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Suppression of LETM1 by siRNA inhibits cell
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Abstract. The leucine zipper-EF-hand containing transmem-
brane protein 1 (LETM]1) is highly expressed in many human
malignancies and is correlated with poor prognosis. However,
the function of LETMI in bladder cancer still remains
unknown. In the present study, we analyzed the expression
levels of LETM1 in bladder cancer tissues and non-cancerous
tissues as well as in four bladder cancer cell lines (T24, EJ,
5637 and J82) and a human bladder epithelial immortalized cell
line SV-HUC-1. Small interfering RNA (siRNA) was employed
to knockdown the expression of LETM1 in the T24 cells. The
proliferation of T24 cells was significantly repressed as evalu-
ated by CCK-8 assays. Transwell migration and invasion assays
indicated that knockdown of LETM1 suppressed cell migration
and invasion significantly. Flow cytometric analysis revealed
that cells had accumulated at the S-phase when the expression
of LETM1 was suppressed. Moreover, we found that several
oncogenic proteins in the Wnt/p-catenin signaling pathway,
namely B-catenin, cyclin D1 and c-Myc were significantly
decreased by the LETM1 siRNA. Collectively, these results
revealed that the knockdown of LETMI1 exhibited tumor
suppressive effects, possibly by controlling the downstream
Wnt/B-catenin signaling pathway.

Introduction

Bladder cancer is one of the most common types of cancer
worldwide. In 2015, the estimated newly diagnosed cases of
bladder cancer were 74,000 and the estimated cancer-related
deaths caused by bladder cancer were 16,000 in the United
States (1). Currently, there are ~75% of cases that present with

Correspondence to: Professor Yunfei Xu, Department of Urology,
Shanghai Tenth People's Hospital, Tongji University School of
Medicine, 301 Yanchang Road, Shanghai 200072, P.R. China
E-mail: xuyunfeibb@sina.com

“Contributed equally

Key words: bladder cancer, LETMI, siRNA, proliferation, invasion

non-muscle-invasive bladder cancer and 25% of cases that
present with muscle-invasive bladder cancer (2,3). Although
there has been some progress in the clinical treatment of
bladder cancer in the past years, the 5-year survival rate for
patients with bladder cancer remains only 50-60% (4,5). Thus,
it is urgent to reveal the potential molecular mechanisms
involved in the tumorigenesis of bladder cancer.

Leucine zipper-EF-hand containing transmembrane
protein 1 (LETM1), which was first identified in human
Wolf-Hirschhorn syndrome (6,7), is a mitochondrial inner
membrane protein which plays an important role in mito-
chondrial ATP production and biogenesis by decreasing the
mitochondrial mass and expression of many mitochondrial
proteins (8). However, previous studies revealed that the high
expression levels of LETM1 have been correlated with many
human malignancies. For example, Chen et al reported that
LETM1 was highly expressed in head and neck squamous cell
carcinoma and that a high expression of LETM1 predicts poor
prognosis (9). Another study revealed that high LETM1 expres-
sion was positively correlated with late clinical stage, poor
differentiation, lymph node metastasis, disease-free survival
and 10-year overall survival rates in triple-negative breast
cancer (10). However, the role of LETM1 in human bladder
cancer have yet to be determined. In this study, we investigated
the role of LETMI in bladder cancer. Our results demonstrated
that the expression of LETMI1 was significantly increased in
bladder cancer tissues and cell lines, and that knockdown of
LETMI markedly decreased the proliferation, migration and
invasion of bladder cancer cells. Moreover, the suppression of
LETMI1 induced the accumulation of S-phase cells.

Materials and methods

Patient data. Bladder cancer tissues and their matched adja-
cent normal tissues were obtained from the Shanghai Tenth
People's Hospital, Tongji University School of Medicine
(Shanghai, China). The study was approved by the Shanghai
Tenth People's Hospital Ethics Committee and written
informed consents were obtained from all patients.

Cell lines and cultures. The human bladder cancer cell lines
(T24, EJ, 5637 and J82) and the human bladder epithelial
immortalized SV-HUC-1 cell line were obtained from type
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culture collection of the Chinese Academy of Sciences
(Shanghai, China). The SV-HUC-1 cells were cultured in F12K
medium (Sigma-Aldrich, St. Louis, MO, USA). The T24, EJ
and 5637 cells were cultured in RPMI-1640 medium (Gibco,
Rockville, MD, USA) and the J82 cells were maintained in
Dulbecco's modified Eagle's medium (DMEM; Gibco). These
media were supplemented with 10% fetal bovine serum (FBS;
Gibco) and 1% penicillin/streptomycin (HyClone, Logan, UT,
USA). The cells were incubated at 37°C in a humidified atmo-
sphere with 5% CO,.

RNA isolation and quantitative real-time PCR. Total RNA
was extracted from the cultured cells using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer's instructions. The concentration and purity of the
RNA were determined using an ND-2000 spectrophotometer
(Thermo Fisher Scientific, Inc., Carlsbad, CA, USA). For
the detection of the LETM1 mRNA level, the cDNA was
synthesized using a PrimeScript RT Reagent kit (Takara
Bio, Inc., Shiga, Japan) according to the manufacturer's
instructions. qRT-PCR was performed with the KAPA SYBR
FAST gPCR kit (Kapa Biosystems, Inc., Woburn, MA, USA).
The primers for the qRT-PCR analysis were as follows:
LETMI sense, 5'-CTCAAGGAGGAGAGGCTGAA-3' and
antisense, 5'-GAAGTTGTTGGTGCCGATG-3'"; p-actin
sense, 5'-CCTGGCACCCAGCACAAT-3' and antisense,
5'-GGGCCGGACTCGTCATAC-3'. The LETM1 mRNA level
was normalized to the f-actin mRNA level. The data were
analyzed using the 224" method.

Immunohistochemical (IHC) analysis. An THC assay was used
to detect the expression levels of LETMI in the tissues. The
paraffin-embedded tissue samples were dewaxed and incubated
with 3% hydrogen peroxide for 30 min to inhibit endogenous
peroxidase activity. Then the sections were infiltrated in citrate
buffer and heated in a microwave for 10 min to carry out antigen
retrieval. Subsequently the sections were incubated with the
primary antibody anti-LETMI1 (1:100, sc-271234; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA) overnight at 4°C.
Then the sections were washed with phosphate-buffered
saline (PBS) and the peroxidase-labeled goat anti-mouse
secondary antibody was applied at room temperature for 1 h.
Next, the slides were stained with 3,3'-diaminobenzidine tetra-
hydrochloride (DAB) and hematoxylin for visualization. The
intensity of LETMI1 staining was scored as: 0, none; 1, weak; and
2, strong. The proportion of positive tumor cells was recorded
as follows: 1, 1-25%; 2, 26-50%; 3, 51-75%; and 4, 76-100%.
The scores were multiplied to obtain a final score and the total
expression of LETM1 was determined as either negative/weak
expression (score <4) or overexpression (score =4).

Cell transfection. The small interfering RNA (siRNA)
targeting human LETMI1 (si-LETM1) and the corresponding
negative control (si-NC) were purchased from GenePharma
(Shanghai, China). The sequence of LETM1 siRNA was:
5'-CCACAGAAUCGUGUCUGGAUCCACA-3'. When the
cells were grown to 50%, the aforementioned molecular
products were transfected into bladder cancer cells using
Lipofectamine 2000 (Invitrogen) according to the manufac-
turer's instructions. The medium containing the transfection
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reagents was removed 6 h after transfection, and 48 h later, the
cells were harvested for the following assays.

Cell proliferation assay. Cell proliferation was assessed using
Cell Counting Kit-8 (CCK-8; Dojindo Molecular Technologies
Inc., Kumamoto, Japan). Briefly, 100 ul of transfected cells
were seeded into 96-well plates at a density of 1,000 cells/well,
and then 10 ul of CCK-8 was added into each well at indicated
time-points (24, 48, 72 and 96 h) and incubation followed
for 2 h at 37°C. The absorbance at 450 nm was detected on
a microplate spectrophotometer (BioTek Instruments Inc.,
Winooski, VT, USA).

Transwell migration and invasion assays. Transwell chambers
(BD Biosciences, San Jose, CA, USA) were used for cell migra-
tion and invasion assays. For the invasion assay, each chamber
was precoated with 25 ul of Matrigel (BD Biosciences) at 37°C
for 2 h, whereas the chambers used for the migration assay
were not precoated with Matrigel. Transfected cells (5x10%) in
200 pl serum-free medium were plated in the upper well of
the chamber, and 600 ul of RPMI-1640 medium containing
10% FBS was added into the lower chambers as a chemoat-
tractant. After incubation at 37°C for 14 h, the non-invading
cells were removed with a cotton tip, and the cells that had
migrated to the lower surface of the chamber were fixed with
95% ethanol for 20 min, stained with 0.1% crystal violet solu-
tion for 10 min, washed for 3 times, air dried, photographed
and counted in 5 randomly selected fields for each well using
a light microscope (Olympus, Tokyo, Japan).

Cell cycle assay. For the cell cycle analysis, the transfected
cells were cultured for 48 h, digested with trypsin, washed
with PBS, centrifuged and fixed in 75% ethanol at 4°C over-
night. Then the cells were washed with PBS, centrifuged and
resuspended in 1 ml of PBS containing 1 mg/ml RNase A and
50 pg/ml propidium iodide. The cells were then incubated for
30 min at room temperature in the dark and analyzed immedi-
ately using a flow cytometer (BD Biosciences).

Western blot analysis. Ice-cold RIPA buffer (Sigma-Aldrich)
containing a protease inhibitor was used to isolate protein from
cells or tissues. A BCA protein assay kit was used to deter-
mine the concentration of total cellular protein according to
the manufacturer's instructions. Then equal amounts of protein
were loaded onto 10% SDS-PAGE and were transferred onto
nitrocellulose membranes. The membranes were blocked in
5% non-fat milk for 1 h and then incubated with the following
primary antibodies: mouse anti-LETM1 (sc-271234) and mouse
anti-f3-actin (sc-130300) (both from Santa Cruz Biotechnology,
Inc.), rabbit anti-B-catenin (no. 8480; Cell Signaling Technology,
Danvers, MA, USA), rabbit anti-cyclin D1 (ab134175; Abcam,
Cambridge, UK), and rabbit anti-c-Myc (no. 5605; Cell
Signaling Technology), overnight at 4°C. After being washed
with PBST three times, the membranes were incubated with
the corresponding secondary antibodies at room tempera-
ture for 1 h. The protein bands were visualized using the
Odyssey scanner (LI-COR Biosciences, Lincoln, NE, USA).

Statistical analysis. SPSS 16.0 software (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. All the data are presented
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Figure 1. LETMLI is highly expressed in bladder cancer cell lines. (A and B) The protein and the mRNA expression of LETM1 was determined in four human
bladder cancer cell lines (EJ, 5637, J82 and T24) and one normal human bladder transitional cell line SV-HUC-1 by western blot analysis and gqRT-PCR,
respectively. (C) The expression of LETMI1 was determined in tumor tissues and their matched adjacent normal tissues by western blot analysis. $-actin was
used as a loading control and the LETM1 mRNA level was normalized to the 3-actin mRNA level. "p<0.05 vs. SV-HUC-1. LETM1, leucine zipper-EF-hand

containing transmembrane protein 1.

as the means + standard deviation (SD) from at least three
independent experiments. The immunohistochemical staining
results were evaluated using Pearson's Chi-square test and the
other experimental results were calculated using Student's t-test.
A P-value <0.05 was considered to indicate a statistically signifi-
cant result. The diagrams were drawn using GraphPad Prism 5
software (GraphPad Software, Inc., La Jolla, CA, USA).

Results

LETM]1 is overexpressed in human bladder cancer cell lines
and tissues. To explore the expression differences of LETM1
between the bladder cancer cells and the normal human
bladder transitional cell line SV-HUC-1, western blotting and
qRT-PCR were performed. As shown in Fig. 1A, the protein
level of LETM1 was significantly higher in the bladder cancer
cell lines, compared to that in the normal human bladder
transitional cells. Moreover, LETM1 mRNA expression
was further confirmed to be abundant in bladder cancer cell
lines (Fig. 1B), which was consistent with the western blot
analysis. Furthermore, we detected the protein expression
of LETMI in 5 pairs of tumor tissues and matched adjacent
normal tissues by western blot analysis. As shown in Fig. 1C,
the protein expression of LETM1 was higher in the bladder
cancer tissues than that in the adjacent normal tissues.

To explore the correlation between the expression of
LETMI1 and the clinicopathological parameters of bladder
cancer, immunohistochemistry was applied to examine the
LETMI1 protein expression level in 86 cases of bladder cancer
tissues and 5 adjacent normal tissues. We found that negative
LETMI staining was observed in normal bladder tissues, and
positive LETM1 staining was observed in bladder cancer
tissues (Fig. 2). Moreover the expression of LETMI1 in bladder
cancer was associated with the pathological stage, lymph node
metastasis and recurrence of bladder cancer (p<0.05) (Table I).
These results indicated that LETM1 was upregulated in
bladder cancer cell lines and tissues, therefore we assumed
that LETMI1 may act as an oncogene in bladder cancer.

Table I. Relationship between the expression of LETM1 and
the clinicopathological parameters in bladder cancer patients.

LETM1
No.of overexpression
Variables cases cases (%) x> P-value®
Sex 0.167 0.683
Male 57 36 (63.2)
Female 29 17 (58.6)
Age (years) 3.230 0.072
<60 39 20 (51.3)
=60 47 33 (70.2)
Pathological 9.466 0.009
stage
Ta 19 6(31.6)
T1 41 28 (68.3)
>T2 26 19 (73.1)
Grade 0.614 0433
Low 27 15 (55.6)
High 59 38 (64.4)
Lymph node 10.185 0.001
metastasis
No 58 29 (50.0)
Yes 28 24 (85.7)
Recurrence 5.029 0.025
No 39 19 (53.8)
Yes 47 34 (68.1)

*Using Pearson's Chi-square test. LETM1, leucine zipper-EF-hand
containing transmembrane protein 1.

Knockdown of LETM1 inhibits bladder cancer cell prolifera-
tion. To further explore the role of LETM1 in bladder cancer
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Figure 2. Determination of the expression of LETM1 by immunohistochemical staining. Negative LETM1 staining in the majority of normal bladder tissue
(left) and positive LETMI staining in the bladder cancer tissue (right). LETMI, leucine zipper-EF-hand containing transmembrane protein 1.
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Figure 3. Knockdown of LETMI inhibits cell proliferation in human bladder cancer cells. (A) The knockdown of LETM1 was confirmed in T24 cells by
western blot analysis and qRT-PCR at 48 and 72 h after transfection, respectively. 3-actin was used as a loading control and the LETM1 mRNA level was
normalized to the f-actin mRNA level. (B) Cell proliferation was determined in the T24 cells transfected with si-LETMI1 or si-NC using a CCK8 assay.
“p<0.05 vs. si-NC. LETM1, leucine zipper-EF-hand containing transmembrane protein 1.
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Figure 4. LETM1 knockdown induces accumulation of S-phase cells. Cell cycle distribution of T24 cells transfected with si-LETMI1 or si-NC was determined
using flow cytometric assay. “p<0.05 vs. si-NC. LETM1, leucine zipper-EF-hand containing transmembrane protein 1.

cells, T24 cells were transfected with si-LETMI or si-NC, and  proliferation of T24 cells, when compared with the respective
then the expression of LETM1 at the mRNA and protein level  control (Fig. 3B). Collectively, knockdown of LETM1 mark-
was detected at 48 and 72 h after transfection, respectively. We  edly inhibited bladder cancer cell proliferation.

found that knockdown of LETMI1 by si-LETMI1 significantly

decreased the expression of LETM1 at the mRNA and protein ~ LETMI knockdown induces accumulation of S-phase cells.
level in T24 cells (Fig. 3A). A CCK-8 proliferation assay  To further investigate the possible mechanism underlying the
revealed that knockdown of LETM1 markedly decreased the cell growth inhibition effect by suppression of the expression
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Figure 5. Knockdown of LETM1 inhibits cell migration and invasion in human bladder cancer cells. (A) The migration of T24 cells transfected with si-LETMI1
or si-NC was evaluated by Transwell assay. (B) The invasion of T24 cells transfected with si-LETMI or si-NC was evaluated by Transwell assay with Matrigel.
“p<0.05 vs. si-NC. LETMI, leucine zipper-EF-hand containing transmembrane protein 1.
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Figure 6. The silencing of LETM1 inhibits the activation of the Wnt/f3-catenin pathway in bladder cancer cells. The protein expression of §-catenin, cyclin D1
and c-Myc was analyzed using western blotting in T24 cells transfected with si-LETMI1 or si-NC. B-actin was used as a loading control. “p<0.05 vs. si-NC.

LETMLI, leucine zipper-EF-hand containing transmembrane protein 1.

of LETMI1 in bladder cancer cells, the cell cycle was analyzed
using a flow cytometer. The percentage of cells at different
phases revealed that LETM1 knockdown induced bladder
cancer cell accumulation at the S phase (Fig. 4).

Knockdown of LETM1 inhibits bladder cancer cell migra-
tion and invasion. We then investigated the effects of
LETMI1 on the cell migration of bladder cancer cells using
Transwell chambers without Matrigel. The results revealed
that knockdown of LETM1 markedly inhibited the migra-
tion of T24 cells, when compared with the respective
control (Fig. 5A). In addition, we explored the role of LETM1
on cell invasion of bladder cancer cells using Transwell
chambers with Matrigel. As revealed in Fig. 5B, knockdown
of LETMI significantly suppressed the number of T24 cells
that invaded through the Matrigel, as compared with the
respective control group.

Knockdown of LETM1 inhibits the activation of the Wnt/(3-ca-
tenin pathway. Some evidence has indicated that the
Wnt/B-catenin pathway plays a critical role in the tumor progres-
sion and metastasis of human bladder cancer cells (11,12). To
further explore the effects of si-LETMI1 on the Wnt/B-catenin
signaling pathway in human bladder cancer cells, we determined
the protein expression of (3-catenin, cyclin D1 and c-Myc when
knocking down LETMI. As illustrated in Fig. 6, knockdown
of LETMI significantly suppressed the protein expression of
[-catenin, cyclin D1 and c-Myc in T24 cells.

Discussion

Emerging evidence has indicated that many oncogene and
anti-oncogene alterations are involved in the tumorigenesis of
bladder cancer (13). Although great progress in diagnosis and
treatment has been achieved in the past decades, the underlying
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molecular mechanism of bladder tumorigenesis still remains
to be elucidated and targets for gene therapy are limited. In
the present study, we demonstrated that the suppression of
LETMI significantly suppressed cell proliferation, migration
and invasion and disrupted the cell cycle distribution.

Recent studies revealed that LETMI1 is highly expressed
in many types of human cancer and predicts poor progn-
osis (8-10,14). This is consistent with our results which
revealed that the expression of LETM1 was increased in
bladder cancer and that upregulated LETMI1 expression was
related with pathological stage, lymph node metastasis and
recurrence of bladder cancer. As for the molecular function
of LETM1, Doonan et al found that knockdown of LETM1
caused accumulation of S-phase cells and the re-expression of
LETMI could reverse S-phase accumulation (15), which was
consistent with our results, indicating that the suppression of
LETMI inhibited cell proliferation possibly by disrupting the
cell cycle distribution. Piao er al found that the overexpression
of LETMI1 could induce necrotic cell death in HeLa cells by
decreasing mitochondrial biogenesis and ATP production (8).
However, Dimmer et al found that downregulation of LETM1
also caused necrotic cell death (16). It is still unclear how both
the gain and loss of LETM1 causes similar phenotypes in cells.

The Wnt/B-catenin pathway is an important signaling
pathway involved in the malignant progression of various tumors,
and regulates the proliferation, migration and invasion of cancer
cells (17-19). When Wnt is activated, B-catenin translocates from
the cytoplasm to the nucleus and stimulates proto-oncogene
cyclin D1 and c-Myc transcription (20,21). Cyclin DI promotes
cell proliferation by regulating the G1 phase progression of the
cell cycle (22) and c-Myc encodes a transcription factor, that
triggers selective gene expression amplification and promotes
cell proliferation by genetic and epigenetic elimination of
checkpoints (23). In our study, we found that knockdown of
LETMI inhibited the expression of B-catenin, cyclin D1 and
c-Myc in bladder cancer cells. These results indicated that
silencing of LETM-inhibited cell proliferation may partially
be epigenetically inhibiting f-catenin, cyclin D1 and c-Myc
expression. However, more research is warranted in order to
explore the underlying mechanism of how LETM1 affects the
Wnt/f3-catenin pathway. The expression of some specific indica-
tors of Wnt/B-catenin signaling and the nuclear localization of
[-catenin need to be analyzed after knockdown of LETMI.

Collectively, our results revealed that the knockdown of
LETMI suppresses proliferation, migration and invasion
of bladder cancer cells possibly via the suppression of the
‘Wnt/B-catenin signaling pathway. Therefore, our results indicate
that LETM1 may be a novel target for bladder cancer therapy.
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