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ARTICLE INFO ABSTRACT

Keywords: Breast cancer is the most common malignant tumor worldwide and the leading cause of cancer-related deaths in
Breast cancer female. Metabolic reprogramming plays critical roles in breast tumorigenesis and induces enhanced glucose
TRPFSOS_ uptake and glycolysis. TRPC50S is encoded by short transient receptor potential channel 5 opposite strand, and
ErNo(l)lieranon predicted to correlate with tumor metabolic reprogramming. Here we aim to elucidate the function of TRPC50S

in aberrant metabolism mediated tumorigenesis. We detected TRPC50S expression levels in cell lines and tissues
by quantitative real-time polymerase chain reaction and immunohistochemistry. Then we assessed the effects of
TRPC50S on proliferation and cell cycle progression in breast cancer cells by cell counting kit-8, colony-for-
mation, EdU-incorporation assays and flow cytometry. Tumor growth in vivo was observed in a mouse xenograft
model. Mass spectrum analyses were performed to identify potential interactors of TRPC50S in tumor cells, and
the interaction between TRPC50S and interactors was validated by co-immunoprecipitation (CO-IP), western
blots, and immunofluorescent staining. Glucose uptake was measured by liquid scintillation spectrometry.
TRPC50S highly expresses both in breast tumors and cell lines, and might be an independent prognostic marker
for breast cancer patients. Overexpressed TRPC50S promotes breast cancer cell proliferation, cell cycle pro-
gression, and enhances tumor xenograft growth. Mass spectral and CO-IP data showed that TRPC50S interacts
with ENO1. We also demonstrate that TRPC50S could enhance ENO1/PI3K/Akt-mediated glucose uptake in
breast cancer cells. Our study demonstrated that TRPC50S promotes breast tumorigenesis by ENO1/PI3K/Akt-
mediated glucose uptake. TRPC50S might be an independent prognostic marker and potential therapeutic
target for breast cancer patients.

Glucose uptake

Introduction

Breast cancer is one of the most common malignant tumors world-
wide and the main cause of cancer-related deaths in women [1]. Glob-
ally, there were about 2.1 million newly diagnosed cases of female
breast cancer and more than half-a-million related deaths in 2018 [2].
However, our understanding of breast tumorigenesis is still restricted in
terms of its prognosis, diagnosis, and therapy, and novel markers,
expression signatures, and functional factors are needed to overcome
this disease.

Short transient receptor potential channel 5 (TRPC5) has been
demonstrated to play a critical role in the development of
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chemoresistance [3-7]. TRPC5 and p-glycoprotein, the multidrug
resistance transporter, were found to be synergistically overexpressed in
breast tumor cells after treatment with doxorubicin, resulting in che-
moresistance [3]. TRPC5 also played a pivotal role in the extracellular
vesicles transport from resistant to wild-type MCF-7 cells, leading to
chemoresistance. In circulating extracellular vesicles, the discovery of
cancer-specific TRPC5 might thus serve as a prognosis biomarker after
chemotherapy [8].

TRPCS5 opposite strand (TRPC50S), also known as TRPC5 antisense
RNA 1 (TRPC5-AS1), is located at chromosome Xq23, and is especially
highly expressed in human testis tissue. Cancer-testis (CT) genes are only
activated in normal testis and tumors, and their expression
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characteristics are consistent with the definition of an epigenetic driver
gene [9]. Many CT genes have been found to play important regulatory
roles in the development of malignant tumors, and breast cancer,
especially triple-negative breast cancer, is among the tumors with sig-
nificant expression of CT genes [10]. In addition, the antisense strands of
many important genes may also be involved in cancer progression. For
instance, DSCAM-AS1 was previously reported to mediate tumor pro-
gression and tamoxifen resistance by interacting with heterogeneous
nuclear ribonucleoprotein L, while DSCAM has been shown to be an
essential gene controlling cell-intrinsic aspects of dendrite guidance in
all four classes of dendrite arborization neurons [11,12]. Furthermore,
upregulation of HOXA10-AS induced by ETS-like protein 1 promoted
lung adenocarcinoma progression by increasing Wnt/p-catenin
signaling, and HOXA10 could direct the ability of proliferation and in-
vasion in gastric cancer cells [13,14]. In view of its antisense strand,
TRPC5 was important in breast cancer chemoresistance, and may also be
associated with the progression of breast cancer. However, the function
of TRPC50S in the progression of diseases is poorly understood.

Interestingly, TRPC50S was translated as a microprotein of 111
amino acids. Microproteins are proteins of about 100 amino acids,
which have demonstrated important roles in biology and disease
[15-18]. Microproteins are produced through ribosomal translation of
small open reading frames, and transcripts, annotated as long
non-coding RNAs, may also encode microproteins [19-21]". Micro-
proteins function by disturbing the formation of higher order protein
complexes at the molecular level [22]. Several microproteins have been
shown to have strong effects on biological processes in plants and ani-
mals. In human cells, HUMANIN and MOTS-C were identified as regu-
lating factors in mitochondrial physiology, while the mRNA-decapping
complex was shown to be made of NOBODY, and MRI-2 stimulated the
non-homologous end joining of DNA [16,23,24,25]. Microproteins,
which function as dominant regulators in a targeted way, have great
potential for biotechnological applications.

Here, we investigated the expression pattern of TRPC50S in breast
tumors and its potential roles in breast tumorigenesis, which might
afford potential prognostic marker and novel therapeutic target for
breast cancer patients.

Materials and methods
Cell lines and cell culture

The human cancer cell lines A549, HCC-827, NCI-H1299, Beas-2B,
GES-1, and HGC-27were provided by Professor Yongqian Shu (Nanjing
Medical University, Nanjing, China), FHC, DLD-1, HCT116, and LoVo
cells were gifted by Yueming Sun (Nanjing Medical University, Nanjing,
China), JIMT-1 cells were obtained from Professor Yongmei Yin (Nanj-
ing Medical University, Nanjing, China), MCF-10A, MDA-MB-231, ZR-
75-1, BT474, MDA-MB-453, SK-BR-3, HCC1937, and MCF-7 cells were
from Ziyi Fu (Northwestern University, Chicago, IL, USA), and SUM-
1315 cells were gifted by Stephen Ethier (University of Michigan, Ann
Arbor, MI, USA). All cells were incubated in high-glucose Dulbecco’s
modified Eagle medium which contained 100 U/mL penicillin, 100 mg/
mL streptomycin, and 10% fetal bovine serum (Gibco, Australia) in a
humidification incubator with 95% air and 5% CO5 at 37°C.

Patient tissue samples

Approval for this research was obtained from the Ethics Committees
of Jiangsu Province Hospital (the First Hospital Affiliated Hospital with
Nanjing Medical University). Mammary tumor and adjacent normal
tissues were acquired from Jiangsu Province Hospital, after obtaining
informed consent from each patient (Patients’ information is in Sup-
plementary File 1). All samples were from mammary tumor patients who
had not undergone any endocrine therapy or chemotherapy prior to
operative treatment. All excised samples were preserved immediately in
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Tissue microarray (TMA) and immunohistochemistry

Separate TMAs (12x8) were constructed from 96 mammary tumor
and corresponding adjacent normal tissues, respectively, and kept at
4 °C until analysis. Before decreasing concentrations of ethanol, the
TMAs were treated using xylene and 100% ethanol. The antigen
retrieval: put the sample slide holder in the citrate buffer above 95 °C,
incubate in a water bath above 95 °C for more than 20 min, take out the
incubator and place it at room temperature for at least 20 min. Step 2:
put the incubator in the microwave oven, heat it to boiling, stop
immediately, rinse the outer surface of the incubator with tap water,
cool, put the incubator into the microwave oven again after cooling,
heat it to boiling, stop immediately, rinse the outer surface of the
incubator with tap water, cool, repeat three times. After antigen
retrieval, the TMAs were blocked and then incubated with anti-
TRPC50S (Quan-biotech, Wuhan, China), followed by incubation with
secondary antibody using the typical avidin-biotin-peroxidase complex
method. Samples were counterstained with hematoxylin and images
were obtained using an upright light microscope (Nikon, Japan). The
method for the scoring of signal intensity on IHC slides was H-
SCORE=)(PIxI)=(percentage of cells of weak intensity x1)+(per-
centage of cells of moderate intensity x2)+percentage of cells of strong
intensity x3).

Lentivirus transfection

TRPC50S overexpression/knockdown lentiviruses and negative
controls (NC, LV5/LV3) were all obtained from GenePharma (Shanghai,
China). MCF-7, MDA-MB-231, and SUM1315 cells were transfected with
LV-TRPC50S and LV-NC (LV5) at 40%-50% confluence for TRPC50S
overexpression, or with sh-TRPC50S (193) and sh-Ctrl (LV3) for
TRPC50S repression. Finally, we selected breast cancer cells pop-
ulations that is steady and agminated using puromycin (VWR, City, PA,
USA) at the concentration of 4 ug/mL for 2 weeks.

Plasmid and small interfering RNA (siRNA) transfection

Cells were transfected with ENO1 plasmids (pEX-3: an empty vector
used as a control) and siRNAs (NC: non-targeting sequence used as a
control,GenePharma, Shanghai, China) for overexpression and repres-
sion, respectively, using Lipofectamine 3000 (Invitrogen, Carlsbad, CA,
USA), on the basis of the protocols of manufacturer.

Cell counting kit-8 (CCK-8) assay

2 x 10° cells/well breast cancer cells were incubated onto 96-well
plates overnight, followed by further incubation for 1, 2, 3, 4, 5, or 6
days at 37 °C and 5% CO,. CCK8 labeling reagent (10 pL, 0.5 mg/mL;
Dojindo, Japan) was then mixed in each well, and incubation was
continued for 2 h at 37 °C and 5% COa. The cells were analyzed by
measuring their absorption at 450 nm using an enzyme-labeled meter
(Thermo Scientific, Shanghai, China).

Colony-formation assay in vitro

500 cells/well breast cancer cells were incubated onto 6-well plates
for 2 weeks. The cells were then washed using phosphate-buffered saline
(PBS) for three times and cell staining was performed using crystal violet
(Beyotime, Shanghai, China). The number of colonies in each well was
counted.

5-Ethynyl-2'-deoxyuridine (EdU) assay

Cells were seeded onto 24-well plates at a density of 1 x 10* cells/
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well and incubated overnight. Cells were stained with an EdU kit
(RiboBio, Guangzhou, China), and photographed by fluorescence mi-
croscopy (Nikon).

Cell cycle analysis by flow cytometry

Cells were collected, washed and fixed under the condition of —20 °C
for one day. The cells were washed again, stained using propidium io-
dide, and treated with a cell cycle analysis kit (MultiSciences, Hangzhou,
China) according to the manufacturer’s instructions. The cell cycle
characteristics were then analyzed using a FACScan flow cytometer (BD
Bioscience, Franklin Lakes, NJ, USA). The gray is the G1 phase, the
purple is the S phase, the blue is the G2 phase.

RNA extraction and quality control

Total RNA was extracted from tissues and cells using RNAiso plus
(Takara, Japan) according to the manufacturer’s protocol, and dissolved
in RNase-free water. The quality and concentration of the RNA were
measured using a NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies, Wilmington, DE, USA). Finally, all the samples were
frozen at -80 °C.

qRT-PCR

The RNA was reverse transcribed to ¢cDNA using a reverse tran-
scription kit (Takara) followed by qRT-PCR using a SYBR Green Master
Mix Kit (Roche, Reinach, Switzerland) with a LightCycler 480® Real
Time PCR System (Roche). The level of the target mRNA expression was
normalized to that of glyceraldehyde 3-phosphgate dehydrogenase.
Finally, the relative expression levels were aquired according to the
AACT and 2722 method. Each PCR amplification was conducted at
least for three times.

Primers for ENO1 are forward primer: 5-AAGCTGGTGCCGTTGA-
GAA-3/, reverse primer:5'-GGTTGTGGTAAACCTCTGCTC-3/, TRPC50S:
forward primer: 5'-ACTGCAGGACCATAGTTGGA-3', reverse primer: 5'-
CCACCGGTCTCCACCTTAAA-3, and GAPDH: forward primer: 5'-
GCTGCGAAGTGGAAACCTAC-3/, reverse primer: 5-CCTCCTTCTGCA
CACATTTGAA-3'.

Western blot analysis

Western blot analysis was conducted as introduced previously [26],
using the following antibodies: anti-TRPC50S (Quan-biotech, Wuhan,
China), anti-ENO1 (Abcam, Cambridge, MA, USA), anti-PI3K (Abcam),
anti-pPI3K (Abcam), anti-Akt (Abcam), anti-phospho-Akt (Abcam), and
anti-p-actin (Cell Signaling, Danvers, MA, USA). p-Actin was used as an
internal control. Peroxidase-conjugated Affinipure goat anti-mouse and
anti-rabbit IgG (H+L,Jackson Immunoresearch, City, PA, USA) were
utilized as secondary antibodies.

Co-immunoprecipitation

Protein was extracted from 1 x 107 cells and immunoprecipitated
using anti-ENO1 and anti-TRPC50S, with rabbit IgG as a control, ac-
cording to the manufacturer’s instructions of Thermo Pierce Co-
Immunoprecipitation Kit (Thermo Scientific, Scotts Valley, CA, USA),
followed by immunoblotting and mass spectrometry analysis.

Immunofluorescent staining

MCF-7 and MDA-MB-231 cells were plated and cultured on glass
coverslips for 72 h, fixed in 4% formalin for 20 min, permeabilized in
0.1% Triton X-100, and then blocked with 4% bovine serum albumin.
The cells were then incubated with primary antibodies overnight at 4 °C
followed by fluorescein isothiocyanate- or Cy3-conjugated antibodies
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(Jackson Immunoresearch). The cells were co-stained with DAPI to
detect the nuclei, followed by fluorescence analysis under a fluorescence
microscope (Nikon, Tokyo, Japan).

Measurement of glucose uptake

3 x 10° cells/well breast cancer cells were incubated onto 6-well
plates overnight. The cells were then washed with PBS and cultivated
in 3 mL of Krebs-Ringer-HEPES (KRH) buffer (25 mM HEPES, pH 7.4,
120 mM NaCl, 5 mM KCl, 1.2 mM MgSOy4, 1.3 mM CaCly, and 1.3 mM
KH,PO,) containing 1 pCi of [°H]—2-deoxyglucose (PerkinElmer Life
Sciences, USA) for 30 min, followed by washing in ice-cold KRH buffer
to stop the uptake, and dissolving in 300 pL of lysis buffer (10 mM
Tris-HCI, pH 8.0, 0.2% sodium dodecyl sulfate). The level of radioac-
tivity per aliquot was detected using a liquid scintillation spectrometer
and the intracellular level of [°H] —2-deoxyglucose was calculated based
on the number of disintegrations per minute.

Subcutaneous xenograft models in vivo

The animal studies were approved by the Institutional Animal Care
and Use Committee, Nanjing Medical University (approval number
IAUCU-1,708,006). Balb/c nude mice (female, 3-4 weeks old) were
bought from the Model Animal Research Center, Nanjing University,
and raised in the university’s Animal Core Facility under specific
pathogen-free conditions. Twenty mice were allocated randomly into
four groups and SUM-1315/TRPC50S, SUM-1315/LV5, SUM-1315/
193, and SUM-1315/LV3 cells respectively (2 x 10° cells in 0.1 mL
PBS per mouse) were injected into the left side of the second pair of
mammary gland fat pads subcutaneously under inhalation anesthesia
with 3% isoflurane. Weight loss was determined every week. Tumor
volume was monitored per week and evaluated by formula: total tumor
volume (mm?3) = lengthxwidthz/z. Mice were executed by cervical
dislocation if the size of solid tumors is more than 10 percent of the
animal’s body weight. After 10 min, if the animal’s vital signs, such as
respiration, heartbeat, corneal reflexes, muscle tone, and mucous
membrane color disappeared, the death was determined. All the 20 mice
were euthanized and no premature death occurred. Tumor specimens
were resected on day 28, measured, and weighed, followed by fixation in
10% buffered formalin. The mice were sacrificed by cervical dislocation
after 4 weeks.

Mass spectrometry analysis and data analysis

In LC-MS/MS, the chromatographic separation of samples was per-
formed on a Poroshell 120 C18 column (2.7 um, 2.1 mmx30 mm; Agi-
lent Technologies, USA) at room temperature. The mobile phase consists
of phase A (0.1% formic acid/pure water) and phase B (100% acetoni-
trile). The flow rate of the mobile phase is 0.3 mL/min, and the con-
centration gradient is B 10% (0 min) — 10% (1 min) — 90% (4 min) —
90% (8 min) - 10% (9 min). Each injection is 5 pL. The mass spec-
trometer is connected to the ion source (ESI), and the positive ion mode
of MRM is selected. Both Q1 and Q3 are set at the unit resolution (Unit).
The flow rate of the drying gas is 10 L/min, and its temperature is
maintained at 350 °C. The best electrocapillary voltage is 5500 V. The
atomizer pressure is set to 35 psi. The data is collected and processed by
AB SCIEX workstation software (Analyst Software Ink). Peptides are
monitored in multiple reaction monitoring mode (MRM).

Data analysis and TMT quantification

Proteome discoverer software (version 1.4,Thermo Scientific, USA)
was used to perform database searching against the RefSeq human
protein sequence database from the NCBI using the Sequest algorithms.
The search parameters are specified as follows: The mass tolerance of
precursor ions was set to 15 ppm, and the mass tolerance of fragment
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ions was set to 20mmU. Trypsin was designated as a digestive enzyme
and we allowed 2 missed cleavages. Cysteine aminomethylation and
TMT modification (N-terminal and lysine residues) were defined as fixed
modifications, and methionine oxidation was defined as variable
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modification. The false positive detection rate (FDR) was calculated by
searching the bait database. Filter the results using the following set-
tings: only high confidence peptides based on the global FDR of the
target bait method < 1% were included. In the TMT quantitative
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workflow, the most reliable centroid method was used, and the integral
window was 20 ppm. For protein quantification, only unique peptides
were used to quantify proteins.

Statistical analysis

Statistical analysis was conducted using SPSS version 20.0 (SPSS,
Chicago, IL, USA) and GraphPad Prism 6 (GraphPad Software, CA, USA).
Differences between two clinical groups were analyzed by paired t-tests.
Correlations between TRPC50S and clinical pathological parameters
were analyzed by y? tests. Statistical significance was set at P<0.05. All
results were based on an average of at least three independent
experiments.

Results
TRPC50S overexpressed both in breast cancer tissues and cell lines

We examined TRPC50S expression by immunohistochemistry in two
TMAs including 96 paired samples, to compare its expression profiles
between normal and breast cancer samples. adjacent normal tissues
TRPC50S expression was higher than that of adjacent normal tissues in
breast cancer (Fig. 1A,B). We also verified TRPC50S mRNA expression
levels in human lung, colorectal, gastric, and breast cancer cells by qRT-
PCR. TRPC50S mRNA expression levels were increased to different
degrees in cancer cell lines, especially breast cancer cells (Fig. 1C).

Further, TRPC50S mRNA and protein levels in MCF-10A and breast
cancer cell lines (MCF-7, ZR-75-1, MDA-MB-453, SK-BR-3, JIMT-1,
BT474, HCC1937, MDA-MB-231, SUM1315) were determined by qRT-
PCR and western blot, respectively. TRPC50S expression was higher
in all breast cancer cell lines, especially MCF-7, ZR-75-1, HCC1937,
MDA-MB-231, and SUM1315 cells (Fig. 1D,E). We validated the
TRPC50S mRNA expression levels in 150 breast cancer tissue samples
and normal tissue samples using mRNA qRT-PCR. The result showed
that TRPC50S was overexpressed in breast cancer tissue samples
(Fig. 1F). These results, together with the results in cell lines, indicated
that TRPC50S expression was enhanced in breast cancer cells, sug-
gesting a potential tumorigenic function.

TRPC50S promotes breast cancer cell proliferation in vitro

TRPC50S or shTRPC50S (193) lentivirus constructs were transfected
into MCF-7, MDA-MB-231, and SUM-1315 cells, and TRPC50S mRNA
and protein levels were detected by qRT-PCR and western blot,
respectively (Fig. 2A,B). The biological functions of TRPC50S in breast
cancer cell lines were then investigated.

The effects of TRPC50S overexpression on the viability of MCF-7,
MDA-MB-231, and SUM-1315 cells was determined by CCK8 assay.
Cell viabilities were significantly increased by TRPC50S overexpression,
compared with control cells transfected with NC (LV5) vectors (Fig. 2C).
We also assessed colony formation in the same breast cancer lines, and
showed that compared with LV5, TRPC50S overexpression significantly
increased the number and area of colonies (Fig. 2E). Furthermore, the
percentage of EdU-positive cells was increased by TRPC50S over-
expression (Fig. 2G-J).

We further validated the effect of TRPC50S on breast cancer cell
viability by carrying out CCK8, colony-formation assays and EdU-
incorporation assays in cells transfected with shTRPC50S (193).
Knockdown of TRPC50S in breast cancer cells inhibited cell growth,
suppressed colony formation, and reduced the percentage of EdU-
positive cells (Fig. 2D, F, G-J).

Overall, we found that TRPC50S may promote the viability and
proliferation of breast cancer cell lines. In addition, TRPC50S over-
expression could also favor cell cycle progression of breast cancer cells
from S phase to G2 phase, further supporting the involvement of
TRPC50S in the growth of breast cancer cells (Fig. 3A,B).

Translational Oncology 22 (2022) 101447
TRPC50S promotes tumor growth in vivo

We assessed the role of TRPC50S on tumor growth in vivo by sub-
cutaneously implanting SUM-1315/TRPC50S, SUM-1315/LV5, SUM-
1315/193, and SUM-1315/LV3 cells into nude mice. The volumes and
weights of the tumors were recorded 4 weeks after inoculated. The
volumes and weights of SUM1315 tumors overexpressing TRPC50S
were larger than tumors in the control group, while tumors in the
knockdown group were obviously smaller than those in the control
group (Fig. 3C,D). In line with the cell proliferation results in vitro,
TRPC50S significantly increased tumor volume in vivo, thus confirming
its involvement in the growth of breast cancer cells (Fig. 3E,F). The
expression of TRPC50S in the tumors and the growth curve of the tu-
mors are provided in Fig. S3.

TRPC50S interacts with ENO1 and regulates its protein levels

The small size of microproteins means that most microproteins lack
the multifunction domain structure of classical proteins, and are thus
usually thought to play their roles via complexation with proteins or in
large protein assemblies [27-29]. We investigated TRPC50S-associated
proteins by immunoprecipitation with anti-TRPC50S followed by mass
spectrometry analysis. Filtering of the proteomics data identified all the
TRPC50S-interacting proteins, which were particularly enriched in the
TRPC50S compared with IgG immunoprecipitation group in triplicate
experiments. Following this stringent analysis, 11 unique proteins were
selected, including annexin Al (ANXA1), peroxiredoxin-1 (PRDX1),
elongation factor 1-delta (EEF1D), eukaryotic translation elongation
factor 1 gamma (EEF1G), ENO1, lactate dehydrogenase b (LDHB),
filamin-C (FLNC), ribosomal protein S3 (RPS3), heterogeneous nuclear
ribonucleoprotein D (HNRNPND), lipocalin-1(LCN1) and protein
S100-A7 (Fig. 4A). Importantly, ENO1 and LDHB are both key enzymes
in glycolysis, and ENO1 has been shown to promote cell proliferation by
modulating the PI3K/Akt signaling pathway and to induce tumorigen-
esis by activating plasminogen [30]. We therefore chose to investigate
ENOL1 further.

We validated the interaction between ENO1 and TRPC50S by
immunoprecipitation, and subjected the pulled-down lysates to western
blot analysis. In accordance with the proteomics data, ENO1 protein was
abundant in the anti-TRPC50S but not in the IgG sample (Fig. 4B). In
addition, immunofluorescent staining showed that TRPC50S co-
localized with ENO1 in both the cytoplasm and nucleus (Fig. 4C).

ENOL is also an oncogene, and its overexpression has been related to
many kinds of tumors, including cholangiocarcinoma, thyroid carci-
noma, lung cancer, hepatocellular carcinoma, glioma, neuroendocrine
tumors, neuroblastoma, pancreatic cancer, prostate cancer, and gastric
cancer [30-38]. We therefore analyzed ENO1 mRNA expression in 100
pairs of breast cancer samples to demonstrate its association with breast
cancer. Compared with the normal breast tissues, ENO1 mRNA was
significantly up-regulated in the tumor samples (Fig. 4E). It indicated
that there is a positive correlation between the expression level of
TRPC50S mRNA and that of ENO1 mRNA. We also investigated the
correlation between TRPC50S protein expression and ENO1 protein
levels by quantifying ENO1 levels after stable overexpression of
TRPC50S in MCF-7, MDA-MB-231, and SUM-1315 cells. TRPC50S
overexpression increased ENO1 protein levels (Fig. 4F), but ENO1
mRNA levels remained unchanged (Fig. 4D), suggesting that TRPC50S
may affect the posttranscriptional or posttranslational modification of
ENO1. In turn, ENO1 protein levels were significantly reduced by
TRPC50S knockdown in MCF-7, MDA-MB-231, and SUM-1315 cells,
while mRNA levels were again unchanged (Fig. 4D,F).

TRPC50S actives the PI3K/Akt pathway and regulates glucose uptake in
breast cancer cell lines

ENOL1 has previously been linked to regulation of the proliferation
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ability of cells by affecting PI3K and Akt phosphorylation [31]. We
therefore determined if TRPC50S overexpression affected the activity of
the PI3K/Akt pathway through conjugation with ENO1. Overexpression
of TRPC50S significantly increased levels of total and phosphorylated
PI3K and Akt, as determined by specific antibodies (Fig. 5A,C), while
TRPC50S knockdown reduced levels of the total and phosphorylated
proteins (Fig. 5B,D).

ENOL1 plays an essential role in the glycolysis process, and partici-
pates in glucose metabolism by promoting glycolysis [30]. We therefore
investigated the effect of TRPC50S on the regulation of glucose uptake.
Overexpression of TRPC50S increased glucose uptake in MCF-7 and
SUM-1315 cells, while knockdown of TRPC50S reduced glucose uptake
(Fig. 5E).

These results indicated that TRPC50S may be involved in the PI3K/
Akt pathway and in glycolysis regulated by ENO1.

ENO1 is the functional target of TRPC50S in breast cancer cells

We confirmed the role of ENO1 in mediating the effects of TRPC50S
in breast cancer by transfecting MCF-7, MDA-MB-231, and SUM-1315
cells with ENO1-overexpression plasmids or siRNAs, respectively
(Fig. S1A-C). ENO1 overexpression promoted cell proliferation,
consistent with the effects of TRPC50S overexpression (Fig. 5F, H). In
contrast, down-regulation of ENO1 inhibited cell proliferation, also in
accordance with the effects of TRPC50S down-regulation (Fig. 5G, I).

In addition, we investigated the ability of ENO1 to neutralize the
effects of TRPC50S overexpression. ENO1 expression was abrogated by
transfection with ENO1 siRNAs or enhanced by transfection with ENO1
plasmids (Fig. 6A,C). TRPC50S-induced proliferation and increasing
glucose uptake was effectively reversed by silencing ENO1 (Fig. 6B, E-H;
Fig S2A, B). Similarly, ENO1 overexpression in cells transfected with sh-
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TRPC50S (193) lentivirus neutralized the consequences of TRPC50S
knockdown (Fig. 6D, I-L; Fig. S2C,D).

Overall, these results suggest that ENO1 can serve as the target of
TRPC50S in breast cancer cells.

TRPC50S expression is a potential prognostic index for human breast
cancer

Based on the above studies, we further investigated the clinical sig-
nificance of TRPC50S expression in human breast carcinoma. Regarding
tumor size, patients expressing high levels of TRPC50S had larger tu-
mors than patients expressing low levels of TRPC50S (Fig. 7A).
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Similarly, TRPC50S expression levels were strongly related to tumor
grade (Fig. 7B). We also examined the correlation between clinical
molecular subtypes (estrogen receptor [ER], progesterone receptor
[PR], HER-2, Ki-67) and TRPC50S levels, given that the prognosis and
treatment of breast cancer differ according to these molecular subtypes.
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A total of 40/50 breast cancer patients expressing high TRPC50S were
HER-2 negative, and 30/50 of breast cancer patients expressing low
TRPC50S were HER-2 positive (Fig. 7D). A total of 27/50 breast cancer
patients expressing high levels of TRPC50S showed high Ki-67 levels,
compared with only 15/50 patients with low TRPC50S expression



Y. Cui et al

A

Grade

—
15
54 %

1+ m

Size

N
hd

*
N
?

q

T

<3cm 2 3cm

Relative expression of TRPC50S
B

Relative expression of TRPC50S
3

&

Size Grade

—

604

2
i

i+
[ == NII]

[ == Rgon]

@ <3cm 454

IS
T

304

¢

The number of patients
@
&

The number of patients

ol
o "
High/TRPC50S Media/TRPC50S Low/TRPC50S HighTRPCE0S MedialTRPCSOS Low/TRPCEOS

Age

ns
——
. ; ﬁ
5
<60 260

Age
ns

Ki 67

N
4
H

q

i

Low. High

B
Relative expression of TRPC50S
3

L

Relative expression of TRPC50S

Ki 67

High
@8 Low

= Ryl

<60
2 45 [}

304

The number of patients
8
T

The number of patients

HighTRPCSO0S MedialTRPCS0S Low/TRPCS0S High!TRPC50S MedialTRPCSOS Low/TRPCSOS

Translational Oncology 22 (2022) 101447

ER/PR HER-2
8 204 —_— 8 209 —_—
8 8
4 4
£ 154 & 15
k) s
£ 104 5 104
14 -
g 59 g s
£ £
H H
° T e 3 T N
2 Negative Positive H Negative Positive
s 5 s -5
ERPR HER-2

60 ns [ "
2 —— @ Positive .E —— ] 3 Positve
8 Bl Negative K3 @8 Negatve
% 45 £ 4
3 2
2 -
s S
5 301 3 3
8
5 £
2 154 215
2 £
. 0

od

HighTRPCS0S MedialTRPCSOS Low/TRPCSOS MONTRICIOS  MeGWTRICIOS  LowTRCIS
Lymph Nodes
8 204 ns
8 —
8
4
& 154
k3
5 109
@
2 5
g
£
3
o T v
2 Negative Positive
R
Lymph Nodes

60 ns .
] e 3 Positive
c .
o) Negative
£ 45 @ Neg
3
s
5 304
2
£
2 154
o
2
£

HighTRPC50S MedialTRPCSOS Low/TRPCS0S.

Fig. 7. TRPC50S expression is a potential prognostic index for human breast cancer.
Correlations between TRPC50S expression levels in breast cancer tissues and clinical parameters: tumor size, tumor grade, ER/PR, HER-2, Ki-67, age, and positive

lymph nodes (A-G).

(Fig. 7E). However, there were no significant differences in ER and PR
expression, patient age, and axillary lymph node positivity between the
high-expression and low-expression TRPC50S groups among the 150
samples studied (Fig. 7C,F,G). These clinical data suggest that TRPC50S
was a potential prognostic index in breast cancer patients.

Discussion

Tumor is often thought to be induced by gene expression disorder in
cells. Identifying and analyzing the functions of key participants may
thus improve our understanding of the processes linked to cancer
transformation. In this study, we identified and characterized a new
gene, TRPC50S. TRPC50S expression was enhanced in breast cancer
samples and overexpression of TRPC50S increased proliferation of
breast cancer cells, promoted progression of cell cycle, and enhanced
growth of xenograft tumor, associated with the PI3K-Akt pathway.

In the current research, we verified that TRPC50S expression was up-
regulated in breast cancer compared with adjacent normal tissues. Given
the currently limited knowledge of TRPC50S and its function in mam-
mary tumor, we investigated its role further and showed that over-
expression of TRPC50S promoted breast cancer cell proliferation and
cell cycle progression in vitro, and increased tumor growth in a xenograft
model in vivo. In general, these results identified TRPC50S as an onco-
genic molecule with vital effects on breast cancer progression.

Like other microproteins, TRPC50S may exert its functions through
interactions with other proteins. Immunoprecipitation and mass spec-
trometry analyses showed that TRPC50S interacted with members of
the glycolytic pathway, notably ENO1. ENO1 was previously reported to
be involved in the glycolytic pathway [30], and accumulating evidence
has also confirmed that ENO1 is a multifunctional protein, participating
in multiple biological and pathophysiological processes [29], including
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cell proliferation, cycle progression, invasion, and migration, indicating
that it might act as an oncogene in cancer pathogenesis [30,34,38]. Feo
et al. found that the ENO1 gene product could bind to the c-Myc pro-
moter and serve as a transcriptional repressor [39]. Therefore, ENO1
mediated by TRPC50S might be associated with Myc. However, western
blotting showed that the change of Myc was not obvious after TRPC50S
overexpression. In the current study, deletion or attenuation of ENO1
inhibited mammary tumor cells proliferation, in accordance with the
TRPC50S phenotype. Furthermore, regulation of TRPC50S levels could
affect ENO1 protein levels and downstream PI3K/Akt activity as well as
affecting glycolysis, as confirmed by measuring glucose uptake.
Increased glucose metabolism has been shown to be important for the
unlimited growth of tumor cells during the processes of tumor formation
and growth [40]. The Warburg effect predicts that rapidly proliferating
tumor cells will consume glucose more quickly than normal cells, even
in oxygen-rich conditions [41]. This abnormal metabolic state of cancer
cells was previously thought to be a side effect of alterations in signal
transduction pathways caused by the deregulation of proto-oncogenes
and tumor suppressors [42]. However, More and more evidence sug-
gests that activation oncogenes and inactivation tumor suppressors
could regulate cell metabolism directly, leading to tumorigenic alter-
ations [43]. Importantly, up-regulation of ENO1 rescued the attenuation
of cell proliferation caused by TRPC50S knockdown, suggesting that
ENO1 may act downstream of TRPC50S and may be a major factor in
TRPC50S function. We therefore speculate that the phenotypes associ-
ated with TRPC50S microprotein levels are implemented via its inter-
action with ENO1 protein, thus affecting metabolic homeostasis in
breast cancer cells. But further researches are necessary to clarify the
potential relationship between TRPC50S and post-translational or
post-transcriptome modification of ENO1. On the other hand, in a
rate-limiting step for glucose metabolism, the glucose transporter
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(GLUT) proteins facilitate glucose uptake across the plasma membrane
[44]. Because of promoting glucose uptake, TRPC50S might be involved
in the regulation of glucose absorption by GLUT. We will verify this
conjecture in the follow-up work.

Ki-67 is considered as a poor prognostic factor associated with ma-
lignant tumor characteristics such as cell proliferation, invasion, and
metastasis. In the current study, we showed that patients with high
levels of TRPC50S also expressed high levels of Ki-67. TRPC50S
expression levels were also positively correlated with tumor size and
tumor grade. These results therefore have potential prognostic impli-
cations. TRPC50S may be particularly valuable in patients with triple-
negative breast cancer, in whom endocrine therapies such as tamox-
ifen and aromatase inhibitors, as well as HER-2-targeted therapies like
trastazumab and lapatinib, are ineffective due to the lack of ER, PR, and
HER-2 expression.

In summary, the current study demonstrated that TRPC50S can
promote cell proliferation by interacting with ENO1. Furthermore,
TRPC50S expression levels are associated with clinicopathological fea-
tures, suggesting a potential role in prognostic marker therapeutic
strategies for breast cancer.
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