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VYcTaHOBJIEHO, YTO Y HOPOK candupoBOro okpaca HaONIOAACTCS HapyLIEHHE CYOKIETOYHOH CTPYKTYpBI
HEHTPOPUIOB U 303MHOPUIOB KOCTHOTO MO3Ta M Mepudeprudeckoil KpoBH, 3aKI04aloleecss B 00pa3oBaHuu
«TUTaHTCKUX» TpaHyl. BennuuHa u BHYTPUKIETOYHOE KOJIMYECTBO AaHOMANIBHBIX I'PaHYJ CYIIECTBEHHO H3Me-
HSIIOTCS B ITPOLIECCE CO3PEBaHMsI JICHKOLUTOB B KOCTHOM Mo3re. B nnHaMmuke n xapaktepe GOpMHUPOBaHUS aHO-
MaJIbHBIX TPAaHYJI MEXIy 203MHO(MIAMH U HEHTPO(QHIaMHU BBISBICHBI PA3IHYHs, KOTOPBIE MOTYT 3aBHCETh OT
BPEMEHHU MPOXOXKACHHUS OTACIBHBIX CTaJUH, [UINTEIBHOCTH XXM3HEHHOTO HHKIAa U MOP(HO(DYHKIHOHAIBHBIX

0COOCHHOCTEH ITHX THIIOB IPAHYIIOLHTOB.

KnroueBsle cioBa: HEUTPODUIBI, 203MHOPHIBI, AaHOMAJIbHBIE I'PaHYJIbI, CAll(PHUPOBBIC HOPKH.

Hpunasareie cokpamenus: CYX — cunapom Yennaka—Xwuramu (Chediak—Higashi syndrome),
LYST — perynsarop nuzocomansHoro Tpancmopra (lysosomal trafficking regulator), NCR — simepHo-Ki1eT04-

Hoe otHomienue (nuclear cell relation).

JlefikouThl UrParOT BaXKHYIO POJIb B COXPAHEHUH FOMeE-
ocraza M HOAJEP)KaHUH WMMYHOPEaKTHBHOCTH OpTaHU3Ma.
[Tpn co3peBaHMM B KOCTHOM MO3re JICHKOIMTHI I'PaHyJIOLH-
TApHOTO pPsJa MIICKOIMTAIOIIMX MPOXOIST HECKOJIBKO CTa-
JIMiA, B TEYEHHE KOTOPBIX (hOPMHUPYIOTCS 3perble HelTpodu-
JIbI, 03UHOGWIBI U 0a30(WIIBI, PA3TMUYAIONTHECS] MEXIY CO-
0011 IO THITy ¥ KOJIMYECTBY IIUTOIUIA3MaTUIECKUX I'PaHyJI.

YHUKaIbHOW MOJICNBIO JUISl W3Yy4YCHHUS! TPaHyJIOTeHE3a B
JIeWKOINUTaxX SIBJISIOTCS HOPKHM cangHpoBOro OKpaca, Ipej-
cTaBisoNIe co0OH MyTaHTHYIO (hOpMy IHMKOH aMepHKaH-
ckoil (Mustela vison Schr., 1777). OH1 OTHOCSTCS K TPYIIIIe
roJyObIX HOPOK, HMEIOIINX CBETJIO-TOJIYOYI0 OKpacKy, 00y-
CJIOBJICHHYIO OCOOEHHOCTSIMM ITUTMEHTAIlNN MeXa, U HacJel-
CTBEHHBII MOpP(GO(YHKINOHATIBHBIA Je(EeKT JICHKOIHUTOB,
cxoaHbIH ¢ cuaapomoM Yeamaka—Xwuramnm (CYX) venoBeka
(Chediak, 1952; Higashi, 1954). lucdynkuust neiirpoduion
NIPY AaHHO TaTOJOTHUH CBsI3aHa C 3aMEJICHHEM XEMOTaKCH-
ca, 331€PKKON CIMAHUS JU30COM C (arolUTapHBIMH BaKyo-
JIIMH 1 TIaBHBIM 00pa3oM cO CHIDKEHHEM 3P QeKTa BHYTPH-
xirerounoro kuumnaTra (Kimball et al., 1975). B cBs3u ¢ aHo-
MaJMeld JIeMKOIIMTOB can(HpOBbIE HOPKH OTJIMYAIOTCA
HU3KOHU JKU3HECIIOCOOHOCTBIO, TIOBBIIICHHOM 3MOPHOHAIBHON
W paHHEW MOCTHATaJbHON CMEPTHOCTHIO, @ TAK)KE CHUIKEHU-
€M YCTOWYMBOCTH K BHPYCHOMY IutazmMonuto3y (Baruh,
2003). OnHako, HECMOTPS HA IMMYHOAC(HUITUT, B OTIINIHE OT
JIPYTUX BUJOB MIJICKOMHUTAIOIINX CO CXOIHBIM Ie(EKTOM, OHH
JIOCTHTAIOT TIOJIOBO3PEJIOr0 BO3pACTa U NPUHOCST HOTOMCTBO
IIPU Pa3BEJCHUH B YCIIOBHSX 300KYJIBTYPBI.

Brnepeeie CUX oOHapyxeH y uenoBeka (Beguez, 1943;
Chediak, 1952; Higashi, 1954). ITo3aaee momodHOE HapyIie-
HUe OBUTO BBIABICHO y JKMBOTHBIX: KpbIc W MbImeil (Roder,
Duwe, 1979; Nishimura et al., 1989), xomrek (Kramer et al.,
1977), xacarok (Ridgway, 1979), HOpOK, JHCHIl U TECLOB
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(Leader et al., 1963; Ness et al., 1985; Fagerland et al., 1987)
U KpYyIHOTO poraToro ckota (Ayers et al., 1988). B xagectse
MOJIEIIH JIUIsl M3Y4EHHsI 3TOro 3aboseBaHusl Hanbojee 4acTo
HCIIONIB3YIOT OSKEBBIX MBIIIEH M MYTaHTHBIX aJ€yTCKUX HO-
POK, HMMeEMIMX MeX IBera BopoHeHoro merauia (Roder,
Duwe, 1979; Ozaki et al., 1994; Tang et al., 2005).

Huarnoctuka CUX, B TOM 9mcie IpeHaTaIbHast, OCHOBA-
Ha Ha BBUIBJICHHM B JICHKOIMTaX aHOMAaJIBHO OOJBIIMX Tpa-
Hya (Diukman et al., 1992). Kpome sefikonuToB yBennieH-
HBIE TPaHyJIbI OBUTH HAMICHBI B MEJIAHOLUTAX KOKH U BOJIOCA
(3Bepesa u ap., 1976), panyxHoii o6omouku riasa (Nishimu-
ra et al., 1989), a Takke B KJICTKax MapeHXMMBbI [ICUCHH, OOJIb-
LIMHCTBA JKeJIe3 BHYTPEHHEH M BHEITHEH CEKPELH, JKeTyAKa
u toukoro kumevnuka (Oliver, Essner, 1973). Tax, y aneyt-
CKUX HOPOK B pe3yJibTaTe N3MEHEHHs (QYHKIMH MEJIaHOCOM B
BoJsioce (hOpMHPYIOTCS yBEIMYEHHbIC I'PaHyJbl MEIaHHUHA W
COOTBETCTBEHHO HaOI0JaeTcss OciadlieHne MUTMEHTAIN
(3Bepesa u jp., 1976). Y aneyTcKux HOPOK U OEKEBBIX MBbI-
nreif aTa maToJIorus 3aTparuBaeT HEPBHYIO TKAHb — KIIETKH
[TypkuHbe MO3XKeUKa, HEHPOHBI CIMHHOTO MO3ra ¥ MHPaMH-
JlalbHbIe KJIETKH Kopbl rojoBHoro mosra (Oliver, Essner,
1973).

B Hacrosiliee BpeMsl yCTaHOBIJICHO, YTO KJIETOYHBIN Jie-
¢dexr npu CUX venoseka n CUX-10g00HBIX 3a00IEBAHUSX Y
JKUBOTHBIX BBI3BIBacTCcs Mytarmend reHa LYST (lysosomal
trafficking regulator), OTBETCTBEHHOTO 3a PETYIALINIO JH30-
comanbHoro Tpancnopra (Introne et al., 1999; Huizing et al.,
2008). Ilpu sToM m3MeHeHHe MOP(OIIOrHYECKUX OCOOECHHO-
CTEM W BEJHMYUHBI JU30COM H POACTBCHHBIX MM KIJICTOYHBIX
OpraHesul COIPOBOXKAACTCS HApYILICHUEM UX (DYHKIMI U BO3-
HUKHOBEHHEM Marojioruu. Hampumep, y nenmurMeHTHpOBaH-
HBIX MYTaHTHBIX MBIIICH pacCTpOMCTBO MEXaHU3Ma pPeryJis-
UM TPAHCIIOPTA JIN30COM COIPOBOXKJIACTCS CYIIECTBEHHBIM
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CHIDKEHUEM DKCKpeln (PepMEHTOB JIN30COM U UX aKKyMYJIsi-
nuu B moukax (Ozaki et al., 1994).

B oredecTBeHHON nuTEpaType CYLIECTBYIOT JHILb €IH-
HUYHBIC CBEICHUS 00 M3MEHEHHH MOP(O(dyHKIIHOHATHHON
OpraHM3alUK JICHKOLUTOB y >XMBOTHBIX MPU aHOMAJIUH,
cxomnoit ¢ CUX. Jlannbix 00 mamenenunu npu CUX mopdo-
METPUYECKUX apaMeTpoB IpaHyJsl JEHKOLUTOB B IpoOLEcce
UX CO3pEBaHMS B KOCTHOM MO3Te U MeprepuaecKoil KpOBH B
MMOCTHATAJIFHOM OHTOTCHE3€ B JIOCTYITHOHM IUTEpaType Ham
HAWTH HE YAaJI0Ch.

B npeapirymux paboTax HaMy IOKa3aHO, 4TO y caru-
POBBIX HOPOK B I'DaHYJIOLUTAX, HEKOTOPBIX JUMQOIHUTAX H
pelKo B MOHOLMTAX nepudepruyeckoil KpOBU MPUCYTCTBYIOT
«TATaHTCKUe» rpanyibl (Y3enbaesa u ap., 2009; Y3enOaera
u 1p., 2011). ITo nUTOXMMHYECKIM TIPU3HAKAM, B YACTHOCTH
MPUCYTCTBUIO B aHOMAIILHBIX CTPYKTypaxX (DEpMEHTOB JIH30-
COM M TEPOKCHIA3bl, OHH COOTBETCTBYIOT a3ypOoQHIbHBIM
WIN TaK Ha3bIBAEMBIM IEPBHYHBIM TI'paHyJaM JICHKOIMTOB.
OTH JJaHHbBIE COTIIACYIOTCS C PE3yJIbTaTaMHU 3JIEKTPOHHO-MHK-
POCKOTIMUECKUX MCCIIEOBAHUH, B KOTOPBIX BBIABICHO, YTO B
HEHTpO(UITAX «TUTAHTCKHUE)» CTPYKTYPHI 00pa3yroTCs 3a CUeT
a3ypOQIIIBHBIX TPAHYIL, IPH ATOM CICIIH(PUICCKIE 1 KETIaTh-
Ha3HbIC TPaHyJIbl HE MPUHUMAIOT y4acTusi B UX (hOpMHUpOBa-
nun (Kjeldsen et al., 1998).

C YY€TOM HAJINYKWA B HeﬁKOL[PITaX BUJION3MCHCHHBIX «T'H-
TaHTCKUX» TPaHyJ MPEACTABIACTCS YHHKAJIbHAs BO3MOXK-
HOCTB TIPOCIIEUTH Ha CBETOONTHYECKOM YPOBHE TUHAMUKY
aHOMAJIEHOTO TPAaHYJIOTEHE3a C HCIIOJIB30BAHUEM car(upo-
BBIX HOPOK B KauecTBe 00bEeKTa.

Llens HacTosIIIEH PabOTHI 3aKIII0YAIACh B M3YUYEHHH OCO-
OeHHOCTEH (OPMHUPOBaHMS AaHOMAJbHBIX T'PaHYJ, a TaKXKe
OIpe/IeNIeHUs] UX MOPPOMETPUIECKUX [TAPAMETPOB B HEUTPO-
¢mrax u 203MHOPMIAX KOCTHOTO MO3Ta M MEepUPEpUICCKOM
KPOBH Y Can(upPOBEIX HOPOK.

Marepuaj U MeTOAHKA

VccrnenoBaHus BBIMONHEHB! C MCIIOIB30BAHUEM HAYYHO-
ro obopynoBanus LleHTpa KOIEeKTUBHOTO ToJb30Banus b
KapHII PAH.

O0OBEeKTOM pabOoTHI CITYKMIM HOPKH carupoBOTo oKpaca
u3 3BepoBOUEecKOTo X03siicTBa Pecryonmku Kapenus. Mop-
(ooruto NeHKOINUTOB NepH(hepUIecKOi KPOBU HCCIIEI0BAIIH
y menkoB B Bo3pacte 4, 10, 60, 120 u 180 cyT u B3poCibIX
KUBOTHBIX (5—8 0co0eil KaKaoro Bo3pacra), a KOCTHOI'O
Mo3ra — y HOpOK B Bo3pacte 180 cyT (6 ocobeit). Kposs y
HOpPOK B Bo3pacte 4 u 10 cyT mosryyany pu JeKanuTaluy, B
Bo3pacTe 60 CyT U cTapiue — U3 XBOCTOBOW BEHBI, KOCTHBII
MO3T — U3 3nudu3a OeJPEHHON KOCTH Y TOJIBKO YTO yMEpIII-
BJICHHBIX JKMBOTHBIX. Ma3Kku KpPOBU U KOCTHOT'O MO3ra OKpa-
muBanu 1o metoay I[lammenreiima (Koct, 1975). Mukpodo-
Torpauy MOJTyYaJd C IIOMOINBI0 CBETOBOTO MHKPOCKOIIA
Axioscop 40 (Zeiss, 'epManust) ¢ IBEeTHOW ITUPPOBOI BUICO-
KaMepol M KOMITBIOTEPHOM CHCTEMbI aHaln3a n300pakeHuH
Buneorect-Mopdomnorust 4.0 (BuneoTecT, Poccus). B neii-
KOITUTaxX OIpPEIeNIAIN KOJUYECTBO TPaHyl U C IOMOIIBIO
komnbroTepHoii Metogukd NCR (nuclear cell relation) ux
wromans. Beero mecienoBanu 2425 aHOMaNBHBIX TPaHyN B
s03mHOIIAX U 645 B HEHTpOodMITaX KOCTHOTO MO3Ta, a TaK-
ke 1705 rpanyin B s03uHOoduiIax u 1627 B HeliTpodmiiax re-
pudeprieckoil KpoBH.

CraTtucTuyeckyto oOpabOTKy NaHHBIX TPOBOJMIHN C HC-
MOJIb30BAHMEM IIaKeTa CTAaTHCTHYECKUX Iporpamm Statgra-
phics Plus. JlocToBepHOCTE paznuunii MeXAy TPYIIIIaMH OIle-

HUBAJIKU C MOMOMLIBIO HEMApaMETPUYCCKOI'0 KPHUTCPUA Bui-
KOKCOHa—MaHHa—YUTHU U METOJI0B IUCIIEPCUOHHOIO aHa-
mza (MANOVA). MccnenoBanne BBITIOJHEHO B COOTBETCT-
BHU C TIPaBUJIAMU IPOBEICHHUSA PadOT C AKCIEPUMEHTAIBHBI-
mu xkuBoTHBIMU (Benoycos, 2005).

Ncnonb30BaHHBIE PEAKTUBBIL: Ui OKPACKH Ma3-
KOB HCII0JIb30BAJIM KpacuTelb-pukcarop Maii-I proHBainbia u
kpacutenb Pomanosckoro (MiniMed, Poccus).

Pe3yabTathl U 00cy:KIeHue

W3BecTHO, YTO y MIICKOITUTAIOIIUX ITOCTIE POXKIACHHUS JICH-
KOIIMTBI TPAHYJIOIMTAPHOTO Psijia CO3PEBAIOT B KOCTHOM MO3-
re, IpU ATOM Ul HEHTPOPHIIOB U D03UHO(PHUIIOB XapaKTEPHO
0OJIBIIIOE CXOJCTBO MEXaHHW3MOB (HOPMHPOBAHUS IIUTO-
IUTa3MaTHYECKUX TpaHyil. B pe3ynbraTe yIbTpacTpyKTypHBIX
HCCIIEIOBAaHUN BBISBICHO, YTO B IIpOLECCE T'PaHyJIOTeHe3a
aKTMBHOE y4yacTHE NMPUHUMAIOT 3HAOIUIA3MAaTHYECKUH PETH-
KyJyM U anmnapat [oJib/kH, B CTPYKTYpax KOTOPBIX IOCIe-
JIOBATEJIbHO MPOUCXOJISIT CHHTE3 OEJIKOBOI0 Marepuaia u 00-
pasoBanue rpanyi. Ha cragum mpoMuenonura yxe UACHTH-
¢bunupyroTcss TpaHyJbl, XapaKTEepHBIE Ui HEHTPOQUIOB,
so03uHOIIOB U 6a3o¢pmioB (Kosuuen u ap., 2001).

B Hnacrosimieit pabore yCcTaHOBJIEHO, YTO y car@upoBbIX
HOPOK B 03WHO(MIAX U HEUTPO(HUIaX KOCTHOIO MO3Ta NpH-
CYTCTBYIOT @HOMaJIbHO OOJIbIIINE TPAHYJIbI; TAKMM 00pa3om, B
LUPKYJBIINIO TOCTYHAIOT JIEHKOIUTHI ¢ MOP(HO(yHKIIHOHAIb-
HBIM gaepexToM. POopMHUpOBaHNE IOJOOHBIX AHOMAJBHBIX
BHYTPUKJIETOYHBIX CTPYKTYp, MO-BHANMOMY, NPOUCXOANT B
pe3yibTaTre CIHMSHUS HECKOJIBKHX TpaHysl (CM. PHUCYHOK).
AHaNOrMYHbIE «TUTAHTCKUE BKIIOUCHHS», COCTOSIINE U3
AJIEKTPOHHO-IIOTHBIX TEJT U JIAMEJUISIPHBIX 3JIEMEHTOB, BBISB-
JIEHBl Yy MYTAHTHBIX HOPOK IPYrOro OKpaca — aJeyTCKUX
(Lutzner et al., 1966). B To xe Bpemst y TeMHO-KOPHIHEBBIX
HOPOK, OJM3KHX K TUKOMY THITY, KaK U Y APYTHX BHIOB MJIe-
KOIIUTAIOLIHX, B HEUTPO(HIaX HA CBETOONTHYECKOM YPOBHE
BBISIBIISIETCSI MEJIKasi, €/[Ba 3aMETHasl 36PHUCTOCTh, a B D0O3U-
HO(MIAX — MHOTOYHCIICHHBIC HEOOJNbIIME rpanybl (Y3eH-
OaeBa u jip., 2011).

Oco0eHHO 3aMETHBIC M3MEHEHUS (OPMBI, BEINYUHBI H
KOJIMYECTBA aHOMAJIGHBIX I'PaHyJl IPOUCXOJST HMPU CO3pEeBa-
HUH 03UHOGHIOB (CM. PUCYHOK, a—0). B wactHocTH, B Mue-
JIOLUTaX 0OHapy»XeHO OOJbIIOe COAEpIKaHNE CPaBHUTEIBHO
KPYIHBIX TpaHyJ 0e3 3aMETHBIX Ha CBETOONTHYECKOM YPOBHE
MPU3HAKOB OOBEAMHEHUS W ciusHusa (Tabn. 1; cMm. pucy-
HOK, @). MeJKHe rpaHyJibl, HATHIHEe KOTOPBIX MOXKET yKa3bl-
BaTh Ha HOpMaJbHOE (PYHKIMOHHpOBaHHE ammapara [ oib-
JDKH, BCTpedaroTcs penko. 11o ogHMM JaHHBIM, HEKOTOpOE
pacuMpeHue U pa3pblB MEMOpaH B €ro CTPyKTypax, HaOJIo-
JlaeMble B KJIETKaX MaHKPEATHYECKOH KeJe3bl, Ha[II04YeHHH-
KOB, IIEYEHH, a TaKKe B IUM(OLHUTAX Y alleyTCKUX HOPOK, HE
MIPUBOJST K HApYIICHUIO MeXaHu3Ma rpanysiorenesa (Lutzner
et al., 1966). [1o maHHBIM APYTHX aBTOPOB, B TEMATOIUTAX y
0eXeBbIX MBILIEH SH/IOMIA3MAaTHYECKUI PETUKYIIYM U aIla-
pat I'onpaku BoBiekarorcs B marorene3 CUX, o uem cBuje-
TEJILCTBYET aKKyMYJISIIUSI B HUX JIMITUIOTIONOOHBIX BKITIOYE-
HUH, MeMOpaHHOTO U TpaHyssipHoro Matepuana (Essner, Oli-
ver, 1974).

ITo mepe co3peBanmsi 503MHO(MIOB B KOCTHOM MO3Te
cardupoBbIX HOPOK MPOUCXOJUT YBEIMUCHNUE Pa3MEpPOB Ipa-
HyJ. MakcuMaibHble pa3Mepbl XapakTepHbl Ul TpaHyIl
303UHOIIOB nepudepuyecKoil KPOBU (CM. PUCYHOK, 6—o0).
ITomydeHHbIE aHHBIE COTNIACYIOTCSA C PE3yJbTaTaMHU JJIEKT-
POHHO-MHKPOCKOIIMYECKNX HCCIEAOBAHUH, COTIACHO KOTO-
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JlelikonnThl KOCTHOTO Mo3ra (a—e, e—u) U nepupepuueckoil KpoBu carndupoBoil HOpkH (0, K).

@ — 303UHOGHIIBHBII MUEJIOIUT, O — 303UHOQUIBHBII METAMHEIIOIHNT, 6 — IAJI0YKOSACPHBIH 03HHO(UII, 2, 0 — CETMEHTOSAEPHBIC 303UHODHIIBI, € — HEell-
TPODUIBHBII MUETIOLNT, 4 — HEUTPODUIBHBII METAMHEIIOLNT, 3 — MAJTOYKOSAEPHBIH HEUTPODUII, U, K — CETMEHTOsIepHbIe HelTpoduIbl. B uromnnasme
BUJIHBI aHOMaJIbHBIE rpanyibl (cmpenxu). Oxpacka mo Ilanmnenreiimy. O6. 100X. Macwma6bnviii ompezox — 10 MKM.

PBIM CTEIICHb BBIPAYKEHHOCTH JaHHOTO Jedekra HapacTaer B
nporecce paspurus serikoruros (Davis et al., 1971). O6pa-
30BAHUE «TUTAHTCKUX» TPaHyJ COMPOBOXKIAETCS YMEHbBIIIE-
HUEeM uX KonmuectBa (Tabum. 1). B kierkax npomnudepupyro-
IIETO MMyJIa YMEHBIIIEHNE YHCIa TPAHYI MOKET ObITH CBS3aHO
C WX pacrpesielicHHeM MEKIY JTOUYEPHUMH KIIETKAMH B XOJIE
MHUTO034, a B KJIETKaX MOCTMUTOTHYECKOTO ITyJIa — B METAMHU-
eJIONUTAX, MATOYKOSIICPHBIX U 3PEbIX 203MHO(MIAX — ¢
00bEIMHEHUEM TPAHYJI B KOHIJIOMEPATBI.

Heitrpoduipl kocTHOro Mo3ra u nepudepruuecKoin KpoBU
carndupOBBIX HOPOK COMEPIKAT MEHBIIICE KOJIHIECTBO «THTAHT-

CKHUX» TPaHyJI 110 CpaBHEHHIO ¢ d03uHOopmiIamu (tadi. 1). Co-
[JIACHO JINTEPATyPHBIM JAHHBIM, ISl HEHTPODUIOB U 303H-
HOOHUIOB XapaKTePHBI CXOJHBIC MOJEIH Mposuepaluy,
nuddepeHInpoBKY, CO3peBaHus, XPaHEHUSI B KOCTHOM MO3Te
u Bbixozia B kpoBb (Kosuner u nip., 2001). Xotst mopdosnoru-
YecKue Mpeodpa3oBaHus TrpaHyl B xone auddepeHInpoBKu
903UHO(UIIOB U HEUTPODHUIOB KOCTHOTO MO3Ta can(pupoBbIX
HOPOK UMEIOT OOIIHE YePThI, MOXKHO TAKXKE BBIICIHUTh UX He-
KOTOpbIE XapakTepHble OCOOCHHOCTH. B  HeilTpoduiax,
TaK e KaK ¥ B S03UHO(MIaX, aHOMAJIbHBIC TPAHYJIbl BUIHBI
Ha paHHMX CTausAX co3peBaHus. OJHAKO NPU3HAKYU CIHSHUSL

Tab6numa 1

Mopdoiornyeckne 0co0eHHOCTH I'PaHyJI 303UHOQUIIOB U HEHTPOPUIOB KOCTHOI0 MO3ra
u nepudepuyeckoii KpoBu can@upPoOBBIX HOPOK

KonuuecTBo rpanyot, mr. ITnomaab rpanyIibl, MKM2
Cranus co3peBaHus JEHKOLUTOB
S03MHOQUITBI HeHTpopuIIBI J03HHO(UITBI HEUTpODHIIEI
Muenouur 41.89 = 3.12 8.25 = 1.46 0.65 £ 0.01 0.41 £ 0.04
MeraMuenonuT 31.83 +4.27 8.35 £2.06 0.64 = 0.02 0.40 = 0.03
IManouxosiepHbIi 20.37 £ 3.41%2 248 £0.37 0.81 £ 0.04 0.79 £ 0.13%.2
CerMeHTOsIepHbIH (KOCTHBIN MO3T) 14.60 + 1.70%2 2.19 £ 0.23%2 1.14 = 0.06' 3 0.62 + 0.07>
CerMeHTos1epHbIH (epudepuueckas KpoBb) 12.36 + 1.06%2 2.65 +0.11%2 1.21 £ 0.07'—* 0.65 + 0.03%:2
BinusiHue CTaAMU CO3PEBAaHMUS JCHKOLUMTOB Ha MapaMETphl TPaHYI
N2, % 28.15 27.93 7.43 5.43
F 257.54 76.25 41.25 11.30
P <0.001 <0.001 <0.001 <0.001
Bnusnue Tunma n1eHKOUMTOB Ha mMapaMeTpbl TpaHyd
n% % 12.00 2.62
F 725.00 6.86
P <0.001 <0.001

IIpumeuanue. B nepBoii yactu Tabiuibl JaHHBIE MPEACTaBICHBI B hopme M + m, Ha/ICTPOUHBIE MHIEKCHI 0003HAYAIOT JOCTOBEPHOCTD PA3IMYUi 11O
cpaBHEHMIO: | — ¢ MuenonmuTamu, 2 — METaMHUETOIUTAMH, 5 — TIAJOYKOSIEPHBIMU U 4 — CETMEHTOSIEPHBIMH JIEHKOIMTAMH KOCTHOTO MO3ra, KpUTEpPHii
Bukokcona—Manna—Yutuu (P < 0.05). n2 — crenens Biusnus Gpakropa, F — kputepuii Guimepa, P — ypoBeHb 3HAYMMOCTH.
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Tabanuma 2

Mopdosiornyeckne 0CO0eHHOCTH I'PaHyJI 203UHO(HIOB H HeHTPopuI0B nepudepuyeckoii KPoBU
cangupoBbIX HOPOK Pa3TUYHOI0 BO3pacTa

BoapacT KuBOTHEL, Konu4ecTBo rpanyst, mirt. ITomaas rpaHyIbl, MKM2
eyr 903UHOPHIIBI HEHTpOHITBI 903MHODUIIBI HEHTpOPUIBI
4 23.00 + 15.56 2.80 = 0.25 0.52 £0.10 0.33 = 0.02
10 3225 +5.19 2.13 £0.14 0.61 = 0.07 0.51 + 0.03!
60 15.31 + 1.17? 2.70 £ 0.18? 1.09 + 0.04%2 0.42 + 0.02?
120 14.7 +2.98%3 2.57 + 0.15? 1.16 + 0.141—3 0.48 + 0.02%:3
180 18.41 + 1.60? 2.90 + 0.122 1.00 + 0.04'—3 0.50 + 0.02'—*
B3spocibie 17.43 + 1.14? 2.76 + 0.09? 1.06 = 0.041—3 0.51 = 0.02%:3
Bnusanue Bo3zpacTta XHMBOTHBIX Ha mapaMeTpPhl TPaHy

n?, % 5.14 17.88 1.68 0.35
F 17.61 65.87 58.86 1.05
P <0.001 <0.001 <0.001 >0.005

Bnausnue Tunma NeHKONMTOB HAa mMapaMeTphbl TpaHyI

12, % 62.13 1.68
F 62.00 58.86
P <0.001 <0.001

IIpumeuanue. B mepBoil 4acTu TaOAMIbl AaHHBIC HPEACTABICHBI B (opme M + m, HaACTPOUHBIC HHICKCHI
0003HAYAIOT JIOCTOBEPHOCTH PA3INYHHA 10 CPABHEHHUIO € JKUBOTHBIMA B Bozpacte: | — 4 cyt, 2— 10 cyt, 3 — 60 cyru 4 — 120
cyT, kputepuii Bunkokcona—Manna—Ywuthu (P < 0.05). 12 — crenens BausHus pakropa, F — kputepuii ®uuiepa, P —

YPOBEHL 3HAYMMOCTH.

rpaHyJl B KOHIJIOMepaThl HAOJII0JAI0TCs PaHbLIe — B MHEJIO-
urax. Hanbounbliee UX KOJIMYECTBO BBISBICHO B MHUEIIOLH-
Tax ¥ MeTaMuenonuTax (Tabdi. 1; cM. pucyHOK, e, o). Haun-
Hasl C MaJIOYKOSAAEPHBIX (HOPM, MOJOOHBIX KOHITIOMEPATOB
CTaHOBUTCS MEHBIIIE, a B 3pEJIBIX HEHTpoduiIax nepudepmye-
CKOW KPOBH M KOCTHOT'O MO3Ta UX KOJMYECTBO OTHOCHTEIBEHO
MOCTOSIHHO. BenmuuHa oT/ieNnbHbIX TpaHysl B npouecce Jud-
(bepeHnMpoBKU HEUTpo(duUIOB, HAOOOPOT, BO3pACTAET; B Ma-
JIOYKOSIIEPHBIX M CErMEHTOSIICPHBIX HEUTPOPHIAX KOCTHOTO
MO3Ta W KpOBH OHa OoIbIlle, YeM B MEHee 3pembIX (opmax
(tabn. 1). B HeHTpoMIBHBIX MHEIONNTAaX aHOMAaJbHbIC
CTPYKTYPBI COCTOSIT U3 CBETJIOT'O MAaTPUKCA M MEJIKUX TPaHyJI,
KOTOpbIE OKpamuBaroTcs 1o Merony IlanmenreiiMa B Kup-
MUYHO-KPACHBIH 1BET. B 3penbix HelTpoduiax nepudepuye-
CKOW KPOBH aHOMAaJIbHbIC CTPYKTYPBI MPEJICTABICHBI TOMO-
TeHHBIM MaTEpPHaIoOM, KOTOPBIH OKpaIINBAaeTCsI MCHEE HHTEH-
CHBHO (CM. PHCYHOK, e—XK).

B tabn. 1 mpencrasiensl MophoMeTprUecKHe mapameT-
pBl QaHOMaJIbHBIX TPaHyJ B HEHTpouiIax ¥ 303MHOPUIAX U
pe3yJbTaThl AUCIEPCUOHHOIO aHalk3a ATHUX IOKa3aTesied B
KJIETKaX Pa3HBIX TUIOB M Pa3HBIX CcTagui auddepeHnnpos-
Ki. MOKHO BUJIETh, YTO KOJIMYECTBO M BEIMYMHA TPAHYI H3-
MEHSIOTCSI B TIpoliecce KIETOYHOTo co3peBaHus. Jlucrepcu-
OHHBIN aHaJM3 MOATBEP/MI, YTO U3MEHUYMBOCTH IIAPaMETPOB
rpaHyJl 3aBUCHT KaK OT CTaJIMM Pa3BUTHUS KJIETKH, TaK U OT
tumna nerkonuta (P <0.001). dakTop 3penocTH KIETKH B
GosbIIeil CTENEHN OKa3bIBAaeT BIMSHHUE HA M3MEHEHUE KOJH-
YyecTBa TPaHyJl, YeM Ha UX CPEAHIOI0 BEJINYHHY.

Ocobennoctu  (opmupoBanus AeeKTa TPaHYISPHBIX
CTPYKTYP MOTYT 3aBHUCETh OT MPOIOJIKUTEIBHOCTH OT/IEIIb-
HBIX cTaJuil mpouecca quddepeHInpPOBKH 3TUX THIIOB KJile-
TOK. B nccrnenoBanmsx Ha TpeI3yHax 0OHAPYKEHO, YTO MUHH-
MajbHOE TpaH3UTHOE BpeMs oT BHeceHus meTtku JJHK npen-
IIECTBEHHUKOB JI0 MOSIBICHHUS MEUCHBIX KJIETOK B KPOBH Y

503MHO(UIIOB MEHBIIIE M0 CpaBHEHUIO ¢ HelTpoduiaamu (Ko-
3uHel U Ap., 2011). B cBsI3U ¢ 3TUM NPEenCTaBIAIOT HHTEPEC
JIaHHBIC, TIOJTyYCHHBIE B PE3yIbTAaTe CPABHUTEIBHOTO aHAIH-
3a MPOLIECCOB I'PAHYJIOTEHE3a y OEXKEBBIX MBIMICH W MbIIICH
mukoro tumna (Hammel et al., 1987). ABTopsl coobmaroT, 94To
y OEXKEBBIX MBIIIEH BEIMYMHA IPAHYJI B TYYHBIX KJIETKaX 3Ha-
YUTEJIHHO MPEBBIIIAET TAKOBYIO Y JMKOTO THIIA, @ B allMHAp-
HBIX KJIETKaX MO/DKEIYJ0UYHOMN JKele3bl pa3linuusi He CTOJIb
3HAYUTENBHBL [Ipu 3TOM MPOAOIIKUTETPHOCTS TPaHyJIOTCHE-
32 B TYYHBIX KJIETKaX COCTaBJIAET OT HECKOJBbKHX HENENb JI0
HECKOJIBKUX MECSALEB, TOT/Ia KaK B allMHAPHBIX — HECKOJIBKO
yacoB (Hammel et al., 1987).

C Bo3pacroM kieTouHblid nedext npu CUX-1momoGHbIX
3a00JIEBAHUSAX IPOSIBISICTCS] T0-Pa3HOMY Y KMBOTHBIX pa3-
HBIX BUJIOB U B TKaHAX Pa3HBIX THIOB. Y HEKOTOPBIX MOPOJ
KOILCK YBEIWYEHHBIE CTPYKTYphl B KJIETKAaX PETHHAIBHOTO
MTUTMEHTHOTO SIUTENHS, SBJISIONINECS] BTOPUYHBIMH JIN30CO-
MaMM WJIM OCTaTOYHBIMH TEJbLAMH, Yalle HaOJIIOAAIoTCs Y
B3pOCIIBIX, 4eM y MoJ0bIx xkHuBOTHBIX (Collier et al., 1986).
YV 6exeBBIX MBIIICH IO MEpe CTApEHHS YBETUYNBACTCS KOJIH-
YeCTBO MHEBMOIMTOB 1] THIA ¢ rTUTaHTCKUMU JTaMeISIPHBIMA
TeIbIIaMH M BO3pacTalT (HuOpo3 M MHOWUIBTPAIUS JETKUX
muMponnTamu 1 Makpogaramu (Tang et al., 2005). Hampo-
THB, B OKOJIOKJTyOOUYKOBBIX KJIETKaX MOYEK OCKEBBIX KPBIC HE
BBISIBJICHO BO3PACTHBIX PA3JIMYMiA B BETMUMHE U MOP(OIOTHH
«rurantckux» rpanyi (Ozaki et al., 1994).

B rnefikonmTax meHKOB cam(UPOBBIX HOPOK MPH3HAKH
HapyLICHUs] TPaHyJIOTeHe3a HEOJANHAKOBO BBIPAYKEHBI B pa3-
JIMYHBIC TIEPUOJBI OHTOTeHe3a. B so3mHOduiax Ha 4-¢ H
10-e cyT mocne poXJIEHHsT BHYTPUKIETOYHOE COJEpIKaHHE
IpaHys B CPEeJHEM JOCTOBEPHO BHIINIE, A IUIONAlb OJHOM Ipa-
HYJIbI, HAIPOTUB, MEHBIIIE, YeM Y HOPOK OoJiee cTapIiero Bo3-
pacra (tabm. 2). st HeHTpohnitoB B paHHEM ITOCTHATAIEHOM
OHTOT€HE3€ MO CPABHEHHUIO C TTOCIIETYIONMH TIEPHOIaMH Xa-



740 JI. b. Y3enoaeea u op.

paKTepHbI OTHOCUTEIHLHO HU3KHE MI0KA3aTeNN YKCIa IPaHyIl |
UX IUIOLIAJH: TaK, HAUMEHbIIEE KOIUUECTBO I'paHyJl 3a(HK-
cupoBaHo y 10-, a UIX MUHUMAaIIbHAs BEJIMYHHA — Y 4-CyTOU-
HBIX ICHKOB.

B paHHeM nocTHaTaJbHOM OHTOTEHE3€ IPOSIBJICHUS Ha-
pYLIEHUH MEXaHU3Ma I'PAaHyJIOreHe3a B JICHKOLUTaX MOTYT
3aBHCETh OT OCOOCHHOCTEH IemMoro33a y (HU3HOJOTHYCCKU
He3penbIX carnupoBEIX HOPOK. PaHee HaMu OBLIO yCTaHOB-
JICHO, YTO y IIEHKOB ATOT0 OKpaca B Bozpacte 4 u 10 cyT B
KpPOBH HaOJIIOaeTCs BHICOKHH YPOBEHb MOJIOJBIX (POPM Kile-
TOK — SIIGPHBIX PUTPOLUTOB, METAMHUEIIOLUTOB U MaJIOYKO-
sIepHbIX HeliTpoduinoB. Kpome Toro, nokasaHo, 4To y HIeH-
KOB can(UpOBBIX HOPOK NEe(HUHUTUBHBIA YPOBEHb JIEHKO-
LUTOB W ACHUHUTHBHBIA COCTaB KPOBH YCTAaHABIMBAIOTCA
TIO3/THEE 110 CPABHEHMIO CO MIEHKaMH Apyrux okpacos (Uzen-
baeva et al., 2012).

B pesyibrare IUCIIEpCHOHHOTO aHalM3a YCTaHOBJICHO,
YTO KOJMYECTBO TPaHyJl B HEUTpOohMiIax u 303MHO(MIAX U UX
IUIOLIAb B J03MHO(pMIAX JOCTOBEPHO PA3IMYAIOTCS Y KH-
BOTHBIX pa3HOro Bo3pacta (tabmn. 2). Ilpm »Tom Hamboiee
3HAYUMBIM (DAaKTOPOM, OIPEACISIONINM KOJIUIECTBO TPAHYI,
SIBJISIETCSI TUIT KJIeTKH. HecMOTpst Ha TO YTO BEJIMYKMHA TPaHyI
B 203MHO(]MIaX HEOIMHAKOBA B Pa3/IMuHbIC IEPHO/IbI TIOCTHA-
TAJILHOT'O OHTOTeHE3a, €€ N3MEHYMBOCTb OMPEICISIETCS BCETO
yumb Ha 1.67 % Bo3pacToOM KUBOTHOTO.

MonekyIsIpHO-TeHETHYECKNE aCIIEeKThl MAaTOIOTUIECKUX
n3MeHeHuil serikountoB npu CUX y uvenoseka u CUX-mo-
JIOOHOM aHOMaJIMM Y KMBOTHBIX M3Y4eHBI HejocTaTrouHo. Ha
OCHOBaHHMH pE3yJbTaTOB HCCIICAOBAHUI PAa3IMYHBIX THUIIOB
KJIECTOK — (prOpoOIaCcTOB, MEIAHONUTOB U JICHKOIIUTOB —
ObuIa Ipe/IIoKeHa MOJIelb, B KOTOPOH BakHasl POJIb OTBEJIe-
Ha OenKy, MPUHUMAIOIIEMY YJIacTHE B TPAHCIIOPTE BE3UKYIL.
BcenencrBue ero oTCyTCTBHSI WM HEAOCTAaTKa BE3UKYJIBI U3
TpaHC30HBI anmapara ["oJIbKK He B COCTOSTHUHN TTepeMenaTh-
Csl BJIOJIb MUKPOTPYOOYEK U COOTBETCTBEHHO BIIOCIIEACTBHU
CIIMBAThCS C JIM30coMaMu. HapyieHne TpaHcnopra M aKky-
MYJISILUSA BE3UKYJ B IIEPUHYKICAPHOM IIPOCTPAHCTBE IPUBO-
JIT K TOMY, 9TO 0Opa3yroTCsl MX OIPOMHBIE KOHIJIOMEpPATHI.
HemanoBakHoe 3Ha4eHHE OTBOJHUTCS TAKXKE OCOOCHHOCTSIM
CTPOCHMS W JIMIIHHOMY COCTaBY KJIETOYHBIX MEeMOpaH, Xa-
paxrepusyronuxcst mpu CUX Gounbliieil TeKy4ecThio 1Mo Cpas-
HeHuro ¢ Hopmoit (Haak et al., 1979).

Takum 00pa3oM, y HOPOK CarupoBOro OKpaca B HEii-
TpodmiIax ¥ 03MHOMIAX KOCTHOTO MO3ra W mnepudepude-
CKOW KpOBH HAONIOJAIOTCSl «TUTAHTCKWE» TpaHyibl. OHH
(opMHUpYIOTCS TIPH CO3PEBAHUM JIEHKOIUTOB B KOCTHOM MO3-
re BCIEACTBHE AHOMAJIBHOIO OOBEAMHEHUS M  CIUSHHS
rpaHyll, IPUBOIAIIUX K UX YKPYITHEHHUIO U YMEHBIIECHHUIO KO-
JIMYCCTBA. HpI/IBHaKI/I 3HAYUTCIIBHOI'O YBCIIMYCHUA TPaHyJI
B HelTpodrinax 0OHAPYKEHBI YK€ B MHEIOLUTAX, a B DO3H-
HOo(mIIaX OCOOCHHO 3aMETHBI Ha Oosiee IMO3AHUX CTaAMAX
pasBUTHS — B TNAIOYKOSJCPHBIX M 3penblx ¢opmax. Ham-
OosblIasi crerneHb HapymeHus (MHHUMAJIbHOE KOJHYECTBO
rpaHyJl ¥ MaKCUMaJIbHasl UX BEJIMYMHA) OOHapykeHa y QpyHK-
LUOHAJIBHO 00Jiee 3pesIbIX — MaJOYKOSIICPHBIX U CErMEHTO-
SIIEPHBIX JICHKOIMTOB 3allaCHOTO ITyJla KOCTHOTO MO3Ta H
LUPKYJIUPYIOMNX B Ieprueprudeckoii kposu. Pazmuams Mex-
Iy MOpP(QOMETPUYECKUMH TapaMeTpaMH TpaHyJl y >KHBOT-
HBIX Pa3HOrO BO3pacTa JUIs JICHKOLUTOB Iepu(epHIecKon
KpOBHU MEHCC 3HAYUTCIIbHBI, YEM IJIA J'IeflKOLlPITOB KOCTHOI'o
Mo3ra.

Pe3ynbTaThl HAaIIMX HCCIEIOBAHWH CBHUAETEIHCTBYIOT O
TOM, YTO AHOMAJIHS JICHKOIIUTOB y cari(pupOBBIX HOPOK UMEET
CXOJICTBO C PEJIKUM BPOXKJICHHBIM 3a0oseBanneM — CUX ye-
JIOBEKA M aHAJIOTHYHOW MAaTOJIOTHEH Y HEKOTOPBIX BHJIOB K-

BOTHBIX — U MOJKET OBITH MCITOJIb30BaHa JJIA U3YUCHUA KaK
Ouorenesa TpaHyJ, TaK 1 ME€XaHU3Ma IaTOJIOTUH JIN30COM.

Pabora BeimoIHEHA MpHU (PUHAHCOBOW MOJIEPIKKE rPaH-
ta npesupeHTa PO (HII-1410.2014.4), cpeacts denepaib-
Horo Orokera (tema Ne 0221-2014-001).
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MORPHOLOGICAL FEATURES OF NEUTROPHILS AND EOSINOPHILS GRANULES
IN SAPPHIRE MINKS

L. B. Uzenbaeva, A. G. Kizhina," V. A. Ilyukha

Institute of Biology, Karelian Research Centre RAS, Petrozavodsk, 185910;
I e-mail: golubewa81@yandex.ru

It has been established that sapphire minks have abnormality of subcellular structure of blood and bone
marrow neutrophils and eosinophils. The abnormality consists in forming of abnormal «giant» granules. The si-
ze and the number of abnormal granules significantly change during maturation of leucocytes in bone marrow.
We have found differences between abnormal granules forming in neutrophils and eosinophils that depend on
the maturing stage and the cells life cycle duration as well as morphofunctional features of these granulocytes.

Key words: neutrophils, eosinophils, abnormal granules, sapphire minks.



