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ABSTRACT: The use of umbilical cord blood stem cells is an efficient alternative for the transplantation of
hematopoietic progenitor cells. A number of factors can influence the volume and amount of CD34+ cells,
which are considered as immature and capable of proliferation. Quantification of CD34+ cells, evaluation of
CD38 and c-kit molecules on these cells, as well as correlations of such factors as maternal age, gestational
age, newborn sex and weight, umbilical cord length, placental weight with increased volume and concentration of immature cells, among others, were performed in 70 blood samples from term newborns. The mean
volume of umbilical cord blood collected was 53.8±33.6 mL, where 30.96±18.9 CD34+/µL UCB cells were
found, of which 16.66±8.32% were CD34+CD38- cells, and 47.23±24.0% were CD34+CD117- cells. Newborn weight and placental weight were positively correlated with increased volume of collected UCB. The
volume of collected blood was found to affect the absolute count of CD34+ cells and the relative value of
these among total nucleated cells, as well as the percentage of CD34+CD117+ and CD34+CD117- cells. CD34+
cells were positively correlated with leukocytes, and gestational age was negatively correlated with the number of CD34+ cells. Our results confirm the importance of the accurate quantification of CD34+ cells and their
subsets, and that many factors may be related to the higher number of hematopoietic stem cells, which are
crucial for successful transplantation.

Introduction
Umbilical cord blood (UCB) represents an alternative source of hematopoietic stem cells (HSC) for use
in allogeneic transplantation of patients affected by hematological disorders, inherited immunodeficiencies,
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and metabolic diseases. This source of stem cells has
been successfully used to replace bone marrow and
apheresis in transplants since the first transplantation
using UCB, performed by Gluckman and colleagues et
al., in 1989. Since then, the studies have progressed as
to the procedures of collection, processing, characterization, quantification, cryopreservation, thawing, and
transportation of UCB around the world.
Parameters commonly used to evaluate a UCB unit
and predict transplant outcomes have been total nucleated cells (TNCs) and CD34+ cells counts. CD34 anti-
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gen is a membrane glycoprotein that characterizes the
hematopoietic progenitor cell, along with other markers of the cell surface, such as the presence of the c-kit
(CD117) and the absence of molecule CD38. Thus, in
several reference centers, marker CD34 has been used
to identify hematopoietic stem cells (Mayani and
Landsdorf, 1998).
In addition to the presence of CD34, it has been
demonstrated that phenotype CD34+CD38- characterizes a cell as a candidate of being a “true hematopoietic
stem cell”. Among the three available sources – bone
marrow, peripheral blood and umbilical cord blood –
the frequency of CD34+CD38- cells is greater in the UCB
(De Bruyn et al., 1998). This fact explains the success
of its use in transplants, since these cells are responsible for long term graft survival (Larghero et al., 2006).
The aims of the present study were to quantify UCB
CD34+ cells, with an analysis of expression of CD38
molecules and c-kit. Also, correlations between physiological, hematological and immunophenotypical parameters were determined in order to check for potential influences in the volume of collected blood or in
the quantification of hematopoietic stem cells.

Material and Methods
Studied samples
UCB samples were obtained by puncture of the
umbilical vein of umbilical cords of term neonates (after 37 weeks) born in normal or cesarean delivery and
collected into blood bags containing CPDA-1 as anticoagulant. A total of 70 UCB samples were collected at
the obstetrics center of the Hospital das Clínicas of Porto
Alegre, after signing of informed and free consent form.
The blood samples were processed within 24 hours postcollection.
Hematological Parameters
A UCB aliquot was collected in EDTA for a complete blood count through hematological counter Pentra
120 (ABX Diagnostics), at the Hematology Laboratory.
CD34+ staining
The samples were processed according to
Brocklebank and Sparrow (Brocklebank and Sparrow,
2001). CD34+ cells values and UCB volume were corrected, using the sample’s anticoagulant dilution factor.
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Absolute and relative CD34+ cells count: 100 µL of
blood were incubated with 10 µL of conjugated monoclonal anti-CD45 antibody with FITC (clone HI30,
Becton Dickinson (BD) Biosciences, San Jose, CA) and
conjugated monoclonal anti-CD34 antibody with PE
(clone 581, BD Biosciences, San Jose, CA) in Trucount
tubes (BD Biosciences) for 20 min at room temperature (23ºC) and in darkness. Subsequently, 2 mL of lysis solution (Quicklysis – Cytognos) and 2 µL of 7AAD
(7-Amino Actinomycin D) (Molecular Probes, Eugene)
(at a concentration of 1 µg/mL) in DMSO (dimethyl
sulfoxide) were added and incubated for 15 min at room
temperature (23ºC) and in darkness. The samples were
read in flow cytometry within 15 min, at the most, from
the termination of incubation, with acquisition of
200,000 CD45+ events. All samples were processed in
duplicate. Relative count of CD38 and CD117 cells
among CD34+ cells: The control was done using one
tube with 100 mL of UCB cells only, and a second tube
with cells and isotype control for FITC (anti-mouse IgG1
FITC) and PE (anti-mouse IgG2A PE) (clone X40,
X39). A third tube with 100 µL of UCB was incubated
with anti-CD34 FITC (clone 8G12, BD, San Jose, CA),
anti-CD38 PE (clone HIT2, Pharmingen, BD) and antiCD45 PerCP (clone 2D1, BD) and, in a fourth tube,
100 µL of UCB was incubated with anti-CD34 FITC,
anti-CD117 PE (clone 104D2, BD) and anti-CD45
PerCP. All tubes were incubated in darkness for 25 min
at room temperature. Afterwards, 2 mL of lysis solution (Facs Lysing Solution – BD) was added and incubated for another 15 min at room temperature and in
darkness. Thereafter the samples were washed twice and
re-suspended in 1 mL of PBS with 10% paraformaldehyde. The samples were then read, with acquisition of
50,000 events within the selected gate.
Acquisition and analysis through flow cytometry
Data acquisition was performed using flow cytometer FACSCalibur (BD) with 488-nm argon laser and
the analysis was carried out with CELLQuest 3.1 software (BD). For absolute and percentage CD34+ determination the Trucount-ISHAGE gating strategy was
used according to Brocklebank and Sparrow. For percentage analysis of CD34+, CD38- and CD117+ cells,
initially the control tube and the tube containing only
cells were analyzed in order to define negativity and
positivity. Afterwards, a strategy was used that was
similar to that of the ISHAGE guidelines, in which the
CD45+ population was selected and then, among these,
we selected those that possessed CD34, and of these
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we ascertained those that marked for CD38 or CD117.
By analyzing the percentage in the given quadrants
we obtained the CD34 +CD38 -, CD34 +CD117 + and
CD34+CD117- cells.
Correlation between physiological, hematological and
immunophenotypical parameters
A total of 64 correlations was performed by analyzing physiological, hematological and immunophenotypical parameters of UCB. The parameters: volume of UCB, gestational age, newborn (NB) weight,
TNC, CD34 + , CD34 + CD38 - , CD34 + CD117 + and
CD34+CD117- cells, and number of erythroblasts were
all correlated between one another and between the variables: type of delivery, NB sex, cord length, and maternal age. In addition, the number of erythroblasts was
related to hemoglobin, MCV, RDW (red blood cell distribution width), while gestational age was correlated
with MCV, erythrocytes, neutrophils and lymphocytes,
and, finally, NB weight with number of erythrocytes.
Of these, we have specified only those presenting significant correlations.

Statistical analysis
Groups were compared using the Student’s t-test
and the evaluation of quantitative variables using
Pearson’s correlation, using SSPS for statistical analisys
with p< 0.05 or 001.

Results
Of the 70 UCB samples analyzed, 37 (53%) were
obtained in cesarean section and 33 (47%) in vaginal
delivery. Concerning newborn sex distribution, 43 infants (61%) were males and 27 (39%) were females.
The characteristics of mothers, newborns, UCB
samples, and the values obtained for the UCB cell
surface markers investigated are presented in Table
1. In 49 of these 70 samples, molecules CD38 and
CD117 on CD34+ cells were investigated. There was
no significant difference between the samples processed in duplicate concerning CD34 values for a
confidence interval of 95% by the Student’s t-test for
paired samples.

TABLE 1.
Gestational and maternal ages, newborn weight, cord length, placental weight, and collected
UCB volume. Quantification of CD34+, CD34+CD38-, CD34+CD117-, and CD34+CD117+ cells

Maternal age (years)
Gestational age (weeks)
Newborn weight (g)
Umbilical cord length (cm)
Placental weight (g)
Volume of UCB (mL)
CD34+ (cells/mL)
CD34+ (%)*
CD34+CD38- (%)**
CD34+CD117- (%)**
CD34+CD117+ (%)**
* Among CD45+ cells

Number

Mean ± standard
deviation

Median

Range

70
70
70
70
66
70
70
70
49
49
49

25.7 ± 6.4
39.1 ± 1.3
3,369.1 ± 498.0
59.6 ± 15.1
629.7 ± 169.3
53.8 ± 33.6
30.96 ± 18.9
0.24 ± 0.14
16.66 ± 8.32
47.23 ± 24.0
52.77 ± 24.0

25.0
38.6
3,350.0
55.5
600.5
48.0
28.17
0.22
16.58
47.12
52.88

16 - 40
37 - 42
1,930 - 4,530
35 - 105
300 - 1210
20 - 206
7.9 - 93.9
0.06 - 0.65
1.44 - 38.39
7.67 - 92.11
7.89 - 92.33

** Among CD34+ cells
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The hematological profile of 62 full-term cord
blood samples showed (mean±standard deviation):
Erythrocytes: 4.37±0.45 x10 12 /L; Hemoglobin:
14.89±1.37 g/dL; Hematocrit 44.83±4.24%; MCV:
102.67±5.16 fL; MCH: 34.13±1.80 pg; MCHC:
33.24±0.84 g/dL; RDW: 14.33±1.29%; Leukocytes:
13.63±3.84 x 109/L; Band Neutrophils: 2.19±3.03%;
Segmented Neutrophils: 50.62±10.61%; Lymphocytes
35.77±10.03%; Erythroblasts (N=57): 7.52±10.35
in 100 leukocytes; Platelets (N=33): 268.30±72.93
x10 9 /L.
Among the 64 correlations investigated, 14 were
statistically significant. As the volume, cord length and
the variables CD34+, CD34+CD38-, CD34+CD117-, and
CD34+CD117+ cells were compared with type of delivery and NB sex, no statistically significant difference
was observed between the groups by the Student’s t-test
for independent samples. As to the quantity of CD34+
and CD34+CD38- samples, there was no correlation according to Pearson’s test.
The use of Pearson’s test revealed a correlation between the collected volume of UCB and: the newborn
weight, the placental weight, the absolute number of
CD34+ cells per microliter of UCB and the relative number of CD34+ cells among CD45+ cells. CD34+ cells per
microliter of UCB was negatively correlated with the
gestational age, but positively correlated with the absolute number of total leukocytes. A significant positive
correlation was found between the relative number of
CD34+CD117- cells and: the volume of UCB, the CD34+
cells, the leukocytes, and the CD34+CD38- cells. These
correlations are shown in figure 1. A significant negative correlation was found between the relative number
of CD34+CD117+ cells and: the volume of UCB (r= 0.41, p<0.01), the relative number of CD34+ cells (r = 0.41, p<0.01), the number of leukocytes (r = -0.45,
p<0.01), and the relative number of CD34+CD38- cells
(r = - 0.29, p<0.01), (data not shown). All of the other
variables investigated were not significantly correlated
(data not shown).

Discussion
UCB has been used as an alternative source of hematopoietic stem cells to that of bone marrow for almost two decades. The characterization of UCB units
facilitates the understanding of factors affecting the
quality and improvement of transplant outcomes
(Aroviita et al., 2005).
The values of hematopoietic stem cells, considered

RAQUEL CANABARRO et al.

as CD34+ cells, found in the present study were smaller
than those reported by Brocklebank and Sparrow
(Brocklebank and Aparrow, 2001), who found from 22
to 600 7AAD negative CD34+ cells per microliter of
UCB. On the other hand, the results obtained in this
study were similar to those reported by Chin-Yee (1997),
Barnett (1998), and Pranke (2006), and colleagues, who
found 15 to 148, 14 to 63, and 13 to 85 CD34+/µL cells
in UCB, respectively. The present study detected 0.24 ±
0.14 CD34+ cells among CD45+ cells, similarly to other
studies which found 0.23% (Espínoza et al., 2006),
0.27% (Larghero et al., 2006) 0.28 ± 0.15% (Pranke et
al., 2006) of these cells. Differences in the quantification of CD34+ cells may be a result of the heterogeneity
proper of cord blood cells as well as of differences between the techniques used by the various groups (Yap
et al., 2000).
Furthermore, a number of factors have been described that may influence the quantification of UCB
CD34 cells and that may account for the variations in
the reported results. Some reports have shown that cesarean delivery provides collection of a higher volume
of blood increasing the absolute value of CD34+ cells
(Yamada et al., 2000). It has also been shown that factors like newborn weight and sex as well as maternal
age can affect the concentration of CD34+ cells (Aroviita
et al., 2005; Nakagawa et al., 2004). In the present study,
no connection was detected between type of delivery
and volume, neither between NB sex and weight or
maternal age, and quantity of CD34+ cells, although
there was a positive correlation of volume of collected
UCB with NB weight, which can thus result in an increase in the absolute number of CD34+ cells. On the
other hand, the quantification of CD34+ cells performed
without using 7AAD, may be one of the factors responsible for the higher number of CD34+ cells in the UCB
reported in other studies.
The percentage of CD34+CD38- cells found in this
study (around 17% of total CD34+ cells) is in agreement with data from a few other authors, such as
D’Arena et al. (1996), Hao et al. (1995) and Timeus et
al. (1998a), despite the overall great variability of the
results reported for these cells, ranging from 2.6% or
3.9% (De Bruyn et al., 1998; Pranke et al., 2005) to
around 35% (Almici et al., 1997), among CD34+ cells.
However, the use of 7AAD shows controversial results too when protocols using or not using it are compared. It is known that 7AAD identif ies dead or
apoptotic cells (Philpott et al., 1996). Cabezudo et al.
(1999), however, comparing different methods for counting CD34 cells, did not find differences between those

PHENOTYPIC CHARACTERISTICS OF CORD BLOOD

401

FIGURE 1. Correlation between physiological, hematological and immunophenotypical parameters. Significance by Pearson’s correlation between the
collected volume of umbilical cord blood (UCB) (mL) and (A) the newborn weight
(g) (r = 0.49, p<0.01); (B) the placental weight (g) (r = 0.296, p<0.05); (C) the
absolute number of CD34+ cells per microliter of UCB (r = 0.29, p<0.05); and (D)
the relative number of CD34+ cells among CD45+ cells (r= 0.36, p<0.01). Correlation of CD34+ cells per microliter of UCB with (E) the gestational age (weeks),
with a negative correlation (r = - 0.33, p<0.01); and (F) the absolute number of
total leukocytes, (r = 0.32, p<0.05). A significant positive correlation between the
relative number of CD34+CD117- cells and (G) the volume of UCB (r= 0.41,
p<0.01); (H) the CD34+ cells (r = 0.41, p<0.01); (I) the leukocytes, (r = 0.45,
p<0.01); and (J) the CD34+CD38- cells (r = 0.29, p<0.01).
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using and not using 7AAD as regards the absolute number of CD34+ cells. Nevertheless, notwithstanding these
conflicting results and the detection of unviable cells
remaining problematic, there are situations in which the
use of 7AAD may be justified. In cases where CD34
cells are clinically used, such as in umbilical cord blood
banks, the measurement of cell viability through 7AAD
is important, since the number of these cells is used to
choose an umbilical cord blood sample. Also, in cases
where the samples are cryopreserved, as in UCB banks,
or after cell cultivation, whose aim is to transplant frozen or expanded cells, cell viability may be much affected (Philpott et al., 1996).
The success of UCB cells transplantation is largely
related to the number of TNC and CD34+ cells. On the
one hand UCB CD34+CD38- cells possess high potential of proliferation and expansion of CD34+ cells, suggesting possible advantages concerning the homing and
engrafment of more undifferentiated cells (Timeus et
al., 1998b).
In the present study the quantity of TNCs was positively correlated with the percentage value of CD34+
cells per microliter of blood, as shown in other studies
(Nakagawa et al., 2004). A more rapid engraftment and
better graft survival are obtained when the cord blood
provides at least 2.0x107 TNCs and 2.0x105 CD34+ cells
per kilogram of the recipient’s body weight (Gluckman
et al., 2005).
Our results show the existence of a positive correlation between collected volume and number of CD34+ cells
both per microliter of UCB and in the percentage found
among CD45+ cells. In a study, where 1,200 donors were
evaluated, it was observed that high volume samples were
correlated with high doses of TNCs, CD34+ cells and
colony forming units of granulocytes and macrophages
(CFU-GM) (Bradley and Cairo, 2005). In another study,
in which 9,205 cases were analysed, factors like newborn and placental weight, umbilical cord length, cesarean section and advanced gestational age were found to
significantly influence the volume of collected blood and
the number of TNCs (Jones et al., 2003). Our results also
indicate a positive correlation of newborn and placental
weight with higher collected volume, as reported by some
authors (Jones et al., 2003; Nakagawa et al., 2004), but
not in the other parameters. Cairo et al. (2005) did not
observe any association of cesarean delivery with number of TNC, CD34+ cells and CD34+CD38- cells, as in
the present study. Cairo and colleagues have also shown
a positive correlation between the number of erythroblasts
with CD34+ cells and CD34+CD38- cells, which were not
found in the present study.
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In our study, we found that the quantity of CD34+
cells per microliter of UCB was inversely proportional
to gestational age, as reported in several studies by other
authors (Gasparoni et al., 2000; Yap et al., 2000).
We also found negative correlations concerning the
relative presence of CD34+CD117+ cells among the
CD34+ cells population with the following parameters:
volume, total leukocytes, number of CD34+ cells per
microliter of UCB, and percentage of CD34+CD38- cells.
On the other hand, the same parameters presented positive correlations with CD34+CD117-. The CD117 molecule is the receptor of the stem cells growth factor and
is involved in the interactions of CD34+ cells with stromal and other cells in the bone marrow. Its expression
among CD34+ cells may range from 58% (Sakabe et
al., 1998) to 81% (Gluckman et al., 2005), and among
CD34+CD38+ and CD34+CD38- cells, the c-kit is expressed in 80±10% and 56±24% of these cells, respectively (Pranke et al., 2005), in the UCB. The findings in
the literature, however, are still conflicting as to whether
these more primitive, hematopoietic stem cells express
this molecule in higher (Williams, 2000) or lower levels (Xiao and Dooley, 2003), or do not express it at all
(Sakabe et al., 1998). We can thus suggest that cells
presenting CD34+CD117- phenotype, or low expression
on the surface, appear to vary with the volume obtained,
as well as with the presence of TNC and CD34+ and
CD34+CD38- cells.
We can thus suggest that, as the volume of collected
UCB directly affects the quantity of CD34+ cells per
microliter of blood and possibly the quantity of total
nucleated cells.Research has shown that the UCB may
in the future be a source of stem cells to treat several
diseases, since investigations into the plasticity of stem
cells have demonstrated the importance of these cells
in restoring various other organs. Another advantage of
using UCB is that, according with some studies, the risk
of developing acute and chronic GVHD in UCB recipients with up to two HLA incompatible alleles is similar
to that of a recipient of bone marrow from an identical
HLA donor (Gluckman et al., 2004; Grewal et al., 2003).
Nonetheless, further investigation into the biological
properties of UCB cells will make it possible to take
full advantage of their potential in transplantation procedures and increase the number of patients who can be
successfully treated.
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