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Background: Cervical cancer is the most common malignancy of the female reproductive system, for 
which radiotherapy is one of the main treatments. Gene methylation in cells is an important factor in 
tumorigenesis, and radiotherapy can change DNA methylation in cells. At the same time, combined with the 
clinical effect of radiotherapy, key genes of LIM homeobox 2 (LHX2) significantly related to cervical cancer. 
The LHX2 are LIM-homeobox genes that play important roles in signal transduction, cell differentiation, 
tissue-specific differentiation, and body formation. 
Methods: In this study, bisulfite genomic sequencing (BSP-Seq) technology was used to analyze the 
methylation level of LHX2 in patients with cervical cancer before and after radiotherapy. In addition, 
combined with the clinical effect of radiotherapy, the function of LHX2 in siHA and C33A cells were 
analyzed with the help of overexpression, small interfering RNA (siRNA), cell invasion, and migration ability. 
The expression level of the migration- and apoptosis-related genes which were affected by LHX2 were tested 
with quantitative real time polymerase chain reaction (qRT-PCR). 
Results: Combined with clinical treatment, methylation level difference, and correlation enrichment 
analysis, it was found that LHX2 genes were closely related to the occurrence and development of cervical 
cancer. After 5-aza-2’-deoxycytidine (5-Aza-dC) and radiotherapy, the methylation of LHX2 genes in siHA 
and C33A squamous cell carcinoma cells was decreased, and the messenger RNA (mRNA) and protein 
expression levels were relatively increased; meanwhile, the LHX2 could accelerate the ability for cell invasion 
and migration and inhibited the apoptosis of the cell after treatment with radiotherapy.
Conclusions: The methylation and expression levels of LHX2 genes are closely related to cervical cancer. 
The methylation level of LHX2 was reduced after radiation therapy. The LHX2 gene has a positive effect on 
cervical cancer through acceleration of the cell invasion and migration ability and inhibition of cell apoptosis 
after radiotherapy treatment. 
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Introduction

Cervical cancer is the most common malignancy of the 
female reproductive system, with nearly 500,000 new cases 
worldwide and more than 50% cases resulting in death (1,2)  
each year. There are many factors that induce cervical 
cancer, including human papillomavirus (HPV), lifestyle 
habits, unhealthy behaviors, family inheritance, smoking, 
multiple births, oral contraceptives, and so on. Among 
them, HPV is the most important pathogenic factor for 
cervical cancer. At present, HPV vaccination and early 
diagnosis are considered effective strategies to prevent this 
disease (3), but the survival rate from cervical cancer was 
still low, especially in developing countries.

Methylation of DNA is one of the most common DNA 
epigenetic modifications in eukaryotic cells. It refers to the 
process of covalency binding of methyl groups provided 
by S-adenosine methionine (SAM) to specific bases under 
the action of DNA methylation transferase. Aberrant DNA 
methylation has been extensively studied in recent years in 
the tumor context. Hypermethylation of tumor suppressor 
genes, that results in silencing, or hypomethylation of 
oncogenes, that can activate these genes, are important 
mechanisms in the tumor development and progression. 
Many DNA methylation-based assays have described many 
methylated genes as promising markers for the management 
of HPV-positive women, such as SOX1, PAX1, JAM3, 
EPB41L3, CADM1, and MAL (4-6) ,  which can be 
applied for the detection of advanced cervical squamous 
intraepithelial neoplasia 2/3 (CIN2/3) lesions (7). While 
alterations in DNA methylation has been documented in 
multiple studies for these genes, an important gap in our 
knowledge exist regarding the functional consequences 
of the altered gene expression in the development and 
progression of cervical cancer.

The National Comprehensive Cancer Network (NCCN) 
Guidelines provide recommendations for cervical cancer 
treatment, stipulating that surgery is the predominant 
intervention for cervical cancer treatment, combined with 
radiotherapy and adjuvant chemotherapy (7). In clinical 
treatment, radiotherapy and chemotherapy are both 
known to cause acute and late toxicity (8). In addition, 
increasing number of evidences suggest that changes in 
cancer methylome is associated with the acquisition of drug 
resistance as well (9). It has been reported that radiation 
reduced the expression of the key enzymes in methylation 
formation, such as DNA (cytosine-5)-methyltransferase 
1 (DNMT1), DNMT3A, and DNMT3B, and further 

reduced genomic methylation (10,11). These changes 
lead to increased expression of tumor antigen genes. 
The mutation rate of the K-ras (Kirsten rat sarcoma 
viral oncogene homolog) gene in cancer tissues before 
radiotherapy was 44%, which reduced to 12% after 
radiotherapy. The mutation rate of the MGMR (O-6-
Methylguanine-DNA Methyltransferase) gene in cancer 
tissues before radiotherapy was 36%, and it dropped to 8% 
after radiotherapy (12). In statistical analysis, radiotherapy 
increased the relative survival rates, but also showed poorer 
prognosis in younger cervical cancer patients (13). In the 
clinical process of diagnosis and treatment, the tumor size 
and International Federation of Obstetrics and Gynecology 
(FIGO) stage may efficiently serve as markers for 
responsiveness to radiotherapy, but tumor cells resistance to 
radiation obscure a major challenge.. Therefore, identifying 
new molecular targets is crucial to further explore the 
mechanism of cervical cancer and assess the radiation 
sensitivity.

Members of the LHX gene family perform important 
functions in different tissues and biological functions, 
especially in tissue-specific differentiation and body size 
formation. There have been 9 members (LHX 1-LHX 9) 
identified in the LHX family in mammals. Some LHX family 
members have been shown to be closely associated with 
cancer. Transgenic expression of LHX2 promotes vascular 
maturation, primary tumor growth, tumor cell infiltration, 
and metastasis during breast cancer oncogenesis (14).  
In hepatocellular carcinoma, LHX3 is a late prognostic 
biomarker and a metastatic oncogene (15,16). The LHX4 
gene may inhibit tumorigenesis by downregulating the 
expression of alpha-fetoprotein during the development 
of liver cancer (17). Epigenetic changes of the LHX9 gene 
contribute to the invasion and migration of glioma cells (10).  
Based on the throughput data analysis of methylation 
sequencing, it was found that LHX9 genes were highly 
methylated in cervical cancer tissues, which was significantly 
decreased after radiotherapy treatment. 

The level of gene methylation in cells is an important 
factor involved in the development of tumors, and radiation 
therapy is an important means to change the DNA 
methylation state of cells in the body. In vivo radiotherapy 
experiments in mice have demonstrated that methylation 
changes simultaneously exhibit radiation dose effects (11). 
The expression of DNMT1, DNMT3A, and DNMT3B, 
the key enzymes involved in methylation at irradiated 
sites, was decreased by radiation, causing extensive 
demethylation reactions in the genome and resulting in 
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histone H2Ax-Ser139 phosphorylation of γH2Ax (an early 
reaction of DNA breakage) and demethylation of histone  
H4-Lys20 (18). These changes promote the expression 
of tumor antigen genes. In another study, the K-ras 
and MGMR gene mutation rates were 44% and 36.0%, 
respectively, before radiotherapy in cancer tissues, and were 
12% and 8% after radiotherapy, respectively, indicating 
that radiotherapy could improve the control of local tumors 
and was of great significance for surgical treatment (19).  
Studies have shown that genome-wide breast cancer 
cells with low methylation have lower radiosensitivity 
than hypermethylated cell lines, and activation of 
methyltransferase by SAM causes hypermethylation and 
high radiosensitivity (10). However, changes in methylation 
levels have a gene-specific effect on radiosensitivity. 
Hypermethylation of specific genes (Axin, ATM, MGMT, 
and TIMP3) or hypomethylation (SerpinB5 and S100A6) 
alter gene expression (20) and disrupt biological functions, 
eventually increasing radiosensitivity. Combined with 
the analysis of the above two aspects, we hypothesized 
that radiation directly caused DNA methylation changes 
and promoted the expression of tumor suppressor genes 
to inhibit the occurrence and development of tumors. 
Therefore, the study of methylation of key genes in cervical 
cancer represents a new research direction and may provide 
new ideas for the treatment of cervical cancer.

In this study, cervical cancer cells (siHA and C33A) were 
selected as the research object to detect the expression and 
methylation level of LHX2. Meanwhile, demethylation, 
methylation, and LHX2 overexpression were used to treat 
the cells, and radiotherapy was performed on the cells to 
detect the changes of LHX2 expression and methylation 
level in the cells after radiotherapy. We studied the 
transcriptome, proteome analysis, cell cycle, cell apoptosis, 
DNA damage, and repair detection to explore the molecular 
mechanism of LHX2 in affecting the function of cervical 
cancer. It is hoped that LHX2 may become a candidate gene 
for the investigation of molecular mechanism of cervical 
cancer. 

We believe that our approach, including high-throughput 
candidate identification, combined with gain- and loss-of-
function in vitro validations represent an improved approach 
that will not only identify putative markers, but also provide 
insight into the molecular mechanisms how the identified 
biomarkers alter the pathogenesis of cervical cancer.

We present the following article in accordance with 
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/tcr-21-739).

Methods

Ethics

This study was approved by the Ethics Committee of 
Affiliated Hospital of Inner Mongolia Medical University, 
Hohhot, China (YKD201902089); all participants provided 
written informed consent. All experiments were designed 
and performed following the relevant guidelines. Cervical 
cancer tissue samples were obtained from patients with a 
diagnostic report in Department of Radiation Oncology, 
Inner Mongolia Cancer Hospital & Affiliated People’s 
Hospital of Inner Mongolia Medical University. All 
procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013).

Study participants, tissue sample preparation and collection

All tissue samples were collected after surgical operation. 
Cervical cancer tissue samples before and after radiotherapy 
from three different patients were also collected. 
Meanwhile, cervical cancer tissue samples as well as 
peripheral blood samples were collected from 47 different 
patients. All tissues samples were frozen in liquid nitrogen. 
The serum was obtained by centrifugation and frozen in 
liquid nitrogen. All tissue samples were used for DNA and 
RNA extraction. Cervical cancer patients ranged from 18 to 
70 years old. The FIGO staging levels were from IIB to VA.

Analysis of the LHX2 promotor methylation 

The bisulfite sequencing PCR (BSP) primers were designed 
using Methyl Primer Express v 1.0 (Thermo Fisher 
Scientific, Waltham, MA USA). 

The polymerase chain reaction (PCR) was performed 
in 50 μL with 8 μL of 10× PCR buffer (Mg2+), 4 μL of 
a deoxynucleotide triphosphate (dNTP) mixture (each  
2.5 mM), 0.5 μL Taq polymerase (5 U/L), 1 μL of F and 
R primers (10 μM), and 5–10 ng environmental DNA as 
template. The following PCR program was employed: 95 ℃  
for 5 min; 30 cycles of 94 ℃ for 30 s, 56 ℃ for 30 s, and  
72 ℃ for 25 s; 72 ℃ for 7 min; and hold at 4 ℃. The 
positive clones were sent to Sangon Biotech (Shanghai) Co., 
Ltd. for sequencing. The methylation rate of each sample 
was calculated using the following formula:

Methylation rate of each sample (%) = C/(*Nc*n)100%
Where C indicates the number of methylation sites in 

each sample, N indicates the sample number, Nc indicates 
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Table 1 Expression levels and methylation levels of LHX2 in 47 
cervical cancer tissues

Number
Pathologic 

types
FIGO 

staging

LHX2

Gene 
expression

Promoter 
methylation level

800***286 Squamous IVB 0.24 0.48

800***672 Squamous IIIC 0.30 0.46

800***441 Squamous IIA 1.00 0.40

800***734 Squamous IIIC 0.25 0.48

800***887 Squamous IIIC 0.35 0.56

800***752 Squamous IIIC 0.20 0.45

800***001 Squamous IIIC 2.26 0.31

800***006 Squamous IIIC 0.20 0.46

800***978 Squamous IIB 1.00 0.39

800***084 Squamous IIIC 0.80 0.42

800***657 Squamous IIIC 0.40 0.52

800***531 Squamous IIB 1.75 0.36

800***869 Squamous IIIB 0.43 0.53

800***518 Squamous IIA 0.28 0.43

800***921 Squamous IIIC 0.15 0.45

800***647 Squamous IIIC 0.29 0.43

800***814 Squamous IIIB 1.00 0.44

800***418 Squamous IIIC 4.49 0.21

800***033 Squamous IIIC 0.84 0.42

800***164 Squamous IIB 0.93 0.40

800***252 Squamous IIIC 1.00 0.40

800***268 Squamous IIB 1.97 0.33

800***084 Squamous IIIC 0.46 0.51

800***538 Squamous IIIC 1.39 0.38

800***844 Squamous IIIC 0.15 0.47

800***243 Squamous IIIC 53.20 0.32

800***918 Squamous IIA 1.00 0.40

800***645 Squamous IIB 138.99 0.16

800***791 Squamous IIIC 20.01 0.18

800***394 Squamous IIB 111.77 0.17

800***860 Squamous IIIC 94.73 0.30

800***847 Squamous IIIC 52.93 0.36

800***248 Squamous IIB 3.03 0.39

Table 1 (continued)

Table 1 (continued)

Number
Pathologic 

types
FIGO 

staging

LHX2

Gene 
expression

Promoter 
methylation level

800***524 Squamous IIB 15.62 0.24

800***713 Squamous IIB 18.99 0.19

800***329 Squamous IVB 1.00 0.41

800***773 Squamous IIIC 2.92 0.35

800***920 Squamous IIIC 20.55 0.19

800***991 Squamous IIIC 1.38 0.39

800***878 Squamous IIIC 1.00 0.41

800***937 Squamous IIIC 0.06 0.45

800***597 Squamous IIIC 29.61 0.32

800***887 Squamous IIIC 0.43 0.46

800***755 Squamous IIB 1.65 0.36

800***897 Squamous IIB 13.74 0.25

800***097 Other IIIC 0.79 0.42

800***246 Squamous IIIC 0.91 0.42

FIGO, International Federation of Obstetrics and Gynecology.

the number of cloning sites, and n indicates the number of 
CpG sites.

The methylation rate of each group of samples was 
calculated as follows:

Methylation rate of each group (%) = Methylation rate 
of each sample in the group/N.

RNA extraction and first-strand cDNA synthesis and 
quantitative real-time PCR validation

The RNA was extracted using TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufacturer’s 
instructions. cDNA synthesis was made using cDNA kit, 
Roche Cat# 04379012001.

The primers were designed using Prime Primer 5 and 
synthesized by the Beijing Genomics Institute (Table 1), and 
β-Actin (ACT3) served as an internal control. Quantitative 
real-time PCR (qRT-PCR) was conducted using SYBR 
Green dye (LightCycle® 480 SYBR Green I master, Roche). 
The selected genes were verified using the LightCycle® 
480 Real-Time PCR System (Roche). The following PCR 
program was employed: 95 ℃ for 10 min followed by  
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40 cycles of 95 ℃ for 10 s, 60 ℃ for 30 s, and 72 ℃ for 20 s. 
The dissolution curve was assessed at 72–95 ℃. The heating 
rate was 0.5 ℃/10 s. Fold change expression of genes were 
calculated using 2−△△Ct method.

Immunohistochemistry of cervical cancer samples

Tissues were incubated overnight in formalin for fixation 
and embedded in paraffin. 4 μm thick sections were used. 
Serum albumin was used for blocking non-specific sites.. 
Sections were incubated overnight with primary antibodies 
at 4 ℃, followed by a short incubation with fluorescent 
conjugated secondary antibodies for 30 min at room 
temperature. 3’3-diaminobenzidine HCl (DAB) incubation 
was done for 1 min. 

Cell culture 

The siHA and C33A cell lines were purchased from the 
American Type Culture Collection (ATCC, Rockville, MD, 
USA) and cultured in Dulbecco’s Modified Eagle Medium 
(DMEM, HyClone Laboratories, Inc., Logan, UT, USA) 
supplemented with 10% fetal bovine serum (FBS) and 1% 
P/S at 37 ℃ in an incubator with 5% CO2.

Radiation treatment

Cervical cancer tissues and cell lines (siHA and C33A) 
were inoculated in culture flasks at a density of 1×105. After  
24 h of adherent culture, X-ray irradiation was performed. 
To confirm the 6 MV X-ray effect on two types of cells, we 
exposed cells to 5 different doses of radiation (2, 4, 6, 8, and 
10 Gy). After 24 h, cells exposed to 2 and 4 Gy exhibited 
normal cell morphology and cell numbers. Exposure to  
6–10 Gy of irradiation cased cells to enter apoptosis, 
so these cells were not used in subsequent experiments. 
An experimental dose of 2 Gy was chosen. After 48 h of 
radiation treatment, the culture medium was discarded, and 
the cells were digested with trypsin and collected. The cells 
were washed twice with phosphate buffered saline (PBS) 
and then collected.

Plasmid and transfections

Small interfering RNA (siRNA) to knockdown LHX2 and 
the negative control were purchased from GenePharma 
(Shanghai, China). Transient transfections were performed 
with the help of GenePharma (Shanghai, China) following 

the instructions of manufacturer’s. For stable transfections, 
overexpression plasmid (pcDNA 3.1+) was employed to 
construct the recombinant plasmids pcDNA 3.1-LHX2 
(inserted with LHX2). The cells were then incubated in 
G418 containing medium, and G418-resistant cells were 
obtained approximately 35 days after transfection.

Cell viability assay, migration and invasiveness assays

Cell viability was assessed using cell Counting Kit-8  
(CCK-8). Cells (2×103/well) were seeded into a 96-well plate 
followed by overnight incubation. The cells were washed 
with PBS after medium was removed. The cells were then 
incubated in the presence of medium (90 μL) and CCK-8  
(10 μL) and incubated for 2 h at 37 ℃; the optical density 
(OD) was measured at 450 nm using microplate reader.

We used Boyden chambers with pore size of 8 μm for the 
migration assay (BD Biosciences, Becton, Dickinson and 
Co., Franklin Lakes, NJ, USA). 5×104 cells 200 μL medium 
containing 5×104 cells and 0.7 ml of DMEM were placed in 
the upper chamber, and lower chamber. Following 24 h of 
incubation, using cotton swab cells were removed from the 
upper side of the filter, and fixed with methanol for 10 min 
followed by crystal violet stain. The remaining cells under 
the filter were counted. For invasion assay, same conditions 
were except chambers were coated with Matrigel (BD 
Bioscience, San Jose, CA, USA).

Western blot

Protein lysates were prepared in lysis buffer, on ice and 
incubated for 30 min, followed by centrifugation at  
15,000 rpm for 15 min at 4 ℃. For immunoprecipitation 
(IP). the precipitated proteins were collected using A+G 
beads, followed by washing and eluting using Laemmli buffer 
(Thermo Fisher Scientific, Waltham, MA, USA), and finally 
subjected to western blotting. Same amount of protein was 
loaded on 10% sodium dodecyl sulfate (SDS)-polyacrylamide 
gels and transferred to nitrocellulose membrane (Millipore, 
Bedford, MA, USA). The membranes were probed overnight 
at 4 ℃ with primary antibodies purchased from Abnova 
(Beijing, China) and Cell Signaling Technology. Blots were 
then incubated with HRP conjugated secondary antibodies 
and developed with ECL reagents (Invitrogen, USA). 

Statistical analysis 

The results were expressed as mean ± standard error of the 
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mean (SEM). Statistical analyses were performed using 
SPSS version 18.0 software (IBM Corp., Chicago, IL, USA). 
The student’s t-test was used to compare two different 
groups, while the ANOVA test was used for variances of 
three or more groups. Spearman’s rank correlation was used 
for the analysis of correlation between two gene expressions.

Results

The expression and methylation level of LHX2 gene 

The correlation analysis of gene expression and methylation 
level of LHX2 genes in cervical cancer tissues with staging 
promoter from 47 participants were diagnosed with 
cervical squamous cell carcinoma. According to the FIGO 
guidelines, the types of cervical cancer were divided into 
six stages, including 3 IIA type, 11 IIB type, 2 IIIB type, 29 
IIIC type and 2 IV type. FIGO stages was confirmed with 
HE stains results of patients (Figure 1). After sequencing 
and bioinformatics analysis, the methylation levels of 
LHX2 were detected by BSP. The results showed that the 
upstream sequence was at high methylation in all tested 
participants. The methylation level of LHX2 was 16–56% 

in patients (P<0.05) (Table 1 and Figure 2). Moreover, the 
pyrosequencing results of samples from participants showed 
an upward trend of the methylation level of LHX2 with the 
change of FIGO stage (Figure 3).

The correlation analysis of gene expression and 
methylation level of LHX2 gene in cervical cancer tissues 
with staging promoter from 47 patients were diagnosed 
with cervical squamous cell carcinoma. In this study, 
the expression level and methylation level of LHX2 was 
detected in 47 specimens. The correlation between LHX2 
expression level and methylation level with FIGO staging 
were analyzed using SPSS software. The results showed 
that the expression level of LHX2 gene was significantly 
correlated with IIB and IIIC stage (P<0.05) (Figure 4). The 
IIB and IIA stage was different significantly correlated with 
the expression level of LHX2 gene (P<0.05). Meanwhile, 
the methylation level of LHX2 gene promoter was 

Figure 1 HE stains results of patients at different FIGO stages. 
HE, hematoxylin and eosin; FIGO, International Federation of 
Gynecology and Obstetrics.

Figure 2 Methylation of target genes in different cell types before 
and after treatment.
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significantly correlated with IIB and IIIB stage (P<0.05), IIA 
and IIB stage (P<0.05), IIB and IIIC stage (P<0.05), IIB and 
IV stage (P<0.05) (Figure 5).

Immunohistochemistry analysis of LHX2 protein

In this study, 37 cervical cancer tissues were treated with 
paraffin embedding. The immunohistochemistry (IHC) 
analysis showed that LHX2 protein expression was 
satisfactory (Table 2). The characteristics of LHX2 protein 
expression were consistent with the course and stage of the 
disease in all samples (Figure 6). The expression level of the 
LHX2 proteins were downregulated with the development 
of disease stage.

Enzyme-linked immunosorbent assay of LHX2 protein 
expression in serum of patients 

The LHX2 protein in the serum of cervical cancer patients 
was tested by enzyme-linked immunosorbent assay (ELISA) 
to find a key gene which would predict the prognosis of 
radiotherapy by peripheral blood test in vitro (Table 3). 
Although the messenger RNA (mRNA) relative expression 
and methylation was significant in cancer tissues, but 
there was no significant change in serum during radiation 
treatment. The results showed that the expression of LHX2 
protein in serum was not significantly correlated with 
early, middle, and late radiotherapy treatment (P<0.05). 
The reason may be directly related to the function and 
characteristics of LHX2 protein. Generally speaking, most 
of the proteins that can enter the peripheral blood are 
secreted proteins, and they are ideally the indicators for 
in vitro detection, and their concentration should also be 
able to reach the detection line of ELISA experimental 
technology.

LHX2 gene methylation levels in siHA and C33A cells 

To identify the methylation status of the LHX2 genes in 
siHA and C33A squamous cell carcinoma cells. It was found 
that the methylation level of LHX2 was high in the cervical 
squamous cell line. In siHA cells, the methylation rates in the 
promoter region of LHX2 gene were 54%. In the C33A cell 
line, methylation level of LHX2 was similar to those in the 
siHA cell line. The methylation level of the LHX2 promoter 
was 43%. Statistical analysis showed that LHX2 was highly 
methylated in squamous cell lines, and significantly higher 
than in normal cells and tissues (Figure 2).

Figure 3 Correlation between expression level and methylation 
level of LHX2 in cervical cancer.
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Figure 4 Correlation between LHX2 expression level and FIGO 
staging of cervical cancer. FIGO, International Federation of 
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Figure 5 Correlation between methylation level of LHX2 and 
FIGO staging of cervical cancer. FIGO, International Federation 
of Gynecology and Obstetrics.
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Table 2 Immunohistochemical results of 37 cervical cancer tissues

Names 
Positive 
area %

Mean 
density

Area 
density

H-score

1618183 LHX2 100 81.16 0.04 0.03 96.57 

190358-4 LHX2 100 16.72 0.05 0.01 33.88 

1905533 LHX2 100 16.03 0.05 0.01 18.47 

1916536 LHX2 100 31.70 0.03 0.01 43.90 

1916550 LHX2 100 17.18 0.04 0.01 22.26 

192410-3 LHX2 100 7.20 0.05 0.00 7.90 

192773-6 LHX2 100 8.13 0.05 0.00 8.83 

1928288 LHX2 100 44.38 0.04 0.02 58.26 

2000443 LHX2 100 79.28 0.05 0.04 107.54 

20172013 LHX2 100 29.92 0.04 0.01 37.37 

162519-2 LHX2 100 41.08 0.04 0.02 47.17 

170432-4 LHX2 100 42.94 0.05 0.02 79.70 

171692- LHX2 100 60.06 0.06 0.03 85.64 

171692- LHX2 100 27.37 0.05 0.01 35.20 

175778- LHX2 100 51.37 0.05 0.03 72.06 

177070-3 LHX2 100 18.06 0.06 0.01 26.08 

181702- LHX2 100 42.29 0.04 0.02 50.27 

182327- LHX2 100 43.30 0.05 0.02 54.65 

183895- LHX2 100 32.25 0.05 0.02 45.17 

184049- LHX2 100 77.26 0.04 0.03 94.67 

188005- LHX2 100 43.86 0.04 0.02 52.61 

188106- LHX2 100 63.11 0.04 0.03 84.91 

188726- LHX2 100 55.22 0.04 0.02 72.80 

189352-2 LHX2 200 10.62 0.04 0.00 18.84 

189362-2 LHX2 100 30.44 0.04 0.01 35.96 

189504-3 LHX2 100 8.28 0.05 0.00 10.81 

189801-2 LHX2 200 9.33 0.04 0.00 10.69 

1900401-2 LHX2 100 51.95 0.04 0.02 73.34 

1901586-2 LHX2 100 54.24 0.06 0.03 72.83 

1902444-3 LHX2 100 24.81 0.04 0.01 43.41 

1903438-1 LHX2 100 45.09 0.05 0.02 54.42 

1908060- LHX2 100 39.50 0.07 0.03 68.78 

1910137- LHX2 100 29.22 0.04 0.01 39.74 

1910513- LHX2 100 8.79 0.05 0.00 9.71 

2001134- LHX2 100 28.11 0.03 0.01 52.74 

2002132-2 LHX2 100 35.10 0.04 0.01 39.36 

173741-3 LHX2 100 36.37 0.05 0.02 49.00 

HLC LHX2 100 41.60 0.05 0.02 45.50 

Gene expression characteristics of LHX2 in squamous 
carcinoma siHA and C33A cells after radiation 

LHX2 methylation levels in cervical cancer cells after 
radiation treatment
After radiation treatment, the BSP-PCR detection 
results showed that methylation level of LHX2 changes 
significantly in the cells of siHA-2-Gy, the methylation 
level of LHX2 promoter region methylation rate reduced 
to 16%. In C33A-2Gy cell line, the methylation level of 
LHX2 promoter region methylation rate reduced to 8%. 
The methylation rate decreased significantly (P<0.05). The 
results are shown in Figure 2.

Gene expression characteristics of LHX2 in squamous 
cell carcinoma after radiation treatment
After treatment with 2Gy radiation rays, the expression 
levels of LHX2 in C33A-2Gy were 3.5 times of those 
cervical tissues (cells without radiation treatment). The 
relative expressions of LHX2 in siHA-2Gy cells were 
increased by 2.3 times. Meanwhile, the same result was 
detected in the expression level of LHX2 protein, the WB 
detection result showed the expression level of LHX2 
protein was up regulated in the in squamous cell carcinoma 
after radiation (Figure 7).

Gene expression characteristics in squamous carcinoma 
siHA and C33A cells after treatment with 5-Aza-DC

Effects of 5-Aza-DC on methylation levels of LHX2 
genes
After 5-Aza-DC treatment, the BSP-PCR detection 
results showed that methylation level of LHX2. LHX2 
changes significantly in the cells of siHA-5-Aza-DC, the 
methylation level of LHX2 reduced to 5%. In C33A-2Gy 
cell line, the methylation level of LHX2 reduced to 11%. 
The methylation rate decreased significantly (P<0.05). The 
results were shown in Table 4. After 5-Aza-DC treatment, 
the methylation levels of the two types of cells were not 
consistent, and the corresponding gene changes in siHA 
cells were more obvious, while C33A cells were less 
sensitive to 5-Aza-DC at 5 μM. 

Effects of 5-Aza-DC on expression level of LHX2 
genes
The relative expression levels of LHX2 gene in siHA and 
C33A carcinoma cells were measured by qRT-PCR. The 
results showed that the expression levels of LHX2 were 
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Figure 6 LHX2 immunohistochemical results (DAB staining ×100 times). Note: yellow is protein positive signal, blue is negative signal with 
DAB staining.

1618183 LHX2 190358-4 LHX2

1905533 LHX2 1916536 LHX2

1916550 LHX2 2000443 LHX2

up regulated in both treatment cell lines compared with 
control groups (Figure 8). The expression levels of LHX2 in 
C33A-5-Aza-dC was 14.2 times of those without 5-Aza-DC 
treatment (Figure 8 and Table 5). Meanwhile, the same result 
was detected in the expression level of LHX2 protein, the 
WB detection result showed the expression level of LHX2 
protein was up regulated in the in squamous cell carcinoma 
after treatment with 5-Aza-DC (Figure 7).

Effects of 5-Aza-dC and radiation on the cell invasion 
and migration of siHA and C33A cells
In  order  to  conf irm the  ef fect  of  5-Aza-dC and 
radiotherapy on invasion and migration of cervical cancer 
cells, 5-Aza-dC and radiation were applied to treat 
cells. The invasion results showed that the number of 
transmembrane cells in the siHA group, siHA-5-Aza-dC 
group, and siHA-2Gy group were 153±4.39, 116.67±3.06, 
and 125.37±11.37 ,  respect ive ly.  The number  of 
transmembrane cells in the C33A group, C33A-5-Aza-dC 

and C33A-2Gy group were 176.67±10.78, 155.33±11.37, 
and 153.33±7.37, respectively. The statistical analysis 
results indicated that the number of transmembrane cells 
decreased after 2Gy radiotherapy for both types of cervical 
squamous cell carcinoma cells, and the difference was 
statistically significant (P<0.05) (Table 6).

In the migration experiment (Table 7), the number of 
transferred cells were 296.67±15.26, 209.33±27.2274, and 
182.66±14.57 in the siHA group, siHA-5-Aza-dC group, 
and siHA-2Gy group, respectively. In the C33A group, 
C33A-5-Aza-dC group, and C33A-2Gy group, the number 
of transferred cells were 229.33±15.01, 181.67±11.15, and 
143±9.64, respectively. The results of statistical analysis 
indicated that the number of transmembrane metastatic 
cells decreased after 5-Aza-dC and 2 Gy radiotherapy 
for both types of cervical squamous cell carcinoma cells, 
and the differences were statistically significant (P<0.05), 
demonstrating that demethylation and radiotherapy inhibit 
the metastasis of cancer cells (Table 8).
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siHA siHA-2GyC33A C33A-2Gy

LHX2 

β-actin

Figure 7 WB detection of LHX2 protein expression in C33A cells 
and siHA cells relative before and after treatment 

Figure 8 Detection of LHX2 gene expression in C33A cells (A) 
and siHA cells (B) relative before and after treatment. *P<0.05 vs. 
Control. 
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Table 3 Detection of LHX2 in serum of patients with cervical 
cancer by ELISA

Number Before treatment Being treatment After treatment

800***286 0.516 0.443 –

800***672 0.5 0.543 0.469

800***441 0.505 0.544 0.538

800***734 0.526 – 0.524

800***502 0.536 0.611 0.571

800***752 0.493 0.524 –

800***001 0.541 0.539 0.443

800***006 0.497 0.561 0.602

800***978 0.499 0.567 0.556

800***084 – 0.464 0.463

800***657 0.445 0.521 –

800***531 0.533 0.52 0.513

800***869 0.522 0.495 0.557

800***300 0.533 0.532 0.537

800***588 0.632 0.604 0.618

800***518 0.603 – 0.584

800***921 0.497 0.548 –

800***347 0.482 – –

800***647 0.519 0.611 0.627

800***814 0.628 0.589 0.526

800***418 0.589 – 0.504

800***161 0.415 0.426 0.432

ELISA, enzyme-linked immunosorbent assay.

Table 4 Effect of 5-Aza-dC treatment on methylation rate of LHX2 
gene

Group Methylation rate of LHX2 (%)

C33A 43

C33A-5-Aza-dC 11

siHA 54

siHA-5-Aza-dC 5

Table 5 qRT-PCR detection of expression level of LHX2 genes 
treated with 5-Aza-dC and radiotherapy

Group Expression level of LHX2 P value

C33A 1.03±0.32

C33A-2Gy 8.98±5.11 <0.05

C33A-5-Aza-dC 55.34±18.83 <0.01

siHA 1.01±0.15

siHA-2Gy 3.06±0.51 <0.05

siHA-5-Aza-dC 14.20±2.60 <0.05
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Overexpression of LHX2

In the overexpression excrement, PCDNA-3.1 was used as 
the overexpression vector. The LHX2-overexpressed siHA 
and C33A cervical cancer cell lines (SiHa-LHX2-OV and 
C33A-LHX2-OV) were obtained by liposome transfection 
and G418 screening. The mRNA expression levels of LHX2 
were 94 and 112 times more than that of the control group 
(Figures 9), but the difference of LHX2 methylation level 
was not significant between the overexpression group and 
control group. The western blot assay also confirmed the 
increased expression of the target gene (Figure 10). It was 

shown that our target gene overexpression cell line had 
been successfully constructed.

Effects of LHX2 overexpression on cell invasion and 
migration ability
Transwell invasion function of the overexpressed cell lines 
(siHA-LHX2-OV) was detected. The result shown that 
the number of transmembrane cells in siHA group and 
siHA-LHX2-OV group were 148.33±14.57 and 218±19.15. 
The number of transmembrane cells in C33A group and 

Table 6 Results of invasion cell number of siHA and C33A cells 
treated after 5-Aza-dC or radiation

Group Cell number

siHA 153±4.39

siHA-5-Aza-dC 116.67±3.06

siHA-2Gy 125.37±11.37

C33A 176.67±10.78

C33A-5-Aza-dC 155.33±11.37

C33A-2Gy 153.33±7.37

Table 7 Results of transfered cell number of siHA and C33A cells 
by 5-Aza-dC and radiation

Group and treatment Cell number

siHA 296.67±15.26

siHA-5-Aza-dC 209.33±27.2274

siHA-2Gy 182.66±14.57

C33A 229.33±15.01

C33A-5-Aza-dC 181.67±11.15

C33A-2Gy 143± 9.64

Table 8 Effect of overexpression of target gene on transfer ability 
of siHA and C33A cells

Group and treatment Cell number

siHA 258.66±18.58

siHA-LHX2-OV 317±6.21

C33A 268±10.44

C33A-LHX2-OV 312.33±10.78
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Figure 9 qRT-PCR Detection of expression in overexpression and 
siRNA result of LHX2 gene in C33A and siHA cells. *P<0.05 vs. 
Control.
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C33A-LHX2-OV group were 202±7.21 and 240±20.55. 
The overexpression of LHX2 in siHA and C33A cells 
resulted that Matrigel matrix was corroded, and the number 
of transferred cells were decreased. The difference was 
statistically significant (P<0.05) (Table 9).

In the migration experiment, the number of transferred 
cells were 258.66±18.58 and 317±6.21 in the siHA group 
and siHA-LHX2-OV group. In the C33A group and C33A-
LHX2-OV group, the number of transferred cells were 
268±10.44 and 312.33±10.78. The results of statistical 
analysis indicated that the number of transmembrane 
metastatic cells decreased after LHX2 overexpression. The 
differences were statistically significant (P<0.05) (Table 8).

The Caspase-3, Caspase-8, and Caspase-12 genes were 
detected by qRT-PCR analysis to confirm the effects of 
overexpression of LHX2 on apoptosis-related proteins in 
cervical cancer cells. After overexpression, the expression 
of Caspase-3, Caspase-8, and Caspase-12 proteins were 
down-regulated. However, the expression of matrix 
metalloproteinase-2 (MMP-2), MMP-9, and RacI invasion-
related genes were increased (Figure 11).

Effect of siRNA interference suppression on LHX2 in cells 

In order to inhibit the increase of LHX2 expression induced 
by radiotherapy, siRNA interference was applied. The 

siRNA was transfected into siHA-LHX2-OV and C33A-
LHX2-OV using liposomes. There were 3 kinds of siRNA 
transfected into siHA-LHX2-OV and C33A-LHX2-OV, 
including LHX2-980, LHX2-1423, and LHX2-1526. 
At 48 hours after transfection, the expression level of 
LHX2 was detected by RT-PCR (Figure 9). The LHX2-
980 had a silencing efficiency of more than 80%, thus 
it was chosen for application in the siRNA interference 
experiment. Meanwhile, the same result was detected in the 
expression level of LHX2 protein, the WB detection result 
showed the expression level of LHX2 protein was silenced 
by siRNA-980 in the in squamous cell carcinoma after 
radiation (Figure 12).

After identifying the highest efficiency site, siRNA was 
transfected into cells with 2bGy radiation treatment for 
24 h (siHA-LHX2-2Gy-si). After 48 h, the proliferation, 
metastasis, and apoptosis-related proteins of cells were 
detected. 

The proliferation rate of radiotherapy treatment cell 
decreased after the LHX2 gene was silenced
Due to the timeliness of RNA silencing effect, in this 
study the proliferation results were detected at 48 h after 
transfection. The results showed that compared with siHA 
and C33A cells after irradiation, the cell proliferation rate 
was slightly up-regulated or down-regulated after silencing 
of the LHX2 gene, with no significant difference ranging 
from 8% to 15%. The results of the two kinds of cells 
were consistent, and the effect on C33A growth effect was 
smaller. It may be that the effects of radiation-induced and 
RNA silencing could cancel each other out. This resulted in 
no significant difference in gene expression.

In the invasion experiment, the speed of migration 
was not significantly different between the LHX2-2Gy-
si group and control group. The number of invasions cells 
were 166.33±12.74 and 176±7 in the siHA-2Gy group and 
siHA-LHX2-2Gy-si group, respectively. In the C33A-
2Gy group and C33A-LHX2-2Gy-si group, the number 
of invasions cells were 125.667±6.5 and 119.33±4.16. The 
results of statistical analysis indicated that the number 
of transmembrane metastatic cells increased after LHX2 
silencing (Table 10).

In the migration experiment, the number of transferred 
cells were 116±10.45 and 120±7.6 in the siHA-2Gy 
and siHA-LHX2-2Gy-si. In C33A and C33A-LHX2-si 
group, the number of transferred cells were 98.33±9.5 and 
109.76±6.52, respectively. The results of statistical analysis 
indicated that the number of transmembrane metastatic 

siHA

1  2 1  2

C33A

LHX2 

β-actin

Figure 10 Detection of LHX2 protein overexpression in C33A 
cells and siHA cells before and after treatment.

Table 9 Effect of overexpression of target gene on invasion ability 
of siHA and C33A cells

Group and treatment Cell number

siHA 148.33±14.57

siHA-LHX2-OV 218±19.15

C33A 202±7.21

C33A-LHX2-OV 240±20.55
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Figure 11 The expression level of pro-apoptotic molecules and Invasion related proteins in siHA and C33A cells after overexpression of 
LHX2.
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cells decreased after LHX2 overexpression. The differences 
were statistically significant (P<0.05) (Table 11).

 The apoptosis of Radiotherapy treatment cell genes 
was inhibited after the expression of LHX2 being 
silenced
The Caspase-3, Caspase-8, and Caspase-12 genes were 
detected by qRT-PCR analysis to confirm the effects of 
siRNA of LHX2 on apoptosis-related proteins in cervical 
cancer cells. After siRNA, the expression of Caspase-3, 
Caspase-8, and Caspase-12 proteins were up-regulated. 
However, the expression of MMP-2, MMP-9, and RacI 
invasion-related genes were decreased (Figure 13).

Discussion 

Cervical cancer is a malignant tumor, its morbidity 
and mortality account for the first and second highest 
among gynecological tumors in China, respectively. 
Radiotherapy is an important method for the treatment 
of cervical cancer, especially for patients with advanced 
or postoperative recurrence of cervical cancer, with good 
results. Although radiotherapy has an ideal therapeutic 
effect on cervical cancer, there are still some problems in 
the course of treatment, such as reduced radiation resistance 
and sensitivity and lack of sensitivity predictors. The 
methylation of DNA is an important epigenetic pattern 
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Figure 12 Detection of LHX2 protein expression in C33A cells and siHA cells before and after treatment with siRNA. siRNA, small 
interfering RNA.

Table 10 Effect of silence of target gene on invasion ability of siHA 
and C33A cells

Group and treatment Cell number

siHA-2Gy 166.33±12.74

siHA-LHX2-2Gy-si 176±7

C33A-2Gy 125.667±6.5

C33A-LHX2-si 119.33±4.16

Table 11 Effect of silence of target gene on transfer ability of siHA 
and C33A cells

Group and treatment Cell number

siHA-2Gy 116±10.45

siHA-LHX2-2Gy-si 120±7.6

C33A-2Gy 98.33±9.5

C33A-LHX2-si 109.76±6.52

that plays an important role in the structure and function of 
genomes. Methods for the detection of DNA methylation 
can be mainly divided into two categories: local methylation 
detection and genome-wide methylation detection. 
With the development of high-throughput sequencing, 
DNA methylation studies have moved into genome-wide 
methylation studies. Methylation-specific PCR (MSP), BSP, 
and other conventional methylation detection methods 
are limited to a few sites or local site research, and are low 
flux, time-consuming, and laborious. Combining high-
throughput sequencing with BSP, DNA methylation studies 
can target a large number of sites, cover the entire genome, 
and provide the methylation levels of different functional 
regions simultaneously (21).

Romero-Garcia  et  a l .  has  recently  publ ished a 
very thorough review on how DNA methylation can 
contribute to solid tumor resistance (9). For instance, 
Baharudin et al. performed DNA methylation profiling, 
and showed that patients of colorectal cancer (CRC) 
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Figure 13 The expression level of pro-apoptotic molecules and Invasion related proteins in siHA and C33A cells after overexpression of 
LHX2.

with 5-FU treatment significantly enhanced differentially 
methylated genes in CRC group compared to control (22).  
Another s tudy by Guo e t  a l .  has  found s imilar ly 
critical role for DNA methylation in human lung 
adenocarcinoma in regard to resistant to cisplatin (23).  
Altogether, these findings along with other ongoing 
investigations, strongly implicate the important role of 
DNA methylation in radiotherapy.

DNA methylation has been previously studied in cervical 
cancer patients. A recent study has reported more than 100 
human genes as possible methylation biomarkers of cervical 
cancer (24). Multiple panels containing several candidate 
host genes have been tested in different studies. Kong et al. 
recently reported that methylation of EPB41L3 and JAM3 is 
a feasible screening method for CIN2+ (25), showing that 
methylation testing achieved a remarkable success rate of 
98.4%. Nevertheless, confirmatory studies and additional 
biomarkers are needed to develop even more reliable 
diagnostic pipelines.

Integration of gene expression and methylation profiles 
can greatly advance our understanding on the molecular 
mechanism driving cervical cancer progression. A recent 
study from Xu et al. provides a great example how such 
approach can be utilized (26). Xu et al. 2019 identified 
cervical cancer-specific DNA methylation markers. This 
study identified four markers specific methylation markers 
associated with cervical cancer. Databases sources like Gene 
Expression Omnibus (GEO) database or other sources are 
further required to confirm such results.

Combined with the difference in degree of methylation 

level and correlation enrichment analysis, we were able 
to determine which genes had significantly reduced 
methylation level after radiotherapy, which was speculated to 
be closely related to the pathogenesis of cervical cancer and 
the mechanism of radiotherapy, such as MYC, C10orf11, 
LHX1, LHX2, LHX5, and LHX9. The transcription 
factor MYC is closely associated with human malignancies. 
The c-myc protein can promote cells from the GL phase 
to S phase, promote cell proliferation and differentiation, 
and promote cell apoptosis (27,28). The results showed 
that c-myc plays a key role in the development of cervical 
lesions, so it may possibly be developed as a biomarker for 
the treatment of cervical lesions and subsequent decision-
making, and c-myc is considered to be a very important 
biomarker (29). Studies have shown that the ANXA8 and 
C10ORF11 genes are candidate genes affecting lean body 
weight variation, which provides a new theoretical basis 
for the understanding of sarcopenia (30). In the clinical 
treatment, the radiotherapy effect of D and M patients 
is obvious, but the treatment effect of M patients is not 
obvious. At the same time, the methylation level of LHX5 
and LHX9 genes was significantly decreased in cervical 
cancer tissue before and after radiotherapy in D and M 
patients. Therefore, this study paid special attention to 
these three genes.

We found that the protein products of the ISL-1 gene 
are similar to those of the MEC-3 (31) and LIN-11 (32,33) 
genes in that they have a cysteine-rich pattern upstream of 
the homologous domain. Therefore, the pattern containing 
similar structures is called LIM. The amino acid sequences 
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encoded by LIM pattern color are called LIM domains, 
and the homeobox genes containing LIM pattern color 
are called LIM-homeobox genes. The LIM domain is 
also a sequence containing 55 amino acid residues that is 
very conserved at histidine and cysteine sites, whereas it is 
very poorly conserved between LIM domains of different 
genes or between different LIM domains of the same gene. 
The homeotypic domain downstream of LIM domain is 
well conserved. The LIM domain is a double zinc finger 
structure that can bind Zn2+ (34,35), because zinc finger 
proteins bind to DNA and regulate gene activity. In vitro 
experiments on MEC-3 and ISL-1 proteins showed that the 
binding of homologous domains to DNA in the proteins 
was regulated by the LIM domain (36).

As transcription factors, the LHX family of genes 
play an important role in signal transduction, cell 
differentiation, tissue-specific differentiation, and body 
size formation during the development of vertebrates and  
invertebrates (37). A total of 9 LHX members, named 
LHX1-9, have been found in mammals. The distribution of 
LHX1 is mainly throughout the central nervous system, but 
it has been confirmed by experiments that the forebrain and 
midbrain of mouse head are completely missing LHX1 (38), 
and it is speculated that LHX1 may act on the transcription 
of other genes to regulate the cell differentiation of these 
structures. The distribution of LHX2 is in multiple systems 
and it plays an important role. Mice with LHX2-/- have 
abnormal hippocampal primordia and cerebral cortex 
development, and their ocular primordia have been shown 
to stop developing prematurely (15). The role of LHX5 is 
important in regulating the morphological development of 
hippocampal structure. During gastrula formation, LHX5 
was expressed in the hypothalamus of the diencephalon of 
mice. The function of LHX9 is similar to that of LHX2 in 
the nervous system, and LHX9 is also specifically expressed 
in the gonads of mice. Sperm stem cells of LHX9-/- mice 
can migrate, but somatic stem cells cannot regenerate, 
leading to abnormal gonadal development in these mice. It 
is speculated that under normal chromosomal conditions, 
the mutation of LHX9 may be closely related to abnormal 
gonadal development (14).

In addition to their role in tissue differentiation, the LHX 
family of genes is also closely associated with cancer. The 
gene LHX3 is a late prognostic biomarker and a metastatic 
oncogene in hepatocellular carcinoma (39). The gene LHX4 
may inhibit the occurrence of tumors by down-regulating 
the expression of alpha-fetoprotein during the development 
of liver cancer (40). Studies have shown that LHX2 is 

an oncogene for a variety of tumors, and the transgenic 
expression of LHX2 promotes vascular maturation, 
primary tumor growth, tumor cell infiltration, and 
metastasis during the carcinogenesis of breast cancer (41).  
The LHX2 gene promotes the growth and metastasis 
of nasopharyngeal carcinoma by regulating the Wnt 
signaling pathway (42) and is abnormally expressed in lung 
cancer and pancreatic duct carcinoma (17). In the study of 
osteosarcoma, LHX2 promotes the occurrence of malignant 
tumor phenotypes by activating the mTOR pathway and 
inhibiting autophagy (43). 

While our study has identified DNA methylation of 
LHX2 gene as an important and novel biomarker in cervical 
cancer radiotherapy, it is important to emphasize that our 
findings, and in general any epigenetic biomarkers need to 
be considered within the context of differential diagnostic 
situations, and this is particularly true for cervical cancer 
biomarkers (24,25).
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