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Abstract. Thyroid cancer (TC) is the most common type of 
endocrine malignancy in humans, and its relative incidence 
has increased continuously in recent years. However, the 
primary molecular mechanisms of thyroid tumorigenesis and 
progression remain unclear. Papillary TC (PTC) is the most 
common subtype of TC. Recent studies have reported that one 
of the tumorigenesis and progression mechanisms is driven 
by genetic alterations that regulate the TC cell signaling 
pathway. In the present study, RNA sequencing (RNA‑seq) 
was performed on 79 paired PTC and adjacent normal thyroid 
tissues to further study the molecular mechanisms of TC. 
Reverse transcription‑quantitative PCR was used to detect 
the expression levels of LEM domain containing 1 (LEMD1) 
in 47 paired PTC and adjacent normal thyroid tissue samples. 
Initial analysis revealed that LEMD1 expression was signifi‑
cantly upregulated in TC tissues compared with that in normal 
tissues. The results of the thyroid RNA‑seq datasets from 
The Cancer Genome Atlas were consistent with the RNA‑seq 
analysis results of the present study. High LEMD1 expression 
increased the risk of lymph node metastasis in patients with 
TC. The biological function of LEMD1 on cell proliferation, 
migration, invasion and apoptosis was investigated in vitro 
via small interfering RNA and overexpression vector. Gene 
set enrichment analysis indicated that high LEMD1 expres‑
sion was associated with epithelial‑mesenchymal transition 

(EMT) and the Wnt/β‑catenin signaling pathway. Western 
blotting revealed that LEMD1 modulated the protein expres‑
sion levels of E‑cadherin, N‑cadherin, vimentin, β‑catenin 
and cleaved‑caspase 3. In conclusion, the present results 
indicated that LEMD1 may drive TC cell tumorigenesis 
and progression by activating the Wnt/β‑catenin signaling 
pathway and EMT.

Introduction

Thyroid cancer (TC) originates from parafollicular or 
follicular thyroid cells, and it includes papillary TC (PTC), 
anaplastic TC, medullary TC, poorly differentiated TC and 
follicular TC (1). According to the Cancer Statistics report 
in 2019, 52,070 new cases were diagnosed and 2,170 deaths 
were recorded in the United States (2). A similar situation 
exists in China, where the incidence of TC was 1,700 per 
100,000 people between 1981 and 2001 (3). PTC is the major 
histological type of TC that accounts for 80‑85% of all TC 
cases, but this disease is highly curable  (4,5). The prog‑
nosis of patients with PTC after total thyroidectomy with 
cervical node dissection is good, with a 10‑year survival rate 
>90% (6). However, PTC still displays aggressive behaviors, 
such as metastasis and recurrence. Lymph node metastasis 
(LNM) occurs in 50% of patients with PTC, and the recur‑
rence rate is up to 10% (7,8). Therefore, to avoid the loss 
of quality of life of patients, a new diagnostic or treatment 
method is essential for patients with TC.

Although numerous studies have been conducted on 
TC over the past decades (9,10), its underlying mechanisms 
remain unclear. With the development of RNA sequencing 
(RNA‑seq), studies have revealed that the major mechanisms 
of genome alteration that underlie cancer pathogenesis are copy 
number gain/loss, chromosomal rearrangements and genetic 
mutations (11‑13). Several vital genome alterations have been 
discovered (14,15). The mutations of B‑type Raf kinase are 
the most well‑known and important genome alterations that 
promote PTC tumorigenesis and progression by influencing 
the MAPK signaling pathway  (16). Despite the numerous 
reported mechanisms of TC, the primary ones remain to be 
further elucidated (17,18).
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LEM domain containing 1 (LEMD1) is a member of the 
cancer/testis gene family located on human chromosome 1q32.1, 
a member of the cancer/testis antigen (CTA) family. CTAs are 
commonly expressed in normal testis tissues and malignant 
tissues (19). Therefore, the cancer/testis gene LEMD1 may be 
a reasonable candidate target for the diagnosis and treatment 
of carcinoma. A previous study has reported that LEMD1 
expression is widely upregulated in gastric cancer, prostate 
cancer, oral squamous cell carcinoma, anaplastic large cell 
lymphoma and colorectal cancer (20). In addition, the overex‑
pression of LEMD1 promotes gastric cancer cell proliferation 
by activating the PI3K/AKT signaling pathway (20). Another 
study has suggested that LEMD1 promotes the tumorigenesis 
of anaplastic large‑cell lymphoma, and that it is a target gene 
of microRNA‑135b (21). Additionally, LEMD1 has a role in 
the maintenance of colorectal cancer stem‑like cells (22). 

To the best of our knowledge, the function of LEMD1 in 
PTC has not been investigated. Therefore, the present study 
aimed to investigate the function and the underlying mecha‑
nism of LEMD1 in the proliferation and migration of TC cells.

Materials and methods

Patients and tissue collection. Fresh tissue samples (47 paired 
PTC and non‑tumor thyroid tissues) were provided by the First 
Affiliated Hospital of Wenzhou Medical University (Wenzhou, 
China) between May 2018 and April 2019 as a local validated 
cohort. These samples were obtained from patients who were 
not undergoing chemotherapy nor radiotherapy. All of the 
samples were frozen in liquid nitrogen and stored at ‑80˚C 
until processing. Tumor histological review was performed 
by two pathologists, and two senior pathologists confirmed 
the results. The patients were informed before the operation, 
and they provided written informed consent in accordance 
with the guidelines of the Ethics Committee of the First 
Affiliated Hospital of Wenzhou Medical University (approval 
no.  2012‑57). The TC expression data and corresponding 
clinical information were obtained from The Cancer Genome 
Atlas (TCGA) portal (https://tcgadata.nci.nih.gov/tcga/). 
The TCGA gene expression data of 502 PTC samples and 
58 normal samples were available.

RNA‑seq. The next‑generation sequencing data (79 paired 
PTC and non‑tumor thyroid tissues) was from our unpub‑
lished study (Wang et al, unpublished data). Total RNA was 
extracted from 79 pairs of PTC and normal tissues using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.). Total RNA concentration was measured using a DS‑11 
Spectrophotometer (DeNovix). After RNA quality was 
evaluated (Agilent 2100 Bioanalyzer; Agilent Technologies, 
Inc.; RNA integrity number >8.0), 1,000 ng of total RNA was 
used to construct cDNA libraries with the Ion Total RNA‑Seq 
kit‑v2 (Thermo Fisher Scientific, Inc.). Next‑generation 
sequencing was conducted on Illumina Hiseq 2500 platform 
(125 bp paired end reads). Clean data (clean reads) were 
obtained by removing reads containing adapter, ploy‑N and 
low quality reads from raw data. The clean data were then 
aligned to the human reference genome version (GRCh37) 
using the MapSplice program v2.1.6 (http://www.netlab.uky.
edu/p/bioinfo/MapSplice/) (23). 

Gene set enrichment analysis (GSEA). GSEA v.4.0.3 software 
(http://www.broadinstitute.org/gsea) was used to analyze 
various potential biological gene sets that were associated with 
LEMD1 expression in TCGA dataset. The 502 PTC samples 
were divided into two groups based on the median LEMD1 
expression (fragments per kilobase per million, 7.5610005855) 
in patients (high‑ and low‑expression groups). The Kyoto 
Encyclopedia of Genes and Genomes subset of Canonical 
pathways (186 gene sets) was used for GSEA obtained from the 
Molecular Signature Database v7.1 (https://www.gsea‑msigdb.
org/gsea/msigdb/index.jsp).

Cell lines and cell culture. TPC‑1 (RRID, CVCL_6298; 
human PTC cell line), BCPAP (RRID, CVCL_0153; human 
TC cell line), KTC‑1 (RRID, CVCL_6300; human PTC cell 
line) and HTORI‑3 (RRID, CVCL_4W02; normal human 
thyroid cell line) were used in the present study (24). KTC‑1 
and HTORI‑3 cell lines were provided by The Cell Bank of 
Type Culture Collection of The Chinese Academy of Sciences. 
TPC‑1 and BCPAP cell lines were obtained from Professor 
Mingzhao Xing (Johns Hopkins University School of 
Medicine, Baltimore, MA, USA). TPC‑1, BCPAP and KTC‑1 
were cultured in RPMI 1640 medium (Gibco; Thermo Fisher 
Scientific, Inc.) containing 10% FBS (Invitrogen; Thermo 
Fisher Scientific, Inc.) and 100 U/ml penicillin‑streptomycin. 
HTORI‑3  cells were cultured in DMEM (Gibco; Thermo 
Fisher Scientific, Inc.) containing 10% FBS and 100 U/ml 
penicillin‑streptomycin. The cells were cultured at a constant 
temperature of 37˚C in a humidified incubator with 5% CO2.

RNA isolation and reverse transcription‑quantitative PCR 
(RT‑qPCR) analysis. Total RNA was extracted from the 47 
pairs of PTC and normal tissues or cells using TRIzol reagent 
in accordance with the manufacturer's protocol (Invitrogen; 
Thermo Fisher Scientific, Inc.). The samples with A260/A280 
of 1.8‑2.0 were considered for further analysis. Subsequently, 
RT was performed using the ReverTra Ace qPCR RT kit (cat. 
no. FSQ‑101; Toyobo Life Science) according to the manu‑
facturer's protocol. qPCR was performed using Thunderbird 
SYBR qPCR Mix (cat. no. QPS‑201; Toyobo Life Science) 
on Applied Biosystems 7500 (Thermo Fisher Scientific, Inc.). 
The thermocycling conditions of qPCR were as follows: 40 
cycles of denaturation at 95˚C for 15 sec, annealing at 60˚C 
for 15  sec and extension at 72˚C for 45  sec. The relative 
LEMD1 expression was normalized to GADPH. The 2‑∆∆Cq 
method was used to calculate the quantification of mRNA 
expression  (25). The primer sequences for PCR were as 
follows: LEMD1 forward, 5'‑GCA​AGA​GCA​CCA​AGC​ACC​
AG‑3' and reverse, 5'‑TCA​AGC​CCA​CTG​GGA​AAC​CT‑3'; 
GAPDH forward, 5'‑GGT​CGG​AGT​CAA​CGG​ATT​TG‑3' 
and reverse, 5'‑ATG​AGC​CCC​AGC​CTT​CTC​CAT‑3'. All 
samples were run in triplicate.

Cell transfection. The negative control small interfering 
RNA (siRNA), the LEMD1‑specific siRNA used for 
LEMD1‑knockdown, the empty control vector [pEX‑3 
(PGCMV/MCS/Neo)] and the LEMD1 overexpression vector 
[pEX‑3 (EcoRI/BamHI)‑LEMD1] were purchased from 
Shanghai GenePharma Co., Ltd. The siRNA (20 µM/µl) was 
transfected into TC cell lines using Lipofectamine RNAiMAX 
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(cat. no. 13778075; Thermo Fisher Scientific, Inc.) in accor‑
dance with the manufacturer's protocol for 8 h at 37˚C. The 
vectors (1 µg/µl) were transfected into TC cell lines using 
Lipofectamine 3,000 (cat. no.  L3000008; Thermo Fisher 
Scientific, Inc.) for 6 h at 37˚C. The TC cells were seeded into 
6‑well plates and incubated at 37˚C for 24 h before transfec‑
tion (TPC‑1, 4.0x104/well; BCPAP and KTC‑1, 8.0x104/well). 
Subsequently, the transfected TC cells were incubated at 37˚C 
for 48 h before being harvested for subsequent experimenta‑
tion. The siRNA sequences were as follows: siRNA‑LEMD1 
sense, 5'‑GCC​CAA​UAC​UAC​CUU​CCA​CTT‑3' and anti‑
sense, 5'‑GUG​GAA​GGU​AGU​AUU​GGG​CTT‑3'; and the 
non‑targeting negative control siRNA sense, 5'‑UUC​UCC​
GAA​CGU​GUC​ACG​UTT‑3' and antisense, 5'‑ACG​UGA​CAC​
GUU​CGG​AGA​ATT‑3'. The transfection efficiency was tested 
using RT‑qPCR, as aforementioned. All experiments were 
performed in triplicate with three independent samples.

Cell Counting Kit‑8 (CCK‑8) proliferation assay. For the CCK‑8 
assay (cat. no. C0040; Beyotime Institute of Biotechnology), 
TPC‑1 (1.25x103 cells/well), BCPAP‑1 (1.25x103 cells/well) 
and KTC‑1 (1.5x103 cells/well) cells transfected with siRNA 
or overexpression vector were plated into 96‑well plates with 
the corresponding medium. After 24, 48, 72 and 96 h, the 
cellular viability of the transfected cells was tested by adding 
the CCK‑8 solution (10 µl/well) and incubated for 3 h at 37˚C. 
Subsequently, the absorbance was determined at a wavelength 
of 450 nm with SpectraMax M5 (Molecular Devices LLC).

Colony formation assay. The transfected cells were counted 
and seeded (1.25x103 cells/well for TPC‑1 and BCPAP‑1 cells, 
and 1.5x103 cells/well for KTC‑1 cells) in 6‑well plates. After 
the cells were incubated for 7‑14 days at 37˚C with 5% CO2, 
they were washed three times with PBS and fixed with 4% 
paraformaldehyde (Sigma‑Aldrich; Merck KGaA) at room 
temperature for 30 min. Subsequently, all plates were washed 
with PBS and stained with 0.01% crystal violet staining solu‑
tion at room temperature for 20 min.

Migration and invasion assays. The cell capacity of migra‑
tion was detected using wound‑healing and Transwell 
migration assays. Wound‑healing assay was performed on 
24‑well plates. Cells (2x105) were plated into wells and 
cultured until 100% confluency was reached. A sterile 
200‑µl pipette tip was used to scratch wounds, and cells were 
incubated in serum‑free RPMI 1640 medium at 37˚C for 
24 h. The results of the wound‑healing assay were observed 
under a light microscope (DMi1; Leica Microsystems 
GmbH) using a fixed magnification of x200. The migration 
rate was calculated as follows: (0 h wound area‑24 h wound 
area)/0 h wound area x 100%. Transwell migration assay was 
conducted using 8‑µm pore‑size Transwell chambers (cat. 
no. 3422; Corning, Inc.) without Matrigel to evaluate the 
migratory ability. The transfected cells (3.5x104 cells/well 
for TPC‑1, KTC‑1 and BCPAP) were seeded in the upper 
chamber of each insert with 200 µl serum‑free RPMI 1640 
medium. Subsequently, the lower chambers were filled with 
600 µl RPMI 1640 medium containing 10% FBS. After the 
cells were incubated for 24 h at 37˚C, those that migrated 
were fixed with 4% paraformaldehyde and stained with 

0.01% crystal violet staining solution both at room tempera‑
ture for 15 min each.

Cell invasion was measured using 8‑µm pore‑size invasion 
chambers pre‑coated with Matrigel® (cat. no. 354480; Corning, 
Inc.). The transfected tumor cell suspensions (4x104 cells/well 
for TPC1, BCPAP and KTC‑1) in 200 µl serum‑free RPMI-1640 
medium were placed in the upper chamber, while the lower 
chamber was filled with 600 µl RPMI-1640 medium with 10% 
FBS. The same steps used for migration assays were used to fix 
and stain the cells on the bottom surface of the upper chamber. 
The results of the migration and invasion assays were observed 
under a light microscope (DMi1; Leica Microsystems GmbH) 
using a fixed magnification of x200.

Apoptotic analysis. Apoptosis was measured using an 
Annexin‑V‑FITC/PI Apoptosis Detection kit (cat. no. 556547; 
BD Biosciences). The tumor cells were collected after transfec‑
tion for 48 h. Subsequently, they were centrifuged at 1,000 x g 
for 3 min at 4˚C, and the supernatant was removed. The cells 
were resuspended in PBS. These steps were repeated three 
times. Subsequently, 5 µl Annexin V‑FITC and 5 µl PI were 
added to the solution to stain the cells for 15 min in the dark 
at room temperature in accordance with the manufacturer's 
protocol. The cells were analyzed using a BD FACScantoⅡ 
flow cytometer (BD Biosciences) and FlowJo v10.0 software 
(FlowJo LLC). Apoptosis included early (Q3) and late apop‑
tosis (Q2). Percentage of apoptosis=Q2 + Q3.

Protein extraction and western blot (WB) analysis. The 
cells were lysed in cell lysis buffer (cat. no. P0033; Beyotime 
Institute of Biotechnology) to extract the total cell protein. 
Lysate protein concentrations were measured using bicincho‑
ninic acid assay. The protein samples (20 µg protein/lane) were 
separated via 10% SDS-PAGE and then were electro‑trans‑
ferred onto PVDF membranes. Subsequently, the membranes 
were blocked with 5% skimmed milk (cat. no. 232100; BD 
Biosciences) in TBS‑Tween (TBST; 0.1% Tween-20) for 
2 h at room temperature and then incubated with primary 
antibodies for 12  h at 4˚C. Finally, after the membranes 
were rinsed three times in TBST, they were incubated with 
goat anti‑mouse IgG/HRP (cat. no. SE131; 1:5,000; Beijing 
Solarbio Science & Technology Co., Ltd.) or goat anti‑rabbit 
IgG/HRP secondary antibodies (cat. no.  SE134; 1:5,000; 
Beijing Solarbio Science & Technology Co., Ltd.) for 2 h at 
room temperature. The target bands were detected using 
BeyoECL Plus (cat. no.  P0018M; Beyotime Institute of 
Biotechnology) and analyzed using ImageJ v1.50b (National 
Institutes of Health). The primary antibodies were as follows: 
LEMD1 (1:500; cat. no.  ab201206; Abcam), N‑cadherin 
(1:1,000; cat. no.  22018‑1‑AP; ProteinTech Group, Inc.), 
E‑cadherin (1:1,000; cat. no. 20874‑1‑AP; ProteinTech Group, 
Inc.), β‑catenin (1:5,000; cat. no. 51067‑2‑AP; ProteinTech 
Group, Inc.), vimentin (1:8,000; cat. no.  60330‑1‑LG; 
ProteinTech Group, Inc.), Caspase 3/Cleaved caspase 3 (1:500; 
cat. no. 19677‑1‑AP; ProteinTech Group, Inc.) and β‑actin 
(1:2,000; cat. no. 60008‑1‑Ig, ProteinTech Group, Inc.).

Statistical analysis. Statistical analyses were performed 
using SPSS software (v23.0; IBM Corp.). The χ2 test or 
Fisher's exact test were used to assess the association between 
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Table I. Association between LEMD1 expression and clinicopathological features in The Cancer Genome Atlas cohort (n=502).

	 High LEMD1	 Low LEMD1
Clinicopathological features	 expression (n=251)	 expression (n=251)	 χ2	 P‑value

Histological type			   30.288	 <0.001a

  Classical	 206	 150		
  Other types	   45	 101		
Age, years			   <0.001	 >0.999a

  Mean ± SD	 47.55±16.03	 47.13±15.66		
  ≤45	 113	 113		
  >45	 138	 138		
Sex			   0.010	 0.920a

  Male	   67	   68		
  Female	 184	 183		
Tumor size, mm			   4.277	 0.039a

  ≥20	 189	 168		
  <20	   62	   83		
Lymph node metastasis			   35.179	 <0.001a

  Yes	 144	   78		
  No	 107	 173		
Distant metastasis			   NA	 0.504b

  Yes	     3	     6		
  No	 248	 245		
AJCC disease stage 			   10.992	 0.001a

  I+II	 150	 185		
  III+IV	 101	   66		

aχ2 test. bFisher's exact test. LEMD1, LEM domain containing 1; AJCC, American Joint Committee on Cancer; NA, not applicable.

Figure 1. LEMD1 expression in TC tissues is upregulated compared with that in normal thyroid tissues. LEMD1 expression was significantly upregulated 
in the tumor tissues of (A) the RNA‑seq cohort (Wilcoxon test), (B) TCGA dataset (Mann‑Whitney test) and (C) the local validated cohort (Wilcoxon test). 
Receiver operating characteristic curve analysis of LEMD1 expression was used to identify TC tissues from normal thyroid tissues in (D) the RNA‑seq cohort 
(sensitivity and specificity values were 81.0 and 87.3, respectively), (E) TCGA dataset (sensitivity and specificity values were 79.1 and 93.1, respectively) and 
(F) the local validated cohort (sensitivity and specificity values were 78.7 and 91.5, respectively). The optimal cut‑off value of LEMD1 expression was deter‑
mined by maximizing the Youden index value. Youden index=(sensitivity + specificity)‑1. Data are shown as the mean ± SD of three independent experiments. 
****P<0.0001. LEMD1, LEM domain containing 1; TC, thyroid cancer; TGCA, The Cancer Genome Atlas; FPKM, fragments per kilobase per million; AUC, 
area under curve. 
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clinicopathological characteristics and LEMD1 expression. 
The association between LEMD1 and LNM was analyzed 
using univariate and multivariate Cox regression analysis. 
Statistical significance was evaluated using Wilcoxon test, 
Mann‑Whitney test, one‑way ANOVA followed by Tukey's 
post‑hoc test or Student's unpaired t‑test. The diagnosis potential 
of LEMD1 was evaluated by receiver operating character‑
istic (ROC) curve using SPSS software. The optimal cut‑off 
value of LEMD1 expression was determined by maximizing 
the Youden index value. Youden index=(sensitivity + speci‑
ficity) ‑1. All experiments were repeated in triplicate at least 
three times. The data are presented as the mean ± SD. P<0.05 
was considered to indicate a statistically significant difference. 

Results

LEMD1 expression is upregulated in TC. In the present study, 
RNA‑seq was performed on 79 paired PTC and non‑tumor 
thyroid tissues to detect the RNA expression, and the results 
revealed that LEMD1 expression in the PTC tissues was 
significantly upregulated compared with that in the paired 
non‑cancer tissues (Fig. 1A; Table SI). The results from TCGA 
cohort were consistent with those from the RNA‑seq dataset 
(Fig. 1B). Furthermore, LEMD1 expression in 47 paired PTC 
and non‑tumor thyroid tissues was detected using RT‑qPCR 
(Fig. 1C), revealing that LEMD1 expression was significantly 
upregulated in tumor compared with in normal tissues. The 

Table II. Association between LEMD1 expression and clinicopathological features in the local validated cohort (n=47).

	 High LEMD1	 Low LEMD1
Clinicopathological features	 expression (n=23)	 expression (n=24)	 χ2	 P‑value

Histological type			   NA	 NA
  Classical	 23	 24		
Age, years			   0.180	 0.671a

  Mean ± SD	 47.56±14.43	 48.23±14.86		
  ≤45	 15	 14		
  >45	 11	 10		
Sex			   0.295	 0.587a

  Male	   6	   8		
  Female	 17	 16		
Tumor size, mm			   0.236	 0.627a

  ≥20	 15	 14		
  <20	   8	 10		
Lymph node metastasis			   7.671	 0.006a

  Yes	 16	   7		
  No	   7	 17		
Distant metastasis			   NA	 NA
  No	 23	 24		
AJCC disease stage 			   NA	 0.002b

  I+II	 15	 24		
  III+IV	   8	   0		

aχ2 test. bFisher's exact test. LEMD1, LEM domain containing 1; AJCC, American Joint Committee on Cancer; NA, not applicable.

Table III. Univariate logistic regression analysis for the risk of lymph node metastasis.

Factor	 Odds ratio	 95% CI	 P‑value

LEMD1 expression (high vs. low)	 2.985	 2.070‑4.305	 <0.001a

Histological type (PTC vs. other TC subtypes)	 2.649	 1.747‑4.017	 <0.001a

Age (≤45 vs. >45 years)	 0.653	 0.458‑0.931	 0.019 a

Sex (male vs. female)	 0.630	 0.424‑0.937	 0.023a

AJCC disease stage (III+IV vs. I+II)	 1.009	 2.468‑3.803	 0.989
Tumor size (≥20 vs. <20 mm)	 2.283	 1.514‑3.441	 <0.001a

aP<0.05. LEMD1, LEM domain containing 1; AJCC, American Joint Committee on Cancer.
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diagnostic potential of LEMD1 was evaluated using ROC 
curve analysis. In the RNA‑seq cohort (sensitivity, 81.0; speci‑
ficity, 87.3), TCGA dataset (sensitivity, 79.1; specificity, 93.1) 
and the local validated cohort (sensitivity, 78.7; specificity, 
91.5), the ROC curve analyses indicated that LEMD1 expres‑
sion may be a potential marker for TC from normal thyroid 
tissues (Fig. 1D‑F). These results indicated that LEMD1 may 
be a potential gene for the diagnosis and treatment of TC. 

LEMD1 expression is associated with clinicopathological 
characteristics in patients with TC. The association between 
LEMD1 expression and the clinicopathological features 
of patients with TC was analyzed in TCGA dataset and the 
local validated cohort. According to LEMD1 expression, the 
RNA‑seq results of LEMD1 expression from TCGA dataset 
were divided into two groups, namely the high‑ (n=251) and 
low‑expression (n=251) groups. The results revealed that 
LEMD1 expression was associated with histological type 
(P<0.001), tumor size (P=0.039), LNM (P<0.001) and disease 
stage (P=0.001) (Table I). However, no significant associa‑
tion was observed between LEMD1 expression and sex, age 
and distant metastasis. In the local validated cohort, LEMD1 
expression was associated with LNM (P=0.006) and disease 
stage (P=0.002) (Table II). All analyses supported that LEMD1 
may act as a cancer‑promoting gene in TC.

High LEMD1 expression aggravates the risk of LNM in TC. 
The association between LNM and LEMD1 expression was 
evaluated using logistic regression analysis. The results of the 
univariate logistic regression analysis are shown in Table III. 
The significant variables associated with LNM were LEMD1 
expression odds ratio (OR), 2.985; 95% CI, 2.070‑4.305, 
P<0.001), histological type (OR, 2.649; 95% CI, 1.747‑4.017; 
P<0.001), age (OR, 0.653; 95% CI, 0.458‑0.931; P=0.019), sex 
(OR, 0.63; 95% CI, 0.424‑0.937; P=0.023) and tumor size (OR, 
2.283; 95% CI, 1.514‑3.441; P<0.001) (Table III). Meanwhile, 
multivariate logistic regression analysis was performed using 
the parameters with significant variables in univariate logistic 
regression. The results indicated that LEMD1 expression 
(OR, 2.581; 95% CI, 1.752‑3.804; P<0.001), histological type 
(OR, 2.128; 95% CI, 1.365‑3.318; P=0.001), age (OR, 0.647; 
95% CI, 0.441‑0.950; P=0.026), sex (OR, 0.627; 95% CI, 
0.410‑0.960; P=0.032) and tumor size (OR, 2.206; 95% CI, 
1.429‑3.406; P<0.001) were independent high‑risk factors of 
LNM (Table IV). 

LEMD1 promotes the proliferation of TC cell lines. Given that 
LEMD1 expression was generally upregulated in TC, LEMD1 
may serve an important role in TC tumorigenesis and progres‑
sion. Thus, LEMD1 expression in TC cell lines and a normal 
human thyroid cell line (HTORI‑3) was assessed at the mRNA 
and protein levels. LEMD1 expression was significantly upreg‑
ulated in TPC‑1, BCPAP and KTC‑1 cells compared with in 
HTORI‑3 cells (Fig. 2A). Subsequently, si‑LEMD1 or LEMD1 
overexpression vector were chosen to knock down or overex‑
press, respectively, LEMD1 expression in the TC cell lines, 
and the transfection efficiency was evaluated via RT‑qPCR 
and WB (Fig. 2B and C). Subsequently, CCK‑8 and colony 
formation assays were performed. The results revealed that 
LEMD1‑knockdown significantly inhibited cell proliferation 
and colony formation, while LEMD1 overexpression promoted 
the proliferation and colony formation of TPC‑1, BCPAP and 
KTC‑1 cell lines (Fig. 2D‑F).

LEMD1 enhances the migratory and invasive capacities of TC 
cells in vitro. Considering the significant association between 
LNM and LEMD1 expression, the function of LEMD1 in 
the migratory and invasive capacities of TC cell lines was 
assessed. As shown in Fig. 3A‑C, LEMD1‑knockdown signifi‑
cantly decreased the migratory ability of TC cells compared 
with that of the control cells. The invasive ability was similarly 
inhibited by LEMD1‑knockdown in TC cell lines (Fig. 3D). 
With the overexpression of LEMD1, the experiments exhib‑
ited the opposite results (Fig. 3C and D), with significantly 
increased migratory and invasive capacities. The current 
results indicated that LEMD1 may serve an important role in 
the migratory and invasive capacities of TC cell lines.

LEMD1‑knockdown induces apoptosis of TC cells in vitro. 
The effect of LEMD1 on the apoptosis of TC cell lines was 
analyzed via flow cytometry and WB analysis (caspase 3 and 
cleaved‑caspase 3) to further explore the function of this gene. 
LEMD1‑knockdown led to a significant increase in the apop‑
tosis of TPC‑1, BCPAP and KTC‑1 cells (Fig. 4A, D and E). 
The results indicated that the apoptosis suppressed by LEMD1 
may be responsible for TC progression.

LEMD1 promotes TC progression by regulating EMT 
in vitro. EMT is an indispensable process for cancer cell 
metastasis  (26). As shown in Tables  I  and  II, LEMD1 
expression was significantly associated with LNM. GSEA 

Table IV. Multivariate logistic regression analysis for the risk of lymph node metastasis.

Factor	 Odds ratio	 95% CI	 P‑value

LEMD1 expression (high vs. low)	 2.581	 1.752‑3.804	 <0.001a

Histological type (PTC vs. other TC subtypes)	 2.128	 1.365‑3.318	 0.001a

Age (≤45 vs. >45 years)	 0.647	 0.441‑0.950	 0.026a

Sex (male vs. female)	 0.627	 0.410‑0.960	 0.032a

Tumor size (≥20 vs. <20 mm)	 2.206	 1.429‑3.406	 <0.001a

aP<0.05. LEMD1, LEM domain containing 1; AJCC, American Joint Committee on Cancer.
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was performed on the basis of TCGA dataset to explore 
the potential mechanism by which LEMD1 promoted 

TC metastasis. The results revealed that the upregulation 
of LEMD1 expression was closely associated with EMT 

Figure 2. TC cell transfection with LEMD1 siRNA or overexpression vector reveals that LEMD1 promotes TC cell proliferation. (A) Relative mRNA and 
protein LEMD1 expression in HTORI‑3 (normal human thyroid cell line) and three TC cell lines. (B) LEMD1 expression was detected via RT‑qPCR and 
WB in TPC‑1, BCPAP and KTC‑1 cell lines transfected with siRNA. (C) Transfection efficiency of LEMD1 overexpression vector in TC cell lines detected 
via RT‑qPCR and WB. Results of colony formation assays for TC cells transfected with (D) Si‑LEMD1 or (E) LEMD1 OE vector. (F) Cell proliferation 
was measured using the Cell Counting Kit‑8 assay in TC cells transfected with Si‑LEMD1 or LEMD1 OE vector. The data are shown as the mean ± SD of 
three independent experiments. Statistical significance was evaluated using one‑way ANOVA followed by Tukey's post‑hoc test for comparisons among 
multiple groups or Student's unpaired t‑test for comparisons between two groups. *P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001 vs. HTORI‑3, Si‑NC or 
control. LEMD1, LEM domain containing 1; TC, thyroid cancer; siRNA, small interfering RNA; RT‑qPCR, reverse transcription quantitative PCR; OE, over
expression; WB, western blot; NC, negative control; OD, optical density.
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and the Wnt/β‑catenin signaling pathway (Fig.  4C). 
The essential specific markers of EMT (E‑cadherin, 
N‑cadherin and vimentin) were detected in TC cells with 
LEMD1‑knockdown or overexpression compared with 
the respective control cells using WB. The cells with 
LEMD1‑knockdown expressed significantly lower expres‑
sion levels of N‑cadherin and vimentin, and significantly 
higher expression levels of E‑cadherin compared with the 
respective negative control cells (Fig.  4D  and  E). With 
the overexpression of LEMD1, the WB results exhibited 
opposite results (Fig. 4D and E), with significantly higher 

expression levels of N‑cadherin and vimentin, and signifi‑
cantly lower expression levels of E‑cadherin. These findings 
demonstrated that LEMD1 regulated EMT in TC cell lines.

Effects of LEMD1 on activation of the Wnt/β‑catenin signaling 
pathway. The Wnt/β‑catenin signaling pathway is one of the 
classical pathways that drive EMT in malignant tumors (27). 
The GSEA results indicated that LEMD1 expression was 
associated with the Wnt/β‑catenin signaling pathway. Several 
pathway‑specific markers that regulate EMT were assessed 
using WB to further study the molecular mechanisms of 

Figure 3. LEMD1 enhances cell migration and invasion in TC cell lines. (A) Wound healing assays were used to detect cell migration in Si‑LEMD1‑transfected 
TC cells (scale bar, 400 µm). (B) Relative quantification of migration rate in wound healing assays. Migration rate=(0 h wound area‑24 h wound area)/0 h 
wound area x 100%. Transwell (C) migration and (D) invasion assays were used to detect cell migration and invasion in TC cells transfected with Si‑LEMD1 or 
LEMD1 OE vector (scale bar, 100 µm; magnification, x200). The data are shown as the mean ± SD of three independent experiments. Student's unpaired t‑test 
was used for statistical analyses. **P<0.01, ***P<0.001 and ****P<0.0001 vs. Si‑NC or control. LEMD1, LEM domain containing 1; TC, thyroid cancer; siRNA, 
small interfering RNA; OE, overexpression; NC, negative control.
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Figure 4. LEMD1‑knockdown induces apoptosis of thyroid cancer cells in vitro, and LEMD1 regulates EMT and the Wnt/β‑catenin signaling pathway. 
(A) Flow cytometry analysis of the apoptotic rates of the TPC‑1, BCPAP and KTC‑1 cells transfected with Si‑NC or Si‑LEMD1. (B) Quantitative results of 
the apoptotic cell percentages. Apoptosis included early (Q3) and late apoptosis (Q2). Percentage of apoptosis=Q2 + Q3. (C) Gene set enrichment analysis 
plots revealed that high LEMD1 expression was positively associated with EMT and the Wnt/β‑catenin signaling pathway. (D) Protein expression levels 
of vimentin, N‑cadherin, E‑cadherin, β‑catenin, caspase 3 and cleaved‑caspase 3 were evaluated using western blotting, with β‑actin serving as a loading 
control. (E) Relative quantitative analysis of protein expression. All experiments were repeated in triplicate at least three times. The data are presented as the 
mean ± SD. Student's unpaired t‑test was used for statistical analyses. *P<0.05, **P<0.01 and ***P<0.001 vs. Si‑NC or control. LEMD1, LEM domain containing 
1; OE, overexpression; NC, negative control; EMT, epithelial‑mesenchymal transition; NES, normalized enrichment score; FDR, false discovery rate.
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LEMD1 in TC. The results revealed that LEMD1‑knockdown 
significantly decreased β‑catenin expression (Fig. 4D and E). On 
the other hand, the overexpression of LEMD1 significantly upreg‑
ulated β‑catenin expression (Fig. 4D and E). Overall, the results 
demonstrated that LEMD1 was able to activate the Wnt/β‑catenin 
signaling pathway and EMT in TC cell lines in vitro.

Discussion

The incidence of TC has increased rapidly in recent years. A 
previous study has predicted that TC would replace colorectal 
cancer as the fourth leading type of cancer by 2030  (28). 
Although almost all patients with PTC have a favorable prog‑
nosis, LNM remains a pressing issue for some patients (29). 
Thus, understanding the molecular pathogenesis underlying 
PTC LNM and distant metastasis is essential for the devel‑
opment of improved diagnostic and therapeutic strategies 
to treat patients with PTC. Increasing studies have revealed 
that LEMD1 serves a vital role in the tumorigenesis and 
progression of several types of cancer (20‑22), but the func‑
tion of LEMD1 in PTC is poorly understood. The evolution 
of RNA‑seq technologies provided an effective method to 
further elucidate the underlying PTC molecular mechanisms. 
RNA‑seq was previously conducted on 79 paired PTC and 
non‑tumor thyroid tissues, and LEMD1 expression in PTC 
tissues was significantly upregulated compared with that in 
normal tissues. This phenomenon was also observed in TCGA 
dataset. RT‑qPCR and WB analysis revealed that LEMD1 was 
highly expressed in TC cell lines and tissues. All these data 
indicated that LEMD1 may play a critical role in TC tumori‑
genesis and progression.

EMT can result in the loss of cell adhesion and promote 
the invasion and metastasis of cancer (30). Upregulation of 
mesenchymal markers (N‑cadherin and vimentin) and down‑
regulation of epithelial markers (E‑cadherin) have been reported 
in different types of tumor during EMT (27,31). According to 
a study by Sasahira et al (32), LEMD1 downregulation may 
promote the invasive and metastatic ability of oral squamous 
cell carcinoma. The GSEA results of the present study revealed 
that high LEMD1 expression was positively associated with 
the EMT signaling pathway in PTC tissues (TCGA cohort). 
However, to the best of our knowledge, the association between 
LEMD1 and EMT in TC has not been studied.

LEMD1 acts as a cancer‑promoting gene in several types of 
tumor, such as gastric cancer, prostate cancer, oral squamous 
cell carcinoma, anaplastic large‑cell lymphoma and colorectal 
cancer  (33,34). Given that human leucocyte antigen is not 
expressed in testis, LEMD1 (cancer/testis antigen) is an ideal 
target for TC treatment (35). However, although several studies 
have reported that LEMD1 expression is significantly associated 
with tumor cell invasive ability and endothelial transmigra‑
tion in multiple types of tumor, the metastatic mechanisms of 
LEMD1 in TC have not been investigated (20,22,32‑34). In 
the present study, siRNA was used to knock down LEMD1 
expression in TC cell lines. Gain of function assays were also 
performed using overexpression vectors. The results revealed 
that LEMD1 promoted TC cell proliferation in vitro. In addi‑
tion, the migratory and invasive capacities of TC cell lines 
were increased following LEMD1 overexpression in  vitro. 
LEMD1‑knockdown led to a significant increase in the protein 

expression levels of E‑cadherin and cleaved‑caspase 3, and a 
significant decrease in N‑cadherin, vimentin and β‑catenin 
protein expression, while LEMD1 overexpression resulted in 
the opposite results. All these results indicated that LEMD1 
promoted TC cell migration and invasion by regulating EMT 
and the Wnt/β‑catenin signaling pathway. 

However, there are some limitations in the present study. 
The Wnt signaling pathway is complex and complicated. 
According to previous studies, the protein expression levels 
of WNT1 and WNT3A, the traditionally potent activators 
of Wnt/β‑catenin signaling, did not change after transfection 
with siRNA or overexpression vector (36,37). The proteins 
that activate β‑catenin‑dependent signaling require further 
research. Furthermore, since fresh TC tissues from patients 
were hard to obtain, immunohistochemical staining of the 
tissue sections could not be performed. Additionally, a 
co‑immunoprecipitation experiment should be performed 
to evaluate the association between LEMD1 and β‑catenin. 
Furthermore, animal experiments should be performed to 
verify the biological function of LEMD1 in vivo. The molec‑
ular mechanisms of LEMD1 affecting the metastasis of TC 
require further research in future studies.

In conclusion, the present study revealed that LEMD1 
expression was positively associated with LNM in TCGA cohort 
and the local validated cohort. LEMD1‑knockdown inhibited 
TC cell proliferation and migration, and induced apoptosis by 
suppressing EMT and the Wnt/β‑catenin signaling pathway. On 
the other hand, with the overexpression of LEMD1, opposite 
results were obtained. Therefore, the current results suggested 
that LEMD1 may be a potential biomarker for the diagnosis 
and treatment of TC.
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