
Introduction

Cyclooxygenase-2 (COX-2) is an important rate-limiting

enzyme transformation of arachidonic acid to prostaglandin,

with abnormally increases expression in a variety of ep-

ithelial tumors such as colorectal cancer, esophageal cancer,

lung cancer, gastric cancer, bladder cancer, cervical cancer,

etc. [1]. Endometrial carcinoma is the second malignant

tumor in gynaecology, which seriously threatens the life and

health of elderly women. At present, the prognosis of ad-

vanced endometrial carcinoma is not ideal, and how to im-

prove the survival rate still needs further research.

In the present authors’ previous studies, it was confirmed

by in vitro experiments that, COX-2 selective inhibitor

celecoxib can inhibit the proliferation of HEC-1B cells, in-

duce the apoptosis, and reduce the cell invasiveness. In ad-

dition, the animal model of human endometrial carcinoma

has been established successfully. It is further confirmed

by in vivo experiments that, celecoxib can inhibit the

growth of endometrial carcinoma in nude mice, and the

mechanism may be related to the down-regulation of COX-

2 mRNA expression in cells [2]. RNA interference tech-

nique is research means to specifically block the expression

of some genes, with wide application in treatment of tumor,

virus infection, genetic diseases, and other diseases [3-7].

Invasion and metastasis are important biological charac-

teristics of malignant tumor, which are also the main rea-

sons of death in patients with endometrial cancer. How to

inhibit the metastasis and how to treat patients with ad-

vanced metastasis endometrial cancer are difficult clinical

problems. This study aims to inhibit the expression of

COX-2 in endometrial carcinoma cells by lentivirus medi-

ated RNA interference technique, as to observe the varia-

tion of endometrial carcinoma invasiveness and explore the

relationship between the COX-2 and the invasion of en-

dometrial carcinoma. 

Materials and Methods

Cell culture
Human endometrial adenocarcinoma HEC-1B cells were ad-

hering grown and routinely cultured in RPMI-1640 medium con-

taining 10% inactivated fetal bovine serum, at 37°C, 5% CO2

culture box, and the cultured medium was changed every two to

three days, which were digested and passaged with 0.25% trypsin

/EDTA, when the cells reached 80%.

Preparation of lentiviral vector [8]
In the GeneBank, human COX-2 gene coding sequence of NM-

000963 as the analysis sequence, four pairs oligonucleotide se-

quences of shRNA targeting COX-2 gene were designed and

synthesized, and Basic Local Alignment Search Tool (BLAST)

was used to perform sequence alignment of the selected interfer-

ence sequence and the corresponding genomic data (human,
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mouse, rat), which was certain that the selected gene sequence had

no homology with other genes. Expression plasmids were con-

structed for each siRNA, respectively, which were transfected into

293T cells, and according to the inhibition rate of COX-2 gene, it

was determined that the most effective target sequence was 5 ‘-

CGTTCGACTGAACTGTAGA-3’, then according to which the

DNA oligonucleotide of its shRNA was designed and synthesized

as 5‘TaaCGTTCGACTGAACTGTAGATTCAAGAGATC-

TACAGTTCAGTCGAACGttTTTTTTC-3’. Core sequence of

negative control was 5 ‘-TTCTCCGAACGTGTCACGT-3’, (here-

inafter referred to as the NC sequence), and the DNA oligocleotide

of which was 5 ‘-TTTCTCCGAACGTGTCACGTTTCAAGA-

GAACGTGACACGTTCGGAGAATTTTTTC -3’. Oligonu-

cleotides were annealed to form double-stranded DNAs, which

were connected with a pGCL-GF linear vector through T4 ligase

and enzyme digestion by Age I and EcoR I to form the recombi-

nant lentiviral vector expressing shRNA, and which were verified

by enzyme digestion. Fresh Competent Escherichia coli cells were

prepared by calcium chloride and transformed into E.coli DH5a.

The recombinant positive clones were screened from PCR and se-

quencing analysis. Positive clones primers were identified by PCR,

with the upstream primer 5 ‘-GTGTCACTAGGCGGGAACAC-

3’, and downstream primer 5‘-TTATTCCCATGCGACGGTATC-

3’.

Lentiviral packaging and titer determination [9]
The recombinant lentiviral vector plasmid of COX-2 shRNA

and two auxiliary packaging plasmid pHelper 1 and pHelper 2

were transfected into 293T cells, eight hours after transfection, the

medium being changed to the complete medium, then after 48

hours incubation, supernatant with slow virus particles was col-

lected, the high titer lentivirus concentrate was detected in 293T

cells and virus titer was calibrated. The virus concentrate was col-

lected in sample cup to transfect the 293T cells after diluted in ten

time series hole. The number of fluorescent cells with a propor-

tion of about 10% in holes was calculated, which value was mul-

tiplied by the titer value of the virus stock obtained from the

corresponding dilution.

Grouping and infection of cells
Cells were divided into three groups: experimental group shRNA-

COX-2, negative control group COX-2-NC, and blank control group

COX-2-CON. The target cells in logarithmic growth phase were di-

gested by trypsin to prepare cell suspension, and the suspension with

about 1.2 x 107 cells was inoculated in 12-well plates and cultured

at 37°C, 5% CO2 incubator. When the cells were grown to reach

70% confluence, according to the Multiplicity of infection (MOI)

value and experimental design group, RNAi lentivirus particles were

added to target cell to carry out infectious experiment, and after 48

hours, RNA and protein were extracted from the cells with the suc-

cess rate of 80% or more to carry out RT-PCR and Western blot de-

tection experiment, so as to determine the interference effect of the

target.

Detection of COX-2 mRNA by RT-PCR 
HEC-1B cells of above three groups was collected and washed

in PBS for three times, and total RNA was extracted according to

kit operation manual, which was quantitative determined by UV

spectrophotometry. PCR reaction conditions were denaturation

for three minutes at 94°C, 94°C 30 seconds, 55°C 30 seconds,

72°C 45 seconds, and 72°C five minutes. 

Products amplified by PCR were confirmed by 1.5% agarose

gel electrophoresis, ethidium bromide (EB) staining, observation

and analysis of ultraviolet projection instrument. All experiments

were repeated three times.

Determination of COX-2 protein by Western blot
The cells were lysed by SDS cell lysate, proteins were fraction-

ated on 100 g/l SDS-PAGE electrophoresis, and using Bio-Rad mi-

croelectric transfer system, proteins on polyacrylamide gel

electrophoresis (PAGE) gel were transfered to nitrocellulose mem-

brane, which was washed and added in rabbit anti-human COX-2

polyclonal antibody (1: 1,000 dilution) for 4°C overnight incuba-

tion, three times TBST membrane washing, each time five min-

utes, 30 minutes incubation with HRP-labeled second antibody in

normal room temperature, washing and developing by adding elec-

trogenerated chemiluminescence reagent ECL. As for confocal mi-

croscopy detection, cells were put into six-well plates with

coverslips for overnight culture, and X-ray film was scan recorded,

after being developed and fixed, with β -actin as internal control.

All experiments were repeated three times.

Determination of invasion assay by transwell chamber method
Transwell chamber was coated by 50 mg/l Matrigel 1:8 dilution

liquid at the bottom, air-dried at 4°C, sterilized under ultraviolet

lamp for two hours, suctioning residual liquid, 50 ul serum-free

medium containing 10 g/l BSA being added to each well, which

were placed into 37°C incubator for 30 minutes, then the Transwell

chamber were put into the 24-hole culture plate, adding 400 ul 1:1

mixed conditioned medium (HEC-1B cell supernatant) and com-

plete medium to outside of the chamber, and adding in the chamber

200 ul tumor cell suspension with the cell number of 2 × 105/ml and

culture media containing 10 g/l BSA and 1% volume fraction of

fetal bovine serum RPMI 1,640, after 24 hours, the Transwell cham-

ber was removed and cleaned by PBS, the upper cell of the micro-

porous membrane was wiped with a cotton swab, followed by

fixing in 80% ethanol and stained by Giemsa. Under a microscope,

the cells invaded to below the membrane were counted, and under

a 100 times microscope, the number of passed membrane cells in

five views was counted, from which the mean was derived.

Figure 1. — Bacterial

positive clone of lentivi-

ral vector identified by

PCR. 1: PC group; 2:

marker; 3: NC group; 4-

7: RNAi group.
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Statistical analysis
The results were analyzed with SPSS11.5 software, all data are

used x ± s, two samples were compared using t test, the compar-

ison of multiple mean using analysis of variance, and the differ-

ence has statistics significance as p < 0.05.

Results

Preparation and identification of lentiviral vector
COX-2 shRNA recombinant lentiviral vector plasmid was

transformed into Escherichia coli DH5a, recombinant pos-

itive clones were identified by PCR, PCR positive products

were cloned recombinant bacteria of 343 BP, and after dou-

ble enzyme digestion, the pGC-L empty vector PCR frag-

ment of 306 BP without any insertion was taken as control,

which showed that the identification result corresponded

with expectation (Figure 1). The sequencing result showed

that the insertion of fragment was proved to be the same as

designed COX-2 shRNA nucleotide sequence, and there

was no mutation, deletion, and anomaly insertion, which in-

dicated that recombinant lentiviral vector of COX-2 gene

shRNA had been successfully constructed.

Recombinant lentivirus titer determination and infection
According to the expression level of GFP in 293T cells,

using hole-by-hole dilution method, it was detected that the

lentivirus concentration titer was 5 × 107Tu / ml, which in-

dicated that a large number of plasmid had been transfected

into 293T cell, and the virus had been successful packaged.

As the MOI was 10, according to the percentage of cells

under the fluorescence green microscope, it was determined

that the infection rate of the recombinant lentiviral gene

knockdown group cells can emit green fluorescence

(RNAi) and negative control group cells (NC) infection rate

was above 80%, whereas the blank control group (PC) was

not observed with green fluorescence protein expression in

cells (Figure 2). 

Expression of COX-2 mRNA in HEC-1B cells infected by
lentivirus

RT-PCR results showed that expression of COX-2

mRNA in RNAi group only was 38.13% of negative con-

trol group (NC), that was the inhibition rate being 61.87%,

while no significant difference was COX-2 mRNA expres-

Figure 2. — HCE-1B cells under Green fluorescence microscopy.
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Figure 3. — The expression of COX-2 mRNA in each group cells

detected by PCR. 

Figure 4. — Protein expression of COX-2 in cells of each group

detected in western blot.
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sion between the negative control group and blank control

group (p > 0.05), which compared with the negative control

group, signified that the experimental group had an obvious

inhibiting effect (p < 0.05) on the mRNA gene expression

of COX-2 in HEC-1B cells (Figure 3).

Protein expression of COX-2 in HEC-1B cells after infec-
tion of lentivirus

Western blot results showed that expression of COX-2

mRNA in RNAi group only was 32.5% of negative control

group (NC), with the inhibition rate being 67.48%, while no

significant difference in COX-2 mRNA expression between

the negative control group and blank control group (p >

0.05) was observed, which signified that compared with the

negative control group, the experimental group had an ob-

vious inhibiting effect (p < 0.05) on the mRNA gene pro-

tein expression of COX-2 in HEC-1B cells (Figure 4)

Effect of RNA interference on invasiveness HEC-1B cell 
Experimental results of invasion assay showed that the

average number of HEC-1B cells in RNAi group penetrat-

ing through the artificial basement membrane was 16.6, s =

0.7, which was significantly less than the negative control

group (47.2, s = 0.6) and control group (50.2, s = 0.7), in-

vasion inhibition rate being 64.8%, and the difference was

statistically significant (p < 0.01, Figure 5). 

Discussion

Recombinant lentivirus as transgenic vector, compared

with the former chemical and physical method, adenovirus

vector, and retroviral vector method, could not only ensure

the safety, but also have high transduction efficiency, being

capable of transducing mitotic cells and non-dividing cells,

achieving a lasting expression stability, simultaneously

having minimal immunogenicity, which does not easily

produce neutralizing antibodies and other advantages,

therefore the recombinant lentivirus was the current most

appropriate in vivo transgenic vector even for gene therapy

[10].

Singh et al. [11] had subcutaneously inoculated the

human breast cancer cell line MCF-10A transfecting with

COX-2 into nude mice to establish breast cancer model,

which results showed that increased expression of COX-2

in tumor tissue of nude mice could enable the bone metas-

tasis rate increasing significantly, indicating that COX-2

can promote the invasion and metastasis of breast cancer.

Ogino et al. had detected in 662 cases of patients with

colon cancer (Stage I-IV) by immunohistochemical

method, and the results showed that cyclooxygenase-2

(COX -2) was overexpressing in 83% (548 cases) patients,

which indicating that high expression of COX-2 is an im-

portant risk factor for colon cancer, and further study on

the survival rate found that the higher the COX-2 expres-

sion in patients, the lower the survival rate [12, 13]. Many

clinical studies have demonstrated that non-steroidal anti-

inflammatory drugs (NSAIDs) can reduce incidence of

colorectal cancer and the number and size of familial ade-

nomatous polyp patients, which main mechanism realized

through inhibition of COX, especially the inhibition of [14]

on COX-2. Strillacci et al. [15] reported that RNA inter-

ference could successfully inhibited the proliferation and

invasion of colon cancer cells. Recent studies have found

that RNA interference could inhibit the growth and metas-

tasis of a variety of other malignant tumor [16-21].

The present study applied RNA interference to inhibit

COX-2 expression, which on the one hand, further clari-

fied the roles of COX-2 in tumorigenesis and tumor pro-

gression, on the other hand, investigated the use of RNA

interference technology as the strategy and method for gene

therapy of tumor. Inhibition of RNA interference on COX-

2 gene expression, also affected some biological charac-

teristics of endometrial cancer cells. Tumor cells must

destroy the extracellular matrix composed of extracellular

matrix and basement membrane in the invasion process,

Figure 5. — Effects of RNA interference on cells invasiveness of each group.
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Matrigel gum in the experiments is very similar to extra-

cellular matrix components, which can effectively simulate

the tumor cells in vitro invasion process. Cell invasion

assay results showed that mean cell number of siRNA

group HEC-1B cells penetrating through the artificial base-

ment membrane of Transwell chamber was 16.3, which

was significantly less than the negative control group

(48.5), and control group (50.3); the invasion inhibition rate

was 66.4% and the difference had statistical significance.

Results of the present study demonstrated that, RNA inter-

ference could reduce the invasion of HEC-1B cells in en-

dometrial adenocarcinoma. Compared with control group,

the expressions of COX-2 mRNA and protein in siRNA

group were significantly inhibited. This further suggested

that, RNA interference might down-regulate COX-2 ex-

pression in HEC-1B cells, thus reduce the invasion of

tumor cells, which had provided experimental basis for bi-

ological treatment of endometrial carcinoma.

To sum up the aforementioned, through transferring the

constructing shRNA eukaryotic expression vector targeting

COX-2 into cells can highly and specifically inhibit COX-2

expression in human endometrial carcinoma, COX-2, being

closely related to tumor cell invasion and metastasis, in-

hibiting the expression of COX-2 on cells that can inhibit

tumor cell invasion. It is feasible and effective for preven-

tion and treatment of tumors with high COX-2 expression

through application of RNA interference. However, these re-

sults are confirmed only at the cellular level, and there is no

in vivo research report, hence further study is still required.
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