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Abstract

Background Although various molecular profiling tech-

nologies have the potential to predict specific tumor phe-

notypes, the comprehensive profiling of lectin-bound

glycans in human cancer tissues has not yet been achieved.

Methods We examined 242 advanced gastric cancer

(AGC) patients without or with lymph node metastasis—

N0 (n = 62) or N? (n = 180)—by lectin microarray, and

identified the specific lectins highly associated with AGC

phenotypes.

Results In seven gastric cancer cell lines, in contrast to

expressed-in-cancer lectins, not-expressed-in-cancer

(NEC) lectins were tentatively designated by lectin mi-

croarray. Binding signals of the specific lectins were ro-

bustly reduced in AGC patients with N? status as

compared with those with N0 status. The receiver operating

characteristic curve determined the optimal cutoff value to

differentiate N0 status from N? status, and subsequent

profiling of NEC lectins identified Vicia villosa agglutinin

(VVA) association with the significant other lectins in-

volved in lymph node metastasis. VVA reaction was

clearly found on cancer cells, suggesting that it may result

from carcinoma–stroma interaction in primary AGC, be-

cause VVA is an NEC lectin. Most intriguingly, VVA re-

action was remarkably attenuated in the tumor cells of the

metastatic lymph nodes, even if it was recognized in pri-

mary AGC. In AGC, histological type was strongly asso-

ciated with soybean agglutinin and Bauhinia purpurea

lectin, whereas p53 mutation was the best correlated with

Griffonia simplicifolia lectin II.

Conclusions Lectin microarrays can be used to very ac-

curately quantify the reaction of glycans with tumor tis-

sues, and such profiles may represent the specific

phenotypes, including N? status, histological type, or p53

mutation of AGC.

Keywords Lectin array � Gastric cancer � Lymph node

metastasis � Vicia villosa agglutinin � Prognosis

Introduction

Mammalian cells are covered with a dense and complex

array of glycans. Different cell types express distinct sets of

glycans, and glycosylation of a single cell type significantly

changes during malignant transformation [1, 2]. Certain

types of glycan structures are epitope markers for cancer

progression, such as sialyl LewisX and sialyl LewisA

(carbohydrate antigen 19-9, CA19-9). Lectins have long

been used to characterize cell-surface glycans because of

their substantial selectivity [3]. They are also effective in a

variety of biochemical and cell biological assays [4, 5].

Although carbohydrate arrays yield valuable data on car-

bohydrate-interacting proteins, they cannot directly assess

changes in glycosylation. Other technologies available for

glycan analysis, such as chromatography and mass
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spectrometry, tend to be time-consuming and less suitable

for high-throughput evaluation of protein glycosylation.

For these reasons, the use of lectins in an array format has

gained increased interest [4, 6, 7].

Gastric cancer is one of the leading causes of cancer

deaths worldwide. Lymph node metastasis (LNM) is a

critical factor affecting the prognosis of gastric cancer [8–

12]. The prediction of LNM would therefore lead to clin-

ical applications. Gene expression profiles determined by

DNA microarray analysis predict LNM with about 80 %

sensitivity and specificity [13, 14]; however, RNA analysis

is not an optimal assay for clinical samples owing to the

instability of RNA.

In the present study, we comprehensively analyzed the

glycan profiles of cancer tissues to predict specific phe-

notypes in advanced gastric cancer (AGC). This is the first

report to identify critical sets of glycans with altered ex-

pression in AGC and to associate the glycan profiles with

specific phenotypes.

Materials and methods

Patients and primary gastric cancer tissues

The patient characteristics are shown in Table 1. The study

subjects consisted of 242 AGC patients who underwent

gastrectomy at the Kitasato University Hospital between

1991 and 2000. AGC is defined as gastric cancer in which

the depth of invasion reaches the muscularis propria or

beyond [15].

Sample sections with a thickness of 5 lm were prepared

from archival formalin-fixed, paraffin-embedded tissue

blocks. Hand-assisted macrodissection of the carcinoma

tissues was performed, where the tissue surface was used

(Fig. 1a), because we expected to apply this technique for

biopsy specimens in the future. Clinical sample collection

was approved by the Ethical Committee of Kitasato

University School of Medicine.

Cell lines

The gastric cancer cell line MKN7 was kindly provided

by the Cell Resource Center for Biomedical Research

Institute of Development, Aging and Cancer, Tohoku

University. Six other gastric cancer cell lines (GCIY,

AZ521, KE97, SH10, MKN74, and KATOIII) were pur-

chased from RIKEN BioResource Center (Ibaraki, Japan).

All cell lines were grown in RPMI 1640 medium

(GIBCO, Carlsbad, CA, USA) supplemented with 10 %

fetal bovine serum.

Table 1 Characteristics of 242 advanced gastric cancer patients

Characteristic Value

Sex

Male 165

Female 77

Average age ± SD (years) 60.9 ± 11.8

Lauren classification

Diffuse type 168

Intestinal type 74

Portion

Upper 124

Middle 54

Lower 64

pT status

pT2 12

pT3 106

pT4a 103

pT4b 21

pN status

pN0 63

pN1 34

pN2 44

pN3a 50

pN3b 51

fM status

fM0 205

fM1 37

UICC stage (7th edition)

IB 7

IIA 37

IIB 32

IIIA 30

IIIB 40

IIIC 59

IV 37

JCGC stage (14th edition)

IB 6

IIA 34

IIB 26

IIIA 24

IIIB 22

IIIC 17

IV 113

Cytology findings

Negative 162

Positive 80

fM status is composed of distant metastasis, peritoneal dissemination,

and extraregional lymph node metastasis.

JCGC Japanese Classification of Gastric Cancer, SD standard de-

viation, UICC Union for International Cancer Control
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Staging system and cytology test

Staging was performed according to the latest edition, the

14th edition, of the Japanese Classification of Gastric

Cancer. The cytology test is a staging test that is unique to

the Japanese Classification of Gastric Cancer, and patients

are designated as having stage IV gastric cancer if the

cytology test result is positive [15].

Fluorescent staining

Fluorescently labeled proteins were prepared as previously

described [16, 17]. Briefly, macrodissected tissue samples

(about 5 mm square) were collected in 10 mM citrate

buffer (pH 6.0) and incubated for 1 h at 95 �C (antigen

retrieval). The solution was then centrifuged at 20,000g for

5 min, and the pellet was rinsed with 200 lL of phosphate-

buffered saline. The pellet was suspended in 20 lL of

phosphate-buffered saline containing 0.5 % Nonidet P-40

and then sonicated gently. The suspension was stored on

ice for 1 h, and the cell debris was pulled down by cen-

trifugation at 20,000g for 5 min. The supernatant was in-

cubated with 10 lg of Cy3-succimidyl ester (Amersham

Biosciences, Tokyo, Japan) for 1 h at 20 �C. The reaction

product was applied to a Sephadex G25 spin column to

remove the excess fluorescent reagent. The product was

eluted by addition of 50 lL of probing buffer [1.0 % Triton

X-100 and 500 mM glycine in tris(hydrox-

ymethyl)aminomethane-buffered saline] to the column and

centrifugation at 1500g for 1 min. The collected solution

was adjusted to 200 lL with the probing buffer and further

incubated for 2 h at room temperature.

Fig. 1 Hand-assisted macrodissection and lectin microarray. a Tissue
samples (case 1 and case 2) 4–5 mm square were retrieved as in the

dissected tissues (right images) with a white background. b Lectin

array flow. c The lectin arrangement is shown in the array spots.

d Representative lectin microarray spots for gastric cancer tissues.

AAL Aleuria aurantia lectin, ABA Agaricus bisporus agglutinin, ACA

Amaranthus caudatus agglutinin, AOL Aspergillus oryzae L-fucose-

specific lectin, BPL Bauhinia purpurea lectin, BSA Bandeiraea

simplicifolia agglutinin, ConA concanavalin A, DBA Dolichos

biflorus agglutinin, DSA Datura stramonium agglutinin, ECA Ery-

thrina crista-galli agglutinin, EEL Euonymus europaeus lectin, GNA

Galanthus nivalis agglutinin, GSL-I Griffonia simplicifolia lectin I,

GSL-I A4 Griffonia simplicifolia lectin I isoform A4, GSL-I B4

Griffonia simplicifolia lectin I isoform B4, GSL-II Griffonia

simplicifolia lectin II, HE hematoxylin and eosin, HHL Hippeastrum

hybrid lectin, HPA Helix pomatia agglutinin, LCA Lens culinaris

agglutinin, LEL Lycopersicon esculentum lectin, LTL Lycopersicon

esculentum lectin, MAH Maackia amurensis hemagglutinin, MAL

Maackia amurensis lectin, MPA Maclura pomifera agglutinin, NPA

Narcissus pseudonarcissus agglutinin, PHA-E phytohemagglutinin-E,

PHA-L phytohemagglutinin-L, PNA peanut agglutinin, PSA Pisum

sativum agglutinin, PTL-I Psophocarpus tetragonolobus lectin I,

PWM pokeweed mitogen, RCA120 Ricinus communis agglutinin 120,

SBA soybean agglutinin, SNA Sambucus nigra agglutinin, SSA

Sclerotinia sclerotiorum agglutinin, TJA-I Trichosanthes japonica

agglutinin I, TJA-II Trichosanthes japonica agglutinin II, UEA-I Ulex

europaeus agglutinin I, VVA Vicia villosa agglutinin, WFA Wisteria

floribunda agglutinin, WGA wheat germ agglutinin
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Lectin microarray

The lectin microarray which harbors 43 kinds of lectins

was prepared as previously described [7, 18] (Fig. 1b). We

were unable to analyze Solanum tuberosum lectin and

Urtica dioica agglutinin owing to poor commercial avail-

ability during the study period, so 41 kinds of lectins were

used for clinical sample assessment and were spotted on an

epoxy-coated glass slide (Schott, Mainz, Germany) using a

noncontact microarray printing robot (MicroSys 4000

system; Genomic Solutions, Ann Arbor, MI, USA). After

the spotting, excess nonimmobilized lectins were removed

by washing them with 10 mM tris(hydroxymethyl)

aminomethane-buffered saline (pH 7.4) containing 1 %

(v/v) Triton X. The glass slide was incubated in a chamber

(more than 80 % humidity) at 25 �C for 18 h for lectin

immobilization. After incubation, a silicone rubber sheet

with seven wells was carefully attached to the glass slide,

and blocking was performed with 100 lL of blocking so-

lution (StabiGuard Choice; SurModics, Eden Prairie, MN,

USA) at 20 �C for 1 h. Each lectin was spotted in triplicate

as shown in Fig. 1c.

Lectin array hybridization

Cy3-labeled glycoproteins with probing buffer were added

to each well of a glass slide (60 lL per well) and incubated

at 20 �C for 12 h. After the unbound proteins had been

washed away, lectin-bound glycoproteins were detected

with an evanescent-field fluorescence scanner (GlycoSta-

tion Reader; GP BioSciences, Yokohama, Japan) in Cy3

mode. Data were analyzed with Array-Pro Analyzer ver-

sion 4.5 (Media Cybernetics, Bethesda, MD, USA). The

net intensity was calculated by subtracting the background

from the signal intensity. A representative lectin array

display is shown in Fig. 1d.

Histochemical lectin staining

Sections (5-lm thick) were cut from archival formalin-

fixed, paraffin-embedded tissue blocks, deparaffinized, and

dehydrated through a graded series of ethanol. Endogenous

peroxidase activity was quenched with 3 % hydrogen

peroxide–methanol. The sections were incubated with Vi-

cia villosa agglutinin (VVA; J-Oil Mills, Tokyo, Japan) at

10 lg/mL and with phytohemagglutinin-L (PHA-L; J-Oil

Mills) at 10 lg/mL overnight at 4 �C. Bound biotinylated

lectins were then detected by the biotin–streptavidin–per-

oxidase complex method with a commercial kit (Vectastain

ABC Elite kit; Vector Laboratories, Burlingame, CA,

USA). 3,30-Diaminobenzidine was used as the chromogen,

and hematoxylin was used as a counterstain.

Statistical analysis

Statistical computations were performed using JMP version

11 (SAS Institute, Cary, NC, USA). The chi square test or

the Mann–Whitney U test was used to statistically analyze

categorical variables, and Student’s t test was used to

analyze continuous variables. For continuous variables, the

data are expressed as the mean ± the standard deviation. A

result was considered significant if it had a P value of less

than 5 %. The time of follow-up was calculated from the

operation date. Disease-specific survival was estimated

according to the Kaplan–Meier method and compared us-

ing the log-rank test. A multivariate Cox proportional

hazards model was built using the variables that had

prognostic potential according to the univariate analysis

(P\ 0.1).

Results

Selection of the optimal internal control lectin

The amount of protein from the tissues was so small

(Fig. 1a) that we first explored the optimal internal control

lectin candidates. We isolated protein from the seven

gastric cancer cell lines (GCIY, AZ521, KE97, SH10,

MKN7, MKN74, and KATO-III), and subjected the same

amount (15 ng) of protein samples to lectin array analysis

(Fig. S1a). As a result, Lycopersicon esculentum lectin

(LEL) or Datura stramonium agglutinin (DSA) was

deemed to be the most appropriate internal control lectins

among the 41 lectins, because the strongest signals with

minimal signal differences between cancer cells were ob-

tained (Fig. S1). There were several lectins that had zero

signal in all seven gastric cancer cell lines: Griffonia sim-

plicifolia lectin I (GSL-I), GSL-I isoform A4 (GSL-IA4),

GSL-I isoform B4 (GSL-IB4), Griffonia simplicifolia

lectin II (GSL-II), peanut agglutinin (PNA), Helix pomatia

agglutinin (HPA), VVA, soybean agglutinin (SBA), and

Psophocarpus tetragonolobus lectin I (PTL-I) (Fig. S1a).

Throughout this article we tentatively designate them as

not-expressed-in-cancer (NEC) lectins, and we call other

the lectins expressed-in-cancer (EC) lectins.

Quantitative glycan profiling revealed reduced

signals of the specific lectins in AGC with LNM

With use of LEL as the internal control, comprehensive

glycan profiles were obtained in 242 primary AGC tissues.

We preliminarily examined lectin signals and clinico-

pathological factors by analysis of variance, and found that

there was the strongest association of the specific lectin
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signals with pN status (LNM). Among the NEC lectins, a

robust difference in the lectin reactive signals was found

for PNA, GSL-IA4, VVA, and SBA (P\ 0.0001)

(Fig. 2a). As the NEC lectins showed zero expression in

gastric cancer cell lines, expression of the NEC lectins in

primary AGC tissues may have reflected the profiles of

stromal cells or cancer cells affected by carcinoma–stromal

cell interaction. Among the EC lectins, a robust difference

in the reactive signals was also recognized for Lotus te-

tragonolobus lectin (LTL), Erythrina crista-galli agglu-

tinin (ECA), PHA-L, and Maackia amurensis

lectin I (MAL-I) (P\ 0.0001) (Fig. 2b). On the other

hand, no significant difference in the reactive signals was

found for wheat germ agglutinin (WGA; Fig. 2c). We also

Fig. 2 Association of specific

glycan signals with lymph node

metastasis (LNM) in advanced

gastric cancer. a The specific

not-expressed-in-cancer (NEC)

lectin signals were different

between N0 and N1 status.

Peanut agglutinin (PNA),

Griffonia simplicifolia lectin I

isoform A4 (GSL-IA4), Vicia

villosa agglutinin (VVA), and

soybean agglutinin (SBA) signal

values were calculated after

adjustment for Lycopersicon

esculentum lectin (LEL). b The

specific expressed-in-cancer

(EC) lectins [Lotus

tetragonolobus lectin (LTL),

Erythrina crista-galli agglutinin

(ECA), phytohemagglutinin-L

(PHA-L), and Maackia

amurensis lectin I (MAL-I)]

were different between N0 and

N1 status. The signals were

adjusted for LEL. c Wheat germ

agglutinin (WGA) was not

associated with LNM

progression. The signal was

adjusted for LEL. d Dot plots

obtained by 2D and 3D (insert)

expression of LEL, Datura

stramonium agglutinin (DSA),

and WGA, the internal control

candidates. Confidence

ellipsoids (95 %) are shown

with a red line in the 2D plots

and with a blue line in the 3D

plot. Nonparametric densities

are shown in either blue or red

accordingly
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similarly analyzed these data by using other lectins (DSA

and WGA) as internal controls, because the three candidate

lectins LEL, DSA, and WGA as the internal controls were

relatively constantly unrelated to LNM status (Fig. 2c), and

were mutually correlated (Fig. 2d).

Glycan profiling of the primary AGC tissues

as compared with the corresponding normal mucosa

tissues

We then examined ten gastric cancer tissues as well as the ten

corresponding normal gastric mucosa tissues by lectin mi-

croarray. As a whole, reactive signals of the lectins associ-

ated with LNMwere increased in the primary AGC tissues as

compared with the corresponding normal tissues (Fig. S2). A

significant difference in the lectin reactive signals between

the primary cancer tissues and the corresponding mucosal

tissues was found for Aleuria aurantia lectin (AAL;P =

0.0048), Hippeastrum hybrid lectin (HHL; P = 0.0068),

Maackia amurensis hemagglutinin (MAH; P = 0.019), and

concanavalin A (Con A; P = 0.033) (Fig. S3).

Lectin signal profiles in AGC in terms of LNM,

and determination of the optimal cutoff value

to discriminate LNM

The profiles of the LNM-associated NEC lectins (N-NEC

lectins) may represent cancer–stroma interaction, because

Fig. 3 Lectin signal profiles

obtained with the optimal cutoff

value of the lymph mode

metastasis (LNM)-associated

not-expressed-in-cancer (N-

NEC) lectins. a Lectin profiles

of the N-NEC lectins. The lectin

signal profiles were constructed

using six N-NEC lectins

[Griffonia simplicifolia lectin I

(2), Vicia villosa agglutinin

(VVA; 3), soybean agglutinin

(4), Griffonia simplicifolia

lectin I isoform B4 (6),

Griffonia simplicifolia lectin I

isoform A4 (8), and peanut

agglutinin (9) as shown in Fig.

S4] and eight LNM-associated

expressed-in-cancer (N-EC)

lectins [Maackia amurensis

lectin I (10), Lotus

tetragonolobus lectin (11),

Erythrina crista-galli agglutinin

(12), Pisum sativum agglutinin

(13), Lens culinaris agglutinin

(14), phytohemagglutinin-L

(PHA-L; 15), Maackia

amurensis hemagglutinin (16),

and Hippeastrum hybrid lectin

(17) as shown in Fig. S4]. White

boxes represent values lower

than the cutoff value. b Lectin

profiles of VVA in advanced

gastric cancer

536 K. Yamashita et al.

123



N-NEC lectins did not exhibit any signals in gastric cancer

cell lines. So we constructed the lectin signal profile by

using the nine N-NEC lectins (present signals of the

N-NEC lectins are represented as green boxes in Fig. S4a).

The profiles of LNM-associated EC lectins (N-EC lectins)

are also shown in Fig. S4a (red boxes), among which the

lectins were significantly overexpressed in cancer (HHL

and MAH) are represented as orange boxes. White boxes in

Fig. S4a represent zero signal obtained by lectin array.

Zero signal was frequently found for the N-NEC lectins,

whereas it was seldom found for the N-EC lectins. Such

zero expression of the N-NEC lectins is more frequent in

AGC patients with N? status (pN1-3b) than in those with

N0 status.

We then explored the optimal cutoff value of lectin

signals to discriminate N? status from N0 status (Table

S1), because the selected lectins were all involved in LNM

according to Student’s t test as earlier described. For this

purpose, we constructed the receiver operating character-

istic curve to determine the optimal cutoff value (Fig. S4b).

With use of these cutoff values to discriminate N? cases

from N0 cases for individual lectins, a significant differ-

ence (P\ 0.0001) was found between N0 and N? status in

both N-EC lectins (Fig. S4c) and N-NEC lectins (Fig. S4d).

Lectin signal profiles determined by the optimal

cutoff value to discriminate LNM status by means

of N-NEC lectins

Lectin signal profiles of AGC in terms of LNM were ree-

valuated by use of the optimal cutoff value (Fig. 3a). The

white boxes in Fig. 3 represent a value lower than the

cutoff value. The profiles of N-NEC lectins were strongly

associated with those of N-EC lectins. The most intriguing

finding was that high-level signals of N-EC lectins (both

red boxes and orange boxes) were almost consistent with

those of VVA among the N-NEC lectins (see the red

rectangles in Fig. 3). VVA was therefore rearranged in

Fig. 3b. The profile of VVA was strongly associated with

the profiles of almost all N-EC lectins, and was clearly

correlated with N? status.

Prognostic analysis of VVA/PHA-L in AGC

LNM is a critical prognostic factor in AGC, so we

evaluated prognosis by the log-rank test for each lectin in

AGC (Fig. S5a). Among the N-EC lectins and the N-NEC

lectins, PHA-L showed the most significant difference in

prognosis in AGC (P = 0.001, Fig. S5b). VVA status

showed a marginal difference in prognosis in AGC

(P = 0.101, Fig. S5b). The correlation of both lectins was

analyzed (Fig. S5c). VVA was strongly associated with

PHA-L in both pN0 cases (P\ 0.0001) and pN? cases

(P\ 0.0001), and VVA?(high)PHA-L?(high) was associated

with N0 status and VVA-PHA-L- was associated with N?

status.

We then examined the clinicopathological characteris-

tics of PHA-L (Table S2) and VVA (Table S3) in AGC.

Both lectins were closely associated with Lauren histo-

logical type, LNM, peritoneal lavage cytology test result,

and growth patterns, and LNM was intensely associated

with their expression. The multivariate prognostic analysis

revealed that both lectins were not prognostic factors in-

dependently of LNM and the cytology test result (data not

shown). These findings suggested that the contribution of

PHA-L and VVA to prognosis was mediated by their LNM

involvement.

Reaction to VVA and PHA-L in AGC tissues

We then investigated the reaction of VVA and PHA-L with

the 20 primary AGC tissues. When we performed VVA

staining, we unexpectedly saw the lectin reaction almost

exclusively in cancer cells, although VVA is an NEC lectin

(Fig. 4a). We also simultaneously performed immunos-

taining of CD68 (macrophage marker) and CD3 (T lym-

phocyte marker), and performed staining of PHA-L in 20

primary AGC tissues. As a result, PHA-L reaction was

found in almost all types of cells, in contrast to VVA reac-

tion. CD3? cells were more frequent in VVA-positive pri-

mary AGC than in VVA-negative primary AGC; however

there was no statistically significant difference (Fig. 4b).

We also performed lectin staining for 20 cases in mi-

croarray-VVA-high cases (n = 10) and microarray-VVA-

low cases (n = 10) (Table 2). VVA reaction was definite

in eight of the ten microarray-VVA-high patients, whereas

none of the ten microarray-VVA-low patients were reac-

tive to VVA (P = 0.00026). The two microarray-VVA-

high patients with no VVA reaction were lymph node

positive (Table 2).

We next investigated three patients who were microar-

ray VVA high and VVA reaction positive and who had

positive LNM (Table 2). VVA reaction was negative as the

metastatic lymph node station progressed in all three cases

(Fig. 4c, Table 2). These findings suggested that VVA-re-

action-negative cancer cells can more easily escape from

tumor immunity elicited by lymphocytes than can VVA-

reactive cancer cells.

Lectins significantly associated with Lauren

histological type and p53 mutation status in AGC

We also investigated significant association of the specific

lectins with Lauren histological type and p53 mutation

status in AGC (Fig. 5). The lectins significantly associated

with histological type were SBA (P = 0.0037), Bauhinia
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purpurea lectin (BPL; P = 0.0047), GSL-IA4

(P = 0.0116), VVA (P = 0.0131), PNA (P = 0.0137),

PHA-L (P = 0.0174), GSL-IB4 (P = 0.0195), Wisteria

floribunda agglutinin (WFA) (P = 0.0209), HHL

(P = 0.0289), GLS-I (P = 0.0294), Con A (P = 0.0301),

Ricinus communis agglutinin 120 (RCA120) (P = 0.0338),

LTL (P = 0.0342), Trichosanthes japonica agglutin-

in II (TJA-II) (P = 0.0345), ECA (P = 0.0372), PTL-I

(P = 0.0394), Galanthus nivalis agglutinin (GNA)

(P = 0.0415), and MAL-I (P = 0.0423)(Table S4).

We identified the patients who were actually investi-

gated for p53 mutation status and described in the pathol-

ogy report by routine single-strand conformation

polymorphism analysis. As a result, among 253 patients,

p53 mutation was investigated in 49 patients (seven mu-

tations were identified). The lectins significantly associated

with p53 mutation were GSL-II (P\ 0.0001), PNA

(P = 0.0058), GSL-IA4 (P = 0.0096), PTL-I (P = 0.017),

GSL-I (P = 0.0211), GSL-IB4 (P = 0.0336), HHL (P =

0.0398), VVA (n = 0.0401), and TJA-II (P = 0.041).

Discussion

Lectin array analysis allowed very accurate quantitative

assessment in minute samples in this study, whereas clas-

sical methods such immunostaining were unable to assess

such delicate quantitative differences. When we investi-

gated PHA-L reaction in tumor tissues, it was very difficult

to judge whether it was high or not, because it was immune-

stained in almost all types of cells, so quantitative stratifi-

cation was almost impossible. Our current quantitative

analysis reproducibly and accurately quantified the level of

individual lectin-bound glycans, and revealed strong

Fig. 4 Immune localization of Vicia villosa agglutinin (VVA) and its

association with progression of lymph node metastasis. a VVA is

clearly localized exclusively on cancer cells. Marked infiltration of

macrophages (representing CD68 immunostaining) and T cells

(representing CD3 immunostaining) was found, and phytohemagglu-

tinin-L (PHA-L) was localized both on the tumor cells and on the

tumor stromal infiltrating cells. b CD3? cells were more frequent in

VVA-positive primary advanced gastric cancer than in VVA-negative

advanced gastric cancer; however, there was no statistically sig-

nificant difference. c There was no VVA in cancer cells as the

metastatic lymph node station progressed in these three cases. LN

lymph node
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correlation of the specific N-NEC lectins with N-EC lectins

in AGC (Fig. 3). This study is therefore thought to involve

the first successful use of quantitative glycan profiles to

differentiate specific phenotypes of human cancer tissues.

The tumor tissue we used in this study was so minute

that an internal control was selected on the basis of the data

from gastric cancer cell lines. LEL was one of the internal

control candidates, but its selection is, of course, not nec-

essarily guaranteed for primary tumor tissues. We also used

other candidates for internal controls such as DSA and

WGA. The advantage of using DSA was similar to that of

using LEL; DSA binding signal intensity was sufficient

with minimum variation in the seven gastric cancer cell

lines. With use of this internal control, the result was

similar to that obtained with LEL as the internal control

(Fig. S6). WGA was not significantly associated with N

status of the primary tumor tissues, if adjustment is made

for LEL (see Fig. 2), and was also applied as the internal

control candidate, and similar findings were again obtained

(Fig. S7). We therefore strongly suggest that the specific

lectin binding signals were significantly reduced in AGC

with LNM. Finally, we also compared the three candidates

for the internal controls (LEL, DSA, and WGA), and found

they were closely associated in terms of expression signals

in primary tumor tissues (Fig. 2d). Thus, we believe that

these three lectins may be appropriate as internal control

lectins in investigations of primary AGC tissues.

In the beginning, we tentatively analyzed N-NEC lectins

and N-EC lectins separately, because NEC lectins were

presumed to reflect stromal effects of the tumor tissues,

because they are never expressed in cancer cell lines. In the

lectin staining in the current study, however, VVA, the

most representative N-NEC lectin reflecting profiles of the

N-EC lectins, clearly predominantly reacted with cancer

cells (Fig. 4). VVA reaction on cancer cells may therefore

be caused by carcinoma–stroma interactions. If allowance

is made for expression patterns (which were overexpressed

in cancer tissues and underrepresented in cancer tissues

with LNM), it should reflect immunogenic status such as

cancer antigenicity.

The concept of contrasuppressor T cell activity was

introduced a quarter of a century ago, and there has been

resurgence of the concept in recent research on im-

munoregulation [19]. VVA reaction was demonstrated to

be a good marker of contrasuppressor T cells [20], and its

activity was reported to be causative in collagen diseases

[21] such as SLE [22]. Its activity can antagonize immune

suppressor activity to augment helper T cell function, re-

sulting in accelerated cancer immunity. Regulatory T cells

(immune inhibitory T cells) were found to be modulated by

contrasuppressor activity through specific molecules such

as cytotoxic T-lymphocyte-associated protein 4 and pro-

grammed cell death 1 [23, 24], and modification of con-

trasuppressor activity was recently successful for human

Table 2 Vicia villosa

agglutinin (VVA)/Lycopersicon

esculentum lectin (LEL) and

VVA immunochistochemistry

(IHC) associated with lymph

node metastasis in gastric

cancer

Lectin array—VVA/LEL VVA IHC 14th JCGC pT 14th JCGC pN Involved lymph node stations

0.67 ? T3 N0

0.38 ? T4a N0

0.36 ? T3 N0

0.35 ? T2 N0

0.35 ? T4b N0

0.43 - T4a N3b 3.6

0.43 - T4a N2 4d, 8

0.32 ? T4b N3b 3, 4d, 7

0.22 ? T4a N3b 1, 3, 4d, 7, 9, 10, 11, 16

0.23 ? T4b N2 3, 5

0 - T4a N3b

0 - T4a N3b

0 - T4b N2

0 - T3 N2

0 - T3 N3b

0 - T4a N3b

0 - T4a N3a

0 - T4a N3b

0 - T4a N3a

0 - T4a N3b

JCGC Japanese Classification of Gastric Cancer
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cancer control [25, 26]. This is an interesting story which

may explain a biological role of VVA.

However VVA-reactive T cells may be a minor

population among the T cells in our study, and VVA re-

action was found predominantly in cancer cells rather than

in T cells. Tn antigen is composed of a carbohydrate chain,

a-N-acetyl-D-galactosamine-serine/threonine, one of the

simplest glycan structures, and binds specifically to VVA.

Expression of Tn antigen detected by VVA was recently

reported, with a decrease in intensely labeled cell count in

the most advanced stages of breast cancer [27]. This result

is consistent with our quantitative analysis. Our immuno-

histochemistry study revealed that VVA-reactive cancer

cells are almost always accompanied by remarkable infil-

tration of either macrophages or T cells, which are often

immune-stained with PHA-L (Fig. 4). However, we could

not conclude in this study that reduced levels of Tn antigen

represented by VVA profiles can be used to determine

cancer immune status.

Our findings suggest that VVA reaction accompanied by

infiltration of PHA-L-reactive immune cells into stromal

tissues is characteristic of middle-stage gastric cancer. Our

current data are also consistent with previous reports of

PHA-L in human cancers [28, 29]. The response of PHA-

L-stimulated regional lymph node cells from patients with

middle-stage gastric carcinoma was demonstrated to be

significantly greater than that of cells from patients with

early-stage or late-stage gastric carcinoma, indicating a

close association between LNM and immunological status

[29]. These data suggest that PHA-L-reactive immune cells

may play a crucial role in LNM development.

We also elucidated a significant association of the

specific lectins with Lauren histological type and p53

mutation status in AGC (Fig. 5). The lectins the most

significantly associated with histological type were SBA

and BPL. Recently, lectin microarray analysis identified a

decreased affinity for SBA and BPL, which was accom-

panied by hepatocyte growth factor induced epithelial–

mesenchymal transition of HuH7 cells, suggesting that

alteration of the lectin binding profile reflecting EMT may

be associated with Lauren histological type [30]. Both

SMA and BPL recognize N-acetyl-D-galactosamine on the

glycan structure, and this is supposed to be differentially

regulated by galactosyltransferases according to histology

findings in human gastric cancer [31]. On the other hand,

p53 mutation was the most significantly associated with

Fig. 5 Specific glycan signals associated with Lauren histological type (a) and p53 mutation status (b) in advanced gastric cancer. BPL Bauhinia

purpurea lectin, GSL-I Griffonia simplicifolia lectin I, LEL Lycopersicon esculentum lectin, PNA peanut agglutinin, SBA soybean agglutinin
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GSL-II, which is an NEC lectin. GSL-II recognizes N-

acetyl-D glucosamine on the glycan structure, and this is a

source for hyaluronan synthesis and plays a critical role in

CD44 (hyaluronan receptor) biology in human cancer [32].

Mutant p53 was recently proved to have gain of function

and to be directly bound to KLF17, a tumor suppressor

molecule, and augmented CD44 expression by suppressing

KLF17 [33]. This intriguing finding may explain our

clinical result.

Critical caution is required in this study. The definition

of NEC and EC lectins was based on the patterns of

binding to seven gastric cancer cell lines. Because these

cancer cell lines are heterogeneous, it is inadequate to

define the NEC lectins as merely not binding to these

gastric cancer cell lines. In fact, both PNA and VVA are

NEC lectins expressed in primary AGC, and moreover it

was reported that these lectins bind to gastric cancer cells

[34–36]. This designation should therefore limit this

analysis.

In conclusion, for the first time we have revealed com-

prehensive and accurate glycan profiles of human AGC

tissues by lectin array, and we have discovered the specific

lectins associated with LNM. The predictive value makes it

worthwhile to perform further validation and pursue prac-

tical applications of this technique. Moreover, the func-

tional significance of such glycan alterations may lead to

the development of novel therapeutic strategies against

AGC and may apply to other human cancers.
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