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ABSTRACT revised to around 250 words

Background

Mesenchymal stem cells (MSCs) are multipotent cells capable of differentiating into
osteocytes, chondrocytes, and adipocytes, which makes them valuable for regenerative
medicine. Isolation of post-partum umbilical cord Wharton’s jelly stem cells has gained
attention as an alternative source of the bone marrow. MSCs derived from Wharton’s Jelly in
the human umbilical cord (WJ-MSCs) are particularly promising due to non-invasive
collection, high proliferation, and immunomodulatory properties. The aim of this study was to

present the relevant methods for the isolation and characterization of Wharton's jelly-derived

MScs. Fhis-study-deseribes-the-first-suecessful-isolation-and-charaeterization-of- WI-MSCs-at
GotongRoyong Hospital:

Methods

Human umbilical cords from three healthy donors were collected immediately post-cesarean
section, meeting strict inclusion criteria. The WJ-MSCs were isolated using an explant culture
technique in aseptic conditions, with cells adhering to T75 flasks pre-coated with 2% gelatin.
Cultures were maintained in Dulbecco’s modified Eagle medium (DMEM : brand, USA)
supplemented with 10% Human AB serum, and growth was monitored for 21 days. Flow
cytometry was conducted using BD FACSAria to assess expression of MSC markers CD105,
CD73, CD90, and CD44, as well as the exclusion marker CD45, at Passages 1 and 5.

Results

The isolated WJ-MSCs displayed fibroblast-like morphology characteristic of MSCs by
Passage 1, with consistent, robust proliferation over 21 days. Flow cytometry revealed that

CD44 was the only highly expressed marker (~60%) at Passage 1, while CD105, CD73, and



CD90 became prominent by Passage 5. CD45 levels remained low, though detectable,
suggesting minimal hematopoietic contamination. This expression pattern differs from MSCs
derived from the cord-placental junction (CPJ), which tend to display higher and earlier marker
expression.

Conclusions

The present study has revealed the feasibility of the culture medium with ............. in isolation

and proliferation of WJ-MSCs.

effective, the protocol’s 21-day outgrowth period may benefit from further optimization to

improve scalability, such as adjustments in serum concentration, substrate coatings, and

oxygen levels. The findings also indicate the potential advantage of CPJ-MSCs for applications

requiring rapid cell expansion and robust marker profiles. This—protocolpaves—the—~wayfor

Keywords: Wharton’s jelly, mesenchymal stem cells, isolation, flow cytometry, regenerative
medicine

INTRODUCTION

lMesenchymal] stem cells (MSCs) are multipotent stromal cells capable of differentiating into
various cell types, such as osteocytes, chondrocytes, and adipocytes, making them valuable for
regenerative medicine. Mesenchymal stem cells are characterized by a specific set of surface

markers that distinguish them from other cell types, particularly hematopoietic cells. According
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to the International Society for Cellular Therapy (ISCT), MSCs must express CD105, CD73,
and CD90, which are markers associated with cell adhesion, growth, and differentiation
potential. ) CD105, or endoglin, plays a role in cell proliferation and vascular development,
@ while CD73 and CD90 contribute to immunomodulation and cell-cell interactions. G¥
CDA44, a receptor for hyaluronic acid, is also commonly expressed on MSCs and is involved in
cell adhesion, migration, and homing, which are essential for therapeutic applications.
Importantly, MSCs are negative for CD45, a pan-leukocyte marker, which ensures the
exclusion of hematopoietic lineage cells. © This unique combination of surface markers—
CD105, CD73, CD90, and CD44, with the absence of CD45—confirms the purity and identity
of MSCs, supporting their use in clinical and research settings. 7

The potential of MSCs for regenerative medicine has led to extensive research on various
sources of MSCs, including those derived from Wharton’s Jelly of the human umbilical cord
(WJ-MSCs). Wharton’s Jelly of the human umbilical cord offer unique advantages, including
non-invasive collection methods, high proliferation rates, and immunomodulatory properties,
making them a promising cell type for therapeutic applications. ® However, isolation and
expansion methods must be refined to ensure the viability and consistency of WJ-MSCs.
Describe the results of previous similar studies. What was the results, consistent or
inconclusive, Describe the difference between your study and the similar previous studies,
This was the novelty of your study. You have to describe it. There were a lot of previous
similar studies, you have to describe the difference between your study and the similar
previous studies

Describe the objective of your study

A study has revealed the feasibility of the culture medium with high glucose and 15% FBS in
isolation and proliferation of WJ-MSCs. When Wharton's jelly pieces were put in the dry

bottom of the flask, very effective separation of the MSCs was achieved. (Ranjbaran H,



Abediankenari S, Mohammadi M, et al. Wharton's jelly derived-mesenchymal stem cells:
isolation and characterization. Acta Med Iran 2018;56:28-33.) Another study found that the
isolation and characterization of UC-W1J cells in a serum-free condition and maintenance of
primitive mesenchymal phenotype. The culture was stable under 60 consecutive passages with
no genetic abnormalities and proliferating ratios. Taken together all results, it was possible to

demonstrate an easy way to isolate and culture of bovine-derived UC-WJ cells under 2D and
3D serum-free condition, from fetal adnexa with a great potential in cell therapy and
biotechnology. (Cardoso TC, Ferrari HF, Garcia AF, et al. Isolation and characterization of
Wharton’s jelly-derived multipotent mesenchymal stromal cells obtained from bovine
umbilical cord and maintained in a defined serum-free three-dimensional system. BMC
Biotechnology 2012, 12:18). A study found that the primary cultures exhibited success in
isolating the umbilical cord Wharton’s jelly mesenchymal stem cells, which maintained their
tri-lineage differentiation potential, phenotypes and karyotype characteristics on further
passage and expansion. (Abouelnaga H, El-Khateeb D, Moemen Y, El-Fert A, Elgazzar M,
Khalil A.. Characterization of mesenchymal stem cells isolated from Wharton’s jelly of the

human umbilical cord. Egyptian Liver J 2022; 12:2. https://doi.org/10.1186/s43066-021-

00165-w.)
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Isolation of human umbilical cord-derived mesenchymal stem cells (WJ-MSCs)

Human umbilical cords were collected from 3 (three) patients in Gotong Royong Hospital,
immediately following caesarean section, within 5 minutes of placental removal to ensure
optimal cell viability. Patient selection included strict criteria: only umbilical cords from
healthy pregnancies without maternal or fetal complications were used. Specifically, cases of
preeclampsia, metabolic disorders, infections, or abnormal umbilical cord coiling were
cxcluded. Fhe-ethical-approval-was-ebtained:

Upon retrieval, each umbilical cord was placed in a sterile container with Dulbecco’s Modified
Eagle Medium (DMEM) containing 1% penicillin/streptomycin/amphotericin B and

transported to the laboratory under aseptic conditions.

Preparation and culture of WJ-MSCs

In a laminar flow cell culture hood to maintain aseptic technique, each umbilical cord was first
washed thoroughly with Hank's Balanced Salt Solution (HBSS) containing 1%
penicillin/streptomycin/amphotericin B. Blood vessels were carefully removed from the
Wharton’s Jelly tissue to isolate the mesenchymal-rich regions, minimizing potential
contamination, and promoting a higher yield of mesenchymal stem cells (MSCs). The
remaining Wharton’s Jelly tissue was cut into approximately 2 mm? pieces, which were then
placed in T75 culture flasks precoated with 2% gelatin to enhance cellular adherence.
The tissue explants were left undisturbed for 7 days to allow cells to attach to the surface. !
The culture medium, composed of DMEM supplemented with 10% Human AB serum and
0.1% penicillin/streptomycin/amphotericin B, was carefully added to prevent dislodging the

tissue fragments. Medium was replaced every 3 days, and cell outgrowth was monitored

microscopically. After 21 days, successful outgrowth and proliferation of Passage 1 (P1) cells



were observed, characterized by the spindle-shaped, fibroblast-like morphology typical of

MSCs.

Flow cytometry analysis

Flow cytometry was employed to phenotype Wharton’s Jelly-derived mesenchymal stem cells
(WJ-MSCs) isolated at Passage 2 and Passage 6 using a BD FACSAria flow cytometer (BD
Biosciences). To assess the expression of key mesenchymal and hematopoietic markers, three
antibody panels were prepared with mouse monoclonal antibodies specific to human antigens.
Panel 1 included anti-human CD105 (clone 43A3, Alexa Fluor 488, BioLegend) and anti-
human CD45 (clone H130, FITC, BioLegend); Panel 2 included anti-human CD73 (clone AD2,
PE, BioLegend) and anti-human CD90 (clone 5E10, PE/Cy7, BioLegend); and Panel 3
included anti-human CD44 (clone IM7, PE, Elabscience). For each panel, 10"6cells in 100ul
were aliquoted into individual tubes, and 2.5 puL of each antibody was added to each sample.
The cells were incubated for 1 hour at 4°C in the dark to optimize antibody binding and prevent
photobleaching. After incubation, cells were washed twice with staining buffer (PBS with 1%
BSA) to remove unbound antibodies and resuspended in 500 pL of buffer for analysis.
Gating parameters was set to exclude debris and non-viable cells based on forward and side
scatter properties. Unstained controls were applied to correct for spectral overlap among
fluorophores. Expression of CD105, CD73, CD90, and CD44 was assessed to confirm MSC
phenotype, while CD45 was used to exclude hematopoietic contamination. ') Data were
analyzed to determine the percentage of cells expressing each marker, providing a

comprehensive phenotypic profile of WJ-MSCs across passages.

Ethical clearance



The ethical clearance for collecting the human tissue was obtained from medical Faculty,

Universitas Hang Tuah (E/006/UHT.KEPK.03/11/2024)

Statistical analysis
GraphPad Prism version 8.0.1 was used for data presentation. Unpaired t-tests were employed
to compare relative intensity differences between specific groups. A p-value < 0.05 is

considered significant. All data were presented as mean + standard deviation (SD).

RESULTS

Isolation and culture of Wharton’s jelly-derived MSCs

The isolation of Wharton’s Jelly-derived mesenchymal stem cells (WJ-MSCs) was achieved
through the explant culture method, allowing MSCs to be successfully obtained from human
umbilical cord tissue. Following isolation, WJ-MSCs adhered to the culture surface within the
first few days, and after 21 days in culture, Passage 1 (P1) showed significant cell proliferation.
The MSCs exhibited a characteristic fibroblast-like morphology (see figure 1), typical of
mesenchymal cells, with elongated, spindle-shaped bodies and a uniform, flattened appearance.
Cells were tightly adherent, forming a monolayer with parallel, aligned arrangements. The
morphology of the cells remained stable through Passage 14 (P14), showing no signs of
senescence or morphological abnormalities. This consistent fibroblast-like morphology, with
the presence of prominent cell projections and well-defined cellular boundaries, suggests that
the WJ-MSCs maintained their mesenchymal characteristics and were successfully expanded

in primary culture.

Phenotypic characterization of WJ-MSCs by flow cytometry



To confirm the MSC phenotype, we performed flow cytometric analysis on WJ-MSCs passage
5 (P5), assessing the expression of key surface markers (see figure 2). The gating strategy
effectively isolated MSC populations, and the analysis revealed high expression levels of CD73
and CD90, alongside positive populations for CD105. Additionally, the cells were negative for
CDA45, confirming the absence of hematopoietic contamination (Figure 2). Positive CD44
expression further validated the MSC phenotype, affirming the cells' stem cell characteristics

and purity.

Comparative analysis of surface markers at different passages

Comparisons of WI-MSC surface markers between P1 and P5 revealed significant differences
in marker expression (see figure 3). At Passage 1, the MSCs demonstrated a statistically
significant increase in pluripotency surface markers compared to the negative phenotype CD45
(p= ‘0‘.01). By P35, a dramatic increase in CD105, CD90, CD73, and CD44 expression was
observed, with statistical significance (p < 0.0001) (Figure 3). These findings indicate robust
MSC proliferation and stable expression of essential stem cell markers across passages,
supporting the successful expansion and maintenance of MSC characteristics through

successive passages.

DISCUSSION
This study successfully demonstrates the isolation and characterization of Wharton’s Jelly-

derived mesenchymal stem cells (WJ-MSCs) from human umbilical cords collected at-Getong

cells exhibited typical MSC morphology and a stable phenotype through early passages,

supporting their potential for future research and clinical applications. '». However, despite
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overall success, the detection of low levels of CDA45 expression indicates potential
hematopoietic contamination. ! This may be attributed to residual blood cells within the
Wharton’s Jelly, as complete removal of all blood vessels can be challenging in clinical
settings. 13 Future refinements could include additional washes or enzymatic treatments to
further minimize CD45-positive cells, improving the MSC purity and strengthening the clinical
potential of these cells. ¥

Interestingly, recent ‘studies‘ have highlighted the potential of MSCs derived specifically from
the cord-placental junction, which may offer advantages over WJ-MSCs in terms of cellular
yield, differentiation potential, and immunomodulatory properties. !> MSCs from the cord-
placental junction have shown enhanced proliferation rates and greater multilineage
differentiation capabilities compared to WJ-MSCs, likely due to their proximity to the placenta
and the rich microenvironmental cues present there .'® Exploring the isolation of MSCs from
this region could expand the scope of stem cell research at Gotong Royong Hospital, potentially
yielding MSCs with more robust properties for regenerative therapies.

Our analysis of MSC surface marker expression showed unique patterns across different
passages, specifically with P1 exhibiting only high CD44 expression (approximately 60%)
while other markers, including CD105, CD73, and CD90, were undetectable. This selective
expression at P1 could reflect an early stage in MSC culture, where cells prioritize adhesion
and migration functions, as CD44 is a receptor for hyaluronic acid involved in cell adhesion
and motility. 1317 successive passages, notably by P5, all MSC markers (CD105, CD73, CD90,
and CD44) reached high expression levels, suggesting that these cells may require additional
time or specific culture conditions to fully upregulate markers associated with mesenchymal
identity and functionality. CD45, as expected, remained low across passages, though its
continued detectability indicates potential residual hematopoietic contamination, a finding that

aligns with reports from|other studies on WJ-MSCs. (') Interestingly, this marker pattern differs
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from MSCs derived from the cord-placental junction (CPJ-MSCs), which tend to express high
levels of all MSC markers, including CD105, CD73, and CD90, and lower CD45. These
differences may arise from microenvironmental factors unique to CPJ-MSCs that accelerate
marker expression and MSC commitment earlier in culture, highlighting the potential value of
CP]J as an alternative MSC source for applications requiring rapid cell expansion and stable
marker profiles. ©

Another area for improvement in our protocol is the lengthy outgrowth period, as cell
attachment and expansion required 21 days before reaching significant confluence. Long
outgrowth times can limit scalability and delay potential downstream applications. (¥
Optimizing the initial explant culture conditions could reduce this outgrowth period, thereby
increasing efficiency. This might include using higher serum concentrations, pre-coating
culture surfaces with adhesion-promoting molecules such as fibronectin, or adjusting oxygen
levels to more closely mimic the native environment of umbilical cord MSCs. 1*29 Reducing
the outgrowth time will not only streamline the MSC isolation process but also decrease the
potential for cell senescence and culture-induced variations, ultimately improving the
consistency and reliability of the cells obtained for research and therapeutic use.

Describe the limitation of the study, clinical implication of the study and future directions

CONCLUSION

This study demonstrated that ............ this in only an example the isolation and

characterization of WJ-MSCs was achieved with high purity and obtained at a more suitable
time. This research showed that the culture with high glucose and 15%FBS with putting pieces

of Wharton's Jelly to the dried bottom flask achieved a very effective separation of the MSCs.
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Human Umbilical Cord
Wharton-Jelly

I-Exi)lént Mesenchymal Stem Cells P1/5

Figure 1. Explant culture of Wharton’s jelly-derived MSCs

The initial explant culture of Wharton's jelly-derived mesenchymal stem cells (WJ-MSCs) was
isolated from human umbilical cords. The explant technique and subsequent cell morphology
are shown, with primary cultures demonstrating successful MSC adherence and proliferation.
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Figure 2. Representative flow cytometric analysis of WJ-MSC surface markers

The flow cytometric gating strategy assesses key surface markers on WJ-MSCs, confirming
their stem cell characteristics (upper left). The expression levels of positive markers are shown
in the upper middle (CD73, CD90), with CD105-positive and CD45-negative populations (Q1



for CD105; Q2 for CD45; upper right), as well as CD44-positive populations (lower graphic),
verifying the MSC phenotype.
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Figure 3. Comparative cell surface markers of WJ-MSCs at passage 1 and passage 5

Compared to the negative phenotype (CD45), WJ-MSCs demonstrate a significant increase in
surface markers at passage 1 (p=(0|.01), However, a dramatic increase was observed in CD105,
CD90, CD73, and CD44 surface markers at passage 5 (p < 0.000), indicating successful MSC

proliferation and phenotype stability across passages.
Statistical analysis was conducted using one-way ANOVA with post-hoc tests to determine

significance between groups. p-values were calculated using GraphPad Prism, with
significance levels denoted as follows: p < 0.05 (*), p < [O].Ol (**), p <0.001 (***), and p <
0.000 (***%*),
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ABSTRACT

Background:

Mesenchymal stem cells (MSCs) are multipotent cells capable of differentiating into
osteocytes, chondrocytes, and adipocytes, which makes them valuable for regenerative
medicine. MSCs derived from Wharton’s Jelly in the human umbilical cord (WJ-MSCs) are
particularly promising due to non-invasive collection, high proliferation, and
immunomodulatory properties. This study describes the first successful isolation and
characterization of WJ-MSCs at Gotong Royong Hospital.

Methods:

Human umbilical cords from three healthy donors were collected immediately post-cesarean
section, meeting strict inclusion criteria. The WJ-MSCs were isolated using an explant culture
technique in aseptic conditions, with cells adhering to T75 flasks pre-coated with 2% gelatin.
Cultures were maintained in DMEM supplemented with 10% Human AB serum, and growth
was monitored for 21 days. Flow cytometry was conducted using BD FACSAria to assess
expression of MSC markers CD105, CD73, CD90, and CD44, as well as the exclusion marker
CDA45, at Passages 1 and 5.

Results:

The isolated WJ-MSCs displayed fibroblast-like morphology characteristic of MSCs by
Passage 1, with consistent, robust proliferation over 21 days. Flow cytometry revealed that
CD44 was the only highly expressed marker (~60%) at Passage 1, while CD105, CD73, and
CD90 became prominent by Passage 5. CD45 levels remained low, though detectable,
suggesting minimal hematopoietic contamination. This expression pattern differs from MSCs
derived from the cord-placental junction (CPJ), which tend to display higher and earlier marker
expression.

Conclusions:

This study successfully establishes a foundational protocol for WJ-MSC isolation and
expansion at Gotong Royong Hospital, supporting local stem cell research initiatives. While
effective, the protocol’s 21-day outgrowth period may benefit from further optimization to
improve scalability, such as adjustments in serum concentration, substrate coatings, and
oxygen levels. The findings also indicate the potential advantage of CPJ-MSCs for applications
requiring rapid cell expansion and robust marker profiles. This protocol paves the way for
future research and clinical applications of WJ-MSCs within the hospital’s healthcare system.

Keywords: Wharton’s Jelly; Mesenchymal Stem Cells; Isolation; Flow Cytometry;
Regenerative Medicine



INTRODUCTION

Mesenchymal stem cells (MSCs) are multipotent stromal cells capable of differentiating into
various cell types, such as osteocytes, chondrocytes, and adipocytes, making them valuable for
regenerative medicine. MSCs are characterized by a specific set of surface markers that
distinguish them from other cell types, particularly hematopoietic cells. Aceording—to—the

se&mgﬁ—éH%H—et—al,—ZGlé-}Accordmg to the lnternauonal Soc1ety for Cellular Therapy
(ISCT), MSCs must express CD105, CD73, and CD90, which are markers associated with cell
adhesion, growth, and differentiation potential (1). CD105, or endoglin, plays a role in cell
proliferation and vascular development(2). while CD73 and CD90 contribute to
immunomodulation and cell-cell interactions (3.4). CD44. a receptor for hyaluronic acid, is

also commonly expressed on MSCs and is involved in cell adhesion, migration, and homing,
which are essential for therapeutic applications (5). Importantly, MSCs are negative for CD45,

a pan-leukocyte marker, which ensures the exclusion of hematopoietic lineage cells (6). This
unique combination of surface markers—CD105, CD73, CD90, and CD44, with the absence
of CD45—confirms the purity and identity of MSCs, supporting their use in clinical and
research settings (7).

The potential of mesenchymal stem cells (MSCs) for regenerative medicine has led to extensive
research on various sources of MSCs, including those derived from Wharton’s Jelly of the
human umbilical cord (WJ-MSCs). WJ-MSCs offer unique advantages, including non-invasive
collection methods, high proliferation rates, and immunomodulatory properties, making them
a promising cell type for therapeutic applications Kamab-MM—et-a/52020)(8). However,
isolation and expansion methods must be refined to ensure the viability and consistency of WJ-
MSCs. In this study, we present the first successful isolation and characterization of WJ-MSCs
conducted at Gotong Royong Hospital, demonstrating the feasibility of establishing a protocol
for obtaining viable WJ-MSCs from human umbilical cords and expanding them in culture.

The establishment of this protocol at Gotong Royong Hospital not only provides a new avenue
for local research in stem cell therapy but also lays the groundwork for future clinical
applications and cell-based treatments. Patient selection in this study involved strict criteria,
ensuring that only umbilical cords from healthy pregnancies were used, thus optimizing the
quality and viability of the cells obtained. Ethical approval was secured, and careful steps were
taken to remove blood vessels and isolate the Wharton’s Jelly, maximizing MSC yield. This
standardized approach enables a reliable source of WJ-MSCs, critical for any future
applications in regenerative medicine and disease modelling.

Our results show that the WJ-MSCs isolated through this protocol display a fibroblast-like
morphology characteristic of MSCs, with consistent morphology observed through the first



passage. Using a detailed explant culture method, we were able to cultivate and expand WJ-
MSCs, which adhered to the culture surface within days and proliferated significantly over 21
days. These cells retained their mesenchymal characteristics, evidenced by their elongated,
spindle-shaped morphology and high proliferation rate. Such morphological consistency is
essential for the continued use of these cells in therapeutic research, where cell integrity and
stability are paramount.

In addition to morphological assessment, flow cytometry analysis was employed to confirm
the MSC phenotype, assessing the expression of surface markers CD105, CD73, CD90, and
CD44, with CD45 as a hematopoietic exclusion marker. This phenotypic profile aligns with
the International Society for Cellular Therapy (ISCT) guidelines for MSC characterization,
confirming the cells' stem cell identity and purity across passages. This study thus establishes
a foundational WJ-MSC isolation and expansion protocol at Gotong Royong Hospital, creating
significant potential for future cell therapy research and applications within the hospital and
the broader scientific community.

MATERIAL METHODS

Isolation of Human Umbilical Cord-Derived Mesenchymal Stem Cells (WJ-MSCs)
Human umbilical cords were collected from 3 (three) patients in Gotong Royong Hospital,
immediately following caesarean section, within 5 minutes of placental removal to ensure
optimal cell viability. Patient selection included strict criteria: only umbilical cords from
healthy pregnancies without maternal or fetal complications were used. Specifically, cases of
preeclampsia, metabolic disorders, infections, or abnormal umbilical cord coiling were
excluded. The ethical approval was obtained.

Upon retrieval, each umbilical cord was placed in a sterile container with Dulbecco’s Modified
Eagle Medium (DMEM) containing 1% penicillin/streptomycin/amphotericin B and
transported to the laboratory under aseptic conditions.

Preparation and Culture of WJ-MSCs

In a laminar flow cell culture hood to maintain aseptic technique, each umbilical cord was first
washed thoroughly with Hank's Balanced Salt Solution (HBSS) containing 1%
penicillin/streptomycin/amphotericin B. Blood vessels were carefully removed from the
Wharton’s Jelly tissue to isolate the mesenchymal-rich regions, minimizing potential
contammatlon and promotmg a hlgher yleld of mesenchymal stem cells (MSCS) Fhe

FodtenhauptP—etaf520223).The remaining Wharton’s Jelly tissue was cut into approximately
2 mm? pieces, which were then placed in T75 culture flasks precoated with 2% gelatin to

enhance cellular adherence (9).

Fhe-tisste-explants—weretettundisturbedfor 7days—to—alow—ecelstoattachto-the surface
(Hendijani; E—et-af2017)-The tissue explants were left undisturbed for 7 days to allow cells

to attach to the surface (10). The culture medium, composed of DMEM supplemented with

10% Human AB serum and 0.1% penicillin/streptomycin/amphotericin B, was carefully added
to prevent dislodging the tissue fragments. Medium was replaced every 3 days, and cell
outgrowth was monitored microscopically. After 21 days, successful outgrowth and
proliferation of Passage 1 (P1) cells were observed, characterized by the spindle-shaped,
fibroblast-like morphology typical of MSCs.

Flow cytometry analysis



Flow cytometry was employed to phenotype Wharton’s Jelly-derived mesenchymal stem cells
(WJ-MSCs) isolated at Passage 2 and Passage 6 using a BD FACSAria flow cytometer (BD
Biosciences). To assess the expression of key mesenchymal and hematopoietic markers, three
antibody panels were prepared with mouse monoclonal antibodies specific to human antigens.
Panel 1 included anti-human CD105 (clone 43A3, Alexa Fluor 488, BioLegend) and anti-
human CD45 (clone H130, FITC, BioLegend); Panel 2 included anti-human CD73 (clone AD2,
PE, BioLegend) and anti-human CD90 (clone 5E10, PE/Cy7, BioLegend); and Panel 3
included anti-human CD44 (clone IM7, PE, Elabscience). For each panel, 10"6cells in 100ul
were aliquoted into individual tubes, and 2.5 puL of each antibody was added to each sample.
The cells were incubated for 1 hour at 4°C in the dark to optimize antibody binding and prevent
photobleaching. After incubation, cells were washed twice with staining buffer (PBS with 1%
BSA) to remove unbound antibodies and resuspended in 500 pL of buffer for analysis.
Gating parameters was set to exclude debris and non-viable cells based on forward and side
scatter properties. Unstained controls were applied to correct for spectral overlap among
fluorophores. St = ¢ SIS SESS :

2048).Expression _of CD105, CD73, CD90, and CD44 was assessed to confirm MSC
phenotype, while CD45 was used to exclude hematopoietic contamination (11). Data were
analyzed to determine the percentage of cells expressing each marker, providing a
comprehensive phenotypic profile of WJ-MSCs across passages.

Ethical clearance
The ethical clearance for collecting the human tissue was obtained from medical Faculty,
Universitas Hang Tuah (E/006/UHT.KEPK.03/11/2024)

Statistical analysis

GraphPad Prism version 8.0.1 was used for data presentation. Unpaired t-tests were employed
to compare relative intensity differences between specific groups. A p-value < 0.05 is
considered significant. All data were presented as mean + standard deviation (SD).

RESULTS

Isolation and Culture of Wharton’s Jelly-Derived MSCs

The isolation of Wharton’s Jelly-derived mesenchymal stem cells (WJ-MSCs) was achieved
through the explant culture method, allowing MSCs to be successfully obtained from human
umbilical cord tissue. Following isolation, WJ-MSCs adhered to the culture surface within the
first few days, and after 21 days in culture, Passage 1 (P1) showed significant cell proliferation.
The MSCs exhibited a characteristic fibroblast-like morphology (see figure 1), typical of
mesenchymal cells, with elongated, spindle-shaped bodies and a uniform, flattened appearance.
Cells were tightly adherent, forming a monolayer with parallel, aligned arrangements. The
morphology of the cells remained stable through Passage 14 (P14), showing no signs of
senescence or morphological abnormalities. This consistent fibroblast-like morphology, with
the presence of prominent cell projections and well-defined cellular boundaries, suggests that
the WJ-MSCs maintained their mesenchymal characteristics and were successfully expanded
in primary culture.

Phenotypic Characterization of WJ-MSCs by Flow Cytometry

To confirm the MSC phenotype, we performed flow cytometric analysis on WJ-MSCs passage
5 (P5), assessing the expression of key surface markers (see figure 2). The gating strategy
effectively isolated MSC populations, and the analysis revealed high expression levels of CD73



and CD90, alongside positive populations for CD105. Additionally, the cells were negative for
CD45, confirming the absence of hematopoietic contamination (Figure 2). Positive CD44
expression further validated the MSC phenotype, affirming the cells' stem cell characteristics
and purity.

Comparative Analysis of Surface Markers at Different Passages

Comparisons of WI-MSC surface markers between P1 and P5 revealed significant differences
in marker expression (see figure 3). At Passage 1, the MSCs demonstrated a statistically
significant increase in pluripotency surface markers compared to the negative phenotype CD45
(P = 0.01). By P5, a dramatic increase in CD105, CD90, CD73, and CD44 expression was
observed, with statistical significance denoted as ***P < 0.0001 (Figure 3). These findings
indicate robust MSC proliferation and stable expression of essential stem cell markers across
passages, supporting the successful expansion and maintenance of MSC characteristics through
successive passages.

DISCUSSION

This study successfully demonstrates the isolation and characterization of Wharton’s Jelly-
derived mesenchymal stem cells (WJ-MSCs) from human umbilical cords collected at Gotong
Royong Hospital. Our findings confirm the feasibility of establishing a reliable protocol for
obtaining viable WJ-MSCs locally, marking the first successful effort at this institution. Fhese

2022).These cells exhibited typical MSC morphology and a stable phenotype through early
passages, supporting their potential for future research and clinical applications (12). However,
despite overall success, the detection of low levels of CD45 expression indicates potential
hematopoietic contamination (11). This may be attributed to residual blood cells within the
Wharton’s Jelly, as complete removal of all blood vessels can be challenging in clinical settings
(13). Future refinements could include additional washes or enzymatic treatments to further
minimize CD45-positive cells, improving the MSC purity and strengthening the clinical
potential of these cells (14).




Interestingly, recent studies have highlighted the potential of MSCs derived specifically from
the cord-placental junction, which may offer advantages over WJ-MSCs in terms of cellular

yield, differentiation potential, and immunomodulatory properties (15). MSCs from the cord-
placental junction have shown enhanced proliferation rates and greater multilineage
differentiation capabilities compared to WI-MSCs, likely due to their proximity to the placenta
and the rich microenvironmental cues present there (16). Exploring the isolation of MSCs from
this region could expand the scope of stem cell research at Gotong Royong Hospital, potentially
yielding MSCs with more robust properties for regenerative therapies.

Qur analysis of MSC surface marker expression showed unique patterns across different
passages, specifically with P1 exhibiting only high CD44 expression (approximately 60%)
while other markers, including CD105, CD73, and CD90. were undetectable. This selective
expression at P1 could reflect an early stage in MSC culture, where cells prioritize adhesion
and migration functions, as CD44 is a receptor for hyaluronic acid involved in cell adhesion
and motility (15,17). successive passages, notably by P5, all MSC markers (CD105, CD73
CD90, and CD44) reached high expression levels, suggesting that these cells may require
additional time or specific culture conditions to fully upregulate markers associated with
mesenchymal identity and functionality. CD45, as expected, remained low across passages
though its continued detectability indicates potential residual hematopoietic contamination, a
finding that aligns with reports from other studies on WJ-MSCs (11). Interestingly, this marker
pattern differs from MSCs derived from the cord-placental junction (CPJ-MSCs), which tend
to express high levels of all MSC markers, including CD105, CD73, and CD90, and lower
CD45. These differences may arise from microenvironmental factors unique to CPJ-MSCs that
accelerate marker expression and MSC commitment earlier in culture, highlighting the
potential value of CPJ as an alternative MSC source for applications requiring rapid cell
expansion and stable marker profiles (9).

Another area for improvement in our protocol is the lengthy outgrowth period, as cell
attachment and expansion required 21 days before reaching significant confluence. Long
outgrowth times can limit scalability and delay potential downstream applications (Bediou V-
tet—al—2024)(18). Optimizing the initial explant culture conditions could reduce this
outgrowth period, thereby increasing efficiency. This might include using higher serum
concentrations, pre-coating culture surfaces with adhesion-promoting molecules such as
fibronectin, or adjusting oxygen levels to more closely mimic the native environment of



umbilical cord MSCs (Menizt—et-al52022:Kasten; A—et-al52044)(19.20). Reducing the

outgrowth time will not only streamline the MSC isolation process but also decrease the
potential for cell senescence and culture-induced variations, ultimately improving the
consistency and reliability of the cells obtained for research and therapeutic use.

In conclusion, this study establishes a foundational protocol for WJ-MSC isolation at Gotong
Royong Hospital, creating new opportunities for cell-based therapies and research within the
local healthcare system. Although minor challenges, such as the presence of CD45-positive
cells and prolonged outgrowth, remain, the success of this protocol provides a strong basis for
further innovation and optimization. Future work could build upon this study by investigating
MSCs from the cord-placental junction, refining isolation techniques, and reducing culture
times, all of which would enhance the therapeutic applicability of MSCs derived at Gotong
Royong Hospital. This research not only contributes to the field of regenerative medicine but
also has the potential to open new pathways for personalized cellular therapies.
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Figure 1: Explant Culture of Wharton’s Jelly-Derived MSCs



The initial explant culture of Wharton's Jelly-derived mesenchymal stem cells (WJ-MSCs) was
isolated from human umbilical cords. The explant technique and subsequent cell morphology
are shown, with primary cultures demonstrating successful MSC adherence and proliferation.
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Figure 2: Representative Flow Cytometric Analysis of WJ-MSC Surface Markers

The flow cytometric gating strategy assesses key surface markers on WJ-MSCs, confirming
their stem cell characteristics (upper left). The expression levels of positive markers are shown
in the upper middle (CD73, CD90), with CD105-positive and CD45-negative populations (Q1
for CD105; Q2 for CD45; upper right), as well as CD44-positive populations (lower graphic),
verifying the MSC phenotype.
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Figure 3: Comparative Cell Surface Markers of WJ-MSCs at Passage 1 and Passage 5



Compared to the negative phenotype (CD45), WJ-MSCs demonstrate a significant increase in
surface markers at Passage 1 (*P=0.01). However, a dramatic increase was observed in CD105,
CD90, CD73, and CD44 surface markers at Passage 5 (****P < 0.0001), indicating successful
MSC proliferation and phenotype stability across passages.

Statistical analysis was conducted using one-way ANOVA with post-hoc tests to determine
significance between groups. P-values were calculated using GraphPad Prism, with
significance levels denoted as follows: P < 0.05 (*), P < 0.01 (**), P <0.001 (***), and P <
0.0001 (F***),
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ABSTRACT 248 words

Background

Mesenchymal stem cells (MSCs) are valued in regenerative medicine for their multipotency,
proliferation capacity, and immunomodulatory properties. Wharton’s Jelly-derived MSCs
(WJ-MSCs) from the umbilical cord offer a non-invasive, promising source for clinical
applications. Because easy isolation, lack of ethical concerns, and the presence of both
embryonic and adult stem cells have made them a valuable source for use in therapeutic
applications and regenerative medicine. This study aims to optimize WJ-MSC isolation and

characterization methods.

Methods

Human umbilical cords from three healthy donors were collected post-caesarean under strict
inclusion criteria. WJ-MSCs were isolated using the explant culture method, with cells
adhering to T75 flasks pre-coated with 2% gelatin. Cultures were maintained in Dulbecco’s
Modified Eagle Medium (DMEM) supplemented with 10% freshly prepared Human AB serum
and monitored for 21 days. Flow cytometry (BD FACSAria) was performed at Passages 1 and
5 to assess MSC markers CD105, CD73, CD90, and CD44, alongside the exclusion marker

CD45.

Results

WI-MSCs exhibited fibroblast-like morphology by Passage 1 and showed robust proliferation.

Flow cytometry revealed high CD44 expression (~60%) at Passage 1, while CD105, CD73,



and CD90 became prominent by Passage 5. CD45 remained low, suggesting minimal

hematopoietic contamination.

Conclusions

This study confirms the feasibility of isolating and expanding WJ-MSCs using DMEM with
10% human AB serum. While consistent cell growth was achieved, the 21-day culture period
may require optimization for scalability, including serum concentration, substrate coatings, and
oxygen levels. CPJ-MSCs may be preferable for applications demanding rapid expansion and

early marker expression.

Keywords: Wharton’s jelly, mesenchymal stem cells, isolation, flow cytometry, regenerative
medicine

INTRODUCTION

Mesenchymal stem cells (MSCs) are multipotent stromal cells capable of differentiating into
various cell types, such as osteocytes, chondrocytes, and adipocytes, making them valuable for
regenerative medicine. Mesenchymal stem cells are characterized by a specific set of surface
markers that distinguish them from other cell types, particularly hematopoietic cells.
According to the International Society for Cellular Therapy (ISCT), MSCs must express
CD105, CD73, and CD90, which are markers associated with cell adhesion, growth, and
differentiation potential. @ CD105, or endoglin, plays a role in cell proliferation and vascular
development, ® while CD73 and CD90 contribute to immunomodulation and cell-cell
interactions. *> CD44, a receptor for hyaluronic acid, is also commonly expressed on MSCs
and is involved in cell adhesion, migration, and homing, which are essential for therapeutic
applications. © Importantly, MSCs are negative for CD45, a pan-leukocyte marker, which

ensures the exclusion of hematopoietic lineage cells. ) This unique combination of surface



markers—CD105, CD73, CD90, and CD44, with the absence of CD45—confirms the purity
and identity of MSCs, supporting their use in clinical and research settings. ®

The potential of MSCs for regenerative medicine has led to extensive research on various
sources of MSCs, including those derived from Wharton’s jelly of the human umbilical cord
(WJ-MSCs). Wharton’s Jelly of the human umbilical cord offer unique advantages, including
non-invasive collection methods, high proliferation rates, and immunomodulatory properties,
making them a promising cell type for therapeutic applications. » However, isolation and
expansion methods must be refined to ensure the viability and consistency of WJ-MSCs.
Previous works on the isolation and characterization of Wharton's jelly derived mesenchymal
stem cells (WJ-MSCs) have produced different yields, markers and abilities to differentiate.
For instance, results by Ranjbaran et al., !9 were able to isolate WIJ-MSCs in a high glucose
culture medium containing 15% fetal bovine serum (FBS), and separated MSCs efficiently by
placing Wharton’s jelly pieces at the bottom of the flask. Likewise, Cardoso et al. !V cultured
WIJ-MSCs in a serum-free condition and the cells displayed typical mesenchymal stem cell
phenotype up to 60 passages without having any genetic disorders. Abouelnaga et al.'? also
reported that the primary cultures exhibited success in isolating the umbilical cord Wharton’s
jelly mesenchymal stem cells, which maintained their tri-lineage differentiation potential,
phenotypes and karyotype characteristics on further passage and expansion.

The originality of our work is based on the approach that-was-developed-atthe Gotong Reyong
Hespital, which aims at improving the isolation and growth of WJ-MSCs in a 2% gelatine
coated flask and a culture medium containing 10% human AB serum. Previous studies used
fetal bovine serum (fFBSD, but we used human serum in our experiment to avoid immune
reaction in future clinical use. Furthermore, the current study also revealed the distinct pattern
of surface markers (CD44, CD105, CD73, and CD90) during the passage, and CD44 was found

to be most expressive at Passage 1 while the others at Passage 5.
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The primary objective of this study is to establish a standardized protocol for the isolation and
characterization of Wharton's Jelly-derived mesenchymal stem cells (WJ-MSCs) from human
umbilical cords atGetengReyengHespital. The study aimed to optimize the culture conditions
for WJ-MSCs, including the use of 2% gelatin-coated flasks and a culture medium
supplemented with 10% Human AB serum, to ensure high cell viability, proliferation, and
purity. Additionally, the study sought to characterize the phenotypic profile of WJ-MSCs using

flow cytometry to assess the expression of key surface markers (CD105, CD73, CD90, and

CD44) and the absence of hematopoietic markers (CD45). Fhe-findingsfrom-thisstudy provide

METHODS

Research design

This research was conducted in Gotong Royong Hospital in Surabaya in collaboration with the
Faculty of Medicine and Faculty of Pharmacy of Widya Mandala Catholic University

Surabaya. The research period spanned from June 2024 to December 2024. during—which

Isolation of human umbilical cord-derived mesenchymal stem cells (WJ-MSCs)

Human umbilical cords were collected from 3 (three) patients in Gotong Royong Hospital,
immediately following caesarean section, within 5 minutes of placental removal to ensure

optimal cell viability. Patient selection included strict criteria: only umbilical cords from



healthy pregnancies without maternal or fetal complications were used. Specifically, cases of
preeclampsia, metabolic disorders, infections, or abnormal umbilical cord coiling were
excluded. Upon retrieval, each umbilical cord was placed in a sterile container with Dulbecco’s
Modified Eagle Medium (DMEM, Gibco, USA) containing 1%
penicillin/streptomycin/amphotericin B and transported to the laboratory under aseptic
conditions.

In addition to morphological assessment, flow cytometry analysis was employed to confirm
the MSC phenotype, assessing the expression of surface markers CD105, CD73, CD90, and
CD44, with CD45 as a hematopoietic exclusion marker. This phenotypic profile aligns with
the International Society for Cellular Therapy (ISCT) guidelines for MSC characterization,
confirming the cells' stem cell identity and purity across passages. This study thus establishes
a foundational WJ-MSC isolation and expansion protocol at Gotong Royong Hospital, creating
significant potential for future cell therapy research and applications within the hospital and

the broader scientific community.

Preparation and culture of WJ-MSCs

In a laminar flow cell culture hood to maintain aseptic technique, each umbilical cord was first
washed thoroughly with Hank's Balanced Salt Solution (HBSS) containing 1%
penicillin/streptomycin/amphotericin B (Service Bio,China). Blood vessels were carefully
removed from the Wharton’s Jelly tissue to isolate the mesenchymal-rich regions, minimizing
potential contamination, and promoting a higher yield of mesenchymal stem cells (MSCs). The
remaining Wharton’s Jelly tissue was cut into approximately 2 mm? pieces, which were then
placed in T75 culture flasks precoated with 2% gelatin to enhance cellular adherence. ¥

The tissue explants were left undisturbed for 7 days to allow cells to attach to the surface. ¥

The culture medium, composed of DMEM supplemented with 10% human AB serum and 0.1%



penicillin/streptomycin/amphotericin B, was carefully added to prevent dislodging the tissue
fragments. Medium was replaced every 3 days, and cell outgrowth was monitored
microscopically. After 21 days, successful outgrowth and proliferation of Passage 1 (P1) cells
were observed, characterized by the spindle-shaped, fibroblast-like morphology typical of

MSCs.

Flow cytometry analysis

Flow cytometry was employed to phenotype Wharton’s Jelly-derived mesenchymal stem cells
(WJ-MSCs) isolated at Passage 2 and Passage 6 using a BD FACSAria flow cytometer (BD
Biosciences). To assess the expression of key mesenchymal and hematopoietic markers, three
antibody panels were prepared with mouse monoclonal antibodies specific to human antigens.
Panel 1 included anti-human CD105 (clone 43A3, Alexa Fluor 488, BioLegend) and anti-
human CD45 (clone H130, FITC, BioLegend); Panel 2 included anti-human CD73 (clone AD2,
PE, BioLegend) and anti-human CD90 (clone 5E10, PE/Cy7, BioLegend); and Panel 3
included anti-human CD44 (clone IM7, PE, Elabscience). For each panel, 10"6cells in 100ul
were aliquoted into individual tubes, and 2.5 puL of each antibody was added to each sample.
The cells were incubated for 1 hour at 4°C in the dark to optimize antibody binding and prevent
photobleaching. After incubation, cells were washed twice with staining buffer (PBS with 1%
BSA) to remove unbound antibodies and resuspended in 500 pL of buffer for analysis.
Gating parameters was set to exclude debris and non-viable cells based on forward and side
scatter properties. Unstained controls were applied to correct for spectral overlap among
fluorophores. Expression of CD105, CD73, CD90, and CD44 was assessed to confirm MSC
phenotype, while CD45 was used to exclude hematopoietic contamination. (¥ Data were
analyzed to determine the percentage of cells expressing each marker, providing a

comprehensive phenotypic profile of WJ-MSCs across passages.



Ethical clearance
The ethical clearance for collecting the human tissue was obtained from medical Faculty,

Universitas Hang Tuah (E/006/UHT.KEPK.03/11/2024)

Statistical analysis

GraphPad Prism version 8.0.1 was used for data presentation. Unpaired t-tests were employed
to compare relative intensity differences between specific groups. One way ANOVA 7?2 A p-
value < 0.05 is considered significant. All data were presented as mean + standard deviation

(SD).

RESULTS

Isolation and culture of Wharton’s jelly-derived MSCs

Our results show that the WJ-MSCs isolated through this protocol display a fibroblast-like
morphology characteristic of MSCs, with consistent morphology observed through the first
passage. Using a detailed explant culture method, we were able to cultivate and expand WJ-
MSCs, which adhered to the culture surface within days and proliferated significantly over 21
days. These cells retained their mesenchymal characteristics, evidenced by their elongated,
spindle-shaped morphology and high proliferation rate. Such morphological consistency is
essential for the continued use of these cells in therapeutic research, where cell integrity and
stability are paramount.

The isolation of WJ-MSCs was achieved through the explant culture method, allowing MSCs
to be successfully obtained from human umbilical cord tissue. Following isolation, WJ-MSCs
adhered to the culture surface within the first few days, and after 21 days in culture, Passage 1

(P1) showed significant cell proliferation. The MSCs exhibited a characteristic fibroblast-like



morphology (see Figure 1), typical of mesenchymal cells, with elongated, spindle-shaped
bodies and a uniform, flattened appearance. Cells were tightly adherent, forming a monolayer
with parallel, aligned arrangements. The morphology of the cells remained stable through
Passage 14 (P14), showing no signs of senescence or morphological abnormalities. This
consistent fibroblast-like morphology, with the presence of prominent cell projections and
well-defined cellular boundaries, suggests that the WJ-MSCs maintained their mesenchymal

characteristics and were successfully expanded in primary culture.

Phenotypic characterization of WJ-MSCs by flow cytometry

To confirm the MSC phenotype, we performed flow cytometric analysis on WJ-MSCs passage
5 (PS5), assessing the expression of key surface markers (see Figure 2). The gating strategy
effectively isolated MSC populations, and the analysis revealed high expression levels of CD73
and CD90, alongside positive populations for CD105. Additionally, the cells were negative for
CD45, confirming the absence of hematopoietic contamination (Figure 2). Positive CD44
expression further validated the MSC phenotype, affirming the cells' stem cell characteristics

and purity.

Comparative analysis of surface markers at different passages

Comparisons of WJ-MSC surface markers between P1 and P5 revealed significant differences
in marker expression (see Figure 3). At Passage 1, the MSCs demonstrated a statistically
significant increase in pluripotency surface markers compared to the negative phenotype CD45
(p = 0.010). By P5, a dramatic increase in CD105, CD90, CD73, and CD44 expression was
observed, with statistical significance (p < 0.0001) (Figure 3). These findings indicate robust

MSC proliferation and stable expression of essential stem cell markers across passages,



supporting the successful expansion and maintenance of MSC characteristics through

successive passages.

DISCUSSION

This study successfully demonstrates the rapid isolation and characterization of WJ-MSCs
from human umbilical cords using freshly prepared human AB-serum: These cells exhibited
typical MSC morphology and a stable phenotype through early passages, supporting their
potential for future research and clinical applications. (!9 However, despite overall success, the
detection of low levels of CD45 expression indicates potential hematopoietic contamination.
(5 This may be attributed to residual blood cells within the Wharton’s Jelly, as complete
removal of all blood vessels can be challenging in clinical settings. ') Future refinements could
include additional washes or enzymatic treatments to further minimize CD45-positive cells,
improving the MSC purity and strengthening the clinical potential of these cells. ('®
Interestingly, recent study have highlighted the potential of MSCs derived specifically from
the cord-placental junction, which may offer advantages over WJ-MSCs in terms of cellular
yield, differentiation potential, and immunomodulatory properties. '’ MSCs from the cord-
placental junction have shown enhanced proliferation rates and greater multilineage
differentiation capabilities compared to WJ-MSCs, likely due to their proximity to the placenta
and the rich microenvironmental cues present there .?% Exploring the isolation of MSCs from
this region could expand the scope of stem cell research at Gotong Royong Hospital, potentially
yielding MSCs with more robust properties for regenerative therapies.

Our analysis of MSC surface marker expression showed unique patterns across different
passages, specifically with P1 exhibiting only high CD44 expression (approximately 60%)
while other markers, including CD105, CD73, and CD90, were undetectable. This selective

expression at P1 could reflect an early stage in MSC culture, where cells prioritize adhesion



and migration functions, as CD44 is a receptor for hyaluronic acid involved in cell adhesion
and motility. >V successive passages, notably by P5, all MSC markers (CD105, CD73,
CD90, and CD44) reached high expression levels, suggesting that these cells may require
additional time or specific culture conditions to fully upregulate markers associated with
mesenchymal identity and functionality. CD45, as expected, remained low across passages,
though its continued detectability indicates potential residual hematopoietic contamination, a
finding that aligns with reports from other study on WJ-MSCs. % Interestingly, this marker
pattern differs from MSCs derived from the cord-placental junction (CPJ-MSCs), which tend
to express high levels of all MSC markers, including CD105, CD73, and CD90, and lower
CD45. These differences may arise from microenvironmental factors unique to CPJ-MSCs that
accelerate marker expression and MSC commitment earlier in culture, highlighting the
potential value of CPJ as an alternative MSC source for applications requiring rapid cell
expansion and stable marker profiles. 3

Another area for improvement in our protocol is the lengthy outgrowth period, as cell
attachment and expansion required 21 days before reaching significant confluence. Long
outgrowth times can limit scalability and delay potential downstream applications. ©?
Optimizing the initial explant culture conditions could reduce this outgrowth period, thereby
increasing efficiency. This might include using higher serum concentrations, pre-coating
culture surfaces with adhesion-promoting molecules such as fibronectin, or adjusting oxygen
levels to more closely mimic the native environment of umbilical cord MSCs. ?3*% Reducing
the outgrowth time will not only streamline the MSC isolation process but also decrease the
potential for cell senescence and culture-induced variations, ultimately improving the
consistency and reliability of the cells obtained for research and therapeutic use.

The limitations of this study include, first, the contamination of CD45, which is still detected

in antibody expressions. This may result from incomplete removal of blood vessels during the
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isolation process, potentially affecting the purity of WJ-MSCs and necessitating further
refinement of the isolation protocol. Second, the prolonged outgrowth period limits the
scalability and efficiency of the protocol for large-scale applications.

Despite these limitations, this study successfully isolated and characterized WJ-MSCs,
providing a foundation for future clinical applications in regenerative medicine, including
tissue repair, immunomodulation, and cell-based therapies. The use of human AB serum
instead of fetal bovine serum (FBS) reduces the risk of immune reactions, making the protocol
more suitable for clinical use.

Looking ahead, several future directions could build on this research. First, optimizing the
isolation process by carefully extracting arteries and veins could minimize CD45
contamination and improve MSC purity. Second, reducing the outgrowth period by optimizing
culture conditions—such as using higher serum concentrations, adhesion-promoting molecules
like fibronectin, or adjusting oxygen levels to better mimic the native environment of umbilical

cord MSCs—could enhance efficiency and applicability.

CONCLUSION

This study successfully demonstrates the isolation and characterization of Wharton’s jelly (WJ-
MSC) using a culture medium supplemented with 10% Human AB serum and high glucose,
combined with a 2% gelatine-coated flask. This protocol achieved high cell viability and
proliferation, with WJ-MSCs exhibiting fibroblast like morphology and stable expression of
MSC key markers (CD105, CD44, CD90 and CD73) by passage 5. Low level of CD45
expression indicating minimal hematopoietic contamination, confirming the purity of the
isolated cells.

The results highlight the feasibility of this protocol for obtaining viable WJ-MSCs, providing

a path for future research and clinical applications in regenerative medicine. However, the 21-



day outgrowth period and the presence of residual CD45 positive suggesting for further
optimization, such as refining the isolation techniques, reducing culture times and exploring

alternative MSC sources.
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Figure 1. Explant culture of Wharton’s jelly-derived MSCs

The initial explant culture of Wharton's jelly-derived mesenchymal stem cells (WJ-MSCs) was
isolated from human umbilical cords. The explant technique and subsequent cell morphology
are shown, with primary cultures demonstrating successful MSC adherence and proliferation.
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Figure 2. Representative flow cytometric analysis of WJ-MSC surface markers

The flow cytometric gating strategy assesses key surface markers on WJ-MSCs, confirming
their stem cell characteristics (upper left). The expression levels of positive markers are shown
in the upper middle (CD73, CD90), with CD105-positive and CD45-negative populations (Q1
for CD105; Q2 for CD45; upper right), as well as CD44-positive populations (lower graphic),
verifying the MSC phenotype.
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Figure 3. Comparative cell surface markers of WJ-MSCs at passage 1 and passage 5
Compared to the negative phenotype (CD45), WJ-MSCs demonstrate a significant increase in
surface markers at passage 1 (p=0.010). However, a dramatic increase was observed in CD105,
CD90, CD73, and CD44 surface markers at passage 5 (p < 0.000), indicating successful MSC
proliferation and phenotype stability across passages.

Statistical analysis was conducted using one-way ANOVA with post-hoc tests to determine
significance between groups. p-values were calculated using GraphPad Prism, with
significance levels denoted as follows: p < 0.05 (*), p <0.010 (**), p < 0.001 (***), and p <
0.000 (*#**),
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ABSTRACT 248 words,

Background:, “~

Mesenchymal stem cells (MSCs) are multipetent—eells—eapable—of differentiating—inte«

valued in

regenerative medicine—MSCderivedtromWhartonsJeHv-in-the-human-vmbibieal-cord CWI-

igh- for their multipotency,

proliferation_capacity, and immunomodulatory properties. Wharton’s Jelly-derived MSCs

(WJ-MSCs) from the umbilical cord offer a non-invasive, promising source for clinical

applications. Because easy isolation, lack of ethical concerns, and the presence of both

embryonic and adult stem cells have made them a valuable source for use in therapeutic

applications and regenerative medicine. This study deseribes—the—first—sueeessfulaims to
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optimize WJ-MSC isolation and characterization ef —WI-MSCs—at—Gotong—Reyong
Hespitalmethods.

Methods: -

Human umbilical cords from three healthy donors were collected immediatelypost-eesareans

section—meetingpost-caesarean under strict inclusion criteria. The-WJ-MSCs were isolated

using anthe explant culture technique-in-asepticconditionsmethod, with cells adhering to T75

flasks pre-coated with 2% gelatin. Cultures were maintained in Dulbecco’s Modified Eagle

Medium (DMEM) supplemented with 10% freshly prepared Human AB serum; and growth

was—monitored for 21 days. Flow cytometry was—ecendueted—using—(BD FACSAria) was

performed at Passages | and 5 to assess expression-of MSC markers CD105, CD73, CD90, and

CD44, as-well-asalongside the exclusion marker CD45;-atPassagest-and-5.

Results: “

TFhe-isolated-WJ-MSCs displayedexhibited fibroblast-like morphology eharacteristic-of MSCs+
by Passage 1--with-consistent; and showed robust proliferation-ever21-days-. Flow cytometry

revealed thathigh CD44 was-the-only-highly-expressed-markerexpression (~60%) at Passage 1,

while CD105, CD73, and CD90 became prominent by Passage 5. CD45-lexvels remained low,

theugh-detectablesuggesting minimal hematopoietic contamination. Fhis-expressionpattern
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effeetivecontirms the feasibility of isolating and expanding WJ-MSCs using DMEM with 10%
human AB serum. While consistent cell growth was achieved, the preteeel’s—21-day
outgrowthculture period may benefit—from—furtherrequire optimization te—imprevefor
scalability, saeh—as—adjustments—nincluding serum concentration, substrate coatings, and
oxygen levels. Thefindings—also—indicate—the—potentialadvantage—of CPJ-MSCs may be

preferable for applications requiringdemanding rapid eell-expansion and rebustearly marker

within-the-hospital s-healtheare-svstemexpression,,

Keywords: Wharton’s Jely:+—Mesenchymal—Stem—Cells——Isolation:—Flow—Cytometry:
Regenerative Medieinejelly, mesenchymal stem cells, isolation, flow cytometry, regenerative
medicine
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INTRODUCTION *
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Mesenchymal stem cells (MSCs) are multipotent stromal cells capable of differentiating into

various cell types. such as osteocytes, chondrocytes, and adipocytes, making them valuable for

regenerative medicine. Mesenchymal stem cells are characterized by a specific set of surface

markers that distinguish them from other cell types, particularly hematopoietic cells.

According to the International Society for Cellular Therapy (ISCT), MSCs must express

CD105, CD73. and CD90, which are markers associated with cell adhesion, growth, and

differentiation potential. ¥ CD105. or endoglin, plays a role in cell proliferation and vascular

development, @ while CD73 and CD90 contribute to immunomodulation and cell-cell

interactions. > CD44, a receptor for hyaluronic acid, is also commonly expressed on MSCs

and is involved in cell adhesion, migration, and homing, which are essential for therapeutic

applications. © Importantly, MSCs are negative for CD45. a pan-leukocyte marker, which

ensures the exclusion of hematopoietic lineage cells. ” This unique combination of surface

markers—CD105, CD73, CD90, and CD44, with the absence of CD45—confirms the purity

and identity of MSCs, supporting their use in clinical and research settings. ®

The potential of mesenchymalstem-eels{MSCs) for regenerative medicine has led to extensive
research on various sources of MSCs, including those derived from Wharton’s jelly of the
human umbilical cord (WJ-MSCs). Wharton’s Jelly of the human umbilical cord CWVI-MSEs)-
WI-MSEs—offer unique advantages, including non-invasive collection methods, high
proliferation rates, and immunomodulatory properties, making them a promising cell type for

therapeutic applications. (2)-2.However, isolation and expansion methods must be refined to

ensure the viability and consistency of WJ-MSCs. In-this-study,—wepresent-the first sueeesstul
solati el o WI-MSC ! !
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Previous works on the isolation and characterization of Wharton's jelly derived mesenchymal

stem cells (WJ-MSCs) have produced different yields, markers and abilities to differentiate.

For instance, results by Ranjbaran et al.. 9 were able to isolate WJ-MSCs in a high glucose

culture medium containing 15% fetal bovine serum (FBS). and separated MSCs efficiently by

placing Wharton’s jelly pieces at the bottom of the flask. Likewise, Cardoso et al. 'V cultured

WIJ-MSCs in a serum-free condition and the cells displayed typical mesenchymal stem cell

phenotype up to 60 passages without having any genetic disorders. Abouelnaga et al."? also

reported that the primary cultures exhibited success in isolating the umbilical cord Wharton’s

jelly mesenchymal stem cells, which maintained their tri-lineage differentiation potential

phenotypes and karyotype characteristics on further passage and expansion.

The originality of our work is based on the approach, which aims at improving the isolation
and growth of WJ-MSCs in a 2% gelatine coated flask and a culture medium containing 10%

human AB serum. Previous studies used fetal bovine serum (FBS)'*!'¥. but we used human

serum in our experiment to avoid immune reaction in future clinical use. Furthermore, the

current study also revealed the distinct pattern of surface markers (CD44, CD105, CD73. and

CD90) during the passage, and CD44 was found to be most expressive at Passage 1 while the

others at Passage 5.

The primary objective of this study is to establish a standardized protocol for the isolation and<+—— [ Formatted: Line spacing: Double

characterization of Wharton's Jelly-derived mesenchymal stem cells (WJ-MSCs) from human

umbilical cords g [Formatted: Strikethrough

eulture.. The study aimed to optimize the culture conditions for WJ-MSCs, including the use

of 2% gelatin-coated flasks and a culture medium supplemented with 10% Human AB serum,

to_ensure high cell viability, proliferation, and purity. Additionally, the study sought to

characterize the phenotypic profile of WJ-MSCs using flow cytometry to assess the expression
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of key surface markers (CD105, CD73, CD90, and CD44) and the absence of hematopoietic

markers (CD45)., [Formatted: Font: Bold, Strikethrough
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MATERIAL-METHODBS

Isolation-of-Human-tmbilical Cord-Derived-Mesenchyvmal-Stem-CellsRescarch design

This research was conducted in Gotong Royong Hospital in Surabaya in collaboration with the

Faculty of Medicine and Faculty of Pharmacy of Widya Mandala Catholic University

Surabaya. The research period spanned from June 2024 to December 2024.

Isolation of human umbilical cord-derived mesenchymal stem cells (WJ-MSCs) «

Human umbilical cords were collected from 3 (three) patients in Gotong Royong Hospital,
immediately following caesarean section, within 5 minutes of placental removal to ensure
optimal cell viability. Patient selection included strict criteria: only umbilical cords from
healthy pregnancies without maternal or fetal complications were used. Specifically, cases of
preeclampsia, metabolic disorders, infections, or abnormal umbilical cord coiling were
excluded. i ined-

Upon retrieval, each umbilical cord was placed in a sterile container with Dulbecco’s Modified«

Eagle Medium (DMEM, Gibco, USA) containing 1% penicillin/streptomycin/amphotericin B

and transported to the laboratory under aseptic conditions.,

In addition to morphological assessment, flow cytometry analysis was employed to confirm

the MSC phenotype, assessing the expression of surface markers CD105, CD73, CD90, and

CD44, with CD45 as a hematopoietic exclusion marker. This phenotypic profile aligns with
the International Society for Cellular Therapy (ISCT) guidelines for MSC characterization,
confirming the cells' stem cell identity and purity across passages. This study thus establishes
a foundational WJ-MSC isolation and expansion protocol at Gotong Royong Hospital, creating
significant potential for future cell therapy research and applications within the hospital and

the broader scientific community.

Preparation and Cultureculture of WJ-MSCs “
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In a laminar flow cell culture hood to maintain aseptic technique, each umbilical cord was first

washed thoroughly with Hank's Balanced Salt Solution (HBSS) containing 1%

penicillin/streptomycin/amphotericin B (Service Bio,China). Blood vessels were carefully

removed from the Wharton’s Jelly tissue to isolate the mesenchymal-rich regions, minimizing

potential contamination, and promoting a higher yield of mesenchymal stem cells (MSCs). The

remaining Wharton’s Jelly tissue was cut into approximately 2 mm? pieces, which were then

placed in T75 culture flasks precoated with 2% gelatin to enhance cellular adherence. (14)

The tissue explants were left undisturbed for 7 days to allow cells to attach to the surface. (H6)+

tissue—fragments:(15) The culture medium, composed of DMEM supplemented with 10%

human AB serum and 0.1% penicillin/streptomycin/amphotericin B, was carefully added to

prevent dislodging the tissue fragments. Medium was replaced every 3 days, and cell outgrowth

was monitored microscopically. After 21 days, successful outgrowth and proliferation of
Passage 1 (P1) cells were observed, characterized by the spindle-shaped, fibroblast-like

morphology typical of MSCs.

Flow cytometry analysis

Flow cytometry was employed to phenotype Wharton’s Jelly-derived mesenchymal stem cells
(WJ-MSCs) isolated at Passage 2 and Passage 6 using a BD FACSAria flow cytometer (BD
Biosciences). To assess the expression of key mesenchymal and hematopoietic markers, three
antibody panels were prepared with mouse monoclonal antibodies specific to human antigens.

Panel 1 included anti-human CD105 (clone 43A3, Alexa Fluor 488, BioLegend) and anti-
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human CD45 (clone H130, FITC, BioLegend); Panel 2 included anti-human CD73 (clone AD2,
PE, BioLegend) and anti-human CD90 (clone 5E10, PE/Cy7, BioLegend); and Panel 3
included anti-human CD44 (clone IM7, PE, Elabscience). For each panel, 10"6cells in 100ul
were aliquoted into individual tubes, and 2.5 pL of each antibody was added to each sample.
The cells were incubated for 1 hour at 4°C in the dark to optimize antibody binding and prevent
photobleaching. After incubation, cells were washed twice with staining buffer (PBS with 1%
BSA) to remove unbound antibodies and resuspended in 500 pL of buffer for analysis.
Gating parameters was set to exclude debris and non-viable cells based on forward and side

scatter properties. Unstained controls were applied to correct for spectral overlap among

fluorophores. oorresiomo b DS LT L D00 L Ol v s el o cop i 100

-Expression of

CD105, CD73, CD90, and CD44 was assessed to confirm MSC phenotype, while CD45 was

used to exclude hematopoietic contamination. (16), Data were analyzed to determine the

percentage of cells expressing each marker, providing a comprehensive phenotypic profile of

WIJ-MSCs across passages.

Ethical clearance
The ethical clearance for collecting the human tissue was obtained from medical Faculty,

Universitas Hang Tuah (E/006/UHT.KEPK.03/11/2024)

Statistical analysis

GraphPad Prism version 8.0.1 was used for data presentation. Unpaired-t-tests-were-employed
to-comparerelative-intensity-differencesbetweenspeeifiegroups-The data were analyzed using

one-way analysis of variance (ANOVA) followed by Tukey’s honestly significant difference

(HSD) when the data followed normality and homogeneity assumption of parametric analysis
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(otherwise using nonparametric Kruskal-Wallis followed by Dunn’s test). Normality and

homogeneity were assessed using the Shapiro-Wilk and Brown-Forsythe tests, respectively., A

p-value < 0.05 is considered significant. All data were presented as mean =+ standard deviation

(SD).
RESULTS
Isolation and Cultureculture of Wharton’s Jelly-Derived-jelly-derived MSCs <

Our results show that the WJ-MSCs isolated through this protocol display a fibroblast-like
morphology characteristic of MSCs, with consistent morphology observed through the first
passage. Using a detailed explant culture method, we were able to cultivate and expand WJ-
MSCs, which adhered to the culture surface within days and proliferated significantly over 21
days. These cells retained their mesenchymal characteristics, evidenced by their elongated,
spindle-shaped morphology and high proliferation rate. Such morphological consistency is
essential for the continued use of these cells in therapeutic research, where cell integrity and
stability are paramount.

The isolation of Wharten s Jely—derived-mesenchymalstemeeHs (WI-MSEsHWI-MSCs was

achieved through the explant culture method, allowing MSCs to be successfully obtained from
human umbilical cord tissue. Following isolation, WJ-MSCs adhered to the culture surface
within the first few days, and after 21 days in culture, Passage 1 (P1) showed significant cell
proliferation. The MSCs exhibited a characteristic fibroblast-like morphology (see
figureFigure 1), typical of mesenchymal cells, with elongated, spindle-shaped bodies and a
uniform, flattened appearance. Cells were tightly adherent, forming a monolayer with parallel,
aligned arrangements. The morphology of the cells remained stable through Passage 14 (P14),
showing no signs of senescence or morphological abnormalities. This consistent fibroblast-like

morphology, with the presence of prominent cell projections and well-defined cellular
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boundaries, suggests that the WJ-MSCs maintained their mesenchymal characteristics and

were successfully expanded in primary culture.

Phenotypic Charaeterizationcharacterization of WJ-MSCs by Hew—Cytometryflow
cytometry

To confirm the MSC phenotype, we performed flow cytometric analysis on WJ-MSCs passage
5 (P5), assessing the expression of key surface markers (see fisureFigure 2). The gating
strategy effectively isolated MSC populations, and the analysis revealed high expression levels
of CD73 and CD90, alongside positive populations for CD105. Additionally, the cells were
negative for CD45, confirming the absence of hematopoietic contamination (Figure 2). Positive
CD44 expression further validated the MSC phenotype, affirming the cells' stem cell

characteristics and purity.

Comparative Analysisanalysis of Surface—Markerssurface markers at Different
Passagesdifferent passages

Comparisons of WJ-MSC surface markers between P1 and P5 revealed significant differences
in marker expression (see figureFigure 3). At Passage 1, the MSCs demonstrated a statistically
significant increase in pluripotency surface markers compared to the negative phenotype CD45
(p =0.64010). By P5, a dramatic increase in CD105, CD90, CD73, and CD44 expression was
observed, with statistical significance deneted-as**%P(p < 0.0001) (Figure 3). These findings
indicate robust MSC proliferation and stable expression of essential stem cell markers across
passages, supporting the successful expansion and maintenance of MSC characteristics through

successive passages.

DISCUSSION
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This study successfully demonstrates the rapid isolation and characterization of WJ-MSCs

from human umbilical cords using freshly prepared human AB-serum: These cells exhibited

typical MSC morphology and a stable phenotype through early passages, supporting their

potential for future research and clinical applications. (17) However, despite overall success,

the detection of low levels of CD45 expression indicates potential hematopoietic

contamination. (16) This may be attributed to residual blood cells within the Wharton’s Jelly,
as complete removal of all blood vessels can be challenging in clinical settings. (18) Future

refinements could include additional washes or enzymatic treatments to further minimize

CD45-positive cells, improving the MSC purity and strengthening the clinical potential of these

cells. (19)

Interestingly. recent study have highlighted the potential of MSCs derived specifically from

the cord-placental junction, which may offer advantages over WJ-MSCs in terms of cellular

yield, differentiation potential, and immunomodulatory properties. (13) MSCs from the cord-

placental junction have shown enhanced proliferation rates and greater multilineage

differentiation capabilities compared to WJ-MSC:s, likely due to their proximity to the placenta

and the rich microenvironmental cues present there .?? Exploring the isolation of MSCs from

this region could expand the scope of stem cell research at Gotong Royong Hospital, potentially

yielding MSCs with more robust properties for regenerative therapies.

Qur analysis of MSC surface marker expression showed unique patterns across different

passages, specifically with P1 exhibiting only high CD44 expression (approximately 60%)
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while other markers, including CD105, CD73, and CD90, were undetectable. This selective

expression at P1 could reflect an early stage in MSC culture, where cells prioritize adhesion

and migration functions, as CD44 is a receptor for hyaluronic acid involved in cell adhesion

and motility. (13,21) Figure 3 demonstrated a successive passage, notably by P5, all MSC

markers (CD105, CD73, CD90., and CD44) reached high expression levels. This finding

suggest that these cells may require additional time or specific culture conditions to fully

upregulate markers associated with mesenchymal identity and functionality. CD45. as

expected, remained low across passage 5, though its continued detectability indicates potential

residual hematopoietic contamination, aligns with reports from other study. (16) Interestingly,
this marker pattern differs from MSCs derived from the cord-placental junction (CPJ-MSCs),

which tend to express high levels of all MSC markers, including CD105, CD73, and CD90,

and lower CD45. These differences may arise from microenvironmental factors unique to CPJ-

MSCs that accelerate marker expression and MSC commitment earlier in culture, highlighting

the potential value of CPJ as an alternative MSC source for applications requiring rapid cell

expansion and stable marker profiles. (14)

Another area for improvement in our protocol is the lengthy outgrowth period, as cell

attachment and expansion required 21 days before reaching significant confluence. Long

outgrowth times can limit scalability and delay potential downstream applications. **

Optimizing the initial explant culture conditions could reduce this outgrowth period, thereby

increasing efficiency. This might include using higher serum concentrations, pre-coating

culture surfaces with adhesion-promoting molecules such as fibronectin, or adjusting oxygen

levels to more closely mimic the native environment of umbilical cord MSCs. ?3?% Reducing

the outgrowth time will not only streamline the MSC isolation process but also decrease the

potential for cell senescence and culture-induced variations, ultimately improving the

consistency and reliability of the cells obtained for research and therapeutic use.
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The limitations of this study include, first, the contamination of CD45. which is still detected

in antibody expressions. This may result from incomplete removal of blood vessels during the

isolation process, potentially affecting the purity of WJ-MSCs and necessitating further

refinement of the isolation protocol. Second, the prolonged outgrowth period limits the

scalability and efficiency of the protocol for large-scale applications.

Despite these limitations, this study successfully isolated and characterized WJ-MSCs,

providing a foundation for future clinical applications in regenerative medicine, including

tissue repair, immunomodulation, and cell-based therapies. The use of human AB serum

instead of fetal bovine serum (FBS) reduces the risk of immune reactions, making the protocol

more suitable for clinical use.

Looking ahead, several future directions could build on this research. First, optimizing the
isolation process by carefully extracting arteries and veins could minimize CD45

contamination and improve MSC purity. Second, reducing the outgrowth period by optimizing

culture conditions—such as using higher serum concentrations, adhesion-promoting molecules

like fibronectin, or adjusting oxygen levels to better mimic the native environment of umbilical

cord MSCs—could enhance efficiency and applicability.

CONCLUSION

This study successfully demonstrates the isolation and characterization of Wharton’s jelly (WJ-

MSC) using a culture medium supplemented with 10% Human AB serum and high glucose,

combined with a 2% gelatine-coated flask. This protocol achieved high cell viability and

proliferation, with WJ-MSCs exhibiting fibroblast like morphology and stable expression of

MSC key markers (CD105, CD44, CD90 and CD73) by passage 5. Low level of CD45

expression indicating minimal hematopoietic contamination, confirming the purity of the

isolated cells.
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The results highlight the feasibility of this protocol for obtaining viable WJ-MSCs, providing

a path for future research and clinical applications in regenerative medicine. However, the 21-

day outgrowth period and the presence of residual CD45 positive suggesting for further

optimization, such as refining the isolation techniques, reducing culture times and exploring

alternative MSC sources.
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Human Umbilical Cord
Wharton-Jelly
TR

Explént Mesenchymal Stem Cells P1/5
Figure 1:. Explant Cultureculture of Wharton’s Jelly-Derivedjelly-derived MSCs
The initial explant culture of Wharton's Jehsjelly-derived mesenchymal stem cells (WJ-MSCs)
was isolated from human umbilical cords. The explant technique and subsequent cell
morphology are shown, with primary cultures demonstrating successful MSC adherence and
proliferation.
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Figure 2:. Representative Flow-Cytometrie Analysisflow cytometric analysis of WJ-MSC
Surface- Markerssurface markers

The flow cytometric gating strategy assesses key surface markers on WJ-MSCs, confirming
their stem cell characteristics (upper left). The expression levels of positive markers are shown
in the upper middle (CD73, CD90), with CD105-positive and CD45-negative populations (Q1
for CD105; Q2 for CD45; upper right), as well as CD44-positive populations (lower graphic),
verifying the MSC phenotype.
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Compared to the negative phenotype (CD45), WJ-MSCs demonstrate a significant increase in
surface markers at Passagepassage 1 (:R(p=0.04010). However, a dramatic increase was
observed in CD105, CD90, CD73, and CD44 surface markers at Passagepassage 5 (E3#%p(p <
0.6064+000), indicating successful MSC proliferation and phenotype stability across passages.
Statistical analysis was conducted using one-way ANOVA with post-hoc tests to determine
significance between groups. Pp-values were calculated using GraphPad Prism, with
significance levels denoted as follows: 2p < 0.05 (*), Pp < 0.045P010 (**), p < 0.001
(***), and Pp < 0.660+000 (****),
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ABSTRACT

BACKGROUND

Mesenchymal stem cells (MSCs) are valued in regenerative medicine for their multipotency. proliferative
capacity, and immunomodulatory properties. Wharton's jelly-derived MSCs (WI-MSCs) from the umbilical
cord offer a non-invasive, promising source for clinical applications, because easy isolation, lack of ethical
concerns, and the presence of both embryonic and adult stem cells have made them a valuable source for use in
therapeutic applications and regenerative medicine. This study aimed to optimize WI-MSC isolation and
characterization methods.

METHODS

Human umbilical cords from three healthy donors were collected post-cesarean under strict inclusion criteria.
WI-MSCs were isolated using the explant culture method, with cells adhering to T75 flasks pre-coated with 2%
gelatin. Cultures were maintained in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10%
freshly prepared Human AB serum and monitored for 21 days. Flow cytometry (BD FACS Aria) was performed
at passages | and 5 to assess MSC markers CD105, CD73, CD90, and CD44, alongside the exclusion marker
CD4s5.

RESULTS

WI-MSCs exhibited fibroblast-like morphology by passage 1 and showed robust proliferation. Flow cytometry
revealed high CD44 expression (~60%) at passage 1. while CD105, CD73, and CD90 became prominent by
passage 5. CD45 remained low, suggesting minimal hematopoietic contamination.

CONCLUSIONS
This study confirms the feasibility of isolating and expanding WI-MSCs using DMEM with 10% human AB
serum. While consistent cell growth was achieved, the 21-day culture period may require optimization for
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scalability. including serum concentration, substrate coatings, and oxygen levels. CPT-MSCs may be preferable
for applications demanding rapid expansion and early marker expression.

Keywords: Wharton's jelly, mesenchymal stem cells, isolation, flow cytometry, regenerative medicine

INTRODUCTION
Mesenchymal stem cells (MSCs) are
multipotent ~ stromal  cells capable of

differentiating into various cell types, such as
osteocytes, chondrocytes, and adipocytes, making
them wvaluable for regenerative medicine.
Mesenchymal stem cells are characterized by a
specific set of surface markers that distinguish
them from other cell types, particularly
hematopoietic  cells.’’”’  According to the
International Society for Cellular Therapy (ISCT),
MSCs must express CD105, CD73, and CD90,
which are markers associated with cell adhesion,
growth, and differentiation potential,
respectively.”” CD103, or endoglin, plays a role in
cell proliferation and vascular development,®
while CD73 and CD90 confribute to
immunomodulation and cell-cell interactions,
respectively.* Additionally, CD44. a receptor
for hyaluronic acid, is also commonly expressed
on MSCs and is involved in cell adhesion,
migration, and homing, which are essential for
therapeutic applications.® Importantly, MSCs are
negative for CD45, a pan-leukocyte marker, which
ensures the exclusion of hematopoietic lineage
cells.” This unique combination of surface
markers—CD1035, CD73, CD90, and CD44, with
the absence of CD45——confirms the purity and
identity of MSCs, supporting their use in clinical
and research settings.®

The potential of MSCs for regenerative
medicine has led to extensive research on various
sources of MSCs, including those derived from
Wharton’s jelly of the human umbilical cord (W1J-
MSCs). The use of Wharton’s jelly of the human
umbilical cord as a source of MSCs offers unique
advantages, including non-invasive collection
methods, high  proliferation rates, and
immunomodulatory properties, making them a
promising cell type for therapeutic applications.®
However, isolation and expansion methods must
be refined to ensure the viability and consistency
of WI-MSCs.

Previous
characterization
mesenchymal

works on the isolation and
of Wharton's jelly derived
stem cells (WJ-MSCs) have

66

produced different yields, markers and abilities to
differentiate. For instance, Ranjbaran et al.(%
were able to isolate WI-MSCs in 10cm’ plates
containing high glucose-Dulbecco’s Modified
Eagle Medium-F12 (HG-DMEM-F12),
supplemented with 15% fetal bovine serum (FBS).
and to separate the MSCs efficiently by placing
pieces of Wharton’s jelly at the bottom of the
plates. Similarly, Cardoso et al.!) cultured bovine
WJ-MSCs in a serum-iree condition and the cells
displayed the typical mesenchymal stem cell
phenotype up to 60 passages without having any
genetic abnormalities. Abouelnaga et al.%? also
reported the successiul isolation of umbilical cord
Wharton’s jelly mesenchymal stem cells in
primary cultures, after which the cells maintained
their  tri-lineage  differentiation  potential,
phenotypes, and karyotype characteristics on
further passage and expansion.

The originality of our work is based on the
approach, which aims at improving the isolation
and growth of WJ-MSCs in a 2% gelatine coated
flask and a culture medium containing 10%
human AB serum. Previous studies used fetal
bovine serum (FBS)13% but we used human
serum in our experiment to avoid immune
reactions in future clinical use. Furthermore, the
current study also revealed the distinct pattern of
surface markers (CD44, CD105, CD73, and
CD90) during the passage, with CD44 being most
expressive at passage 1 and the other markers at
passage 5.

The primary objective of this study was to
establish a standardized protocol for the isolation
and characterization of WJ-MSCs from human
umbilical cords. The study aimed to optimize the
culture conditions for WJ-MSCs, including the
use of 2% gelatin-coated flasks and a culture
medium supplemented with 10% human AB
serum, to ensure high cell viability, proliferation,
and purity. Additionally, the study sought to
characterize the phenotypic profile of WJI-MSCs
using flow cytometry to assess the expression of
key surface markers (CD105, CD73, CD90, and
CD44) and the absence of hematopoietic markers
(CD45).
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METHODS

Research design

This research was conducted in Gotong
Royong Hospital in Surabaya in collaboration
with the Faculty of Medicine and Faculty of
Pharmacy of Widya Mandala Catholic University
Surabaya. The research period was from June
2024 to December 2024.

Isolation of human umbilical cord-derived
mesenchymal stem cells (WJ-MSCs)

Human umbilical cords were collected from
3 patients in Gotong Royong Hospital,
immediately following cesarean section, within 5
minutes of placental removal to ensure optimal
cell viability. Patient selection included strict
criteria: only umbilical cords from healthy
pregnancies  without maternal or  fetal
complications were used. Specifically, cases of
preeclampsia, metabolic disorders, infections, or
abnormal umbilical cord coiling were excluded.
Upon retrieval, each umbilical cord was placed in
a sterile container with Dulbecco’s Modified
Eagle Medium (DMEM, Gibco, USA) containing
1% penicillin/streptomycin/amphotericin B and
transported to the laboratory under aseptic
conditions. In addition to morphological
assessment, flow cytometry analysis was
employed to confirm the MSC phenotype,
assessing the expression of surface markers
CD105, CD73, CD90, and CD44, with CD45 as a
hematopoietic exclusion marker. This phenotypic
profile aligns with the International Society for
Cellular Therapy (ISCT) guidelines for MSC
characterization, confirming the cells' stem cell
identity and purity across passages.

Preparation and culture of WJ-MSCs

In a laminar flow cell culture hood to
maintain aseptic technique, each umbilical cord
was first washed thoroughly with Hank's Balanced
Salt Solution (HBSS) containing 1% penicillin/
streptomycin/amphotericin = B (Service Bio,
China). Blood wvessels were carefully removed
from the Wharton’s Jelly tissue to isolate the
mesenchymal-rich regions, minimizing potential
contamination, and promoting a higher yield of
mesenchymal stem cells (MSCs). The remaining
Wharton’s Jelly tissue was cut into approximately
2 mm?® pieces, which were then placed in T75
culture flasks precoated with 2% gelatin to
enhance cellular adherence.("® The tissue explants
were left undisturbed for 7 days to allow cells to

Isolation of W/T-MSCs in Auman AB-serum

attach to the surface. (® The culture medium,
composed of DMEM supplemented with 10%
human AB serum and 0.1%
penicillin/streptomycin/amphotericin =~ B,  was
carefully added to prevent dislodging the tissue
fragments. Medium was replaced every 3 days,
and cell outgrowth  was monitored
microscopically. After 21 days, successful
outgrowth and proliferation of passage 1 (P1) cells
were observed, characterized by the spindle-
shaped, fibroblast-like morphology typical of
MSCs.

Flow cytometry analysis

Flow cytometry was employed to determine
the phenotype of WJI-MSCs isolated at passages 2
and 6 using a BD FACSAria flow cytometer (BD
Biosciences). To assess the expression of key
mesenchymal and hematopoietic markers, three
antibody panels were prepared with mouse
monoclonal antibodies specific to human antigens.
Panel 1 included anti-human CD105 (clone 43A3,
Alexa Fluor 488, BioLegend) and anti-human
CD45 (clone H130, FITC, BioLegend); Panel 2
included anti-human CD73 (clone AD2. PE.
BioLegend) and anti-human CD90 (clone 5E10,
PE/Cy7, BioLegend); and Panel 3 included anti-
human CD44 (clone IM7, PE, Elabscience). For
each panel, 10%cells in 100 uL were aliquoted into
individual tubes, and 2.5 uL of each antibody was
added to each sample. The cells were incubated for
1 hour at 4°C in the dark to optimize antibody
binding and prevent photobleaching. After
incubation, cells were washed twice with staining
buffer (PBS with 1% BSA) to remove unbound
antibodies, and were resuspended in 500 pL of
buffer for analysis. Gating parameters were set to
exclude debris and non-viable cells based on
forward and side scatter properties. Unstained
controls were applied to correct for spectral
overlap among fluorophores. Expression of
CD105, CD73, CD90, and CD44 was assessed to
confirm MSC phenotype, while CD45 was used to
exclude hematopoietic contamination.!'® Data
were analyzed to determine the percentage of cells
expressing each  marker, providing a
comprehensive phenotypic profile of WI-MSCs
across passages.

Ethical clearance

The ethical clearance for collecting the
human tissue was obtained from Medical Faculty,
Universitas Hang Tuah
(E/006/UHT.KEPK.03/11/2024).
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Statistical analysis

GraphPad Prism version 8.0.1 was used for
data presentation. The data were analyzed using
one-way analysis of variance (ANOVA) followed
by Tukey’s honestly significant difference (HSD)
when the data followed normality and
homogeneity assumption of parametric analysis
(otherwise using nonparametric Kruskal-Wallis
followed by Dunn’s test). Normality and
homogeneity were assessed using the Shapiro-
Wilk and Brown-Forsythe tests, respectively. A p-
value <0.05 was considered significant. All data
were presented as mean + standard deviation (SD).

RESULTS

Isolation and culture of Wharton’s jelly-
derived MSCs

Our results show that the WI-MSCs isolated
through this protocol display a fibroblast-like
morphology characteristic of MSCs, with
consistent morphology observed through the first
passage. The isolation of WJ-MSCs was achieved
through the explant culture method, allowing
MSCs to be successfully obtained from human
umbilical cord tissue. Following isolation, WJ-
MSCs adhered to the culture surface within the
first few days, and after 21 days in culture, passage
1 (P1) showed significant cell proliferation. The
MSCs exhibited a characteristic fibroblast-like
morphology (Figure 1), typical of mesenchymal
cells, with elongated, spindle-shaped bodies and a

Human Umbilical Cord
Wharton-Jelly

uniform, flattened appearance. Cells were tightly
adherent, forming a monolayer with parallel,
aligned arrangements. The morphology of the
cells remained stable through passage 14 (P14),
showing no signs of senescence or morphological
abnormalities. This consistent fibroblast-like
morphology, with the presence of prominent cell
projections and well-defined cellular boundaries,
suggests that the WIJ-MSCs maintained their
mesenchymal characteristics as evidenced by their
elongated spindle-shaped morphology and high
proliferation rate, and were successfully expanded
in primary culture. Such morphological
consistency is essential for the continued use of
these cells in therapeutic research, where cell
integrity and stability are paramount.

Phenotypic characterization of WJ-MSCs by
flow cytometry

To confirm the MSC phenotype, we
performed flow cytometric analysis on WJ-MSCs
passage 5 (P5), assessing the expression of key
surface markers (Figure 2). The gating strategy
effectively isolated MSC populations, and the
analysis revealed high expression levels of CD73
and CD90, alongside positive populations for
CD105. Additionally, the cells were negative for
CD45, confirming the absence of hematopoietic
contamination (Figure 2). Positive CD44

expression further validated the MSC phenotype,
affirming the cells' stem cell characteristics and

purity.

Explant

Mesenchymal Stem Cells P1/5

Figure 1. Explant culture of Wharton’s jelly-derived MSCs
The initial explant culture of Wharton's jelly-derived mesenchymal stem cells (WJ-MSCs) was isolated from
human umbilical cords. The explant technique and subsequent cell morphology are shown. with primary cultures
demonstrating successful MSC adherence and proliferation.

68

Universa Medicina, Vol. 44 No. 1, 2025



% Populations

Isolation of W/T-MSCs in Auman AB-serum

8
0 J01

E Q2
10 50,045 99,8
N)e 1_- E"..
] 2
4 .3
i 10" 3 5
0 =
& 41 3
100 “
b ] &
= 10° 3 5
E T
2 v
10 g b
3 o
10" 404 Q3
o 30,045 0,13
i)
| TRy ™~y Ty
1} 200K 400K B00K Ioa 10 10 100
S8C-A L SSC-A YL4-A :: PE-CyT-A
MSC Gated CcD90 PE-Cy7 / CD73 PE
L
10301 Q32
10 4978 218
04 i
o 3
i 10”7
e 3
g L3
i 10.1
£ 7
210’
0"
w004 a3
o 30,018 0
10
B T SRS
] 2 4 a 8
10 10 10 10 10

right), as well as CD44-positive populations (lower middle graph), verifying the MSC phenotype.
g p pop grap ying p yp
Note: Figures with decimal commas should be read as having decimal points.

RL1-A Alexa Fluor  647-A

CD44 PE

8]
100 3o Q2
1w 4732 26,1
10 3
10 3

4 -~
10

3
10 3
ll]: 3
10’ 34 Q3

o J085 0,035
10 GARILL Bmali ma L BRALLL SRR B

10 Iﬂz |0" lﬂe ms
BLA-H :: FITC-H

CD105 AF647 / CD45 FITC

Figure 2. Representative flow cytometric analysis of WI-MSC surface markers
The flow cytometric gating strategy assesses key surface markers on WI-MSCs, confirming their stem cell
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Figure 3. Comparative cell surface markers of WJ-MSCs at passages 1 and 5
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Compared to the negative phenotype (CD45), WJ-MSCs demonstrate a significant increase in surface markers at
passage 1 (p=0.010). Additionally, a dramatic increase was observed in CD105, CD90, CD73, and CD44 surface
markers at passage 5 (p < 0.000), indicating successful MSC proliferation and phenotype stability across
passages. Statistical analysis was conducted using one-way ANOVA with post-hoc tests to determine
significance between groups. p-values were calculated using GraphPad Prism, with significance levels denoted
as follows: p<0.05 (*), p<0.010 (*¥¥), p<0.001 (**#), and p<0.000 (****)
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Comparative analysis of surface markers at
different passages

Comparisons of WI-MSC surface markers
between P1 and P35 revealed significant
differences in marker expression (Figure 3). On
passage 1, the MSCs demonstrated a statistically
significant increase in pluripotency surface
markers compared to the CD45-negative
phenotype (p =0.010). By PS5, a dramatic increase
in CD105, CD90, CD73, and CD44 expression
was observed, with statistical significance (p<
0.001) (Figure 3). These findings indicate robust
MSC proliferation and stable expression of
essential stem cell markers across passages,
supporting the successful expansion and
maintenance of MSC characteristics through
successive passages.

DISCUSSION

This study successfully demonstrates the
rapid isolation and characterization of WJ-MSCs
from human umbilical cords using freshly
prepared human AB-serum. These cells exhibited
typical MSC morphology and a stable phenotype
through early passages, supporting their potential
for future research and clinical applications.!”-
However, despite overall success, the detection of
low levels of CD45 expression indicates potential
hematopoietic contamination.'® This may be
attributed to residual blood cells within the
Wharton’s Jelly, as complete removal of all blood
vessels can be challenging in clinical settings.('®
Future refinements could include additional
washes or enzymatic treatments to further
minimize CD45-positive cells, improving the
MSC purity and strengthening the clinical
potential of these cells.1%

The MSCs present in Wharton’s jelly tend to
have similar characteristics, irrespective of
umbilical cord regions (maternal, fetal, or central
attachment).?® Interestingly, a recent study has
highlighted the potential of MSCs derived
specifically from the cord-placental junction,
which may offer advantages over WJ-MSCs in
terms of cellular yield, differentiation potential,
and immunomodulatory properties. These cord-
placental junction MSCs have shown enhanced
proliferation rates and greater multilineage
differentiation capabilities compared to WI-
MSCs, likely due to their proximity to the placenta
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and the presence of rich microenvironmental
cues.(1®)

Our analysis of MSC surface marker
expression showed unique patterns across
different passages, specifically with P1 exhibiting
only high CD44 expression (approximately 60%)
while other markers, including CD105, CD73, and
CD90, were undetectable. This selective
expression at P1 could reflect an early stage in
MSC culture, where cells prioritize adhesion and
migration functions, as CD44 is a receptor for
hyaluronic acid involved in cell adhesion and
motility.(132D Figure 3 demonstrates a successive
passage, notably by P35, when all MSC markers
(CD105, CD73, CDY0, and CD44) reached high
expression levels. This finding suggests that these
cells may require additional time or specific
culture conditions to fully upregulate markers
associated with mesenchymal identity and
functionality. CD45, as expected, remained low
across passage 5. although its continued
detectability = indicates  potential  residual
hematopoietic contamination, which aligns with
reports from another study.!® Interestingly, this
marker pattern differs from MSCs derived from
the cord-placental junction (CPJ-MSCs), which
tend to express high levels of all MSC markers,
including CD105, CD73, and CD90, and low
CD45 levels. These differences may arise from
microenvironmental factors unique to CPJ-MSCs
that show marker expression and MSC
commitment earlier in culture, highlighting the
potential value of CPJ as an alternative MSC
source for applications requiring rapid cell
expansion and stable marker profiles.(**

Another area for improvement in our protocol
is the lengthy outgrowth period, as cell attachment
and expansion required 21 days before reaching
significant confluence. Long outgrowth times can
limit scalability and delay potential downstream
applications.?? Optimizing the initial explant
culture conditions could reduce this outgrowth
period, thereby increasing efficiency. This might
include using higher serum concentrations, pre-
coating culture surfaces with adhesion-promoting
molecules such as fibronectin, or adjusting oxygen
levels to more closely mimic the native
environment of wumbilical cord MSCs.(32%
Reducing the outgrowth time will not only
streamline the MSC isolation process but also
decrease the potential for cell senescence and
culture-induced variations, ultimately improving
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the consistency and reliability of the cells obtained
for research and therapeutic use.

The limitations of this study include, first, the
contamination with CD43, which is still detected
in antibody expressions. This may result from
incomplete removal of blood vessels during the
isolation process, potentially affecting the purity
of WI-MSCs and necessitating further refinement
of the isolation protocol. Second, the prolonged
outgrowth period limits the scalability and

efficiency of the protocol for large-scale
applications.
Despite these limitations, this study

successfully isolated and characterized WJI-MSCs,
providing a foundation for future clinical
applications in regenerative medicine, including
tissue repair, immunomodulation, and cell-based
therapies. The use of human AB serum instead of
fetal bovine serum (FBS) reduces the risk of
immune reactions, making the protocol more
suitable for clinical use.

Looking ahead, several future directions
could be built on this research. First, optimizing
the isolation process by carefully extracting
arteries and veins could minimize CD45
contamination and improve MSC purity. Second,
reducing the outgrowth period by optimizing
culture conditions—such as using higher serum
concentrations, adhesion-promoting molecules
like fibronectin, or adjusting oxygen levels to
better mimic the native environment of umbilical
cord MSCs—could enhance efficiency and
applicability.

CONCLUSION

This study successfully demonstrates the
isolation and characterization of Wharton’s jelly
derived MSCs (WJ-MSC) using a culture medium
supplemented with 10% human AB serum and
high glucose, combined with a 2% gelatine-coated
flask. This protocol achieved high cell viability
and proliferation, with WI-MSCs exhibiting
fibroblast-like morphology and stable expression
of MSC key markers (CD105, CD44, CD90 and
CD73) by passage 5, as well as low levels of CD45
expression indicating minimal hematopoietic
contamination and confirming the purity of the
isolated cells.

The results highlight the feasibility of this
protocol for obtaining viable WJ-MSCs, providing
a path for future research and clinical applications
in regenerative medicine. However, the 21-day
outgrowth period and the presence of residual

Isolation of WI-MSCs in Auman AB-serum

CD45 positivity suggest further optimization, such
as refining the isolation techniques, reducing
culture times, and exploring alternative MSC
sources.
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