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ABSTRACT
We investigated the kinetics of nucleated cells and CD34� cells to determine the differences between cord
blood (CB) and neonatal peripheral blood (NB). The correlation coefficient between white blood cell (WBC)
counts and neutrophil counts was statistically significant for CB and NB at 0, 24, and 48 hours postnatally.
There were no differences in the absolute counts of lymphocytes, CD3� cells, and CD19� cells; however, the
CD16/56� cell counts for CB were significantly decreased 48 hours postnatally (P � .011). The number of
GM-CFU counts (P � .02) and CD34� cells (P � .049) as well as CD34�CXCR4� cells (P � .002),
CD34�CD49d� cells (P � .001), and CD34�CD44� cells (P � .001) in CB were significantly increased over
those of NB at delivery, and the numbers decreased gradually until 48 hours after delivery. In conclusion, the
change in WBC count several days after delivery were closely associated with a temporary increase in
neutrophils, and NK cells significantly decreased over time postdelivery. In addition, CD34� cells were more
prevalent in CB than in NB, and gradually decreased after birth. Such a change might be directly related to the
kinetic changes of CXCR4 or CD49d and CD44 expression on CD34� cells in CB and NB.
© 2007 American Society for Blood and Marrow Transplantation
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NTRODUCTION

In adults, peripheral blood cell counts remain rel-
tively stable; however, the hematologic values of
eonatal peripheral blood (NB) show a characteris-
ic series of changes during the neonatal period
fter birth. Neutrophilic white blood cells (WBCs)
end to increase immediately after birth, and then
ecrease with time; lymphocytes also tend to decrease
ver the first 3 days after birth, and then increase;
herefore, the normal values for newborns differ from
hose of children and adults [1]. However, the reason
or the initial changes in newborns has not been ex-
lained.

Cord blood (CB) has recently been used as a
ource for donor cells for stem cell transplantation
2-6]. Many studies have reported on the qualitative
nd quantitative differences in stem cells from CB

ompared to NB and the bone marrow. It has been c

78
ound that stem cells from CB are more immature
nd plentiful compared to those in NB [7,8]. How-
ver, there have been no studies yet to explain the
eason why the stem cells are comparatively more
mmature and plentiful in CB than in peripheral
lood of children and adults.

Theoretically, CB should have similar cellular
omponents to NB immediately after birth, because
B itself is circulating fetal blood during fetal life;
owever, in a previous study [9], we observed that
here were fewer CD34� cells immediately after birth
n NB than in CB. Although we suggested that
D34� cells in the NB might decrease because of

poptosis or homing after transition from fetal circu-
ation to neonatal circulation, we may be limited in
ur ability to explain the kinetic changes between CB
nd NB because we only compared the CB with NB

ollected immediately after birth.
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We assumed that the difference in kinetics of CB
nd the NB is caused by apoptotic changes or differ-
nces in expression levels of chemokine receptors
CR) or cell adhesion molecules (CAM) on CD34�

ells. Therefore, we studied the differences in the
inetics of nucleated cells and CD34� cells between
B and NB collected immediately after birth as well

s at defined time intervals.

UBJECTS AND METHODS

ubjects

The subjects for this study were 14 normal full-
erm babies; their average gestational age was 38.74 �
.91 weeks (37.00�39.86 weeks), and the average
eight was 3,070.91 � 331.03 g (2,460�3,350 g).
rior to delivery, written consent was obtained from
regnant women who were hospitalized for normal
aginal delivery or Cesarean delivery, and CB and NB
ere collected. We acquired consents from the
others, who were acquainted with our hospital

igure 1. Kinetics of blood cell counts in cord blood and periphera
elivery. The WBC counts as well as neutrophil counts of CB were
ecreased to 48 hours. The correlation coefficients between WBC

able 1. Cell Counts in Cord Blood and Peripheral Blood of Newborns

CB NB

emoglobin (g/dL) 15.71 � 1.26 16.39
latelets (�106/mL) 319.56 � 78.63 320.18
BC (�106/mL) 13.66 � 4.01 18.57

eutrophil (�106/mL) 8.48 � 2.75 12.93
ymphocyte (�106/mL) 4.35 � 1.58 4.08
onocyte (�106/mL) 0.98 � 0.28 1.17
osinophil (�106/mL) 0.44 � 0.37 0.34
asophil (�106/mL) 0.14 � 0.09 0.16

B indicates cord blood; NB, neonatal peripheral blood; WBC, w
P values of .05 or less based on Mann-Whitney U test and they

between CB and NB-0.
92 at NB-0, .95 at NB-24, and .95 at NB-48).
ersonnel, ensuring no undue coercion by the staff
nvolved in the treatment. This study was approved
y institutional review boards of Dong-A University
ospital.

ollection of CB and NB

The umbilical cord was cut immediately after de-
ivery. The umbilical vein was punctured with a sy-
inge containing acid-citrate-dextrose and 5 mL of CB
ere collected with the placenta still in the uterus.
fter routine management of the newborn immedi-
tely after delivery (within the first 10 minutes after
elivery, NB-0), 5 mL of NB were collected through
he jugular vein of the newborn. Then 5 mL of NB
ere collected 24 (NB-24) and 48 hours postnatally

NB-48) for each participating newborn.

ell Counting and Immunophenotype Analysis

Hemoglobin, WBC with fractionation, and plate-
et counts were measured from CB and NB samples

of newborns at 0 (NB-0), 24 (NB-24), and 48 (NB-48) hours after
than those of the NB at delivery, and increased until 24 hours then
and neutrophil counts were statistically significant (r � .89 at CB,

, and 48 Hours after Delivery

NB-24 NB-48 P

14.67 � 2.13 15.67 � 1.33 NS
286.30 � 92.74 334.00 � 73.74 NS
19.31 � 2.72 13.62 � 2.15 .042*
14.03 � 2.58 9.14 � 1.29 .047*
3.71 � 1.09 2.82 � 0.67 NS
0.91 � 0.28 0.91 � 0.27 NS
0.39 � 0.17 0.54 � 0.28 NS
0.10 � 0.04 0.08 � 0.02 NS

od cells; NS, not significant.
e that the WBC and neutrophil counts are significantly different
l blood
lower
counts
at 0, 24

-0

� 1.17
� 54.08
� 6.90
� 6.86
� 0.88
� 0.48
� 0.16
� 0.09

hite blo
indicat
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sing the Sysmex K-800 (Sysmex corporation, Kobe,
apan) automated cell counter. For flow cytometry,
ononuclear cells were isolated from each 4.5 mL of
B and NB by the density gradient method with 10%
entastarch (Jeil Pharm, Seoul, Korea). The isolated
ononuclear cells were stained with corresponding
onoclonal antibodies for 45 minutes, washed with

hosphate-buffered saline 3 times, fixed with 1%
araformaldehyde, and then analyzed with Lysys II
oftware (Becton Dickinson, San Jose, CA). FACSort
Becton Dickinson) was used for flow cytometry, and
ual-color flow cytometry was performed for CD34,
D34/CXCR4, CD34/CD49d, and CD34/CD44 to
etermine the kinetic changes of CR and CAM on
D34� cells. Flow cytometry was also performed for
D3, CD19, and CD16/56 to study the kinetic fea-

ures of lymphocytes. All antibodies were purchased
rom Becton Dickinson.

lonogenic Assays

To analyze granulocyte macrophage-colony form-
ng unit (GM-CFU), 4 � 105 cells/mL of isolated
ucleated cells were added to methylcellulose media
Stem Cell Technologies Inc., Vancouver, BC), and
ultivated under conditions of 37°C and 5% CO2 for
4 days. Granulocyte-macrophage colonies of more

igure 2. Kinetics of lymphocytes in cord blood and peripheral b
elivery. There were no differences in CD3� cell and CD19� cell

able 2. Lymphocyte Subsets in Cord Blood and Peripheral Blood of Ne

C

CB NB-0

D3� 32.18 � 12.78 33.91 � 12.96
D19� 34.79 � 9.15 34.29 � 8.13
D16/56� 22.44 � 7.50 19.31 � 7.84

B indicates cord blood; NB, neonatal peripheral blood; NS, not
he CD16/56� cell counts significantly decreased in the CB at 48 hours p
han 50 cells were scored using an inverted micro-
cope.

poptotic Analysis

2 � 105 cells/mL were treated with 1� binding
uffer (BD Bioscience Pharminogen™, San Jose, CA)
nd Annexin V-FITC kit (BD Bioscience Pharmino-
en™) for the purpose of apoptotic analysis. They
ere incubated at room temperature without light for
5 minutes, and red blood cells (RBCs) were removed
sing a lysis solution. They were washed with PBS and
hen analyzed with FACSort (Becton Dikinson).

tatistics

The Mann-Whitney U test was used to compare
he mean values between the 2 nonparametric groups
f CB and NB immediately after birth and to analyze
he statistical differences in WBC with fractionation
nd CD34� cells between the 2 groups. The nonpara-
etric Spearmann correlation test was used to analyze

he correlation between WBC and fractionation. Re-
eated-measure ANOVA was used to determine
hether other variables showed a statistical difference

n changes over time; a P � .05 was considered sta-
istically significant.

f newborns at 0 (NB-0), 24 (NB-24), and 48 (NB-48) hours after
between CB and NB at 0, 24, and 48 hours postnatally; however,

at 0, 24, and 48 Hours after Delivery

nt (%)

PNB-24 NB-48

33.94 � 20.24 43.05 � 18.91 NS
40.54 � 13.77 36.29 � 14.20 NS
12.40 � 9.24 7.99 � 3.97 .011

ant.
lood o
counts
wborns

ell Cou
ostnatally.
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ESULTS

ell Counts of CB and NB

There was no difference in hemoglobin and plate-
et counts for CB and NB immediately after birth;
owever, WBC counts were significantly higher in
B immediately after birth than in CB (P � .04). In

ddition, WBC counts increased up to 19.31 � 2.72
106/mL until 24 hours postnatally; but then de-

reased by 48 hours postnatally. This change in WBC
ounts was found regardless of the numerical change
n lymphocytes, monocytes, eosinophils, and ba-
ophils. However, the change in WBC counts corre-
ated with the numerical difference in neutrophils be-
ween CB (r � .89) and NB immediately after birth
r � 0.92), at 24 hours postnatally (r � 0.95), and at 48
ours postnatally (r � 0.95) (Table 1 and Figure 1).

hange in Lymphocyte Counts and
ymphocyte Subsets

There was no difference in absolute lymphocyte
ounts between CB and NB immediately after birth.
he lymphocyte counts tended to decrease somewhat
ver time, but these changes were not statistically
ignificant (Table 1). There were also no differences
n CD3� or CD19� cell counts of CB and the NB

able 3. CD34� Cell Subsets in Cord Blood and Peripheral Blood of N

CB NB-0

D34� 2.23 � 0.98 1.82 � 0.
D34�CXCR4� 1.78 � 0.88 1.46 � 0.
D34�CD49d� 2.11 � 0.89 1.87 � 1.
D34�CD44� 2.17 � 0.90 1.77 � 0.

B indicates cord blood; NB, neonatal peripheral blood.
P values of .05 or less based on Mann-Whitney U test and they in

and NB-0.

igure 3. Kinetics of CD34� cell subsets in cord blood and perip
fter delivery. The number of CD34� cells as well as CD34�CXC

ignificantly higher than those in the NB at delivery, which decreased gra
ith time lapse; however, CD16/56� cells tended to
radually decrease from CB to NB after birth (P �

011) (Table 2 and Figure 2).

hemokine Receptor and Cell Adhesion Molecules

In the flow cytometric analysis for CR and CAM
n CD34� cells from CB and the NB, CD 34� cells
ere significantly less prevalent in the NB immedi-

tely after birth than in the CB (P � .049) and tended
o decrease over time (P � .044). The expression level
f CXCR4 (P � .002), CD49d (P � .001), and CD44
P � .001) on CD34� cells was lower in the NB than
B, and decreased rapidly at 24 hours postnatally

Table 3 and Figure 3).

lonogenic Assays

Granulocyte macrophage-colony forming unit
ounts were highest in CB and tended to decrease
ver time immediately after birth (P � .02) (Table 4
nd Figure 4).

poptotic Analysis

The flow cytometric analysis for cell death in CB
nd the NB showed similar apoptotic levels in CB and
B immediately after birth, 24 hours postnatally,

s at 0, 24, and 48 Hours after Delivery

ount (%)

PNB-24 NB-48

1.37 � 1.13 0.90 � 0.26 .049*
0.74 � 0.42 0.64 � 0.30 .002
0.87 � 0.47 0.72 � 0.25 .001
0.96 � 0.47 0.74 � 0.27 .001

hat the CD34� cell counts are significantly different between CB

lood of newborns at 0 (NB-0), 24 (NB-24), and 48 (NB-48) hours
ells, CD34�CD49d� cells and CD34�CD44� cells in CB were
ewborn

Cell C

94
86
03
96

dicate t
heral b
R4� c
dually until 48 hours after delivery.
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nd 48 hours postnatally as shown from Table 5 and
igure 5.

ISCUSSION

Many researchers have reported on changes in the
arious components of WBCs in the NB [1,10]. Ac-
ording to previous reports, WBC counts at birth are
enerally as high as 9.0�30.0 � 106/mL, and neutro-
hils have accounted for most of the WBC; the num-
er of monocytes, eosinophils, and basophils have
een reported to be very low, with no significant
hanges identified over the first 2 weeks postnatally.
ignificant changes in lymphocytes have been demon-
trated over the first 2 weeks postnatally; at the time of
irth, the absolute lymphocyte count is on the order of
.6 � 1.0 � 106/mL, begins to decrease over the first
days of life, and then it increases again up to 6.0 �

06/mL at 10 days postnatally. In this study, changes
n the WBC counts or fractionation also showed re-
ults consistent with these changes. The WBC counts
f the NB immediately after birth significantly in-
reased compared to that of CB, and then tended to
ecrease at 48 hours postnatally. The changes ob-
erved in WBC counts correlated with changes in
eutrophils. This phenomenon could be explained
ith the finding that as the concentration of granulo-

yte colony-stimulating factors in the blood increases
rom stressful events, such as relative hypoxia at the
ime of birth [11], the number of neutrophils also

able 4. GM-CFU Counts in Cord Blood and Peripheral Blood of New

CB N

FU-GM count (�103) 1.10 � 0.70 1.00

B indicates cord blood; NB, neonatal peripheral blood; GM-CFU

igure 4. Kinetics of CFU-GM counts in cord blood and periphera
elivery. The number of CFU-GM in CB was significantly higher t

elivery.
ncreases, followed by a decrease 48 hours after birth
esulting from the short life span of neutrophils.

We found that, over time, lymphocyte counts
ere somewhat decreased, although no changes in T
r B lymphocytes were observed. Also, natural killer
NK) cells started to rapidly decrease 24 hours after
irth. It is known that NK cells in CB have significant
linical implications [12] for stem cell transplantation
sing CB. That is, NK cells in CB induce �-interferon
r tumor necrosis factor-� and promote generation
f granulocyte/macrophage-colony stimulating factor
GM-CSF) or interleukin (IL)-3, contributing to the
eduction in frequency of graft-versus-host disease.
hus, further study is required to determine the clin-

cal impact of NK cell counts in the NB and CB and
heir gradual decrease in time after delivery.

It has been reported that CD34� cells in the NB
egin to gradually decrease after birth, resulting in
educed numbers in the adult. According to a study of
D34� cells by Li et al. [13] on normal full-term
abies, CD34� cells rapidly decrease immediately af-
er birth and continue to decrease, up to 30%, over
ime 2 to 48 hours postnatally. However, as samples
ere not collected from the same individual, and sam-
les taken immediately after birth were omitted, this
tudy may not accurately reflect the kinetics.

By contrast, considering the blood circulation be-
ween fetus and placenta, the CD34� cells in NB
mmediately after birth could be the same as those in
B, both qualitatively and quantitatively; however,

t 0, 24, and 48 Hours after Delivery

NB-24 NB-48 P

0.79 � 0.69 0.57 � 0.48 .02

ulocyte/macrophage-colony-forming unit.

of newborns at 0 (NB-0), 24 (NB-24), and 48 (NB-48) hours after
t of NB at delivery, which gradually decreased until 48 hours after
borns a

B-0

� 0.65
l blood
han tha
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ased on the results in this sudy, CD34� cell counts in
B are greater than those in the NB immediately after
irth. The influence of cytokines secreted from the
lacental tissues may be an important factor in these
esults. Keelan et al. [14] reported that IL-6, IL-8, and
L-1	, all cytokines causing inflammation, are in-
olved in delivery and are secreted by the placenta,
nd Kauma et al. [15] reported that stem cell factor
SCF) is expressed in placental tissues, having an effect
n movement, proliferation, and survival of hemato-
oietic cells. SCF and its receptor, Kit, control pro-

iferation and survival of the initial hematopoietic
ells. Kauma et al. [15] found that SCF and Kit were
xpressed in the uterine endometrium and placental
issues, and that SCF mRNA was increased 4- to
-fold, in placental tissues. SCF activates molecules
uch as CD49d on the surface of CD34� cells, which
ake CD34� cells adhere to matrix cells [16-18].

Coulomb-L’Hermine et al. [19] reported that the
tromal cell-derived factor (SDF)-1 plays a key role in
oving stem cells secreted from placental cells. As its

eceptor, CXCR4, is expressed on the surface of
D34� cells [20], CD34� cells have been found to
rmly combine with the placental tissues. These stud-

es may explain our results demonstrating that the
umber of CD34� cells and CD34�CXCR4� cells in
B was greater than in the NB immediately after
irth.

igure 5. Kinetics of apoptotic cells and necrotic cells in cord blo
NB-48) hours after delivery. The difference in incidence of apopto

able 5. Apoptosis Analysis in Cord Blood and Peripheral Blood of New

C

CB NB-0

ive 80.26 � 13.11 82.73 � 11.76
poptosis 2.72 � 2.53 2.68 � 2.30
ecrosis 15.52 � 11.45 13.45 � 9.42

B indicates cord blood; NB, neonatal peripheral blood; NS, not
B at 0, 24, and 48 hours postnatally.
The expression level of CAMs such as CD49d or
D44 on CD34� cells in CB was higher than that in

he NB immediately after birth. This finding might be
losely related to the finding that SCF secreted from
he placenta could activate CD34�CD49d� cells and
dhere to fibronectin [18], and that CD49d had re-
uced expression in activated CD34� cells from mo-
ilized peripheral blood compared to bone marrow
21-26]. That is to say, CD34�CD49d� cells or
D34�CD44� cells were plentiful in CB compared to

he NB, by adhesion to the inner wall of placental
lood vessels under the influence of cytokines secreted
rom the placenta.

The finding that cells expressing the CXCR4 re-
eptor or CD49d and CD44 in the NB gradually
ecrease over time after birth might not only result
rom cell death but also from homing of CD34� cells
irculating in the NB immediately after birth. That is,
ome of the CD34�CXCR4� cells could home to the
one marrow under the influence of SDF-1 secreted
rom the neonatal bone marrow stromal cells. Also,
D34� cells home to the neonatal bone marrow

hrough CAM on the surface of CD34� cells, such as
D49d and CD44. CD49d, a type of CAM expressed
n the surface of CD34� cells, is characterized by its
ombination with vascular CAM-1 or fibronectin, of
xtracellular matrix protein such as 	1 integrin ex-
ressed in most mononuclear cells. The fact that cir-

peripheral blood of newborns at 0 (NB-0), 24 (NB-24), and 48
not statistically significant in the comparison between CB and the

t 0, 24, and 48 Hours after Delivery

unt (%)

PNB-24 NB-48

79.61 � 7.41 81.59 � 10.11 NS
3.00 � 2.71 2.18 � 1.35 NS

15.67 � 5.57 15.33 � 8.52 NS

ant.
od and
sis was
borns a

ell Co
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ulating CD34� cells express less CD49d, in compar-
son to CD34� cells in the bone marrow, proves that
t plays an important role in movement from the bone

arrow or homing of CD34� cells [26,27]. In addi-
ion, Zanjani et al. [28] emphasized that CD49d plays
key role in homing of stem cells based on the finding

hat engraftment into the bone marrow was signifi-
antly reduced at 24 and 48 hours after transplantation
hen stem cells were treated with CD49d antibodies

nd transplanted into animals. Another CAM that
nfluences hematopoiesis is CD44. The ligands of
D44, hyaluronic acid, and fibronectin, are secreted

rom stromal cells and may make CD44-expressing
tem cells adhere to the bone marrow matrix. This is
upported by the experimental finding that when
D44 antibodies are treated with stem cells to be

ransplanted, infused stem cells fail to adhere to the
one marrow matrix and cannot produce new blood
ells [29-32]. Therefore, in neonatal blood circulation
fter transitioning from feto-placental circulation,
D34� cells expressing CAM in placental circulation
ill move to neonatal bone marrow because of the

ecretion of SDF-1, hyaluronic acid, or fibronectin
rom stromal cells.

In addition, we found that the number of GM-
FU in CB was greater than that in the NB immedi-

tely after birth, and it significantly decreases in NB
ver time; this may be related to the decrease in
D34� cells and their subsets over time as shown

rom the study by Lee et al [33].
In conclusion, changes in the WBC counts for

everal days after delivery in the newborn are closely
elated to a temporary increase in neutrophils and a
ignificant decrease in NK cells over time after deliv-
ry. In addition, CD34� cells are more prevalent in
B than in NB and gradually decrease after birth;

uch a change might be directly related to the kinetic
hanges of CXCR4 or CD49d and CD44 expression
n CD34� cells in CB and NB.
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