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PE®EPAT

AKTyanbHoOCTb. V3y4yeHne cnekTpa npo- n aHTugmnbpoTnye-
CKMX haKTOPOB B CbIBOPOTKE Yy NaLMeHToB ¢ Ph-HeratMeHbIMU
XPOHMYECKUMN  MuenonponmdepaTMBHbiMM  3ab60/1e€BaHUS-
MK (XMI3) No3BOAUT flyyLlle NOHATb MEXAHU3MbI Pa3BUTUA
Mnenoubpos3a, a TakKe BbISBUTb HOBblE MapKepbl, UMeto-
LWne anpdepeHumanbHO-AMarHoCTUYeCKoe 3HayeHune.
Uenb. OueHntb ypoBeHb knaccudeckmx (TGF-B, bFGF,
MMIr1-2, -9, -13 n VEGF) n HoBbIXx NpoBOCNannUTE/IbHbIX (ra-
NeKTUH-3) (hakTopoB B CbIBOPOTKE, Y4acCTBYIOLMX B pas-
BUTUN Mnenomnbposa Mpu pasinyHbIX HO30/10MMUYECKMX
Ph-HeratmeHbIx chopmax XMI13, ¢ y4eTOM BbISIB/IEHHbIX Fe-
HEeTUYECKUX HapyLUeHWN.

Martepumanbl n Metogbl. B nccnepgoBaHue BkiodeHo 55 na-
umeHTtoB ¢ XMI3 (13 — ¢ UCTUHHOW nonuumtemunen, 17 —
C 3cceHuunanbHoi Tpobountemmen, 25 — C NEPBUYHbLIM
Muenomnbposom) n 8 340poBbIX AOHOPOB. [na onpege-
nenus mytaumini JAK2V617F, CALR (peneumm n nHcepumm),
MPLW515L, MPLW515K ncnonb3soBanu reHoMHyto AHK, BbI-
OeNeHHyo U3 uenbHoW kposu. C uenblo onpeaenutb ypo-
BEHb MNPO- N aHTUPUOPOTUHECKUX (PAKTOPOB B CbIBOPOTKE
Obl/1 MPOBEeAEH MMMYHO(EPMEHTHbIN aHan3 ranektTuHa-3,
TGF-B, bFGF, VEGF, MMI1-2, MMI1-9 n MMI1-13 ¢ nmMMo6u-
IM30BaHHBbIMW aHTUTENamu.

Pesynbrarthbl. [TokasaHbl nsMeHeHnsa yposHei MMI1-9, VEGF,
TGF-B n ranektnHa-3 B CbIBOPOTKE Y MaUMEHTOB C pasiny-
HbiMM XMI3. OTMeyeHa TEHOEHUMNSA K CHUXKEHWUIO YPOBHSA
MMTI1-9 B cbiBOPOTKE NaumeHToB ¢ MyTaumsamm B reHe CALR.
3akntoveHune. O6HapyXeHHbIe pasnymna B rpynnax nauu-
€HTOB C PasNnyHbIMK HO30n0rnyecknummn popmamm XMr3
MOryT MOC/YyXWUTb OCHOBOW [ANA YCOBEPLUeHCTBOBAHUA
ANArHOCTUYECKUX NPOTOKOOB B CMOPHbIX B AU hepeHLm-
aNbHO-ANArHOCTUYECKOM OTHOLUEHUWN KIIMHUYECKUX CUTya-
umax npu XMMs3.

KnioueBble cnoBa: Ph-HeratmBHble XpoHUYeckKne
MuenonponudepaTneHble 3aboneBaHUs, Mpo- WU
aHTUmbpoTndeckne caktopol, JAK2V617F, CALR,
MPLW515L, MPLW515K, MMI-2, -9, -13, ranekTtunH-3.
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ABSTRACT

Background. The study of pro- and antifibrotic factors in the
serum of patients with Ph-negative chronic myeloprolifera-
tive disorders (CMPDs) will allow to understand better the
mechanisms of myelofibrosis development, as well as to
identify new diagnostic markers.

Aim. To assess the correlation between the levels of clas-
sic (TGF-B, bFGF, MMP-2, -9, -13 and VEGF) and new proin-
flammatory serum factors (galectin-3), involved into devel-
opment of myelofibrosis in different Ph-negative forms of
CMPDs and genetic abnormalities.

Materials & Methods. The research included 55 CMPD pa-
tients (13 with polycythemia vera, 17 with essential throm-
bocythemia, 25 with primary myelofibrosis) and 8 healthy
controls. Whole blood genomic DNA extraction was used to
evaluate mutations JAK2V617F, CALR (deletions and inser-
tions), MPLW515L, and MPLW515K. Antibody-immobilized
ELISA was used to evaluate the levels of galectin-3, TGF-3,
bFGF, VEGF, MMP-2, MMP-9 and MMP-13.

Results. The analysis showed the differences in serum MMP-
9, VEGF, TGF-$ and galectin-3 levels in patients with differ-
ent CMPDs. A tendency towards the decrease of serum
MMP-9 levels in patients with CALR mutations was shown.
Conclusion. The shown differences between patients with
different CMPDs may serve as a basis for improving diagnos-
tic protocols in challenging differential diagnosis of CMPDs.

Keywords: Ph-negative chronic myeloproliferative
disorders, pro- and antifibrotic factors, JAK2V617F,
CALR, MPLW515L, MPLW515K, MMP-2, -9, -13, galec-
tin-3.
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BBEJAEHME

K Ph-HeraTUBHbIM XpPOHMYECKUM MueJsionpoaudepa-
TUBHBIM 3a6osieBaHusAM (XMII3) oTHOCATCS HCTUHHAsA
nonuuutemus (MII), acceHuuanbHasg TPOMOOLUTEMUS
(3T) u nepBuuHblit Muenodpubpos ([IMDP). Beayuium B
naToreHese JaHHOM rpynnbl 3a6ojeBaHUU ABJsETCA
akTuBauus curHajbHoro nytu JAK-STAT B pesynbrarte
NpUOGpEeTEeHHbIX TeHeTHYeCcKUX HapylleHud. ITo npu-
BOAUT K LIUTOKHMH-HE3aBUCHMOMY IPOBeJEHHI0 CUTHaJa
OT KJIETOYHBIX PelleNTOPOB U yCUJIEHUIO Nposudepanuu
KJIETOK MHUeJionoa3a. Hanbosiee yacTbIMU reHEeTHYECKUMU
HapymieHussMd 1npu Ph-HeratuBHbix XMII3 saBaswoTca
MyTaluu B reHe JAKZ. 3To ToueyHas MyTalus B 3K30He 14,
NpUBOAAILAs K 3aMeHe BaJlMHA Ha (eHWIa/aHUH B IO-
JoxkeHun 617 mnosaunentupHou uenu (JAKZV617F), u
MHOTOYMCJIeHHble TOYeYHble MyTallMd B 3K30He 12 [1].
Ha BTOopoM MecTe no yactoTe oTKpbIThle B 2013 . MyTauuu
B reHe KajibpeTukyauHa (CALR) — peneliu U UHCEPLUU
[2, 3]. TpeTbe MecTO 3aHUMAIOT MYy TaIL[UU TPOMOOIIO3TUHO-
Boro perentopa MPLW515L u MPLW515K [4]. Bce 3Tu Ha-
pylleHUs], TaK WU MHade, IPUBOAAT K JIUTaH/-HE3aBUCH-
MOMY NPOBEeJIEHUIO0 CUT'HaJla PeLleITOPOB 3PUTPOINOITHHA,
TPOMOOIIO3TMHA M TPaHy/JOLUTapHO-MaKpodarajibHOro
KoJIoHHecTuMynupytoiero pakropa (F’M-KCO) [5].

B aToi#i rpynmne 3a6oseBanuit [IM® xapakTepusyeTcs
KaK caMblii HeGJIaronpUsATHBIN 110 TeYEHHUIO U MPOrHO3Y.
[Ipu atom B ucxoze UIl u 3T Takke MOXeT pa3BUBATbHCA
MNOCTHOJUIMTEMUYECKUH U HOCTTPOMOOLUTEMUYECKUN
MHen0pUOPO3, YTO CYLeCTBEHHO YMEHbIIAET MPOJL0JHKU-
TeJbHOCTb KU3HU U YXy/IIaeT COCTOsIHHE MallueHToB [6,
7]. Mpuuunbl dopMupoBaHUs Muea0dpubpo3a aKTUBHO
HCCIeYIOTCS], HO BCe ellle He /10 KOHLA TOHSATHBI.

Muenodubpos — LUTOKUH-ONOCPESOBAHHBIN MpO-
11eCC, BO3HUKAIOIMH B pe3ysibTaTe KJIOHAJAbHOI0 3JI0Kave-
CTBEHHOTO NepepoXKJeHNsl B My/JbTUIIOTEHTHON reMoIo-
3TUYECKOU CTBOJIOBOM KJieTKe [8, 9], U xapaKTepu3lyeTcsd
yCHJIeHHeM NPOJYyKI MY 6e/IKOB BHEK/IETOYHOTO MaTpUKca
[10]. 3To cocTosiHME CONMPOBOX/JAETCS KOJIJIareHOBBbIM
$16pO30M KOCTHOTO MO3ra, OCTEOCK/JIepOo30M M U36bI-
TOYHbIM aHruoreHesoM [11, 12]. CTpoMasibHble KJETKHU
KOCTHOTO MO3ra pearupyloT NoBbllleHHeM GUOpOreHHON
aKTHMBHOCTH B OTBET Ha BO3/jeHiCTBHE POCTOBBIX PaKTOPOB,
TaKuX Kak TpaHcbopmupywoiuil pakrop pocra 3 (TGF-3),
daxkTop pocra pubpobaactoB (bFGF) 1 anmoTenuanbHbIA
daxkTop pocta cocynoB (VEGF) [13-15]. Kpome Toro, npu
Jw6oM ¢ubpo3e HeU3OEeXHbl HApYUIEHHUS B CHUCTEMeE
MaTPUKCHBIX MeTasonporenHad (MMII) u TkaHeBBIX
WHTUOUTOPOB MeTa/lJIonpoTernHas [16].

Ha faHHBIM MOMEHT He CyllecTByeT creludUyecKux
MapKepoB Pa3BUTHSA 3TOTO COCTOSIHUA. /lHarHOCTUKA OCY-
11eCTBJIsIETCS TyTeM YCTaHOBJIEHUS] IPU3HAKOB MUe0pU-
6po3a B TpenaHobuonTaTe KOCTHOro Mo3ra. CTepHaJibHas
MYHKLHMS YU TPeNnaHOOHUOINCUSl CYUTAIOTCS MHBA3UBHBIMHU
MeTO/,aMH, KOTOpble TPeOYIOT HaJIMU M CIleliuaIbHOr0 060-
PYZ0OBaHMs U BbICOKOKBaJIMUILMPOBAHHOIO [IEPCOHAA, a
TaK>Ke I0JroTOBKY NaiueHTa. KpoMme Toro, KoJi1areHoBbIH
$u6pO3 KOCTHOTO MO3ra 3aTpyAHsAET B3ATHe acnupaTa A5
noJicieTa MMeJIOIPaMMbl, YTO CO3JaeT CJOXHOCTHU IpHU
HeOoOX0AMMOCTH OGBbICTPOrO YCTAHOBJIEHUS JUarHosa. JTO
006yC/I0BIMBAaeT NOUCK HOBBIX MapKepoB, XapaKTepHbIX
JUIsl JaHHOTO 3a60J/1eBaHUs, IPOaHaJM3UpPOBaTh KOTOPbIe
MOXKHO B 06pas3ije nepudpepuieckoil KpoBU.

Kpome mopdosiornyeckux KpuTepueB B INOC/e/Hee
BpeMsl NOJIyYUJIM paclpoCTpaHeHUe MOJIEKYJIsIpHO-610-
Jorudeckye. Jlo cUx NMOp OCTaeTcs OTKPBITHIM BOIPOC,
CYLIeCTBYIOT JIM pasjiMuus B CIeKTpe Ipo- U aHTUU-
O6poTHYecKMX (aKTOPOB y MNALUEHTOB C Pa3IUYHBIMHU
MOJIEKY/IIPHBIMU NT0JIOMKaMHU.

Ilenp JaHHONM pPaGoOThbl — OLEHUTb YPOBEHb KJac-
cuyeckux (TGF-B, bFGF, MMII, VEGF) u HOBbIX Iepcrek-
THUBHBIX (raJleKTUH-3) $aKTOpOB, YYACTBYIOLUX B pas-
BUTHUU MUeI0PUOPO3a, TPU Pa3IMYHbIX HO30J10IMYECKHUX
dopmax XMII3 c y4yeTOM BbISIBJEHHBIX T'€HETHUYECKUX
HapylLleHUH.

MATEPWAJIbl U METO/1bl

XapakTepuctuka naymeHToB

O6pasuaMy /s HUCCAe[0BAaHUS CAYXWUJIU IieJbHas
KpoBb (reHeTHYeCKUe HCCle/loBaHNUA) U CbIBOPOTKA
(uMMyHOpepMeHTHBIM aHau3) oT 55 nanueHToB ¢ XMII3
(13 — UIl, 17 — 3T, 25 — [IM®) u 8 310pOBBIX JOHOPOB.
JJ1s1 reHeTHYeCKUX HCCIe[lOBAaHUM KpOBb 3abUpasu B
npo6upku ¢ K,9/[TA (KIMA, Utanusa), a ana uMmyHodep-
MEHTHOI'0 aHa/iM3a — B NPOOGUPKU C aKTUBATOPOM CBep-
ThIBaHUSI U pasfenuTesbHbiM resneMm (KIMA, Wrtanus).
BeHO3Hy!0 KpOBb 3a61pasu U3 JIOKTEBON BeHbl HATOLAK.
Bce o6cenyeMble nanMeHThl UMeJU JUarHos, 0 TBepXK-
JleHHbIN B COOTBETCTBUU C KpuTepusimu BO3.

OnpepeneHue MyTaLMOHHOrO cTaTyca

JHK jna wuccinesoBaHWM BBIJENSJIM C IIOMOIIBIO
Ha6opa DNeasy Blood & Tissue Kit (Qiagen, Besuko6pu-
Tanus). Hanuuue myrtanuit JAK2V617F, MPLW515K u
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Puc.1. Pacnpepgenenune nauneHtoB ¢ XMI3 B COOTBETCTBUN C HO30-

norn4yeckmmn hopmamMmm n MyTaLMOHHbIM CTaTyCOM
CALR — naumeHThbl, y KOTOPbIX OGHapPY>XeHbl MyTauun B reHe Karb-
peTtukynuHa; JAK2 — nauuneHTbl, y KOTOpPbIX OOHapyXeHa myTauus
JAK2V617F; MPL — nauueHTbl, y KOTOPbIX OOHapy>XeHa MyTauus B
reHe TPoM60OMO3TUHOBOTO peuenTtopa; TN (TPONHON HeraTUBHBbIN CTa-
TYC) — NauUMEHTbI C yCTaHOB/EHHbIM AnarHo3om XMI13, KoTopbIM Obin
nposeaeH aHanu3 Ha myTaumn JAK2V617F, MPLW515K, MPLW515L n
myTaumm B reHe CALR 1 HM ogHa U3 HUX He oBHapyxeHa; UM — unc-
TUHHas nonnumntemus; NMM® — nepBuYHbI MMenodunbpos; XMIM3 —
XPOHMUeckne mnenonponudepatnsHble 3ab6onesanns; 9T — 3cceH-
umnansHasa TpoMéoumTEMUS.

Fig. 1. CMPD patients according to nosologic forms and mutation

status
CALR — calreticulin gene mutations; JAK2 — JAK2V617F muta-
tions; MPL — mutations in thrombopoietin receptor gene; TN (triple
negative) — none of the following mutations is found: JAK2V617F,
MPLW515K, MPLW515L and/or CALR mutations; UM — polycythemia
vera; [MM® — primary myelofibrosis; XMIN3 — chronic myeloprolifera-
tive disorders; 3T — essential thrombocythemia.

MPLWS515L onpefienisijid METOZ0OM asljiesib-clieliupuIHON
MoJIMMEPA3HOU LenHoM peaknuu (Ha6opsl «['eHO-TexHO-
Jorusi», MockBa), MyTaluu B 3k30He 9 reHa CALR — Me-
TOJIOM CEKBeHUPOBaHUs 1o CaHKepy.

OnpepeneHue npo- U aHTUPNOPOTUUECKUX

thaKTOpOB B CbIBOPOTKE

YpoBHu ranektuHa-3, TGF-B, bFGF, VEGF, MMII-2,
MMII-9 u MMII-13 B CcbIBOpOTKe ONpenesisJu MeTOL0M
TBepAodaszHoro uMMyHopepMeHTHOro aHanu3a (DuoSet
ELISA kit R&D Systems, CIIA, pnsa TGF-B, bFGF, VEGF,
MMII-2, MMII-9; Galektin-3Quantikine ELISA Kit gasa
rasiekTuHa-3; Human Pro-MMP-13 Quantikine ELISA Kit
anst MMII-13).

CraTMcTYeCKnit aHanms

JlJ1s CTaTUCTUYEeCKOro aHa/IM3a UCI0J1b30BaJICs TaKeT
nporpamMMm SPSS for Windows 16.0, ansa mocTtpoeHus
rpadukoB U co3jaHus 6a3bl JaHHbIXx — Microsoft Excel
2010. CpaBHeHHe BCcexX HUCCJe[yeMbIX TPYIIN BbINOJHSA-
JIOCb C MCII0JIb30BAaHUEM HellapaMeTPU4eCcKOro KpUuTepus
Kpackana—VYosnuca. [lonapHoe cpaBHeHUe NPOBOAUIOCH
C MOMOIbI0 HelMapaMeTPU4ecKkoro Kputepuss MaHHa—
YuTHU. [laHHble NpeJcTaB/eHbl B BuJe MeJuaHbl. CTaTu-
CTHYeCKHU 3HAYMMbIMU CYUTAIMCh pa3inyus npu p < 0,05.

PE3YNIbTATbI

BuccinenoBanue BkitoueHo 54 narpeHTta c XMI13 (24 Myx-
yuHbl, 30 XKeHIUH; cpeAHUM Bo3pacT 59,37 + 12,38 roga)
U 8 3[0pOBBbIX JOHOPOB (4 MYXYHHBI, 4 >KEHIIUHBI;
cpesuuii Bospact 31,43 + 13,24 roza) (puc. 1).

Mpo- n aHTncpubpoTuveckme cakropbl npu XMMN3 481

YpoBeHb MaTPMKCHbIX MeTa/IonpoTenHas

B cbiBOpoTKe npu XMMN3

CTaTUCTUYECKU 3HAYUMbIX pa3anyui ypoBHs MMII-13
B CbIBOPOTKe y nauueHToB ¢ XMII3 1 310p0oBBIX LOHOPOB
He OOHapy»XeHO, XOTs MeJjMaHa I3TOro INapameTpa y
6osibHbIX XMII3 6bla HUXKE, YEM Yy 3/I0POBBIX JJOHOPOB
(»=0,807). CTaTUCTUYECKH 3HAYUMbIX PA3JIMYUHN B YPOBHE
MMII-2 Take He o6HapyxeHo (p = 0,403). [Ipu nonapHoM
CpaBHEHMU B CbIBOPOTKe y nauueHToB c [IM® Habutoga-
JIOCb 3HAYMMOe CHWXeHue cofepkanusa MMII-9 no cpas-
HEHHUIO O 3/10poBbIMU AoHOpaMH (p = 0,0005) u rpynnamu
cHIl(p=0,001)u3T (p=0,009).Y Bcex 60,1bHBIX XMII3 0T-
Meydasioch CHxeHue copep:kaHnusg MMII-9 no cpaBHeHUIO
co 310poBbIMU JJoHOpamu (p = 0,019) (puc. 2).

Y nauueHTOB, MMewLUX MyTanuuu B reHe CALR,
HabJloJjanach TeHJeHIUsl K CHWXEeHHI0 COJepXKaHUs
MMII-9 no cpaBHeHUIO ¢ JAK2-IO3UTUBHBIMU GOJIbLHBIMU
(p = 0,053) u c TpONHBIM HEraTUBHLIM (triple negative —
TN) ctatycom (p = 0,055). CTaTUCTUYECKH 3HAUUMBIX pa3-
Juuuii B ypoBHe MMII-2 (p =0,990) u MMII-13 (p = 0,374)
He o6HapyxeHo (puc. 3).

YpoBeHb pocTOBbIX (DAaKTOPOB B CbIBOPOTKE

npu XMMN3

YpoBeHb bFGF 6b11 3HauUTEIBHO BhIlE y BCeX Nal-
enToB ¢ XMII3 no cpaBHEHUIO CO 340POBBIMU JOHOPAMH,
OJJHAaKO 3TH DPas/MuMs HeJsb3sl CYUTAThb CTAaTUCTUYECKU
3HAYMMbIMM M3-3a OO0JIbIIONM BapHabeJbHOCTH pe3yilb-
TaTOB B npefesax rpynn (p = 0,336). ¥ nanuenTtos ¢ UIl
u IT HabGuoaasoch 3HauuMMoe noBeiieHne VEGF B cbiBo-
POTKe 110 CpaBHEHUIO CO 3/10pOBbIMU JJoHOpamu (p = 0,013
u p = 0,004 cooTBeTCTBEHHO). B ChIBOPOTKeE MaLlUEHTOB C
[IM® 6b111 06HApYKeH ellle 60Jiee Bbicokul ypoBeHb VEGF,
OJIHAaKO M3-3a 60JIbIION BapuabesJbHOCTH Pe3yJbTaTOB y
3THX NMallUEHTOB CTATUCTHUYECKH 3HAYMMBbIX pasIMuUM Mo
CpaBHEHUIO C [PYTMMHU TPyTINaMH He BbisiBjeHO (p=0,111).

[Ipu momapHoM cpaBHeHUM npu IT OGbLIO MOKA3aHO
6o.Jiee BblcoKoe cofiepkaHue TGF- B cbIBOpOTKe 10 cpaB-
HeHU1o ¢ naygueHTamu ¢ [IM® (p = 0,007) (puc. 4).

[pu cpaBHeHuu JAK2 /CALR-o3uTuBHbIX U TN-rpynn
NALMeHTOB CTAaTUCTUYECKU 3HAYUMMbIX H3MEHEeHHH B
ypoBHe VEGF (p = 0,538), bFGF (p = 0,612) u TGF-§
(p =0,942) He oTMeueHO.

YpoBeHb ranekTuHa-3 B cbisopotke npu XMIM3

OTMeYeHO CTAaTUCTUYECKH 3HAYMMOe CHIXKeHHe ypOB-
Hfl rajJleKTHHa-3 B CbIBOpoTKe nauueHToB ¢ JT mo cpas-
HEHMUIO CO 3/I0pOBBIMU ZloHOpaMH (p = 0,018), maurieHTaMu ¢
UIl (p = 0,029) u [IM® (p = 0,006) (puc. 5).

OBCYXAEHUE

CHu:xkeHne ypoBHA MMII B chiBOopoTKe coryacyeTcs C
npejcTaBjJeHueM 06 3TUX pepMeHTax Kak 06 aHTUPUOpo-
TUYeCKUX areHTax. B paHee ony6/1MKOBaHHbIX paboTax U3-
MeHEeHMs] YPOBHS ChIBOPOTOYHBIX METAJIJIONPOTEHNHA3 He
oTMevasnuch [17] 1160 U3MeHeHUs1 ObIM He3HAUUMbIMU
[18], 4yTO, BO3MOXKHO, CBSI3aHO C HEGOJBUIUM 00bEMOM
BbIOOpKU. CHIKEHUE YPOBHSI CbIBOpoTOuHOM MMII-9 y
Bcex nauueHToB ¢ XMII3 no cpaBHeHHUIO CO 3[0pPOBbLIMH
JloHopaMu U y nanueHToB ¢ [IM® u 3T no cpaBHEHHUIO C
UII ¥ 310pOBBIMU JJOHOPAaMHU MOXET CBU/IeTEebCTBOBATh
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Puc. 2. YpoBeHb MeTas/ionpoTenHas B CbIBOPOTKE MaLMeHTOB
C pPasNnYHbIMK HO3010rnYecknmmn chopmamm XMri3
WM — wuctuHHaa nonuuutemns; MMIT — meTannonpoTenHassbl;
MM® — nepBuYHbIN MMenopunopos; XMIM3 — xpoHuyeckme muesno-
nponudepaTMBHble 3a6oneBaHus; 9T — acceHunanbHaa Tpoméoun-

TeMua.

Fig. 2. Serum levels of metalloproteinases in patients with different
CMPDs
MM — polycythemia vera; MMIM — metalloproteinases; NMM® —
primary myelofibrosis; XMIN3 — chronic myeloproliferative disorders;
3T — essential thrombocythemia.

06 yMeHbIIeHUH 3P PeKTUBHOCTH Jerpajialiii KoJjlareHa
y laHHOM KaTeropuu 6oJibHbIX. O6GpalaeT Ha ceb6si BHU-
MaHHe, 4yTo cHkeHue MMII 60.1ee BbIpa)keHO y allMeHTOB
¢ mytauusasmMu CALR, HecMOTps Ha TO 4YTO /JJiIS 3TUX MaLH-
€HTOB XapaKTepHO 6JIaroNnpUsTHOE TeyeHHe 3a60/1eBaHUs
[19]. IIpu sTOM U3BeCTHO, UTO 95 % nauueHTos c UII nosio-
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Puc. 3. YpoBeHb MeTan/ionpoTemHas B CbIBOPOTKE MauMeHTOB

C PasNMyYHbLIM MyTaLMOHHbIM cTatycom XMI13
JAK2 — naumeHTbl, y KOTOpbIX OOHapyxeHa MmyTauna JAK2V617F;
CALR — naumeHThbl, y KOTOPbIX O6HapPY>XeHbl MyTaLun B reHe Karb-
peTtnkynuHa; TN (TpoliHO HeraTMBHbIA CTaTyC) — NauMeHThl C ycTa-
HOB/MEHHbIM AnarHo3om XMI13, KoTopbiM OblN NPOBEAEH aHanns Ha
myTaumm JAK2V617F, MPLW515K, MPLW515L n mytaummn B reHe CALR
N HW OofHa U3 HUX He obHapyxeHa; MMI1 — meTannonpoTenHassbl;
XMIM3 — xpoHnyeckne muenonponundepaTnBHblie 3a6oneBaHUs.

Fig. 3. Serum levels of metalloproteinases in patients with different
mutation status CMPDs
JAK2 — JAK2V617F mutations; CALR — calreticulin gene mutations;
TN (triple negative) — none of the following mutations is found:
JAK2V617F, MPLW515K, MPLW515L and/or CALR mutations; MMIN —
metalloproteinases; XMIN3 — chronic myeloproliferative disorders.

JKUTesIbHBI 10 MyTauuu JAK2V617F, octanbHble — UMEIOT
MyTauuu B 3k30He 12 JAKZ. Cpenu 60sbHbIX OT u [IM®
TosIbKO 60 % JAK-no3uTUBHBL II0CKO/NBKY UMEHHO 3THU
NalMeHThl COCTABJSAIOT IPyNNy ¢ MyTalUAMHU B 3K30He 9
KaJIbpeTHUKY/IMHA, BO3MOXKHO, C 3TUM U CBSI3aHO CHIKEHUe
MMII-9 B ykazaHHOM KaTeropuu 60JIbHbIX.
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Puc. 4. YpoBeHb pOCTOBbIX (PaKTOPOB B CbIBOPOTKE MaLMEHTOB
C pasnu4YHbIMK Ho30M0rMYecknmm chopmamm XMI3
bFGF — cbakTop pocta cpubpobnacrtoB; TGF-3 — TpaHchopMupyto-
wmii cbakTop pocta (B; VEGF — chakTop pocTta aHAOTENns COCYAOB;
WIM — nctmHHaa nonuumtemus; NMM®O — nepBUYHbLIN Mnenogmnépos;
XMM3 — XxpoHuyeckue mMuenonponugepatuBHble 3aboreBaHus;
3T — acceHumnanbHasa TpoMGoUUTEMUSA.

Fig. 4. Serum levels of growth factors in patients with different CMPDs
bFGF — basic fibroblast growth factor; TGF-B — transforming
growth factor beta; VEGF — vascular endothelial growth
factor; UM — polycythemia vera; NMM® — primary myelofibrosis;
XMM3 — chronic myeloproliferative disorders; 9T — essential
thrombocythemia.

[ToBeimeHue ypoBHs VEGF B cbiBOpoTKe 60JIbHBIX
UIl oTpakaeT CKJIOHHOCTb 3TOH KaTeropuy MNalyeHTOB
K yCUJIEHHOMY aHTHOreHe3y U TaK)Ke MOXKeT YKa3blBaTb
Ha TNOBBIIIEHHbIH BBIXOJ POCTOBbIX (AKTOPOB U3 JUC-
MJIACTUYHbIX MerakapuonutoB npu 3T u [IM®. U3BecTHO,
YTO B KOCTHOM MO3re noBbllleHHasa skcnpeccuss VEGF
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Puc. 5. YpoBeHb ranektnHa-3 B CbIBOPOTKE MaLUMEHTOB C pas/ny-

HbiMK hopmammn XMI3 1 MyTaLMOHHbBIM CTaTyCOM
JAK2 — naumeHTbl, y KOTOpbIX OOHapyxeHa myTauuns JAK2VG17F;
CALR — naumeHTbl, y KOTOPbIX O6HapYy>XeHbl MyTaumn B reHe Kanbpe-
TMKynMHa; TN (TPOWHOM HeraTuBHbIV CTaTyC) — MaumeHTbl C yCTaHOB-
NeHHbIM gnarHo3om XMI3, koTopbIiM 6bi/1 NPOBeAEH aHaIM3 Ha MyTa-
umn JAK2V617F, MPLW515K, MPLW515L n mytaummn B reHe CALR 1 Hu
ofHa U3 HUX He o6HapyxeHa; N — nctmHHaa nonvumtemus; NMO —
nepBUYHbIi MMenothnbpos; XMIM3 — xpoHuyeckne muenonponudge-
paTtvBHble 3a6oneBanHns; T — acceHUManbHaa TPOMOOLMTEMUS.

Fig. 5. Serum levels of galectin-3 level in patients with different
CMPDs and mutation status
JAK2 — JAK2V617F mutations; CALR — calreticulin gene mutations;
TN (triple negative) — none of the following mutations is found:
JAK2V617F, MPLW515K, MPLW515L and/or CALR mutations; UM —
polycythemia vera; MM® — primary myelofibrosis; XMIN3 — chronic
myeloproliferative disorders; 9T — essential thrombocythemia.

HabJ1t0/jaeTcsl TOJIbKO Ha CTaJ UM FMNepKJeTOYHOCTH, HO
He Ha cTauu ¢ubpo3a [20]. ITo 06'bSICHSIET HU3KUH ypO-
BeHb VEGF B cbiBopoTKe 60JbHbIX [IM® 10 cpaBHEHUIO €
JpyTuMHU Ho30Ji0THYeckuMu popmamu XMII3.

[ToBrieHue ypoBHs TGF- B cbIBOPOTKe MallMeHTOB
¢ 3T mo cpaBHeHuto c [IM®, nmo-BUAUMOMY, CBSI3aHO C
yBeJIMUYEHHBbIM COZlepKaHUEeM TPOMOOIIMTOB, KOTOpPbIe
CUUTAIOTCA [JIABHBIMU NPOAYLIEHTAMU 3TOr'0 IUTOKUHA Y
JlaHHOM KaTeropuu 60JibHBIX [21, 22]. 3TO Hab/OeHUE
MOATBEPXK/JaeT Te3UC 0 BeAylleld poJid MerakapuoLUTOB
kak nponynenToB TGF-f3, onmucaHHbIN paHee [23].

[loka He cyllecTByeT YeTKHX NpeJCTaBJeHUN O poJr
rajieKTrvHa-3 B GUOPOTHYECKUX U3MeHeHUsX. OHaKo cylie-
CTBYIOT MCCJIe[JOBaHUs, yKa3blBawollje Ha TO, YTO yPOBEHb
rajleKTHHa-3 MOBbILIAeTcs Y Mblllel ¢ GUOPO30M NeuyeHU
[24]. Kpome ToOro, npH THCTOJOTMYECKOM HCCJIe[0BaHUU
KOCTHOI'0O MO3Tra Mblllel C HOKayTOM reHa rajieKTHHa-3 Ha-
6Jt0/1aeTCsl CHYKEHMeE KJIETOYHOCTH. [Ipy 3TOM oTCyTCTBUE
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JIMO0 CHIKEHUEe 3JKCIpPeccHy rajleKTHHa-3 MoJaBJsieT
npoaykuuo 'M-KC® cTpoMasibHBIMHU KJIETKAMU KOCTHOTO
MO3ra, MOBBIIIAET YUCJIO KJIETOK-NpeAlleCTBEHHUL] B CO-
YeTaHUU CO CHIKEHMEM HX cllocobHocTH AuddepeHLypo-
BaTbCs B 3peJible MUeJIOU/IHbIe KeTKH [25]. B mpeabiaymux
WCCJIeIOBAaHUAX MOKa3aHO, YTO TajlleKTHH-3 WHTEeHCHBHee
3KCIIpeccUpyeTcss B KOCTHOM Mo3re nanueHToB ¢ UII [26].
Mbl OTMETW/IM 3HAaUYKMMOe CHW)KEHHEe YPOBHS CbIBOPOTOY-
HOrO TraJjleKTHMHa-3 y nauueHToB ¢ JT no cpaBHeHHIO C
JPYTHUMU TpyNIaMy OGOJIbHBIX U 3[,0POBbIMU [JJOHOPAMH.
Bo3MoxHO, JaHHBIH MapKep MOXHO GyzeT aJalTHpPOBaTh
s puddepennanbHol fuarHoctuku XMIT3.

3AK/TIIOMEHUE

[TonyyeHHble HAMU JJaHHbIe NMOATBEPXKAAIOT, YTO YPOBEHD
npo- U aHTUOUOPOTUYECKUX (AKTOPOB B CHIBOPOTKE
nanueHToB ¢ XMII3 cyuiecTBeHHO MeHseTCs, a TakKXke
pas/nnyaeTcss y OGOJIbHBIX C pa3sHbIMM HO30JI0TMYeCKHMU
dopmamu. Tak, nokaszaHo cHuxkeHHe MMII-9 y nanueHTOB
¢ 3T u [IM® OoTHOCUTENIBHO JJPYTUX IPYII 6OJBHBIX U 3/10-
POBBIX JOHOPOB, a raJleKTUHA-3 — y nanueHToB ¢ IT. Y Bcex
nanueHToB ¢ XMII3 noBbiwieH ypoBeHb VEGF B cbiBopoTke
10 CPaBHEHUIO CO 3JI0POBBIMU JoHOpaMmu. [Ipu 3ToMm y
NaLMeHTOB C Pa3HbIM MyTaLMOHHBIM CTAaTyCOM HCC/eN0-
BaHHbIE BellleCTBa OCTAIOTCS IPMMEPHO Ha OZJHOM YPOBHe.
ITHU 3HAHHUA MOTYT CYLeCTBEHHO MOMOYb B pa3paboTKe
JIMarHOCTUYECKUX MPOTOKOJ0B U AuddepeHlHaTbHOM
JrarHose pa3an4yHbix Ph-HeraTuBHbIX dopm XMII3.

KOH®JIUKTbl UHTEPECOB

ABTOpBI 3asIBJIAIOT 06 OTCYTCTBUU KOHPJINKTOB HHTEPECOB.

MCTOYHUNKN ®UHAHCUPOBAHMUA

HUccnenoBaHue Ob1JI0 BEINOJTHEHO B PaMKax roCyJapCTBEH-
Horo 3ajaHus «PacmindpoBKa MeXaHM3MOB DPa3BUTHUS
¢$u6po3a KOCTHOIO MO3Ta U NMOAX0/I0B K er0 PEBEPCUU».
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