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 Background: The identification of cancer biomarkers can advance the possibility for early detection and better monitoring 
of tumor progression. The aim of this study was to assess the diagnostic and prognostic value of serum galec-
tin-3(Gal-3) in patients with gastric cancer (GC).

 Material/Methods: We measured serum Gal-3 levels using ELISA method in 87 patients with GC, 53 patients with benign gastric 
lesions, and 51 healthy controls.

 Results: Serum levels of Gal-3 in patients with GC were significantly higher than those in benign disease patients and 
healthy controls (P<0.001), but no difference was found between benign disease patients and healthy controls 
(P=0.635). Additionally, serum Gal-3 level was associated with lymph node metastasis (P=0.001) and distant 
metastasis (P<0.001), whereas it was not related to gender (P=0.204), age (P=0.269), tumor size (P=0.399), 
location (P=0.715), TNM stage (P=0.385), differentiation (P=0.135), or invasion depth (P=0.273). The Kaplan-
Meier survival analysis revealed that overall survival rates in patients with high Gal-3 levels were not signifi-
cantly different that those with low Gal-3 levels (P=0.099).

 Conclusions: Results of the current study suggests that serum Gal-3 represents a potential diagnostic marker for patients 
with GC, and may be an adjunct to determine the individual prognosis of these patients.
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Background

Gastric cancer (GC) is the fourth-most common cancer and the 
second-most common cause of cancer-related death world-
wide, especially in many Asian countries, such as China, Japan, 
and Korea [1–3]. In 2008, there were approximately 980 000 
new cases of GC and 738 000 deaths worldwide [4]. Because 
a more favorable outcome of GC is closely related to how ear-
ly the disease is diagnosed and subjected to proper treatment, 
efficient diagnostic methods, and estimation of prognosis, and 
effective therapeutic strategy are urgently needed in GC med-
ical process. However, on the basis of current evidence, there 
are few reliable biomarkers for the diagnosis of GC [5]. Thus, 
development of new biomarkers for early detection and evalu-
ation of prognosis for GC is of considerable clinical importance.

The galectins are an ancient family of carbohydrate-binding 
proteins with an affinity for b-galactosides [6], sharing a con-
served carbohydrate recognition domain (CRD) of about 130 
amino acids [7,8]. Galectin-3, a member of the galectin family, 
is localized not only in intracellular space such as cytoplasm 
or the nucleus, but also in extracellular space such as the cell 
surface or the extracellular matrix [9,10]. Accumulating exper-
imental and clinical evidence have demonstrated that Gal-3 
participates in several biological processes: cell migration [11], 
cell adhesion [12], cell activation [13], cell growth and differen-
tiation [14], angiogenesis [15], and apoptosis [16]. Moreover, 
Gal-3 is often overexpressed in various human tumors, in-
cluding colon [17], prostate [18], thyroid [19], and breast can-
cer [20], and its altered expression correlates with the stage 
of tumor progression [21]. Therefore, several attempts to use 
serum levels of Gal-3 as a diagnostic indicator are under de-
velopment. In many malignant tumors the significance of se-
rum Gal-3 has been evaluated and some investigators have 
examined the efficacy of Gal-3 as a diagnostic marker, such 
as colorectal cancer [22], lung cancer [23], pancreatic carci-
noma [24], bladder cancer [10], thyroid cancer [25], prostate 
cancer [26], and head and neck squamous cell carcinoma [27].

To date, numerous studies demonstrated that Gal-3 expression is 
altered in GC. Gal-3 expression was observed significantly to be 
stronger in metastatic lymph nodes than in the primary GC [21]. 
Gal-3 expression was also reported to show a slight increase in 
primary gastric adenocarcinomas compared to normal tissues 
[28]. Conversely, Gal-3 protein expression was at least 1.5-fold 
reduced in 50% of gastric tumors [29]. In addition, reduced Gal-
3 expression was reported to be correlated with nodal status, 
lymphatic invasion, pathological stage, and histological param-
eters [30]. Therefore, neither the expression profile nor the clin-
ical significance of Gal-3 has been elucidated in GC thus far.

In this study, we aimed to analyze the serum Gal-3 levels in 
GC patients, investigated the associations between serum 

Gal-3 levels and clinicopathological parameters, and evaluat-
ed the diagnostic and prognostic value of serum Gal-3 for GC.

Material and Methods

Patients

Between September, 2005 and June, 2008, a total of 87 histo-
logically confirmed primary GC patients were recruited from the 
No. 202 Hospital in Shenyang, China. The group was composed 
of 45 men and 42 women with a mean age of 55.2±13.5 years 
(range 29–78 years). None of patients had received chemother-
apy or radiotherapy prior to surgery. The clinical characteristics 
of GC patients are presented in Table 1. In addition, 53 patients 
with benign gastric lesions at the Gastroenterology Endoscopy 
Center and 51 healthy individuals at the Health Examination 
Center were enrolled. The 53 patients with benign gastric lesions 
included 32 males and 21 females with a mean age of 53.7±11.8 
years (range 27–69 years). Of 53 patients with benign gastric 
lesions, 26 had chronic gastritis, 16 had benign gastric ulcers, 
and 11 had hyperplastic polyps. The 50 healthy individuals in-
cluded 29 males and 21 females with a mean age of 49.6±15.3 
years (range 26–67 years), and all healthy individuals had no 
personal/family history of GC. This study was reviewed and ap-
proved by the Ethics Committee of No. 202 Hospital. The writ-
ten informed consent was obtained from every subject or a le-
gally authorized representative before blood sampling.

Follow-up

After surgery, patients were followed up every 3 months for the 
first 3 years and thereafter every 6 months for the fourth and 
fifth years. Overall survival (OS) was defined as from surgery 
to death or last follow-up. Clinical follow-up was performed 
by telephone visit and questionnaire letters.

Assay for serum Gal-3

After overnight fasting, preoperative blood samples were ob-
tained by venous puncture, centrifuged at 2000 g for 10 min, 
and stored at –80°C until use. Serum Gal-3 levels were mea-
sured by ELISA method using specific kits, according to the 
manufacturer’s instructions (Bender MedSystems, Austria).

Statistical analysis

The statistical analysis was performed using SPSS software (ver-
sion 15.0; Chicago, IL, USA). The data are presented as mean ± 
standard deviation (SD). Comparisons between 2 groups were 
performed using the Mann-Whitney test. In case of multiple 
groups, Kruskal-Wallis tests were used, with post hoc compar-
isons according to Mann-Whitney method. Receiver operating 
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characteristic (ROC) curves were constructed to determine the 
sensitivity and specificity of serum Gal-3 at optimal cut-off 
points in discriminating GC patients from patients with benign 
gastric lesions and healthy controls. Survival curves were esti-
mated using the Kaplan-Meier method and compared by the 
log-rank test. In all analyses, P-values of less than 0.05 were 
considered to be statistically significant.

Results

The serum levels of Gal-3 before surgery were 18.32±7.25 ng/
ml in patients with GC patients, 10.04±3.47 ng/ml in patients 

with benign gastric lesions, and 10.56±3.63 ng/ml in healthy 
controls. Serum levels of Gal-3 in patients with GC were sig-
nificantly higher than those in benign disease patients and 
those in healthy controls (P<0.001), but no difference was 
found between benign disease patients and healthy controls 
(P=0.635) (Figure 1).

Comparisons of serum levels of Gal-3 according to the clini-
copathological factors are shown in Table 1. Serum Gal-3 lev-
els were significantly correlated with lymph node metastasis 
(P=0.001) and distant metastasis (P<0.001). However, serum 
Gal-3 levels were not related to gender (P=0.204), age (P=0.269), 
tumor size (P=0.399), location (P=0.715), TNM stage (P=0.385), 

Numbers % Gal-3 (ng/ml) P value

Gender 

 Male 45 51.7 17.36±6.71
0.204

 Female 42 48.3 19.35±7.74

Age (years)

 £60 51 58.6 19.048±.11
0.269

 >60 36 41.4 17.29±5.76

Tumor size 

 £5.0 cm 52 59.8 17.78±7.46
0.399

 >5.0 cm 35 40.2 19.12±6.95

Location

 Upper 44 50.6 18.04±7.45
0.715

 Middle/lower 43 49.4 18.61±7.12

TNM stage

 I+II 46 52.9 17.68±7.41
0.385

 III+IV 41 47.1 19.04±7.08

Differentiation

 Well 28 32.2 16.29±5.73
0.135

 Moderate 35 40.2 18.60±7.00

 Poor 24 27.6 20.28±8.74

Invasion depth

 T1+T2 38 43.7 17.35±7.06
0.273

 T3+T4 49 56.3 19.07±7.37

LN metastasis

 Negative 55 63.2 16.42±6.27
0.001

 Positive 32 36.8 21.58±7.74

Distant metastasis

 Negative 67 77.0 16.14±5.36
<0.001

 Positive 20 23.0 25.63±8.08

Table 1. Serum Gal-3 levels in gastric cancer patients according to clinicopathological characteristics.
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differentiation (P=0.135), or invasion depth (P=0.273). These 
results indicate that serum Gal-3 is related to GC metastasis.

The diagnostic performance of serum Gal-3 was evaluated using 
ROC analysis. When using benign disease patients and healthy 
controls as the comparison group for all cases, the area under 
the curve (AUC) values for serum Gal-3 were 0.843 (95% CI: 
0.786–0.901) (Figure 2). The cutoff value for Gal-3, as calcu-
lated by ROC, was 13.30 ng/ml. The sensitivity and specifici-
ty of serum Gal-3 for GC were 77.0% and 82.7%, respectively.

Based on the median of serum Gal-3 (Gal-3: 16.40 ng/ml), we 
performed Kaplan-Meier analysis to estimate patient overall 
survival. During the follow-up period, 5 patients were lost and 
82 patients were identified and finally included. The followed-
up rate was 94.3%. The 5-year overall survival rate was 37.7% 
in the high Gal-3 level group and 46.3% in the low Gal-3 lev-
el group. The Kaplan-Meier survival analysis revealed that OS 
with high Gal-3 levels were not significantly different from 
those with low Gal-3 levels (P = 0.099, Figure 3).

Discussion

Although therapy is currently relatively effective in controlling 
early-stage GC, mortality is usually caused by recurrence and 
metastasis. Therefore, the identification of reliable biomarkers 
is critical for early diagnosis and prognostic evaluation, and 
for finding therapeutic molecular targets of GC. In the present 
study, we evaluated the serum levels of Gal-3 in patients with 
GC. Our study demonstrated that Gal-3 was involved in the 
progression of GC, and it could be a potential biomarker in GC.

As a multifunctional protein widely expressed by many types 
of human cells, Gal-3 overexpression and changes of sub- and 
inter-cellular localization are commonly seen in diverse types 
of cancer [31]. Notably, significantly increased serum levels of 
circulating Gal-3 have been observed in cancer patients, in-
cluding those with colorectal cancer [22], lung cancer [23], 

pancreatic carcinoma [24], bladder cancer [10], thyroid can-
cer [25], prostate cancer [26], and head and neck squamous 
cell carcinoma [27]. However, the role of Gal-3 in human gas-
tric carcinogenesis is still ambiguous. A previous study showed 
that positive galectin-3 expression was observed in 84% of 
gastric cancer cases [21]. Moreover, malignant gastric tissues 
expressed higher levels of Gal-3 than normal gastric tissues 
[32]. However, reduced Gal-3 expression has been found in GC 
tissue, and mainly detected in the cytoplasm and nuclei of the 
GC cells, while Gal-3 expression was mainly detected in the 
nuclei of the normal epithelial cell [30]. Therefore, we specu-
late that Gal-3 may be involved in the progression of GC, and 
then determined the serum Gal-3 levels in different subjects. 
In the present study, serum Gal-3 levels in GC patients were 
significantly higher than those in patients with benign gas-
tric lesions and in healthy controls. Furthermore, at a cutoff 
point of 13.30 ng/ml, serum Gal-3 had a sensitivity of 77.0% 
and a specificity of 82.7% for the prediction of GC, suggesting 
that serum Gal-3 might be as an effective diagnostic marker.

Figure 1.  Comparison of serum Gal-3 levels in GC, benign gastric 
lesions, and healthy controls.
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Figure 2. ROC analysis of serum Gal-3 levels for gastric cancer.
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Figure 3.  Kaplan-Meier survival curve of GC patients stratified by 
Gal-3 level.
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To explore the important role of Gal-3 in the progression of GC, 
we analyzed the relationship between serum Gal-3 levels and 
clinicopathological factors of GC. Our results indicated that se-
rum Gal-3 level was associated with lymph node metastasis 
and distant metastasis. Recently, several studies have reported 
Galectin-3 shows pleiotropic biological functions in cell growth, 
apoptosis induction, and tumor progression. Gal-3 on the cell 
surface downregulates cellular adhesion to the extracellular ma-
trix proteins by interacting with integrins a1b1 [33]. A previous 
study demonstrated that silencing of Gal-3 enhanced apopto-
sis induction with chemotherapeutic agents by reducing the ex-
pression of anti-apoptotic and/or cell survival molecules such as 
survivin, cyclin D1, and XIAP, and increasing the expression of 
pro-apoptotic XAF-1 [34]. Also, the increased circulation of Gal-3 
in patients with cancer induces secretion of several metastasis-
promoting cytokines from the blood vascular endothelium that 
enhances endothelial cell activities in metastasis [35]. Moreover, 
angiogenesis in tumors is a complex process and plays an impor-
tant role in the progression of the disease and in the metastat-
ic process [36]. Galectin-3 modulates VEGF- and bFGF-mediated 
angiogenesis by binding to integrin avb3, and subsequently ac-
tivating the signaling pathways that promote the growth of new 
blood vessels [37]. Additionally, Gal-3 promotes GC metastasis 
through up-regulation of fascin-1, an actin-binding protein [32]. 
Taken together, GC progression may be facilitated by changing 
the expression pattern of Gal-3, as this can modify the ability of 
cancer cells to penetrate into the extracellular matrix, to enter 
into blood vessels, and to generate secondary sites.

To further evaluate the role of serum Gal-3 levels in the prog-
nosis of GC patients, we investigated the relationship between 

serum Gal-3 level and overall survival rate of GC patients. 
Although serum Gal-3 was not identified as a significant prog-
nostic factor, it had a tendency to be associated with poor 
prognosis. However, larger prospective studies are warranted 
to validate the diagnostic and prognostic value of serum Gal-
3 level in GC patients.

Conclusions

In conclusion, we presented evidence that serum Gal-3 level 
was significantly elevated in GC patients, and serum Gal-3 
level was significantly correlated with lymph node metasta-
sis and distant metastasis. Due to its reasonable sensitivi-
ty and specificity for GC, Gal-3 could be useful as a poten-
tial circulating biomarker for GC diagnosis. In addition, Gal-3 
shows a promising tendency as a prognostic marker in GC 
patients. Further studies should be conducted on larger co-
horts to investigate correlations between Gal-3 and rele-
vant clinicopathological parameters in defined subpopula-
tions of patients.

Acknowledgments

We gratefully acknowledge the clinical data provided by the 
Department of Clinical Laboratory Medicine (No. 202 Hospital).

Conflict of interest

All authors state that there are no conflicts of interest or fi-
nancial disclosures to declare.

References:

 1. Leung WK, Wu MS, Kakugawa Y et al: Screening for gastric cancer in Asia: 
current evidence and practice. Lancet Oncol, 2008; 9: 279–87

 2. Parkin DM, Bray F, Ferlay J, Pisani P: Global cancer statistics, 2002. Cancer 
J Clin, 2005; 55: 74–108

 3. Wang Z, Cai Q, Jiang Z et al: Prognostic role of MicroRNA-21 in gastric can-
cer: a meta-analysis. Med Sci Monit, 2015; 21: 1668–74

 4. Yuan D, Zhu K, Dang C et al: NS5ATP9 mRNA levels in peripheral blood 
mononuclear cells predict prognosis in patients with gastric cancer. Med 
Oncol, 2014; 31: 106

 5. Tan YK, Fielding JW: Early diagnosis of early gastric cancer. Eur J Gastroenterol 
Hepatol, 2006; 18: 821–29

 6. Barondes SH, Castronovo V, Cooper DN et al: Galectins: a family of animal 
beta-galactoside-binding lectins. Cell, 1994; 76: 597–98

 7. Funasaka T, Raz A, Nangia-Makker P: Nuclear transport of galectin-3 and 
its therapeutic implications. Semin Cancer Biol, 2014; 27C: 30–38

 8. Righi A, Jin L, Zhang S et al: Identification and consequences of galectin-3 
expression in pituitary tumors. Mol Cell Endocrinol, 2010; 326: 8–14

 9. Wang JL, Werner EA, Laing JG, Patterson RJ: Nuclear and cytoplasmic local-
ization of a lectin-ribonucleoprotein complex. Biochem Soc Trans, 1992; 20: 
269–74

 10. Sakaki M, Oka N, Nakanishi R et al: Serum level of galectin-3 in human 
bladder cancer. J Med Invest, 2008; 55: 127–32

 11. Gao X, Balan V, Tai G, Raz A: Galectin-3 induces cell migration via a calci-
um-sensitive MAPK/ERK1/2 pathway. Oncotarget, 2014; 5(8): 2077–84

 12. Inohara H, Akahani S, Koths K, Raz A: Interactions between galectin-3 and 
Mac-2-binding protein mediate cell-cell adhesion. Cancer Res, 1996; 56: 
4530–34

 13. Chen HY, Fermin A, Vardhana S et al: Galectin-3 negatively regulates TCR-
mediated CD4+ T-cell activation at the immunological synapse. Proc Natl 
Acad Sci USA, 2009; 106: 14496–501

 14. Yang RY, Liu FT: Galectins in cell growth and apoptosis. Cell Mol Life Sci, 
2003; 60: 267–76

 15. D’Haene N, Sauvage S, Maris C et al: VEGFR1 and VEGFR2 involvement in 
extracellular galectin-1- and galectin-3-induced angiogenesis. PLoS One, 
2013; 8: e67029

 16. Nangia-Makker P, Nakahara S, Hogan V, Raz A: Galectin-3 in apoptosis, a 
novel therapeutic target. J Bioenerg Biomembr, 2007; 39: 79–84

 17. Schoeppner HL, Raz A, Ho SB, Bresalier RS: Expression of an endogenous 
galactose-binding lectin correlates with neoplastic progression in the co-
lon. Cancer, 1995; 75: 2818–26

 18. Berberat PO, Friess H, Wang L et al: Comparative analysis of galectins in pri-
mary tumors and tumor metastasis in human pancreatic cancer. J Histochem 
Cytochem, 2001; 49: 539–49

 19. Orlandi F, Saggiorato E, Pivano G et al: Galectin-3 is a presurgical marker 
of human thyroid carcinoma. Cancer Res, 1998; 58: 3015–20

 20. Yamaki S, Fujii T, Yajima R et al: Clinicopathological significance of decreased 
galectin-3 expression and the long-term prognosis in patients with breast 
cancer. Surg Today, 2013; 43: 901–5

759
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Cheng D. et al.: 
Gal-3 and gastric cancer
© Med Sci Monit, 2015; 21: 755-760

CLINICAL RESEARCH

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License



 21. Miyazaki J, Hokari R, Kato S et al: Increased expression of galectin-3 in pri-
mary gastric cancer and the metastatic lymph nodes. Oncol Rep, 2002; 9: 
1307–12

 22. Iacovazzi PA, Notarnicola M, Caruso MG et al: Serum levels of galectin-3 
and its ligand 90k/mac-2bp in colorectal cancer patients. Immunopharmacol 
Immunotoxicol, 2010; 32: 160–64

 23. Iurisci I, Tinari N, Natoli C et al: Concentrations of galectin-3 in the sera of 
normal controls and cancer patients. Clin Cancer Res, 2000; 6: 1389–93

 24. Xie L, Ni WK, Chen XD et al: The expressions and clinical significances of tis-
sue and serum galectin-3 in pancreatic carcinoma. J Cancer Res Clin Oncol, 
2012; 138: 1035–43

 25. Isic T, Savin S, Cvejic D et al: Serum Cyfra 21.1 and galectin-3 protein lev-
els in relation to immunohistochemical cytokeratin 19 and galectin-3 ex-
pression in patients with thyroid tumors. J Cancer Res Clin Oncol, 2010; 
136: 1805–12

 26. Balan V, Wang Y, Nangia-Makker P et al: Galectin-3: a possible complemen-
tary marker to the PSA blood test. Oncotarget, 2013; 4: 542–49

 27. Saussez S, Lorfevre F, Lequeux T et al: The determination of the levels of 
circulating galectin-1 and -3 in HNSCC patients could be used to monitor 
tumor progression and/or responses to therapy. Oral Oncol, 2008; 44: 86–93

 28. Baldus SE, Zirbes TK, Weingarten M et al: Increased galectin-3 expression 
in gastric cancer: correlations with histopathological subtypes, galactosyl-
ated antigens and tumor cell proliferation. Tumour Biol, 2000; 21: 258–66

 29. Leal MF, Calcagno DQ, Chung J et al: Deregulated expression of annexin-
A2 and galectin-3 is associated with metastasis in gastric cancer patients. 
Clin Exp Med, 2014 [Epub ahead of print]

 30. Okada K, Shimura T, Suehiro T et al: Reduced galectin-3 expression is an 
indicator of unfavorable prognosis in gastric cancer. Anticancer Res, 2006; 
26: 1369–76

 31. Newlaczyl AU, Yu LG: Galectin-3 – a jack-of-all-trades in cancer. Cancer Lett, 
2011; 313: 123–28

 32. Kim SJ, Choi IJ, Cheong TC et al: Galectin-3 increases gastric cancer cell mo-
tility by up-regulating fascin-1 expression. Gastroenterology, 2010; 138: 
1035–45 e1–2

 33. Ochieng J, Leite-Browning ML, Warfield P: Regulation of cellular adhesion to 
extracellular matrix proteins by galectin-3. Biochem Biophys Res Commun, 
1998; 246: 788–91

 34. Cheong TC, Shin JY, Chun KH: Silencing of galectin-3 changes the gene ex-
pression and augments the sensitivity of gastric cancer cells to chemother-
apeutic agents. Cancer Sci, 2010; 101: 94–102

 35. Chen C, Duckworth CA, Zhao Q et al: Increased circulation of galectin-3 in 
cancer induces secretion of metastasis-promoting cytokines from blood 
vascular endothelium. Clin Cancer Res, 2013; 19: 1693–704

 36. Partyka R, Gonciarz M, Jalowiecki P et al: VEGF and metalloproteinase 2 
(MMP 2) expression in gastric cancer tissue. Med Sci Monit, 2012; 18(4): 
BR130–34

 37. Markowska AI, Liu FT, Panjwani N: Galectin-3 is an important mediator 
of VEGF- and bFGF-mediated angiogenic response. J Exp Med, 2010; 207: 
1981–93

760
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Cheng D. et al.: 
Gal-3 and gastric cancer

© Med Sci Monit, 2015; 21: 755-760
CLINICAL RESEARCH

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License


