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MicroRNAs (miRNAs) have been reported to serve as potential biomarkers in bladder cancer and play important
roles in cancer progression. This study aimed to investigate the biological role of miR-205-3p in bladder cancer.
We showed that miR-205-3p was significantly down-regulated in bladder cancer tissues and cells. Moreover,
overexpression of miR-205-3p inhibited bladder cancer progression in vitro. Then we confirmed that GLOT1, a
downstream target of miR-205-3p, mediated the effect of miR-205-3p on bladder cancer cells. In addition, we
found that miR-205-3p inhibits P38/ERK activation through repressing GLO1. Eventually, we confirmed that
miR-205-3p inhibits the occurrence and progress of bladder cancer by targeting GLO1 in vivo by nude mouse
tumorigenesis and immunohistochemistry. In a word, miR-205-3p inhibits proliferation and metastasis of bladder
cancer cells by activating the GLO1 mediated P38/ERK signaling pathway and that may be a potential therapeutic

Introduction

Bladder cancer is the most common malignant tumor of
urogenital system, of which more than 90% is urothelial
cancer, which has biological characteristics such as mul-
ticentric origin, easy recurrence, metastasis and drug
resistance. In 2020, there were 573,278 new cases of BCa
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and 212,536 deaths worldwide. Smoking, genetic factors
and exposure to aromatic amines are considered to be the
main causes of bladder cancer [1, 2]. Approximately 70%
of bladder cancers are non-muscle invasive bladder can-
cer [3, 4], and these patients often require multiple trans-
urethral cystectomies, high-frequency bladder infusion
chemotherapy, and intensive cystoscopic follow-up, but
even so, 30-45% of patients progress to muscle-invasive
or metastatic bladder cancer within 5 years [5]. There-
fore, it is important to investigate the biological mecha-
nisms of bladder cancer development and progression.
miRNAs are small single-stranded RNAs (18—-25 nucle-
otides) that function as post-transcriptional repressors
primarily by binding to complementary sequences in the
3’-untranslated region of their target mRNAs [6]. How-
ever, many miRNAs in bladder cancer have not been
fully explored, their functions and target genes need
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to be further elucidated. MiR-205-3p is relevant to the
development of many tumors and has changed expres-
sion levels in different tumors, such as low expression
in gastric [7] and ovarian cancers [8] but high expres-
sion in non-small cell lung cancer [9], breast carcinoma
[10] and other tumors. However, there are no any studies
have reported the effect of miR-205-3p on the biological
behavior of bladder cancer and the potential mechanisms
are still unknown.

Glyoxalase 1 (GLO1) is a key cytoprotective enzyme
associated with the degradation function of methylg-
lyoxal (MG) [11]. Abnormal GLO1 expression leads to
the production of advanced glycosylation end products
(AGEs) by dienyl stress, and the accumulation of AGE-
modified proteins causes age-related diseases, such as
obesity, cardiovascular disease and diabetes [12]. High
expression of GLO1 has been observed in common
tumors, including lung, liver, breast, prostate cancers,
and so on [13-16], and that is associated closely to some
biological functions such as cells proliferation, apoptosis
and metastasis.

In present study, we observed the role of miR-205-3p
in bladder cancer progression, and further identified that
miR-205-3p inhibited bladder cancer by targeting GLO1.
Moreover, we found P38/ERK signaling pathway par-
ticipated in the procedure of GLO1 influencing bladder
cancer. The study provides a potential therapeutic target
and theoretical basis for the clinical treatment of bladder
cancer.

Methods

Celllines and culture

The normal human uroepithelial cell line SV-HUC-1,
and the bladder cancer cell lines T24, 5637 and EJ were
obtained from the Shanghai Cell Bank of the Chinese
Academy of Sciences.Normal human uroepithelial cell
line SV-HUC-1 was cultured in F-12 K medium con-
taining 10% fetal bovine serumand and bladder cancer
cell lines T24, 5637 and EJ cells were cultured in RPMI-
1640 medium containing 10% fetal bovine serum. The
cells were digested and passaged with 0.25% trypsin
when the cell fusion was around 80%, with fluid changes
or passages every 2 days.RPMI-1640 medium, F-12 K
medium,fetal bovine serum, penicillin-streptomycin

Table 1 primer sequence

Gene primer sequence(5’-3’)
miR-205-3p-F CGCGCTGTACAGGCCACTG
ue-F CGCTTCGGCAGCACATATACTAA
Micro-R AGTGCAGGGTCCGAGGTATT
GLO1-F CGGGGCAAAATGTCCTCGTA
GLO1-R CGGAAGAGTCCGGGTGTTT
GAPDH-F GGAGCGAGATCCCTCCAAAAT
GAPDH-R GGCTGTTGTCATACTTCTCATGG
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antibody and trypsin were purchased from Gibco Com-
pany of the United States.

Bioinformatics analysis

Downloaded the differentially expressed miRNA data-
set associated with BLCA from the TCGA database
(https://www.cancer.gov/tcga) and used the edgeR pack-
age in R software (v3.5.2) to calculate the differentially
expressed miRNAs with the screening conditions log-
FoldChange=1, padj=0.05. Volcano and heatmap maps
were plotted using the plot function and pheatmap pack-
age. Then analyzed the relationship between miR-205-3p
expression and survival of BLCA patients using the KM
plotter website (http://kmplot.com/analysis/) and plotted
the corresponding survival curves.

Clinical specimen

Bladder cancer tissue and paracancerous tissue were
obtained from 35 bladder cancer patients in the First
Affiliated Hospital of Bengbu Medical College from
December 2018 to December 2021. None of them
received preoperative radiotherapy or preoperative che-
motherapy. All specimens were processed according to
ethical and legal standards. This study was approved by
the Ethics Committee of the First Affiliated Hospital of
Bengbu Medical College [2022] No. 144.

Lentiviral vector construction and cell transfection

The lentivirus containing the miR-205-3p overexpression
construct was produced by Genomeditech (Shanghai,
China). Cells were transfected according to the manu-
facturer’s protocol. The efficiency of gene overexpression
was verified by quantitative reverse transcription poly-
merase chain reaction (RT-qPCR) assay.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR)

Total RNA was isolated from tissues and cells using
Trizol reagent and reverse transcribed into complemen-
tary deoxyribonucleic acid (cDNA). After pre-denatur-
ation at 95 °C for 1 min, denaturation at 95 °C for 20 s
and annealing at 60 °C for 20 s, a total of 40 cycles, the
27 (-AACt) method was used to calculate the relative
expression of the target genes. Primers were designed
using Primer 5. 0 (Table 1).

Cell counting kit-8 assay

Collection of cells after 24 h of transfection,cells were
inoculated in 96-well plates with 2x 1073 cells/plate and
cultured for 24 h, 48 and 72 h, respectively. 10uL CCK8
solution was added to each well, protected from light and
cultured for 1 h at 37°C. The absorbance value of the cells
at 450 nm (OD450nm value) was detected by enzyme
marker and the experiment was repeated 3 times.
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Transwell assay

In the cell invasion assay, Matrigel gel was prepared on
the upper chamber surface.Collection of cells after 24 h
of transfection,,cells were adjusted to 2x10"4 cells/ml
with serum-free medium and 100uL was aspirated and
added to the upper chamber. In the lower chamber, 1640
medium containing 20% fetal bovine serum was added.
24 h of incubation at 37 °C, the cells and Matrigel gel
were gently removed from the upper chamber, fixed in
4% paraformaldehyde for 30 min and then stained with
crystalline violet, photographed and analyzed under a
microscope. For the cell migration assay, no Matrigel gel
was added to the upper chamber of the Transwell and
the rest of the steps were the same as for the cell invasion
assay, which was repeated three times.

Flow cytometry

Collection of cells after 24 h of transfection, take 50,000-
100,000 resuspended cells, centrifuge at 1000 g for 5 min
and discard the supernatant. 195uLAnnexin V-FITC
conjugate was added to resuspend the cells. Add 5uL
Annexin V-FITC, 10uL of propidium iodide staining
solution, mix well and incubate for 10-20 min at room
temperature, flow-on assay, and repeat the experiment 3
times.

Transcriptome sequencing

Three samples of each group were collected from cells
after 24 h of transfection, and total RNA was extracted
using TRIzol reagent. The purity, concentration and
integrity of the RNA samples were checked by Nanodrop
spectrophotometer (ND-ONE-W) for library construc-
tion. mRNA was randomly interrupted by adding Frag-
mentation Buffer, and the mRNA was used as a template
to synthesize the first cONA strand with six-base random
the first cDNA strand was synthesized using random
hexamers as template, and the second cDNA strand was
synthesized by adding buffer, INTPs, RNase H and DNA
polymerase I. The cDNA was purified using AMPure
XP magnetic beads, and the purified double-stranded
c¢DNA was then end-repaired, A-tailed and connected
to sequencing junctions. The purified cDNA was then
end-repaired, A-tailed and sequenced, followed by frag-
ment size selection using AMPure XP beads, and finally
enriched by PCR to obtain a cDNA library. After library
construction, the effective library concentration (effec-
tive library concentration>2nM) was accurately quanti-
fied using the RT-qPCR method to ensure library quality.
After passing the library check, the different libraries
were mixed according to the target downstream data vol-
ume and sequenced using the Illumina platform.
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Dual-luciferase reporter assay

Construction of GLO1 wild-type and mutant plasmids,
the tool cells were inoculated in 6-well plates and trans-
fected with GLO1 wild-type plasmid, GLO1 mutant plas-
mid, mimics-NC and mir-205-3p mimics, respectively or
simultaneously, and the luciferase activity of each group
was measured using a dual luciferase reporter gene kit.

Western blot assay

Cells or tissues were collected and washed twice with cold
PBS, lysed on ice for 30 min after the addition of RIPA
lysate, the lysates were centrifuged at 4 °C, 12,000 r/min
for 15 min and the protein concentration in the superna-
tant was determined using the BCA protein quantifica-
tion kit. Equal amounts of protein samples were added
to SDS-PAGE and transferred to PVDF membranes, fol-
lowed by closure with 5% skimmed milk powder for 1 h
and incubation of the primary antibody on a shaker at
4 °C overnight. On day 2 secondary antibodies were incu-
bated at room temperature for 1 h, washed 3 times with
TBST and protein bands were observed using chemilu-
minescent reagents and analyzed using Image J.

Xenograft mouse model

Ten BALB/c nude mice were fed at 25°Cand 60-70%
humidity. The constructed lentivirus was transfected into
the tumor cells and after confirming successful transfec-
tion, the cell suspension was injected subcutaneously
into the nude mice at a density of 4x10. After 28 days,
the nude mice were executed and the tumor volume was
measured and weighed using vernier calipers and the
tumor was used for the next immunohistochemistry. All
experimental operations were performed in accordance
with the relevant regulations of the NIH Guide for the
Use of Laboratory Animals. The experimental protocol
was approved by Institutional Animal Care & Use Com-
mittee of the First Affiliated Hospital of Bengbu Medical
College.

Immunohistochemistry (IHC)

Tissue specimens were paraffin-embedded and sec-
tioned, immunohistochemistry was performed according
to the kit, diaminobenzidine was used for color develop-
ment, hematoxylin was used for re-staining and xylene
was used to seal the sections. The IHC assessment score
for each sample was based on the product of the stain-
ing intensity score and the range of stained areas.The
antibodies used are Ki-67 (D3B5) Rabbit mAb and GLO1
(GLO1a) Rabbit mAb.

Statistical analysis

Gene expression data were log-transformed and nor-
malised for statistical analysis, while graphs were con-
structed using R software 3.6.2 and the Perl language
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package. SPSS 22.0 statistical software and GraphPad
Prism9 were used to analyse and process the experimen-
tal data. Measures were expressed as xts and t-tests and
one-way ANOVA were used to assess statistical differ-
ences, with differences considered statistically significant
at P<0.05.

Results

MiR-205-3p is down-regulated in bladder cancer and
negatively associated with clinical prognosis

To investigate the expression level and clinical signifi-
cance of miR-205-3p in bladder cancer, miRNA data of
patients, including 418 bladder cancers and 19 normal
individuals, were downloaded and analyzed based on
the TCGA database. The results showed that the expres-
sion of miR-205-3p was sharply down-regulated in blad-
der cancer tissues compared with that in normal tissues
(Fig. 1A). The patients with low miR-205-3p expression
exhibited shorter median OS of 11.5 months than the
patients with high miR-205-3p, whose median OS were
16.3 months (Fig. 1B). In addition, The relationship
between clinicopathological characteristics and miR-
205-3p was analysed using Wilcoxon signed rank test and
logistic regression (Fig. 1C, D and E). Then we detected
miR-205-3p expressions in bladder cancer tissues and
normal bladder tissues by qRT-PCR, the result was con-
sistent with that from the TCGA database (Fig. 1K),The
clinicopathological data of bladder cancer patients were
also statistically analysed accordingly with miR-205-3p
expression. The higher the expression of miR-205-3p,
the lower the pathological grade of the patients(Fig. 1F-
]J). Moreover, the expressions of miR-205-3p were also
decreased in three bladder cancer cell lines (T24, 5637,
EJ), compared to normal uroepithelial cells SV-HUC-1
(Fig. 1L). Therefore, we speculate that reduced miR-
205-3p expression is closely related to the development
of bladder cancer.

MiR-205-3p inhibits proliferation, migration, invasion and
induces apoptosis in bladder cancer cells

To explore the role of miR-205-3p in bladder cancer pro-
gression, miR-205-3p was up-regulated and down-regu-
lated respectively by transfecting according plasmids into
T24 cells, the transfection efficiency was verified by RT-
qPCR (Fig. 2A). CCK8 assay showed that the prolifera-
tion capacity was significantly reduced in the miR-205-3p
mimics group than that in the mimics-NC group, and
the proliferation ability of miR-205-3p inhibitor group
was higher than that of inhibitor-NC group(Fig. 2B).
Accordingly, the migration and invasion capacities were
decreased when miR-205-3p was up-regulated (Fig. 2D).
In addition, flow cytometry analysis showed that apop-
tosis was significantly increased in the miR-205-3p
mimics group and reduced compared with that in the
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inhibitor-NC group (Fig. 2C). These results suggest that
miR-205-3p may inhibit biologic behavior and induce
apoptosis in bladder cancer cells.

MiR-205-3p negatively regulates GLO1

To identify target genes in the downstream of miR-
205-3p, we sequenced the transcriptome in T24 bladder
cancer cells over-expressing miR-205-3p (all biological
repeat correlations were above 99% for the same group
of samples, and a total of 73.38 Gb of total bases were
obtained after sequencing quality control), the results
showed that the miR-205-3p mimics group had 1597
differentially expressed genes compared to the mimics-
NC group, including 718 up-regulated genes and 879
down-regulated genes (Fig. 3A-C). At the same time,
three online databases of Targetscan, MiRDB and miRTa-
base were used for predicting downstream target genes
of miR-205-3p, and a total of 26 intersected genes were
obtained (Fig. 3D). Among them, however, only GLO1
gene showed down-regulated expression in the sequenc-
ing results, and all three online databases also indicated
binding sites between miR-205-3p and GLO1 (Fig. 3E).
So, we observed whether miR-205-3p regulated GLO1
expression. The results of the dual-luciferase reporter
assay showed that the luciferase activity of T24 cells
transfected with miR-205-3p mimics was significantly
reduced in wild-type GLO1, while in mutant GLO1 there
was no significant difference between the two (Fig. 3F),
suggesting a binding site between miR-205-3p and
GLO1. Moreover, RT-qPCR and western blot showed
that both gene and protein expressions of GLO1 were
greatly reduced in miR-205-3p over-expressed bladder
cancer cells (Fig. 3G H). Taken together, miR-205-3p can
negatively regulates GLO1 in bladder cancer cell.

Mir-205-3p inhibits cell proliferation and metastasis
through inhibition of GLO1

To further observed the role of GLO1 in miR-205-3p
regulating bladder cancer, we firstly detected the effect
of GLO1 expression on bladder cancer cells. As shown in
Fig. 4A and B, GLO1 was highly expressed in T24 bladder
cancer cells in gene and protein levels. Then, after knock-
ing down GLO1 expression by transfecting shGLO1
(Fig. 4C), flow cytometry, CCK8 and transwell assay were
applied to identify the influences of GLO1 on apoptosis,
proliferation, migration and invasion. The results dem-
onstrated that the GLO1 down-regulated cells exhibited
more apoptotic cells (Fig. 4D) and inhibited prolifera-
tion, migration and invasion abilities (Fig. 4E and F), and
over-expressed GLO1 showed conversed effects on blad-
der cancer cells. Moreover, up-regulating GLO1 could
reversed the inhibitory effect of miR-205-3p on bladder
cancer cells (Fig. 4G and I). These results suggest that
miR-205-3p inhibits the proliferation and metastasis



Zhenhai et al. BMC Cancer (2023) 23:956 Page 5 of 13

TCGA (P=0.003
A ( ) B Survival curve (p=2.981e-02) C

c 50— . HR=1.42,95CI1%(1.035 to 1.954) hsa-miR-205-3p (p=1.72-04)
2 = —— hsa-miR-205-3p high expression i

3 —— hsa-miR-205-3p low expression

< 40+ 2 ¢ B —i

x @ i b ——
o L o | é

o 30— % c 2 g :

? 3 H - wgifige
w z < | I :

¥ 20 e e 5

D - o B PRl
14 — e seaas
— N

E < i T T

2 10- I :

= S

E e T T T T T T T T grade

) - 0 2 4 6 8 10 12 14

m s "”].T"‘

o
|

Normal Tumour

(W)
m
N

hsa-miR-205-3p (p=6.714e-06) hsa-miR-205-3p (p=0.005)

o
<~
3 3 o | !
8 8 & ° ¢
2 2 2 :
¢ o] © o ® .
g v g v 8 Q1 .
o Q Q * —_—
2 2 2 . !
o o o o [ . :
™ 7 ¢ 29 : Q
o a e TN o 4 . x
T T T T T T T T T = T T
1 2 3 4 0 1 2 3 4 0 1
stage T grade
hsa-miR-205-3p (p=0.007) hsa-miR-205-3p (p=2.624e-04) hsa-miR-205-3p (p=5.723e-04)
< 8 e
. .
5% -+ s8] ) s 871
2 i 2 é 2 :
© i ° g . g ‘ —
s o | : S R s o | ; :
g & 9, + 5 o = § % = ‘
@ T | o v —— [
e - 2 ® = - : | =
ol | Ej : & 2  BE - ol i
= o < B = . BE=
° ‘ ‘ ‘ : —— ‘ ‘ : —— o ‘ — ‘
0 1 2 3 4 1 2 3 4 0 1 X
stage T N
J K P<0.001 L
= -
5 1.5 K%k
5 507 2 ]
B o
hsa-miR-205-3p (p=0.007) 2 ° 3
o [ ° 3
g Q -
5407 &% 1.0
x o
c Q- . o °® ‘? ———
2 © ¢ ; % 30 [ L4 g
7] H : 1 (] N
o [Te) o b
g o2
S o | (<] ° o -
iR s N 20— * E 0.5
: : e - o
c . : b 3
8 o : : E Sosee® 2
-~ H R
- = g1 T T=F 2
o : — ‘ 5 N @ 0.0-
_ %o o
0 1 X < o
" © 0 = T A2 @Q),\ <
Normal Tumour 4\29
>
)

Fig. 1 Decreased miR-205-3p expression is associated with poor prognosis of patients with bladder cancer. (A) The expression of miR-205-3p in 418
bladder cancer tissues and 19 normal tissues from TCGA dataset. (B) The KM-plotter curve between high expression group and low expression group of
mir-205-3p. (C, D and E) The association between miR-205-3p expression and the clinical grade, stage and T-stage of bladder cancer patients. (F) MiR-
205-3p mRNA expressions in normal tissues and bladder cancer tissues. (G) MiR-205-3p mRNA expression in bladder cancer cell lines T24, 5637, EJ and
normal SV-HUC-1 cells
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invasion (F) were analyzed by CCK8 and transwell assays. (G) The cell apoptosis was detected by flow cytometric analysis (Annexin Fitc/Pl). (H-1) The ability
of proliferation (H), migratory and invasion (I) were analyzed in cells with different treatment
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and induces apoptosis by suppressing the expression of
GLOL.

MiR-205-3p suppresses bladder cancer progression via
GLO1 mediated P38/ERK activation

To clarify the potential mechanism by which miR-205-3p
and GLOL1 affect the biological functions of bladder can-
cer, we performed KEGG pathway enrichment analysis
based on the transcriptome sequencing results. Most of
differentially expressed genes were associated with pro-
teoglycans, apoptosis and some oncogenic pathways,
such as MAPK and P53 signaling pathways in bladder
cancer (Fig. 5A). So, we used western blotting to assess
the extent of phosphorylation of p38 and ERK. We found
that their phosphorylation levels were significantly inhib-
ited in miR-205-3p over-expressed cells (Fig. 5B). To be
expected, P38 and ERK agonist reversed the effects of
miR-205-3p on bladder cancer cells, both two agonists
promoted the cell proliferation and inhibited apoptosis
in miR-205-3p up-regulated cells (Fig. 5C and D). On the
other hand, GLO1 down-regulation also repressed phos-
phorylation of p38 and ERK (Fig. 5E) and demonstrated
similar effects on cells to the miR-205-3p over-expres-
sion, and P38 and ERK agonist were rescued partially
these influences, including cell proliferation and apopto-
sis (Fig. 5F and G). Moreover, western blot results showed
that over-expressing GLO1 increased the phosphoryla-
tion levels of p38 and ERK, which had been decreased by
miR-205-3p (Fig. 5H). All above results reveal that miR-
205-3p inhibits P38/ERK activation and cell progression
through repressing GLO1.

MiR-205-3p inhibits tumor growth and GLO1 expression in
vivo

To assess the function of miR-205-3p in bladder cancer
oncogenesis in vivo, we injected T24 cells stably express-
ing miR-205-3p as well as the corresponding negative
control into nude mice to construct a xenograft model.
The results showed that tumor growth was evidently
slower (Fig. 6A) the volume was smaller (Fig. 6B) and the
tumor weight was more lighter (Fig. 6C) in miR-205-3p
over-expression mice than that in control mice. At the
same time, IHC assay was performed and confirmed that
miR-205-3p increased tumor tissues had stronger protein
expression of GLO1 and Ki-67 (Fig. 6D), which hinted
that miR-205-3p is related to GLO1 expression and pro-
liferation of bladder cancer. In addition, we also detected
GLOL1 protein levels in bladder cancer patients with high
and low miR-205-3p expression. The results showed that
GLOL1 protein expression was down-regulated in tumor
tissues with high miR-205-3p expression (Fig. 6E). These
data suggested again that miR-205-3p inhibits tumor
growth and GLO1 expression.
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Discussion

Bladder cancer is the ninth most common malignancy
worldwide, with approximately 356,000 new cases and
145,000 deaths per year, has a propensity for recurrence
and requires lifelong monitoring after diagnosis [17,
18]. MiRNAs are a class of short non-coding RNAs that
bind to complementary sequences on target mRNAs
and induce mRNA silencing by inhibiting the transla-
tion of proteins or increasing the degradation of gene
silencing [19, 20]. This research focused on miR-205-3p
and revealed the role of miR-205-3p in regulating blad-
der cancer cell proliferation, migration, invasion and
apoptosis and its associated molecular mechanisms
downstream. Firstly, through bioinformatic analysis,
we determined that miR-205-3p was lowly expressed
in BLCA and that low miR-205-3p expression was usu-
ally associated with poorer OS rates in bladder cancer
patients. Furthermore, Cox regression analysis showed
that miR-205-3p was strongly associated with the
patient’s grade, stage and T-stage. Molecular biology
experiments also confirmed the low expression of miR-
205-3p in bladder cancer tissues and cell lines.All these
results suggested that miR-205-3p was low expressed
in bladder cancer and inhibited the development of the
tumor.

To investigate the role of miR-205-3p in bladder cancer
tumorigenesis and progression, we conducted a series of
cellular functional assays. Overexpression of miR-205-3p
revealed that the proliferation, migration and invasion of
bladder cancer cells were inhibited along with increased
apoptosis, while down-regulation of miR-205-3p showed
the opposite results, suggesting that miR-205-3p could
inhibit the biological behavior of bladder cancer cells.
MicroRNA-205 was first identified in mouse and puft-
erfish sequences. In the previous studies, miR-205-3p
down-regulated CXCL11 protein and inhibited Akt sig-
nalling activation thereby hindering GC cell prolifera-
tion and invasion [7], while miR-205-3p was significantly
increased in NSCLC tissues by targeting APBB2 to pro-
mote NSCLC progression [21], the results demonstrate
that miR-205-3p plays a role as a pro-oncogenic factor
in NSCLC, possibly due to the opposite effects of miR-
205-3p in different tumor cells.

miRNAs typically target one or more mRNAs, causing
direct degradation or translational repression of mRNA
through specific base pairing with downstream tar-
get mRNAs [22], and regulating gene expression at the
post-transcriptional level, thereby regulating cell differ-
entiation, growth, proliferation, migration and apopto-
sis [23, 24]. Therefore, we sequenced the transcriptome
of bladder cancer cells overexpressing miR-205-3p, and
the sequencing results indicated that GLO1 was signifi-
cantly downregulated in the miR-205-3p mimics group,
in which the expression of GLO1 gene was significantly
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Fig. 5 MiR-205-3p via GLO1 regulates the P38/ERK signaling. (A) Bubble plots showed KEGG signal enrichment analysis of target gene. Kanehisa,M.and
Goto,S.,KEGGKyoto Encyclopedia of Genes and Genomes.Nucleic Acids Res.28,17-30(2000). (B) the extents of P38 and ERK phosphorylation in T24 cells
with miR-205-3p-mimics determined by western blot. (C) The effect of Anisomycin and Ro67-7476 in T24 cells with miR-205-3p-mimics cell proliferation
ability was assessed by the CCK-8. (D) The effect of Anisomycln and Ro67-7476 in T24 cells with miR-205-3p-mimcs cell apoptosis was detected by flow
cytometric analysis (Annexin Fitc/Pl). (E) the extents of P38 and ERK phosphorylation in T24 cells with sh-GLO1 determined by western blot. (F) The effect
of Anisomycln and Ro67-7476 in T24 cells with sh-GLO1 cell proliferation ability was assessed by the CCK-8. (G) The effect of Anisomycln and Ro67-7476

inT24 cells with sh-GLO1 cell apoptosis was detected by flow cytometric analysis (Annexin Fitc/Pl). (H) the extents of P38 and ERK phosphorylation in T24
cells with miR-205-3p-mimics and sh-GLO1 determined by western blot
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reduced and the presence of miR-205-3p in the 3'UTR
region of GLO1 in three online bioinformatics analyses of
sites with the miR-205-3p base binding site. Meanwhile,
dual luciferase reporter assays verified the targeting rela-
tionship between miR-205-3p and GLO1. RT-qPCR and
Western-blot further verified that overexpression of miR-
205-3p downregulated GLO1 expression levels.

GLOL1 is present in all tissue, together with glyoxalase
2 and the cofactor glutathione, forms the glyoxalase sys-
tem, the major detoxification enzyme system for carbox-
aldehyde, with increased expression reported in several
tumours [25]. After verifying the targeting relationship
between miR-205-3p and GLO1, we again performed res-
cue experiments and verified that GLO1 overexpression
rescued the tumour suppressive effect of miR-205-3p on
bladder cancer.Overall, miR-205-3p inhibits the biologi-
cal behaviour of bladder cancer cells by negatively regu-
lating GLOL1.

MAPK is a widespread intracellular serine/threonine
protein kinase that activated by mitogen, cytokines, neu-
rotransmitters and other stimulis [26], thus converting
extracellular signals into intracellular signals and exerting
biological effects by regulating the expression and func-
tion of genes and proteins related to proliferation, apop-
tosis and autophagy [27]. To date, five parallel MAPK
signalling pathways have been identified: extracellular

signal-regulated protein kinase (ERK1/2), JNK/stress-
activated protein kinase (SAPK), ERK5/big MAP kinase
1 (BMK1), p38MAPK (p38 mitogen-activated protein
kinase), and ERK3/4 pathways [28]. ERK is mainly a
transmitter of cell proliferation signals and activated by
mitogen, while p38 is mainly activated by various extra-
cellul ar stimuli, triggering a complex series of cellular
stress transmissions [29]. MAPK has been reported in
several studies to be associated with proliferation and
apoptosis in bladder cancer [30-32]. Previous KEGG
enrichment results from transcriptome sequencing sug-
gest that miR-205-3p regulates the MAPK signalling
pathway. At the same time, several studies have demon-
strated that MAPK can interfere with the proliferation
and apoptosis of BLCA cells. Therefore, we verified the
changes in the phosphorylation level of P38/ERK after
overexpression of miR-205-3p by molecular biology tech-
niques and confirmed that overexpression of miR-205-3p
in hibited the phosphorylation of P38/ERK in BLCA
cells, while overexpression of GLO1 reversed this phe-
nomenon. Furthermore, activation of P38/ERK reversed
the effect of miR-205-3p and GLO1 on the proliferation
and apoptosis of bladder cancer cells.

To further confirm the role of miR-205-3p in vivo,a
xenograft mouse model was established. T24 cells sta-
bly expressing miR-205-3p as well as the corresponding



Zhenhai et al. BMC Cancer (2023) 23:956

negative control into nude mice to construct xenograft
models.We found that the tumor volume and weight of
LV-miR-205-3p group were lower than those of LV-NC
group.Moreover,JHC analysis was carried out to detect
the expression level of GLO1 and Ki-67 protein, which
was consistent with the results in vitro,miR-205-3p
inhibited the expression level of GLO1 and tumor pro-
liferation.In addition, we also collected pathological tis-
sues of bladder cancer patients, and divided them into
high expression group of miR-205-3p and low expression
group of miR-205-3p. It was found that the expression
of GLO1 was down-regulated in the tissues with high
expression of miR-205-3p, which was consistent with the
cells experiment.

In summary, this research confirmed that miR-205-3p
targeting inhibited GLO1 to mediated P38/ERK phos-
phorylation to suppress the biological behavior of blad-
der cancer cells.An in-depth study on the function of
miR-205-3p may help to determine the therapeutic tar-
gets that are expected to improve the clinical prognosis
of bladder cancer patients.
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