


HACJIE,IJ;HI1 KAHQEP: MOJIEKYJIAPHJ1 MAPKEPJ1 11 

lbi1XOBA ,IJ;ETEKQJ1JA 

MHpjaHa EpaHKOBHh-Manth, JeneHa PaKo6pa.o;osHh, AHa KpHBoKyha, 

.UHjaHa .Upaqa 

l1HCTHTYT 3a oHKonontjy H pa.o;HonorHjy Cp6Hje, Beorpa.o; 

AuciiipaKiii. )J,oK sdnma KaH~epa HaCTaje Kao nocne.o;~u~a cTe'IeHHX 
reHCKHX npoMeHa, Kao T3B. cnyqajHH HliH cnopa.o;H'IHH KaH~ep, npo­
nop~HOHanHo ManH .o;eo ManHrHHX TyMopa HacTaje Kao nocne.o;H~a My­
Ta~Hja y repMHHaTHBHHM henHjaMa y reHHMa KOjH ce Hacneljyjy no 
MeH.o;enosoM 3aKoHy, npeHoce ce sepTHKaliHO ca po,D;HTeJba Ha .o;e~y " 
npe.o;CTaBJbajy Hacne.o;HH KaH~ep. 3a pa3JIHKY o.o; cnopa.o;H'IHOr KaHQepa 
HCTe aHaTOMCKe liOKaliH3a~Hje, HaClle)J;HH KaH~ep Ce rrpe,D;OMHHaHTHO jas­
Jba y MJialjeM )I(HBOTHOM .o;o6y H 36or TOra, HaKO HHje 'IeCT, HOCH BeliH­
KH MeAH~HHCKH H CO~HOeKOHOMCKH 3Ha'Iaj. LJ;o ,D;aHaC je OTKpHBeHO ,D;a 
BeliHKH 6poj MaliHfHHX TyMopa pa311H'IHTHX aHaTOMCKHX liOKaliH3a~H­
ja, npe csera Kap~HHOMa, MO)I(e .o;a HOCH Hacne.o;Hy npe.o;HCII03H~Hjy, a 
Meljy lhHMa cy Kap~HHOM AOjKe, Kap~HHOM jajHHKa, cpaMHliHjapHa IIO­
liHII03a, HerrOliHII03HH Kap~HHOM .o;e6enor ~peBa, Me.o;ynapHH KapQH­
HOM lliTHTacTe )I(Jie3.o;e, Hacne.o;HH Kap~HHOM 6y6pera, KapQHHOM )l(enyQa 
HT)J;. BehHHa reHa KojH .o;e<j>HHHUIY Hacne.o;Hy rrpe.o;Hcno3HQHjy cna.o;a y 
rpyny TyMop cyrrpecopHHX reHa. Y reHHMa o.o;rosopHHM 3a HacTaHaK Ha­
cne.o;He npe.o;Hcrro3H~Hje rrpoHal)eH je senHKH 6poj MyTa~Hja " cTanHo 
ce OTKpHsajy Hose reHcKe sapHjaHTe. 36or Tora je MeTo.o;a H36opa 3a 
.o;eTeK~Hjy HacneAHHX KaH~epa rrposepa CTPYKType LJ;HK Koja 'IHHH .o;aTH 
reH, Tj. MeTo.o;a ceKBeH~Hpalha. MoryhHocT .o;a o6onene oKapaKTepHwe­
MO Ha ocHosy nopeMehaja y sa)l(HHM henHjCKHM rrpo~eCHMa KOjH cy 
nocne.o;H~a MyTa~Hja reHa .o;ahe" MoryhHOCT 6o1be rrpeseHQHje MaJIHfHHX 
6onecTH Kao " pa~BHTaK ~HJbaHHX TepanHja Koje Tpe6a .o;a .o;onpHHecy 
HHAHBH)J;yaliH3a~HJH aHTHKaH~epcKor lle'Ielha. 
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HEREDITARY CANCER: MOLECULAR MARKERS AND THEIR 
DETECTION 

Abstract. Majority of cancers arise as a result of acquired genetic 
alterations and are considered as sporadic or random. However, 
proportionally small part of the malignant tumors arises as a consequence 
of inherited germline mutations which are transmitted according to 
Mendel's laws, vertically from parents to offspring. This type of cancer is 
called hereditary cancer. Unlike sporadic cancers of the same anatomic 
localization, hereditary cancer predominantly occurs in younger age and 
therefore has great medical and socioeconomic importance. It has been 
discovered that a large number of different malignant tumors (especially 
carcinomas) have strong inherited component, including breast cancer, 
ovarian cancer, familial polyposis, nonpolyposis colorectal cancer, 
medullary thyroid cancer, hereditary renal cell carcinoma, diffuse gastric 
cancer etc. Most of the genes responsible for hereditary predisposition 
belong to the tumor suppressor genes. A large number of mutations have 
been reported in these genes, but new gene variants have constantly been 
discovered. Therefore, sequencing the whole coding regions of these genes 
still represents the method of choice for hereditary cancer detection. The 
ability to characterize patients based on alterations in important cellular 
processes that result from gene mutations enables better prevention and 
development of targeted therapies for specific malignant diseases, which 
should contribute to the individualization of anticancer treatment. 

YBO)J; 

OnwTe je llp11XBaheHO p;a CBaKJ1 KaHQep HaCTaje KaO llOCJIC,Z:V11.\a reHCKHX 

M)'Tai.\Hja. Kao pe3ynTaT npoMeHa y op;pel)eHHM KaTeropMjaMa reHa y noje~H­
Ha'IHHM henHjaMa 1J;OJia3J1 p;o ry6HTKa KOHTpone pacTa 'IHMC 3allO'Il1lbe npo~ec 
ManHrHe TpaHc$opMai.\Hje hen11je. 

Tp11: OCHOBHe KaTeropMje reHa 'lHje reHcKe MyTai.\Hje p;onpMHoce HacTaHKY 
MaJIJ1fHOr $cHOTJ1na y hen11j11 jecy OHK0fCHJ1, TyMop cynpecopH11 fCHH H reHH 
3a nonpaaKy AHK. 

KaHI.\eporeHe3a MO:>Ke p;a 6yp;e pe3ynTaT CTe<IeHHX an11 11 Hacnep;HHX re-
HcTH'IKHX nopeMehaJ· a Beh ... H · 

· ... a MarrHrHHx TyMopa HacTaJe Kao nocne~H~a 
cTe'leHHX reHCKJ1X MyTa"HJ·a KOJ·e ce rr • h · ....., .....,eWaBaJy y COMaTCKHM CliHJaMa pa3nH-
'IJ.1TJ1X opraHa H ca acneKTa Hacnep;He npep;Hcn03111.\11je To cy T3B. cnyqajHH HnH 

cnopap;H'IHH KaHI.\epH. llojaaa Hacrrep;HHX 6onecT11 y OHKorrorHjH je peTKa, na 

ce MO~e petm ,ll;a BehHHa KaHI.\epa CBJ1X aHaTOMCKHX JIOKaJIJ13ai.\Hja HaCTaje 
cnyqaJHO Kao cnopap;H'lHH KaHu;ep. 
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Me~yntM, nponopu.HoHaJIHO MaJIH Aeo MaJIHfHHX TyMopa HacTaje Kao no­
cneAHU.a MyTaU.Hja y repMHitaTHBHHM henHjaMa y reHI1Ma Kojl1 ce Hacne~yjy 
no MeHAenosoM 3aK<nty, npeuoce ce sepT11KanHo ca poA11Te1ba Ha Ael.\y 11 
npeACTaBlhajy Hac!le/VIH KaHLJ,ep. HacJieAHa npeA11Cll03111\11ja Koja HOCI1 BI1COKJ1 
11!111 yMepeH11 pH311K OA o6on,esal-ba npoHa~eHa je 3a <JI1TaB Hl13 aHaTOMCKMX 

noKa!1113al.\11ja MaJIHI'H11X TyMopa. HacJieAH11 KaHI..\ep Haj<Jemhe ce MaH11<l>ecTyje 
HaKynlhaH>eM o6oneJIHX y nojeAHHI1M nopOA111\aMa 11 MO)I(e Ce ;qeTeKTOBaTI1 Ha 

ocuosy np11cyCTsa MyTaU.11ja y reHI1Ma o;qrosopH11M 3a osy npe;qHcn03Hl.\Hjy. 
CMaTpa ce Aa uacneAHY npeAHCn0311U.I1jy ca BI1COKHM pH3HKOM 3a o6o1besa­
H>e HOCI1, y 3aBHCHOCTl1 OA aHaTOMCKe JIOKam13al.\Hje, OKO 5-10% CBHX 060-
JieJIHX. Me~yTI1M, KOA MeAynapHor KapLJ.11HOMa lliTHTacTe )I(J1e3;qe Hacne;qHy 
npe;qHCll03l11\Hjy HOCH ~taK 20% o6oJieJIHX (1). 3a pa3!1HKY OA cnopa;qH<JHOf 

KaHI..\epa l1CTe aHaTOMCKe JIOKa!1l13al.\11je, Hacne;qHI1 KaHI..\ep Ce npe;qOMHHaHTHO 
jasJba y Mna~eM )I(HBOTHOM Ao6y. 

BehHHa reBa KojH AeqmHmuy HacneAHY npe;qHcno3Hl.\Hjy 3a pa3!1H<JHTe 
KaHuepcKe CHHApoMe cnaAa y rpyny TyMop cynpecopHHX reHa. ToKOM Ma­
nHrHe TpaHccpopMaQHje OBH reHH Ce HHaKTHBHlliy. TfMOp cynpecopH Ha <Pe­
HOTHDCKOM HHBOY Aenyjy KaO peu.ecHBHH, lliTO DOApa3yMeBa ;qa o6e KODHje 
reHa MOpajy 6HTH MyntpaHe Aa 611 AOlliJIO AO pa3BOja KaHI..\epa. KHfACOHOBa 
XHDOTe3a npeTnoCTaBHJia je Aa je KOA Hacne;qHHX KaHI..\epa je;qHa KOnHja reHa 

(anen) seh H3Mel-beHa 36or Hacne~eHe MyTal.\Hje y repMHHaTHBHHM henHjaMa 

(npBH AOfa~aj), AOK Apym reHCKH anen 6HBa H3Mel-beH y COMaTCKHM Oe!1HjaMa 

TOKOM )I(HBOTa. XHnoTe3a npeABH~a Aa je seposaTHOha ;qa ce ;qecH COMaTCKa 

MfTaUHja Kao Apym AOra~aj y HeKoj OA henHja opraHH3Ma MHOfO Bena KOA 
HOCHnaua MyTaUHje y repMHHaTHBHHM henHjaMa, Hero seposaTHoha ;qa ce ;qece 
;qsa ;qora~aja y COMaTCKHM heJIHjaMa oco6a KOje HHCY HOCHOI..\H MyTal.\Hja y 
repMHHaTHBHHM henHjaMa. T11Me ce nosehasa pH3HK 3a o6o1beBaH>e KOA oco6a 
Koje cy HOCHOI..\11 MyTaQl1ja y repMHHaTHBHHM henHjaMa (2). 

OTKpHhe nose3aHOCTH H3Mel)y ABa BRCA reHa (BReasT CAncer gene 1 and 2) 
H HaCTaHKa HaCJieAHe cpopMe Kapl.\HHOMa ;qojKe cpeAHHOM ;qese;qeceTHX fOAH­

Ha npomnor BeKa (3, 4), 3ajeAHO ca pa3sojeM MeTo;qa 3a ;qeTeKI..\Hjy MYT~Hja y 

OBHM reHHMa, OMOrylll1!10 je TeCTl1pa1-be Hacne;qHe npe;qHCD03Hl.\Hje 3a HaCTaHaK 

Kapl.\HHOMa AOjKe, an11 oMoryh11no je 11 KapaKTepH3al.\Hjy reHa o;qrosopHHX 3a 
HacTaHaK HacneAHl1X MaJIHfHl1X TyMopa ApyrHx aHaTOMCKHX noKaJIH3al.\Hja . .IJ;o 
;qaHaC je 0TKpl1BeHO Aa Bel1l1Kl1 6poj MaJIJ1fHHX TfMOpa pa3JIH<JHTHX aHaTOM­
CKHX JIOKaJIH3aQl1ja, npe csera Kapl.\HHOMa, MO)I(e ;qa HOCH Hacne;qHy npe­

AHCD03Hl.\11jy, a Mel)y 1-bl1Ma cy Kapl.\HHOM AOjKe, Kapl.\HHOM jajHHKa, <l>aMHJIH­
japHa nonHno3a, Henonl1n03Hl1 Kapl.\HHOM ;qe6enor 1.\pesa, Me;qynapHH Kap-
1.\HHOM lliTMTaCTe )I(Jie3Ae, HacneAHl1 KapQl1HOM 6y6pera, Kapl.\HHOM )l(enyua 
HT)l. (Ta6ena 1). Hacnel)HBal-be npe;qHcno3l11\Mje 3a HacTaHaK Haj<JemhHX Ha­
cne;qHHX KaHI..\epcKl1X CHHApoMa je MOHoreHcKo, mTO 3Ha"<IJ1 ;qa ose 6onecTH 
HaCTajy Kao DOCJieAMUa repMMHaTHBHl1X MyTal.\Mja y je)lHOM reHy. y senHH.H 
KaHuepcKMX Cl1HApoMa Hacnel)~t~sal-be caMe MyTal.\l1je He 3Haq11 11 ;qa he oco6a 
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o6aBe3HO o6onen1 OA Mamtrue 6onecnt, am1 BHwecTpyKo ysehasa p11311K o~ 
o6olbeBaH>a. 

MeTop;orronfja 3a OApei)Hsau.e MyTa~Hja y reHHMa OAroaopHHM 3a 
HaCTaHaK Hacrrep;He npe,IJ;HCD03H~Hje 

,lJ;eTe~Hja uacneAHOr Kauuepa oMoryheua je ysol)el-heM TexHHKa MoneKy­
napue 611onorHje y KJIHHHqKy AHjaruocTHKY - PCR peaKUHje, ceKBeHI.\HpaH>a, 
cpparMeHTHe aHaJIJ13e HTA. 0Be TeXHJ1Ke OMoryh11ne cy Aa ce y AHjarHOCTJ.IqKJ.IM 
na6opaTopHjaMa Mory OApeAJ1TJ1 MyTaUMje (npoMeue y CTPYKTYPH ,D;HK Koja 
qJ1HH reu) y reHHMa OAroBopHHM 3a uacTaHaK uacneAHe npeAHCIT03Hl.\11je Kao 
lllTO cy BRCAl 11 BRCA2 3a uacneAHH Kapl.\HHOM AOjKe H/HnH jajHHKa, APC 
3a cpaMMnMjapuy aAeHoMaT03HY non11no3y, RET 3a MEN2A HTA. ,lJ;eTeKI.\Hja 
uacneAHor Kauuepa y na6opaTop11j11 je Aeo KoMnneKcuor npoueca reucKor 
TeCTHpalba 3a HacneAHH Kauuep. C 063HpOM Ha TO Aa Ce OBO TeCTHpalbe O,Q­
HOCJ1 Ha cTporo ceneKTOBany nonynau11jy o6onen11x 11 lbHXOBHx cpo~HHKa, 
ueonxo,n;uo je Aa ce npBo, npeMa Beh yTBpl)eHHM KpHTepMjyMHMa, o~pe.Qe 
npaBH KaHAHAaTH 3a TeCTHpalbe. MeTOAOJIOWKJ1 rneAano, J13Bol)eH>e OBI1X 
TeCTOBa je BeOMa KOMITJieKCHO, aJIJ1 J1 J1HTepnpeTaUHja J1CTJ1X 3axTeBa BJ.ICOKf 
o6yqeHOCT. 

Ouo lllTo KapaKTepHme MOJieKynapue MapKepe 3a seh11uy uacneAHHX KaH­
uepcKHX CHHApOMa jecTe qJ1JbeHJ11.\a Aa je y reHJ1Ma OAfOBOpH11M 3a HaCTaHaK 
Ha~JieAHe npeAHCIT03Hl.\Hje npoual)eH BeJIHKJ1 6poj reHCKJ1X BapHjaHTH - Myra-
1.\HJa 11 ~a ce CTanuo OTKpHBajy HoBe BapMjauTe. Hapasuo Aa cBe npoualjeue 
MYTal.\HJe HeMajy 11CTJ1 3Haqaj y OAHocy ua uacneAHY npeAHCIT03Hl.\Mjy 3a ~aTH 
KaHI.\epCKJ1 CHHApOM Beh ce y THM reHJ1Ma MOry OTKp11TJ1, OCHM lllTeTHJ.IX 
MyTal.\Hja, J1 ITOJIJ1MOpcp113MJ1 KOjH HeMajy WTeTaH ecpeKaT, aJIJ1 J1 T3B. HeKJia­
CHcpHKOBaHe BapMjaHTe (5). 

Iloce6au npo6neM y TfMaqeJby pe3ynTaTa reHcKor TeCTHpalba 3a uacne~-
811 KaHI.\ep npeAcTaBJba nojaBa ueKnac11cpHKOBaHHX BapMjaHTH Koja o3uaqaaa 
npHCYCTBO MyTal.\Hje Koja 611 MOrna 6J1TJ1 WTeTHa Ha OCHOBY IT03J1QJ1je Kojy 
HMa y reuy, Tj. Koja MO>Ke Aa YTMqe Ha HeKy OA cpyHKI.\Hja npoTeHHCKOr npo­
AfK~a rena. Mel)yTHM, 6e3 aAeKBaTuor KJIHHJ1qKor npahelba peneBaHTHOr 
6pOJa HOCHllal.\a OBaKBe MyTal.\Hje J1 KOpeJiaUHje ca HaCTaHKOM MaJIHrHe 6o­
JieCTJ1, o~aKBa MyTaUHja He MO>Ke ce CBpcTaTH y wTeTHe. ITo npaBMny, oBa 
KaTeropHJa pe3ynTaTa OAHOCH ce ua Mane npoMeHe y reHHMa missense THna, 
rAe Y rrpoTeHHCKOM rrpoAYKTY AOJia3H AO 3aMeue jeAHe aMHHOKHcenMHe .Qpy­
roM (5). 

36or Tora je MeToAa H36opa 3a AeTeKI.\Hjy uacneAHHx Kauuepa npoBe­
pa CTPfKType AHK Koja qJiiHlil AaTlil reu. MeToAa Koja ce KopHCTH 3a o.Qpe-
1)MBalbe MyTal.\Mja Koje AOIIpHHOce uacneAHOj npeAHCno3Hl.\liljJ1 je MeTOAa ceK­
aeHIJ;lilpalba. 
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Ta6ena 1. Haj'iewhu KaHu,epu ca HacnegHoM KOMiloHeHiUOM 

Dlasae feH Y"'ecTanocT 0eReTpa6HJIROCT Upenopyxa sa 
T)'MOpCKe MYT8U,Hje (~o 70. ro~HHe npalieR>e H Mero~~;e 
liOIWIH38JJ,Hje )KHBOTa) sap~Hjy 

pHSHKa 

Aoju, BRCAI 0KO 1 y 300 >KeRCKH DpocllanaJCTJAKa 
jajRHK, KapU,HROM II;OjKe mpypl'llja 
DpOCTaTa, 65-85% {MaCTeKTOMHja/ 
~~;e6eno u.peso EMBRACE, 2013: ooct>opeKTOMHja) 
(KOliOR) 60% M~KaMearosaa 

liHJiaTepaJIRH npeseRJJ,Hja 
KapU,HHOM II;OjKe { TaMOKCHclleH, 
40-80% panoKcH<t>eu, 
EMBRACE, 2013: HHXH6HTOpH 
83% apoMaTase) 
Kapu.auoM jajHHKa CKpHHHRrsa 
39-45% II;OjJCY/jajRHK 
EMBRACE, 2013: (MaMorpacllHja, 
59% MRI;CA 125H 

ynTpassyx jajnHKa) 

Aoju BRCA2 0Ko 1 y 800 >KeRCKH J.1CTO KaO H sa 

(fi'JI>f'l}'jyha KapU,HHOM II;OjKe BRCAI 
HMymKy 45-80% 

II;OjKf), EMBRACE, 2013: 
jajRHK, 55% 
npocraTa, BanaTepannH 
naRKpeac Kap~HHOM ~OjKe 

62% 
Kapu.anoM jajnHKa 
20% 
EMBRACE, 2013: 
16,5% 
MymKH Kapu.anoM 
~~;ojKe6% 

Kapu,HHOM 
npocTaTe 7,5% 

Mynnuvm APC 0Ko 1 y 14.000 0KO 100% CKpHHanrsa 
noJIHDHca ~~;e6eno u.peso 
MaJIHI'IIHM (KOIIOHOCKODHja, 
noreHJJ,HjanoM nperneA ropu.er fH 
ua~~;e6enoM TpaKTa) 
u.peay {FAP) DpocllHJiaJCTJAKa 

mpypl'llja 
{KOJieKTOMHja) 

M~e&T03Ha 
npesenu,Hja{COX-2 
MHXH6HTOpH) 
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KonopeKTyM, feHH3a Pa3JIII'-!IITC Kap•~nno111 CKpnunur 3a 
~oMerpujyM, .,mismadz" npoueHe 01\ I )' JJ.c6c11or ·~pcna )~e6eno upeso 
jajHHK, nonpaBK}' 200 JJ.O I y 3000 KOJI M)'IIIKap~llla ;10 ( KOTiotiOCKOnllja) 
MO~a H p;ojKa ,!J;HK, 80°!J, IICIIITO ltll;.t..l! CKpnuunr3a 

{HNPCC) BCfrnHOM KOJl :.KCI!a CHJJ.OMCTJ'HjyM/ 

MLHI, jajHIIK (}'11Tpa3B)'K/ 

MSH2, KapttllttoM bi!OIICIIja) 

MSH6 CI!JlOMCTpll i)'~la n pmJmnaJ..IH'll(3 

40~60°u 
xnpypruja 
( KOJJCKTOMI!ja, 
ow:TpatbiiBal:be 
110!111113) 
MeJJ.nKaMCHT03Ha 
npeueuuuja 
(COX~2 

IIIIXIIOIITOpll) 

MenauoMH CDKN2A Heno3HaTa MenattoM oKo 40"o CaMonpernC]J.u 
oauKpeac CDK4 yonwToj (neha KO:.KC II 

MCIR? nonynauHjH 11CilCTpa61!JJIIOCT JJ.CpMaTOJlOWKH 
20-40% y Aycrpam1j11 11 npcrncJJ.II 
<PaMHJIHjapuor CAJO EKCUJt3uja 
MCJ13HOM3 cycneKTnnx nesuja 
0Ko 75% y MoAn<PnKauuja 
nopoJJ.HUaMa Ha"'JtHa )I(HBOT8 
Ca 4 l1Jll1 BIIWC (peJJ.yKOBBHO 
CJI)"i a j e B a lt3narau.e cyu~zy) 
MCJlaHOMa 

>Kenyp;~, E-KaAXepHH Heno3HaTa 0Ko 70% CKpuuuur 
no6ynapuu (CDHJ) yonwToj ( CHAOCKOnltja) 
Kapo;HHOM nonynauHjH n po<l>1111aKTH'IK8 

p;ojKe v1cnOJJ. 1% OJJ. xnpypruja 
CBHX KaHUepa ( raCTpCKTOMIIja) 
raCTpOHHTCCTII-
Hanuor rpaKTa 

MyJITH~IHH APC 0KO 1 U 14.000 0Ko 100% CKpnuuur3a 
DOJlHDHca JJ.C6C110 upeBO 
MaJIHI'HHM ( KOJlOHOCKOnHja, 
DOTCuunjaJlOM nperne]J.II ropl:ber 

uap;e6enoM r11 TpaKTa) 

o;pesy(FAP) n po<I>HJiaKTH'IKB 
xupypruja 
(KOJlCKTOMHja) 
XeMonpeseuunja 
(COX-2 
IIHXI!6l1T0pl1, 
AJ1jCTCTCKl1 
<l>aKTOpl1) 

Mep;ynapuu RET 98%MEN-2A, 0Ko 100% Tupeoup;eKTOMnja 
KapunuoM 98%MEN-2B 
WTHT3CTC 95%FMTC 
.)f(JlC3}J;C 
(MEN2A) 
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CeKBeHu,upmve fl.HK 

CeKBeHI .. \J1pal-he je MeTo,TJ,a KojoM ce yTspl)yje Ta'"laH peAocneA H}'KJieOT11Aa y 
}J;HK. 

JeAHa OA npBMX MeTo,TJ,a OApel)MBatba ceKBeH~e AHK je CaHreposa MeTOAa 
ynoTpe6oM AM,TJ,eoKcM- HyKneoTM,TJ,a ( ddNTP). 3acHMBa ce Ha '"1111-heHI1~11 Aa AHK 

noni1Mepa3a y paCTyhM JiaHa~ MO)Ke ,TJ,a yrpal)yje H aHanore HYKneoT11AHHX 6a3a, 

Kao 11 ,TJ,a ce Cl1HTe3a ,UHK 3ayCTaslha HaKOH yrpaAlbe ddNTP. AYTOMaTI130-
saHa CaHreposa MeTo,TJ,a Ha ayToMaTCKOM AHK ceKBeHaTopy IIOApa3YMeBa 

ynoTpe6y ddNTP O,TJ, KOjHX je CBaKH o6eJie)KeH je,TJ,HOM OA "'eT11p11 <flnyo­
pec~eHTHe 6oje KOje HaKOH eKC~HTa~Hje nacepOM eMI1Tyjy CBeTJIOCT Ha 
pa3TIH'"IHTHM TanacHHM JJ.Y)KHHaMa. HaKOH yrpap;tbe ddNTP, ycne,TJ, He,TJ,o­

cTaTKa 3' XHJJ.pOKCHJIHe rpyne Ha ddNTP, oHeMoryheHa je yrpap;Ina cneAeher 

HYKJieOTHp;a y Taj MOJieKyn )J.HK H Taj <flparMeHT OCTaje o6ene)KeH <flnyo­
pec~eHTHOM 6ojoM Ha ddNTP Ha CBOM 3' Kpajy. Pe3ynTaT pea~11je je CMewa 
q,parMeHaTa ,UHK pa3lll1'-IHTHX AY)KJ1Ha, KOjl1 Ha CBOji1M 3' KpajeBI1Ma 11Ma­
jy yrpal)eH ddNTP o6ene)KeH cpnyopec~eHTHOM 6ojoM. Aa 611 ce 11W"'I1Tana 

ceKBeH~a AHK noTpe6Ho je cpparMeHTe pa3p;soji1TH no A~11HI1 11 11W"'I1TaTI1 
pep;ocnep; ddNTP Ha 1-bHXOBHM 3' KpajeBHMa. To ce IIOCTI1)Ke pa3):\BajalbeM 

KOMIIOHeHaTa CMerne Ha OCHOBY JJ.Y)KHHe KaiiHnapHOM eneKTpo<flope30M Ha 

ayToMaTCKOM )J.HK ceKBeHaTopy. <!>parMeHTH IIOA YTH~ajeM eneKTp111.1Hor rroJba 

DYTyjy Kpo3 KarrMnapy Hcrryl-heHy rronHMepoM. KpahH <flparMeHTI1 cT11h11 he 

npe AO rrpo3opa 3a ,TJ,eTeKI.\Hjy, npo3~-tpHor Aena Kan11nape Ha lbeHOM cynpoTHOM 
Kpajy. Kap;a cpparMeHTI1 cTHrHY JJ.O rrpo3opa 3a p;eTeK~Hjy, nacepcKI1M 3paKOM ce 
eKC~I1Tyjy 6oje KOjHMa cy ddNTP o6eJie)KeHH. f1p11 Bpanalby 113 eKC~I1TOBaHOf y 
OCHOBHO Heno6yl)eHO CTatbe 6oja eMMTyje CBeTJIOCT op;pel)eHe TanacHe A~He 
Koja je crre~HcpH'"IHa 3a csaKy OJJ. '"leTHpH 6oje. CCD KaMepoM (eHrn. Charge­
coupled device - CCD) p;eTeKTyje ce eMHToBaHa cseTnocT H pep;ocneA 11 ja1.111Ha 

TI1X cl1rHana MeMopHrne y KoMrrjyTepy. 06pap;oM rrop;aTaKa co<flTsepoM A0611ja 
ce pep;ocnep; HYKJieOTM,TJ,a IIO'"IeTHOr )J.HK MOJieKyna. 

TexHonoiuje ceKBeHu,upa1ba Hose ieHepau,uje (Next generation sequencing- NGS) 

Hose TexHonorHje ceKBeH~11patba OMoryhasajy MHoro sehy rrpoxop;HOCT 
Y30paKa H )J;0611jatbe Bene KOJII1"111He pe3ynTaTa 3a Kpane BpeMe. 

fiOCTOjl1 HeKOJIJ1KO pa3JIJ1'-IJ1TJ1X IIJiaTcp0pM11 Koje ce 6a311pajy Ha pa3nl1"li1-
THM MeTO):\aMa ceKBeHI.\11patba. 3ajep;HJ1'-IKO 3a HOBe TeXHOJIOfJ1je ceKBeH~I1-

paH>a jecTe rrp11rrpeMa .D.HK 6116n11oTeKa rrpe caMor ceKBeH~HpaH>a. ITp11rrpeMa 
6116n11oTeKa spnm ce ¢parMeHTa~HjOM AHK ( coHI1<fl11Ka~HjoM 11n11 np11Me­
HOM eH3MMa), TIHral.\HjoM a,TJ,arrTepa 11 rrpajMepa un11 6ap-Ko,TJ,osa M ceneKI.{I1-
joM cpparMeHaTa Ha ocHoBy senH'"IJ1He. HaKoH Tora cpparMeHTJ1 ce YMHO)KaBajy 
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PCR peaKQHjoM, H TO y eMyJI3HjH 3a nHpoceKBeHqltpalne y Ion Torrent CH­
CTeMy H noMony T3B. ,polony" PCR Ja Illuminu u SOLiD. 

,Polony" PCR no.n;pa3YMeBa PCR Ha cnaj,ny Ha •mjoj cy nosplllHHH Be3a­
HH a.n;anTepH. <DparMeHTH AHK 6H6nHoTeKe Be3yjy cc 3a a,nanTepe caojHM 
KOMTIJieMeHTapHHM ap;anTepHMa KOjH cy HM ,no,nant npHJIHKOM npHnpeMe 6H-

6m10TeKe. OaoMe ce .n;o.n;ajy KOMnonenTe noTpe6He 3a PCR peaKQHjy Koja ce 
o.n;Hrpasa TaKo niTo ce <i>parMeHT AHK casHje u <t>opMupa ,MoCT" H3Mel)y ABa 
a.n;anTepa Ha cnaj.n;y . .[(sonanqanu npo,nyKTH PCR peaK~uje ,neHaTypHwy ce 
qHMe ce ocno6al)a je.n;na lbHXOBa cTpana H ,no6ujajy ce rpynaqHje YMHO)f{fHHX 
<i>parMeHaTa AHK KOjH cy je.n;HHM csojHM KpajeM Be3aHu 3a cnaj,n. 

TeXHOJIOfHja CeKBeHQHpalba 3a Illuminu 6a3Hpa Ce Ha CCKBCHQHpaH>y ny­
TeM CMHTe3e (enrn. sequencing bysynthesis - SBS), o,nHocHo na pesep3H6Hn­
noj TepMHHaQHjH ceKBeHQHpalba. Y3opaK npHnpeMn,en ,polony" PCR-oM ca­
,D;p)I(H rpynaQMje (KJiacTepe) HCTHX .[(HK cpparMeHaTa (AHK <l>parMeHaTa ;n;o-
6MjeHHX aMTIJIM<i>HKaQHjOM je.n;nor o.n; cpparMeHaTa H3 6H6mwTeKe). TaKO npH­
rrpeMJbeHoM y3opKy .n;o.n;ajy ce qeTHpH pa3nHqHTa HyKneoTH,D;a o6ene)f{eHa 
pa3JIMqHTMM <l>nyopecqeHTHHM 6ojaMa H 6noKHpajynHM rpynaMa (rpyne KO­
je 6noKHpajy yrpa.n;H>y cne.n;eher nyKneoTH.n;a). 06ene)f(eHH nyKneoTHAH 
yrpal)yjy Ce HacnpaM KOMTIJieMeHTapHHX HYKJieOTlii,D;a cpparMeHTa KOjH ce ceK­
BeHQHpa, a CHrnan ca yrpal)enor nyKneoTH,D;a .n;eTeKTyje ce noMohy CCD Ka­

Mepe. 3aTHM ce ca yrpal)enor HYKJieoTH.n;a yKJialba cpnyopec~eHTHa 6oja H 
6noKHpajyha rpyna oMoryhasajynH yrpa.n;lhy cne.n;eher HyKneoTH,D;a H oqHTa­
BaH>e IDerose 6oje MT,D;. THMe ce MHOlllTBO cpparMeHaTa JJ.HK pacnopel)enHX y 
KnacTepMMa napanenno ceKBeHQMpa. KnacTepH oMorynanajy aMnnMcpMKaQHjy 
CMrnana M crrpeqasajy lbMXOBO MelllaH>e ca oKOJIHHM cHrnanHMa ca cyce;n;HHX 
<l>parMeHaTa .D;HK (6). 

Hacrre~~;HH KorropeKTaJIHH KaH~epcKH CHHp;poMH 

Ma:a,e o;n; 10% CBMX naqMjenaTa ca KOJiopeKTanHHM KapQHHOMOM HMa H3-
p~eny Hacrre;n;uy npe;n;Kcno3KqKjy 3a o6olbeBaH>e. Y senHHlll osaKBKX cny­
qaJeBa K;n;eHTKcpKKOBaHe cy yapoque reneTKqKe sapKjanTe Koje Jie)l(e y ocno­
BK 60JieCTK (Hacrre;n;HK KOJiopeKTaJIHK KapQKHOM). 0KO 25% 060JieJIHX OIJ; KO­
JIOpeKTaJIHOr KapQKHOMa KMa K3pa)f(eHy nopop;K"<IHY HCTOpKjy 6oJieCTH aJIH Cf 
He MO)I(e CBpCTaTM Y HeKH OIJ; ll03HaTKX HaCJie,D;HHX KaHqepCKKX CKH;IJ;pOMa na 
ce CTora M o6erre)l(asa Kao th • 'f'aMKllKJapHK KOJIOpeKTaJIHlll KapQliiHOM (7, 8). llo-
pep; rrpHCYCTBa OBHX 06JIKKa 6oneCTK H IJ;aJbe je Haj"<JelllllK cnopa;n;HqHH Kap­
QKHOM KOJIOpeKTyMa O,D; KOjer o6oJIK qaK 1,2 MHJIHOHa lhYAK fO,D;HIIIH>e H KOA 
Kora ce He yoqaaa HaKynlhaiDe o6onenMx y nopo;n;MQH Kao HH H3pa)f(eHa rene­
TM"<IKa npe,D;HCll03MQMja. 
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FAP (C/JaMunujapHa ageMaiUo3Ha uonuuo3a) 

FAP KapaKTep11we cTOT11He 11 X11Jba~e a~eHoMaT03H11X KonopeKTanHmc rro­
mma KOj11 ce jaBJbajy OKO 30. ro~11He :>K11BOTa. l.J:11H11 OKO 1% CBHX crryqajesa 
KonopeKTanHor Kapl.\11HOMa (9). 3aCTyrrlbeH je je~HaKo KO~ MymKapa~a 11 KO~ 
)f(eHa (11Hl.\11~eHI.\e 1/10.000-30.000) 11 '111H11 1% CB11X CnY'lajesa Kap~11HOMa 
KonopeKTyMa. 

FAP je ayTo3oMHO ~oM11HaHTHa 6onecT y3pOKOBaHa repM11HaT11BH11M My­
TaQ11jaMa y APC (eHrn. Adenomatosus Polyposis Coli) reny. Bel'mHa na~11jenaTa 
11Ma nopo~11'1HY 11cTop11jy 6onecT11 an11 ce KO~ OKO 25% cnY'lajesa jasn:.ajy de 
novo MyTaQ11je y osoM reHy (9). APC reH je TyMop cynpecopn11 ren no~11-
paH Ha ~yroM KpaKy xpoM030Ma 5 y per110HY q21. IIpoHal)eno je rrpeKo 1500 
MyTaQwja y osoM reHy y oKs11py FAP. Hajseh11 6poj '111He nonsense (rrocne~11-
Qa je npeCTaHaK C11HTe3e npoTe11Ha) (28%) 11n11 frameshift MyTa~11je (MyTaQ11-
je Koje ~oso~e ~o noMepal-ha OKB11pa '111Ta1-ba) (Mane ~ene~11je- 46%, 11Hcep­
Qwje- 10%) Koje npo~yKyjy cKpaheH He<f>ynKI.\110HanH11 npOTe11H. Ben11Ke ~e­
neq11je 11n11 ~ynn11Kal.\11je APC reHa '111He 10-15% cs11x MyTa~11ja (7). Ilene­
Tpa611nHOCT APC MyTal.\11ja je cKopo 100%. MyTal.\11je y APC reny 11Majy ynory 
11 y pa3Bojy cnopa~wmor KOnopeKTanHor Kapi.\11HOMa. 

HNPCC (Hereditary nonpolyposis colon cancer- HacnegHu Heiionuuo3HU 
Kapu,uHoM ge6enof u,pesa) 

HNPCC ce ~pyra'I11je Ha311Ba 11 Lynch C11H~poM (LS) 11 rrpe~cTaBJba naj­
'leWh11 ayT030MnO ~OM11HaHTH11 KaHI.\epCK11 C11n~pOM O~fOBOpan 3a OKO 3% 
csHX Kapi.\11HOMa (7). I1aQ11jeHT11 ca LS 11Majy 80% :>K11BOTH11 p11311K 3a o6on:.e­
Balbe o~ KonopeKTanHor Kapl.\11HOMa, a :>KeHe 11Majy 60% p11311K 3a o6olbeBalbe 
0~ Kap~11HOMa eH~OMeTp11jyMa (7). IlosehaH je 11 p11311K 3a KapQ11HOMe :>Ke­
n~a, jajH11Ka, :>KyqHe Kece, TaHKor qpesa, Mo3ra, Ko:>Ke 11 yporenHTanne Kap­
QHnoMe (9). 

MyTaQ11je y 5 missmatch repair (MMR) rena YK!bY'lene cy y rraTOrene3y 
ose 6oneCT11: MLHl (3p21.3) o~rosopan je 3a 50% cnY'lajesa, MSH2 (2p22) 3a 
OKO 40% cnY'Iajesa, MSH6 (2p16) 3a 7% cnY'lajesa, PMS2 (7p22) 3a Malbe o~ 
5% cnY'Iajeaa 11 ren o~roaopan 3a err11Ten11jannH a~e3110nH rrpoTeHn (EpCam 
ren) (2p21) o~roaopaH je 3a 1-3% cnyqaja 11 so~H nacne~noM enHreneT11'li­
KOM YTHwasalby MSH2 rena (7). MyTa~Hje y o6e KOIIHje MMR rena so~e 
aKyMynaQHjH rpewaKa y ,[(HK rrpe~OM11HaHTHO y cerMeHTHMa ,lJ;HK KOjH ca­
~p:>Ke KpaTKe MynT11IIJie TIOHOBKe II03HaTe Kao MHKpocaTeJ111TH. Kap~HnoMe 
KO~ na~HjenaTa ca LS KapaKTep11we ynpaso MHKpocaTeJIHTCKa necTa6Hn­
nocT (MSI) (8, 9). "lJaK 90% LS Kap~11HOMa 11: 80% a~enoMa rroKa3yjy M11-
KpocaTen11TcKy HeCTa611nHOCT IllTO MO:>Ke IIOMOhH y paHl1:joj ,[(11jamo3H oBe 

185 



6onecTH. TecTwpalbe rrpwcycTBa MSI rro.n;pa3yMesa nopebet-be TyMopcKor H He­
T}'MopcKor TKHBa y cMwcny nocrojal-ha rrpoMeua y JW>KH1H1 nommyKneo~a 
KOjH cy IIO~JIO:>KHJ.i J.iCTJ.iM ntnOBJ.iMa HHCep~Hja/;.{eJiequja. TecTHpalbe rrpHcy­
CTBa MyTaQwja o~Hocw ce Ha ceKBeH~Hpat-be noMeHyTHX rena (MLHl, MSH2. 
MSH6, PMS2 ... ). 

Hacrrep;HH KaH~epcKH cuHp;poMH mTnTacTe )KJie3p;e 

Kapu;HHOMJ.i IIITHTacTe :>KJie3.n;e cy peTKe ManurHe Heonna3Me, 'H1He l% CBHX 
MaJIJ.ifHHTeTa J.i IIpe~CTaBlbajy Haj'-Iernhe MaJIHI'HHTeTe CH,ll;OKpHHOr CHCTeMa. 

Me~ynapH:H KapiJ;HHOM IIIT:HTacTe >K1Ie3,n;e (MTC) o6yxBaTa OKO 5% 0~ CBJfX 
KaHu;epa IIITHTacTe :>KJie3~e ( 10). Hacne,n;Ha cpopMa 6onecTH npucyTHa je y OKO 
20% cnyqajesa w Mo:>Ke ce rrojasHTH y oKswpy MYJITHnne eH,n;oKpHHe Heonna3Hje 
2A HJIH 2B J.iJIJ.i KaO cpaMJ.iJI:HjapHH Me,n;ynapHH Kap~HHOM WTHTaCTe :>KJie3)le, 
a 6a3wpa ce Ha rrpwcycTsy crreQwcpH'-IHHX MyTa~uja repMHHaTHBHHX henuja y 
RET rrpoTO-OHKoreHy (eHrn. - REarranged during Transfcction - REI). MEN2 
Ce rrpeHOCJ.i Ha ayT030MHO )l;OMHHaHTaH Ha'-IHH ca KOMII1IeTHOM IIeHeTpa6HJI­
HOIIIhy. MyTau;Hje RET rrpoTo-oHKoreHa H,n;eHTHcpHKOBaHe cy y 98% nal..lHje­
HaTa ca MEN-2A, y npeKo 98% rraQHjeHaTa ca MEN -2B H y 95% <j>aMHJIHja ca 
FMTC (ll). 

0Ho IIITO KapaKTepwwe MyTaQHje y RET npoTo-oHKoreHy je H3pa3HTO BH­
coKa IIeHeTpa6HJIHOCT, TaKO ,n;a cy :>KHBOTHH pH3J.1QH 33 o6olbeBalbe CKOpO 
ancoJiyTHH. 

Arpec:HBHOCT Me~ynapHor KapQHHOMa WTHTacTe :>KJie3,n;e 3aBHCH o~ cne-
1\Hcp:H'-IHHX RET MyTaQHja. y ocHOBH MEN-2 je aKTH BHpajyha MyTal..lHja y 
RET rrpoTO-OHKoreHy. CsaKa K1IHHH'-1Ka <j>opMa MEN-2 pe3ynTaT je cnel..lH­
cpw'-IHe MyTau;wje RET reHa, ca jaKoM KopenaQHjoM <j>eHOTHrrcKe eKcnpecuje 
y IIOrJie~y IIO'-IeTKa H KJIJ.iHH'-IKOr TOKa Me,n;ynapHOf KapQHHOMa IIITHTaCTe 
:>Kne3.n;e H rrpwcycTsa .n;pyrHx eH,n;oKpHHHX HeorrJia3MH 11 o.n;rosapajyher reHo­
THIIa (1~). Y npeKo 90% cnyqajesa MEN-2 CHHAPOMH cy rrocne,n;HQa missense 
MyTa~HJa RET reHa. MyTaQwje cy AOMHHaHTHe, wTo 3Ha'-IH .n;a je noTpe6aH 
~aMo Je.n;aH MyTwpaHw anen .n;a ce 6onecT wcrroJbH. Hajqewhe MYTHpaHH KOJlOH 
Je KO)J;OH 6~4 Y eKcTpau;enyJiapHoM ~oMeHy peQerrTopa. Yo'-IeHe cy sapwjal..lHje Y 
KJIJ.iHJ.i'IKOJ eKcrrpeC:HJ"H ( ) 3aB:HCHO 0~ THIIa 3aMeHe y KO,ll;OHY 634 13 . 

CwH~poM MYJITHrrne eH~oKpHHe Heorrna3Hje THII 2A je Hacne,n;aH KaHI..lep­
CKH CJ.iH~pOM KOjH o6yxsaTa Me~yJiapH:H KapQHHOM WTHTaCTe :>KJie3~e, rrpH­
MapHH xwneprrapaTwpeow~w3aM (PHPT) H cpeoxpoMOQHTOM. flpeKo 95% oco-

6a ca MEN-2A ~a3suja MTC, 50% oco6a pa3suja cpeoxpoMOQJ1TOM, 10-35% 
o6oneJiux pa3BMJa xurrepnapaTupeou~w3aM. MEN_ 2A je Hajyo6H'-IajeHwja KnH-
HJ1qKa rhopMa MEN-2 ca 55°L · · 

'l:' 10 CB:HX cJiyqaJesa (ll). Jaslba ce ca Je.n;HaKoM yqe-
cTaJiomhy Ko,n; )l(eHa u MyniKapau;a. 
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C:~m~poM Mynnmne eup;oKp11He Heonna311je Tl1rr 2B noae3yje Me~ynapHH 
Kapl\11HOM UJTI1TacTe /K/Ie3p;e ca cpeoxpoMOL\11TOMOM, MYllTI1rrllHM MYJ<03HHM 
neypoMI1Ma, raum11oueypoM11Ma 11 Mapcpauoi1~HI1M xa611TycoM. MEN-2B je 
najpel)a Kll11HWIKa cpopMa MEN- 2 11 o6jarnlhaaa 5% cnyqajeaa o6onenHX o~ 
MEN-2 (11). OpeJKTaBJl,a uajarpeci1BHujy cpopMy MEN-2 C11H~poMa. 

HajMalbe arpec11nua KJII1HI1'1Ka cpopMa MEN-2 je Hacne~HI1 Me~ynapHH 
Kapl\11HOM 6e3 aco~11paH11x eup;oKp11uonaTI1ja (FMTC). FMTC 'IHHH 35-60% 
o.n; caux cnyqajesa MEN -2 (11 ). Je~11ua Klli1HI1'1Ka MaH11cpeCTal\Hja FMTC je 
Me~ynapH11 Kapi~I1 HOM 11JTI1TaCTe /Klle3~e. 

OpenopyKe 3a npanonpeMeHO 113Bol)elbe npocp11naKTI1'1Ke T11peOH,ll;OKTO­
M11je 11 0611M X11pypmKe 11HTepBeH~I1je 6a311paHe cy Ha KllaC11cp11Kal\HjH My­
Tal..\11ja RET npoTo-oHKoreHa ca acneKTa p11311Ka 3a pa3BHjalbe arpecHBHor 
Me~ynapHOf Kap~11HOMa liiTI1TaCTe /Klle3~e, y CKJla~y Ca reHOTI1rr-cpeHOTHI1 KO­
penal..\11jaMa (14). 

Hacnep;n11 Kap~HHOM p;ojKe (HBOC) 

Kapi..\11HOM ~ojKe jam yneK je Hajtiemhe Man11mo o6olbelhe y )KeHcKoj no­

nynal\11jH KaKo y cneTy TaKO 11 y Cp611j11. Yje~Ho TO je ManHrHo o6olbelbe ca 
najsehoM CMpTHomhy, 6e3 o63~t~pa Ha no6oll>lllalba Ha non,y KaKo AHjamocTH­
Ke TaKa H netielba one 6onecTI1. 0oKa3aHo je ~a 11 oaa seoMa qecTa ManHrHa 

6oneCT Ca~p)Kl1 Malll1 yp;eo o6onenHX ( 5-l 0%) KO~ KOji1X ITOCTOjH nopO,ll;H'lHO 
naKynll>albe Kap~~t~HoMa p;ojKe Kao A11peKTHa nocne~HL\a np11cycTBa Hacne,n;He 
npe.n;11crro311~11je y p;aTI1M nopo~11~aMa. Ynpaso je Hacne~Ha npe,n;Hcno3HL\Hja 
rrpB11 rryT ~ecp11HI1CaHa 3a Kap~11HOM ~OjKe H/HllH jajHJ1Ka OTKpHneM reHa 
BRCAl l1 BRCA2 Kojl1 ~onp11Hoce HacTaHKY 6onecTI1. CeM Hacne~He H cno­
pa~H'lHe cpopMe 6onecTJ1, yo'laaa ce .n;a ce y nopOAHL\aMa 20-30% o6onenHX 

o.n; Kapl\HHOMa ~ojKe jaslba HaKynlhalhe o6onenHx 6e3 jacHe noBe3aHOCTH ca 
no3HaT11M KaHI..\epcK11M Cl1Hp;poMHMa 11 reHHMa KOjH HX .n;ecpHHHlliY. Osaj o6nHK 
Ha3HBa Ce cpaMI1lll1japHl1M Kapl\11HOMOM ~OjKe. 

,[(aHac ce 3Ha 3a nocTojalhe 'laK Bl1llle o~ 20 cpe~lhe HnH BHCOKO neHeTpa-
6HnHHX reHa cpyHKI..\l10HanHo YKll>yqeH11X y CHrHarrHe nyTeae HaKoH OlllTehe­
H>a ,[(HK, Kao H y MeXaHl13Me 3a nonpaBKY ,lJ;HK, KOjH Mary ,n;onpHHOCHTH 
Hacne,n;Hoj npep;l1CI103111..\11jl1 3a Kapl\l1HOM ,ll;OjKe, ,ll;OK je CllHCaK HHCKO ne­
HeTpa611llH11X reHa 3Ha'lajHO Ben11 H Kpene Ce OKO 6poja 70 (15). HaHMe, HaKO 

cy_ BRC~~ l1 BRCA2 Hajtielllhe MYTHpaHH reHH y Hacne,n;HOM Kapl\HHOMY 
,ll;OJKe H JaJHI1Ka H HaKO Ce ITOCJie lbHXOBOf OTKpl1na Bepoaarro ,n;a fie MYT~Hje 
y OBHM feHHMa o6jaCHl1TJ1 ~eJioKynHy reHeTH'lKy npe~HCI103l11..\Hjy 3a pa3aoj 
ose 6onecT:t1, 'lHlheHHI..\a je ~a cy MyTal\Hje y lhl1Ma peTKH .n;oral)ajH H .n;a ce 
1..\enoKynHH Koprryc Hacrrep;He rrpep;wcno3Hl\Hje 3a Kapl\HHOM ~OjKe l1/Hlll1 jajHHKa 
He MO)Ke KOMITJieTHO I10KpHTJ1 OBHM TeCTHpalheM. l.JaK H y Bl1COKO pHgJfqHHM 
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nopo~H~aMa ca Kap~HHOMOM AOjKe, y KojnMa cy o6onena YeTHpn ~mH smne 
cpo~HHKa, yqecTanocT BRCA MyTa~nja H3Hocn no 60%, noK je y nopo~HQaMa 
Ca HaKynJba:tbeM 060JieJIHX OA Kap~HHOMa AOjKe H Kap~HHOMa jajHHKa Taj npo­
~eHaT aehH (1), Ma~a HOBHje cTyAnje noKa3yjy H HH)f(e npo~eHTe noKpHseuo­
CTH Hacne~He rrpeAncno3n~nje BRCA MyTa~njaMa ( 16, 17). 3Ha ce Jil ~a CeM 

HBOC rrocToje Jil APYTH aeoMa peTKH KaHL\epcKn cHHApoMn y oKanpy KojHX 
ce jaBJba HacneAHH Kapl\HHOM AOjKe Kao WTO cy Li-Fraumeni, Cowden-os, 
Peutz-Jeghers-oa, Ataxia-Telangiectasia cnH,ApoM HTA. TaKol)e ce rrocneA-

1-bHX fO~JiiHa IIYHO ~JiiCKyTyje 0 TOMe Aa JIH Kapl\HHOM AOjKe MO)f(e 6HTH AeO 
Lynch-oaor CHH~poMa, <.JHMe 6n ce yAeo HacneAHOr Kap~HHOMa AOjKe y YKYII­
HOM Koprrycy o6onen11x OA oae MannrHe 6onecTn 3Ha~IajHo yaehao. 

qJillbeHH~a ~a IIOCTOjJII AeO HacneAHe npe,AHCII03H~Hje 3a KapQHHOM ~OjKe 
KOjJII HJ!Ije 6JIIO Be3aH 3a MyTal\Hje y II03HaTHM reHHMa IIOACTaKJia je ~alba 
JiiCTp<l)KHBalba reHa KOjH MOry AOIIpHHOCHTH OBOj npeAHCII03HL\HjH. BenHKH 
HarropH yqHI-beHH cy y ~HJbY rrpoHanacKa noTeH~njanHo Tpeher BHCOKo-ne­
HeTpa6HnHor reHa (BRCA3) KOjH 6n 6no OAfOBopaH 3a OHaj Aeo HaCJl~He 
rrpe~HCII03Jii~Hje Kojy BRCAl/2 reHn Hncy ycnenn na o6jacHe ( 17). C o63HpoM 
Ha TO ~a TaKaB reH HaKOH HHTeH3HBHOf HCTpa)f(HBa:tba jow yaeK HHje IIpOHa­
l)eH, IIOCTano je jaCHO Aa rropOAH'-IHO HaKynlbatbe Kapl\HHOMa AOjKe l1 jajHHKa 
HIIaK He MO)I(e 6HTH o6jarnH>eHo Ha jeAHOCTaBaH Ha<.JHH y3 noMoh HeKOJIHKO 

BJIICOKO ITeHeTpa6JIIJlHJIIX reHa. flo HOBOM IIOJlJilfeHOM MO,Aeny reHeTJii'-IKe OCHO­

Be HacneAHOr Kap~HHOMa AOjKe, rropeA sen IIOMeHyTHX BHCOKO IIeHeTpa6Hli­
HJIIX anena, IIOCTOjJII J1 BeJlJIIKH 6poj cpeAH>e l1 HHCKO neHeTpa6HJlHJ1X anena 
KOjJII 3aje~HO AOIIpHHOCe pl13HKY 3a o6oneBathe. ,UaKne, BellHKH 6poj yqe­
CTallJIIX, HJIICKO-pH3JilqHJIIX aapnjaHTH HMa MynTnnnnKaTnBaH ecpeKaT y OA­
pei)HBalby YKynHor pH3HKa 3a pa3aoj 6onecTH. Pa3BojeM HOBHX TexHonorHja 
ceKB~H~Hpa:tba reHoMa Jil rrapanenHor TecTnpaH>a MHoro6pojHHX reHa, OTKpH­
BeH Je HJII3 ~pyrJIIX reHa KOjJII cy IIOBe3aHJil ca Kapl\HHOMOM AOjKe, lllTO je IIO­
~p)l(ano TeopHjy rronHreHor MOAena. KoHKpeTaH ecpeKaT Kao H orrcer OAfO­
BOpHocTH CBJIIX OTKpHBeHJIIX aapHjaHTJil Ji1 AaHaC ce HCIIHTyje. 

36or caera Tora, ~eTeK~Hja MyTa~Hja y BRCA 1/2 reHnMa jorn yaeK ocraje 
rnaBHJil rrpaaa~ 3a OTKpHBa:tbe HacneAHe rrpeAHCII03H~Hje 3a KapQHHOM AOjKe Y 
reHCKOM TeCTHpa:tby y KllJIIHHqKoj rrpaKCJil. 

BRCAl/2 reHH crraAajy y rpyrry TYMOP cynpecopHHX reHa KojH urpajy 
B<l)KHY ynory Y OAroaopy Ha henHjCKH cTpec rryTeM aKTHBal\Hje rrpoQeca 3a 
norrpa_aKy .D.HK. 06a reHa cy aenHKa, KOA o6a reHa je er30H 1 HeKOAHpajynH 
Jil HMaJYH3~a3HTo aenHKJil er3oH 11. BRCAl (17q21) nMa 22, a BRCA2 (13q12) 
26 KO~HpaJyhHx enoHa. MyTa~HOHH crreKTap o6a reHa je aeoMa cnHqaH ca 

BHrne 0A 2000 MyTa~Hja AeTeKoBaHHX ~o caAa y caaKOM OA 1-bHX. MyTa~uje cy 
~acrropeJ)eHe ~y)l( Qenor KO~Hpajyher perHoHa BRCA 112 reHa 6e3 TeH~eHQH­
Je rpynHCa:tba Y IIOjeAHHJIIM per:HQHJIIMa lllTO OTe)l(aBa OTKpHBalbe MyTaQHja Y 
OBMM reHHMa. OI<o 70% OA AO caAa nAeHTHcpJ1I<oaaHHX MyTa~Hja rro THny cy 
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frameshift MyTaQI1je. Nonsense MyTaQ11je Aemasajy ce y OKO 10% crryqajesa. 
YqecTanocT missense MyTaQI1ja TaKol)e je OKO 10%. B11me OA 50% MyTaQHja je 

H,IJ;eHTI1$11KOBaHo CaMO jeAHOM, TaKO Aa Ben11KI1 6poj nopop;:wn;a Ca Hacnep;HHM 

Kapi.J;11HOMOM AOjKe 11 jajH11Ka 11Ma CBOjy ClleQ11$W-IHY MyTan;:wjy (1, 18) 

Kao 11 seh11Ha reHa Kojl1 on11cyjy Hacnep;He KaHQepcKe CHHp;poMe H BRCA 
reHH cnaAajy y rpyny reHa ca BI1COKOM, an11 H HeKoMnneTHOM neHeTpa6:wn­

Homhy, lllTO 3Ha'-111 Aa Hene CBaKO KO HOCI1 MyTai.Vijy y OBHM reHHMa H o6oneTH 

op; ManHrHe 6onecTI1. J.1AeHTI1$11KaQ11ja MyTaQHja y BRCAl/2 reHHMa MO:>Ke ce 

KOpHCTHTH CaMO 3a npoQeHy pH3HKa 3a HaCTaHaK 6oJieCTH. Ilpon;eHe :>KHBOT­

HOf pH3HKa 3a o6olbeBal-be BapHpajy y 3aBHCHOCTH O,ll; BenH'-IHHe H rpyne 60-

JieCHHQa Koje cy npaheHe, reorpa$cKor nop;pyYja, H3a6paHe cTapocHe rpa­

HHn;e, Kao H OA THna BRCA MyTaQ11je. Pe3ynTaTH EMBRACE (Epidemiological 
Study of Familial Breast Cancer) CTYAHje H3 2013. rop;HHe (Ta6ena 1) noKa3aJIH 

cy p;a :>KHBOTHH p11311K 3a HaCTaHaK KapQHHOMa ,IJ;OjKe KO,ll; :>KeHa HOCHJiai.J;a 

BRCAl MyTan;Hja AO 70. roA11He )KHBoTa H3HOCH 60%, a 3a Hoc:won;e BRCA2 
MyTan;Hja je 55%. BRCA 1 MyTaQHje ppoKyjy nojasy 6:wnaTepanHor T}'MOpa 

p;ojKe (:>KHBOTH11 p11311K je YaK 83%) Kao H nojaay Kapi.J;HHOMa jajHHKa (:>KHBOTHH 

pH3HK 59%). Y3 BRCA2 MyTaQHje, y3 HaCTaHaK Kapn;HHOMa p;ojKe Kop; :>KeHa 

(>KHBOTHH pH3HK 55%), nOCTOjH )KHBOTHH pH3HK 3a 6HJiaTepaJIHH Kapi.J;HHOM 

p;ojKe (62%). MyTaQ11je y BRCA2 reHy nosehasajy p113HK H 3a HacTaHaK Kap­

QHHOMa p;ojKe KOA MymKapaQa (:>K11BOTHH pH3HK 6-7%), Kao H pH3HK 3a Ha­

cTaHaK Kapn;HHOMa jajHI1Ka, HI1)KH Hero oHaj KOjH ce se3yje 3a BRCAl MyTa­

n;Hje (16,5%) (19, 20). Y3 MyTaQ11je BRCA2 reHa se3yje ce H nojasa Hacnep;Hor 
Kapn;11HOMa npoCTaTe 11 KapQ11HOMa naHKpeaca (20). 

IlpenopyKe 3a npahel-be 3ApasHx Hoc11naQa BRCAl/2 MYTan;:wja nop;pa-

3}'MeBajy noce6He pe)KI1Me Kni1HI1'-IKHX 11 paA11orpa$cKHX npernep;a, an:w ce 
OBHM MeTO,IJ;aMa He CMal-byje p11311K OA o6olbeBal-ba Ben ce p;onymTa p;a ce 6o­

JieCT OTKpHje y noYeTHoj <Pa311 KaAa je H3ne'-111Ba. 0Ho lllTO 3a cap;a noKa3yje 

e$eKTe y cMal-bel-by p11311Ka OA o6olbeBal-ba cy MeTop;e npo<P:wnaKTH'IKe m­
pypmje - 6:wnaTepanHa MaCTeKTOMHja CMal-byje pH3HK 3a Kapi.J;HHOM ,ll;OjKe 3a 

uajMalbe 90%, AOK 611naTepanHo OACTpalbi1Balbe jajHHKa ca jajoBOAHMa cMalhyje 

pH3HK 3a o6olbeBal-be OA KapQ11HOMa jajHHKa 3a OKO 97%, aJIH H O,ll; Kapi.J;HHOMa 
p;ojKe 3a npeKo 60% (21, 22 ). 

0TKpHne HacneAHHX KaHQepCKHX CI1HApOMa OMoryn:wno je 6oJbe pa3}'Me­

Balbe npon;eca KaHQeporeHe3e. IlojasoM cse selier 6poja reHa KojH Mory 

p;onpHHOCHTH HacneAHOj npeAHCll03HI.J;HjH 3a pa3nH'IHTe aHaTOMCKe noKanH-

3ai.J;Hje KaHn;epa, npoumpyje ce 11 Harne 3Halbe HacTaHKa H nporpec:wje ManHr­
He 6onecTH. MorynHOCT Aa o6onene oKapaKTep:wmeMo Ha ocHosy nopeMeliaja y 
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BaJKH:HM nen:HjCK:HM npo~eC:HMa KOjH cy llOCJieJJ.HL\a MyTa~Hja reHa, OMorytudie 
6olby npeBeH~Hjy MamtrHHX 6onecTH Kao u pa:·HH!Tat-: ~ltJhaHux repamtja Koje 
Tpe6a Aa AOnp:HHecy HHAHBl1).\Yamt3a~Hju aHntKaHL\epcKor JielJetha. 
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