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Introduction

Thyroid carcinomas are the most common form of head and 
neck tumors and account for 95% of endocrine tumors (1). Of 
these, 70% of cases consist of the papillary thyroid cancer 
(PTC) subtype (2). While the treatment of PTC is generally 
associated with good prognostic outcomes, some patients 

ultimately develop metastases in their lymph nodes or 
distant sites that can contribute to recurrent tumor growth 
and associated mortality (3). Thyroid cancer rates have risen 
in recent years (4), highlighting a need to better define the 
molecular targets associated with this cancer type to aid in 
its diagnosis, prevention, and the prognostic evaluation of 
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affected patients.
The LGALS (galectin) family consists of galactoside-

binding glycoproteins harboring ~130 conserved amino 
acid carbohydrate recognition domains (CRDs) (5). To date, 
15 LGALS have been identified in mammals (LGALS1-
LGALS15), and they are expressed across a diverse range 
of both healthy and malignant cells. These proteins have 
also been linked to key pathological and physiological 
processes, including cellular adhesion, differentiation, 
intracellular signaling, inflammation, and tumor metastasis 
(6-8). Aberrant LGALS expression has been detected in 
many tumors and is associated with invasive and metastatic 
growth (9-11). Thijssen et al. (12) found LGALS expression 
was related to several cancer-associated indicators, including 
grade, clinical stage, and lymph node status. Accordingly, 
the prognostic relevance of LGALS proteins has been 
assessed in several cancers (13-16). However, the prognostic 
relevance of specific LGALS proteins in PTC remains 
to be established. The overexpression of LGALS2 was 
recently shown to be linked to better prognosis in human 
breast cancer (17). An in vivo CRISPR screens targeting 
disease-related immune genes identified LGALS2 as a 
candidate regulator in triple negative breast cancer (TNBC) 
involving immune escape, and blockade of LGALS2 using 
an inhibitory antibody successfully arrested tumor growth 
and reversed the immune suppression (18). A genome-wide 
CRISPR knockout screening approach identified LGALS2 
were highly enriched in cells survived after sublethal 
H2O2 challenge, and LGALS2 overexpression decreased 
the proliferation of human colon tumor epithelial cells 
and blunted H2O2-induced STAT3 phosphorylation (19). 
The function and prognostic relevance of this LGALS 
family member, especially LGALS2 in PTC have yet to be 
established, and thus we designed the present study to gain 
insight into the role of LGALS2 in PTC.

We used an in vitro approach to examine the functional 
role of LGALS2, with appropriate constructs employed 
to knock down or overexpress this gene, followed by an 
assessment of the proliferative and apoptotic activity of 
LGALS2 cells. In addition, the influence of LGALS2 on in 
vivo tumor growth was assessed, and Phosphatidylinositol-
3-kinase/protein kinase B (PI3K/AKT) pathway activation 
was examined in LGALS2 overexpression or knockdown. 
Our results indicated that LGALS2 suppresses PTC tumor 
growth via PI3K/AKT pathway regulation. We present the 
following article in accordance with the ARRIVE reporting 
checklist (available at https://gs.amegroups.com/article/
view/10.21037/gs-22-452/rc).

Methods

Tissue sample collection

Eighty pairs of tumor and paracancerous tissues from PTC 
patients were collected from July 2019 to March 2021. All 
patients had a confirmed pathological diagnosis of PTC and 
had not received radiotherapy or chemotherapy prior to 
the sample collection. All patients who participated in this 
study signed an informed consent form, and the study was 
approved by the Ethics Committee of The Second Affiliated 
Hospital of Nanchang University (No. 20210304076). This 
study was performed in accordance with the Declaration of 
Helsinki (as revised in 2013). 

Cell culture and treatment

The human TPC-1 and BHT101 PTC cell lines were 
obtained from the American Type Culture Collection (VA, 
USA) and were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM) containing 10% fetal bovine serum (FBS; 
Gibco, USA) and penicillin/streptomycin in a 5% CO2 
incubator at 37 ℃. The media was exchanged every other 
day, and cells were passaged (1:3) every 6 days. LGALS2-
specific and control siRNA constructs were obtained from 
Genepharma (Shanghai, China). An LGALS2 overexpression 
construct was produced by inserting the coding sequence for 
this gene into a pcDNA4.0 vector. Cells were grown until 
they reached 80–90% confluence and were then transfected 
with these constructs using Lipofectamine 2000 (Invitrogen, 
CA, USA) based on the manufacturer’s instructions. After 6 h, 
the media was exchanged for complete media. After 24–48 h, 
the cells were collected for further use. 

Western immunoblotting

RIPA buffer (Beyotime, Beijing, China) supplemented with 
protease and phosphatase inhibitors (Genebase, Shanghai, 
China) was used to extract total protein from the cells, after 
which the proteins were quantified using a BCA Protein 
Assay kit (Thermo Scientific, USA). The protein samples 
(30 μg) were separated using 10–12% sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred onto polyvinylidene fluoride (PVDF) 
membranes (Millipore, MA, USA). Blots were probed 
with antibodies specific for LGALS2 (Abcam; #ab239501; 
1:1,000), PI3K (Abcam; #ab32089; 1:10,000), AKT (Abcam; 
#ab8805; 1:10,000), p-AKT (Abcam; #ab38449; 1:10,000), 
or GAPDH (CST; #3686; 1:1,000) overnight at 4 ℃, 
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followed by probing for 1 h with appropriate secondary 
antibodies at room temperature. Protein bands were then 
detected using an ECL Detection System (Amersham, NJ, 
USA). Samples were analyzed in triplicate, and GAPDH 
served as the normalization control. ImageJ (Rawak 
Software Inc., Stuttgart, Germany) was used to quantify the 
protein levels in individual samples.

Real-time quantitative polymerase chain reaction (qPCR)

Trizol (Invitrogen, USA) was used to extract the total 
cellular RNA, after which the cDNA was prepared 
with a BestarTM qPCR RT kit (DBI Bioscience, #2220, 
Germany). The primers were as follows: LGALS2-F 
5'-CATGACGGGGGAACTTGAGG-3', LGALS2-R 
5'-AGGTTCAGCTTGTCTGTCCC-3', GAPDH-F 
5'-GACAGTCAGCCGCATCTTCT-3', and GAPDH-R 
5'-GCGCCCAATACGACCAAATC-3'. BestarTM qPCR 
MasterMix (DBI Bioscience, #2043, Germany) was used 
to assess gene expression via qPCR, with GAPDH as the 
normalization control. Relative expression levels were 
detected via the 2−ΔΔCt method.

CCK-8 assay

The transfected cells were added to 96-well plates  
(2×103/well) and grown under normal conditions for 48 h, 
at the end of the time, 10 μL of CCK-8 solution (Dojindo 
Laboratories, Kumamoto, Japan) were added. The cells were 
then incubated for an additional 2 h. Absorbance at 450 nm 
was assessed using a Tecan microplate reader (Tecan Group, 
Ltd.) to detect cellular viability.

EdU uptake assays

Cellular proliferation was quantified with an EdU assay kit 
(Ribobio, Guangzhou, China). Briefly, cells were added to 
confocal plates (10×105/well) and incubated for 2 h with 
50 μM EdU buffer at 37 ℃. After fixation for 30 min using 
4% paraformaldehyde, cells were permeabilized for 20 min 
using 0.1% Triton X-100. Hoechst was used for nuclear 
counterstaining, and the cells were imaged via fluorescent 
microscopy. 

Apoptosis cell death analyses 

TPC-1 and BHT101 cells transfected with the appropriate 
vectors were added to 6-well plates and grown to 

90% confluence, after which they were harvested and 
stained for 15 min using 10 μL of dye from an Annexin 
V-FluoresceinIsothiocyanate/Propidium Iodide (FITC/PI) 
apoptosis kit (Lianke Biotech Co. Ltd., Hangzhou, China) 
at room temperature in the dark. A flow cytometer (FACS 
Calibur, BD Biosciences, USA) was then used for the cell 
analysis.

Immunohistochemistry (IHC) 

The samples were processed for IHC staining by 
deparaffinization, antigen retrieval, inactivation of 
endogenous peroxidase activity, blocking with goat serum 
(Gibco), and incubation overnight with primary anti-Ki67 
(Abcam; #ab15580; 1:400) and an appropriate secondary 
antibody (Abcam; #ab205718; 1:4,000) in sequence. Sections 
were then imaged using a phase contrast microscope (Leica, 
Cat. #DMI 1).

Murine xenograft analyses

Nude athymic BALB/c mice (male, 4 weeks old) from 
the SLAC Laboratory Animal Co. (Shanghai, China) 
were used for these studies, which received approval 
from the Ethics Committee of of The Second Affiliated 
Hospital of Nanchang University (No. 20210304076) 
in accordance with the Guide for the Care and Use of 
Laboratory Animals (8th edition, NIH). A protocol was 
prepared before the study without registration. Animals 
were housed in a specific pathogen-free setting and were 
randomized into four groups (n=5/group). Xenograft 
tumors were generated by subcutaneous injection in the 
left flank of the mice with TPC-1 cells that had been stably 
transfected with pcDNA4.0 vector, pcDNA4.0-LGALS2 
vector, CTRL-siRNA, or LGALS2-siRNA constructs  
(3×107 cells/mouse). The tumor volume and weight 
was monitored every third day for four weeks with 
calipers, with the volume being determined as follows:  
V = length × width2 × 0.5. The animals were euthanized after  
28 days. The tumors were harvested, fixed for 24 h with 4% 
paraformaldehyde, and subsequently processed for IHC 
staining for Ki67 detection. 

Statistical analysis

All experiments were performed at least three times. 
GraphPad Prism 7.0 (GraphPad, CA, USA) was used to 
analyze all data, which are displayed as means ± standard 
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deviation (SD). The data were compared using t-tests and 
one-way ANOVAs. The associations between LGALS2 
expression and clinicopathological features have been 
analyzed using Chi square test. Independent prognostic 
factors were established using a Cox proportional-hazards 
model. P<0.05 was the significance threshold.

Results

LGALS2 was downregulated in human PTC tissues and 
associated with patient outcomes

To explore the relevance of LGALS2 as a diagnostic 
biomarker in PTC, 80 paired tumor and paracancerous 
tissue samples were harvested from PTC patients. 
LGALS2 mRNA levels, as detected by qPCR, were 
signif icantly reduced in tumor tissues relative to 
paired normal tissues (P<0.0001; Figure 1A). Western 
immunoblotting confirmed similar results at the protein 
level (Figure 1B,1C). ROC curves revealed that LGALS2 

offered value as a highly sensitive biomarker of PTC 
(AUC =0.9456, Figure 1D), suggesting the potential 
diagnostic utility of the loss of LGALS2 expression. 
Correlations between LGALS2 levels and PTC patient 
clinicopathological characteristics were also assessed, and 
higher LGALS2 mRNA levels were associated with a low 
TNM stage (Figure 2, Table 1). These results suggested 
that LGALS2 downregulation could be a prognostic 
biomarker in patients with PTC.

LGALS2 knockdown caused more rapid PTC cell 
proliferation in vitro

To further explore how LGALS2 shapes the development 
and progress ion of  PTC, we knocked down and 
overexpressed LGALS2 in the BHT101 and TPC-1 PTC 
cell lines. The successful knockdown and overexpression 
of LGALS2 in these cells were validated by qPCR and 
western immunoblotting (Figure 3A,3B). Subsequently, 

Figure 1 LGALS2 downregulation is evident in human PTC tumor tissues and cell lines. (A) LGALS2 mRNA levels are compared 
via qPCR in PTC and control tissues (n=80). (B) LGALS2 protein levels are significantly lower in PTC patient tumors relative to 
paracancerous tissues in the four indicated paired tissue samples. (C) Quantification of LGALS2 protein expression in PTC patient tumors 
and paracancerous tissues (n=21). (D) The AUC curve analyses of LGALS2 expression in PTC and control tissues (n=80). All experiments 
were repeated in triplicate, and data are means ± SD from triplicate samples; ***, P<0.001; ****, P<0.0001. AUC, area under the curve; PTC, 
papillary thyroid carcinoma; qPCR, quantitative polymerase chain reaction. 
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Figure 2 Correlations between the expression of LGALS2 and PTC patient TNM staging. The correlations between LGALS2 levels 
and patient N stage (A), T stage (B), and clinical stage (C). *, P<0.05; **, P<0.01. PTC, papillary thyroid carcinoma; TNM, tumor node 
metastasis.

the proliferation of these transfected cells was examined 
with CCK-8 and EdU uptake assays. We found that 
LGALS2 overexpression significantly impaired PTC cell 
proliferation relative to OE-NC control cells (Figure 3C), 
whereas knocking down LGALS2 enhanced the ability of 
these cells to proliferate relative to shCTRL transfection. 
The EdU assays similarly confirmed that LGALS2 
knockdown enhanced the proliferative activity of PTC cells  
(Figure 3D,3E). These data thus confirmed the role of 
LGALS2 as a tumor suppressor gene in PTC. 

LGALS2 induced enhanced PTC cell apoptotic death 
through the PI3K/AKT pathway

Apoptotic cell death is an important regulator of PTC 
cell malignancy. We used a flow cytometry-based assay to 
explore the ability of LGALS2 to regulate apoptosis and 
thereby suppress tumorigenesis. The resultant data indicated 
that LGALS2 knockdown reduced the apoptotic death of 
PTC cells relative to control siRNA transfection, while 
LGALS2 overexpression resulted in higher apoptosis rates  

Table 1 Correlation between LGALS2 expression and clinicopathological features in PTC patients

Parameters Group N
Expression of LGALS2

P value
Low High

Age (years) ≤45 42 24 18 0.6855

>45 38 20 18

Gender Female 57 27 30 0.7521

Male 23 10 13

Tumor size (cm) <1 44 24 20 0.3687

≥1 36 16 20

N stage N0 43 13 30 0.0020

N1 37 24 13

T stage T1/T2 46 17 29 0.0029

T3/T4 34 24 10

M stage I 44 17 27 0.0060

II-III 36 25 11

LGALS2, galectin 2; PTC, papillary thyroid carcinoma.
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Figure 3 Knocking down LGALS2 enhances the ability of PTC cells to proliferate. (A,B) LGALS2 levels are detected in TPC-1 and 
BHT101 cells following pcDNA4.0 (OE-CTRL), pcDNA4.0-LGALS2 (OE-LGALS2), NC-siRNA, or LGALS2-siRNA transfection via 
qPCR and western immunoblotting. (C) LGALS2 upregulation inhibits the ability of TPC-1 and BHT101 cells to proliferate, whereas its 
knockdown has the opposite effect. (D,E) The comparison of proliferation in OE-CTRL, OE-LGALS2, si-CTRL, and si-LGALS2 groups 
of TPC-1 and BHT101 cells using an EdU uptake assay. Scale bar: 100 μm. Data are means ± SD from triplicate samples; **, P<0.01; ***, 
P<0.001. PTC, papillary thyroid carcinoma; qPCR, quantitative polymerase chain reaction. 
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(Figure 4A,4B). LGALS2 is thus a driver of PTC cell 
apoptotic death in vitro. Given the hypothesis that LGALS2 
can suppress PTC proliferative activity and survival through 
the suppression of AMPK/mTOR signaling, changes in 
p-PI3K and p-AKT levels were subsequently assessed by 
western immunoblotting. Reduced p-PI3K and p-AKT 

levels were detected following the overexpression of 
LGALS2, whereas higher levels of PI3K/AKT pathway 
activity were evident following sh-LGALS2 transfection 
(Figure 4C-4E) .  Thus,  LGALS2 can suppress the 
progression of PTC through mechanisms at least partially 
related to PI3K/AKT pathway activation.
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Figure 4 LGALS2 drives PTC cell apoptotic death via the PI3K/AKT pathway. (A,B) Flow cytometry detects the apoptotic rates for 
TPC-1 and BHT101 cells following OE-CTRL, OE-LGALS2, si-CTRL, or si-LGALS2 vector transfection. Data are means ± SD. 
(C) PI3K, pAKT, and AKT detected by western immunoblotting in TPC-1 and BHT101 cells in the indicated treatment groups (OE-
CTRL, OE-LGALS2, si-CTRL, and si-LGALS2). (D,E) Protein expression levels are quantified via densitometry, with GAPDH for 
normalization. All experiments were repeated in triplicate; **, P<0.01. PTC, papillary thyroid carcinoma; PI3K/AKT, phosphatidylinositol-
3-kinase/protein kinase B.
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Figure 5 LGALS2 downregulation promotes more robust in vivo tumor growth. (A) Tumors were analyzed in BALB/c nude mice 6 weeks 
following injection, with representative endpoint images showing tumors from the OE-CTRL, OE-LGALS2, si-CTRL, and si-LGALS2 
groups. (B) Tumor volume monitored over time in the indicated mice (mean ± SD; n=25). **, P<0.01. Animals were euthanized at the 
experimental endpoint, and tumors were excised. (C) Representative images of IHC staining for Ki-67. (D,E) Quantification of Ki-67 and 
TUNEL staining of tumors in the indicated groups. (F) LGALS2, PI3K, pAKT, and AKT levels detected via western immunoblotting in 
the indicated groups, with GAPDH as normalization. All experiments were repeated in triplicate; **, P<0.01. IHC, immunohistochemistry; 
TUNEL, terminal deoxynucleotidyl transferase (TdT) dUTP nick end labeling.

LGALS2 knockdown enhanced tumor growth via PI3K/
AKT signaling activity

Lastly, a murine xenograft tumor model was established 
to explore the role of LGALS2 as a regulator of PTC 
tumor development in vivo. Nude athymic mice were 
subcutaneously implanted with TPC-1 cells stably transfected 
with LGALS2 overexpression or knockdown vectors or 
corresponding control constructs. Our results indicated 
that LGALS2 knockdown was associated with an increase 
in tumor cells relative to shCTRL transfection, whereas 
LGALS2 overexpression reduced tumor cells relative to 

the OE-CTRL group (Figure 5A,5B). IHC staining of the 
xenograft tumors from these mice revealed that LGALS2 
knockdown significantly reduced the expression of the 
cancer differentiation-related marker Ki67 (Figure 5C,5D). 
Additionally, TUNEL staining revealed increased apoptotic 
tumor cell death in the OE-LGALS2 group relative to the 
OE-CTRL group, whereas LGALS2 knockdown suppressed 
such apoptotic activity (Figure 5E). Together, these results 
revealed that knockdown LGALS2 was sufficient to impair 
in vivo PTC cell growth and differentiation. Western 
immunoblotting was also used to examine p-PI3K and p-AKT 
levels in these tumors (Figure 5F), and the results were 
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consistent with the in vitro data. As such, these findings 
indicate that LGALS2 can suppress PTC progression via 
PI3K/AKT pathway activation. 

Discussion

LGALS family proteins are S-type lectins that bind to 
galactosidase-containing glycoproteins and harbor a 
conserved CRD sequence. They have emerged as important 
regulators of cellular processes such as adhesion, motility, 
survival, migration, and inflammation (20). Previous 
research efforts have revealed dysregulation of specific 
LGALS proteins in ovarian, prostate, liver, breast, bladder, 
and thyroid cancers (21-25). 

Mechanistically, LGALS proteins can influence 
immunosuppressive pathway activity through interactions 
with specific receptors, influencing certain co-stimulatory 
pathways  or  control l ing immune cel l  act ivat ion, 
differentiation, and survival (26,27). Abnormal LGALS 
expression has often been found to be associated with 
negative prognostic findings, including tumor grade, 
clinical stage, and lymph node status (28,29). LGALS1 and 
LGALS3, the best-studied members of this protein family, 
have repeatedly been shown to be associated with cancer 
patient outcomes. For example, higher levels of LGALS1 
expression are associated with poorer prognosis in ovarian 
carcinoma (30), gingival squamous cell carcinoma (15), 
nasopharyngeal carcinoma (31), and pancreatic ductal 
adenocarcinoma (32). In contrast, data concerning the 
prognostic relevance of LGALS3 have been inconsistent 
and vary across tumor types. Ma et al. reported that anti-
Gal-3 nanoparticles were effective mediators of drug 
delivery capable of increasing intracellular doxorubicin 
concentrations in vivo within thyroid cancer cells (33). 

LGALS2 expression has previously been reported to be 
associated with gestational diabetes, a pregnancy-specific 
metabolic disorder (34). In an oncogenic setting, Jung  
et al. (35) determined that a lower level of LGALS2 
expression was related to more advanced clinical stage and 
lymph node metastatic progression in patients diagnosed 
with gastric carcinoma, indicating that the loss of LGALS2 
expression may contribute to more aggressive gastric 
tumor growth. However, few other studies have examined 
LGALS2 expression in human cancers. In grade III breast 
cancer, LGALS2 levels have been correlated with better 
overall survival (OS) (18), with similar prognostic relevance 
in breast cancer patients with basal-like, luminal B, TP53-
mutated, HER2-overexpressing, and wild-type disease 

(36,37). Chetry et al. (17) further confirmed the value of 
LGALS2 as a predictor of more favorable breast cancer 
outcomes, emphasizing its value as a prognostic biomarker. 
However, no prior reports have examined the predictive 
relevance of LGALS2 expression in patients with PTC.

A detailed study of the molecular drivers of PTC 
pathogenesis have enabled the design of more reliable 
treatments for this cancer type (38). The PI3K/AKT 
pathway is among the most important known intracellular 
signaling mediators of essential processes, including 
proliferation, metabolic activity, protein synthesis, growth, 
and apoptotic death (39). Sustained PI3K/AKT pathway 
activity mediated by abnormal receptor tyrosine kinase 
activity can contribute to improved cellular proliferation 
and higher levels of vascularization (40). The activation 
of this pathway is also critical to PTC development and 
progression (41) with its deregulation contributing to 
altered sensitivity and resistance to particular therapeutic 
drugs (42). Further studies exploring the link between 
LGALS2 and the PI3K/AKT pathway may have important 
implications for PTC patient treatment and management, 
given that these data highlight a close relationship between 
the activity of this pathway and the expression of LGALS2, 
thereby maintaining PTC cell proliferation and survival. 

Conclusions

Together, these data indicate that LGALS2 regulates PI3K/
AKT pathway signaling to suppress PTC progression, 
suggesting that LGALS2 may be a valuable therapeutic and 
prognostic target in PTC treatment. 
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