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The UN1 monoclonal antibody recognized the UN1 anti-
gen as a heavily sialylated and O-glycosylated protein
with the apparent molecular weight of 100-120 kDa; this
antigen was peculiarly expressed in fetal tissues and sev-
eral cancer tissues, including leukemic T cells, breast, and
colon carcinomas. However, the lack of primary structure
information has limited further investigation on the role of
the UN1 antigen in neoplastic transformation.

In this study, we have identified the UN1 antigen as
CD43, a transmembrane sialoglycoprotein involved in cell
adhesion, differentiation, and apoptosis. Indeed, mass
spectrometry detected two tryptic peptides of the mem-
brane-purified UN1 antigen that matched the amino acidic
sequence of the CD43 intracellular domain. Immunologi-
cal cross-reactivity, migration pattern in mono- and bi-
dimensional electrophoresis, and CD43 gene-depen-
dent expression proved the CD43 identity of the UN1
antigen. Moreover, the monosaccharide GalNAc-O-
linked to the CD43 peptide core was identified as an
essential component of the UN1 epitope by glycosidase
digestion of specific glycan branches. UN1-type CD43
glycoforms were detected in colon, sigmoid colon, and
breast carcinomas, whereas undetected in normal tis-
sues from the same patients, confirming the cancer-as-
sociation of the UN1 epitope. Our results highlight UN1
monoclonal antibody as a suitable tool for cancer immu-
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Glycoproteins play a major role in cell signaling, immune
recognition, and cell-cell interaction because of their glycan
branches conferring structure variability and binding specific-
ity to lectin ligands (1). Mucin-type glycoproteins are charac-
terized by a high content of O-linked carbohydrate chains
(O-glycans), and are secreted or expressed on the membrane
of hematopoietic and epithelial cells. O-glycan biosynthesis
initiates in the Golgi apparatus with the attachment of N-
acetyl-galactosamine (GalNAc) to serine or threonine residues
by an UDP-N-acetyl-p galactosamine: polipeptide N-acetyl-
galactosaminyltransferase (GalNAc-transferase) generating
the Tn antigen structure of O-glycans. Subsequent elongation
of the O-linked glycan branch is catalyzed by tissue-specific
glycosyltransferases through the addition of other carbohy-
drates, such as galactose, fucose, and sialic acid, which
results in the synthesis of a complex array of O-glycan struc-
tures that differ for the nature and length of O-linked carbo-
hydrate chains (2). In addition, the oligosaccharides can be
modified by sialylation, fucosylation, sulfatation, methylation,
or acetylation. Truncation of O-glycan structures as well as
abnormal expression of specific O-glycans occur in cancer
cells, suggesting that aberrant glycosylation may contribute
to cancer progression by modifying cell signaling, adhesion,
and antigenicity (3, 4).

The UN1 monoclonal antibody (mAb)?, which was initially
selected for high reactivity with human immature thymocytes
(CD39™) (5), recognized the UN1 antigen as a highly sialylated

" The abbreviations used are: mAb, monoclonal antibody; GalNAc,
N-acetyl-galactosamine; GalNAc-transferase, UDP-N-acetyl-D ga-
lactosamine: polipeptide N-acetylgalactosaminyltransferase; MAL I,
Maackia Amurensis lectin; PNA, Peanut Agglutinin; DEAE, diethylami-
noethyl; SPE, reversed-phase solid phase extraction; SCX, strong-
cation exchange; nanolL.C, nanoscale liquid chromatography; MS/MS,
tandem mass spectrometry.
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and O-glycosylated protein with the apparent molecular
weight of 100-120 kDa and binding specificity to the lectins
Maackia Amurensis (MAL Il) and Peanut Agglutinin (PNA),
which are binders of the sialic acid in («2-3) linkage and the
disaccharide GalB1,3GalNAc, respectively (6). The UN1 anti-
gen was immunodetected on the membrane of human thy-
mocytes, a subpopulation of peripheral blood CD4™ T-lym-
phocytes and leukemic T-cell lines, such as HPB-ALL, H9,
and MOLT-4 (5, 6). In addition, UN1 was expressed at early
stages of development in fetal tissues, including thymus,
spleen, adrenal cortex, bronchial epithelium, and skin, and
was down-regulated in ontogeny (7). UN1 was also expressed
in a variety of solid tumors, including breast, colon, gastric,
and squamous cell lung carcinomas, whereas undetected in
normal tissues and benign lesions (7). In particular, a direct
correlation was observed between the expression level of
UN1 and the stage of malignancy in breast tissue (8). In fact,
UN1 was not expressed in normal cells and nonproliferative
lesions, whereas it was poorly expressed in fibroadenoma,
moderately expressed in atypical hyperplasia, and highly ex-
pressed in proliferative lesions of in situ breast carcinoma
(stage 0 of disease) and infiltrating breast carcinoma (stages
I-1ll) with the highest expression level in metastatic lesions
(stage IV) (8). The expression pattern in primary cells sug-
gested that UN1 behaved as an oncofetal antigen with a
potential value for cancer immunophenotyping and clinical
applications; however, the role of UN1 in tumorigenesis was
not further addressed because of the lack of knowledge of its
primary structure.

In this study, we demonstrate that UN1 is the transmem-
brane CD43 glycoprotein. The primary structure of UN1 was
determined by mass spectrometry through the identification
of two tryptic peptides that matched the intracytoplasmic
domain of CD43. The CD43 identity of UN1 antigen was
confirmed by immunological cross-reactivity of the two pro-
teins and strict dependence of UN1 detection on CD43 gene
expression. We also show that the single monosaccharide
GalNAc-O-linked to the CD43 peptide core is a component
of the UN1 epitope, and that CD43 molecules harboring the
UN1 epitope are peculiarly expressed in breast, colon, and
sigmoid colon carcinomas. The evidence that UN1-type
glycosylated CD43 molecules are expressed in cancer tis-
sues supports the possibility of using the UN1 mAb for
cancer immunophenotyping and analysis of CD43 glycosy-
lation in tumorigenesis.

EXPERIMENTAL PROCEDURES

Plasmids—The plasmid pCMV-CD43 expressing the human CD43
was purchased from Origene Company (Rockville, MD). The CD43
nucleotide sequence was amplified by PCR from pCMV-CD43 using the
forward primer CCCAAGCTTATGGCCACGCTTCTCCTTCTCCTT and
reverse primer GGGGTACCGAAGGGGCAGCCCCGTCTCC; the PCR
product was digested with Hindlll and Kpnl and ligated to Hindlll-Kpnl-
digested p3xFLAG-CMV-14 (Sigma-Aldrich) to generate p3xFLAG-
CMV-CD43 expressing 3xFLAG fused to C terminus of CD43.

Antibodies—The UN1 mAb (IgG1, k) was produced by the hy-
bridoma technology and selected for high reactivity with human
immature thymocytes (5); immunoglobulins were purified from hy-
bridoma supernatant by affinity chromatography on protein G-
Sepharose (GE Healthcare, Uppsala, Sweden). CD43 (C-20) against a
C terminus peptide of human CD43, CD43 (MEM-59) against a
neuraminidase-sensitive epitope of CD43, donkey anti-goat IgG-HRP
and normal mouse IgG were from Santa Cruz Biotechnology (Santa
Cruz, CA); anti-FLAG M2 and anti-y-Tubulin were from Sigma-Al-
drich; sheep anti-mouse IgG horseradish peroxidase conjugated was
from GE Healthcare.

Cell Lines, Transfection and Flow Cytometry—HPB-ALL and CEM,
human leukemic T-cell lines expressing the UN1 antigen (5), were
cultured in RPMI 1640 medium supplemented with 10% heat-inacti-
vated fetal bovine serum/phosphate-buffered saline (PBS), 2 mm L-
glutamine, 100U/ml penicillin, 100 pg/ml streptomycin, at 5% CO,
and 37 °C. Media were purchased from GIBCO, Invitrogen, Carlsbad,
CA. HPB-ALL cells (5 x 10°) were transfected with p3xFLAG-CMV-
CD43 (40 wg) by electroporation (0.2 kV, 950 uF) using a Bio-Rad
Gene Pulser apparatus (Bio-Rad, Hercules, CA), as previously re-
ported (9). For flow cytometry, HPB-ALL cells (5 X 10°) were electro-
porated with CD43 siRNA or control siRNA (500 pmol) (Dharmacon,
Lafayette, CO), and 48 h later the transfected cells (1 X 10°) were 1
h-incubated with the UN1 mAb (1 ug) or CD43 (MEM-59) antibody (1
ng) in 100 ul of PBS at 4 °C, washed in PBS, and incubated with
Alexa Fluor 488 rabbit anti-mouse IgG (Molecular Probes, Eugene,
Oregon) for 30 min at 4 °C. Following extensive washing in PBS, cells
were analyzed by flow cytometry using FacScan (Becton Dickinson,
Franklin Lakes, NJ).

Western Blotting and Immune Blotting— Proteins were separated
by 8% SDS-PAGE and transferred to nitrocellulose membranes (GE
Healthcare) by electroblotting in 150 mm glycine-20 mm Tris at 20 mA
for 16 h. Following pre-incubation in PBS plus 5% blocking reagent
(Bio-Rad), membranes were incubated with primary antibody in PBS
plus 5% blocking reagent for 2 h at room temperature, followed by
incubation with secondary antibody in PBS plus 5% blocking reagent
for 1 h at room temperature. Strips were washed, treated with ECL
Western blotting kit (GE Healthcare), and exposed to x-ray film.

Purification of the UN1 Antigen—The UN1 antigen was purified
from HPB-ALL membrane extracts by sequential steps, which in-
cluded anion exchange chromatography, immunoprecipitation,
mimotope-based displacement from immunocomplex, and lectin af-
finity binding, as previously described (10) (supplemental Fig. S1).
Briefly, HPB-ALL cells (2.4 X 10'%) were suspended in 230 ml of
Buffer R containing 20 mm Tris/HCI, pH 7.8, supplemented with
Protease Inhibitor Mixture (Roche, Mannheim, Germany), and soni-
cated using Bandelin Sonoplus GM70 (Bandelin Electronic, Berlin,
Germany). Cell lysate was 10 min-centrifuged at 800 X g to remove
nuclei and intact cells. Supernatant was further centrifuged for 2 h at
100,000 X g at 4 °C. The pellet (membrane fraction) was lysed in
buffer R containing 1% Triton X-100 for 16 h on ice, and centrifuged
for 60 min at 15,000 X g to recover the supernatant. Membrane
proteins were separated by anion-exchange chromatography on a
diethylaminoethyl (DEAE)-Sepharose Fast Flow (Sigma-Aldrich) col-
umn connected to the AKTA FPLC System (GE Healthcare). The
column (2.6 cm X 28 cm) was equilibrated with 20 mm Tris/HCI, pH
7.8, containing 0.1% Triton X-100 (buffer A) at a flow rate of 2 ml/min.
Membrane proteins (1 g) were applied to the column, washed with
buffer A, and bound proteins were eluted with 500 mm NaCl in buffer
A; the elution profile was monitored by absorbance at 280 nm. Col-
lected fractions (24 ml) were analyzed for the presence of the UN1
antigen by Western blotting using the UN1 mAb. For UN1 quantiza-
tion, films were analyzed by scanning densitometry using NIH Image
Software (http://rsbweb.nih.gov/nih-image/); specific signal was eval-
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uated as number of pixels/ug of protein. UN1-positive fractions were
pooled and dialyzed against PBS buffer containing 0.1% Triton
X-100. Dialyzed sample was adjusted to 0.5% Triton X-100 final
concentration and preincubated with normal mouse I1gG (474 nqg)
coupled to 4.5 ml of a 50% (v/v) slurry of Protein G-Sepharose (GE
Healthcare) on a rotating agitator for 16 h at 4 °C. Following centri-
fugation at 800 X g, the pellet was recovered as a negative control for
mass spectrometry, whereas supernatant (about 240 mg of proteins)
was incubated with UN1 mAb (474 ng) bound to 4.5 ml of a 50% (v/v)
slurry of Protein G-Sepharose for 16 h on a rotating agitator at 4 °C.
The immunocomplex was collected by centrifugation at 800 X g for 5
min at 4 °C, and the pellet was washed and resuspended in 15 ml of
PBS buffer containing 0.5% Triton X-100. By screening a random
peptide library displayed on filamentous fd phages with UN1 mAb,
we previously identified the G-23 peptide (SFAATPHTCKLLDECVPL-
WPAEG) as a mimotope of the UN1 antigen (10). The UN1 antigen
was displaced from the binding to the UN1 mAb by incubation with
G23 peptide at a peptide/UN1 mAb molar ratio of 1 X 10° for 16 h at
4 °C; the displaced UN1 antigen was recovered in supernatant fol-
lowing centrifugation at 800 X g for 5 min at 4 °C, as previously
described (10). The UN1 antigen was separated from contaminant
G-23 peptide by 16 h-incubation with biotinylated MAL Il (5 ng/ml;
Vector Laboratories, Burlingame, CA), for which sialic acid (a2-3) is
a ligand, followed by 2 h-incubation with Streptavidin MagneSphere
Paramagnetic Particles (Promega, Madison, WI) on a rotating agi-
tator at 4 °C. The UN1 antigen/MAL Il complex was collected with
a magnetic separator and, following extensive washing in PBS
buffer containing 0.5% Triton X-100, the lectin binding to the UN1
antigen was competed with 250 mm sialic acid in 3.6 ml of PBS
containing 0.1% Triton X-100, which released the purified UN1
sample for mass spectrometry.

Nano Liquid Chromatography Tandem MS (LC-MS/MS) Analysis—
The membrane purified UN1 antigen was trichloroacetic acid-precip-
itated and resuspended in 50 ul of 200 mm Tris-HCI buffer, pH 8.0,
containing 0.1% Triton X-100. UN1-positive DEAE fractions immuno-
precipitated with IgG were used as control sample of mass spectrom-
etry. Protein samples were 1 h-reduced with 10 mm dithiothreitol
(DTT) at 37 °C followed by 1 h-incubation with 30 mm iodoacetamide
at 37 °C for cysteine alkylation. lodoacetamide was neutralized by 20
min incubation with DTT (15 mm final concentration) and calcium
chloride was added to 1 mm final concentration. Protein samples were
digested with sequencing-grade modified trypsin (3.2 ng/ul) (Sigma-
Aldrich) overnight at 37 °C, as previously reported (11). To avoid
nonionic detergent Triton X-100 contamination, a two-step purifica-
tion method was applied based on reversed-phase solid phase ex-
traction (SPE) followed by strong-cation exchange (SCX) chromatog-
raphy (11). Briefly, tryptic peptides were purified by reversed-phase
SPE with Oasis HLB cartridges (10 mg packing bed, Waters, Milford,
MA). SPE column was conditioned with 500 ul of H,O/methanol 1/1
(v/v); the column was equilibrated with 500 ul of H,O/methanol/
trifluoroacetic acid 97.9/2/0.1 (v/v/v) (Wash A). The peptide solution
(62 wl) was diluted to a final volume of 500 wl in Wash A, and loaded
onto the SPE cartridge. Following two consecutive 400 ul washings
with Wash A and H,O/methanol/formic acid mixture 97.9/2/0.1 (v/v/v),
respectively, peptides were eluted off the SPE cartridge with 250 ul of
H,O/methanol/formic acid 19.9/80/0.1 (v/v/v). The eluted peptides
were evaporated to dryness in a vacuum centrifuge and stored at 4 °C
until use. Peptides were dissolved in 30 ul of H,O/methanol/formic
acid mixture 84/15/1 (v/v/v) (Wash SCX) and then applied to SCX Zip
Tips™ (Millipore, Billerica, MA), previously equilibrated with Wash
SCX. Following extensive washing with Wash SCX, the detergent-free
peptide mixture was eluted in 2 ul of H,O/methanol/ammonium hy-
droxide 80/15/5 (v/v/v) and diluted with 28 ul of H,O/acetonitrile/
trifluoroacetic acid 97.95/2/0.05 (v/v/v) (loading pump solvent).

Nanoscale liquid chromatography (NanoLC) was performed on
Ultimate nanoLC system (Dionex, Sunnyvale, CA), using a valveless
setup, as previously described (11). Briefly, a peptide sample (10 wl)
was loaded at the rate of 12 wl/min onto Integra Frit™ trapping
column (100 um bore ID; packing bed length 0.5 cm) (New Objective,
Cambridge, MA) in-house packed with 5 um C, 5 particles (Dr. Maisch
GmbH, Entringen, Germany). Following 4-min washing with loading
pump solvent, the trapping column was switched on-line to a Pico
Frit™ column (50 um bore ID; packing bed length 10 cm) (New
Objective) in-house packed with 3 um C,4 particles. Peptides were
separated at 100 nL/min with a binary gradient consisting of H,O/
acetonitrile/formic acid/trifluoroacetic acid 97.9/2/0.09/0.01 (v/v/v/v)
(mobile phase A), and H,O/acetonitrile/formic acid/trifluoroacetic acid
29.9/70/0.09/0.01 (v/v/v/v) (mobile phase B). Gradient was from 0 to
40% mobile phase B in 25 min. Following 5 min at 95% mobile phase
B, the column was re-equilibrated at 0% mobile phase B for 15 min
before the following injection.

MS detection was performed on a QSTAR XL hybrid quadrupole
time-of-flight mass spectrometer (Applied Biosystems, Foster City,
CA) operating in positive ion mode, with nanoelectrospray potential at
1300 V, curtain gas at 15 units, collision-activated dissociation gas at
3 units. Information-dependent acquisition was performed by select-
ing the two most abundant peaks for MS/MS analysis following a full
TOF-MS scan from 400 to 1200 m/z lasting 2 s. MS/MS analysis was
performed in enhanced mode (2 s/scan). Threshold value for peak
selection for MS/MS was 10 counts.

Database Search of MS/MS Spectra—MS/MS spectra were con-
verted in Mascot Generic Format by the Analyst software (Applied
Biosystems, version 1.1). A script running on Analyst was used to
determine peptide charge state and to perform centroiding and de-
isotoping on MS/MS data. Data were analyzed on the local Mascot
search engine (www.matrixscience.com), version 1.9, against the In-
ternational Protein Index Human Database (version 3.38; 70856 en-
tries; accessed on January 2008) using the following parameters: MS
tolerance 20 ppm; MS/MS tolerance 0.2 Da; fixed modifications car-
bamidomethyl cysteine; variable modifications methionine oxidized;
enzyme trypsin; maximum missed cleavages 1.

Two-dimensional Gel Electrophoresis—HPB-ALL membrane ex-
tracts (300 ng) were precipitated by adding nine sample volumes of
ice-cold acetone for 2 h at - 20 °C. Following centrifugation at
15,000 X g for 30 min, pellets were resuspended in 125 ulL of
rehydration buffer containing 8 m urea, 2% Triton X-100, 70 mm DTT,
0.8% (v/v) IPG buffer, pH 3-10 nonlinear (GE Healthcare) by mixing
(800 rpm, 30 min, 30 °C) in thermomixer (Eppendorf, Hamburg, Ger-
many), and loaded onto 7-cm Immobiline DryStrip gels (pH 3-10
nonlinear) (GE Healthcare). Isoelectric focusing was conducted on an
IPGphor (GE Healthcare) with a current limit of 50 A per strip at
20 °C. Following 16 h-rehydration, the isoelectric focusing was per-
formed by applying 300 V for 30 min, a gradient to 1000 V for 30 min,
a gradient to 5000 V for 90 min, and finally 5000 V for 90 min.
Following isoelectric focusing, strips were equilibrated in SDS equil-
ibration buffer [50 mm Tris-HCI, pH 8.8, 6 m urea, 30% glycerol, 2%
SDS, and 0.002% (w/v) bromphenol blue] containing 2% DTT for 15
min at room temperature followed by further incubation in fresh SDS
equilibration buffer containing 2.5% (w/v) iodoacetamide for 15 min at
room temperature. The equilibrated strips were then applied to 8%
SDS-PAGE for 2-DE gel separation, transferred to nitrocellulose
membranes, and immunoblotted with UN1 or anti-CD43 antibodies.

Glycosidase Digestions—HPB-ALL membrane extracts were se-
quentially digested with glycosidases (CalBiochem brand Deglycosyl-
ation Kit, EMD Biosciences, San Diego, CA), according to the manu-
facturer’s instructions. Briefly, protein extract (100 wg) was incubated
in 100 ul with «2-3,6,8,9-neuraminidase (2.5 mU) for 16 h at 37 °C
followed by sequential digestion with B1,4-galactosidase (1.5 mU),
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B-N-acetylglucosaminidase (23 mU), g1,3-galactosidase (2000 mU)
or endo-a-N-acetylgalactosaminidase (0.6 mU) for 24 h at 37 °C.
Aliquots of digested samples were analyzed by Western blotting
using CD43 (C-20) and UN1 antibodies.

Glycan Array Screening—The Consortium for Functional Glycomics
(www.functionalglycomics.org) performed the glycan array screening,
as previously described (12). The printed array version 3.2 consisted of
406 glycans in six replicates (http://www.functionalglycomics.
org/static/consortium/resources/resourcecoreh12.shtml). Further de-
tails are given in supplemental Fig. S2.

Confocal Microscopy—Tissues were obtained from patients of the
Oncology Surgery, Cancer Center of Excellence, Fondazione Tom-
maso Campanella, Catanzaro, upon the written consent of the pa-
tients and the approval of the Ethics Committee Board. Surgical
specimens were derived from cancer tissues of sigmoid colon, colon,
and breast; noncancerous tissues were resected 5-10 cm away from
the cancer tissues of the same patient. Samples were suspended in
OCT compound (Sakura Finetek, Torrance, CA) and frozen at —80 °C.
Serial 4-um sections were obtained from the block using a Leica CM
1950 cryostat (Leica Mycrosystems, Wetzlar, Germany). For optical
microscopy, cryostat sections were stained with hematoxylin and
eosin (H&E) and analyzed for cell morphology. For confocal micros-
copy, sections were 1-h incubated with the UN1 mAb (1 ug/ml) or
normal mouse IgG (1:400) (Santa Cruz) diluted in PBS on ice in a
humidified chamber, washed in PBS, and incubated with rabbit
anti-mouse-Alexa Fluor488 (1:400) for 30 min in the dark. Following
washing in PBS, sections were fixed and permeabilized using Cyto-
fix/CytoPerm kit (BD Biosciences Pharmingen, San Diego, CA) for
20 min on ice, and then washed in washing buffer (PBS containing
1% BSA, 0.2% Triton X-100). Then, sections were 1-h incubated
with CD43 (C-20) antibody (1:200) or normal goat IgG (1:400) (Santa
Cruz) in a humidified chamber on ice; following washing, sections
were incubated with donkey anti-goat-Alexa Fluor568 (1:400) (Mo-
lecular Probes) for 30 min in the dark. Nuclei were stained with DAPI
(Sigma-Aldrich) diluted in PBS (2 wg/ml). Following washing with
PBS, coverslips were mounted on glass slides by using ProLong
Antifade Kit (Molecular Probes). Pictures were captured with a
Leica TCS SP2 confocal microscope (Leica Mycrosystems) with a
HC PL FLUOTAR 40X Apo PLA oil immersion objective (NA 1.4) in
glycerol and acquired with Leica Confocal Software Version 2.61. Z
stacks of images were collected using a step increment of 0.2 um
between planes. UN1 was visualized by excitation with an argon
laser at 488 nm and photomultiplier tube voltage of 420 mV. CD43
was detected using a krypton laser at 543 nm and photomultiplier
tube voltage of 650 mV. Nuclei were detected using an argon laser
at 405 nm and photomultiplier tube voltage of 450 mV. Single
optical sections using 4X averaging were acquired by sequential
scanning to collect the images in three channels. Scan format was
1024 X 1024 pixels. Images were processed with Adobe Photo-
shop CS.

RESULTS

Mass Spectrometry Identifies the UN1 Antigen as CD43—
Purification of the UN1 antigen from membranes of HPB-ALL
cells was performed in sequential biochemical steps, as pre-
viously described (10) (supplemental Fig. S1). In the first step,
the membrane extract was fractionated by anion-exchange
chromatography followed by immunoprecipitation of pooled
UN1-positive fractions with the UN1 mAb. Then, the UN1
antigen was displaced from the immunocomplex using the
G-23 peptide, a UN1 mimotope (10), and further purified by
MAL Il lectin-affinity chromatography. Following tryptic diges-

tion, the UN1 peptides were separated by nanoscale liquid
chromatography and analyzed by tandem mass spectrometry
(nanoLC-MS/MS). MS spectra identified the peptides GSGF-
PDGEGSSR and TGALVLSR (Fig. 1A, B). Mascot search anal-
ysis of the International Protein Index Human Database indi-
cated that CD43 was the putative candidate of the UN1
antigen based on statistically significant identification scores
of the two identified peptides that matched the sequence
from amino acids 285 to 292 and amino acids 327 to 338 of
human CD43, also named leukosialin or sialophorin (Table |
and Fig. 2).

Immunological Cross-reactivity and Expression Pattern
Confirm the CD43 Identity of the UN1 Antigen—The human
CD43 precursor includes 400 amino acids with the predicted
molecular weight of 40 kDa and apparent molecular weight of
54 kDa upon electrophoresis (13). CD43 is converted by O-
glycosylation to two major glycoforms with the apparent mo-
lecular weight of 115 and 135 kDa, which are differentially
expressed depending on cellular activation, and are recog-
nized by specific antibodies (14). To verify the identity of UN1
antigen as CD43, we tested the immunodetection of purified
UN1 glycoprotein by CD43 (C-20) antibody, which detects a
glycosylation-independent epitope of the CD43 C terminus.
On mono-dimensional electrophoresis followed by Western
blotting analysis, both the CD43 (C-20) and UN1 antibodies
detected a protein with the apparent molecular weight of
110-120 kDa, indicating that the UN1 antigen was immu-
nologically related to CD43 (Fig. 3). Further analysis of
protein migration on two-dimensional electrophoresis (2-
DE) followed by Western blotting was performed with the
UN1 and CD43 (C-20) antibodies, including as additional
antibody CD43 (MEM-59) that recognizes a sialic acid-de-
pendent CD43 epitope. Several and pH-coincident protein
spots were detected by the UN1 and anti-CD43 antibodies
over the 4-10 pH interval, although a preferential detection for
acidic forms of the antigen was observed in the case of UN1
mADb (Fig. 4). Thus, based on the two-dimensional electropho-
resis (2-DE) migration pattern, UN1 behaved as CD43 glyco-
forms with higher content of sialic acid.

Next, we tested whether the UN1 mAb recognized CD43
upon cell transfection. To this end, HPB-ALL cells were stably
transfected with p3XFLAG-CMV-CD43 expressing CD43
fused to the 3XFLAG epitope; total cell extracts were immu-
noprecipitated with the antibodies anti-FLAG, UN1, or normal
mouse IgG, and each immunocomplex was analyzed by
Western blotting with anti-FLAG and UN1 antibodies. A wide
range of proteins with SDS-PAGE mobility between 55 and
120 kDa were detected by the anti-FLAG antibody in CD43-
FLAG-transfected cells, while undetected in untransfected
cells, which corresponded to the expected sizes of precursor
and mature glycoforms of CD43 (13) (Fig. 5, top panel, lanes
1 and 2). Two major protein bands of 100-120 kDa were
detected by the UN1 mAb in both untransfected and CD43-
FLAG-transfected cells, which likely corresponded to glyco-
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Fic. 1. NanoLC-MS/MS spectra of the UN1 antigen. The UN1 antigen was digested with trypsin and analyzed by nanoLC-MS/MS. MS/MS
spectra of doubly charged ions detected at 576.75 m/z (A) and 408.75 m/z (B) are shown. Database search of MS/MS spectra lead to a
statistically significant identification of the following peptide sequences: GSGFPDGEGSSR (Mascot ion score 70) (A) and TGALVLSR (Mascot

ion score 57) (B).
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TABLE |
Mascot search-based identification of CD43 as putative candidate of the UN1 antigen. Mascot search analysis of the International Protein Index
Human Database indicated that CD43 was a putative candidate of the UNT antigen based on the peptide amino acidic sequences identified
by nanoLC-MS/MS. *Mascot ion score threshold for 95% confidence was 30

Accession Sequence Number of Peptide amino
Name MW (Da) >4 identified ' P MASCOT Score*
number coverage ) acidic sequence
peptides
Sialophorin/Leukosialin/CD43 [Homo sapiens] IPI00027430 40297 5.3% 2 TGALVLSR 70
GSGFPDGEGSSR 57

MATLLLLLGV LVVSPDALGS

SDPKADSTGD QTSALPPSTS

Fic. 2. Primary structure of CD43.
The amino acidic sequence of CD43 with
the extracellular (blue), transmembrane
(red) and intracellular (black) domains is
shown. The UN1 peptides identified by
mass spectrometry are shown in bold

KMSSVPQETP HATSHPAVPI

VTTAASSLET SRGTSGPPLT

TGPPVTMTTG SLEPSSGASG

NSRGMLPVAV LVALLAVIVL

square.
DAWAGPAQVP EEGAVTVTVG
SRQGSLAMEE LKSGSGPSLK
Purified UN1 antigen
MW(kDa) _
— 150 —
UNT_, — 100—| <+—CD43
: 100
antigen
WB: — 50 — WB:
UN1 mAb CD43(C-20) Ab

Fic. 3. Purified UN1 antigen is recognized by anti-CD43 anti-
body. UN1 antigen (0.08% of the total purified sample) was separated
on 8% SDS-PAGE and analyzed by Western blotting with UN1 or
CD43 (C-20) antibodies. The CD43 (C-20) antibody recognizes an
epitope mapping at the C terminus of human CD43. One represent-
ative experiment out of three is shown.

forms of endogenous CD43 and transfected CD43-FLAG with
high molecular weights (Fig. 5, bottom panel, lanes 1 and 2).
CD43-FLAG immunoprecipitated with anti-FLAG was recog-
nized by the UN1 mAb as protein bands with the apparent
molecular weight of 100-120 kDa (Fig. 5, bottom panel, lane
3). Similarly, UN1 antigen immunoprecipitated with the UN1
mAb was recognized by anti-FLAG antibody as protein bands
of the apparent molecular weight of 100-120 kDa (Fig. 5, top
panel, lane 4). Both anti-FLAG and UN1 antibodies failed to
detect protein bands in the range of 100-120 kDa in immu-
noprecipitated proteins with mouse IgG control (Fig. 5, top
and bottom panels, lane 5), indicating the specific immuno-
logical cross-reactivity of UN1 antigen and CD43. These re-
sults indicated that highly glycosylated isoforms of CD43-
FLAG were immunoprecipitated and detected by the UN1
mADb, proving the in vivo recognition of distinct CD43 glyco-
forms as UN1 antigen.

Next, we asked whether the UN1 antigen detection was
dependent on CD43 gene expression. To this end, we ana-

TTAVQTPTSG EPLVSTSEPL SSKMYTTSIT 50 3

INEGSPLWTS IGASTGSPLP EPTTYQEVSI 100

TANSLGSHTV TGGTITTNSP ETSSRTSGAP

150 > Extracellular

domain
MATVSLETSK GTSGPPVTMA TDSLETSTGT 200

PQUSSVKLST MMSPTTSTNA STVPFRNEDE 250 )
Transmembrane
VALLLLWRRR QKRGKRNGVV 300 domain
GSGGDP TLTTFFGRRK 350 Cytoplasmic
domain
GEEEPLVASE DGAVDAPAPD EPEGGDGAAP 400
Sil
\)\\

3 pH

10 & Mw(kDa)

WB: UN1 mAb

n
WB: CD43(MEM-59) mAb O

7 ]—150
WB: CD43(C-20) Ab —100
v L |

Fic. 4. Migration patterns of the UN1 antigen and CD43 on
2-DE. Total extract of HPB-ALL cells was fractionated on 2-DE; slab
gels were analyzed by Western blotting with UN1, CD43 (MEM-59)
and CD43 (C-20) antibodies. The CD43 (MEM-59) antibody recog-
nizes a neuraminidase-sensitive epitope on CD43 molecule. An ali-
quot (10%) of the protein sample was applied in the lateral well of
each gel and subject to second dimension SDS-PAGE. One repre-
sentative experiment out of three is shown.

lyzed the expression pattern of the UN1 antigen in wild type
and CD43~/~CEM cells, a human leukemic T-cell line. The
UN1 antigen and CD43 were detected by the antibodies UN1
and CD43 (C-20), respectively, as proteins with the apparent
molecular weight of 140-150 kDa in wild-type CEM cells,
whereas they were both undetected in CD43 /~ CEM cells
(Fig. 6). In HPB-ALL cells, RNA interference of CD43 abol-
ished the detection of both CD43 and UN1 antigen, as ob-
served by Western blotting analysis of cell extracts (Fig. 7A),
and flow cytometry (Fig. 7B). Based on the immunological
cross-reactivity, similarity of migration pattern, and CD43-de-
pendent gene expression, we concluded that the UN1 antigen
corresponded to CD43 glycoforms with high molecular
weights.
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Fic. 5. CD43 is recognized by the UN1 mAb upon transfection.
HPB-ALL cells were stably transfected with p3xFLAG-CMV-CD43;
cell extracts were immunoprecipitated (IP) with anti-FLAG antibody
(lanes 3), UN1 mAb (/lanes 4) or normal mouse IgG (lanes 5). Immu-
nocomplexes were separated by 8% SDS-PAGE and analyzed by
Western blotting with anti-FLAG and UN1 antibodies. One represent-
ative experiment out of three is shown.

O
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Pl
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150—
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Fic. 6. The UN1 antigen expression is dependent on CD43 gene.
Total protein extracts (50 ug) of wild type and CD43™/~CEM cells
were separated by 8% SDS-PAGE and analyzed by Western blotting
with the antibodies UN1 (A), CD43 (C-20) (B), or anti-y-Tubulin (A and
B). As independent control, HPB-ALL cell extract (50 ng) was run in
both gels. The apparent molecular weight of UN1 and CD43 was in
the range of 100-120 kDa in HPB-ALL cells, and 140-150 kDa in
CEM cells, because of cell-type differential CD43 glycosylation. One
representative experiment out of three is shown.

A HPB-ALL
CD43siRNA - - +
ControlsiRNA - 4+ _ MW(kDa)
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UN1 mAb
D43 —» [ WB:
CD43 - 100 6h43(C-20) Ab
1 2 3
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- UN1 antigen - EhAs Control siRNA
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Fic. 7. CD43 silencing by RNA interference causes the loss of
UN1 detection. A, HPB-ALL cells were transfected with CD43 siRNA
(500 pmol), scrambled siRNA (500 pmol), or left untransfected. Forty-
eight hours later, protein extracts (50 ug) were separated by 8%
SDS-PAGE and analyzed by Western blotting with antibodies CD43
(C-20), UN1, or anti-y-Tubulin. B, HPB-ALL cells were transfected
with CD43 siRNA (500 pmol), scrambled siRNA (500 pmol), or left
untransfected. Forty-eight hours later, cells were stained with the UN1
or CD43 (MEM-59) antibodies, and analyzed by flow cytometry. His-
tograms show the expression profile of UN1-positive (left panel) and
CD43-positive (right panel) cells. One representative experiment out
of three is shown.

The Monosaccharide N-Acetylgalactosamine O-linked to
CD43 is an Essential Component of the UN1 Epitope—The
UNT1 antigen was initially characterized as a heavily sialylated
and O-glycosylated protein with binding affinity for the PNA
lectin, a ligand of the core 1 disaccharide GalB1,3GalNAc (6).
To determine whether glycan branches are critical for recog-
nition of the UN1 epitope of CD43, HPB-ALL cell extract was
sequentially digested with glycosidases that removed distinct
glycan branches (Fig. 8A), and analyzed by Western blotting
for the expression level of the UN1 antigen. The CD43 (C-20)
antibody recognizing an epitope at the C terminus of CD43
was included to monitor the CD43 expression levels inde-
pendently of glycosylation. Neuraminidase digestion reduced
the SDS-PAGE mobility of both CD43 and UN1 antigen in a
similar manner, as expected for the loss of negatively charged
sialic acid residues (6, 15) (Fig. 8B, compare lanes 1 and 2).
Accordingly with previous observation (6), the neuraminidase
treatment did not affect the UN1 detection, confirming that
the UN1 epitope is sialic acid-independent. Sequential diges-
tion with B1,4-galactosidase and B-N-acetylglucosaminidase

Molecular & Cellular Proteomics 10.5
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Fic. 8. Removal of single monosac-
charide GalNAc-O-Ser/Thr causes the
. B-N-Acetyl-
loss of UN1 detection. A, Scheme of SR
. glucosaminidase
the glycosidases used to remove spe-
cific glycan branches of the UN1 anti-
gen. B, Total extract (100 ng) of HPB- )
ALL cells was left untreated (lane 1), p1,3-Galactosidase
digested with neuraminidase alone (lane
2), or neuraminidase followed by se- Endo-c-N
quential digestion with 8 1,4-galactosid- " arac(t)c-)z;ln;inidase
ase (lane 3), B-N-acetylglucosaminidase vl
(lane 4), and B1,3-galactosidase (lane 5)
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separated on 8% SDS-PAGE and ana- B-N-Acetylglucosaminidase - - -+ o+ o+
lyzed by Western blotting with UN1, B 1,3-Galactosidase - - - - 4+ -
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UN1 .
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—50 UN1 mAb
—37
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CD43 —75
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S50 CD43(C20) Ab

slightly increased the SDS-PAGE mobility of UN1 and CD43 in
a similar manner without affecting the recognition of the UN1
epitope (Fig. 8B, lanes 3 and 4), indicating that the
Galp1,4GIcNAcB1,6 disaccharide of the core 2 O-glycans
was present in UN1-type CD43 molecules but was not a
component of the UN1 epitope. Further digestion with g1,3-
galactosidase, which removes the galactose of the
(Galp1,3GalNAc) core 1 structure, did not significantly affect

the SDS-PAGE mobility of UN1 and CD43 molecules, and the
UN1 recognition (Fig. 8B, lane 5). Differently, the digestion
with endo-a-N-acetylgalactosaminidase, which removes the
GalB1,3GalNAc disaccharide, reduced the size of CD43 to the
molecular weight of about 50 kDa, which is the expected size
of unglycosylated CD43, and determined the loss of UN1
detection (Fig. 8B, lane 6). Altogether these results indicated
that the monosaccharide N-acetylgalactosamine (GalNAc) O-
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linked to CD43 was required for detection of the UN1 epitope.
However, the screening of 406-glycan array, including
GalNAc, failed to identify ligands of the UN1 mAb (sup-
plemental Fig. S2), suggesting that the monosaccharide
GalNAc must be O-linked to the CD43 peptide core in order to
generate the UN1 epitope.

UN1-type CD43 Glycoforms are Expressed in Cancer Tis-
sues—The UN1 antigen was mostly expressed in leukemic
T-cell lines and solid tumor tissues (7, 8). Thus, we wonder
whether the expression pattern of CD43 and UN1 antigen was
correlated in human tissues. To this end, serial sections of
normal and cancer tissues were collected from patients, in-
cluding colon, sigmoid colon, and breast carcinomas. By
optical microscopy, normal mucosal samples of colon and
sigmoid colon showed normal maturation and architecture of
glands with small mature lymphocytes in the stroma; in con-
trast, tumor samples showed poorly differentiated carcinoma
in colon and well-differentiated carcinoma in sigmoid colon,
respectively (Fig. 9). Normal breast samples showed lobules
and acinar structures immersed in fibrous stroma, whereas
the neoplastic counterparts showed poorly differentiated duc-
tal carcinoma with lymphomonocitary infiltrate in the stroma
(Fig. 9). By confocal microscopy, CD43 was detected at sim-
ilar levels in normal and tumor tissues of colon, sigmoid colon
and breast using the CD43 (C-20) antibody recognizing a
glycosylation-independent epitope of CD43; differently, UN1
was exclusively detected in cancer tissues, where it colocal-
ized with CD43 (Fig. 9). Occasionally, a slight UN1-positive
staining was observed at the level of infiltrating lymphocytes
in normal tissues, which agreed with the previous observation
of UN1 expression in mature peripheral blood T lymphocytes
(5, 6). These results demonstrated that the UN1-type CD43
glycoforms were associated with the tumor phenotype.

DISCUSSION

The UN1 mAb detected the UN1 antigen as a membrane-
associated and highly sialylated glycoprotein expressed in
fetal tissues and several cancer tissues (5, 7, 8). In this study,
we have demonstrated that the UN1 antigen is CD43, a trans-
membrane mucin-like glycoprotein (13). The primary structure
of the UN1 antigen was identified by mass spectrometry of
purified UN1 from HPB-ALL cell membranes. In fact, mass
spectrometry detected two tryptic peptides of the UN1 antigen
that matched the amino acidic sequence of CD43 within its
intracellular domain. Significant signals for other peptides were
not retrieved likely because of the heavy glycosylation of CD43.

The CD43 identity of UN1 antigen was demonstrated by the
following evidence: (1) recognition of the membrane purified
UN1 with anti-CD43 antibodies; (2) recognition of transfected
CD43-FLAG by the UN1 mADb; (3) lack of UN1 detection in T
cells deleted of the CD43 gene, or silenced for CD43 by RNA
interference. Altogether these results indicated that CD43 and
UN1 were the same protein as they were immunologically
related and transcribed from the same gene.

CD43 is a highly conserved mucin-type glycoprotein, which
is expressed on the surface of thymocytes and hematopoietic
cells with the exception of erythrocytes and resting B cells
(16); similar cellular distribution was reported for the UN1
antigen (5, 6). CD43 contains 400 amino acids and showed
heterogeneity in SDS-PAGE migration with the apparent mo-
lecular weight of 115-130 kDa because of extensive O-glyco-
sylation with one site of N-linked glycosylation (14, 17). In-
deed, CD43 can harbor about 80 O-linked glycan chains with a
high content in sialic acid conferring negative charge on cell
surface (14, 18); desialylation reduces the CD43 migration on
SDS-PAGE because of loss of acidic charges (15). Consistently
with CD43 identity, the UN1 glycoprotein shows heterogeneous
migration on SDS-PAGE in the same range of CD43, and slower
migration following desialylation (6, 8) (Fig. 8).

Glycosylation of CD43 generates different glycoforms de-
pending on cell-type and cellular activation. In resting human
T cells, the major CD43 glycoform migrates on SDS-PAGE
with the apparent molecular weight of 115 kDa and mainly
harbors the O-linked tetrasaccharide side chain NeuNAca 2,3
Galp1,3 (NeuNAca2,6) GalNAcal-Ser/Thr (core 1 glycan
structure). In activated human T cells, the major CD43 glyco-
form has an SDS-PAGE mobility of the apparent molecular
weight of 130 kDa and harbors the hexasaccharide side chain
NeuNAca 2,3 GalB1,3 (NeuNAca2,3 GalB1,4 GIcNAcpB1,6)
GalNAca1-Ser/Thr (core 2 glycan structure) (16). Conversion
from unbranched core 1 to branched core 2 structure is
catalyzed by core 2 pB1,6N-acetylglucosaminyltransferase,
and is promoted in T-cell activation (19-21).

CD43 glycoforms generate different epitopes that are recog-
nized by distinct monoclonal antibodies (17). By glycosidase
digestion, we have shown that the UN1 mAb recognizes a CD43
epitope that includes the monosaccharide GalNAc-O-linked to
the peptide core. These findings agree with our previous obser-
vation of specific binding of UN1 to the PNA lectin, which is a
selective binder of core 1 structure Galp1,3GalNAc disaccha-
ride of O-glycans (6). In addition, we have now demonstrated
that the removal of the pB-b-galactose from the core 1
Galp1,3GalNAc disaccharide does not affect the recognition of
UN1 epitope, indicating that the monosaccharide GalNAc-O-
linked to the peptide core, corresponding to the Tn antigen of
O-glycans, is the minimal carbohydrate component of the UN1
epitope. The observation that the single monosaccharide Gal-
NAc is undetected by the UN1 mADb in a glycan array supports
the possibility that GalNAc-O-linked to CD43 peptide core gen-
erates the UN1 conformation. Whether GaINAc-O-Ser/Thr is the
contact binding for the UN1 mAb or rather it modifies linear
epitopes of CD43 has yet to be characterized.

The extracellular domain of CD43 binds molecules involved
in cell adhesion, such as intercellular adhesion molecule
(ICAM)-1 (22) and E-selectin (23), whereas the intracytoplas-
mic tail of CD43 interacts with cytoskeleton linker proteins,
Src kinases and zeta-chain of CD3 upon CD43 activation (24).
Biochemical features and physical interactions are strictly
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r tissues. Serial cryosections of surgical specimens were derived from normal

and cancer tissues of sigmoid colon, colon, and breast. For optical microscopy, sections were stained with hematoxylin and eosin (HE). For
confocal microscopy, sections were stained with DAPI (blue), or the immunofluorescent antibodies CD43 (C-20) (red) and UN1 (green). Image
superposition of UN1 and CD43 (merge) indicates colocalization by yellow color. Bars, 47.61 um.

related to the function of CD43 in cell signaling. Remodelling
of sugar chains by cell-type specific glycosyltransferases, or
shedding by proteases releasing partial protein domains,
modulate the CD43 activity in cell differentiation, adhesion,
and survival (14, 19, 20, 25-27).

Aberrant expression of certain glycan structures as well as
occurrence of truncated structures, precursors, or novel
structures of glycans may affect ligand-receptor interactions

and thus interfere with regulation of cell adhesion, migration
and proliferation (1). Indeed, altered expression or distinct
glycoforms of CD43 have been associated with neoplastic
transformation (28-30). Consistently with these observations,
we show that UN1-type glycosylated CD43 molecules are
specifically expressed in colon, sigmoid colon and breast
carcinomas, while undetected in normal tissues from the
same individuals (Fig. 9). Addressing the role of CD43 glyco-
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sylation in cell signaling and cancer development has proved
to be a difficult task as a consequence of the in vivo hetero-
genicity of CD43 glycoforms. The evidence that UN1-type
glycoforms of CD43 are specifically expressed in cancer tis-
sues suggests that these molecules may promote cell prolif-
eration and invasion by aberrant signaling. Consistently with
this hypothesis, CD43 signaling leads to the activation of
NF-kB and AP1 (31), which are pro-survival transcription fac-
tors that promote a cancer phenotype when deregulated.
Aberrant O-glycosylation of CD43 in cancer cells could mod-
ulate the binding to alternative ligands, and may result in
altered CD43 signaling that promotes cancer progression. In
support of this possibility, the increased expression of the
UNT1 antigen, here identified as distinct CD43 glycoforms,
correlated with breast cancer progression (8). The evidence
that GalNAc-O-Ser/Thr, the initial monosaccharide O-linked
to the CD43 peptide core, is a key component of the tumor-
associated UN1 epitope of CD43 suggests that either over-
expression of the truncated Tn antigen O-glycan structure, or
site-specific O-glycosylation of CD43 generating the glycan-
peptide UN1 epitope, may deregulate CD43 signaling and
contribute to cancer progression. Accordingly with this hy-
pothesis, the Tn antigen was detected in 90% of human
carcinomas with high metastatic potential and poor diagnosis
(32), and behaved as carbohydrate biomarker of cancer (33—
38). In this context, the UN1 mAb detects cancer-associated
CD43 molecules bearing the Tn determinant, and may func-
tion as an additional tool for cancer immunophenotyping and
analysis of CD43 glycosylation in cancer.
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