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LIN28A inhibits lysosome-associated membrane glycoprotein 1
protein expression in embryonic stem and bladder cancer cells
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Abstract. Tumor cells and embryonic stem cells (ESCs) have
similar transcription mechanisms. LIN28A is an important
factor in tumor cells and ESCs, it is an inhibitor of intracellular
endoplasmic reticulum (ER)-related protein translation in ESCs.
The present study aimed to examine the effects of LIN28A on
an ER-related protein, lysosome-associated membrane glyco-
protein 1 (LAMPI), in human bladder cancer cells and mouse
(m)ESCs, using reverse transcription-quantitative polymerase
chain reaction and western blotting to detect the expression of
LAMP1 mRNA and protein, respectively, following LIN28A
knockdown. LIN28A was revealed to promote the proliferation,
migration and invasion in human bladder cancer cells. These
data suggested similarities between ESC cells and cancer cells
and may provide novel ideas for the use of induced embryonic
stem cell differentiation to treat tumors.

Introduction

LIN28 was first identified in Caenorhabditis elegans as a key
control element of embryonic-stage development (1). Mammals
have two homologs of LIN28, LIN28A and LIN28B; LIN28B
is expressed in the nucleus and regulates the development of
embryos by controlling the maturation of LET-7 (2). LIN28A is
primarily expressed in embryonic stem cells (ESCs). LIN28A
is also able to re-program human fibroblasts into induced
pluripotent stem cells, along with octamer-binding protein 4
(OCT4), SOX2 and NANOG, which may indicate a stemness
function (3,4). LIN28A may function primarily by inhibiting
the maturation of LET-7 microRNA (miRNA) precursors (2).
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A number of previous studies have reported that LIN28A is
not only expressed in ESCs, but also serves a key role in tumor
development (5-9). LIN28A was demonstrated to promote
malignant cell transformation and tumor progression, and
is also associated with the advanced stages of many tumors,
including ovarian carcinoma, hepatocarcinoma, germ cell
tumors and lung carcinoma (6-10); however, the role in bladder
cancer remains poorly understood.

A previous study (11) have suggested that in addition to
targeting LET-7 precursors, LIN28A also targets several
other miRNAs and is an inhibitor of endoplasmic reticulum
(ER)-related protein translation in ESCs LAMPI is a
membrane glycoprotein and an ER-related protein that func-
tions to maintain the integrity of the lysosomal membrane
and serves a role in protein transport, membrane fusion and
the transport of intracellular degradation of protein (12,13).
However, whether LIN28A affects the translation of LAMPI1
proteins in ESCs or in cancer cells is unclear. The process of
ESC differentiation is accompanied by a loss of immortality,
and the formation of tumor cells indicates that the cells acquire
immortality and multi-differentiation (14), which further
suggested that a similar functional status may exist between
ESCs and tumor cells.

The present study aimed to determine the effects of
LIN28A on LAMPI1 expression in mouse (m)ESCs and in
human bladder cancer cells, and the results demonstrated that
LIN28A inhibited LAMPI protein synthesis in mESCs and
in human cancer cells. In addition, it was also demonstrated
that LIN28A is able to maintain human bladder cancer cell
proliferation migration and invasion.

Materials and methods

Cell culture. mESCs (National Key Laboratory of Stem Cell
and Reproductive Biology, Chinese academy of sciences;
Beijing, China) were cultured in mESC media: Dulbecco's
modified Eagle medium (DMEM; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) containing 15% fetal bovine serum
(FBS; Thermo Fisher Scientific, Inc.), 100 mM Minimum
Essential Medium/Non-essential Amino Acids medium
(Thermo Fisher Scientific, Inc.), 1,000 U/ml mLIF (Millipore,
Darmstadt, Germany) and 50 mM 2-mercaptoethanol (Thermo
Fisher Scientific, Inc.).
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Human bladder cancer cell lines 5637, SW780, T24,
J82 and UM-UC3 and human cervical cancer cell line
HeLa (Type Culture Collection of the Chinese Academy of
Sciences, Shanghai, China) were cultured in DMEM with
1% L-glutamine (Thermo Fisher Scientific, Inc.) supplemented
with 10% FBS (Thermo Fisher Scientific, Inc.). The normal
human urothelial cell line SV-HUC-1 (Type Culture Collection
of the Chinese Academy of Sciences) was cultured in F12K
medium (Thermo Fisher Scientific, Inc.) supplemented with
10% FBS and 1% L-glutamine. Cells were cultured in a stan-
dard humidified incubator at 37°C in a 5% CO, atmosphere.

Transfection of siRNA. One day prior to transfection, 3x10* cells
were plated in 200 ul DMEM with 1% L-glutamine and 10% FBS
in 48-well plates. After 24 h, 0.6 ul LAMP1 siRNA (stock solu-
tion 20 pmol/ul; Shanghai GenePharma Co., Ltd., Shanghai,
China) was added to 40 1 Opti-MEM I Reduced Serum medium
(Invitrogen; Thermo Fisher Scientific, Inc.) to a final concentra-
tion of 50 pM. siRNA was gently mixed with Lipofectamine
3000 (Invitrogen, CA, USA) and incubated for 20 min at
room temperature. LIN28A-targeted siRNA (mouse) was used
to knock down LIN28A in mESCs, and LIN28A-targeted
siRNA (human) and LAMPI1-targeted (human) siRNA were
used to knock down LIN28A and LAMPI in human bladder
cancer cells. siRNA was designed with the following primers:
LIN28A-targeted siRNA (human) (5'-GCAUCUGUAAGU
GGUUCAATT-3"), LIN28A-targeted siRNA (mouse) (5'-GCA
GTGGAGTTCACCTTTAAG-3"), LAMPI1-targeted (human)
siRNA (5'-GCCACAGUCGGCAAUUCCUACAAGU-3") and
negative control (NC)-siRNA (5'-UUCUCCGAACGUGUC
ACGUTT-3"). Cells were harvested 24 h post-transfection. The
cells in the wild type (WT) group did not undergo any treatment.

Total RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Total RNA was
extracted from cells when the confluence reached 80%, using
TRIzol reagent (Takara Bio, Inc., Otsu, Japan), according to
the manufacturer's protocol. Total RNA (10 ug) was reverse
transcribed to cDNA using the PrimeScript RT Reagent kit with
gDNA Eraser (Takara Bio, Inc.),according to the manufacturer's
protocol. qPCR was performed using SYBR Premix Ex Taq
(TaKaRa Bio, Inc.). In detail, the cDNAs acquired following
RT were diluted 10 times, then 2 ul was mixed with 5 ul AceQ
gPCR SYBR Green Master Mix and 50 yM primers (0.15 pl
each), and distilled deionized water was added to make a total
volume of 10 ul. The thermocycling conditions used were as
follows: Initial denaturation at 95°C for 10 min; followed by
35 cycles of amplification at 95°C for 10 sec and 58°C for 30 sec.
The samples were amplified using the LightCycler® Nano
system (Roche Diagnostics, Basel, Switzerland). The primers
listed in Table I; experiments were performed in triplicate.
mRNA expression levels were normalized to GAPDH and
calculated using the 2244 method (15).

Gel electrophoresis. A total of 1 ug of cDNA obtained from
cells was mixed with 2 ul of primers (Table I), 10 ul of PCR
Master Mix (Thermo Fisher Scientific, Inc.) and 8 ul of
RNase-free water. A Bio-Rad T100 (Bio-Rad Laboratories,
Inc., Hercules, CA, USA) thermocycler was used for ampli-
fication. Amplification was performed under the following
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conditions: Initial denaturation at 98°C for 3 min; followed by
40 cycles of denaturation at 98°C for 30 sec, annealing at 60°C
for 30 sec and extension at 72°C for 30 sec; and a final exten-
sion at 72°C for 5 min. Electrophoresis (85 V) was performed
using 1.2% agarose gels containing ethidium bromide at room
temperature for 120 min. Following completion, the gel was
placed in an Ulttima 16si detector (Hoefer, Inc., Holliston, MA,
USA) in order to visualize the DNA bands by irradiation using
ultraviolet light (254 nm). Densitometric analysis was performed
using E-Editor 2.0 software (Thermo Fisher Scientific, Inc.).

Fluorescence immunocytochemistry. For immunofluores-
cence staining, 3x10* cells were placed onto coverslips and
fixed with 4% paraformaldehyde at room temperature for
30 min, permeabilized in 0.1% Triton for 15 min, blocked by
5% bovine serum albumin (Thermo Fisher Scientific, Inc.)
at 37°C for 30 min, incubated with anti-LAMP1 (1:100; cat.
no. 21997-1-AP; ProteinTech Group, Inc., Chicago, IL, USA)
or anti-LIN28A primary antibodies (1:100; cat. no. ab46020;
Abcam, Cambridge, UK) at 37°C for 2 h, followed by incubation
with an Alexa Fluor 594-conjugated goat anti-rabbit secondary
antibody (1:500; A-11012; Invitrogen; Thermo Fisher Scientific,
Inc.) at 37°C for 1 h. Nuclei were stained with Hoechst 33342
(1:2,000) at 37°C for 5 min. Images were captured with a Zeiss
LSMT710 fluorescence microscope (Oberkochen, Germany).
mESCs were used as a positive control for LIN28A and LAMP1
expression, SV-HUC-1 cells were used as negative control for
LAMPI expression and HeLa cells were used as a negative
control for LIN28A expression (16,17).

Western blot analysis. Proteins were extracted from cells when
the confluence reached 80% using radioimmunoprecipitation
assay buffer (Beyotime Institute of Biotechnology, Shanghai,
China) supplemented with protease inhibitor cocktail
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Protein
concentrations were determined using the Pierce BCA Protein
assay kit (cat. no. 23227; Thermo Fisher Scientific, Inc.).
Protein extracts (50 pug) were separated by 12% SDS-PAGE
and transferred to polyvinylidene difluoride membranes (EMD
Millipore, Billerica, MA, USA). The proteins were then trans-
ferred onto PVDF membranes (EMD Millipore). Following
blocking with 5% non-fat milk (blocking buffer) at room
temperature for 1 h, the membranes were incubated overnight
at 4°C with appropriate primary antibodies diluted in blocking
buffer as follows: Rabbit monoclonal lysosome-associated
membrane glycoprotein 1 (LAMPI1; 1:500; cat. no. 9091S;
Cell Signaling Technology, Inc., Danvers, MA, USA), mouse
monoclonal LIN28A (1:500; cat. no. 11724-1-AP; ProteinTech
Group, Inc., Chicago, IL, USA) and mouse monoclonal
GAPDH (1:5,000; cat. no. 51332S; Cell Signaling Technology,
Inc.). Following washing with PBS with 0.1% Tween-20 three
times, the membranes were incubated at room temperature
for 1 h with anti-mouse (1:2,000; cat. no. sc-2005; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) or anti-rabbit (1:2,000;
cat. no. sc-2004; Santa Cruz Biotechnology, Inc.) horseradish
peroxidase-conjugated secondary antibodies. Subsequently,
the bands of target proteins were visualized using Chemistar
ECL Western Blotting Substrate and Tanon-5200 automatic
chemiluminescence image analysis system (both Tanon
Science & Technology, Ltd., Shanghai, China). The relative
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Table I. Sequences of primers used for PCR, position of primers on the gene-specific mRNA and expected amplification length

of PCR products.
Gene Primer (5'—3") Position (nt) Size (bp)
LAMP1 F: CAGATGTGTTAGTGGCACCCA 459-479 84
R: TTGGAAAGGTACGCCTGGATG 542-522
LIN28A F: TGCGGGCATCTGTAAGTGG 120-138 134
R: GGAACCCTTCCATGTGCAG 253-235
GAPDH F: TGTGGGCATCAATGGATTTGG 231-251 116
R: ACACCATGTATTCCGGGTCAAT 346-325

F, forward; LAMPI, lysosome-associated membrane glycoprotein 1; PCR, polymerase chain reaction; R, reverse.

intensity of the target bands were quantified by densitometric
scanning using Image J 1.32j software (National Institutes of
Health, Bethesda, MD, USA).

Co-immunoprecipitation (Co-IP). Proteins were extracted
from cells when the confluence reached 70-80% using 100 pl
RIPA buffer (Beyotime Institute of Biotechnology) supple-
mented with 1% protease inhibitor cocktail (Sigma-Aldrich;
Merck KGaA). The concentration of protein was determined
using a BCA kit according to the aforementioned protocol.
Protein extracted from cells was mixed with Protein A
agarose (Santa Cruz Biotechnology, Inc.) and the respective
antibodies for 8 h at 4°C. The antibodies used were: Rabbit
monoclonal LAMP1, mouse monoclonal LIN28A and mouse
monoclonal as aforementioned. Subsequently, the combined
product was incubated with Dynabeads Protein G (Santa Cruz
Biotechnology, Inc.) for 1 h at 4°C. The bound proteins were
analyzed using western blot, as aforementioned.

Transwell invasion assay. A total of 40 ul Matrigel (0.5 mg/ml;
Beckman Coulter, Inc., Brea, CA, USA) was spread onto the
upper Transwell chamber and incubated for 4 h at 37°C. A
total of 1x10° cells, harvested 24 h post-siRNA transfection,
were seeded in the upper compartment of a Transwell chamber
(Corning Inc., Corning, NY, USA) containing OptiMEM I
Reduced Serum Medium (Thermo Fisher Scientific, Inc.) and
incubated at 37°C for 24 h. The cells in the upper membrane
were removed via rinsing with PBS three times. The migrated
cells underneath the membrane were stained with 0.1% crystal
violet at room temperature for 30 min, and cells were counted
from three random fields per membrane under a light micro-
scope (magnification, x20); the average number of cells was
calculated from three independent experiments.

Wound-healing assay. A total of 3x10° siRNA-transfected
cells were cultured in 6-well plates to form a monolayer
at 37°C, 5% CO, for 24 h. A scratch was made in the cell
monolayer and the migration distances were measured at 0 and
24 h; the average migration distance was calculated from three
independent experiments.

Cell viability assay. The viability of bladder cancer cells was
quantitatively assessed using the Cell Counting kit-8 (CCK-8)
assay according to the manufacturer's protocol at 0, 24,48 and

72 h post-transfection with siRNA. The cells were incubated
in 10 pl of CCK-8 solution (Dojindo Molecular Technologies,
Inc., Kumamoto, Japan) at 37°C for 1 h. The optical density of
each well was determined using a microplate reader (Bio-Rad
Laboratories, Inc.); the absorbance was measured at 450 nm.

Statistical analysis. To compare data between different
groups, one-way analysis of variance was performed followed
by Fisher's least significant difference (for equal variances)
or Games-Howell (for unequal variances) post hoc test
using SPSS 17.0 software (SPSS Inc., IL, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

Lampl and lin28A are expressed in mESCs and human
bladder cancer cells. RT-PCR was used to determine if
LAMPI and LIN28A mRNAs were expressed in five human
bladder cell lines (T24, UMUCS3, J82, 5637 and SW780), one
normal human bladder urothelial cell line (SV-HUC-1) and a
mESC line. mESCs were used as a positive control for LIN28A
and LAMPI expression, SV-HUC-1 cells were used as nega-
tive control for LAMPI1 expression and HeLa cells were used
as a negative control for LIN28A (16,17). The results demon-
strated that LIN28A and LAMP1 were expressed in all types
of human bladder cancer cell lines and in mESCs (Fig. 1).
Three bladder cancer cell lines (UM-UC-3, 5637 and SW780)
were selected for further experimentation. Results from the
immunofluorescence expression assay revealed that LAMP1 and
LIN28A proteins were expressed in the cytoplasm of the three
bladder cancer cell lines, which means LAMP1 and LIN28A are
expressed in three malignant bladder cancer cells with different
levels of malignancy, but the relationship is not clear (Fig. 2).

LIN28A inhibits LAMPI protein expression in mESCs. A
previous study reported that LIN28A is a major inhibitor of
ER-related protein translation in ESCs (9). As an ER-related
protein, the expression of LAMP1 in ESCs may be regulated
by LIN28A; therefore, LAMPI protein expression levels
were examined, following the successful knockdown of
LIN28A mRNA expression in mESCs (Fig. 3A). In mESCs
transfected with LIN28A-siRNA the protein expression level
of LAMP was demonstrated to be significantly increased by
1.35-fold compared with expression in NC-siRNA transfected
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cells (Fig. 3B). As the effects of LIN28A on its target gene
LET7 are at the post-transcriptional level, the expression
levels of LAMP1 mRNA were examined. No significant
differences were identified in the expression of LAMPI
mRNA in LIN28A-siRNA treated cells compared with WT
and NC-siRNA transfected cells (Fig. 3C), which suggested
that LIN28A inhibition of LAMPI protein expression may be
independent of LAMP1 mRNA levels in mESCs.

LIN28A inhibits LAMPI protein translation in human bladder
cancer cells. As LIN28A was revealed to affect the protein
expression levels of LAMP1 in mESCs, human bladder cancer
cells were subsequently used in LIN28A knockdown experi-
ments to determine if a similar process occurred. Following
successful transfection with LIN28A-siRNA (Fig. 4A),
LAMPI mRNA expression levels were unaffected compared
with NC-siRNA transfected cells (Fig. 4B). In addition,
following knockdown of LIN28A, LAMPI1 protein expres-
sion levels were significantly increased in UM-UC3, 5637
and SW780 cells by 1.59, 1.2 and 1.35-fold compared with
NC-siRNA cells, respectively (Fig. 4C-E). These results
indicated that LIN28A may inhibit the translation of LAMPI
protein in ESCs and in human cancer cells.

To further demonstrate the relationship between LIN28A
and LAMPI, Co-IP experiments were conducted, which
demonstrated that LIN28A protein interacts with LAMPI
protein (Fig. 5). These data indicated that LIN28A may serve
a direct role in the regulation of LAMP1 protein expression.

Effects of LIN28A on cell migration, proliferation and invasion
of human bladder cancer cells in vitro. To investigate the effects
of LIN28A on cancer cells, LIN28A knockdown was conducted
in three types of bladder cancer cells; the migration, invasion
and proliferative capacities were measured by wound-healing,
invasion and CCK-8 assays, respectively. The data revealed the
three types of bladder cancer cells (UM-UC3, 5637, SW780)
markedly reduced the rate of cell migration, invasion and
proliferation after the knockout of LIN28A in bladder cancer
cells. The migration distance exhibited by si-LIN28A cells in
the UM-UC3, 5637 and SW780 cell lines was significantly
decreased by 0.72, 0.66 and 0.75 fold compared with the NC
group, respectively (Fig. 6). In addition, the invasive ability of
si-LIN28A cells in the UM-UC3, 5637 and SW780 cell lines
was significantly decreased by 0.75,0.53 and 0.63 fold compared
with the NC group, respectively (Fig. 7). Furthermore, the
proliferative ability of si-LIN28A cells in the UM-UC3, 5637
and SW780 cell lines at the 72 h time interval was significantly
suppressed by 0.52, 0.56 and 0.45 fold compared with the NC
group, respectively (Fig. 8). The results demonstrated that
LIN28A may suppress the migration, invasion and proliferation
of bladder cancer cells.

Discussion

LIN28A was previously reported to promote protein transla-
tion in stem cells (14). In addition, LIN28A was also reported
to reduce the translation of proteins in the ER and Golgi
lumen (11). Crosslinking-immunoprecipitation-sequencing
technology was previously used to reveal that LIN28A inhibits
the expression of ER-related proteins in ESCs (11). The present
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Figure 1. LAMP1 and LIN28A mRNAs are expressed in mESCs and bladder
cancer cells. The expression of LAMP1 and LIN28A mRNA was examined
by reverse transcription-quantitative polymerase chain reaction in human
bladder cancer cell lines T24, UM-UC3, J82, 5637 and SW780, as well as
in a normal human urothelial cell line (SV-HUC-1). mESCs were used as a
positive control for LIN28A and LAMP1, HeLa cells were used as a negative
control for LIN28A expression and SV-HUC-1 cells were used as a negative
control for LAMP1. LAMP1, lysosome-associated membrane glycoprotein 1;
mESCs, mouse embryonic stem cells.
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Figure 2. LAMPI1 and LIN28A proteins are expressed in human bladder
cancer cells and mESCs. Fluorescence immunocytochemical analysis was
used to determine the location of (A) LIN28A protein expression in UM-UC3,
5637, SW780, mESCs and HeLa cells and (B) LAMPI protein expression in
UM-UC3, 5637, SW780, mESCs and SV-HUC-1 cells. mESCs were used as
a positive control for LIN28A and LAMP1 expression levels, HeLa cells were
used as a negative control for LIN28A expression and SV-HUC-1 cells were
used as a negative control for LAMPI1 expression. Nuclei were stained with
Hoechst 33342; scale bar, 50 pm. LAMPI, lysosome-associated membrane
glycoprotein 1; mESCs, mouse embryonic stem cell.

study used western blotting to demonstrate that expression
of the ER-related protein LAMP1 was increased following
reduced LIN28A expression in mESCs and human bladder
cancer cells. Based on these results, it was speculated that the
development of ESCs and human tumor cells was comparable.
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Figure 3. Effects of LIN28A knockdown on LAMPI protein and mRNA expression levels in mESCs. (A) Results from RT-qPCR demonstrated that LIN28A
mRNA expression levels were significantly decreased in mESCs following transfection with LIN28A-siRNA; n=3; "P<0.05 vs. NC-siRNA. (B) mESCs trans-
fected with LIN28A-siRNA exhibited a significant increase in LAMPI protein expression levels, as determined by western blotting and densitometric analysis;
GAPDH was used as a loading control; n=3; "P<0.05 vs. NC-siRNA. (C) No significant differences were identified in the expression levels of lampl mRNA
in LIN28A-siRNA-transfected cells compared with expression levels in NC-siRNA transfected cells, as determined by RT-qPCR. Data are expressed as the
mean =+ standard deviation. Each experiment was performed in triplicate three independent times. LAMPI1, lysosome-associated membrane glycoprotein 1;
mESCs, mouse embryonic stem cells; NC, negative control; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; siRNA, small interfering
RNA; WT, wild-type.
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Figure 4. LIN28A knockdown does not affect the expression levels of lampl mRNA in human bladder cancer cells while can increase the expression of
LAMPI protein in vitro. (A) Transfection of LIN28A-siRNA in bladder cancer cells (UM-UC3, 5637 and SW780) significantly reduced the mRNA expression
levels of LIN28A; n=3; "P<0.05 vs. NC-siRNA. (B) No significant differences were identified for lampl mRNA expression levels in cells transfected with
LIN28A-siRNA, compared with NC-siRNA transfected cells. Western blotting analysis demonstrated that the protein expression levels of LAMPI increased
in LIN28A-siRNA transfected (C) UM-UC3, (D) 5637 and (E) SW780 cells. Each experiment was performed in triplicate three independent times. Data are
expressed as the mean = standard deviation; "P<0.05 vs. NC-siRNA. LAMPI1, lysosome-associated membrane glycoprotein 1; NC, negative control; siRNA,
small interfering RNA; WT, wild-type.

A number of genes have been previously demonstrated  Epithelial-mesenchymal transition has also been reported to
to serve a key role in stem cells, some of which may exhibit  serve an important role in ESC differentiation (19,20) and in
oncogene-like functions, such as LIN28A and OCT4 (8,9). carcinoma development (21,22).

In addition, cancer stem cells (CSCs) have been reported The present study results suggested that the inhibitory
to accelerate the process of tumor malignancy (18). effect of LIN28A on LAMPI protein expression was at the
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Figure 5. LIN28A interacts with LAMP1 in human bladder cancer cells. Representative western blotting images from co-immunoprecipitation of LAMP1
and LIN28A proteins from UM-UC3, 5637 and SW780 cell lysates using a LAMPI1-specific or LIN28A-specific antibody. LAMPI protein was revealed to
co-precipitate with LIN28A. Input protein was used as a positive control; IgG was used as a negative control, GAPDH was used as a loading control. IgG,

immunoglobulin G; LAMP1, lysosome-associated membrane glycoprotein 1.
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Figure 6. LIN28A knockdown decreases bladder cancer cell motility. Cell motility was measured by wound-healing assay, which demonstrated that
LIN28A-siRNA transfection significantly reduced the migratory ability of UM-UC3, 5637 and SW780 cells 24 h post-transfection. Each experiment was
performed in triplicate three independent times, and data are presented as the mean + standard deviation; "P<0.05 vs. NC-siRNA. NC, negative control; siRNA,

small interfering RNA; WT, wild-type.

post-transcriptional level and did not affect lampl mRNA
production in either mESCs or in human bladder cancer cells
in vitro. But the expression of LAMP1 protein increased
following knockdown of LIN28A, indicating that LIN28A may
downregulated the protein expression levels of LAMPI. It has
been reported that LIN28A may alter the ribosome structure
of some protein synthesis; LIN28A may inhibit the formation
of LAMPI1 protein without affecting its mRNA expression
levels in this way (23). LIN28A was previously reported to
post-transcriptionally regulate the expression of let7 miRNA
precursors (24). Recent studies have revealed that, in addi-
tion to let7, LIN28A also modifies a number of mRNAs and
miRNAs at the post-transcriptional level without affecting RNA
synthesis, such as insulin-like growth factor 2 and members of
the miRNA-106 family (25,26). These results are consistent
with those from the present study.

LIN28A also serves an important role in human tumor cells;
an increasing number of studies have reported that the overex-
pression of LIN28A is one of the biomarkers of CSCs, such as
in hepatocellular carcinoma (6), and in ovarian (7), colon (8) and

prostate (27) cancers. The present study results demonstrated
that LIN28A was expressed in the human bladder cancer cell
lines UM-UC3, SW780 and 5637, but not in healthy SV-HUC-1
urothelial cells, and suggested that LIN28A may serve an
important role in the development of tumor cells by increasing
the proliferation, migration and invasion of bladder cancer cells.

It has been reported that LIN28A affects mitochondrial
localization in the cell cytoplasm, which suggested an involve-
ment in oxidative metabolism and oxidative phosphorylation
(OXPHOS) (28). Previous studies have also reported that
LIN28A is enriched in the intracellular region, including
the inner mitochondrial membrane, thus inhibiting cellular
oxidative metabolism (29,30). LIN28A was reported to simul-
taneously repress cell OXPHOS and promote cell anaerobic
glycolysis (30). In addition, mitochondrial localization in
the cytoplasm is altered following LAMP1 knockdown,
which further suggested that LAMP1 may participate in
mitochondrial functions (28). Providing the importance of
mitochondria in cellular glucose metabolism, LAMP1 may
participate in the process of OXPHOS (31). Inhibition of
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Figure 7. LIN28A knockdown reduces the invasive ability human bladder cancer cells in vitro. Cell invasion was measured by the Transwell invasion assay,
which demonstrated that knockdown of LIN28A expression caused a significant decrease in the invasive ability of UM-UC3, 5637 and SW780 cells. Each
experiment was performed in triplicate three independent times, and the data are presented as the mean + standard deviation; "P<0.05 vs. WT and NC-siRNA.

NC, negative control; siRNA, small interfering RNA; WT, wild-type.
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Figure 8. LIN28A knockdown decreases the proliferation of human bladder cancer cells. Cell proliferation was measured with the Cell Counting kit-8 assay
at 0, 24, 48 and 72 h, which demonstrated a significant decrease in the proliferation of UM-UC3, 5637 and SW780 transfected with LIN28A-siRNA. Each
experiment was performed in triplicate three independent times, and the data are presented as the mean + standard deviation; "P<0.05 vs. WT and NC-siRNA.

NC, negative control; siRNA, small interfering RNA; WT, wild-type.

LAMPI1 protein translation may be one of the ways in which
LIN28A regulates cell metabolism. LIN28A may inhibit the
expression of OXPHOS-associated proteins; LAMPI1 is an
OXPHOS-associated protein (32). The ER-associated protein
LAMPI is a mitochondria and OXPHOS-related protein that
is inhibited by LIN28A.

In conclusion, the results of the present study demonstrated
that LIN28A reduced LAMPI protein expression without
inhibiting the level of LAMP1 mRNA expression. The
results of the present study, in agreement with Kim et al (33),
suggested that embryonic stem cells and tumor cells have
similar transcription mechanisms, metabolic pathways and
protein synthesis pathways, which may provide a novel treat-
ment approach for the treatment of tumors. Furthermore, the
results also suggested that LIN28A may represent a novel
target for the treatment of bladder cancer.
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