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Abstract: About 90% of endometrial carcinoma cases present with folate receptor alpha (FRα) overexpression. 
Studies have shown that the acid liposome coupled receptor can phosphorylate ERK in cancer. A recent study found 
that FRα mediated folic acid and can activate the ERK signaling pathway through the non-receptor tyrosine kinase 
(c-Src). However, the roles of FRα and the ERK signaling pathway in the pathogenesis of endometrial carcinoma 
are still unclear. A total of 56 tumor tissues from patients with endometrial carcinoma were collected. Other normal 
endometrium tissues were gathered from hysteroscopy diagnosis and treatment. An in vitro study compared FRα, p-
ERK1/2, and survivin expressions between normal endometrial epithelial cells and different differentiation degrees 
of endometrial cancer cells. KLE cells were cultured in vitro and divided into five groups, including a control group, 
an si-NC group, an si-FRα group, a PD98059 (ERK1/2 inhibitor) group, and a si-FRα + PD98059 group. FRα and sur-
vivin expressions, together with ERK signaling pathway activity, were measured. Ki-67 expression and cell apoptosis 
were determined by flow cytometry. Caspase-3 activity was evaluated by spectrophotometry. FRα, p-ERK1/2, and 
survivin expressions were significantly increased in endometrial carcinoma tissues compared to normal tissues. 
They were clearly elevated in the endometrial cancer cell line compared with normal endometrial epithelial cells. 
Cell proliferation was gradually enhanced, and apoptosis was reduced following differentiation declination. Si-FRα 
and/or PD98059 treatment clearly weakened ERK, c-Fos, and c-Jun phosphorylation, downregulated survivin ex-
pression, suppressed cell proliferation, and elevated cell apoptosis. FRα is abnormally overexpressed in endome-
trial carcinoma tissue. Elevated FRα can promote cancer cell proliferation and suppress apoptosis by activating the 
ERK signaling pathway to upregulate survivin expression.

Keywords: Folate receptor, endometrial carcinoma, ERK, survivin, proliferation, apoptosis

Introduction

Endometrial carcinoma (EC) is a type of epithe-
lial endometrial malignant tumor that occurs in 
the endometrium. It has various histologic typ- 
es, of which endometrial adenocarcinoma (EA) 
is the most common [1]. The incidence of EC is 
only second to cervical cancer, accounting for 
20%~30% of female reproductive system tu- 
mors [2]. Folate receptor alpha (FRα) is a kind 
of glycoprotein that couples with phosphatidyl 
inositol on the cell membrane. It expresses low 
in normal tissues, but it is highly overexpressed 
in a variety of tumors, such as lung cancer [3], 
ovarian cancer [4], and breast cancer [5], etc. It 
was reported that about 90% of EC presented 

FRα overexpression [6]. However, the relation-
ship between FRα overexpression and the risk 
of EC is still unclear. Extracellular signal regu-
lated kinase (ERK) is the classic family member 
of the mitogen activated protein kinase (MAPK) 
[7]. It is activated by a growth factor or other 
mitosis stimulation, with the effect of promot-
ing cell growth and proliferation [8], and anti-
apoptosis [9]. Ras/Raf/MEK/ERK is the main 
ERK pathway, so it is called the ERK pathway 
[10]. After the extracellular signal molecules 
bind with the corresponding receptors, ERK can 
be phosphorylated by an upstream intracellular 
protein cascade reaction, such as c-Src, Ras, 
Raf, and MEK [11]. ERK is the downstream core 
element of the Ras MAPK. Phosphorylated ERK 
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can promote target protein phosphorylation or 
regulate other protein kinase activity. More 
importantly, it can enter the nucleus to phos-
phorylate a series of nuclear transcription fac-
tors, such as c-Fos and c-Jun, affecting multiple 
biological processes, including cell growth, dif-
ferentiation, and apoptosis [12]. It was found 
that the folate receptor liposome coupling com-
pound may phosphorylate ERK in cancer cells 
[13]. A recent study discovered that the FRα 
that mediates folic acid can activate the ERK 
signaling pathway through non-receptor tyro-
sine kinase (c-Src) [14]. Its roles in FRα abnor-
mal expression and the ERK signaling pathway 
in EC are still controversial. 

Materials and methods

Main reagents and materials 

The well-differentiated EC cell line Ishikawa, 
which moderates the differentiated EC cell line 
JEC, the poorly-differentiated EC cell line KLE, 
and the normal endometrial epithelial cell line 
ESC were bought from the Shanghai Cell Bank 
of Chinese Academy of Sciences. DMEM, RPMI 
1640, fetal bovine serum, and penicillin-strep-
tomycin were obtained from Gibco. Lipofecta- 
mine 2000 was purchased from Invitrogen. The 
GoScript™ Reverse Transcription System Kit 
was bought from Promega. The SYBR Green 
Real-Time PCR Master Mixes was purchased 
from Life Technologies. The siRNA interference 
sequence and the PCR primers were designed 
and synthetized by Genepharma. The rabbit 
anti human p-ERK1/2 (Thr202/Tyr204) anti-
body and the goat anti human FRα antibody 
were bought from Santa Cruz. The rabbit anti 
human p-c-Fos, p-c-Jun, and survivin antibod-
ies were from Abcam. The FITC labeled Ki-67 
antibody was from eBioscience, and the BCA 
Protein Assay Kit was from Shanghai Yiyan 
Biotechnology. The Annexin V/PI double stain-
ing apoptosis kit and the Caspase-3 activity 
detection kit were from Beyotime. The ERK1/2 
inhibitor PD98059 was purchased from Med- 
Chemexpress. 

Clinical information

A total of 56 cases of EC patients in the First 
Affiliated Hospital of Bengbu Medical College 
between March 2014 and September 2015 
were enrolled, including 16 cases in stage I, 22 
cases in stage II, and 18 cases in stage III. The 

mean age was 55.6 ± 6.1 (49-68) years old. EC 
tissue was collected after each hysterectomy. 
Other normal endometrium tissues from each 
hysteroscopy were collected as a control. All 
specimens were stored in liquid nitrogen within 
10 min, and then stored at -80°C in a freezer. 

This study was pre-approved by the ethical 
committee of the First Affiliated Hospital of 
Bengbu Medical College. All subjects signed 
the consent forms before being recruited in this 
study.

Si-FRα transfection and grouping

The Ishikawa and ESC cells were maintained in 
RPMI 1640 medium supplement with 10% FBS 
and 1% penicillin-streptomycin. The JEC and 
KLE cells were maintained in a DMEM medium 
supplement with 10% FBS and 1% penicillin-
streptomycin. The cells were used for experi-
ments after the fusion rate reached 70-80%. 
The SiRNA interference sequences were as fol-
lows. Si-FRα, forward, 5’-GGACUGAGCUUCUCA- 
AUGUTT-3’, reverse, 5’-ACAUUGAGAAGCUCAG- 
UC-3’; si-NC, forward, 5’-UUCUCCGAACGUGUC- 
ACGUTT-3’, reverse, 5’-ACGUGACACGUUCGGA- 
GAATT-3’. SiRNA and lipofectamine 2000 were 
diluted by Opti-MEM at RT for 5 min, respec-
tively. Then they were mixed at RT for 20 min 
and added to the cells for 6 h. After changing 
the medium, the cells were further incubated 
for 48 h for the following experiments. The KLE 
cells were cultured in vitro and divided into five 
groups, including the control group, the si-NC 
group, the si-FRα group, the PD98059 (ERK1/2 
inhibitor) group, and the si-FRα + PD98059 gr- 
oup. 

qRT-PCR

Total RNA was extracted from tissue or cells by 
Trizol. Specially, a 50-100 mg sample was 
rinsed in liquid nitrogen and added to 1 ml 
Trizol at RT for 5 min. A total of 5~10×107 cells 
were collected as added to 1 ml Trizol at RT for 
5 min. After chloroform extraction and isopro-
panol sediment, the RNA was washed by 75% 
ethanol and dissolved in RNAse free H2O. Then 
the RNA was reverse transcripted to cDNA with 
the system containing 2 μg total RNA, 4 μL 
reaction buffer (5×), 1 μL dNTP, 1 μL oligo dT + 
random primer mix, 1 μL reverse transcriptase, 
1 μL ribonuclease inhibitor, and ddH2O. The 
reaction was performed at 25°C for 5 min, 



FRα regulates ERK to facilitate cancer proliferation

8793	 Int J Clin Exp Med 2019;12(7):8791-8798

37°C for 60 min, and 70°C 15 min. The cDNA 
was used as a template to perform PCR amp- 
lification. The primer sequences were as fol-
lows. FRαPF: 5’-GCTCAGCGGATGACAACACA-3’, 
FRαPR: 5’-CCTGGCCCATGCAATCCTT-3’; Surviv- 
inPF: 5’-AGGACCACCGCATCTCTACAT-3’, Surviv- 
inPR: 5’-AAGTCTGGCTCGTTCTCAGTG-3’; β-acti- 
nPF: 5’-GAACCCTAAGGCCAAC-3’, β-actinPR: 5’- 
TGTCACGCACGATTTCC-3’. The reaction system 
was constructed by 2×SYBR for 12.5 μL, 2 
μm/L primers for 0.5 μL, cDNA for 1 μL, reac-
tion buffer (5×) for 5 μL, DNA polymerase for 
0.25 μL, and ddH2O. The PCR reaction consist-
ed of 40 cycles at 95°C for 15 s, 60°C for 30 s, 
and 74°C for 30 s. Each sample was repeated 
three times. The comparative Ct method (2-ΔΔCT) 
was adopted to calculate the results.

Western blot

The cells were washed by PBS and treated 
using a SDS lysate. The protein concentration 
was determined by the BCA method. The pro-
tein was diluted using a loading buffer and 
boiled at 100°C for 5 min. A total of 50 μg pro-
tein was separated by 10% SDS-PAGE for 3 h 
and transferred to a PVDF membrane. After 
being blocked with 5% skim milk at RT for 1 h, 

the membrane was incubated in a primary anti-
body at 4°C overnight. After being washed with 
PBST, the membrane was further incubated in 
a HRP labeled secondary antibody at RT for 1 h. 
Finally, the membrane was developed using the 
ECL method. The result was analyzed on Qu- 
antity One.

Flow cytometry detection of cell apoptosis

The cells were digested by an enzyme and 
resuspended in 195 μl of annexin V-FITC bind-
ing buffer. Next, the cells were incubated in 5 μl 
annexin V-FITC and 10 μl of PI at RT in the dark 
for 10-20 min. Lastly, the cells were tested 
using flow cytometry.

Ki-67 detection

The cells were digested by an enzyme and cen-
trifuged at 1000 rpm for 5 min. After being 
fixed by 1 ml 4% paraformaldehyde at RT for 30 
min, the cells were further incubated in PBS 
containing 0.1% Triton X-100 and 0.5% BSA at 
RT for 30 min. Next, the cells were resuspend-
ed in 100 μl PBS containing 0.5% BSA and an 
FITC labeled Ki-67 antibody was added at 4°C 
in the dark for 40 min. Finally, the cells were 

Figure 1. FRα is overexpressed in EC tissue. A. qRT-PCR detection of FRα mRNA expression. B. qRT-PCR detection 
of survivin mRNA expression. C. Western blot detection of protein expression. 
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resuspended in a 500 μl incubation buffer and 
tested using flow cytometry.

Caspase-3 activity detection

pNA (10 mM) was diluted to 0, 10, 20, 50, 100, 
and 200 μM. The standard substance was test-
ed on a microplate reader at 405 nm to draw 
the standard curve. The cells were digested by 
enzymes and centrifuged at 800 g and 4°C for 
5 min. A total of 2×106 cells were cracked at 
4°C for 20 min and centrifuged at 18000 g for 
15 min. Next, the supernatant was moved to a 
pre-cooled Ep tube to test the caspase-3 activ-
ity. 10 μl Ac-DEVD-pNA (2 mM) was added to 
the supernatant, and we incubated the solution 
at 37°C for 2 h. At last, the plate was read at 
405 nm.

Statistical analysis

SPSS 18.0 was used for the statistical analysis. 
The measurement data were depicted as the 
mean ± standard deviation and compared 
using a t test. P < 0.05 was considered statisti-
cally significant.

Results

FRα overexpressed in EC tissue

The qRT-PCR revealed that, compared with nor-
mal endometrial tissue, FRα mRNA (Figure 1A) 
and protein (Figure 1C) expression was obvi-
ously increased in EC tissue with pathological 
grading dependence. Similar to the elevation 
trend of FRα, the p-ERK1/2 protein level was 

Figure 2. FRα expression in EC cells with different differentiation degrees. A. qRT-PCR detection of mRNA expres-
sion. B. Western Blot detection of protein expression. C. Spectrophotometry detection of caspase-3 activity. D. Flow 
cytometry detection of Ki-67 protein expression. E. Flow cytometry detection of cell apoptosis.
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also gradually enhanced following EC patho-
logical upgrading (Figure 1C). The Survivin 
mRNA (Figure 1B) and protein (Figure 1C) lev-
els were also significantly higher in the EC tis-
sue compared with the normal endometrial tis-
sue and presented an elevation trend following 
the pathological grading.

FRα expression in EC cells with different dif-
ferentiation degrees

We tested the related molecules expression in 
the EC cells with different differentiation de- 
grees. The results demonstrated that EC cells 
presented a higher FRα expression with an 
increasing trend following the declination of 
cell differentiation (Figure 2A and 2B). The ERK 
protein phosphorylation also showed a similar 
trend (Figure 2B). The survivin levels in the vari-

ous cell lines were in accordance with FRα, as 
they were enhanced following the differentia-
tion reduction (Figure 2A and 2B). The cas-
pase-3 activity in the normal endometrial cells 
and in the well-differentiated EC cells was rela-
tively higher, but it was lower in the moderate 
and poorly differentiated EC cells (Figure 2C). 
The cell proliferation was gradually enhanced 
following the differentiation reduction, as the 
Ki-67 elevation (Figure 2D) and cell apoptosis 
declined (Figure 2E).

Silencing FRα affected ERK activity, promoted 
KLE cell apoptosis, and suppressed cell prolif-
eration

This study applied KLE cells as a tool to investi-
gate the FRα impact on cell proliferation and 
apoptosis, as there was a high FRα level and 

Figure 3. Silencing FRα affected ERK activity, promoted KLE cell apoptosis, and suppressed cell proliferation. A. 
qRT-PCR detection of mRNA expression. B. Western Blot detection of protein expression. C. Spectrophotometry 
detection of caspase-3 activity. D. Flow cytometry detection of Ki-67 protein expression. E. Flow cytometry detection 
of cell apoptosis.



FRα regulates ERK to facilitate cancer proliferation

8796	 Int J Clin Exp Med 2019;12(7):8791-8798

poor differentiation. The ERK phosphorylation 
was obviously weakened in KLE cells after FRα 
siRNA transfection. c-Fos and c-Jun, down-
stream signaling molecules of ERK, also pre-
sented a phosphorylation declination. Survivin 
expression was downregulated after transfec-
tion, suggesting that the role of the FRα abnor-
mal enhancement in activating the ERK signal-
ing pathway and regulating c-Fos and c-Jun 
transcription activities (Figure 3A and 3B). 
Meanwhile, KLE proliferation was also signifi-
cantly reduced (Figure 3D), while caspase-3 
activity was elevated (Figure 3C), and the cell 
apoptosis increased (Figure 3E) after transfec-
tion. PD98059 suppression of ERK1/2 phos-
phorylation markedly blocked c-Fos and c-Jun 
phosphorylation, declined cell proliferation, 
downregulated survivin expression, and elevat-
ed cell apoptosis. The si-FRα and PD98059 
combination presented a stronger effect on the 
ERK signaling pathway activity, survivin expres-
sion, cell proliferation, and cell apoptosis (Fi- 
gure 3C-E). 

Discussion

Folic acid plays a critical role in cell metabo-
lism, DNA synthesis and repair, and the rapid 
proliferation of cancer cells [15]. Cancer cells in 
rapid division need a large amount of folic acid 
because of DNA synthesis. The folate receptor 
is a kind of glycoprotein coupled with phospha-
tidyl inositol on the membrane, including three 
subtypes: FRα, FRβ, and FRγ [16]. Although all 
folate receptor subtypes can bind with folic 
acid, only FRα combining with folic acid is actu-
ally combined, and only the combination of FR 
alpha and folic acid is physiological. Moreover, 
among all subtypes, FRα has the strongest 
affinity with folic acid and is also is most closely 
related to human disease [17]. In recent years, 
FRα has become a hot spot in cancer research 
because of its efficient combining ability with 
folic acid and intracellular transferring. FRα 
expression in normal tissue is extremely low, 
but its abnormal elevation can be found in a 
variety of cancer tissues, such as breast cancer 
[3], lung cancer [18], and pituitary adenoma 
[19]. Targeted biological therapy focusing on 
folic acid receptors showed a good clinical 
effect and prospects, providing new hope for 
patients [20].

FRα elevation occurs in about 90% of EC 
patients, but its relationship with the pathogen-

esis of EC is still unclear. Our results showed 
that FRα mRNA and protein had a low expres-
sion in normal endometrium tissue, but they 
were abnormally increased in EC tissues with 
pathological grading dependence. It is suggest-
ed that an abnormal overexpression of FRα 
may be involved in the pathogenesis of EC. 
Ras/Raf/MEK/ERK is the main component of 
the ERK pathway. After the extracellular signal 
molecules bind with the corresponding recep-
tors, ERK can be phosphorylated as the core 
component of the Ras MAPK, regulating a 
series of nuclear transcription factors’ phos-
phorylation and transcriptional activity, such as 
c-Fos and c-Jun. c-Fos and c-Jun can form tran-
scription factor AP-1 in the form of a heterodi-
mer to bind with DNA and regulate target gene 
expression at the transcriptional level, so as to 
participate in the biological process regulation, 
including cell growth, differentiation, and apop-
tosis [12]. It was also found that folate receptor 
liposome coupling compound may phosphory-
late ERK in cancer cells [13]. A recent study dis-
covered that FRα mediating folic acid can acti-
vate the ERK signaling pathway through c-Src 
[14]. This study confirmed that, as with an 
increasing trend of FRα, the ERK phosphoryla-
tion level in the different pathological grades of 
EC tissues were obviously higher than in normal 
endometrium tissues with pathological grading 
dependence, indicating that the activation of 
the ERK signaling pathway may be involved in 
the pathogenesis of EC, and FRα elevation may 
play a role in ERK signaling pathway activation. 
Survivin, a member of the inhibitor of apoptosis 
family of proteins (IAPs), has been found to be 
the strongest apoptosis inhibiting factor so far. 
It plays a role in antiapoptosis by inhibiting cas-
pase-3 catalytic activity. It is involved in regulat-
ing cell proliferation and apoptosis, and its ele-
vation is related to the occurrence of a variety 
of tumors [21-23]. It has been shown that sur-
vivin expression is regulated by the ERK signal-
ing pathway, and inhibiting the activity of ERK 
signaling pathway can obviously reduce sur-
vivin levels [24]. Our study investigated the rela-
tionship of the ERK signaling pathway and sur-
vivin expression with EC patients. The results 
demonstrated that survivin expression in EC 
tissue was significantly higher than of its 
expression in normal endometrium tissues with 
pathological grading dependence. Takai, et al. 
[25] revealed that survivin levels were markedly 
elevated in EC tissues and closely related to 
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clinical stage, pathological grading, and prog-
nosis, which is consistent with our results. FRα 
and survivin expression in normal endometrial 
epithelial cells is low, and ERK activity is the 
weakest. FRα and survivin expression, together 
with ERK activity, were higher following EC cell 
line differentiation reduction. Furthermore, our 
results discussed whether FRα abnormal ele-
vation may regulate cell proliferation and apop-
tosis by affecting ERK activity and survivin 
expression. After silencing FRα expression and 
(or) restraining ERK1/2 phosphorylation, c-Fos 
and c-Jun phosphorylation levels decreased, 
and survivin was significantly reduced, cell pro-
liferation was obviously weakened, caspase-3 
activity markedly was enhanced, and apoptotic 
cells increased. Their combination showed the 
strongest effect. The results pointed to the 
apparent role of FRα elevation in enhancing 
ERK signaling pathway activity, upregulating 
survivin expression, promoting EC cell prolifera-
tion, and inhibiting apoptosis. Pallares, et al.  
demonstrated that an increase in survivin in EC 
patients was associated with STAT-3 and PI3K/
AKT activation. This study illustrated from 
another angle that FRα may affect ERK activity 
to regulate survivin expression in EC. 

Conclusion

FRα is abnormally overexpressed in EC tissue. 
FRα may promote EC cell proliferation and sup-
press apoptosis by activating the ERK signaling 
pathway and enhancing c-Fos and c-Jun tran-
scription activity to upregulate survivin expres- 
sion.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Jing Zhang, Depart- 
ment of Gynecologic Oncology, The First Affiliated 
Hospital of Bengbu Medical College, No. 287, Cha- 
nghuai Road, Bengbu 233004, Anhui Province, P. R. 
China. Tel: +86-0552-3086191; Fax: +86-0552-
3086191; E-mail: jishi038182407@yeah.net

References

[1]	 Smolle MA, Bullock MD, Ling H, Pichler M and 
Haybaeck J. Long non-coding RNAs in endome-
trial carcinoma. Int J Mol Sci 2015; 16: 26463-
26472.

[2]	 Jobo T, Kanai T and Kuramoto H. Epidemiology 
of endometrial carcinoma. Nihon Rinsho 
2004; 62 Suppl 10: 243-7.

[3]	 Boogerd LS, Boonstra MC, Beck AJ, Charehbili 
A, Hoogstins CE, Prevoo HA, Singhal S, Low PS, 
van de Velde CJ and Vahrmeijer AL. Concord- 
ance of folate receptor-alpha expression be-
tween biopsy, primary tumor and metastasis in 
breast cancer and lung cancer patients. On- 
cotarget 2016; 7: 17442-54.

[4]	 Paulmurugan R, Bhethanabotla R, Mishra K, 
Devulapally R, Foygel K, Sekar TV, Ananta JS, 
Massoud TF and Joy A. Folate receptor-target-
ed polymeric micellar nanocarriers for delivery 
of orlistat as a repurposed drug against triple-
negative breast cancer. Mol Cancer Ther 2016; 
15: 221-231.

[5]	 Vergote IB, Marth C and Coleman RL. Role of 
the folate receptor in ovarian cancer treat-
ment: evidence, mechanism, and clinical impli-
cations. Cancer Metastasis Rev 2015; 34: 41-
52.

[6]	 O’Shannessy DJ, Somers EB, Smale R and Fu 
YS. Expression of folate receptor-alpha (FRA) in 
gynecologic malignancies and its relationship 
to the tumor type. Int J Gynecol Pathol 2013; 
32: 258-268.

[7]	 Sun Y, Liu WZ, Liu T, Feng X, Yang N and Zhou 
HF. Signaling pathway of MAPK/ERK in cell 
proliferation, differentiation, migration, senes-
cence and apoptosis. J Recept Signal Transduct 
Res 2015; 35: 600-604.

[8]	 Kim TK, Lee JS, Jung HS, Ha TK, Kim SM, Han 
N, Lee EJ, Kim TN, Kwon MJ, Lee SH, Kim MK, 
Rhee BD and Park JH. Triiodothyronine induces 
proliferation of pancreatic beta-cells through 
the MAPK/ERK pathway. Exp Clin Endocrinol 
Diabetes 2014; 122: 240-5.

[9]	 Mandegary A, Torshabi M, Seyedabadi M, 
Amirheidari B, Sharif E and Ghahremani MH. 
Indomethacin-enhanced anticancer effect of 
arsenic trioxide in a549 cell line: involveme- 
nt of apoptosis and phospho-ERK and p38 
MAPK pathways. Biomed Res Int 2013; 2013: 
237543.

[10]	 Wang AX and Qi XY. Targeting RAS/RAF/MEK/
ERK signaling in metastatic melanoma. IUBMB 
Life 2013; 65: 748-758.

[11]	 Steelman LS, Franklin RA, Abrams SL, Chappell 
W, Kempf CR, Basecke J, Stivala F, Donia M, 
Fagone P, Nicoletti F, Libra M, Ruvolo P, Ruvolo 
V, Evangelisti C, Martelli AM and McCubrey JA. 
Roles of the Ras/Raf/MEK/ERK pathway in 
leukemia therapy. Leukemia 2011; 25: 1080-
1094.

[12]	 Ikari A, Sato T, Watanabe R, Yamazaki Y and 
Sugatani J. Increase in claudin-2 expression by 
an EGFR/MEK/ERK/c-Fos pathway in lung ad-
enocarcinoma A549 cells. Biochim Biophys 
Acta 2012; 1823: 1110-8.

[13]	 Chaudhury A, Tan BJ, Das S, Chiu GN. Increased 
ERK activation and cellular drug accumulation 
in the enhanced cytotoxicity of folate receptor-



FRα regulates ERK to facilitate cancer proliferation

8798	 Int J Clin Exp Med 2019;12(7):8791-8798

[21]	 De Iuliis F, Taglieri L, Salerno G, Giuffrida A, 
Milana B, Giantulli S, Carradori S, Silvestri I 
and Scarpa S. The kinesin Eg5 inhibitor K858 
induces apoptosis but also survivin-related 
chemoresistance in breast cancer cells. Invest 
New Drugs 2016; 34: 399-406.

[22]	 Fragni M, Bonini SA, Stabile A, Bodei S, 
Cristinelli L, Simeone C, Zani D, Spano PF, 
Berruti A, Memo M and Sigala S. Inhibition of 
survivin is associated with zoledronic acid-in-
duced apoptosis of prostate cancer cells. 
Anticancer Res 2016; 36: 913-20.

[23]	 Yu CJ, Ou JH, Wang ML, Jialielihan N and Liu 
YH. Elevated survivin mediated multidrug re-
sistance and reduced apoptosis in breast can-
cer stem cells. J BUON 2015; 20: 1287-94.

[24]	 Cao W, Xie YH, Li XQ, Zhang XK, Chen YT, Kang 
R, Chen X, Miao S and Wang SW. Burn-induced 
apoptosis of cardiomyocytes is survivin depen-
dent and regulated by PI3K/Akt, p38 MAPK 
and ERK pathways. Basic Res Cardiol 2011; 
106: 1207-20.

[25]	 Takai N, Ueda T, Nishida M, Nasu K and 
Miyakawa I. The relationship between onco-
gene expression and clinical outcome in endo-
metrial carcinoma. Curr Cancer Drug Targets 
2004; 4: 511-520.

targeted liposomal carboplatin. Int J Oncol 
2012; 40: 703-710.

[14]	 Lin SY, Lee WR, Su YF, Hsu SP, Lin HC, Ho PY, 
Hou TC, Chou YP, Kuo CT and Lee WS. Folic 
acid inhibits endothelial cell proliferation 
through activating the cSrc/ERK 2/NF-kap- 
paB/p53 pathway mediated by folic acid re-
ceptor. Angiogenesis 2012; 15: 671-683.

[15]	 Zhou XY and Meng YG. Association between 
serum folate level and cervical cancer: a meta-
analysis. Arch Gynecol Obstet 2016; 293: 871-
877.

[16]	 Chen C, Ke J, Zhou XE, Yi W, Brunzelle JS, Li J, 
Yong EL, Xu HE and Melcher K. Structural basis 
for molecular recognition of folic acid by folate 
receptors. Nature 2013; 500: 486-489.

[17]	 Kelemen LE. The role of folate receptor alpha 
in cancer development, progression and treat-
ment: cause, consequence or innocent by-
stander? Int J Cancer 2006; 119: 243-250.

[18]	 Driver BR, Barrios R, Ge Y, Haque A, Tacha D 
and Cagle PT. Folate receptor alpha expression 
level correlates with histologic grade in lung 
adenocarcinoma. Arch Pathol Lab Med 2016; 
140: 682-5.

[19]	 Ding Z, Li B, Wang Q, Miao Y and Lu X. Increase 
in folate receptor alpha expression in nonfunc-
tional pituitary adenomas. Turk Neurosurg 
2015; 25: 298-304.

[20]	 Shi H, Guo J, Li C and Wang Z. A current review 
of folate receptor alpha as a potential tumor 
target in non-small-cell lung cancer. Drug Des 
Devel Ther 2015; 9: 4989-96.


