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Abstract
Cancer-associated antigens are not only a good marker for monitoring cancer progression but are also useful for molecular target
therapy. In this study, we aimed to generate a monoclonal antibody that preferentially reacts with colorectal cancer cells relative
to noncancerous gland cells. We prepared antigens composed of HT-29 colorectal cancer cell lysates that were adsorbed by
antibodies to sodium butyrate-induced enterocytically differentiated HT-29 cells. Subsequently, we generated a monoclonal
antibody, designated 12G5A, which reacted with HT-29 colon cancer cells, but not with sodium butyrate-induced differentiated
HT-29 cells. Immunohistochemical staining revealed 12G5A immunoreactivity in all 73 colon cancer tissue specimens examined
at various degrees, but little or no immunoreactivity in noncancerous gland cells. Notably, high 12G5A immunoreactivity, which
was determined as more than 50% of colon cancer cells intensively stained with 12G5A antibody, exhibited significantly higher
association with a poor overall survival rate of patients with colorectal cancer (P = 0.0196) and unfavorable progression-free
survival rate of patients with colorectal cancer (P = 0.0418). Matrix-assisted laser desorption ionization time-of-flight mass
spectrometry, si-RNA silencing analysis, enzymatic deglycosylation, and tunicamycin treatment revealed that 12G5A recognized
the glycosylated epitope on annexin A2 protein. Our findings indicate that 12G5A identified a cancer-associated glycosylation
epitope on annexin A2, whose expression was related to unfavorable colorectal cancer behavior.

Key message
• 12G5A monoclonal antibody recognized a colorectal cancer-associated epitope.
• 12G5A antibody recognized the N-linked glycosylation epitope on annexin A2.
• 12G5A immunoreactivity was related to unfavorable colorectal cancer behavior.
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Introduction

Despite recent progress in treatments, colorectal cancer often
results in mortality; therefore, further understanding of colo-
rectal carcinogenesis is necessary [1, 2]. Various cancers, in-
cluding colorectal cancer, are often associated with aberrant
glycosylation patterns which results in the generation of

tumor-associated antigens, termed “post translationally altered
tumor-associated antigen (tumor-associated alterations in gly-
cosylation)” [3, 4]. These tumor-associated antigens are not
only good markers for monitoring cancer progression but are
also useful for molecular target therapy [5].

HT-29 human colonic adenocarcinoma cells have been
well characterized as pluripotent intestinal cell lines [6]. HT-
29 cells harbor an undifferentiated cancerous phenotype in the
presence of 25 mM glucose and 10% serum, whereas they
undergo enterocytic differentiation upon treatment with sodi-
um butyrate [7]. Undifferentiated HT-29 cells exhibit im-
paired glycosylation, which results in the accumulation of
Man9, 8-GlcNAc2-Asn species, whereas HT-29 cells that un-
dergo enterocytic differentiation correctly process their N-
glycans [8]. Based on these findings, we hypothesized that
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an antibody to tumor-associated antigen might be generated
by immunizing undifferentiated HT-29 cell lysates pre-
adsorbed with antibodies against butyrate-induced
enterocytically differentiated HT-29 cell lysate proteins.

Under this strategy, we generated a monoclonal antibody,
designated 12G5A, which preferably reacted with HT-29 co-
lorectal cancer cells but exhibited low reactivity with sodium
butyrate-induced enterocyte-differentiated HT-29 cells in this
study. Subsequent experiments revealed that 12G5A recog-
nized the N-linked glycosylation modified tumor-associated
epitope on annexin A2 in colorectal adenocarcinoma cells.
Clinicopathological analysis demonstrated that robust
12G5A epitope expression was related to poor outcomes in
patients with colorectal carcinoma. We believe that 12G5A
could be a useful tool for further understanding colorectal
carcinogenesis.

Materials and methods

Cell culture

HT-29 and SW480 colon cancer cell lines were obtained from
the American Type Culture Collection (Manassas, VA, USA).
Cells were cultured in Dulbecco’s modified Eagle’s medium-
high glucose (4500 mg/L) (Sigma-Aldrich, St. Louis, MO,
USA) containing 10% fetal bovine serum without any antibi-
otics. Cells were passaged for no more than 6 months after
resuscitation.

HT-29 cells were cultured with 1-mM sodium butyrate
(Tokyo Kasei Kogyo Co., Ltd., Tokyo, Japan) for 48 h to
induce differentiation into the enterocytic phenotype. As a
measure of cell differentiation, alkaline phosphatase activity
was measured at 37 °C for 15 min using p-nitrophenyl phos-
phate (Sigma-Aldrich, St. Louis, MO, USA) as a substrate.
The reaction was quenched by the addition of NaOH. The
amount of p-nitrophenol was determined by measuring the
absorbance at 405 nm.

SW480 cells were also incubated with or without 5 μg/ml
of tunicamycin (Fujifilm Wako Pure Chemical Corporation,
Osaka, Japan) for 48 h to evaluate the N-linked glycosylation
status.

Generation of monoclonal antibodies

The experimental protocol was approved by the Animal Care
Committee of Gifu University Graduate School of Medicine
(Gifu, Japan). The detailed procedure to prepare the soluble
protein fraction, which specifically contained the cancer-
associated antigen, was described previously [9]. Briefly, five
BALB/c mice were intraperitoneally immunized every week
with 1 × 107 HT-29 cells induced with sodium butyrate. Sera
were obtained from mice after the third immunization. IgG

was purified from sera using HiTrap Protein G HP columns
(GE Healthcare, Germany) and bound to M-270 epoxy mag-
netic beads (Dynabeads® Antibody Coupling Kit, Life
Technologies, Carlsbad, CA) according to the manufacturer’s
protocol. Subsequently, cell lysate proteins were isolated from
HT-29 cells without sodium butyrate treatment using cell-lytic
buffer (Sigma-Aldrich, St. Louis, MO, USA). The solubilized
protein mixtures were adsorbed on M-270 epoxy magnetic
beads containing antibody to sodium butyrate-induced HT-
29 cells and subsequently used for immunization to generate
monoclonal antibodies.

Monoclonal antibodies were generated according to the
modified method of Köhler and Milstein, as previously de-
scribed [10, 11]. Hybridoma clones were screened using a
two-step process, as indicated below, and cloned by limiting
dilution. We first selected clones that produced the antibody
reacting with HT-29 cells but little to sodium butyrate-treated
differentiated HT-29 cells by immunofluorescence staining,
as described below. Subsequently, we examined whether
formalin-fixed paraffin-embedded colorectal carcinoma tissue
sections could be immunostained with the candidate antibod-
ies. Subclasses of antibodies were determined using IsoQuick
(EnviroLogix Inc. Portland, ME, USA). The antibody was
purified from culture supernatants using Immuno-Assist
MG-PP (Kanto Chemical, Tokyo, Japan).

Immunofluorescence staining

The detailed procedure of immunofluorescence staining has
been described earlier [12]. Cells were fixed with 4% (m/v)
paraformaldehyde, permeabilized with 0.1% Triton X-100,
and blocked with 10% goat serum. The cells were then incu-
bated with 1-μg/ml antibody at room temperature for 1 h. In
the case of monoclonal antibody screening, cells were incu-
bated with culture supernatants of hybridomas at room tem-
perature for 1 h. After washing with PBS, cells were incubated
with Alexa Fluor 488-conjugated anti-mouse antibody (1:200;
Invitrogen, Carlsbad, CA, USA) and counterstained with 4′,6-
diamidino-2-phenylindole (DAPI). After staining, images
were acquired using a confocal laser scanning microscope
(Leica TCS SP8, Germany).

Patients and histopathological classification

After receiving approval from the Institutional Review Board
of the Gifu University Graduate School of Medicine (specific
approval numbers: 2019–202 and 2019–0444) to carry out our
retrospective study, we collected 73 specimens from surgical-
ly treated patients who were primarily diagnosed with colo-
rectal cancer. Informed consent was obtained from all partic-
ipants or their authorized representatives. This study was con-
ducted in accordance with the ethical standards outlined in the
Declaration of Helsinki, 1975.
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All 73 resected primary tumors were examinedmacroscop-
ically and microscopically to determine the depth of invasion,
lymph node status, and distant metastasis to TNM classifica-
tion (8th AJCC) [13]. Invasion into lymphatic and blood ves-
sels was determined according to the 8th Japanese
Classification of Colorectal Cancer [14]. In this classification,
the status of cancer invasion to lymphatic (ly) and blood ves-
sels (v) was histopathologically determined as ly0 and v0 (no
invasion); ly1 and v1 (mild invasion); ly2 and v2 (moderate
invasion); and ly3 and v3 (severe invasion). The infiltrative
pattern of cancer was histopathologically classified as INFa
(expansive growth), INFb (intermediate type), and INFc (in-
filtrative growth).

Tissue microarray

Immunohistochemical detection of 12G5A was also per-
formed using tissue microarrays composed of normal colon
tissue (US Biomax, Rockville, MD). All tissue samples were
collected according to ethical standards and the Health
Insurance Portability and Accountability Act (USA). Written
informed consent was obtained from all donors.

Immunohistochemical staining

Rabbit monoclonal antibody to annexin A2 was purchased
from CST (clone D11G2, Cambridge, MA, USA). All tissue
specimens were fixed in 10% buffered formalin and embed-
ded in paraffin. The tissues were immunostained as previously
described [11]. Briefly, deparaffinized tissue slices were incu-
bated for 30min in 10% normal goat serum. Subsequently, the
slides were incubated with 2 μg/ml of 12G5A or D11G2 an-
tibodies for 1 h at room temperature or overnight at 4 °C,
respectively. For 12G5A, the tissue specimens were incubated
with goat anti-murine immunoglobulin μ chain antibody con-
jugated with horseradish peroxidase (1:200) (Abcam, cat #
ab98679; Cambridge, MA, USA). For D11G2, the tissues
were immunostained with antibodies conjugated to the
ImmPRESS™ polymerized reporter enzyme staining system
(Vector Laboratories, Burlingame, CA, USA). Finally, the
reaction was developed with 3,3′-diaminobenzidine and coun-
terstained with hematoxylin.

Evaluation of immunohistochemical staining and
statistical analysis

We expressed our results from immunohistochemical staining
as a percentage, calculated as the proportion of immunoreac-
tive colorectal cancer cells relative to the total number of cells.
The proportion of 12G5A immunoreactivity positive cells was
determined by scoring 10 high-magnification fields of view
for each sample. The staining was considered “low” if less

than 50% of the cancer cells exhibited immunoreactivity and
“high” if over 50% were immunoreactive.

Curves for overall survival (OS) and progression-free sur-
vival (PFS) were drawn using the Kaplan-Meier method, and
the differences in survival rates were compared using the log-
rank test for univariate survival analysis. Multivariate Cox
proportional hazard regression analysis was performed to cal-
culate the hazard ratio of death for 12G5A epitope expression.
A P value of <0.05 was considered statistically significant.

Glycosidase treatment followed by immunoblot
analysis

Glycopeptidase F was purchased from Takara Bio. Inc.
(Kusatsu, Japan). O-glycosidase and α2–3,6,8 neuraminidase
were obtained from New England Biolabs (Beverly, MA,
USA). Enzymatic deglycosylation of the cell lysate protein
was carried out according to the manufacturer’s protocol.

Immunoblotting was carried out according to the method
described by Towbin et al. with modifications as previously
described [15, 16]. Briefly, proteins were electrophoresed on
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) gels and electroblotted onto polyvinylidene
difluoride membranes (Immobilon-FL Transfer Membrane,
Millipore, Bedford, MA, USA). The membrane was blocked
with Block Ace (blocking milk; Yukijirushi, Sapporo, Japan)
and subsequently incubated with 0.5-μg/ml 12G5A, D11G2,
or anti-GAPDH antibody (Sigma-Aldrich, St. Louis, MO,
USA). For fluorescent immunodetection, we employed goat
anti-rabbit IgG highly cross-adsorbed secondary antibody
Alexa Fluor Plus 647 or 800 (Cat No. A32733 or A32735,
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) and goat anti-mouse IgG (H + L) highly cross-
adsorbed secondary antibody, Alexa Fluor Plus 647 or 800
(Invitrogen; Thermo Fisher Scientific, Inc., Cat No. A32728
or A32730).

Fluorescent signals were detected using an Invitrogen
iBright 1500 gel imaging system (Thermo Fisher Scientific).

Peptide mass fingerprinting and matrix-assisted laser
desorption ionization time-of-flight (MALDI-TOF)
mass spectrometer

First, the purified 12G5A antibody was bound to M-270 ep-
oxy magnetic beads according to the manufacturer’s protocol.
Preliminary experiments indicated that 12G5A immunoreac-
tivity was much higher in SW480 colon cancer cells than in
HT-29 cells. Therefore, the 12G5A antigen was obtained from
cell lysates of SW480 cells by affinity chromatography using
12G5A antibody bound-M-270 epoxymagnetic beads. In par-
allel, nonspecifically bound proteins were also extracted to
control IgM-bound M-270 epoxy magnetic beads. The prep-
aration of control murine IgM has been previously reported
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[17]. Each protein band was digested with trypsin (Promega,
Madison, WI), mixed with a-cyano-4-hydroxycinnamic acid
in 50% acetonitrile/0.1% TFA, and subjected toMALDI-TOF
analysis (Microflex LRF 20, Bruker Daltonics), as described
by Fernandez J et al. [18]. Spectra were collected at 300 shots
per spectrum over an m/z range of 700–4000 and calibrated
through two-point internal calibration using trypsin
autodigestion peaks (m/z 842.5099, 2211.1046). The peak list
was generated using flexAnalysis 3.0. The threshold used for
peak picking was as follows: 500 for a minimum resolution of
monoisotopic mass and 6 for S/N. The search program
MASCOT, developed by Matrix Science (http://www.
matrixscience.com/), was used for protein identification via
peptide mass fingerprinting. The following parameters were
used for database search: trypsin as the cleaving enzyme, a
maximum of one missed cleavage, iodoacetamide (Cys) as
complete modification, oxidation (Met) as partial modifica-
tion, monoisotopic masses, and a mass tolerance of ±0.2 Da.
The PMF acceptance criterion was probability scoring.

In addition, we performed immunoblotting on the immu-
noprecipitation specimens using commercially available anti-
annexin A2 antibody (clone D11G2, CST).

Small interfering RNA (siRNA)-mediated gene
silencing

The detailed procedure for siRNA silencing of a target
gene has been described previously [19]. In this study,
we utilized Thermo Fisher Scientific siRNAs (Waltham,
MA, USA), Cat No. 4390824: s1383 and s9548, for si-
lencing annexin A2. Trilencer-27 Universal scrambled
negative control siRNA (OriGene Technologies,
Rockville, MD, USA) was used as a non-silencing con-
t ro l . s iRNAs were t ransfec ted in to ce l l s us ing
Lipofectamine™ RNAiMAX (Invitrogen, Carlsbad, CA,
USA) following the manufacturer’s instructions. Cells
were used for subsequent studies 48 h after transfection.

Fig. 1 Expression of 12G5A in
colorectal cancer. a Colorectal
adenocarcinoma cells exhibit
robust 12G5A immunoreactivity
(indicated by arrow), whereas
non-tumorous gland cells show
little or no 12G5A immunoreac-
tivity (indicated by an arrow-
head). b Tubular adenoma cells
(indicated by an arrowhead)
exhibiting less 12G5A immuno-
reactivity than that of adenocarci-
noma cells (indicated by an ar-
row). c and d Representative
12G5A immunoreactivity scored
by high (c) and low (d). Scale bar
represents 100 μm
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Reverse transcriptional quantitative PCR (qRT-PCR)

cDNA synthesis from total RNA and subsequent PCR were
performed using an RT-PCR Kit (Takara Bio Inc., Kusatsu,
Japan) as previously described [19]. qRT-PCRwas performed
using a SYBR Green Reaction Kit (Roche Diagnostics,
GmbH, Mannheim, Germany) according to the manufac-
turer’s instructions on a LightCycler (Roche Diagnostics).

The sequences of the primers used in this study are as
follows: for annexin A2 forward, 5-TCGGACACATCTGG
TGACTTCC-3, and reverse, 5-CCTCTTCACTCCAG
CGTCATAG-3; and for GAPDH forward, 5-GAAGGTGA
AGGTCGGAGTC-3, and reverse, 5- GAAGATGG
TGATGGGATTTC-3.

The expression of each target gene was analyzed using the
2–ΔΔCTmethod [20] embedded in the LightCycler system.ΔCT
values for each gene of interest were normalized to the GAPDH
values for each triplicate. Standard deviations were then calcu-
lated for each triplicate, and the fold change for each of the three
target genes was recorded. The value for each of the groups (n =
3) was calculated as the fold change relative to the mean value
for the control siRNA-treated group (control set to 1.0).

Results

12G5A immunoreactivity and its relationship with
prognosis

We successfully generated an IgM, κ-type monoclonal anti-
body, designated 12G5A, which reacted with HT-29 colon
cancer cells but showed little reaction with sodium butyrate-
induced enterocytically differentiated HT-29 cells
(Supporting Fig. S1).

Limited 12G5A immunoreactivity was observed in noncan-
cerous colon epithelial cells, while 12G5A immunoreactivity
was found in colorectal cancer tissue specimens at various de-
grees (Fig. 1A and B). In this study, we considered 38 cases of
high and 35 cases of low 12G5A immunoreactivity (Fig. 1c
and d). Little or no 12G5A immunoreactivity was detected in
the normal colon tissue microarray (Supporting Fig. S2).

The relationship between 12G5A immunoreactivity and
clinicopathological features is shown in Table 1. Survival
curves were estimated using the Kaplan-Meier method, and
the differences in survival were compared using the log-rank
test (Fig. 2). High 12G5A immunoreactivity was more

Table 1 Correlation between
12G5A immunoreactivity and
pathological features

Factor Low 12G5A (n=35) High 12G5A (n=38) P value

Age (median, range) 65 [36–85] 64.5 [49–90] 0.996

Male (%) 16 (46) 20 (53) 0.722

Right side colon (%) 12 (34) 10 (26) 0.623

pT3 or pT4 (%) 28 (80) 30 (79) 1

INFc (%) 1 (3) 4 (11) 0.359

Lymph mode metastasis (%) 15 (43) 19 (50) 0.707

Ly2 or Ly3 (%) 10 (29) 16 (42) 0.366

V2 or V3 (%) 14 (40) 18 (47) 0.691

Distant metastasis (%) 3 (9) 10 (26) 0.094

Stage I/II/III/IV 6/14/12/3 7/11/12/8 0.474

Table 2 Univariate and
multivariate analyses of risk
factors for overall survival

Univariate analysis Multivariate analysis

Variables n Hazard
ratio

95% CI P value Hazard
ratio

95% CI P value

Age (65-) 38 0.84 0.30–2.31 0.73

Sex (male) 36 1.46 0.52–4.12 0.47

Right side colon 22 1.76 0.63–4.95 0.28

12G5A high 38 4.03 1.14–14.3 0.031 0.67

INFc 5 7.99 2.49–25.7 0.00048 0.49

LN metastasis 34 5.61 1.58–19.9 0.0076

Ly2–3 26 6.80 2.16–21.4 0.00104 0.17

V2–3 32 1.23 0.45–3.39 0.69

Distant metastasis at
surgery

13 15.5 5.21–46.0 0.00000083 8.078 2.10–31.1 0.00241
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common in colorectal cancer patients who experienced an
unfavorable outcome, either deteriorated OS or PFS rate
(P = 0.0196 and 0.0418, respectively) compared to low
12G5A immunoreactivity. High 12G5A immunoreactivity
was also statistically significant for OS in univariate analyses
(P = 0.031), while multivariate analyses of risk factors for sur-
vival demonstrated that 12G5A immunoreactivity was not
independently related to prognosis (Table 2).

MALDI-TOF analysis followed by siRNA-mediated si-
lencing of annexin A2

Highly selective 12G5A immunoreactivity in colorectal ade-
nocarcinoma compared to noncancerous gland epithelial cells
led us to identify the 12G5A antigen. We purified 12G5A
antigen from SW480 colorectal adenocarcinoma cells using
12G5A-b ind ing M-270 epoxy magne t i c beads .
Approximately, 100-, 40-, and 30-kDa protein bands were
observed after Coomassie brilliant blue staining (Supporting

Fig. S3). Significant protein bands were not obtained using the
control murine IgM-binding M-270 epoxy magnetic beads.
Each protein band was cut and analyzed by peptide mass
fingerprinting using a MALDI-TOF assay. Interestingly, an
approximately 40-kDa protein appeared to be human annexin
A2 (Fig. 3a) with a significant Mowse score, while the other
two protein bands could not be identified with a sufficient
Mowse score (Supporting Fig. S3). In addition, immunoblot-
ting indicated that the 40-kDa protein was annexin A2
(Supporting Fig. S3).

We successfully eliminated annexin A2 expression at the
transcription and protein levels using siRNA-mediated silenc-
ing in SW480 cells (Supporting Fig. S4). Notably, siRNA
targeting and immunoblotting confirmed that 12G5A reacted
with annexin A2 in cultured colorectal cancer cells (Fig. 3b).

However, subsequent immunohistochemical staining
showed that 12G5A immunoreactivity was not always identi-
cal to that of the commercially available antibody, D11G2, to
annexin A2 (Fig. 4). We concluded that 12G5A recognized a
unique epitope on annexin A2, which was highly selectively
expressed in colorectal carcinoma cells compared to adjusted
noncancerous gland epithelial cells.

12G5A recognized a glycosylated epitope on annexin
A2

Finally, we examined whether the 12G5A antibody recog-
nized a cancer-associated glycosylated antigen on annexin
A2. Notably, glycopeptidase F digestion eliminated the pro-
tein band, whereas digestion with O-glycosidase and α2–
3,6,8 neuraminidase did not alter the protein band intensity
upon immunoblott ing (Fig. 5a). Inhibit ion of N-
glycosylation by tunicamycin also abolished 12G5A immu-
noreactivity in SW480 cells (Fig. 5b and c). In addition, in situ
glycopeptidase F digestion also eliminated 12G5A immuno-
reactivity in colon adenocarcinoma cells (Supporting Fig. S5).
These results indicate that 12G5A recognizes an N-linked
glycosylation site on annexin A2.

Fig. 2 Overall survival and
progression-free survival curves
based on 12G5A immunoreactiv-
ity in colorectal cancers. Both
overall and progression-free sur-
vival rates of patients with high
12G5A immunoreactivity were
significantly worse than those of
patients with low 12G5A immu-
noreactivity (overall survival rate,
P = 0.0196; progression-free sur-
vival rate, P = 0.0418)

Fig. 3 Identification of annexin A2 as the recognition protein by 12G5A.
a Peptide coverage is present in human annexin A2. Matched peptide is
indicated in bold type. b Fluorescent western immunoblotting
demonstrated that siRNA silencing of annexin A2 resulted in
elimination of the green 12G5A protein band (1, mock siRNA; 2,
s1383 siRNA; 3, s9548 siRNA). Note the GAPDH protein red band.
This experiment was performed in duplicate, and similar results were
obtained both times
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Discussion

In humans, 12 annexins are categorized into the annexin A
family and designated as annexins A1–A11 and A13. In this
study, 12G5A antibody, which reacted with the N-linked gly-
cosylation epitope on annexin A2, was generated by immu-
nizing HT-29 cell lysate pre-adsorbed with antibodies against
butyrate-induced enterocytically differentiated HT-29 cell

lysate proteins. A previous study also demonstrated that buty-
rate induces cell differentiation by decreasing annexin A2 ex-
pression in HT-29 cells [21, 22].

Annexin A2 has many biological functions such as exocy-
tosis [23], endocytosis [24], and membrane trafficking [25].
These pleiotropic functions of annexin A2 are subject to post-
translational modifications [26]. Emoto et al. reported that
annexin A2 was overexpressed in 29.5% of colorectal cancer

Fig. 4 Comparison of 12G5A immunoreactivity with commercially
available antibody to annexin A2. a Commercially available specific
antibody to annexin A2 (CST, clone D11G2) immunostained both
noncancerous gland cells (indicated by arrowhead) and invasive
colorectal adenocarcinoma cells (indicated by arrows). Note the annexin
A2 immunoreactivity on the membrane surface. b The serially prepared
colorectal cancer tissue specimens used in a were stained with 12G5A.

We considered this tissue specimen as having low 12G5A
immunoreactivity. c and d D11G2 immunoreactivity in case of high
12G5A is shown in c. Note the intense annexin A2 immunoreactivity
on the cell surface, cytoplasm, and nucleus, while 12G5A
immunoreactivity is almost exclusively found in the cytoplasm. Scale
bar represents 50 μm

Fig. 5 Identification of glycosylated epitope on annexin A2 as the
recognition molecule of 12G5A. a Glycopeptidase F treatment
diminished 12G5A green immunoreactivity (lane 3) compared to the
control with no glycosidase treatment (lane 1), but not annexin A2
immunoreactivity using commercially available antibody to annexin A2
(lane 4). Note the 12G5A immunoreactivity in cell lysates incubated with

O-glycosidase and α2–3,6,8 neuraminidase (lane 2). Protein loading was
monitored by anti-GAPDH immunoblotting (red). b and c Inhibition of
N-glycosylation by tunicamycin abolished green 12G5A immunoreactiv-
ity in SW480 cells (b) compared to SW480 cells without tunicamycin
treatment (c). Blue indicates nuclear staining by DAPI. Scale bar repre-
sents 20 μm
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patients accompanied by a significant correlation with the
TNM stage [27]. Rocha et al. immunohistochemically exam-
ined 39 colorectal cancer tissues and reported that 19 of 39
(49%) tissue specimens exhibited high annexin A2 immuno-
reactivity [28]. In this study, we found that 31 of 55 (56%)
colorectal carcinoma tissue specimens showed high 12G5A
immunoreactivity. This high 12G5A immunoreactivity was
associated with poor outcomes in patients with colorectal car-
cinoma. Interestingly, Cua et al. also reported a glycosylated
epitope on membrane surface localized annexin A2, which
was expressed in a part of ovarian and breast cancer cells
[29]. In contrast, 12G5A immunoreactivity was almost exclu-
sively found in the cytoplasm of colorectal carcinoma cells.
This inconsistency in subcellular localization indicated that
12G5A might recognize a unique cancer-associated N-linked
glycosylated epitope on annexin A2.

N-linked glycosylation of annexin A2 was reported to
mediate airway epithelial wound repair [30]. Accumulating
evidence indicates that glycosylation confers various phys-
iological and pathobiological properties. Interaction of N-
linked glycosylated annexin A2 and galectin-3 modulates
epidermal growth factor receptor signaling in Her-2 nega-
tive mammary gland cancer cells [31]. In nasopharyngeal
carcinoma cells, glycan modification of annexin A2 can
alter dendritic cell activities for immunosuppressive re-
sponse by promoting immunosuppressive IL-10 produc-
tion [32]. O-GlcNAc-annexin A2 expression is also in-
creased in colorectal cancers [33]. Further studies may fur-
ther unravel the critical role of glycosylation of annexin A2
in various cancers. We believe that 12G5A and its glyco-
sylated epitope on annexin A2 may be useful for further
understanding of colorectal carcinogenesis.

In conclusion, we generated a 12G5A monoclonal an-
tibody, which recognizes a colorectal cancer-associated
N-linked glycosylation epitope on annexin A2, the ex-
pression of which was closely associated with poor pa-
tient outcomes.
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