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Abstract

The clinical effectiveness of systemically-administered human mesenchymal stem cells (hMSCs) 

depends on their capacity to engage vascular endothelium. hMSCs derived from bone marrow 

(BM-hMSCs) natively lack endothelial binding capacity but express a CD44 glycovariant 

containing N-linked sialyllactosamines that can be α(1,3)-fucosylated using fucosyltransferase-VI 

(FTVI) to enforce sLeX decorations, thereby creating hematopoietic cell E-/L-selectin ligand 

(HCELL). HCELL expression programs potent shear-resistant adhesion of circulating cells to 

endothelial beds expressing E-selectin. An alternative source of hMSCs is adipose tissue (A-

hMSCs), and we assessed whether A-hMSCs bind E-selectin and/or possess sialyllactosamine-

decorated CD44 accessible to α(1,3)-fucosylation. Similar to BM-hMSCs, we found that A-

hMSCs natively lack E-selectin ligands, but FTVI-mediated cell surface α(1,3)-fucosylation 

induces sLeX expression and robust E-selectin binding secondary to conversion of CD44 into 

HCELL. Moreover, treatment with the α(1,3)-fucosyltransferase FTVII also generated expression 
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of HCELL on both BM-hMSCs and A-hMSCs, with sLeX decorations created on N-linked 

glycans of the "standard" CD44 (CD44s) isoform. The finding that hMSCs from both source 

tissues each lack native E-selectin ligand expression prompted examination of the expression of 

glycosyltransferases that direct lactosaminyl glycan synthesis. These studies reveal that both types 

of hMSCs conspicuously lack transcripts encoding α(1,3)-fucosyltransferases but equally express 

glycosyltransferases critical to creation of sialyllactosamines. Collectively, these data indicate that 

assembly of a sialyllactosaminyl-decorated CD44s glycovariant is a conserved feature of hMSCs 

derived from adipose tissue and marrow, thus identifying a CD44 glycosignature of these cells and 

supporting the applicability of cell surface α(1,3)-fucosylation in programming migration of 

systemically-administered A-hMSCs to sites of tissue injury/inflammation.

Graphical abstract

Application of Glycosyltransferase-Programmed Stereosubstitution (GPS) to enforce 
HCELL expression. Cell surface CD44 can be converted to the HCELL glycoform by glycan 

engineering via GPS. Note glycan structures (including sLeX) and component steps in the strategy 

to create HCELL by α(1,3)-fucosylation of “acceptor” sialylated CD44 on the hMSC membrane. 

The “β1-4” linkage as shown between Gal and GlcNAc defines a “Type 2” lactosamine unit. 

When this structure contains a fucose substitution in a 1,3-linkage to N-acetylglucosamine it is 

known as ‘sialylated Lewis x’ (sLeX): Treatment of hMSCs with either fucosyltransferase VI 

(FTVI) or fucosyltransferase VII (FTVII) drives α(1,3)-fucosylation of CD44 glycans, thereby 

generating sLeX and, accordingly, engendering HCELL. Data indicate that assembly of a 

sialyllactosaminyl-decorated CD44s glycovariant is a conserved feature of hMSCs derived from 

adipose tissue and marrow, thus identifying a CD44 glycosignature of these cells and supporting 

the applicability of cell surface α(1,3)-fucosylation in programming migration of systemically-

administered A-hMSCs to sites of tissue injury/inflammation. Color key figures correspond to 

respective monosaccharides.
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INTRODUCTION

Human mesenchymal stem cells (hMSCs) comprise a heterogeneous population of cells that 

support tissue growth/repair, and which can also differentiate into multiple cell types. 

Because hMSCs also possess potent immunomodulatory properties [1,2], these cells have 

received increasing attention for use in treatment of inflammatory diseases. To date, bone 

marrow has served as the main source of hMSCs for clinical application. However, to obtain 

bone marrow hMSCs (BM-hMSCs), one must perform marrow aspiration, which is a 

relatively invasive procedure requiring use of large-bore needles under force to penetrate the 

bone cortex. Alternatively, hMSCs can also be obtained from adipose tissue. These adipose-

derived hMSCs (A-hMSCs) can be readily acquired through simple percutaneous fat 

aspiration(s) and/or from discarded tissue following liposuction/lipo-removal procedures 

and/or from adipose tissue procured as by-products of non-cosmetic surgeries [3–7]. 

Notably, comparative studies have suggested that A-hMSCs may possess more potent 

immunosuppressive effects than do BM-hMSCs [8–10]. The simplicity and convenience of 

procurement and the reported immunoregulatory profile of A-hMSCs offer significant 

advantages to use of these cells for treatment of inflammatory conditions.

A key prerequisite in realizing the promise of hMSC in therapy of acute and chronic 

inflammation is to ensure delivery of the cells to requisite sites. In all mammals, 

microvascular endothelial beds at all sites of tissue injury/inflammation express E-selectin. 

E-selectin (CD62E) is an endothelial molecule that is inducibly-expressed by inflammatory 

cytokines such as TNFα and IL-1 within post-capillary venules. It is a member of a family 

of Ca2+-dependent (“C-type”) lectins known as selectins that bind a tetrasaccharide motif 

consisting of a terminal sialic acid (also known as neuraminic acid; ‘NeuAc’) in α(2,3)-

linkage to galactose (Gal) which is linked to an N-acetylglucosamine (GlcNAc) that is 

modified by fucose (Fuc). In non-epithelial cells (such as MSCs), Gal is β(1,4)-linked to 

GlcNAc, and this disaccharide is known as a “type 2” lactosamine unit (Galβ(1,4)-GlcNAc). 

The type 2 lactosamine unit can be modified with sialic acid, with fucose, or with both sialic 

acid and fucose: if sialic acid is linked to Gal, this trisaccharide structure is known as a 

“sialylated lactosamine” (or, more commonly, a “sialyllactosamine”); if fucose is α(1,3)-

linked to GlcNAc, this trisaccharide structure (a “fucosylated type 2 lactosamine”) is known 

as “Lewis X” (LeX; also known as “CD15”). E-selectin does not bind to LeX, but does bind 

to the sialylated form of LeX, the tetrasaccharide structure known as ‘sialylated Lewis X’ 

(sLeX; also known as “CD15s”): NeuAc-α(2–3)-Gal-β(1-4)[Fuc-α(1–3)]-GlcNAc β(1-R) 

(see Supplemental Figures 1 and 2). By definition, sLeX is a “fucosylated sialyllactosaminyl 

glycan”, and it can be displayed as a protein-based glycoconjugate (i.e., a glycoprotein) 

and/or as a lipid-based glyconjugate (i.e., a glycolipid) [11,12,13]. This structure is 

recognized by mAbs such as HECA452 and CSLEX-1 [11–13] and can be operationally 

identified as an E-selectin ligand by using a chimeric construct comprised of E-selectin 

linked to the Fc region of the immunoglobulin heavy chain (E-selectin-Fc chimera (“E-Ig”)) 

as a probe. Importantly, the creation of sLeX within the cell’s Golgi apparatus is a 

conspicuously ordered process dictated by glycosyltransferases (GTs) with strict target 

acceptor specificities working in a defined sequence, requiring first the addition of sialic acid 

to a terminal type 2 lactosamine unit (mediated by GTs known as α(2–3)-sialyltransferases), 
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followed then by the addition of fucose to GlcNAC within the sialyllactosaminyl glycan 

(mediated by GTs known as α(1–3)-fucosyltransferases) (see Supplemental Fig. 1). The 

addition of fucose to an unsialylated type 2 lactosamine prevents subsequent sialylation, 

thereby structurally locking the lactosamine into the trisaccharide LeX (Supplemental Fig. 

1).

Prior studies from our lab have shown that BM-hMSCs express sialyllactosamines displayed 

on membrane CD44 that can be glycoengineered, directly on the cell surface by α(1,3)-

fucosylation using fucosyltransferase VI (FTVI), to display sLeX. This sLeX-bearing CD44 

glycoform is known as hematopoietic cell E-/L-selectin ligand (HCELL), a highly potent E-

selectin ligand. Expression of HCELL licenses homing of blood-borne cells to tissue sites 

where E-selectin is expressed, initiating a cascade of events resulting in extravasation 

[11,12]. In the present study, we sought to identify whether A-hMSCs assemble 

glycoconjugates displaying sialyllactosamine decorations, and to analyze the effect(s) of 

α(1,3)-exofucosylation on creation of E-selectin ligands. To this end, we used two different 

α(1,3)-fucosyltransferases with overlapping, yet different, acceptor specificities, 

fucosyltransferase-VI (FTVI) and fucosyltransferase-VII (FTVII): FTVI can modify 

unsialylated and sialylated lactosamines to create both LeX and sLeX, respectively, but 

FTVII can only modify a sialylated lactosamine (thereby creating sLeX). Our studies reveal 

that, similar to BM-hMSCs, A-hMSCs have no native expression of E-selectin ligands, and 

that cell surface α(1,3)-fucosylation with either FTVI or FTVII generates the expression of 

HCELL equally among BM-hMSCs and A-hMSCs; in each case, sLeX decorations are 

created exclusively on N-linked glycans of “standard” CD44 (“CD44s”, i.e., a CD44 protein 

isoform that lacks peptide sequences encoded by splice exons), yielding equivalent potency 

in binding to E-selectin. Importantly, α(1,3)-exofucosylation with FTVI does not engender 

creation of CD15 in either A- or BM-MSCs, indicating that CD44 in each case is not 

assembled bearing non-sialylated lactosamines. Moreover, qRT-PCR analysis of GTs that 

direct synthesis of sialofucosylated lactosaminyl glycans reveals equivalent expression 

profiles among BM- and A-hMSCs. Collectively, these data provide new insights on the 

glycosignature of hMSC, and support the utility of cell surface glycan engineering to 

enforce HCELL expression as a means to direct migration of systemically-administered A-

hMSCs to inflammatory sites.

MATERIALS AND METHODS

Cell lines

The human hematopoietic cell line KG1a was obtained from ATCC and cultured in RPMI 

1640 media supplemented with 10% FBS and 1% penicillin-streptomycin (Gibco/

Invitrogen). Human umbilical vein endothelial cells (HUVECs) were obtained from 

Brigham & Women’s Hospital (BHW) Pathology Core facility and cultured as described 

[11]. Cells were incubated at 37°C in a humidified atmosphere containing 5% CO2 and 21% 

O2.
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MSCs Isolation and culture

A-hMSCs were obtained from adult human subcutaneous adipose tissue of 20 healthy 

female donors, aged 32 ± 8 years, undergoing abdominal liposuction. The de-identified, 

discarded lipoaspirates were obtained in accordance with protocols approved by the Human 

Experimentation and Ethics Committees of the University of Florida, the Pennington 

Biomedical Research Center, and the Western Institutional Review Board (LaCell LLC). 

Lipoaspirates were processed according the protocol described [3,4]. All studies were 

performed on cells propagated within culture passages 3–5.

To isolate BM-hMSCs, bone marrow samples were obtained from harvest filters of healthy 

donors for patients undergoing bone marrow transplantation at Massachusetts General 

Hospital. Cells were obtained in accordance with protocols approved by the Human 

Experimentation and Ethics Committee of Partners Healthcare. Bone marrow mononuclear 

cells were isolated by a density gradient using Ficoll-Paque PLUS (Sigma-Aldrich). 

Mononuclear cells were then plated in 175 cm2 culture flasks at 160,000 cells/cm2 in cell 

media consisting of DMEM, 10% FBS, 1% penicillin-streptomycin and incubated at 37°C in 

a humidified atmosphere containing 5% CO2 and 21% O2. Cells were grown to maximal 

70% confluency at each passage. All studies were performed on cells propagated within 

culture passages 3–5.

Immunophenotyping of hMSCs

hMSCs were incubated with a panel of primary antibodies chosen based on the known 

profile of BM-hMSC populations [3,4]. Flow cytometry analysis was performed using the 

following commercially available mAbs together with isotype-matched controls: FITC-

conjugated anti-human CD13 and CD36, and PE-conjugated anti-human CD34, CD105, 

CD146, and CD166 (all from Beckman Coulter); FITC-conjugated mAb HECA452 

(Biolegend) and anti-human CD62E (R&D Systems); PE-conjugated anti-human CD44, 

CD45, CD49d, CD73 and CD90, and PECy5-conjugated anti- human CD29 and CD106 (all 

from BD Biosciences). Data were collected using a Cytomics FC 500 MPL flow cytometer 

(Beckman Coulter) and analyzed with FlowJo version 10.0.6 (TreeStar).

Real-time quantitative PCR analysis of glycosyltransferase gene expression

Total RNA was purified from hMSCs samples using the RNeasy® Micro Kit, which 

included a DNAse I treatment step as per manufacturer's instructions (Qiagen). First-strand 

cDNA was synthesized from 0.5 µg total RNA using the iScriptTM cDNA synthesis kit 

(Bio-Rad). Primer sequences used for real-time quantitative PCR (qRT-PCR) are listed in 

Supplemental Table 1. Quantitation of human glycosyltransferase transcript expression was 

performed on the LightCycler 480 (Roche) with SYBR Green Master mix (Applied 

Biosystems). The relative fold differences in transcript expression were calculated by 

adapting the 2−ΔCt × 100 formula [14].

Glycoengineering of sLeX expression on hMSCs

For α(1,3)-exofucosylation, hMSCs were treated with 1µg of α(1,3)-linkage-specific human 

fucosyltransferase VII (FTVII) (obtained from R&D Systems) in HBSS without Ca2+/Mg2+ 

containing 10mM HEPES, 0.1% human serum albumin (HSA) and 1mM GDP-Fucose 
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(Sigma Aldrich), at 37°C for 1h, as described previously [11]. In each experiment, we 

compared FTVII treatment (as described above) to controls which consisted of buffer treated 

cells (without enzyme in an equivalent volume of buffer under identical conditions). 

Recombinant human FTVI enzyme was created and used for hMSC exofucosylation as 

previously described [15].

Lectin Analysis of lactosaminyl glycans on hMSCs

For lectin binding analysis, hMSCs were stained with biotin-conjugated Maackia amaurensis 
II (MALII) (Vector laboratories), which recognizes sialic acid α(2,3)-linked to galactose, 

followed by staining with streptavidin-PE (Southern Biotech) for 30 min at 4°C. The binding 

specificity of the lectin was validated by Vibrio cholerae sialidase (Roche Molecular 

Biochemicals) treatment of hMSC for 30 min at 37°C in Hanks Balanced Salt Solution 

(HBSS) without Ca2+/Mg2+ and 1% bovine serum albumin (BSA).

Flow cytometry to assess E-Ig reactivity, HECA452 staining and CD44 expression

For flow cytometry measurement of E-selectin ligand expression, untreated and FTVII-

treated hMSCs were stained in a 3-step procedure using recombinant mouse E-selectin–

human Ig chimera (0.5 µg/ml; R&D Systems) in Ca2+-containing binding buffer (HBSS, 

5mM HEPES, 2mM CaCl2 and 5%FBS), followed by staining with rat anti-mouse E-

selectin (CD62E) mAb (R&D Systems), and then FITC-conjugated goat anti-rat IgG 

(Southern Biotech), each for 30 min at 4°C. Chimera buffer containing 2mM of EDTA (for 

Ca2+-chelation) was also used as a control for the specificity of binding of E-Selectin-Ig 

(EDTA group). For detection of sLeX, staining was performed using FITC-conjugated anti-

human/mouse clone HECA452 (rat IgM; Southern Biotech) for 30 min at 4°C, and, also, 

using FITC-conjugated anti-human CD15s mAb (clone CSLEX1; IgM) (Southern Biotech) 

for 30 min at 4°C. CD44 staining was performed using anti-human CD44-PE mouse mAb 

(clone G44-26; IgG2) for 30 minutes at 4°C.

Preparation of whole cell lysates and Western blot analysis

To obtain cell lysates, hMSCs were suspended in 150mM NaCl, 50mM Tris-HCl (ph 7.4), 

0.02% NaN3, 20 µg/mL PMSF and protease inhibitor cocktail (Roche), sonicated, and then 

solubilized in 2% Nonidet P-40 (NP-40). Protein samples were then separated on a 7.5 % 

SDS–PAGE electrophoresis gel (Bio-Rad). Resolved membrane proteins were transferred to 

Polyscreen polyvinylidene difluoride (PVDF) membranes (Bio-Rad) and blocked with 10% 

nonfat dry milk and 0.1% Tween20 in TBS. For assessment of E-selectin ligands, 

membranes were incubated with recombinant mouse E-selectin–human Ig chimera in TBS 

0.1% Tween20 containing 2mM CaCl2, followed by staining with rat anti-mouse CD62E 

mAb (R&D Systems) and then goat anti-rat IgG-HRP (Southern Biotech). For detection of 

sLeX, membranes were incubated with rat HECA452 mAb, followed by staining with goat 

anti-rat IgM-HRP (Southern Biotech). For detection of CD44, membranes were incubated 

with mouse anti-human CD44 (Clone 2C5; IgG2), followed by staining with goat anti-mouse 

Ig-HRP (Southern Biotech). HRP conjugated antibodies were detected by 

chemiluminiscence using Lumi-Light Western blotting substrate (Roche).
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Analysis of E-selectin ligand expression after enzymatic treatments

Sialic acid residues were removed by treatment of KG1a and hMSCs (Untreated and FTVII-

treated) with 0.1U/mL Vibrio cholerae neuraminidase (Roche Molecular Biochemicals) in 

HBSS without Ca2+/Mg2+ and 1% BSA at 37°C for 30 min; for controls, an equivalent 

volume of enzyme buffer alone was added to the cells under identical conditions. The 

efficiency of neuraminidase treatment in each case was confirmed by absence of reactivity to 

HECA452 and CSLEX1 mAb (i.e., detecting loss of sLeX). The relative contribution of 

glycoproteins as sLeX scaffolds was determined by treatment of cells with the broad-

specificity protease bromelain, followed by staining with HECA452 to assess protease-

resistant sLeX expression. To remove N-glycans, protein lysates of hMSCs were treated with 

Peptide-N-Glycosidase (PNGase-F, New England Biolabs) according to the manufacturer’s 

instructions.

Immunoprecipitation of CD44

Lysates of KG1a and hMSCs were prepared as described above and precleared with protein 

G-agarose beads (Invitrogen). For CD44 immunoprecipitation, lysates were incubated with a 

cocktail of mouse anti-CD44 mAb consisting of 2C5 (R&D Systems), 515, and G44-26 

(both from BD Biosciences). Immunoprecipitates were then collected with protein G-

agarose beads and eluted via boiling in 1.5× reducing SDS-sample buffer. Proteins were then 

subjected to reducing 7.5 % SDS-PAGE and western blotting.

Assessment of hMSC differentiation capacity following exofucosylation

To analyze whether FTVII treatment had any effect on differentiation capacity, untreated and 

FTVII-treated hMSCs were subjected to adipogenic and osteogenic differentiation according 

to protocols previously described [3].

Parallel plate flow chamber assay to assess E-selectin ligand activity

To analyze the capacity of α(1,3)-fucosylated-hMSCs to engage vascular E-selectin under 

physiologic blood flow conditions, dynamic flow adhesion assays were performed using a 

parallel-plate flow chamber and binding interactions were visualized in real time using 

video-microscopy. All flow chamber studies were performed according to protocols 

previously described [11]. hMSCs were suspended in HBSS containing 10mM HEPES, 

2mM CaCl2 and 5% FBS and perfused through HUVEC-containing channels at an initial 

shear rate of 0.5 dynes/cm2, with step-wise increments to 8 dynes/cm2, thereby mimicking 

hemodynamic shear conditions present in the interaction of a blood-borne cell with human 

vasculature [16]. The total number of interacting cells in a single 4X field of view (fixed in 

the middle of the flow channel) as well as velocities and shear resistance during the 5 min 

perfusion period were evaluated to determine the capacity of cells to interact with 

endothelial E-selectin [17,18]. Controls for specificity of E-selectin binding consisted of 

perfusion of hMSC in presence of function-blocking anti-mouse E-selectin mAb (clone 

10E9.6, from BD Biosciences).

Pachón-Peña et al. Page 7

Stem Cells. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIbronectin adhesion assay

To assess the functional impact of HCELL ligation on VLA-4 adhesiveness, we assessed 

binding of hMSC to fibronectin-coated wells as previously described [19]. Briefly, hMSCs 

were either preincubated with E-Ig immobilized on tissue culture plates or suspended in 

buffer alone (untreated cells), and then lifted and incubated on tissue culture plates coated 

with human fibronectin (Sigma), each for 1h at 37°C. Following incubation with fibronectin, 

plates were fixed 4% paraformaldehyde followed by staining of cells with 0.1% crystal 

violet. Absorbance was read at 595 nm after a wash with 10% acetic acid (BMG-Labtech 

microplate reader).

RESULTS

Immunophenotypic profiles of A-hMSCs and BM-hMSCs

BM-hMSCs and A-hMSCs, each isolated from more than 20 different healthy human 

donors, showed similar morphology when cultured. Both groups appeared homogeneous and 

maintained a characteristic spindle-shaped appearance through passage 5. Flow cytometry 

histograms were compared between A-hMSCs and BM-hMSCs based on their expression of 

a panel of cell surface markers including those associated with stromal, endothelial and 

hematopoietic cells, and ligands of E-selectin (E-Ig reactivity and sLeX antigen expression 

(reactivity with HECA452 mAb)) (Table 1).

Flow cytometry indicated that both BM-hMSCs and A-hMSCs met MSC surface marker 

criteria as established by the International Society of Cell Therapy (ISCT) and the 

International Federation for Adipose Therapeutics and Science (IFATS) [5]. BM-hMSC and 

A-hMSC populations were uniformly positive for CD73, CD90, CD105, CD44 and negative 

for CD45, CD62E (E-selectin) and sLeX (i.e., no HECA452-reactivity). However, significant 

differences were noted with respect to expression of other markers. Notably, A-hMSCs, at 

early passages, typically express low levels of CD34 and CD36, whereas BM-hMSCs 

generally lack expression of these markers. In contrast, while both BM-hMSCs and A-

hMSCs characteristically display CD29, CD106 and CD166, BM-hMSCs express higher 

levels (higher mean fluorescence intensity (MFI) by flow cytometry) of these proteins (Table 

1).

Conserved expression of sialyllactosaminyl glycans on CD44s of A-hMSCs and BM-
hMSCs: FTVI and FTVII-mediated α(1,3)-exofucosylation of hMSCs converts cell surface 
CD44 into HCELL

Flow cytometry data indicated that A-hMSCs, similar to BM-hMSCs, natively lack 

expression of E-selectin ligands as assessed using HECA452 mAb and E-Ig as probes (Fig. 

1A). To assess whether A-hMSCs express glycoconjugates displaying terminal 

sialyllactosaminyl glycans, we sought to identify whether the expression of E-selectin 

ligands on A-hMSCs could be enforced via exofucosylation [11]. To this end, we utilized 

α(1,3)-fucosyltransferases VI (FTVI) and VII (FTVII) that can each engineer sLeX glycan 

determinants on the cell surface via addition of fucose in α(1,3)-linkage to N-

acetylglucosamine within sialylated type 2-lactosamines (Supplemental Fig. 2). Notably, the 

FTVI enzyme is capable of fucosylating two glycan acceptors, type 2 lactosamine or α(2,3)-
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sialylated type 2 lactosamine (and can thus render the fucosylated glycans LeX and sLeX, 

respectively), whereas FTVII specifically fucosylates only an α(2,3)-sialylated type 2 

lactosamine acceptor (and can thus only create sLeX) (Supplemental Fig. 2). Treatment of 

BM-hMSCs and A-hMSCs with both enzymes did not yield expression of LeX (data not 

shown), but both cell types showed marked induction of HECA452 reactivity by both flow 

cytometry and western blot (Fig. 1A,B), and equivalently induced reactivity with E-Ig (Fig. 

1A). We observed that A-hMSCs, like BM-hMSCs, display sLeX determinants 

predominantly on a glycoprotein of molecular weight ~90 kDa, a size consistent with that of 

standard CD44 (Figure 1C). To confirm that the observed equivalency in HECA452-

reactivity among FTVII-exofucosylated A- and BM-hMSCs reflected comparable 

expression of sLeX determinants and not a HECA452 epitope-specific effect, we analyzed 

staining using another sLeX-specific mAb, CSLEX-1, and, furthermore examined for 

abrogation of reactivity following sialidase digestion. Similar to prior results obtained with 

FTVI-mediated exofucosylation [11], FTVII treatment of hMSCs from both sources 

engendered high CSLEX-1 (Fig. 2A) and HECA452 reactivity (Fig. 2B) and specificity for 

these mAb was validated by loss of reactivity following sialidase treatment (i.e., removal of 

the terminal sialic acid of sLeX). To further characterize the expression of sialylated 

lactosaminyl glycan determinants, hMSCs were incubated with nonagglutinating levels of 

the lectin Maackia amuriensis lectin (MALII) (which is specific for α(2,3)-sialylated type 2 

lactosamines). As shown in Supplemental Fig 3, MALII bound to A- and BM-hMSCs with 

equivalent profiles, in each case staining dampened after sialidase treatment of the cells, 

indicating similar expression of cell surface sialylated type 2 lactosamines, on hMSCs 

derived from both sources.

By both flow cytometry (Table 1) and western blot (Figs. 2C and 2D), we found that A-

hMSCs, like BM-hMSCs, characteristically display high levels of CD44. To directly 

determine whether hMSC CD44 can be converted to HCELL by FTVII-mediated α(1,3)-

exofucosylation, CD44 was immunoprecipitated from lysates of untreated and FTVII-treated 

A-hMSCs and BM-hMSCs and then blotted E-Ig and with anti-CD44 mAb. As shown in 

Figure 2C, FTVII treatment induces HCELL expression on A-hMSCs equal to that on BM-

hMSCs. Of note, following FTVII treatment, the ‘standard’ (non-alternatively spliced) form 

of CD44 (75–100 KDa) was the only isoform on the surface of both types of hMSCs 

displaying sLeX (Fig. 2D).

FTVII-enforces hMSC sLeX expression predominantly on glycoproteins

To analyze the relative contributions of protein versus lipid glycoconjugate scaffolds in 

exofucosylation-enforced expression of sLeX on hMSCs, cells were treated with the protease 

bromelain before FTVII treatment. Flow cytometry and western blot data show that 

bromelain digestion of BM-hMSCs as well as A-hMSCs markedly reduced HECA452 

reactivity and abrogated CD44 expression (Figs. 3A and 3B), indicating that pertinent 

sialylated lactosamine acceptors are principally presented on membrane glycoproteins, not 

glycolipids. Moreover, as shown in Figure 3C, digestion of FTVII-treated cells with Vibrio 
cholerae sialidase, markedly diminished HECA452 staining of HCELL on western blot, 

indicating that FTVII induces sLeX decorations on CD44. To assess whether sLeX is 

displayed on N-glycans or on O-glycans of A-hMSCs, cell lysates of FTVII-treated cells 
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were digested with N-glycosidase F to release all N-Glycans. Similar to HCELL as 

displayed by KG1a cells and by exofucosylated BM-hMSCs [11], N-glycosidase F digestion 

completely eliminated HECA452-reactivity of FTVII-treated A-hMSC CD44 (Fig. 3D), 

indicating that the relevant sLeX decorations are presented solely on N-glycans.

Interestingly, by western blot analysis, a HECA452- and E-Ig-reactive glycoprotein of 

molecular weight ~150 kDa is variably detected on lysates of both types of hMSCs, more 

typically in A-hMSCs, in absence of treatment with either FTVI or FTVII (Figs. 1B, 2C, 3B 

and 3C). Notably, as detected by flow cytometry, neither A- nor BM-hMSCs natively react 

with anti-sLeX mAb or with E-Ig chimera (Figs. 1A, 2A, and 2B), raising doubt that this 

~150 kDa glycoprotein, if present on the membrane, is contributing to cell surface E-selectin 

engagement. Moreover, by western blot analysis, the HECA452 staining of this molecule is 

not completely abrogated by sialidase treatment of cells, which indicates that this molecule 

may be resistant to sialidase digestion and/or there may be intracellular stores (Fig. 3C). 

However, following α(1,3)-exofucosylation, western blots of lysates of both A- and BM-

hMSCs have variably shown increased HECA452 and E-Ig staining of the band at ~150 kDa 

(Figs. 1B, 2C, 3B and 3C); these data suggest that the ~150 kDa protein is a cell surface 

molecule, and, contrary to HCELL, N-glycosidase F digestion does not eliminate the 

HECA452-reactivity of this band (Figure 3D). The identity of this glycoprotein is at present 

uncertain, and further studies are warranted to elucidate its structural biology.

Glycosyltransferase gene expression among hMSCs

Biosynthesis of terminal sialic acid decorations on type 2 lactosamine extensions depends on 

addition of sialic acid to galactose in α(2,3)-linkage which can be mediated by action of 

three sialyltransferases, ST3Gal-III, ST3Gal-IV, and ST3Gal-VI [20–22]. Once sialylated 

with α(2,3) sialic acid, these extensions can then become modified by addition of fucose in 

α(1,3)-linkage to the N-acetylglucosamine within the terminal sialylated lactosamine unit, a 

modification which can be mediated by any one of five α(1,3)-fucosyltransferases (FTIII, 

FTIV, FTV, FTVI, and/or FTVII), thus creating sLeX [23–25] (see supplemental Fig. 1 for 

schematic diagram of synthesis of the tetrasaccharide sLeX).

The expression of these glycosyltransferases relevant for lactosaminyl glycan decorations 

was analyzed by qRT-PCR in both A-and BM-hMSCs (Supplemental Table 1). The results 

indicate that there is essentially no expression of α(1,3)- fucosyltransferases FTIII, FTV, 

FTVI, and FTVII among A- and BM-hMSCs, yet extremely low transcript levels of the 

α(1,3)-fucosyltransferase FTIV are observed (Fig. 4A). Additionally, both A- and BM-

hMSCs possess very low transcript levels for the α(2,3)-sialyltransferases ST3Gal-III and 

ST3Gal-VI (Fig. 4B), but each have noticeably higher expression of ST3Gal-IV transcripts; 

this pattern would predict equivalent sialylation capacity of terminal lactosamines in both A- 

and BM-hMSCs.
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FTVII exofucosylation increases E-Selectin ligand activity on hMSCs under physiologic 
blood flow conditions: Enforced expression of HCELL on A-hMSCs confers E-selectin 
binding activity equivalent to that of BM-hMSCs

To analyze the capacity of α(1,3)-fucosylated-hMSCs to engage vascular E-selectin under 

physiologic blood flow conditions, dynamic flow adhesion assays were performed on 

cytokine-stimulated HUVEC monolayers. Untreated hMSCs, consistent with their low 

reactivity with HECA452 and CSLEX-1 mAb, did not tether/roll on stimulated endothelium 

at physiological shear levels (1–4 dyn/cm2) and did not interact even at lower levels of shear 

stress. However, FTVII treatment of hMSCs resulted in a marked increase in their capacity 

to interact with the E-selectin expressed on HUVEC monolayers. For both BM- and A-

hMSCs, these binding interactions were resistant to detachment at shear stress levels up to 8 

dynes/cm2, well above post-capillary venule physiologic conditions (Figure 5A and 5B).

HCELL/E-selectin interactions up-regulate adhesion of A-hMSCs to Fibronectin

To assess the impact of HCELL ligation on VLA-4 adhesiveness, A-hMSCs were exposed to 

E-selectin (E-Ig) and subsequently analyzed for adhesion to fibronectin. For comparison of 

results of E-selectin/HCELL engagement, data are shown as fold change of FTVII-treated 

A-hMSCs with respect to untreated A-hMSCs.

As shown in supplemental figure 4, E-Ig engagement increased binding of FTVII-treated A-

hMSCs to fibronectin 2–3 fold compared to that of untreated A-hMSCs. Preincubation with 

function-blocking anti-mouse CD62E decreased this effect, indicating binding of FTVII-

treated A-hMSCs to fibronectin was critically dependent on prior engagement of E-Ig. These 

results show that HCELL engagement with E-Ig activates VLA-4 adhesion to fibronectin, 

consistent with results of prior studies of BM-hMSCs [11,19].

FTVII exofucosylation does not affect differentiation potential of hMSCs

To assess whether exofucosylation alters differentiation capacity of hMSCs, untreated and 

FTVII-treated A-and BM-hMSCs were cultured in adipogenic and osteogenic differentiation 

cocktail [3]. Comparing untreated and FTVII-treated cells, there was no difference in the 

induction of lipid accumulation among BM and A-hMSCs (Fig. 6A). However, while 

osteoid mineralization was not different among untreated and FTVII-treated BM-hMSC, A-

hMSCs showed increased mineralization in FTVII-treated cells compared to untreated cells 

(Fig. 6B).

DISCUSSION

E-selectin receptor/ligand interactions are the foremost mediators of “Step 1” adhesive 

events that drive recruitment of circulating cells to sites of tissue injury/damage. Prior 

studies from our lab have shown that BM-hMSCs lack E-selectin ligands, but these cells 

express a glycovariant of “standard” CD44 (CD44s, i.e., CD44 lacking splice-variant 

peptides) that is modified by sialyllactosaminyl glycans. Importantly, these CD44 sialylated 

lactosamines can be specifically shaped by enzyme-mediated α(1,3)-fucosylation to become 

sLeX, thereby engendering the CD44 glycoform known as HCELL, a potent E-selectin 

ligand [11,12]. Here, we investigated whether A-hMSCs can natively bind E-selectin 
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expressed on endothelial cells. Moreover, we analyzed whether A-hMSCs possess 

glycoconjugates displaying sialyllactosamine decorations and, accordingly, if enforced 

α(1,3)-fucosylation of A-hMSCs could program HCELL expression with resulting E-

selectin binding under hemodynamic flow conditions.

Flow cytometry analysis reveals that, similar to BM-hMSCs, A-hMSCs lack expression of 

sLeX and are unreactive with E-selectin-Ig chimera (E-Ig), but exofucosylation of the cells 

using the α(1,3)-fucosyltransferases FTVI and FTVII in each case markedly increases sLeX 

expression and E-selectin binding (Figure 1A), and there was no expression of LeX 

following FTVI-mediated exofucosylation, indicating that these cells do not display 

unsialylated lactosaminyl glycans.

Similar to prior findings with BM-hMSCs following FTVI-mediated exofucosylation, 

digestion with the protease bromelain markedly reduced HECA452 staining following 

FTVII-mediated exofucosylation, indicating that FTVII treatment of A-hMSCs enforces 

sLeX determinants predominantly on cell surface glycoproteins, not glycolipids (Figures 3A 

and 3B). Western blot analysis under reduced SDS-PAGE conditions consistently 

demonstrated that, following enforced α(1,3)-exofucosylation, A-hMSCs and BM-hMSCs 

similarly display sLeX predominantly on CD44s (thus creating HCELL), and flow cytometry 

showed equivalent induction of E-Ig-reactivity between A-hMSCs and BM-hMSCs (Fig. 

1A), indicating comparable HCELL expression. Though western blot studies show that 

HCELL is the principal glycoconjugate that displays sLeX following exofucosylation of both 

A-hMSCs and BM-hMSCs, we have also variably observed faint staining by both 

HECA-452 and E-Ig of a glycoprotein of molecular weight ~150 kDa on both untreated as 

well as exofucosylated cells; the identity of this glycoprotein is currently under 

investigation.

The extent to which sLeX impacts cell trafficking is critically dependent on the scaffold 

upon which it is displayed. Specifically, the core protein and/or lipid structure displaying 

sLeX determinants influences not only the circulating cell’s capacity to engage endothelial 

E-selectin, but also the efficiency of extravasation [12]. Functionally, α(1,3)-exofucosylation 

markedly increased the tethering/rolling capacity of A- and BM-hMSCs on TNF-stimulated 

endothelial cells to similarly high levels, not just at physiologic shear stress levels of 1–4 

dynes/cm2 typical of post-capillary venules, but also at shear stress levels beyond 10 

dynes/cm2, approaching that of arteries (Figure 5) [26]. These findings indicate that 

exofucosylated A- and BM-hMSCs are equally primed to migrate to endothelial beds at sites 

of inflammation. In particular, the finding that HCELL is the dominant glycoconjugate in 

presentation of sLeX on the MSC surface following exofucosylation is important for two 

reasons: (1) HCELL is a highly potent E-selectin ligand; and (2) Binding of this sLeX-

bearing CD44 glycovariant to E-selectin critically impacts the multistep cascade of events 

that drive extravasation [19]. Specifically, upon cross-linking of HCELL via engagement by 

E-selectin, our prior studies of BM-hMSCs showed that integrin VLA-4 (also known as 

α4β1 or CD49d/CD29) is activated, thus allowing for VLA-4-mediated firm adherence 

without need for chemokine-dependent signalling [19]. To determine whether this 

chemokine-bypass pathway is operational in A-hMSCs, we assessed the capacity of 

HCELL+ A-hMSCs to bind fibronectin following HCELL cross-linking via incubation with 
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E-Ig. We consistently observed that ligation of HCELL on A-hMSCs is sufficient to 

engender VLA-4 activation with resulting adhesion to fibronectin. Our present findings thus 

indicate that CD44 function is preserved in hMSCs derived from different host tissues, 

providing further support for a key role of CD44 receptor/ligand interactions in directing cell 

trafficking via a step 2-bypass pathway of integrin activation [11,19].

To date, the identification of hMSC populations is based on an array of biomarkers as there 

is no single surface marker unique to this cell population [27]. Indeed, all current hMSC 

biomarkers have been characterized most extensively on BM-hMSCs, and the extent to 

which these markers apply to non-BM-source hMSCs remains to be determined [27]. The 

finding that both BM- and A-hMSCs characteristically display sialylated lactosaminyl 

glycans and conspicuously lack surface expression of both unsialylated lactosaminyl glycans 

and fucosylated lactosaminyl glycans suggests that this glycosignature may serve as a 

distinguishing trait of hMSCs. To provide insight on the mechanistic basis of this 

glycobiology, we performed qRT-PCR studies of pertinent α(2,3)-sialyltransferases and 

α(1,3)-fucosyltransferases that modify terminal lactosaminyl glycans. The pattern of gene 

expression was analogous between both types of hMSCs: there was conserved expression of 

the sialyltransferase ST3Gal-IV and, with exception of trace levels of transcripts encoding 

FTIV, there was general absence of all α(1,3)-fucosyltransferases. ST3Gal-IV is the 

principal sialyltransferase directing synthesis of sLeX in human leukocytes [28] and thus, 

collectively, the observed pattern of hMSC glycosyltransferase gene expression would 

predict that terminal lactosaminyl glycans of both BM- and A-hMSC surfaces would be 

sialylated and convertible to sLeX by α(1,3)-exofucosylation. More specifically, the fact that 

these sialylated type 2 lactosamines are concentrated predominantly on one cell surface 

protein, CD44, and, moreover, exclusively on N-glycans of this protein, highlights a distinct 

glycoprofile of both BM- and A-hMSCs. Commensurately, using two different α(1,3)-

fucosyltransferases, FTVI and FTVII, conversion of this CD44 glycovariant into HCELL 

occurs equally efficiently on both types of hMSCs.

Our prior studies of human hematopoietic stem cells [29] and of human neural stem cells 

[30] showed that, in contrast to hMSCs, these adult human stem cell populations display 

sialylated type 2 lactosaminyl glycans not just on CD44, but robustly on multiple membrane 

glycoproteins, and the content of these structures differs in a cell type-specific fashion. 

However, notably, α(1,3)-exofucosylation of murine MSCs also engenders HCELL 

expression (and no other E-selectin ligands) with relevant sLeX determinants found 

exclusively on N-glycans of CD44, suggesting that the assembly of sialyllactosaminyl N-

glycosylations of CD44 may be a general feature of mammalian MSCs [31]. Thus, beyond 

implications in glycoengineering hMSCs to optimize their migration to sites of tissue injury/

inflammation to facilitate relevant applications in regenerative medicine and 

immunotherapeutics, further studies of MSC glycan decorations are warranted because a 

greater understanding of the sugar-coating of MSCs may unveil novel biomarkers that will 

aid in identification of these cells based on this discriminating “taste”.
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CONCLUSION

This study provides evidence that adipose-derived human MSCs (A-hMSCs) express surface 

markers similar to that of bone marrow-derived human MSCs (BM-hMSCs) and notably, 

like BM-hMSCs, A-hMSCs lack expression of E-selectin ligands but possess sialylated 

lactosamines that can be α(1,3)-fucosylated to create the canonical E-selectin binding 

determinant, sLeX. Our results show that α(1,3)-exofucosylation of the hMSC surface with 

either one of two fucosyltransferases, FTVI and FTVII, generates equivalent expression of 

sLeX on BM- and A-hMSCs; on both cell populations, these sLeX determinants are created 

predominantly on N-linked glycans of membrane CD44, thereby engendering HCELL, with 

resultant induction of robust E-selectin ligand activity. Gene expression studies indicate that 

A- and BM-hMSCs have similar patterns of mRNA encoding α(1,3)-fucosyltransferases and 

α(2,3)-sialyltransferases; these data, combined with biochemical evidence that A- and BM-

hMSCs display similar sialylated glycoforms of CD44, suggests that patterns of conserved 

protein glycosylation(s) may define a common glycan signature of hMSCs. Our results thus 

offer insights on how elucidation of cell surface glycan decorations may yield novel 

biomarkers of hMSCs, and highlight the applicability of cell surface glycan engineering to 

enforce HCELL expression on A-hMSCs and thereby program the migration of these 

immunomodulatory cells to inflammatory sites.
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SIGNIFICANCE STATEMENT

Previous studies of human MSCs (hMSCs) indicate that bone marrow-derived hMSCs 

(BM-hMSCs) display a sialyllactosamine-decorated form of “standard” CD44 (CD44s) 

that can be α(1,3)-fucosylated to enforce creation of HCELL, a potent E-selectin ligand. 

E-selectin ligand expression programs migration of cells to all sites of inflammation. 

Here we sought to determine whether E-selectin ligands are natively expressed on A-

hMSCs, and to analyze whether these cells express glycoconjugates that can serve as 

acceptors of α(1,3)-fucosylation to engender E-selectin ligands. We compared the 

products of exofucosylation using two different α(1,3)-fucosyltransferases, FTVI and 

FTVII, on both BM- and A-hMSCs, and evaluated the expression of glycosyltransferases 

that direct synthesis of lactosaminyl glycans in both A- and BM-hMSCs. We observed 

that exofucosylation equally enforces expression of the potent E-selectin ligand HCELL 

among A- and BM-hMSCs and that the profile of expression of lactosaminyl glycan-

generating glycosyltransferases is conserved across these cells. These studies highlight 

conservation in the assembly of sialyllactosamine-modified CD44s among hMSCs 

derived from two different tissue sources, thereby identifying a characteristic 

“glycosignature” of these cells and supporting the utility of cell surface glycan 

engineering to enforce migration of A-hMSCs to sites of tissue injury/inflammation.
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Figure 1. FTVI- and FTVII-mediated α(1,3)-exofucosylation equally create sLeX determinants 
on hMSCs derived from either bone marrow (BM-hMSCs) or adipose tissue (A-hMSCs)
(A): Representative flow cytometry histograms of HECA452 mAb (left) and E-Ig (right) 

staining of hMSCs that were untreated (black line) or treated either with FTVI (dotted line) 

or FTVII (dashed line). Grey filled histogram represents staining with isotype control. As 

assessed by HECA452 and E-Ig staining, both types of hMSCs natively lack sLeX epitopes, 

each of which are uniformly created after FTVI or FTVII treatment. (B and C): 
Representative western blot analysis of whole cell lysates of untreated, FTVI- and FTVII-
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treated hMSCs resolved by SDS-PAGE and stained with HECA452 mAb (B) or anti-CD44 

mAb (C). Lysates of KG1a cells serve as positive control for HECA452 blot results. 

Exofucosylation of both types of hMSCs prominently engenders a HECA452-reactive 

glycoprotein of mw ~90kDa (B) that has mobility profile equivalent to that of CD44 (C). For 

all figures, data are representative of five independent experiments. Abbreviations: FTVI, 

Fucosyltransferase VI; FTVII, Fucosyltransferase VII; BM-hMSCs, Bone Marrow-derived 

human Mesenchymal Stem Cells; A-hMSCs, Adipose-derived human Mesenchymal Stem 

Cells; E-Ig, E-selectin-immunoglobulin Fc chimera.
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Figure 2. Sialidase treatment of FTVII–exofucosylated hMSCs from either bone marrow (BM-
hMSCs) or adipose tissue (A-hMSCs) abrogates reactivity with anti-sLeX mAbs
(A–B): Flow cytometry analysis of CSLEX-1 (A) and HECA452 mAb staining (B) of 

untreated, FTVII-treated and FTVII + sialidase treated A and BM-hMSCs. As shown, 

α(1,3)-fucosylation with FTVII generates CSLEX-1 and HECA452 reactivity equally 

among BM-and A-hMSCs. Abrogation of CSLEX-1 and HCEA452 reactivity, after sialidase 

treatment, indicate the presence of sialic acid decorations for the enforced creation of sLeX 

determinant. Graph values represent fold change with respect to untreated hMSCs (mean ± 
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SEM) of at least five independent experiments. (C and D): CD44 immunoprecipitation was 

performed on whole cell lysates of untreated and FTVII-treated hMSCs. Representative 

western blot analysis of total cell lysates (T) and CD44 immunoprecipitated (IP) resolved by 

SDS-PAGE and stained with E-Ig (C) or anti-CD44 mAb (D). Western blot reveal a 

principal E-Ig reactive glycoprotein of mw ~90 kDa after α(1,3)-exofucosylation (C), which 

is created exclusively on the CD44 protein scaffold (~90 kDa) on both BM-and A-hMSCs 

(D). Western blot data are representative of experiments performed on both hMSCs culture 

derived from at least twenty individuals. Abbreviations: BM-hMSCs, Bone Marrow-derived 

human Mesenchymal Stem Cells; A-hMSCs, Adipose-derived human Mesenchymal Stem 

Cells; FTVII, Fucosyltransferase VII; MFI, Mean Fluorescence Intensity; E-Ig, E-selectin-

immunoglobulin Fc chimera.
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Figure 3. FTVII enforces expression of sLeX predominantly on N-linked glycoproteins in both 
BM-hMSCs and A-hMSCs
(A): Representative flow cytometry histograms of HECA452 mAb and anti-CD44 mAb 

staining in hMSCs that were untreated (grey line), FTVII-treated (bold line), treated with the 

protease bromelain (dotted line) or FTVII-treated followed by bromelain treatment (dashed 

line). Grey filled histogram represents staining with isotype control. (B): HECA452 and 

CD44 western blot analysis of untreated and FTVII-treated hMSCs +/− bromelain-

treatment. (C): HECA452 Western blot analysis of untreated and FTVII-treated hMSCs +/− 
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sialidase-treatment. Lysates of KG1a cells serve as a positive control. (D): HECA452 and 

CD44 western blot analysis of untreated and FTVII-treated A-hMSCs +/− N-glycosidase F-

treatment, indicating that CD44 displays sLeX on N-glycans. Lysates of KG1a cells serve as 

positive control. For all figures, data are representative of experiments performed on both A-

hMSCs and BM-hMSC cultures derived from at least ten individuals. Abbreviations: FTVII, 

Fucosyltransferase VII; BM-hMSCs, Bone Marrow-derived human Mesenchymal Stem 

Cells; A-hMSCs, Adipose-derived human Mesenchymal Stem Cells.
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Figure 4. Analysis of Glycosyltransferase gene expression in BM-hMSCs and A-hMSCs
qRT-PCR analysis of fucosyltransferases (A) and sialyltransferases (B) involved in sLeX 

creation in BM-hMSCs (black bars) and A-hMSCs (grey bars). The mRNA expression of 

each glycosyltransferase was normalized to GAPDH. Values are reported as mean ± SEM. 

Experiments were performed with a minimum of six individuals. Abbreviations: BM-

hMSCs, Bone Marrow-derived human Mesenchymal Stem Cells; A-hMSCs, Adipose-

derived human Mesenchymal Stem Cells.
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Figure 5. Enforced expression of HCELL on A-hMSCs confers functional E-selectin binding 
activity equivalent to that of BM-hMSCs
(A–B): Parallel-plate flow chamber analysis of tethering and rolling interactions of BM-

hMSCs (A) and A-hMSCs (B) on E-selectin-expressing endothelial cells. Untreated and 

FTVII-treated hMSCs were perfused into a parallel-plate flow chamber seeded with TNFα-

stimulated HUVEC and their tethering/rolling capacity was then determined at shear stresses 

of 0.5, 1, 2, 4, 8 and 16 dynes/cm2. Both hMSC types exhibited similarly increased 

tethering/rolling adhesive interactions on HUVECs at shear stress levels of up to 16 
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dynes/cm2 after FTVII treatment. Values are reported as mean ± SEM. Data are 

representative of three independent experiments. Abbreviations: FTVII, Fucosyltransferase 

FTVII; HCELL, Hematopoietic Cell E/L-Selectin Ligand; BM-hMSCs, Bone Marrow-

derived human Mesenchymal Stem Cells; A-hMSCs, Adipose-derived human Mesenchymal 

Stem Cells; HUVEC, Human Umbilical Vein Endothelial Cells.
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Figure 6. Analysis of differentiation potential of hMSCs after FTVII treatment
(A): Adipogenic differentiation potential of untreated versus FTVII-treated BM-hMSCs 

(white bars) and A-hMSCs (black bars). Intracellular lipids droplets enrichment of hMSCs 

under adipogenic differentiation conditions. Data presented as the ratio of Oil Red O 

staining under adipogenic conditions relative to untreated controls (B). Osteogenic 

differentiation potential of untreated versus FTVII-treated BM-hMSCs (white bars) and A-

hMSCs (black bars) under osteogenic differentiation conditions. Data presented as the ratio 

of Alizarin Red S staining under osteogenic conditions relative to untreated controls. Values 

are reported as mean ± SEM. Data are representative of three independent experiments. 

Abbreviations: FTVII, Fucosyltransferase FTVII; BM-hMSCs, Bone Marrow-derived 

human Mesenchymal Stem Cells; A-hMSCs, Adipose-derived human Mesenchymal Stem 

Cells.
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