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Background: Galectin-3 is a member of the beta-galactoside-binding protein family and 

functions as a modulator of cell growth through galactoside-binding protein correlated with 

the occurrence and metastasis of papillary thyroid carcinoma (PTC).

Methods: A systematic review of published articles on Web of Science and PubMed was per-

formed. After establishing inclusion and exclusion criteria, nine articles were selected. Three 

studies referred to galectin-3 expression in PTC and non-PTC patients. Three studies referred 

to galectin-3 expression in PTC patients with lymph node metastasis (LNM) and without LNM. 

Three studies referred to galectin-3 expression in both PTC (with and without LNM) and non-

PTC patients. Data analysis was performed by using RevMan5.2 software.

Results: A total of 424 patients from six eligible studies that provided data about galectin-3 

expression in PTC and non-PTC patients were included. A total of 378 patients from six eligible 

studies that provided data about galectin-3 expression in PTC with LNM and without LNM were 

included. Immunohistochemistry technique was used in all the studies. Galectin-3 was found to 

be a highly sensitive (275/424, 64.86%) marker in the diagnosis of PTC, but was found to be 

expressed only in a few cases involving other types of thyroid lesions (58/424, 13.68%). The 

odds ratio, expressed as PTC group versus other thyroid lesions group, was 13.97 (95% CI: 

7.51–26.01, P,0.00001). The results also showed that the positive expression rates of galectin-3 

in PTC patients with LNM were higher than those in PTC patients without LNM.

Conclusion: This meta-analysis demonstrated that galectin-3 may become a potentially useful 

immunomarker to distinguish between PTC and non-PTC patients. In addition, PTC patients 

with positive expression of galectin-3 were more prone to LNM.
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Introduction
Thyroid cancer is a common endocrine malignant tumor. Papillary thyroid carcinoma 

(PTC) is the most common histological subtype of thyroid cancers, accounting for 

approximately 75%–85% of all thyroid malignancies.1 Early diagnosis and prompt 

treatment of thyroid cancer may maximize the survival rate and prolong the survival 

time of patients. In recent years, advancements in molecular biology techniques 

have helped in providing early diagnosis as well as appropriate treatment for PTC. 

Researchers are now increasingly concerned about the biomarkers of PTC, includ-

ing immunohistochemical markers. Galectin-3 is a member of galectin family that 

has an affinity for β-galactoside.2 It has been proposed to modulate cell adhesion 

and cell growth through its influence on the cell cycle.3,4 Due to its physiological 

roles, galectin-3 may act as an adhesion molecule in tumor progression and loosen 
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the connection between tumor cells to promote cancer cell 

metastasis.5,6 Some studies have revealed that galectin-3 level 

is significantly elevated in cancer tissues and is associated 

with cancer metastasis.7–9

In the present study, all relevant articles about galectin-3 

and PTC in the recent 5 years were collected. The aim of 

this study was to compare the positive expression rates of 

galectin-3 in patients with PTC and those in patients with 

other types of thyroid lesions. In addition, this research was 

also aimed to explore the relationship between galectin-3 

expression levels and lymph node metastasis (LNM) and, 

furthermore, to determine whether galectin-3 can be used as 

a potential prognostic marker for the diagnosis of PTC.

Methods
Identification
This meta-analysis was performed in accordance with 

PRISMA (Preferred Reporting Items for Systematic Reviews 

and Meta-analyses). PubMed and Web of Science were 

searched for studies using both medical-subject-heading 

terms and free-text words. The following search terms were 

used: galectin-3, thyroid cancer, PTC, and metastasis. The 

last search was performed on July 28, 2015. The citation lists 

of the retrieved articles were manually screened to ensure 

the sensitivity of the search strategy.

Inclusion and exclusion criteria
Studies in this meta-analysis had to meet the follow-

ing inclusion criteria: 1) inclusion of patients with PTC; 

2) evaluation of the positive expression rates of galectin-3 in 

thyroid carcinoma; 3) publication as a full paper in English; 

and 4) inclusion of a control group. Studies were excluded 

based on the following criteria: 1) duplicate studies, reviews, 

letters, unpublished data, and comments; 2) published in 

a language other than English; 3) data that could not be 

extracted or calculated from the original article; and 4) non-

human subjects.

Data extraction
The data of eligible studies were extracted in duplicate by 

two investigators independently (WWT and CWH). The 

following details were extracted: name of the first author, 

year of publication, country of study population, total num-

ber of patients included in the study, detection method, and 

positive or negative expression of galectin-3 in PTC with 

or without LNM. Two authors checked the extracted data 

and reached a consensus in consideration with all the col-

lected data. Disputes were resolved by discussion. If dissent 

remained, then third and fourth investigators (CYT and JX) 

were consulted.

Statistical analyses
This meta-analysis was performed by using Review Manager 

(RevMan) Version 5.2 software (The Nordic Cochrane 

Centre, The Cochrane Collaboration, Copenhagen, Denmark). 

In all the studies, ± and - were used to indicate negative 

expression, while +, ++, +++, and ++++ were used for posi-

tive expression. Statistical heterogeneity among the studies 

was assessed by using the I2-statistic. If I2.50%, the studies 

were considered to exhibit severe heterogeneity. If there was 

a significant statistical heterogeneity among the studies, the 

random-effects model was applied, otherwise fixed-effects 

model was used. The potential publication bias was assessed 

by using Begg’s funnel plots. A P-value of less than 0.05 was 

considered statistically significant.

Figure 1 Flowchart for the selection of primary studies in this meta-analysis.
Abbreviations: PTC, papillary thyroid carcinoma; LNM, lymph node metastasis.
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Results
Description of studies
As shown in the flow diagram (Figure 1), our search 

terms revealed 211 articles. After reviewing the titles, 

149 irrelevant articles or duplicates were excluded. After 

thorough inspection of the abstracts, 35 reports were 

excluded. Then, the full texts were read thoroughly, and 

a total of nine articles were finally included in the current 

meta-analysis.10–18 A total of 424 patients from six eligible 

studies that provided data about galectin-3 expression in 

PTC and non-PTC patients were included. A total of 378 

patients from six eligible studies that provided data about 

galectin-3 expression in PTC patients with and without LNM 

were included. Studies were conducted in Malaysia, Serbia, 

People’s Republic of China, Italy, Turkey, Korea, and Aus-

tralia. Immunohistochemistry technique was used in all the 

studies. The main characteristics of the eligible studies are 

summarized in Tables 1 and 2.

Meta-analysis results of the relationship 
among galectin-3, PTC, and LNM
Fixed-effects model was adopted in analyzing the expression 

rates of galectin-3 in PTC, since there was no significant 

heterogeneity among the studies (I2,50%) (Figures 2 and 3). 

Figure 2 directly reflects significant difference in the positive 

expression of galectin-3 between the group with PTC and 

the compare group with other thyroid lesions. Galectin-3 was 

found to be a highly sensitive (275/424, 64.86%) marker in 

the diagnosis of PTC, but was found to be expressed in only 

few cases involving other types of thyroid lesions (58/424, 

13.68%). The odds ratio, expressed as PTC group versus 

other thyroid lesions group, was 13.97 (95% confidence 

interval [CI]: 7.51–26.01, P,0.00001). Figure 3 shows that 

the positive expression rates of galectin-3 in PTC patients 

with LNM were higher than those in the PTC patients with-

out LNM. The odds ratio, expressed as positive galectin-3 

group in PTC patients with LNM versus negative galectin-3 

group in PTC patients without LNM, was 2.55 (95% CI: 

1.09–5.97, P=0.03). This result demonstrated that PTC 

patients with positive expression of galectin-3 were more 

prone to LNM.

Publication bias
Begg’s test was used to assess the publication bias. Figure 4 

shows the Begg’s funnel plot (pseudo 95% CI) for the expres-

sion of galectin-3 in PTC. Figure 5 shows the Begg’s funnel 

plot for the expression of galectin-3 in PTC patients with or 

without LNM. No significant publication bias was observed. 

This result showed that this meta-analysis was meaningful 

and galectin-3 was helpful for the diagnosis of PTC and 

prognosis for PTC patients. As a result, the conclusion of 

this meta-analysis had high credibility.

Table 1 Characteristics of the eligible studies about galectin-3 expression in patients with or without PTC in this meta-analysis

First author Year Country Cancer 
types

Total 
number

Detection method Galectin-3 expression

PTC Non-PTC

+ ‑ + ‑

Htwe et al12 2010 Malaysia PTC 142 Immunohistochemistry 107 1 31 3
Selemetjev et al10 2015 Serbia PTC 99 Immunohistochemistry 55 14 12 18
Gong et al13 2012 People’s Republic of China PTC 50 Immunohistochemistry 37 1 2 10
Lavra et al17 2011 Italy PTC 29 Immunohistochemistry 22 2 2 3
Barut et al18 2010 Turkey PTC 85 Immunohistochemistry 52 3 10 20
Trimboli et al14 2015 Italy PTC 19 Immunohistochemistry 2 2 1 14

Abbreviations: +, positive expression; -, negative expression; PTC, papillary thyroid carcinoma.

Table 2 Characteristics of the eligible studies about galectin-3 expression in PTC patients with or without LNM in this meta-analysis

Study Year Country Cancer 
types

Total 
number

Detection method Galectin-3 expression

With 
LNM

Without 
LNM

+ ‑ + ‑

Selemetjev et al10 2015 Serbia PTC 69 Immunohistochemistry 12 3 43 11
Gong et al13 2012 People’s Republic of China PTC 38 Immunohistochemistry 6 0 31 1
Lee and Lee15 2013 Korea PTC 168 Immunohistochemistry 27 138 0 3
Salajegheh et al16 2014 Australia PTC 58 Immunohistochemistry 9 0 18 31
Lavra et al17 2011 Italy PTC 24 Immunohistochemistry 8 0 14 2
Liu et al11 2014 People’s Republic of China PTC 21 Immunohistochemistry 7 2 8 4

Abbreviations: PTC, papillary thyroid carcinoma; LNM, lymph node metastasis.
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Figure 2 Forest plot for the expression of galectin-3 in patients with PTC or non-PTC.
Notes: aNumber of PTC patients with positive expression of galectin-3. bTotal number of patients with PTC. cNumber of patients without PTC with positive expression of 
galectin-3. dTotal number of patients without PTC. 
Abbreviations: PTC, papillary thyroid carcinoma; CI, confidence interval; df, degrees of freedom; M–H, Mantel-Haenszel.

Figure 3 Forest plot for the expression of galectin-3 in PTC patients with or without LNM.
Notes: aNumber of PTC patients with LNM and positive expression of galectin-3. bTotal number of PTC patients with LNM. cNumber of patients without PTC and LNM 
with positive expression of galectin-3. dTotal number of patients without PTC and LNM. 
Abbreviations: PTC, papillary thyroid carcinoma; LNM, lymph node metastasis; CI, confidence interval; df, degrees of freedom; M–H, Mantel-Haenszel.

χ

Discussion
Thyroid fine needle aspiration biopsy (FNAB) has been 

regarded as the most accurate method to distinguish between 

malignant and benign lesions of the thyroid gland. Research 

showed that after FNAB cytopathology, 5% of the thyroid 

lesions are malignant and 60%–70% are benign, whereas in 

10%–30% of the cases the diagnosis remains uncertain or 

is regarded as suspicious malignant. Of these uncertain or 

suspicious malignant cases, only 20%–25% is approved to 

be thyroid cancer after postoperative pathology. Therefore, 

70%–75% of the cases may not need to undergo surgery.19 

Thus, there arises a need for an immunohistochemical 

marker to improve the diagnostic accuracy of thyroid 

lesions.

Recently, galectin-3 has received significant attention 

for its utility as a diagnostic marker for thyroid cancer and 

represents the most well-studied molecular candidate for the 

diagnosis of thyroid cancer. This immune marker has been 

implicated in the regulation of normal cellular proliferation, 

apoptosis, malignant transformation, and the metastasis of 

cancer cells. Many immunohistochemical studies found that 

galectin-3 was differentially expressed in thyroid carcinoma 

compared with benign and normal thyroid specimens, sug-

gesting that galectin-3 is a good diagnostic marker for thyroid 

cancer. Galectin-3 expression has been suggested as a marker 

having a relatively higher sensitivity and specificity in thyroid 

malignancies, especially in papillary carcinomas.6,20–22 In a 

large multicenter study by Bartolazzi et al, the sensitivity 

and specificity of galectin-3 in thyroid carcinomas were 99% 

and 98%, respectively.23 In the present study, we observed a 

significant difference in the positive expression of galectin-3 

between the group with PTC and the compare group with 

other thyroid lesions. Galectin-3 was found to be a highly 

sensitive (275/424, 64.86%) marker in the diagnosis of PTC, 

but was found to be expressed only in few cases involving 

other types of thyroid lesions (58/424, 13.68%). The odds 
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Figure 4 Begg’s funnel plot for the expression of galectin-3 in patients with PTC 
or non-PTC.
Abbreviations: PTC, papillary thyroid carcinoma; SE, standard error of the mean; 
OR, odds ratio.

Figure 5 Begg’s funnel plot for the expression of galectin-3 in PTC patients with 
or without LNM.
Abbreviations: PTC, papillary thyroid carcinoma; LNM, lymph node metastasis; 
SE, standard error of the mean; OR, odds ratio.

LNM. As a result, galectin-3 showed more value and sen-

sitivity in terms of diagnosis and prognosis of PTC than for 

other types of thyroid lesions.

Conclusion
This meta-analysis demonstrated that galectin-3, a potential 

immunomarker, is accurate in making a preoperative dis-

tinction between PTC and non-PTC patients. In addition, 

galectin-3 may provide more significant contributions in 

distinguishing PTC with or without LNM. We suggest a 

larger size and better design studies should be conducted to 

confirm our results.

Disclosure
The authors report no conflict of interests in this work.
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