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Introduction: Colorectal cancer (CRC) is a major cause of cancer-related mortality world-
wide. Copines-1 (CPNE1) has been shown to be overexpressed in various cancers; however,
the role of CPNE1 in CRC remains unknown. Therefore, it is of great importance to
elucidate the role of CPNE!1 in CRC and its underlying mechanism of action.

Methods: CPNE1 expression in CRC tissues was measured by quantitative real-time PCR
and immunohistochemical (IHC) staining. CPNE1 was knocked down (KD) or overex-
pressed using small inferring RNAs or lentiviral transduction in CRC cells. The proliferation,
apoptosis, glycolysis, and mitochondrial respiration of CRC cells were assessed by cell
counting kit-8, flow cytometry, and Xfe24 extracellular flux analyzer assays, respectively.
The role of CPNE] in tumor growth and chemoresistance was further confirmed in xenograft
and patient-derived tumor xenograft models, respectively.

Results: CPNE1 mRNA and protein were upregulated in CRC tissues. CPNE1 promoted
proliferation, inhibited apoptosis, increased mitochondrial respiration, enhanced aerobic
glycolysis by activating AKT signaling, upregulated glucose transporter 1 (GLUTI1) and
hexokinase 2 (HK2), and downregulated the production of cleaved Caspase-3 (c-Caspase 3).
CPNE1 also contributed to chemoresistance in CRC cells. CPNE1 KD inhibited tumor
growth and increased the sensitivity of tumors to oxaliplatin in vivo.

Conclusion: CPNE1 promotes CRC progression by activating the AKT-GLUT1/HK2
cascade and enhances chemoresistance.

Keywords: copines-1, colorectal cancer, aerobic glycolysis, mitochondrial respiration

Introduction

Colorectal cancer (CRC), which develops in the colon or rectum, is a major cause of
cancer-related mortality worldwide.! The lifetime risk of CRC for an average
American is approximately 5%.> Unfortunately, about one-fifth of CRC cases are
diagnosed at an advanced stage.’ The risk factors for CRC include inflammatory
bowel disease, family history of first-degree relatives with CRC, obesity, red meat
intake, smoking, lack of physical activity, and low vegetable/fruit consumption.”
Currently, the standard treatment for CRC includes surgery and chemotherapy, which
are associated with physical complications, systemic toxicity, and resistance.’
Although significant advances have been made in the development of new treatments
for CRC patients, the overall long-term outcome for patients curatively resected has not
significantly improved over the last decade.” Therefore, it is important to elucidate the
underlying pathological processes to identify new targets for CRC treatment.
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Copines are a family of evolutionally conserved, calcium-
dependent membrane-binding proteins that were first isolated
from Paramecium tetraurelia.® Copine-1 (CPNE1) is identi-
fied as an oncogene in certain human tumors. It has been
shown that CPNEI is overexpressed in human lung cancer
and prostate cancer and enhanced expression of CPNEI1
promotes lung cancer cell growth and metastasis.”® CPNE1
knockdown (KD) has been shown to significantly inhibit the
proliferation and migration of human osteosarcoma cells.’
CPNEI also activates the AKT signaling pathways which
plays a central role in glucose homeostasis and cellular
energy metabolism by regulating glucose 6-phosphate and
glycogen synthase kinase 3.'"!" Nevertheless, the manner in
which CPNE1 contributes to CRC development, progression,
and chemoresistance is unclear.

Tumor cells, including CRC cells, rely heavily on
aerobic glycolysis for ATP generation.'> The AKT signal-
ing pathway has been shown to promote the expression of
GLUTI in CRC."* Moreover, the AKT-glucose transporter
1 (GLUT1)-hexokinase 2 (HK2) pathway has been impli-
cated in regulating the glycolytic process in various cancer
cells including CRC cells."* ' Park et al showed that
CPNE1 activates AKT to promote neuronal progenitor
cell differentiation.'” However, whether CPNE1 can reg-
ulate the AKT-GLUT1/HK2 pathway in CRC remains to
be determined. Therefore, we studied the role of CPNE1 in
CRC cell growth and energy metabolism and investigated
whether the activation of AKT-GLUT1/HK2 is involved.

Materials and Methods

Cell Culture

Cell lines were purchased from the ATCC (Manassas, VA,
USA) and included CACO2, HT29, LOVO, and HEK293-T.
The culture media contained 10% FBS, 2 mM I-glutamine, and
1% penicillin/streptomycin (Solarbio, Beijing, P.R. China).
CACO2 cells were cultured in MEM medium
(SH30024.01B, Hyclone. USA), whereas the others were cul-
tured in RPMI-1640 medium (SH30809.01B, Hyclone. USA).
The cells were maintained at 37°C in a 5% CO, atmosphere.

Cell Proliferation

The Cell Counting Kit —8 (CCK-8) was obtained from
BioVision (Exton, PA). Cells were seeded into 96-well
plates and incubated for 24 hours in a humidified incubator.
Afterwards, CCK-8 working solution plus serum-free cul-
ture medium (1:10) was added to the plates (100 pL/well)
and incubated for 0, 12, 24, and 48 h. The plate was

incubated for 1 hour in the incubator. The optical density
450 nm (OD 450) was measured using a microplate reader
(Molecular Devices, San Jose, CA, USA).

CPNEI Silencing

Online software from Invitrogen (Carlsbad, CA) was used
to design CPNEI-specific small interfering RNA (siRNA)
sequences which are shown in Table 1. Oligonucleotides
were annealed and ligated into the pLKO.1 plasmid vector
(OriGene, Rockville, MD). The plasmids were then ampli-
fied in competent Escherichia coli DH5a cells and purified
PureYieldTM Plasmid Miniprep System
(Promega, San Luis Obispo, CA). Sequence confirmation

using the

of the inserted siRNAs was done by Sangon (Shanghai,
China). The recombinant pLKO.1 vector, psPAX2 and
pMD2G, were transfected into HEK293-T cells using
Turbofectin 8.0™ (OriGene, Rockville, MD) to produce
lentiviruses, which were used to infect CACO2 and HT29

cells (siCPNEI).’ Cells infected with viruses containing

Table | The Correlations Between CPNEI Expression and
Clinic  Pathological (Sex, Age,
Differentiation, Metastasis and WHO Grade) in Patients with
CRC

Features Tumor  Size

Characteristics n = 105 CPNEI P-value
Low High
(n=60) (n = 45)

Gender 0.5528
Male 55 25 30
Female 50 19 31

Age (years) 0.4360
= 65 49 27 22
<65 56 26 30

Tumor size (cm) 0.0282*
<4.0 39 28 Il
240 66 27 39

Differentiation 0.0035*
Well/Moderate 52 29 22
poor 53 22 31

Stage 0.031*
/1l 51 32 19
v 54 22 32

Metastasis 0.011*
Yes 82 22 60
No 23 15 8

Notes: Clinicopathological features were assessed using the Fisher’s exact test.
*P < 0.05.

submit your manuscript

700

Dove

OncoTargets and Therapy 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Wang et al

scrambled siRNA were designated nonsilencing control
cells (siNC).

CPNEI Overexpression

CPNEI plasmids were obtained from OriGene (Rockville,
MD). The CPNEI coding sequence was amplified with the
following primers: CPNE1-F 5-CGGAATTCATGGC
CCACT GCGTGACC-3" (EcoRI) and CPNEI-R 5'-
CGGGATCCCTAGGCCTGGGGGGCC —3' (BamHI).
Amplified CPNE1 ¢cDNA was cloned into the EcoRI and
BamHI sites (underlined) of the pLVX-Puro vector. The
resulting pLVX-Puro-CPNE1 plasmids were packaged into
lentiviruses using 293 T cells along with psPAX2 and pMD2G
(Addgene, Watertown, MA) using the protocol described
above. Lentiviruses carrying CPNE1 (0eCPNE1) or empty
vectors (vector) were used to infect LOVO CRC cells.

Quantitative Real-Time PCR (qRT-PCR)

RNA was (Sigma-Aldrich,
Shanghai). Complementary DNA was synthesized using
the RevertAid First Stand cDNA Synthesis kit
(Thermofisher, Bridgewater Township, NJ, USA) follow-
ing the manufacturer’s instructions. Fifty nanograms of
cDNA was amplified using the CFX96 system (BIO-
RAD, Philadelphia, PA) using EvaGreen Mix (Biotium,
Fremont, CA). The PCR primer pairs used were as fol-
lows: CPNEI1, 5-CGTGTCAAGATTTGTCGGGTAG-3'
(sense) and 5'-GGGAGTCAGGTGA GGAGGG-3' (anti-
sense); GAPDH, 5-AATCCCATCACCATCTTC-3'
(sense) and 5'-AGGCTGTTGTCATACTTC-3' (antisense).
GAPDH was used as a reference gene for normalization.

isolated wusing TRIzol

Western Blot Analysis

Total protein extracts were prepared from CRC cells or tumor
tissues using RIPA buffer and were quantified by the BCA
protein assay kit (Thermofisher, Bridgewater Township, NJ,
USA). Proteins were separated by SDS-PAGE and trans-
ferred to PVDF membranes. After blocking, the membranes
were incubated with anti-CPNEI1, anti-GLUT1, anti-HK2,
anti-cleaved Caspase 3 (Abcam, Cambridge, MA), anti-
AKT, anti-p-AKT, or anti-GAPDH antibodies (Santa Cruz,
Santa Cruz, CA) at 4°C overnight. Bands were visualized
using an ECL kit (BioVision, Exton, PA) with an LAS-400
image analyzer (FujiFilm Medical Systems, Stamford, CT).

Immunohistochemistry (IHC) Assay
Colorectal tumor tissue sections (4 to 7-um thick) were
rehydrated and incubated overnight at 4°C with anti-

CPNEI1 antibody (ab155675, Abcam, Cambridge, MA)
followed by incubation with a horseradish peroxidase-
conjugated secondary antibody (Thermofisher,
Bridgewater Township, NJ, USA) at 25°C for 30 mins.
Diaminobenzidine (DAB) (Thermofisher, Bridgewater
Township, NJ, USA) was used as the HRP substrate.

Flow Cytometry

The Annexin V-FITC Apoptosis Kit (BioVision, Milpitas,
CA) was used to measure cell viability. Cells were seeded
into 6-well plates (5.0 x 104 cells/well) and cultured over-
night. After 24 hours of treatment, the cells were pelleted
at 1000 g for 5 minutes at 4°C and incubated sequentially
with annexin V-FITC and propidium iodide. The propor-
tion of apoptotic cells was determined using FACScan
(Becton Dickinson, Franklin Lakes, NJ) analysis.

Apoptosis Assay

Apoptosis was detected using an FITC Apoptosis
Detection kit (Abcam, Cambridge, MA). The tumor tissue
sections were dewaxed, incubated with 3% hydrogen per-
oxide, washed, briefly dried, and incubated with reaction
mix for 45 minutes at 37°C in a dark humidified incubator.
The slides were then incubated with DAPI for 15 min at
room temperature to stain cell nuclei.

Glycolysis and Mitochondrial Respiration
Assay

The extracellular acidification rate (ECAR) and oxygen
consumption rate (OCR) of LOVO, Caco2 and HT29
cells were determined using an XFe24 Extracellular Flux
Analyzer (Seahorse Bioscience, Billerica, MA). Cells were
seeded into 24-well plates. For the ECAR assay, the cells
were washed and cultured in 500 pL XF Base Medium
with L-glutamine (2 mM) and glucose (25 mM, the main
substrate in aerobic glycolysis).

Mitochondrial function was analyzed by sequential
injection of oligomycin and 2-deoxy-D-glucose (2-DG)
(Shsolarbio, Shanghai, China). For the OCR assay, the
cells were maintained in XF Base Medium followed by

the sequential addition of oligomycin, FCCP,
18,19

and
Antimycin A/Rotenone (Sigma, Shanghai).

Xenograft Model

Twenty-four 28 to 42-day-old female nude mice were pur-
chased from the Institute of Laboratory Animals Science
(Beijing, China) and separated into siNC and si-CPNEI
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groups. HT29 cells were transfected with scrambled siRNA
or CPNEI siRNA (7 x 10° cells, 100 uL) and subcuta-
neously inoculated into the right flank of each mouse of the
siNC or si-CPNEl group. Tumor growth was measured
using a Vernier caliper and length x (width*/2) was used
to calculate tumor size (mm’). Mice were sacrificed on day
33. Procedures involving animals and their care were
approved by the ethics committee of the Shanghai Eighth
People Hospital, Shanghai, China and conducted in com-
pliance with guidelines by the International Council for
Laboratory Animal Science and the institutional guidelines
established for the Department of Laboratory Animal
Research Facility at Shanghai Eighth People Hospital,
Shanghai, China.

Patient-Derived Xenograft (PDX) Model
Fresh tumor samples and adjacent paracancerous tissues from
CRC patients were collected into sterile tubes containing cold
culture medium. All patients provided written informed con-
sent. All procedures performed in studies involving human
participants were in accordance with the ethical standards the
Ethics Committee of Shanghai Eighth People Hospital,
Shanghai, China and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards.

Tumor samples were cut into small pieces (1-2 mm?)
and injected subcutaneously into the right dorsal flank of
NSG mice (Biocytogen, Haimen, Jiangsu). Tumor sizes
were measured every 3 days. Mice with successfully
established PDXs were denoted FO. When tumors reached
approximately 600 mm?>, the tumor tissues were collected,
cut into small pieces (1-2 mm®), and re-implanted subcu-
taneously into other NSG mice to establish the next gen-
eration (F1). Mice with F2 tumors were used to evaluate
the efficacy of oxaliplatin (L-OHP).

Statistical Analysis

GraphPad Prism software Version 7.0 (La Jolla CA,
USA) was utilized for statistical analyses. All results
were displayed as the mean + SD for at least three
samples. Comparisons between two groups were ana-
lyzed using a #-test, whereas comparisons among multi-
ple groups were analyzed using a one-way analysis of
with Tukey’s post hoc test. The statistical difference in
patient survival was analyzed by using Log-rank
(Mantel-Cox) test. A P-value < 0.05 indicated statistical

significance.

Results
CPNEI is Associated with Poor Survival

in Patients with CRC

Quantitative RT-PCR was used to measure CPNE! expres-
sion in both tumor tissue and adjacent normal tissue from
CRC patients (Figure 1A). The results indicated that
CPNEI expression was sharply upregulated in tumors
compared to that of adjacent tissues. Next, IHC staining
results showed that the CPNEI protein level was signifi-
cantly higher in CRC tumor specimens as determined
using a human CRC tissue array (Figure 1B). A data
mining analysis for CPNEI expression using Cancer
Genome Atlas (TCGA) datasets and GEO datasets indi-
cated that CPNE! mRNA was markedly elevated in tumor
tissues compared with non-tumor tissues (Figure 1C and
D). Moreover, we have examined the prognostic role of
CPNEI in CRC using Kaplan-Meier analysis. As shown in
Figure 1E, our results showed that the high level of
CPNE1 was negatively associated with the survival rate
of CRC patients (p < 0.001). Furthermore, CPNE! expres-
sion correlated with tumor size, differentiation, metastasis,
and WHO tumor grade (P = 0.0282, 0.0035, 0.011, 0.031,
respectively) (Table 1).

CPNEI Promotes Proliferation, Inhibits

Apoptosis, and Enhances Aerobic

Glycolysis in CRC Cells

Small inferring RNAs (siRNA) specific to CPNE1 were used
to knock down CPNE1 in Caco2 and HT29 cells and lenti-
viruses carrying CPNE1 were used to overexpress CPNEI in
LOVO cells. The overexpression or knockdown of CPNE1
was successful as confirmed by both qRT-PCR and Western
blot analysis (Supplementary Figure 1). The CCK-8 kit was

used to measure the proliferation of siNC, siCPNEI, vector
control, and 0eCPNE1 cells. The results indicated that
CPNE1 KD remarkably inhibited the proliferation of
Caco2 and HT29 compared with siNC. CPNEI overexpres-
sion significantly increased the proliferation of LOVO CRC
cells (Figure 2A). Flow cytometry revealed that CPNE1 KD
promoted CRC cell apoptosis, whereas 0eCPNEI inhibited
CRC apoptosis (Figure 2B). As shown in Figure 2C, the
mitochondrial respiration of Caco2 and HT29 cells was
inhibited by siCPNE]1 as evidenced by reduced basal respira-
tion, ATP-linked respiration, and maximal respiration. In
contrast, respiration of LOVO cells was significantly
enhanced by 0eCPNEI as evidenced by increased basal
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Figure 2 CPNEI| promoted proliferation, inhibited apoptosis and enhanced aerobic glycolysis in CRC cells. (A) CCK-8 analysis showed that CPNEI| KD inhibited CRC cell
proliferation and 0eCPNE| promoted CRC cell proliferation. *p < 0.01 vs siNC; #p < 0.01 vs Vector. (B) Flow cytometry results showed that siCPNE| suppressed CRC
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significantly decreased glycolytic capacity, while 0eCPNEI significantly increased glycolytic flux and glycolytic capacity in CRC cells.
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respiration, ATP-linked respiration, and maximal respiration.
The ECAR results indicated that glycolytic flux and glyco-
lytic capacity were significantly decreased by CPNE1 KD in
Caco2 and HT29 cells, but significantly increased by
0eCPNE1 in LOVO cells (Figure 2D).

CPNEI Activates the AKT-GLUT I/HK2

Pathway

As mentioned above, the AKT-GLUTI/HK2 pathway
plays an important role in glycolysis. Thus, we examined
whether CPNE1 expression affects the AKT-GLUT1/HK2
pathway. Western blot results indicated that CPNE1 KD
caused a significant decrease in the levels of GLUTI,
HK2, and phosphorylated AKT (p-AKT) proteins and
a significant increase in cleaved Caspase 3 (c-Caspase 3)
compared with siNC in both Caco2 (Figure 3A) and HT29
(Figure 3B) cells. CPNEI overexpression in LOVO cells
resulted in a significant increase in GLUT1, HK2, and

p-AKT and a significant decrease in c-Caspase3 compared
with the vector control (Figure 3C).

The PI3K/AKT Inhibitor LY294002
Abolishes the Function of CPNEI| in CRC
Cells

To further assess the connection between CPNEI and
AKT in CRC cells, a PI3K/AKT inhibitor (LY294002)
was used to silence the activity of AKT in 0eNC or
0eCPNEI1 transfected cells.

As shown in Figure 4A, the proliferation of 0eCPNE1
transfected cells was much higher compared with that of
0eNC transfected cells, whereas LY294002 significantly
suppressed this effect. Moreover, apoptosis of 0eCPNEI
transfected cells was significantly upregulated in the pre-
sence of LY294002 (Figure 4B). Importantly, both the
ORC and ECAR values in 0eCPNEI1 transfected cells
were sharply decreased after coculturing with LY294002
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Figure 3 CPNEI activated the AKT-GLUT |/HK2 pathway. Effect of CPNEI KD on protein levels of AKT, p-AKT, GLUT I, HK2, c-Caspase 3 and GAPDH in Caco2 cells (A)
and HT29 cells (B). **p < 0.01 vs siNC. Effect of CPNEI overexpression on protein levels of AKT, p-AKT, GLUTI, HK2, and c-Caspase 3 in LOVO cells (C).

A representative experiment out of three is shown here. *p < 0.01 vs Vector.
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Figure 4 The PI3K/AKT inhibitor LY294002 abolished the function of CPNEI in CRC cells. (A and B) CCK-8 assay and flow cytometer were used to examine the
proliferation of 0eNC or 0oeCPNEI transfected cells with or without the treatment of the PI3K/AKT inhibitor LY294002. **p < 0.01 vs 0eNC + DMSO, **p < 0.001 vs

0eNC + DMSO; 'p < 0.05 vs 0eCPNEI+DMSO, *p < 0.001 vs 0eCPNEI+DMSO. (C and D) Glycolysis and mitochondrial respiration were quantified by examining the
values of OCR and ECAR values in cells as indicated above. (E) Western blot was used to determine the protein contents of CPNEI, AKT, p-AKT, GLUTI, HK2 and Cleaved
Caspase-3 in different cells as indicated. *p <0.05 vs 0eNC + DMSO, *p<0.01 vs 0eNC + DMSO, **p < 0.001 vs 0eNC + DMSO; “p < 0.01 vs 0eCPNEI+DMSO, *p <
0.001 vs 0eCPNEI+DMSO.

(Figure 4C and D). Furthermore, LY294002 inhibited contrast to the levels of cleaved Caspase-3 (Figure 4E).
p-AKT protein in 0eNC or oeCPNEI transfected cells Collectively, these results indicate that the PI3K/AKT
and did not affect the expression of the CPNE1 protein.  inhibitor, LY294002, disrupts the function of CPNEI in
Interestingly, both the GLUT1 and HK2 protein levels CRC cells.

were significantly suppressed in 0eNC or 0eCPNE] trans- A total of 30 pairs of CRC tumor and adjacent para-
fected cells in the presence of LY294002, which was in  cancerous tissues were used to examine the relative
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CRC tissues and adjacent precancerous tissues (n = 30 for each group), ***p < 0.001 vs Normal. (B) Correlation analyses between CPNEI and AKT in human CRC tissues.

expression of CPNE] and AKT mRNA. Both genes were
upregulated in CRC tumor tissues compared with normal
tissues (Figure 5A). A correlation analysis revealed
a positive correlation between CPNE! and AKT expression
in CRC tissues (Figure 5B). These results suggest that
CPNEI is involved in the same pathway as AKT in CRC
cells.

CPNEI| Knockdown Reduces Tumor
Growth by Inhibition Through the
AKT-GLUT I/HK2 Pathway

The role of CPNE1 in tumor growth in vivo was evaluated
using a mouse xenograft model. As shown in Figure 4A,
CPNEI1 KD markedly inhibited tumor growth in mice. All
mice injected with siNC HT29 cells developed visibly
larger tumors compared with those implanted with
siCPNE1 HT29 cells (Figure 6A). The average tumor
mass in control mice was approximately three times larger
compared with those from mice implanted with siCPNE1
HT29 cells (Figure 6B). A TUNEL assay revealed that
tumors from mice inoculated with siCPNE1 HT29 cells
exhibited a significantly higher proportion of apoptotic
cells compared with tumors from mice inoculated with
siNC HT29 cells (Figure 6C). Proteins extracts were pre-
pared from the tumor tissues and used to measure the
levels of CPNEI, AKT, p-AKT, GLUTI1, HK2 and
C-Caspase3 protein by Western blot analysis. As shown
in Figure 6D, siCPNEI resulted in a significant decrease in
the levels of CPNE1, GLUT1, HK2, and p-AKT protein
and a marked increase in c-Caspase 3 compared with the
siNC group.

CPNEI Regulates Chemosensitivity in
CRC

CPNEI1 levels in 10 colorectal tumors were measured by
Western blot analysis (Figure 7A). To establish a PDX
model, the 10 CRC tissues were separated into two groups
based on protein expression: a low-CPNE1 [CPNE1(L)] and
a high-CPNE1 group [CPNEI1(H)]. The mice were then
treated with oxaliplatin (L-OHP) at a dose of 5 mg/kg/d for
21 successive days. Tumor volumes and weights were
recorded. As shown in Figure 7B-D, compared with
CPNEI1(L), CPNE1(H) exhibited larger tumors. Tumor
volume and weight were inhibited, whereas tumor apoptosis
was enhanced in the CPNE1(L) + L-OHP group when com-
pared with that in the CPNE1(H) + L-OHP group. Moreover,
the level of CPNEI protein was significantly decreased by
L-OHP in CPNE1(L) and CPNE1(H) tumors. The phosphor-
ylation of AKT was also downregulated in the presence of
L-OHP. Importantly, L-OHP also significantly decreased
GLUT1 and HK2 protein expression in CPNEI(L) and
CPNE1(H) tumors, whereas the expression of cleaved
Caspase-3 increased (Figure 7E). HT29-siNC, HT29-
siCPNEI1, LOVO-vector, and LOVO-0eCPNE]1 cells were
treated with either a low (L, 64 pM) or high (H, 128 uM) dose
of L-OHP. Flow cytometry revealed that CPNE1 KD
increased the sensitivity of CRC cells to L-OHP, whereas
0eCPNE1 decreased CRC cell sensitivity to L-OHP
(Supplementary Figure 2).

Discussion
CPNEI] is an evolutionarily highly-conserved protein that
exhibits a broad tissue distribution, including expression in
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Figure 6 CPNEI| KD inhibited tumorigenesis via suppression of the AKT-GLUT I/HK2 pathway. Animals were inoculated with HT29 cells carrying siNC or siCPNEI (7 x 107
cells). (A) Tumors in each group on day 33. *p < 0.01 vs siNC. (B) Weight of tumors (gram) at day 33 and tumor volume (mm3) from day 12 to day 33, *p < 0.0l vs siNC. (C)
Analysis of apoptosis in tumor tissues. **p < 0.01 vs siNC. (D) Protein levels of CPNEI, AKT, p-AKT, GLUTI, HK2 and C-Caspase3 in tumor tissues. **p < 0.0l vs siNC.

the lung, heart, liver, kidney, and colorectum.®7-20-23

CPNEI! expression is significantly upregulated in various
cancers including lung carcinoma, prostatic adenocarci-
noma, mammary carcinoma, and osteosarcoma. CPNEI
also regulates tumorigenesis and correlates with the survi-
val of lung and prostate cancer patients.” **** However,
its role in CRC is unclear. The present study showed that
CPNEI was overexpressed in CRC tissues and promoted
CRC progression. This not only provided insight into the

role of CPNE1 in cancer, but also broadened our under-
standing of CRC biology.

It has been reported that glucose uptake and glycolysis
are increased in cancer cells®® because cancer cells meta-
bolize glucose via glycolysis, but not mitochondrial oxida-
tive phosphorylation, even in the presence of sufficient
oxygen.”?® GLUTI, a high-affinity glucose transporter
found in almost every tissue, regulates glucose transmem-
brane transport which is a

rate-limiting step in
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#kp < 0,001 vs Vehicle + CPNE(L); 'p < 0.05 vs L-OHP + CPNE(L), "p<0.001 vs L-OHP + CPNE(L). (C) Tumor weight (g) on day 29 and tumor volume (mm?) from day 8

to day 29. *p < 0.05 vs Vehicle + CPNE(L), ***p < 0.001 vs Vehicle + CPNE(L); p < 0.05 vs L-OHP + CPNE(L),
apoptosis in tumor tissues. *p < 0.05 vs Vehicle + CPNE(L), **p<0.001 vs Vehicle + CPNE(L), "p < 0.001 vs L-OHP + CPNE(L),

m

"p < 0.001 vs L-OHP + CPNE(L). (D) TUNEL analysis of
"p < 0.001 vs L-OHP + CPNE(L). (E)

Protein levels of CPNEI, AKT, p-AKT, GLUT I, HK2, Cleaved Caspase-3 in different tumors as indicated above. *p < 0.05 vs Vehicle + CPNE(L), **p < 0.001 vs Vehicle +

CPNE(L), "'p < 0.001 vs L-OHP + CPNE(L).

glycolysis.>*>% Another enzyme, HK2, controls the glyco-
lysis pathway by adding a phosphate group to glucose®'**
to regulate glucose flux within cells, which is tightly
associated with tumor initiation and maintenance.*
Studies also showed that AKT signaling is a key pathway
that not only controls the metabolism of hexose by HK2,
but also regulates cellular growth via GLUT1.*?7
Interestingly, CPNE1 has been shown to activate AKT
signaling by phosphorylating residue 473 of AKT and
subsequent AKT activation inhibits apoptosis in cancer
cells.""*® In this study, we showed that silencing of
CPNE1 suppressed glycolysis by downregulating p-AKT,
GLUTI, and HK?2, leading to decreased proliferation and
enhanced apoptosis of CRC cells. Our data reveal a new
role for CPNE1 in CRC by showing that CPNE1 silen-
cing-induced inhibition of AKT signaling not only caused
downregulation of GLUT1 to control cellular glucose
uptake, but also decreased the expression of HK2 to limit
glucose capture, resulting in the inhibition of glycolysis.
Because glycolysis is increased in cancer cells and glucose
is mainly metabolized by glycolysis in cancer cells, these
findings are of significant importance in identifying new
treatments for CRC through the regulation of cancer cell
metabolism. Although most of this study was performed

with cells, verification of these findings using clinical
specimens will provide a better understanding of the
CPNE1/AKT-GLUT1/HK?2 axis in CRC.

Chemotherapeutic agents such as capecitabine,
5-fluorouracil (5-FU), oxaliplatin (FOLFOX), and irino-
tecan (FOLFIRI) have been used for CRC treatment
over the last few decades.’®*° Although chemotherapy
provides numerous therapeutic benefits, it is limited by
the occurrence of chemoresistance. Elevated glycolysis
of cancer cells has been shown to be involved in chemo-
and radio-therapy resistance.*' Furthermore, the promo-
tion of aerobic glycolysis by Akt signaling renders can-
cer cells resistant to irradiation.*? Our findings revealed
that tumors with low levels of CPNEI are more sensi-
tive to L-OHP treatment. Because cancer chemothera-
peutic drug resistance is a major limitation to the
success of cancer therapy,”> our results may lead to
the development of new therapeutics for chemoresistant
CRC. They also suggest that inhibiting CPNEI expres-
sion represents an effective strategy to enhance the
chemosensitivity of CRC cells. Although further inves-
tigations are needed, this study identifies a potential
approach for enhancing the chemosensitivity of CRC
cells.

submit your manuscript

708

Dove

OncoTargets and Therapy 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Wang et al

Conclusions
Taken together, the findings of the present study indicate

for the first time that CPNE1 promotes CRC progression
by activating the AKT/GLUT1/HK2 cascade to enhance
chemoresistance.
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