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 Background: Mesenchymal stromal cells, MSCs, show expression of specific antigens on their surface. The aim of the study 
is to assess the phenotype of stem cells like isolated from the umbilical cord with respect to the presence of 
surface antigens CD34, CD90, and CD105 and differences in the expression of surface antigens in cells isolat-
ed from freshly sampled material in comparison with the phenotype of cells from in vitro culture.

 Material/Methods: Stem cells collected from the umbilical cord from healthy patients and then cultured in vitro. To assess the 
phenotype of stem cells, cytometric analysis was carried out. To assess the phenotype of cells we used fluo-
rescently labelled monoclonal antibodies: APC Mouse anti-human CD34, PC5 Mouse anti-human CD90 and PE 
Mouse anti-human CD105.

 Results: In the case of cells from the umbilical cord and then cultured in vitro for the period of 10–14 days CD34 ex-
pression is lower (69,5%) in comparison with the group of cells not cultured. Not cultured cells were demon-
strated 37% of cells co-expression of antigens CD34 and CD105, over 21% of CD34/CD90 cells and over 24% 
of CD105/CD90. Cultured cells group was showed higher percentage of CD90, CD105, CD34/CD105, CD34/
CD90, CD105/CD90 in comparison with not cultured cells.

 Conclusions: Our reults suggested that adherent cells population from umbilical cord, demonstrate CD34 expression In vivo. 
Moreover, the phenotype of MSCs, mainly in the context of CD34 expression, may vary depending on the place 
of collection of cells and the length of growing the cell culture.
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Background

Mesenchymal stromal cells (MSCs) are also known as stro-
mal stem cells, mesenchymal stem cells, and adherent non-
hematopoietic stem cells. These cells derive from one of the 
germ layers, and have the potential to differentiate into tis-
sues originating from the mesoderm, although some sources 
report that their plasticity is higher and they have the poten-
tial to differentiate into tissues of other germ layers as well. 
This topic is still controversial. Initially, these cells were identi-
fied in the bone marrow as a second population distinct from 
the hematopoietic stem cells [1,2], but currently it is believed 
that these cells are present in almost every tissue of the adult 
body [3,4], as well as in “perinatal” tissues. MSCs have been 
identified in may tissues, including skin, adipose tissue, brain, 
skeletal muscles, heart, liver, pancreas, blood vessels, peripher-
al blood, retina, breast tissue, prostate, testes and ovaries [5] 
dental pulp, synovial fluid, hair bulb [6], menstrual blood [7], 
breast milk [8], umbilical cord blood, placenta, and umbilical 
cord. Because of differences in number of cells present in var-
ious tissues and their different availability, several sources are 
currently used to obtain MSCs [4].

The number of MSCs depends on the tissue where they ap-
pear, and the number of stem cells in the body decreases with 
age. It has been suggested that bone marrow MSCs may be 
involved in aging, although their role in this process remains 
unclear [1,9,10].

There is no single characteristic parameter that can be used 
to identify MSCs. MSCs, although present in different tissues, 
do exhibit a variety of common features, including the abili-
ty of proliferation in vitro and adherence to the walls of plas-
tic, and their appearance while growing is similar to fibroblast 
colonies. They show expression of specific antigens on their 
surface: CD44, CD71, CD73 (endoglin), CD90 (Thy-1), CD105 
(ecto-5’-nucleotidase), CD166, and Stro-1, but they do not dem-
onstrate expression of CD11, CD14, CD31, CD34, or CD45, al-
though MSCs may also show CD34 [11–14]. They are capable 
of producing and secreting proangiogenic, antiapoptotic, im-
mune-stimulating, and proliferation-stimulating factors (includ-
ing VEGF, M-SCF, HGF, GM-CSF, G-CSF, SDF-1, TGF-b, PGE-2, 
and interleukins 6, 8, 11, 12, 14, and 15) [9,15]. It has been 
suggested that the common name of MSCs combines a het-
erogeneous group of mesenchymal cell potentials, including 
adipocytes, fibroblasts, osteoblasts, cells of adventitia, and 
pericytes [4,12,15,16].

In vitro studies show their relatively high proliferative potential, 
but it is not known whether they maintain the speed of division 
in vivo as suggested by some authors, or under physiological 
conditions in the body when they are in a “sleep mode” [17].

MSCs were also found in adipose tissue, which seems to be 
a much better source of MSCs due to its availability (less in-
vasive procedure to obtain them) and abundance, as well as 
the number of MSCs, which is higher in comparison with bone 
marrow [2]. Because of the slightly different characteristics of 
MSCs derived from adipose tissue, it is proposed to call them 
adipose-derived stromal cells (ADSCs). These cells have greater 
proliferative potential in vitro when compared with cells iso-
lated from bone marrow. They also have antigens not present 
on the surface of MSCs [2, 4,18,19].

Perinatal tissues such as umbilical cord (UC-MSCs), Wharton’s 
jelly (WJCs), placenta, and umbilical cord blood are also a rich 
source of MSCs. Because they contain fetal mesenchymal stro-
mal cells (fMSCs), they have a lower degree of maturity, great-
er proliferative potential, and broader differentiation poten-
tial. They seem to be an excellent source of therapeutic cells 
with enormous regenerative potential [20,21].

Umbilical cord Wharton’s jelly has emerged as a good source 
of stem cells. According to several studies, cells obtained from 
this tissue have both the features of MSCs and characteristics 
of embryonic stem cells. MSCs have unique properties, includ-
ing the high rate of proliferation, hyper-immunogenicity, broad 
multipotential, and anti-cancer properties, as well as the abil-
ity to modulate the immune response and secretion of cyto-
kines that regulate apoptosis [22]. MSCs have been studied 
in the context of their use in therapy, but first it is necessary 
to better understand the phenotype of these cells and their 
physiological regulation in vivo and in vitro.

MSCs have the ability to differentiate mainly into cells of bone, 
adipose tissue, cartilage tissue, muscle tissue, and blood ves-
sels [3]. According to numerous studies in cell cultures, using 
appropriate environmental conditions, growth factors, or cul-
ture vessels, it is possible to induce differentiation of these 
cells into a number of different cells, including cardiomyo-
cytes, endothelial cells, chondrocytes, adipocytes, and mus-
cle cells [15,23–25].

MSCs are used in therapy and the main therapeutic strate-
gies associated with MSCs are related to their properties. The 
ability to differentiate into adipocytes, osteoblasts, and chon-
drocytes is used in regeneration of bones, cartilage, and mus-
cles. The ability to secrete numerous cytokines is increasingly 
used in administration of MSCs to patients to improve func-
tioning and regeneration of cardiac muscle after myocardial 
infarction. Transplantation of MSCs is also used in regenerat-
ing lungs, liver, or skin (e.g., after burns). The immunosuppres-
sive potential of MSCs is utilized in organ and cell transplants, 
as well as in treating inflammatory diseases [15]. Numerous 
clinical studies using MSCs are currently being performed 
throughout the world.

1887
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Walecka I. et al.: 
Phenotypic characterization of adherent cells population…
© Med Sci Monit, 2017; 23: 1886-1895

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



It has not been clearly demonstrated if MSCs show increased 
plasticity in vitro, and are therefore capable of differentiat-
ing into cells from other germ layers in cell culture conditions 
[25,26]. There is no unified system of nomenclature and clas-
sification for isolated MSCs. A universal characteristic pattern 
of expression of antigens on the surface of each class of stem 
cells have not been created, creating difficulty in comparing 
studies undertaken by different groups of researchers to iden-
tify isolated cells in different matrices [27].

The aim of the study

The purpose of this study was to assess the phenotype of 
cells isolated from Wharton’s jelly with respect to the pres-
ence of surface antigens CD34, CD90, and CD105. We also at-
tempt to assess differences in the expression of surface an-
tigens CD34, CD90, and CD105 in cells isolated from freshly 
sampled material in comparison with the phenotype of cells 
from in vitro culture.

Material and Methods

Umbilical cords were collected from 10 healthy patients who 
shortly before had given birth in the Department of Obstetrics 
and Pathology of Pregnancy of the Independent Public Teaching 
Hospital No. 1 in Lublin. The material was preserved in DMEM 
medium. The procedure of isolating cells started within approx-
imately 30 min after collecting samples. Women’s ages ranged 
from 24 to 33 years, the mean age was 29 years 8 months 12 
days, and the median age was 30.5 years.

The study was performed according to the protocol and with the 
consent of the Bioethics Committee of the Medical University of 
Lublin (No. KE-0254/128/2014) and with the consent of the pa-
tients and the Head of the Department of Obstetrics and Pathology 
of Pregnancy of the Independent Public Teaching Hospital No. 1.

The studied material was divided into 2 groups:
1.  WJC (Wharton’s Jelly-Derived Cells) – cells collected from 

Wharton’s jelly. The study group consisted of 5 samples.
2.  WJC-CC (Wharton’s Jelly-Derived Cells – Cell Culture) – cells 

collected from Wharton’s jelly and then cultured in vitro in 
adherent conditions for 14 days. The study group consist-
ed of 5 samples.

Isolation of cells from Wharton’s jelly from umbilical cords

Isolation of cells from Wharton jelly of umbilical cords was 
done through enzymatic digestion using collagenase type I 
(Sigma, USA). Isolation was conducted according to the follow-
ing procedure: The umbilical cord immediately after birth was 
placed in a culture medium containing DMEM medium with 
L-glutamine and glucose, supplemented with 10% FBS and 1% 
antibiotic (as below). A fragment of the umbilical cord (about 
10 cm long), was rinsed several times in sterile PBS supple-
mented with antibiotic (as below). Next, it was cut with a scal-
pel into 2–5-mm3 pieces. Fragments of Wharton’s jelly were 
placed in a sterile solution of collagenase type I (10 mg of col-
lagenase/30 ml of solution) and digested for 2–3 h at 37°C. 
After incubation, samples were rinsed twice in PBS, followed 
by 10-min centrifugation at room temperature at 800 rpm 
(centrifuge 5810R f. Eppendorf). After rinsing, the cells were 
passed through a 100-µm sieve mesh to cleanse the mixture.

Cell culture

Cells isolated from the Wharton’s jelly were cultured in vitro for 
up to 14 days in an incubator and in a suitable DMEM culture 
medium supplemented with 10% fetal bovine serum and 1% 
antibiotics. Cell culture conditions are shown in Table 1. Culture 
conditions: Type of cell culture: Adherent (medium volume – 
10 ml); Culture vessel – Culture bottle – surface area of the 
bottom: 25 cm2 TC Flask T25,Cell+, Sarstedt, Germany; Culture 
medium: DMEM (1x)+GlutaMAX™-I [+] 1 g/L D-Glucose [+] 

Source of cells Umbilical cord (after collagenase digestion)

Type of cell culture Adherent (medium volume – 10 ml)

Culture vessel Culture bottle – surface area of the bottom: 25 cm2 TC Flask T25, Cell+, Sarsted, Germany

Culture medium DMEM (1×)+GlutaMAX™-I [+] 1g/L D-Glucos [+] Pyruvate Gibco, UK

Serum Heat Inactivated FBS (Fetal Bovine Serum) Gibco, USA

Antibiotics Amphotericin B 250 µg/ml + Penicillin/Streptomycin (100×) PAA, Austria

Temperature 37ºC

O2 concentration 4%

CO2 concentration 5%

Moisture 95%

Table 1. Cell culture conditions.
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Pyruvate Gibco, UK; Serum - Heat Inactivated FBS (Fetal Bovine 
Serum) Gibco, USA; Antibiotics – Amphotericin B 250 µg/ml + 
Penicillin/Streptomycin (100×) PAA, Austria; Temperature: 37°C; 
O2 concentration: 4%; CO2 concentration: 5%; Moisture: 95%.

Culture medium was changed every 3 days. In the end (P0), cells 
isolated from Wharton’s jelly were mechanically removed from the 
walls of the culture vessel with a sterile cell scraper, and rinsed 
in PBS. The cells were then prepared for flow cytometry analysis.

Cytometric analysis

To assess the phenotype of cells, cytometric analysis was car-
ried out, using a digital flow cytometer with a MoFlow XDP 
Beckman Coulter (USA) cell sorter and flow cytometer with vi-
sion in real-time FlowSight Amnis (USA). Quantification data 
with MoFlow XPD were acquired.

The following fluorescently labelled monoclonal antibodies 
were used to assess the phenotype of cells: 
• APC Mouse anti-Human CD34 (Beckman Coulter, France);
• PC5 Mouse anti-Human CD90 (Beckman Coulter, France);
• PE Mouse anti-Human CD105 (Beckman Coulter, France).

The samples were prepared according to the following protocol:
Isolated cells/cultured cells were rinsed in PBS and centrifuged, 
then cell pellets were pipetted and resuspended in 200 µl of PBS 
without Ca and Mg ions (Biomed, Poland). The number of cells 
was determined using a TC20 Automated Cell Counter (BioRad) 
with trypan blue staining. Samples were adjusted to a concentra-
tion of 100 000 cells per ml, then we took 200 µl of the sample 
and added antibodies for surface antigens (CD34, CD90, CD105) 
in the amount of 10 µl of each antibody in a sample. Samples 
were mixed and incubated for 15 min at room temperature in 
the dark. We added 100 µl of lysis buffer (Versa Lyse, Beckman 

A

C

B

D

Figure 1.  (A) Microscopic image of sample 01WJC-CC from Wharton’s jelly. The photograph was taken on day 9 (magnification 200×, 
eyepiece 10×, lens 20×) using an Olympus CKX 41 inverted microscope and Olympus XC50 camera. (B) Microscopic image of 
sample 02WJC-CC from Wharton’s jelly. The photograph was taken on day 10 (magnification 200×, eyepiece 10×, lens 20×) 
using an Olympus CKX 41 inverted microscope and Olympus XC50 camera. (C) Microscopic image of sample 04WJC-CC from 
Wharton’s jelly. The photograph was taken on day 14 (magnification 200×, eyepiece 10×, lens 20×) using an Olympus CKX 41 
inverted microscope and Olympus XC50 camera.
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Coulter) to cell pellets to hemolyze the erythrocytes from the 
umbilical cord. Samples were mixed by shaking and incubated 
for 20 min at room temperature in the dark. After centrifuga-
tion, the supernatant was discarded and cell pellets were pipet-
ted and resuspended in 200 µl of PBS without Ca and Mg ions.

Analysis of 10 000 events was recorded for each probe. Cells 
without any staining were used as a negative control and an 
isotype control was made. Single stained samples were used 
for compensation. FMO (fluorescence minus one) samples were 
used to determine the gating.

Statistical analysis

The means and standard deviations (SD) were calculated. 
Statistica software (StatSoft, Poland) was used to test wheth-
er data followed a normal distribution using the Shapiro-Wilke 
test. Statistical analysis was done using the unpaired t test 
and Pearson’s correlation. Results were considered statistical-
ly significant at p<0.05.

Results

Microscopic analysis

As a result of the growing Wharton’s jelly cell culture, prolifera-
tion capacity of cells was demonstrated in vitro, cells similar to 
fibroblast colonies were obtained, and the ability of cells to ad-
here to the plastic walls was shown. Cytometric analysis of cells 
tested showed the presence of CD90 and CD105 surface anti-
gens, which are characteristic for MSCs, and CD34 antigen was 
observed as well. Microscopic assessment of cells was made in 
the course of culture. Figure 1A–1D presents photographs of WJC-
CC from Wharton’s jelly on days 9, 10, and 14 of in vitro culture.

We found that over 60% of cells in both groups showed ex-
pression of CD34 antigen. A higher percentage of cells ex-
pressing CD34 (73.3±5%) was observed in the group of non-
cultured cells from Wharton’s jelly (WJC), but no statistical 
significance was found. In cells from Wharton’s jelly cultured 
in vitro for 14 days (WJC-CC), CD34 expression was lower (69. 
5±1.8%) than in the uncultured cells from Wharton’s jelly. 
Looking at CD90 expression, we observed that most (29±2.1%) 
CD90+ cells were in the WJC-CC group (cells from Wharton’s 
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Figure 2.  Dot-plot charts of cell morphology and distribution of cells in terms of intensity of expression of surface antigens CD34, 
CD105, and CD90 in the analyzed 01WJC-CC sample on day 10 of cell culture – cells isolated from Wharton jelly and then 
cultured in vitro – test group WJC-CC. (A) Dependence of the analyzed cells on their shape and granularity: FSC-Forward 
Scatter/SSC-side scatter. (B) CD105 vs. SSC: R49 CD105+. (C) CD34 vs. SSC: R1 CD34+. (D) CD90 vs. SSC: R50 CD90+. (E) 
CD90 vs. CD105: R38 CD90–/CD105+; R39 CD90+/CD105+; R41 CD90+/CD105–, R41: CD90–/CD105–. (F) CD34 vs. CD105: 
R2 CD34–/CD105+; R3: CD34+/CD105+; R5: CD34+/CD105–; R4: CD34–/CD105– (G) CD90 vs. CD34: R30 CD90–/CD34+; R31 
CD90+/CD34+; R33 CD90+/CD34–; R32 CD90–/CD34–. The analysis and chart were made using Summit™ Software on a 
digital flow.
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jelly cultured for 14 days). For CD105 antigen, the highest ex-
pression (77.6±2.7%) was observed in cells from Wharton’s 
jelly cultured in vitro (WJC-CC), while in cells from uncultured 
Wharton’s jelly, CD105 expression was lower and it was as-
sessed at WJC: 57.9±6% (Figures 2, 3, 4A).

The number of cells demonstrating co-expression of antigens 
CD34/CD105, CD34/CD90, and CD105/CD90 was analyzed, 
showing a statistically significant difference between those 
probes. The largest number of CD34+/CD105+ cells (37.7±2.4%) 
was found in group WJC-CC (cells from Wharton’s jelly cultured 
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Figure 3.  Dot-plot charts of cell morphology and distribution of cells in terms of intensity of expression of surface antigens CD34, 
CD105, and CD90 in the analyzed 06WJC– cells isolated from Wharton’s jelly – test group WJC. (A) Dependence of the 
analyzed cells on their shape and granularity: FSC-Forward Scatter/SSC-side scatter. (B) CD34 vs. SSC: R1: CD34+. (C) CD34 
vs. CD105: R2 CD34–/CD105+; R3: CD34+/CD105+; R5: CD34+/CD105–; R4: CD34–/CD105–. (D) CD90 vs. CD34: R30 CD90–/
CD34+; R31 CD90+/CD34+; R33 CD90+/CD34–; R32 CD90–/CD34–. (E) CD90 vs. CD105: R38 CD90–/CD105+; R39 CD90+/
CD105+; R41 CD90+/CD105–, R41: CD90–/CD105–. The analysis and chart were made using Summit™ Software on a digital 
flow cytometer with a MoFlow XDP Beckman Coulter cell sorter.
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in vitro). The WJC group had lower (35.2±9.2%) CD34/CD105 
co-expression, and the greatest dispersion of results was ob-
served in this group. For co-expression of antigens CD34 and 
CD90, the highest expression (21.6±1.9%) was observed in 
cells cultured from Wharton’s jelly (WJC-CC). Non-cultured cells 
from the Wharton’s jelly (WJC: 5.3±2%) had lower expression 
compared to cultured cells. A similar pattern of results was 
observed for co-expression of antigens CD105 and CD90. The 
highest percentage of CD105+/CD90+ cells was in the WJC-
CC group (24.4±10.1%), and the greatest dispersion of results 
was observed here. In non-cultured cells from Wharton’s jelly 
(WJC), the expression was lower (13.7±5.5%) than in cultured 
cells (WJC-CC) (Figures 2, 3, 4B).

Among non-cultured human adherent cells from Wharton’s jel-
ly (WJC) there were cells with expression of surface antigens 
CD34, CD90, and CD105. The highest expression in this group 
was demonstrated by CD34+ cells (over 73%). This group was 
also characterized by high expression of CD105 (almost 60%). 
CD90+ cells accounted for over 15% of the analyzed group. 
There were also cells with co-expression of CD34/CD90 (over 
5%), CD34/CD105 (over 35%), and CD105/CD90 (over 13%). 
This group had a higher percentage of CD34+ cells when com-
pared with the WJC-CC group (Table 2, Figure 4, 5A).

In a group of human adherent cells isolated from Wharton’s jel-
ly and then cultured in vitro for 14 days (WJC-CC), the presence 
of analyzed surface antigens CD34, CD90, and CD105 was ob-
served. CD105+ cells constituted the biggest part (over 77%); al-
most 70% of cells demonstrated expression of CD34 antigen and 
29% of cells demonstrated expression of CD90+ antigen. During 
analysis of co-expression of antigens on the cells of the studied 
group, we found that 37% of cells demonstrated co-expression 
of antigens CD34 and CD105, over 21% of CD34+/CD90+ cells, 
and over 24% of CD105+/CD90+. The WJC-CC group had higher 
percentages of CD90+, CD105+, CD34+/CD105+, CD34+/CD90+, 
and CD105+/CD90+ in comparison with the WJC group. Detailed 
characteristics of WJC-CC cells, demonstrating expression of the 
analyzed antigens, are presented in Table 2 and Figure 4, 5B.

Discussion

While analyzing the phenotype of cells from Wharton’s jelly, 
we observed that isolated cells, apart from high expression of 
antigens characteristic of MSCs, also show expression of CD34 
antigen characteristic of hematopoietic stem cells.

Minimum criteria to be met by mesenchymal stromal cells were 
set by the Mesenchymal and Tissue Stem Cell Committee of 
the International Society for Cellular Therapy. MSCs have to 
demonstrate adherence to the plastic surface of culture ves-
sels and must demonstrate expression of CD105, CD90, and 
CD73 but not CD34, CD45, CD14, CD79, and CD11b. The abil-
ity to differentiate in vitro into adipocytes and chondroblasts 
has to be demonstrated [28]. According to current knowledge, 
MSCs do not demonstrate CD34 expression or the percentage 
of CD34+ cells in a culture of MSCs does not exceed 2%. The 
presence of CD34 antigen is considered to be a characteristic 
marker of undifferentiated hematopoietic stem cells, whose 
expression decreases along with the increase of differentia-
tion of HSC cells into progenitor cells. Apart from HSCs, CD34 
expression is also demonstrated by endothelial stem cells and 
cancer stem cells.

Evidence of the CD34-negative nature of MSCs is based mainly 
on experiments carried out on cells from cell cultures, often on 
a fixed cell line\s, after many passages. However, there have 
been few studies on CD34 expression on MSCs in vivo. In re-
cent years, there have been a few reports on the presence of 
CD34 antigen on cells other than hematopoietic MSCs. These 
studies refer mainly to fresh populations isolated from adi-
pose tissues (ADSCs) [13,29,32].

Studies suggest that MSCs present in tissues are CD34+, which 
is proved by the fact that freshly isolated cells with MSCs po-
tential demonstrate CD34 expression, and its level decreas-
es in proportion to the length of cell culture. The decrease in 
CD34 expression and its disappearance are results of cell cul-
ture rather than being the true nature of MSCs [13,30].

Suga et al. conducted research on human adipose-derived 
stem cells (hADSCs) by analyzing the phenotype of isolated 

The average percentage of cells (±SD) demonstrating expression of surface antigens in the studied groups

Studied group
CD34+

p=0.13542
CD90+*

p=0.01152
CD105+***
p=0.00097

CD34+/CD105+
p=0.17355

CD34+/CD90+
p=0.13930

CD105+/CD90+
p=0.07096

WJC  73.3±5  15.3±4.2  57.9±6  35.2±9.2  5.3±2  13.7±5.5

WJC-CC  69.5±1.8  29±2.1  77.6±2.7  37.7±2.4  21.6±1.9  24.4±10.1

Table 2.  The average percentage of cells demonstrating expression of surface antigens CD34, CD90, and CD105 in the studied groups 
(WJC, WJC-CC).
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cells using flow cytometry. Before starting cell culture in ad-
herent conditions, they observed a significant proportion of 
CD34+ cells among the analyzed population. They sorted the 
isolated population into 2 groups of cells, CD34+ and CD34–, 
then they cultured them in vitro. After approximately 7 days, 
before a passage in CD34+ group of cells, they noticed that 
some of the cells lost CD34 antigen. After 21 days, they did 
not observe any difference in the morphology of CD34+ and 
CD34– cells. In culture of CD34+ cells, they noticed a higher 
number of colonies formed, which suggests that CD34 expres-
sion on cells from adipose tissue correlates with replication po-
tential of these cells. It was also shown that both populations 
are able to migrate under the influence of the stimulation of 
growth factor and to form capillary networks. Higher expres-
sion of markers characteristic of endothelial progenitor cells 
was observed in the CD34+ population. Moreover, they sug-
gested that a decrease in CD34 expression in the CD34+ cell 
population after 7 days of cell culture does not contribute to 
the change in their functionality. CD34 expression in cells with 
potential of MSCs from adipose tissue might be responsible for 
immaturity of the cell, its primordiality, or state of non-differ-
entiation, and the decrease in CD34 expression in these cells 
is caused by a physiological process of maturation and differ-
entiation in specific cell lines [31]. These studies suggest that 
high CD34 expression in cells other than HSCs may be typical 
of immature and undifferentiated cells.

The present study showed the presence of CD34 on cells fresh-
ly isolated from Wharton’s jelly, whereas CD34 expression was 
lower in cells cultured in vitro.

Kaiser et al. researched the in vivo phenotype of MSCs in bone 
marrow, with respect to expression of antigens CD34 and CD45. 
They sorted cell populations into CD34+ and CD34–, then cul-
tured them in adherent conditions. The researchers observed 
that the CD34+ population of cells from bone marrow in ad-
herent conditions show the ability to form colonies (CFU) and 
the growth of fibroblast-like cells. To confirm the phenotype of 
MSCs, their ability to differentiate into chondrocytes and adi-
pocytes was verified as well. They proved that BMSCs CD34+ 
have the potential of MSCs. They also demonstrated that the 
population placed in in vitro culture lost CD34 expression [32].

In their studies, Busser et al. also observed differences in the 
phenotype of freshly isolated MSCs in comparison with cul-
tured cells. They demonstrated that freshly isolated mesen-
chymal cells from bone marrow and MSCs from adipose tis-
sue show CD34 expression [2].

Perinatal and fetal MSCs are extremely popular among scientists 
due to their proven greater ability of proliferation and broad-
er differentiation potential, as well as an increase in immuno-
suppression and therefore greater therapeutic potential when 
compared to MSCs from adult tissues such as adipose tissue 

Figure 5.  (A) Photographs of single samples of cells from the WJC group, presenting microscope image (BF) and fluorescence in 
channels, showing the expression of studied antigens. SSC-side scatter – assessment of cell morphology. The analysis and 
photographs were taken using the FlowSight f. Amnis flow cytometer. (B) Photographs of single samples of cells from the 
analyzed WJC-CC group, illustrating microscope image (BF) and fluorescence in channels showing the expression of the 
studied antigens. SSC-side scatter – assessment of cell morphology. The analysis and photographs were made using the 
FlowSight f. Amnis flow cytometer. (C) Photographs of single samples of cells from negative control from the analyzed WJC 
group, presenting microscope image (BF) and fluorescence in channels showing the expression of studied antigens. SSC-
side scatter – assessment of cell morphology. The analysis and photographs were made using the FlowSight f. Amnis flow 
cytometer. (D) Photographs of single samples of cells from negative control from the analyzed WJC-CC group, illustrating 
microscope image (BF) and fluorescence in channels showing the expression of studied antigens. SSC-side scatter – 
assessment of cell morphology. The analysis and photographs were made using the FlowSight f. Amnis flow cytometer.

BF SSC CD34-APCCD105-PE CD90-PC5 BF SSC CD34-APCCD105-PE CD90-PC5
A B
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or bone marrow [33,34]. Patel et al. studied human MSCs from 
the placenta. The authors intended to isolate a population of 
fetal MSCs. They collected the placenta after birth by caesar-
ean section from women who give birth to male infants. They 
observed that the population of cells freshly isolated from the 
placenta contains a fairly high percentage of CD34+. On the 
basis of reports by Anker et al., who demonstrated that CD34+ 
populations from the liver, spleen, lungs, and bone marrow of 
a fetus in the second trimester of pregnancy contain a much 
higher percentage of MSCs (positive MSC markers) when com-
pared with the percentage of CD34– [35], Patel’s team used 
CD34 antigen as a positive marker for the fetal MSCs and sort-
ed 2 cell populations, CD34+/CD45–/CD31– and CD34–/CD45–/
CD31–, which were then cultured. After 7 days, formation of 
colonies was observed in both groups, and after 14 days both 
populations showed characteristics of MSCs, including the 
ability to differentiate into lines of osteoblasts and adipo-
cytes. After FISH analysis aimed at assessment of sex chromo-
somes X and Y in both studied groups, it was found that 100% 
of sorted CD34+ MSCs are of fetal origin, whereas 100% of 
the population of mesenchymal CD34– stromal cells originate 
from the mother. The research shows that fresh MSCs isolat-
ed from the placenta demonstrate CD34 expression that de-
clines in the course of culture. Furthermore, it was proved that 
the population of mesenchymal CD34+ stromal cells isolated 
from the placenta is of fetal origin and therefore is character-
ized by greater proliferation potential and broader differen-
tiation potential [36]. Previously, Parant et al. suggested that 
CD34+ cells in the placenta are non-hematopoietic fetal cells 
of endothelial origin [37].

Trivanović et al. observed a high percentage of CD34+ cells (over 
40%) in mesenchymal cells isolated form the umbilical cord 
and peripheral blood and suggested that cells from perinatal 
tissues may have a lower differentiation level and higher pro-
liferation potential [3]. In another study, the same group dem-
onstrated high CD34 expression in MSCs from adipose tissue 
surrounding the breast. They found that CD34 expression was 
not a result of the early passage of cells. It probably depends 
on the location from which adipose tissue was sampled [38].

In our study, adherent cells isolated from Wharton’s jelly, us-
ing enzymatic digestion with collagenase type I, demonstrat-
ed high expression of CD105 and CD90 antigens, and showed 
the presence of CD34 in more than 60% of these cells. In the 
course of the culture, we found the ability of cells to proliferate 
in vitro and to adhere to plastic walls. The appearance of cul-
tured cells was similar to that of fibroblast colonies. Expression 
of SOX9 gene was demonstrated in MSCs; this gene is charac-
teristic of differentiation of cells into chondrocytes (our own 
unpublished studies). We concluded that cells from Wharton’s 
jelly are mainly MSCs. After 14 days of cell culture (P0), cells 
from Wharton’s jelly are characterized by a decrease in the 
number of CD34+ cells, whereas the number of cells demon-
strating expression of CD105, CD90, and CD105/CD90 co-ex-
pression increased significantly, suggesting variability of pop-
ulations in the course of cell culture in adherent conditions. 
In cultured cells, there was also an increase in cells charac-
terized by co-expression of CD34/CD90 and CD34/105, which 
confirms the possibility of occurrence of endothelial stem cells 
in the material isolated from Wharton’s jelly. This hypothesis, 
however, requires verification by analyzing antigens charac-
teristic of endothelial stem cells (CD31+/CD34+) and hema-
topoietic stem cells (CD34+/CD45+) in the studied material.

Conclusions

Our study confirms results obtained by other groups suggest-
ing that adherent cells from Wharton’s jelly demonstrate MSCs 
potential and CD34 expression in vivo. Moreover, the pheno-
type of MSCs, mainly in the context of CD34 expression, may 
vary depending on the place of collection and the duration of 
growing the cell culture.

The lack of established surface antigens that characterize MSCs 
in vivo significantly impedes their correct identification and iso-
lation. There is a need for more research on freshly isolated cells 
and assessment of their phenotype before growing in culture.
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