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ABSTRACT

Aim. To evaluate the viability of mononuclear cells (MNCs) in leukocyte concentrates (LCs) at the stages of their
preparation, freezing, and thawing.

Materials and methods. The study material included 44 LCs from donors of allogeneic hematopoietic stem
cells (HSCs) and 189 autologous LCs from patients with oncohematological disorders. LCs were obtained from
donors and patients by leukocytapheresis after mobilization of HSCs. LCs from patients were frozen with dimethyl
sulfoxide (DMSO) used as a cryoprotectant at a final concentration of 5% and stored in liquid nitrogen. LCs were
thawed before transplantation. A total of 161 LCs were immediately transfused to the recipient after thawing, and
28 LCs were washed from DMSO before transfusion. Flow cytofluorometry was used to determine the percentage
of MNC populations that excluded 7-aminoactinomycin D (7-AAD).

Results. The viability of peripheral blood MNCs in donors and patients was close to 100%. It was found that
leukocytapheresis and cryopreservation with DMSO did not affect the viability of MNCs. The freezing of LCs with
DMSO, storage in liquid nitrogen, and thawing resulted in a significant decrease in the content of viable MNCs (p =
0.0025), while no effect of LC storage duration on the viability of MNCs was revealed. Following DMSO removal
from LCs, significantly more HSCs remained in a viable state than without washing (94.4 [94.5; 95.2] % vs. 86.7
[67.6; 92.9] %, (p = 0.0051); for other MNC populations, except monocytes, the differences in the viability index
were also statistically significant.

Conclusion. The viability of MNCs in LCs is recommended to be used as an independent characteristic of the
transplant quality. In obtaining LCs and mixing them with the cryoprotectant DMSO, the viability of MNCs does
not decrease, while in thawed LCs, it decreases significantly. Thawing of LCs with removal of DMSO allows to
achieve the best viability of HSCs and most MNC populations.
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MK1n3Hecnoco6HOCTb AApOCOoAepPXKALLNX KNEeTOK B JIeMKOKOHLIeHTpaTax
Ha 3Tanax ux rnoslyyeHus, 3aMmopakmBaHNA N AeKPNOKOHCEepBUPOBaHNA

UcaeBa H.B., Munaesa H.B., Yremos C.B., LlepctHeB ®.C., 3opuHa H.A., 3meeBa 10.C.,

byronuna M.A.

Kuposckuii nayuno-ucciredosamenvckutl uHcmumym 2emamonoauu u nepeausanus kposu (KHUHUT ulIK)

Poccus, 610027, . Kupos, ya. Kpacrhoapmetickasi, 72

PE3IOME

Llesab — oLeHUTH JKU3HECTIOCOOHOCTD siApocoaepkamux kieTok (ICK) B neiikokonuentparax (JIK) Ha stamax nx
MOTyYCHUsI, 3aMOPAXUBAHUS U IEKPHOKOHCEPBUPOBAHKSI.

Marepunaisl u MeToabl. Marepuan uccienosanust — 44 JIK 10HOpOB a/uIOreHHBIX I'€MOINOITUYECKUX CTBOJIO-
BbIX KieTok (I'CK) u 189 ayromornunsix JIK oHKOremMaTosorndeckix 0oiabHbIX. JISHKOKOHIEHTPATHI JOHOPOB U
OOJIBHBIX MOJTyYalid METOJIOM aBTOMATHUYECKOTro Jieiikorutadepesa nocie moomnuzaiuu ['CK. JlelikokoHIieHTpa-
Thl OOJIBHBIX 3aMOPaXHUBAIU MO 3amuToi quMetiicynbhokcuaa (JIMCO) ¢ koHeyHO# KOHLEHTpanueh 5% u
XPaHWIH B XKUJKOM a30Te. JIeHKOKOHLIEHTpaThl JeKpUOKOHCEPBUPOBAIH Iiepes TpaHcIulanTauei, 161 JIK mocne
JICKPUOKOHCEPBUPOBaHUA cpa3y mepenuBainu peuunueHty, 28 JIK nepen nepenuBanuem otMbiBanu oT JMCO.
IMporeHT He MpoIycKaronMX 7-aMUHOAKTHHOMHUIMH D (aminoactinomycin D, 7-AAD) nonynsiumit SICK onpene-
JISUTH METOIOM IIPOTOYHOM IIUTO(IIyOPHMETPHUHL.

PesyasTatel. JKmsnecnocobHocts SCK mnepudepmueckoil KpoBH JOHOPOB M OOJIBHEIX IpHONIDKaIach
k 100%. Iloka3aHO OTCYTCTBHE BIMSHHS aIllapaTHOTO JeHKoruradepe3a W MPOIEAypbl CMEIIMBAaHUS C
JAMCO Ha xusHecniocobHocTh SICK. 3amopaxmsanue JIK mon 3ammuroit JJIMCO, XpaHeHHE B >KHAKOM a30-
T€ W UX JCKPHOKOHCEPBHPOBAaHHE MPUBOIMIN K 3HAUMMOMY CHI)KEHHIO cojepykKaHUs ku3HecmocoOHbx SICK
(»p = 0,0025), mpu sToM BiusHKE AnuTenbHOCTH XpaHeHus JIK Ha xm3Hecrioco6HOCTh SICK He BhIIBIEHO. B pe-
3ynbrate otMbIBaHusA OT JJMCO B ku3HECIIOCOOHOM COCTOSIHUH coxpaHsercs cymectBeHHO Oonbiie ['CK, gem
0e3 ormbiBaHu (94,4 [94,5; 95,2]1% npotus 86,7 [67,6; 92,91%; p = 0,0051); nns qpyrux momymsimii SICK, kpome
MOHOIIUTOB, PAa3JINYMs IMOKA3ATENS )KAZHECTIOCOOHOCTH TAK)KE CTATHCTHYECKH 3HAUUMEL.

3aximouenne. XKuznecnocooHocts SICK B JIK pexoMeHmyeTcs: HCIOIB30BaTh KaK CAMOCTOATENFHYIO XapaKTe-
PUCTHKY KadecTBa TpaHCIUIaHTaTa. B mpouecce momyyenus JIK u ux cmemmBanus ¢ kpuokoHcepsantom IMCO
sku3HecnocooHocTh SICK He cHmkaeTcs, a B JekpuokoHcepBrupoBaHHbIX JIK 3HaunTensHO nagaet. JlekpruokoHcep-
BupoBanue JIK ¢ ormpiBanuem ot IMCO no3BosisieT focTuraTh Jryuieii skuznecriocoonoct I'CK u GonpmmHCTBa
nomyssiuii SICK.

KiaroueBsble cjioBa: J'ICfIKOKOHIIeHTpaT, )KI/ISHCCHOCO6HOCTI), 7-aMHHOAKTHHOMMITUH D, AAPOCOACPIKAIINEC KIICTKHU,
TEMOITIOOTHYCCKHUE CTBOJIOBBIC KIICTKH, III/IMGTI/IJICyJ'II)q)OKCI/III.

KOH('I).]'IHKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIHUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C ny6nm<aunef/'1 HaCTOfIU.[efI CTaTbu.

HcTounuku puHAHCHPOBAHHUS. ABTOPHI 3asBIIIOT 00 OTCYTCTBUY (\HHAHCHPOBAHUS IIPH MIPOBEACHUH UCCIIEN0-
BaHMSI.

CooTBeTcTBME NPHHUMIIAM 3THKH. VccnenoBanue ogo0peHo JokaibHbIM dTHdeckuM KomuteroM KHUUT ulIK
(mpotokon Ne 27 ot 23.09.2021).

Jast uutupoBanus: Mcaesa H.B., Munaesa H.B., Yremon C.B., lllepctues ®.C., 3opuna H.A., 3meena 10.C.,
Byronnaa M.A.JKn3HecriocoOHOCTE sSAPOCOIEPIKAIINX KIETOK B JISHKOKOHIICHTpATaX HA dTAlax MX MONyYEeHUs,
3aMOpaKUBAHUS U JEKPHOKOHCEPBUPOBaHUS. broiremens cubupckoi meouyunsl. 2023;22(2):46-52. https://doi.
org/10.20538/1682-0363-2023-2-46-52.

INTRODUCTION

Hematopoietic stem cell transplantation (HSCT) is
an effective method of therapy for hemoblastosis and
hematopoietic depressions [1, 2]. In modern condi-
tions, the transplant material, leukocyte concentrates
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(LCs) with a sufficient content of hematopoietic stem
cells (HSCs), can be obtained by leukocytapheresis. If
it is necessary to preserve the transplant material for a
long time (more than 72 hours), the technologies of its
freezing with cryoprotectants are used. [3]. Kirov Re-
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search Institute of Hematology and Blood Transfusion
of the Federal Medical and Biological Agency has ac-
cumulated many years of experience in carrying out
transplantations of autologous and allogeneic HSCs
and harvesting allogeneic HSCs for other transplant
centers [4].

Obtaining transplant material involves several
technological procedures that ensure stable transplant
function and guarantee the success of HSCT. The abil-
ity to restore hematopoiesis in the recipient is direct-
ly related to the transfused dose of HSCs. In accor-
dance with the requirements of the European Society
on Blood and Bone Marrow Transplantation, quality
control of the cellular product is mandatory, the calcu-
lation of HSC is required, and it is necessary to assess
cellular elements that are potentially capable of harm-
ing the patient. In cases where the product is subject
to any manipulations affecting its composition, confir-
mation of the viability of cells in the product becomes
particularly relevant (URL:https://www.ebmt.org/8th-
edition-fact-jacie-standards, accessed: 13.10.21).

Currently, HSCs are evaluated in accordance with
the recommendations of the International Society of
Hematotherapy and Graft Engineering (ISHAGE) [5].
A HSC-containing LC is a sufficiently heterogeneous
cellular product [6]. The ISHAGE protocol regulating
the calculation of HSCs is widely used for the cer-
tification of a cell product, but such an assessment
does not provide any information about the viability
of cells. Viable MNCs are cells whose membrane re-
mains non-permeable to nuclear staining dyes. Via-
bility testing can be based on supravital staining of
cell samples with various dyes. Currently, it has be-
come possible to use fluorescent DNA dyes, such as
propidium iodide, 7-aminoactinomycin D, and SYTO
dyes [7].

A decrease in the number of viable leukocytes
during LC storage can negatively affect the calculated
value of the target transplantation dose of HSCs and
the parameters of engraftment [8], while an increase
in the proportion of non-viable cells in LC can lead
to the emergence of various cell degradation products
init[9].

The aim of the study was to evaluate the viabili-
ty of MNCs in LCs at the stages of their preparation,
freezing, and thawing.

MATERIALS AND METHODS

The material for the study was blood and LC sam-
ples from donors of allogeneic HSCs, as well as pa-
tients with oncohematological disorders. The blood
samples were taken for examination immediately
before the start of leukocytapheresis. The LCs of the
donors and patients were harvested using an antico-
agulant for automatic leukocytapheresis. The LCs
of the patients were cryopreserved by mixing with
a solution of DMSO at a final concentration of 5%
and dextran. LCs were frozen in liquid nitrogen va-
pors at 30—35 cm above the surface of liquid nitrogen
(~145...-160 °C), followed by transfer to the liquid
nitrogen medium.

Immediately before transplantation, 161 LCs were
thawed in an aqueous medium at a temperature of
39-41 °C, then the LCs were transfused to the patient.
Another part of HSC-containing LCs (n = 28) was
washed from DMSO after thawing by adding a mix-
ture of albumin and polyglukin to the cell suspension
(in a ratio of 1:4). After centrifugation at 2,000g for 5
min, the supernatant was removed, and the cell pre-
cipitate was resuspended in a mixture of albumin and
polyglukin. The stages of preparation of the transplant
material are shown in Fig. 1.

Transplantation material

Stages of studying the viability of MNCs

Allogenic HSCs (n = 44)

Allogenic HSCs (n = 44)

1. Mobilization of HSCs

peripheral blood

peripheral blood

2. Obtaining LCs by leukocytapheresis

native LCs

native LCs

3. Mixing LCs with DMSO

LCs mixed with DMSO

4. Freezing LCs, storage of LCs in liquid
nitrogen vapor, thawing of LCs

LCs without washing from DMSO (rn = 161)

LCs washed from DMSO (n = 28)

Fig. 1. Assessment of MNC viability (stages, material)
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Blood and LC samples were diluted with a phos-
phate-buffered saline (PBS) containing 0.5% bovine se-
rum albumin to achieve a leukocyte concentration of 5 x
10°/1. The samples were incubated in the dark for 15 min
at a temperature of 20-24 °C with conjugates of mono-
clonal antibodies to CD45 and CD34 with fluorochromes,
fluorescein isothiocyanate, and phycoerythrin, respec-
tively, and with a 7-AAD solution. The samples were
tested on the BD FACSCanto™ II flow cytometer (BD
Biosciences, USA). We took into account the proportion
of 7-AAD-negative events in each MNC population.

STADIA (Russian Federation) and Microsoft Ex-
cel were used for statistical analysis of the obtained
results. The data were presented as the median and
the interquartile range Me (Q,; O,,). We used the Van
der Waerden test to perform a comparative analysis of
unrelated aggregates and the Wilcoxon test for related
ones. In multiple comparisons, the values of the crite-
ria were determined using the Bonferroni correction.
The correlation was established by calculating the
Spearman’s rank correlation coefficient. The differenc-
es were considered statistically significant at p < 0.05.

RESULTS

The number of 7-AAD-negative MNCs in the
blood taken before the start of leukocytapheresis from
the donors and patients turned out to be comparable
(99.8 (97.5; 99.9)% and 99.7(98.1; 99.9)%, respec-
tively, p = 0.1109). The content of viable MNCs in
native LC in the donors was 99.6 (98.5; 99.8)%, in the
patients — 98.4 (97.5; 99.8)%. The obtained values did
not differ from those in the blood samples from which
LCs were prepared (p = 0.1241 for the donor group;
p = 0.0893 for the patient group).

The difference in the proportion of 7-AAD-nega-
tive MNCs in native LCs of the patients and in LCs
mixed with DMSO was not statistically significant
(Table 1). There was a significant decrease in the vi-
ability of MNCs in LCs after thawing. An increase in
the permeability of the MNC membranes for the vi-
tal 7-AAD dye was recorded in the LC samples that
were thawed both without additional manipulation —
washing from DMSO, and with it. The relative num-
ber of 7-AAD-negative MNCs in the LCs that were
not washed from DMSO turned out to be significantly
lower than in the LCs after washing from DMSO.

The relationship between the proportion of viable
cells and the storage time of patients’ LCs in the fro-
zen state before thawing and transplantation was stud-
ied, a correlation between these two parameters was
not revealed (r=0.11).

Table 1

Content of viable mononuclear cells in leukocyte concentrates,
Me (Q,; 9,9
Stages of viability control of MNCs

Content of 7-AAD-

in LCs negative cells, %

Native LC, n =189 I 98.4 (97.5; 99.8)

LC mixed with DMSO, n=189 | 1I 96.1 (94.0; 98.8)
LC without washing from .

DMSO, 1 = 161 1 80.6 (76.0; 89.4)

L(E after washing from DMSO, v 922 (85.2: 96.4)

n=28
I-11=0.1124;
II-1II = 0.0025;
P 111V = 0.0087;

HI-IV = 0.0054

Fig. 2 shows the distribution of thawed LCs of the
patients according to the content of viable MNCs in
them. Three ranges of viability were taken into ac-
count: 80% or less, 90-80.1%, and 95.5-90.1%. In the
LCs washed from DMSO, critical levels (from 80%
to 62.2%) of MNC viability were recorded in 7.1% (2
out of 28) of cases, in the unwashed LCs — in 44.1%
(71 out of 161) of cases.

7.1%
39.3%
53,6%
Thawing with washing from DMSO
11.8%
44.1%

Thawing with washing from DMSO

Thawing without washing from DMSO
7-AAD-positive MNCs in LCs

O from 95.5 t0 90.1%
E from 90.0 to 80.1%
B from 80.0 to 62.2%

Fig. 2. Distribution of thawed leukocyte concentrates
according to the content of viable mononuclear cells
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Among all MNCs, the HSC content was 0.6%;
lymphocytes — 44.6%, monocytes — 31.5%, granulo-
cytes — 21.9%, erythrokaryocytes — 1.4%. The popu-
lation of granulocytes that were thawed and were not
washed from DMSO turned out to be the least viable

(Table 2). In the LCs thawed with subsequent washing
from DMSO, higher viability values of most cell pop-
ulations were revealed compared to those in the LCs
which were not washed. The only exception was the
population of monocytes.

Table 2
Content of viable mononuclear cells in thawed leukocyte concentrates, Me (Q,.; Q)
The content of 7-AAD-negative cells
T f MN
Ipeso Cs in LCs without washing from DMSO, % in LCs washed from DMSO, % P
Leucocytes 81.8 (75.1;90.4) 89.3 (86.3;93.7) 0.0338
HSC 86.7 (67.6; 92.9) 94.4 (94.5; 95.2) 0.0051
— lymphocytes 93.4 (87.9; 96.9) 95.5(93.5;97.7) 0.0455
— monocytes 94.9 (93.5; 96.0) 97.4(98.1; 92.6) 0.0718
— granulocytes 36.7 (22.8; 53.5) 58.8 (52.1; 65.6) 0.0006
Erythrokaryocytes 69.0 (56.6; 82.9) 90.8 (84.9; 95.5) 0.0008
DISCUSSION [13, 14, 3] do not allow to draw final conclusions

Supravital cell staining with an automatic analysis
of the results in laser flow cytofluorometry was used
to assess the viability of MNCs in LCs. The 7-AAD
dye is easily embedded between cytosine and guanine
bases and is detected in the red region of the visible
spectrum (635-675 nm). If simultaneous staining of
cells with fluorochrome-conjugated monoclonal anti-
bodies to cellular determinants is necessary, 7-AAD
is considered preferable among fluorescent DNA
dyes [10]. The percentage of 7-AAD-negative MNCs
should be recommended as an informative parameter
of LC control at technological stages of production
and storage.

As a result of the conducted research, it is shown
that the viability of blood and native LCs is approach-
ing 100%, the variation of the parameter is extremely
insignificant. The information obtained is consistent
with the results of the study on stem cell viability, in
which several DNA dyes were used [7]. The number
of 7-AAD-negative MNCs in HSC-containing LCs
and the blood from which they were obtained coin-
cided. Consequently, leukocytapheresis and antico-
agulant addition do not have a negative effect on the
permeability of MNC membranes.

Since 2003, highly purified DMSO at a concen-
tration of 10% has been used for cryopreservation of
transplant material. The molecular basis of the DMSO
effect on cell membranes is still being investigated
[11]. It is known that various concentrations of DMSO
have fundamentally different mechanisms of action on
HSCs [12]. The information given in the literature on
the viability of cryopreserved HSCs, their repopulat-
ing ability, and the timing of hematopoiesis recovery

about the optimal DMSO concentration.

A possible effect of concentrated DMSO at the
stage of its introduction into the LCs was studied. The
number of 7-AAD-negative MNCs in LCs mixed with
DMSO at a final concentration of 5% and in native
LCs did not differ significantly. The conclusion was
made about the reasonability of the method used for
introducing a concentrated DMSO solution into the
cell product. A significant decrease in the MNC viabil-
ity in thawed LCs was revealed both with and without
washing from DMSO, compared with that in native
LCs mixed with a cryoprotectant. The results obtained
are consistent with the literature data [15]. The rela-
tionship between the storage time (from 7 to 120 days)
and the number of 7-AAD-negative MNCs released
from cold suspended animation was not confirmed,
freezing and thawing are probably the most critical for
the permeability of MNC plasma membranes.

It is known that DMSO can have a toxic effect on
the human body when used as a cryoprotectant [16].
To reduce the toxic effect of DMSO on the recipient’s
body, such approaches as lowering the hematocrit of
the cell product [17], washing HSC-containing cell
products [18], and using ice recrystallization inhib-
itors [8] are studied. Non-viable MNCs may have a
fragmented membrane or represent naked nuclei [9]. It
was found, that in the LCs washed from DMSO, there
are more viable MNCs than in the LCs that were not
washed. As a result of washing, the DMSO-containing
resuspension solution in LCs is partially replaced with
a mixture of albumin and polyglukin, the contact time
of MNCs with extracellular DMSO is reduced [18].

LC is a product that is only slightly enriched with
stem cells compared to peripheral blood [7]. The per-
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centage of HSCs in LCs averaged 0.6%, the largest
proportion among all MNCs was represented by cellu-
lar elements that do not have repopulating properties.
At the same time, the number of CD45-positive cells
directly affects the estimated transplantation dose of
HSCs [19]. When LCs are thawed without washing,
granulocytes undergo the greatest destruction, which
is consistent with the reports of researchers [20].
Given high sensitivity of membranes of granulocytic
components and their significant proportion in LCs,
the granulocyte population makes the greatest con-
tribution to reducing the viability of all MNCs after
thawing. When washing from DMSO, greater viabil-
ity of most of the isolated MNC populations was ob-
served, except for monocytes. Presumably, washing
hinders the increase in the permeability of MNC plas-
ma membranes. In addition, it cannot be ruled out that
non-viable MNCs are selectively removed during LC
washing.

The possibility of loading the transplant mate-
rial with cell degradation products is another aspect
of the negative impact that the destruction of MNC
membranes has on the recipient’s body. The danger
of enriching blood components with such substances
during storage was discussed [9].

CONCLUSION

The viability of MNCs in LCs is recommended to
be used as an independent characteristic of the trans-
plant quality. In the process of obtaining LCs and mix-
ing them with DMSO, the viability of MNCs does not
decrease, while in thawed LCs, it decreases signifi-
cantly. Thawing of LCs with the removal of DMSO
allows to achieve the best viability of HSCs and most
MNC populations.
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