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Abstract: Clear cell renal cell carcinoma (ccRCC) is an aggressive tumor with frequent metastatic rate. In order to
explore the mechanisms, we determined the roles of miR-125b-2-3p in metastatic ccRCC progression. In the study,
both clinical and experimental evidences supported the critical role of miR-125b-2-3p in accelerating ccRCC metas-
tasis. Elevated miR-125b-2-3p expression correlated with lymphatic invasion, distant metastasis and poor survival.
Functional study showed that high miR-125b-2-3p expression significantly increased ccRCC cell migration in vitro
and lung metastasis in vivo. Furthermore, we demonstrated that miR-125b-2-3p directly targeted EGR1, and miR-
125b-2-3p accelerated ccRCC cell migration through down-regulating EGR1. Taken together, this study demonstrat-
ed that miR-125b-2-3p associates with ccRCC prognosis via promoting tumor metastasis through targeting EGR1.
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Introduction

Renal cell carcinoma (RCC) is one of the most
prevalent cancers and accounts for 2-3% in
adults worldwide [1-3]. Clear cell RCC (ccRCC)
is the most common subtypes, which compris-
es nearly 85% of all RCCs [4, 5]. ccRCC is an
aggressive tumor with frequent metastatic rate
[6, 7], and about one third patients have metas-
tasized at the time of diagnosis. Another third
may develop metastases eventually [8, 9.
Since metastatic ccRCCs are insensitive to
radiotherapy and chemotherapy [10, 11] and
novel targeted agents fail to work on a large
amount of metastatic ccRCC patients [12, 13],
the 5-yr survival rate of metastatic ccRCCs is <
10%, compared to 75% for organ-confined dis-
ease [14]. The most recent immune checkpoint
therapy had been shown to be efficacious to
RCCs, but unfortunately for only a minority of
individuals [15-17]. Thus, metastatic ccRCC is
the focus of RCC management and prevention.
However, the mechanism of ccRCC metastasis
is not completely understood.

MicroRNAs (miRNAs), a class of natural small
noncoding RNAs, play important roles in gene
expression regulation by binding to the 3-UTR
of their targets, resulting in down-regulation of
target genes at post-transcriptional or tran-
scriptional levels [18-21]. Emerging evidences
have shown that miRNAs can function as poten-
tial tumor oncogenes or suppressors during the
initiation and progression of cancers [22-24].

MiR-125b-2-3p, located in 21g21.1, is cleaved
from stem-loop pre-miRNA miR-125b-2. Murray
et al. found that the serum level of miR-125b-2-
3p was elevated in pleuropulmonary blastoma
(PPB). Its level showed a reduction following
treatment [25]. Up-regulated miR-125b-2-3p
served as a characteristic of ERG-related B cell
precursor acute lymphoblastic leukemia [26].
Furthermore, miR-125b-2-3p was up-regulated
in colorectal cancer with liver metastasis com-
pared with the non-metastatic counterparts.
Bioinformatics analysis with KEGG and gene
ontology showed that miR-125b-2-3p was in-
volved in liver metastasis during colorectum
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carcinogenesis [27]. Therefore, it seemed that
miR-125b-2-3p involved in tumorigenesis and
metastasis, but its role in ccRCC is unknown.

In this study, miR-125b-2-3p is up-regulated in
metastatic ccRCCs and its high level associ-
ates with distant metastasis and worse pro-
gnosis. Exogenous miR-125b-2-3p expression
in ccRCC cells significantly promotes cell mi-
gration in vitro and lung metastasis in vivo via
targeting EGR1. These findings provide strong
evidence that miR-125b-2-3p impacts progno-
sis of ccRCCs through promoting tumor me-
tastasis.

Materials and methods
Tissue samples

Biopsies were obtained from patients diag-
nosed with ccRCC and underwent surgery at
Department of Urology, Ningbo First Hospital,
Ningbo, China. The study protocol was approv-
ed by the ethics committee of Ningbo First
Hospital. Written consent was obtained from all
subjects in the study.

Cell culture

Three cancer cells (Caki-1, 786-0 and ACHN),
proximal tubular epithelial cell HK-2, and 293T
cell were purchased from ATCC (USA). OS-RC-2
cell was provided by Stem Cell Bank, Chinese
Academy of Sciences. RPMI, McCoy’s 5A and
DMEM medium (Gibco, USA) were used to cul-
ture these cells with 10% fetal bovine serum
(ExCell Bio, China) added. All cells were cultur-
ed in chamber at 37°C with 5% CO,.

Transfection

MiRNA mimic, inhibitor and the corresponding
negative control of miR-125b-2-3p, siRNA tar-
geted EGR1 and negative control siRNA were
provided by GenePharma (China). Cell transfec-
tion was performed using Lipofectamine 2000
(Invitrogen, USA) following the instructions.

RT-gPCR

Total RNAs were extracted from tumor tissues
and cells using TRIzol Reagent (Invitrogen,
USA). RNA concentrations were determined us-
ing NANODROP 2000 Spectrophotometer (Ther-
mo Fisher SCIENTIFIC, USA).
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For the detection of miR-125b-2-3p, 2 ug total
RNA was used to synthesize cDNA using miS-
cript® Il RT Kit (QIAGEN, Germany). miScript
SYBR® Green PCR Kit (QIAGEN, Germany) was
used for quantitative detection of miR-125b-2-
3p, and snRNA U6 was used as the control.

For the detection of EGR1, 2 pg total RNA was
used to synthesize cDNA using RevertAid First
Strand c¢DNA Synthesis Kit (Thermo Fisher
SCIENTIFIC, USA). SYBR Green PCR Master Mix
(Roche, US) was used for quantitative detection
of EGR1 on a LightCycler480 system (Roche,
US), and GAPDH was used as the control.

The primer sequences were as follows: miR-
125b-2-3p 5-TCACAAGTCAGGCTCTTGGGA-3/,
U6 5-ACGCAAATTCGTGAAGCGTTC-3’, Forward
primer: 5-ACCCACTCCTCCACCTTTGAC-3’ and
Reverse primer: 5-TGTTGCTGTAGCCAAATTCG-
TT-3’ for GAPDH, Forward primer: 5'-ACTTAAA-
GGACAGGAGGAGGAGATGG-3’ and Reverse pri-
mer: 5-AGGGAGGACTTGGCTCTGAGAAC-3’ for
EGR1.

Cell migration assay

Scratch wound healing assay and transwell
assay were used to detected cell migration with
8 um filters (Costar, Corning). For wound heal-
ing assay, when seeded cells reached a conflu-
ence > 90% in 24-well plate, a linear scratch
was made across the well. PBS was used to
rinse the dislodged cells, and cells were cul-
tured with fresh medium without serum. The
wound width was then monitored. For transwell
assay, a suspension of cells (5 x 10* for both
Caki-1 and 786-0) in basal medium was added
to the upper well. After 24 h, removed non-
migratory cells and the migratory cells were
fixed, stained with crystal violet, and then
imaged.

Plasmid construction, lentivirus package and
cell infection

To construct EGR1 expression vector, EGR1
was cloned into pcDNA3.1-3xFlag. We cloned
miR-125b-2-3p into pCDH-CMV-EF1-Puro to
construct over-expression vector pCDH/miR-
125b-2-3p (pCDH-CMV-EF1-Puro/miR-125b-2-
3p). The pCDH-CMV-EF1-Puro vector was us-
ed as control (pCDH/Control). Three plasmids
pCMV-dR8.2 dvpr, pCMV-VSVG and pCDH/miR-
125b-2-3p or pCDH/Control were co-transfect-
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Figure 1. MiR-125b-2-3p associates with ccRCC prognosis. A. MiR-125b-2-3p
was up-regulated in metastasis ccRCC tissues (n=14) compared to non-me-
tastasis tissues (n=52) detected by RT-gPCR (P < 0.001). Data are presented
as ACt value and are shown as the mean + SD. B. The overall survival was
significantly poorer in patients with high level of miR-125b-2-3p (P=0.0039;
HR, 2.471; 95% Cl, 1.337 to 4.566). The median is used as the cutoff value.

786-0 cells were co-trans-
fected with miR-125b-2-3p
mimic and pmirGLO/full-len-
gth EGR1 3-UTR, pmirGLO/
shorting EGR1 3-UTR or
empty pmirGLO Vector. The
luciferase activity was mea-
sured with Dual-Luciferase
Reporter Assay System (Pro-
mega, USA) according to the
protocols.

Tail injection
In tail injection, 786-0/miR-

125b-2-3p and 786-0/Con-
trol cells were harvested and

ed into 293T cells and cultured for at least 72
h. Lentivirus-containing supernatants were
then harvested using 0.45 pum sterilizing filter.
Lentivirus was then used to infect 786-0 cell
to acquire steadily up-regulated cells of miR-
125b-2-3p (786-0/miR-125b-2-3p) and control
(786-0/Control).

Western blotting analysis

RIPA buffer (Solarbio, China) was used to lyse
tumor cells and proteins were quantified by
BCA analysis (Beyotime, China). After the pro-
teins were transferred onto PVDF membranes
(BIO-RAD, USA) and blocked with 5% skim milk,
the specific primary antibodies were used to
incubate the membranes overnight at 4°C. The
following primary antibodies were used: anti-E-
Cadherin, anti-N-Cadherin, anti-Vimentin, anti-
Fibronectin, anti-EGR1 and anti-GAPDH (Cell
Signaling Technology, USA). HRP-labeled sec-
ondary antibody (Boster, China) was then used
to incubate the membranes. The protein bands
were visualized using enhanced chemilumines-
cence reagent.

Luciferase reporter assay

We constructed the sensor vector by joining the
regions with the possible binding sites from
EGR1 3’-UTR to a luciferase reporter pmirGLO
Vector (Promega, USA) to examine the target
sequence recognized by miR-125b-2-3p. The
full-length EGR1 3’-UTR and the shorting EGR1
3’-UTR without putative miR-125b-2-3p-binding
site were cloned into pmirGLO downstream of
the firefly luciferase gene. The primary pmirGLO
was used as control.
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concentration was adjusted

with 1 x 107 cells/ml. 100 ul
cell suspension was then injected into the nude
mice tails (5 per group). Fifty days after tail
injection, the mice were sacrificed and the
numbers of metastatic nodules on lung surface
were counted. H&E staining was used to detect
the pulmonary metastases.

Statistical analysis

The SPSS 18.0 software (SPSS Inc., USA) was
used for statistical analyses. The difference of
the mean value between two groups was ana-
lyzed with t-test. Survival analysis was estimat-
ed using Kaplan-Meier and log-rank test. The
correlation between miR-125b-2-3p expression
and the clinicopathologic features was ana-
lyzed with chi-square test. The data were
showed as mean + SD. P < 0.05 was consid-
ered statistically significant.

Results

MiR-125b-2-3p expression associated with
ccRCC prognosis and metastasis

We defined miR-125b-2-3p expression in 66
ccRCC samples by RT-gPCR and the results
demonstrated that miR-125b-2-3p was up-reg-
ulated in metastatic ccRCCs (n=14) compared
with non-metastatic tissues (n=52) (P < 0.001)
(Figure 1A). Survival analysis showed that the
overall survival of ccRCCs with high miR-125b-
2-3p level was worse than those with low miR-
125b-2-3p expression (The median is used as
the cutoff value; P=0.0039; HR, 2.471; 95% Cl,
1.337 to 4.566) (Figure 1B).

Next, we analyzed the relationship between
miR-125b-2-3p expression and clinicopatho-
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Table 1. Correlation between miR-125b-2-3p
expression and clinicopathologic characteristics
of ccRCC patients

_ No. of miR—125b—.2—
Variables - 3p expression
patients —————————— value
Low  High
Age
<60 30 18 12 0.138
> 60 36 15 21
Gender
Male 40 23 17 0.131
Female 26 10 16
Tumor size (cm)
<7 43 24 19 0.196
>7 23 9 14
Tumor stage
1+l 49 29 20 0.011
H+IV 17 4 13

Differentiation

Well and moderate 51 29 22 0.04

Low 15 4 11

N status
No 46 27 19 0.032
Yes 20 6 14

Distant metastasis
No 52 30 22 0.016
Yes 14 3 11

logic parameters. As shown in Table 1, higher-
expression of miR-125b-2-3p contained more
cases with high-grade tumor stage (P < 0.05),
low differentiation (P < 0.05), lymphatic inva-
sion (P < 0.05) and distant metastasis (P <
0.05). These data strongly indicated that high
miR-125b-2-3p level may represent worse prog-
nosis and tumor metastasis of ccRCCs.

No significant effects on ccRCC cell prolifera-
tion of miR-125b-2-3p

While analyzing miR-125b-2-3p expression in
renal cancer cell lines, miR-125b-2-3p was
increased significantly in high metastatic tumor
cells Caki-1 and ACHN, however, a marked
decrease was demonstrated in 786-0 cell with
low metastatic capability (Figure 2A). These
results are consistent with the fact that high
miR-125b-2-3p level associates with tumor
metastasis (Table 1).

As Caki-1 and 786-0 are all ccRCC cell lines, we
treated them with miR-125b-2-3p inhibitor and
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mimic, respectively (Figure 2B, 2C), and then
detected its role on cell growth in vitro. The
MTS assay suggested that miR-125b-2-3p
expression shows no significant change on cell
growth (Figure 2D, 2E).

Over-expression of miR-125b-2-3p stimulated
CcCRCC cell migration in vitro

As miR-125b-2-3p showed no significant ch-
ange on ccRCC cell proliferation, we further
studied whether miR-125b-2-3p affects the cell
motility by scratch wound healing assay and
transwell assay. The results showed that down-
regulation of miR-125b-2-3p reduced the mi-
gration distances (Figure 3A) and restrained
cell crossing the wells (Figure 3B) in Caki-1
cells. Meanwhile, the contrary effect was dem-
onstrated in 786-0 cells with increased miR-
125b-2-3p levels (Figure 3A, 3B).

Furthermore, we found that knockdown of miR-
125b-2-3p in Caki-1 cells inhibited mesenchy-
mal cell proteins expression, including N-Cad,
Vimentin and Fibronectin, and up-regulated the
expression of epithelial cell marker E-Cad
(Figure 3C). However, contrary results were
demonstrated in 786-0 cells with miR-125b-2-
3p exogenous expression (Figure 3C). Colle-
ctively, these results indicated that miR-125b-
2-3p over-expression promotes ccRCC cell
migration in vitro.

EGR1 is a direct target of miR-125b-2-3p

To illuminate the mechanisms mediating the
function of miR-125b-2-3p, online computa-
tional algorithms miRDB, TargetMiner and mi-
Randa were used to predict the targets of miR-
125b-2-3p, and EGR1 was predicted as a can-
didate gene. A miR-125b-2-3p complementary
binding site (1113 site) was found in the 3-UTR
of EGR1 mRNA predicted by all three algorithms
and the perfect base pairing was observed
(Figure 4A). Furthermore, TargetMiner also pre-
dicted another two candidate miR-125b-2-3p
binding sites (780 and 1089 site) (Figure 4A).

To identify whether EGR1 is a candidate target
of miR-125b-2-3p, we detected EGR1 expres-
sion in renal cancer cells. As shown in Figure
4B, EGR1 was down-regulated in cancer cells,
compared to HK-2 in both protein and mRNA
level. Furthermore, western blotting and qPCR
analysis revealed that a reduction of EGR1 was

Am J Transl Res 2020;12(9):5575-5585
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Figure 2. MiR-125b-2-3p shows no significant effects on ccRCC cell growth. A. MiR-125b-2-3p expression in renal
cancer cells detected by RT-qPCR. A significant increase of miR-125b-2-3p is shown in Caki-1 and ACHN cells,
and a significant reduction is shown in 786-0 cells. Data are normalized to normal cell HK-2. B, C. The expression
of miR-125b-2-3p in Caki-1 and 786-0O cells when transfected miR-125b-2-3p inhibitor and mimic, respectively.
Treatment with inhibitor and mimic of miR-125b-2-3p could specifically reverse its levels in Caki-1 and 786-0 cells,
respectively. D, E. The MTS assay showed miR-125b-2-3p had no significant effect on cell proliferation. Data of the
relative expression of miR-125b-2-3p are presented as 24 value, and are shown as the mean + SD. ***P < 0.001

found in 786-0 cells when transfected with
miR-125b-2-3p mimic. However, Caki-1 cells tr-
ansfected with miR-125b-2-3p inhibitor show-
ed increased EGR1 expression (Figure 4C).

In addition, luciferase reporter assay was used
to verify whether EGR1 is a direct target of miR-
125b-2-3p. We subcloned the full-length (with
miR-125b-2-3p binding site) and the shorting
(without miR-125b-2-3p binding site) EGR1
3-UTR into pmirGLO vector to structure the
luciferase reporter gene vectors (Figure 4D).
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When 786-0 cells were co-transfected with
reporter gene vectors (full-length 3’-UTR, short-
ing 3-UTR or pmirGLO vector) and miR-125b-2-
3p mimic, we found that miR-125b-2-3p dra-
matically suppressed the luciferase activity of
full-length EGR1 3-UTR group. As shorting
3'-UTR luciferase vector does not contain miR-
125b-2-3p binding sites, the luciferase activity
was not influenced (Figure 4D). These results
indicated that miR-125b-2-3p could directly
target EGR1 and negatively regulate the expres-
sion of the EGR1.

Am J Transl Res 2020;12(9):5575-5585
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Figure 3. MiR-125b-2-3p stimulates migration of ccRCC cells in vitro. A. MiR-125b-2-3p over-expression promotes
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levels of miR-125b-2-3p. **P < 0.01. B. MiR-125b-2-3p over-expression promotes cell migration by Transwell assay.
The scale bar in the image is 200 ym. **P < 0.01, ***P < 0.001. C. The expression of EMT markers were detected
by western blot in ccRCC cells after transfected miR-125b-2-3p inhibitor or mimic.
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Figure 4. MiR-125b-2-3p directly targets EGR1. A. Schematic diagram of interaction between miR-125b-2-3p and
EGR1 3-UTR. The predicted binding sites of miR-125b-2-3p on EGR1 3’-UTR by online computational algorithms
miRDB, TargetMiner and miRanda (Up); the interaction between miR-125b-2-3p and EGR1 3’-UTR at 1113 site
predicted by all three algorithms (Down). B. EGR1 was down-regulated in cancer cells compare to HK-2 in both
protein and mRNA levels. C. MiR-125b-2-3p negatively regulated EGR1 expression in both protein and mRNA lev-
els. EGR1 expression was detected in both protein and mRNA levels after ccRCC cells transfected miR-125b-2-3p
inhibitor or mimic. D. MiR-125b-2-3p directly targets EGR1. Schematic diagram of structures for luciferase assay
(Up). Luciferase assay was determined on 786-0 cells transfected luciferase vectors together with miR-125b-2-3p
mimic (Down).
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Figure 5. MiR-125b-2-3p accelerates cell migration via negatively regulating EGR1. (A) Depletion of EGR1 was found
to rescue Caki-1 cells from migration inhibition caused by miR-125b-2-3p inhibitor. Meanwhile, over-expression of
EGR1 rescued the effects of miR-125b-2-3p up-regulation on cell migration in 786-0. (B) Transwell assay got a
consistent result with wound healing assay in (A). (C) The expression of EMT markers was detected by western blot
in ccRCC cells after co-transfecting miR-125b-2-3p inhibitor and EGR1 siRNA, or miR-125b-2-3p mimic and EGR1
expression vector.

MiR-125b-2-3p accelerates cell migration via
negatively regulating EGR1

In light of the findings described above, we
hypothesized that EGR1 might contribute to
miR-125b-2-3p mediated ccRCC migration. To
confirm this hypothesis, we transfected miR-
125b-2-3p inhibitor together with siRNA target-
ed EGR1 into Caki-1 cells followed by wound
healing assay. The results showed that deple-
tion of EGR1 was found to rescue Caki-1 cells
from migration inhibition caused by miR-125b-
2-3p inhibitor (Figure 5A). However, over-
expression of EGR1 rescued the effects of up-
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regulated miR-125b-2-3p on cell migration in
786-0 (Figure 5A). In addition, transwell assay
got a consistent result with wound healing
assay in both Caki-1 and 786-0 cells (Figure
5B).

Furthermore, we determined the levels of EMT
markers in ccRCC cells. As showed in Figure
5C, when Caki-1 cells co-transfected miR-125b-
2-3p inhibitor and EGR1 siRNA, the EMT mark-
ers’ expression were rescued in the co-trans-
fected group. Consistent results were found in
786-0 cells co-transfected miR-125b-2-3p mi-
mic and EGR1 expression vector (Figure 5C).
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Figure 6. MiR-125b-2-3p promotes migration of ccRCC cells in vivo. A, B. Inject-
ing 786-0/miR-125b-2-3p and 786-0/Control cells into nude mice through tail
vein. Increased lung nodule number is shown in miR-125b-2-3p over-expres-
sion group compared to the control group. C. H&E staining of lung nodules. D.
EGR1 expression in lung nodules between 786-0/miR-125b-2-3p and 786-0/

pleuropulmonary blastoma
and ERG-related B cell pre-
cursor acute lymphoblastic
leukemia [25, 26]. Further-
more, miR-125b-2-3p invol-
ved in colorectum cancer
liver metastasis [27]. There-
fore, miR-125b-2-3p played
an important role in can-
cer.

In this study, we identifi-
ed that miR-125b-2-3p was
up-regulated in metastasis
ccRCCs (Figure 1A), which
suggested that its expres-
sion associates with ccRCC
distant metastasis. In the
present study, both clinical
and experimental evidenc-
es supported the critical
role of miR-125b-2-3p on
accelerating ccRCC metas-
tasis. Elevated miR-125b-

Control group.

Taken together, these results showed that miR-
125b-2-3p regulates ccRCC cell migration via
EGR1.

MiR-125b-2-3p facilitates ccRCC cell migration
in vivo

When testing the effect of miR-125b-2-3p on
ccRCC cell pulmonary metastasis, we perfor-
med an experimental study on nude mice by
injecting 786-0/miR-125b-2-3p or 786-0/Con-
trol cells through tail vein. The number of meta-
static nodules in 786-0/miR-125b-2-3p group
was significantly more than the 786-0/Control
group (Figure 6A, 6B), which exhibited a good
consistency with wound healing and transwell
assay. To further confirm the presence of tumor
cells in the lesions, we sectioned the tissues
following H&E staining and Western blotting.
Microscopic examination revealed the pres-
ence of tumor cell nests as depicted in repre-
sentative photomicrographs (Figure 6C), and
EGR1 was down-regulated in the lesions of
786-0/miR-125b-2-3p group (Figure 6D).

Discussion

Previous studies showed that miR-125b-2-3p
served as a characteristic of DICER1-mutated
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2-3p expression is corre-
lated with lymphatic inva-
sion and distant metasta-
sis (Table 1). Furthermore, functional study
showed that high miR-125b-2-3p expression
significantly increased ccRCC cell migration in
vitro (Figure 3) and lung metastasis in vivo
(Figure 6).

Early growth response 1 (EGR1) is a zinc-finger
transcription factor and has been shown to play
roles in multiple processes [28-30]. EGR1 is
also crucial in tumorigenesis and progression.
Studies showed that EGR1 was undetectable in
the great mass of breast cancers and deleted
in 50% of AML [31, 32]. In addition, it could
inhibit cell growth, metastasis and induce cell
apoptosis via up-regulating tumor suppressors,
including PTEN, TP53, BCL-2, and TGFb1 [33-
37]. We demonstrated that miR-125b-2-3p
directly targeted EGR1 (Figure 4), and miR-
125b-2-3p accelerated ccRCC cell migration
through down-regulating EGR1 (Figure 5).

ccRCC is an aggressive tumor with frequent
metastatic rate [6, 7]. One third patients have
metastasized at the time of diagnosis, and
another third may develop metastases eventu-
ally [8, 9]. Because metastasis is the leading
cause of worse prognosis [38-42] and miR-
125b-2-3p increased ccRCC metastasis, we
are interested in finding possible correlations
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between miR-125b-2-3p expression and the
clinical outcome of ccRCCs. We found that ele-
vated miR-125b-2-3p expression represented
worse clinical outcomes (Figure 1B). Combin-
ed with the result that high miR-125b-2-3p le-
vel stimulated ccRCC migration, we suggested
that up-regulated miR-125b-2-3p associated
with poor prognosis of ccRCC through acceler-
ating migration.

In summary, this study identified miR-125b-2-
3p as a significant promoter of metastasis in
ccRCC via targeting EGR1. Over-expressed miR-
125b-2-3p associates with worse prognosis of
ccRCC via stimulating tumor migration.
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