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The influence of five different cryopreservation protocols on the quality andfor quantity
of frozen cells was investigated on mouse bone marrow cells and human peripheral
blood mononuclear cells (MNC). The efficiency of the protocols was evaluated on the
basis of the recovery of very primitive pluripotent hematopoietic stem cells (MRA), plu-
ripotent progenitors (CFU—S8d12), committed granulocyte—monocyte progenitors
(CFU—-GM)} of mouse cells after thawing. The recovery of MRA, CFU-S8d12 and
CFU—GM varied depending on the type of freezing procedure and cryoprotector
(DMSO) concentrations used. It was shown that the controlled—rate protocol was mo-
re efficient, enabling better recovery of all categories of progenitor cells in frozen sam-
ples. The most efficient was the controlled—rate protocol of the cryopreservation desig-
ned to compensate for the release of fusion heat, which enabled the best recovery of
CFU-GM (73.0+8.8%) and CFU—S8d12 (90.0£15.9%) when combined with 5%
DMSO concentration (protocol 4). On the contrary, a better recovery (79.8+13.5%) of
very primitive stem cells (MRA) was achieved only when the higher concentration
(10%) DMSO was used in combination with a five-step protocol of cryopreservation
(protocol 1). These results pointed out the adequately used controlled-rate freezing to
be essential for a highly efficient cryopreservation of some of the categories of hemato-
poietic stem and progenitor cells. At the same time, it was obvious that a higher DMSO
concentration was necessary for the cryopreservation of MRA, but not for more mature
progenitor cells (CFU—S, CFU—GM). These results imply the existence of a mecha-
nism that decreases the intracellular concentration of DMSQ in MRA cells, which is
not the case in less primitive progenitors. For human MNC, the recovery and viability of
the cells, as well as the engraftment potential of cryopreserved cells after thawing were
investigated. Cryopreservation protocol 1 resulted in better MNC recovery
(82.7410.4%) than protocol 3 (49.9+15.1%). The mean recovery of MNCs (collected
from patients for autologous transplantation) was 78.54+7.3% (protocol 1) and
33.1£26.2% (protocol 3). The obtained favorable recovery of thawed cells and rapid
reconstitution of hematopoiesis (on the day 11" following the transplantation) in pati-
ents confirmed that the controlled-rate freezing in combination with optimal DMSO
concentration was able to obtain sufficient progenitor cryoprotection.

Key words: hematopoietic stem cells; cryopreservation; hematopoietic
stem cell transplantation; dimethyl sulfoxide; cytological
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Introduction

Successtul performance of autologous transplantation
of hematopoietic stem and progenitor cells (HSPCs) requi-
res both efficient collection and cryopreservation procedu-
res for obtaining an acceptable cell yield and recovery
(1—5). The aim of cryopreservation protocols used is to mi-
nimize cell injuries during the freeze-thaw process
(cryoinjuries). Generally, the cell injury may be the result of
extensive cellular dehydration (“solution effect") and/or in-
tracellular ice crystallization ("mechanical cell damage”)
(6~9). These independent mechanisms, the first one ex-
pressed primarily during low rate freezing, and the second
one during rapid freezing, can act simultaneously leading to
cytolysis. Thus, the determination. and use of the optimal
cooling velocity, specific for each type of isolated cells, sho-
uld be considered. For a successful HSPC cryopreservation,
a cryoprotective agent that decreases osmotic gradient and
the vapor pressure difference between the intra- and extra-
celtular area is also needed. Dimethyl suifoxide (DMSO) is
commonly used as a cryoprotectant in different (2.2% to
10%) concentrations (10—20). Finally, a higher degree of
cell destruction has been evidenced when the transition pe-
riod from liquid to solid phase (release of the fusion heat)
was prolonged (9, 21, 22). Although the HSPC cryopreser-

vation procedures are already used routinely, some pro-’

blems related to the optimal cooling velocity during con-
trolled-rate freezing and the choice of the cryoprotective
agent at the appropriate concentration are still unresolved.
The purpose of this study was to establish a cryopre-
servation protocol enabling efficient ceil recovery and via-
bility after thawing and improving the clinical effectiveness
of the HSPCs used for transplantation. Five different
cryopreservation protocols were compared, two of our ori-
ginal controlled-rate and one noncontrolled-rate freezing
procedures combined with different concentrations of
DMSO. We hypothesed that controlled-rate cryopreserva-
tion (cooling rate = 1°C/min) with compensation of relca-
sed heat of the fusion during the transition period from li-
guid to solid phase (cooling rate = 2°C/min), combined
with higher concentration of DMSO (10%) would result in
the best HSPC recovery compared to the other freezing
procedures and lower conecentration (5%) of the same
cryoprotective agent. These protocols were first cvaluated
on murine bone marrow cells, on the basis of recovery after
thawing of committed granulocyte-monocytc progenitors
(CFU-GM), pluripotent progenitors (CFU-8d12 = Colony
Forming Unit-Spleén day 12) and very primitive pluripo-
tent stem cells determined by marrow repopulating ability
assay (MRA¢.aw). The cryopreservation protocols were
further tested on human peripheral blood mononuclear
cells (MNCs), harvested both in steady-state hematopoiesis
and following the mobilization. The recovery and viability
of MNC, as well as the CD34" cell quantification after tha-
wing were investigated. In addition, the engraftment poten-
tia| of cryopreserved cells was evaluated through the recon-

stitution of hematopoiesis i paiienis 'zr sied with aboio-

gous HSPC transplantation:

Methods

Ecxperimemal animals. CBA/H-mice of both sexes,
ighing 20—22 g, when 12— 15 wecks oid (Breeding Facii m( %
of the !nsnturc for Medical - Research, Military Medicai
Academy, Belgrade) were used as donors of bone marrow -

cells, as well as recipients of both unfrozen (controly and

frozen bone marrow cells in-the CFU-8d12 and MRA 8-
says. Cells from both femurs were flushed out with-Dulbee-
co's modification of Eagle's medium (DMEM) supplemen-
ted with 5% fetal calf serum (FCS) and subscquenily poo’
led, washed and resuspended in DMEM. as deserived pre
viously (21-23). ' '
Patients and healthy subjects. The study included 30 he-
althy persons, botk males and females, 19 to 44 yvears ikl
and twenty patients with feukemia (CML, ALL and
ANLL), multiple myeloma, Hodgkin and non-Hodgkin -
lvmphoma and extragonadal nonseminious twor. :
Blood (450 mL) from healthy subjects was coliected in
steady-state hematopoesis in quadruple bidod bag. systems
(Terumo Corporation, Tokyo, Japan). MNCs werc scpara-
ted from buffy-coat hy centrifugation, utilizing Ficeil-Paque
gradient agent (Pharmacia Fine Chemicals AB, xppsald
Sweden) (23, 24): MNCs were resuspended in IMDM me-

dium, and samples were taken into thermo-stabie plastic tu-
“bes (2 ml per tube) for the.in vitro testing and freczing ac-

cording to specific cryopreservation pratocols (23, 244
Apheresis procedures. “NMINC  (with H.SPC__,

was performed with COBE Spectra Cobe BCT, 4:
od, Colorado, USA) blood cell separator when the number
of peripheral blood letkocytes was in the range of 3-3 x
10°/1. Mobilization of HSPC was achieved with the applica-
tion of polychemiotherapy pmlouoi and G- CSF (’\Lups
gen, Hoffmann-La Roche Ltd. Switzerland). 10- 16 pg/kg of

body mass daily. The average volume of bluod.pm“ ssed..

Harvesi
akewo-

by one apheresis procedure was 14.21.5 | and ﬂw zw'crago

volume of celt suspension obtained was (.18+().
Cell quantification.methods. The namber (h‘ 1~mlwt<.(i
cell (NCs) in the murine hone marrow cell \u»pmsnma (md. '

humans” MNC was quantified in Spencer's chamber Hollo-
wing the dilution in hcmocytometer with Tiirck's solution -

(22, 23). The viability of the cells was evaluated .m,w the
trypan blue exclusion test {22 -25). ' -

The number of the CFU-GM. was LiLtummuE Lmnpj,
methyl cellulose cell culture assay with lung or teukocyte
conditioned medium as a-source of colony stimulaling acti-
vity (CSA) (22). .

The CFU-Sd12 number was detemnncd inrecipient my-
ce irradiated with 9 Gy X- irradiation (RT 305, Philips, The
Netherlands), as dcsgribc-d previously (22, 26301,
ately after irradiation, the recipient mice wete iv injected with
4-6x10* previously cryopreserved (five different protocols) or -
unfrozen (control group) bone marrow cells 22)7 The sple- -
ens of these recipicnts were removed 12 days later (Cfl}—

Immedi- -
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-Sd12 assay) and fixed in Telleyesniczky's fluid for the coun-
ting of visible splenic colonies (23, 26—30).

MRA was estimated on the basis of the number of the
newly generated CFU-GM in the bone marrow of irradiated
mice, 14 days after inocuiation of the test bone marrow cell
suspension. The mice were irradiated as described above for

20 7 I
10 *\ 11

(°C)

10%, (22—24). Our original five steps procedure (22), na-
med as procedure 1, (protocols 1. and 4.) for controlled-ra-
te freezing consisted of five stages: I = 5°C/min, to 0°C; II
= 0°C/min, for 10 minutes (equilibration); III = 2°C/min,
for 5 minutes; IV = 1°C/min, for 35 minutes and V = 5°C,
for 5 minutes (Fig. 1).

time (min)

0
-107
20T
30T

temperature

40T
S0T
60T

70~

50

Fig. 1 — Procedure 1 for five-step controlled-rate freezing.

Note step I1I, corresponding to the release of the fusion heat (arrow).

CFU:-S assay, and injected with 1.5—5x10° fresh or previously
frozen and thawed cells. Fourteen days after the injection,
mice (5—7 in each group) were sacrificed, the femurs were
flushed with DMEM, and an appropriate number of cells
(5—10x10%) was placed in methylcellulose culture mixture.
The CFU-GM number was determinated as described above
and calculated per one femur of the recipient mice. This
number represented the MRA of the test sample inoculated
in one mouse. The results were then normalized to 1x10° the-
oretically injected cells, and these values represented the
standard MRA value per 1x10° cells in the particular sample
tested. To get the total MRA of the particular sample, the
above value was multiplied by the actual number of cells pre-
sent (expressed in millions) both before and after cryopreser-
vation at the moment of MRA determination (injection of
mice) (22). The MRA recovery after cryopreservation was
calculated as the ratio (percentage) of the total MRA values
of the particular sample before and after cryopreservation,

The number of human peripheral blood MNCs and their
viability were determined in the same way as described above
for murine bone marrow nucleated cells. For the detection of
CD34+ cells, MNCs were first separated utilizing gradient
agent and then incubated (30 minutes at 442°C) with the mo-
noclonal antibodies of HPCAZ2 specificity (CD34+) conjugated
with fluoroscein isotyocyanate — FITC (Becton Dickinson, He-
idelberg, Germany). Upon the staining, the percentage of
CD34+ cells was analyzed by flow cytometry using Epics device
{Coulter, Krefeld, Germany) (24).

Cryopreservation. For the freezing of murine bone
marrow cells, as well as human peripheral mononuclear
blood cells, the noncontrolled-rate freezing-procedure and
controlled-rate freezing procedures were performed using
DMSO (Dimethyl sulfoxide, Serva Feinbiochemica, USA),
as a cryoprotective agent, in a final concentration of 5% or

Four steps procedure — procedure 2, (protocols 2 and
5) consisted of four stages: I = 5°C/min, to 0°C; II =
0°C/min, for 10 minutes (equilibration); III = 1°C/min, for
45 minutes and IV = 5°C, for 5 minutes.

Controlled-rate freezing procedures (protocols 1, 2, 4
and 5) were accomplished by Planer R203/200R (Planer
Products Ltd, England) and were performed at the tempe-
rature of -70°C for 54 minutes (procedure 1) or for 59 mi-
nutes (procedure 2). In all protocols employed, after the
completion of freezing, the cell suspensions were placed in-
to a mechanical freezer at a temperature of -90+5°C.

The noncontrolled-rate freezing-procedure (cryopre-
servation protocol 3) was performed by placing the cell su-
spension into a mechanical freezer at -90+5°C (22-24)
where they remained until thawing.

The cell samples were thawed in a water bath at
37+3°C. The cryoprotective agent present in thawed cell
samples was removed by a washing procedure with DMEM,
centrifugation for 15 minutes at 600 g, which was followed
by cell resuspension in DMEM for murine bone marrow
cells or IMDM for human MNC (22, 24).

Cell suspensions intended for the treatment of pati-
ents were reinfused through catheter placed in subclavian
vein, immediately after thawing, without removing the
cryoprotective agent. Patients were premedicated with
40—120 mg of methylprednisolone (Lemod-Solu, Hemo-
farm, Vrac, Yugoslavia) and 5~10 ml of 10% calcium glu-
conate solution (Calcii Gluconatis, Pro-Med, Pirot, Yugo-
slavia). Stimulated diuresis was achieved by the infusion of
2500 ml saline and the application of 20—40 mg of furosemid
(Lasix, Jugoremedija, Zrenjanin, Yugoslavia) (24).

Reconstitution of hematopoiesis. The efficacy of the en-
graftment, i.e., the reconstitution of hematopoiesis in pati-
ents treated with autologous transplantation of HSPC was
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evaluated according to the established criteria for hemato-
logic recovery — leukocyte count 2 1x10%/L, aeutrophil co-
unt 2 0.5x10%L and platelet count > 30x10°/L for at lcast
three successive days (2, 4, 23, 24).

Statistical analfysis. The results were expressed as a
mean value *+ standard deviation (SD). Statistical analysis
of the tested parameters before and after cryopreservation
was performed by the ANOVA-test (Statgraf 4.0).

Results

The results obtained for unfrozen murine bone mar-

row NC count and viability were: Ny = 3.940.56x10%mL;
VBye = 93.31£5.9%. The numbers of the unfrozen control
CFU-GM and CFU-8d12 were CFU-GM ., 5" ey =
103.5£15.7 and CFU-Sd12,, | cers) = 103.5415.7

Subsequently after thawing and washing procedures, .

the recovery and viability of NC were determined. As

shown in Figure 2., similar recovery of NC was obtained by-

all employed cryopreservation protocols, ranging from
70.3+£17.1% for protocol § to 87.9£6.6% for protocol 4.
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Fig. 2 — The recovery and viability of murine bone marrow
NCs after cryopreservation

The results are mean + SD; The data ate pooled from three expe-
riments.
NCgrecovery = cryopreserved/untrozen (control group) nucleated
cell count.
NCyg = nucleated celi viability {(determined immediately after tha-
wing and washing of the cells). )

There were no staustical differcnces in
very of cryopreserved NC neithcr in comparison
control group NCs, nor between cells Frozen b difte
rent protocols. Regardless ‘of the L‘I‘_{/Lipresei'vatis:ﬁ'l P
cedures used, controlled-rate pratocols j. 2, 4wrd 5 or
noncontrolted-rate protocol 3, high V-il‘lhiﬁf}‘ af NC afier
thawing was determined.
87.6210.8% to 96.5£7.7%. , .

The determination of CFU-GM and CFU-8(12 i'gulw-
very in the thawed samples of cryopreserved bons marrow
cells revealed that the highest recovery of these progentlor .
cells was achieved when protocol 4 was used, 1.c. 4 _i‘itfu-':“ife:'p' -
controiled-rate  freezing procedure and 5% '

and e apked T fram

! G DMSO -
{73.048.8% for CFU-GM and 90.0+15.9% fur CIU-8d12)
(Fig. 3).
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Fig. 3 — The recavery of murine bone marrow progenitor
cells (CFU-GM, CFU-8d12 and MRA) after cryopreserva-

ton, i
Results are mean & SD from three separate Experiments.
Significant difference cryopreserved cells vs. cantrnl:
*p < 0.01; ™*p < 0001,

" However, although no differences ‘in the recovery
and viability of NC 'we”rE observed fol-}owi'ﬁ'g qryopr'éser: g
vation by different protocols, high variations in the re-
covery of CFU-GM and CFU-8d12 progenitor cchs we-
re noticed, for CFU-GM ranging from 27.5+3.6% to .
73.0+8.8% and for CFU-Sd12 from 37.8+23.0% to
90:0+15.9%. R T

The efficiency evaluation- of the cryopreservation
protocols used for CFU-GM and CFU-8d12 progenitor

cells pointed out the controlled-rate freezing procedure

to be superior. Namely, the-use of five-step 'c__qmrb&h:d-r_a— N
te freezing procedure with 5% DMSO (protocol 4) did
not cause reduction in the number of the CFU-Sd12 m’
the thawed bone marrow cells vs. the control group, while
on the other hand, noncontrolled-rate freezing procedure -
(protocol 3) resulted in a significant reduction- of the
- CFU-8d12 number vy. control group. Highly sigmificant.
differences were also noticed when the four~and five-step
contiolled-rate freezing procedures (protocols 2 and 4)
were compared, in favor of protocol 4 for both CFU-GM.
and- CFU-8d12 recovery. Furthermore, significanit diffe-
rences were found between protocols eraploying five-step
controlled-rate freezing procedure but with - different
DMSO concentrations, 10% DMSO (_bt‘otdcol 1y and 3%



Bpoj 6

BOJHOCAHMWTETCKH ITPEI'JIEL

Crpana 581

DMSO (protocol 4), again for both the recovery of CFU-
GM (p<0.01) and CFU-Sd12 (p<0.05) indicating that

the viability of MNC cryopreserved by these two protocols
was similar (Table 1).

Table 1

The recovery and viability of human MNC after cryopreservation
(cells collected in steady state hematopoiesis)

Recovery [%] Viability [%]

Before freezing / 96.8+1.7
Protocol 1 82.7+10.4 87.946.1
Protocol 3 49.9+15.1" 79.246.7

Protocol 1 = control-rate freezing procedure (with compensation of relea-
sed heat of fusion) and 10% DMSO;

Protocol 3 = uncontrolled-rate freezing procedure.

" significant difference cryopreserved cells vs. control and protocol 3 vs.

Protocel 1 (p<0.01).

the optimal DMSO concentration for these progenitor
cells was 5% DMSO.

The results obtained for MRA cell recovery after
the use of five different cryopreservation protocols (Fig.
3) have shown that efficient cryopreservation of these
cells could be achieved only with the appropriate combi-
nation of DMSO concentration and controlled-rate fre-
ezing, taking into consideration the release of the fusion
heat, i.e., five-step controlled-rate freezing with higher

The suspensions of MNC (with HSPC) were also ob-
tained from five patients with leukemia. MNC were harve-
sted by apheresis after mobilization and were then used for
autologous peripheral blood stem cell transplantation after
cryopreservation by protocol 1. However, prior to the tran-
splantation, 2 ml samples of these cells were taken for in vi-
tro testing of the efficacy of cryopreservation protocols 1
and 3. The results of the cell count and viability before and
after cryopreservation are presented in Table 2.

Table 2
The recovery and viability of human MNC after cryopreservation
(cells collected after mobilization)
Recovery and viability
AphP 1 AphP I1 AphP III AphP 1V AphP V Total
N, [%] 81.3 71 74.8 75.5 89.7 78.5+7.3
N, [%] 29.0 80.7 82,5 35.0 38.1 53.1+26.2
VB (%] 99.5 97.4 98.8 97.5 96.4 979412
VB, (%] 87.5 93.7 65.7 55.2 83.2 77.1+16.1
VB, (%] 42.0 86.0 68.1 41.0 43.0 47.6432.5

AphP = apheresis product;

N, ;5 = recovery of MNC, cryopreserved by protocols 1 and 3;

VB = viability of MNC before freezing;

VB, ; = viability of MNC, cryopreserved by protocols 1 and 3.

DMSO concentration (10%) — protocol 1. When 5%
concentration of DMSO was used, the recovery of MRA
cells was app. 60-80% lower regardless of the freezing
procedure, thus pointing to the importance of DMSO
concentration.

According to the results obtained for murine bone
marrow cells, the differences in the recovery of human
MNC were compared only between protocols 1 and 3, ie.,
five-step controlled-rate freezing and non-controlled free-
zing procedures. The results obtained for MNCs harvested
from the healthy subjects demonstrated significantly higher
recovery of the MNC cryopreserved by protocol 1, while

Although it was apparent that the recovery of MNC
cryopreserved by protocol 1, controlled-rate freezing, was
much higher (78.5+7.3%) compared to the recovery obtained
by protocol 3, noncontrolled-rate freezing (53.1+26.2%),
the differences were no statistically significant due to signi-
ficant intergroup variations in the results. The analysis of
the MNC viability revealed significantly better values obtai-
ned by controlled-rate freezing than by noncontrolled-rate
freezing procedure.

The suspensions of MNC for autologous peripheral
blood stem cell transplantation were also obtained from the
other 15 patients and cryopreserved by protocol 1. The ave-
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rage yield was 2.1-6.5x10%kg (5.1+1.8x10%kg) body mass of
the patient for MNC and 2.3-34.5x10%kg (6.53+2.2x10%kg)
tor CD34" cells. After thawing, the recovery of MNC way
93.4% and their viahility 90.3%. Thesc paticnts were trea-
ted with tThG-CSF subcutaneously in daily doses of 5 pg/kg
body mass after the transplantation and the reconstitution
of hematopoiesis was achieved after 11 days in average.

Discussion

The influence of different cryopreservation procedu-
res and protocols on the quality and/or quantity of frozen
cells was investigated on murine bone marrow cells and hu-
man peripheral blood mononuclear cells. The usage of mu-
rine bone marrow cells allows these studies on different sta-
ges of hemopoietic cells including the most primitive sub-
populations. [n the experiments presented herfe signifi-
cantly better recovery of bone marrow progenitors CFU-
GM, CFU-8d12 and MRA cells was observed after the ap-
plication of the controiled-rate cryopreservation procedure
compared to the noncontrolied-rate procedure. The obsér-
ved differences were not related to the changes in the num-
ber or viability of nucleated bone marrow cells. When the
controlled-rate freezing procedures were compared, the
best recovery of CFU-GM and CFU-8d12 was achieved
with the Protocal 4. The difference between this protocol
and the other controlled-rate protocols (1, 2 and 5) was
that in Protocol 4 the lowest concentration of DMSO (5%)
was combined with the five-step freezing procedure. Howe-
ver, when the same five-step freezing procedure was per-
formed in the presence of 10% DMSO (protocol 1), an evi-
dently lower recovery of both CFU-GM and CFU-8d12 was
obtained after thawing the bone marrow cells.

Results obtained for the recovery of MRA cells (pre-
CFU-S) were slightly different. Namely, a very good survi-
val of pre-CFU-S was achieved only with the five-step pro-
tocol in combination with 10% DMSO concentration. Lo-
wer concentration of DMSO (5%) had no protective effect
cven if it was used in combination with the five-step free-
zing procedure. These results imply that for the preserva-
tion of MRA cell population and their functional capability
both five-step controlled-rate cryopreservation -procedure
and higher DMSO concentration are optimal. The possiblc
reason for the better MRA recovery using higher DMSO
concentration may be related to the fact that a higher extra-
cellular DMSO concentration is required in order to achie-
ve and maintain a sufficient intracellular concentration of
DMSO, necessary for the cryopreservation of pre-CFU-S.

It can be assumed that some membranc mechanism, such

as P-glycoprotein transport system, which is known to be
present in very primitive hematopoictic stem cells, could
eliminate intracellular DMSO. from these cells by active
transport (31). This membrane mechanism is also present
with a very high frequency in leukemic stem and progenitor
cells (32) and thus, it could be a cause of the greater sensiti-
vity of these cells to cryopreservation (32— 34). Further stu-
dies are needed to investigate new modalities for the elimi-

nation of leukemic c¢ells from autogratiy by {regzi
wing procedures.

For human HSPC, although nomerous cryopreserviition

DEHEHE

protocols are currently used in clinical practice (2, 22, 35}, the
optimal procedure i$ not detmed yet. Tn this »md)u apti
conditions for the cryopres(,rvanon of humar
blood MNC (with HSPC) harvested lw aphersesiy in both i

steady-statc hematopoiesis and’ after mobilization wore inve- o

stigated. It is well known that peripherat Hiuud HSPC
cryopreservation procedure must be adapted o t) ¢ conditi-
ons that depend on the following: (a) higher ccll count in the
apheresis product (particularly atter the mobilizationy coni-
pared to the bone marrow aspirate; tb) higher prevalence of . -
the mature blood cells; (¢) presence of plasma proteins.in the
product, and (d) absence of lipid and bone’ tissue particies i[}

the apheresis product (2. 22—
mature blood cells predominate, in the course of cryoprescr-
vation their protection should be secured, ot
decreased prior to freezing. Otherwise, cvtoiykns and conse-
quential release of intraceliular substances will
clumping during and/or after thawing. DMSO has been pro-

24Y. Sinee wy apheresis product

then number

result i cell

_ved to be an efficient cryoprotective agent not orily {or HSPC, '

but also for the platelets and granulocytes (16, 23). Howeves. :
DMSO does not protect erythrocytes diring cryopreservi-

" tion, so that erythrocyte count in the apheresis product sho-

uld be as low as possible (22-24} "In = study, the

erythrocytes numbers were very low -(homatocest !u\ than -

-0.05 in average) and there was no need for thew removil

from MNC prior to freezing.

According to the obtained results [or murine bone
marrow hematopoietic cells, the ditferences in the recoveny
of human MNC were compared only between protocols |
and 3, i.e., five-step contralled-rate-treezing combined with
10% DMSQ and non-controlled freezing procedurcs. The
results obtained for the recovery of MNC harvested trom -

‘healthy subjects, as well as from.five patients with jeukemia-

demonstrated that using protocol ‘1 there was ne statsti-

cally significant decrease in their count after the thawing
- compared to the controls. On the Lontrdxy ‘noncontroled-

rate freezing (protocol 3) resulted in reduced vecovery of i

MNC both vs. the controis and cells cryopreserved by pro- -

tocol 1, thus, contirming the . superiority. of protocot |

- When.the viability of thawed MNC was analyzed significant

reduction in comparison to the controls was observed, re-.
gardless whether the controlled- or noncontrofled-ate free-
zing was used. However. when these two -protocois were
compared significantly lower viability was ohlamw by non-
controlled-rate freczing.  Although there ure some. mpom '
(35-38) that satisfactory MNC count and viability recovery-
can be achieved by uncontrofled-rate freezing, that is by a
simple procedure of placing cells into a mechanical freezer
at temperature of -90+5 'C, our results pointed out that
controlled-rate freezing contributed considerably o the de-
gree of cell recovery. o
~ Beside the cryopreservation procedure, it is well
known- that the cheice of the cryoprotective azent and its

periplieral -
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optimal concentration are not less important for the requi-
red cell recovery after thawing. Only two cryoprotective
agents ~ DMSO and hydroxyethyl starch (HES) are usually
used and these agents are applied in various concentrati-
ons. There are reports that low concentrations (2.2 and
4.5% DMSO with 6% HES) are sufficient for the accepta-
ble HSPC recovery (20), and that higher DMSO concentra-
tions (>10%), especially on higher temperatures (4" to 22°
C), could be cytotoxic to human progenitors (22, 25). Ho-
wever, our results related to human MNC cryopreserved by
Protocol 1, with 10% DMSO, revealed efficient cell reco-
very and viability after thawing. This finding is consistent
with the reports demonstrating the lack of the cytotoxic ef-
fects of 109% DMSO on human HSPC (39), but indicating
that 10% DMSO could induce decreased surface antigens
expression and reduced repopulating capacity of CFU-§
(40). Moreover, the data presented here demonstrated that
the DMSO concentration used was not primarily related to
the changes in the number or viability of HSPC, but pointed
out the importance of the cryoprotector concentration in the
recovery of the different progenitor cell populations. Namely,
the results obtained for the murine bone marrow cells have
shown that the lower (5%) DMSO concentration was effici-
ent for the cryopreservation of the mature progenitors, CFU-
GM and CFU-S8d12, while the more primitive stem cells
(pre-CFU-S) could only be well cryopreserved with a higher
(10%) concentration of DMSO. Thus, the adequate DMSO
concentration should be applied in respect of the progenitor
cell population needed to be preserved.

The efficacy of Protocol 1, used for the cryopreserva-
tion of human MNC was finally evaluated through the en-
graftment potential of cryopreserved cells, since these
MNC were used for autolougous peripheral blood stem cell
transplantation. The treated patients were reinfused with
12,1 mi/kg of cell suspension immediately after thawing,
without the removal of residual DMSO. Premedication was
achieved by intravenous administration of corticosteroids

and antihistaminics, with stimulated diuresis. No adverse
effects of the infused cryoprotective agent present in tha-
wed cells were noted and the early posttransplantation pe-
riod passed without complications. The engraftment, i.e.
through the reconstitution of hematopoiesis (peripheral
blood leukocyte count exceeding 1x10%1 and platelet count
> 20x10°/1) was observed on the 11" day after transplantati-
onfollowing the after autolougous bone marrow stem cell
transplantation, the hematologic recovery was achieved on
day 19 (3).

Conclusion

Although there are conflicting reports regarding the
cryopreservation of HSPC using the controlied-rate and
noncontrolled-rate freezing-procedures, the results obtai-
ned for murine bone marrow cells clearly demonstrated
much better recovery of all tested progenitor cells by the
controlled-rate freezing-procedures, taking into considera-
tion the release of the fusion heat (protocols 1 and 4). Ho-
wever, even this procedure has to be combined with the op-
timal DMSO concentration which differs depending on the
maturity of the progenitor cells, since the best recovery for
the mature progenitors (CFU-GM and CFU-Sd12) was ac-
hieved with Protocol 4 (5% DMSO) and for the more pri-
mitive progenitors MRA (pre CFU-8) with Protocol 1
(10% DMSO).

The presented data confirmed that the cryopreserva-
tion procedures used for the murine bone marrow cells co-
uld also be applicable for the cryopreservation of human
MNC. Controlled-rate freezing procedure enabled better
recovery of MNC harvested from both healthy subjects and
patients. When this cryopreserved MNC were used for
autologous peripheral blood stem cell transplantation, pati-
ents’ hematologic recovery was achieved on day 11, confir-
ming the significant advantages of controlled-rate freezing.
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NCMNTUBAHE ONOPABKA KPUOKOH3EPBYICAHUX MATUYHWX RENUJA
XEMATONOE3E HAMEHEHUX TPAHCINAHTALIAJA

EthukacHOCT NeT NpoTOKONa KPUOKOH3epBauuje MCNUTUBaHa je Ha OCHOBY Ono-
paBka henuja KOCTHE CPXXU MULIeBa M XyMaHuX MOHOHyKneapHux henuja nepu-
chepHe kpeu (MHL]) nocne oamp3sasarba. Kof Muwesa, oapelimsad je onopasak
BE0OMa NPUMKUTUBHKUX NAYPUMOTEHTHUX XEMATONOE3HKUX nporeHuTopa (MPA), nny-
PUNOTEHTHUX W ONpefdereHux nporexuTopa (UPY-I'M u LJdY-Ca12). Onopa-
Bak MPA, Li®Y—-Ca12 v LUldY—IM Bapupao je y 3aBUCHOCTH Of BPCTE NPUMEHbE-
He npoueaype 3amp3aBarba W KOHUeHTpauwnje aumeTun cyndgokcuaa (AMCO).
Mpw vw3soherby nNpouegype NporpaMMpaHor 3ampaaBarba KOHCTaToBaH je 60rbu
onopaBak CBMX KaTeropuja nporenuropa. FlporpaMnpaHo 3amp3aBare ca KOM-
neHsauujom ocrnoboheHe TonnoTe cyaunje n ynotpebom 5% AMCO (npotokon 4)
omoryhuno je wHajborbm onopasak U®V-TM  (73,048,8%) u LoY-Cgi2
(90,04+15,9%). CynpoTHO TOMe, onopaBsak Beoma npuMuTMBHUX MPA 6Mo je 6o-
ey (79,8+13,5%) yKONuKo je npuMmerseHa Beha koHueHTpauuja (10%) AMCO y
KomOUHaUujM ca NMeTOCTENEHOM MPOoUeaypPOM 3aMp3aBarba (Mpotokon 1). Oewn
pesynTary yKasyjy Ha HeOnxXcAHOCT APUMEHe NporpaMupaHor 3aMpaaBarba npu
KPUOKOH3epBaLWju NojeAuHnX KaTteropuja xematonoesHux nporedutopa. YTep-
HeHo je ga edmkacHa KpuokoH3epeauuja MPA, anu He W Marbe NPUMUTHUBHUX
nporennTopa (LIGY-C, LUdY-IM), saxteBa ynotpeby sehe KoHuUeHTpauuje
IMCO. Cse To ykasyje Ha Moryhie nocTojdrbe HEeKOr MexaHusMa Koju u3asvsa
peaykuvjy uHTpauenynapHe koHueHtpauvje IMCO y henujama MPA, anu He ny
Marse ApPMMUTUBHUM nporesuTopuma. Kog xymaHux MHU, capefiueaH je onopa-
BaK fienuja HAKOH oAMp3aBarba U CTEMeH PeKOHCTUTYLMja XeMaTonoese HakoH
ayTonorHe TpaHcrnnaHTauvje. KpnokoHaepeauuja o npoTtokony 1 je pesyntosa-
na 6orbMM oOnopaBKOM xymauwux MHL (82,7+10,4%) op npoTokona 3
(49,9+15,1%). MNpoceyHu onopasak MHL (npuxkynmeHnx oa 6onecHunka 3a ayTo-
NOTHY TpaHcnaaHTauujy) u3Hocuo je 78,5+7,3% (npotokon 1), OAHOCHO
53,1426,2% (npoTtokon 3). MoCTUrHyT BUCOKK CTErneH onopaBKa OAMP3HYTUX
henuvja 1 6psa pekoHCTUTYUMja xemaTonoese (11. AaH nocne TpaHcnnaHTauuje)
KoA mcnuTueaHux 6onecHuka Cy NOTBPAWMM Aa NPOrpaMupaHo 3amps3aBatbe y
kKombuHauuin ca onTuManHoM KoHueHtTpauvjom IMCO omoryhaea ecukacHy 3a-
WTWTY NPOreHuTopa o4 KpuoowTtehersa.
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