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Optimised cord blood sample selection for small-scale
CD34* cell immunomagnetic isolation
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Abstract. Haematopoietic stem cells (HSCs) are defined as
multipotential cells, capable of self-renewal and reconstituting
in vivo the haematopoietic compartment. The CD34 antigen
is considered an important HSCs marker in humans.
Immunomagnetic isolation, by targeting CD34 antigen, is
widely used for human HSC separation. This method allows
the enrichment of human HSCs that are present at low
frequencies in umbilical cord blood (CB). Immunomagnetic
CD34*-cell isolation reproducibility, regarding cell yield and
purity, is affected by the CD34* cell frequency and total cell
numbers present in a given sample; CB HSC purification may
thus yield variable results, which also depend on the volume
and density fractionation-derived cell loss of a CB sample. The
uncertainty of such an outcome and associated technical costs
call for a cost-effective sample screening strategy. A correlation
analysis using clinical and laboratory data from 59 CB samples
was performed to establish predictive variables for CD34"-
immunomagnetic HSCs isolation. This study described the
positive association of CD34*-cell isolation with white and
red cell numbers present after cell fractionation. Furthermore,
purity has been correlated with lymphocyte percentages.
Predictive variable cut-off values, which are particularly useful
in situations involving low CB volumes being collected (such
as prevalent late umbilical cord clamping clinical practice),
were proposed for HSC isolation sampling. Using the simple
and cost-effective CB sample screening criteria described here
would lead to avoiding costly inefficient sample purification,
thereby ensuring that pure CD34* cells are obtained in the
desired numbers following CD34 immunomagnetic isolation.
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Introduction

Haematopoietic stem cells (HSCs) are the best characterised
tissue-specific stem cells with more than four decades of basic
research and clinical applications (1). These cells are present in
different frequencies in umbilical cord blood (CB), mobilised
peripheral blood and bone marrow (0.1-0.6,0.3-4.5 and 0.8-4%
nucleated cells, respectively) (2,3). Mononuclear cell separa-
tion by low-density cell fractioning, CD34* immunomagnetic
isolation (IMI) has been regularly used for HSCs purification
(4,5). CD34" cells may be separated from frozen and freshly
isolated small-scale samples, mainly for basic research purposes
(6-9). Studies using G-CSF mobilised peripheral blood showed
CD34* cell IMI reproducibility only when the CD34*-cell
frequency of a sample exceeded 0.65% (4). Peripheral blood
CD34*-cell enrichment by IMI varies from 38.6 to 87.1%
(54.4+12.3%), as CD34* cells are present at low frequencies
(0.18+0.052%) among leukocytes (9). Uncertainty regarding
CD34* isolated cell numbers of a CB sample by IMI is therefore
a consequence of CB low CD34*-cell frequencies, variable CB
volumes and nucleated cell loss after cellular fractioning. CB
volume collection and therefore CD34*-cell number variability
depend highly on the timing of umbilical cord clamping (10).
Given that CD34" labeling and IMI are costly, a cost-effective
strategy is to select CB samples before purification.

A correlation analysis between CD34*-cell purification
outcome and different CB donor and sample variables was
performed to assess CD34*-immunomagnetic HSCs purifica-
tion prediction factors. Gestational age, neonatal weight and
collected CB volume, as well as low-density cell fraction
(LDCF) white blood cells (WBC), red blood cells (RBC) and
lymphocyte percentages, were included as independent vari-
ables. The outcome purification variables analysed consisted
of total purified cells, CD34*-cell purity and corrected CD34*-
cell numbers. Our results showed that the CB volumes and
LDCF-WBC numbers of a sample predicted total and pure
CD34*-cell numbers. Notably, it was found that higher RBC
numbers and lymphocyte percentages in LDCF had better
outcomes in total isolated CD34*-cell numbers and CD34*-cell
purity, respectively. Furthermore, specific criteria for the main
predictive variables were established to obtain a minimum
of 5x10° CD34* pure cells. These results may facilitate the
selection of CB samples for small-scale HSCs isolation when
having limited CB volumes.
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Table I. Descriptive statistics for observed variables.
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No. Mean SD Min Max

Pre-laboratory variables

Gestational age (weeks) 56 38 12 36 41

Newborn weight (g) 57 3,042 315 2415 3,850

CB volume (ml) 54 31 10 14 67
Laboratory variables (LDCF)

WBC (1x10%) 59 170 94 27 449

RBC (1x10°) 59 490 759 47 5,600

Lymphocytes (%) 59 57 11 17 86
Outcome variables

Total isolated cell no. (1x10%) 59 776 491 62 2,275

CD34 purity (%) 59 77 18 20 97

Corrected CD34 no. (1x10%) 59 629 450 22 2,116

SD, standard deviation; CB, cord blood; LDCF, low-density cell fraction; WBC, white blood cells; RBC, red blood cells.

Materials and methods

Umbilical CB samples. Human umbilical CB was obtained
after full-term pregnant women attending the Instituto Materno
Infantil had signed a written informed consent according to the
Universidad Nacional de Comlombia's Ethical Committee's
guidelines. Neonatal data were available for the processed CB
samples. Late cord clamping (after 2 min) was the procedure
used in almost all deliveries (93%). Earlier cord clamping was
performed when an obstetrician or pediatrician so indicated.
All the 59 CB samples analysed were collected in-utero after
vaginal delivery in vacutainer tubes containing dried sodium
heparin (BD, Franklin Lakes, NJ, USA). Sample volumes
were measured and maintained at room temperature until
processing.

CB low-density cell fraction (LDCF) isolation and auto-
mated counting. Not longer than 12 h after CB sample
collection, tubes were spun at 800 g for 30 min for buffy-
coat collection. The LDCF was collected from the interface
after layering buffy-coat suspension onto a Ficoll-Hypaque
cushion (Histopaque-1077; Sigma-Aldrich, St. Louis, MO,
USA) and centrifuging at room temperature for 30 min at
500 g. The LDCF was washed three times with RPMI-1640
(Gibco). LDCF counting was performed by automatic cell
counter Sysmex KX-21 (Sysmex Corporation, Kobe, Japan).
Total numbers of WBC and RBC were calculated based on
the final suspension volume (10 ml).

CD34* cell purification. CD34* cells were purified by posi-
tive selection using a MACS immunomagnetic separation
system (Miltenyi Biotec, Bergish Gladbach, Germany)
according to the improved manufacturer's protocol (5). Total
viable recovered cell numbers were determined by Trypan
blue. Fluorescence-activated cell sorting of anti-CD34APC
antibody (Clone AC136; Caltag Laboratories, Invitrogen
Corporation, Camarillo, CA, USA) labeled cells was used
for determining cell purity. Acquisition and analysis were
performed in a FACSAria II (BD). Corrected CD34*-cell

number was calculated by multiplying the total viable cell
number and cell purity divided by 100.

Data processing and statistical analysis. Basic descriptive
statistics were calculated for all variables. Multivariate
linear regression was used to test the association between
independent variables (pre-laboratory and laboratory vari-
ables) and dependent variables (total isolated cell number,
purity and corrected CD34* number). p<0.05 was consid-
ered to indicate statistical significance. Multi-collinearity
was evaluated by independently calculating the variance
inflating factor for pre-laboratory and laboratory variables,
a value of <2 having been obtained. The receiver operating
characteristics (ROC) curves of the predictive variables
were constructed to identify the best cut-off criteria. Stata
MP/10.0 software (Stata Corp., College Station, TX, USA)
was used to perform all analyses.

Results

Pre-laboratory, laboratory and outcome variables. Regarding
new-born gender distribution, 33 infants (56%) were female
and 26 infants (44%) were male. Data concerning gestational
age, new-born weight and sample volume collected are summa-
rized in Table I as pre-laboratory variables; LDCF automated
counting of WBC, RBC and lymphocyte percentages are
summarized in Table I as laboratory variables. Total numbers
obtained after CD34 isolation, flow cytometry-assessed CD34
purity percentage and purity-corrected CD34 numbers are
summarized in Table I as outcome variables.

Correlation between CB volume values and total numbers.
Multivariate regression analysis was used for assessing
which variables could predict isolated CD34*-cell numbers.
Multivariate analysis of pre-laboratory variables revealed that
only CB volume values were directly correlated with total
numbers obtained after CD34 isolation (p=0.016), as well
as with corrected CD34*-cell numbers (p=0.05) (Table II).
Multivariate analysis of laboratory variables revealed that
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Table II. Multivariate linear regression analysis.
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Total isolated cells no. CD34 purity Corrected CD34 no.
Pre-laboratory variables
Gestational age (weeks) p=0.33 p=0.13 p=0.48
n=51 n=52 n=51
Newborn weight (g) p=0.38 p=0.28 p=0.47
n=51 n=52 n=51
CB volume (ml) p=0.016 p=0.84 p=0.05
n=51 n=52 n=51
Laboratory variables (LDCF)
WBC (1x10%) p=0.000 p=0.13 p=0.000
n=59 n=59 n=59
RBC (1x10°) p=0.018 p=0.39 p=0.046
n=59 n=59 n=59
Lymphocyte (%) p=0.37 p=0.005 p=0.34
n=59 n=59 n=59

P-value and sample no. are shown. Significant p-values are shown in bold. CB, cord blood; LDCF, low-density cell fraction; WBC, white blood

cells; RBC, red blood cells.
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Figure 1. ROC curves of predictive variables. (A) Collected cord blood volume. (B) White blood cell numbers in low-density cell fraction (LDCF). (C) Red

blood cell numbers in LDCF.

LDCF-WBC as well as LDCF-RBC were also capable of
predicting total isolated cell numbers as well as corrected
CD34*-cell numbers (Table II). Notably, only lymphocyte
percentages were directly correlated with CD34* percentages
obtained after CD34 IMI isolation (Table II).

ROC curves of predictive values. After establishing a minimum
of 5x10°, CD34" cells required for subsequent research experi-
ments, ROC curves were constructed for predictive variables
to set up appropriate cut-off points for sample selection. The
CB volume ROC curve had a 0.6872 area under the curve
(Fig. 1A) (0.07 standard error and 95% confidence interval
of 0.548-0.826). The chosen cut-off point was 27 ml, with
75% sensitivity and 55.7% specificity (1.55 positive likelihood
and 0.48 negative likelihood ratio). The ROC curve for WBC
number shown (Fig. 1B) had an area under the curve of 0.79
(0.05 standard error and 95% confidence interval of 0.677-
0.907). The chosen cut-off point was 194x10° WBC, with 51%

sensitivity and 90% specificity (5.17 positive likelihood and
0.53 negative likelihood ratio). The RBC ROC curve is shown
in Fig. 1C. The chosen cut-off point for RBC number was
375x10° RBC, with a 55% sensitivity and 73% specificity (2
positive and 0.6 negative likelihood ratio).

Discussion

CD34* IMI is the best method for CD34 purification, but is not
infallible regarding purity and CD34*-cell yield (11). This is
particularly true for samples with a low CD34*-cell frequency
(4,9-11). Purification or enrichment of HSC at certain desired
levels is a crucial initial step for basic research on HSCs (12).
Since sample CD34* enumeration by antibody labeling (13)
and subsequent IMI are costly and time-consuming, a cost-
effective strategy would consist of selecting the samples taking
into account simple clinical or laboratory variables depending
on the numbers of CD34* cells required. Results of this study
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have shown that purified CD34*-cell numbers were correlated
with collected CB volumes, LDCF-WBC and LDCF-RBC
numbers. Additionally, threshold criteria for predictive vari-
ables were established to obtain a sufficient amount of CD34*
cells needed in our study for basic research. Furthermore, our
results suggested that low CD34* purity may be prevented by
avoiding processing LDCF samples from having low lympho-
cyte percentages.

Late-cord clamping is correlated with low CB collected
volumes (14,15). This is common practice in our clinical
setting due to secondary short- and long-term clinical benefits
of placental transfusion for neonates (15,16). Our results
are therefore applicable for low collected CB volumes. CB
banking volume recommendations vary between 40 and 60 ml
CB (17). If such a recommendation were to be applied, more
than 80% of our samples would have to be discarded. Thus,
CB samples should initially be selected using a relatively
low CB volume (27 ml), thereby yielding a high sensitivity
(75%) and further selection criteria after cell fractioning using
LDCF-WBC numbers (194x10° WBC), raising specificity to
90% to obtain more than 5x10° CD34* cells. Complementary
data of LDCF-RBC numbers may also be helpful, given that
RBC in LDCF was a positive predictor factor for CD34*-cell
isolation. This result was consistent with previous reports
showing reduced UCB sample colony-forming ability after
RBC depletion (2). LDCF-lymphocyte percentage criteria
permitted discarding of samples, with a higher adhesive granu-
lomonocytic cell portion which may decrease CD34" purity
percentages.

Other studies have been published correlating maternal,
neonatal and laboratory parameters with CB-derived unpuri-
fied CD34* enumerated cells (19,20). These studies have
only enumerated CD34" cells by flow cytometry using non-
fractionated, thawed, high-volume CB samples which had
previously been frozen for CB banking and clinical use. The
present study provides useful simple correlation parameters
and cut-off values for selecting CB samples for CD34* IMI
that are likely to improve the purification success rates,
particularly when collecting samples in clinical environments
where late cord clamping prevail and low CB volumes are
being collected.
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