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Wharton’s jelly-derived mesenchymal stem cells (WJ-MSCs) are a valuable tool in stem cell research due to their
high proliferation rate, multi-lineage differentiation potential, and immunotolerance properties. However, fibroblast
impurity during WJ-MSCs isolation is unavoidable because of morphological similarities and shared surface
markers. Here, a proteomic approach was employed to identify specific proteins deferentially expressed by WJ-
MSCs in comparison to those by neonatal foreskin and adult skin fibroblasts (NFFs and ASFs, respectively).
EphA2, SLC25A4, and SOD2 were predominantly expressed by WJ-MSCs, while CDH2 and Talin2 were specific to
NFFs and ASFs, respectively. Here, EphA2 was established as a potential surface-specific marker to distinguish
WJ-MSCs from fibroblasts and for prospective use to prepare pure primary cultures of WJ-MSCs for prospective
clinical use. Additionally, CDH2 could be used for a negative-selection isolation/depletion method to remove

neonatal fibroblasts contaminating preparations of WJ-MSCs.

adult skin fibroblasts mass spectrometry neonate foreskin fibroblasts proteomic analysis

Wharton'’s jelly-derived Mesenchymal Stem Cells

| 1. Introduction

Mesenchymal stem cells (MSCs) are a population of non-hematopoietic stem cells with multipotent properties that
are not associated with teratoma formation 2, Because of these properties, MSCs are an attractive alternative to
embryonic stem cells for research and prospective clinical applications. The therapeutic potential of MSCs is not
limited to their capacity to replace injured tissue cells. They also have a paracrine effect on the surrounding
environment that modulates inflammation, reduces stress-induced apoptosis, and enhances revascularization&!,
MSCs have been isolated from various tissues of the human body4IRI8 the bone marrow (BM) and adipose tissue

(AT) are the main source for prospective clinical applicationstZ.

There are a number of limitations to the use of adult MSCs. For example, the procedure for the collection of BM-
derived MSCs (BM-MSCs), which account for a small fraction of nucleated BM cells, is particularly invasive and
restricted to the availability of suitable donors€. In addition, BM-MSCs have limited long-term proliferation and the
differentiation potential is linked to the donor’s agel®. On the other hand, AT-derived MSCs (AT-MSCs) are more
abundant and the isolation procedure is less invasive. However, the expansion and differentiation of AT-MSCs are
dependent on the age and health status of the donorl2®. Wharton's jelly-derived MSCs (WJ-MSCs) continue to gain

the interest of researchers as a promising alternative source of multipotent cells that do not require an invasive
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isolation procedurell, This unique population of cells is embedded within the gelatinous material of the umbilical
cord, known as Wharton’s jellyl22l13] Resembling adult MSCs, WJ-MSCs have the capacity of self-renewal and
immuno-modular propertiesitl14l16l - As multipotent cells, WJ-MSCs can be differentiated in vitro into a wide
spectrum of cell types from the three germ layers or at least in part, express specific markersLJ18l191120] ' |ndeed,
current data are conflicting in regard to the ability of MSCs to generate terminal and functional cells from either
germ layer due to the use of various isolation, proliferation, and differentiation protocols that are biased due to
differences in the stimulus used to induce cell signaling[21l221i28l[24] iy addition to the existence of cell populations at

different developmental stages.

Like MSCs, WJ-MSCs are not associated with teratoma formation upon transplantation, thus clinical applications of
these cells are ethically accepted22(28l, |n fact, BM-MSCs and WJ-MSCs are believed to have a common ancestor.
Nevertheless, we and others have shown differences in the differentiation potential as well as the transcriptomic
and proteomic profilesi27I28],

MSCs are often employed in the field of regenerative medicine due to their immunomodulatory effects, which
virtually erases the risk of immunorejection and eliminates the need for immunosuppressive therapy prior to
transplantation22B9, The immunomodulatory capacity of MSCs is mediated through a cell contact-dependent
mechanism and the secretion of paracrine factorsB2233] Thys, crosstalk between MSCs and immune cells is
sufficient to generate a homeostatic mechanism by which MSCs regulate the immune response. Although, MSCs
from different sources have comparable influences on the immunophenotypel2435] some minor differences exist.
Relative to BM-MSCs, AT-MSCs reportedly have greater immunomodulatory potency due to high levels of cytokine
secretion28 and prevention of immunogenicity22l. On the other hand, a recent report indicated that BM-MSCs
possess higher immunomodulatory activities and secrete lower amounts of paracrine signaling molecules relative
to AT-MSCs and WJ-MSCsBZ. These discrepancies have been attributed to differences in cultural conditions,
variations in experimental setups, and, most importantly, the crosstalk between each type of MSCs and the
targeted immune cell populationi38l. Although further in-depth studies are needed to clarify the immunomodulatory
effects of MSCs from different sources, the advantages of perinatal vs. adult MECs include the short prenatal

lifespan, limited exposure to pro-aging factors, and less cellular/genetic damage that might affect cellular
plasticity321[40],

Fibroblasts, which are the most common somatic cell type, form structural frameworks and produce an extracellular
matrix that supports the surrounding tissues. Fibroblasts are not terminally differentiated cells, but rather respond
to stimuli that activate proliferation and differentiation potential, and also play important roles in wound healing,
inflammation, angiogenesis, and tissue fibrosisll. Current methods for the isolation of MSC and WJ-MSC do not
prevent fibroblast contamination, as these cell populations share a spindle-like morphology, expression of common
surface antigens, and plastic adherence properties®2. In addition to reducing the yield of these multipotent cell
populations, fibroblast contamination may increase the risk of damage to MSCs and WJ-MSCs, resulting in
senescence or cell death, reduced differentiation potential, or even tumorigenic transformation following

transplantation(2l42],
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Currently, there is no consensus on a single surface marker to differentiate WJ-MSCs from fibroblasts of various
sources, which is essential for the isolation of pure and authentic populations of WJ-MSCs that can be introduced
into damaged tissues or organs without passaging in tissue culture, for prospective clinical applications. In this
study, the proteomic profiles of membrane-bound proteins extracted from WJ-MSCs, neonatal foreskin fibroblasts
(NFFs), and adult skin fibroblasts (ASFs) were characterized using nanoscale liquid chromatography coupled to
tandem mass spectrometry (Nano LC-MS/MS). Gene expression analysis at the transcriptional and protein levels
indicated that ephrin type-A receptor 2 (EphA2) is a candidate surface-specific protein for the identification of WJ-

MSCs, whereas cluster of differentiation (CD)H2 and Talin2 are markers for NFFs and ASFs, respectively.
2. Results

2.1. Analysis of Deferentially Expressed Proteins Detected by Nano LC-MS/MS

To illustrate differences in the proteomic patterns between deferent passages of WJ-MSCs, ASFs, and NFFs,
membrane-fraction protein extracts were digested, and the generated peptides were detected by Nano LC-MS/MS.
In total, 958, 866, and 813 proteins were shared among the different passages of WJ-MSCs, ASFs, and NFFs.
Then, we compared the number of proteins shared among different cell-types and identified 905 proteins that were
commonly expressed among WJ-MSCs, ASFs, and NFFs. Among the cell types, a total of 97 differentially
expressed proteins were identified, including 56 that were unique to WJ-MSCs, 23 unique to NFFs, and 18 unique
to ASFs. Moreover, 41 proteins were shared between WJ-MSCs and NFFs, 60 between WJ-MSCs and ASFs, and
23 between ASFs and NFFs.

The identified proteins were first screened to identify all membrane-bound proteins that could be potential
candidate cell surface markers. Of the initial 1126 screened proteins, 454 were found to have a transmembrane
domain, and then categorized according to involvement in biological processes, molecular functions, and cellular
localization using gene ontology (GO) enrichment methods (Figure 2). Of the proteins involved in biological
processes, most had intracellular transport functions or targeted the cellular membranes and organelles. Several
proteins were associated with RNA processing, cell biogenesis, and organization (Figure 2A). Of the proteins
involved in molecular functions, most were either associated with RNA binding functions, cell signaling, or the
ribosomal complex (Figure 2B). Most of the detected proteins were present in vesicles, membrane-bound

organelles, or secretory exosomes (Figure 2C).
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Figure 1. Pathways and gene ontology (GO) enrichment analysis of 1126 proteins expressed by WJ-MSCs, ASFs,
and NFFs. The GO annotation enrichment score [-Log2 (p-value)] analysis of proteins involved in biological

processes (A), molecular functions (B), and cellular components (C), as identified by MS and in proteomic

analysis.

Quantitative MS was performed to identify proteins with differential expression patterns in different cell types.
These proteins were compared and classified based on their cellular localization, as well as involvement in
biological processes and molecular functions (Tables 1 and 2). Many of the identified proteins were common

among different cell types, while others were specific to a particular cell type. For example, proteins involved in
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plasma membrane rafts and cell-cell junctions were specific to a particular cell type, including EphA2 in WJ-MSCs,
the cytoskeletal anchoring protein Talin2 (TLN2) in ASFs, and neuronal (N)-cadherin (CDH2/CD325) in NFFs
(Table 1, Cytoplasmic membrane). In the mitochondria, the adenosine di/triphosphate (ADP/ATP) translocase
1/solute carrier family 25 member 4 (SLC25A4) and voltage-dependent anion-selective channel protein VDAC3
appear to be specific to WJ-MSCs, while mitochondrial superoxide dismutase (SOD2) was identified in both WJ-
MSCs and ASFs. The integrin alpha subunit ITGA2 (CD49b) was common to both WJ-MSCs and NFFs, while

lipase maturation factor (LMF2) was detected specific to fibroblasts (both ASFs and NFFs).

Table 1. Cellular localization of the membrane-bound proteins differentially expressed by WJ-MSCs, ASFs, and NFFs. - means un-detected.

Cellular Localization Unique to WJ-MSCs Unique to NFFs Unique to ASFs W]-MSCs and NFFs W]J-MSCs and ASFs ASFs and NFFs
ADHS, CAPN1, CAPNZ,
DNAJB4, EMILIN, GLIPR?,
Ml{‘l’;}mi%"f“é:)%‘m COLEC12, DSTN, DIST, GFPTI, ITSN2, LTA4H,
Rt G e e s AK1, ATPEVIA, ECHS1, IGF2R, IGFBP7, HLA-B HLA-C,MARS,  ANXA4, CYBSA, GNB2,
— bhberigns AM'IE'NUCBz, B s GNAL. NDRGI, IDH1, IDH2, NDUFB4, PDLIM2, PEPD, PSMC6,  GNB4, LAMTORI, PCK2,
A Snosome. psx?..zpmz.'rocm SNRPE TPE QDPR, SIRPA, PRDX3, PLD3, REEPS, PSMB6, RHOA, RHOC, PTGS1, PRKCA, RPLPL,
o L e ] TUBB4A,UBE2V2  SCAMP3,STXI2, TMED9,  RACI, RAC2, RAC3, RNHI, SNXI8
o L TPM3, USP14 RPS17, STK10, SOD2, TXNLL,
g TIMP3, FLJ44635, TCEB2,
TPTI, UBE2L3
) DDX6, EPHAZ, GCNI, CDH2, GOLGA3, EFHD2, SWAP70, MYHS,
Coll-Cell Adhagion LIMS1, BZW2, PCMT1 STAT1, TMOD3 T TOML ICTNI, MIACTR PSMB6, RHOA, TJP2, TWF1 OXTR, SN
Cellular Adherence - STATI TNS3 DPP3, IGF2R), ITGA2, IDH1  CAPN2, RACI, TLN2 CAPNI
CIQBF, LETMI, PYCRI, BRI3BP, NDUFB4, DLST,
Mitochondria PYCR2, SLC25A4, SQRDL, EFHDI E Echs), DHz, pROX3,  ALPHIRALPLD. GLUDL  cvgsa, pexa, prica
VDAC3 PITRM1 i
Mitochondrial Envelope  FTMISLCBALSQRDL  ppypy, sucasan = NDUFB4 ALDHISAL OGDH,SOD2  CYBSA, COX1, PRKCA
Endoplasmic Reticulum - CAPNZ, HLA-B, HLAC,
i APOL2 MLEC, PML PLD3, REEPS, TMED9 I R SR CYBSA, LMF2, PTGS1
ER Membrane APOL2 RAB2B = KINI HLA-B, HLA-G, RACI, CYBSA, PTGSI
SEC24D
>l
i i i CIQBP, DDX6, LSM2, STATI, SNRPE, . A A e G, OGN, FWPICA, .
NUP93, TGFBII1, WDR36 SART3, TPP1 SPARC. TPS3BPL Usapr  SRKT,SF1,SOD2, TCEB2
Plasma Membrane Raft EPHAZ, RABSA CDH2 TINZ ATPIB3, MACF1, TPMI PRKARIA, RAC1, TWF1 -
ATPIB3, DPPA, IGF2R, HLA-B, HLA-C, RACT,
Cytoplasm Membrane RAB3B, TPP1 PACS ifmghis g Ly it APIBI
h ADAR, ATPIB3, DIST, DPPY,  ALDHISAL CAPNI,
%;g{;‘m{" EFHDI1, RAB2B, PACSI, RANBP2,  ECHSI, IGF2R, ITGAZ, IDH1,  CAPN2, GLUDI, GLUD2, T,
e il LIS, SN R, RAB3B, STATI, RGPD3, RGPD4,  KTNL NDUFB4, PITRMI,  HLA-B,HLA-CLOGDH. it pRKCA RPLPL
e pintqlmarsg i SNRPE, SLC25A1, RGPDS, RGPDS, SCRNI, SPARC, STX12,  PRKARIA, PPPICA, RACI, s ‘
SORTYL TCPEI, VDA SART3, TPP1 RGPDS, TNS3 TPM2, TPSIBPI, U2AFI,  SEC24D, STRAP, SRRT, SF1, :
: v USP14 SOD2, TLNZ2, TCEB2, TPM3
Spliceasome LsM2 SNRPE = ADAR SNRPA, SF1 -

WJ-MSCs, Wharton's jelly-derived mesenchymal stem cells; ASFs, Adult skin fibroblasts; NFFs, Neonate foreskin fibroblasts.

In addition, the dataset contains shared and cell type-specific proteins within many functional classes, thereby
revealing important differences in the protein profiles of specific cell types (Table 2). For example, signaling
proteins known to be involved in the tricarboxylic acid cycle were detected in all of the cell types studied. On the
other hand, the notch signaling protein ANXA4 was specific to fibroblasts. The Wnt signaling molecules CTHRC1
and CDH2 were only detected in WJ-MSCs and NFFs respectively, whereas Ras homolog family member A
(RHOA) and ubiquitin A-52 residue ribosomal protein fusion product 1 (UBA52) were present in both WJ-MSCs and
ASFs. Similarly, the studied cell types had notable differentially expressed proteins involved in other biological
mechanisms, including metabolic and oxidation-reduction, cell adherence, cell component transportation, and
biogenesis (Table 2). Thus, the proteomic dataset provides an important resource of cell-surface proteins present

on WJ-MSCs that could be used in future functional studies.
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Table 2. Involvement of the identified membrane-bound proteins in signal transduction palhways and biolﬂgical processes that were differemially by WJ-MSCs, ASFs,
and NFFs. — means un-detected.

Signaling Pathways

Unique to WJ-MSCs

Unique to NFFs

Unique to ASFs

WJ-MSCs and NFFs

WJ-MSCs and ASFs

ASFs and NFFs

Signal Transduction Pathway

Wt CTHRCI CDHz2 = = RHOA, UBA52 =
NF_<B _ _ _ _ PSMB6 _
Notch _ _ _ Z _ ANXA4
Interferon _ _ _ ADAR, STATI HLAB, HLAC _
Insulin/Glucose NUP93, PFKL Z ATPGV1A, RANBP2 _ _ Z
‘Amino Acid Biosynthesis PYCRI, PYCR2 - - - ALDH18, GLUDI -
Tricarboxylic Acid Cydle _ _ _ DLST, IDH1, IDHZ, DLD, OGDH _
DDX19A, DDX198, NUP93, ) RANBP2, RGPD3, RGPD4, -
Intracellular Transport o SNRPE RCPDe RoPDE RGPDs”  ADAR STXI12 UZAFL  PPPICA,RPSIZ, SEC24D AP1B1, RPLP1
RNA Processing CIQBQV"SEE' RELD: SNRPE, SART3 - ADAR RPS17, U2AF1  STRAP, SRRT, SNRPA, SF1 RPLP1
DDX, LIMS1, WDR35, R, SEC24D, PRKARIA, RACT,
Cell Component Biogenesis ~ C1QBE, ICAM1, NUP93, SNRPE, SART3 - NDUFB“‘S’;‘_B]‘ZR’ ITGA2. STRAP SF1, 50D2, TLN2, PRKCA, RPLP1
PFKL, VDAC3 TCEB2
CYB5A, COXI,
o : ) NDUFB4, DLST, ECHS1, ~ PTGSIADHS, ALDHIgAT,
Oxidation-reduction Process NUCB2, PFKL, SQRDL - - DH GLUD1, GLUDZ, OGDH, -
sOD2
Cell Adhesion By STATI = DPP4, ITGA2, IDH1, KTN1  PRKARIA, PPP3CA, RACI PRKCA
; . DLST, ECHS1, IDHI, ADHS, ALDHIBA], CYB5A, COX1, PGP,
Metabolic Processing APOL2, NUCB2, PFKL SLC25A1 RANBP2 reteid b e I i R,
Fost Translaticral CIQBE, DDX6 = = ADAR SRRT PRKCA

Modifications

WJ-MSCs, Wharton's jelly-derived mesenchymal stem cells; ASFs, Adult skin fibroblasts; NFFs, Neonate foreskin fibroblasts.

2.2. Quantitative RT-PCR Analysis of Gene Products (Proteins) Identified by Mass
spectrometry (MS) Screening

While generally a good indicator of protein translation in the cells, the mRNA level is not always correlated with the
presence of the encoded protein3l. Thus, to verify whether the relative expression levels of the proteins detected
via MS in different cell types could have been predicted by the mRNA levels; quantitative reverse transcription
polymerase chain reaction (QRT-PCR) analysis was performed to analyze the gene expression (Figure 3). The
expression pattern of CD73, a well-known marker of WJ-MSCs was also analyzed, which showed comparable
expression levels in both WJ-MSCs and fibroblasts (Figure 3).
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Figure 2. gRT-PCR analysis of 15 selected genes differentially expressed by WJ-MSCs, ASFs, and NFFs. Relative
guantification was calculated by comparing gene expression levels in ASFs and NFFs with corresponding WJ-

MSCs expression, which was set to 1 (control sample). Gene expression was initially normalized to the geometric
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mean for the housekeeping genes [B-actin, Glyceraldehyde 3-phosphate dehydrogenase (GAPDH), and S18, as
references. Data are presented as the means * standard deviation of six gRT-PCR assays (technical duplicate of
three biological samples). * p < 0.05, ** p < 0.01, and *** p < 0.001 are significant to the higher bar. # p < 0.01 is

significant to all other bars.

The mRNA expression profiles of the membrane-bound proteins EphA2, SLC25A4, TLN2, LMF2, and CD49b were
similar by gRT-PCR analysis and the quantitative MS spectra. EphA2 and SLC25A4 were predominantly
expressed by WJ-MSCs. The expression levels of AphA2 in ASFs and NFFs were only 13% and 27% relative to
those of WJ-MSCs, respectively. While SLC25A4 transcripts in both fibroblast cell types were <10% relative to
those of WJ-MSCs. On the other hand, TLN2 and LMF2 genes were notably expressed by fibroblasts. In both
ASFs and NFFs, the expression levels of TLN2 and LMF2 were 43- and 12-fold, and 17- and 15-fold relative to that
of WJ-MSCs, respectively (Figure 3). CD49b was expressed mainly by WJ-MSCs, to a lesser extent by NFFs (40%
to that of WJ-MSCs), and as low as 15% in ASFs. Alternatively, mRNA levels of VDAC3, SOD2, and plectin-1
(PLEC1) did not reflect the associated protein expression levels determined by MS analysis (Table 3), whereas
SOD?2 expression levels were 20-fold higher in WJ-MSCs than fibroblasts. The mRNA expression levels of VDAC3
and PLEC1 were equivalent in all cell types (Figure 3).

2.3. Western Blot Analysis

Western blot analysis of selected proteins was performed to validate the quantitative proteomic results obtained by
MS and to assess correlations with the mRNA levels determined by gRT-PCR (Figure 4). As compared to the
findings of MS and gRT-PCR, the protein levels of CD49b, as determined by Western blot analysis, were
approximately 8-fold higher in WJ-MSCs and NFFs relative to ASFs. On the other hand, levels of mitochondrial
SOD2 were higher in WJ-MSCs, in agreement with their mMRNA levels, but were not detected in ASFs, as predicted
by the proteomics approach (Table 3). Western blot analysis using specific antibodies barely detected SOD2
proteins in fibroblasts (Figure 4). Protein levels of PLEC1, Nexilin, TLN2, and CD49e replicated the expression
patterns determined by qRT-PCR analysis. However, the expression levels of these proteins in different cell types
did not mimic those predicted by the proteomics approach. PLEC1 and Nexilin proteins were comparably
expressed by all cell types, whereas CD49e proteins were equivalently detected in WJ-MSCs and ASFs but were
50% lower in NFFs. On the other hand, TLN2 was predominately observed in ASFs and seldomly detected in WH-
MSCs or NFFs. Protein levels of LMF2 were 5-fold greater in ASFs relative to WJ-MSCs, but not expressed in
NFFs, as observed by both gRT-PCR analysis and the initial MS screening. Similarly, EphA2 and SLC25A4 were
predominantly expressed by WJ-MSCs, as predicted by the proteomics approach and validated by gRT-PCR
(accounting for <20% in fibroblasts, Figure 4 and Table 3).
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Figure 3. Expression levels of proteins differentially expressed by WJ-MSCs, ASFs, and NFFs. Representative
Western blots of 12 expressed proteins. Normalized proteins are expressed relative to their prospective expression
in WJ-MSCs. Data are presented as the means + standard error of the mean of three independent assays. * p <
0.05, ** p < 0.01, and *** p < 0.001 are significant to the higher bar. # p < 0.01 is significant to all other bars.

2.4. Fluorescence Microscopy

Next, fluorescence microscopy was used to visualize the expression patterns and the cellular localizations of
proteins of interest in WJ-MSCs, ASFs, and NFFs (Figure 5). SOD2 was detected predominantly in WJ-MSCs with
lower expression seen in NFFs. CD49b was mostly expressed by WJ-MSCs, with some expression detected in
ASFs. On the contrary, TLN2 was observed only in ASFs, confirming the results obtained by Western blot analysis.
LMF2 was expressed mainly in ASFs, with some minor expression patterns in NFFs, correlating with the pattern
detected by Western blot analysis. The myosin light chain kinase MLCK1 was expressed mostly in NFFs, with
lower levels in ASFs, similar to the expression profile of N-cadherin (CD325).
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Figure 4. Immunofluorescence of selected proteins expressed in WJ-MSCs, NFFs, and ASFs. Representative
confocal laser microscopy images of immunofluorescence for primary cells using APEX antibody labeling system
for conjugating the indicated primary antibodies as described in the Materials and Methods Section. Shown at 400x

magnification. Nuclei were stained with 4',6-diamidino-2-phenylindole (DAPI).

| 3. Discussion

Due to the potential use in regenerative medicine, WJ-MSCs have continued to attract the interest of academic and
medical communities in recent years. Despite a multitude of studies, the isolation of WJ-MSCs from contaminating
cell populations remains difficult, particularly with fibroblasts. In order to develop more convenient and targeted

methods of purification, cell-specific surface markers were identified to precisely isolate WJ-MSCs.

According to the current criteria defined by the International Society for Cellular Therapy, MSCs express the
membrane proteins CD105, CD73, and CD90, but not CD45, CD34, CD14, or CD11b, CD79a, or CD19, and HLA-
DR [, Besides the present study, several previous studies have reported that many of these surface markers are
shared with fibroblasts[2[21[42144]145]46][47] On the other hand, MSCs express various fibroblast proteins, such as
collagen, vimentin, fibroblast surface protein, heat shock protein 47, and a-smooth muscle actin@#4], Thus, MSCs
are a heterogeneous cell population that lacks a specific surface biomarker, thereby rendering identification and
characterization of MSCs rather challenging. In this study, 454 membrane-bound proteins differentially expressed
by these cell types were identified. Here, a few highly expressed markers were selected for further analysis, which
included EphaA2, CDH5, and the integrin alpha subunits CD49b and CD49e.

EphA2 belongs to the Ephrin receptor subfamily of the protein-tyrosine kinase family. EphA2 and its ligand Ephrin
play important roles in cellular migration, survival, and differentiation [48]. In general, Ephrin receptors mediate cell-
to-cell binding, leading to contact-dependent bidirectional signaling to neighboring cells#¥. During embryogenesis,
Ephrin receptors mediate neuron differentiation, neural-tube formation, and development of the early hindbrain22.
Ephrin receptors influence a niche of stem cells. In the present study, EphA2 was primarily expressed by WJ-MSCs
supporting its role in cell self-renewal and differentiation®: the two major characteristics of stem cells that
fibroblasts lack. The results of previous gene expression studies indicate that MSCs derived from BM and AT
express a wide range of Ephrin receptors, including EphA2[28! whereas MSCs isolated from the umbilical cord
blood expresses EphB222. In support of our data, proteomic analysis identified EphA2 as a marker of MSCs
derived from the placenta, a cell type that is developmentally related to WJ-MSCs[28l and is believed to secrete
prostaglandin E2, an anti-fibrosis and immunomodulator marker®4. Together, these data indicate that EphA2 is an
important surface marker of WJ-MSCs.

CDHS5 or VE-cadherin have been previously described to be a surface marker for Adult cardiac progenitor/stem
cells but not BM-MSCs23 or WJ-MSC B8l here we found it to be a good surface marker for WJ-MSCs and to a
lesser extent to NFFs. CDH5 is a calcium-dependent cell adhesion protein that ensure integrity of blood and lymph
vessels and play an important role in vasculogenesis, angiogenesis, vessel leakage, and leukocyte trafficking®Z,

Inhibition of CDH5 expression, by miRNA-6086, blocks human embryonic stem cells’ differentiation into endothelial
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cells®8. Together, the elevated levels of CDH5 in WJ-MSCs supports their prospective differentiation into

endothelial cells or possible other lineages.

Integrins play an essential role in cellular adhesion and cell surface-mediated signaling. CD49b is integrin alpha 2
subunit, which, in combination with integrin beta 1 subunit, forms a receptor for collagen, collagen C-propeptides,
fibronectin, laminin, and E-cadherin®2. Ligand recognition and binding occur mainly through the alpha subunit of
the integrin heterodimer. Once activated, the receptor initiates downstream signaling events engendering changes
in cell migration, survival, and growth®2. Interestingly, integrin activation via intracellular ligands has also been
reported. The binding of Talin 2 to the integrin beta subunit leads to a conformational change to its transmembrane

domain, leading to integrin activation[®1],

Albeit BM-MSCs and fibroblasts express similar levels of CD49bl%2: in the present study, mMRNA and protein
expression levels of CD49b were 2.5-fold higher in WJ-MSCs than in NFFs. This pattern is corroborated by two
large transcriptomic and proteomic studies(€3l64l which were generated the Human Protein Atlas (HPA). In the
HPA, CD49b is mostly expressed by endothelial cells derived from the umbilical vein and to a lower extent in NFFs.
The mRNA and protein expression patterns of CD49e observed in this study also mimicked those from the HPA

database: mostly expressed by endothelial cells from the umbilical vein and lower expression in NFFsE2.

While several studies have screened and identified surface markers of MSCs, the identification of MSC-specific
surface markers remains challenging. A systematic review of available information noted a great discrepancy in the
expression patterns of several surface markers of MSCs in different studies®®. A possible explanation for this
discrepancy is related to the origin or heterogeneity of the MSCs used in different studies. Alternatively, these
differences could possibly be related to the different proliferative stages of the cells in culture. In any case, further
studies are needed to validate our preliminary findings as well as extrapolate the findings of previous studies to
overcome inconsistencies regarding cell surface marker profiles of MSCs with the potential advantage of culture
purification of WJ-MSCs via negative or positive selection. A limitation to this study is the comparison of data with

only two fibroblast cell lines. Hence, the results must be interpreted with caution.

To the best of our knowledge, this is the first study that aimed to identify specific cell markers for WJ-MSCs that are
not present in fibroblasts of neonate or adult origin. We confirmed EphA2 as a potential cell surface marker that
distinguishes WJ-MSCs from fibroblasts and can be used to prepare pure WJ-MSCs primary cell cultures. CDH5 or
VE-Cadherin can be also used as a surface marker, however it would yield a less pure WJ-MSCs population.
Whereas, a negative-selection isolation process can be devised using CDH2 to remove neonatal fibroblasts,
commonly encountered in WJ-MSCs preparations. Currently, we are aiming to use these surface-specific markers
to prepare pure cell cultures from a wide range of MSCs derived from several tissues, including bone marrow,

adipose tissue, and dental pulp.
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