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Pestome: Ounanennpiiichka XpoMocoMa — ToJIOBHHH MapKep PO3BUTKY HYXJMHH 151 GIABIIOCTI MAINENTIB
3 XPOHINHOW0 MieNonpoidhepaTHBIICIo NEHKEMIEI0 Ta /IS 3HAYOI KiILKOCTI XBOPHX Ha roctpuii nimdo-
6nactHuii neiikos. Bona oGyMobJieHa peltMIIpoOKHOIO TPAHCI0KaIlicio Mixk 9 Ta 22 XpoMocoMamu. Ha mone-
KyJISPHOMY PiBHI yTBOPCIIsS XPOMOCOMH CYIIPOBO/DKYCTHCA YTBOPCHHSM ribpuntoro ber/abl-rena. Y pamit
poboTi HaBeeHi BiZIOMOCTI OO PO3POOKH BITHUSHANOI TECT-CHCTEMH /LISt aetekii ribpuanoro rena Me-
TO/IOM NOAIMEPa3HOT NIaHIIoroBoi peakitil. [1okasano, 110 BUKOPHCTaHHST y CHCTeMi criel WQiworo noe/mai-
Hsi paiimMepiB MiABUIYE BIPOTIAMICTH OTPUMANHUX PE3YJIBTATIB.

Kmouosi cioBa: Ph-nosutusua sciikemisi, BCR/ABL, niarnoctika, 1oJlimepasiia JaiiorobBa peakiys
(ILTP).

C. C. Mamota, I, /1. Texerees, M. B. [Ipi6kos, Jl. A. Mupomnuyenko, A. B. Enbcbkast. PA3PABOTKA
TECT-CUCTEMBI JIJ1S1 TUATHOCTHKH PH-JIEMKEMMIA C TOMO1[bIO ITIOJIMMEPA3HOI
LEMHO PEAKITMH.

Peaiome: Dunazennduiickasi XpoMOcoMa — [JIaBHbIH MApKCP POCTA Oy X0JIH /1St GOALUIMICTBA 11AIICHTOB
C XPOHHYECKOH MHeNOUHOH NeiikeMHel U OCTPbIM numdobnactHbim Jeiikozom. Ona obyciosnena penu-
IPOKHOIi Tpauciokanueit mexay 9 n 22 xpomocomamu. Ha mostekynsipiiom yposte obpazoBalliie XpoMoco-
MBI COMpOBOXIaeTcst obpasosanreM rubpuanoro ber/abl-rena. B pabote npeacrasiennt gainsie o paspa-
60TKE OTEYECTBENHOI TECT-CUCTEMBI JIJ1si ONpe/ieIeHst NATMYHsi THOPUIHOTO rella METO/I0M HONMMEPA3HOM
yermioil peakiuu. Iokasailo, 4To UCNONB30BAHKE B CHCTEME CHICTUGHYECKOrO COYCTalIMS HPAHMEPOB 1103
BOJISICT MOBLICUTH JIOCTOBCPHOCTD MOJIyYACMBIX PE3yJILTaToB.

Kmouesbie caoBa: Ph-nosutupuas neiikemusi, BCR/ABL, nvarnoctvka, nosiMmepasnast enilasi peakiius

(1IP).

S. S. Maliuta, G. D. Telegeev, M. V. Dybkoy, D. O. Miroshnychenko, A. V. El'skaya. TEST-SYSTEM
DEVELOPMENT FOR PH-LEUKAEMIA DIAGNOSTICS BY POLYMERASE CHAIN REACTION.
Abstract: The hallmark of tumor growth for the majority of patient with chronic myelogenous lcukemia is
Philadelphia chromosome (Ph') — a product of reciprocal translocation of 9 and 22 chromosomes. At the
molecular level it is connected with ber/abl-fusion gene. This paper presents data of development of nation-
al test-system for detection of hybrid gene with PCR method. It was shown that specific combination of
primers used allow to advance a probability to obtain the correct data.

Keywords: Ph-positive leukaemia, BCR/ABL, diagnostics, PCR.

1. BCTVII cknagae 6inpwe 10 % cMepTHOCTI BiZl OHKOJO-
riYHUX 3aXBOPIOBAHb.
PizHoro pozy neitkemii ckia1aioth 61U3bKo 3 % Metoiu [iarHOCTUKU JIEMKO31B, L0 3aCTO-

BiJl 3arajibHOI KIJILKOCTI OHKOJIOTIYHUX 3aXBO-
proBatb. CmepTHICTD Big niMboM Ta Jneiikemiit
ctaHoBUTh 6mM3bKo 1,3—1,7 % Bia 3arajbHOL, 1[0
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COBYIOTBHCS1 B TIOBCSIKACHHIH MMPaKTULI, BKJIOYa-
I0Tb BMKOPHCTAaHHSI MPOCTHUX LUTOJIOTIYHHX
KpuTepiiB, TAKMX, SIK (popMa Ta PO3MIP KJITHH,
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Puc. 1, 6. CxemaTHune 306paxcentsi ocHoBHUX THIiB XumepHux MPHK ber/abl, o yTBOPIOIOTHCS B HACHIIOK PO3PUBiB

B Pi3HHX Jli/IsIHKaxX reHa ber

XapaKTep 3€PHUCTOCTI LMTOIIA3MH, SAEPHO-
LMTOIJIa3MaTHYHE CITiBBIIHOIIEHHS, CTPYKTypa
sgpa Tomo. i MeToau AOMOBHIOIOTHCS TAKOXK
IUTOXIMIYHUMU MeTO/[aMH ( BUBHAYCHHS aKTHB-
HOCTi KHCa0i ¢pocdatasu, MIENONEPOKCHIA3MN,
PAS-peakuis) [1]. Ha mizcTaBi pe3ynsrartis, IO
[AAI0Th I{i METOAM, MOXH2 BCTaHOBUTH BipO-
riiHMii JiarHo3 AJis GUIbLIOCTI MaLi€HTIB. YTOY-
HEHHSI X MPUPOAH KOHKPETHOrO NeHKeMiYHOro
KJIOHA BUMAra€ MpoBejeHHsI iIMyHO(EHOTHITY-
BaHHS T4 LIMTON€HETHYHOro aHam3y. Bukopuc-
TAHHSI MOHOKJIOHQJIbHUX aHTHUTLJ, a TAKOX 1IMY-
HO(IyOPECLEHTHUX Ta iMYHO(EPMEHTHHX Me-
TOJIB ZO3BOJSIE OiNbI TOYHO BCTAHOBJIIOBATH
pizikicHi (popMu Ta BapiaHTH JI€HKO3IB 1, TAKUM
YMHOM, 3aCTOCOBYBATH Bi/IlIOBI/{HI METO/H JIIKY-
BaHHs [2, 3].

XpOMOCOMHiI TPaHCIOKaLil BHSIBJSIIOTHCS
npu GinbUIOCTI HEOTLIasiit y JIIOAUHHU 1 TrOJIOB-
HUM YMHOM CaMe BOHM 3yMOBJIOIOTb O[MH YU
JIEKITbKA eTarmB PO3BUTKY MyXJIHHH.
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Y 3B's13Ky 3 MM pe3yJIbTaTH LIMTOreHEeTHY-
HOTO aHaJIi3Yy, MMi/{ YaC SKOro BUABJIAIOTH Xapak-
TepHi aHoMaJil (TpaHcIoKallii, iHBepCii, Aesewil
tomo) usaxom audepenuiiinoro 3abapBaeHHs
XpPOMOCOM, MAIOTh CaMOCTiiHe JIlarHOCTHYHE 1
nporHoctuyte 3uadeHHs [4-6]. Ilepuum mo-
Ai6HMM MapkepoM pocty OyxauHM Oyna ma-
nenbka G-3abapBiieHa XpoMOCOMa, OMMCaHa B
1960 p. i HasBana dinagensdiiicbkoro (Ph') [7].
YTBOpeHHs IaHO1 XPOMOCOMH OOYMOBJIEHE pe-
LIMIIPOKHOIO TPaHCJIOKaui€eo Mix 9 1 22 xpomo-
comamu t(9;22)(q34;q11) [8]. Bona BusB-
NSIETHCSL MPUONU3HO y 95 % XBOPHX Ha XPOHiY-
Hy rpaHyJOLUTapHy JieHKeMiio, a TaKoX Yy
25-30 % popocaux ta 2—10 % apiteit, XBOPUX Ha
roctpy nimdobnacthy neiikemiio (IJIJI) [9]. Ha
MOJIeKyJIsipHOMY PpiBHi yTBOpeHHsl Ph’-xpomo-
COMM CYTPOBOKYETbCS YTBOPEHHSIM HOBOIO
snutoro ber/abl-rena (mpeacTaBneHOTo Ha 5'-
KiHI[i [iISIHKOIO FeHa ber, a Ha 3'-KiHLi — ALIAH-
koio rena abl (puc.1) [10]. x moka3anu wmc-
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Puc. 2. Cxema susiBsienns rena ber/abl metonom I1JIP

JIeHHI eKCIIepUMEHTH, CaMe MPOAYKT TpPaHC-
KpHuILiii reHa bcr/abl € ronoBHUM €TiIONOTIYHUM
MOMeHTOM y po3BuTKy Ph+-neitkemii. Ha-
SIBHICTb LIbOTO T€H2a B KXiITUHAX KPOBi Ta KiCTKO-
BOrO MO3KY /I03BOJISIE BUsIBNISATH Ph’ xpoMocomy
MeToZlaMM MOJIeKYJisipHOI 6ioIorii.

CyuacHi MonekysipHO-6ionoriyai MeToau
BKJIIOYAIOTh BMKOPDMCTAaHHSI F€HOMHUX 30H/IB
[11, 12], nonimepa3Hoi NaHIIOrOBOI peakiiii
(IJIP) [13, 14], ¢pmioopecueHtiii in situ ribpu-
nuzauii (FISH) [15], PCR in cell [16] Tougo.

Hait6inpin npoctym i 4yTAMBHM € MeTO[
M0JIiMEPa3HOL JIaHITIOrOBOI PeaKilil.

Tect-cuctemMu /111 NIarHOCTHKKM JieHKeMil,
{0 Hapa3l BUKOPUCTOBYIOTbCSI B YKpaiHi, 3aKy-
[IOBYIOTbCSA 32 KOpAOHOM. B VYkpaini Taki Tect-
cucteMu He po3pobisinucs. Jlana pobora npu-
CBsiYeHa PO3pOOLI BITYU3HAHOI TECT-CUCTEMH
nnsi pevekuii ribpuasoro ber\abl-rewa, wo €
MapKepoM XPOHIUHOI MIENOIAHOI Jeikemii
(XMJI) Ta 3Ha4HOI KIJIbKOCTI rocTpux JiiMpoO-
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JIacTHUX JIerKo3iB. CTBOPEHHSI TaKOL CUCTEMU €
JOLLTIBHUM 5IK 3 EKOHOMIYHHX MIPKYyBaHDL (3Hay-
Ha BapTiCTh 32KOP/IOHHUX aHAJIOTIB), TAK 1 BUXO-
JST9M 3 OTPUMAHMX B Hauliit 1abGopatopil fannx
U{0/I0 BUCOKOI HecTabinbHOCTI ber- Ta abl-renis,
BHACJII/IOK YOro NOTPiOHe BUKOPUCTAHHS 10/1aT-
KOBHX [TpaliMepiB.

B ocHOBY mpONoOHOBaHOI TeCcT-CUCTEMN T10-
CTaBJIeHa 3a/la4ya CTBOPEHHSI TAKOr0 METONY,
SIKUiT OM MABUU{KMB JOCTOBIPHICTb 1iarHOCTHKH
s jofieit 3 MienonpodisiepaTUHBHUMH 34XBO-
PIOBaHHSIMM 32 PaXyHOK CTBOPEHHSI YMOB 3MEH-
IIEHHS HEraTMBHUX MOMEHTIB MOJIMepa3Hol
JIAHLIOTOBOL PEAKIIil IJISIXOM BpaxyBaHHs He-
cTabLIBHOCTI MyXJTMHHOTO FEHOMY.

2. KJIIHIYHI MATEPIAJIU TA METO/IU
JIOCJIIPKEHHS

Y po6oTi BUKOPHCTOBYBasIy 3pa3sku KPOBi XBO-
pHUX, fAKI MPOXOJWJIM JNiKyBaHHSI y remMarto-
noriyHux KiiHikax M. KueBa. Ha puc. 2 cxema-
TUYHO 300pa)keHi OCHOBHI eTanu BHSIBJIEHHS
Ph’-xpomocomM#u y KJIITHHAX KPOBi XBOPHX.
PHK otpumyBasu metosmomMm, onvcanum B
[17]. Peakuiitha cymim ansi cuHtesy k/[HK
mictuna 1-5 mxr PHK, 10 pM npaiimepa Al
(5'-TGATTATAGCCTAAGACCCGGA-3")
(puc. 2 T1a 3) abo poscisHoro npaiiMepa
d(NTP)6, 20 opuuMLb 3BOPOTHOI TpaHCKHITTA-
3u M-MLV (GibcoBRL), 10-20 omuuuum
PHasziny, iMM dNTP Ta 6ydep nnsa ssopotroi
TPaHCKUNTa3U. 3arajibHUil 06'eM Cymiimi —
40 mkn. Cunte3s mpoBoaunu npu 37 °C npotst-
rom 1 rog. AmkBOTH peakuiitHoi cymimii (5—
10 MK/I) BMKOPHCTOBYBAJIM [IJisl NPOBENEHHS
ammidikanii. Ha nepuiomy etani nposogunu
30 uMKJB MOJTiMEepa3Hol JIAHLIOroBOi peakuii 3
BUKOpUCTaHHsIM mpaiimepiB Phi-f ta Phi-r B
o6'emi 30 mxt (puc. 3) 3a yMOB, peKOMEH/[0Ba-
HUX (ipMoIO-BUroTOBNIOBaYeM Tag-monimepa-
3u. TemmepatypHUil pexxuM cuntesy Oys: 94 °C
— 18 cek, 55°C - 18cek, 72°C — 1 x8. Jlani npo-
Bopuau Apyruit etan ILJIP 3 BukopuctaHHsM
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Puc. 3. CxeMa po3MileHHs npaiiMepiB, (0 BHKOPHCTOBYBaTHCh A5 amiutidikauii riGpuanoi ninsuku ber/abl

npaiimepiB Ph-f ta Ph-r (puc. 3) 94 °C — 24 cex,
58 °C — 18 cek, 72 °C - 1 xB. IIpogykTtn
amrunidikauii aHanizysasu B 1,5 %-oMy arapos-
HOMY TeJli.

3. PE3VJIBTATU TA OBI'OBOPEHHS

[TonimMepasHa JaHLIOrOBa peakuiss BUKOPUCTO-
BYETbCS [IJ151 OTPMMaHHS 3HAYHOI KiJTbKOCTI TeB-
nHux aisiHok monekynmn JIHK. Lle nocsiraetses
npoBeaeHHsIM KUTbKOX (210 40) uMKiB, KOXKEH 3
SIKMX BKJIIOYA€ CTajil AeHaTtypallii, Binany Ta
cuntedy. Ha ctapii cuHTedy BinOyBaerbcs
konitoBanus /IHK-nanuora (Ha ginsnui, oome-
XeHiit creLianpHO TiAlIOpaHuMM TIpaiiMepami )
TepMOCTabiIbHUM (hePMEHTOM.

Y HamoMy BMIMaJKy HampalibOByBallach
AinsHKa riopugHoro reHa ber/abl. Y 3B'si3ky 3
THM, I10 PO3pUB y reHax ber ta abl BinOyBaerbes
Ha 3HAYHMX 34 PO3MIPOM JILNSHKaX, 1€ POOUTH
npobsiematnyiuM 3actocyBanust /IHK y momni-
MepasHii naHUoroBiil peakiii. Tomy ans aiar-
HOCTMKM BMKOPMCTOBYIOTH focnimpkeHHs: PHK,
sIKa Mae 3Ha4HO MeHwwMii posmip. Hamu 6yno
nepeBipeHO JeKinbka Habopis ¢ipM-BUPOO-
HuKiB MoBio, Sigma, Quagene a5 BuALNeHHsA
PHK (ta6n. 1). Bci ui Habopu 6a3yorbest Ha
BUKOPUCTaHHI TpUHOMNY copOuii-gecopOuii
PHK Ha KonoHkax.

[Tpy BUKOpHUCTaHHI UMX HabopiB Oynu
nomMiveni Taki ocobmmsocti. Habopu BUMaraiotsb
6inbu1 Tounoro (anix 3a metozoM Chomcezynski
ta Sacchi) oOpaxyHKy KUIBKOCTI KJIITUH KPOBI
MAI[IEHTIB, OCKLIbKM BCl BOHY MalOTb Majy
€MHICTD, AKa, 10 TOTO X, PIBHUTHCS JIJISl PIBHUX
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Habopis. Ilpu ii mepeBMuieHHI BiJI0yBa€THCS
3naune 3a0pynnenHsi nmpenapaty PHK nomim-
kamu /IHK Ta 6inky, a B psizii BUMAAKIB i MOBHA
nerpagauis PHK. Ha ue cniz 3Beptati ocobmnu-
BY yBary, OCKLJIbKM KiJIbKICTb KJITHMH KPOBI Y
NalieHTiB, WO MEepeBIPSIOTHCS HA MO3UTHUBHI
Ph-neiikemii, B 3a/1€3KHOCTI BiJl CTa/Iil 3aXBOPIO-
BaHHA Ta iHAMBIAYaJIbHUX 0COOIMBOCTEN MOXE
PIBHMTHCS Ha KiJibKa MOPsifiKiB. ToMy KINBKICTb
KpOBi HEOOXi[IHO PO3Pax0BYBATH /IJIs1 KOXKHOTO
MALIEHTA iIHAMBIAYAJIbHO, BUXO[S4HM 3 JAHUX 3a-
raJibHOrO aHaJTi3y KPOBI.

HactynmuuMm etanoM OyJi0 OTPUMaHHsA
komiiHoi JIHK (xk/IHK), siky cuntesyBaau 3a
JIOIIOMOrOI0 3BOPOTHOL TPAHCKPMIITa3M, BMKO-
puctoByiour PHK sik matpunio, a npaiimep Al -
aK 3atpaBky (abo poscisHOoro mnpaiimepa
d(NTP)) (puc. 2, 3; 1abn. 1).

[Tepwmwmii etan [1JIP, korpuii npoBogunu 3
BUKOpHcTaHHsiIM nipaiimepiB Phi-f Ta Phl-r, He
J2€ TAKOI KiJIbKOCTI TIPOAYKTY, KOTpa HeoOXi/iHa

Ta6auua 1. Iepenik npaiimepis s BusiBaennsi Ph-xpo-
MOCOMH

Haspa HyxkneoTnaHmii ckn
npaiiMepy y G )
A, 5-TGATTATAGCCTAAGACCCGGA-3

As 5-TCAGACCCTGAGGCTCAAAGTC-3
B, 5-GAAGTGTTTCAGAAGCTTCTCC-3
B, 5-GGAGCTGCAGATGCTGACCAAC-3
B¢ 5-CGCATGTTCCGGGACAAAAGC-3

B 5-ACCATCGTGGGCGTCCGCAAGA-3
Ia 5-ATCTGCCTGAAGCTGGTGGGCT-3
Ib 5-GCAGCAGCCTGGAAAAGTACTT-3

73




InHoBauinHi npoekTy HayioHanbsHoi akapemii Hayk YkpaiHu
0L,

i
¥

Puc. 4. Enexrpodoperpama npoaykris ILJIP, mo 6yau
OTpHMaHi NpH JlocaikenHi kposi Xxsoporo H: 7 — mapkep
MOJIEKYJISIPHO1 BarH; 2 — HETATUBHHUI KOHTPOJIb; 3 — npo-
ayxr IVIP 3 BukopHcTanusiM cTanapTHoro HaGopy (B2-
A3); 4, 5 — no3utusHuii kouTpoas -176 n.u., -118 n.u.; 6
~ npoaykt ILJIP 3 BukopuctanusM npaiimepis Ph-f 1a
Ph-r -590 n.u.

LS BI3yaJTbHOTO BUSIBJIEHHS B arapo3HOMY TeJti.
Tomy npoBojsuiu apyruii eran [1JIP, Bukopuc-
ToByIouM amksoty ILJIP nmpoaykty 3 mepiioro
eTany Ta iHuWi (BHyTpiwHi) npaitmepu Ph-f ta
Ph-r (puc. 3). lIpaitmepu Phi-f, Phi-r, Ph-f ta
Ph-r 6ysnu nizibpati 3a £OMoMoro mporpamMmu
GeneRunner. [Ipu 1iboMy BpaxoByBaJI1 TaKi mna-
pameTpu, siK IOBXXHMHa MpaiiMepa, TeMrneparypa
[UTaBJIEHHSI Ta KOMIUIIMEHTapHICTh MpaiimMepiB
MiX co6010.

[IpuBeseHi faHi CBiYATH PO BUCOKY e(eK-
tuBHIcTb [IJIP B miarHocTHLll XBOpHX 3 HEBU3-
HaueHUM jiarHo3oM. Bukopucranus [1JIP pae
3MOry BHUSIBJISATU MIHIMaJIbHY KUIBKICTb MMaTo-
noriyHux kmtuH (10-4 - 10-5), mo ayxe Bax-
JIUBO 17151 paHHBOI JIIarHOCTHUKH.

Ha puc. 4 naBesieHi pe3ynbratv aHaji3y
KpoBl xBoporo H. 3 BUKOpUCTaHHAM CTaHAApT-
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HOTO Habopy mpaiimMepiB Ta MmpaiiMepis, 1110 MPo-
MOHYIOThCsI. Sk 6aYnMMo, BUKOPHUCTaHHS CTaH-
naptHux mnpaiiMepiB [13, 14] He BusBAsE
ribpunHoro ber/abl-rena (puc. 4, nopixka 3), B
TOH 4Yac, sik BuUkopuctanHsi Ph-mpaiiMepis je-
TEKTyBaJI0 HasIBHICTh Takoi mepebynosu. Ilo-
Jlajipllle CeKBEeHYBaHHS riOpMHOL AiNAHKKU NO-
Ka3aJ10, 10 CTaH/IAPTHUH npaliMep He MaB 30HH
KOMIUTIEMeHTallil B riOPUIHOMY TeHi.

Takum YMHOM, 3aMIPONTIOHOBAaHUI METO/ 1€
3MOIy MPOTHO3YBaTH MOAIbIIMiI mepebir 3a-
XBOPIOBAaHHS1, OLIHIOBATH [IUTOT€HETUYHY PEMi-
Cciio Ta epeKTUBHICTD NiKyBaHHs. Bukopucras-
Hsl MPOMOHOBAHOTO Crocoly 3 mpaiiMepamMu
Ph1-f, Phi-r, Ph-f, Ph-r fae MoxuBicTb miiBU-
UIMTH AOCTOBIPHICTD OTPUMaHHMX pe3yJbTaTiB
JIIarHOCTUKH Y XBOPHUX Ha Mienonpodinepa-
THBHI 3aXBOPIOBaHHS TILJISIXOM CTBOPEHHSI YMOB
IL7Is1 3MEHIIIeHHsI HeraTUBHUX MOMEHTIB T0J1iMe-
Pa3HO1 JIAHLIOTOBOI PeaKIiil, a TAKOX BpPaxyBaH-
Hs1 (paKkTy BUCOKOI HECTaGINbHOCTI MyXJIMHHOIO
reHoMa i OTPUMAHHS MO3UTUBHOI JIAHI[IOFOBO1
peaxiiili Mpu HasIBHOCTI XapaKTepHOI FeHOMHOL
niepebyioBu (ber/abl).

Bucoka edextuBHicTh TecT-cucTemu Oyna
arnpoGoBaHa Ha Oinbur Hix 150 3paskax KpoBi
MAaI€HTIB 3 PI3HUX perioHiB YKpaiHu 3 mijo-
3poio Ha XMJL.
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