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Abstract
AIM: To study the immunophenotype of hematopoietic 
progenitor cells from cord blood (CB) grafts (n  = 39) in 
comparison with adult apheresis grafts (AG, n  = 229) 
and pre-apheresis peripheral blood (PAPB) samples (n  
= 908) using flow cytometry analysis.

METHODS: First, we performed a qualitative analysis 
of CD34+ cell sub-populations in both CB and PAPB 
grafts using the standardized ISHAGE protocol and a 
wide panel of 20 monoclonal antibodies. Next, we stud-
ied some parameters, such as the age of mothers and 
the weight of newborns, which can influence the qual-
ity and the quantity of CD34+ cells from CB. 

RESULTS: We found that the percentage of apoptotic 
cells was high in CB in comparison to PAPB (PAPB: 4.6% 
± 2.6% vs  CB: 53.4% ± 5.2%, P  < 0.001). In CB, the 
weight of newborn and the age of the mother have the 
influence on CD34+ cells. The follow-up of Ag CD133 

in the ISHAGE double platform protocol in association 
with CD45, CD34 and the 7’AAD shows an equal rate 
between the two cell populations CD133+CD45+CD34+ 
high and CD34+CD45+ high with a higher percentage. 
So, is the inclusion of Ac CD133 necessary in the pres-
ent panel included in the ISHAGE method? Last part, 
we showed a significant presence of interferon γ in CB 
in comparison to PAPB, the annexin showing the high 
number of apoptotic cells in CB. 

CONCLUSION: This study demonstrates that many 
different obstetric factors must be taken into account 
when processing and cryo-banking umbilical CB units 
for transplantation.
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INTRODUCTION
The global rise in the use of  umbilical cord blood (UCB) 
as a transplant source has been amazing; over 20 000 
transplants have already taken place alone[1-3]. It has be-
come a real alternative to bone marrow (BM) and periph-
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eral blood as a source of  adult stem cells to treat multiple 
diseases. 

UCB has become such a popular adult stem cell 
source for many reasons, not least because over 130 mil-
lion births per annum worldwide represent the largest, 
easily available stem cell source. It also allows for storage 
of  units from ethnic minorities not easily possible within 
BM registries[2,3]. This potentially allows for an increase 
in the rate of  matched unrelated donor allogenic trans-
plants[3]. It has also been found that there is a lower risk 
of  graft versus host disease (GvHD) when transplanting 
UCB when compared to BM[3-6]. 

Although a valuable source of  hematopoietic stem 
cells (HSCs), in order to bank UCB units suitable for 
transplantation effectively, samples need to be charac-
terized and obstetric factors which impact upon UCB 
quality should be further examined. In this study, we 
compared two different parts of  UCB: before placenta 
delivery (CB) and after placenta delivery (PlaB). For this 
comparison we used four different physiological param-
eters that pertain to either the baby or the mother and 
we compared levels of  HSC CD34+. The four different 
parameters were: number of  pregnancies of  mothers, 
mother’s age at delivery, newborn weight and newborn’
s sex. Previous studies show that some patterns have 
already emerged. Birth weight impacted on HSC concen-
trations, especially mid-stage HSC[6-8]. When looking at 
mother’s age, a previous study demonstrated that HSC 
concentration is greatly reduced as age increases[7]. Infant 
gender has previously been found to have an impact on 
HSC of  UCB samples and newborn boys appear to have 
fewer stem cells than girls[8,9] whereas other works showed 
that the newborn’s sex was not found to be significant to 
influence HSC in UCB. The number of  pregnancies was 
also studied and seems to have an impact on HSC con-
centrations in UCB[7,8].

The principle aim of  this study was to optimize UCB 
separation and cryopreservation by the characterization 
of  these cellular groups. Several physiological factors 
were examined in order to determine the most suitable 
method. However, some of  these findings appeared 
themselves to be of  particular interest. In the last part of  
this work, variable levels of  immaturity were detected on 
pre-apheresis peripheral blood (PAPB) and UCB popula-
tions using CD34, CD133 and CD45 antigens. In parallel, 
we analyzed some antigens to compare between these 
two HSC sources.

MATERIALS AND METHODS
Cells sources 
PAPB samples (n = 190) were collected from patients 
from the Hematology Department at Aziza Othmana 
Hospital, the National Center of  Bone Marrow Trans-
plantation, Salah Azaiez Hospital, the Military Hospital 
and the National Blood center (Tunis, Tunisia). These 
patients, suffering from various conditions including: 34 
acute myeloid leukemia, 24 acute lymphoblastic leukemia, 

5 chronic myelocytic leukemia, 32 Medullar Aplasis, 31 
multiple myelomas, 4 Diffuse Large Cell B Lymphomas, 
13 Fanconi disease, 4 Gaucher disease, 6 Drepanocytosis, 
2 β-Thalassemic, 24 Hodgkin’s diseases, 6 Non Hodgkin’
s diseases, 1 mantle cell lymphoma and 1 Kahler’s disease 
were destined for autologous or allogenic HSC transplan-
tation performed at the National Centre of  Bone Mar-
row Transplantation. Blood samples were taken in tubes 
containing EDTA as anticoagulant (Vacutainer®, Becton-
Dickinson). These patients consisted of  89 women and 
98 men whose mean age was 39.5 years. We noted that 
these PAPB samples are collected from patients after 
treatment with conditioning factors such as as G-CSF.

Apheresis graft (AG) samples were collected in the 
same patients (n = 189) who were studied in PAPB. 

Cord blood (CB) and PlaB samples were collected 
from women (n = 39) who had delivered at the Wassila 
Bourguiba maternity centre in Tunis and whose mean 
age (± SE) was 28.4 ± 4.4 years. After the umbilical cord 
was clamped off  from the newborn, the CB was col-
lected by aspiration using a syringe needle in a sterile tube 
containing EDTA as anticoagulant (Vacutainer®, Becton-
Dickinson). Two collection methods were used by blood 
punction: (1) from the maternal end of  the severed cord 
after vaginal delivery of  the infant while the placenta was 
still in uterus (CB sample); and (2) from placenta-umbili-
cal cord junction after placenta delivery (PlaB sample). 

Numbers of  CD34+ cells were derived from either 
the flow cytometry assessed per cent CD34+ cells within 
the nucleated cells and/or the white blood cell count 
from a hematology cell analyzer. All the samples were 
processed within 1 h of  collection.

Flow cytometric analysis 
Four-color flow cytometric analysis was performed with 
Cell Quest Pro (Becton Dickinson), as follows. Whole 
blood cells were stained with appropriate amounts of  
fluorescein isothiocyanate (FITC)-, phycoerythrin (PE)-, 
peridinin-chlorophyll-a protein- and allophycocyanin 
(APC) conjugated to the following monoclonal antibodies 
at 4℃ for 20 min: mouse anti-human- anti-CD34-FITC, 
anti-CD45-FITC, anti-CD133- APC, anti-CD19-PE, anti-
CD38-FITC, anti-CD11c-FITC, anti-CD25-FITC, anti-
CD117-PE, anti-HLA-DR-FITC, - anti-CD7-FITC, anti-
CD33-PE, anti-CD20-FITC, anti-CD15-FITC, anti-
CD56-PE and anti- CD10-PE. 

All McAbss were obtained from Becton Dickinson. 
The intracellular-antigens were: anti-TdT-PE, anti-IL2-
PE, anti-IL4-PE and anti-interferon (IFN)α-FITC. The 
cell viability marker 7’AAD was used to exclude dead or 
apoptotic cells or DNA colorants to mark the cells and 
exclude the fragments.

Red blood cells were then lysed with FACS lysing 
solution (Becton-Dickinson, San Diego, CA). The cells 
were washed twice and suspended in phosphate-buff-
ered saline. Analysis was performed on cells within the 
mononuclear light scatter and side scatter and on CD34-
positive cells by CD34-positive staining and side scatter. 
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A total of  at least 100 000 events were analyzed for each 
sample.

Hematological cell counts
The total number of  CD34+ cells from PAPB, AG or 
CB samples was measured by direct flow cytometry. The 
results were expressed as %CD34+ cells and the number 
of  CD34+ cells/µL. 

Statistical analysis 
Means were compared statistically using the STAT-
GRAPHICS Centurion XVI program, version 16.0.08. 
A one-way analysis of  variance and Newman-Keuls mul-
tiple range test were carried out to determine any signifi-
cant difference between group values at P < 0.05. Values 
are mean ± SE. 

RESULTS
Viability study of different CD34+ sources
The cell viability determined by the 7’AAD staining of  
each biological sample (Figure 1) allowed us to distin-
guish three cell populations: (1) living cells (7’AADneg), (2) 
dead cells (7’AADpos); and (3) apoptotic cells (7’AADlow).

Thus, for PAPB samples mean percentage of  liv-
ing cells was 82.0% ± 11.9% that of  dead cells 13.4% ± 
12.4% and that of  apoptotic cells 4.6% ± 2.6%. For AG 
samples, this percentage was 49% ± 14.4%, 33.5% ± 
13.4% and 18.3% ± 8.4% respectively. For CB samples, 
this percentage was 40.7% ± 2.7%, 1.1% ± 0.37% and 
53.4% ± 5.2%, respectively (P = 0.0003). 

Enumeration of CD34+ cells in PAPB, AG and CB 
samples by flow cytometry
From all the 190 PAPB samples, the mean CD34+ cell 
counts in PAPB was 80.5 ± 5.8 × 106 per kg. Forty-five 
per cent of  patients had counts less than 50 cells/µL, 
25% between 50 and 100 cells/µL, 18 % between 100 
and 200 cells/µL and 12% above 200 cells/µL.

From 189 AG, mean CD34+ cell count was 5 ± 0.3 
× 106 per kg in collected grafts. Only one aphaeresis 
was performed in 52% of  the patients, with a mean of  
(2500 ± 181.9 CD34+ cells/µL), while 36% of  the pa-
tients were collected after two aphaeresis (1365.4 ± 128.5 
CD34+ cells/µL), and only 10% of  patients had more 
than 2 aphaeresis (978 ± 217 CD34+ cells/µL).

From 39 CB samples, mean CD34+ cell count was 
16.0 ± 3.5/µL, while from PlaB samples this mean was 
14.57 ± 2.9/µL. No Statistical significance between CB 
and PlaB samples for CD34+ was found (P = 0.31).

The most important feature with CB samples and 
PlaB samples was a much wider variation rate of  CD34+ 
cell counts compared to PAPB and AG samples. This 
finding led us to investigate several factors that could af-
fect CB and PlaB CD34+ cell content, including those 
related to the mother such as age, parity, blood group and 
newborn’s sex.

Immunophenotypic profile of CD34+ cells from PAPB, 
AG and CB samples
We used a panel of  20 different McAbs to determine 
precisely the different subpopulations of  CD34+ cells 
present in PAPB, AG, CB and PlaB samples. 

We compared three sources of  CD34+ cells (PAPB, 
AG and CB), the samples were gated on 100% living 
CD45+CD34+ cells.

Some antigens were strongly expressed on CD34+ 
cells in PAPB in comparison to CB such as CD133+ 
(91.3% ± 8.6% in PAPB vs 39% ± 13.8%, P = 0.04) and 
CD38 (74.8% ± 17.9% in PAPB vs 47.8% ± 10.1%, P < 
0.05). Other antigens were also strongly expressed but 
little statistical significance in expression was found such 
as: HLA-DR+ (96.7% ± 3% in PAPB vs 57.3% ± 11.8% 
in CB) and CD45+ (68.5% ± 31.4% in PAPB vs 44.6% ± 
18.7% in CB, P > 0.05) (Figure 2).

The intracellular antigen IFNγ appeared in CB in a 
higher percentage than PAPB and AG (81.7% ± 8.1% in 
CB vs 27.1% ± 7.7% in AG and 44.3% ± 3% in PAPB, 
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Figure 1  Profile of apoptotic cells in CD34+ cells from three different 
sources. The averages and SE of samples from independent biological rep-
licates are shown: aP = 0.005, in a Kurskal wallis test. PAPB: Pre-apheresis 
peripheral blood; AG: Apheresis graft; CB: Cord blood.
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Figure 2  Comparison of the antigenic profile of CD34+ cells from three 
different sources: pre-apheresis peripheral blood, apheresis graft and 
cord blood. Results are expressed as mean percentage ± SE of positive cells. 
aP < 0.05, bP < 0.0001. PAPB: Pre-apheresis peripheral blood; AG: Apheresis 
graft; CB: Cord blood; IFN: Interferon.
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P < 0.0001). Also the same statistical result was found 
for CD33+ antigen: (52% ± 13.8% in CB and 57.7% ± 
13.6% in AG vs only 12.5% ± 4.6%, P = 0.01) (Figure 2).

Other antigens were moderately expressed like CD25 
with a higher percentage in PAPB in comparison to CB 
(43% ± 19.1% in PAPB and 42.2% ± 9.1% in AG vs 
0% in CB, P = 0.01), CD19 (51.9% ± 8.3% in PAPB vs 
5.14% ± 2.2% in AG and 25% ± 2.5% in CB, P < 0.05) 
and CD7 with a low occurrence in CB (30.4% ± 8.2% 
in PAPB and 87.8% ± 8.9% in AG vs 20% ± 5% in CB, 
P = 0.01) whereas CD15 presented a high percentage in 
CB (41% ± 13.8% in CB vs 3% ± 1.6% in AG and 12.5% 
± 1.3%, P = 0.01), also CD33 presented a statistically 
significant level in CB (52% ± 13.8%) and AG (57.7% 
± 13.6%) compared with the low percentage in PAPB 
(12.5% ± 4.6%, P = 0.01).

Finally, a few antigens were practically absent in the 
three different CD34+ sources such as: CD11c, CD20, 
CD10 and CD56 (Figure 2).

Comparable results were found for CD117 antigen 
which was expressed in higher proportions in CB than 
in PAPB with mean values of  (41.0% ± 15.4% in CB vs 
4.84% ± 2.7%, P = 0.01) (Figure 2).

Analysis of the factors that could influence CD34+ 
cell content in CB and placental blood: Number of 
pregnancies, mother’s age, newborn’s weight and 
newborn’s gender
In this study, many parameters that can impact on 

CD34+ cells from CB were analyzed. For every param-
eter we compared two different parts of  the umbilical 
cord: CB is the part near to the newborn and PlaB is part 
of  placenta after delivery. 

The number of  pregnancies ranged from 1 to 3. This 
parameter appears to have an impact on CB CD34+ cell 
counts. Thus, CBs from multiparous women (G > 2) dis-
played higher CD34+ cell counts than that from primipa-
rous women (G = 1) (0.22% ± 0.03% vs 0.18% ± 0.03%). 
Figure 3A illustrates the relationship between the number 
of  pregnancies and CD34+ cell counts in CB and in 
PlaB. This difference was statistically clear in multiparous 
women (0.45% ± 0.18% vs 0.29% ± 0.08%, P = 0.02) 
(Figure 3A).

The relationship between mother’s age at delivery and 
CD34+ cell counts was also examined (Figure 3B). The age 
range of  the 39 women studied was between 19-39 years 
with a mean age of  28.26 ± 4.4 years. 

Mothers under 25 years presented (CB: 0.21% ± 0.04% 
vs PlaB: 0.18% ± 0.05%, P = 0.35), and over 30 years pre-
sented (CB: 0.26% ± 0.05% vs PlaB: 0.84% ± 0.56%, P = 
0.1), these results were not statistically significant. Those 
mothers aged between 25-30 years tended to have lower 
CD34+ cell counts (CB: 0.2% ± 0.05% vs PlaB: 0.45% ± 
0.09%, P = 0.02) with a significant difference. 

Newborn’s weight appeared to influence CD34+ 
counts in CB samples. Thus, CD34+ counts were higher 
with newborns above 3.5 kg body weight than with new-
borns beneath 3 kg body weight (mean values 0.26% ± 
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Figure 3  Variation of the incidence of hematopoietic stem cell CD34+ in relation to the number of pregnancies (A), the mother’s age (B), the newborn’s 
weight (C) and sex (D): Comparison between cord blood and placenta delivery. Data showed here represent average ± SE. aP < 0.05. G: Gestation; CB: Cord 
blood; PlaB: Placenta delivery.
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0.03% vs 0.11% ± 0.02%). The difference between the 
UCB sites (CB and PlaB) was statistically significant only 
for body weight superior to 3.5 kg (0.7% ± 0.31%) (P = 
0.05) (Figure 3C).

Newborn’s gender presented a significant difference: 
female CD34+% samples differed between PlaB and CB 
(CB: 0.19% ± 0.04% vs PlaB: 0.74% ± 0.36%, P = 0.02) 
whereas the male samples did not show a significant dif-
ference between the two sources (Figure 3D). 

Another parameter was studied: mother’s blood 
group, but it had no statistically significant influence on 
CD34+ cell counts.

A quantitative study by flow cytometry of CD133 antigen 
in CB, PAPB and AG in association with CD34
In this part of  study, we were interested in the CD34+ 
CD45+CD133+ cell population. We analyzed different 
antigen expression with the objective of  determining the 
phenotype and studying the level of  immaturity between 
PAPB and CB. 

Firstly, we studied the presence of  CD133 and used 
the panel of  Abs to detect HSCs with the antigen CD34. 
We showed that the number of  positive cells CD133+, 
CD45+, CD34+, 7’AAD- was equivalent to the number 
of  CD45+ CD34+ cells. This result for PAPB: (CD133+ 
CD45+CD34+; 94.7 ± 18.9 cells/µL vs CD45+CD34+; 
142.1 ± 25.5 cells/µL, P > 0.05) (Figure 4A).

In the case of  CB, the values were lower than PAPB, 
but the same result is obtained: equivalent numbers of  posi-
tive cells (CD133+CD45+CD34+; 18.0 ± 7.7 cells/µL vs 

CD45+CD34+; 23.7 ± 8.6 cells/µL, P > 0.05) (Figure 4B).
Secondly, different antigens were studied: CD38, 

IFNγ, Annexin, HLA-DR, TdT, GlyA, CD15, CD20 and 
CD117. We showed that the intracellular marker IFNγ 
was present in a higher percentage in CB samples com-
paredto PAPB (81.7% ± 7.5% vs 21.2% ± 1.7%, P < 0.05).

Also, we found a similar, statistically significant result 
with TdT antigen (58.7% ± 8.1% in CB vs 6.2% ± 3.3% 
in PAPB, P < 0.01).

Our data, using Annexin, show that CB contains a 
significantly higher percentage apoptotic cells compared 
to PAPB CD34+CD45+CD133+ cells. This result is 
in accordance with our results of  viability with 7’AAD. 
Here, we found the same high percentage of  apoptotic 
cells in CB (48.8% ± 3.3% in CB vs 10.2% ± 1.9%, P < 
0.05) (Figure 5).

DISCUSSION
Reserachers have long been interested in determining the 
best immunophenotyping technique for identifying and 
counting HSC CD34+. 

Our work focused on the qualitative and quantita-
tive study of  HSC CD34+ cells in three samples groups: 
PAPB, AG and CB. The use of  the viability marker 7’
AAD allowed us to conduct our study using flow cytom-
etry. Thus, each time we observed three cell populations: 
living cells 7’-AADneg, apoptotic cells 7’-AADdim and dead 
cells7’-AADpos.

Our results showed that the viability of  HSC CD34+ 
cells, in AG samples, was reduced in comparison with 
PAPB (33.5% of  cells 7’AADpos for AG vs 13.5% only 
for PAPB). The number of  apoptotic cells is higher in 
CB (59%). Our results are similar to those described 
by Shim et al[10] in 2006 who confirmed, using Annexin 
V (as an indicator of  apoptosis), the very high level of  
apoptotic cells in CB. This apoptosis increases even more 
with cryopreservation. Several studies made by differ-
ent authors inform us that 7’AAD is a very important 
marker in the qualitative and quantitative study of  HSC 
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CD34+[11-17].
Keeney et al[18] have shown that the use of  7’AAD 

evaluates negatively the presence of  cells CD34+/µL per 
sample, sometimes at 50%, suggesting that these cells are 
not viable and so not useful to graft; this has allowed for 
its integration into the routine enumerating protocol of  
HSC CD34+.

The qualitative analysis of  HSC CD34+ in three 
samples types (PAPB, AG and CB) revealed differentia-
tion markers expressed at a lower level in CB: CD133 
(91.3% ± 8.6% in PAPB vs 39.0% ± 13.8% in CB): this 
was shown to be significant (P = 0.04). 

According to the literature, the lower rate of  anti-
gen HLA-DR expression in CB has also been observed 
by other authors. It has, been suggested that this is an 
advantage in comparison with other sources of  HSC 
CD34+ (BM) in engraftment capacity with a reduction 
of  GvHD[19] reactions.

In our study, antigen CD133 appeared with a higher 
frequency in PAPB and AG than CB (91.3% ± 8.6% in 
PAPB vs 39.0% ± 13.8% in CB, P = 0.04). Our results 
agreed with those suggested by other authors. Indeed, 
in 2007, Tura et al[20] noted an expression percentage of  
phenotype CD34+ CD133+ of  about 79% in PAPB, of  
53% in CB and only 13% in BM. This significant differ-
ence between CB and PAPB seems to be related to the 
injection of  growth factors like G-CSF.

The antigen CD45 is one of  the most important fac-
tors in the detection of  CSH CD34+ by means of  differ-
ent qualitative and quantitative protocols. This is why it 
was always included in our study panels. However, it was 
expressed with a weak intensity in comparison with other 
antigens (CD34, CD133) less than 102 on the logarith-
mic scale in FL1 and with variable frequencies according 
to the biological sample under examination: (68.56% ± 
31.4% in PAPB, 80% ± 20% in AG) and a lesser rate in 
the case of  CB: (44.66% ± 18.7%). However, this differ-
ence was not statistically significant in our study. CD45 is 
a surface marker restricted to the hematopoietic lineage 
in mature PB, with the exception of  erythroid cells and 
platelets which causes the loss of  this antigen during 
maturation. Ogata et al[21], suggest edthat cells (CD45+ 
CD34- CD38- Lin-) are probably less mature than cells 
(CD45+ CD34+ CD38- Lin-). Other authors[22-26] studied 
the co-expression of  antigens CD34 and CD45 in differ-
ent sources of  HSC CD34+ and they noted that the ratio 
of  CD34+ CD45+ cells appeared to be similar between 
CB and normal PB at 30% but it was higher in BM (60%). 
The level was higher still in PAPB. Indeed, we think that 
the level of  CD34+ CD45+cells depends on condition-
ing and on the protocol used for this conditioning: (che-
motherapy and G-CSF: 35%, chemotherapy only 20%).

The immunophenotyping of  HSC CD34+ has al-
lowed us to follow the expression frequency of  the anti-
gen CD33. Indeed, the latter was present at a lower level 
in PAPB (12.5% ± 4.6%) compared with CB (52.0% ± 
13.8%, P = 0.01). It appeared also more highly expressed 
in AG samples (57.7% ± 13.6%). In 1997, the results of  
Sakabe et al[27] proved that CD34+ cells, in PAPB, which 

do not express antigens CD33, HLA-DR or CD38, con-
tain all types of  progenitors including CFU-Mix. On the 
contrary, the population (CD34+ CD33+) contains a large 
number of  CFU-GM, unlike cells CD34+ CD38- which 
contain few CFU-GM cells. 

In this study, the antigen CD38 was strongly ex-
pressed on CD34+ cells in PAPB compared to CB (74.8% 
± 17.9% in PAPB vs 47.8% ± 10.1%, P < 0.05). Many 
researchers showed that the expression of  CD38, multi-
functional membrane co-enzyme, is a negative regulator 
in HSC. This phenomenon is still a potential research 
topic. The results of  the percentage of  cell population 
(CD34+ CD38-) and (CD34+ CD38+) seem contradictory 
from one team to another[28]. Many authors[2,3,29], note 
that (CD34+ CD38-) CB cells can proliferate rapidly in 
response to cytokine stimulation compared to those of  
BM.

In summary, our data shows that UCB contains a sig-
nificantly higher percentage of  these CD34+CD38- primi-
tive progenitors compared to PAPB CD34+ cells. This 
suggests that CD34+ stem cell populations taken from 
UCB have higher engraftment capacity than CD34+cells 
from conditioned PB since they contain a higher percent-
age of  pluripotent stem cells. This is in accordance with 
the successful clinical use of  UCB even when a low num-
ber of  cells was transplanted[2,3].

Recently, McKenzie et al[30] confirmed that the ex-
pression of  antigen CD38 is not continuous in the 
hematopoietic hierarchy but has a high expression rate 
in cells involved in cell-cell interactions: CD34+ CD38+ 
cells have only the capacity for cell repopulation and 
producing progenitors in the short term. The expression 
of  the marker CD38, beyond a certain level, becomes 
non-reversible and is associated with differentiation and 
the repopulation capacity.

Concerning Ag CD117 or c-kit, we mention in our 
results a low expression percentage in PAPB (4.84% ± 
2.7%) compared to higher rates in CB (41.0% ± 15.4%, P 
= 0.01). Our results confirm the works of  Sakabe et al[27] 
who found a 20% frequency of  CD34+ cells expressing 
Ag c-kit in PAPB, clearly lower than the cells of  BM or 
those deriving from CB. Moreover, three cellular fractions 
have been identified: c-kithigh, c-kitlow and c-kit-. The two 
populations CD34+ c-kithigh and CD34+c-kitlow are most 
abundant, at about 70%, enriched mainly by the BFU-E; 
while the CD34+c-kit population is the least abundant, 
enriched by the CFU-GM.

In 2006, Machaliński et al[31] had the idea of  follow-
ing the expression potential of  Ag CD117 according to 
the age of  the donors: they reported that the Ag CD117 
seemed significantly higher among the donors 35 years or 
younger compared with thoseover 35 years.

The multiparous factor of  the mothers appears to 
have an impact on CB CD34+ cell counts. Our CB data 
from multiparous women (G > 2) displayed higher 
CD34+ cell counts than that from primiparous women (G 
= 1) (0.22% ± 0.03% vs 0.18% ± 0.03%).

Indeed, recently, different authors have suggested that 
this parameter has an impact on CD34+ cells from CB. 
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Gajkowska et al[32] reported that the incidence of  mono-
nuclear cells, including that of  CD34+ cells, decreases 
significantly (P= 0.0001) with the increase of  the number 
of  gestations (from 1 to 7).

Concerning the newborn’s weight, our results showed 
that CD34+ counts were higher with newborns above 3.5 
kg body weight than with newborns below 3 kg (mean 
values 0.26% ± 0.03% vs 0.11% ± 0.02%). The difference 
between the two sites of  CB was statistically significant 
only for body weight over 3.5 kg (0.7% ± 0.31%, P = 
0.05). Our results confirm those suggested by McGuckin 
et al[9].

The mother’s age at the time of  delivery indicated 
that the younger the mother, the higher the incidence of  
CD34+ cells. In fact, mothers between 25-30 years tended 
to have lower CD34+ cell counts (CB: 0.2% ± 0.05% vs 
PlaB: 0.45% ± 0.09%, P = 0.02) with a significant differ-
ence between the two sites of  CB samples. We notice that 
similar results were described by McGuckin et al[9].

The newborn’s sex seems to influence the number of  
CSH CD34+ cells in CB. We have noticed in our series 
of  samples a significant difference in females between 
the PlaB and CB (CB: 0.19% ± 0.04% vs PlaB: 0.74% ± 
0.36%, P = 0.02) whereas there was not a significant dif-
ference in males between the two sources of  CD34+% 
cells. McGuckin et al[9] made the same observations as 
ours with additionally, the presence, among female babies, 
of  a higher concentration of  precocious cells (CD45+dim/
CD34-/CD133+) and late cells (CD45+/CD34+/CD133+).

A great debate concerning the concentration of  CSH 
CD34+ cells in the placenta and the umbilical cord pres-
ents a potential research topic. The difference in blood 
sampling site in the CB shows, in a curious way, a clear 
variation of  the percentage in CSH CD34+. However, it 
is important to point out that the sampling in the cord 
is made before the delivery of  the placenta. Through 
the different parameters mentioned in this work, our 
researches compared the variation of  the rate of  CSH 
CD34+ only before and after delivery. 

The mother’s blood group is one parameter studied 
in our work, but our data showed a statistical difference. 
Galan et al[33] also described the possible effects of  blood 
groups on the proliferation and the capacity for self-
renewal of  CD34+ CB cells. Indeed, the results of  this 
study suggested that, following culture in the presence of  
growth factors, the proliferation of  CD34+ cells with the 
phenotype O+ 23.2% (extremes from 21% to 25%) for 
the group (O) may be more important than the one per-
ceived with the phenotypes A: 21% (from 15% to 33%) 
and B: 19% (from 12% to 30%) which seemed to be in-
dependent of  the culture conditions.

There are other parameters we have not dealt with 
in our work such as the age of  gestation. According to 
one study, the percentage of  CD34+ cells, in relation to 
CD45+ cells or mononuclear cells, is inversely propor-
tional to the age of  gestation[9]. The frequency of  these 
cells is significantly higher among the premature newborn 
than among the babies born at term[7]. The sharp change 
in the incidence of  CD34+ cells seems to occur in the 

40th gestation week with a low incidence before and a 
high incidence after[8]. Thus, do the best units of  CB valid 
for a future graft, come from the eldest among the new-
born and those born of  mothers who are younger and 
have had fewer pregnancies? Can other parameters such 
as the placenta weight and vaginal delivery, have an effect 
on the incidence of  CSH CD34+ of  CB?

Finally, in the population (CD45+CD34+CD133+), 
we showed the highest percentage of  IFNγ in CB com-
paredto PAPB (P < 0.0001). The follow-up of  the anti-
gen CD133 by flow cytometry, in association with CD45, 
CD34 and 7’AAD shows that the total number, of  posi-
tive cells (CD133+ CD45+CD34+7’AAD-) is equivalent to 
the total number of  (CD45+CD34+7’AAD-) cells. This 
equality of  incidence of  these two cellular populations 
implies that in order to detect the (CD34+CD133+high) 
cells, the CD34+ cells should be targeted. Several studies 
have targeted the CD34+CD133+ cellular population. The 
same result was found in PAPB and CB.

The proportion of  CD34+ cells which co-express the 
marker CD133 appears in a decreasing way in PAPB, CB 
and BM[24].

Other authors reported that after conditioning with 
G-CSF, the predominance of  doubly positive populations 
(CD34+CD133+) is observed in a quantity similar to that 
of  cells CD34+ with a low frequency of  GvHD[22].

UCB raised great hope as an alternative source of  
transplantable hematopoietic stem/progenitor cell (HSPC) 
to adult BM or PAPB. CB HSPC has been used success-
fully in over 2000 HSC transplantations in a range of  ma-
lignant and non-malignant diseases. In spite of  the high 
level of  apoptotic cells in CB shown in this study, it still 
offers a new source of  cellular therapy.

Recently, cells expressing the CD133 antigen were 
considered a potent substitute to CD34+ cells. Phenotypic 
and functional studies revealed CB CD133+ populations 
contain higher levels of  early HSPC than CB CD34+ har-
vested populations. 

In summary, the simple maneuver of  placing the 
new-born on the maternal abdomen after delivery and 
the method to collect the blood before or after cord 
clamping may significantly increase the influence of  other 
parameters like the newborn’s weight or the mother’s age 
and therefore the absolute amount of  blood progeni-
tors required for engraftment success of  UCB transplant 
without any harmful effects to the newborn.

We showed also that the population CD34+CD45+ 
was similar to the CD34+CD45+CD133+ positive 
cells in PAPB and CB. Our data also showed that in 
CD34+CD133+ cells there was an increased level of  
cells positive for IFNγ from CB compared to PAPB. In 
earlier studies, IFNγ was shown to act as an anti-prolifer-
ative and pro-inflammatory cytokine.

COMMENTS
Background
Studies of Immunophenotyping hematopoietic progenitor cells from cord blood 
(CB) and some parameters, such as the age of mothers and the weight of new-
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borns, which can influence the quality and the quantity of CD34+ cells from CB: 
a comparison with adult mobilized blood grafts
Research frontiers
CSH CD34+ is a sort of natural biological material and it has been processed 
into many forms for medical us in celltherapy. The research hotspot is to dem-
onstrate that many different obstetric factors must be taken into account when 
processing and cryo-banking umbilical CB (UCB) units for transplantation.
Innovations and breakthroughs
In the previous application of CB CSH CD34+ in celltherapy in human, medicine 
particularly in the hematopoietic reconstructions it was found that the simple 
maneuver of placing the new-born on the maternal abdomen after delivery and 
the method to collect the blood before or after cord clamping may significantly 
increase the influence of other parameters like the newborn`s weight or the 
mother`s age and therefore the absolute amount of blood progenitors required 
for engraftment success of UCB transplant without any harmful effects to the 
newborn.
Applications
The study results suggest that the CB CSH CD34 + is a potential therapeutic 
material that could be used as a transplant source. It has become a real al-
ternative to bone marrow (BM) and peripheral blood (PB) as a source of adult 
stem cells to treat multiple diseases. 
Terminology
The most important feature with CB samples and placenta delivery (PlaB) 
samples was a much wider variation rate of CD34+ cell counts compared to pre-
apheresis peripheral blood (PAPB) and apheresis grafts samples. This finding 
led us to investigate several factors that could affect CB and PlaB CD34+ cell 
content, including those related to the mother such as age, parity, blood group 
and newborn’s sex.
Peer review
This is a descriptive study in which authors analyze and optimize UCB sepa-
ration and cryopreservation by the characterization of these cellular groups. 
Several physiological factors were examined in order to determine the most 
suitable method by flow cytometry using monoclonal antibodies. The results 
are interesting and suggest that the UCB raised great hope as an alternative 
source of transplantable hematopoietic stem/progenitor cell (HSPC) to adult BM 
or PAPB. CB HSPC and a potential therapeutic substance that could be used in 
medicine regenerative. 
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