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Pesiome. CynpeccopHble KJIETKM MUETOUAHOTrO TpoucxoxkiaeHus: (MC) urpaloT BaxKHYIO pOJIb B PeryJisi-
MM UMMYHHOTO OTBETa IIPY MHOTUX MATOJIOTHSIX M IIPEXKJIE BCETO IMPU 3JT0KAYE€CTBEHHBIX OIMYXOJISIX, OAHAKO
MX POJIb B IIPVKUBICHUM TEMOTIOATUYECKMX CTBOJIOBBIX KJIETOK I BOCCTAHOBJIEHUM KPOBETBOPEHMSI TTOCIIE
BBICOKOIO3HOM XMMUOTEPAITMU C ayTOJOTMYHOM TpaHCIUIAHTAILIMEN CTBOJIOBBIX KJIETOK OCTAeTCsl IpaKTude-
CKU He u3yyeHHoi. HacTosiiee ncciaeqoBaHye HalpaBJIeHO Ha U3yUYeHUE 3aBUCUMOCTU MEXIY COACPKaHU -
em cyononyssiiuii MC u rmokasaTeIsiMyi KpOBU Ha 3Tarie BOCCTAHOBJICHUST KPOBETBOPEHMSI ITOCJIE BBICOKOIO-
3HOI XMMHUOTEPAIUU C ayTOJIOTUYHOM TpaHCIUIaHTAIUEe TeMOITO3TUYECKUX CTBOJIOBBIX KJIETOK Y TTAIIUEHTOB
¢ MHOXeCcTBeHHo#t Muesomoiit (MM). MC oueHuBaIu METOJOM MPOTOYHOM LIUTOMETPUM B 0Opa3liax nepu-
epuyecKoii KpOBM Ha 3Talle BBIXOJA M3 JICMKOIEHUU (IIPU KOJMYECTBE JICHKOILIMTOB B IepudepruIecKoit
kpoBu 6ojiee 1 x 10°/1). KonmmuectBo TpaHcIuiaHTUpyeMbIXx CD34*CD45" reMoInoaTU4eCK1X CTBOJIOBBIX
KJ1eTOK coctaBuio 4,38 x 10°/kr (IQR (3,1-5,6) x 10°/kr). JIIUTEIbHOCTh BBIXOJA U3 JIEMKOMEHUN BapbUPO-
Basia oT 8 no 18 gHeit (Me 12 aHeit). Conepxkanue MC Ha aTane BbIXoJa U3 JeHKOMEHUU He ObLIIO CBSI3aHO C
kosmyectBoM CD34" ki1eTok/Kr B TpaHcILiaHTaTe. OTHOCUTEIbHOE coaepxkaHue MoHoLUTapHbix MC (M-
MC, CD14*HLA-DR""") npsaM0o KOppeJIUpOBaJIO C COIepKaHUEM MOHOLIMTOB Ha 3Talle BbIXOAA U3 JIEIKO-
neanu (R = 0,417, p = 0,002). g rpanyaountapHeix MC (I'-MC, LinHLA-DR-CD33*CD66b") 6bu1a
XapakTepHa oOpaTHasl CBsI3b C KoaudyecTBOM MoHouuToB (R = -0,493, p = 0,0003), mpu 3TOM CONpsIKEeH-
HOCTb C a0OCOJIOTHBIM CoJeprkaHreM HeillTpoduiaoB Oblia ciado BeipaxkeHa (R = 0,273, p = 0,048). Conep-
>KaHue JTUM@OILIMTOB Ha 3Tarle BbIXo/a U3 JICMKOIEHUU HaXoaua0ch B oopaTtHoii cBsi3u ¢ [-MC (R = -0,347,
p =0,014) u He koppenaupoBayio ¢ M-MC. Ilpu aHanM3e JJIUTEIbHOCTb JIEMKOTIEHUM oOpaTHast KOpPesiliu-
OHHasI CBSI3b C JaHHBIM IMOKa3aTesIeM ObLIa BBISIBJIEHA TSI TPOLIEHTHOIO M aOCOJIIOTHOrO coaepxkaHuss M-MC
(R=-0,347,p=0,018 u R =-0,469, p = 0,0008 cooTBeTCTBEHHO). MHOXECTBEHHbI! PErPECCUOHHBII aHa-
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JIM3 MOKa3aJl 3aBUCUMOCTD JUIUTEIBHOCTH JUMMONEHU OT noju nupkyaupyomux M-MC (p = 0,014) u
KoJIMyecTBa TpaHcIaHTupoBaHHbIX CD34* knetok/Kr (p = 0,032). CortacHoO 1aHHBIM MHOTO(haKTOPHOIO
JUCIIEPCUOHHOTO aHaln3a 3HAYUMbIMU (haKTOpaMU [JIsI TIPOJOIXKUTEIBbHOCTU JICHKOTIEHNU SIBJISIUCH KO-
JIMYECTBO TpaHcIuIaHTUpoBaHHBIX CD34* xiieTok/Kr u conepxanue M-MC. I[1pu 3ToM Takue KIIMHUYECKUE
rmapaMeTphbl Kak IJIyOrMHa OTBeTa U HAJIMYMe MUHUMAaJIbHOM OCTaTOYHOU 0O0JIe3HU Mnepel MPOBeAeHUEM BbI-
COKOJIO3HOU XMMUOTEPAu U TPAHCTUIAHTALIMY TeMOITO3TUYECKUX CTBOJIOBBIX KJIETOK, a Takxke ctanuss MM
HE BIUSIIA Ha UTUTEILHOCTh BOCCTAHOBJICHUSI KPOBETBOpEeHUSI. TakuM 00pa3oM, MOydeHHBbIE PE3YTbTaThl
CBUJZIETEJBCTBYIOT O COMNPSI’)KEHHOCTU OoJiee BbICOKOro conepxkaHuss M-MC ¢ MeHblLIel IIUTETbHOCTBIO
JIEKOIIEHW U T10CJIE BBICOKOIO3HOM XMMUOTEPAIIMHU C ayTOJTOTMYHOM TPaHCIUIAHTALIMEN CTBOJIOBBIX KJIETOK U
YKa3bIBaIOT Ha MO3UTUBHYIO posib M-MC B BOCCTAaHOBIIEHUM KPOBETBOPEHUSI B pAHHEM MOCTTPAaHCILIAHTA-
LIMOHHOM Tlepuojie y naireHToB ¢ MM.

Knrouesvie crosa: muenoudnule CynpeccopHbsle KAemKU, MHOWCeCMEEHHAA Mueaoma, mpancnianmayusd, ecemonosmuvecKue
Cmeo/108ble KaemkKu, 0AUmenbHOCMs /leﬁlCO}’leHLlu, PpaHHee 60CCMAHOBNEHUe 2eM0ono33a

ASSOCIATION OF MYELOID-DERIVED SUPPRESSOR CELLS
WITH HEMATOPOIETIC RECOVERY AFTER HIGH-DOSE
CHEMOTHERAPY IN MULTIPLE MYELOMA
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Abstract. Myeloid-derived suppressor cells (MDSCs) play an important role in the immune response
regulation in many pathologies, primarily in malignant tumors, but their role in the hematopoietic stem
cell engraftment and the hematopoietic recovery after high-dose chemotherapy and autologous stem cell
transplantation remains practically unexplored. This study is aimed at studying the correlation between the
number of MDSC subpopulations and blood parameters at the stage of hematopoietic recovery after high-
dose chemotherapy and autologous hematopoietic stem cell transplantation in patients with multiple myeloma
(MM). Circulating MDSCs were assessed at the stage of leukopenia recovery (absolute leukocyte count in
peripheral blood (PB) > 1 x 10°/L) by flow cytometry. The number of transplanted CD34*CD45" hematopoietic
stem cells was 4.38 x 10°/kg (IQR (3.1—5.6) x 10°/kg). The duration of recovery from leukopenia varied from
8 to 18 days (Me 12 days). The number of MDSCs at the engraftment was not associated with the number of
CD34" cells/kg in the graft. The relative number of monocytic MDSCs (M-MDSCs, CD14*HLA-DR"*/")
directly correlated with the number of monocytes at the stage of recovery from leukopenia (R = 0.417,
p = 0.002). Granulocytic MDSCs (PMN-MDSCs, LinHLA-DR-CD33*CD66b") were characterized by an
inverse correlation with the number of monocytes (R = -0.493, p = 0.0003) while the association with the
absolute number of neutrophils was weak (R = 0.273, p = 0.048). The number of lymphocytes at the stage of
recovery from leukopenia had an inverse correlation with PMN-MDSCs (R = -0.347, p = 0.014) and did not
correlate with M-MDSCs. When analyzing the duration of leukopenia, an inverse correlation with this indicator
was revealed for the percentage and absolute number of M-MDSCs (R = -0.347, p = 0.018 and R = -0.469,
p = 0.0008, respectively). Multiple regression analysis showed dependence of the lymphopenia duration on the
proportion of circulating M-MDSCs (p = 0.014) and the number of transplanted CD34" cells/kg (p = 0.032).
According to the data of multivariate analysis of variance, the number of transplanted CD34" cells/kg and the
number of M-MDSCs were significant factors for the duration of leukopenia. At the same time, such clinical
parameters as the depth of response and minimal residual disease status before high-dose chemotherapy and
hematopoietic stem cell transplantation, as well as the MM stage, did not affect the duration of hematopoietic
recovery. Thus, the obtained results indicate the association of a higher number of M-MDSCs with a shorter
duration of leukopenia after high-dose chemotherapy with autologous stem cell transplantation and indicate a
positive role of M-MDSCs in hematopoietic recovery in the early post-transplant period in patients with MM.

Keywords: myeloid-derived suppressor cells, multiple myeloma, transplantation, hematopoietic stem cells, duration of leukopenia,
early hematopoietic recovery
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Introduction

Myeloid-derived suppressor cells (MDSCs)
play an important role in the immune response
regulation in many pathologies, primarily in
tumors [6]. MDSCs release a suppressor activity
towards innate and adaptive immune cells in vitro
and in vivo with the most pronounced suppressor
activity against T cells [5]. In humans, monocytic
MDSCs (M-MDSCs, CD14"HLA-DR"®"), granu-
locytic, or polymorphonuclear, MDSCs with a
phenotype similar to neutrophils (PMN-MDSCs,
CDI11b*CD33"CD14-CD15" (CD66b*) HLA DR ")
and immature MDSCs (E-MDSCs) with the
Lin- (CD3,CD14, CD15,CD19, CD56) HLA-DR CD33%)
phenotype have been described [1, 2].

In solid tumors, the number of MDSCs increases
and correlates with tumor size, stage and poor
prognosis [5]. In hemoblastosis, especially in patients
with hematopoietic stem cell transplantation (HSCT)
the MDSC population is less studied and the role of
MDSCs is not clear [11]. MDSCs of donor origin
presented in the allograft can suppress the graft-versus-
host reaction [4], playing a positive role. There is much
less clarity regarding the role of MDSCs in autologous
HSCT (auto-HSCT). Since early reconstitution of
lymphocytes is provided by homeostatic proliferation
of T cells transplanted as a part of the graft, MDSC
suppressive activity against T cells can reduce the
effectiveness of immune reconstitution after auto-
HSCT.

Multiple myeloma (MM) is a malignant lympho-
proliferative disease characterized by infiltration of
the bone marrow by tumor plasma cells secreting
monoclonal immunoglobulin and/or free light chains.
Despite advances in therapy, MM still remains an
incurable disease with a 5-year survival rate of just over
50% [12]. At the same time, high-dose chemotherapy
(HDCT) with auto-HSCT is an important and
effective standard of treatment for MM. One of
the prognostically favorable factors associated with
successful HSCT and greater overall survival after
HDCT and auto-HSCT is a faster and more stable
hematopoicetic recovery [8, 10]. The study of the
immune reconstitution mechanisms and the search
for prognostic factors affecting the hematopoietic
recovery after HSCT attracts special attention in
terms of optimizing therapy and predicting the
development of infectious complications and MM
relapse. However, there is no information about
the possible role of MDSCs in the regulation of
autologous hematopoietic stem cell (HSC) engrafting
after HDCT and the hematopoietic recovery.

The aim of this study was to find the relationship
between the number of MDSC subpopulations and
the hematopoietic recovery after HPCT and auto-
HSCT in patients with M M.

Materials and methods

The study included 55 patients (30 women and 25
men) with MM aged 38 to 72 years (Me 54 years), who
underwent HDCT with auto-HSCT. A complete or
very good partial response (CR/VGPR) was achieved
in 37 patients; a partial response (PR) was achieved
in 18 patients at the time of HSC transplantation.
Auto-HSCT was performed with a conditioning
regimen of melphalan 200 mg/m?, or 140 mg/m? in
patients with impaired renal function. The median
number of CD347"CD45* hematopoietic stem cells
was 4.38 x 10%/kg (IQR (3.1-5.6) x 10°/kg).

To assess the number of MDSCs, mononuclear
cells (MNCs) at the stage of recovery from leukopenia
(number of leukocytes in peripheral blood (PB)
>1x10°/L) were isolated from PB by standard
centrifugation of whole heparinized venous blood in
a ficoll-verografin density gradient (p = 1.077). Flow
cytometry (BD FACSCanto II, USA) was used to study
the relative number of PMN-MDSCs (Linn HLA-DR-
CD33*CD66b%), M-MDSCs (CD14*HLA-DR"""), and
P-MDSCs (LinHLA-DR-CD33*CD66b") among
MNC:s using anti-Lineage Cocktail 1 (CD3, CD14,
CD16, CDI19, CD20, CD56; FITC, BD Biosciences,
USA), anti-CD14 (FITC, BD Biosciences), anti-
CD33 ( PerCP-Cy5.5, BD Biosciences), anti-CD66b
(APC, BiolLegend, USA), anti-HLA-DR (APC-
Cy7, PerCP, BD Biosciences). Isotype antibodies
conjugated with similar fluorochromes were used as a
negative control.

Statistical data processing was performed using
the Statistica 6.0 (StatSoft) and GraphPad Prism 8
software packages. Correlation analysis was performed
using the Spearman rank correlation test. Additionally,
linear regression analysis and multivariate analysis of
variance were performed. Differences were considered
statistically significant at p < 0.05.

Results and discussion

The duration of recovery from leukopenia (leu-
kocytes in the PB > 1 x 10°/L, platelets > 50 x 10°/L)
in patients with MM after HDCT and auto-HSCT
varied from 8 to 18 days (Me 12 days, IQR 11-14 days).
The number of leukocytes and platelets counted at
this stage is shown in Table 1.

Since the number of transplanted CD34" HSCs
is one of the important factors of immune re-
constitution, we conducted a correlation analysis of
the transplanted CD34* cells/kg with hematopoietic
recovery indicators. The duration of leukopenia was
in a reverse association with transplanted CD34*
cells/kg (R =-0.305, p=0.008). A significant de-

1161



Anmym B.C. u dp.
Anmut V.S. et al.

Meoduyunckas Ummynonoeus
Medical Immunology (Russia)/Meditsinskaya Immunologiya

TABLE 1. PARAMETERS OF HEMATOPOIETIC RECOVERY AFTER AUTO-HSCT IN MULTIPLE MYELOMA

Parameter Me (Qq25-Q.75) Min-max
Neutrophils (x 10°/L) 1.26 (0.78-2.44) 0.22-7.95
Thrombocytes (x 10°/L) 65 (47-90) 7-243
Monocytes (x 10°/L) 0.12 (0.05-0.25) 0.005-1.560
Lymphocytes (x 10°/L) 0.48 (0.33-0.79) 0.02-2.68
M-MDSCs (%) 3.4 (2.0-6.9) 0.3-19.1
M-MDSCs (x 10¢/mL) 26.8 (14.1-68.8) 4.4-350.0
PMN-MDSCs (%) 0.32 (0.03-0.90) 0.001-15.540
PMN-MDSCs (x 10¢/mL) 2.90 (0.43-7.47) 0.02-148.40
E-MDSCs (%) 0.63 (0.39-1.19) 0.09-2.55
E-MDSCs (x 10%/mL) 5.5 (3.7-10.5) 0.6-34.3
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Figure 1. Association of leukopenia duration and numbers of M-MDSCs at the stage of recovery from leukopenia after

high-dose chemotherapy

TABLE 2. MULTIVARIATE ANALYSIS OF THE CLINICAL PARAMETERS’ INFLUENCE ON THE DURATION OF LEUKOPENIA

AFTER AUTO-HSCT IN PATIENTS WITH MULTIPLE MYELOMA

Factorial ANOVA F-value p-value
CD34* cells/kg (> Me vs < Me) 6.95 0.01
M-MDSCs, % (> Me vs < Me) 7.66 0.008
Response (CR vs PR) 0.33 0.57
MRD (positive vs negative status) 0.15 0.70
Stage at diagnosis (Il vs lll Durie—Salmon stage) 0.003 0.96

Note. Response, the depth of the response before the HDCT; CR, complete response; PR, partial response; MRD, minimal residual

disease before HDCT
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pendence on the transplanted CD34" cells/kg was
found only for the absolute number of platelets
(R=0.378, p =0.0007) among all the analyzed pa-
rameters. A similar relationship with the number
of monocytes was weak (R = 0.250, p = 0.03). The
number of MDSC subpopulations at the stage of
recovery from leukopenia was not associated with the
CD34* cells/kg in the graft.

In order to assess the importance of MDSCs in
terms of hematopoietic recovery after HPCT and auto-
HSCT, we compared the number of MDSCs with the
number of other blood cells populations. The relative
number of M-MDSCs directly correlated with the
number of monocytes (R =0.417, p = 0.002). PMN-
MDSCs was characterized by an inverse relation-
ship with the number of monocytes (R =-0.493,
p = 0.0003). At the same time, PMN-MDSCs and
the absolute number of neutrophils were revealed to
have weak positive correlation (R =0.273, p = 0.048).
In addition, an inverse significant correlation was
found between the proportion of PMN-MDSCs and
the number of lymphocytes (R = -0.347, p = 0.014).
When analyzing the duration of leukopenia, it turned
out that this indicator was associated only with the
number of M-MDSCs. The duration of leukopenia
had an inverse correlation with the percentage and
absolute number of M-MDSCs (R =-0.347,p=0.018
and R = -0.469, p = 0.0008, respectively; Figure 1),
which indicates the association of a higher number
of M-MDSCs with earlier recovery of hematopoiesis
after HDCT and infusion of autologous HSCs.

Multiple regression analysis confirmed the
dependence (determination coefficient R? 0.241,
F-test 3.45, p =0.015) of the duration of leukopenia on
the proportion of circulating M-MDSCs (p = 0.014)
and the number of transplanted CD34* cells/kg
(p =0.032). According to regression analysis,
the proportion of circulating PMN-MDSCs and
E-MDSCs did not affect the duration of leukopenia
(p =0.14 and p = 0.66, respectively) at the same time.
A similar pattern was found for the absolute number of
M-MDSCs (p = 0.048).

At the final stage we tried to find the most
significant factors associated with a shorter duration
of leukopenia using multivariate analysis of variance
(Table 2). The number of transplanted CD34" cells/kg
and the number of M-MDSCs were significant fac-
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