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K CBEJEHHIO ABTOPOB!
[Tpu HampaBiIeHUH CTaThU B PEJAKIMIO HEOOXOAMMO COOIONATh CIIEAYIOIIUE MTPaBUIIa;

1. CraTbs 1omKkHa OBITH IPEJCTABICHA B IBYX SK3EMIUIPAX, HA PYCCKOM MJIM AHIIMHCKOM SI3bI-
Kax, HareyaTaHHas Yepe3 MoJITOpa HHTEPBasia Ha 0HOI CTOPOHE CTAHAAPTHOIO JIMCTA ¢ IMPUHOM
JIEBOTO MOJIsI B TP caHTHMeTpa. Mcrmonp3yemblil KOMITBIOTEPHBIH WPUQT I TEKCTa Ha PYCCKOM U
aHTmiickoM si3pikax - Times New Roman (Kupuiiauma), s TeKCTa Ha TPY3WHCKOM SI3BIKE CIIEAYET
ucrons3oBath AcadNusx. Pazmep mpudra - 12. K pykonucu, HarieyaraHHON Ha KOMIIBIOTEPE, TOJDKEH
ob1Th ipuitosker CD co craTbeit.

2. Pa3mep craTbu 107KEH OBITH HE MEHEE IeCATH U He OoJiee 1BaALATH CTPAHUI] MALIMHOIINCH,
BKJIIOYAs yKa3aTelb JINTepaTyphl H pe3ioMe Ha aHTIIMICKOM, PyCCKOM U TPY3MHCKOM SI3bIKaX.

3. B crarbe 10omKHBI OBITH OCBELICHBI aKTYaJIbHOCTh IAHHOTO MaTepraa, METOAbI U PE3YJIbTaThl
UCCIIEIOBAHUS U UX 00CYyKACHHE.

IIpu nmpencTaBneHny B re4aTh HAYIHBIX IKCIIEPUMEHTATLHBIX pab0T aBTOPHI IOJIKHBI YKa3bIBaTh
BUJ U KOJIUYECTBO SKCIIEPUMEHTAIBHBIX KUBOTHBIX, IPUMEHSIBIIMECS METOABI 00€30011BaHUs H
YCBIJICHHUS (B XOJ€ OCTPBIX OIIBITOB).

4. K crarpe IOMKHBI OBITH MPHIIOKEHBI KPATKOE (HA MOJICTPAHMUIIBI) PE3IOME Ha aHTIINHCKOM,
PYCCKOM U Ipy3UHCKOM $I3bIKaX (BKJIIOUAIOIIEe CIEAYIONINE Pa3ieibl: IeJb UCCIEIOBAHNS, MaTepral u
METOJIbI, PE3yJIBTAThl M 3aKIIFOYCHUE) U CITUCOK KITFoUeBbIX ciioB (key words).

5. Tabnmuip! HEOOXOIUMO MIPEACTABISTE B ITe4aTHOH popme. DoTokonnu He TpuHUMaroTcs. Bee
nu(ppoBbIe, UTOTOBbIE U MPOLEHTHBIE JAHHbIE B TA0JHIAX J0JKHBI COOTBETCTBOBATh TAKOBBIM B
TeKcTe cTaThbu. Tabnuibl U rpad)uKu TOJKHBI OBITH 03araBeHbI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300pakeHUH. PUCYHKH, 9epPTEXH 1 AUAarpaMMBbI CIIEAyeT 03aIIaBUTh, IPOHYMEPOBATh M BCTABUTH B
COOTBeTCTBYMOIIEE MecTo TekcTa B tiff hopmare.

B noanucsx k MukpodoTtorpadusM ciienyeT yKasblBaTh CTEIICHb YBEIMUYESHUS YePEe3 OKYIISP HIIH
00BEKTHB U METOJI OKPACKH MIJIM UMIIPETHAIINN CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOMAATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHnn crareid B xypHanm MHI mpocum aBTOpOB cobmronars
HpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKONHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMUTETOM PEIAKTOPOB MEAMIMHCKUX JKYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B xoHIIe Ka)X10l OpUTMHAIBHON CTaThy NpUBOAUTCS Onbimnorpaduueckuii cnucok. B cnimcok naurepa-
TYpPBI BKJIIFOUAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKM B TeKcTe. CIHCOK COCTaBIIsIeTCs B
andaBuTHOM MOpsAAKe U HymMepyeTcs. JlutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUruMHana. B
CIMCKE JINTEPATyPhl CHavYajIa IPUBOISTCS PaOOThI, HAIIMCAHHBIE 3HAKAMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupuuien u naruauneil. CChUIKM Ha IUTUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIAPaTHBIX
CKOOKax B BU/IC HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOW padoThI B CITUCKE TUTEpaTypbl. bospmmn-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 MOCTCAHNUE S5-7 JIET.

9. ns momydeHHs MpaBa Ha MyONHMKALMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEKJICHUS BU3Y U COIPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAalledaTaHHbIC Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIyKeOHBIN M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBILIATH IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCIPaBIsTh cTarbi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTMO HampaBlieHHE B PEJAKIINIO paldOoT, MPEACTABICHHBIX K TeYaTH B WHBIX
M3aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3AHUSX.

Hpﬂ HApymI€HUH YKa3aHHbIX IMPaBUJI CTATbU HE PaCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or compu-
ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width, and 1.5 spacing
between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to Georgian and Russian
materials). With computer-printed texts please enclose a CD carrying the same file titled with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink (or
black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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IMPACT OF Ag NANOPARTICLES ON MICROORGANISMS,
CAUSATIVE AGENTS OF PURULENT-INFLAMMATORY PROCESSES

Mishina M., Syrova A., Abramenko V., Makarov V., Hopta O.

Kharkov National Medical University, Ukraine

The extended implementation of numerous invasive involve-
ments with the use of catheters, venflones, drainage construc-
tions into medical practice creates conditions for purulent-in-
flammatory processes appearance in patients with the so called
catheter-associated infections, the key link is the formation of
microbial biofilm on the surface of the device which protects
microorganisms from aggressive factors of environment and
causes persistence to antibacterial preparations owing to pheno-
typical variability of microorganisms [10,11,15]. Difficulties in
using empiric antimicrobial therapy are connected with it. Thus,
practicability of effective prophylactics raises no doubts. Nowa-
days catheters treatment is done by impregnation by antibacteri-
al preparations on their surface which decreases the appearance
of catheter-associated infections, but the risk of their appearance
remains rather high [1,5].

Specialists prove that heavy metals provide toxic activity on
microorganisms. Cations of heavy metals easily interact with
various electron-donor groups in the composition of many or-
ganic compounds with the formation of complexes with hydrox-
yl, carboxyl, phosphate and aminogroups as well as covalent
bonds with sulthydryl groups of proteins. Thus, toxic activity
of heavy metals on microorganisms is of non-specific character
that is why they are able to interact with proteins, nucleotides,
co-enzymes, phospholipids, porphyrins, i.e. practically with all
types of substances which take part in cells metabolism. Besides
interacting with grouping of active center of microorganism’s
enzymes or replacing separate ions in them heavy metals cause
inhibition of their activity [13,14,17,12].

At present questions connected with impact of metals
nanoparticles on microorganisms are actively explored but few
massages about the study of Ag nanoparticles impact on forma-
tion ability of microorganisms main pathogenicity factor and
protection from aggressive external environment, namely, bio-
films, are met in literature. Thus, the study of biofilm forma-
tion on catheters were carried out in SI “L.B. Gromashevsky
Institute of epidemiology and infectious diseases of the Ukrai-
nian NAMS” and it was demonstrated that biofilms formation
on catheters begins with microorganisms adhesion at the end of
the first day of growth in bouillon culture, exposed forms of bio-
films — agglomerates — appear on place of microcolonies in most
developed multilayer form. It was determined by specialists that
incubation of silicon catheter fragments in the mixture of bacte-
rial suspension with Ag nanoparticles in subinhibiting concen-
tration 0,01 mg/ml prevents reproduction and formation of bac-
teria microcolonies [8,9]. But practicability of Ag nanoparticles
use for catheters impregnation demands further research.

Thus, the purpose of this study is the determination of Ag
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nanoparticles activity on planktonic and biofilm forms of micro-
organisms existence, causative agents of purulent-inflammatory
processes.

Material and methods. Reference stains were the subject of
the study: Candida albicans CCM 885, Escherichia coli ATCC
25922 (F50) =NCDC F 50, Klebsiella pneumoniae NCTC 5055
=SS B 5055, Pseudomonas aeruginosa ATCC 27853 = NCD-
CF-51, Staphylococcus aureus ATCC 25923 = NCDC 25923
= F-49, Streptococcus pyogenes 130001. Catheters were the
samples for investigation; they were processed by Ag. Study of
the kinetics of the explored microbes growth at samples impact:
cultures of microorganisms grown on solid nutrient medium
were washed off with suspension medium and their concen-
tration was brought to adequate units according to McFarland
scale with the help of Densi-La-Meter device (PLIVA-Lachema
a.s., Czech Republic). Microorganisms were grown at t=37°C,
concentration of microbe cells was determined with the help of
«Multiskan EX 355» device (wave length 540 nm). Synchroni-
zation of periodic culture was done with selection (Mitchison
and Vincent) [2]. Synchronization of periodic cultures of ex-
plored strains was done after determination of growth kinetics of
asynchronous culture. Formation of biofilms with microorgan-
isms was investigated with the help of determination of bacteria
strains ability to adhesion on the surface of polystyrene tablets
for immunoenzymatic analysis [16]. Strains were grown accord-
ing to conventional methods in microbiology on recommended
for each bacteria family media and conditions of culturing [6].
The received bacterial suspension of necessary concentration
was inoculated into cellules of the tablet with further incuba-
tion according to the conditions for each bacteria family in wet
container under the closed lid of the tablet. The quantification
of the level of biofilm formation was the significance of optical
density measured with spectrophotometer at 540 nm [7]. During
the results processing statistic programs «Statistica» and «Bio-
staty were used [3,4].

Results and their discussion. At the result of the investiga-
tion of the determination of Ag nanoparticles - catheter antibac-
terial effect (Fig. 1) on reference strains with disk-diffusion test
it was stated that microorganisms sensitivity changes depend on
the sample length (Fig. 2): highest values of the growth inhibi-
tion zone were seen in Staphylococcus aureus and Streptococcus
pyogenes with sample length from 1 to 6 mm: Staphylococcus
aureus — 19.7+0.23 — 22.7+0.24 mm, Streptococcus pyogenes
18.7£0.29 — 22.5+0.25 mm. With sample length 5-6 mm mi-
croorganisms and bacteriolysis growth inhibition zone of all
explored microorganisms comprised from 17.5+0.9 mm (Esch-
erichia coli) to 22.7 mm (Streptococcus pyogenes).
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Fig. 1. Determination of the sensitivity of reference strains to nanoparticles
of Ag-catheter with disk-diffusion test (agar diffusion method) on Petri dishes
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Fig. 2. Staphylococcus aureus (A), Klebsiella pneumonia (B), Escherichia coli (C) bacteriolysis zones
(determination of the sensitivity of Staphylococcus aureus to Ag nanoparticles with agar diffusion method)

In determining reference strains sensitivity to Ag-catheter
nanoparticles with method of serial dilution it was stated that
the explored strains in an amount 10*- 10° CFU/ml were sensi-
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K

tive to Ag nanoparticles activity, but at concentration 10 CFU/
ml and more all strains were found persistent to samples of vari-
ous length (Fig. 3).
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Fig. 3. Antibacterial effect of Ag-catheter nanoparticles of Staphylococcus aureus (A) and Pseudomonas aeruginosa (B)

At determination of Ag nanoparticles activity on ability of mi-
croorganisms test-strains to form biofilms and on daily biofilms
qualitative and quantitative assessment methods were used. For
getting biofilms on a glass (qualitative method) sterile polymeric
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Petri dishes were used, the diameter of which was 40 mm. 4 ml
of Mueller-Hinton broth was put into each dish and microorgan-
isms test-strains daily culture was inserted. Incubation lasted 24
hours at + 37 °C (pH = 7.2-7.4). After incubation nutrient medi-
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um was washed off, dishes surface was rinsed twice with Hanks
solution (2 ml), fixed with 10% formalin solution, dried, stained
with 1% crystal violet solution and rinsed with distilled water.

Microscopy of the preparations was done with the help of Gra-
num microscope with oil immersion (Fig. 4). Digital images of bac-
teria and their biofilms were received with the help of ToupCam 3.1
MP video camera (video ocular) and saved in jpeg format.

i

Fig. 4. Getting of microorganisms biofilms on a glass

Analyzing the results of the ability to form biofilms with
planktonic cells of microorganisms under Ag nanoparticles ac-
tivity it was stated that biofilms formation ability reduces 3.5
times in explored Escherichia coli strains, 5.5 times in Klebsi-
ella pneumonia strains, 3.8 times in Pseudomonas aeruginosa
strains, 3.3 times in Staphylococcus aureus strains, 3.8 times in
Streptococcus pyogenes strains and 3.4 times in Candida albi-
cans strains (Fig. 5) in comparison with control meanings with-
out Ag nanoparticles impact (Fig. 6).

Assessing the results got after determination of Ag nanopar-
ticles activity on formed daily microorganisms biofilms the dis-
organization of biofilms of explored microorganisms strains was
found (Fig. 7), violation of the integrity of the monolayer and
decrease of density indicator: 1.4 times in Escherichia coli and
Streptococcus pyogenes strains, 1.5 times in Pseudomonas ae-
ruginosa and Staphylococcus aureus strains, 1.6 times in Kleb-
siella pneumonia and Candida albicans strains in comparison
with control meanings without Ag nanoparticles impact.
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Fig. 5. Impact of Ag nanoparticles on the ability to form bio-
films with planktonic microorganisms cells on formed daily bio-
films. Note: significance of negative control (optical density of
the nutrient medium) — 0,033 OD
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Fig. 6. Klebsiella pneumoniae biofilm formation (control (4)
and at impact of Ag nanoparticles on planktonic cells (B)

Fig. 7. Daily biofilm (4) of Staphylococcus aureus (control)
and disorganization of the biofilm of Staphylococcus aureus at
impact of Ag nanoparticles (B)

Conclusions. The disorganization of daily biofilms was found
in determining of Ag nanoparticles impact on formed biofilms
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of microorganisms. It was demonstrated that Ag nanoparticles
cause destruction (disorganization, degradation) of daily bio-
films and cell death in them.

Practical value of the work is connected with significant po-
tential of Ag nanoparticles as antibacterial agents. The results of
Ag nanoparticles activity on planktonic forms and microorgan-
isms biofilms were received which can be useful for antimicro-
bial prophylactics and therapy.
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SUMMARY

IMPACT OF Ag NANOPARTICLES ON MICROORGAN-
ISMS, CAUSATIVE AGENTS OF PURULENT-INFLAM-
MATORY PROCESSES

Mishina M., Syrova A., Abramenko V., Makarov V., Hopta O.
Kharkov National Medical University, Ukraine

Determination of Ag nanoparticles impact on microorgan-
isms causative agents of purulent-inflammatory processes was
carried out and it was stated that the greatest significance of
growth inhibition zone was found in Staphylococcus aureus and
Streptococcus pyogenes with sample length from 1 to 6 mm
and Escherichia coli with 5-6 mm sample length. The investi-
gated strains in an amount 104 - 106 CFU/ml were sensitive
to Ag nanoparticles activity, but at concentration 108 CFU/ml
and more all strains were found persistent to samples of vari-
ous length. The ability to form biofilms with planktonic cells
of microorganisms under Ag nanoparticles activity sufficiently
reduced from 3.4 (Candida albicans) to 5.5 (Klebsiella pneumo-
nia) in investigated strains. The disorganization of daily biofilms
was found in determining of Ag nanoparticles impact on formed
biofilms of microorganisms.

Keywords: Ag nanoparticles, silver nanoparticles, antimicro-
bial effects, catheter-associated infections, biofilms, reference
strains of microorganisms.

PE3IOME

BJIMSIHUE HAHOYACTHUIL Ag HA MUKPOOPI'AHUN3-
MBI - BO3BYIUTEJA THOWHO-BOCHAJMUTEJIb-
HBIX NTPOIIECCOB

Mumuna M.M., CeipoBas A.O., Aopamenko B.JL.,
Makapos B.O., I'onra E.B.

Xapovkosckuil 20Cy0apcmeenHblil MeOUYUHCKI YHUepcumen,
Yxpauna

[IpoBeneno ompeneneHue BIMAHUS HaHoyacTul Ag Ha
MUKPOOPraHUu3Mbl, BOS‘6y):[I/ITCJ'lI/I FHOﬁHO—BOCHaHMTeHbeIX
MPOLIECCOB. YCTAHOBJIEHO, YTO HAMOONBIINE 3HAYCHUS! 30HBI
yrHeTeHust pocra HaOmonanuce y Staphylococcus aureus u
Streptococcus pyogenes npu junHe obpasia ot 1 10 6 MM H
Escherichia coli npu mmuHe obpasua 5-6 mm. Hccnemyembie
mrraMMsl B konudectse 10%-10° KOE/Mit Oblti 4yBCTBUTEIIBHBI K
JeiictBrio HaHouacTuil Ag, Ho nipu KoHueHTpauun 108 KOE/von
1 0oJiee BCce ITaMMbI BBISIBUIINCH CTOWKHUMU K 00pa3iiaM pa3Hoii
JuinHbL. CrocoOHOCTh K 00pa30BaHMI0 OMOIUICHOK TUIAHKTOH-
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HBIMHU KJIETKAaMH MUKPOOPTaHU3MOB IPH JIGHCTBUHM HAHOYACTHI
cepebpa cymecTBeHHO cHmkanoch ot 3,4 (Candida albicans)
1o 5,5 (Klebsiella pneumonia) pa3 y uccieayeMbIX IITAMMOB.
Ipu onpeseneHun BIUSAHUS HAHOYACTUII Ag Ha CHOPMHUPOBAH-
Hble OMOTUICHKH MUKPOOPTaHU3MOB BBISIBUIIH JI€30praHU3aLMI0
CYTOYHBIX OMOIUICHOK.
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ASSESSMENT OF THE VALUE OF METHYLATION FEATURES IN DIFFERENT TISSUES
FOR PREOPERATIVE IDENTIFICATION OF HIGH-RISK BREAST TUMORS
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Despite being so intensively studied and monitored, breast
cancer remains an important cause of morbidity and mortality
worldwide. The attention is now centered at developing a po-
tential of more powerful measures for early detection and risk
assessment. Epigenetic factors are considered a promising tool
in this approach. There is growing evidence that aberrant meth-
ylation in normal tissues and epigenetic differences between in-
dividuals are related to lifetime cancer risk and may contribute
to tumor, including breast cancer susceptibility [18,28]. At the
same time some level of epigenetic variation seems to be deter-
mined by cancer itself. So a lot remains to be understood until
epigenetic markers start actively being used in clinical oncology.

Global DNA hypomethylation is considered as a marker for
cancer development and progression [28,20]. This event has been
studied in patients with different tumor types [19,20] in different
tissues as blood, urine, stool and nipple aspirate [8,10,11,15,32].
So-called epimutations can be part of “field cancerization” in
tumors and it’s hard to set a margin for this “field”, so epigenetic
changes may appear even in tissues, distant from the tumor. Al-
ternatively, methylation patterns in normal tissues are studied to
be early signs of increased cancer risk in those particular tissues
[18]. This highlights the importance of very careful approach
when interpreting epigenetic changes in histologically and func-
tionally normal tissues.

DNA methylation in circulating white blood cells is the
most popular target for investigation being reported to be as-
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sociated with cancer risk factors, cancer detection and predic-
tion [3,17,26]. But findings are controversial [9,31]. Among the
plenty of techniques to investigate methylation in blood there
are several based on quantification of methylation in repetitive
elements (Alu, LINE-1, etc.). Suggestions of repetitive element
methylation to be used as a surrogate for global DNA methyla-
tion is supported by growing evidence [17], but some contro-
versy may still exist regarding of methylation effect size on re-
petitive elements and cytosine residues in global DNA. Absence
of correlation between different repetitive element methylation
levels has been reported [25].

Alu is one of the repetitive elements in DNA represented by
over a million copies in the human genome. Due to relatively
high CpG content Alu elements are prone to methylation - this is
linked to repression of transposition [5]. Alu hypomethylation is
considered to cause retrotransposition of this element associated
with Alu-mediated recombination - genomic instability, leading
to a number of events including mutations and epigenetic altera-
tions affecting target genes [1]. One of the genes, which is highly
vulnerable for rearrangements associated with Alu activity is a
tumor suppressor gene BRCA1 [22] - well known for its role in
hereditary and non-hereditary breast cancer.

Another epigenetic event often associated with tumors is tar-
get gene methylation - usually hypomethylation of tumor sup-
pressor genes. Target gene-specific epigenetic changes can also
be present in multiple tissues (affected and seemingly unaffect-

143



