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Caveolin-1 regulates the expression of miR-183 and inhibits the 
invasion and migration of invasive pituitary adenomas by affecting 
early growth response 1 (EGR1)/Krueppel-like factor 5 (KLF5) 
interaction
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Background: This study aims to investigate the mechanism through which Caveolin-1 (CAV-1) regulates 
the expression of micro ribonucleic acid (miR)-183 in invasive pituitary adenoma (IPA) tissues and GH3 
cells, and explore the effects of CAV-1 and miR-183 on the invasion and migration ability of GH3 cells.
Methods: Western blotting was used to detect the expression level of CAV-1, early growth response 1 
(EGR1) and Krueppel-like factor 5 (KLF5). Quantitative real-time polymerase chain reaction (qRT-PCR) 
was performed to detect the expression of miR-183. The mechanisms of interaction between CAV-1, EGR1, 
and KLF5 were studied by immunoprecipitation experiments. Transwell and cell scratch tests were used to 
determine the invasion and migration ability of GH3 cells. The dual-luciferase reporter gene experiment 
was used to detect the effects of EGR1 and KLF5 on miR-183 luciferase activity and verify the targeting 
relationship between miR-183 and ezrin.
Results: The expression of CAV-1 was up-regulated. However, following the knockdown of CAV-1, the 
invasion and migration ability of GH3 cells was significantly inhibited (P<0.05). The expression of miR-183 
was down-regulated, but the expression level of miR-183 was markedly increased following the knockdown of 
CAV-1 (P<0.05). The knockdown of CAV-1 inhibited the nuclear ectopic of the EGR1 protein in GH3 cells. 
At the same time, the interaction between EGR1 and KLF5 in GH3 cells was significantly inhibited (P<0.05). 
The luciferase activity of miR-183 increased significantly after overexpression of KLF5 while overexpression 
of EGR1 and KLF5 had no significant effect on intracellular luciferase activity. Overexpression of miR-
183 markedly inhibited the luciferase activity of wild-type EZR and the expression of the EZR protein in 
GH3 cells. Furthermore, the overexpression of miR-183 or the inhibition of EZR can reduce the invasion 
and migration ability of GH3 cells. The simultaneous overexpression or inhibition of miR-183 and EZR 
expression has no obvious effect on the invasion and migration ability of GH3 cells.
Conclusions: CAV-1 up-regulates the expression of miR-183 by inhibiting the nuclear ectopic of EGR1 
and the interaction between EGR1 and KLF5 in GH3 cells. Also, miR-183 negatively regulates the 
expression of EZR and inhibits the invasion and migration of GH3 cells.
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Introduction 

Pituitary adenoma (PA) is the most common benign 
endocrine tumor of the central nervous system, accounting 
for about 15% of all primary intracranial tumors (1). 
Current clinical studies have shown that approximately 
45–55% of pituitary adenomas will invade the cavernous 
sinus, sphenoid sinus, internal carotid artery, and other 
important brain tissues. The tumor tissue cannot be 
completely removed by surgery, and the recurrence rate is 
extremely high (2); this type of pituitary adenoma is known 
as invasive pituitary adenoma (IPA). A clear understanding 
of the pathogenesis of IPA is critical for better control of 
its occurrence and development. Caveolin-1 (CAV-1) is an 
integral membrane protein. It is also the main component 
of microvesicles, and plays a role in the transportation 
and signal transduction of microvesicles (3). Studies have 
shown that the expression of CAV-1 is up-regulated in 
a variety of tumors, especially in aggressive tumors (3). 
An increasing number of studies have shown that the up-
regulation of CAV-1 expression enhances the invasion and 
migration ability of tumor cells, however its exact function 
in IPA is still unknown. Lee et al. has shown that CAV-1 
can selectively regulate the expression of micro ribonucleic 
acids (miRNAs) through microbubbles (4). MiRNA is 
an endogenous non-coding single-stranded RNA that is 
widely distributed in eukaryotic cells, which can regulate 
the translation and expression of target genes by binding to 
the 3'-untranslated region (UTR) region of target genes. 
Abnormal expression of miRNA is often related to the 
proliferation, invasion, migration, and cell cycle of cancer 
cells. Duan et al. reported that the expression of miRNA 
(miR)-137 in IPA tissue is severely lacking compared with 
normal pituitary gland tissue. Up-regulating the target 
of miR-137 significantly inhibits the proliferation and 
migration of IPA cells (5). Meanwhile, other studies have 
also pointed out that a variety of miRNAs are differentially 
expressed in IPA tissues or cells, including miR-16 (6), miR-
106b (7), miR-212 (8), miR-133 (9), and miR-410 (10).  
It has been found that the expression of miR-183 is 
imbalanced in a variety of nervous system tumor tissues 
or cells, which affects the invasion and migration ability 
of cancer cells (11-13). However, the expression of miR-
183 in IPA tissues and the regulatory effect of miR-183 
on the biological functions of IPA cells have not yet been 
elucidated in the existing literature.

In this study, we will examine the expression levels of 
CAV-1 and miR-183 in IPA tissues and cells, explore the 

possible regulatory mechanisms between them, and study 
their impacts on the invasion and migration of IPA cells at 
the cellular level to identify new methods for the treatment 
of IPA.

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-823).

Methods

Cells and materials

Pathological tissue 
One hundred and forty-three cases of pituitary tumor tissue 
samples obtained during pituitary adenoma resection in 
our hospital from March 2017 to December 2019 were 
collected. The samples were divided into invasive pituitary 
tumor (IPA) tissue and non-invasive pituitary adenoma 
(non-IPA) tissue according to the postoperative pathological 
diagnosis. This study was approved by the ethics committee 
of our hospital, and written informed consent was obtained 
from the patients and their families. All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013).

Cells 
Rat pituitary adenoma GH3 cell line and rat pituitary 
RPC cell line were purchased from Shanghai Tongwei 
Biotechnology Co. Ltd. (Shanghai, China), and DH5α 
Escherichia coli (E. coli) strain was purchased from Beijing 
Biolab Technology Co. Ltd. (Beijing, China).

Experimental materials
The phosphate-buffered saline (PBS) buffer, pancreatin, 
penicillin, streptomycin, fetal bovine serum, skimmed 
milk powder, L-glutamine, and Dulbecco’s Modified 
Eagle Medium (DMEM) medium were purchased from 
MP Biomedicals (California, USA). The Lipofectamine 
3000 transfection kit and Trizol total RNA extraction kit 
were purchased from Invitrogen (California, USA). The 
radioimmunoprecipitation assay (RIPA) lysate, protein 
assay [bicinchoninic acid (BCA)] kit, and enhanced 
chemiluminescence (ECL) detection kit were purchased 
from Shanghai Jizhi Biochemical Technology Co. Ltd. 
(Shanghai, China). The nuclear/cytoplasmic protein 
separation kit was purchased from PromoCell (Heidelberg, 
Germany). The CAV-1 polyclonal antibody, early growth 
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response 1 (EGR1) monoclonal antibody, Krueppel-like 
factor 5 (KLF5) polyclonal antibody, and ezrin (EZR) 
polyclonal antibody were purchased from Wuhan Amictech 
Technology Co. Ltd. (Wuhan, China). The SYBR GREEN 
kit was purchased from China Sino Biological. Inc (Beijing, 
China). The dual-luciferase reporter gene experiment 
kit was purchased from Abcam, (Cambridge, UK). The 
Transwell chamber and crystal violet staining solution were 
purchased from Corning (New York, USA).

Cell culture

The IPA tumor tissue and non-IPA tissue were washed 
three times with PBS and cut into small pieces (1 mm3). 
Subsequently, the tissue was digested with 0.25% pancreatin 
at 37 ℃, and cultured in DMEM containing 10% fetal calf 
serum. Thirty minutes later, DMEM medium containing 
10% fetal bovine serum was added to terminate the 
digestion. After centrifugation at 1,500 rpm for 5 min, the 
cells were collected and resuspended in DMEM medium 
containing 20%   fetal bovine serum. The medium was 
changed every 2 days.

The rat pituitary adenoma GH3 cell line was inoculated 
in DMEM medium containing 10% fetal bovine serum, 
100 U/mL penicillin, 100 U/mL streptomycin, and 0.03% 
L-glutamine, and cultivated in a constant temperature 
incubator at 37 ℃ with 5% carbon dioxide (CO  2) for 
subsequent experiments.

Construction and transfection of lentivirus

The short hairpin RNA (shRNA) targeting CAV-1 and 
EZR, and its blank control RNA (sh-Ctrl), were cloned into 
pGCSIL-GFP plasmid. After being transferred to DH5α E. 
coli, the recombinant plasmid was extracted and transfected 
into GH3 cells using the Lipofectamine 3000 kit. The 
experiment was performed 48 h after transfection. The 
GH3 cells in the logarithmic growth phase were used, and 
the cell concentration was adjusted to 1×105 cells/mL after 
trypsinization treatment. Next, the cells were inoculated in 
a 6-well plate with a volume of 2 mL per well, which was 
subsequently cultivated in a constant temperature incubator 
at 37 ℃ with 5% CO2 for 24 h. 

Extraction of EGR1 and KLF5 proteins in GH3 cytoplasm 
and nucleus

The RIPA lysate was used to extract the total protein in 

tissue and GH3 cells. After centrifugation at 3,000 rpm for 
30 min, the supernatant was collected. The cytoplasmic 
and nuclear proteins were then separated according to the 
instructions of the nuclear/cytoplasmic protein separation 
kit. Finally, the protein concentration was determined by 
the BCA method.

Western blot experiment to detect the expression of CAV-1, 
EGR1, KLF5, and EZR in tissues and cells

RIPA lysate was used to extract the total protein in tissue 
and GH3 cells, and the BCA method was used to determine 
total protein concentration. The protein was separated by 
adding polyacrylamide gel, and was then transferred to the 
polyvinylidene fluoride (PVDF) membrane. After blocking 
with 5% skimmed milk powder for 1 h, diluted primary 
antibody (1:1,000) was added and incubated overnight at  
4 ℃. The primary antibody was removed the next day, and 
rinsed with Tris Buffered saline Tween (TBST) three times. 
Following this, the diluted secondary antibody (1:5,000) 
was added and incubated at room temperature for 1 h. After 
rinsing with TBST three times, ECL luminescent solution 
was added for development. Finally, after taking pictures, 
image J software National Institutes of Health Company 
(Maryland, USA) was used to analyze the gray value of each 
band.

Quantitative real-time polymerase chain reaction (qRT-
PCR) detects the expression of miR-183 in IPA tissues and 
GH3 cells

After collecting the cells,  the Trizol kit was used 
to extract the total RNA in the cells, and the RNA 
concentration was detected. The extracted RNA was 
reverse transcribed into complementary deoxyribonucleic 
acid (cDNA) using a reverse transcription kit, and U6 
was used as an internal reference to design the primer 
sequence of miR-183 (F: 5'-GCGAGCACAGAATTA 
A T A C G A C T C A C T A T A G G - 3 ' ;  R : 
5'-ATGGCACTGGTAGAATTCACT-3'). The PCR 
reaction system was constructed with a final volume of 
20 μL [2 μL reverse transcription product, 10 μL SYBR 
Green Mix, 0.5 μL upstream and downstream primers, and 
7 μL distilled water (dH2O) each] by following the SYBR 
GREEN kit instructions to detect the expression level of 
miR-183. The parameters of the PCR reaction system were 
as follows: pre-denaturation at 95 ℃ for 5 min, denaturation 
at 94 ℃ for 30 s, and annealing at 60 ℃ for 30 s. The 
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reaction was carried out for a total of 45 cycles. The results 
were calculated using the 2−ΔΔCt method.

The detection of luciferase activity in GH3 cells by double 
luciferase reporter gene experiment 

After amplifying EGR1 and KLF5, they were cloned 
into pcDNA3.1 plasmid, and the miR-183 promoter was 
amplified using specific primers and inserted into the pGL-3  
luciferase reporter vector to construct pGL3-rno-miR-
183-luc. GH3 cells were inoculated in a 9-well plate at a 
density of 2×104 cells/well. When the cells were fused to 
approximately 80%, the Lipofectamine 3000 kit was used to 
co-transfect pc-EGR1 or pc-KLF5 with pGL3-rno-miR-
183-luc into GH3 cells, and a dual luciferase assay system 
was used to detect intracellular luciferase activity 24 h after 
transfection.

The wild-type EZR (WT-EZR)-3'-UTR and mutant 
EZR (MUT-EZR)-3’-UTR regions were cloned to the 
downstream of the pGLO-basic firefly luciferase gene, and 
the plasmid was transfected with miR-negative control (NC) 
or miR-183 mimics using the Lipofectamine 3000 kit into 
GH3 cells, and a dual luciferase assay system was used to 
detect intracellular luciferase activity 24 h after transfection.

Co-immunoprecipitation test to detect the interaction 
between EGR1 and KLF5

GH3 cells in the logarithmic growth phase were collected, 
and an appropriate amount of RIPA lysis buffer was added 
and lysed at 4 ℃ for 30 min. Next, the supernatant was 
collected after centrifuging at 3,000 rpm for 30 min. 
G-Sepharose protein was used for pretreatment. The 
collected supernatant with the indicator antibody were 
incubated overnight at 4 ℃. Four multiplication Sodium 
dodecyl sulfate-Polyacrylamide gel electrophoresis (SDS-
PAGE) buffer was added after the immunoprecipitation 
reaction and boiled in water for 10 min. Finally, western 
blotting was performed to obtain the binding protein for 
subsequent analysis.

Detection of GH3 cell invasion ability with Transwell test 

GH3 cells were inoculated on the upper layer of the 
Transwell cell covered with matrigel, and serum-free 
DMEM medium was added. DMEM medium containing 
5% fetal bovine serum was added to the lower layer of the 

Transwell chamber. After incubating for 48 h in a constant 
temperature incubator, the upper layer of cells that did not 
invade was washed with PBS and stained with crystal violet. 
Finally, pictures were taken, and cells were counted to 
evaluate their invasion ability.

Cell scratch test to detect the migration ability of GH3 cells

GH3 cells were inoculated into a 6-well plate at a density 
of 5×105 cells/well. After incubating overnight in a constant 
temperature incubator, the cell layer was scraped with a 
sterile pipette tip, and the remaining cell debris was rinsed 
with fresh medium. The complete medium was then added 
to the 6-well plate and incubated for 48 h. Following 
incubation, a picture was taken under the microscope and 
the distance between the scratches was recorded.

Statistical analysis

All experiments in this study were repeated three times, 
and the average value ± standard deviation (SD) was 
used. SPSS 22.0 from IBM (New York, USA) was used 
for statistical analysis. The t-test was used to evaluate the 
difference between the two groups, and one-way analysis 
of variance (ANOVA) was used to evaluate the differences 
in data between multiple groups. P<0.05 indicated that the 
difference was statistically significant, and all graphs were 
drawn using GraphPad 8.2.1from GraphPad Software 
company (California, USA).

Results

Down-regulation of CAV-1 inhibits GH3 cell invasion and 
migration

First, the expression of CAV-1 in IPA tissue and non-
IPA tissue was detected by Western blot. The results 
showed that the expression of CAV-1 in IPA tissue was 
significantly up-regulated (P<0.05, Figure 1A). At the same 
time, the expression of CAV-1 in GH3 and RPC cells 
was also detected, and the results showed that CAV-1 was 
highly expressed in GH3 cells (P<0.05, Figure 1B). The 
expression of CAV-1 in GH3 cells was down-regulated by 
the transfection of lentivirus (P<0.05), and it was found that 
down-regulating the expression of CAV-1 can significantly 
inhibit the invasion and migration ability of GH3 cells 
(P<0.05, Figure 1C,D,E). 
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Figure 1 Down-regulation of CAV-1 inhibits GH3 cell invasion and migration. (A,B) Western blot detection of CAV-1 expression in IPA 
tissues and cells. (C) Western blot detection of the expression level of GH3 cells after inhibiting CAV-1. (D) Crystal violet stains the invaded 
cells in the Transwell chamber to detect the invasion ability of GH3 cells after knocking out CVA-1 (Scale bar: 50 μm). (E) Scratch test was 
used to determine the migration ability of GH3 cells after knocking down CAV-1. CAV-1, Caveolin-1.
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Down-regulation of CAV-1 inhibits EGR1/KLF5 
interaction and up-regulates the expression of miR-183

The expression level of miR-183 in IPA tissues and cells 
was detected by qRT-PCR. The results showed that the 
expression of miR-183 in IPA tissues and GH3 cells was 
significantly absent (P<0.01, Figure 2A,B). After inhibiting 
the expression of CAV-1 in GH3 cells, the expression level of 
miR-183 was notably restored (P<0.01, Figure 2C). Western 

blot results showed that after down-regulating the expression 
of CAV-1, the expression of EGR1 in the GH3 nucleus 
was markedly reduced (P<0.05), however, down-regulating 
the expression of CAV-1 did not affect the expression of 
KLF5 in the cytoplasm and nucleus (P>0.05, Figure 2D,E). 
The interaction between CAV-1 and EGR1 was further 
clarified by immunoprecipitation. The results showed that 
CAV-1 did not bind to EGR1 in GH3 and RPC cells, but 
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Figure 2 Down-regulation of CAV-1 inhibits EGR1/KLF5 interaction and up-regulates the expression of miR-183. (A,B) qRT-PCR was 
used to detect the expression level of miR-183 in IPA tissues and cells. (C) qRT-PCR was used to detect the expression level of miR-183 in 
GH3 cells after CAV-1 knockdown. (D,E) Western blot was used to detect the expression levels of EGR1 and KLF5 in the cytoplasm or 
nucleus of GH3 cells after knocking down CAV-1. (F) Relationship between CAV-1 and EGR1 was determined by co-immunoprecipitation. 
(G) Relationship between EGR1 and KLF5 was determined by co-immunoprecipitation. Compared with the IPA group, **P<0.01; 
compared with GH3 group, ##P<0.01; compared with the sh-Ctrl group, @@P<0.01. CAV-1, Caveolin-1; EGR1, early growth response 1; 
KLF5, Krueppel-like factor 5; qRT-PCR, quantitative real-time polymerase chain reaction.
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down-regulating the expression of CAV-1 would inhibit the 
combination of EGR-1 with KLF5 (P<0.05, Figure 2F,G).

EGR-1 inhibits the transcriptional activation of miR-183 
by interacting with KLF5

The luciferase report experiment was conducted to 
verify whether the interaction between EGR1 and KLF5 
affects the transcriptional activation of miR-183. The 
results showed that the luciferase activity of miR-183 was 
significantly increased after KLF5 was transfected alone 
(P<0.001). However, transfection of EGR1 alone did not 
affect the luciferase activity of miR-183. Moreover, co-
transfection of EGR1 and KLF5 into GH3 cells notably 

inhibited the increase in miR-183 luciferase activity 
mediated by KLF5 (P<0.05, Figure 3).

EZR is a downstream target gene of miR-183

The prediction results from the bioinformatics website 
StarBase showed that EZR and miR-183 have partial target 
binding sequences in 3'-UTR (as shown in Figure 4A). At 
the same time, the results of the dual-luciferase reporter 
gene experiment showed that miR-29a can significantly 
inhibit the luciferase activity of WT-EZR (P<0.05), but has 
no obvious inhibitory effect on the MUT-EZR luciferase 
activity (as shown in Figure 4B). Western blot experiments 
showed that inhibiting the expression of miR-183 would 
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up-regulate the expression of EZR in GH3 cells (P<0.05), 
and overexpression of miR-183 would inhibit the expression 
of EZR in the cells (P<0.05, Figure 4C).

Effects of miR-183 and EZR on the invasion and 
migration of GH3 cells

QRT-PCR was used to detect the expression level of miR-

183 in GH3 cell. The expression level of miR-183 in the 
cell was markedly increased after the transfection of miR-
183 mimics (P<0.001), and was notably suppressed after 
the transfection of miR-183 inhibitor (P<0.001, Figure 5A).  
Western blot experiment results  showed that the 
expression of the EZR protein in cells was significantly 
reduced after sh-EZR transfection (P<0.05), but was 
substantially increased after transfection of pc-EZR 
(P<0.05, Figure 5B). The invasion and migration ability 
of GH3 cells was detected by cell invasion experiments 
and the cell scratch experiment. The results showed 
that overexpression of miR-183 or inhibition of EZR 
expression significantly inhibited the invasion and 
migration ability of GH3 cells (P<0.05), however, the 
simultaneous overexpression or inhibition of miR-183 
and EZR expression exhibited no obvious effect on the 
invasion and migration ability of GH3 cells (Figure 5C,D).

Discussion

The CAV-1 gene is related to cell metastasis and has been 
confirmed to play a role in numerous tumors. Torrejón et 
al. confirmed that the expression of CAV-1 in patients with 
colorectal cancer is usually down-regulated, and exerts a 
tumor suppressor effect in the early stages of the disease (14).  
Similarly, CAV-1 also exerts a tumor suppressor effect 
in breast and ovarian cancers (15,16). However, some 
studies report that CAV-1 accelerates tumor progression 

pc-KLF5 

PC-EGR1

***
##3

2

1

0

R
el

at
iv

e 
lu

ci
fe

ra
se

 a
ct

iv
ity

WT-EZR MUT-EZR

*

NC mimics

EZR 

GAPDH

EZR: 

miR-183:

NC mimics inhibitor

R
el

at
iv

e 
lu

ci
fe

ra
se

 a
ct

iv
ity

1.5  

1.0 

0.5 

0.0

BA

C

B

Figure 3 EGR-1 inhibits transcriptional activation of miR-
183 by interacting with KLF5. Luciferase activity of miR-183 in 
GH3 cells after transfection of pc-EGR1 or pc-KLF5 and pGL3-
rno-miR-183-luc after 24 h. Compared with pc-EGR1(−) + pc-
KLF5(−) group, ***P<0.01; compared with pc-EGR1(−) + pc-
KLF5(+) group, ##P<0.01. EGR1, early growth response 1; KLF5, 
Krueppel-like factor 5.

Figure 4 EZR is a downstream target gene of miR-183. (A) StarBase predicts the target binding sequence of EZR and miR-183. (B) 
Luciferase activity of miR-183 in GH3 cells after transfection of WT-EZR or MUT-EZR and miR-NC (NC group) or miR-183 mimics 
(mimics group) after 24 h. (C) Western blot detection of EZR expression in GH3 cells. Compared with the NC group, *P<0.05. EZR, ezrin; 
WT, wild-type; NC, negative control.
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Figure 5 Effects of miR-183 and EZR on the invasion and migration of GH3 cells. (A) qRT-PCR was used to detect the expression level 
of miR-183 in GH3 cells. (B) Western blot detection of EZR expression in GH3 cells. (C) Crystal violet stains the invaded cells in the 
Transwell chamber to detect the invasion ability of GH3 cells after knocking out CVA-1 (Scale bar: 50 μm). (D) Scratch test was used to 
determine the migration ability of GH3 cells. Compared with the NC group, ***P<0.01. EZR, ezrin; qRT-PCR, quantitative real-time 
polymerase chain reaction.

in prostate, bladder, and pancreatic cancers (17-19). Liu  
et al. showed that the down-regulation of CAV-1 in the early 
stage of lung cancer promotes the proliferation of cancer 
cells, but the up-regulation of CAV-1 in the late stage gives 
lung cancer cells a greater ability to invade (20). In the 
present study, it was found that the expression of CAV-1 
in IPA tissue was significantly up-regulated compared with 
non-IPA tissue. Additionally, the up-regulation of CAV-
1 expression was also found in GH3 cells, which indicates 
that the up-regulation of CAV-1 expression may enhance 
the invasion and migration of pituitary adenoma cells. By 
knocking down CAV-1 to inhibit its expression in GH3 

cells, it was found that inhibiting CAV-1 expression can 
effectively reduce the ability of GH3 cells to invade and 
migrate, confirming the above findings.

CAV-1 is the main component of microvesicles, which 
can selectively regulate the expression level of miRNAs 
through vesicles. In previous experiments, it was found that 
inhibiting the expression of CAV-1 could significantly up-
regulate the expression level of miR-183 in GH3 cells. MiR-
183 is a member of the miR-183-96-182 family located at 
7q31-34 of human chromosome 5, and is highly conserved 
in different organisms (21). Furthermore, it is abnormally 
expressed in many types of cancers and participates in 
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the occurrence and development of tumors. Studies have 
shown that the expression of miR-183 is up-regulated in 
18 cancers, including prostate, ovarian, and breast cancers, 
and exhibits carcinogenic effects. However, the expression 
of miR-183 is down-regulated in six cancers, including 
osteosarcoma and melanoma, and exerts a tumor suppressor 
effect (21). Cao et al. reported that eight regulatory factors 
can control the expression of miR-183 by combining with 
the promoter region on it (21). In the present study, it 
was found that the expression of miR-183 in IPA tissues 
and GH3 cells was significantly reduced, but knocking 
down CAV-1 up-regulated the expression of miR-183 in 
GH3 cells; that is, the lack of miR-183 may lead to the 
enhancement of GH3 cell invasion and migration. Studies 
have shown that CAV-1 can affect the transcriptional 
activation of miRNAs by affecting nuclear ectopic 
transcription factors, thereby regulating the expression of 
miRNAs, including EGR1 and KLF5. The results of the 
present study showed that the expression of EGR1 in the 
nucleus of GH3 cells decreased after knocking down CAV-
1, and this may be caused by the lack of Cav-1 expression 
inhibiting its binding to the promoter on the common 
site of EGR1 protein Sp1 (22). However the expression 
of KLF5 had no significant changes after knocking down 
CAV-1. It was also confirmed by immunoprecipitation 
experiments that knockdown of CAV-1 substantially 
inhibited the interaction between EGR1 and KLF5; that 
is, knocking down CAV-1 can hinder the formation of 
the EGR1/KLF5 complex by reducing the ectopic core 
of EGR1, thereby producing a high concentration of free 
KLF5. Qin et al. showed that KLF5 can actively regulate 
the expression of miRNAs (such as miR-183) directly 
through combination with the promoter (22). The luciferase 
report experiment confirmed that up-regulating KLF5 can 
considerably enhance the luciferase activity in GH3 cells, 
but up-regulating EGR1 exhibits no significant effect on 
luciferase activity. Moreover, simultaneously upregulating 
EGR1 and KLF5 has no obvious impact on the intracellular 
luciferase activity. The above results indicate that CAV-
1 can regulate the expression of miR-183 by affecting the 
interaction between EGR1 and KLF5.

Numerous studies have shown that the lack of expression 
of miR-183 plays an important role in the ability of 
tumor cells to invade and migrate. miR-183 can regulate 
approximately 45 tumor-related genes (such as EZR), which 
are closely related to the adhesion, invasion, and migration 
capabilities of tumor cells (21). EZR, also known as Villin2 
or Cytovillin2, has been confirmed to be involved in the 

metastasis and proliferation of a variety of tumors (23). In 
a recent study, EZR was listed as a new type of biomarker 
for IPA, and cell experiments have found that inhibiting the 
expression of EZR can reduce the invasion and migration 
ability of GH3 cells (24). In the present study, it was found 
that EZR and miR-183 have partial targeting binding 
sequences in 3'-UTR, and miR-183 can negatively regulate 
the expression of EZR in GH3 cells. The dual-luciferase 
reporter gene experiment also confirmed the targeting 
relationship between EZR and miR-183. At the same time, 
overexpression of miR-183 or inhibition of EZR expression 
can significantly inhibit the invasion and migration of 
GH3 cells. However, the simultaneous overexpression or 
inhibition of miR-183 and EZR expression has no obvious 
effect on the invasion and migration of GH3 cells.

In conclusion, the high expression of CAV-1 in IPA 
tissues and GH3 cells may reduce the expression of 
miR-183 by promoting the interaction of EGR1 and 
KLF5, thereby strengthening the invasion and migration 
capabilities of pituitary adenoma tissues and GH3 cells. 
Although CAV-1 affects the nuclear ectopic of EGR1, no 
direct correlation between CAV-1 and EGR1 was identified 
in this study. The mechanism of interaction between CAV-1 
and EGR1 requires further investigation in future studies. 
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