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Immunomodulatory Properties of Wharton’s Jelly-Derived Mesenchymal Stem 
Cells from Three Anatomical Segments of Umbilical Cord

 (Sifat Imunomodulasi Sel Stem Mesenkima Jeli Wharton yang Dipencilkan daripada Tiga Segmen Anatomi Tali 
Pusat)
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ABSTrACT

Mesenchymal stem cells (MSCs) are multipotent progenitor cells that are reported to be immune-privileged and immune-
evasive. MSCs are capable of differentiating into specific cell types for subsequent use in cell-based therapy. They 
express low levels of human leucocyte antigen (HLA)-ABC and no HLA-DR. Wharton’s jelly-derived MSCs (WJ-MSCs) 
were also found to express human leukocyte antigen G (HLA-G), which renders them immunosuppressive. This study 
aimed to determine whether cultured WJ-MSCs retain their immune-privileged and immune-evasive properties after 
cell differentiation, and whether these properties differ among MSCs derived from different anatomical segments of the 
umbilical cord. Umbilical cords of healthy pregnant mothers undergoing caesarean section were obtained and grouped 
by three anatomical segments: fetal, middle, and maternal segments. WJ-MSCs were isolated, culture-expanded, and 
differentiated into osteogenic cells. Expression of HLA-DR, HLA-ABC, and HLA-G were quantified using flow cytometry. 
Both undifferentiated and osteodifferentiated WJ-MSCs were subsequently co-cultured with allogeneic peripheral blood 
mononuclear cells with/without lipopolysaccharide (LPS) stimulation for five days. Lymphocyte proliferation assay was 
performed using carboxyfluorescein succinimidyl ester (CFSE) as a tracker. Our results showed no significant difference 
existed in the HLA profiles among WJ-MSCs from different segments and between WJ-MSCs with and without osteogenic 
differentiation. Mean levels for HLA-G, HLABC, and HLA-DR were 24.82±17.64, 52.50±18.41, and 1.00±1.68%, 
respectively. Stimulation with LPS and WJ-MSCs increased peripheral blooc mononuclear cells (PBMC) proliferation. 
However, PBMC proliferation was significantly lower when PBMCs were co-cultured with osteodifferentiated WJ-MSCs (p 
< .05; with LPS stimulation and p < .001 without LPS stimulation) than when they were co-cultured with undifferentiated 
WJ-MSCs. These findings suggest that cultured WJ-MSCs stimulate lymphocyte proliferation and are not immune-privileged. 
Osteodifferentiated WJ-MSCs reduced the immunogenicity of WJ-MSCs, and this reduction in PBMC proliferation was 
even more pronounced in the presence of LPS (p < .05). In conclusion, cultured WJ-MSCs are not immune-privileged. 
Osteodifferentiated WJ-MSCs are less immunogenic than undifferentiated WJ-MSCs, in which case hypoimmunogenicity 
is more profound under LPS-stimulated conditions.
Keywords: Immunomodulation; peripheral blood mononuclear cells; umbilical cord; Wharton’s jelly mesenchymal 
stem cell

ABSTrAk

Sel Stem Mesenkima (MSCs) adalah sel progenitor multipoten yang boleh membeza menjadi sel yang khusus dan 
ini berpotensi digunakan untuk membaikpulih tisu yang rosak. MSC juga mempunyai sifat menindas atau mengelak 
gerak balas imun kerana ia mengungkap antigen leukosit manusia kelas I iaitu HLA-ABC yang rendah malah tidak 
mengungkap antigen leukosit manusia kelas II iaitu HLA-DR. Satu keistimewaan sel stem mesenkima yang dipencil 
daripada bahagian jeli Wharton tali pusat (WJ-MSCs) ialah ia juga menggunakan HLA-G, sejenis antigen leukosit kelas I 
dan ini menyebabkan WJ-MSC mempunyai daya menindas gerak balas imun yang lebih tinggi. Dalam kajian ini, matlamat 
kami adalah untuk menentukan sama ada WJ-MSC yang dipencilkan daripada segmen tali pusat yang berlainan dapat 
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mengekal keistimewaan keimunan asalnya. Tali pusat daripada ibu yang sihat dan menjalani pembedahan caesarean 
telah diperoleh dan dibahagikan kepada tiga segmen anatomi, iaitu segmen bahagian fetus, tengah dan ibu. Selepas 
itu, WJ-MSCs dipencilkan, dikultur dan dibezakan kepada sel osteogenik. Ekspresi HLA-DR, HLA-ABC dan HLA-G diukur 
melalui sitometri aliran. WJ-MSCs yang dibezakan kepada sel osteogenik atau MSC asli dibiakkan bersama dengan sel 
mononuklear darah alogenik dengan atau tanpa rangsangan lipopolisakarida (LPS) selama 5 hari. Ujian proliferasi sel 
limfosit dijalankan menggunakan ester karboksifluoresein sinksinmidil (CFSE) sebagai penanda jejak. Hasil daripada 
kajian ini menunjukkan bahawa tiada perbezaan yang signifikan dalam profil HLA antara WJ-MSCs daripada segmen 
yang berbeza dan juga antara WJ-MSC asli dan WJMSC pembezaan osteogenik. Purata ungkapan HLA-G, HL-ABC dan 
HLA-DR masing-masing adalah 24.82.0±17.64, 52.50±18.41, 1.00±1.68%. Penambahan LPS merangsang proliferasi 
sel limfosit. Tetapi, apabila sel limfosit dikultur bersama dengan WJ-MSC daripada segmen yang berbeza, proliferasi sel 
limfosit menurun (p < .05; dengan rangsangan LPS) dan (p < .001 tanpa rangsangan LPS). Penemuan ini mencadangkan 
bahawa WJ-MSC sebenarnya tidak dapat mengelak gerak balas imun. WJ-MSC pembezaan osteogenik dapat mengurangkan 
keimunogenan WJ-MSC dan penurunan proliferasi sel limfosit adalah lebih ketara apabila sel limfosit dirangsang oleh 
LPS (p < .05). Secara kesimpulan, WJ-MSC tidak dapat mengelak gerak balas imun. WJ-MSC pembezaan osteogenik 
kurang keimunogenan daripada WJ-MSC asli, lebih-lebih lagi jika dirangsang oleh LPS.
Kata kunci: Keimunogenan; sel limfosit; sel stem mesenkima jeli Wharton; tali pusat

InTroDUCTIon

Mesenchymal stem cells (MSCs) are multipotent cells that 
can differentiate into cell lineages of mesodermal origin, 
such as adipocytes, chondrocytes, and osteocytes (Pittenger 
et al. 1999). MSCs can be found in many tissues, such as 
bone marrow; adipose; peripheral blood; mucosa layer; 
and neonatal birth-associated tissues, including placenta, 
umbilical cord, and cord blood. Perhaps, MSCs are stem 
cells that have been well studied for their genomic stability 
and functionality in clinical application, because they 
have great potential for use in regenerative medicine to 
repair and regenerate damaged tissues. The International 
Society for Cellular Therapy has proposed a guideline 
for defining MSCs, in which MSCs must exhibit plastic 
adherent properties in standard culture conditions, exhibit 
trilineage mesodermal differentiation capacity in vitro, 
express specific markers (CD105, CD73, and CD90), and 
lack the expression of hematopoietic markers (CD14, CD 
11b, CD34, CD45, CD19, CD 79a, and human leucocyte 
antigen Dr (hLA-Dr) surface molecules) (Dominici et 
al. 2006).

In addition, from the perspective of sustainability, 
MSCs are in abundance in the body and easily isolated 
from the human body with a less invasive procedure or 
from direct isolates derived from the biological waste 
such as neonatal birth-associated tissues and menstrual 
blood. furthermore, as a source of stem cells, the use of 
MSCs has lesser ethical or risk implications than that of 
embryonic stem cells and induced pluripotent stem cells 

(Leow et al. 2015). They are also more genomically stable 
than induced pluripotent stem cells (Andrews et al. 2017; 
Chen et al. 2014; Lamm et al. 2016; Paula et al. 2015; 
Scheers et al. 2013).

MSCs were first isolated from bone marrow 
(Pittenger et al. 1999), and later from various human 
tissues, such as adipose tissues (Wagner et al. 2005), 
synovia (Lee et al. 2011), human peripheral blood (Ab 
kadir et al. 2012), menstrual blood from the endometrial 
lining (Allickson et al. 2011), human placenta (Vellasamy 
et al. 2012) and Wharton’s Jelly of the umbilical cord (hou 
et al. 2009).

Amongst these MSC sources, Wharton’s jelly-
derived mesenchymal stem cells (WJ-MSCs) have several 
advantages over MSCs from other sources. WJMSCs 
ability to differentiate into adipocytes, osteocytes, and 
cardiomyocytes has been established (Wang et al. 2004). 
In a previous study, WJ-MSCs require shorter population 
doubling time than typical MSCs (Shaer et al. 2014). In 
addition to having the most rapid growth rate, WJ-MSCs 
also exhibited the strongest osteogenic differentiation 
ability, compared to bone marrow-derived, adipose tissue-
derived, and placenta-derived MSCs (Li et al. 2014). 

Tse et al. (2003) had proposed that MSCs are 
immune-privileged because allogeneic MSCs failed to 
stimulate the activation of peripheral blood mononuclear 
cells (PBMCs). following that, researchers proposed that 
MSCs are immune-evasive as they express low levels 
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of major histocompatibility complex class I (MhC I) 
molecules, lack MhC II, secreted interferon-gamma 
(Ifn- γ), and indoleamine 2,3-dioxygenase (IDo); they 
suppressed allogeneic T cell proliferation, and regulatory 
T cells, as well as inhibit natural killer (nk) cell-mediated 
cytolysis (kim et al. 2018). hLA-g, a MhC class I molecule, 
are known to be expressed in the placental tissues to 
mediate immunotolerance between fetus and the mother. 
It has been reported to be expressed in MSCs from various 
sources, such as bone marrow, adipose tissue, and decidua 
(Ivanova-Todorova et al. 2009), thus provided the notion 
that MSCs were immune privileged. high levels of hLA-g 
were proven to protect MSCs against nk cell-mediated 
cytolysis (Selmani et al. 2008; Wang et al. 2011) and inhibit 
T-cell proliferation in vitro (kim et al. 2018). Interestingly, 
WJ-MSCs displayed more prominent hLA-g-induced 
inhibitory effects than other sources of MSCs (kim et al. 
2018). It was further shown that co-culture of WJ-MSCs 
and allogeneic human PBMCs in vitro upregulates hLA-g 
expression in WJ-MSCs (Ding et al. 2016; Lee et al. 2014).

Currently, it is well established that MSCs exert their 
immunosuppressive effect through several mechanisms, 
including the suppression of innate and adaptive immune 
cell activities via the interaction of cytokines, surface 
molecules, and receptors (Bartholomew et al. 2002; Deng 
et al. 2016; glenn & Whartenby 2014; guerrouahen et al. 
2019; Weiss & Dahlke 2019). MSCs also mediate monocyte 
polarization (Abumaree et al. 2013; Cho et al. 2014). 
Monocytes are dormant cells that differentiate into either 
M1 or M2 macrophages, depending on the stimuli. Studies 
show that MSCs can regulate the transformation of M1 
macrophage to M2 macrophages (promptly toward anti-
inflammation properties) via prostaglandin e2 (Ylöstalo 
et al. 2012). hence, MSCs immunomodulatory role in 
regulating inflammation have been proposed (Bernardo 
& Fibbe 2013; Qu et al. 2018), which currently have been 
applied in clinical trials of immune-related diseases such 
as Crohn’s disease, multiple sclerosis, systemic lupus 
erythematosus, type-1 diabetes and graft-versus-host 
disease (Wang et al. 2018).

MSCs have also been induced to commit to specific 
lineage before implantation. Such strategy has been 
adopted by our team for constructing tissue-engineered 
grafts such as bone (ng et al. 2014), cartilage (Ude et 
al. 2015) and nerve (ramli et al. 2019). Liu et al. (2006) 
showed that MSCs retained their immune-privileged and 
immunomodulatory properties even after osteogenic 
differentiation. however, the immunomodulatory 
properties are lost post-implantation. In a hLA mismatched 
setting, osteodifferentiated MSCs from bone marrow and 

adipose tissues showed enhanced hLA-g expression, which 
further increased in inflammatory conditions after the 
addition of Ifn-γ and tumor necrosis factor-alpha (Tnf-α) 
(Montespan et al. 2014). In another study, immune-related 
molecules, such as B7-H3 (CD276) and hLA-e, which are 
characteristic of naive MSCs, were found to be expressed 
in differentiated progeny, suggesting the maintenance of 
immune-privileged properties after differentiation into 
more mature phenotypes (La et al. 2013). 

In our previous studies, the proliferation rate and 
osteogenic potential of human WJ-MSCs was studied 
among three anatomical regions of the umbilical cord, 
and the results showed that middle segment showed the 
lowest proliferation rate and differentiation potential 
in vitro while the maternal segment resulted in greater 
osteogenesis than the middle segment in vivo (Lim et al. 
2018, 2016). however, the immunomodulation potential 
of WJ-MSCs from three different anatomical segments 
has never been compared. Thus, this study aimed to 
investigate the immunomodulatory properties of WJ-MSCs 
derived from three anatomical segments and compare 
their immunomodulatory properties before and after 
osteodifferentiation. 

MATerIALS AnD MeThoDS

ISoLATIon AnD eXPAnSIon of WhArTon’S JeLLY 
MeSenChYMAL STeM CeLLS 

The uses of umbilical cord from human subjects are 
approved by Universiti kebangsaan Malaysia research 
ethics Committee. Umbilical cord samples were collected 
from a consented healthy donor whose pregnancies 
were uneventful and free from complications such as 
pre-eclampsia, gestational Diabetes Mellitus (gDM), 
anaemia, infectious disease, and foetal anomaly. Samples 
were collected from pregnancies of 38 weeks and above 
and delivered via caesarean section (e.g. at least two 
previous scars, failed external cephalic version for 
breech presentation, and asymptomatic placenta previa). 
The whole length of the umbilical cord was identified; 
umbilical cord segment measuring 3 cm each was cut from 
three different segments: 3 cm from fetus (fetal), 3 cm 
from placenta (maternal) and 3 cm of midpoint (middle). 
Collected samples were processed in Tissue engineering 
Centre at Universiti kebangsaan Malaysia Medical 
Centre within 24 h after collection. The segmented cords 
were handled in the aseptic method and processed in 
Biological Safety Cabinet and Laminar flow Cabinet. 
Bloodstains were removed by rinsing the cord with 
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sterile Dulbecco’s Phosphate-Buffered Saline (DPBS) 
(gibco-Invitrogen, nY, USA). After blood vessels were 
removed, the cords were cut and minced into smaller 
pieces approximately 1 mm3 in size by using a sterile 
blade in a petri dish. The WJ-MSCs were harvested by 
using enzymatic digestion method as described previously 
(Lim et al. 2016). Cells from passage four (P4) to passage 
eight (P8) were used for subsequent assays and procedure.

DIfferenTIATIon of MeSenChYMAL STeM CeLLS InTo 
oSTeogenIC LIneAge

Cell culture of passage three with cell confluency of 80% 
was selected for differentiation into the osteogenic lineage. 
The previous medium was removed and osteogenic 
medium consisting of Minimum essential Medium 
(Gibco-Invitrogen), 0.002% Dexamethasone (St.Louis 
Mo), 0.5% β-glycerophosphate (Sigma-Aldrich), 1% 
ascorbic acid (Sigma Aldrich) was added. The osteogenic 
medium was changed every three to four days for three 
weeks to induce osteodifferentiation. Cells were incubated 
at 37 °C in a humidified atmosphere with 5% CO2. 
Osteodifferentiation was confirmed morphologically under 
microscope and mineralization (calcium deposits) was 
detected by alizarin red staining.

DeTeCTIon of hUMAn LeUCoCYTe AnTIgen AnD 
SUrfACe MArker of MSCS

A total of 2×105 cells from each segment of undifferentiated 
and osteodifferentiated WJ-MSCs (P4-P8) were 
resuspended in 500 µL DPBS and stained with 20 µL of 
anti-hLA-Dr (BD-PharmingenTM), anti-hLA ABC (BD-
PharmingenTM) and anti-hLA g (eBioscience) separately. 
2×105 WJ-MSCs were also stained with 10 µL anti-
CD10, anti-CD105, anti-CD29, anti-CD34, anti-CD44, 
anti-CD45 and anti-CD90 to measure the expression of 
those markers. The cells were incubated for 30 min and 
detection was performed by using BD fACSCalibur flow 
Cytometer. 

ISoLATIon of PerIPherAL BLooD MononUCLeAr 
CeLLS (PBMCS)

Peripheral blood was taken from a healthy consented 
donor. About 60 mL was taken and heparinized. The 
PBMCs was extracted by using ficoll-hypaque gradient 
Centrifugation Technique. fresh heparinized blood was 
diluted with DPBS in 1:1 ratio. ficoll-PaqueTM PLUS (ge 
healthcare Life Sciences) was placed at the bottom of 
15 mL conical centrifugation tube, subsequently; blood/
PBS mixture was carefully layered over the ficoll-Paque 

solution. four mL of ficoll-Paque solution was used 
for every 10 mL of blood/DPBS mixture. After that, 
the tube was centrifuged at 400×g for 30 min at room 
temperature in a swinging-bucket rotor with brake off. 
After centrifugation, the tube was carefully removed to 
prevent disruption of the interface. PBMCs were identified 
as the layer in ficoll-plasma interface. Then, the PBMCs 
were carefully aspirated and washed with DPBS twice.

next, PBMCs were re-suspended into 5 mL roswell 
Park Memorial Institute (rPMI) medium 1640 (gibco, 
USA) with 10% heat-inactivated human serum for 
subsequent assay or procedure. The cells were counted 
using haemocytometer by mixing cell suspension with 
trypan blue solution in 9:1 ratio.

ProLIferATIon of PBMCS Co-CULTUreD WITh 
UnDIfferenTIATeD AnD oSTeoDIfferenTIATeD WJ-

MSCS

To evaluate the PBMCs proliferation during co-
culture with WJ-MSCs, PBMCs were labelled with 
carboxyfluorescein succinimidyl ester (CfSe) before 
co-culture with WJ-MSCs. 100 µg vial of CfSe stock 
solution (BioLegend; Cat#422701) was reconstituted 
with anhydrous Dimethyl Sulfoxide to yield a stock 
concentration of 5 mM. first, thoroughly resuspended 
PBMCs in 1 mL of DPBS placed carefully in the 
bottom of a 15 mL falcon tube. Meanwhile, 0.55 µL of 
the 5 mM stock of CfSe was diluted in 110 µL PBS in a 
microcentrifuge tube. Then, the CfSe/DPBS solution was 
homogenized with 1 mL of cells suspension quickly and 
vortex well to ensure uniform mixing of the solution. The 
cells were incubated for 5 min at room temperature in a 
dark environment by covering the tube with aluminium 
foil. The cells were washed in 10 mL of ice-cold DPBS 
containing 5% human serum by centrifuged at 300×g for 
5 min. The supernatant was discarded and the pellet was 
washed twice with DPBS. To produce activated PBMCs 
(aPBMCs), 3×105 PBMCs were stimulated with 10 µg/mL 
lipopolysaccharide (LPS) (Sigma-Aldrich) for 5 days. In 
this study, activated PBMCs were used as positive control 
and non-activated PBMCs were used as negative control.

Undifferentiated and osteodifferentiated WJ-MSCs 
(P4-P8) from three different anatomical regions (i.e. 
fetal, middle & maternal) were seeded in 24-well plates 
at 5×104 cells per well. The experiment was performed 
in triplicates. After WJ-MSCs had attached to the wells 
after three to five days. Then, WJ-MSCs were co-cultured 
with 3×105 pre-labelled PBMCs in each well for five days. 
On day five, PBMCs from the co-culture were stained 
with 7-Amino-actinomycin D (7AAD) (BD Via-Probe 

https://www.lifetechnologies.com/is/en/home/life-science/cell-culture/mammalian-cell-culture/reagents/balanced-salt-solutions/dpbs-dulbeccos.html
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™) according to manufacturer’s recommendation. Cells 
from the culture wells were harvested and centrifuged 
at 300×g for 5 min. The supernatant was discarded and 
the pellet was re-suspended in 200 µL of DPBS. Then, 20 
µL of 7AAD was added and incubated for 10 min. The 
parent and daughter PBMCs can be recognised by flow 
cytometry (BD fACSCalibur). region r1 which represents 
the proliferating PBMCs population was gated to calculate 
the percentage of proliferating PBMCs using the formula 
below: 

STATISTICAL AnALYSIS

All the experiments were conducted in triplicate and 
unpaired student t-test was used to analyse the data. 

reSULTS

WJ-MSCS AnD oSTeoDIfferenTIATeD WJ-MSCS ShAre 
SIMILAr hLA PhenoTYPe

WJ-MSCs were successfully isolated and cultured on a 
standard medium (figure 1(a)), and at passage four, the cells 
were induced into osteogenic lineage for approximately 
three weeks (figure 1(b)). osteogenesis was observed, 
evidenced by the positive calcium deposition with alizarin 
red staining (figure 1(c)). Surface marker characterization 
was performed for both WJ-MSCs and osteodifferentiated 
WJ-MSCs. Standard MSC surface markers were expressed 
in WJ-MSCs and were conserved in osteodifferentiated 
WJ-MSCs, with only a slight reduction in expression of 
CD105 after osteodifferentiation (Table 1). 
 

Percentage of proliferating PBMCs =  Number of events in R1
Number of total events  × 100 

 

fIgUre 1. (a) Undifferentiated WJ-MSCs (b) Osteodifferentiated WJ-
MSCs (c) WJ-MSCs stained with alizarin red for osteogenesis
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TABLe 1. Surface marker characterization of MSCs and osteodifferentiated MSCs by flow cytometry

Surface markers MSCs Osteodifferentiated MSCs

CD10 97.82% 97.84%

CD105 98.95% 93.58%

CD29 99.8% 99.97%

CD34 4.42% 1.54%

CD44 99.56% 99.21%

CD45 0.45% 0.16%

CD90 100% 99.98%

eXPreSSIon of hLA ProfILe on WJ-MSCS AnD 
oSTeoDIfferenTIATeD WJ-MSCS

The hLA profile of each sample was quantified using 
flow cytometry. The minimal expression of hLA-Dr was 
maintained in WJ-MSCs before and after differentiation 
with the mean values of 1.76% and 0.25%, respectively. 
for segment comparison, the mean values of fetal, middle, 
and maternal WJ-MSCs were 2.24%, 2.81%, and 0.22%, 
respectively; whereas those for osteodifferentiated 
WJ-MSC segments were 0.09%, 0.32%, and 0.35%, 
respectively. Thus, a minimal level of hLA-Dr was also 
maintained for every segment (figure 2(a)). The mean 
values for the expression of hLA-ABC for WJ-MSCs and 

osteodifferentiated WJ-MSCs were 55.83% and 49.16%, 
respectively. fetal, middle, and maternal segments 
from MSCs had mean values of 52.36%, 47.78%, and 
67.34%, respectively. For osteodifferentiated WJ-MSCs, 
fetal, middle, and maternal segments had mean values of 
60.66%, 39.46%, and 47.17%, respectively (Figure 2(b)). 
The hLA-g profiles of MSCs and osteodifferentiated WJ-
MSCs were expressed at 26.17% and 23.47%, respectively. 
The hLA-g expressions by fetal, middle, and maternal 
segments from MSCs were 31.6%, 28.52%, and 18.38%, 
respectively; whereas fetal, middle, and maternal segments 
from osteodifferentiated WJ-MSCs were 22.68%, 14.97%, 
and 32.76%, respectively (Figure 2(c)).
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LYMPhoCYTe ProLIferATIon ASSAY

To test for the immune-privileged and immunosuppressive 
properties of allogeneic WJ-MSCs, we co-cultured non-
activated PBMCs or LPS-stimulated PBMCs (activated 
PBMCs; aPBMCs) and WJ-MSCs in 1:6 ratios for five 
days (Figure 3). Under unstimulated conditions, the 
percentages of proliferating PBMCs in each segment 
of undifferentiated WJ-MSCs were 6.01% (fetal), 
8.66% (middle), and 9.1% (maternal); whereas for 
osteodifferentiated WJ-MSCs, the percentages of 
proliferating PBMCs were 8.79% (fetal), 7.1% (middle), 
and 5.63% (maternal). Therefore, for unstimulated 
conditions, osteodifferentiated WJ-MSCs were less 
immunogenic than undifferentiated MSCs (p < .05) 
(figure 4(a)). histogram from day 1 to day 5 showed a 
reduction in the intensity of intracellular CfSe dye.

Under stimulated conditions, the proliferation 
percentages of aPBMCs in the fetal, middle, and maternal 

segments of undifferentiated WJ-MSCs were 5.17%, 7.59%, 
and 7.24%, respectively; whereas for osteodifferentiated 
WJ-MSCs, the proliferation percentages of aPBMCs were 
4.98% (fetal), 4.15% (middle), and 4.84% (maternal). 
Thus, under stimulated conditions, osteodifferentiated 
WJ-MSCs were less immunogenic than undifferentiated 
MSCs (p < .001) (figure 4(b)).

fur the rmore ,  bo th  und i ff e ren t i a t ed  and 
osteodifferentiated WJ-MSCs were less immunogenic in 
stimulated conditions than in unstimulated conditions 
(p < .05). The percentage of proliferating PBMCs 
in undifferentiated WJ-MSCs was 7.93% when 
unstimulated and 6.67% when stimulated with LPS. 
Whereas the percentage of proliferating PBMCs in 
osteodifferentiated WJ-MSCs was 7.18% under 
unstimulated and 4.66% under simulated conditions 
(figure 5).

 (a)

(b)

(c) 

 

 

 

 

 

 

 

2.24 0.092.81 0.320.22 0.35
0

20

40

60

80

100

MSC osteodifferentiated MSC

Pe
rc

en
ta

ge
 o

f h
LA

-D
R

  (
%

)

fetal

Middle

Maternal

n=3

p > .05

52.36
60.86

47.78
39.46

67.34

47.17

0

20

40

60

80

100

MSC osteodifferentiated MSC

Pe
rc

en
ta

ge
 o

f h
LA

-A
B

C
 

(%
) fetal

Middle

Maternal

n=3

p > .05

31.6
22.68

28.52

14.9718.38

32.76

0
10
20
30
40
50
60
70
80
90

100

MSC osteodifferentiated MSC

Pe
rc

en
ta

ge
 o

f h
LA

-G
 (%

)

fetal

Middle

Maternal

n=3

p > .05

fIgUre 2. HLA profile of WJ-MSCs and osteodifferentiated WJ-MSCs for each 
segment. (a) hLA-Dr expression, (b) hLA-ABC expression, and (c) hLA-g 
expression. No significant changes were observed on the HLA expression of 

MSCs before and after osteodifferentiation

fIgUre 3. representative dot plot and histogram for lymphocyte proliferation assay 
a) Three populations of PBMCs namely, proliferating PBMC population (r1), resting 

PBMC population (R2), and debris (R3), were gated. The R1-gated FL1-CFSE histogram 
represents the expression of CfSe on day 1 (green) and day 5 (purple). Shifting of the 

histogram from day 1 to day 5 showed a reduction in the intensity of intracellular CfSe 
dye, indicating the proliferation of PBMCs resulting in daughter cells with lower intensity
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fIgUre 4. The bar graph shows the immunogenicity of undifferentiated and 
osteodifferentiated WJ-MSCs with (a) PBMC and (b) aPBMC. The significant 

analysis of data was performed by combining three anatomical segments of 
MSCs and compared between osteodifferentiated and undifferentiated WJ-MSCs. 

Osteodifferentiated WJ-MSCs were less immunogenic than undifferentiated 
WJMSCs in both PBMCs (p < .05) and aPBMCs (p < .001)
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In the osteodifferentiated WJ-MSC and allogeneic PBMC co-culture, the 
reduction in immunogenicity is even more profound with aPBMCs than 

with non-activated PBMCs (p < .05)
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DISCUSSIon
This  s tudy aimed to invest igate  whether  the 
immunomodulatory properties of WJ-MSCs differ between 
WJ-MSCs from different segments of umbilical cords and 
between osteodifferentiated and undifferentiated WJ-MSCs 
as well as whether the difference, if any, can be correlated 
with its hLA profile. Our result showed that there was 
no significant difference in hLA profile (hLA-ABC, 
hLA-Dr and hLA-g) between three anatomical segments 
of WJ-MSCs and also between the undifferentiated and 
osteodifferentiated WJ-MSCs. There is no significant 
difference in proliferation rate of PBMC or aPBMC 
observed between three different anatomical segments of 
WJ-MSCs. Interestingly, we found that either differentiated 
or non-differentiated WJ-MSCs are not immune-privileged 
but osteodifferentiated WJ-MSCs elicit lesser the immune 
response of aPBMC (reflected by the proliferation 
percentage of aPBMCs) compared to non-activated PBMC.  
This result was supported by the study of Montespan et 
al. (2014), which also showed that the hLA-g expression 
is maintained after WJ-MSCs differentiation. They found 
that undifferentiated and oestodifferentiated MSCs can 
reduce PBMC proliferation as similarly observed in this 
study. 

In terms of hLA-ABC and hLA-Dr expression 
after osteodifferentiation, our findings contradicted 
that Le Blanc et al. (2003) indicated that hLA-ABC 
expression increases after osteodifferentiation. The 
study also addressed that osteodifferentiated WJ-MSCs 
are hypoimmunogenic (do not stimulate the immune 
response) and possess immunomodulation properties 
by suppressing the proliferation of PBMCs, especially in 
oesteodifferentiated WJ-MSCs. The immunomodulation 
property of WJ-MSCs after osteodifferentiation was 
probably mediated via other mechanisms other than 
hLA molecules or surface markers. This is because 
the expression of surface markers of WJ-MSCs was 
slightly decreased in CD34, CD45 and CD105 after 
oesteodifferentiation (Table 1). CD34 and CD45 are 
lineage-specific marker for hematopoietic stem cell (Ema 
et al. 2004; rheinländer et al. 2018); the reduction of 
haematopoietic stem cell surface markers was observed 
after WJ-MSCs differentiation. CD105 is a common 
marker for MSCs; lack of evidence to show the expression 
of CD105 in WJ-MSCs affecting the immunomodulation 
properties WJ-MSCs. 

Interestingly, other surface markers such as CD10, 
CD29, CD44, and CD90 are conserved after WJ-MSCs 
differentiation. We postulated that the immunomodulation 
properties of oesteodifferentiated WJ-MSCs are retained 

due to the preservation of surface markers. A study supports 
our hypothesis that the inactivated or dead MSCs also 
maintain their immunomodulatory abilities via surface 
markers rather than via their secreted cytokines (Luk et 
al. 2016).

Although immunomodulatory capacity may depend 
on surface markers, previous studies have reported that 
MSCs exerts its immunosuppressive effect via both cell-
to-cell contact and soluble factors (ren et al. 2008; 
Weiss et al. 2008). In a seminal study by Di nicola et 
al. (2002), MSCs were shown to inhibit allogeneic T-cell 
proliferation with and without the presence of an immune 
stimulant/activator. The group further demonstrated that 
MSCs separated by a transwell membrane from T-cells 
in a co-culture, maintain their inhibitory effect on T-cell 
proliferation indicating that MSCs also exerted their 
immunosuppressive effect by releasing soluble factors. 
Soluble factor, such as indoleamine 2,3-dioxygenase 
(IDo), prostaglandin (Pge2), transforming growth factor 
(Tgf-β1), nitric oxide (no), hepatocyte growth factor 
(hgf), interleukin-6 (IL-6), IL-10, semaphorin-3A, 
galectin-1 (gal-1) and gal-9 were subsequently proven 
to be involved in the T-cell inhibition by MSCs (Meisel 
et al. 2004).

MSCs were shown to secrete high levels of several 
leukocyte chemokines such as chemokines (C-X-C motif) 
ligand 9 (CXCL9), CXCL10, and CXCL11 which acted 
as chemoattractant for T-cells so that the T-cells could 
be suppressed by MSC when in close proximity. The 
neutralization of CXCr3, a receptor for the T-cell chemokine 
CXCL9, −10, and −11, reverted immunosuppression by 
MSCs, showing the importance of T-cell chemotaxis in 
MSC-mediated immunity (ren et al. 2008). Besides, 
other molecules such as vascular cell adhesion protein 1 
(VCAM-1), intercellular adhesion molecule 1 (ICAM-1), 
and programmed cell death protein 1 (PD-1), have been 
described to participate in T-cell suppression by MSCs 
(ren et al. 2010).

Attenuation of the immunogenicity of implanted 
MSCs is one of the main priorities in tissue engineering 
research. We have demonstrated a possible approach for 
minimizing the immunogenicity of MSCs by inducing 
osteogenic differentiation in MSCs. These data suggest 
that osteogenically-differentiated WJ-MSCs are less 
immunogenic than undifferentiated WJ-MSCs. According 
to a similar study, osteogenically-differentiated WJ-MSCs 
derived from bone marrow display an immunosuppressive 
effect on PBMCs by secreting more IL-10 and Tgf-β, 
unlike undifferentiated MSCs (Liu et al. 2006). 
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This study has its limitations. only three biological 
samples were analyzed in this study. The study should be 
verified with larger sample size in future. In this study, 
stimulation with LPS at a relatively high concentration 
resulted in a weak activation of T-cell proliferation, hence 
other stronger mitogens such as phytohemagglutinin 
(PhA), interleukin-2 (IL-2) or anti-CD3/CD28 beads 
should be used in the future. As mixed lymphocytes 
were used in this study, we could not rule out the 
interplay between different populations of lymphocytes 
especially upon activation with the stimulant. hence, 
it is recommended that future experimentations to be 
carried out with purified fraction of T, NK, and B cells 
so that the immunomodulatory effect of MSCs on the 
respective lymphocyte subpopulation can be elucidated. 
We also recommend that immunomodulatory properties 
for other WJ-MSC-derived lineages, such as adipogenic 
and chondrogenic lineages be investigated. Subsequently, 
the soluble factors responsible for the immunomodulatory 
properties of WJ-MSCs will need to be identified. 

ConCLUSIon

WJ-MSCs are not immune-privileged but immune-
evasive to PBMCs. No statistically significant difference 
could be established in immunomodulatory properties 
among WJ-MSCs derived from different segments of the 
umbilical cord. osteodifferentiated WJ-MSCs showed 
lesser immunogenicity than undifferentiated WJ-MSCs. 
The reduction in immunogenicity of osteodifferentiated 
WJ-MSCs is even more pronounced in activated PBMC co-
cultured conditions. Hence, allogenic osteodifferentiated 
WJ-MSCs can be further explored as a potential off-the-
shelf product for bone regeneration.
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