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pasmaymii onyxoneit. Takum o6pa3oM, rMoKa3aTe/lb COOEPXKaHU
JTHK B oniyxomeBhIX KIIeTKaX MOXHO pacCMaTpHBaTh B KAYECTBE
byHIaMeHTaNBHOO NEPEXOTHOTO MOCTA MEXKIY J1abOpaTOPHEI-
MH ¥ KIIAHUISCKUMUA UCCISTOBAHMAMY GOJIEHEIX CO 310KaYeCT-
BEHHBLIMHY OTTYXOJIIMM BOOOIIE W CIU3UCTOU 000IOUKH ITOTOCTH
pPTa ¥ TOPTAHH B YACTHOCTH.

B zaxiroyenue cieayeT NMOXYEPKHYTh HMHOOPMATHBHOCTD
onpenenenus mwiongsocta JHK B wieTkax KaplimHOMBI TONO-
BEI ¥ MIeH UL TIPOTHO3a 3300JICBAHMS ¥ BO3MOXHON HHIUBY -
Ayanu3aly NOCHeAYIOUero JeYeHUS.
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MenynnsipHbli pak uproBumaHoi xenessl (Medullary Thyroid
Carcinoma — MTC) — sHEOKpHHHAS OTTyX0Jb, 00pa3yIoasicst
13 KANbLIUTOHHHIIPOIYIIIPYOWNX C-KIeTOK IIHTOBHIHOM JKeme~
361 ¥ cocTapmsomas 4 — 20% oT BeeX KapIuHOM TaHHOM JTOKANH-
sanmu. MTC MoxeT BO3HUKATE criopamydeck (B 75% ciydyaes)
WM KaK YacTh CHHIPOMOB MHOXXECTBEHHOM SHIOKPUHHOM HEO-
mnasyu tana 2 (MEN 2), MEN 2 — cemelinbiit pakoBBIi CHHI-
POM, HACTISIYEMBIH IO ayTOCOMHO-TOMUHAHTHOMY THITY.
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Medullary thyroid carcinoma (MTC) is an endocrine
tumor originating from calcitonin-producent C-cells of the
thyroid and accounting for 4% to 20% of all thyroid carcino-
mas. The MTC may develop sporadically (75% of cases) or as
a component of type 2 multiple endocrine neoplasia (MEN
2). The MEN 2 is a familial cancer syndrome with autosomal
dominant inheritance and phenotypic polymorphism of clin-
ical disease of three types: MEN 2A, MEN 2B and familial
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OcoBeHHOCTH KNUHHYECKOTO IPOSIBICHNS STOT0 CHHIPOMa —
dhenotrnmueckrit IOMUMOPdOU3M, BRIPAXKEHHBIHA TPEMS THIaAMHA
3a6onepanys: MEN tuma 2A (MEN 2A), MEN tura 2B (MEN
2B) 1 ceMelHbII MeIy/UISpHbI PAK IMATOBUIHOM Xesean! (famil-
ial medullary thyroid carcinoma — FMTC). Hns 6onersix c MEN
2A, momumo MTC, xapaxkrepHo Hamune GeoXpOMOIIMTOMBI (00-
HapyXXeHa TPAUMEPHO y 50% MaleHTOR) U TMITEPTUIA3WH ITapariiy-
TOBMIHOM Xele3bl (oGHapy:XeHa IpuMepHo y 20—30% nanmes-
toB) [50). IIpu MEN 2B naGmomaioTes Te 5K CUMITTOMEL, 4TO U
npu MEN 2A, HO OTCYICTBYEeT IMITEPIDIA3MS NApallWTOBUIHON
xene3sl. Kpome toro, o 6onbheix ¢ MEN 2B xapakrepsbi Map-
DaHOTIONOBHOE TENOCIOXKEHHUE, HEBPOMBI CITU3UCTBIX 000I0YEK 1
FaHITIMOHAPHEIA HelipodmbpomMaTos KuuewHoro tpakra [20, 50].
Hist GomeHbix ¢ FMTC xapakTepeH TONBKO MEIY/UIIPHEIN pax
IMTOBHIHOMN Xxene3s! [ 18].

DrronormdeckuM ¢HakTopoM 3aboNeBaHuil ¢ CHHIPOMaMU
MEN 2 npakTW4€CKH BO BCEX U3YYEHHBIX CIYIasIX SIBIISIEOTCS
HacJegyeMble MICCEHCMYTALMH B ipoToonkorene RET. Pabo-
TBI, COODWIAIOLINE 06 3TOM, cTanu rnossnaTeest ¢ 1993 r. (21,
37]. T'ea RET (RE-arranged during Transfection) noxanuszosax
Ha IIMHHOM Iiede xpomocomsl 10 (10g11.2). T'pynna simoH-~
ckux weenepoparteneil knornuposana kKAHK vemoBexka v MBIIIN
H OTIpeleIHIA TepBHIaYIo cTPYKTYpY RET-6enkoB [25, 54, 55].
T'en oxsaTeiBaeT okono 60 kb renomuoit [HX, sxmiouaer 21 3k~
30H [40, 45] u komupyet Heckonbko BumoB MPHK, o6paszyro-
HIVXCS B PE3YJILTATE AJIbTEPHATUBHOIO cruiaiicuura [34, 41, 53].
Iponmykramn rena RET srensioTes TuposunxkuHasel (TK) pe-
LIETITOPHOTO TUTA (ITONUTIeNTUAEL, cocTosimiue u3 1072—1114
AMHHOKHUCIIOT), KOTOPBIE YUACTBYIOT B KOHTpOJE mposndepa-
LWH, MUTPALMK U/ vy nuddepeHUNpOBKe KIIETOK HEBPAIbHO-
ro rpeGHst [54, 55]. Monexkyna RET-6enka BrinoJyaeT OONBIIOH
JIUTAHACBA3BIBAIOLINI 3KCTPAKIETOUHBIH HoMeH, ruapocob-
HEIH TpaHCMEMOpPaHHBIH HOMEH W LWTOIUIA3MaTHYECKUi no-
MEH C THPO3MHKWHA3HOM AKTHBHOCTBIO. DKCTPAKISTOUHBIN
nomMeH RET-6enka oTnnyaeTcst OT aHANOMMYHBIX YYACTKOB APY-
rux peuenTopHsix TK, MpUCYTCTBYIOMINX B KJIETKAX, TEM, YTO
COLEPKUT LUCTEHHOBOTAMMEHHYIO 0671acTh (B HEMOCPEHLCTBEH-
HOU GIM30CTH OT TpaHcMeMOpaHHoro gomeHa). VI kpome Toro,
KAOXEePUHIIOMOOHBIM yIacTOK PACIIONOXKEH B CEPEHUHE SKC-
TPAKJIETOYHOTO HoMeHa [54].

JIvraHgoM mns peuenropa, KOXUpyeMoro MpoTOOHKOTEHOM
RET, SBAMIOTCS ABa POLCTBEHHBIX HEHPOTPODHEBIX haKkTOpa:
GDNF (Glial cell linederived neurotrophic factor) [12, 58] u
NTN (neurturin) [7, 30, 42], xoropsle B3aHMONEHCTBYIOT C
RET-peuenropom uyepe3 ko-peuernrtopel: GDNFR — o
(Glycosyl-phosphatidylinositol-linked protein= GP1-linked
protein) u NTNR-o cooTBeTcTBenHo [27, 57]. B HOpME B pe-
syaerare obpasopanusa koMmiuiekca GDNF/GDNFR —
o/ RET mmt NTN/NTNR — o/RET npoucxogur ruMepusa-
uusi RET-6emka Ha KIeTOYHOM MOBEPXHOCTH, YTO UHHLIHIHADY-
eT dochopmnrpoparyie TUPO3ZMHOBHIX OCTATKOB KaK CaMOIo
RET-6enka (aBrodochopunuposanue), TaKk U HEKOTOPHIX
JPYTHX KIETOUHEIX GeskoB [57].

B opranuame venosexa reH RET skcrnpeccHpyeTess B HOp-
MABHBIX M OITYXOJIEBBIX TKAHSX HEUPOSHAOKPHHHON mudde-
peHLUPOBKY, BKmovas napadommukyasapHsle C-KIeTKH H
MTC, mMo3roBoii cloft HAIIIOYEYHHKOB U (HEOXPOMOLIUTOMY,
HelipobnacTomel [24], nepudepuieckre HEPBEL M MX OTIYXOJH.

medullary thyroid carcinoma (FMTC). Patients with MEN
2A besides MTC may have pheochromocytoma (about 50%)
and parathyroid hyperplasia (20-30%) [50]. Patients with
MEN 2B have the same symptoms as with MEN 2A less
parathyroid hyperplasia plus Marfan syndrome-associated
constitution, mucosal neuromas and intestinal ganglionary
neurofibromatosis [20,50]. FMTC patients have medullary
thyroid carcinoma alone {18].

Missense mutations of RET protooncogene are an etio-
logical factor of practically all diseases related to the MEN 2
syndrome. Publications describing this condition have been
appearing since 1993 [21,37]. The gene RET (RE-arranged
during Transfection) is located in the long arm of chromo-
some 10 (10q11.2). Japanese investigators cloned human and
murine cDNA to discover primary structure of RET proteins
[25,54,55]. The gene covers about 60 kb of genomal DNA,
consists of 21 exons [40,45] and encodes several mRNA types
generated as a result of alternative splicing [34,41,52]. REN
products are receptor tyrosine kinases (TK), polypeptides
consisting of 1072-114 amino acids, involved in control of
proliferation, migration and/or differentiation of neural crest
cells [54,55]. RET protein molecule consists of a ligand-
binding extracellular domain, a hydrophobic transmembrane
domain and a cytoplasmic domain with TK activity. The
RET extracellular domain is different from similar regions of
other receptor TK due to a cysteine-enriched site (in the
vicinity of the transmembrane domain) and a cadherin-like
domain in the middle [54].

Two related neurotrophic factors GDNF (glial cell line-
derived neurotrophic factor) [12,58] and NTN (neuroturin)
[7,30,42] are ligands of the RET encoded receptor. They inter-
act with the RET-receptor via co-receptors GDNFR-« (glyco-
syl-phosphatidylinositol-linked protein = GPI-linked protein)
and NTNR-q, respectively [27,57]. Normally, generation of
the complex GDNF/GDNFR-0/RET or NTN/NTNR-
o/RET results in dimerization of RET protein on the cell sur-
face which initiates phosphorylation of tyrosine residues of both
the RET protein itself and some other cell proteins [57].

In humans RET is expressed in normal and neoplastic tis-
sues of neuroendocrine differentiation including parafollicular
C-cells and MTC, adrenal medulla and pheochromocytoma
[24], neuroblastoma, peripheral nerves and their tumors.

In rat and mouse embryos high RET expression was found
in the excretory system, peripheral and central neural systems
including intestinal and sympatic neural systems and spinal
marrow motor neurons [43,59]. These findings are supported
by the absence of intestinal neurons and the presence of renal
agenesis or dysgenesis in transgeneic mice knocked out by
both RET copies [51].

Clusterization is a common feature of most RET muta-
tions seen in MEN 2 patients. They are located in one oftwo
domains of RET protooncogene. The only point mutation in
codon 918 (exon 16) is found in more than 95% of MEN 2
families [8,21,47]. This mutation (ATG — ACG) leads to
substitution of treonine for methionine in the RET protein
TK cytoplasmic domain. Missense mutations in one of the
five cysteine codons [609, 611, 618, 620 (exon 10) or 634 (exon
11)] in the RET TK extracellular domain are identified in
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T1pu usyuernu sxcnpeccui reda RET B aMOproHax Kpbic 1
MBILIEN OBIUT OOHAPYKEH 66 BEICOKHIT yDOBEHD B PA3BUBAIOLIEHA-
Cs1 BLIIENTUTENBHOM CACTEME, a TAKXKE B PA3BUBAIOIIKXCS TIEpH-
(pepryecKkoit ¥ LEHTPaIbHOM HEPBHBIX CHCTEMAX, BKITIOYAST KM~
IIEYHYI0 M CHMIIATMYECKYI HEpPBHBIE CHUCTEMbI, a TAKKe
MOTOPHBIE HEMPOHBI CIIMHHOTO Mo3ra {43, 59]. B moaTeepxme-
HHUE 3THX JAHHBIX €CTh COOOIIEHUE O TOM, YTO Y TPAHCICHHEIX
MBILIEH, HOKAYTHPOBAHHBIX 1T0 06enM KoM reHa RET, ot-
CYTCTBYIOT HEWpPOHBI KMIISUHHKA ¥ MMEET MECTO MOYSUHBIH
areHes uny qcrexes [51].

Jnst 6onernHceTea MyTanuit resa RET, BersiBiasieMBIX y 60516
HBIX ¢ cunapoMamMu MEN 2, ormeuaercs xinactepusanysi. OHu
JIOKANU30BAH B ofHol u3 xByx obnacteit RET-npoToonkore-
Ha. EquHcTBeHHas ToyeuHast Myranys B Konoxe 918 (ax3o0H 16)
obuapyxena Gonee yem B 95% cemeit ¢ MEN 2B [8, 21, 47]. Bra
Myraumst (ATG — ACG) nNpuBOOUT K 3aMEHE METMOHMHA Ha
TPEOHHH B LUTOTUIA3MATHYECKOM THUPO3MHKIHAZHOM JOMEHE
RET-6enxa. Muccerc-MyTalluy B OOHOM H3 IIATH LHUCTEHHO-
BBIX KOHOHOB [609, 611, 618, 620 (3x30H 10) rtu 634 (ak30H 11)]
B axcTpakmeroyHoM gomene RET TK unentuduimpopass! 60-
nee yeM B 95% cemeit, oTsromeHHbIX 1o MEN 2A i B 70—80%
cemeit ¢ FMTC [32, 37, 52]. Haubonee pacrpocTpaHeHHBIMHA
MEN 2A-MyTanugamu SBASIOTCS MYTAIIMY B KomoHe 634, a cpe-
o Hu — 3amena TGC — CGC (9, 16]. MucceHe-MyTanue B Ko-
noHax 768 u 804 B THPO3WHKUHAZHOM JOMEHE GhIIH 00HAPYXe-
Hbl ¥ 5—10% nauwenros ¢ FMTC [4, 15]. Kpome Toro, B
uprrormasMarrueckoM xomerne RET TK Geumi omicans ciuemy-
ouie MEN 2A- 1 FMTC-Myranuu, BCTPEYAIOIUHECS B eOU-
HUYHBIX ciy4asx: V804M B axzowe 14 [9, 19], L790F u Y791F B
ak3one 13 [23], S891A B axzoHe 15 [1, 22] u np.

B HacTosmIEee BpeMs JOCTATOUHO XOPOLIO YCTAHOBJIEHO, YTO
MEN 2A- u FMTC-myTtaumu nnipotoorkoreHa RET, sarparusa-
TOTIHE OAMH M3 HYTH LUCTEMHOB B UHNCTEMHOOOTAIEHHON 0613~
cTi axerpaxneroydoro roMeHa RET TK, npuBoAsSIT K KOHCTUTY-
THBHON akTupauud TK B pe3ynbTaTe 00pa3oBAHMST KOBAISHTHO
ces13anAkIX romomrMepos RET-6enka [26, 49]. B nopme a1td i~
CTEMHOBEIE OCTATKH YYACTBYIOT B 00pa30BaHUY BHYTPUMOJIEKY~
JIPHBIX AUCYIbMUIIHEIX CBA3CI, OTBEYAIOIIHX 34 YETBEPTHIHYIO
crpykTypy RET-pererniropa. 3aMeHa OMHOTO U3 MIATH KPYLIUATb-
HBIX IUACTEWHOB Ha IPYryI0 aMMHOKHCIIOTY NPHBOIUT K TOMY,
yTO CBOOOIHBIA (HECTIAPEHHBIA BHYTPH MOJIEKYJIBL) HCTENH 06-
pasyeT TUCYTbMUIHYIO CBI3b C COCENHEH MyTaHTHOM MOJTEKYIOMH
RET-6enka, MHAYLUMPYSI TEM CaMBbIM JINTAaHIHE3ABUCUMYIO TO-
momuMepusaunio RET TK, xoTopast B CBOIO ouepensb BEAET K
TIepMAHEHTHON aKTHBALIIK 3TOro (PepMEHTA, 4 B KOHEUHOM HTO-
re — K TIOBBILIEHHOMY aBrodocthopunposadmio [49].

MEN 2B-myraums B KomoHe 918 (TMpO3WHKHWHAZHEIN H0-
MEH) TaKXKe IMPUBOAUT K JIMTAHTHE3aBUCHUMOM KOHCTATYTUB-
woit axrmsauun RET TK, Ho 663 muMepu3auuu IOCHenHe
[26]. Kpome Toro, mytanmst Met 918 Thr usmenser cyGerpar-
Hyto crennduuHocTs dhepmenta [33, 44, 49], 1TO NPUBOIUT K
aprohochoprmpoarmio THPo3nHOBEIX ocTatkoB RET TK o
HOBBIM caiitaM [33], a Takxke K dochoprupoBaHHIO HEKOTO-
PBIX HOBBIX KJIISTOUHBIX 6enKoB [3].

MEN 2-myranrtHbie RET-onKOreHs! criocodHs! TpaHcdhop-
MupoBaTe pubpobnacrs! [48, 49]. TTpu atom RET-oHKOreHb! ¢
paznnaaeivi MEN 2-MyTauMsMH TIPOSBISIIOT PasIHYHYIO
TPaHCHOPMUPYIOUIYIO AKTHBHOCTE [44].
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more than 95% of MEN 2A and in 70-80% of FMTC families
[32,37,51]. TGC —» CGC mutations in codon 634 are most
common in MEN 2A [9,16]. Missense mutations in codons
768 and 804 in TK domain were found in 5 to 10 patients with
FMTC [4,15]. Besides, the RET TK plasmatic domain may
have the following very rare MEN 2A and FMTC mutations:
V804M in exon 14 [9,19], L790F and Y791F in exon 13 [23],
S891A in exon 15 [1,22] and some others.

Tt is presently well established that MEN 2A and FMTC
mutations of RET protooncogene affecting one ofthe five cys-
teines in the cysteine-enriched site of the RET TK extracellu-
lar domain lead to TK constitutive activation as a result of gen-
eration of covalently linked homodimers of RET protein
[26,49]. Normally these cysteine residues are involved in gen-
eration of intramolecular disulfide links responsible for RET
receptor tertiary structure, The replacement of one of the five
crucial cysteines for another amino acid results in formation of
a disulfide link with a RET protein neighbor mutant molecule
by free (not linked intramolecularly) cysteine and induction of
ligand-independent homodimerization of RET TK which fur-
ther leads to permanent activation of this enzyme and eventu-
ally to its increased autophosphorylation [49].

The MEN 2B mutation in codon 918 (TK domain) also
leads to RET TX ligand-independent constitutive activation
but without TK dimerization [26]. Besides, the mutation
Met918Thr alters the enzyme substrate specificity [33,44,49]
which leads to autophosphorylation of RET TK tyrosine
residues in new sites [33] as well as to phosphorylation of new
cellular proteins [3].

The MEN 2B mutant RET oncogenes can transform
fibroblasts [48,49], the transfection activity depending upon
the mutation type [44]. The MEN 2B transfection activity
increases considerably in the presence of ligand GDNF [6].

So, the MEN 2 syndrome-associated mutations transform
the normal RET protooncogene into a dominant transforming
oncogene whose products demonstrate constitutive TK activity
and increased ability to phosphorylation. The MEN 2B muta-
tions also change RET TK substrate specificity. Mechanism of
malighant RET transformation of C-cells in vivo is unknown.

It should be mentioned that heterozygotic point mutations
in RET protooncogene are also found in patients with heredi-
tary Hirschprung disease [13,46]. Unlike the MEN 2 mutations
they are evenly distributed in the gene, i.e. among 21 exons.
Secondly, these mutations (unlike the activating MEN 2 muta-
tions inducing neoplasia) inactivate RET protein partially or
completely thus inducing intestinal paresis. New findings of
MEN 2A syndrome association with Hirschprung disease were
reported recently [10]. The RET protooncogene activation in
papillary thyroid carcinoma results from a variety of somatic
chromosomal aberrations leading to generation of chimeric
oncogenes encoding cytosol chimeric proteins [5]. Like MEN
2A and FMTC the papillary thyroid carcinoma is associated
with permanent dimerization of RET oncoproteins which
results in RET TK constitutive activation.

Basing on the available data on MEN 2-associated RET
mutations we may establish mutation pattern-phenotype
correlations in individual cases. For example, the world
largest sample of 477 families with MEN 2 collected by the
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BddextupHocts MEN 2B-Tpancdekuuu CylwecTBEHHO
yBenuuupaercs B npucyteteuu uranga GDNF [6].

Wtax, MyTanmm, accouumporantble ¢ MEN 2-cupnpomamu,
MpeBPAIIAIOT HOPMABHELH npoTooHKoreH RET B IOMIHAHTHEIH
TPAHCHOPMUPYIOLIUI OHKOTeH, NPONYKTHL KOTOPOro 00iataroT
KOHCTATYTHBHOM THPO3MHKHUHASHOM AKTHBHOCTBIO U TIOBBILICH-
HOH CIIOCOGHOCTHIO K (bOChopHIMpoBaHUIO. A B CIIyJIae ¢ MyTa-
nueit MEN 2B RET TK niposBisiioT M3MEHEHHYIO CYOCTPATHYIO
cnenpduaHOoCTs. Mexanusm snokavectsennoil RET-tparcdop-
Mary C-KIIETOK i1 Vivo B HACTOSIIEE BPEMSI HEU3BECTCH.

CrefyeT OTMETHTD, YTO reTePO3UTOTHBIC TOUCHHEIE MYTALIUH
B mpoToorkoreHe RET o6GHapy:KeHb!I TakKe Y MaLKMEeHTOB ¢ Ha-
CeACTBEHHO OonesHpio Nupumpynra [13, 46]. X omimaue or
MEN 2-MyTauuii 3aKI0YaeTcsi B TOM, YTO, BO-IIEPBBIX, OHU
pachpenesieHbl PABHOMEPHO TI0 BCEMY I'€HY, TO €CTh OXBaThIBA-
10721 5K30H. A BO-BTOPBIX, 3TH MYTaLyH (B OTIAYHE OT AKTUBY-
pyromix MEN 2-myTtanuit, MpUBOLSIINX K HEOIUIA3UH) Yac-
TUYHO WM IIOJHOCTBIO MHakTuBupyioT RET-6enok, uro
TIPUBOIMT K TTape3y KuieyHuKa. HegapHo ObLTH HONYY€Hb! UH-
TepECHBIE JaHHbBIE OTHOCUTENBHO acconiuauuy MEN 2A-cunn-
poma 1 6onesnn Iupmnpyara [10]. AKTHBAIYS ITPOTOOHKOTEHA
RET npv nanminsipHOM paxke HIATOBITHOM XKeJIe3bI OCYLIECTB-
JISIETCA B PE3YNBTATE PABANYHBIX COMATUYECKUX XPOMOCOMHEIX
IEPECTPOEK ¢ OOPa30BaHKEM XUMEPHBIX OHKOIeHOB, KOTUPYIO-
LIYX LATO30MIBHBIE XuMepHble 6enkn [5]. Kak u B cnyyae ¢ MEN
2A 1 FMTC npu nanuiasipHOM pake HIATOBUIHON KEIe3bl
HMMEET MeCTO mepMaHeHTHAA auMepuzanysi RET-oHKoOenKOR,
NIPUBOASIAS K KOHCTUTYTHBHOM akTuBaumu RET TK.

HaxorureHHBil K HACTOSIIEMY BpeMeHU MaTtepuan no MEN
2-acconnupoBaHabiM RET-MyTanysaM Mo3BoJigeT YCTAHOBUTD
KOPPESTUHIO MEXKAY TEMH MW HHBIMH MYTALMSIMHE, OOHaPYXH~
BaeMbIMM ¥ DOJILHEIX, U uX herorurioM. Tax, IIpu UcCienoBa-
HUM caMmoii Gospinol BeIGopkHU cemeil ¢ MEN 2, coGpaHHOI
MexnyHaponHpiM XKoHcopruymMoM no RET-myTtanuam (477 ce-
Meit), ObUTa YCTAHOBJIGHA CYIUECTBEHHAS KOPPESSIHS MEXITY
TIPUCYTCTBHEM OXHOM M3 MyTALUi# B KOmOHe 634 v HannIHeM
(heoXpOMOIIUTOMBI ¥ FHUTIEPIUIA3UN NApAIIUTOBUIHON JKenessl
B HanHoit cempe [16]. OcobeHHO cTporas KOppessLus HMEeT
MECTO B CJIy4de MYTAUWH, BRI3BIBAIOIIEH 3aMEHY LIWICTEHHA HA
apruHuH B KomoHe 634 (Hawbonee yactast npu MEN 2A MmyTa-
UysT) ¥ TUIepIuia3ueii napayuToOBUIHON XKee3sl [56]. UnTe-
pecHo, 4710 B ceMbsaIx ¢ FMTC 3T1a MyTanusa Ha CeromHsIIHUN
IeHb He oOHapyxeHa, COMMAcHO JaHHBM MeEXIyHapOTHOro
KOHCOpLMYMa, MyTaluy B KomoHax 768 u 804 rena RET acco-
nnupoBaHs! Toneko ¢ FMTC. A MyTtanng B KonoHe 918 oGHapy-
KUBaeTCs TONBKO y HmuBumos ¢ MEN 2B [9, 16].

Y GonbHEIX cO criopaguuecKuMi Gopmamu MTC oGHapyxe-
HpI coMaTuueckre RET-MyTanun, 4acTHYHO TePeKphIBAIoIIe-
cq ¢ MyTanmsaMu, xapakrepusivu st MEN 2. HanGosee yacrast
13 HIX — Met918 Thr Bo BHYTPHUKIECTOYHOM THPO3HHKHHAZHOM
momeHe RET-6enka. Ee vacroTa, CONTaCHO TaHHEIM PA3HBIX aB-
TOPOB, UCCIIEIOBABIIMX PA3MUIHEIE BLIOOPKH, BApEMPYET OT 23
100 70% [14]. C ropasno 6onee HU3KON YaCTOTOMH GBINM HOSHTH-
(hpULIMPOBaHBI COMATHYECKME MYTALMU B TOM XK€ THPO3HHKH-
Has3HoM momere RET Gesnka B xomonax 883 (3x3oH 15) u 768
(ax3on 13) [38]. ITocnenussa MyTanust Guita TaloKe OOHAPYXKEHA
B HECKOJNBKUX ceMbsax ¢ FMTC [4, 15]. ¥V nebosplioro umcia
6oJBHEIX ¢o criopamudeckuM MTC GBINH BBHISBICHB MYTALIHH

International Consortium on RET mutations demonstrated a
considerable correlation between codon 634 mutation and
pheochromocytoma and parathyroid hyperplasia [16]. The
most marked correlation was discovered between arginine
substitution for cysteine in codon 634 (the most common
MEN 2A mutation) and parathyroid hyperplasia [56].
Interestingly, that no such mutation was found in FMTC
families. According to the International Consortium muta-
tions in RET codons 768 and 804 are associated with FMTC
only, while mutation in codon 918 was found in individuals
with MEN 2B only [9,16].

Patients with sporadic MTC have somatic RET mutations
partially overlapping those characteristic of MEN with the
Met918Thr in TK intracellular domain being encountered
most frequently (23% to 70% by different authors) [14].
Somatic mutations in codons 883 (exon 15) and 768 (exon
13) of the same RET TK domain are much less common
[38], the latter being also discovered in some FMTC families
[4,15]. Few patients with sporadic MTC presented with RET
extracellular domain mutations such as deletions of 6, 24 and
27 base pairs (b.p.) and insertion of 6 b.p. affecting codons
630 and 634 [11,28,29). Deletion of 9 b.p. resulting in loss of
three RET codons (633-635) was found in 14 of 15 Swedish
families with aggressive sporadic MTC [2].

As mentioned above, the hereditary Met918Thr mutation is
clearly associated with the initiating events in MTC develop-
ment. Although C.Eng et al. [17] think that this correlation is
not an obligatory characteristic of sporadic MTC since it is
found as a late event in some tumor cells and in only few of the
large number of metastases [17]. There are reports of several
cases with MEN 2A and FMTC who have hereditary mutation
in codon 634 (Cys634Arg) and present with somatic mutation
in codon 918 [35]. A codon 919 mutation was discovered in a
FMTC patient having hereditary mutation in codon 768 [36].
The appearance of somatic mutation (telomutation) in addi-
tion to the existing hereditary mutation (premutation) in the
same gene may contribute to initiation of oncogenesis [6].

Application of therapeutic approaches to cases with RET
mutations is just beginning. However, there is already some
experience in this field. In economically developed countries
all individuals at high risk of MEN 2 undergo screening for
mutations in exons 10, 11, 13, 14, 15, and 16 of RET pro-
tooncogene. The screening consists of blood tests. The test
findings may be used to make a more accurate diagnosis and
to detect asymptomatic individuals from MEN 2 families at
early age. The American Society of Clinical Oncology
(ASCO) recommends that the genetic testing should be a
routine procedure for MEN 2 patients. The identified asymp-
tomatic individuals with RET mutations should undergo reg-
ular screening for MTC, pheochromocytoma and parathy-
roid hyperplasia as well as be recommended to undergo
prophylactic removal of the thyroid [60]. Many foreign
authors suggest that this surgery should be performed in chil-
dren with REN mutations under 5 years of age in families
with MEN 2A [10,56,60] and still earlier in MEN 2B families
because it is in this age that MTC patients may develop
metastases. Canadian and French surgeons recommend this
operation for MEN 2A and MEN 2B patients even if they
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B axcrpakneTouHoM RET-nomene: geneunu 6, 24 u 27 nap oc-
HOBaHMI (11. 0.), 2 TAKXKE UHCEPLIUS 6 1. 0., 3aTPATUBAIOLINE KO-
IoHBI 630 1 634 {11, 28, 29). Heneuws 9 1. 0., IPUBOISIIIAS K YT-
pare tpex RET xomonos (633—635), soimeieHa y 14 u3z 15
00CnenOBAHHBIX HEPONCTBEHHBIX MIBSICKUX GOJIBHBIX C arpec-
CUBHOIt hopMoii crropammueckoro MTC [2].

Kak ysxe oTMevaioch Bolliie, HacaencTeeHHass Met918Thr-my-
TAHs] YETKO ACCOLMUPOBAHA C WHHIMKUPYIOIIUMHI COOBITHUSIMH B
xanueporenese MTC. Opnako, Kak mnonarator C. Eng 1 COasBT.
[17], 3TO0 coBCeM HEOOS3ATENBHO B CJIyYae CIIOPATHYECKOTO
MTC, npu KOTOPOM 3Ty MYTALIMIO MOKHO OOHAPYXUTE KaK ITO3/I-
Hee CoBbITHE, TOCKONBKY OHA TIPHCYTCTBYET TOIBKO B HEKOTOPBIX
IPYTINAX OIyXOJIEBhIX KJIETOK, ITONYISHHBIX C TIOMOLIBIO MIKDO-
JHUCCEKIWH, 1 TONBEKO B HEKOTOPBIX N3 MHOXECTBA METACTa30B
[17]. Ommcado HECKONMBKO CIYYacB, KOrga COMATHYECKAs MyTa-
uest B kopoue 918 mpucyrersyery MEN 2A u FMTC mauueHTos,
HECYILMX HacAeACTBEHHYIO MyTalMIo B KogoHe 634 (Gys634Arg)
[35]. ComaTmueckast MyTans B KogmoHe 919 6p1a obHapyXeHa y
nanpenTa ¢ FMTC, Hecyero HaciaeqcTBeHHYIO MyTalMIO B KO-
Jone 768 [36]. Bo3HUKHOBEHNE COMATHUECKOH MYTALIMH (Teo-
MYTALIMM) B JOTTONHEHME K YK€ TPEACYIIECTBYIOLIEH HACASCT-
BEHHOI MyTallMH (TIPEMYTALIMH) B OMHOM U TOM K€ F€HE MOXET
BHECTH CBOI{ BK/IAM B MHULIHALMIO OHKOreHe3a [6].

B MupoBoii MpakTHKE TEPANIEBTUYECKUE TIOMXOIBE IUISI HO-
cureneit RET-MyTanuii TOABPKO HAYHHAIOT IHPOSCHSITHCS.
TeM He MeHEe KAKOMH-TO OITBIT YKe CYLIeCTBYeT. 3a pybexom
BCEX HHAUBUAOB U3 Tpynnsl pucka mo MEN 2 obcnexyior Ha
Hatuuwe MyTalui B ak3oHax 10—16 mporoonkoreHa RET.
MarepuanoM I15 UCCHSHLOBAHMS SABISIIOTCS 00pa3lbl KPOBU.
PesyapTaThl 3TOTO aHANM3A MOXHO HCIHOIb30BATh IJIST YTOU-
HEHUS KJIMHUIECKOrO AMATHO34, a TAKXKE MJIsl BBISIBICHUS
BeccumrroMubix yienos MEN 2 ceMeii ¢ 3TUM CHHIPOMOM
yXe B paHHeM Bo3pacte. COrjlacHO peKOMEHIAUIM AMEPH-
KAHCKOro o0liecTBa KIMHWYECKON oHKoimoruud (ASCO),
TEHETHYECKOE TECTHPOBAHNE NPEIIAracTCs B KaUeCTBE CTAH-
JapTHOM moMomln manueHTam ¢ MEN 2. Mpenrundunupo-
BaHHBIX GeccUMITTOMHEBIX Hocureneilt RET-myranuii Heob-
XOIMMO PerysapHo rnpoeepsath Ha MTC, deoxpoMouuToMy n
THITePIIA3 MO HAPALIUTOBUIHEIX XeJie3, a TAKXKe ITpeIiaraTh
npodUNaKTUYECKOe YIaleHue IMTOBMAHON Xenesnl [60].
BonpmimacTBO 3apyOeskHBIX CIENHATUCTOBR PEKOMEHIVIOT
MIPOBOLUTEL ITY ONepaluio I HocuTeneit RET-mytanuii no
5-eTHero Bo3pacta B ceMmbsix ¢ MEN 2A [10, 56, 60] n enre
panbiie — B ceMbax ¢ MEN 2B, nockonsky npu MTC vy me-
TeW UMEHHO B 9TOM BO3PACTE MOTYT BO3HUKATL METACTA3LL
Kanagcxkue u GpaHLy3cKHe XUPYPTH PEKOMEHAYIOT 3TY OITe-
pammro st MEN 2A 1 MEN 2B 60bHBIX Ja3Ke ITpH HOpMalb-
HOM YpOBHE KaJILLIUTOHUHA (6a3aJbHOM W TIEHTAraCTPHHCTH~
myauposaHroMm) [31, 39]. B cnyyae ¢ FMTC, wmeHee
arpeccuBHOit ¢opmoiit MEN 2-cuHppoma, Bopoc 06 orepa-
UMK CHeXyeT peliaTh MHIMBUAYaTbHO. ANMOHCKME YYCHEBIE
TIpeUIaAraloT IPY BEIGOPE BPEMEHH ONEePALHM YYUTHIBATE Xa-
paxrep MEN 2-myTatinu [56]. B HeGONMBIIOM KONTUYECTBE Ce-
Mmeit ¢ MEN 2, B KOTOPBIX HE YIACTCH MASHTH(HALUPOBATE My-
Tanuy B npotooHKoreHe RET, rnagHyio ponk npy CKpUHKMHTE
HaCHAEACTBEHHON GOe3HM MIrpaeT OHOXHMMHMUYecKas AUarHoc-
THKA C MCITONb30BaHNEM KaJIbLIUTOHHHOBOIO TECTa, KOTOPBIIA,
K COXaNeHMIO, He BCErma KOPPeKTeH. DTo 00YC/IOBIEHO TEM,
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have normal calcitonin (basal and pentagastrin-stimulated)
tests [31,39]. In cases with FMTC, i.e. a less aggressive MTC
type, the need and reasonability of surgery should be consid-
ered individually in each case. Japanese investigators suggest
that type of MEN 2 mutations should be taken into account
when deciding upon age of surgical intervention [56].

Biochemical diagnosis involving calcitonin test plays the
principal role in the screening of a small number of MEN 2
families with unidentifiable RET mutations. Unfortunately
the test is not fully reliable because basal and pentagastrin-
stimulated levels of calcitonin are not well defined in chil-
dren. Besides, there are reports of false-positive and false-
negative biochemical tests [32,60]. The calcitonin testing is
associated with stress and adverse events. Early molecular
diagnosis of MEN 2 is a high-sensitivity method that detects
children at increased risk before they develop clinical disease.
It should be noted that there were no reports of MTC devel-
opment in RET mutation-negative individuals from MEN 2
families with known RET mutations.

A cooperative study of the Molecular Genetics
Laboratory, Medical Genetics Research Center RAMS and
the Clinical Oncogenetics Laboratory, BMCRC, RAMS dis-
covered the commonest heterozygotic mutation TGC —
CGC in codon 634, exon 11 of RET in a Russian MEN 2 A
family. This mutation leads to arginine substitution for cys-
teine amino acid residue in the protein extracellular domain.
The mutation was discovered by restriction analysis and ver-
ified by sequencing. This finding was used to confirm clinical
diagnosis in three members of the family and to undertake
relevant measures.

Let us consider the family tree. The proband (I111-2) aged
20 years applied for medical advise. The patient had a muta-
tion in codon 634, exon 11, of protooncogene RET in het-
erozygotic state which was evidence of MEN 2A. Scan of the
thyroid discovered bilobal enlargement of the gland. The
patient also presented with thyroid dysfunction, Smalt right
lobe lesions were also suspected. Ultrasound discovered no
adrenal lesions and a follicle with large calcinates up to 0.5
cm in diameter in the right lobe of the thyroid. The patient
was recommended to undergo thyroidectomy.

The proband’s mother (I1-3), aged 38 years, had under-
went 5 operations for pheochromocytoma, at the age of 36
she underwent surgery for a C-cell thyroid tumor which was
defined as medullary thyroid carcinoma.

The proband’s aunt (1I-2) died from sepsis. By autopsy she
had a bilateral pheochromocytoma and thyroid enlargement.

The proband’s grandmother (I-2) suffered from hyperten-
sion crises and died at the age of 29 years. Autopsy discovered
enlargement of both adrenals. These findings suggest that the
patient had MEN 2A.

The proband’s cousin (IT1-1), 9 years of age. Examination
at the Endocrinology Research Center in 1998 discovered
focal lesions in the thyroid right lobe and increased calcitonin
tests suggestive of MEN 2A. The diagnosis was confirmed by
molecular genetic study performed by Dr Hopner, University
of Hamburg, who discovered heterozygotic mutation TGC
— CGCin codon 634 of RET. The girl’s aunt (I1-3), i.e. the
proband’s (I11-2) mother, had a similar mutation. The girl
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YTO Oa3aNbHBII YPOBEHE KATLLUTOHWHA U €0 YPOBEHE ITOCIIE CTH-
MYJIMPOBAHKS MEHTATaCTPUHOM HE JOCTATOYHO XOPOIIO OIIPEIe-
ensl y gereit. KpoMe Toro, W3 nIuTeparyphl M3BECTHBI JOXK-
HOIOJNOXWTENBHEIE U JIOXKHOOTPHIATEIEHEIC PE3y/I6TaThl OHOXII-
MHYECKOro TectipoBanus [32, 60]. IIpoBeeHIE KaNbIUTOHUHO-
BOTO TECTA CONPSDKEHO CO CTPECCaMI ¥l HENPUSTHBIMA TODOYHEI-
Mu  addekTaMr yV  manmeHToB. PaHHSA MOMEKYNISIpHAS
" muarnoctika MEN 2 sensiercss BBICOKOYYBCTBUTEIBHOM. OHa
TIO3BOJIIET BRIIBHTh ST U3 IPYITIEI PHCKA HO TIOSABICHUS Y HUX
KIMHIYECKUX WY OMOXUMITIECKIX NPH3HAKoB passutust MTC,
Criefryer OTMETHTD TOT (GaxT, YTO IO CHX ITOP He OBUTO HI OLHOTO
cooberna o paspuri MTC y He Hecymwx RET-MyTanmu ue-
musunos 13 MEN 2-cemeit ¢ uspectHbIMY RET-MyTarvsaMe.

B pe3ynpTate COBMECTHON pabOThHl 1ab0OpaTopuy MOJEKY-
JIPHOK TeHeTHKY MelHMKOo-TreHeTHISCKOTO HAyIHOTO LeHTPa
PAMH wm nabopaTopym KnuHAYecKo# ouxorenernky POHILL
PAMH B ogHOI 13 poccuiickux cemeit c MEN 2A Grljia BEISIB-
JeHa W3BECTHAas U Hawbojee pacnpoCTPAHeHHAs MYTAis
TGC — CGC B xouxoHe 634, sx3oH 11 rena RET, B reteposu-
TOTHOM COCTOSIHHMH. BTa MyTauusa TIPUBOIUT K 3aMEIUCHUIO
-IICTEHHOBOTO0 aMHAHOKHCIIOTHOI'O OCTATKA B IIMCTCHHOOOTA-
IIEHHOM 9KCTPaKIETOYHOM JoMeHe GeKa Ha apruHuH. My-
Tauwst ObIa OOHAPYKEHA B X0I¢e PECTPUKLIMOHHOTO AHANHA32 U
TIOATBEPXICHA MPH CeKBeHHUpOoBaHWU. [lonyJIeHHBIE PEe3yib-
TATHl GBI UCIIONB30BAHBI IS TIOATBEDKICHI KITHHNICCKO~
TO IMArHo3a ¥ TpeX WICHOB 06CIIefOBAHHOMN CeMBH U KaK YKa-
3apWe HA  oprapuzanmic  3db@exTHBHOH  TOMOIIH,
Heobxomumoii mpu MEN 2A.

B xavecTne WIUTIOCTPAIIMH IIPHBOOUM CXeMY POHOCIOBHOMN
CEMbH. .

Hpobang (111-2), 20 net, 06paTHICS B MEIMKO~TEHETHYEC
KYI0 KOHCYJIBTALMIO TIO ITOBOLY HPOTHO3a JUYHOTO 3MOPOBBSI.
To mapHEIM 00cIemoBaHKs Y GONILHOI0 OOHAPYKEHA MYTALIHS
B Komoxe 634, 3x30H 11 nporoonkorena RET B reteposuror-
HOM COCTOSIHWMM, NoxTeepxkmatomias guarios MEN 2A. Tlpu
CKeHHPOBAHHMU IIOJIYICHO M300pakeHUe IIUTOBUIHON Xexe-
361, YBEIMYEHHOE 3a cueT obeux moneir. Kpome Toro, oTMeya-
Jack GYHKIUMOHANEHAS HELOCTATOMHOCTh TUPEOUIHOM TKAHH,
He WCKITIOUEHO HaJIMYKe MEJIKOOYATOBEIX NIOPakeHUH B ripa-
Boit moxne. ITo marHBIM Y3 T 06iacTe HAMIMOUEUHUKOB 6€3 0co-
6eHHoOCTEH, B IPaBOi HOJIE IUTOBHUIHOM Xee3bl 00HAPYKEH
ONNMUKYN C KPYITHBIME KaJbumHATaM’ 1o 0,5 cM B tuaMmerpe.
Ha moMeHT o6cnenoBanyst 60EHOMY PEKOMEHIOBAHA OTIepa-
LIHS TUPEOUAIKTOMHA.

Marts npobanpa (II-3), 38 net, 5 pa3 onepupoBana B DHIO-
KPUMHOJIOTHYEeCKOM HAyYYHOM Lenrpe PAMH no nogoxny ¢eo-
XpPOMOLIITOMEL. B 36-7eTHEM Bo3pacTe OHA GhLIa IIPOONEPUPO-
BaHA TaM X€ 1o moBoxy C-KIEeTOYHOro HOBOOOPA30BaHMA
LIVTOBUIHOM XKeNe3bl, KOTOPOE SIBIIOCE MEOYIUISIPHON KapIiy-
HOMOM INATOBUIHOM XKeJe3hl.

Tera npodanma (1I-2) mo MaTepUHCKON NTUHWUH, YMEpAa OT
CENTUYECKOrO COCTOSTHMS. Ha BCKPHITAY BBHISIBIEHBI IBYCTO-
POHHS (HEOXPOMOLUTOMA, YBEIMUSHHUE ITUTOBHIHOM XKenessl.

Ba6ymxka npoGanna (I-2) 1o MaTEpUHCKON JIMHWH CTPamana
FHIMEPTOHNYECKUMHY KPH3aMH, yMepiia B 29-IeTHeM BO3pacTe.
TIp¥ BCKPBITHH OTMEUEHO YBEIHYCHIE 000HX HAMITOUCUHIKOB.
Bce 3T DaHHBIE ITO3BONSAIOT MPEHTIONOXUTE, YTO YMEpHias
ctpazana MEN 2A.

was referred to the Institute of Pediatric Oncology, RCR
RAMS, to undergo prophylactic thyroidectomy. Histological
study of the surgical specimen found medium-size to large
follicles with follicnlar epithelial hyperplasia, fibrosis and
sclerosis of the partitions, node formation imitating areas.
There were no signs of C-cell hyperplasia. These findings
were evidence of preclinical MEN 2A syndrome.

In conclusion, the molecular genetic testing will play an
important role in early (preclinical) diagnosis and prevention
of cancer in near future. Therefore a register of pathological
gene bearers at high (up to 100%) risk of cancer should be
made up to carry out their clinical genetic monitoring and to
settle legal, ethical and moral problems associated with pre-
clinical diagnosis of hereditary proneness to cancer.

This study was in part supported by grant 05.01.05, project
05 «Genetic Diagnosis and Genetic Therapy of Socially
Important Human Diseasess.

Jsoropomsad cectpa npobanna (111-1), 9 niet, 8 1998 r. Geina
ofcienopaHa B DHIOKPHUHOJIOTUYECKOM HAYYHOM TICHTpE
PAMH, rxe eit 6611 yetaHoBneH quarto3 MEN 2A Ha ocHO-
BaHNM (HOKAJBHBIX U3MEHEHMI NpaBoi HONW LIUTOBUIHOMN
3KENE3B! M ITOBBIIEHHOTO YPOBHS KaJbLHUTOHMHA Ha CTUMY-
JIUPOBAHHOM Mpode. DTOT AUATHO3 OB ITOOTBEPXIEH U B XO-
e MONEKYIAPHO-TEHETUYECKIX VICCHSIOBAHME, TIPOREICH-
HBIX B l'aMGyprckoM yHUBepcHTeTE O-pOM XOIHEPOM,
KOTOPBIH BBISIBUN reTepo3uroTHyio Myranuio TGC — CGCr
xonore 634 rena RET. Anasornysag MyTalus 6511a BLIABIE-
Ha y ee tetn (I1-3), xoTOpas NpuXOmUTCA PONHON MATEphIO
obcnepopanHomy vamy npotangy (I11-2). Hepouka 6p11a Ha-
nipasnena B HUWY nerckoit orxonornn POHLL PAMH, roe eit
TIPOW3BECHA NPOMMTAKTHYECKAS] TUPEOUIIKTOMIUS. ['UCTO-
JIOTMYECKOEe 3aKITIOYEHMe: MIUTOBUIHAS JKeJe3a COCTOUT W3
cpemHell ¥ KpymHo# BeuymHb! (hONIUKYIOB C SIBICHUSIMU
OYaroBoOH rUMnepINIasuy QOUTUKYISIPHOTO STIUTEIHS U SIBJIC-
HUSIMYL CKJIepo3a M Gubpos3a neperoponok. Ha ormensHBIX
YJacTKax ¢ MMUTAMEH y31000pazoBaHys npusHakos C-xie-
TOYHOM TUIepINIasuu He 00HAPYXKeHO. AHAIN3 BCEX IOy~
YEHHEIX JAHHBIX OOTBHOY CBUIETE/IECTRYET O HATMINY CHHII-
poMa MEN 2A (moxnuHuIecKas CTamust).

Takum o6pa3oM, reHETHYECKOE TECTHPOBAHNE HA MOJIE-
KyJISIDHOM YpOBHe B HeJaneKkoM OyAyHieM OymeT HMMETh
OTPOMHO€ 3HAYSHNE ST pAHHEH (XOKIMHIIECKOM) JHATHO-
CTUKH U TPOoDMIAKTHKH 37I0KaYeCTBEHHBIX HOBOOOPA30Ba~
Huii B Poccun. B cBs3M ¢ 3THM NPEACTABIISETCS COBEPIIEH-
HO HEOOXOHmYIMBIM CO3IaHWe KaHIEePPerHcTpa JHL —
HOCUTENEH TATONOTMYECKHUX TeHOB, MAIOIUX BLICOKWMA
(nHOTmA 100%) pricK OHKONOrHYeCKUX 3a60NeBaHMi, ¢ r1o-
CIenyolel opranusaureil 1 KOOpIUHAINEH KIMHHUKO-Te-
HETHYECKOTO MOHWTOPUHTA 33 COCTOSTHHEM WX 3MOPOBhS U
PelIeHUEM IOPUONYECKUX, STHYSCKHX W MOPANLHBIX MMpO-
OneM, CBS3AHHEBIX C UENECOO00PA3HOCTBIO NOKJIMHUIECKOH
JMArHOCTMKH HACHEICTBEHHON MpPEIPACIIONIOXEHHOCTH K
PAa3BUTHIO 3I0KAYSCTBEHHBIX HOBOOOPA30BaHMIA.

Pa6oTa BeIITONMHEHA YaCTHYHO 3a cueT rpanTa Ne 05.01.05
nipoekTa 05 «eHOIMArHOCTHKA ¥ TEeHOTEPAITHS COLMANIbHO
3HAYMMBEIX 3260IeBaHUi UeJIOBEKA>.
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