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Background: Papillary thyroid carcinoma (PTC) is the most common type of thyroid carcinoma, 

which is associated with a high incidence of lymph-node metastasis. Multiple biomarkers have 

been identified for the precise diagnosis of PTC at an early stage. However, their role in PTC 

remains poorly elucidated. Previously, we reported that lipase H (LIPH), a membrane-bound 

protein, was highly expressed in PTC. This study aimed to fully elucidate the causal role of LIPH 

in the development of PTC and investigated its relationship with lymph-node metastasis in PTC.

Materials and methods: Quantitative reverse transcription PCR and immunohistochemistry 

were used to measure the mRNA and protein expression levels of LIPH in 45 and 6 pairs of 

PTC tissues and adjacent normal tissues, respectively. Clinical tissue data of 504 PTC tissues 

and 60 normal thyroid tissues from The Cancer Genome Atlas database were used to analyze the 

correlation between LIPH expression level and clinical features in PTC. siRNAs were used to 

knock down genes, while plasmids were used to overexpress genes. Two PTC cell lines (KTC-1 

and BCPAP) were used in subsequent cytological function studies. In addition, a hypoxia stress 

model was constructed using cobaltous chloride hexahydrate reagent, and the protein expression 

level of the corresponding biomarkers was measured by Western blotting.

Results: This study revealed that high expression of LIPH in PTC was closely associated with 

lymph-node metastasis. Our cellular function experiments indicated that LIPH positively cor-

related with the malignant behavior of PTC cell lines. We further confirmed the role of LIPH 

in hypoxia and its relationship with the epithelial–mesenchymal transition pathway in PTC.

Conclusion: LIPH plays an important role in PTC oncogenesis and development, especially 

in lymph-node metastasis. It can be regarded as a biomarker for the diagnosis and treatment of 

PTC in the near future.

Keywords: papillary thyroid carcinoma, hypoxia, metastasis, epithelial–mesenchymal transition

Introduction
A rapid increase in the incidence of thyroid carcinoma (TC), a common endocrine 

malignancy, has occurred worldwide in the past few decades.1 In the USA, ~56,870 

cases of TC were newly diagnosed in 2017, and ~3.5% of these patients died from 

the disease.2 Papillary thyroid carcinoma (PTC), a differentiated thyroid cancer, is 

the most common type, accounting for 85–90% of all TC types.3,4 However, PTC is 

regarded as an inert tumor and has an overall survival rate of 90% in the population 

under the age of 45 years.5 A study on the quality of life of patients with TC revealed 
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no significant difference in quality of life between survivors 

of other cancers and survivors of PTC.6 Thus, methods for 

the early diagnosis and standardized treatment of PTC still 

require improvement.

LIPH, also called mPA-PLA1, is a gene that encodes a 

membrane-bound protease that can catalyze the production 

of lysophosphatidic acid (LPA).7 In addition, LPA participates 

in various cellular processes such as proliferation, survival, 

migration, invasion, and angiogenesis in multiple cancer 

cells.8 Previous studies on LIPH focused on its mutation 

and how it related to hypotrichosis.9,10 However, oncology 

studies on LIPH have assessed its involvement in only 

three cancers: breast cancer, lung cancer, and esophageal 

adenocarcinomas.11–13

Previously, we reported that LIPH is one of the distinct 

differential genes between PTC and normal tissue, using 

whole-transcriptome sequencing of 19 paired PTC tissues.14 

In this study, we used a quantitative reverse transcription PCR 

(qRT-PCR) assay to measure the relative expression levels of 

LIPH in 45 pairs of tumor samples and matched non-cancerous 

thyroid tissues. We also verified the differentiation and the 

expression levels of our target gene. We then further validated 

the expression level of LIPH in some PTC cell lines and used 

cell-line experiments to explore the function of LIPH in PTC.

Because of the lack of in-depth studies on LIPH in cancer, 

we aimed to determine the effect of LIPH on the malignant 

behavior of PTC and the connection between the molecular 

characteristics of this gene and the clinical diagnosis of 

PTC. Furthermore, we also aimed to explore the potential 

mechanism of the relevant functions of LIPH.

Materials and methods
Tissue specimens
Our study strictly follows the Declaration of Helsinki and was 

implemented with the approval of the Ethics Committee of 

the First Affiliated Hospital of Wenzhou Medical University. 

Each clinical sample was obtained after the corresponding 

patient had signed the informed consent form. In total, 45 

PTC tissues and their matched adjacent normal thyroid tis-

sues were obtained during the patients’ initial surgery in the 

First Affiliated Hospital of Wenzhou Medical University. The 

sample quality-control principles are as follows: the patient 

needed to have a surgical indication and without surgical 

contraindications; the result of the rigorous pathological 

diagnosis was PTC or normal thyroid tissue; the patient 

did not have any other concomitant malignant tumors and 

had not received any treatment before surgery; the sample 

needed to have sufficient content of cancer cells, and the 

conclusion of the pathological diagnosis should have been 

repeatedly confirmed by two experimental pathologists. 

Specimens were frozen in liquid nitrogen immediately after 

surgery, and then transferred to storage in a refrigerator at 

–80°C for the next experiments. The LIPH expression values 

and their corresponding clinicopathological features in PTC 

were downloaded from The Cancer Genome Atlas (TCGA) 

database (which contains data on 504 PTC tissues and 60 

normal thyroid tissues) for further analysis.

Cell cultures
The Htori-3 and BCPAP cell lines were obtained from Profes-

sor Mingzhao Xing of the Johns Hopkins University School of 

Medicine (Baltimore, MD, USA), and were approved for use 

in experimental research by the Ethics Committee of the First 

Affiliated Hospital of Wenzhou Medical University. The cells 

were incubated in Roswell Park Memorial Institute (RPMI) 

1640 medium (Thermo Fisher Scientific, Waltham, MA, USA) 

supplemented with 10% FBS (Gibco, Carlsbad, CA, USA), 1% 

non-essential amino acids (11140050; Thermo Fisher Scien-

tific), and 1% sodium pyruvate 100 mM solution (11360070; 

Thermo Fisher Scientific), and placed in an incubator with 5% 

CO
2
 at 37°C. The KTC-1 cell line was purchased from Shang-

hai Institutes for Biological Sciences, Chinese Academy of 

Sciences Cell Resource Center. The required culture medium 

for KTC-1 is based on the medium described above plus 1% 

GlutaMAX (35050061; Thermo Fisher Scientific), and placed 

in an incubator with 5% CO
2
 at 37°C.

hypoxia simulation assay
Cobalt(II) chloride hexahydrate (202185; Sigma-Aldrich Co., 

St Louis, MO, USA) was dissolved in double-distilled water 

to a concentration of 100 mmol/L, followed by dilution to 250 

µmol/L and 200 µmol/L with serum-free medium; KTC-1 

was incubated in 250 µmol/L and BCPAP was incubated in 

200 µmol/L cobalt(II) chloride medium. The hypoxic cellular 

models of the two cell lines were constructed after incubation in 

5% CO
2
 at 37°C for 8 hours. LW6 (S8441; Selleck Chemicals; 

Houston, Texas, USA), an inhibitor of hypoxia inducible 

factor-1α (HIF-1α), could effectively inhibit the accumulation 

of HIF-1α by degrading HIF-1α without affecting the 

corresponding mRNA levels. Western blotting results showed 

that HIF-1α was significantly downregulated at a concentration 

of 20 µmol/L cobalt(II) chloride hexahydrate.

qRT-PCR
Total RNA was isolated using TRIzol® reagent (Life 

Technologies, Carlsbad, CA, USA), and the ReverTra Ace® 
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qPCR RT Master Mix (Toyobo, Osaka, Japan) was used in 

the reverse transcription of cDNA from 1,000 ng of total 

RNA. The qRT-PCR, using THUNDERBIRD® SYBR® 

qPCR Mix (Toyobo), was performed in a CFX96 Touch™ 

Real-Time PCR Detection System (Bio-Rad Laboratories 

Inc., Hercules, CA, USA). All reagents were used following 

the respective manufacturer’s recommendation. Primers 

were synthesized by Invitrogen Trading (Shanghai) Co. 

Ltd (Shanghai, China). The sequences of the primers were 

as follows: glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH): 5′-ATGGGTGTGAACCATGAGAA-3′ (forward) 

and 5′-GTGCTAAGCAGTTGGTGGTG-3′ (reverse); 

LIPH: 5′-CTGATGCTCTACACAAGGA-3′ (forward) 

and 5′-ATGGACAATGAAGGTGGTT-3′ (reverse). These 

experiments were repeated at least three times.

immunohistochemistry
Similar to the tissues used in qRT-PCR experiments, six 

paired PTC tissue samples were embedded in paraffin. Par-

affin-embedded sections were deparaffinized by xylene and 

rehydrated by using graded alcohol solutions, followed by incu-

bation in 3% hydrogen peroxide for 10 minutes at 37°C. After 

washing in PBS and antigen retrieval, 5% BSA (A8010; Solar-

bio, Beijing, China) was used to block antigen for 30 minutes at 

37°C. Tissue specimens were incubated with rabbit anti-human 

anti-LIPH antibody (1:1,000; ab192615; Abcam, Cambridge, 

UK) at 4°C overnight. After washing in PBS, biotin-conjugated 

AffiniPure goat anti-rabbit IgG(H+L) (SA00004-2; Proteintech 

Group, Rosemount, UL) was used for incubation for 1 hour 

at 37°C. Finally, DAB (1B000125; OriGene, Rockville, MD, 

USA) was used to perform the chromogenic reaction and then 

hematoxylin was used to counterstain the sections for 3 minutes. 

Subsequently, light microscopy was used to evaluate the protein 

expression level of LIPH.

Transfection
Two sequences of LIPH siRNA and their negative control 

were designed and manufactured by Shanghai GenePharma 

Co. (Shanghai, China). To knock down the expression of 

LIPH, cells were incubated for ~8 hours with Lipofectamine® 

RNAiMAX transfection reagent (Thermo Fisher Scientific), 

mixed with two siRNA oligonucleotides or corresponding 

negative control. Escherichia coli strains, loaded with 

LIPH overexpression plasmid or the control plasmid, were 

obtained from Shanghai Genechem Co. (Shanghai, China). 

Plasmids were amplified using an endotoxin-free plasmid 

kit (TIANGEN Biotech (Beijing) Co. Ltd, Beijing, China) 

following the manufacturer’s protocol. To overexpress LIPH, 

KTC-1 cells were incubated for ~6 hours with Lipofectamine 

3000 transfection reagent (Thermo Fisher Scientific) mixed 

with two siRNA oligonucleotides or corresponding negative 

control. After transfection, all species were incubated in 5% 

CO
2
 at 37°C for 24 hours. Subsequent experiments were 

performed only after confirmation of either knockdown or 

overexpression of LIPH by qRT-PCR assay.

Colon formation assay
Cells were transfected with siRNA or plasmid. Approximately 

2,000 cells per well were incubated in six-well plates with 

normal growth medium for 1 week. Colonies were fixed with 

methanol for 30 minutes, stained with crystal violet assay 

for 30 minutes, and photographed. Colonies were counted 

randomly in five independent visual fields of the images. 

These experiments were repeated at least three times.

Cell Counting Kit-8 (CCK-8) assay
KTC-1 and BCPAP were incubated in 96-well plates at a 

seeding density of 1,000 cells per well and subsequently 

transfected with non-specific siRNA and the siRNA targeting 

LIPH gene for 8 hours (5 wells per sample). The overexpression 

cell-culture models were constructed similarly and washed 

with PBS (Gibco), followed by replacement of the media 

with normal growth media. After incubation for 24 hours, 

the original medium was replaced by 90 µL normal growth 

medium mixed with 10 µL CCK-8 (Beyotime, Heimen, China) 

in each well and incubated for 2 hours. The absorbance of each 

well was measured by a SpectraMax Plus 384 (Molecular 

Devices; Silicon Valley, CA, USA) at a wavelength of 450 nm. 

We recorded the data at 24, 48, 72, and 96 hours during the cell 

incubation period following transfection. These experiments 

were repeated at least three times.

Transwell migration assay
After being transfected with siRNA or plasmid, 30,000 cells 

were suspended in 200 µL complete medium. The uniform 

suspension was added to the upper chamber of the Transwell® 

plate (Corning Costar, Cambridge, MA, USA). Subsequently, 

the corresponding Transwell insert was placed in a well of 

a 24-well plate that was prefilled with 600 µL medium with 

twice the FBS concentration of the upper chamber. The 

grouping of the control group and the experimental group 

in this experiment was consistent with the grouping of the 

transfection experiments, colon formation assay and CCK-8 

assay. The 24-well plates were incubated at 37°C and 5% CO
2
 

in culture medium for ~24 hours. After wiping the cells on 

the upper surface of the filter membranes with medical cotton 

swabs, the Transwell chambers were fixed with methanol for 

30 minutes and stained with crystal violet for 30 minutes. 
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Stained cells were then photographed. Colonies were counted 

in five random independent visual fields of the images. These 

experiments were repeated at least three times.

Matrigel invasion assay
After being transfected with siRNA or plasmid, respectively, 

60,000 cells were suspended in 300 µL complete medium. 

Uniform suspension was added to each upper chamber of 

the Matrigel Invasion Chamber 24 DI (Corning, Corning, 

NY, USA). At least 500 µL RPMI 1640 medium was added 

per chamber and incubated in the 37°C incubator for 2 hours 

before use. The subsequent steps were performed similar to 

the Transwell migration assay described in the previous sub-

section. These experiments were repeated at least three times.

Western blotting
Cells were disrupted by RIPA Lysis Buffer (Beyotime) and 

scraped off the plate surface with a cell scraper. Protein 

concentration was measured using an enhanced BCA Protein 

Assay Kit (Beyotime). SDS-PAGE (10%) gels were prepared 

using SDS-PAGE Gel Quick Preparation Kit (Beyotime). 

Equal amounts of protein by weight were loaded on the SDS-

PAGE and electrophoresed at 80 V for 30 minutes followed 

by 120 V for 45 minutes. Subsequently, the proteins on the gel 

were transferred on to polyvinlyidene difluoride membranes 

(EMD Millipore, Billerica, MA, USA). Membranes were 

blocked with 5% skim milk for 2 hours, and incubated with 

primary antibodies overnight at 4°C. Following incubation 

with the corresponding HRP-conjugated secondary antibody 

for 1 hour, membranes were developed with SuperSignal 

West Femto Maximum Sensitivity Substrate (Thermo Fisher 

Scientific). GAPDH was used as an internal loading control. The 

following antibodies were used: anti-LIPH antibody (Abcam, 

ab192615), anti-HIF-1α antibody (36169s; CST; Boston, 

MA, USA), anti-Slug antibody (12129-1-AP; Proteintech 

Group), anti-E-cadherin antibody (20874-1-AP; Proteintech 

Group), anti-N-cadherin antibody (22018-1-AP; Proteintech 

Group), and HRP-conjugated AffiniPure goat anti-rabbit 

IgG(H+L) (SA00001-2; Proteintech Group).

statistical analyses
The Student’s t-test (two-tailed) was used to analyze the 

differences between groups assuming a normal distribution of 

data. When population variance was unknown, the signed-rank 

test was used to analyze the paired samples. The data in these 

kind of groups were expressed as mean ± SD. The chi-squared 

test or Fisher’s exact test was used to analyze the categorical 

variables. The receiver operator characteristics (ROC) curve 

was used to differentiate the correlation between the level 

of gene expression and the diagnosis of related diseases by 

calculating the area under the curve (AUC), and the effective 

predictive value of AUC was defined between 0.5 and 1.0. 

A two-sided P-value of <0.05 was considered statistically 

significant. IBM SPSS Statistics 20 (IBM Corporation, 

Armonk, NY, USA) was used for statistical analysis. GraphPad 

Prism 6 (GraphPad Software, Inc., La Jolla, CA, USA) was 

used for plotting graphs.

Results
LIPH expression is significantly 
upregulated in PTC tissues
We used 45 paired PTC tissues and their corresponding 

normal thyroid tissues to assess differential LIPH expression 

levels using qRT-PCR. The results indicated that the LIPH 

mRNA expression level in PTC tissues was significantly 

higher than that in the corresponding paired normal thyroid 

tissues (P<0.001) (Figure 1A). The immunohistochemistry 

experiments showed similar results (P<0.001) (Figure 1B). 

We observed dramatic differences in LIPH expression in 

each group of PTC compared to normal tissue. Furthermore, 

we plotted an ROC curve according to the expression level of 

LIPH in PTC, and the AUC was 92.0% (P<0.001)  (Figure 1C). 

To confirm these results, we analyzed the data of 504 PTC 

tissues and 60 normal thyroid tissues from TCGA database and 

observed the LIPH mRNA expression level to be upregulated 

in PTC tissues compared to normal tissues (P<0.001) (Figure 

1D), thus corroborating the results of the tissue sample 

analysis. Furthermore, the analogous ROC curve results also 

indicated a relationship between LIPH expression level and 

PTC (AUC 94.0%, P<0.001) (Figure 1E). Subsequently, we 

analyzed the LIPH expression level in cell lines using qRT-PCR 

and Western blotting. The mRNA and protein levels of LIPH 

in BCPAP and KTC-1 cells were significantly higher than 

those in Htori-3 cells, a normal thyroid cell line (Figure 1F, G).

liPh expression is closely related to 
clinicopathological characteristics
To explore the relationship between LIPH and oncogenesis 

and progression in PTC, clinical data from 504 PTC 

specimens were obtained from TCGA database. Based 

on the median value of the expression level of LIPH, the 

samples were categorized into high- and low-expression 

cohorts. All factors analyzed are displayed in Table 1. The 

results of the statistical analysis revealed that the American 
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Joint Committee on Cancer disease stage, histological 

type of PTC, and behaviors of extrathyroidal invasion 

and lymph-node metastasis were relevant to high LIPH 

expression. Subsequently, we determined whether some 

possible characteristic factors correlated with lymph-node 

metastasis. Based on the univariate logistic regression 

analysis results, the variables of age, gender, tumor size, T 

stage, extrathyroidal invasion, and LIPH expression level 

were identified as statistically significant factors that affect 

lymph-node metastasis (Table 2). Using these factors, we 

performed further multivariate logistic analysis to reveal 

that only age and LIPH expression level were independent 

protective and risk factors of lymph-node metastasis in PTC, 

respectively (Table 3). Together, these results indicated a 

close relationship between LIPH expression and the clinical 

risk of lymph-node metastasis.
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Figure 1 liPh was relatively overexpressed in PTC tissues and PTC cell lines.
Notes: (A) The expression levels of liPh in 45 PTC tissues and their paired adjacent normal thyroid tissues were measured by qRT-PCR (Mann–Whitney U test, 
***P<0.001). (B) immunohistochemical analyses were performed to examine the expression levels of liPh in PTC tissues and adjacent normal tissues (6/6 vs 0/6, ***P<0.001). 
Magnification ×400. (C) The ROC curve was constructed from the liPh mRna expression levels in diagnosing PTC in the validation cohort (aUC 92.0%, P<0.001; sensitivity 
88.9; specificity 86.7%). (D) The expression levels of liPh in 504 PTC tissues and 60 normal thyroid tissues were measured by qRT-PCR (Mann–Whitney U test, ***P<0.001). 
(E) The ROC curve was constructed from the liPh mRna expression levels in diagnosing PTC in the TCga cohort (aUC 94.0%, P<0.001; sensitivity 87.4; specificity 
96.6%). (F) The relative expression levels of LIPH in KTC-1 and BCPAP were significantly higher than in Htori-3 (two-tailed Student’s t-test, **P<0.01, ***P<0.001). (G) The 
corresponding protein expression levels of liPh in KTC-1 and BCPaP.
Abbreviations: aUC, area under the curve; gqRT-PCR, quantitative reverse transcription PCR; liPh, lipase h; n, normal tissue; PTC, papillary thyroid carcinoma; T, tumor 
tissue; TCga, The Cancer genome atlas; ROC, receiver operating characteristics..

Knockdown of LIPH restrains cell colony 
formation, proliferation, migration, and 
invasion
To explore the potential function of LIPH, we transfected 

KTC-1 and BCPAP cells with two different siRNA oligo-

nucleotides and defined them as experimental groups S1 

and S2, respectively. In addition, we transfected the cell 

lines with non-specific siRNA (si-NC) as a control group 

(hereinafter referred to as NC). The mRNA expression level 

and protein level of LIPH were assessed by qRT-PCR and 

Western blotting (Figure 2A, B). The cell colony formation 

assay revealed that the colony formation values in S1 and 

S2 were significantly lower than that in NC (Figure 2C, D). 

Furthermore, the results of the CCK-8 assay indicated that 

the proliferation capacity of the experimental groups was 
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significantly lower than that of the control group after incubat-

ing the cell lines for 4 days (Figure 2E, F). To determine the 

role of LIPH in the biological behavior of tumor metastasis, 

a Transwell migration assay was performed, which indicated 

that the migratory ability of the experimental groups was 

markedly inhibited compared to that of the control groups 

(Figure 2G, H). A Matrigel invasion assay was subsequently 

performed on the same specimens, and the results indicated 

similar tendencies in invasive ability (Figure 2I, J). Together, 

these results demonstrated the role of LIPH in promoting the 

malignant biological behavior of PTC.

Overexpression of LIPH promotes cell 
colony formation, proliferation, migration, 
and invasion
To follow-up the siRNA transfection experiment, we used 

KTC-1 cells and transfected them with an LIPH overexpres-

sion plasmid as the experimental group (hereinafter referred 

to as the OEG) or with an empty plasmid as the negative 

control group (NCG). The transfection efficiency is shown 

in Figure 3A and B. In contrast to the siRNA transfection 

results, cell colony formation assays revealed that the over-

expression of LIPH significantly promoted the formation 

of KTC-1 cell colonies (Figure 3C, D). After measuring 

CCK-8 absorbance over ~4 days to assess cell proliferation, 

we found that LIPH was closely associated with the prolif-

eration of KTC-1 cells (Figure 3E). Thus, both experiments 

produced consistent results. Using a Transwell migration 

assay, we compared the relative numbers of migrated cells 

and observed  markedly increased numbers of migrated cells 

in the OEG compared with the NCG (Figure 3F, G). Fur-

thermore, the Matrigel invasion assay results indicated that 

there were more invasive cells in the OEG than in the NCG 

 (Figure 3H, I). These cellular function experiments on cells 

with upregulated LIPH expression levels further validated 

the results of the experiments on cells with downregulated 

LIPH expression levels.

Table 2 Univariate logistic regression analysis for the risk of 
lymph-node metastasis

Characteristics OR 95% CI P-value

age 0.981 0.969–0.994 0.003**
gender 1.571 1.03–2.394 0.036*
histological type 0.831 0.639–1.08 0.167
Tumor size 1.187 1.053–1.339 0.005**
T stage 1.827 1.459–2.288 <0.001***
Unilateral or bilateral 1.597 0.985–2.589 0.057
Multifocal or unifocal 1.456 0.997–2.127 0.052
Thyroiditis 0.86 0.515–1.436 0.565
extrathyroidal invasion 2.716 1.776–4.156 <0.001***
Metastasis 1.165 0.285–4.759 0.831
liPh expression 2.577 1.755–3.784 <0.001***

Note: *P<0.05, **P<0.01, ***P<0.001.
Abbreviation: liPh, lipase h.

Table 3 Multivariate logistic regression analysis for the risk of 
lymph-node metastasis

Characteristics OR 95.0% CI P-value
age 0.974 0.959–0.988 <0.001***
gender 1.385 0.856–2.24 0.184
Tumor size 1.119 0.959–1.305 0.153
T stage 1.352 0.910–2.01 0.135
extrathyroidal invasion 1.835 0.933–3.605 0.078
liPh expression 2.470 1.601–3.81 <0.001***

Note: ***P<0.001.
Abbreviation: liPh, lipase h.

Table 1 Relationship between liPh expression and 
clinicopathological characteristics in TCga cohort

Characteristics Expression of LIPH, n (%) P-value

Low 
(n=252)

High 
(n=252)

age at diagnosis    
Mean ± sD 48.34±16.20 46.17±15.43 0.126

<45 years 110 (43.7) 119 (47.2) 0.421

≥45 years 142 (56.3) 133 (52.8)  
gender   0.547

Female 181 (71.8) 187 (74.2)  
Male 71 (28.2) 65 (25.8)  

histological type   <0.001***
Classical 153 (60.7) 204 (81.0)  
Other specified 99 (39.3) 48 (19.0)  

Tumor size    
Mean ± sD 2.99±1.76 2.81±1.58 0.235

≤2 cm 85 (35.3) 86 (36.8) 0.736

>2 cm 156 (64.7) 148 (63.2)  
T stage   0.213

T1 77 (30.8) 65 (25.8)  
>T1 173 (69.2) 187 (74.2)  

Unilateral or bilateral   0.236
Unilateral 214 (84.9) 204 (81.0)  
Bilateral 38 (15.1) 48 (19.0)  

Multifocal or unifocal   0.588
Multifocal 110 (44.5) 116 (47.0)  
Unifocal 137 (55.5) 131 (53.0)  

extrathyroidal invasion   <0.001***
Yes 53 (22.0) 100 (40.8)  
no 188 (78.0) 145 (59.2)  

lymph-node metastasis   <0.001***
Yes 82 (37.3) 142 (60.7)  
no 138 (62.7) 92 (39.3)  

Metastasis   0.252
M0 130 (94.9) 150 (98.0)  
M1 7 (5.1) 3 (2.0)  

aJCC disease stage   0.023*
i + ii 180 (71.7) 156 (62.2)  

iii + iV 71 (28.3) 95 (37.8)  

Note: *P<0.05, ***P<0.001.
Abbreviations: aJCC, american Joint Committee on Cancer; liPh, lipase h; 
TCga, The Cancer genome atlas.
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hypoxia upregulates liPh, slug, 
n-cadherin, and vimentin, and 
downregulates e-cadherin
HIF-1α is a transcription factor that is well known to 

regulate the downstream genes involved in hypoxia. It has 

been reported that HIF-1α gene expression increases during 

hypoxic conditions in tumors, including PTC. Therefore, we 

chose it as an indicator of the occurrence of hypoxia. We 

created hypoxia models using the KTC-1 and BCPAP cell 

lines, and they were confirmed to significantly overexpress 

HIF-1α. To study the effect of increased HIF-1α on LIPH, 

we measured the protein level of LIPH in the hypoxia models. 

In both the KTC-1 and BCPAP hypoxic cellular models, 

the expression of LIPH was significantly upregulated along 

with the overexpression of HIF-1α, indicating that HIF-1α 

may play a critical role in mediating the expression of 

LIPH. To determine the relationship between hypoxia and 

epithelial–mesenchymal transition (EMT), we measured the 

Figure 2 Knockdown of liPh expression level restrained cell colony formation, proliferation, migration, and invasion in PTC cell lines.
Notes: (A) In KTC-1 and BCPAP, the relative expression levels of LIPH were significantly knocked down by siRNA (si-LIPH) in comparison with the negative control group 
(si-NC) according to the qRT-PCR (two-tailed Student’s t-test, **P<0.01, ***P<0.001). (B) The corresponding protein expression levels of liPh knockdown by siRna in 
KTC-1 and BCPaP. (C) Colony formation assay: s1 and s2 formed fewer colonies than nC. (D) The columns represent the mean colony numbers for each group from at 
least three independent experiments, and the vertical bars on top of the columns represent SD (two-tailed Student’s t-test, **P<0.01, ***P<0.001). (E, F) CCK-8 assay: cell 
proliferation was significantly restrained in S1 and S2 in comparison with NC (two-tailed Student’s t-test, *P<0.05, **P<0.01, ***P<0.001). (G) Transwell migration assay: 
in both KTC-1 and BCPaP, s1 and s2 had fewer migrating cells than nC. (H) The columns represent the mean migrating cell numbers for each group from at least three 
independent experiments, and the vertical bars on top of the columns represent SD (two-tailed Student’s t-test, ***P<0.001). (I) Matrigel invasion assay: in both KTC-1 and 
BCPaP, s1 and s2 had fewer invading cells than nC. (J) The columns represent the mean invading cell number for each group from at least three independent experiments, 
and the vertical bars on top of the columns represent SD (two-tailed Student’s t-test, ***P<0.001). Magnification ×400.
Abbreviations: CCK-8, Cell Counting Kit-8; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; LIPH, lipase H; PTC, papillary thyroid carcinoma; NC, non-specific 
siRna control group; qRT-PCR, quantitative reverse transcription PCR; s1, s2, experimental groups; si-liPh, liPh with siRna knockdown.
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protein levels of Slug, N-cadherin, vimentin, and E-cadherin. 

When HIF-1α increased, the levels of Slug, N-cadherin, and 

vimentin increased, while the level of E-cadherin was reduced 

(Figure 4A). We established experimental groups which used 

an HIF-1α inhibitor, LW6, which degrades HIF-1α protein 

in cells. We found that HIF-1α was significantly decreased 

in the inhibition group compared to the hypoxia cell model 

groups. Along with the decline in HIF-1α, LIPH also showed 

a downward trend. Intriguingly, the protein levels of Slug, 

N-cadherin, vimentin, and E-cadherin showed the opposite 

trend in hypoxia cell-culture models (Figure 4B).

LIPH mediates the eMT signaling pathway 
in PTC cells
To provide a deeper understanding of the role of LIPH in PTC 

migration and invasion, we linked it to some of the iconic 

molecules involved in the EMT pathway. First, we confirmed 

that LIPH was significantly upregulated or downregulated in 

KTC-1 and BCPAP cells by measuring its protein expres-

sion level. Next, the expression levels of the iconic protein 

molecules Slug, N-cadherin, vimentin, and E-cadherin were 

determined by Western blotting. The results indicated that the 

protein expression levels of Slug, N-cadherin, and vimentin 

increased as that of LIPH increased, while the protein level 

of E-cadherin decreased as that of LIPH decreased in the 

knockdown cell lines. By contrast, the opposite results were 

obtained in the overexpressing cell lines (Figure 4C).

Discussion
In many countries, the number of diagnosed cases of TC is 

increasing rapidly because of the optimization and improve-

ment of diagnostic methods.15 Currently, BRAF V600E is 
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Figure 3 Overexpression of liPh promoted cell colony formation, proliferation, migration, and invasion.
Notes: (A) In KTC-1, the relative expression level of LIPH was significantly overexpressed by LIPH overexpression plasmid (oe-LIPH) in comparison with the negative control 
group transfected with empty plasmid (oe-NC) according to qRT-PCR (two-tailed Student’s t-test, ***P<0.001). (B) The corresponding protein expression levels of liPh 
overexpressed by overexpression plasmid in KTC-1. (C) Colony formation assay: in KTC-1, Oeg formed more colonies than transfected nCg. (D) The columns represent 
the mean colony number for each group from at least three independent experiments, and the vertical bars on top of the columns represent SD (two-tailed Student’s 
t-test, ***P<0.001). (E) CCK-8 assay: cell proliferation was significantly promoted in OEG in comparison with NCG (two-tailed Student’s t-test, **P<0.01, ***P<0.001). (F) 
Transwell migration assay: in KTC-1, Oeg had more migrating cells than nCg. (G) The columns represent the mean migrating cell number for each group from at least three 
independent experiments, and the vertical bars on top of the columns represent SD (two-tailed Student’s t-test, ***P<0.001). (H) Matrigel invasion assay: in KTC-1, Oeg had 
more invading cells than nCg. (I) The columns represent the mean invading cell number for each group from at least three independent experiment, and the vertical bars 
on top of the columns represent SD (two-tailed Student’s t-test, ***P<0.001).
Abbreviations: CCK-8, Cell Counting Kit-8; gaPDh, glyceraldehyde-3-phosphate dehydrogenase; oe, overexpression; liPh, lipase h; nC, negative control; nCg, 
negative control group; Oeg, overexpression group; qRT-PCR, quantitative reverse transcription PCR.
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regarded as a mutation factor which has >99% positive 

predictive value for diagnosing PTC. BRAF V600E has been 

reported to be possibly associated with aggressive features in 

PTC progression, and thus, it may have a direct significance 

in the treatment of diseases.16 Although the use of the BRAF 

mutation has been gradually confirmed by vast quantities of 

oncogenesis-related genetic information on TC, additional 

markers and their associated molecular mechanisms need to 

be identified and applied to improve the diagnostic standards 

and treatment programs of TC.

The role of the novel carcinoma-related gene LIPH has 

already been explored in several carcinomas.11–13 In our study, 

consistent with these previous studies, the expression levels 

of LIPH in TC tissues were significantly upregulated. Thus, 

we subsequently referred to TCGA database and confirmed 

that LIPH was consistently overexpressed in TC compared 

to the levels in normal thyroid tissue. Two ROC curves were 

plotted based on analyses of our tissues, and the tissues from 

TCGA had similar AUC values (both >0.9). These results 

suggest that the expression level of LIPH in tissues would 

be an effective index for predicting whether a thyroid nodule 

is benign or malignant.

To identify the function of LIPH, we first analyzed its 

relevance to clinical features. To obtain reliable results, we 
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Notes: (A) The protein expression level of hiF-1α was obviously overexpressed in KTC-1 and BCPaP hypoxia models. The protein expression levels of liPh, slug, 
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with the hypoxia groups. (C) The influence of LIPH expression on the well-known epithelial–mesenchymal transition pathway molecules Slug, N-cadherin, vimentin, and 
e-cadherin in KTC-1 and BCPaP was analyzed by Western blot assay. The expression levels of slug, n-cadherin, and vimentin were positively regulated by liPh expression, 
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used data on clinical specimens from TCGA for the analysis. 

We found that the higher the LIPH expression, the more 

prone PTC was to extrathyroidal invasion and lymph-node 

metastasis. Subsequently, we performed functional experi-

ments on LIPH at the cytological level. Downregulation of 

LIPH significantly weakened the abilities of proliferation, 

migration, and invasion in TC cell lines. Conversely, upregu-

lation of LIPH significantly enhanced these abilities. These 

experimental results agreed with the clinical statistics results. 

Thus, we concluded that these in vitro cytological features 

may coordinate with each other and systematically establish 

the clinical features relevant to LIPH in vivo.

Notably, lymph-node metastasis of TCs is commonly 

seen in clinicopathological diagnoses.17 The recurrence 

and distant metastasis of PTC affect disease-free survival 

equally and are inseparable from the risk of cervical lymph-

node metastasis.18 EMT plays an important role in the 

development of lymph-node metastasis. Typically, measuring 

the expression of epidermal and mesenchymal markers is 

used to determine the EMT phenotype. N-cadherin and 

vimentin are mesenchymal markers associated with the 

loss of cell–cell junctions. E-cadherin plays a vital role in 

cell adhesion and tight junctions. Slug, also called Snail2, 

can suppress transcription by binding the promoter region 

of the cell adhesion gene E-cadherin, eventually triggering 

the EMT pathway.19,20 Based on these previous studies, we 

hypothesized that if LIPH is closely associated with lymph-

node metastasis, it would affect some biomarkers in the EMT 

pathway. We chose to examine Slug, N-cadherin, vimentin, 

and E-cadherin as potential biomarkers in the EMT pathway. 

As shown in cytological experiments, the expression levels 

of Slug, N-cadherin, and vimentin were positively correlated 

with that of LIPH, while the expression level of E-cadherin 

was negatively correlated with that of LIPH. Slug was found 

to suppress the production of E-cadherin in breast cancer cells 

during lymph-node metastasis.21 These results confirmed our 

hypothesis. Thus, we postulate that LIPH may cause lymph-

node metastasis in PTC by inducing E-cadherin via Slug.

The effects of hypoxic microenvironments on tumors are 

attracting increased attention. Various studies on carcinoma 

have noted that hypoxia results in treatment resistance and 

accelerates tumor progression by promoting differentiation, 

cell proliferation, metastasis, and invasion.22,23 It has already 

been reported that hypoxia is associated with lymph-node 

metastasis in PTC, but the complicated mechanism of this 

association remains to be explored.24 Thus, we further hypoth-

esized that LIPH may have a relationship with lymph-node 

metastasis under hypoxic conditions. HIF-1α controls its 

oxygen-regulated stability through its oxygen-dependent deg-

radation domain, and its expression increases during hypoxic 

conditions in tumors.23,25 HIF-1α coexisting with Slug and 

metallothionein was shown to be significantly associated 

with lymph-node metastasis in PTC.24 The mechanism by 

which HIF-1α regulates EMT via Snail in prostate cancer 

has been reported previously.26 Thus, we constructed hypoxic 

cellular models using KTC-1 and BCPAP cells for our study. 

The high expression level of HIF-1α protein confirmed the 

establishment of hypoxic cell lines. As the HIF-1α protein 

level expression increased, LIPH showed an upward increas-

ing trend in the two hypoxia cellular models. Subsequently, 

Slug, N-cadherin, and vimentin were found to be upregulated 

and E-cadherin was found to be downregulated. As we had 

speculated, after degrading the protein HIF-1α, the result 

was contrary to that of the former experiment. These trends 

indicated that HIF-1α positively regulated the LIPH gene 

at its protein level within the hypoxic microenvironment in 

PTC and also mediated the EMT pathway. Together with 

our previous finding of a positive association between LIPH 

and lymph-node metastasis, this experiment further revealed 

that LIPH is a downstream molecular target of HIF-1α and 

may participate in lymph-node metastasis of PTC in hypoxic 

environments.

Despite these important findings related to PTC, some 

issues still need to be addressed. The large database of 

specimens and the associated clinical information needs 

to be completed so that it can be used to produce stronger 

and more credible statistical results. Moreover, the detailed 

relationship between LIPH and lymph-node metastasis needs 

further exploration. Furthermore, the hypothesis about the 

pathway of HIF-1α–LIPH–EMT in PTC in hypoxic environ-

ments remains to be proved in future studies.

Conclusion
In summary, our study found that LIPH was upregulated 

in PTC and positively mediated tumor proliferation and 

metastasis in vitro. Analysis of the clinical features of PTC 

revealed that LIPH functioned in an aggressive manner. An 

important finding was that LIPH is the downstream molecular 

target of HIF-1α and may be associated with cell migration 

under hypoxic conditions in vitro. Thus, LIPH is expected 

to be a potential biomarker in the diagnosis and prognosis 

of PTC, as well as a novel therapeutic target.
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