Access this article online

Quick Response Code:

Website:
www.ajts.org

DOI:
10.4103/ajts. AJTS_124_18

Department of
Hematology, School of
Allied Medical Sciences,
Tehran University of
Medical Sciences, "Cord
Blood Bank, Royan
Stem Cell Technology
Institute, 2Department of
Hematology, School of
Medical Sciences, Tarbiat
Modarres University,
Tehran, Iran

Address for
correspondence:

Dr. Seyed Hadi Mousavi,
Department of
Hematology, School of
Allied Medical Sciences,
Tehran University of
Medical Sciences, Tehran,
Iran.

E-mail: hmousavi@tums.
ac.ir

Submission: 08-10-2018
Accepted: 16-06-2019
Published: 03-12-2019

© 2019 Asian Journal of Transfusion Science | Published by Wolters Kluwer - Medknow

Review Article

Umbilical cord blood quality
and quantity: Collection up to
transplantation

Seyed Hadi Mousavi, Morteza Zarrabi', Saeid Abroun?, Mona Ahmadipanah’,
Bahareh Abbaspanah’

Abstract:

Umbilical cord blood (UCB) is an attractive source of hematopoietic stem cells for transplantation
in some blood disorders. One of the major factors that influence on transplantation fate is cord
blood (CB) cell count, in addition to human leukocyte antigen similarity and CD34+ cell number. Here,
we review the factors that could effect on quality and quantity of CBUs. Relevant English-language
literatures were searched and retrieved from PubMed using the terms: CB, quality, collection, and
transplantation. The numbers of total nucleated cells (TNCs) and CD34+ cells are good indicators
of CB quality because they have been associated with engraftment; thereby, whatever the TNCs in
a CB unit (CBU) are higher, more likely they led to successful engraftment. Many factors influence
the quantity and quality of UCB units that collect after delivery. Some parameters are not in our
hands, such as maternal and infant factors, and hence, we cannot change these. However, some
other factors are in our authority, such as mode of collection, type and amount of anticoagulant,
and time and temperature during collection to postthaw CBUs and freeze-and-thaw procedures. By
optimizing the CB collection, we can improve the quantity and quality of UCB for storage and increase

the likelihood of its use for transplantation.
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Introduction

ematopoietic stem cell transplantation

(HSCT) is one of the main strategies
to treat some disorders such as malignant
and nonmalignant blood diseases and
also immunodeficiency disorders.!"! Bone
marrow and peripheral blood have been
two main sources for transplantation;
however, due to the absence of fully human
leukocyte antigen (HLA)-matched donors
and the high risk of graft-versus-host
disease (GVHD), only a few patients can
benefit from these sources.**! Hence, the
first time in 1988, cord blood (CB) was
used as an alternative source of HSCT in
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a boy with Fanconi anemia, which had
several benefits such as ability to tolerate
HLA-mismatched transplants, lower
risk of acute and chronic GVHD, and
lower risk of blood-transmitted infectious
diseases.! Despite all the benefits, the
uses of this source are limited because of
the low numbers of cells in one unit.*”! As
engraftment is closely correlated with the
number of infused cells, attempts should
be made to process and cryopreserve
only those units that have optimum total
nucleated cell (TNC) and CD34+ cell
numbers, as processing and storage of
umbilical CB (UCB) are a time-consuming
and costly affair.®’! Strategic procedures
for collection until transplantation of
CB [Figure 1] not only avoid wasting
costs and save valuable storage spaces
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Figure 1: Procedure for collection of umbilical cord blood until transplantation

for good-quality units but also enable better potential
for efficacious cognitive behavioral therapy (CBT) in
recipients.['%)

While various parameters such as mode of collection,
storage time and temperature, transport, processing,
and freeze-and-thaw techniques have been reported to
affect the quality and quantity of CBUs, we aimed to
investigate these factors in this study.

Phlebotomy Training

The quality of CB is primarily determined during
collection, and the recent consensus of the American
College of Obstetricians and Gynecologists to recommend
delayed cord clamping for term and preterm infants could
reduce the proportion of units with an acceptable TNC.['12!
Time of clamping must be performed using extreme
caution because the alteration in placental hemodynamics
could cause hypervolemia in newborn, and also, this time
is at the discretion of the obstetric team.!" Furthermore, the
interval between placenta delivery and CB collection has
significantly influenced on CBU’s volume.*"*! Askari et al.
showed that, collection within not greater than 5 minutes
of placental delivery produced higher volume and TNC
count. Increased TNC count was also seen in Caucasian
women, prim gravidae, female newborns, and collection
duration of more than 5 minutes. A time between delivery
of newborn and placenta of not greater than 10 minutes
predicted better volume and CD34+ count.!"™ Ballin et al.
showed that CBUs collected during 10 min after cord
clamping had lower thrombin activation within time.*!

In addition, CBUs collected using an open system
were associated with a significant risk of bacterial and

maternal cell contamination as compared to closed
collection system.'8I Clark et al. in 2012 indicated that
CB collected by CB bank staff resulted in a significantly
lower contamination rate than when collected by an
obstetric staff.'! Elchalal et al. showed that the CB
collection by syringe causes higher number of TNC and
also volume rather than collecting by bag.l'”l However,
there was no statistically difference in the percentage of
CD34+ cells. Even though the open collection system
is technically easier, it led to a greater risk of microbial
contamination. 2!l

Using active syringe/flush/syringe method, for
collecting UCB before placental delivery, results in
greater volumes and lower discard rate.”” According
to our experience, using multiple puncturing causes
higher volumes of UCBs, but these techniques also
increase the risk of contamination. Thus, the collection
of UCB in within 10 min after cord clamping in the
closed system and without manipulation has higher
volume, higher TNC, lower coagulation activity, and
less contamination [Figure 2].

Mode of Collection

There are two main methods for CB collecting: in utero
and ex utero. In utero CB collection is generally performed
by cord blood bank (CBB) expert or obstetrician or
midwife after the newborn is delivered and assessed,
the cord is clamped and cut, and the collection is started
immediately. This procedure does not disturb the natural
course of birth or the postpartum period and has lower
macroscopic clots than ex utero CBUs collected,*2¢%]
but this can interfere to normal delivery process. With
ex utero collections, the placenta can be removed from the
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Figure 2: The best time and temperature in different steps of umbilical cord blood
collection until transplantation

delivery suite and transported to a nearby clean room
for the collection. The cord should be clamped within
3-5s of the infant’s delivery, and the placenta was taken
immediately by bank staff to a suitable site where it may
be suspended in a device to allow collection of blood by
gravity.”®! Although the ex utero collection is easier, it
may increase bacterial contamination.””! Fact-Netcord
standard determines that CB collections shall only
occur in uncomplicated deliveries and CB units (CBUs)
collected in utero shall only be obtained from infant
donors after a minimum of 34 weeks’ gestation.*’!

Several studies showed that in utero CB collection had
a greater volume, 6?31 TNC,[22629-3431 - CD34+cell
count,®3% colony-forming units (CFUs),®2336 and
viability of nucleoid cells® and higher monocytes and
granulocytes®! than ex utero CB collection. Wong et al.
hypothesized that a higher incidence of microscopic
clots with ex utero collections consequently led to lower
nucleated cell counts and CFUs.®! In addition, in some
studies, in utero CBUs collected in the vaginal delivery
compared to ex utero CBUs collected in cesarean section
had significantly higher TNC,>*?*! higher CD34+ %,
better TNC recovery, and higher volume.?! Some
researchers demonstrated that the mode of delivery
has no impact on volume, TNC, CD34+,%%! and
CFU-granulocyte, macrophage (GM)?* and there was
no significant difference between mode of collection
and delivery in CB collection.?*?'¥41 The presence of
hemorrhage in the delivered placenta and clots forming
in the fetal placental vessels could explain the lower

levels of hematopoietic progenitors and also TNC in
UCB collected in ex utero technique. Furthermore, the
optimal time of cord clamping is related to the higher
volume, TNC, and CD34+ cells in in utero mode. This was
probably a result of the squeezing action exerted from
the uterine contractions, which favored CB collections.!"”]

Thus, in utero collection mode, with a single puncture
of the umbilical vein, performed by the closed system
is the greatest method for collecting good-quality CBUs.

Type and Amount of Anticoagulant

Virtually, all UCB is collected in sterile bags with
usually 16-gauge needles and with anticoagulant-based
citrate, such as citrate phosphate dextrose (CPD)
or CPD-adenine 1 (CPD-A1). However, some CBBs
suggest the use of heparin instead of CPD or CPD-A1l
anticoagulants. Amount and type of anticoagulant
are variable.[132627,31,323840601 A study showed that
anticoagulant concentration had no impact on cell
viability although cell viability reduces gradually after
storage for 25-48 h and higher."*"! Pope ef al. suggested
that the ratio of anticoagulant could cause decrease cell
viability in CBUs with the volume lower than 60 ml.
Further, it was suggested that lower WBC viability in
low volume CBUs could be due to a higher ratio of
anticoagulant.[!

Kraus et al. compared the effect of CDP and dry heparin
on CBU’s parameters. They found significantly higher
preprocessed TNC count, postprocessing TNC count,
% CD34+cell, and number of CD34+cells in the CPD
than heparinized units. Interestingly, viability was
significantly higher in the postprocessed heparin
units than CPD CBUs. The viability of the CD34+ cells
decreased in CBUs that collected in heparin than CDP
anticoagulant.®? They suggested that CPD has a dual
role as an anticoagulant and a preservative as it contains
dextrose which provides a substrate for glycolysis
and preserves the metabolism in the cells. Heparin,
which does not specifications of CPD and because it
is broken down over long periods of time, only could
be useful for blood that is to be transfused within 12
h of the collection. In addition, the use of dry heparin
may adversely affect the osmolality of the CBU.[®I
Harris et al. showed that CBUs collected in CPD had a
significant decline in TNC yield at 24 and 48 h. There
was a significant but lower decline in TNC yield in the
CBUs collected in heparin between 0 and 24 h and no
significant difference thereafter. The results of this study
indicated that heparin was more biocompatible than
CPD as measured by cell viability endpoints and CPD
caused significant acidosis of the blood and prolonged
exposure to an acidic environment could be affected
on CBUs. Thereby, it is important to ensure that CBUs
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quality will be maintained during transport regardless
of the size of the collection volume.®

CB-collecting bags are single- or double-closed sterile
with usually 16-gauge needles. Some studies suggested
that using a syringe is good for CB collection.!”! According
to the AABB Technical Manual®! and our experience,
using 250 ml bag, 35 ml of CPD-A1 adequately prevents
clotting. The use of heparin requires more studies.

Time and Temperature of Collection and
Transport

Temperature of transport and storage before processing
had minor butsometimes significant effects on cell viability.
Different studies suggested various storing temperature
ranges such as 4°C,¥471 4°C-7°C 58 4°C-10°C, 5254
4°C-24°C,3! and room temperature (RT).[324465]
Furthermore, there are controversies about the shipping
temperature of CBUs and some believe that CBUs
must be transported at 15°C-25°C,% and some other
recommend 20°C + 2°C to processing facility within 48
h after collection®®¢] and RT.[32445968]

For newly collected UCB, the transit temperature
requirements are not well defined, leaving each
facility to determine transport temperature criteria and
acceptable limits. Thus, fresh UCB may be transported
at RT, on ice, or with insulated precooled stabilizing
packs.® Wada et al. served a 1% decrease in viability
for every 4-h increase in transport time for newly
collected UCB units that were shipped at ambient
temperature./”) Storage at either RT or 1°C—4°C does not
seem to make a large different, but lower temperature
may minimize growth of any contaminating bacteria.
Hence, according to this review and our experience,
the best temperature for collection and transport is
RT and UCB should routinely transport to processing
laboratories within 24 h [Figure 2].

Time and Temperature before Processing

Several studies informed that CBUs could be stored in
RT[44,59,68,70] or 4OC[17,26,27,31,33,39,46,53,71-73] or 150C_250C[57] before
processing. Numerous studies showed that processing
should be performed within 48 h{*4547.606671 [Figure 2].

A study reported that TNC at RT was significantly
higher than 4°C regardless of the time interval.”” In
addition, TNCs recovery after 48 h”*”/land mononuclear
cell counts (MNCs) recovery after 24 h at 25°C were
significantly higher than at 4°C."®) Some studies
demonstrated that storage at RT for up to 24 h led to
significant losses of nucleated cells;”® the recovery rate
of viable MNCs, hematopoietic progenitor cells (HPCs),
and CFU-forming potency” and the recovery of MNCs

at4°C were significantly higher than RT in 24 and 72 h.[”’]
Pamphilon et al. showed that the samples that stored
at 4°C had higher average TNC, CD45 + viability, and
MNC count rather than RT.® Louis ef al. indicated
that storage of cord blood units at room temperature
before processing and cryopreservation altered in
vivo hematopoietic reconstitution in mice, although in
vitro hematopoietic colony-forming unit potential was
changed.

Researchers of another study showed that CD34+cells
were significantly higher at RT than 4°C regardless of the
time interval.”>””! A reason for the increase of CD34+cells
at RT could be producing antiapoptotic factors by these
cells in combination with cytokine-promoting cell
maintenance.”!

Pereira-Cunha et al. performed an analysis on
manipulated and unmanipulated UCB in 24, 48, and
96 h before freezing, at RT (20°C-22°C). In this study, all
cell subsets remained viable until 96 h after collection.
CD34+cells and T-lymphocytes increased, probably
due to the loss of other subsets. CFU growth during the
period analyzed and confirmed stem cell functionality,
despite the decrease at 96 h. Results demonstrated that
UCB units could probably be processed up to 96 h after
collection.®"

Multiple studies have investigated some parameters
that have influence on PT viability, such as storage
temperature between collection and processing,
temperature transient of cryopreserved cells, thawing
techniques, and time of thawing to infusion. 460808284
The US Food and Drug Administration recommended
that prefreezing-nucleated viability is a quality control
parameter and must be higher than 85%.!

Isoyama et al. revealed that TNCs viability maintained
significantly at RT for 24 h or longer.!

Recovery rates after 72 h at RT were declined, and all
variants after 24 h at 4°C had >80% recovery.”!

Fryetal. described that samples maintained at refrigerated
temperatures resulted in higher recoveries than those at
room temperature in all variables assessed. Specifically,
when assessing for CFU yields after thawing, the impact
of time on BM resulted in a significant loss as soon as 24
hours. This decrease was also observed for PBSCs and
CB but at 48 hours of fresh storage.!**!

Louis et al. demonstrated that PT results had similar
in vitro characteristics between immediate processing
and 4°C storage for cell recovery and viability and both
significantly higher than RT storage. They showed
that storage of CBUs at RT before processing and
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cryopreservation profoundly altered in vivo hematopoietic
reconstitution in mice, although in vitro hematopoietic
CFU potential was unaltered.” In 2014, Guttridge et al.
indicated that refrigerated storage at 4°C can prolong TNCs
viability presumably by slowing metabolism and preserve
nutrient supply, particularly in mature blood cells.!*”!

Many factors impact on time from collection to
processing, including the distance between collection
sites to the processing laboratory, techniques in
processing laboratory, and availability of processing
staff.[¥ The viability of CBUs was significantly affected
by the time between collection and processing. Several
studies showed that viability decreased significantly
by the time.B2485059617981 Eyrthermore, TNC count,
CD45+ viability, and MNC count change over time and
these changes differed for each storage temperature.®!

Page et al. stated that mean overall viability, CFUs,
CD34+, and the post-TNC count processed within 24 h
were significantly higher than CBUs processed after
24 1.1 Another study showed that delay over 36 h to
cryopreservation was in association with a significantly
lower viability of the units, whereas there was no
significant effect on CD34+cell count.®®!

The results of the COBLT study showed that viability,
CD34+ cell count, and post-TNC remain stable for more
than 48 h at RT, and also, there was no negatively effect
on recovery of TNC and CD34+cell concentration after
processing.*!

Time has a continuous impact on CFUs in fresh and
postthawed samples that stored at 4°C. A significant
reduction was observed after 48 h both in fresh and
postthawed samples.*!

There was no correlation between the time from
collection to processing and CD34+ cell count and
TNC.®! The recovery rate of TNC was declined at 48 h
at RT and at 24 h at 4°C.!

However, evidence showed that viability of CD34+ cell
count and CFU-GM decrease over time, regardless of
the temperature. !

Pope et al. demonstrated that time from collection to
freezing in more than 24 h had a significant influence on
the viability of the final products, especially in CBUs with
volume lower than 100 ml and in more than 36 h, viability
decline in CBUs with volumes higher than 100 m1.5”? Some
studies mentioned the effect of volume, TNC, and CD34+
cell count on CBUs viability. They showed that volume
under 80 ml, TNC <50 x 107, and CD count <0.5 x 10° had
lower cell viability than other units.!

A study showed that stored CBUs at 4°C significantly
increase the percentage of cell apoptosis and have a
lower expression of CXCR-4 in CD34+ cells compared
to samples stored at RT for 24 and 48 h."””

Before cryopreservation maybe, decrease in viability is
not apparent, probably due to sublethal damage from
prolonged preprocessing storage that is only apparent
after cryopreservation. This is maybe related to the
nutrient depletion and metabolic variations during
storage dropping the potential of cells to tolerate
cryopreservation. This unfavorable impact may be
made worse in lower-volume donations with higher
anticoagulant concentrations, perhaps through depletion
of calcium and magnesium ions affecting metabolic
processes. ]

Probably, this contradiction is because of difference
in mode of collection, the experience of staff, the ratio
of anticoagulant to blood, transportation, processing
technique, freeze in bag or tube, lack of attention to
volume, different analysis methods, and some other
factors.

According to our experience, storing CBUs before
processing at RT has higher TNC recovery, higher
viability, higher CD34 count, and greater CFUs rather
than 4°C. Moreover, the quality of CBUs is better in
samples that proceed within 24 h.

Processing Technique

Today, UCB processing laboratories use a variety
of techniques for volume reduction, removal of red
cells, or both. Most methods involve centrifugation,
sedimentation, and/or filtration for reducing the red
cell content, plasma volume, or both. The most common
means of reducing red cell content has been the use of
sedimenting agents such as hydroxyethyl starch (HES),
gelatin, poligeline, and dextran.® The process that is
done manually or automatically should lead to produce
samples with high cell count and quality. It is determined
that PT viability has a correlation with the percentage
of neutrophil, total red blood cell (RBC), hemoglobin,
hematocrit (Hct), red cell distribution width, percentage
of viability after processing, volume of plasma in freeze
mix, total freeze volume, freeze rate, time of collection
to freezing, and PT CD34% recovery.”! Final products
with a great count of RBCs have shown significantly
lower progenitor cell recovery after cryopreservation.*!
Furthermore, the impact of RBCs on clonogenic assay
and recrystallization of extracellular ice masses in
density-packed RBCs during thawing process of CBUs
could reduce recovery. Thereby, recovery of TNC and
Hct of final products is the most important indicator of
CBB processing quality.[*?
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According to our experience, Pablo Rubinstein method
is a good procedure to reduce red cell count using HES
and depletes the units of plasma and anticoagulant to
minimize the final product and cryoprotectant volumes.
In addition, automation technology incorporated into
the Sepax CB processing system offers a closed and
sterile processing system that efficiently harvests stem
cells from UCB and adaptable to a large-scale processing
environment.

Freezing Technique

Freezing and storage methods must be robust enough
to ensure that the quality of UCB unit is maintained
for many years.”! Dimethyl sulfoxide (DMSO) is used
by most CBBs, and although confirmed that it does
not have a direct toxic effect on hematopoietic cells,
a damaging impact due to osmotic shock has been
postulated.”] According to the protocol published by
Rubinstein et al., DMSO should be added slowly (up to a
final concentration of 10%; samples are kept at 4°C at
all times) to prevent an osmotic shock to the cells.!]
Radke et al. investigated the effect of addition DMSO
on CD34+ cell apoptosis over time. After performing
volume reduction, the amount of the final concentration
of DMSO and dextran in the bag was 10% and 15%,
respectively. The CBUs were thawed using a 37°C water
bath and diluted 1:3 with the NYCBB washing solution
containing 50% dextran 40, 12.5% human serum albumin
20%, and 37.5% phosphate buffered saline. They were
not observed any significant difference in nonviable
cells between bag, aliquot, and segment. However, the
percentage of early apoptotic and necrotic/late apoptotic
cells differed (the segment was highest other than). They
showed that between temperatures, the percentage of
viable CD34+ cells did not reveal a notable difference.
They demonstrated that the addition of DMSO could
lead to an induction of apoptosis. The immediately or
progressive addition of DMSO had no impact on the
percentage of annexin V-positive cells.l” Several studies
showed that the optimal DMSO concentration for UCB
freezing is 10%.°*°* Skoric et al. demonstrated that
concentration of 5% DMSO without further additives
is sufficient for cryopreservation of CBU cells.*

The viability of cells is known to be critically affected
by the cooling rate.”**! Djuwantono ef al. compared
the effect of rapid and slow cooling on MNCs viability,
apoptosis level, and CD34+ enumeration. They showed
that the viability was significantly higher in rapid cooling
than slow cooling while had reverse effect on CD34+
enumeration, and he difference was not significant in
apoptosis level.” The optimal freezing rate for CBUs
has been found 1°C-2.5°C/min/” with following
procedure: I = -5°C/min, to 0°C; Il = 0°C/min, for 5 min
(equilibration); IIl = —2°C/min, for 5 min; IV = —=1°C/min,

-30

-60 \

-90

Temperature (°C)

-120

-150

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
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Figure 3: The optimal freezing rate for umbilical cord blood unites

for 30 min and V = -5°C/min, for 5 min ! [Figure 3]. In
astudy, they investigated the impact of different freezing
methods and DMSO concentrations on CBUs cell
recovery. Controlled-rate comparable uncontrolled-rate
freezing and DMSO at 5 or 10% final concentration were
used. CD34+ recovery, CFU-GM, and BFU-E recovery
in the CBUs were the highest when controlled-rate
freezing procedure and 5% DMSO were applied.*?!
Donaldson et al.*> suggested that good recovery of CBU
hematopoietic stem cells can be achieved with 5%-10%
DMSO at a controlled-rate freezing of 1°C/min.[
Hunt et al. described a significant difference in recovery
between cooling at 1°C and 5°C/min in favor of 1°C/
min."? It has been well established that slow cooling in
a programmable controlled-rate freezing device at rate
of 1 C/min will result in adequate recovery of HPCs.[*!
Shlebak et al. showed that there were no differences in
MNC and CFU-GM recovery after controlling versus
uncontrolled-rate freezing.!*!

When the transition period from liquid to the solid
phase was prolonged, a higher degree of cell destruction
has been observed.? A study confirms that more
immature progenitors are unchanged after successive
cryopreservation procedures.””!

A study recommended that CBUs can be transferred to
an —80°C freezer anytime during controlled - rate cooling
but should only be transferred to liquid nitrogen vapor
phase when the samples have been cooled to —40°C or
lower.%8!

Both AABB and FACT-Netcord have defined storage
temperature limits for cryopreserved UCB to be <-150°C.
Once frozen, UCB units are typically transferred to
long-term storage into a monitored liquid nitrogen
container, either immersed in liquid (at —196°C)
or in vapor phase to minimize the potential for
cross-contamination.!
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Thawing Technique

The UCB product is carefully removed from the storage
tank, and a thorough inspection is performed to
evaluate the integrity of the container. The unit is sealed
within a clean or sterile transparent bag and submerged
in a 37°C water bath containing clean or sterile water or
saline. Gentle kneading of UCB as it is thawing helps
to accelerate the process, preventing recrystallization
and consequential cell damage or death.! Current
practices for preparing UCB products for infusion
includes the traditional thaw-and-wash method, the
thaw-and-dilution technique, or bedside thawing.1%!
Miura et al. showed that thawing process reduces the
viability of TNC, whereas the amount of CD34+ cells
remained less affected.” Some studies demonstrated
that PT cell viability declined over time and these
differences were statistically significant.l265283101 I
addition, a study showed that count of early apoptotic
CD34+ and CD45+ PI(-) over time was similar and the
difference was not significant.[®® Recovery of CFUs
after thawing significantly decreased and the number
of CFUs at the time point PT 30 min declined compared
to immediately after thaw.[83102151 A study suggested
that macroscopic clumping and gel formation after
thawing process were because of granulocytes lyse
and release nucleoprotein and lysosomal enzyme. To
solve these problems and reduce the loss of progenitor
cells, extracellular cryoprotectants, such as HES,
have been used in combination with DMSO during
freezing.” Laroche et al. evaluated the effect of PT and
postwash (PW) on CBUs. Briefly, UCB units were taken
out of the liquid nitrogen storage container, put in a
plastic bag, and immersed in a 37°C water bath. They
explained that CD cell count declined after thawing
and increased after washing, but this difference was
not statically significant. CFUs declined after PT but
increased after PW, and this difference was statically
significant. In addition, they showed that viability
declined after thawing and washing had no effect
on viability. They demonstrated that TNC count and
recovery declined over time and became significantly
lower at 2 h and 5 h of PW. There was no significant
difference in CD34 counts and recovery after PW. The
significant increase in the number of CFU after PW
compared to PT was maintained through 5 h."? Barker
et al. showed that thawing CB with albumin-dextran
dilution (without washing) compared to washing
technique diminishes unit manipulation, decreases
cell loss, speeds time to infusion, and is associated
with endurable infusion reaction and a higher rate of
sustained engraftment in CBT recipients >20 kg.l"™!

Furthermore, homing of stem cells to the bone marrow
microenvironment is critical for the successful transplant.
In a study showed that L-selectin, VLA-4, VLA-5,

H-CAM, and CXCR4 expression on CD34+/CD38 — cells
did not change after two freeze-thaw cycles, while LFA-1
expression actually increased."”!

More recently, because the majority of products are red
cell reduced and because of concern for cell loss at the
wash step, a dilution or simple reconstitution approach
has gained support.!'®!

Time and Temperature Postthawing

In a study, three methods were compared for thawing
of frozen CBUs. These methods were (1) traditional
washed with albumin reconstitution (dilution
method), (2) thaw-only (without dilution or wash),
and (3) wash. There was a significant difference in
recovery between the thaw-only and wash methods at 0
and 48 h compared with the wash being lower [Figure 2].
The viability of CD cell declined at 24 h in the
second group. However, dilution methods had more
CD34+ recoveries at all points in times. This group
demonstrated that the number of CFUs was better
preserved in dilution-and-wash methods over time. In
addition, they confirmed that viability was highest for
the dilution method and lowest for thaw only technique.
They assessed the intuitional toxicity and reported
that there was no significant difference in severity and
frequency of adverse effects at the time of CB infusion
and time to neutrophil recovery among three methods.
Median PT TNC count/kg was significantly higher in
dilution group compared to the thaw-only and wash
groups. This group suggested that dilution-and-wash
methods provide more stability of viable CD34+ cells
and functional HPC than thaw-only and decreased
significantly after just 2 h.[*

Conclusion

As with any emerging technology over time, UCB
banking has evolved to become a more established,
standardized practice. However, significant quality
issues remain. Up till now, the infused cellular
dose and the favorable phase of disease were the
fundamental factors for transplant success. In this
review, we emphasize the need to amplify quality
control according to the international standards such as
FACT-Netcord and AABB. Hence, having well-trained
personals for CB collection and also CB processing
is the important point that should be considered in
all CBBs. Using the collection bags with an optimal
amount of anticoagulant, mode of delivery, time
from clamping to the collection, controlling time and
temperature of transportation and storage the CBUs,
processing the CBUs according the standards, careful
use of DMSO, having an optimum freezing rate and
freezing technique, thaw procedures are other critical
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parameters. To maximize the likelihood that a CBU is
suitable for use, a quality product must be collected,
produced, and stored regardless of its intended
recipient.

Acknowledgments
We are grateful to all our colleagues in Cord Blood Bank
of Royan Stem Cell Technology Institute.

Financial support and sponsorship

Nil.

Conflicts of interest
There are no conflicts of interest.

10.

11.

12.

86

References

Ballen KK, Gluckman E, Broxmeyer HE. Umbilical cord
blood transplantation: The first 25 years and beyond. Blood
2013;122:491-8.

Gluckman E, Broxmeyer HA, Auerbach AD, Friedman HS,
Douglas GW, Devergie A, et al. Hematopoietic reconstitution in a
patient with Fanconi’s anemia by means of umbilical-cord blood
from an HLA-identical sibling. N Engl ] Med 1989;321:1174-8.
Wagner JE, Rosenthal J, Sweetman R, Shu XO, Davies SM,
Ramsay NK, et al. Successful transplantation of HLA-matched
and HLA-mismatched umbilical cord blood from unrelated
donors: Analysis of engraftment and acute graft-versus-host
disease. Blood 1996,88:795-802.

Karanes C, Confer D, Walker T, Askren A, Keller C. Unrelated
donor stem cell transplantation: The role of the national marrow
donor program. Oncology (Williston Park) 2003;17:1036-8,
1043-4, 1164-7.

Chow T, Mueller S, Rogers IM. Advances in Umbilical Cord
Blood Therapy: Hematopoietic Stem Cell Transplantation and
Beyond. Advances in Stem Cell Therapy. Humana Press, Cham:
Springer; 2017. p. 139-68.

Mousavi SH, Abroun S, Soleimani M, Mowla SJ. Expansion
of human cord blood hematopoietic stem/progenitor cells in
three-dimensional nanoscaffold coated with fibronectin. Int J
Hematol Oncol Stem Cell Res 2015;9:72-9.

Mousavi SH, Abroun S, Soleimani M, Mowla SJ. 3-dimensional
nano-fibre scaffold for ex vivo expansion of cord blood
haematopoietic stem cells. Artif Cells Nanomed Biotechnol
2018;46:740-8.

Wagner JE, Barker JN, DeFor TE, Baker KS, Blazar BR,
Eide C, et al. Transplantation of unrelated donor umbilical
cord blood in 102 patients with malignant and nonmalignant
diseases: Influence of CD34 cell dose and HLA disparity on
treatment-related mortality and survival. Blood 2002;100:1611-8.
Rodrigues CA, Sanz G, Brunstein CG, Sanz ], Wagner JE,
Renaud M, et al. Analysis of risk factors for outcomes after
unrelated cord blood transplantation in adults with lymphoid
malignancies: A study by the eurocord-netcord and lymphoma
working party of the European group for blood and marrow
transplantation. ] Clin Oncol 2009;27:256-63.

Mousavi SH, Abroun S, Zarrabi M, Ahmadipanah M. The effect
of maternal and infant factors on cord blood yield. Pediatr Blood
Cancer 2017,64:€26381.

Donaldson C, Armitage W], Laundy V, Barron C, Buchanan R,
Webster ], et al. Impact of obstetric factors on cord blood
donation for transplantation. Br ] Haematol 1999;106:128-32.
American Academy of Pediatrics. Delayed umbilical cord
clamping after birth. Pediatrics 2017:€20170957.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Jones J, Stevens CE, Rubinstein P, Robertazzi RR, Kerr A,
Cabbad MF. Obstetric predictors of placental/umbilical
cord blood volume for transplantation. Am ] Obstet Gynecol
2003;188:503-9.

Barini R, Ferraz UC, Acacio GL, Machado IN. Does the time
between collecting and processing umbilical cord blood
samples affect the quality of the sample? Einstein (Sao Paulo)
2011;9:207-11.

Askari S, Miller J, Chrysler G, McCullough J. Impact of
donor- and collection-related variables on product quality in
ex utero cord blood banking. Transfusion 2005;45:189-94.
Ballin A, Arbel E, Kenet G, Berar M, Kohelet D, Tanay A, ef al.
Autologous umbilical cord blood transfusion. Arch Dis Child
Fetal Neonatal Ed 1995;73:F181-3.

Bertolini F, Lazzari L, Lauri E, Corsini C, Castelli C, Gorini F,
et al. Comparative study of different procedures for the
collection and banking of umbilical cord blood. ] Hematother
1995;4:29-36.

Clark P, Trickett A, Stark D, Vowels M. Factors affecting
microbial contamination rate of cord blood collected for
transplantation. Transfusion 2012;52:1770-7.

Elchalal U, Fasouliotis SJ, Shtockheim D, Brautbar C,
Schenker JG, Weinstein D, et al. Postpartum umbilical cord
blood collection for transplantation: A comparison of three
methods. Am ] Obstet Gynecol 2000;182:227-32.

Harris DT, Schumacher MJ, Rychlik S, Booth A, Acevedo A,
Rubinstein P, et al. Collection, separation and cryopreservation
of umbilical cord blood for use in transplantation. Bone Marrow
Transplant 1994;13:135-43.

Rubinstein P, Dobrila L, Rosenfield RE, Adamson JW,
Migliaccio G, Migliaccio AR, et al. Processing and
cryopreservation of placental/umbilical cord blood for
unrelated bone marrow reconstitution. Proc Natl Acad Sci U S
A 1995;92:10119-22.

Skoric D, Balint B, Petakov M, Sindjic M, Rodic P. Collection
strategies and cryopreservation of umbilical cord blood.
Transfus Med 2007;17:107-13.

Shlebak AA, Marley SB, Roberts IA, Davidson R], Goldman JM,
Gordon MY. Optimal timing for processing and cryopreservation
of umbilical cord haematopoietic stem cells for clinical
transplantation. Bone Marrow Transplant 1999;23:131-6.
M-Reboredo N, Diaz A, Castro A, Villaescusa RG. Collection,
processing and cryopreservation of umbilical cord blood
for unrelated transplantation. Bone Marrow Transplant
2000;26:1263-70.

Wong A, Yuen PM, LiK, Yu AL, Tsoi WC. Cord blood collection
before and after placental delivery: Levels of nucleated cells,
haematopoietic progenitor cells, leukocyte subpopulations and
macroscopic clots. Bone Marrow Transplant 2001;27:133-8.
Solves P, Moraga R, Saucedo E, Perales A, Soler MA, Larrea L,
et al. Comparison between two strategies for umbilical cord
blood collection. Bone Marrow Transplant 2003;31:269-73.
Solves P, Perales A, Mirabet V, Blasco I, Blanquer A, Planelles D,
et al. Optimizing donor selection in a cord blood bank. Eur |
Haematol 2004;72:107-12.

David H, Diane M, Jeffrey M, Donna M. Umbilical cord blood.
In: AABB Technical Manual. 17" ed., Ch. 31. USA; 2011.
Surbek DV, Visca E, Steinmann C, Tichelli A, SchattS, Hahn S,
et al. Umbilical cord blood collection before placental delivery
during cesarean delivery increases cord blood volume and
nucleated cell number available for transplantation. Am ] Obstet
Gynecol 2000;183:218-21.

Pafumi C, Farina M, Bandiera S, Cavallaro A, Pernicone G,
Russo A, et al. Differences in umbilical cord blood units collected
during cesarean section, before or after the delivery of the
placenta. Gynecol Obstet Invest 2002;54:73-7.

Tamburini A, Malerba C, Mancinelli F, Spagnoli A, Ballatore G,

Asian Journal of Transfusion Science - Volume 13, Issue 2, July-December 2019



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Mousavi, et al.: Quality and quantity of umbilical cord blood

Bruno A, et al. Evaluation of biological features of cord blood
units collected with different methods after cesarean section.
Transplant Proc 2006;38:1171-3.

Yang H, Loutfy MR, Mayerhofer S, Shuen P. Factors affecting
banking quality of umbilical cord blood for transplantation.
Transfusion 2011;51:284-92.

Bassiouny MR, El-Chennawi F, Mansour AK, Yahia S,
Darwish A. Optimal method for collection of umbilical
cord blood: An Egyptian trial for a public cord blood bank.
Transfusion 2015;55:1263-8.

Lasky LC, Lane TA, Miller JP, Lindgren B, Patterson HA,
Haley NR, et al. In utero or ex utero cord blood collection: Which
is better? Transfusion 2002;42:1261-7.

Surbek DV, Schonfeld B, Tichelli A, Gratwohl A, Holzgreve W.
Optimizing cord blood mononuclear cell yield: A randomized
comparison of collection before vs. after placenta delivery. Bone
Marrow Transplant 1998;22:311-2.

Chandra T, Afreen S, Kumar A, Singh U. Correlation of birth
weight of full term infants with cord blood derived CD34+ cells
concentration. ] Trop Pediatr 2012;58:235-6.

Chandra T, Afreen S, Kumar A, Singh U. Correlation of umbilical
cord blood volume with CD34+ cells concentration. Int ] Blood
Transfus Immunohematol 2012;1:11-5.

Mancinelli F, Tamburini A, Spagnoli A, Malerba C, Suppo G,
Lasorella R, et al. Optimizing umbilical cord blood collection:
Impact of obstetric factors versus quality of cord blood units.
Transplant Proc 2006;38:1174-6.

Tamburini A, Malerba C, Picardi A, Amadori S, Calugi A.
Placental /umbilical cord blood: Experience of St. Eugenio
hospital collection center. Transplant Proc 2005;37:2670-2.
Sparrow RL, Cauchi JA, Ramadi LT, Waugh CM, Kirkland MA.
Influence of mode of birth and collection on WBC yields of
umbilical cord blood units. Transfusion 2002;42:210-5.
Aroviita P, Teramo K, Hiilesmaa V, Westman P, Kekoméki R.
Birthweight of full-term infants is associated with cord blood
CD34+cell concentration. Acta Paediatr 2004;93:1323-9.
Mohyeddin Bonab MA, Alimoghaddam KA, Goliaei ZA,
Ghavamzadeh AR. Which factors can affect cord blood
variables? Transfusion 2004;44:690-3.

Solves P, Perales A, Moraga R, Saucedo E, Soler MA, Monleon J.
Maternal, neonatal and collection factors influencing the
haematopoietic content of cord blood units. Acta Haematol
2005;113:241-6.

Aroviita P, Teramo K, Hiilesmaa V, Kekoméaki R. Cord blood
hematopoietic progenitor cell concentration and infant sex.
Transfusion 2005;45:613-21.

Cairo MS, Wagner EL, Fraser ], Cohen G, van de Ven C,
Carter SL, et al. Characterization of banked umbilical cord
blood hematopoietic progenitor cells and lymphocyte subsets
and correlation with ethnicity, birth weight, sex, and type of
delivery: A cord blood transplantation (COBLT) study report.
Transfusion 2005;45:856-66.

Solves P, Fillol M, Lépez M, Perales A, Bonilla-Musoles F,
Mirabet V, et al. Mode of collection does not influence
haematopoietic content of umbilical cord blood units from
caesarean deliveries. Gynecol Obstet Invest 2006;61:34-9.
Solves P, Lépez M, Mirabet V, Blanquer A, Roig R, Perales A.
Characteristics of umbilical cord blood units collected from
preterm deliveries. Gynecol Obstet Invest 2009;68:181-5.

Fry L], Giner SQ, Gomez SG, Green M, Anderson S,
Horder |, et al. Avoiding room temperature storage and
delayed cryopreservation provide better postthaw potency
in hematopoietic progenitor cell grafts. Transfusion
2013;53:1834-42.

Bijou F, Ivanovic Z, Fizet D, Dazey B, Boiron JM, Lafarge X.
Neonatal sex and weight influence CD34(+) cell concentration
in umbilical cord blood but not stromal cell-derived factor 1-3’A

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

polymorphism. Cytotherapy 2015;17:68-72.

Yamada T, Okamoto Y, Kasamatsu H, Horie Y, Yamashita N,
Matsumoto K. Factors affecting the volume of umbilical cord
blood collections. Acta Obstet Gynecol Scand 2000;79:830-3.
Ballen KK, Wilson M, Wuu J, Ceredona AM, Hsieh C,
Stewart FM, et al. Bigger is better: Maternal and neonatal
predictors of hematopoietic potential of umbilical cord blood
units. Bone Marrow Transplant 2001;27:7-14.

Nakagawa R, Watanabe T, Kawano Y, Kanai S, Suzuya H,
Kaneko M, et al. Analysis of maternal and neonatal factors that
influence the nucleated and CD34+cell yield for cord blood
banking. Transfusion 2004;44:262-7.

McGuckin CP, Basford C, Hanger K, Habibollah S, Forraz N.
Cord blood revelations: The importance of being a first born
girl, big, on time and to a young mother! Early Hum Dev
2007,83:733-41.

Jan RH, Wen SH, Shyr MH, Chiang BL. Impact of maternal and
neonatal factors on CD34+ cell count, total nucleated cells, and
volume of cord blood. Pediatr Transplant 2008;12:868-73.
Omori A, Manabe M, Kudo K, Tanaka K, Takahashi K,
Kashiwakura I. Influence of obstetric factors on the yield of
mononuclear cells, CD34+ cell count and volume of placental/
umbilical cord blood. ] Obstet Gynaecol Res 2010;36:52-7.
Louis I, Wagner E, Dieng MM, Morin H, Champagne MA,
Haddad E. Impact of storage temperature and processing delays
on cord blood quality: Discrepancy between functional in vitro
and in vivo assays. Transfusion 2012;52:2401-5.

Pope B, Mitsakos K, Bilgin A, Hokin B, Grant R. Predicting overall
viability of cord blood harvests. Transfusion 2012;52:1079-85.
Wen SH, Zhao WL, Lin PY, Yang KL. Associations among birth
weight, placental weight, gestational period and product quality
indicators of umbilical cord blood units. Transfus Apher Sci
2012;46:39-45.

Dulugiac M, Horeanga I, Torcatoru A, Bardas A, Matei G,
Zarnescu O. Factors which can influence the quality related to
cell viability of the umbilical cord blood units. Transfus Apher
Sci 2014,51:90-8.

Pope B, Hokin B, Grant R. Effect of umbilical cord blood
prefreeze variables on postthaw viability. Transfusion
2015;55:629-35.

Salge-Bartels U, Huber HM, Kleiner K, Volkers P, Seitz R,
Heiden M. Evaluation of quality parameters for cord blood
donations. Transfus Med Hemother 2009;36:317-24.

Kraus M, Foster K, Bridges AR, Walters MC. Cord Blood units
collected with liquid CPD appear to contain significantly
more nucleated and CD34+ cells than units collected with dry
heparin. Blood 2009;114:4227.

Harris DT, Glasser L, Badowski MS, Brown H, Brown KS. The
effects of anticoagulants on cord blood viability from collection
to processing. Blood 2011;118:1923.

George TJ, Sugrue MW, George SN, Wingard JR. Factors
associated with parameters of engraftment potential of
umbilical cord blood. Transfusion 2006;46:1803-12.

Chow R, Nademanee A, Rosenthal J, Karanes C, Jaing TH,
Graham ML, ef al. Analysis of hematopoietic cell transplants
using plasma-depleted cord blood products that are not
red blood cell reduced. Biol Blood Marrow Transplant
2007;13:1346-57.

Fraser JK, Cairo MS, Wagner EL, McCurdy PR, Baxter-Lowe LA,
Carter SL, et al. Cord blood transplantation study (COBLT):
Cord blood bank standard operating procedures. ] Hematother
1998;7:521-61.

Radke TF, Barbosa D, Duggleby RC, Saccardi R, Querol S,
Kogler G. The assessment of parameters affecting the quality
of cord blood by the appliance of the annexin V staining
method and correlation with CFU assays. Stem Cells Int
2013;2013:823912.

Asian Journal of Transfusion Science - Volume 13, Issue 2, July-December 2019 87



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

88

Mousavi, et al.: Quality and quantity of umbilical cord blood

Aroviita P, Teramo K, Westman P, Hiilesmaa V,
Kekomiki R. Associations among nucleated cell, CD34+
cell and colony-forming cell contents in cord blood units
obtained through a standardized banking process. Vox Sang
2003;84:219-27.

Wada RK, Bradford A, Moogk M, Yim R, Strong DM,
Drachman J, et al. Cord blood units collected at a remote
site: A collaborative endeavor to collect umbilical cord blood
through the hawaii cord blood bank and store the units at the
puget sound blood center. Transfusion 2004;44:111-8.

Chivu M, Nastasia S, Sultana C, Bleotu C, Alexiu I, Hudita D.
Optimizing donor selection in order to establish a cord blood
banking facility: Maternal and obstetric factors impact. Cent
Eur ] Med 2007;2:180-9.

Urciuoli P, Passeri S, Ceccarelli F, Luchetti B, Paolicchi A, Lapi S,
et al. Pre-birth selection of umbilical cord blood donors. Blood
Transfus 2010;8:36-43.

Laroche V, McKenna DH, Moroff G, Schierman T, Kadidlo D,
McCullough J. Cell loss and recovery in umbilical cord blood
processing: A comparison of postthaw and postwash samples.
Transfusion 2005;45:1909-16.

Hubel A, Carlquist D, Clay M, McCullough J. Short-term liquid
storage of umbilical cord blood. Transfusion 2003;43:626-32.
Manegold G, Meyer-Monard S, Tichelli A, Pauli D, Holzgreve W,
Troeger C. Cesarean section due to fetal distress increases the
number of stem cells in umbilical cord blood. Transfusion
2008;48:871-6.

Lee YH, Han JY, Choi AH, Lee HS, Hur WJ, Seo SY, et al.
The alterations of the activities of coagulation inhibitors and
fibrinolytic factors in stored cord blood could affect the yield
of progenitor cells during processing. ] Hematother Stem Cell
Res 1999;8:653-7.

Campos L, Roubi N, Guyotat D. Definition of optimal
conditions for collection and cryopreservation of umbilical cord
hematopoietic cells. Cryobiology 1995;32:511-5.

Moldenhauer A, Wolf ], Habermann G, Genter G, Kiesewetter H,
Salama A. Optimum storage conditions for cord blood-derived
hematopoietic progenitor cells prior to isolation. Bone Marrow
Transplant 2007;40:837-42.

Rogers I, Sutherland, Holt D, Macpate F, Lains A, Hollowell S,
et al. Human UC-blood banking: Impact of blood volume, cell
separation and cryopreservation on leukocyte and CD34(+) cell
recovery. Cytotherapy 2001;3:269-76.

Tsagias N, Kouzi-Koliakos K, Karagiannis V, Alamdari DH,
Koliakos G. Time and temperature before processing influence
the recovery of umbilical cord blood hematopoietic progenitors.
Transfusion 2007;47:1550-2.

Pamphilon D, Curnow E, Belfield H, Reems JA, McMannis J,
Lecchi L, et al. Storage characteristics of cord blood progenitor
cells: Report of a multicenter study by the cellular therapies
team of the biomedical excellence for safer transfusion (BEST)
collaborative. Transfusion 2011;51:1284-90.

Pereira-Cunha FG, Duarte AS, Costa FF, Saad ST, Lorand-Metze|,
Luzo AC. Viability of umbilical cord blood mononuclear
cell subsets until 96 hours after collection. Transfusion
2013;53:2034-42.

Regan DM, Wofford JD, Wall DA. Comparison of cord blood
thawing methods on cell recovery, potency, and infusion.
Transfusion 2010;50:2670-5.

Huang L, Song GQ, Wu Y, Wang J, Sun ZM. Optimal length
of time of cryopreserved umbilical cord blood infusion after
thawing. Hematology 2014;19:73-9.

Rubinstein P. Cord blood banking for clinical transplantation.
Bone Marrow Transplant 2009;44:635-42.

Food and Drug Administration. Guidance for Industry:
Minimally Manipulated, Unrelated Allogeneic Placental/
Umbilical Cord Blood Intended for Hematopoietic Reconstitution

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

for Specified Indications. Washington, DC: Food and Drug
Administration; 2009.

Isoyama K, Yamada K, Hirota Y, Ishikawa K, Imai M, Notake Y.
Study of the collection and separation of umbilical cord blood
for use in hematopoietic progenitor cell transplantation. Int J
Hematol 1996;63:95-102.

Guttridge MG, Soh TG, Belfield H, Sidders C, Watt SM.
Storage time affects umbilical cord blood viability. Transfusion
2014;54:1278-85.

Page KM, Mendizabal A, Betz-Stablein B, Wease S, Shoulars K,
Gentry T, et al. Optimizing donor selection for public cord
blood banking: Influence of maternal, infant, and collection
characteristics on cord blood unit quality. Transfusion
2014;54:340-52.

Prat-Arrojo I, Ponce-Verdugo L, Herndndez-Lamas MC,
Rodriguez-Pena R, Anttinez C, Sanchez-Gordo F, et al. Influence
on time to cryopreservation in umbilical cord blood units. Int ]
Clin Med 2011;2:399.

Kurtzberg J, Cairo MS, Fraser JK, Baxter-Lowe L, Cohen G,
Carter SL, et al. Results of the cord blood transplantation (COBLT)
study unrelated donor banking program. Transfusion
2005;45:842-55.

Solves P, Mirabet V, Planelles D, Blasco I, Perales A,
Carbonell-Uberos F, et al. Red blood cell depletion with a
semiautomated system or hydroxyethyl starch sedimentation
for routine cord blood banking: A comparative study.
Transfusion 2005;45:867-73.

Hunt CJ, Armitage SE, Pegg DE. Cryopreservation of umbilical
cord blood: 2. Tolerance of CD34(+) cells to multimolar dimethyl
sulphoxide and the effect of cooling rate on recovery after
freezing and thawing. Cryobiology 2003;46:76-87.

Meyer TP, Hofmann B, Zaisserer J, Jacobs VR, Fuchs B, Rapp S,
et al. Analysis and cryopreservation of hematopoietic stem
and progenitor cells from umbilical cord blood. Cytotherapy
2006;8:265-76.

Miura J, Minegishi M, Itoh T, Kitaura T, Fukawa N, Takahashi H,
et al. Quality evaluation of umbilical cord blood progenitor cells
cryopreserved with a small-scale automated liquid nitrogen
system. Cryobiology 2008;57:178-81.

Donaldson C, Armitage W], Denning-Kendall PA, Nicol AJ,
Bradley BA, Hows JM. Optimal cryopreservation of human
umbilical cord blood. Bone Marrow Transplant 1996;18:725-31.
Djuwantono T, Wirakusumah FF, Achmad TH, Sandra F,
Halim D, Faried A. A comparison of cryopreservation methods:
Slow-cooling vs. rapid-cooling based on cell viability, oxidative
stress, apoptosis, and CD34+ enumeration of human umbilical
cord blood mononucleated cells. BMC Res Notes 2011;4:371.
Timeus F, Crescenzio N, Saracco P, Doria A, Fazio L, Albiani R,
et al. Recovery of cord blood hematopoietic progenitors after
successive freezing and thawing procedures. Haematologica
2003;88:74-9.

Yang H, Pidgorna A, Loutfy MR, Shuen P. Effects of
interruptions of controlled-rate freezing on the viability of
umbilical cord blood stem cells. Transfusion 2015;55:70-8.
Nagamura-Inoue T, Shioya M, Sugo M, Cui Y, Takahashi A,
Tomita S, et al. Wash-out of DMSO does not improve the speed
of engraftment of cord blood transplantation: Follow-up of
46 adult patients with units shipped from a single cord blood
bank. Transfusion 2003;43:1285-95.

Hahn T, Bunworasate U, George MC, Bir AS, Chinratanalab W,
Alam AR, et al. Use of nonvolume-reduced (unmanipulated
after thawing) umbilical cord blood stem cells for
allogeneic transplantation results in safe engraftment. Bone
Marrow Transplant 2003;32:145-50.

Xiao M, Dooley DC. Assessment of cell viability and apoptosis
in human umbilical cord blood following storage. ] Hematother
Stem Cell Res 2003;12:115-22.

Asian Journal of Transfusion Science - Volume 13, Issue 2, July-December 2019



Mousavi, et al.: Quality and quantity of umbilical cord blood

102. Alonso JM 3, Regan DM, Johnson CE, Oliver DA, Fegan R,
Lasky LC, et al. A simple and reliable procedure for cord blood
banking, processing, and freezing: St. Louis and Ohio cord
blood bank experiences. Cytotherapy 2001;3:429-33.

103. Hubel A, Spindler R, Curtsinger JM, Lindgren B, Wiederoder S,
McKenna DH. Postthaw characterization of umbilical cord
blood: Markers of storage lesion. Transfusion 2015;55:1033-9.

104. Barker JN, Abboud M, Rice RD, Hawke R, Schaible A, Heller G,

105.

et al. A “no-wash” albumin-dextran dilution strategy for cord
blood unit thaw: High rate of engraftment and a low incidence
of serious infusion reactions. Biol Blood Marrow Transplant
2009;15:1596-602.

Regan DM, Nelms LG, Wofford JD, Alonso JF, Creer MH. 17:
Comparison of cord blood product thawing methods on cell
recovery and progenitor integrity. Biol Blood Marrow Transplant
2006;12:1224.

Asian Journal of Transfusion Science - Volume 13, Issue 2, July-December 2019 89



