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Abstract. In this paper the fractal dimension of the resistant and sensitive to doxorubicin MCF-line breast cancer
cells, exposed in the magnetic field, is examined. It is revealed, that the resistant and sensitive to doxorubicin MCF-line
breast cancer cells have different value ranges of the fractal dimension. Thereby, the main purpose of the present
research is to check the possibility of using the fractal dimension as a marker for sensitivity determining of MCF-line

breast cancer cells, exposed in the magnetic field.
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1. Introduction

For the first time the term "fractal" was mentioned in
the scientific literature in 1975 by Benoit
Mandelbrot. The broad scientific use of the term
"fractal geometry" was introduced through his book
"The Fractal Geometry of Nature". Mandelbrot
defined a fractal as a structure, consisting of parts
that are similar overall. Dimension of this structure
is not equal to it’s topological dimension and can be
a noninteger value [1]. This dimension is called
Hausdorff-Besicovitch ~ dimension  or  fractal
dimension. In a short time fractal geometry has
become extremely widespread in technical and
natural sciences. Fractal analysis allows us to
represent complex processes in a simple and
convenient for analysis form [2]. The use of fractal
geometry in biological research are also very
important, so that all parts of living organisms are
built on quasi-fractal principle, they contain the
traits of self-similarity, and many biological
structures have real fractal forms [3, 4].

The morphology of the cells is determined by the
organization of the cytoskeleton (cytomatrix) as a
fractal cluster. Fractal geometry is the geometry of
the hierarchical random processes and structures,
that is used to describe cellular morphology, ranging
from sub-cellular level to cellular, tissular and
organismal levels [5]. The cells and their complexes
can be described quantitatively by determining the
fractal dimension (D). It shows the complexity of
spatial fractal organization [6].

2. Analysis of the latest research and publications

In 1997, Austrian scientists formed the hypothesis
according to which the growth of tumor cells can be
described, assuming that these entities are fractals. In
2010, the team of scientists from the US in the Physical
Review Letters journal shows that cancer really
generates fractal structures [7]. The research was
performed on cervical epithelial cells (approximately
300) received from 12 individuals during biopsy, half of
which had malignant tumors and half were completely
healthy. The images of cells surface (topography) and
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adhesion maps were obtained using an atomic force
microscope. Analysis of fractal behavior of surfaces and
their adhesion maps was conducted in 40-300 nm scale.
The resulting images were analyzed using mathematical
methods to check whether they are fractals and if so,
what is their dimension. The surface of normal and
tumor cells are fractal-like in the specified range (40-300
nm) but their fractal dimensions are almost similar. The
spatial distribution of adhesion force on the surface of
normal and tumor cells were also fractal-like and
demonstrated significant differences in the fractal
dimension values. This parameter allows to distinguish
tumor and healthy cells. It makes possible to distinguish
normal and tumor cells using the images of an atomic
force microscopy [7]. In the other research, scientists of
the Max Planck Institute for Intelligent Systems found
some differences between the fractal dimensions of two
individual cell lines of human pancreatic cancer [§].

3. Aim of the work

The main purpose of the present research is to check
the possibility of using the fractal dimension as a
marker for sensitivity determining of MCF-line
breast cancer cells, exposed in the magnetic field

4. Cell lines and cultivation conditions.

The objects of the study were MCF-line breast
cancer human cells sensitive (MCF-7S) and resistant
to doxorubicin (MCF-7/Dox). Resistant line was
obtained from the original (sensitive) line at the
department of mechanisms of anticancer therapies of
R.E. Kavetsky Institute of Experimental Pathology,
Oncology and Radiobiology, National Academy of
Sciences of Ukraine.

Doxorubicin is a drug used in cancer chemotherapy
and derived by chemical semisynthesis from a bacterial
species [9]. It is ananthracycline antitumor
antibiotic closely ~related to thenatural product
daunomycin and like all anthracyclines, it works by
intercalating DNA, with the most serious adverse effect
being life-threatening heart damage. It is commonly
used in the treatment of a wide range of cancers,
including hematological malignancies (blood cancers,
like leukaemia and lymphoma), many types of carcinoma
(solid tumors) and soft tissue sarcomas [10].

MCF-7S and MCF-7/Dox cells were cultured in
Dulbecco ISCOV (Sigma, USA) culture medium
supplemented with 10% fetal calf serum (Sigma,
USA) in a humidified atmosphere of 5% CO, at
37°C within 24 hours.

Investigation of surface morphology was performed
on cytocentrifuged preparations of tumor cells. The drop
of supernatant fluid of cell suspension (10° cells/ml)

MCF-7S and MCF-7/Dox was applied onto a piece of
glass for the manufacture of specimens. Slides were
placed on a special stand and spun up to speed 900 r/min
for 5 minutes.

Obtained preparations were exposed in the
magnetic field with the induction of 160 millitesla
for 1.5 hours.

5. Research methodology with the application
of the images of atomic force microscopy tumor
cells.

The atomic force microscopy images obtained
using a scanning probe microscope SOLVER PRO-
M were used for the researching of the tumor cells
morphology (Fig.1, Fig. 2). In this paper, the fractal
dimension of the MCF-line breast cancer human
cells was counted using the program with the
algorithm, based on box-counting method, that is
widely used for calculating of fractal dimension of
different biological objects [11, 12, 13, 14, 15].

o

1,0 2,0 25 3,0 ;5
um

05

Fig. 1. The topography of the surface of tumor cells of
breast cancer MCF-7/Dox, resistant to doxorubicin
obtained using atomic force microscopy
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Fig. 2. The topography of the surface of tumor cells of
breast cancer MCF-78S, sensitive to doxorubicin obtained
using atomic force microscopy



O. Gorobets et al. Fractal Dimension of the Resistant and Sensitive to Doxorubicin Breast Cancer Cells, Exposed in the Magnetic Field 69

6. Dimension calculation

The blocks of the algorithm of the program for

fractal dimension calculation:

e Image extraction procedure;

¢ loading of the atomic force microscopy tumor
cells image in the bmp format;

e determination of the variables for the
recalculation of the X)Y and Z Cartesian
coordinates of the cell surface in the microns;

e creation of the filter for extraction of the 2D
curve determining the cell contour (fig. 3);

e calculation of fractal dimension;

e program testing on the modeling fractal called
the Koch's curve.

The program block for determination of cell
contour fractal dimension consists of construction of
diagram of a logarithm dependence of square box
quantity necessary for a cell contour covering to a
logarithm of the dimension of such a box. The line
diagram of such dependence is a confirmation of the
fractal-like structure of the cell contour at the
defined scale range (fig. 3).

Fig. 3. Extraction of the 2D curve determining the cell
contour with a help of the MathCAD program block (A —
for sensitive cell, B — for resistant cell)

The formula for fractal dimension calculation is
of the form [16]:
—logN(L
p_"logN(L)
log L
where L is the box size required for the cell contour

coverage (fig. 3), N(L) is the quantity of the L-size
boxes required for the cell contour coverage [16].

7. Results

The received results were represented in a graphic
form (fig. 4). The diagram accurately visualizes that
the fractal dimension of sensitive cells, exposed in
the magnetic field, is greater than the fractal
dimension of the resistant cells, exposed in the
magnetic field, and the value ranges of this
characteristics are not intersected for sensitive and
resistant cells, exposed in the magnetic field. It
testifies the more "branched" structure of the
sensitive cells surface than of the resistant ones.

The mean value of the fractal dimension of the
resistant MCF-line breast cancer cells to doxorubicin,
exposed in the magnetic field, is <Dr> = 1,160 + 0,003
and it is <Dnr>= 1,273 + 0,007 for the sensitive ones.
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Fig. 4. The density of a cumulative distribution function
of resistant and sensitive MCF-line breast cancer cells,
exposed in the magnetic field, by their fractal dimension
(FD)

8. Conclusion

The conducted research established that the fractal
dimension of boundaries of sensitive cells, exposed
in the magnetic field, is greater than the fractal
dimension of the boundaries of resistant cells,
exposed in the magnetic field, and the value ranges
of these characteristics for sensitive and resistant
cells, exposed in the magnetic field, do not overlap.
It testifies the more "branched" structure of the
sensitive cells boundaries than of the resistant ones.

Thus, the fractal dimension of the cells, exposed
in the magnetic field, can be an additional marker
for the determination of their sensitivity to
doxorubicin.
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Y poboTi AoCTIKY€EThCsl (paKkTanibHa PO3MIPHICTh PE3MCTEHTHUX Ta YYTJIMBUX JIO Aii TOKCOPYOILMHY KIITHH paky
MOJIOYHOI 3aJI03H, €KCIIOHOBAHUX Yy MAarHITHOMY TOJi. BHUABIEHO, 0 PE3UCTEHTHI Ta YyTIUBI A0 Aii JOKCOPYOIUHY
KIITHHY paky MosiouHoi 3ao3u JiHii MCF MatoTs pizHe 3HaueHHs! (pakTaibHOI po3MipHOCTI. TakMM YHMHOM, T'OJIOBHA
MeTa IIbOT0 JOCITIHKCHHS IOJIATae B EepEeBipIli MOXKIMBOCTI BUKOPUCTAHHS (PpaKTaIbHOI pO3SMIPHOCTI K MapKepy Uit
BH3HAYCHHS YyTIUBOCTI 0 Mii JOKCOPYOIIMHY KIIITHH paKy MosiouHOi 3amo3u JiHii MCF, eKCIIOHOBaHUX Y MarHiTHOMY

I10JI1.

KoarouoBi cjioBa: aroMHO-CHJIOBa MIKPOCKOINiS; JTOKCOPYOILIMH, MarHiTHE IOJIé MarHiTHO-CHJIOBA MiKPOCKOIIs;
PE3UCTEHTHI Ta YyTIMBI KIITHHN paKky MonodHoi 3ano3u jgiHii MCF; ¢pakranbsHa po3MipHICTb.



O. Gorobets et al. Fractal Dimension of the Resistant and Sensitive to Doxorubicin Breast Cancer Cells, Exposed in the Magnetic Field 71

0.10. I'opoden', C.B. Fopoﬁeuz, B.D. lIexy}l3, 0.B. Measeaes®, O.B. Bepesun®, O.H. Iapkaenko®.

®@DpakTadbHasi Pa3MepPHOCTh PE3HCTEHTHBIX H YYBCTBHTEJIBHBIX K JOKCOPYOHIIMHA KJIETOK PaKa MOJOYHOM

JKeJie3bl, MPeICTaBJIsIeMbIX B MATHUTHOM 0JIe

1245 HanpoHAIBHBIHA TeXHHYECKHIT yHHUBEpCcHUTET Y KpanHbl « KHEBCKHUI MOTUTEXHIYECKU HHCTUTYT», IPOCIIEKT

ITo6ensr 37, Kue, Ykpauna, 03056

3I/IHCTI/ITyT SKCIEPUMEHTAIBHON MAaTOJIOTHH, OHKOJIOTHH U paanobduonorun umenu P.E.Kaserkoro, ynmma

BacunbkoBckas 45, Kues, Ykpauna, 03022

E-mails: 'gorobets.oksana@gmail.com; *pitbm@ukr.net; *chekhun@onconet.kiev.ua; *will.be.psychedelic@gmail.com;

>sashal.0@yandex.ua; ‘monteskje@yandex.ru
B pabote uccnemyercs (pakraibHas pa3MEPHOCTh PE3UCTEHTHBIX U YYBCTBUTEIBHBIX K JEHCTBHUIO JOKCOPYOHUIIMHA
KIETOK paka MOJIOYHOHM JKeNe3bl, IPEACTABISIEMBIX B MArHUTHOM TiOJie. BEBIABIEHO, YTO pE3UCTCHTHBIC U
YyBCTBUTEIBHBIE K JCHCTBUIO TOKCOPYOHIIMHA KIETKH paka MOJO4HOI xene3sl tuHnr MCF nMeroT pasHoe 3HaYCHHE
(dpakranpHON pasmepHOCTH. TakuMm 00pa3oM, TIaBHAs IENb STOrO HKCCIICOBAaHUS 3aKIIOYaeTCs B IMPOBEPKE
BO3MOXKHOCTH HCIOJIb30BaHUsl (PpaKkTanibHONH pa3MEpPHOCTH Kak MapKepa /s ONpPEAEICHHs YyBCTBUTEIBHOCTH K
JICHCTBUIO JOKCOPYOHIIMHA KIIETOK paka MOJIouHoM skene3sl inauu MCF, npencraBiseMbIx B MArHUTHOM TIOJIC.
KiloueBble c¢j10Ba: aTOMHO-CHIIOBasT MHKPOCKONUS; JOKCOPYOHWIIMH; MAarHHUTHOE TIIOJIe; MAarHUTHO-CHJIOBas
MHUKPOCKOIIHSI, PE3UCTCHTHBIC W UYBCTBHUTCIBHBIC KIIETKH paka MoyiodHoi kene3bl ymHun MCF; dpakranpHas
Pa3MepHOCTb.
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