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Human Umbilical Cord Blood CD34-Positive Cells
as Predictors of the Incidence and Short-Term Outcome
of Neonatal Hypoxic-Ischemic Encephalopathy: A Pilot Study

Sahar M. A. Hassanein®

Mohamed Hassan Nasr Eldin® Background and Purpose Neonatal hypoxic-ischemic encephalopathy (HIE) is one of the

leading causes of neurological handicap in developing countries. Human umbilical cord

Hanaa A. Amer® blood (hUCB) CD34-positive (CD34") stem cells exhibit the potential for neural repair. We

Adel E. Abdelhamid® tested the hypothesis that hUCB CD34* stem cells and other cell types [leukocytes and nucle-

Moustafa El Houssinie® ated red blood cells (NRBCs)] that are up-regulated during the acute stage of perinatal as-

Abir Ibrahim’ phyxia (PA) could play a role in the early prediction of the occurrence, severity, and mortality
of HIE.
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*Obstetrics and Gynecology, Methods This case-control pilot study investigated consecutive neonates exposed to PA. The
«Clinical Pathology, Faculty of hUCB CD34" cell count in mononuclear layers was assayed using a flow cytometer. Twenty
Medicine, Ain Shams full-term neonates with PA and 25 healthy neonates were enrolled in the study.

University, Cairo, Egypt . _ . . N
“Neonatal Unit, the Queen Elizabeth Results The absolute CD34" cell count (p=0.02) and the relative CD34" cell count (CD34%)
Hospital, King's Lynn, UK (p<0.001) in hUCB were higher in the HIE patients (n=20) than the healthy controls. The
*Community Medicine, Faculty hUCB absolute CD34" cell count (p=0.04), CD34'% (p<0.01), and Hobel risk scores (p=0.04)
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Cairo, Egypt (n=11). The absolute CD34" cell count was strongly correlated with CD34% (p<0.001), Ho-

MOH, Cairo, Egypt bel risk score (p=0.04), total leukocyte count (TLC) (p<0.001), and NRBC count (p=0.01).

CD34%% was correlated with TLC (p=0.02).
Conclusions hUCB CD34" cells can be used to predict the occurrence, severity, and mortality
of neonatal HIE after PA.
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INTRODUCTION

With a reported incidence of 1.5-6 per 1,000 live births, neonatal hypoxic-ischemic en-
cephalopathy (HIE) remains one of the leading causes of neonatal mortality, morbidity, and
permanent neurological and neurodevelopmental disability in developing countries." Pre-
dicting the occurrence and short-term outcome in neonates with HIE is particularly impor-

tant for initiating and monitoring appropriate management.* This has become even more
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and disability have been subjected to continual stringent as-
sessment and validation.” However, this has not been the
case for acute-stage parameters predictive of occurrence and
short-term outcomes."’

Many studies have attempted to assess laboratory mark-
ers—alone or in combination with other laboratory and/or
clinical parameters—as possibly useful predictors for perinatal
asphyxia (PA), HIE, and neurodevelopmental outcomes.
However, none of these markers has been demonstrated to
be effective in clinical settings." **

The findings of clinical studies suggest that human umbili-
cal cord blood (hUCB) CD34-positive (CD34") stem cells
could be used in neural repair."* Since these cells are up-reg-
ulated during the acute stage of PA, we hypothesized that
they could be utilized in the early prediction of HIE and its
severity.

METHODS

Participants

Forty-five singleton full-term neonates with a gestational age
of 237 weeks and delivered in the Maternity Hospital of Ain
Shams University were enrolled from May 2013 to June 2014.
Enrollment decisions made for patients who were delivered
and required resuscitation that lasted up to 10 minutes,
hUCB samples collected.

Risk assessments were performed based on the Hobel
score. This score measures morbidity in the normal-weight
infant, and consists of 3 components encompassing 126 fac-
tors that include morbid conditions or signs and symptoms
of morbidity, prenatal, labor/delivery, and neonatal factors,
and a total risk score. Each factor is assigned a weight of 1, 5,
or 10. The prenatal component consists of 51 items, the la-
bor/delivery component consists of 40 items, and the neona-
tal component consists of 35 factors."

Sarnat staging'® was used to classify HIE into stage I (mild)
or stages II and III (moderate and severe). Thompson scor-
ing'” was used for grading HIE. This staging scale consists of
consecutive daily assessments of neurological features (tone,
level of consciousness, seizures, and posture), neonatal re-
flexes (Moro, sucking, and grasping), respiration, and the an-
terior fontanel. The maximum score is 22, with scores of 1-10,
11-14, and 15-22 indicating mild, moderate, and severe
HIE, respectively.

Eligibility criteria

The study involved term neonates with birth asphyxia that
subsequently led to the development of HIE. PA was defined
as a pH of <7.0 and/or a base deficit of =216 mmol/L in a ve-
nous or arterial hUCB sample obtained at birth, or in any
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peripheral (capillary, venous, or arterial) blood sample ob-
tained within the first hour after birth. If the pH was 7.01-
7.15 and/or the base deficit was 10-15.9 mmol/L, the follow-
ing additional criteria were used to define PA: a 10-minute
Apgar score of 5 or less, and extended resuscitation with or
without assisted ventilation at birth that continued for a mini-
mum of 10 minutes."

In addition to the electrophysiological signs of encepha-
lopathy (e.g., seizure and/or abnormal amplitude-integrated
electroencephalogram),'® clinical signs of encephalopathy
needed to be present in at least three of the following six cat-
egories: level of consciousness, spontaneous motor activity,
tone, posture, primitive reflexes (Moro and sucking), and au-
tonomic nervous system dysfunction.*

The control group comprised 25 healthy term neonates
with an appropriate weight for the gestation age who exhibit-
ed an Apgar score of =8 at 5 minutes, no indication of fetal
distress, and normal findings in hUCB gas analysis.

Exclusion criteria

Neonates with congenital (CNS or other) anomalies, or chro-
mosomal abnormalities, multiple pregnancy, or those whose
parents refused enrollment were all excluded.

Study design

This is a prospective case-control pilot study aiming to corre-
late the incidence and severity of disease in HIE patients with
hUCB CD34" cell counts as assessed by flow cytometry, as
well as the total leukocyte count (TLC) and nucleated red
blood cell (NRBC) count, in comparison with control sub-
jects. The correlation in the HIE patients was assessed based
on risk scores (Hobel) and neurological (Sarnat and Thomp-
son) severity scores.

Following delivery and before the placenta was separated,
the umbilical cord was double-clamped and dissected. The
umbilical vein was disinfected using Betadine solution in
vaginal deliveries and then aseptically punctured with a ster-
ile syringe to collect 10 mL of its blood in a 14-mL sterile
Falcon tube containing 2 mL of citrate phosphate dextrose as
an anticoagulant. Samples were transported to the laboratory
within 12 hours.”

The hUCB complete blood count, TLC, NRBC count, and
CD34" cell count were measured using anti-CD34 monoclo-
nal antibodies for all of the included cases. The number of
NRBCs per 100 white blood cells (WBCs) was counted in an
hUCB smear stained with Wright's stain.”

CD34 assay

Low-density mononuclear (LDMN) cells were extracted us-
ing Ficoll-Hypaque density gradient separation. The samples
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were diluted at a ratio of 1:2 with phosphate-buffered saline
(PBS), and then the suspension was laid on Ficoll-Hypaque
media (density=1,077 g/mL) at 2:1 and centrifuged for 20
minutes at 1,200 rpm and 28°C. LDMN cells were recovered
from the gradient interface, washed twice with PBS, and the
pellets were resuspended in 1 mL of PBS.”

A mononuclear layer of CD34" cells was double stained
with anti-CD34 monoclonal antibodies conjugated with
phycoerythrin and anti-CD45 (leukocyte common antigen)
conjugated with fluorescein isothiocyanate. The number of
LDMN cells in each sample was counted using a Coulter au-
tomated cell counter, with the cell count adjusted to 5-10x10°
cells/mL. Flow cytometric analysis was then performed (EP-
ICS-XL, Coulter, FL, USA).**

Ethical approval

The study was approved by the Ethics Committee of the Pe-
diatric Department, Children’s Hospital, Ain Shams Univer-
sity. Informed parental consent was obtained.

Statistical analysis

The SPSS statistical software package (version 18.0, IBM
Corporation, Armonk, NY, USA) was used for data analysis.
Data are presented as meantSD, n (%), and median (range)
values. The quantitative variables were analyzed using the
Mann-Whitney U test for comparisons involving two inde-
pendent groups of nonparametric data, Student’s ¢-test for
comparing two independent parametric samples, and the
Spearman correlation test to study the associations between
parameters. The cutoff for statistical significance was set at
p=<0.05.

RESULTS

The data of 45 full-term neonates were analyzed, of which 20
fulfilled the criteria for PA and HIE (14 males and 6 females,
15 delivered by cesarean section (CS) and 5 delivered vagi-
nally). On the Sarnat staging system, 11 of these 20 neonates
were stage I (mild HIE) and 9 were stages II and III (moder-
ate-to-severe HIE). Twenty-five healthy term neonates with

Table 2. hUCB parameters in the HIE and control groups

appropriate weights for the gestation ages who had not suf-
fered any degree of PA (13 males and 12 females, 13 deliv-
ered by CS and 12 delivered vaginally) were recruited as con-
trols. The median Hobel risk scores were higher for the HIE
patients than the healthy controls: prenatal (50 vs. 45), labor/
delivery (30 vs. 10), neonatal (14 vs. 8), and total (94 vs. 77).
The median Thompson score was higher for HIE infants
than for the controls (12 vs. 4) (Table 1).

The absolute CD34" cell count (p=0.02), relative CD34*
cell count (CD34"%) (p<0.001), TLC (p=0.01), and NRBC
count (p=0.02) were significantly higher in HIE patients than
in healthy controls (Table 2) (Figs. 1 and 2).

Patients with moderate-to-severe HIE had a higher abso-
lute CD34* cell count (p=0.04), CD34*% (p=0.01). TLC
(p=0.02), and NRBC count (p=0.001) compared to those with
mild HIE (Table 3). Of the 20 HIE neonates, 5 (25%) died

Table 1. Demographic and clinical characteristics in the HIE and
control groups

Characteristic HIE (n=20) Control (n=25) p
Birthweight (kg) 3.251+0.52 3.211£0.37 0.42
Gestational age (weeks) 40 38 (37-41) 0.6
Sex (%) 0.22

Male 14 (70) 13 (52)
Female 6(30) 12 (48)
Mode of delivery (%) 0.11
Vaginal 5(25) 12 (48)
Cesarean section 15 (75) 13 (52)
Apgar score
1 minute 2 (0-6) 7 (6-9) <0.0001
5 minutes 4 (0-6) 8 (7-10) <0.0001
10 minutes 5 (0-6) 9(8-10) <0.0001
Hobel risk score®
Prenatal 55 40 0.03
Labor/delivery 30 9 0.01
Neonatal 15 7 0.02
Total 100 56 0.001
Thompson score 12 4 0.01

Data are mean=SD, n (%), or median (range) values.
*chi-sgare test used for comparison.
HIE: hypoxic-ischemic encephalopathy

Parameter HIE (n=20) Control (n=25) p
Absolute CD34* cell count (cells/ul) 95.12+105.26 53.00 (45.85, 144.38) 20.40+27.32 10.50 (6.16, 34.64) 0.02f
CD34*0%) 0.68+0.71 0.49 (0.35, 1.02) 0.18+0.11 0.16 (0.13,0.23) <0001
TLC (x10° cells/L) 12.1246.83 8.2+3.4 0.01*
NRBCs (cells/100 WBCs) 30.55+19.34 5.70%3.16 0.02*

Values are mean£SD or median (confidence interval) values.
*t-test, "Mann-Whitney U test.

CD34+: CD34-positive, CD347%: relative CD34* cell count. HIE: hypoxic-ischemic encephalopathy, hUCB: human umbilical cord blood, NRBCs: nucle-

ated red blood cells, TLC: total leukocyte count, WBC: white blood cell.
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between postnatal days 7 and 38 (moderate-to-severe dis-
ease), while 15 (75%) survived. The absolute CD34" cell
count (p<0.0001) and CD34*% (p<0.0001) were significantly
higher in the HIE patients who died than in those who sur-
vived (Table 4). The Hobel risk score and the Thompson
staging score were not correlated with CD34"% (p=0.81 and
0.349, respectively) and were marginal correlated with the
absolute CD34" cell count (p=0.04 for each), whereas the
hUCB TLC was correlated with both CD34'% (p=0.02) and
the absolute CD34" cell count (p<0.001), and the hUCB
NRBC count was correlated with the absolute CD34" cell
count (p=0.01) but not CD34"% (p=0.187). A statistically
significant positive linear correlation was found between the
absolute CD34" cell count and CD34% (p<0.001) (Table 5).

DISCUSSION

This study counted hUCB-derived hematopoietic stem/pro-
genitor CD34" cells in neonates who had experienced fetal
distress and PA that subsequently developing into varying
grades of HIE (dichotomized into mild and moderate to se-
vere) and mortality toward the end of the neonatal period.
The hUCB absolute CD34* cell count and CD34*% were
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Fig. 1. hUCB absolute CD34-positive (CD34*) cell count at birth in
all of the studied neonates. hUCB: human umbilical cord blood.

Table 3. hUCB parameters according to HIE severity
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strongly correlated with the occurrence, severity, and mortal-
ity of HIE, indicating that these cells are useful for predicting
the short-term outcome of the disease. h(UCB CD34" cell
counts were significantly higher in HIE patients than con-
trols, in moderate-to-severe cases than in mild cases, and in
HIE neonates who died during the neonatal period (1-4 weeks
after delivery) than in those who survived.

CD34 is a widely used marker of hematopoietic and endo-
thelial progenitor cells. The density of CD34* mononuclear
cells is 10-fold higher in hUCB than in adult peripheral
blood.” The proportion of CD34" cells in hUCB ranges from
0.3% to 2.4%, which is comparable to that of the bone mar-
row.”® CD34" cells are less abundant in neonatal peripheral
blood immediately postpartum than in hUCB, and their
abundance tends to decrease within the first 48 hours after
delivery.”

Apart from their hematopoietic properties, hUCB cells ex-
ert myriad effects. Human CD34" cells secrete numerous cy-
tochemokines and growth factors, including vascular endo-
thelial growth factor.”® The basic concept underlying the
intravenous administration of autologous hUCBs for neona-
tal encephalopathy is to replenish stem cells in the systemic
circulation, which may contribute to neuroprotection and/or

CD34%%
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Fig. 2. hUCB relative CD34* cell count (CD34*%) at birth in all of the
studied neonates. hUCB: human umbilical cord blood.

Mild HIE (n=11) Moderate-to-severe HIE (n=9) p
Absolute CD34* cell count (cells/pL) 76.56142.40 60.00 (59.10, 94.10) 186.43+93.25 245.10 (114.76, 258.11)  0.04
CD34%% 0.324+0.41 0.25(0.16,0.47) 1.13%£0.85 1.14 (0.84, 1.79) 001
TLC (x107) 12.17+£8.47 12.80£6.41 0.02*
NRBCs (cells/ 100 WBCs) 14.73+6.91 37.561+18.24 0.001*

Values are mean®SD or median (confidence interval) values.
*t-test, "Mann-Whitney U test, p is significant if <0.05.

CD34+: CD34-positive, CD34"0p: relative CD34" cell count, HIE: hypoxic-ischemic encephalopathy, hUCB: human umbilical cord blood, NRBCs: nucle-

ated red blood cells, TLC: total leukocyte count, WBC: white blood cell.
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enhance cerebral plasticity.**

The findings of both animal and in vitro studies suggest
that intrapartum fetal hypoxia stimulates erythropoiesis by
provoking a cascade of events that engage erythropoietic ele-
ments, with the ultimate aim of compensating for the dimin-
ished oxygen capacity of hemoglobin. This results in the up-
regulation of blood-forming cells, including WBCs, immature
red blood cells, and hematopoietic CD34" cells.* Increases in
CD34" cell counts have been observed on day 7 after both
traumatic brain injury and chest trauma.”

The intravenous administration of human hUCB CD34*
cells was found to reduce histological ischemic brain damage
in mice after neonatal stroke, with a transient increase in the
cerebral blood flow in the peri-infarct area forty-eight hours
after permanent occlusion of the left middle cerebral artery.”

In addition, the administration of autologous hUCB cells
is feasible in neonates with HIE.*® Aly et al.** found that neu-
ral differentiation was strongest in cells derived from HIE
term neonates, of which 69% exhibited complete and 31%
exhibited partial neural differentiation.

PA-related stress might trigger mobilization of stem/pro-
genitor-enriched CD34" cells from the placenta into the
hUCB, which could subsequently contribute to the regenera-
tion of damaged tissues.” Moreover, hypoxia is effective at
maintaining the biological characteristics of CD34" cells
through suppressing the level of intracellular reactive oxygen
species by regulating NADPH oxidase.® However, whether
asphyxia induces peripheral blood stem cells to differentiate

Table 4. hUCB parameters of HIE patients who died vs. survived

into neural cells has not been reported previously.”” The in-
creased WBC and NRBC counts in our patients are consis-
tent with this. However, there might be a considerable delay
between the occurrence of hypoxia and the release of NRBCs,
and this might also apply to CD34" cells.”®

We found a significantly higher WBC and NRBC counts
in conjunction with hUCB CD34" cells. Our results add to
the growing body of evidence against the predictive value of
clinical parameters for short- or even long-term outcomes,

especially during the first few hours after birth.

Study limitations
This study represent preliminary research that did not have
sufficient statistical power to comprehensively identify
mechanisms or assess different variables related to neonatal
HIE. One of the main limitations was that the study was not
designed to differentiate acute from chronic fetal distress lead-
ing to PA/HIE syndrome. This is particularly relevant when
commenting on the timing and duration of an insult that
could have triggered the cascade leading to encephalopathy.

Like many other markers of PA/HIE, hUCB CD34" cells
are induced after global hypoxia. Although they showed a
strong relation with subsequent encephalopathy in our study,
whether they are only or mainly induced by cerebral hypoxia
remains unclear, and so further studies should investigate
this.

Considering that HIE may evolve into further deteriora-
tion or improvement, the hUCB CD34" cell count represents

Parameter Died (n=5) Survived (n=15) p
Absolute CD34* cell count (cells/pL) 263.401+18.12 261.8 (240.9, 285.9) 39.03+38.25 14.7 (17.85, 60.22) <0.0001*
CD34%% 1.69%0.72 1.4 (0.79, 2.59) 0.35+0.24 0.33 (0.22, 0.48) <0.0001*
TLC (x107) 13.02+£7.92 11.45%6.15 0.04*
NRBCs (cells/ 100 WBCs) 3.60%3.05 12.87+15.12 0.20*

Values are mean®SD or median (confidence interval) values.
*t-test, "Mann-Whitney U test with z, p is significant if <0.05.

CD34+*: CD34-positive, CD34"%: relative CD34* cell count, HIE: hypoxic-ischemic encephalopathy, hUCB: human umbilical cord blood, NRBCs: nucle-

ated red blood cells, TLC: total leukocyte count, WBC: white blood cell.

Table 5. Relationship between maternal and neonatal factors and CD34* cell counts of HIE patients

CD34+% Absolute CD34* cell count (cells/pL)
Factor

P P
Hobel risk score 0.81 0.04
Birthweight (kg)* 0.08 0.21
Thompson score 0.349 0.04
hUCB TLC (x10° cells/L) 0.02 <0.001
hUCB NRBCs (cells/100 WBCs) 0.187 0.01

CD34*%

= <0.001

*Spearman's rank-order correlation test, p is significant if <0.05.

CD34*: CD34-positive, CD34%: relative CD34" cell count, HIE: hypoxic-ischemic encephalopathy, hUCB: human umbilical cord blood, NRBCs: nucle-

ated red blood cells, TLC: total leukocyte count, WBC: white blood cell.
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a single-point (snapshot) valuation that cannot be followed
up or help in assessing the disease progression. The hUCB
WBC count was strongly correlated with CD34"% (p=0.02)
and (especially) the absolute CD34" cell count (p<0.001), while
the hUCB NRBC count was correlated with the absolute
CD34" cell count (p<001) but not with CD34"'% (p=0.187).
Whether utilizing CD34" cells and NRBCs alone or in com-
bination would provide a better predictor of HIE is a possi-
bility that we did not explore.
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