Materials and methods

Two white New Zealand’s rabbits underwent heterotopic heart
transplantation, after which a daily measurement of myelop-
eroxidase in the blood plasma performed. One rabbit received
cyclosporine A at a dosage of 10 mg/kg per day and another
rabbit was immunosuppressive. The histological examination
of transplanted hearts was performed after the rabbits were
deceased.

Results

Data on the dynamics of leukocyte myeloperoxidase were ob-
tained after cardiac transplantation and histological changes
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in the transplanted heart. There are calcification and dystro-
phy in transplanted heart found in a rabbit without immu-
nosuppression. No signs of graft calcinosis or dystrophy were
observed in the cyclosporine-treated animal.

Keywords

Heterotopic heart transplantation, myeloperoxidase, mark-
ers of the graft rejection.
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Beepenune

OpunM n3 3¢ HeKTUBHBIX METOLOB JIeYeHN S TSDKEON cep-
J€YHOIl HEeZOCTATOYHOCTM SBJISIETCS TPAHCIUTAHTALVS
cepaua. Tem He MeHee, He PelIEHHOIT TPOOIEMOIT SABIIAETCS
OTTOpXKEHJe TPaHCIUIAHTaTa. AKTYaJIbHBIM ABJIAETCA M3Y-
YeHJe IUCTOJIOIMYECKX U MOJIEKY/LIPHBIX MMMYHHBIX Me-
XaHM3MOB OTTOP)KEHNS TPAaHCIIAaHTATA.

Lenb

He}Ib pa60TbI COCTOAJIA B OII€HKE I'MCTO/IOTMYECCKUX N3MEHE-
HUIL TpaHCIUIaHTaTa Iocie I‘eTepOTOHI/I‘leCKOﬁ[ TpaHCIIaH-
Tanum CepAla, a TaK)Ke NSMEHEHNA B IJIa3Me KPOBU pelyi-
IIMEHTA.

Matepuansl n metoabl

JIByM Ge/bIM HOBOS3ETAH[CKMM KPOJIMKAM BBIIIOJIHEHA re-
TEepOTONMYeCKas: TPAHCIUIAHTALMS CepAlia B OPIOIIHYIO II0-
JIOCTb, TIOC/IE Y€ro, €XXENHEBHO BBINOMHANIOCH M3MEpEeHMe

MIEJIONIePOKCHAA3EI B IIa3Me KpoBu. OVH KPOJIVK IOTydart
LIVIK/IOCHOPUH A B 1031poBKe 10 MI/KT B CyTKH, PYyToii Kpo-
7K 6bU1 6e3 MMMyHOCyIpeccuBHOI Teparmu. [Tocre rubemmn
KPOJIVKOB BBINIOIHEHO TYCTOJIOTMYECKOe JICC/IeflOBaHMe TIe-
pecakeHHBIX cepyiell.

Pe3ynbtartl

ITomy4ensl faHHBIE O AMTHAMMKE MUEIOTIEPOKCUIA3DI JIEVTKO-
I[UTOB MOC/Ie TPAaHCIZIAHTAUMM CepJIa U TYCTOIOTMYeCKUX
M3MEHEHUAX B BUAE HUCTPOGUM U KaabLMHO3a MMOKapHa
B Ilepeca)keHHOM Cepflie Y KpOluKa, He TOTy4YaBIIero M-
MYHOCYIIpeccuio. B TpaHcmaHTaTe KponnKa, IoTy4aBLIero
LVIK/IOCIIOPUH A, IIPUSHAKOB KaJIbIMHO3a WK JUCTPOGUM
He HabO/II0aIoCh.

KnioyeBble cnoBa

TetepoTonmyeckas TpaHCIUIAHTAL[MSA CEPALIA, MUETOMEPOK-
CUjiasa, MapKepbl OTTOPXKEHISA TPAHCIIAHTATA.
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Introduction

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is now considered the best treatment of AML with
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poor prognosis, which is, however, often followed by post-
transplant relapses (PTR). Among PTR, molecular and
cytological variants (mPTR and cPTR, respectively) are
recognized. The WT1 gene is known to be an independent
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prognostic indicator of the mass of blast cells producing it.
The serial measurement of WT1 expression levels provides
a real possibility for early diagnosis of mPTR and an eval-
uation of the overall and event-free survival (OS and EFS,
respectively) and the cumulative frequency of relapse (CIR)
in patients with AML treated with allo-HSCT.

Patients and methods

The study included 88 AML patients aged 2 to 68 (medi-
an, 30 y.0.) who underwent allo-HSCT at our University
between 2011 and 2017. WTI gene expression levels were
serially measured by real-time quantitative PCR, and mar-
row blast counts were performed in marrow samples at the
standard control time points: before transplantation (DO0)
and on days D+30, D+60 and D+100 after transplantation.
The WT1 threshold value was selected, as based on the meas-
urement of expression levels of WTI gene in bone marrow
aspirates of healthy donors and determined as 250 WT1 cop-
ies/10* copies of ABL gene. At all the time points, groups of
patients with elevated and normalized levels of WTI gene
expression (> 250 copies and < 250 copies, respectively) were
formed, which allowed for calculating the difference in the
2-year OS, EFS and CIR. Since the increase in the expression
of the WT1 gene reflecting the content of the blasts secreting
this gene can precede the morphologically identified cPTR,
we measured this time interval for all the examined AML
patients taking in consideration the posttransplantation
therapy.

Results

The levels of WT1 gene expression at allo-HSCT ranged from
0 to 56884 WT1/10* ABL copies (median — 253). According
to the log-rank criteria, the difference in the 2-year OS, EFS
and CIR between the groups of patients with elevated and
normalized levels of WTI gene expression before allo-HSCT
was as follows: 79.5%, 69.8%, 28.2% vs. 31.8%, 22.7% and
58.9%, at p<0.001, p<0.001, and p=0.0019, respectively. On
D+30, we found no difference in the 2-year OS, EFS and CIR
between the groups of patients with elevated and normal-
ized levels of WTI gene expression. Significant differences
in the 2-year OS and CIR in the two groups were found on
D+60 (66.2% and 42.3% vs. 35.7% and 61.5% at p=0.012
and p=0.01, respectively), while there was still no signifi-
cant difference in the EFS (52.3% vs. 38.5%, p=0.084). The
greatest differences in the 2-year OS, EFS and CIR between
the groups of patients with elevated and normalized levels
of WT1I gene expression occurred at the control time point
D+100 (28.6%, 19% and 77.8% vs. 75.4% 63.2% and 32.7%
at p<0.001, p<0.001, and p<0.001, respectively) (Fig.1). On
the basis of proportional Cox risks, the independent positive
effect on OS and EFS was preserved only for the normalized
level of the WT1I gene expression (p=0.011 and p=0.041) at
the time point D+100 after the allo-HSCT and in the pres-
ence of chronic GVHD (p=0.038 and p=0.03). In this case,
the ratio of the risk of relapse (125) was maximal also on
D+100. Concerning mPTR and cPTR, they were document-
ed in 55/88 (62.5%) and 33/88 (37.5%) patients, respectively.
In 33.3% of patients (11/33), mPTR and cPTR coincided in
time, while in 22 cases cPTR occurred 13-321 (median - 35)
days later than mPTR. According to the data obtained, this
delay of cPTR from mPTR can be partially ascribed to the
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Figure 1. 2-year 0S (A), EFS (B) and CIR dynamics (C)
in AML patients with elevated vs normalized levels of
WTI gene expression on D+100 after allo-HSCT
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therapy performed at the clinic, in particular, donor lympho-
cyte infusions, and to presence of chronic GVHD in patients,
thus being in good agreement with other research data [Poz-
zi et al, 2013].

Conclusion

Elevated and normalized levels of WT1 gene expression are
convenient and clinically useful markers of molecularly con-
trolled mPTR and remission of AML. The optimal point for
measuring the level of WT1 gene expression in PTR diagnos-
tics is D+100, followed by D0, D+60 and D+30, as the signif-
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icance decreases. According to our data, the duration of OS
and EFS is also positively affected by the presence of chronic
GVHD in AML patients after allo-HSCT, which explains the
tendency to use immunotherapy to treat mPTR diagnosed
by serial measurements of the WT1I gene expression levels
[Di Grazia et al, 2016].

Keywords

Allogeneic stem cell transplantation, acute myeloid leu-
kemia, WT1I, relapse, molecular monitoring.

3HaueHue 3Kcnpeccumn reHa WT1 ang nporHo3a peumanBoB U BbKK-
BAaeMOCTH NOC/e afiforeHHON TpaHCNIaHTaLyum reMono3TUYecKuxX
CTBONOBbIX KINETOK Y NaLMeHTOB C OCTPbIM MUENOUAHbLIM JIENKO30M
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Poccusa

Beepenune

AjtoreHHasi TPaHCIUIAHTAVS TeMOIOSTUYECKUX CTBOJIO-
BbIX K1eToK (amo-TI'CK) B HacToslee BpeMs CUMTAETCS
aydmnM MetofoM sedeHrss OMJI ¢ mIoXuM IpPOTHO30M,
KOTOPBII YaCTO COIPOBOXKAAETCA IOCTTPAHCIUIAHTALINOH-
Heivu perupusamu (ITTP). Cpepu ITTP moryT 6biTh MOTIE-
Ky/spHble U 1uTonorndeckue Bapyuadtsl (MIITP u plITP
COOTBETCTBEHHO). VI3BeCTHO, YTO YpOBEHb SKCIIPECCUU
rena WTI sBnAeTcs XOpOIIUM MHAMKATOPOM MAacCChl IIPO-
LIYLMPYIOLINX ero 6acTHBIX 971eMeHTOB. C IOMOILIIBIO 9TOTO
TecTa MMeeTCsl BOSMOXKHOCTb paHHel pmarHoctuky MITTP
I OLleHKa 0011ei1 1 6eccobbITuitHOI BhDKMBaeMocTy (OB n
BCB cOOTBeTCTBEHHO) 1 KYMY/ISATUBHONM YaCTOTHI peLyin-
BoB (KYP) 60npubix OMJI, ne4eHHBIX C MCIIONIb30BaHMEM
amno-TT'CK.

auneHTbl 1 MeTofbl

HMccnepoBanue Bxmoyano 88 manuentoB ¢ OMJI B Bo3pacTte
oT 2 1o 68 et (memuaHa — 30 y1eT), KOTOPBHIM OBIIA BBITION-
HeHa amno-TI'CK B Hamem LenTpe B epuop ¢ 2011 1o 2017
rofpl. YpoBHU aKcrpeccun reHa WTI m3aMepsiim CepuitHO
KomaecTBeHHo I1IIP B pealbHOM BpeMeHM, a CofiepKaHue
0/1aCTOB B TeX Ke aCIpaTaX KOCTHOTO MO3Ia OIpee/sUIN B
CTaHZIAPTHO BBIOPAHHBIX KOHTPOJIBHBIX BPEMEHHbIX TOUYKAX:
niepen TpaHcivtanTanyent (J10) u B gau 1+30, +60 u 1+100
rocye ee BbINONHeHUA. I1oporosulil ypoBeHb SKCIpeccun
rera WTI 6bUT oIpefie/ieH Ha OCHOBAHWN M3MEPEHNsI YPOB-
HA aKkcnpeccyu reHa WT1 B aciparax KOCTHOTO MO3Ta 3710-
POBBIX TOHOPOB M paBHsics 250 kommsam WT1/10* xommii
rera ABL. Bo Bcex BpeMeHHBIX TOUYKaX ObUIM chOpMUpPOBa-
HBI TPYIIIBI GOIbHBIX C MIOBBIIIEHHBIM I HOPMA/IM30BAHHBIM
ypoBHAMM aKcrpeccyu reHa WT1 (>250 xonuit <250 xonuii
COOTBETCTBEHHO) 1 paccuynMTaHa pasHuiia B 2-nmetHeit OB,
BCB n KYP. IlockonbKy IMOBBIIIEHNE YPOBHA 3KCIpPeccun
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rena WT1, orpaxaroliee cofiepskaHlie CEKPeTUPYIOIUX 3TOT
reH 61aCTOB, MOXKET OIIePEXXATh [0 BPEMEHU OIpefie/ieMble
mopdonorom ullTP, Mbl M3Mepunn 3TOT BpeMeHHbIT MHTEP-
BaJ y Bcex 06¢menoBanHbIx 60mbHbIX OMJI 11 comocTaBmim
€T0 C IIPOBENECHHOM IIOCTTPAHCIUIAHTALIIOHHOM TepaIe.

Pe3ynbrathl

Yposun sxcnpeccun rena WT1 1epef peXMMOM KOHZIMIIV-
OoHmpoBaHus BapbupoBanu ot 0 go 56884 kormit WT1/10*
kormii reHa ABL (mepmana — 253 ko). [To jaHHBIM Kpu-
TepUsAM JIOT-paHrIa, CylleCTBeHHas pasHuia B 2-netHeit OB,
BCB u KYP mexpy rpynmamy GOJbHBIX C HOBBIIIEHHBIM U
HOPMa/IM30BaHHBIM YPOBHAMM sKkcnpeccym reHa WT1 niepen
awto-TI'CK Boiragena cnepytomum obpasom: 79,5%, 69,8%
n 28,2% nipotus 31,8%, 22,7% u 58,9%, ipu p<0,001, p<0,001
n p=0,0019 coorBeTcTBeHHO. Pasmuunii B 2-netHeit OB, bCB
n KYP mexny rpyniamyt 60/IbHBIX € TIOBBIIICHHBIM 11 HOpMa-
NM30BaHHBIM ypOBHAMN 9Kcripeccuy reHa WT1 Ha ienn J1+30
nocre BoinonHennst ayuto- TTCK ne 6p110. [JocTOBepHBIE pas-
mmans B 2-netHert OB u KUP nabmiopanich Mexny sTumu
rpynmnaMn Ha fieHb [I+60 mocne BpinomHeHus ammo-TTCK
(66,2% 1 42,3% npotus 35,7% u 61,5% npu p=0,012 u p=0,01
COOTBETCTBEHHO), B TO BpeMsI KaK JIOCTOBEpHbIE Pa3IN4is B
BCB otcyrcrBoBamm (52,3% nporus 38,5%, p=0,084). Hau-
6onbime paszmans B 2-netHeit OB, BCB u KYP mexpy rpym-
I1amMy OOJIbHBIX C ITOBBIIICHHBIM I HOPMa/IM30BaHHBIM YPOB-
HAMM akcnpeccyn TeHa WT1 mMeny MecTo B KOHTPOJIBHON
BpeMeHHO Touke 1+100 mocne ammo-TI'CK (28,6%, 19% u
77,8% npotus 75,4%, 63,2% u 32,7% npu p<0,001, p<0,001 n
p<0,001 coorBercTBeHHO) (Prc.1).

Ha ocHoBe npomnopiyoHanbHbIX puckoB Kokca, He3aBucu-
Moe nosutuBHoe BiysaHMe Ha OB 1 BCB coxpannnoch Tomb-
KO UI1 HOPMa/IM30BAaHHOTO BO BpeMeHHOI Touke [I+100
nocsie BpinonHeHus anno-TI'CK ypoBHs skcrpeccun reHa
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WTI (p=0,011 u p=0,041) u Hamnuus y 6onpHbIx XpPTIIX
(p=0,038 u p=0,03). IIpu 3TOM OTHOILIEHNE PUCKA PELU/-
Ba (125) 6bUIO MaKCMManbHBIM TakKe Ha feHb JI+100. I1o
HammM gaHHbeM, MITTP u gIITP 6pi1n 3aperncTpupoBaHbt
y 55/88 (62,5%) n 33/88 (37,5%) manyeHTOB COOTBETCTBEH-
HO. Y 33,3% nanyenTos (11/33) mITTP u nlITP no Bpemenn
IOSIBIEHMIsI COBIIAJIA/IN, B TO BpeMsl KaK B 22 HaOIOf[eHUAX
ulIITP orcraBamu ot MIITP Ha 13-321 genp (Memmana — 35).
3agepxka glITP ot MITTP yacTyHO MOKeT OBITH OOBSIC-
HEHO IIPOBOAMMOI B K/IMHMKE Tepallleil, B YaCTHOCTH, MH-
bysusAMU TOHOPCKUX TMMQPOLNTOB U HaIM4MeM Y GOTIbHBIX
xponndeckoit PTIIX, 4To Xopolo cornacyercs ¢ JaHHBIMUI
nuteparypsl [Pozzi et al, 2013].

3aKnyeHue

YpoBeHb NMOBBIIEHHON ¥ HOPMAalM30BAHHON 3KCIIpeccUn
rena WTI1 saBnfercsa yHOOHBIM U IIONE3HBIM /IS KIVIHUKA
MapKepoM MOJEKYIApHO KoHTponupyembix IITP n pemnc-

cuit OMJI. OnTuManbHOM BPEMEHHOI TOYKOI /I M3Me-
peHMsA ypoBHs akcnpeccuy reHa WTI1 B guarHoctuke IITP
asnaerca I1+100, 3a KOTOpoIL, 110 Mepe CHIDKEHUS 3Hadu-
moctu, cnegyiot [0, 1+60 u [1+30. Ilo HammM gaHHBIM Ha
yanuHeHne npopommkurenbHocT OB 1 BCB ckaspiBaeTcsa
taxoke Hamnure y 6ombapix OMJI npusuakos xpPTIIX, uto
00DBsCHsIETCS HAMETUBIIYIOCA B K/IMHMKE TEHAEHINIO Je-
YUTb MMMYHOTepamnuell AMarHOCTMPOBaHHbIE IIPU Cepuii-
HOM M3MepeHyu ypoBHM aKcrpeccuy rena WT1 MITTP [Di
Grazia et al, 2016].

Kniouesble cnoBa

AjnnoreHHas TpaHCIUIAaHTAlLsI TeMOIIOTUYECKUX CTBOJIO-
BBIX KJIETOK, OCTPBIVI MUEIONTHBI Netiko3, WT1, perupns,
MOJIEKY/IAPHbI MOHUTOPYHI.
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Introduction

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is an effective treatment method in patients with
high-risk acute myeloid leukemia (AML). Nevertheless, dis-
ease relapse develops in 40-70% of patients during the first
posttransplant year, and achievement of repeated remissions
is possible only in 15-30% of patients. Hypomethylating, or
epigenetic therapy (HM) appears to be a promising approach
to these patients. The mechanism of HM drugaction includes
their ability to increase the levels of regulatory T-cells (Tregs,
CD4+CD25+FOXP3+), which play a key role in the devel-
opment of immunological tolerance in the post-transplant
period, reducing the degree of development and severity of
“graft-versus-host disease” (GVHD). In addition, the stim-
ulating effect of these drugs on the pool of cytotoxic CD8+
T-lymphocytes provides implementation of a tumor-specific
response in the graft-versus-leukemia (GVL) effect.

Aim
Objective of this study was to evaluate the results of the azac-
itidine application after allo-HSCT in patients with AML.

Patients and methods

Twenty patients with AML were transplanted between 2015
and 2018 at the Federal State Institute of Science “Kirov Re-
search Institute of Hematology and Blood Transfusion of the
Federal Medical and Biological Agency of Russia” including
18 adult patients (14 women and 4 men) and 2 children.

Myeloablative conditioning was used in 5 (25%) cases. In 15
(75%) patients, the reduced intensity regimen was applied.
Related allo-HSCT was performed in 15 (75%) patients, 4
of them were transplanted from HLA-haploidentical donors.
Unrelated allo-HSCT was carried out from fully matched
donors in 5 cases. Out of 20 patients, 9 (45%) patients were
alive at the time of evaluation. Eleven (55%) patients died at
different times after alloHSCT due to severe infectious com-
plications, severe acute GVHD, thrombotic microangiopa-
thy, early relapse of the disease. Preventive azacitidine cours-
es were given to 7 patients with high-risk AML. Of these, 6
women and 1 man, with a median age of 36.7 years (range:
20-50 years). Azacitidine therapy was started after hemato-
poietic recovery on the average at day +85 (range: 40-121
days) in the absence of severe infectious and other complica-
tions. The drug was administered according to the scheme:
35 mg/m?* subcutaneously for 5-7 days, every 28 days, with
a median of 8 courses. In 3 cases, azacitidine was combined
with donor lymphocyte infusions (DLI).

Results

All the patients who received azacitidine at the time of the
study are alive. Six of them have a disease remission. Prior
to the azacitidine administration, 2 patients had complete
donor hematopoiesis, in 1 complete donor chimerism was
achieved in 2 months of therapy, in 4 there was a mixed do-
nor chimerism. In 1 of them, a late relapse occurred after
3 courses of azacitidine, and now he receives antirelapse
chemotherapy (ChT).
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