause relatively 
short cell cycle delay or long cell cycle time, so during the in-
tervals between fractions (e.g. 1 day), many cells can move 
back from resistant to sensitive cell cycle phases. This conclu-
sion would be added to recent studies that insure the impor-
tance of HFRT in intratumoral dose escalation also it appears 
to be a safe and feasible strategy for patients with some tu-
mors [8].

CONCLUSION

In this study, HFRT is more effective versus HRT for breast can-
cer patient. HFRT reduces cell cycle redistribution and repopu-
lation. It offers a very short time of cell cycle that influences 
the outcome DNA Ploidy studies in tumor cells. Hence, it. So, 
it allows a lesser degree of synchronization that piling up the 
S-phase. FCM analysis showed low S-phase fraction less than 
7 % in HFRT, however, it is showed high SPF great than 10% in 
HRT. According to this concluded results, our study revealed 
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the importance of HFRT for breast cancer patient which give a 
positive results in killing larger DNA cell populations that leads 
to lower growth rate of tumor cells than HRT that may obtain 
aggressive cancer. It is matched with the recently advanced 
radiotherapy treatments like IMRT or high dose rate brachy-
therapy that decreases the total session numbers and high 
photon doses per fractions. Our concluding remark is that hy-
perfractionation is advantageous and highly recommended in 
breast cancer treatment in radiotherapy. 
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