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Impact of Intrauterine Growth Restriction Diseases on The 
Umbilical Cord Blood CD34+ Cell Counts

Different diseases in obstetrics and gynecology can affect the number of CD34+ cells in the umbilical 
cord blood. This study aimed to evaluate the effect of Gestational Diabetes Mellitus (GDM), Gestational 
Hypertension (GHT) and Morbidly Adherent Placenta (MAP) on the content of CD34+ cells of umbilical 
cord blood and to compare the effectiveness of Sysmex XN20 analyzer to the flow cytometry method, 
which is the gold standard in CD34+ cells. The umbilical cord blood (15 ml) was collected after the 
birth of the newborns. Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll-Paque 
Plus. The cells were stained with Procount ™ Progenitor Cell Count Kit with PE Labeled monoclonal 
anti-CD34+ antibody then analyzed with Flow Cytometry or Sysmex XN20 without staining, to identify 
CD34+ cells named as hematopoietic progenitor cells (HPC), respectively.Flow cytometric evaluation 
revealed a significantly elevated (p<0.05) number of cord blood CD34+ cells in GDM and GHT groups 
compared with healthy controls. MAP patients had comparable CD34+ cells compared with healthy 
controls. A significant increase in lymphocyte counts was also observed in GDM and GHT groups 
compared with healthy controls. Sysmex analysis however only revealed an increase in lymphocyte 
numbers in GHT but picked no differences across groups in HPC. Correlation between Sysmex and flow 
cytometry results was weak in control, GHT, GDM and MAP groups r: 0570/p<0.01, r: 0.5727/p: 0.0708, 
r:0.2149/p: 0.4779, r: 0.111/p: 0.779, respectively. CD34+ cells were significantly higher in the GHT and 
GDM groups compared with healthy control cord blood. The correlations between Flow cytometry and 
Sysmex were not strong.
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Introduction
Stem cells are self-renewing cells that can differentiate 
into specialized cells. Hematopoietic stem cells (HSC)
s can be obtained from bone marrow (BM) aspirates, 
mobilized peripheral blood, and umbilical cord blood.1 

HSCs transplantation is an important treatment alternative 
for hematological, genetic, malignant, neurological, 
and autoimmune diseases. 
Recently, there has been an 
increasing interest in umbilical 
cord blood transplantation due 
to its advantages over bone 
marrow. Umbilical cord blood 
offers less restrictive criteria for 
HLA matched donor and has a 
reduced risk of chronic and acute 
graft versus host disease (GVHD) 
due to its naive lymphocyte 
structure.2,3 Practical advantages 
include the abundant supply of donors without any risk, 
as well as the presence of frozen graft in emergencies 
such as COVID-19 pandemic, and the less possibility of 
transmitting infectious agents to the recipient.4,5

The success of umbilical cord blood transfusion is 
associated with the number of total nucleated cells (TNCs) 
and CD34+ cells transmitted, but insufficient amounts of 
HSCs in umbilical cord blood are associated with poor 
recovery, especially in adults and older children those 
weighs more than 30 kg so this factor is one of the most 
important barriers to the spread of umbilical cord blood 
transplantation.6-8 Because of these restrictive problems, 
research in the literature has focused on factors altering 
CD34+ cells product such as maternal age, smoking 
status, birth weight, gestational age, gender, mode 
of delivery, preeclampsia.9-12 Whereas the effect of 
morbidly adherent placenta (MAP) disease caused by 
abnormal implantation of the basal plate,13 reported as 
3% in women with previous cesarean history and 60% 
in women with three previous cesarean histories, MAP’s 
impact on CD34+ cells14 has not been demonstrated. 
15 Also, there are not many articles on the effect of 
gestational diabetes mellitus (GDM) and gestational 
hypertension (GHT) diseases on the number of CD34+ 
cells in the umbilical cord blood, which are important 
diseases in obstetrics and gynecology practice.

The purpose of this study was to investigate the impact of 
GDM, GHT, and MAP on CD34+ cells count in umbilical 
cord blood, and additionally, to compare the Sysmex 
XN20, automated Hematology Analyzers to the gold 
standard test of Flow Cytometry in the context of these 
diseases.

Materials and Method
Study Subject
Informed consent information 
was obtained from all pregnant 
women participating in the study 
and the research protocols were 
approved by the Ethics Committee 
at Erciyes University (Approval 
date/number: 2018/608). The 
study population consisted of 

18 control pregnant without any underlying disease, 9 
MAP, 13 GDM and 11 GHT patients. The delivery type 
of all of the people in the study is cesarean section. 
The diagnosis of GDM has been established according 
to the 75-gram oral glucose tolerance test of American 
Diabetes Association (ADA). The diagnosis of subtitles 
of gestational hypertension such as preeclampsia was 
made according to the American College of Obstetrics 
and Gynecology (ACOG). The clinical classification of 
the study population was shown in (Table 1).

Umbilical cord blood samples
This is an experimental study carried out on the umbilical 
cord blood sample which was collected in the delivery room 
in Gevher Nesibe Medical Faculty, Erciyes University. All 
blood samples were taken from the umbilical cord after 
delivery of newborn into EDTA anticoagulated blood 
tubes. Cord blood samples delivered to the laboratory 
within 24 hours were processed for mononuclear cell 
(MNC) isolation using a Ficoll-Paque Plus based on the 
manufacturer’s instructions. After the procedure, the 
isolated cells were frozen until the sample collection was 
completed.

HPCs and CD34+ cells enumeration
Frozen PBMCs were resuspended in PBS (500 µl) 
and HPC was quantified via Sysmex XN20 (Sysmex 

Highlight

● CD34 + cells in the umbilical cord 
blood were significantly elevated in 
patients with gestational diabetes and 
gestational hypertension
● No change was observed in patients 
with morbidly adherent placenta

Table 1. 
Descriptives of the clinical classification of the study population

Control group 
(n=18) GDM (n=13) Gestational hypertension 

(n=11) MAP (n=9)

Mean±SEM 
or N (%)

Mean±SEM 
or N (%) p value Mean±SEM 

or N (%) p value Mean±SEM 
or N (%) p value

Maternal age (years) 30.70±1.438 33.64±1.527 0.3686 33.27±1.402 0.4778 33.70±1.274 0.3766
Gestational age (days) 269.9±1.442 263.4±2.129 0.0855 262.9±2.862 0.0601 249.8±2.843 <0.001*
Birth Weight (g) 3394±115.4 3281±158.9 0.9192 2800±203.6 0.0179* 2886±158.5 0.0602
Neonatal gender

Male 10 (%50) 7 (58.3) 0.944 6 (%50) >0.9999 8 (88.8) 0.1035
Female 10 (%50) 5 (41.7) 6 (%50) 1 (11.2)

Birth type
Vaginal 0 (%0) 0 (%0) 0 (%0) 0 (%0)
C-section 20 (%100) 12 (%100) 12 (%100) 8 (%100)

*; p<0.05. SEM; Standard Error of the Mean
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Corporation, Tokyo, Japan). The number of HPCs were 
also quantified by Flow cytometry (FACSAriaIIII). The BD 
(Becton, Dickinson and Company San Jose, CA 95131 
USA) Procount ™ Progenitor Cell Count Kit with PE 
Labeled monoclonal anti-CD34+ antibody was used to 
determine absolute numbers and percentages of CD34+ 
cells. Percentages and absolute numbers of CD34+ cells 
were analyzed by flow cytometry. Our gate strategy was 
shown in (Figure 1A).

Statistical Analysis
Descriptive analyzes were used for maternal age, 
gestational age, birth weight, neonatal gender, birth 
type in clinical classification. Absolute numbers and 
percentages of CD34+ cells and HPCs between groups 
were statistically evaluated using the One Way Anova 
test on Flow Cytometry and Sysmex XN20 analyzers, 
respectively. The relationship between Flow Cytometry 
and Sysmex XN20 was established with the Sperman 
Correlation test. All data were processed with Graphpad 
Prism version 8.4.2. P-value <0.05 was considered 
statistically in all analyzes.

Results
The classification of pregnant women and newborns 
included in the study and the relevant information 
regarding maternal age, gestational age, birth weight, 
gender, and type of birth are summarized in Table 1. 
All births that we have collected samples from were 
cesarean. All groups were similar in terms of maternal 
age and neonatal gender. Compared to the control group, 
in terms of gestational age and birth weight, significant 
results were detected.  Gestational age was significantly 
shorter (?)  in the MAP group (p=0.0179). The birth 
weight of infants was significantly lower (p<0,001) in the 
group of GHT.

MNCs obtained from umbilical cord blood were analyzed 
with stem cell markers of a hematopoietic precursor. 
First, CD34+ stem cell percentages were compared. 
There was no statistically significant difference across 
groups (Figure 1B). On the other hand, we observed 
a significant increase (p<0.05) in CD34+ cells count 
in the GHT and GDM groups compared to controls. 
The values of the MAP group and the control group 
were very close and it was not significant (Figure 1B). 
Lymphocyte numbers were also significantly elevated 
in the GHT and GDM groups compared to controls 
(p<0.05) (Figure 1B).

Next, we compared the CD34 staining results obtained 
from Sysmex XN20 (Automated Hematology Analyzers) 
to the result of flow cytometry. The HPCs count 
achieved from Sysmex XN20 were compared with the 
control group. Although no significant result was found 
in any disease group, we gained a trend similar to flow 
cytometry results. Importantly, we had a significant 
increase in the numbers of lymphocytes measured by 
Sysmex XN20 compared to the control group in the GHT 
group (p<0.05), similar to/just as flow cytometry analysis 
(Figure 2). The differences in the GDM and MAP groups 
were not significant. The numbers of CD34+ cells, 
measured by flow cytometry, and HPCs number were 
compared. There was a significant correlation between 
the HPC numbers of the control group and the number 
of CD34+ cells (p<0.01). The Spearman correlation 
coefficient between the two control groups was r: 0570. 
We did not observe a significant correlation between 
HPCs numbers and CD34+ cell numbers of disease 
groups of GHT, GDM, MAP. Spearman correlation 
coefficients and P values were r:0.5727/p:0.0708, 
r:0.2149/p:0.4779, r:0.111/p:0.779, respectively. Our 
results are shown in (Figure 3).

Figure 1. Levels of CD34 + cells and lymphocytes in control, Gestational hypertension, GDM and MAP groups; p>0.05; p<0.001
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Discussion
In this study, the effects of GHT, GDM, MAP on CD34+ 
cell counts, and the correlation between Sysmex XN20  
and flow cytometry results were investigated. CD34+ cell 
percentages between the groups were not statistically 
significant. However, the GDM and GHT groups had 
significantly increased CD34+ cells as well as lymphocyte 
numbers. For the control group, a significant correlation 
was confirmed between flow cytometry and Sysmex 
XN20 analysis, but the correlation coefficient was low 
(P<0.01, r:0.579). The correlation coefficients between 
Sysmex XN20 analysis and flow cytometry and of the 
remaining disease groups were poor (r:0.5727/ p:0.0708 
for GHT, r:0.2149/p:0.4779 for GDM, r:0.111/p:0.779 for 
MAP).

As mentioned above, all samples were obtained from a 
C-section birth, gestational age was significantly shorter 
in the MAP group, and birth weight was significantly 
lower in the group of gestational hypertension. Lim 
et al.17 and Dimitriou et al18 showed that type of birth 
had no significant effect on CD34+ cells in umbilical 
cord blood. Other studies state that cesarean deliveries 

have more CD34+ cell contents in the umbilical cord 
compared to vaginal delivery.19,20 Al-Sweedan et al.11 

demonstrated normal vaginal delivery was associated 
with 0.18 times more yield of CD34+ cells compared to 
cesarean sections in the multivariate model. Cervera et 
al.21  showed that there was not a significant relationship 
between CD34+ cell numbers and gestational age. Lin 
et al.22 demonstrated elevated CD34+ cells content in 
premature babies. Ballen et al.10 and other investigators 
23-25 reported the opposite. Many of the previous reports 
revealed a positive correlation between birth weight and 
CD34+ cells count.9-11,16 In light of divergent results from 
several studies, differences between groups should be 
taken into account when evaluating the results.

The increase of CD34+ cells in the preeclampsia by 
Benian et al.26 and Al-Sweedan et al.11 is in line with our 
results. However, in three previous studies, a decrease 
in the number of CD34+ cells in the preeclampsia 
group compared to the non-preeclampsia group 
was reported.27-29 This difference may be due to our 
population size, which is less than two previous studies. 

Figure 3. Correlation between HPCs and CD34 + cells. p>0.05  r;correlation coefficient 

Figure 2. HPCs and lymphocyte level in Control, Gestational hypertension, GDM and MAP groups.  p>0.05 
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Alternatively, although our patient group has pathologies 
of the same origin, our GHT group includes six pregnancy 
hypertension and five preeclampsia patients.

Hadarits et al.30 evaluated the cord blood of neonates 
born from mothers with GDM and the cord blood 
of neonates born from non-diabetic mothers. In 
concordance with our results, they noted that 
the neonates of gestational diabetic mothers had 
proportionally more CD34+ cells in cord blood 
compared to the control group. They also showed 
CD34+ cells were proportionally higher in the cord 
blood of neonates of diabetic mothers who were diet-
regulated and insulin-regulated.

To our knowledge, This is the first study to investigate 
the effects of  MAP on the number of CD34+ cells 
in umbilical cord blood. Our study population with 
MAP consists of placenta accreta, placenta percreta 
diseases. One reason we could not reach statistically 
significant results may be the limited size of our study 
groups. However, this does not lower the specificity 
of the study, and it guides the literature in the context 
of the effects of these diseases on CD34+ cell 
numbers and shows that further studies are needed 
to determine whether these patients will be good 
candidates for umbilical cord blood transplantation 
units. It is noteworthy that  cesarean section birth 
rate is increasing and the incidence of these diseases 
increases with cesarean section.

In the literature, many publications were using HPCs 
data measured by the white precursor channel. 
Furundarena et al.31 compared the flow cytometry 
and Sysmex XN analysis at different times in the 
autologous group as pre-apheresis, post apheresis, 
and a day before apheresis. Correlation coefficients 
were (r=.9775), (r=.9285) (r=.5744), respectively. 
The most familiar to our results is the day before the 
apheresis. Park et al.32 in the study conducted in 31 
patients with stem cell transplantation, the correlation 
coefficient between Sysmex XN and flow cytometry 
was found (γ= 0.548), (γ=0.652) concerning to the 
percentage and numbers of CD34+ cells, respectively. 
These results resemble our findings, thus showed a 
weak correlation. Additionally, Tanosaki et al.33 showed 
that there is a strong correlation between HPCs and 
CD34+ cells in pre-apheresis (R2=0.919) peripheral 
blood samples and apheresis products (P=0.729). 
One reason that the correlation coefficient revealed in 
the above-mentioned publications is higher than our 
results may be the use of mobilizing agents to increase 
stem cell production from peripheral blood. Increased 
number of stem cells in the peripheral blood may help 
to obtain better correlation. Other reasons may be 
that our sample population is less than other studies, 
or that PBMCs isolated from blood are analyzed on 
the Sysmex XN20 instead of a blood sample directly. 
Besides, no study comparing flow cytometry analysis 
with Symex XN20 in the GHT, GDM, and MAP disease 
group have been published. One of the biggest 
reasons for not achieving an adequate correlation 
between the flow and Sysmex results in the disease 
groups is that our patient population is small, but our 
study still proves that disease groups with a larger 

population are needed to understand whether Symex 
XN20 is a good candidate to demonstrate the content 
of umbilical cord blood. 

Conclusion
While gestational diabetes and gestational hypertension 
had a positive effect on CD34+ cells in umbilical cord blood, 
no change was observed in the MAP group examined 
by us for the first time, in future studies, especially the 
MAP group population should be expanded. Correlation 
between flow cytometry and Sysmex XN 20 is low based 
on is of diseases and it is needed to be studied in larger 
groups.
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