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Tepmun «JIHK-muarHocTika» axTHBHO BXOIWUT B MEIWLIAH-
CKYyIo mpakTukKy. CyTh 3TOM pOXAAroNIeiics Ha HAIIMX [JIA3ax TeX-
HOJIOTHH — IETeKIUSA B OMOJOTMYECKHX XKHIKOCTSIX OpraHu3ma
niocnenoparenbHocTed JTHK, oTInyaommxcs OT «<KAaHOHHYECKHXY,
T, €. COCTaBIAIOIIMX FreHOM HOPMANBHOR KIIETKH JAHHOTO OPraHU3-
Ma. Ux oGHapyxeHUe SBISETCS B GONBIIMHCTBE CNyJyacB CBUIE-
TEIBCTBOM TOH WIM MHOM IaTONIOTMH M, CHENOBATEIIBHO, MOXET
CIIYy>KHTD LIEISIM AUATHOCTHKY W MOHUTOPHHTA IMATOJOTHYECKOro
npouecca. B rpaxTirdecKoi MeTULIHE CYIIeCTBYeT HECKONBKO 00-
JIaCTe# BO3MOXHOIO NPUMEHEHNS JAHHOTO IIoaxona. B omaux on
VXK€ peaM30BaH, B APYIMX HaxOMUTCI Ha CTAJUM DKCIIEPUMEH-
TAIBHHIX HCCICTOBAHMIM.

1. Hugpexyuonnsie 3abonesarus. JuarHocTrka WHGEKITHA, BbISE-
BaeMbIX MUKOIUIa3MaMy, OAKTEPUSIMY U BUPYCaMU, C IIPAMEHECHUEM
Ype3BLIYAHO YYBCTBUTENBEHOIC METOAA TIOJIMMEPA3HOM LIENHOH pe-
axuuy (TIHP) — pyruaHasg coBpeMeHHAd TIPAKTHKA, CYIIECTBEHHO
Gonee a¢dexTBHAS, YeM TPaIUIIHOHHEIE ITOHXoms! [1].

2. Ipenamanvuan duasnocmukxa. Bo3sMOXHOCTL TipeHATAIBHON
JHATHOCTHKY TeHETUYECKUX HAPYIIIEHHI IUI0Na HA OCHOBE aHaI-
3a merogoM TIIIP MarepmHCKON KpOBY SBISETCS MPEIMETOM HH-
TEeHCHBHBIX HUCCHeHOBaHUi. B OCHOBe MAHHOrO ITOIXOHA JEXUT
(haKT DPOHUNAEMOCTH IUIAIEHTHE! IT0 OTHOINECHWIO K KIETKaM H
JHK mnozpa [31, 33, 41]. PazBuTue 3TOre NoAXOAa MO3BONIIO OB
n30eXaTh B OIPEACHCHHBIX CUTYAIMAX TIOTEHIIWMANBHO ONAacCHOW
IPOLIENYpHl aMHUONEHTE3A.

3. Tpancnaanmanus opeanos. <9yxeponHEIe» TOCISTOBATENLHOC-
i JHK IpUcyTcTBYIOT B OpraHu3Me 1 KaK pe3yIbTaT TpaHCIUIaHTa-
1AW OPTAHOB. DIIM30/bI OTTOPXKEHESI IIEPECakeHHOM TKAHU Y COTIPS~
KeHHas C HIMY MaccoBas TROENb KIIETOK MPUBOIIT K TTOSIBJICHUIO B
KPOBU ¥ MOUE PENMITUEHTA <HEKAHOHUIECKIX TTOCIEIOBATEHHOC
Teit [53]. B1o 0BCTOATENMBCTBO MOXET GBITh MCIIONB30BAHO JUISL CBOE-
BPEMEHHOIO BEIABIICHUA ¥ IPEAOTBPANICHUS HOTOOHEIX CUTYALHIA.

4. Kanyepozenes. TIoBpexIeHysa reHOB H/WIM HX MomuduKa-
upd (IMeeTcst B BULy Metwidposanne JHK) — mpuunda TpaHc-
(hopMaIuy KIETKM ¥ NOCHeyIoleii omyxoieBoil mporpeccus [20,
26]. BuisBnenue MOBPEXIeHMM (MyTanu, NeNelyi) OHKOIEHOB,
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«DNA-diagnosis» is becoming a common methodology in the
medical practice. This method involves detection in biological
fluids of DNA sequences different from canonical ones, i.e.
those composing normal cell genome. Their presence is evidence
of a disease in majority of cases and therefore may be used for
diagnosis and monitoring of diseases. There are several areas of
practical medicine for application of this approach. In some of
them this diagnostic methodology is widely applied while in oth-
ers it is at the stage of experimental trial.

1. Infectious diseases. Diagnosis of infections caused by
mycoplasmas, bacteria or viruses using an extremely sensitive test,
such as polymerase chain reaction (PCR), is a routine practice
which is much more effective than conventional techniques [1].

2. Prenatal diagnosis. Potentials of PCR testing of mother's
blood is under intensive study as to prenatal diagnosis of genetic
abnormalities of the fetus. This approach is based upon the fact of
placental permeability for cells and DNA of the fetus [31,33,41].
Application of this technique would allow the doctors to avoid the
potentially dangerous amniocentesis in certain situations.

3. Organ transplantation. Foreign DNA sequences may be a
result of organ transplantation. Rejection of transplanted tissue
and the associated massive cell death lead to appearance of non-
canonical sequences in recipient's blood and urine [53]. This
finding may be used to detect and prevent such situations.

4. Carcinogenesis. Gene damage and/or modification (i.e.
DNA methylation) is a cause of cell transformation and further
tumor progression [20,26]. Detection of abnormalities (muta-
tions, deletions) of oncogenes, suppressor and other genes for
the purpose of screening, early diagnosis and monitoring of can-
cer is a new, actively explored area of research [4,5,13,35].

This paper considers theoretical background, problems,
methods and perspectives of DNA-~diagnosis in oncology.

Difference between genetic and protein markers of tumor growth.

DNA aberration resulting in impairment of cell proliferation
regulatory gene functioning (protooncogenes, suppressor genes)
is a pathogenic mechanism of neoplastic transformation. In terms
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TEHOB-CYNIPECCOPOB M APYTHX C LeNpI0 CKPHHIUHTA, PaHHEH Jua-
THOCTHKY ¥l MOHHTOPMHIA paka — HOBas ¥ aKTUBHO pa3pabaThiBa-
eMaq obnacrte [4, 5, 13, 35].

TeopeTHYeCK¥M TIPEAOCHIIKAM, IIPOOIeMaM, METOIAaM K IIEPCIIEK-
TUBaM 3TOTO HOCIEHHETO HallpaB/IeH s TIOCBIIIEHA JaHHas paboTa.

Pa3smuns reHeTHYecKuX U 0eJKOBBIX MAPKEPOB OIyX0JeB0Y0 POCTa

Toppexnenmsa JHK, mapymmarorue QYHKIMIO TeHOB-PErYILATO-
POB KIIETOTHOTO PA3MHOXEHHUS (TIPOTOOHKOICHOB, TEHOB-CYIIPECCO-
POB), ~— HATOTEHETHYECKII MEXaHH3M OIYXONeBol TpaHchopMa-
. B KOHTeKcTe OGCY:KTACMOI TpoOIeMBl (TMATHOCTHKA paKa)
OHM BHICTYITAIOT KaK MapKephl OITyX0JeBOI0 POCTa (TOYHES, MAPKEPHI
KaHIeporeHe3a, IMOCKOIBKY <KPUTUIECKAs Macca» IeHETHYEeCKMX
TOBPEXICHII HaKAIUINBaeTCs B IOKIMHIMYECKOH, TATEHTHOR CTa-
AW, IAMeRcs MHoa pecarmerid). VX OTnInIa oT M3BECTHBIX
MapKepoB, NaBHO ¥ 3hderTiBHO UCIONE3YeMBIX B KIIAHMIECKOM
npaxTHKe [6], mepewrcneHs B Tabi. 1.

Heo6xommo 3aMeTHTb, OTHAKO, YTO B HACTOSIIIEE BpeMs O He~
KOTOPHIX M3 Pa3MIiil MOXHO CYZUTD JIMUIb B NPUHIAIIAAIEHOM
IITaHe, ITOCKONbKY MOTCHIWANBHO BBHICOKME BosmoxHoctyu JTHK-
IUAATHOCTUKM PaKa HAXOJITCS TOKa eIlle Ha CTafiH 3KCIIEPHMEH-
TaJILHOTO TECTUPOBaHUA.

TpuHivansHoe, ONPefeIIomice BCe MOCHASAYIoNMe Pasiu-
YU TPANHITMOHHEIX ¥ <HOBEIX» MapKepoB OIYXONEBOIO POCTa —
06BeKT MCCleoBaHN: GeNKH B IepBoM ciaydae u JHK — Bo BTO-
poM. Berkopbie MapKephl OIYX0NeBOIO POCTA U3BECTHEI Ha NPOTS-
sxeHuu outy 40 JeT (HaukHas ¢ OTKPHITHA o-(peTomnpoTenHa [3]);
HX 9HCIIO TIOCTOSTHHO PACTET, a IIPUMeHEHHE B KIIMHINIECKOMH IIpak-
THKe KaK JTUarHOCTMYECKOTO CPeACTBa CTalo PyTHHHEIM. CHHTe3
GONMBIIMHCTBA GEIKOBEIX MapkepoB TKaHecreuduyeH (IOBBIIIE-
HYe COIEPXKAHYUA B CHIBOPOTKE KPOBY, HAPUMED O-DeTOIpoTer-
Ha, MOKET CIIYKUTh YKa3aHVIEM Ha pak IIeUeHH, a PaKoBO-3MOpHo-
HanbHOTO aHTHUIEHA — HA Pak TONCTOY KWITKH). B To Xe Bpema
CcHeNAMIIHOCTE GETKOBBIX MAPKEPOB B OTHOINECHHUY COOGCTBEHHO
OIIYXOJIEBOTO IIPOLIECCA BECEMA OTHOCUTENRHA: OHH IIPOIYLHPYIOT-
¢S COOTBETCTBYIOLUMMY KIETKAMMU 1 B MHEIX CUTYALIHsIX — Ha 5M0-
PUMOHANIBHOMN CTANUY Pa3BUTHA ¥ IPYU JPYIHX TATONOIMYECKIX CO-
CTOSIHWSX. DBeNKH, 9KCKpeTUpPYeMBIe OIIYXONEBBIMU KIIETKAMU B
OKPY:KAIOIIYIO CpeMy, JOCTUTAIOT B Hell OLIyTMO (oTpenerieMoil
COBPEMEHHBIMY METOAAMY) KOHIEHTPAITH OOEITHO B TOT MOMEHT,
KOTIa yXe MMeeT MecTo chOpMUpOBaBIIAsACS OILyXOb.

Bo3MOXKHOCTE PACCMATPHBATE CHEIM(MIYECKIEe MTOBPEXICHHS
JHK (MyTanuyu OHKOTCHOB ¥ TEHOB-CYIIPECCOPOB, M3MEHEHIL MU~
KPOCaTeINITHBIX TIOCIENOBATEIHHOCTEH) KaK MapKepsl KaHIEPOTe-
He3a GBUIA BIEPBHE TPOJIEMOHCTPHPOBAHA BCEITO HECKONBKO JIET
Ha3zap [14, 40]. Ilo paay cBOMCTB GeNKOBBIE 1 FeHETHIECKIE MAPKe-
DBI CYIIECTBEHHO pasnudgarorcd. Tak, OYeBHIHO, YTO OHKOCTIEIH-
(PWIHOCTD IOCEHHUX B OTIHIYE OT IIEPBLIX a6COMOTHA, TIOCKOIE-
Ky criermduyaeckue nospexnermst JHK — 370 1 nepeolprranHa, 1
IBIDKYIIAs CHJIA OIMyXOJIeBoro ripomecca. HanpoTys, TkaHecieny-
PUIHOCTHIO (32 HEKOTOPHIMY MCKIIOUeHVSIMY, oM. Hioke) JTHK-
MapKepHl He o0nafaior. MiMeercd B BHIY TO OOCTOSTENLCTBO, YTO
BRISBIIEHHE TeX VIV MHBIX MYTAIT He TTO3BOIAET, Kak IIPaBUIIo, Cy-
IUATH O JIOKATMBAIMYA TPOLEcca. DTO IIPOUCXOINUT U3-3a TOTO, IT0
MEXaHU3MBL KJIETOYHOTO JelIeHus, HapyllieHie KOTOPBIX COOCTBEH-
HO W SBIAETCA TIPUYMHON BOSHUKHOBEHMA OIIYXOJNM, BO-TIEPBEIX,
TIPVHIIAIIAANBHO OTHIL ¥ T€ X& BO BCEX THIIAX KJIETOK 1, BO-BTOPHIX,
YPESBBIYANHO CIOKHEL, 9YTO CIIOCOOCTBYET peali3ailvyl KOHEYHOIo
pesynerara (TpaHchopMalii) MHOXECTBOM PasHBIX CIIOCO00B.
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Tabnnuya 1

Tablet

ConocTaBneHue N3BecTHbIX «GESIKOBbIX» U TeHeTUYECKNX
MapKepoE OMyxoSieB0ro pocTa

Comparison of protein and genetic markers of tumor growth

Xapakrepucruku NaBecTHbIE

MapKepoB MapKepbi AHK-mapkepb!
O6bekT

ncenenosaHns Benku / Proteins OHK / DNA
Object of study .
OnkocrieuydriHocTs | OTHOCUTENBHARA ABconioTHasa
Oncospecificity Relative Absolute
TkaHeBas MpakTniecku
cneundnyHOCTL Bricokas / High OTCYTCTBYET
Tissue specificity Practically none
CTaans BLISEEHNS glflbyc;(%n;x_lv;posal—maﬂ 'I:InHeMTmeposaHHble
Stage at detection Tumor mass Initiated cells

MposyKThl
MpeamveT aHanuaa XKNBHEAEATENLHOCTU EJ'?GC:'FI’.(YMKTH rubesm
Object of analysis KNeTKY
. Cell life products Cell death products

The characteris- Conventional
tics of markers markers DNA markers

of our problem (cancer diagnosis) they play another role, i.e. are
considered as tumor growth markers (more accurately, carcino-
genesis markers because critical mass of genetic aberrations is
gained at the preclinical, latent stage that in some cases may last
for decades). Table 1 summarizes their differences from other
conventional markers widely used in clinical practice [6].

It should be noted however that some of the differences may
be but presumptive since the high potentials of DNA diagnosis of
cancer are currently under experimental trial.

The basic difference between the conventional and new
tumor growth markers that is of much importance for all the
remaining distinctions is object of study, i.e. proteins versus
DNA. Protein tumor growth markers have been known for about
four decades (beginning from discovery of o-fetoprotein [3]);
their number is continuously rising and their clinical application
as a diagnostic test is a routine practice. Most protein markers
are characterized by tissue-specific synthesis (e.g. increased
serum o-fetoprotein content may be evidence of liver cancer,
elevated carcinoembryonic antigen concentration is indicative of
colonic cancer). However, specificity of protein markers in rela-
tion to neoplastic process is not so clear: they may be produced
by certain cells in other situations too (e.g. at embryonic stage of
development and in other pathological conditions). Proteins
excreted into environment by tumor cells reach a detectable
concentration when a considerable mass already exists.

The possibility to consider specific DNA aberrations (oncogene
and suppressor gene mutations, abnormalities in microsatellite
sequences) as markers of cancer development was first proposed
several years ago [14,40]. The protein and genetic markers have
several distinctions. For instance, oncospecificity of genetic mark-
ers is absolute because specific DNA aberrations are both a cause
and a driving force of neoplastic disease. In contrast, DNA-matk-
ers (except for few ones) do not demonstrate tissue-specificity, i.e.




Experimental Investigations

JlaTeHTHRIA IepHoA, KaHIeporeHesa (OT IePBIX HapyIICHMi TeHO-
Ma KJIeTKY 10 KITHHWISCKYX MPOSIBIEH ) MOXET 3aHUMATS HECKOJIBKO
JIECTIIETIIL D10 0BCTOSTELCTBO IIO3BONISIET HANESTECST HA UCTIONh30-
Banwe JJTHK-MapKepoB KaK CpPeACTBa He TONMBKO PaHHeH MIarHOCTHKHA
VK€ CYLIECTBYIOMIETO OIIYXOICBOTO OYATra, HO ¥ CKPUHWHTA MEHUIINPO-
BaHHBIX KIETOK Ha NOKIMHITIECKONA CTaNMM IIPOLIEcCa.

KapnunarsHoe pazmraie 6eIKOBBIX ¥ IeHETIYCCKIX MAPKePOB 3a-
KITI0YaeTCa TAKXE B TOM, UTO €CIIH IIEPBhIe SBISIIOTCS IIPOTYKTOM KIle-
TOYHOM XW3HEAESTEILHOCTH, TO BTOPEIE — KIETOYHOM THOem
(amormroza) [8]. JHK MOXeT 0Ka3aThCs B OKPYXKAIOIIEH cpejie TOIBKO
B Pe3yIIBTATE PAa3pyIeHNs KIETKU. Bonplas ee JONS IPY 5TOM 3aXBa-
TEIBAETCS OKPYKAIOIMME KIIETKAMHA M PEYTIIIM3UPYETCs, a MEHBIIAs
TIOHAafaer B KPOBEHOCHOE PYCHO, THe HEKOTOPOE BPeMs UPKYITHPYET,
JACTUYHO K€ 9KCKpeTupyercss ¢ Modoii [7, 9]. IlocTosgano umyrmmt
Hpolecc OOHOBIICHNS BCeX TKAHeH oprapy3Ma 00eCIIe v BaeTCs THA-
MUYECKIM paBHOBecHeM Iponudepanyyl u arorrosa. MiMenno oco-
3HAHVE B IIOCHENHUE Tombl QYHIaMEHTAILHON POJM amoIrTo3a Kak
TIpoLecca, YPaBHOBEIMBAIOIIETO Tpomdepaliio, SSBUIOCH CTIIMY-
JIOM K HaIIpaBJICHHBIM TTOMCKAM B GHOJOIIICCKUX KUTKOCTSIX Opra-
HI3MA TeHETUYECKUX SJIEMEHTOB PA3HOr0 KIIETOYHOTO NPOMCXOXIE-
Hua (TpaHCIUIaHTaT, SMOPUOH, OIIyXOJb; CM. BEIME). MoxXHO OBIIO
TIOJNIAraTh, YTO TMPKYIMPYIONNE B KPOBEHOCHOM PYCie MOJNEKYIIHI
JHK I0CTaTouHO B 3TOM CMBICIE «PEeTPe3eHTaTUBHEL.

Jlokampnas n odmas JJTHK-xmardocruky paka

COOTBETCTBEHHO IIHMpOTe Tonudyeckoro auarnaszona JTHK-nua-
THOCTHKY paka MOXHO IOJPa3feNuTh Ha JOKANbHYIO U o0IIyio. B
TIEPBOM CIIyIae Pedb MAET O BBHIIBIECHIH CTICIGHUIECKHX IIOBPEXK-
Jeunit JHK B pasnidHbIX BEIICTCHUAX YETOBEYECKOTO OPraHu3Ma.
Tax, moKa3aHa JUATHOCTHYECKAS 3HAYMMOCTE BBIIBICHHS OIIyXO-
neBsix JTHK-MapkepoB B Mode (TIpH pake MOYEBOTO IIy3HIPs M T10-
gek) [15, 16, 18, 21, 24, 37, 43, 45, 471, dexampupix Maccax (Ipu
paKe TONCTOM KUIIKY ¥ MUIIEBAPUTEILEHOTO TpakTa) [38, 46], coke
TIOIDKENTYIOYHOM XKesre3nt (MIPY paKe COOTBETCTBYIOLISH JIOKaIN3a-
nuu) [48, 52], cioroxe (Ipy OIMYXOAX FONOBEL M 1ien) [12], Moxpo-
Te (Tpu paxe Jierkux) [34, 36, 42, 50].

Hapsany ¢ nokanpHoit JHK-m1uarHocTHKoM paka, MMEIONIeH 0T~
HOCUTENBHO OTPAHWYCHHOE IIPYMEHEHUE, B MOCIESIHUE TOIBl K-
THBHO Pa3BUBAETCS MHOE, Goree ofliee HampaBleHne, OCHOBAH-
Hoe Ha JOKa3aHHOHI B HACTOSIIEE BpeMsa BO3ZMOXHOCTH BHIABIATE B
kpoBu uyenoBeka (parmentsr JTHK TuGHYIINX KISTOK pPasHOIO
TIPOMCXOXASHUS (CM. BEILIC) U MMeloLIee KOHEUHOH LeNblo paH-
HIOIO AMATHOCTUKY Y CKPUHUHT BO3MOXHO GoJIee IIMPOKOTO KpyTra

oHKoJlorndeckux 3aboneBanmit [2]. Tak, 0Ka3aJ0Ch BO3MOXHBIM
OGHApYXUTh B CHIBOPOTKE M IUIa3Me KpOBH OOIBHBIX 3JIOKAYECT-
BEHHBIMM HOBOOODA30BAHHUSMY DA3HOM JOKaMU3aIyu (OMyXONu
TOJIOBHI U ILIEH, JIETKIX, TOJCTOM KUIIKH, OLKETyTOUHOMN XKeJe3kl,
meyeny) noppexnenusg JHK, ToxmecTBeHHBIE TAKOBEHIM CaMoi
onyxomu [10, 13, 14, 17, 19, 22, 23, 27—29, 32, 38—40, 44, 48, 49,
51]. Crmenudwyeckme riopexnenus JHK OnuiM BBIIBICHE He
TOJILKO B KPOBY, HO X B MOYE GOJBHEIX OILYXONSIMU TOJICTOM KHUIIT-
KA ¥ TIOMKENYTOYHOM xene3wl [7, 11].

OdnexTh HccaenoBanms 1 pasuosuanoctn JHK-mapkepoB

OO0BEKTOM AUATHOCTUYECKOIrO aHANM3a B JAHHOM KOHTEKCTE
sgesmorea JHK mutoxoumpuit (Mur-IHK) 1 KmeToysoro gapa.
Ecnu B mocnenreM ciaydae TaKoit IMOAXOJ BIIONIHE OYeBHNEH (BCe
VMEIOIINEe OTHOINEHHE K KaHIIEPOTeHe3y ITeHEl AIepHOIo IIPOC-
xoxneHus), To ppedenne MuT-IHK B xpyr o6pexroB JHK-nma-
THOCTHIKM pPaxa — OJIHO U3 NOCTIKEHWUI IoCIeHero BpeMery [23].

detection of certain mutations is as a rule not indicative of disease
site. This happens because mechanisms of cell proliferation whose
impairment leads to tumor development are, first, similar in all cell
types, and, second, very complicated, and therefore the transfor-
mation may proceed in many ways.

Cancer latency (from the first abnormalities in cell genome to
clinical evidence) may last for several decades. Therefore DNA-
markers may be used for both early diagnosis of existing tumors
and screening of initiated cells at preclinical stage.

Another principal difference between the protein and genetic
markers is that the first are products of cell life while the latter are
a result of cell death (apoptosis) [8]. DNA may be released into
environment only as a result of cell destruction. The cell major
portion is captured by surrounding cells and re-utilized, while
the remaining minor portion penetrates into circulation and is
partially excreted in urine [7,9]. The continuous renovation of all
tissues in the body is ensured by the dynamic balance between
proliferation and apoptosis. The recent recognition of apoptosis
as a proliferation-balancing process enhanced the purposeful
search for genetic elements of different cellular origin in the body
fluids (transplant, embryo, tumor, see above). It seemed that the
circulating DNA molecules were rather representative.

Local and general DNA diagnosis of cancer.

In accordance with topic range of DNA diagnosis of cancer the
methodology may be subclassified as local and general. Local DNA
diagnosis is based on finding DNA specific aberrations in various
excretions of the human body. For instance, urinary tumor DNA
markers have diagnostic value in cancer of the bladder and kidneys
[15,16,18,21,24,37,43,45,47], fecal DNA markers are indicative of
colonic and digestive tract tumors [38,46], the markers found in
pancreatic juice predict pancreatic cancer [48,52], salivary markers
suggest that head and neck tumors are present [12], DNA aberra-
tions in sputum are predictive of lung cancer [34,36,42,50].

Over the last years besides the local DNA diagnosis of cancer,
there was a marked progress in development of a more general
methodology that involves detection of DNA fragments from
cells of different origin (see above) and is aimed at early diagno-
sis and screening of a broader range of cancer types [2]. For
instance, DNA aberrations characteristic of respective tumors
were found in blood serum and plasma of patients with cancer of
different sites (head and neck, lung, colon, pancreas, liver)
[10,13,14,17,19,22,23,27-29,32,38-40,44,48,49,51]. Cases with
colonic and pancreatic cancers presented with specific DNA
aberrations both in blood and urine [7,11].

Objects of study and types of DNA markers.

Objects of the diagnostic study are DNA of mitochondria
(mit-DNA) and cell nucleus. The choice of the latter object is
well understandable (all cancerogenic genes are of nuclear ori-
gin), while DNA diagnosis on the basis of mit-DNA is a recent
development [23].

Notwithstanding the well-known evidence of certain func-
tional impairment of tumor cell mitochondria, their contribution
to cell differentiation, and their important effector role at late
apoptosis stage [25], there is still no clear understanding of rela-
tionship between mit-DNA mutations and carcinogenesis. Then
it is very interesting that mit-DNA which are small ring molecules
(16.5 base pairs) mutate at a high rate in tumors of a variety of
sites (bladder, head and neck, lungs). Since every cell contains
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XoTs1 1aBHO H3BECTHHI GaKThl, CBUIETEILCTRYIONTHE, BO-IIEPBhIX,
0 HEKOTOpO# (DYHKIMOHABHOI «yILepOHOCTI» MITOXOHIPHI OIIy-
XONEBBIX KIETOK, BO-BTOPHIX, O MX POJNY KAK KIETOYHOTO KOMITOHEH-
T4, CIIOCOGCTBYIOWIETO KIIeTOUHOM Tnd depeHMpoBKe, U, B-TPEThUX,
0 HUX BaXHON 3¢hdeKTOpHOR pomi Ha ITO3MHMX CTaigMgx anonTosa
[25], HeT OKA SICHOTO ITOHMMAaHKS TOTO, KaK0e OTHOIIEHME MyTalli
mur-THK MoryT vMeTh K IIporieccy KaHieporeHesa. TeM HHTEpecHee
TO OOCTOSITEILCTBO, YTO B OIYXOJUIX PA3HOM JIOKAM3aii (MOYeBOH
TIy3BIpE, TONOBA M mes, Nerkue) Mut-JHK, nipencrapismoiye codoit
KOMBIEBEIe MONEKYIBI PasMepoM Beero 16,5 TeIC. mmap OCHOBaHMIA,
MYTHPYIOT ¢ BBICOKOI 9acToToi. T1OCKONBKY B KaKnoil KJIETKE CO-
JlepXartcs ThICHIH Myrroxounpwii (¢ 1—10 xormsamu JJHK B xaxmoit),
10 obniee yucno monekyn Mut-THK BeckMa Bemmko. C 3T0l TOUKH
3peHNs TAPaTOKCOM BBITJSITUT TO OOGCTOSTENBCTBO, YTO MCXONHO
aeETHYEbIE (TIOCKONEKY POMCXOIST OT MAaTEPUHCKOM SATICKIICTKIL)
Y HE3aBUCHMO PeIUTAIMpPYIomuecs Muroxonnpuansasie JTHK B Mac-
Ce CBOEit HEeCYT B OITYXOJIEBBIX KIIETKAX OTHU U Te e MyTanuu [23].
Janzoe HaGIooeHre MOXET CBUACTENECTBOBATE O TOM, YTO TIPHO0-
PEeTEHHbIE MYTAIAY HAIOT MOJIEKYJIaM HEKWE CeNeKTUBHEIE IPErMYy-
mectsa. C NpakTIYecKoi e TOIKY 3peHua OTMeYeHHEIe 0COOSHHO-
ct npumaroT muT-JAHK ocobyio AMarHOCTHYECKYIO LIEHHOCTD,
TIOCKOTTBKY MX MHOTOKOTIMIHOCTE CYIIECTBEHHO YIIPOIUaeT BEIIBIIE-
HHte MyTaiwid. Tak, B CEIBOPOTKE KPOBH OHKOJOIMYECKUX OOJBHBIX
OTHOCHUTENbHAS KOHIIEHTpaIwsa MyTanTHeX Mur-JJHK Ha [—2 mo-
PANKA BEMYUH IPEBBONANA TAKOBYIO MYTaHTHOIO SIEPHOIO reHa-
cyupeccopa pS3 (OTHOCHTCS K YUCITY YHUKAIBHBIX TEHOB).

T1aBHEIM OOBEKTOM TEHOIWATHOCTUKY SBJISETCH TEM He MeHee
sapepuas JHK. FIMeHHO 37ech COCPENOTOYEHEI T MHOIOYUCIIEH-
HEIe TeHETUYEeCKIE SIeMEHTH, TIOBPEXKIEHIE KOTOPHIX IPUBOMUAT K
37I0KAYECTBEHHOR TpaHchopMmaumu kiaeTku. CiemyeT NOTYEpK-
HYTh, 9TO B JAHHOM KOHTEKCTe 3TH CIleHudugeckue, UMEIOIme
OTHOIIEHUe K KaHIeporeresy «zonomku» JHK paccMarpuBaoTes
B MHOM, YeM OObIYHO, KauecTBe — He Kak (aKTOpH IIaTOreHesa, a

several thousand mitochondria (with 1 to 10 DNA copies each), the
total of mit-DNA molecules is very high. It is then paradoxical that
the initially identical {(because originate from the mother oyum) and
independently replicating mitochondrial DNA carry the same
mutations in tumor cells [23]. This feature suggests that the acquired
mutations give certain selective advantages to the molecules. In
terms of diagnostic value, these mutations are of much significance
because their multi-copy character facilitates mutation detection.
For example, relative blood concentration of mutant mit-DNA in
cancer patients is 1 to 2 orders of magnitude greater than that of
mutant suppressor gene p53 (which is a unique gene).

However, nuclear DNA is the principal object of study in gene
diagnosis. It is the principal place in which multiple gene elements
are found whose mutations result in cell malignant transforma-
tion. Note that in this context these specific cancer-related DNA
fragments are considered as tumor growth markers rather than
pathogenesis factors. Their value as the markers is determined by
frequency of matching with various tumor types, and by reliability
(sensitivity) of detection, irrespective of functional consequences
of DNA aberrations and genetic elements they affect.

Table 2 summarizes standard DNA aberrations mainly used as
cancer markers, such as (a) mutations (cluster mutations affect-
ing only 1 to 3 codones like in RAS oncogenes, or scattered
mutations that can occur along the whole gene like in suppressor
gene P53), (b) length alteration of microsatellite repeats sugges-
tive of genome instability, (c) loss of an allele in a microsatellite
locus of many ones scattered in genome (suggestive of a possible
deletion of an adjacent suppressor gene), (d) promoter aberrant
methylation resulting in inactivation of the adjacent suppressor
gene (this event is an epigenetic equivalent of mutation).

These typical aberrations may affect a variety of oncogenes
and suppressor genes, and therefore the defect mosaics specific of
particular tumor types may vary greatly. This is an answer to the

Ta6nuuya 2 Table 2
. FeHeTnueckme pedekTbl Kak onyxoneebie Mapkepbl / Genetic defects as tumor markers
AHK YyacTok pedexra Tun pedekra Mocnencrens MporoTun
Pé}yﬁﬁToprlﬁ . 5 ~
MuT-IHK Regulatory Myraumm / Mutations ? D-nemns / D-loop
Mit-DNA

lenbl / Genes —_ ? ND4
MyTtauuu (KnactepHtie) AKTUBaUKMA OHKOreHa RAS
Mutations (cluster type) Oncogene activation

l'eHbl / Genes
MyTtaunm (paccesiHHbIE) MHakTueaums cynpeccopa P53

Mutations (scattered type) Suppressor inactivation
A-OHK*
N-DNA* fpomoTopb! MeTtunvposanue WHakTueaums cynpeccopa P16
Promoters Methylation Suppressor inactivation
RER*** / RER*** D28123
MukpocaTennnTbl NameneHus annbbl, LOH**
Microsatallites Length alteration LOH Lleneuys cynpeccopa D2SI23
Suppressor deletion
DNA Defect site Defect type Result Prototype

* A-OHK — sainepHas AHK.
** | OH — noTepst reTepo3nroTHOCTI.
*** RER — cnepcTaue cumbok pennukauu.
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* N-DNA, nuclear DNA.
** LOH, loss of heterozygosity.
*** RER, replication errors.




Experimental Investigations

KaK MapKepHI OIIyXO0JeBOTO POCTA. BE30THOCUTENBHO K TOMY, KaKO-
BB (DyHKIMOHANBHELE TIOCHENCTBYA TeX WIK WHHX IOBpEXIeHuU
JHK 1 xaxve KOHKpPETHO TeHETHIEeCKUe DIEMEHTEL OHY 3aTParu-
BAIOT, UX 3HAYUMOCTL KaK MapKepoB OIPENe/IAETC YacTOTOH COB-
TafeHus ¢ pasiIHEME BUIAME OITyXOJIeH, BO-TIePBBIX, K HaJeX-
HOCTEIO (UYBCTBUTEIBHOCTHIO) IETEKIIMU — BO-BTOPBIX.

B Ta6i. 2 ITOKA3aHBI CTAHAAPTHEIE, JAIle BCETO HCIIONE3YeMBIS
B KauecTBe MapKepoB Tuik nospexnenuit JIHK: a) myTamun (xmac-
TepHLIC, 3aTparuBalolme pcero 1—3 xomoHa, Kak B cIy4ae OHKOre-
HOB RAS, mum paccesupnie, MOTYIIUE BO3HHKATh 1O BCEH AIMHE
TeHa, Kax B Cliydae reHa-cympeccopa P53); ©) uMaMeHeHMsI JIMHEL
MUKPOCATEIUIMTHEIX TIOBTOPOB, CBUIETENECTBYIOMKE O HECTAOWb-
HOCTHM I'€HOMa; B) TIOTEPS OFHOTO aJUIEI KaKOTO-THG0 MUKPOCATEN-
JIUTHOTO JIOKYCa, OJHOT0 M3 MHOXECTBa DPacCHIIaHHBIX IO TCHOMY
(VKazaHvie Ha BO3MOXKHYIO JEICITIIO IPHIIEKAIIETO TeHA-CyIIPeccopa);
I) abeppaHTHOE METUIHPOBAHNE IPOMOTOPA, MMEIOIIEe CIIEACTBHUEM
WHAKTUBALIMAIO TIPYJIEKAINErO TeHa~cynpeccopa (310 COOBITHAE SBIIS-
€TCS SIUTCHETHIECKYM SKBHBANEHTOM MYTALAN).

Taxue TUIIHYHEIE TOBPEXXISHYT MOTYT 32TpaTHBaTh Pa3Hble OHKO-
TeHE] ¥ TeHBI- CYIPECCOPHI, B CIULY Jero «MO3auKay Ae(heKTOB, TIPH-
CYIIUX PasHBIM OIyXOMsIM, MOXET OBITH COBEPINEHHO Da3INYHOM.
BT0 0BCTOSTENBCTBO OOBICHSIET, TOYEMY BEISIBICHME B OHOIOrHgec-
KX Cpeliax OpraHiaMa coelmduHecKy MyTaluuil He JaeT BO3MOX-
HOCTH CYAUTH O JIOKANH3AIH caMoii orryxonu. C Apyroii CTOPOHEL,
XOT CeroMHs M3BECTHRI AECSTKY IIPOTOOHKOTEHOB ¥ TEHOB-CyHpec-
COPOB, IIOBPEXKITEHII KOTOPHIX MOTYT BHOCUTD OIIpe/ie/IeHHBIN BKIaf
B pasBUTHe OIIYXOJIEBOTO IIPOLIECCa, Hauboiee JacTo BCTPEYaloTC U,
CNEN0BATENIBHO, HANGoIIee TIOKA3ATeFHEL B TMAarHOCTUYECKOM OTHO-
LIIEHUM BCEr0 HECKOIBKO, YACTUIHO ISPEeUNCIeHHEIE B Ta0N. 2: OH-
koreHs! RAS, MYC, JUN, BCL-2, MDM2; reHsi-cympeccopsl P53,
RB1, P16, P15, BRCAI, E-cad, VHL; rex penapauyu JHK MLH2 u
Jip. B COBOKYIIHOCTH IOBPEXISHHUS 3THX TEHOB (XOTs ObI OLHOIO WK
HECKONIBKUX U3 HUX) HaOMIONAIOTCA B TIOHNABIISIOIIEM YHCIE OIyX0-
et yestoBexa. TakumM 06paszoM, CYLIECTBYET IPHHIHIHANbHas (TToKa
elle He PeayiM30BaHHAL) BO3MOXKHOCTb, HCIOJB3YsT OTHOCUTEIHLHO
HeOONBIIYIO TIaHeIh TECTOB K OTPaHMISHHOMY YUCITY TeHETHYECKHX
9JIEMEHTOB, C ONHOM CTOpoHE, X aHamu3upyd JIHK ouonormyeckux
EKunKocTel (KpOBU K MOY) — C APYTOH, CYTUTEL B LEJIOM 00 «OHKO-
JIOTHYECKOM CTaTyCe» OPraHu3Ma.

MeTop!l AeTEKIUN FeHeTHYECKUX IOBPEKIeHIM

IpakTryecKu o6g3aTeNbHBIM 3TarioM moboro JJHK-nuarsocTi-
yeckoro Tecta sengercs TP, Tompko 6aromaps 5ToMy METOLY HMC-
cliemoBaTeNkb PACIIONATAET CETONHS XOBKIM HHTEPECYIOIIIM ero dpar-
MEHTOM I€HOMA TAHHOTO MHAVBUAYYMa B KONMUYECTBAX, JOCTATOMHbIX
JUE TIOCTISAYIOINX MAHHILY/UILFI: TIPSAMOTO CEKBEHHUPOBAHMS, PECT-
PUKTHBHOIO aHANN3A, Ielib-3JIeKTpodopeTHdecKoro pasfefeHus 1
Jp. B saBucuUMOCTH OT Lieneil pa3paboTaHsl IeCATKH MOTUGbUKATIA
TIIP: «oGoramenusni» TP, TP, cuenpdudeckiil o OTHOIIe-
HMI0O X METWIMPOBAaHHBIM IIociezoBaresbuoctaM (methylation-
specific PCR); IIIIP, wsbuparensHo aMmnmuduypyrommii
CpG-ocTpoBKH (HYHKIMOHANBHO 3HAUMMBIE PErYISITOPHEIE TTOCTE-
JIOBATENIBHOCTH) ¥ T. A, VckmountensHasa 3D (HeKTHBHOCTD STUX METO-
JIOB T103BOJISIET BEIABKTE B JHK GHoNormyecki XKogocTeil OHKOIo-
THUECKHX OONBHEBIX fe(eKThl, IPUCYIIME CAMOI OITYXOJH, ¥ Ha 3TOM
OCHOBAHWMY Pa3pabaThBATE TUATHOCTHYECKIE TIONXONE.

IIpoGaeMbl ¥ NePCIeKTHBE]

TpymHoOCTH, ¢ KoTophiMu cTalikmBaetcsa JJHK ~iparHocTrka paka,
BIIONHE OYCBMAHEL a) Hu3Kkoe comepxane JHK B 6uonormieckmx

question, why detection of specific mutations in biological fluids
of the body is not indicative of tumor site. On the other hand,
though we know dozens of protooncogenes and suppressor genes
whose mutations may contribute to tumor development, only few
of them have prognostic significance (and are partially listed in
table 2), these are: oncogenes RAS, MYC, JUN, BCL-2, MDM2;
suppressor genes P53, RB1, P16, P15, BRCAI, E-cad, VHL;
DNA repair gene MILH2, and others. A vast majority of human
tumors have mutations of at least one of these genes. Thus, there
is an opportunity (not yet implemented) to assess oncological sta-
tus of a body, on the one hand, using a rather small set of tests to a
limited number of genetic elements, and on the other hand, ana-
lyzing DNA from biological fluids (blood and urine).

Methods to detect genetic aberrations.

PCR is a mandatory component of any DNA test. It is own-
ing to this method the investigator may have any genome frag-
ment of interest in a sufficient amount for further direct
sequencing, restriction analysis, gel electrophoresis, etc. There
are dozens of target-specific PCR modifications, such as
enriched PCR, methylation-specific PCR, CpG-islet selective
amplification PCR, etc. The exclusive effectiveness of these tests
allows the investigator to detect tumor-specific defects in DNA
of biological fluids from cancer cases and to develop diagnostic
approaches on the basis of the findings.

Problems and prospects. Problems the DNA diagnosis faces are
well seen: (a) low DNA content in human biological fluids and the
respective necessity of its extraction from diluted solution, (b) the
presence of wild DNA sequences (DNA from normal dying cells
whose number reaches 1011 daily) together with tumor-specific
(mutant) DNA, (c) extracellular DNA decay to low-molecular
weight fragments under the effect of hydrolytic enzymes.

It is therefore clear, that the prospects of DNA diagnosis of
cancer depend fully upon development of methods providing
preservation and quantitative extraction of DNA from human
biological fluids, analysis of low molecular weight fragments,
reliable discrimination of mutant from normal sequences. There
is much hope that these problems will be overcome owing to the
advance in the existing approaches and development of new,
high-sensitivity assays involving radioactive and fluorescent tag-
ging, Good prospects may be expected for novel approaches such
as rolling ring isothermal amplification that is much more spe-
cific and effective than PCR [30].

It is possible that in future the DNA diagnosis will be able to
find tumor sites. These hopes are related to DNA methylation
whose impairment is to a certain degree tissue-specific. So, there
are reasons to hope that DNA markers of carcinogenesis will be
used both as a means for early diagnosis and monitoring of tumor
growth and for assessment of oncological status of the body
before any clinical signs are seen.

JKUNKOCTSX YeloBeKa M CBI3aHHAsA ¢ 9TMM HeOoOXONIMOCTh ee
BBIAEIEHUS, U3 PasBeIlcHHBIX PACTBOPOB; 0) IIPICYTCTBUE B STUX
KUIKOCTAX HAPSIAY C «OIyXOAeBoi», T. &. MyranTHO, [JTHK rpo-
MAIHOTO W30BITKa ITOCHENOBATENEHOCTEN OUKOro THHA (T. €.
JHK, mipovicxomalueii 13 TUOHYIIIX HOPMANBHEIX KIETOK; MX
eXXeIHEeBHO ITOT0aeT B opragusMe okoyo 1011), 4To crrbHO 3a-
TPYIHSET BEIABICHUE IIEPBOIi; B) BHEKIIETOUHBIH pacman JHK
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Ixcnepumenmarvrote uccaedobanus

JI0 HUBKOMOJEKYIISIPHEIX (hparMEeHTOB MO BOSACHCTBUEM THIPOIIH-
THIeCKuX HepMenTOoB.

C 2T0 TOUKM 3peHIST OYeBHIHO, UTO TIEPCHEKTHBH MPUMEHEHIST
JTHK - nriaTHOCTHKM paka B KIMHAYECKOU TIPaKTIKE LEeTIKOM OTIpe-
JeJITIOTCSA PA3BUTHEM COOTBETCTBYIOININX METOIOB, a IMEHHO! TI03BO-
JISFOLIMX COXPAHATh M KOIMYeCTBeHHO Bopenars JJHK w3 Gronormye-
CKUX XKUIKOCTS Oprapy3aMa, aHaIU3HpOBaTh HU3KOMOIEKYIPHEIS
¢parMeHTBI, HaJeXHO TUCKPUMUHUPOBATH MYTAHTHbBIC ¥ HOPMAaTH-
HEe mocnenoparebHocTH. Vlcxons u3 GbICTpOro COBEPIHEHCTBOBA-
HUS Y2Ke CYINECTBYIOIIVXK TIOIXOM0B U PasBUTHS HOBBIX, Ype3BhIYaiiHO
YYBCTBHTENBHBIX, CBA3AHHBIX C IIPUMEHSHMEM DalHOaKTHBHOM M
(hIFOOPECIIEHTHOM METOK, MOXKHO HAEATHCS Ha CKOPOE IIPEOIONCHIE
cymmecTByIoLx podneM. Ocobbie HANEXK B! B STOM CMBICHE CBSI3aHbL
C TIOSIBTICHHEM TIPHHITAIINATEHO HOBBIX IOMXOOB, TAKWX KAK H30TeP-
MIrdeckas aMIDIEbUKAIS TI0 THITY «KATSIUETocs KOlblia», CYIIeCcT-
BerHo Gonee cietmdyruaHag 1 addexrusras, gem TP [30].

He ncxmodena B GymyIieM H BO3MOXKHOCTH 1ocpenctsoM [JHK-
JAATHOCTUKY CYIHUTH O JIOKAIM3AITAY OITyXOJIEBOTO OYara. DTH Ha-
JIeXIBl CBsI3aHbl ¢ heromerom Merwmposanret JHK, napynuerwms
KOTOpPOTO HPY KaHIIEPOreHe3e MMEIOT 10 HeKOTOPOY CTeIIeH) TKAHe-
crenudugeckuit xapakrep. TakuM 00pa3oM, ecTh OCHOBaHWS Hajle-
SATBCH, 9TO B He cTONb otnanentaoM GymymeM JHK-Mmapkeps: Kaxiie-
poreHeza BOMIYT B NPakTHMKY He TOJBKO Kak CPEACTBO paHHEH
JIATHOCTUKY ¥ MOHUTOPHHIA OIIyXOJIEBOTO pOCTa, HO M KAK CPEJICT-
BO CKPWHWHTA, ITO3BOJSIONIETO OLEHMBATH «OHKOIOTHMIECKIIA CTa-
TYC» OPraHu3Ma JO KaKIX GBI TO HU OBUI0 KIIMHIYECKIX IIPOSIBIICHMIA.
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