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Abstract: Endometrial carcinoma is the most common malignant tumors of the reproductive system, and fragile 
histidine triad (FHIT) plays an important role in multiple tumors. The purpose of this study was to investigate the 
expression of FHIT gene in endometrial carcinoma, and its effect on proliferation, invasion, and metastasis after up-
regulation. In vitro, the endometrial carcinoma cell lines were cultured. The FHIT-saRNA expression vector was con-
structed. The endometrial carcinoma cell line that upregulated the expression of FHIT was established, and whether 
the saRNA had a direct targeting regulation on the FHIT was verified. A difference of expression of FHIT in normal 
endometrial and endometrial carcinoma was detected. We detected the proliferation of endometrial carcinoma cell 
lines before and after activating FHIT. The endometrial carcinoma cell lines were compared with the correspond-
ing transiently transfected cell lines in their capabilities of cell migration and invasion. The results showed that the 
expression of FHIT in endometrial carcinoma was significantly decreased or even deficient compared with normal 
endometrium. Upregulating the expression of FHIT is related to inhibiting the proliferation, invasion and metastasis 
of endometrial carcinoma. The possible mechanism is related to the regulation of cell cycle regulation, and plays a 
role in inhibiting tumor proliferation. The research on molecular mechanism in the development and progression of 
endometrial carcinoma has important theoretical significance for improving the diagnosis, treatment and prognosis 
of clinical tumors.
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Introduction

Endometrial carcinoma is one of the three 
major malignant tumors in gynecology, and  
it has become a serious threat to women’s 
health and life. Therefore, the specific mecha-
nism of endometrial carcinoma development 
has become a research hotspot for scholars [1, 
2]. It is believed that tumor is a genetic disease, 
and activation of proto-oncogenes, loss of func-
tion of suppressor genes, and changes in the 
function of some modified genes lead to the 
occurrence and development of tumors [3, 4]. 
The research on suppressor genes is a hot spot 
in the field of tumor research. 

RNA activation (RNAa) was first discovered by  
Li et al. in 2006 [5], and the double-stranded 
RNA (dsRNA) molecule promoter region of the 

target is introduced into tumor cells to pro- 
mote the expression of the target gene [6]. 
RNAa is mediated by dsRNA that targets  
specific gene promoter regions. These sequenc-
es directed against non-coding regions of dsR-
NAs are called antigene RNAs (agRNAs), and 
agRNAs that induce RNAa are called small acti-
vating RNAs (saRNAs) [7]. 

The FHIT gene is the first active fragile site of 
the tumor suppressor genes, and plays an 
important negative regulatory role in the occur-
rence and progression of tumors [8]. There are 
different degrees of expression loss and corre-
lation in various tumors such as lung carci- 
noma and breast carcinoma [9]. This study set 
out to detect the expression of FHIT gene in 
endometrial carcinoma, to explore its correla-
tion with clinicopathologic factors, and to fur-
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ther clarify their role in infiltration and metasta-
sis of endometrial carcinoma. The expression 
of FHIT gene in human endometrial carcinoma 
cell lines, and its effect on the invasion and 
migration of endometrial carcinoma cells, may 
show a theoretical basis for the clinical treat-
ment and prognosis of endometrial carcinoma.

Materials and methods

Clinical specimens

The endometrial carcinoma tissues were 
selected from 93 patients who were admitted 
to the department of pathology, the First 
Affiliated Hospital of Bengbu Medical College 
from January 2018 to July 2019. All patients 
before surgery did not receive any antican- 
cer treatments such as chemotherapy or radio-
therapy. The control group was normal endo-
metrial tissues, which were selected from 35 
patients with gynecological biopsy endometrial 
tissues or hysterectomy for other benign dis-
eases. All patients were informed and agreed. 

Immunohistochemical analysis

Immunohistochemical (IHC) staining was per-
formed on paraffin-embedded endometrial  
carcinoma tissues and normal endometrial tis-
sues sections to determine the expression of 
FHIT. Briefly, the sections were incubated with 
FHIT antibody (1:50, Proteintech) at 4°C over-
night and detected by the HRP-conjugated  
secondary antibody (1:500, Thermo Fisher 
Scientific, Waltham, MA, USA) after incubated 
at 37°C for 60 min. Sections were incubated 
with peroxidase substrate DAB (Solarbio) for 
color development and counterstained with 
hematoxylin for 3 min. The slides were ob- 
served and photographed under the micro-
scope (Olympus, Japan).

Cell culture and transfection

We chose 4 human endometrial carcinoma 
cells ISK, RL-952, HEC-1-B, AN3 CA (Cell 
Research Shanghai, China) were cultured in 
Dulbecco’s Modifies Eagle Medium (DMEM, 
Gibco, Grand Island, NY, USA) supplemented 
with 10% FBS (Hyclone, South Logan, UT,  
USA) in a humidified incubator at 37°C with  
5% CO2. Briefly, cells were seeded in 6-well 
plates and cultured until they reached a den- 
sity of approximately 70% to 80% confluent. 

The transfection step was carried out accord-
ing to the lipofentamineTM2000 (Invitrogen, 
Carlsbad, CA, USA) reagent specification. The 
experiment was divided into a blank control 
group (not transfected), a negative control 
group (transfected unordered RNA), and an 
experimental group (transfected with dsFhit).

saRNA was synthesized according to the 
sequence known in the literature (Jima 
Pharmaceutical Technology Co. Ltd Shanghai, 
China). Sequences of FHIT-saRNA were as fol-
lows: forward: 5’-CCAACUCAUUCUCCAAGUA-3’; 
reverse: 5’-UACUUGGAGAAUGAGUUGG-3’; and 
the negative saRNA Control: forward: 5’-AC- 
UACUGAGUGACAGUAGA-3’; reverse: 5’-UCUAC- 
UGUCACUCAGUAGU-3’. The FHIT-primers for 
PCR amplification were obtained from Gen- 
Script (Nanjing, China) and the sequences  
were as follows: FHIT Forward, 5’-CATC- 
CTGGAAGCTTTGAAGCTCA-3’ at nucleotides 
-222 to -200 bp; FHIT Reverse, 5’-CATGC- 
TGATTCAGTTCCTCTTGG-3’ at nucleotides 523 
to 545 bp. After transfection, cells were incu-
bated in DMEM medium with 10% FBS before 
subjecting them to the required experiments.

Western blot

Protein levels were determined by western  
blot. After 48 h of cells transfection, briefly, 
cells were lysed in RIPA buffer (Solarbio) con-
taining 10 μl PMSF (Solarbio) and the protein 
concentrations were determined using BCA 
Protein Assay Kit (Solarbio). 10-20 μg equal 
amounts of protein were separated by SDS-
PAGE and then transferred to the PVDF mem-
branes (Millipore, Billerica, MA, USA). The  
membranes were blocked with 5% skim milk  
in TBST buffer for 1 h and then incubated  
overnight at 4°C with primary antibodies:  
anti-FHIT (1:1000, Proteintect) and anti-β- 
actin (1:1000, Proteintech). After washing for  
4 times with TBST, membranes were in- 
cubated with the HRP-conjugated (1:3000, 
Solarbio) at 37°C for 1 h and the signals were 
visualized using ECL reagent (Solarbio).

Quantitative real-time PCR (qRT-PCR)

The qRT-PCR was used to measure FHIT ex- 
pression levels in transfected endometrial car-
cinoma cells. Briefly, total RNAs from cultured 
endometrial carcinoma cells were extracted by 
the RNA simple total RNA Kit (Tiangen, Beijing, 
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China) according to the manufacturer’s in- 
structions. The cDNA of FHIT was reversely 
transcribed using a TIANSeq M-MLV (Tiangen) 
and expression levels of saRNA and FHIT  
were measured by qRT-PCR system containing 
2 × Taq PCR MasterMix (Tiangen) and SYBR 
Green (Solarbio, Beijing, China) according to 
the manufacturer’s protocol. U6 and GAPDH 
were used as normalizing controls to normalize 
FHIT expression using the 2-ΔΔCT method. The 
DNA bands were observed under an ultraviolet 
lamp, photographed, and subjected to gray 
value analysis using a gel image processing 
system.

CCK-8 assay

Cell proliferation assay was measured with a 
Cell Counting Kit-8 (CCK-8) (Key Gen Biotech, 
Nanjing, China). Adjusted to the endometrial 
carcinoma cells concentration of 5 × 104 ml, 
seeded into 96-well plates with 5 replica- 
tions per group, 150 μl per well, and incubated 
in a cell culture incubator. After 24 h, FHIT-
saRNA or their controls were transfected to 
cells, then the cells were cultured subse- 
quently for 0, 24, 48, 72, 96, and 120 h, re- 
spectively. The 10 μl CCK-8 solution was  
added to each well and the cells were incubat-
ed for 2 h at 37°C. The absorbance of each  
well was measured at 450 nm by a microplate 
reader (BioTek, Vermont, USA). The experiment 
was repeated three times.

Transwell assays

The migration and invasion of endometrial car-
cinoma cells were evaluated by transwell 
assays. The experiment used some 24-well 
plates and a polyvinyl-pyrrolidone-free polycar-
bonate filter (8 μm pore size). The lower cham-
ber was filled with 500 μl medium containing 
10% FBS, the upper chamber filled serum-free 
medium containing 2 × 104 cells. After incuba-
tion 24 h, cells were fixed and stained with 4% 
paraformaldehyde and 5% crystal violet. We 
counted the cells number in the surface of the 

USA). Every chamber was set in parallel for 
each group, and the experiment was repeated 
three times. 

Statistical analysis

All experiments were repeated at least three 
times and representative images are shown. 
Statistical analysis was performed using soft-
ware Statistical Product and Service Solu- 
tions (SPSS) 23.0. The data were expressed  
as the mean ± standard deviation (SD). 
Graphpad software was used for Student T 
test, Chi-square, correlation analysis, and 
Kaplan-Meier analysis in this study, to eva- 
luate the differences between groups. The vari-
ance analysis between groups was performed 
using a one-way ANOVA. P < 0.05 was consid-
ered significant.

Results

The expression level of FHIT is decreased in 
endometrial carcinoma tissues

To investigate the expression levels of FHIT in 
endometrial carcinoma tissues and normal 
endometrial tissues, we collected 93 pairs of 
endometrial carcinoma tissues and 35 pairs  
of normal endometrial tissues. We found that  
the expression of FHIT was positive in 11  
cases of endometrial carcinoma tissues and  
32 cases of normal endometrial tissues  
(Table 1). Immunohistochemistry showed sta-
tistical differences between the two groups  
(P < 0.01). Positive staining was observed in 
the cytoplasm of normal endometrial tissues. 
Compared with endometrial carcinoma tissues, 
the expression level of FHIT protein in normal 
endometrial tissue was significantly increased 
or even missing (Figure 1A, 1B).

The relationship between the expression of 
FHIT and the clinicopathologic factors in endo-
metrial carcinoma

The results showed that the expression of FHIT 
in endometrial carcinoma tissues was signifi-

Table 1. Fhit expression in different tissues
FHIT
Histologic type Cases (-) (+) P value
    Normal endometrial tissues 35 3 32 <0.01
    Endometrial carcinoma tissues 93 82 11

lower chamber under microscope (Oly- 
mpus, Japan), and the average value was 
set. The assay could be used to detect  
the ability of cells to invade and migrate. 
However, when it was used to detect the 
ability of cell invasion, the 8 microspore 
was coated with Matrigel (BD Biosciences, 
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cantly correlated with histologic grade, FIGO 
stage, musculocutaneous invasion, and lymph 
node metastasis (P < 0.05), but has no signifi-
cant correlation with age (Table 2).

RNA activation up-regulated the expression of 
FHIT in endometrial carcinoma

The results of western blot showed statistical 
differences among the groups after transfec-
tion 48 h (P < 0.05). Compared with the blank 
control group and the negative control group, 
the protein expression in the experimental 
group was significantly increased (experi- 
mental group vs. blank control group, P < 0.05; 

control group (experimental group vs. blank 
group, P < 0.05; experimental group vs. nega-
tive control group, P < 0.05) (Figure 2B).

Activation of FHIT inhibited the proliferation of 
endometrial carcinoma cells

The CCK-8 assay was used to assess the eff- 
ect of FHIT-saRNA on endometrial carcinoma 
cell proliferation. The results of CCK-8 show- 
ed that the inhibition rates of 24, 48, 72, 96, 
and 120 h were 38.8%, 30.8%, 24.7%, 30.0%, 
and 31.4%, respectively. Compared with the 
negative control group, the proliferation of 
endometrial carcinoma cells in the experimen-
tal group was slowed down, and the growth  
was significantly inhibited, with statistical dif-
ferences (P < 0.05) (Figure 3). The results indi-
cated that upregulation of FHIT-saRNA inhibits 
the endometrial carcinoma cell proliferation.

Activation of FHIT inhibited migration and inva-
sion of endometrial carcinoma cells

To further explore the effects of FHIT up- 
regulation on migration and invasion abilities  
of endometrial carcinoma cells, transwell 
assays were performed. The results of tran-
swell chamber experiments showed that com-
pared with the blank control group and the 
negative control group, dsFHIT experimental 
endometrial carcinoma cells’ invasion and 
migration ability had an obvious drop. The 
results of invasion experiment showed that  
the experimental group through the ba- 
sement membrane for the number of cells 
(64.1 ± 6.5), and compared with the blank  
control group (98.1 ± 7.2) and the negative con-
trol group (92.0 ± 5.3) it was different (experi-
mental group vs. blank group (P < 0.05; experi-
mental group vs. control group P <0.05). The 

Figure 1. Fhit expression in different endometrial tissues. A. Fhit expression 
in endometrial tissue (IHC stain × 100); B. Fhit negative expression in endo-
metrial carcinoma tissue (IHC stain × 100).

Table 2. The relationship between the expres-
sion of FHIT and clinicopathologic factors in 
endometrial carcinoma
FHIT
Factor Cases (-) (+) P value
    Age
        <50 16 8 7 0.785
        ≥50 77 44 33
    Histologic grade
        G1 23 13 10 0.036
        G2 45 28 17
        G3 25 22 3
    FIGO stage
        I + II 50 32 18 0.032
        III + IV 43 36 7
    Muscular layer infiltration
        ≤1/2 47 27 20 0.032
        >1/2 46 36 10
    Lymph node metastasis
        No 69 39 30 0.019
        Yes 24 20 4

experimental group vs. nega-
tive control group, P < 0.05) 
(Figure 2A).

The results of RT-PCR show- 
ed that there were statisti- 
cally significant differences 
between the groups after 
transfection 48 h (P < 0.05). 
The expression level of mRNA 
in the experimental group  
was significantly upregulated 
compared with that in the 
blank group and the negative 
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results of the migration experiment showed 
that the number of cells in the experimental 
group was (69.1 ± 6.5), and the number of  
cells crossing the membrane in the blank con-
trol group and the negative control group was 
(116.1.1 ± 4.3) and (98.3 ± 6.9), respectively 
(experimental group vs. blank control group (P 

< 0.05; experimental group vs. negative control 
group P < 0.05) (Figure 4).

Discussion

Endometrial carcinoma has a high incidence 
and low cure rate. Scientists have also been 
working on the pathogenesis of this tumor,  
hoping to help its diagnosis, treatment, and 
prognosis at the molecular level. The occur-
rence and development of tumors are closely 
related to abnormal activation of oncogenes, 
inactivation of tumor suppressor genes, and 
abnormalities of DNA mismatch repair genes 
[10]. RNAa is one of the hottest technologies  
in the field of gene function and therapy in 
recent years. RNAa inhibits tumor growth by 
selectively activating or enhancing the ex- 
pression of a tumor suppressor gene, without 
the need to find tumor-specific oncogenes. 
RNAa effects do not involve the degradation  
of any target sequence, but rather through  
the recruitment of transcriptional activators 
leads to the activation of the gene transcri- 
ption process and the activation of chromatin 
modifications [11]. Therefore, RNAa has al- 
most unlimited target genes, which can in- 
crease the total abundance of the target gene 

Figure 2. (A) Western blot and (B) qRT-PCR 
were performed to evaluate the effect of FHIT 
activating on the level of protein in endome-
trial carcinoma cells.

Figure 3. Activation of FHIT inhibited the proliferation 
of endometrial carcinoma cells that was detected by 
CCK-8 assay.
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mRNA, while retaining the diversity of the natu-
ral splice isoforms of mRNA. It plays a role at 
the level of transcription and epigenetics, and 

does not alter the genome [12]. This discovery 
will pioneer the expansion of the treatment of 
tumor, metabolic and hereditary diseases [13].

Figure 4. Activation of FHIT inhibited 
migration and invasion of endometrial 
carcinoma cells. A. Transwell invasion 
assay was measured, and the results 
were expressed as the number of in-
vaded cells per field; B. Transwell mi-
gration assay was measured and the 
results were expressed as the number 
of invaded cells per field. *P < 0.05.
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Tumor suppressor genes are a large group of 
genes that can inhibit cells growth and poten-
tially inhibit cancerization. The inactivation or 
deletion of these genes is related to cell can-
cerization [14]. FHIT gene is a tumor suppres-
sor gene isolated and identified in the 3p14.2 
region by differential display analysis probe  
and exon capture method from Ohta et al. in 
1996 [15]. It is 1095 bp in length and con- 
sists of 10 exons. The number 5-9 exon consti-
tute an open reading frame, encoding an 147 
amino acid molecule with a molecular weight  
of 16.8 kD. The starting exon is located at  
the centromere side of the hetero break at t  
(3: 8), t (3: 8) can interfere with FHIT gene 
expression. FHIT gene exists in epithelial  
tissues, and it mainly plays a role by partici- 
pating in cell cycle regulation and apoptosis 
[16]. It can block cells in the S phase of the  
proliferation cycle and activate the caspase-
mediated apoptosis cascade [17]. Based on 
the current research, this gene has different 
levels of mRNA FHIT expression in normal tis-
sues such as the endometrium, ovary, and lung 
[18]. It is reduced or deleted in some human 
epithelial tumors, and is closely related to poor 
tumor prognosis [19].

In this study, we applied immunohistoche- 
mistry to detect the expression of FHIT protein 
about 135 endometrial carcinoma tissues and 
40 normal endometrial tissues. The results 
showed that the positive expression rate of 
FHIT protein in endometrial carcinoma was 
11.8%. Compared with the normal endometri-
um which was 91.4%, the positive expression 
rate was significantly reduced, and the ex- 
pression of FHIT protein in two different endo-
metrial tissues was significantly different (P < 
0.01). The positive expression rate of FHIT pro-
tein has been significantly reduced. FHIT pro-
tein has a significant correlation with the  
occurrence and development of endometrial 
carcinoma. FHIT protein expression in en- 
dometrial carcinoma is associated with tumor 
histologic grade, clinical stage, myometrial 
invasion, and lymph node metastasis signifi-
cantly (P < 0.05). Complete loss of FHIT protein 
expression was significantly correlated with 
high tumor grade of endometrial carcinomas. 
Weakly positive FHIT immunostaining was  
also frequently observed in tumors of higher 
grade. These findings suggest the possibility 
that inactivation or down-regulation of FHIT 

gene expression in endometrial carcinoma is 
involved in the de-differentiation of the tumor 
cells.

The CCK-8 kit is used to detect the prolifera- 
tion of cells after activation of FHIT gene RNA  
in human endometrial carcinoma cells. The 
results showed that the cell growth of the 
experimental group is significantly slower than 
that of the negative control group, indicating 
that endometrial carcinoma cell doubling time 
was significantly longer after activating the  
FHIT gene. The transwell chamber model  
experiment is a better method to study tumor 
cell invasion and migration, and can simulate 
the process of tumor cells digesting matrix  
and crossing the barrier for invasion and migra-
tion. The results showed that after activating 
the FHIT protein expression, endometrial  
carcinoma cells that can cross the barrier were 
significantly reduced compared with the nega-
tive control group. This indicates that the  
ability of endometrial carcinoma cells to in- 
vade and migrate is inhibited. It further sug-
gests that Fhit gene is closely related to the 
proliferation, invasion, and metastasis of 
human endometrial cancer cells.

This study found that the loss of FHIT gene 
expression is closely related to the occurrence 
and development of endometrial carcinoma, 
and detecting its expression level has a  
certain reference value for the early diagno- 
sis, clinical progression, and prognosis of  
endometrial carcinoma [20]. Using multi- 
factor analysis to explore the inhibitory effect of 
FHIT gene in endometrial carcinoma and the 
risk factors of endometrial carcinoma me- 
tastasis, may facilitate screening of high-risk 
populations. Its detection will help to improve 
the accuracy and objectivity of diagnosis, esti-
mate prognosis, and design treatment for 
endometrial carcinoma [21].

We are undertaking follow-up experiments 
about the abnormal expression of FHIT gene 
and tumor prognosis. The mechanism of the 
FHIT gene on the occurrence and development 
of endometrial carcinoma and the cause of 
FHIT protein expression in endometrial carci-
noma tissues needs to be further studied [22]. 
With the development of FHIT gene research, 
various gene detection and intervention meth-
ods around the FHIT gene will become a  
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powerful biologic research tool, for diagnosis 
and treatment of tumors [23].

Conclusion

Our current study showed the frequent loss or 
reduction of FHIT protein expression in high-
grade endometrial carcinomas. In cases with 
partial loss of FHIT expression, the absence 
was frequently observed in less-differentiated 
cells. In addition, loss of FHIT expression was 
also significantly correlated with advanced 
stage of the disease. These findings indicated 
that the loss or reduction of FHIT protein in 
endometrial carcinoma might contribute to the 
progression toward less differentiated and 
more aggrieve tumors. However, further stud-
ies are required to clarify the exact role of FHIT 
protein in endometrial carcinogenesis.
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