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Abstract
AIM: To investigate the feasibility of lectin microarray 
for differentiating gastric cancer from gastric ulcer.

METHODS: Twenty cases of human gastric cancer tis-
sue and 20 cases of human gastric ulcer tissue were 
collected and processed. Protein was extracted from 
the frozen tissues and stored. The lectins were dis-
solved in buffer, and the sugar-binding specificities of 
lectins and the layout of the lectin microarray were 
summarized. The median of the effective data points 
for each lectin was globally normalized to the sum of 
medians of all effective data points for each lectin in 
one block. Formalin-fixed paraffin-embedded gastric 
cancer tissues and their corresponding gastric ulcer tis-
sues were subjected to Ag retrieval. Biotinylated lectin 

was used as the primary antibody and HRP-streptav-
idin as the secondary antibody. The glycopatterns of 
glycoprotein in gastric cancer and gastric ulcer speci-
mens were determined by lectin microarray, and then 
validated by lectin histochemistry. Data are presented 
as mean ± SD for the indicated number of indepen-
dent experiments.

RESULTS: The glycosylation level of gastric cancer 
was significantly higher than that in ulcer. In gastric 
cancer, most of the lectin binders showed positive 
signals and the intensity of the signals was stronger, 
whereas the opposite was the case for ulcers. Signifi-
cant differences in the pathological score of the two 
lectins were apparent between ulcer and gastric can-
cer tissues using the same lectin. For MPL and VVA, 
all types of gastric cancer detected showed stronger 
staining and a higher positive rate in comparison with 
ulcer, especially in the case of signet ring cell carci-
noma and intra-mucosal carcinoma. GalNAc bound to 
MPL showed a significant increase. A statistically sig-
nificant association between MPL and gastric cancer 
was observed. As with MPL, there were significant dif-
ferences in VVA staining between gastric cancer and 
ulcer.

CONCLUSION: Lectin microarray can differentiate the 
different glycopatterns in gastric cancer and gastric 
ulcer, and the lectins MPL and VVA can be used as bio-
markers.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: To assess the different glycopatterns in gas-
tric ulcer and cancer by lectin microarray, which was 
then validated by lectin histochemistry. The results 
showed that the glycosylation level of gastric cancer 
was significantly higher than that in ulcer; the subse-
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quent validation with two lectins (MPL and VVA) using 
lectin histochemistry showed higher positive rates and 
signal intensity in all types of gastric cancer detected, 
when compared with ulcer, which was consistent with 
the results of the lectin microarray, suggesting that 
GalNAc bound by the lectins MPL and VVA could be 
used to distinguish gastric cancer from ulcer.
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INTRODUCTION
Gastric cancer is the most common epithelial cancer world-
wide and the second leading cause of  cancer death, with 
an incidence of  18.9/100000 per year[1,2]. It has been es-
timated that there are more than 934000 cases of  gastric 
cancer worldwide, with 56% of  newly diagnosed cases 
in East Asia[3]. In China, there are 400000 new cases of  
gastric cancer and 300000 deaths annually, making gas-
tric cancer China’s third most common type of  cancer[4]. 
Surgery is the only known cure, so new prognostic indi-
cators or tumour markers are necessary to increase pa-
tient survival, improve treatment outcome, and facilitate 
early diagnosis[5].

The relation between gastric ulcers and cancer has 
long been disputed, ever since Cruveilhier first distin-
guished clearly between chronic ulcer and cancer, both 
clinically and pathologically, in 1839[6], but there is accu-
mulating evidence that gastric ulcer disease is positively 
associated with the risk of  developing stomach cancer[7]. 
The presenting symptoms of  early gastric cancer re-
semble those of  a benign gastric ulcer[8,9]. The symptoms 
of  gastric cancer are similar to those of  gastric ulcer, 
and gastric cancers often seem to be benign ulcers, mak-
ing them difficult to differentiate, which leads to delayed 
diagnosis and the continued development of  gastric 
cancer. Therefore, a tool for distinguishing early gastric 
cancer from ulcers is necessary.

Protein glycosylation, the attachment of  a saccharide 
moiety to a protein, is a modification that occurs post-
translationally. Two major types of  glycosylation exist: 
N-linked and O-linked-N-glycosylation to the amide 
nitrogen of  asparagine (Asn) side chains and O-glycosyl-
ation to the hydroxyl groups of  serine (Ser) and threo-
nine (Thr) side chains. Glycosylation plays a key role 
in various biological processes, such as development, 
disease, intercellular signalling, protein-protein interac-
tion, protein folding, cellular regression and metabolism, 
and other processes[10-14]. Aberrant alterations of  glyco-
sylation have been associated with the development and 
progression of  cancer[15-18]. N-acetyl-D-galactosamine 
(GalNAc) is the substrate of  N-acetylgalactosaminyl-
transferases, and is catalysed to a peptide substrate by 

this enzyme. Differences in the tissue distribution and 
substrate specificity towards peptides are related to the 
diverse functions of  these different subtypes of  Gal-
NAc-Tases. A GalNAc-Tase expression pattern has been 
reported in several types of  cancer[19-22], including gastric 
cancer[22-25], which suggests that GalNAc plays a key role 
in gastric cancer genesis.

In the past two decades, lectins have been the main 
means of  investigating glycosylation. Lectins are sugar-
binding proteins that are highly specific for their sugar 
moieties. Since 2005, lectin microarray technology has 
emerged as a relatively simple but powerful technique 
for the comprehensive analysis of  glycoprotein glyco-
sylation[26,27]. The display of  lectins in a microarray en-
ables multiple and distinct binding glycopatterns to be 
observed simultaneously, providing information on the 
carbohydrate composition of  the samples. Lectin micro-
array is a sensitive tool with the potential to allow high-
throughput analysis of  cancer-associated changes in gly-
cosylation, and it has been used for biomarker discovery 
for cancer.

In this study, we first investigated the differences in 
glycopatterns between gastric ulcer and cancer using a 
lectin microarray, and the results were further validated 
by lectin histochemistry. Our results showed that the gly-
cosylation level of  gastric ulcer was lower than that of  
gastric cancer in general, and the subsequent lectin his-
tochemistry using two selected lectins (MPL and VVA) 
suggested that these lectins could be used as biomarkers 
to distinguish gastric cancer from ulcer.

MATERIALS AND METHODS
Specimens
Human gastric ulcer (n = 20) and gastric cancer tissues 
(n = 20) were obtained from the Affiliate Hospital of  
Beihua University (Jilin, China) as frozen tissues, and the 
diagnosis confirmed by pathologists. Proteins were ex-
tracted from the frozen tissues using T-PER Tissue Pro-
tein Extraction Reagent mixed with proteinase inhibitor 
(Sigma), then quantified and stored at -80 ℃ until use.

Lectin microarrays
A lectin microarray was produced using 37 lectins (pur-
chased from Vector Laboratories, Sigma-Aldrich, and 
Calbiochem) with different binding preferences cover-
ing N- and O-linked glycans, as described previously[28]. 
The lectins were dissolved in the manufacturer’s recom-
mended buffer containing 1 mmol/L appropriate mono-
saccharide to a concentration of  1 mg/mL and spotted 
on the homemade epoxysilane-coated slides according to 
the protocol using Stealth micro spotting pins (SMP-10B) 
(TeleChem, United States) and a Capital smart microar-
rayer (CapitalBio, Beijing). The sugar-binding specifici-
ties of  the lectins and the layout of  the lectin microarray 
(Figure 1) were summarized. Each lectin was pointed on 
plate for use. The extracted tissue protein was labelled 
with Cy3 fluorescent dye (GE Healthcare, Buckingham-
shire, United Kingdom) and purified using Sephadex 
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G-25 columns according to the manufacturer’s instruc-
tions. Thereafter, Cy3-labelled protein was applied to the 
blocked lectin microarrays and incubation was performed 
in a chamber at 37 ℃ for 3 h in a rotisserie oven set at 
4 r/min. The slides were washed twice with 1 × PBST, 
each for 5 min, and washed once with 1 × PBS for 5 min, 
and dried by centrifugation at 600 r/min for 5 min. Final-
ly, the microarrays were scanned using a Genepix 4000B 
confocal scanner (Axon Instruments, United States) set 
at 70% photomultiplier tube and 100% laser power. The 
acquired images were analysed using Genepix 3.0 soft-
ware (Axon Instruments, Inc., United States). The aver-
age background was subtracted and values less than aver-
age background ± 2 SD were removed from each data 
point. The median of  the effective data points for each 
lectin was globally normalized to the sum of  medians of  
all effective data points for each lectin in one block. Each 
sample was observed on three replicate slides and the 
normalized medians of  each lectin from nine replicate 
blocks were averaged and the SD calculated.

Lectin histochemistry
Formalin-fixed paraffin-embedded gastric cancer tissues 
and their corresponding adjacent gastric tissues were 
subjected to Ag retrieval in 0.01 mol/L citrate buffer so-
lution, pH 6.0 at 100 ℃ in a microwave for 15 min. Im-

munohistochemistry (IHC) was performed according to 
a standard protocol[29]. Biotinylated lectin was used as the 
primary antibody and HRP-streptavidin as the secondary 
antibody.

Statistical analysis
Data are presented as means ± SD for the indicated 
number of  independent experiments. Statistical differ-
ences between groups were calculated using Student’s 
two-tailed t test. Differences were considered statistically 
significant for values of  P < 0.05, P < 0.01 or P < 0.001.

RESULTS
Glycopatterns of glycoproteins in gastric ulcer and 
cancer
The glycopatterns of  glycoproteins provide us with clues 
about the expression and function of  oligosaccharides. 
Here, we hoped to discover which glycans emerge and 
how they differ between gastric ulcer and cancer, by 
detecting glycan expression using high-throughput lec-
tin arrays. The proteins of  20 cases of  gastric ulcer and 
cancer tissue were extracted and pooled together respec-
tively; 37 lectins were subsequently analysed, and the 
results of  the lectin microarrays, and the specific sugars 
recognized by the lectins as well as the normalized fluo-
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Figure 1  Sugar-binding specificities of the lectins and the layout of the lectin microarray.
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rescent intensities are summarized in Table 1. As shown, 
in gastric ulcers, 20 of  the 37 lectins produced no signal. 
The others produced a weak signal. Among these lec-
tins, GalNAc and Gal binder SJA, Galβ1-3GalNAcα-
Ser/Thr(T) binder PNA, and GlcNAc binder GST-I 
binder GSL-I produced higher intensity signals in ulcers 
compared to gastric cancer. Galα1-3(Fucα1-2)Gal binder 
EEL, GalNAcα-Ser/Thr(Tn) binder DBA, Gal and 
GalNAc binder RAC120, α-Man binder ConA, Poly-
mannose (α-1,6) linked mannose binder NPA, Fucα-N-
acetylchitobiose-man binder PSA, Galβ1-3GalNAcα-
Ser/Thr(Tn) binder ACA, Sia2-3Gal1-4GlcNAc binder 
Mal-I, (α-1,3) Man binder GNA, and Sia2-6Galβ1-
4Glc(NAc) binder SNA produced lower intensity sig-
nals in ulcers, in contrast to gastric cancer. The signals 
produced by Gal binder DSA, α-L-Fucose binder LTL, 
GlcNAc trimer/tetramer binder LEL, and GlcNAc 
binder STL did not differ in intensity between tissues. 
Representative images of  the microarray are shown (Fig-
ure 2). The microarray data showed that the glycopat-
terns of  ulcer and gastric cancer tissue differed. In gas-
tric cancer, most of  the lectin binders gave positive sig-
nals and the intensity of  the signals was strong, whereas 
the opposite was the case for ulcers, suggesting that al-
terations in glycans might underlie the switch from ulcer 
to gastric cancer, and could be used to diagnose gastric 
cancer. The αGalNAc binder MPL and the GalNAc and 
GalNAcα-Ser/Thr(Tn) binder VVA were subsequently 
selected for further validation.

Validation of the differential glycopatterns by lectin 
histochemistry
Although the lectin microarrays showed differences in 
the glycopatterns of  gastric ulcer compared with gastric 
cancer, lectin histochemistry was required to validate these 
differences and determine the distribution of  glycosidic 
residues. Two lectins (MPL and VVA) were selected and 
used for this validation. A tissue microarray (Alenabio 
Inc, Xi’an, China) was commercially available for this 
study. This array includes 9 cases of  gastric ulcer and 
58 cases of  gastric cancer (22 cases of  adenocarcinoma, 
9 cases of  signet ring cell carcinoma, 7 cases of  undif-
ferentiated carcinoma, 5 cases of  carcinoid, 10 cases of  
lymphatic metastatic adenocarcinoma, and 5 cases of  
intra-mucosal carcinoma). All TMA spots were evaluated 
by the pathologist, who provided semi-quantitative esti-
mates of  the percentage of  positive cells and the degree 
of  staining. Lectin binding in the gastric cells resulted in 
no or very weak staining to intense to very intense stain-
ing; the staining intensity was graded by an experienced 
pathologist and analysed using the Fromowitz standard. 
In general, the most intensive reactions were found with 
the lectins MPL and VVA. Representative immunohisto-
chemical images obtained using the antibody-biotinylated 
lectins are shown in Figures 3 and 4, and are consistent 
with the results of  the lectin microarrays. Both lectins 
(MPL and VVA) strongly stained the gastric cancer tis-
sues and the rate of  positivity was high, unlike in gastric 
ulcer. Significant differences in the pathological score of  
these two lectins were visible between ulcer and gastric 
cancer tissues (Figure 5 and Table 2). In comparison 
with ulcer, all types of  gastric cancer produced stronger 
staining and a higher positive rate for MPL and VVA, 
especially in signet ring cell carcinoma and intra-mucosal 
carcinoma. GalNAc that bound to MPL was significantly 
more abundant in gastric cancer. A statistically signifi-
cant association between MPL and gastric cancer was 
observed. A representative example of  tissue histology is 
shown in Figure 3. As with MPL, significant differences 
in VVA staining were observed between gastric cancer 
and ulcers (Figure 4). We also analysed other lectins in-
cluding AAL, LEL, and PHA-E+L, and found that the 
glycan residues to which they bind were upregulated in 
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Table 1  Clinical information about patients

Patients No. Gender Age Type of disease

1 Male 64 EGC
2 Female 72 EGC
3 Male 70 EGC
4 Male 66 EGC
5 Female 68 EGC
6 Female 63 BGU
7 Female 53 BGU
8 Female 50 BGU
9 Male 49 BGU
10 Male 33 BGU

MPL VVA

Gastric ulcer

Gastric cancer

Figure 2  Glycopatterns of gastric cancer and ulcer according to lectin 
microarrays. After scanning of MPL and VVA lectins, a diagram was shown.

EGC: Early gastric cancer, BGU: Benign gastric ulcer.
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different types of  gastric cancer (data not shown).
Overall, lectin histochemistry revealed more positive 

cells and intensive staining in gastric cancer when com-
pared with gastric ulcer using the two selected lectins 
(MPL and VVA), which was consistent with the results 
of  the lectin microarray, suggesting that MPL and VVA 

could be used to distinguish gastric cancer from ulcer.

DISCUSSION
Gastric cancer is the most common epithelial cancer world-
wide and the second leading cause of  cancer death, with 
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Figure 3  Level of GalNAc bound by MPL in various types of gastric cancer and gastric ulcer. A: Staining of adenocarcinoma (× 400); B: Staining of signet ring 
cell carcinoma (× 400); C: Staining of undifferentiated carcinoma (× 400); D: Staining of carcinoid (× 400); E: Staining of lymphatic metastatic adenocarcinoma (× 400); F: 
Staining of intra-mucosal carcinoma (× 400); G: Staining of gastric ulcer (× 400).

Figure 4  Level of GalNAc bound by VVA in various types of gastric cancer and gastric ulcer. A: Staining of adenocarcinoma (× 400); B: Staining of signet ring 
cell carcinoma (× 400); C: Staining of undifferentiated carcinoma (× 400); D: Staining of carcinoid (× 400); E: Staining of lymphatic metastatic adenocarcinoma (× 400); F: 
Staining of intra-mucosal carcinoma (× 400); G: Staining of gastric ulcer (× 400).
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A B C

D E F
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an increasing number of  new cases every year. New 
prognostic indicators or tumour markers are urgently 
required to increase patient survival, improve treatment 
outcome, and facilitate early diagnosis. The symptoms of  
gastric cancer are similar to those of  gastric ulcer, and as 
gastric cancers often seem to be benign ulcers, they are 
difficult to differentiate, leading to delayed diagnosis and 
the continued development of  gastric cancer. Therefore, 
a tool for distinguishing gastric cancer from ulcer is nec-
essary. In this study, a lectin microarray was performed 
to compare the glycopatterns of  gastric ulcer and gastric 
cancer. The results indicated that the glycosylation levels 
in gastric ulcer are lower than those in gastric cancer. 
Most lectins produced no signals in ulcers; the opposite 
was the case in gastric cancer. Subsequently, we selected 
two lectins (MPL and VVA) whose receptors were up-
regulated in gastric cancer to validate the results of  the 
lectin microarrays using lectin histochemistry, and our 
results illustrated that the glycan residues that these two 
lectins bound were significantly elevated in gastric can-
cer compared with ulcer, which was consistent with the 
results of  the lectin microarrays, and therefore that they 
could be used to distinguish gastric cancer from ulcer.

The lectin microarray is a promising technology in 
glycomics and glycoproteomics, utilizing a series of  lec-
tins immobilized on a well-defined substrate for high-
throughput analysis of  glycans and glycoproteins. It 
may also have great potential in disease biomarker stud-
ies. The microarray data showed that the glycopatterns 
differed between ulcers and gastric cancer, which is a 
promising starting point. The lectin microarray may turn 
out to be a promising tool for high-throughput analysis 
of  clinical samples in an attempt to identify glycoprotein 
biomarkers for cancer detection. In this study, the lectin 
microarrays were used to probe differences in protein 
glycosylation between gastric ulcer and gastric cancerous 

tissues, revealing that glycosylation levels were higher in 
gastric cancer than in ulcers. The rate and intensity of  
the signals were higher in gastric cancer than in ulcers. 
In gastric ulcer, 20 of  the 37 lectins produced no signal. 
The others produced weak signals. Among these lectins, 
GalNAc and Gal binder SJA, Galβ1-3GalNAcα-Ser/
Thr(T) binder PNA, and GlcNAc binder GST-I binder 
GSL-I had increased signals in ulcer compared to gastric 
cancer. Galα1-3(Fucα1-2)Gal binder EEL, GalNAcα-
Ser/Thr(Tn) binder DBA, Gal and GalNAc binder 
RAC120, α-Man binder ConA, Polymannose (α-1,6) 
linked mannose binder NPA,Fucα-N-acetylchitobiose-
man binder PSA, Galβ1-3GalNAcα-Ser/Thr(Tn) binder 
ACA, Sia2-3Gal1-4GlcNAc binder Mal-I, (α-1,3) Man 
binder GNA, and Sia2-6Galβ1-4Glc(NAc) binder SNA 
had decreased signals in ulcer, in contrast to gastric can-
cer. Gal binder DSA, α-L-Fucose binder LTL, GlcNAc 
trimers/tetramers binder LEL, and GlcNAc binder STL 
had no differences. Representative images of  the micro-
array are shown in Figure 2. The microarray data showed 
that the glycopatterns were different between ulcers 
and gastric cancer. In gastric cancer, most of  the lectin 
binders showed positive signals and the intensity of  the 
signals were stronger, whereas the results were the oppo-
site in ulcers, which suggested that alteration of  glycans 
might be the reason for the switch of  ulcer to gastric 
cancer, and could be for diagnosis of  gastric cancer.

To validate the results of  the lectin microarray and 
detect glycosylation in cancerous cells and tissues, lectin 
histochemistry was performed. Two lectins (MPL and 
VVA) were selected, both of  which were elevated in gas-
tric cancer according to the lectin array. It has previously 
been reported that the receptors for these lectins are 
upregulated in various cancers[30-36]. The result showed 
that the two lectins moderately or strongly stained the 
cancerous tissues and the positive rate was higher than 
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Figure 5  Pathological score of tissue staining. The figure compares gastric ulcer and various types of gastric cancer. A indicates MPL, and B represents VVA. aP < 
0.05, bP < 0.01, dP < 0.01.

A B

Huang WL et al . Biomarker for distinguishing gastric cancer from ulcer



that in gastric ulcer. Significant differences were visible 
between gastric cancer and ulcer tissues when using the 
same lectin. Furthermore, different subtypes of  gastric 
cancer showed different binding specificities. In com-
parison with ulcer, all types of  gastric cancer showed 
stronger staining, especially in signet ring cell carcinoma 
and intra-mucosal carcinoma; GalNAc, that was bound 
by MPL and VVA, showed a significant increase. Lectin 
histochemistry indicated that more positive cells and 
intensive staining were present in gastric cancer when 
compared with gastric ulcer, which was consistent with 
the results of  the lectin microarray.

In summary, we used a lectin microarray to investi-
gate the different glycopatterns in gastric cancer and ul-
cer, revealing that the level of  glycosylation was higher in 
gastric cancer than in gastric ulcer. Lectin histochemistry 
was then performed to validate the results of  the lectin 
microarray. The results of  the two approaches were 
consistent, indicating that the selected lectins, MPL and 

VVA, could be used to distinguish gastric cancer from 
ulcer.

COMMENTS
Background
Gastric cancer is the most common epithelial cancer worldwide and the second 
leading cause of cancer death. The relation between gastric ulcer and cancer 
has long been disputed. Therefore, a tool for distinguishing early gastric cancer 
from ulcer is necessary.
Research frontiers
In this study, the lectin microarray was first performed to compare the glycopat-
terns in gastric ulcer and gastric cancer, revealing that the glycosylation levels 
in gastric ulcer were lower than those in gastric cancer. The results illustrated 
that the glycan residues bound by the two lectins were significantly elevated in 
gastric cancer when compared with ulcer, which was consistent with the results 
of the lectin microarrays, and thus these lectins could be used to distinguish 
gastric cancer from ulcer.
Innovations and breakthroughs
This study used lectin microarray to investigate the different glycopatterns in 
gastric cancer and ulcer, revealing that the glycosylation level was higher in 
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Lectin Specificity Normalized fluorescent intensity1 Ratio, P  value

Gastric cancer Gastric ulcer (C/U)
Jacalin Galβ1-3GalNAcα-Ser/Thr(T) and GalNACα-Ser/Thr(Tn)      0.49 - P < 0.001
ECA Galβ-1,4GlcNAc      0.72 - P < 0.001
HHL Polymannose (α-1,3) and (α-1,6) linked mannose      0.64 - P < 0.001
WFA GalNAcα/β-1,3/6Gal      0.64 - P < 0.001
GSL-Ⅱ GlcNAc      0.67 - P < 0.001
MAL-Ⅱ Sia2-3Galβ1-4Glc (NAc) - - /
PHA-E Bisecting GlcNAc and biantennary N-glycans      0.65 - P < 0.001
PTL-Ⅰ αGalNAc      0.67 - P < 0.001
SJA Terminal in GalNAc and Gal      0.12      0.38 0.32, P < 0.001
PNA Galβ1-3GalNAcα-Ser/Thr(T)      0.08      0.22 0.36, P < 0.001
EEL Galα1-3(Fucα1-2)Gal 1      0.23 4.41, P < 0.001
AAL Fucα-1,6GlcNAc, Fucα-1,3LacNAc      0.89 - P < 0.001
LTL α-L-Fuc      0.59      0.31 /
MPL αGalNAc      0.69 - P < 0.001
LEL Poly-LacNAc and (GlcNAc)n      0.54      0.27 /
GSL-Ⅰ αGalNAc, αGal -      0.03 P < 0.001
DBA GalNAcα-Ser/Thr(Tn)    0.4    0.2 /
LCA α-Man and Fucα-1,6GlcNAc (core fucose)      0.61 - P < 0.001
RCA120 Gal and GalNAc      0.61      0.17 3.55, P < 0.001
STL (GlcNAc)n      0.54      0.31 /
BS-Ⅰ αGal and αGalNAc      0.12 - P < 0.001
ConA α-Man (inhibited by presence of bisecting GlcNAc)      0.13      0.11 /
PTL-Ⅱ Gal      0.66 - P < 0.001
DSA β1-4GlcNAc and LacNAc      0.79 1 0.79, P < 0.001
SBA Terminal GalNAc (especially GalNAcα1-3Gal)      0.38 - P < 0.001
VVA GalNAc and GalNAcα-Ser/Thr(Tn)      0.45 - P < 0.001
NPL Polymannose(α-1,6)linked mannose      0.64      0.12 5.21, P < 0.001
PSA Fucα-N-acetylchitobiose -man      0.85    0.2 4.19, P < 0.001
ACA Galβ1-3GalNAcα-Ser/Thr(Tn)      0.71      0.18 3.84, P < 0.001
WGA Terminal GlcNAc and (GlcNAc)n      0.35 - P < 0.001
UEA-Ⅰ Fucoseα1-2Galβ1-4Glc(NAc)      0.81 - P < 0.001
PWM GlcNAc    0.8 - P < 0.001
MAL-Ⅰ Galβ-1,4GlcNAc and Sia2-3Galβ1-4Glc(NAc)      0.63      0.16 3.89, P < 0.001
GNA (α-1,3)Man      0.78      0.09 9.1, P < 0.001
BPL Galβ1-3GalNAc      0.67 - P < 0.001
PHA-E+L Tri-and tetra-antennary complex-type N-glycan      0.92 - P < 0.001
SNA Sia2-6Galβ1-4Glc(NAc)      0.61      0.18 3.39, P < 0.001

Table 2  Differential glycopattern in gastric ulcer and cancer according to the lectin microarray analysis based on data from 37 lec-
tins giving significant signals

1Signal intensities obtained from nine replicate blocks on three replicate slides were normalized and averaged, and the ratio of gastric cancer vs gastric ulcer 
(C/U) was calculated. -: Negative signal; ∕: No significant difference.
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gastric cancer. Lectin histochemistry was then performed to validate the results 
of the lectin microarray. The results were consistent, indicating that the selected 
lectins, MPL and VVA, could be used to distinguish gastric cancer from ulcer.
Applications
The selected lectins, MPL and VVA, could be used to distinguish gastric cancer 
from ulcer.
Peer review
In this study, a lectin microarray was performed to compare the glycopatterns of 
gastric ulcer and gastric cancer. The results are promising and provide a new 
perspective for the diagnosis of gastric cancer.
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