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Abstract

Altered expressions of glycans is associated with cell-cell signal transduction and regulation of
cell functions in the bone marrow microenvironment. Studies of this microenvironment often use
two human bone marrow stromal cell lines, HS5 and HS27a, co-cultured with myeloid cells. We
hypothesized that differential protein glycosylation between these two cell lines may contribute to
functional differences in in vitro co-culture models. In this study, we applied an integrated strategy
using genomic, proteomic, and functional glycomic techniques for global expression profiling of
N-glycans and their related genes and enzymes in HS5 vs. HS27a cells. HS5 cells showed
significantly enhanced levels of bisecting N-glycans (catalyzed by MGAT3), whereas HS27a cells
showed enhanced levels of GalB1, 4GIcNAc (catalyzed by B4GalT1). This integrated strategy
provides useful information regarding the functional roles of glycans and their related glycogenes
and glycosyltransferases in the bone marrow microenvironment, and a basis for future studies of
crosstalk among stromal cells and myeloma cells in co-culture.
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INTRODUCTION

The bone marrow microenvironment consists of a specialized population of cells that play
essential roles in regulation, self-renewal, and differentiation of adult stem cells. The
microenvironment supports maturation of hematopoietic stem cells (HSCs) and
hematopoietic progenitor cells (HPCs) and their release into the vascular system [1].
Mesenchymal/stromal cells that represent integral components of the microenvironment
contribute to the regulation and release of HPCs via adhesion molecules, extracellular matrix
(ECM), and soluble factors, including cytokines and chemokines [2, 3]. HS5 and HS27a,
two bone marrow stroma cell lines, both derived from the same healthy marrow donor [4],
express strikingly different functions [5, 6]. HS5 has a fibroblastic appearance and secretes
high levels of granulocyte colony-stimulating factor (G-CSF), granulocyte-macrophage CSF
(GM-CSF), macrophage CSF (M-CSF), interleukin-6 (IL-6), IL-8, and IL-11, and supports
the proliferation of later stages of co-cultured hematopoietic cells [4, 7]. HS27a secretes low
levels of growth factors but express high levels of glycoproteins such as ICAM-1(CD54)
and MCAM (CD146), and supports the formation of “cobblestone” areas [4]. These two cell
lines have been widely used in in vitro studies as representative components of the bone
marrow microenvironment and as partners in the crosstalk between marrow stroma cells and
co-cultured hematopoietic cells [5, 8, 9]. For example, apoptosis-resistant clonal
myelodysplastic syndrome (MDS) progenitor cells from patients with advanced MDS
acquired sensitivity to apoptosis induced by TNF-a following stromal contact [10-12]. HS5
and HS27a cells were also used for establishing the xenotransplantation murine model of
MDS [13]. Kerbauy et al. observed engraftment of distinct clonal MDS-derived
hematopoietic precursors when stromal cells (HS5 and HS27a cells combined) were co-
injected via an intramedullary route [14]. Li et al. recently reported that intravenous co-
administration of HS27a cells (but not HS5 cells) with HPCs from MDS patients facilitated
engraftment of clonal CD34" cells of any karyotype [15]. Their findings suggest that HS27a
cells are more effective than HS5 cells in supporting primitive clonal MDS precursors.

Glycosylation modification plays crucial roles in cell adhesion, differentiation, proliferation,
apoptosis, and signal transduction [16-19]. Mice with knockout (Fut8/-) of the gene that
encodes the al, 6-fucosyltransferase enzyme showed abnormal pro-B cell to pre-B cell
transition and reduction of peripheral blood B cells and immunoglobulin production [20].
Cell surface antigens such as CD133, a 120-kDa glycosylated polypeptide used as an HSC
biomarker, are often glycosylated [21, 22]. Differences of glycosylation expression between
stromal HS5 and HS27a cells have not been addressed in any study to date. We used an
integrated strategy that combines genomic, proteomic, and functional glycomic techniques
for comparative profiling of glycans, their related genes, and proteins in HS5 vs. HS27a
cells. Expression levels of glycosyltransferases and glycosidases were quantitatively
analyzed by the Stable Isotope Labeling by Amino Acids in Cell Culture (SILAC) method,
and glycans were subjected to lectin microarray analysis. This integrated strategy
(summarized in Figure 1) was useful in revealing global differences in glycan expression
between these two cell lines, and can be extended to similar comparative studies of other
cell lines.
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MATERIALS AND METHODS

Cell Lines and Culture

Human marrow stromal cell lines HS5 and HS27a, originally derived from marrow of a
healthy subject and immortalized by transduction with human papilloma virus E6/E7
constructs were were maintained as previously described [23]. Multiple aliquots from early
passages were cryopreserved for later use.

SILAC was performed as described previously [24, 25]. SILAC reagents and media were
from Thermo Scientific (San Jose, CA, USA); final concentration of arginine (Arg) and
lysine (Lys) was 100 pg/mL. HS27a cells were cultured in SILAC medium

containing 13Cg 1N, Arg and 13Cg Lys (heavy). HS5 cells were cultured in SILAC medium
containing 12Cg 14N, Arg and 12C¢ Lys (light). Culture medium was replaced every other
day until cells were 70-80% confluent. Cells were grown for 5 or 6 passages. Labeling
efficiency was checked to ensure an incorporation rate >95%.

Glycogene Microarray Analysis

Differential gene expression in HS5 and HS27a cells was analyzed by B. Torok-Storb's
group (Fred Hutchinson Cancer Research Center; Seattle, WA, USA) as described
previously [5]. Open-access data at http://www.ncbi.nlm.nih.gov/sites/GDShrowser (GEO
accession: GSE463) were downloaded. Glycogenes listed on the GlycoV4 oligonucleotide
microarray (covering 1260 human glycogenes) were extracted, and analyzed as described
[26, 27]. Raw values were normalized using the robust multichip average (RMA) expression
summary. Data were processed using R program software and Bioconductor project
(GEOquery 2.23.2, www.r-project.org/). Fold changes were estimated by fitting a linear
model for the genes, and linear modeling was performed with the Limma package in the R
program software for differential expression analysis. Transcripts differentially expressed in
HS5 vs. HS27a samples were compared using thresholds of fold change >1.5, fold change
<0.67, adjusted p-value <0.05.

RNA Isolation

Total RNA from cultured HS5 and HS27a cells was isolated using an RNApure Tissue Kit
(CWBiotech; Beijing, China) according to the manufacturer’s instructions. Highly purified
RNA (Ag0/A2g0 >1.8) was used.

Quantitative Real-Time PCR (RT-PCR)

Primers were designed using the DNAMAN program V. 6.0.3 (Lynnon Biosoft; Vaudreuil,
Quebec, Canada). Total RNA was converted into cDNA using a ReverTra Ace-a First-
strand cDNA Synthesis Kit (Toyobo; Osaka, Japan). Quantitative RT-PCR was performed
by Light Cycler based SYBR Green | dye detection with UltraSYBR Mixture (CWBiotech).
MRNA levels of target genes were normalized to expression of -actin and quantified using
the 272ACT method [28].
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Total Protein Extraction and Western Blot Analysis

Unlabeled and labeled cells with 75-90% confluence were lysed with T-PER Tissue Protein
Extraction Reagent (Thermo Scientific, Hudson, NH, USA) according to the manufacturer’s
instructions. In brief, cells were trypsinized, resuspended in 1xPBS (0.01 mol/L phosphate
buffer containing 0.15 mol/L NaCl, pH 7.2), added with an appropriate amount of T-PER
Reagent containing 0.1% aprotinin, incubated on ice for 30 min, and homogenized. The
sample was centrifuged for 15 min at 12,000 rpm (4 °C), and the supernatant was collected
and stored at —80 °C. Protein content was determined by BCA assay (Beyotime; Shanghai,
China).

Proteins from each sample were separated by 10% SDS-PAGE and transferred onto PVDF
membranes (Bio-Rad; Hercules, CA, USA) by the Trans-Blot Turbo Transfer System (Bio-
Rad). Membranes were soaked in 5% (w/v) skim milk in TBST (20 mM Tris-HCI, 150 mM
NaCl, 0.05% Tween 20, pH 8.0) for 2 hr at 37 °C, probed with primary antibodies against
MGAT3 (Santa Cruz Biotechnology; Santa Cruz, CA, USA) and p4GalT1 (Abcam;
Cambridge, MA, USA) overnight at 4 °C, and incubated with appropriate HRP-conjugated
secondary antibody. Bands were visualized using enhanced chemiluminescence detection kit
Westar Nova (Cyanagen; Bologna, Italy) with imaging by ChemiDoc™ XRS+ (Bio-Rad).

Quantitative Analysis of Proteins Associated with Glycan Biosynthesis by SILAC

Cells with various labeling were lysed by T-PER Reagent. Proteins were mixed at
equivalent ratios, reduced (10 mM DTT, 45 min), and alkylated (30 mM IAM, 45 min at
room temperature [RT] in the dark). Sequencing grade modified trypsin (Promega; Madison,
WI, USA) was added to 1:100 (w/w), and the mixture was incubated at 37 °C for 24 hr [29].
2D-LC-MS was performed using LTQ Orbitrap MS (Thermo Fisher Scientific; Waltham,
MA, USA) as described previously [30, 31] (see supplemental data). Data were analyzed
using MaxQuant software program V. 1.4.1.2 [31, 32].

Lectin Microarray Analysis and Data Analysis

Lectin microarray analysis was performed as described previously [33]. In brief, 37
commercial lectins from Vector Laboratories (Burlingame, CA, USA), Sigma-Aldrich, and
Calbiochem Merck (Darmstadt, Germany) were immobilized on a solid support at high
spatial density. Glycoprotein samples labeled with fluorescent dye Cy3 (GE Healthcare;
Buckinghamshire, UK) were applied and scanned with a GenePix 4000B confocal scanner
(Axon Instruments; Union City, CA, USA). Raw values less than the average background
were omitted. The median for each lectin was globally normalized to the sum of the medians
of all valid data for the 37 lectins [33]. Differences between the two data sets were evaluated
by Student's t-test applied to each lectin signal (fold change >1.5, fold change <0.67, p-value
<0.05).

Lectin Staining

HS5 and HS27a cells were cultured in 24-well plates with sterilized glycergel
(DakoCytomation; Carpinteria, CA, USA) to 60-70% confluence. Culture medium was
discarded and 2% fresh paraformaldehyde was added to fix cells. Cells were immobilized
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for 15 min at RT, washed with 1xPBS, permeabilized with 0.2% Triton X-100 in 1xPBS for
2 min at RT, and blocked with 5% BSA in 1xPBS overnight at 4 °C. Fixed cells were
incubated with 15-20 pg/mL Cy3 fluorescein-labeled lectins in 5% BSA for 3 hr in the dark
at RT, washed with PBS, stained with 4 pg/mL DAPI in 1xPBS for 10 min at RT, washed
again with PBS, and observed by laser confocal fluorescence microscopy (model Eclipse Ti-
U; Nikon; Tokyo, Japan).

Expression of Glycan-Related Genes in HS5 and HS27a Cells

Of ~17,000 genes in the microarray, 130 glycogenes were differentially expressed and were
visualized as a “heatmap” using the Cluster and Tree View software program (http://
www.eisenlab.org/eisen/?page_id=42) (Figure 2A). On the basis of DAVID software
analysis (http://david.abcc.ncifcrf.gov/), 66 glycogenes were annotated and classified into
the following eight groups based on their functions: N-glycan synthesis (12 genes),
glycosaminoglycan degradation (5), other glycan degradation (3), cytokine-cytokine
receptor interaction (21), amino and nucleotide sugar metabolism (4), Galactose metabolism
(6), and other functions (26) (Figure 2B; Table S1).

Among the 15 N-glycan related genes (including glycan degradation and N-glycan
synthesis), 12 (ALG5, ALG6, fAGALT1, DPAGT1, DDOST, MAN1A2, MAN1B1, MGAT2,
RPN1, GLB1, HEXA, NEU1) showed increased expression and 3 (4Gal T3, MGATS3,
MAN2A1) showed reduced expression in HS27a compared with HS5. Among the
glycosaminoglycan degradation group, 4 genes (GLB1, GUSB, HPSE, HEXA) were up-
regulated and 1 (HS3ST3B1) was down-regulated in HS27a. These findings are summarized
in Table 1 (p-value <0.05 for all arrays).

The genes listed in Table 1 were defined with significant change of expression either fold
change >1.5 or <0.67. The enzyme MGAT3 (encoded by MGAT3 gene), which produces
bisecting GIcNAc by catalyzing transfer of GIcNAc residues in 1,4 linkage to the p1,4-
mannose residue in the core region of N-glycans [34-36] had lower expression in HS27a
than in HS5 (fold change =0.262). 31,4-galactosyltransferase (encoded by p4GalT1), which
catalyzes addition of UDP-Gal to terminal GIcNAc in $1,4 linkage, was higher in HS27a
than in HS5 (fold change =2.723). MGAT2 (encoding monoacylglycerol acyltransferase 2)
was higher in HS27a (fold change =1.613). HEXA, which encodes a ganglioside-binding
protein that degrades GM2 in association with GM2 activator [37], was higher in HS27a
(fold change =2.140).

The findings from gene microarray analysis were validated by RT-PCR (Figure 2C). Among
the 18 N-glycan synthesis genes, f4GalT1, MAN1A2, ALG6, GUSB, ALG5, RPN1, HPSE,
GLB1, DDOST, MGAT2, and HEXA showed increased expression whereas FUT4, MGAT3,
MAN2A1, and HS3ST3B1 showed reduced expression in HS27a compared with HS5,
consistently with microarray analysis results.
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Quantitation of Glycan Biosynthesis-Related Proteins by SILAC and Western Blot Analysis

Data from gene microarray analysis and RT-PCR revealed differential expression at the
transcriptional level of glycan-related genes in HS5 vs. HS27a cells. Labeled proteins
isolated from the two cell lines were mixed (1:1), digested, and analyzed by ultrahigh-
resolution liquid chromatography-tandem mass spectrometry (nLC-ESI-MS/MS). Among
4257 proteins detected in two experiments, 10 enzymes involved in glycan biosynthesis and
degradation (ALG6, BAGALTL, GLB1, HEXA, MAN1A2, MAN1B1, MAN2A1, MGAT?2,
RPN1, DDOST) were detected (Table 2). Among these 10 glycan-related enzymes, four
glycosyltransferases (DDOST, p4GalT1, MAN1A2, MGAT2) showed increased expression
in HS27a (HS27a/HS5 ratio >1.50) and one (MAN2A1) showed reduced expression (ratio
<0.67), consistently with gene microarray analysis results. Protein expression levels were
confirmed by Western blot analysis. Protein level of B4GalT1 in HS27a is shown in Figure
2D. Both microarray and RT-PCR analyses showed a significant reduction of MGAT3
mMRNA level in HS27a (Figure 2A, C). However, a reduced MGAT3 protein level in HS27a
was revealed only by Western blot, not by SILAC (Figure 2D). Taken together, integrated
findings from microarray analysis, RT-PCR, SILAC, and Western blot analysis indicate
differential expression of both mRNA and protein levels of glycan genes in HS5 vs. HS27a
cells.

Glycopattern Analysis

Patterns of glycoproteins reflect the expression, function, and metabolism of
oligosaccharides in cells. We used lectin microarrays containing 37 lectins (Table S2), two
negative controls (BSA), and one positive control (Cy3-BSA) (Figure S1) to analyze fine
glycan structures of glycoproteins in HS5 vs. HS27a. Significant differences (>1.5 fold
change, <0.67 fold-change, p <0.05) of glycans recognized by 18 different lectins were
observed between the two cell lines (Figure 3A, B). HS27a showed increased expression of
11 glycan structures (recognized by lectins ConA, DSA, SBA, Jacalin, PHA-E+L, LCA,
PTL-I, GSL-II, PSA, UEA-I, and VVA) and reduced expression of seven glycan structures
(recognized by PWM, AAL, PHA-E, WFA, LEL, PTL-II, and STL) (Figure 3C; Table 3).
Hierarchical clustering analysis and visualization were performed, allowing classification of
lectin signal patterns (Figure 3D).

In brief, decreased fluorescence intensity of PHA-E indicated down-regulation of bisecting
GIcNAc N-glycan structure in HS27a. Decreased AAL fluorescence intensity indicated low
fucosylation of Fucal, 3GIcNAc and Fucal, 6Galpl, 4GIcNAc in HS27a. Increased MAL-
Il fluorescence intensity indicated high sialylation in HS27a. PTL-1 (recognizing aGalNAc
and Gal), GSL-II (recognizing GIcNAc and galactosylated N-glycans), and MAL-I
(recognizing Galp-1,4GIlcNAc) showed higher fluorescence intensities in HS27a (Table S2).
Fluorescence intensity of LEL (recognizing poly-LacNAc and (GIcNAC),,) was lower in
HS27a than in HS5 (Figure 3C).

The differential glycopatterns in HS5 vs. HS27a were confirmed by lectin staining with
Mal-11, LEL, PHA-E+L, LCA, SJA, and ConA. HS27a showed increased fluorescence
signal intensities of LCA, ConA, Mal-11, and PHA-E+L but reduced signal intensities of
SJA and LEL, consistently with lectin microarray results (Figure 4).
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DISCUSSION

Changes of oligosaccharide structures on proteins are associated with numerous
physiological and pathological events. Altered levels of N-glycans, O-glycans, and other
glycoconjugates have been reported in many types of cancer [38, 39]. Increased mutation
frequency of glycophorin A (GPA), the major cell surface sialoglycoprotein of human
erythrocytes, is often detected in patients with MDS, aplastic anemia (AA), or paroxysmal
nocturnal hemoglobinuria (PNH) [40]. Proteoglycan biosynthesis was previously studied in
two phenotypically distinct murine bone, MS3-2A and D2XRII [41]. Human marrow
stromal cell lines HS27a and HS5 have been used in many MDS studies, but global
expression profiling of their glycans and related genes has not been performed to date.

We characterized glycan expression levels in HS5 and HS27a using an integrated strategy of
gene microarray, proteomic, and lectin microarray analysis. Our findings were confirmed by
Western blot analysis, RT-PCR, and lectin histochemistry. In HS27a, MGAT3 expression
was greatly reduced at the mRNA level, with consequent suppression of MGAT3 products,
bisecting GIcNAc N-glycans, as recognized by PHA-E in lectin microarray. Significant
differential expression of MGAT3 in HS5 vs. HS27a was detected by Western blotting but
not by SILAC, perhaps because of sensitivity limitation of SILAC. MGAT3 and its products
(bisecting GIcNAc N-glycans) are involved in biosynthesis of complex-type and hybrid-type
oligosaccharides, and may inhibit cell migration through alteration of N-glycans in ECM
and adhesion molecules such as E-cadherin, laminin, and integrin [42, 43]. MGAT3
overexpression inhibited epithelial-mesenchymal transition (EMT) induced by TGF-B1 in
epithelial cell lines [44]. MGAT3 expression is enhanced in hepatocytes during
hepatocarcinogenesis [45]. The observed up-regulation of MGAT3 in brains of Alzheimer's
disease (AD) patients may represent an adaptive response to protect brain cells from
additional f-amyloid production, which may be responsible for much of the pathology of
AD [46]. The finding that levels of MGATS3 and bisecting GIcNAc N-glycans are much
lower in HS27a than in HS5a, provides useful information regarding the altered
microenvironment created by co-culture of HS5 or HS27a with myeloid cells.

B4GalT1 was also differentially expressed in the two cell lines. LacNAc, the product of
B4GalT1, is attached to O-glycans, N-glycans, and glycolipids, and plays a crucial role in a
variety of biological processes, including morphogenesis, brain development, cellular
adhesion [47-49], cell-cell interaction, cell-ECM interaction, and metastatic capacity [50].
Aberrant glycosylation, particularly overexpression of lacto-series type 1 and type 2
structures (often in the form of poly-LacNAc) with various types of fucosylation and
sialylation, is observed in many human cancers [51, 52]. In the present study, expression of
B4GalT1 at both the mRNA and protein levels was markedly higher in HS27a than in HS5.
Fluorescence intensity of lectin MAL-I which could recognize Galp1, 4GlcNAc structure,
was stronger in HS27a (Table S2). Galactosylated N-glycans, recognized by PTL-I and
GSL-1I (Table 3), were also enhanced in HS27a. On the other hand, fluorescence intensity of
LEL, which could also recognized Galp1,4GIcNAc, was lower in HS27a. This mainly
because that the glycan-binding specificities of many lectins remain to be fully explored
[26], and differences in structure need to be confirmed by mass spectroscopic and other
techniques. LacNAc synthesis is part of the pathway leading to the terminal capping group

Exp Hematol. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lietal.

Page 8

sialyl Lewis X (LeX) [53, 54]. Sialyl Le* and sialyl Le? are both ligands of the cell adhesion
molecule ELAM-1 [55], and display greatly increased levels in a variety of cancer cells [56].
Our understanding of the bone marrow microenvironment will be improved by further
studies of sialyl LeX and sialyl Le? function.

Glycosylation patterns and their changes in transformed cells have received steadily
increasing attention from cancer researchers during recent decades. However, it is often
difficult to relate cancer cell phenotypes to glycosylation of specific proteins and their
encoding genes [57]. We developed and applied an integrated strategy with genomic,
proteomic, and functional glycomic techniques for global expression profiling of human
stromal HS5 and HS27a cells. The present findings provide a useful basis for our future
studies of crosstalk among stromal cells and myeloma cells in co-culture system.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

« Integrated strategy was used to profile N-glycan and glycogenes in two human
bone marrow cells.

»  Bisecting N-glycans, catalyzed by MGAT3, were enhanced in HS5 cells.

e Glycan structure of Galp1,4GIcNAc, catalyzed by p4GalT1, was significantly
increased in HS27a cells.
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Figure 1.
The integrated strategy (schematic) used in this study.
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Figure 2.
Comparative glycogene expression of HS5 vs. HS27a cells by glycogene microarray

analysis.

(A) "Heatmap" representation of differentially expressed genes involved in metabolism of
glycosphingolipids, glycoproteins, and glycosaminoglycans. Red: genomic activation.
Green: genomic inhibition. Black: no clear link. Gray: missing data.

(B) Annotations of genes by DAVID software program were classified, and category
distribution numbers are shown as a bar chart. Categories and numbers: N-Glycan
biosynthesis, 12. Glycosaminoglycan degradation, 5. Other glycan degradation, 3. Cytokine-
cytokine receptor interaction, 21. Amino and nucleotide sugar metabolism, 4. Galactose
metabolism, 6. Other, 26.

(C) Gene expression of ALG5, ALG6, p4GalT1, DPAGTL, DDOST, FUT4, GLB1, GUSB,
HEXA, HPSE, MAN1B1, MAN1A2, MAN2AL, MGAT2, MGTA3, NEU1, and RPN1 was
analyzed by RT-PCR, as described in M&M. Experiments were performed in biological
triplicate. Relative expression was analyzed by the 272ACt method and presented as Log,
relative expression for HS5 vs. HS27a, with Logs(3/2) and Log,(2/3) as threshold values.
Values above Log»(3/2) and below Log,(2/3) indicate significant up-regulation and down-
regulation, respectively.

(D) Western blot analysis of MGAT3 and f4GalT1, with B-tubulin expression as protein
loading control.
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Figure 3.
Glycan profiling of HS5 and HS27a by lectin microarray analysis.

(A) Differentially expressed glycans in scanned image for HS5 are indicated.

(B) Differentially expressed glycans in scanned image for HS27a are indicated. Twelve
glycan structures (recognized by lectins ConA, DSA, SBA, Jacalin, PHA-E+L, LCA, PTL-I,
GSL-II, PSA, UEA-I, and VVA) showed higher expression in HS-27a than in HS5. Eight
glycan structures (recognized by PWM, AAL, PHA-E, WFA, LEL, and STL) showed lower
expression in HS27a.
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(C), (D) Normalized fluorescence intensity of lectins with altered signals (HS27a/HS5 ratio
>1.5 or <0.6, p <0.05; see Table 3).

(E) Variation of expression of glycans recognized by 37 lectins, presented as a heatmap.
Red: fluorescence signal activation. Green: signal inhibition. Black: no clear link. Gray:
missing data.
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Figure 4.
Altered expression of glycans evaluated by lectin staining.

Six lectins (MAL-II, ConA, LCA, LEL, SJA, PHA-E+L) labeled with Cy3 were applied,
and cell staining was performed as described in M&M. Panels show signals from merge
images of Cy3-conjugated lectins and DAPI staining of nuclei in HS5 (left) and HS27a
(right). Objective magnification 60x.
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Table 3

Differential Glycopatterns of HS5 and HS27a Cells Determined by Lectin Microarray Analysis

Lectin Average | Average | HS27a/ | Specificity
Abbreviation | Intensity | Intensity | HS5
(HS5) (HS27a) | ratio
ConA 0.154 0.734 4783 branched and terminal mannose, terminal GIcCNAc
DSA 4.537 20.572 4.535 GIcNAc
SBA 0.918 3.243 3.525 Terminal GalNAc (especially GaINAcal-3Gal)
Jacalin 0.348 1.129 3.260 Galp1-3GalNAca-Ser/Thr(T) and GalNAca- Ser/Thr(T)
PHA-E+L 0.625 2.014 3.235 Blisecting GlcNAc and biantennary N-glycans and tetra-antennary complex-type N-
glycan
PTL-I 0.208 0.517 2.466 aGalNAc and Gal
LCA 0.325 0.802 2.460 Fuca-1,6GIcNACc (core fucose)
GSL-1I 0.212 0.413 1.968 GIcNACc and galactosylated N-glycans
PSA 2.243 4.117 1.835 Fuca-1,6GIcNACc (core fucose)
UEA-I 1.609 2.898 1.801 Fucal-2Galp1-4Glc(NAc)
VVA 0.433 0.666 1.539 GalNAc and GalNAca-Ser/Thr (Tn)
PWM 8.283 4.591 0.554 GIcNAc
AAL 2.346 1.150 0.490 Terminal Fuca-1,6GIcNAc, Fuca-1,3Galf-1,4GIcNAc
PHA-E 1.102 0.410 0.372 Bisecting GIcNAc and biantennary N-glycans
WFA 2.119 0.624 0.294 GalNAca/p1-3/6Gal
LEL 6.727 1.826 0.271 Poly-LacNAc and (GIcNAc),
STL 11.602 1.360 0.117 Oligomers of GIcNAc

Average value in HS27a glycopatterns (n=3) was divided by average value of HS5 expression (n=3).
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