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Abstract

Purpose Molecular markers as indicators for gastric can-
cer recurrence are urgently required. The aim of this study
was to identify lectins that can be used to predict gastric
cancer recurrence after gastrectomy.

Methods We created lectin expression profiles by micro-
array analysis for 60 patients, who underwent surgery for
gastric cancer at the Oita University Hospital between
January, 2005 and December, 2007. Lectin expression and
clinicopathological factors in patients who suffered gastric
cancer recurrence and those who did not were compared by
univariate and multivariate analyses.

Results Thirteen lectins showed a significant increase in
binding to cancer tissues, whereas 11 lectins showed a sig-
nificant decrease in binding to cancer tissues, when com-
pared with binding to normal epithelia. Multivariate analy-
sis revealed that lymph node metastasis and low Bauhinia
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purpurea lectin (BPL)-binding signals were independent
predictive factors for recurrence. All patients with low BPL
expression had significantly worse relapse-free survival
than those with high BPL expression.

Conclusions Our results using a novel lectin microarray
system provide the first solid evidence that BPL expression
is a predictor of gastric cancer recurrence.
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Abbreviations

CEA Carcinoembryonic antigen
CA19-9 Carbohydrate antigen 19-9

HER2 Human epidermal growth factor receptor 2
EGFR Epidermal growth factor receptor
CD44 Cluster of differentiation 44

ROC Receiver operating characteristic
LCA Lens culinaris agglutinin

MAL-I Maackia amurensis lectin I

SNA Sambucus nigra agglutinin

SSA Sambucus sieboldiana agglutinin
TIA-I Trichosanthes japonica agglutinin I
NPA Narcissus pseudonarcissus lectin
ConA Concanavalin A

GNA Galanthus nivalis agglutinin

HHL Hippeastrum hybrid lectin

ACG Agrocybe cylindracea galectin
TxLC-I Tulipa gesneriana 1

MAH Maackia amurensis hemagglutinin
UEA-I Ulex europaeus agglutinin I

AOL Aspergillus oryzae lectin

AAL Aleuria aurantia lectin

BPL Bauhinia purpurea lectin

EEL Euonymus europaeus lectin
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ABA Agaricus bisporus agglutinin
WFA Wisteria floribunda lectin

ACA Amaranthus caudatus agglutinin
DBA Dolichos biflorus agglutinin
SBA Soybean agglutinin

GSL-I-A4  Griffonia simplicifolia

Introduction

Gastric cancer is the fourth most common malignancy and
the second leading cause of cancer-related death world-
wide [1]. While the survival rates of patients with gastric
cancer have increased steadily with improvements in early
detection and surgical techniques, clinical outcomes remain
unfavorable for patients with advanced disease. Adjuvant
chemotherapy is often administered after complete tumor
resection (R0) to improve long-term survival in this group
of patients [2-4]. Since recurrence can develop even in
patients with early stage gastric cancer, it is very important
to identify markers that predict gastric cancer recurrence
after curative surgery.

Several reports have described various clinicopathological
factors, such as tumor invasion, lymph node status, lymphatic
invasion, venous invasion, and neutrophil/lymphocyte ratio
(NRL), as predictors of recurrence and prognosis [5-8]. Car-
cinoembryonic (CEA) and carbohydrate antigen 19-9 (CA19-
9) are glycoproteins, and altered cancer glycan profiles have
been used clinically to detect recurrence or metastasis [9].
Human epidermal growth factor receptor 2 (HER2) [10], epi-
dermal growth factor receptor (EGFR) [11], E-cadherin [12],
cluster of differentiation 44 (CD44) [13], and cytokeratin 20
[14] are of little clinical predictive value in patients with gas-
tric cancer; therefore, additional research has been directed
towards identifying novel predictive factors.

Altered glycosylation patterns in cells and specific gly-
cosyltransferases are linked to carcinogenesis, differen-
tiation, proliferation, and adhesion [15]. Although these
alterations have been observed in human breast [16], pros-
tate [17], thyroid [18], and ovarian cancers [19], few clini-
cally useful predictors are known for gastric cancer. Glycan
profiles have been established in various cancers by using
lectin microarray systems [20-22]. We previously ana-
lyzed glycan profiles in resected colon cancer specimens by
lectin microarray, a new approach to discover biologically
relevant glycosylation changes between normal and tumor
tissues using a very small piece of tissue [21]. Furthermore,
we identified the key lectins involved in distant recurrence
of colon cancer [23]. Based on our findings, we propose
that lectin microarray profiling is a promising method to
detect target lectins related to cancer aggressiveness. The
aim of this study was to identify predictors of gastric can-
cer recurrence using the novel lectin microarray system.
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Materials and methods
Patients

We collected surgical specimens from and accessed the
medical records of 60 patients who underwent curative
resection of gastric cancer at the Department of Gastroen-
terological and Pediatric Surgery, Oita University Faculty
of Medicine, between January, 2005 and December, 2007.
All cancers were classified using the International Union
against Cancer-TNM staging system 7 [24]. Adjuvant
chemotherapy was given to patients with pathological stage
IT or IIT (without T1 or T3/NO) cancer, according to the
Japanese gastric cancer treatment guidelines. Patients who
received preoperative chemotherapy were excluded from
the analysis. All patients were followed up every 6 months
by computed tomography. We obtained written informed
consent from all patients.

Sample preparation

Formalin-fixed, paraffin-embedded Sects. (10-pwm thick for
the lectin microarray and 3-pm thick for lectin staining) of
gastric cancer tissue and normal epithelium from the same
clinical specimen were placed on glass slides and deparaffi-
nized. After hematoxylin and eosin staining, the areas of
malignant cells were marked for macrodissection using a
magnifying glass. A region including normal epithelial tis-
sue was also macrodissected.

Lectin microarray

The lectin microarray was performed according to the
manufacturer’s instructions, as described previously [23].
Briefly, the samples were washed three times with phos-
phate-buffered saline (PBS), tissue pellets were collected
by centrifugation, solubilized in 20 wL PBS containing
0.5 % Nonidet P 40, and sonicated using a Bioruptor UCW-
310 (Cosmo Bio, Carlsbad, CA, USA). Protein concentra-
tions were quantified using the Micro BCA Protein Assay
Reagent Kit (Thermo Fisher Scientific Inc., Rockford, IL,
USA) and diluted to 15 pg/mL with PBS. The glycopro-
tein fractions were labeled with cyanine 3 fluorescent dye,
adjusted to 250 ng/mL using Probing Solution (GP Bio-
sciences Ltd., Yokohama, Japan), and applied to each well
of the LecChip™ (GP Biosciences Ltd.). Furthermore, the
fractions were incubated in the dark (>80 % humidity at
20 °C) for 15 h. The LecChip™ wells were washed three
times with Probing Solution before application, to decrease
background. After the incubation, fluorescent images
of the lectin arrays were obtained using an evanescent-
field fluorescence scanner GlycoStation™ Reader 1200
(GP Biosciences Ltd.), and the data were analyzed with
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GlycoStation™ Tool Pro Suite 1.5. Lectin—glycan interac-
tion values were normalized for more than 45 different lec-
tins by setting the average of 45 lectin intensities to 100.

Immunohistochemistry of BPL expression in normal
and cancerous gastric tissues

Immunohistochemistry was performed according to a
standard protocol [23, 25]. Biotinylated BPL (Vector Labo-
ratories, Burlingame, CA, USA) was used as the primary
antibody and the VECTASTAIN® Elite ABC Reagent (Vec-
tor Laboratories) was used as the secondary antibody.

Statistical analysis

Spot intensity values were calculated by subtracting the
background value from the raw signal intensity value.
These lectin signal intensity values, obtained from normal
tissue (n = 60) and cancer tissue (n = 60), were normal-
ized and averaged, and the ratios of tumor vs. normal (T/N)
were calculated as previously described [21]. Differences
in lectin signals between the tumor and normal tissue
groups were analyzed by the Mann—Whitney test. Strong

correlations (R* = 0.999) were observed between the nor-
malized and non-normalized data sets. Differences in prog-
nostic factors between patient subgroups were analyzed
with the Chi-square test. The Kaplan—-Meier method was
used for survival analysis and statistical significance was
determined using the log-rank test. A p value of <0.05 was
considered significant. Multivariate survival analyses were
performed using the logistic regression. The lectin cutoff
point was determined using a receiver operating charac-
teristic (ROC) curve. All analyses were performed using
SPSS ver. 20 (SPSS Inc., Chicago, IL, USA).

Results

Identification of lectins differentially expressed in gastric
cancer tissue compared with those in normal tissue

The expression levels of 45 lectins in gastric cancer and
normal tissues from resected specimens were analyzed
using a lectin microarray (Table 1). The expression of 13
lectins, including LCA, MAL-I, SNA, SSA, TJA-I, NPA,
ConA, GNA, HHL, ACG, TxLC-I, Jacalin, and MAH, was

Table 1 Differential glycan

. Lectin Specificity T/N ratio p value
analysis between cancer and
normal tissqe in a resected Increased signals
lgeefttiréz ft?;céﬁz)e\fvle%in;}g]r?i;iint LCA a-Man and Fuca-1,6GIcNAc (core fucose) 1.15 0.013
change MAL_I Galp-1,4GlcNAc and Sia2-3Galp1-4Glc(NAc) 1.63 <0.001
SNA Sia2-6GalB1-4Glc(NAc) 1.31 <0.001
SSA NeuAc a2-6Gal 1.16 <0.001
TIJA-I NeuAc a2-6Gal/(HSO3-)-6Gal b1-4GlcNAc 1.15 0.005
NPA monoanntenary N-type/Core Man 1.57 <0.001
ConA High Man with tetramannnosyl Core 1.2 0.001
GNA (a-1,3)Man 1.83 <0.001
HHL Polymannose (a-1,3) and (a-1,6) linked mannose 2.14 <0.001
ACG (Gal b1-3Gal)n/NeuAc a2-3Gal 1.2 0.012
TxLC_I bi/trianntenary N-type with Core Fuc 1.47 <0.001
Jacalin GalB1-3GalNAca-Ser/Thr(T) and GaINACa-Ser/Thr(Tn) 1.12 0.011
MAH disialyl-T 1.66 <0.001
Decreased signals
UEA_I Fucosea1-2Galp 1-4Glc(NAc) 0.79 0.001
AOL Fuc al-6/Fuc al-2 0.88 0.011
AAL Fuca-1,6GIlcNAc, Fuca-1,3LacNAc 0.88 0.026
BPL Galp1-3GalNAc 0.81 <0.001
EEL Gala1-3(Fuca1-2)Gal 0.74 0.002
ABA Gal b1-3GalNAc a- 0.86 0.007
WFA GalNAcao/B-1,3/6Gal 0.87 0.027
Signal intensities obtained for ACA GalB1-3GalNAca-Ser/Thr(Tn) 0.88 0.011
normal tissue (n = 60) and DBA GalNAc al-3GalNAc b1-3Gal al-4Gal b1-4Glc 0.64 0.008
cancer tissue (n = 60) were SBA GalNAc al-3GalNAc b1-3Gal al-4Gal b1-4Glc 0.85 0.037
normalized and averaged and GSL 1 A4 GalNAc a- 0.66 <0.001

the T/N ratios were calculated
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increased significantly in cancer tissue compared with that
in normal tissue. In contrast, the expression of 11 lectins,
including UEA-I, AOL, AAL, BPL, EEL, ABA, WFA,
ACA, DBA, SBA, and GSL-I-A4, was decreased. There
were no significant differences in the other lectins between
the cancer and normal tissues.

Association of clinicopathological factors, expression
of lectins, and gastric cancer recurrence in univariate
and multivariate analyses

Recurrence developed in 19 patients, as distant lymph
node metastasis in 9, peritoneal recurrence in 7, and liver,
lung, and local recurrence in 1 patient each. We divided
the patients into two groups: one comprised of 41 patients
without recurrence and one comprised of 19 patients with
recurrence after gastrectomy. There were no significant dif-
ferences between the groups in age or sex in the univariate

analysis (Table 2). No correlation was observed between
recurrence and adjuvant chemotherapy in patients with
pathological Stages II and III (without T1 or T3/NO) can-
cer. In contrast, there were significant differences between
the groups in histology (p = 0.020), depth of invasion
(p = 0.003), lymph node metastasis (p < 0.001), lymphatic
invasion (p = 0.007), venous invasion (p = 0.034), and
pathological stage (p < 0.001). After the cutoff point was
established using a ROC curve between the groups, each
lectin was categorized into a high or low expression group
using the cutoff point. In a univariate analysis, signifi-
cant associations were observed for the BPL (p = 0.016),
EEL (p = 0.021), and GSL-I-A4 (p = 0.005) binding sig-
nals (T/N ratio) between patients with and those without
gastric cancer recurrence. There were no significant dif-
ferences between the groups for the other lectins. Factors
showing a strong correlation in the univariate analysis were
selected for multivariate analysis. The multivariate analysis

Table 2 Correlation

Factors Category Recurrence Univariate Multivariate
between recurrence and
clinicopathological factors and Absence Presence Analysis Analysis
lectin signals (T/N ratio) in
patients who underwent curative n=4l n=19 p value p value, RR (95 % CI)
surgery for gastric cancer Clinicopathological factors
Age Mean + SD 65.6 +7.7 65.0£29 N.S. -
Sex Male 26 13 N.S. -
Female 15
Histology Differentiated® 24 5 0.020 N.S.
Undifferentiated® 17 14
T¢ 1 15 0 0.003 N.S.
2 8 1
3 4
4a 14 14
N°¢ 0 24 2 <0.001
1 8 2 0.004
2 6 6 0.092 (0.018-0.465)
3 9
ly - 16 1 0.007 N.S.
+ 25 18
v - 29 8 0.034 N.S.
+ 12 11
Stage® I 20 0 <0.001 -
11 10 4
111 11 15
SD standard deviation, N.S. not Lectins
significant BPL High 28 6 0.015 0.039
# Differentiated Low 13 13 5.310 (1.086-25.957)
adenocarcinoma EEL High 29 6 0.021 N.S.
b Undifferentiated Low 12 13
adenocarcinoma GSL_I_A4  High 30 7 0.005 NS.
¢ International Union against Low 1 12

Cancer—-TNM staging system 7
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included histology, depth of invasion, lymph node metas-
tasis, lymphatic invasion, venous invasion, and three lec-
tins; anamely, BPL, EEL, and GSL-I-A4. The multivariate
analysis revealed that lymph node metastasis [p = 0.004;
relative risk (RR), 0.092; 95 % confidence interval (CI),
0.018-0.465] and BPL expression level (p = 0.039; RR,
5.310; 95 % CI, 1.086-25.95) were independent predictors
of recurrence after primary gastric cancer resection; how-
ever, the expression of BPL was not associated with any
recurrence pattern.

Correlation between relapse-free survival and BPL
expression

The median follow-up time after surgery was 68 months
(range, 6—84 months). In all cases, the Kaplan—-Meier sur-
vival curves indicated that patients with low BPL levels had
significantly worse relapse-free survival (p = 0.006) than
those with high BPL levels (Fig. 1a). Since adjuvant chem-
otherapy is not recommended for patients with pathologi-
cal T1-3 and NO according to the Japanese gastric cancer
treatment guidelines, we focused only on those patients to
find new candidates for adjuvant chemotherapy. As a result,
among patients with pathological T1-3 and NO disease,
those with low BPL levels had significantly worse relapse-
free survival (p = 0.031) than those with high BPL levels
(Fig. 1b).

Lectin staining

The distribution of BPL expression differed between normal
and cancerous tissues (Fig. 2). BPL expression was detected
in the cytoplasm and mucin of normal tissue, whereas it was
detected in the cell membranes of cancer tissue.

Discussion

Our results demonstrated that BPL expression was a predic-
tor of gastric cancer recurrence. Therefore, if this marker can
identify the high-risk group for gastric cancer recurrence, it
would contribute to improving the prognosis of patients with
gastric cancer. Our results provide the first documented evi-
dence that a specific lectin is a predictor of gastric cancer
recurrence, using a novel lectin microarray system.

In the present study, glycan expression was analyzed
using a lectin microarray method. Capillary electrophoresis
and liquid chromatography techniques are commonly used
to evaluate glycans, although there are several limitations
to these methods: they require a heterogeneous prepara-
tion, they have low sensitivity and low efficiency, and they
are time consuming [26]. We used a lectin microarray to
exhaustively determine the glycan expression profiles of
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Fig. 1 Relapse-free survival in relation to high vs. low Bauhinia pur-
purea lectin (BPL) levels. The Kaplan—Meier survival curves in all
cases indicated that patients with low BPL levels had significantly
worse relapse-free survival (p = 0.006) than those with high BPL lev-
els (a). Among patients with pathological T1-3 and NO disease, those
with low BPL levels had significantly worse relapse-free survival
(p = 0.031) than those with high BPL levels (b)

45 lectins using one glass slide of formalin-fixed clinical
samples [20-22]. There are several advantages to this lectin
profiling system, including simple preprocessing, high sen-
sitivity, reproducibility, throughput, and performance.

We identified BPL as a significant lectin in gastric cancer
recurrence. BPL is a plant lectin isolated from leguminous
seeds, which agglutinates human asialo erythrocytes regard-
less of their ABO blood group type [27]. It is a protein con-
taining a long metal-binding loop, part of which determines
its carbohydrate specificity [28]. It has been reported that
BPL expression in colon cancer tissue is remarkably lower
than that in normal tissue [21]. N-acetyl-galactosamine,
which is specific to BPL [29], is an essential structure in
mucin produced in goblet cells. Thus, the decreased expres-
sion of BPL in cancer tissue observed here may have been
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Fig. 2 Immunohistochemical staining for Bauhinia purpurea lectin
(BPL). BPL expression was detected in the cytoplasm and mucin of
normal tissue (a), but in the cell membranes of cancer tissue (b)

caused by a dysfunction in mucin production. Shiratsu et al.
reported that loss of a mucin-specific glycan is associated
with poor prognosis and disease progression in patients
with gastric cancer [30]. Karasawa et al. [31] reported that
a mucin-specific glycan functions as a tumor suppressor
in gastric adenocarcinoma, and that its loss triggers gastric
carcinogenesis through inflammation-associated pathways.
Previous reports revealed that inflammation influences every
step of tumorigenesis from initiation to metastatic progres-
sion [32-34]. Accordingly, decreased BPL expression may
be associated with tumor progression and poor prognosis in
patients with gastric cancer.

The current study revealed that BPL staining occurred
exclusively in the cytoplasm of goblet cells and that mucin
was present in normal tissue. In contrast, BPL staining
occurred specifically in the cell membrane of cancer tis-
sue. This difference in BPL location suggests a change in
glycogen structure, which may be reflected during carcino-
genesis. Decreased expression of BPL would be related to
metastasis and recurrence of gastric cancer.

@ Springer

Studying CEA and CA19-9, which are glycoproteins
with altered glycan profiles in various cancers, is useful
during monitoring after gastric cancer surgery [35-38].
However, these tumor markers are not reliable predictors
of recurrence at the time of initial gastrectomy. Conversely,
we consider that BPL expression is a useful predictor of
gastric cancer recurrence just at the time of curative resec-
tion, based on the results of the lectin microarray analysis
using resected specimens.

Some previous studies demonstrated that several fac-
tors such as histopathological type, tumor depth, tumor
size, lymphatic and venous invasion were significantly
associated with gastric cancer recurrence [5-7, 39-42].
According to the multivariate analysis in our study, BPL
expression was of significantly higher value than those
factors. Moreover, we found a significant difference in
relapse-free survival between patients with pathologi-
cal T1-3and NO disease with high and low BPL lev-
els. Therefore, we demonstrated that BPL expression
could also be an indicator of candidates for adjuvant
chemotherapy.

This study had several limitations. Certain factors, such
as sample location, the presence of gastritis or diabetes
mellitus, and whether or not the patient was taking an oral
proton pump inhibitor, may have affected the epithelial gly-
can structure. Further studies on the effects of these condi-
tions on lectin profiling are required. Moreover, considering
the relatively small number of patients, it will be necessary
to evaluate the clinical utility of BPL expression using a
larger cohort. We expect that the new BPL biomarker will
contribute to improving the long-term clinical outcomes of
patients with gastric cancer.

Conclusion

Using a novel lectin microarray system, we identified
that BPL expression was a predictor of gastric cancer
recurrence.
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