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Summary

Within bone marrow stroma, there exist subsets of nonhematopoietic cells referred to as mesenchymal stem cells
(MSCs), or mesenchymal stromal cells [1]. These cells may not only improve HSC engraftment and regeneration of
damaged tissues after allogeneic transplantation [7], but also modulate immune responses in vitro and in vivo [8].
Hence, co-transplantation of allogeneic HSC together with allogeneic MSC hypothetically could provide some benefi-
cial effects, such as enhanced engraftment, acceleration of immune reconstitution [4], GVHD suppression, and it may
be used for GVHD prophylaxis, like as for treatment of severe acute or chronic GVHD. This study shows that more
than a half of the patients with steroid-refractory acute GVHD responded to treatment with MSCs. However, further
randomized clinical trials are necessary for estimation of therapeutic effect of MSCs in allo-HSCT patients and defini-
tion of important and significant factors influenced upon MSCs infusion.
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Introduction

Graft-versus-host disease (GVHD) remains a major obstacle to
successful allogeneic hematopoietic stem cell transplantation
(HSCT), causing significant morbidity and mortality, especially
in a case of allogeneic unrelated and haploidentical settings.
The ability to prevent and treat GVHD is a key to success. A
calcineurin inhibitor in combination with methotrexate is still the
basic regimen for prophylaxis of both acute GVHD (aGVHD) and
chronic GVHD (chGVHD). Steroid therapy still represents the
first-line treatment for established GVHD, with a response rate
of 30 to 50 %. However, the outcome for patients with severe,
steroid-resistant, acute GVHD is poor, and overall survival is
low, despite of steady increasing repertoire of available drugs.
Improved knowledge of GVHD pathophysiology has led to
rational approaches to both prophylaxis and therapy.

Within bone marrow (BM) stroma, there exist subsets of non-
hematopoietic cells referred to as mesenchymal stem cells, or
mesenchymal stromal cells [1]. MSCs comprise a population of
nonhematopoietic bone marrow cells that possess an extensive
proliferative potential and ability to differentiate into various cell
types [2]. Therefore, it may be used to improve rate and quality
of haematopoietic engraftment by regenerating the marrow

microenvironment [1,3,5].

MSC:s play a significant role in bone marrow microenvironment.
The major function of these cells is to provide mechanical
support to hematopoietic cells. MCSs express a large number of
adhesion molecules, extracellular matrix proteins, cytokines and
growth factor receptors, associated with their function and cell
interactions within bone marrow stroma [2]. Moreover, MSCs
are known to produce a variety of cytokines that are involved
in homing (stromal derived factor-1, SDF-1), or proliferation
and differentiation of hematopoietic cells (GM-CSF, SCF, IL-6).
E.g., the engrafted MSCs may support human hematopoiesis

via secreted factors and by physical

Table 1. MSCs phenotype jnteractions with hematopoietic cells

Surface % [7,13].

markers

CD 90+ 99,1-99,9 Moreover, MSCs are able of modifying

CD45+ 0% cellular'immune response by mult.iple

3t o mechanisms,  suppressing various
T cell, B cell and NK cell functions

co71 +- [4,6,8,9], thus suggesting their possible

CD106> 20-70 use for treatment of immune-mediated
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disorders, like as GVHD [11,12]. Thus, MSC are currently under
investigation for their potential reparative and immunosuppressive
effects.

An opportunity of tolerance induction to allogeneic or
xenogeneic grafts following incompatible bone marrow stem cell
transplantation into a mismatched recipient was proposed since
1984 [14]. However, only in 2002 it has been clearly demonstrated
that human MSCs may inhibit proliferation of T cells [6,8,9].
MSC:s are generally considered to be poorly immunogenic cells,
since they do not express neither HLA MHC class II antigens,
FAS ligand, nor costimulatory molecules, such as B7-1, B7-2,
CD40, CD40L on their surface [10]. In addition, MSCs are able to
suppress a variety of T-, B-, and NK cell functions, and may affect
also dendritic cell activities [9]. However, little is known about
probable molecular mechanism(s) responsible for these effects.

Hence, potential applications of MSCs for prophylaxis and
treatment of both acute and chronic severe GVHD seem to be quite
reasonable [15,16,17]. Co-transplantation of allogeneic MSC and
allogeneic HSCs could provide some beneficial effects, such as
enhanced engraftment, acceleration of immune reconstitution and
suppression of GVHD in HSCT.

The aim of our present study was to test a hypothesis that co-

transplantations of MSCs could be used either for GVHD
prophylaxis, or treatment of severe acute or chronic GVHD
following allogeneic HSCT.

Patients and methods

Eligible for current study were children and adults (their age
ranged from 6 to 53) with different hematological malignancies,
such as acute lymphoblastic leukemia (ALL), acute myeloblastic
leukemia(AML), non-Hodgkinlymphoma (NHL), myelodisplastic
syndrome (MDS), chronic myeloid leukemia (CML).

From October 2005 to May 2008, eight patients received co-
transplantation of HSC and MSCs for speeding up engraftment
and prophylaxis of GVHD.

Sixteen patients received isolated infusions of MSCs for treatment
of steroid-resistant GVHD. Patients or/and their caregivers were
fully informed about all aspects of their participation in the study.
A signed informed consent form was obtained in all cases.

When performing MSC co-transplantation, related allo-HSCTs
were performed in five patients, unrelated allo-HSCTs, in two
cases, and haploidentical HCST in one patient. The source of
HSC was BM (six cases), peripheral blood stem cells (PBSC) in
one patient, and a combination of BM and PBSC in one case.

Table 2. Patient’s and transplant’s characteristics Seven patients received nonmyeloablative
Number of Number of | conditioning regimen (fludarabine+melphalan in
patients patients ﬁve? pts, ﬂudarabine+busulfan in twoipts), and one
Number of patients - patient was subject to a myeloablatlve treatment
Co-transplantation 8 Related HSCT 5 (busulfane+cyclophosphamide).
Treatment of acute GVHD 10 Unrelated HSCT 15
Treatment of chronic GVHD 5 HaploidenticalHSCT 4 Acute GVHD prophylaxis was cyclosporineA
- (CsA) and methotrexate (Mtx) (short course)
Prophylaxis of GVHD in seven patients and CsA and mycophenotate
CsA+ MMF +ALG 4 mofetil (MMF) in one case. Patients and transplant
CsA + MMF ! characteristics are presented in Table 2 and 3.
Patients age median, y (range) 2 CsA+ Mbx+ ALG 8
(6-53) 822: m:ﬁ + MMF + ALG : MSC‘S were 'harvlested from the BM of HLA-
Tx + MMF + ALG 3 identical sibling in cases of relateFi allo—HSQT
T + MME 1 (n=5), or from the BM of haploidentical donors in
cases of unrelated allo-HSCT (n=3).
Diagnosis Transplanted donor cells
AML/MPS, o Beforestartingthetreatment, BMwasaspirated from
remission 5 MSCdonor,MSCsbeencollectedandselected. Bone
relapse 4 NC x 10 8/kg 6,7n=19 marrow-derived MSCs for transplantation were
ALr:mission z (26-144) produced by “Trans-Technology” Ltd Company
relapse 1 CD34 x 10 6/kg 5.13n=21 (license Ng 99-01-002224 dd. .14.0'7.2005).
NHL 5 03-183) Geperally,. in VltI‘O' MSC processing included
CML 3 ' ' thel'r specific selection aqd expansion in cult'ure
chronic phase 5 during 2'1—28 days, until achieving su.fﬁc?ent
acceleration phase 1 therapeutical dose MSC for co-transplantation into
HSC recipient (2.0x1076 cells/kg body weight).
Source of HSC - (Figure 1 and Table 3). This study used PCR-based
BM 6 ABO - Fompat'b!“t}{ 6 testing of common infectious pathogens in bone
PBSC 14 ABO - incompatibility 18 MAITOW.
BM + PBSC 4
HLA The patients were given in vitro expanded MSCs
full match 13 Sex - compatibility 1 intravenously 24 hours before HSC infusion.
mismatch 7 Sex - incompatibility 13 Design of use MSCs shown in Fig.1.
haplo 4
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Table 3. Number of MSC’s infusion and dosage of MSCs

Number Dosage of MSCs
of patients per infusion

Co-transplantation 8 2 min. cells/kg
Acute GVHD

1 infusion 7 2 min. cells/kg

2 infusion 2 2 min. cells/kg

3 infusion 1 2 min. cells/kg
Chronic GVHD

1 infusion 3 2 min. cells/kg

2 infusion 3 2 min. cells/kg

Isolated infusions of MSCs was performed in cases of steroid-
resistant acute or chronic GVHD in patients after unrelated HSCT.
Two patients had a mismatch in C locus, one, in DRBI locus, one
in B and C locus, one in DRB1 and C locus and three patients
were haploidentical to their donors.

Ten patients received single MSC doses, five recipients - 2 doses,
and one patient received three MSC doses (Table 2).

For thirteen patients, PBSCs were used as an HSC source. In cases
of haplo-HSCT, HSCs represented a combination of G-CSF-
primed marrow cells and T-cell depleted PBSCs (CliniMacs
technique, Miltenyi Biotec).

MSCs were harvested from the BM of third-party donors in all cases
before transplantation, and were cryopreserved until their use.

Results and discussion

A total of thirty-one infusions of mesenchymal stem cells were
performed. Eight patients received co-transplantation of HSC
and MSCs aiming to improve engraftment, and for GVHD
prophylaxis. Sixteen patients received isolated infusions of MSCs
for treatment of acute or chronic steroid-resistant GVHD.

Among them, ten patients received single MSC doses, five
patients were treated with double MSC infusions, and one patient
has got three doses (Table 3). MSC infusion was well tolerated,
safe, without immediate infusion-related or late MSC-associated
toxicities. Due to rather different indications for MSC infusions
in cases of MSC co-transplantation versus isolated infusions, their
results will be reviewed and discussed separately.

Figure 1. Design of usage of MSC for allogeneic hematopoietic stem
cell transplantation

Third-party donor  HLA-identical donor, donor of HSC

MSC cultivation
Patient including

MSC infusion from
HLA-identical donor (D-1)

Conditioning regimen and
HSC transplantation (D-0)

MSC infusion from
third-party donor

aGVHD

Post-transplant monitoring

Results of MSCs use for speeding up engraftment and
prevention of GVHD (co-transplantation of MSC and HSC)

According to peripheral leukocyte recovery, HSC engraftment
was observed in seven pts (D+16 to +38), whereas platelet
reconstitution proceeded by D+14 to +45 post-transplant. Hence,
infusion of MSCs before HSCs did not improve engraftment
rates as compared to HSCT without co-infusion of MSCs during
conditioning (Table 4). After co-transplantation, six patients
remained alive between 3 and 25 months. Severe aGVHD (grade
III to IV) was not observed in MSC group. Six patients had
aGVHD stage 0-1, and one patient exhibited stage Il aGVHD.
Chronic GVHD was not registered.

Additional infusions of MSCs for treatment of GVHD were
not required due to the absence of severe GVHD. Two patients
of this group died. In first case, graft failure was observed by
D+16, complicated with disseminated intravenous coagulation
and cerebral stroke. The second patient had disease progression
and died at D+186. No treatment-related toxicities could be
immediately ascribed to infusions of MSCs.

Overall 2.5 years relapse-free survival was 71%. No clinical
complications were detected that could be attributed to MSC
treatment.

Since non-myeloablative conditioning was used for 88% of co-
transplanted patients, we have also compared the outcomes in these
cases with general group after HSCT with reduced conditioning
regimen.

Overall survival in MSC-treated group proved to be significantly
higher, i.e., 71% after co-transplantation versus 34% after
HSCT without MSCs (P=0,05). However, these data are rather
preliminary and need further confirmation in larger series.

Mean incidence of infections in co-transplanted group was
lower (25% against 48% in HSCT group). Two of eight patients
developed respiratory, severe CMV and Aspergillus infection.

Result of MSC use for treatment of GVHD

Acute GVHD with involvement of skin was diagnosed in all
patients (n=16), isolated involvement of skin (stage II-III) was
detectable in eight patients. Combined aGVHD grade II with
involvement of skin and liver was registered in one case, liver
and gut GVHD, grade II-III was evident in four patients, and gut
GVHD grade II-IV was found in three cases. One, two, or three
MSC doses were administered, respectively, to ten, five, and one

Table 4. Result of usage of MSC after co-transplantation

HSC + MSC | Without MSC

Engraftment Leu, D+ 21 (16 — 38) 18 (11 -32)
Engraftment PIt, D+ 24 (14 — 45) 21 (9 -33)
Acute GVHD, %

0-1 85,8 57,8

-1V 14,2 42,2
Chronic GVHD, % 0 18
Infection, % 25 48
Overall 2,5 years survival, % 71 34
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patient. Therefore, a total of twenty-three MSC infusions were
performed. In ten patients, MSCs were used for treatment of acute
GVHD, and in six cases they were applied for therapy of chronic
GVHD.

After isolated infusions of MSCs in steroid-resistant aGVHD, a
partial response (PR) was observed in five cases, complete response
in two cases, without improvement in three cases. (Tab.5). Hence,
after infusion of MSCs in the patients with aGVHD, a detectable
response was observed in seven pts of ten (overall response rate
70%). Positive results of MSC administration for treatment of
chGVHD were observed in 67%.

The median MSC dose did not differ for those patients who
responded to the therapy, as compared with nonresponder group
(2.0 x 10"6/kg b.w.of recipient). Six patients who responded to
the first infusion were given a second infusion, to prevent GVHD
recurrence upon reduction of immunosuppressive drug treatment.
Two patients had complete response but received several (two or
three) doses of MSCs because of GVHD recurrence. Four patients
had partial responses and were given multiple (two or three)
doses. Six of ten patients with involvement of one or two organs
in aGVHD did respond to the therapy, as compared to four (of ten)
patients with involvement of three organs.

Median time interval from onset of aGVHD to the start of
treatment with MSC was 36 days (range 3-116).

Five patients were alive at the time of data analysis (May of
2008), with a median follow-up of 6,3 months (3-14,5 months)
after infusion of MSCs.

Three patients had recurrences of their basic diseases, one with
NHL, one with acute lymphoblastic leukaemia, and one with acute
myeloid leukaemia. Fatal outcome was registered in all these
cases. Acute GVHD was the most common cause of death in other
cases (six patients of ten), with or without concomitant infection.
One patient died with multiorgan failure. Infections in patients
who died with acute or chronic GVHD included cytomegalovirus,
aspergillosis and an unidentified pathogen.

In more than a half of patients with both acute and chGVHD, a
single MSC dose produced a response, whereas in a few patients
with partial response or with recurrence of acute or chronic
GVHD, several doses were needed to induce a lasting response.

Table 5. Result of use MSC for treatment of GVHD

Involvement organ Number Effect of MSCs Overall
of pts response
Acute GVHD
Skin PR,CR,CR,No
. 70 %
Skin+gut PR,PR
Skin+gut+liver PR,PR,No,No
Chronic GVHD
Skin 2 CR,No
67 %
Skin+gut PR,No
Skin+gut+liver CR,PR

We have analyzed dependence of the response to MSCs infusion of
various factors, such as conditioning regimen, GVHD prophylaxis,
transplant type, donor and recipient characteristics. However, no
significant differences were found, probably because of small
and variable group of patients. There was relation between the
treatment given before infusion of MSCs and response. In case
of MSC infusion in the patients (n=7) after myeloablative HSCT,
immunosupression and result of treatment of acute GVHD were
better than after non-myeloablative regimen (Figure 2).

Usage of ALG (Atgam by Pfizer) in GVHD prophylaxis did
worsen the response to GVHD treatment with MSCs (Figure 3).

In cases of HLA mismatch, HSCT response to MSCs infusion was
more significant than after full-match HSCs. Patients transplanted
from donor of opposite sex exhibited a more pronounced response
to MSCs. ABO-incompatibility between donor and recipient did
not influence response to MSCs. There are no differences in
reactions to MSCs after GVHD prophylaxis with cyclosporine A
versus tacrolimus.

Efficiency of MSCs therapy of GVHD with depending on:

Figure 2. Conditioning regimen
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Conclusions

1. MSCs infusion in patients, who underwent allo-HSCT, is well-
tolerated, safe, without immediate infusion-related or late
MSC-associated toxicities.

2. Infusion of MSCs before HSCs transplantation did not influence
duration of engraftment.

3. Infusion of MSCs during conditioning therapy before HSCT
may prevent severe acute and chronic GVHD.

4. Infusion of MSCs for treatment-resistant both acute and chronic
GVHD lead to reduction of GVHD grade in some patients.

5. Usage MSCs before HSC transplantation did not increase fre-
quency of malignancy relapses.

6. Usage of MSCs seems to be more effective in patients after
HSCT with myeloablative regimen and GVHD prophylaxis
without ATG.

7. Large randomized clinical trials are necessary for evaluation of
therapeutic effect of MSCs in allo-HSCT patients.
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IIpenBapure/ibHbIe JaAHHbIE KIUHUYECKOT0 HCIOJIb30BAHUS ME3eHXUMHBIX
CTBOJIOBBIX KJIETOK Al NPOGuIaKTUKM U jJedyeHus PTIIX y nauuenTos
nocJie ajnorennoii TI'CK

CrankeBuu 10.A., I'osioBaueBa A.A., badenko E.B.,
Aasackuii AJL, ITauna O.B., 3yb6aposckas JI.C., CemenoBa E.B.,
Hoabinues /I.I., Kpyrisikos I1.B., AjpanacreB b.B.

Pe3rome

BBenenune: KocTHBIII MO3T 4enoBeKka COACPKHUT remomnodTmdeckue cTBojioBbie KieTku (I'CK) m HeremomosThuueckue
CTBOJIOBBIE KJIETKHU, HA3bIBAEMbIE ME3EHXUMHBIMU CTBOIOBBIMU KileTKaMu (MCK). DTy Ki1eTKH yi1y4IIatoT IPUKUBICHHE
I'CK mocune annmorennoi TT'CK 1 criocoOCTBYIOT pemapaiiuu TkaHe Me3eHXUMHOTO TPOUCXOXKICHUS, a TAKKE CIIOCOOHBI
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MOAYJIMPOBAaTh UMMYHHBIN OTBET in Vitro u in vivo. B pesynsrate, ko-Tpanciuiantanus ajutoreHHbIXx MCK ¢ annoreHHbIMU
I'CK runorernyecku 0o0sagaeT TaKUMHU MOJIOKHUTEIBHBIMU 3P PeKTaMu, KaK yIy4lIeHUE MPHKUBICHHUS TPaHCILIAHTAaTa
¥ BOCCTAHOBJICHHE OajlaHca BHYTPU UMMYHHOH CHCTEMBL. DTO OOCTOSTEIHCTBO MOXKET OBITH MCIOJIB30BAHO KaK JJis
npodunaktuku PTIIX, tak u muist nedenust octpoi crepou-pesuctentHor PTIIX unn xponnveckoit PTITX. B mannoM
UCCIIeIOBAHUN [0Ka3aHO, uTo Ha Tepanuio MCK orBeuaroT Oosiee MONOBUHBI NALIUEHTOB CO CTEPOMI-PE3UCTEHTHON
octpoit PTIIX.

MamuenThl U MeTOABI: B nccienoBanue BKIOYCHBI ManueHThl oT 6 110 53 et ¢ OJUJI (n=9), OMJI (n=7), HXJI (n=3),
MJIAC n=2) u XMJI (n=3), koTopbIM B mepuof ¢ okTsiops 2005 no maii 2008 Obina BeimonHeHa ayorenHas TI'CK ot
poacTBeHHOro (n=5) Wi HepoiacTBeHHOro MoHOPoB (n=19). s nprwxusnenus ['CK u npodunaktuku ocrpoir PTIIX
8 manmenTtam mpoenmeHa Ko-TpaHcrutantanus MCK w I'CK. IlecTHannmaTh MamuMeHTOB IMOIYYHIN H30JHPOBAHHOE
BBeneHrue MCK niist neuenust crepoua-pesucrenTHoi PTIIX. Jlecatu nauuentam ocyiuectBiaeHo ogHo BBeaenue MCK,
MATHh MAIMEHTOB JBAa BBEJICHUS M OJWH nanueHT nmony4ui Tpu BBeaennss MCK. [Ipomecc BblieieHNs M KYTbTHBUPOBAHHS
MCK ocymectsisuin B komnanuu « Tpanc Texnonorumy (muuensus Ne 99-01-002224 ot 14.07.2005).

PesyabTarhl: B ciydae BeIMONIHEHNS KO-TPAaHCIIIAHTAIIUH TPHKUBIICHHUE JIEHKOIIMTOB 3apErUCTPUPOBAaHO Ha 21 1eHb (0T
16 o 38), rpomboruToB Ha 24 neub (0T 14 10 45). OcTpyro PTIIX 0-1 creneneit Habmoganu B 85,8% Ko-TpaHCIIIaHTAIUH,
4TO He TpeOoBao monmolHuTensHON Tepanuu, octpas PTIIX II-1V passumacek y 14,2 % manueHTOB. Y BCeX MalMeHTOB
xponnueckoil PTIIX He Obuto. MH(EKIMOHHBIE OCIOXHEHHs 3aperucTpupoBaHbl y 2 maunueHToB (25%). OOmas
Oe3peunauBHAs 2,5-I€THS BBKUBAEMOCTH cocTaBuia 71%.

Pesynsrarer npumenennss MCK s tepanuu PTITX npencraBnens! B Tabnue 1.

Ta6nuua 1 Pesynsratel npumeHeHuns MCK ana tepanum PTIMNX

BoBneyeHHHbIe OpraHbl KonuuyectBo Adppekt MCK o6wwun
nauvMeHToB oTBeT
Octpasa PTNX
Koxa 4 PR,CR,CR,HeT apchekTa 0%
Koxa+XKT 2 PR,PR
Koxa+XXKT+neyeHb 4 PR,PR,HeT, HeT acbdhekTa
XpoHuueckas PTIMX
Koxa 2 CR,HeT achpekTa
Koxxa+XXKT 2 PR,HeT adhdhekTa 67%
Koxxa+XXKT+neyeHb 2 CR,PR
BriBoabI:

1. I/IH(i)y3I/II/I MCK ObLnn 6630HaCHH, HE COIIPOBOXAAINCHL HCMCIJICHHBIMU pPCaKIUSAMHU BO BpPEMs BBCACHUA HIIN
OTCPOYCHHBIMU MCK—aCCOHI/II/IPOBaHHBIMI/I TOKCHUYHOCTAMHU.

2. Madys3us MCK nepen annoTT'CK He Businu Ha puxkuBieHne Tpancmiantara ['CK.

3. Uudy3us MCK npu Ko-TpaHCILUIAHTAIUH B PEKUME KOHIUITMOHUPOBAHUS MOXKET IPEIOTBPATUTD PA3BUTHE TAIKEIIBIX
hop™m octpoit unu xpounueckoii PTITX.

4. Nadyszus MCK s neuenns peauctenTHON ocTpoit PTITX MoxkeT ObITh 3QEKTHBHBIM Y psijia MAIUCHTOB.
5. UcnonwsizoBanne MCK nepen annoTT'CK He yBenmnuuBaio 4acTOTy pelHINBOB OCHOBHOTO 3a00JICBaHUS.

6. cnonb3oBanne MCK Gonee 3 pekTrBHO y MallueHTOB, Oy YHBIINX MUEI0a0IaTHBHBIN PEXKUM KOHIULIHOHUPOBAHUS
u npodunaktuky octpoit PTIIX ¢ npumenennem AJIL.

7. HeobxogmMo TmpoBeAcHUE MalbHEUITUX pPAaHIOMU3HUPOBAHHBIX KIMHUYCCKUX HWCCIEAOBAHWN IJIsI OICHKH Tepa-
neBTudeckoro dddexra MCK y manmentoB nocne amtol'CK u ompeneneHus (paxTopoB, OKa3bIBAIOIINX BIHSHUE HA
a¢pdexkTuBHOCTF MCK Tepamuu.

KuiwueBble cJj0Ba: TpaHCILUIAHTAIMSI TEMOMOITHYECKUX CTBOJOBBIX KiIeTOK, octpas PTIIX, xponmueckas PTIIX,
ME3E€HXHUMHBIN CTBOJIOBEIE KJIETKU
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