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Abstract

The total number of CD34+ cellsis the most relevant clinical param-
eter when selecting human umbilical cord blood (HUCB) for trans-
plantation. The objective of the present study was to compare the two
most commonly used CD34+ cell quantification methods (ISHAGE
protocol and ProCount™ - BD) and analyze the CD34+ bright cells
whose 7-amino actinomycin D (7AAD) analysis suggests are apopto-
tic or dead cells. Twenty-six HUCB samples obtained at the Placental
Blood Program of New York Blood Center were evaluated. The
absolute numbers of CD34+ cells evaluated by the ISHAGE (with
exclusion of TAAD+ cells) and ProCount™ (with exclusion of CD34+
bright cells) were determined. Using the ISHAGE protocol we found
35.6 + 19.4 CD34+ cellguL and with the ProCount™ method we
found 36.6 + 23.2 CD34+ cells/uL. With the ProCount™ method,
CD34+ bright cell counts were 9.3 + 8.2 cellg/pL. CD34+ bright and
regular cells were individualy analyzed by the ISHAGE protocol.
Only about 1.8% of the bright CD34+ cells are alive, whereas a small
part (19.0%) is undergoing apoptosis and most of them (79.2%) are
dead cells. Our study showed that the two methods produced similar
results and that 7AAD is important to exclude CD34 bright cells.
These results will be of value to assist in the correct counting of
CD34+ cells and to choose the best HUCB unit for transplantation,
i.e., the unit with the greatest number of potentially viable stem cells
for the reconstitution of bone marrow. Thisincreasesthe likelihood of
success of the transplant and, therefore, the survival of the patient.
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Introduction

The hematopoietic stem cell has great
capacity for self-renewal and cellular prolif-
eration. CD34 molecules, together with the

presence of FLT3 and Thy 1 and the absence
of HLA-DR, CD38 and specific line mark-
ers, are cellular labels used in the identifica-
tion of primitive classes of stem cells (1-7).

The use of human umbilica cord blood
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(HUCB) as a source of hematopoietic stem
cellsin transplantation has increased greatly
since 1997 (8,9), mainly due to the advan-
tages of this source in comparison with bone
marrow: an unlimited supply since this ma-
terial is discarded following birth, immedi-
ate availability of the blood, given that it is
stored in cord banks, and a lower incidence
of graft-versus-host disease (2,10-13).

The total number of CD34+ cellsis the
clinically most relevant parameter in the
selection of cord blood units for transplanta-
tion. The two most widely employed meth-
ods of quantification of HUCB CD34+ cells
are the International Society of Hemato-
therapy and Graft Engineering (ISHAGE)
protocol (14) and the ProCount™ - BD
method (Becton Dickinson).

An interesting fact in relation to the two
approaches is that when the ProCount™
method is applied to HUCB, two popula
tionsof CD34+ cellsareobserved, onehighly
fluorescent, and one with regular fluores-
cenceintensity. Thepopulation of very bright
CD34+ cells is not observed with the
ISHAGE method. This fact is particularly
important given that Logdberg et al. (15)
suggest that bright CD34+ cells are cellsin
apoptosis and, therefore, not suitable for use
in transplantation. According to L 6gdberg et
a., the average frequency of these bright
CD34+ cells in the units of umbilical cord
blood was approximately 20% (range be-
tween 0 and 75%) of thetotal positive CD34+
cells in the umbilical cord blood. Recently,
Greco et a. (16) also reported high frequen-
cies of very bright CD34+ cells in HUCB
using the ProCount method.

The dye 7-amino actinomycin D (7TAAD)
identifies dead cells and weakly label cdlsin
apoptosis (17). Using 7AAD it is possible to
visudize the bright CD34+ cells that appear
with the ProCount™ method, but not with the
ISHAGE protocol, and to identify whether
these cells are dead or in gpoptosis. In many
transplant centers throughout the world, the
total number of positive CD34+ cdllsis used
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as a parameter when selecting umbilical cord
units suitable for transplantation.

However, no anaysis is performed to
identify whether these cells show regular
fluorescence (i.e., they are suitable for trans-
plantation) or are bright (probably not con-
tributing to engraftment), which may lead to
errors when selecting the umbilical cord
blood unit. The number of CD34+ cellsisa
crucia factor regarding whether a graft
“takes’ or not and is, therefore, crucial for
the success of the transplant. The failure to
exclude bright CD34+ cells when the cord
unit is selected may be one of the reasonsfor
the failure of some transplants using human
umbilical cord blood.

The am of the present study was to per-
form stemcell countsinumbilical cord blood
comparing the two most widely used meth-
ods in umbilical cord blood banks. Another
objective was also to further analyze the
CD34+ bright cells which have been sug-
gested to be apoptotic and as such are not
useful in transplantation procedures (15).
Dead and apoptotic cells have been identi-
fied with 7AAD (17). The present study
contributes to the identification of the bright
CD34+ cellsby thetwo methods used for the
counting of stem cells in umbilical cord
blood, comparing the ProCount™ method
from Becton Dickinson and the ISHAGE
protocol (14).

Material and Methods

Twenty-six umbilical cord blood samples
obtained at the Placental Blood Program of
New York Blood Center (New York, NY,
USA) were evauated.

The CD34+ cell count was carried out by
means of comparative assessment using a)
the |SHA GE protocol and the CellQuest pro-
gram from Becton Dickinson (San Jose, CA,
USA), and b) the ProCount™ protocol from
Becton Dickinson.

In order to quantify the CD34+ cells
fromumbilical cord blood usingthel SHAGE
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protocol, 100 pL of fresh total umbilical
cord blood wasincubated with 10 pL of anti-
CD45-FITC antibody and 10 pL of anti-
CD34-PE antibody (Pharmingen/Becton
Dickinson, San Jose, CA, USA) in dupli-
cate. Other samples were incubated with
anti-CD45-FITC/isotype as control. All
samplesin the ISHAGE protocol wereincu-
bated with 7AAD for the identification of
dead cells or those in apoptosis. Absolute
cell counts were possible by the addition of
Flow-Count beads (Beckman Coulter, Ful-
lerton, CA, USA) to the tubes. 7TAAD was
used at a concentration of 1 pg/mL in each
tube with 100 pL of fresh total umbilica
cord blood and 100 pL beads. For the CD34+
cell count using the ProCount™ protocol, 50
WL of fresh total umbilical cord blood was
incubated with control antibodies and anti-
CD34 antibody from the ProCount™ kit
from Becton Dickinson using 20 pL of anti-
human CD34/PE monoclonal antibodiesand
anti-human CD45/FITC.

The acquisition and analysis of the data
were performed using a flow cytometer
(FACSCalibur; Becton Dickinson) equipped
with a 488-nm argon-ion laser, using Cell-
Quest and ProCount™ software packages.
The analyses were performed during the
study of the expression of the marker mol-
ecules with the monoclonal antibodies.

CD34+ cells were enumerated and ana
lyzed twice by both methods. The bright
CD34+ cellswere excluded in thefirst anal-
ysisand included in the second. Thismadeit
possible to perform a qualitative and quanti-
tative assessment of the population of the
bright CD34+ cells within the total popula
tion of CD34+ cdlls, and to determinewhether
these cells were labeled with 7AAD.

The statistical analysis was carried out
using the SPSS program, version 8.0, with
the level of significance set at P < 0.05.

Results

Twenty-six cord blood samples were an-

alyzed in this study. The cord blood volume
ranged from 9.8t059.1 mL, with an average
of 40.7 £ 14.8 mL.

The CD34+ cell count by the ISHAGE
protocol was done in duplicate. There were
no significant differences, since the Wil-
coxon test showed P = 0.476 in relation to
the number of CD34+ cells/uL and P=0.788
in relation to the relative number of CD34+
cells among the CD45+ cells.

The absolute numbers of CD34+ cells
and relative number among CD45+ cells
evaluated by the ISHAGE (with exclusion
of 7AAD+ cells) and ProCount™ (with ex-
clusion of CD34+ bright cells) protocols
were not statistically different according to
the Wilcoxon test (P = 0.747 and 0.732,
respectively). The results are summarized in
Table 1 and Figure 1.

According to the ProCount™ protocol,
CD34+ bright cell counts were 9.3 £ 8.2
(1.0-34.5) cellg/pL or 0.077 £ 0.081% (0.007-
0.383%) among CD45+ cells. The simulta-
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Table 1. Absolute number of CD34+ cells/uL and relative number of CD34+ cells
among CD45+ cells in umbilical cord blood evaluated with the ISHAGE and

ProCount™ protocols.

CD34+ cells/uL

% CD34+ cells among CD45+ cells

ISHAGE
ProCount™

35.6 + 19.4 (12.7-85.1)
36.6 + 23.2 (14.1-110.4)

0.281 + 0.153 (0.100-0.795)
0.285 + 0.174 (0.091-0.806)

Data are reported as means + SD with range in parentheses for 26 units of cord blood.
ISHAGE = International Society of Hematotherapy and Graft Engineering.
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Figure 1. Comparison of two
methods for quantitative meas-
urement of the absolute number
of CD34+ cells/uL in cord blood.
Each point represents the re-
sults of one cord blood sample,
evaluated with the International
Society of Hematotherapy and
Graft Engineering (ISHAGE) and
ProCount™ protocols. The Sta-
tistical Package for the Social
Sciences (SPSS, version 8)
was used and the results were
compared by the Student t-test.
The correlation was statistically
significant (P < 0.05).
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neous analysis of CD34 and 7AAD labeling
with the ISHAGE protocol showed that
amongtotal CD34+ cells32.8+ 14.0% (14.7-
71.0%) were 7AAD-positive and that,
whereas 22.1 + 13.8% (5.6-67.0%) were
CD34+ bright cells, the remaining 77.0
13.8% (32.9-93.6%) presented regular fluo-
rescence.

Individual analysis of CD34+ bright and
regular cells showed that 7AAD-positive
cellswere 98.0 + 2.8% (89.3-100.0%) of the
CD34+ bright cells and only 13.9 + 5.3%
(6.5-29.1%) of the CD34+ regular cells.
7AAD-positive cells were further analyzed
for dim and regular fluorescence (Table 2).
These results indicate that only about 1.8%
of thebright CD34+ cellswerealive, whereas
asmall part (19.0%) were undergoing apop-
tosis (7AAD dim) and most of them (79.2%)
were dead cells (7TAAD regular).

Discussion

The total quantity of nucleated cells
(TNC) in acord blood unit is a determining
factor in the “taking” of the graft, the sur-
vival of the patient and the success of the
transplant. Only those units of cord blood in
which the level of TNC is greater than or
equal to 3.7 x 107 cells per kg of patient
weight are recommended for transplant (18).
According to Campagnoli et a. (19), the
absolute number of CD45+ cells, whichisa
pan-leukocyte marker, in the cord blood is
around 11.9 + 1.3 x 108/mL. As thereis a
correlation between the TNC and the num-

Table 2. Qualitative analysis of bright CD34+ cells or CD34+ cells with regular
fluorescence in relation to labeling with 7AAD.

7AAD+ dim 7AAD+ regular

CD34+ bright
CD34+ regular

19.0 + 8.4% (4.2-35.5%)
4.7 + 2.9% (0.7-13.9%)

79.2 + 10.0% (57.6-95.8%)
9.2 + 4.6% (3.8-20.9%)

Data are reported as means (%) + SD with range in parentheses for 26 units of cord
blood. 7AAD = 7-amino actinomycin D.
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ber of CD34+ cells(20), umbilical cord blood
banks throughout the world are increasingly
counting only CD34+ cells, and using these
numbersasacriterion for the selection of the
umbilical cord unit to be used in transplants
(20).

However, there is still a great deal of
debate in the literature about the concentra-
tion of CD34+ cells in the human placenta
and umbilical cord blood. Values of 0.4 +
0.03% of CD34+ cells have been reported
among total CD45+ cells (19), 0.36 + 0.33%
(22) or 1.3% (23) among mononuclear cells,
and values between 0.01 and 1.71% among
cord blood cells (24).

A great variation in the number of these
cells in the cord blood has been reported in
the literature (20,22,24-28). Hao et al. (22)
observed avariation of 0.02 to 1.43% in the
number of CD34+ cells in the total mono-
nuclear cell population. There are a number
of factors that may explain this high varia-
tion range, such as the observation that the
number of CD34+ cellsin the cord blood is
heterogeneous by nature (20) or that the
percentage of CD34+ cellsin relation to the
CD45+ cells or mononuclear cells in the
cord blood is inversely proportiona to the
gestational age (1,2,20,23,29-31).

The frequency of these cells is signifi-
cantly higher in infants born prematurely
thanininfantsborn at full term (2,23,29-32),
diminishing rapidly in the peripheral blood
of the newborn following birth (33). There
also appears to be a strong and significant
inverse correlation in the fetal liver between
CD34+ cells (together with the total leuko-
cytes) and gestational age (34).

Nevertheless, although gestational ageis
an important factor, the variation in the num-
ber of CD34+ cells in the placental and
umbilical cord blood appearsto be the result
of natural heterogeneity (20), as alarge rate
of variation in the number of CD34+ cells
was found in the cord blood of full-term
newborn infants. Li et a. (33) found varia-
tions of around 10-fold in a study of cord
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blood from full-term newborn infants, and
Brocklebank and Sparrow (35), studying full-
term umbilical cord samples, found a range
of 22 to 600 CD34+ cellg/yL in human um-
bilical cord blood.

The aims of the present study were to
compare the two most frequently employed
methodsfor quantifying stem cellsin HUCB
and analyze the bright CD34+ cells which
have been suggested to represent cells in
apoptosis, and which therefore do not con-
tribute to engraftment. No statisticaly sig-
nificant difference was found between the
absolute number of CD34+ cells and the
relative number of CD34+ cells among the
CD45+ cells by the ISHAGE protocol, with
exclusion of the 7TAAD-positive cdls, and
the ProCount™ protocol with exclusion of
bright CD34+ cells. Hence, we may con-
clude that both protocols are appropriate for
the quantitative analysis of CD34+ cellsin
HUCB.

According to severa investigators (15-
17), TAAD identifies dead cells and weakly
label apoptotic cells. Our results indicate
that only about 1.8% of bright CD34+ cells
are alive, while a small number (19.0%) are
cells in apoptosis (TAAD weakly fluores-
cent). The majority of them (79.2%) were
shown to be dead (with regular 7AAD fluo-
rescence), and should not thus be considered
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