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Summary. Colorectal cancer is one of the most common
cancers with high morbidity and mortality. Effective
treatments to improve the prognosis are still lacking. The
results of online analysis tools showed that OCT1 and
LDHA were highly expressed in colorectal cancer, and the
high expression of OCT1 was associated with poor
prognosis. Immunofluorescence demonstrated that OCT1
and LDHA co-localized in colorectal cancer cells. In
colorectal cancer cells, OCT1 and LDHA were
upregulated by OCT1 overexpression, but downregulated
by OCT1 knockdown. OCT1 overexpression promoted
cell migration. OCT1 or LDHA knockdown inhibited the
migration, and the downregulation of LDHA restored the
promoting effect of OCT1 overexpression. OCT1
upregulation increased the levels of HK2, GLUT1 and
LDHA proteins in colorectal cancer cells. Consequently,
OCT1 promoted the migration of colorectal cancer cells
by upregulating LDHA.
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Introduction

Colorectal cancer is one of the most common
cancers, with an incidence rate of third in the world and
the second in mortality rate, accounting for about 10% of
global cancer cases and cancer-related deaths (Sung et
al., 2021). The distribution of colorectal cancer is
different among women and men, with the incidence rate
and mortality rate of women being about 25% lower
than that of men. The incidence rate is also different in
geography, and the incidence rate in developed countries
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is higher (Arnold et al., 2017; Bray et al., 2018). In
addition to the aging population and the eating habits of
high-income countries, unfavorable risk factors that
increase the risk of colorectal cancer include obesity,
lack of physical exercise and smoking (Dekker et al.,
2019). So far, the treatment methods of colorectal cancer
include surgical resection, radiotherapy, chemotherapy,
targeted therapy and immunotherapy (Punt et al., 2017).
Effective treatments such as early diagnosis and
endoscopic resection have improved the survival rate of
patients (Liu et al., 2021). However, most patients are
already in the advanced stage of colorectal cancer at the
time of diagnosis. At this time, the patients are resistant
to most forms of combination therapy. Despite radical
resection, the prognosis is still very poor, and recurrence
occurs during treatment (La Vecchia and Sebastian,
2020). These adverse treatment results indicate the need
to better understand the molecular mechanism of
colorectal cancer progression.

Octamer transcription factor 1 (OCT1; Gene symbol
POU2F1) is one of the earliest described mammalian
transcription factors and a widely expressed POU
domain transcription factor, which is related to OCT4,
the master transcription factor of embryonic stem cells
(Herr et al., 1988). Takuya Ogura et al. proposed that
OCT!1 was highly expressed in estrogen receptor (ER)-
positive breast cancer tissues and directly combined with
NCAPH promoter to stimulate the transcription of
NCAPH (Ogura et al., 2021). OCT1 not only plays a
carcinogenic role in gastric cancer and precancerous
lesions, but also promotes the proliferation and
migration of gastric cancer and epithelial-mesenchymal
transition (EMT) (Qian et al., 2015; Liang et al., 2020).
In addition, the high expression of OCT1 in prostate
cancer tissue is associated with an adverse prognosis
(Obinata et al., 2012). However, understanding of the
role of OCT1 in colorectal cancer and regulation

Abbreviations. OCT1, Octamer transcription factor 1; EMT, epithelial-
mesenchymal transition; GLUT1, glucose transporter 1; LDHA, lactate
dehydrogenase A
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mechanisms are not clear enough.

According to the relevant data analysis in the public
database, this study found that the expression of OCT1
was upregulated in colorectal cancer, and was associated
with a poor prognosis. We further determined the effect of
OCT1 overexpression or knockdown on the migration of
colorectal cancer cells, and initially explored the molecular
regulatory mechanism of OCT1 in colorectal cancer.

Materials and methods
Cell culture

Human colorectal cancer cell lines (Caco-2, SW480
and HCT 116) and normal colorectal mucosal cells (FHC
cells) were purchased from BeNa Biotech (Beijing,
China), and cultured in DEMD high glucose medium
(Hyclone) supplemented with 10% fetal bovine serum
(FBS) (GIBCO). All cells were cultured in a 37°C
incubator with 5% CO,.

Public Database

UALCAN (http://ualcan.path.uab.edu) and ENCORI
(http://starbase.sysu.edu.cn/index.php) databases were
used to analyze the mRNA levels of OCT1 and LDHA in
colorectal cancer tissues and normal tissues (Yang et al.,
2011; Li et al., 2014; Chandrashekar et al., 2017, 2022).
UALCAN database was also applied to evaluate the
relationship between OCT1 and the survival of
colorectal cancer patients. Using the UALCAN web-
portal, we analyzed the mRNA levels of OCT1 and
LDHA in 286 colorectal cancer and 41 normal tissue
samples from TCGA database. There were 471
colorectal cancer samples and 41 normal samples in
ENCORI database, which were used to analyze the
expression of OCT1 and LDHA. Human Protein Atlas
(https://www.proteinatlas.org) was employed to assess
the protein expression levels of OCT1 and LDHA in
colorectal cancer tissues and normal colon tissues
(Uhlen et al., 2005, 2015; Ponten et al., 2008). In Human
Protein Atlas, 6 colon tissues and 22 colorectal cancer
tissues were used to assess OCT1 protein levels, and 5
colon tissues and 20 colorectal cancer tissues were used
to detect LDHA protein levels.

Colorectal cancer cell models with gene overexpression
or knockdown

Primer amplification sequences and RNA
interference target gene sequences were designed using
OCTT1 gene as template. Primer amplification sequences
were amplified by PCR to prepare the target gene
fragment. RNAI target sequences were synthesized into
single-stranded DNA oligo, which was paired to produce
double-stranded DNA after annealing. Then the
amplified target gene fragment or double-stranded DNA
containing interference sequence was inserted into a
lentiviral vector. Caco-2 and SW480 cells were infected

with OCT1 overexpression lentiviral vector to construct
OCTI1 overexpression colorectal cancer cell models.
HCT 116 cells were infected with lentiviral vector
containing OCT1 interference sequence to construct
OCTI1 knockdown colorectal cancer cell model. The
target sequence of OCT1 gene interference was as
follows: ATGGAAATGACTTCAGCCAAA.

RT-gPCR

Real time quantitative PCR detection system (RT-
gPCR) was performed to detect the expression of OCT1
and LDHA mRNA in colorectal cancer cells. Colorectal
cancer cells infected with different lentiviruses were
collected and centrifuged to obtain the cell pellets. Total
RNA was extracted from colorectal cancer cells by
Trizol kit (T9424-100m, Sigma). According to the
manufacturer’s instructions, RNA was reverse
transcribed to obtain cDNA by using Hiscript QRT
supermax for qPCR (+ gDNA WIPER) kit (R123-01,
Vazyme). Subsequently, SYBR Green master mix
(Q111-02, Vazyme), forward and reverse primers, cDNA
and other reagents were configured in proportion to the
reaction system, and the Real time PCR instrument
(VII7, ABI) was used for detection in a two-step
method. Finally, 2-2ACt was used to calculate the relative
expression of gene mRNA. GAPDH was used as an
internal reference.

Forward primer of OCTI: 5 ACTTCCACAGA
GCCAGTCAACA 3’, reverse primer of OCT1: 5’
ATAGCGAGCCCAACATCACC 3’; Forward primer of
LDHA: 5 CAGCCTTTTCCTTAGAACACCA 3’,
reverse primer of LDHA: 5> TGTTCACGTTACG
CTGGACC 3’; Forward primer of GAPDH: 5’
TGACTTCAACAGCGACACCCA 3°, reverse primer of
GAPDH: 5 CACCCTGTTGCTGTAGCCAAA 3’.

Transwell assay

100 pl serum-free medium was added to the upper
Transwell chamber (3422, Corning) and the medium was
removed after being placed in the 37°C incubator for 2h.
100 pl of colorectal cancer cell suspension (containin
2.5x10% Caco-2 cells or 8x10%* SW480 cells or 8x10
HCT 116 cells) was added to the upper chamber, and
then the upper chamber was transferred to the lower
chamber supplemented with 600 pul medium containing
30% FBS. After 48h, the upper chamber was taken out
and non-migration cells were gently removed with a
cotton swab. The upper chamber was placed in the lower
chamber with 400 pl Giemsa for 5 min to stain the
transferred cells. Finally, the upper chamber was rinsed
with water and dried. The pictures were taken with a
microscope (IX 73, Olympus), and the metastatic
colorectal cancer cells were counted.

Immunofluorescence staining assay

The prepared cell glass slides were fixed with 4%
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paraformaldehyde for 15 min. The glass slides were
washed with PBS 3 times for 3 min each time. Then
0.5% Triton X-100 (Sigma) was used to permeate at
room temperature for 20 min. The glass slides were
washed with PBS 3 times for 3 min each time. After
blotting the PBS on the slides with absorbent paper, the
cells were blocked with goat serum at room temperature
for 30 min. After absorbing the serum with absorbent
paper, the cells were incubated with primary antibody at
4°C overnight. 1xPBST was used to clean the glass
slides 3 times for 5 min each time. The cells were
incubated with fluorescent secondary antibody at 37°C
for 30 min. 1XxPBST was used to clean the glass slides 3
times for 5 min each time, and the PBST was removed
with absorbent paper. DAPI was added to stain the
nucleus for 5 min in the dark. The glass slides were
sealed with aqueous mounting medium, and then the
edges of the glass slides were sealed with neutral gum.
The glass slides were photographed with different
wavelengths of light by using a fluorescence microscope
(IX 73, Olympus) to analyze the expression of
antibodies in cells.

The relevant antibody information was as follows:
OCT1 (1:200), ab51363, adcam; Alexa Fluor® 488
labeled Goat anti-mouse 1gG (H+L) (1:200), ab150113,
abcam; LDHA (1:100), 3582T, CST; Alexa Fluor® 594
labeled Goat anti-rabbit IgG (H+L) (1:200), ab150080,
abcam; mounting medium with DAPI-Aqueous,
Fluoroshield, ab104139, abcam.

Western blot

Total protein was extracted from colorectal cancer
cells infection with lentivirus. BCA Protein Assay Kit
(23225, HyClone-Pierce) was used to detect protein
concentration. 20 pg protein was subjected to SDS-
PAGE by using SDS-Acryl/Bis protein electrophoresis
instrument (VE-180, Shanghai Tianneng), and the
proteins were transferred to PVDF membrane. 1XTBST
solution containing 5% skimmed milk was used to block
the PVDF membrane at room temperature for 1h. The
diluted primary antibodies were incubated with PVDF
membrane at room temperature for 2h. The PVDF
membrane was cleaned 3 times with 1xTBST solution,
10 min each time. Then PVDF membrane was incubated
in the secondary antibodies at room temperature for 1h.
After cleaning PVDF membrane with 1xTBST solution
3 times, the proteins on the PVDF membrane were
developed color with immobilon Western chemi-
lumenescent HRP Substrato Kit (RPN2232, Millipore).
Chemiluminescence was performed with a Chemi-
luminescence Imager (A1600, GE).

The information of the relevant primary and
secondary antibodies was as follows: OCT1 (1:1000),
rabbit, bs-1075R, Bioss; HK2 (1:2000), rabbit, 22029-
1AP, Proteintech; GLUT1 (1:1000), rabbit, 21829-1-AP,
Proteintech; LDHA (1:1000), rabbit, 66287-1-1g,
Proteintech; GAPDH (1:3000), rabbit, AP0063,
Bioworld; HRP goat anti-rabbit IgG antibody (1:3000),

A0208, Beyotime.
Statistical analysis

The relevant cell experiments in this study were
repeated three times. All data were expressed as average
+ Standard deviation (SD). SPSS software was used for
statistical analysis of data results, and GraphPad Prism
was used to draw statistical graphs. Student t-test was
used for statistical analysis between the two groups.
When P value was less than 0.05, the difference was
statistically significant.

Results
OCT1 promoted the migration of colorectal cancer cells

Up to now, it had been reported that the expression
of OCT1 was increased in colorectal cancer, and the
increased expression of OCT1 was closely related to the
low survival rate of colorectal cancer patients. It was
worth noting that the down-regulation of OCT1
expression inhibited the proliferation of colorectal
cancer cells (Wang et al., 2016). In this study, we found
that mRNA levels of OCT1 in colorectal cancer were
markedly higher than that in normal tissues (Fig. 1A,B).
According to the Human Protein Atlas, OCT1 was lowly
expressed in 6 colon tissues, while 19 out of 22
colorectal cancer tissues showed medium expression of
OCT1 and one cancer tissue showed high expression
(Fig. 1C). Besides, the higher the expression of OCT1 in
colorectal cancer, the lower the survival probability of
patients (Fig. 1D). Compared with normal colorectal
mucosal cells (FHC cells), OCT1 was significantly
upregulated in colorectal cancer cell lines (Caco-2,
SW480 and HCT 116 cells), and the expression level of
OCT1 was highest in HCT 116 cells (Fig. 1E). In order
to further explore the role of OCT1 in colorectal cancer,
lentivirus infection technology was applied to construct
colorectal cancer cells with OCT1 overexpression or
knockdown. RT-qPCR results showed that the levels of
OCT1 mRNA in Caco-2 and SW480 cells infected with
OCT1 lentivirus were obviously upregulated (Fig.
2A.B), but downregulated in HCT 116 cells infected
with shOCT1 lentivirus (Fig. 2C). Further Transwell
assay indicated that overexpression of OCT1 promoted
the migration of colorectal cancer cells (Caco-2 and
SW480 cells) (Fig. 2D.E), while knockdown of OCT1
significantly restricted the migration of colorectal cancer
cells (HCT 116 cells) (Fig. 2F).

OCT1 promoted colorectal cancer cell migration by
upregulating LDHA

The overexpression of OCTI increased LDHA
mRNA levels in colorectal cancer cells (Caco-2 and
SW480 cells) (Fig. 3A). Accordingly, LDHA mRNA
level was significantly down regulated by shOCT1 (Fig.
3A). Moreover, the results of immunofluorescence



70

OCT1 promotes colorectal cancer cell migration

experiment revealed that OCT1 and LDHA proteins
were co-localized in the cytoplasm of colorectal cancer
cells (Caco-2, SW480 and HCT 116 cells) (Fig. 3B).
These results suggested that OCT1 may play a role in
colorectal cancer by acting on the expression of LDHA.
We also found that LDHA mRNA had a higher
expressed level in colorectal cancer (Fig. 4A,B). Human
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Protein Atlas data showed that LDHA was
downregulated in 2 out of 5 colon tissues. Among 21
colorectal cancer tissues, LDHA was moderately
expressed in 12 cancer tissues and highly expressed in 8
cancer tissues (Fig. 4C).

Besides, the expression of LDHA in SW480 cells
was markedly decreased by shLDHA (Fig. 5A).
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Fig. 1. OCT1 was highly expressed in colorectal cancer tissues. A. The expression levels of OCT1 mRNA in colon adenocarcinoma (CODA) and
normal tissues were analyzed by TCGA data from UALCAN database. B. The expression of OCT1 mRNA in CODA and normal tissues was determined
by TCGA data from ENCORI database. C. Human Protein Atlas was used to demonstrate the protein expression of OCT1 in colorectal cancer and
normal colon tissues. D. TCGA data from UALCAN database were applied to evaluate the correlation between OCT1 expression and patient survival.
E. The mRNA levels of OCT1 were detected by RT-gPCR and the expression of OCT1 was higher in colorectal cancer cell lines (Caco-2, SW480 and
HCT 116 cells) than that in normal human colorectal mucosal cells (FHC cells). **P<0.01, ***P<0.001
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Fig. 2. OCT1 overexpression or knockdown colorectal cancer cell models were constructed and the migration was assessed. A-C. Colorectal cancer
cell models with overexpression or knockdown of OCT1 were established by lentivirus infection technique. The expression levels of OCT1 mRNA in
colorectal cancer after overexpression or knockdown of OCT1 were detected by RT-qPCR assay. D-F. Transwell assay was performed to determine
the migration of colorectal cancer cells (Caco-2, SW480 and HCT116). Control: Colorectal cancer cells infected with empty vector, as negative control;
OCTH1: colorectal cancer cells infected with OCT1 lentivirus for overexpressing OCT1; shCtrl: colorectal cancer cells infected with empty vector, as
negative control; shOCT1: colorectal cancer cells infected with shOCT1 lentivirus for downregulating OCT1. *P<0.05; **P<0.01. ***P<0.001. Scale bars:
50 pm.



>

Caco-2 SW480 HCT 116
1.5+ 2.0 1.5+
° ° * 3 * %%k
> ~ P g
% T 3 T 15 T =
< £ 1.04 <2 <9 1.01
= 4 Z
< x < <
£Q £ Q 1.0 EQ
0 < 0 < 0 <
22 o5 2z 23 o5
© © J ©
) i ° :l' 0.5 ° i =y
(3 (4 (4
0.0 T 0.0 T 0.0 7
Control OCT1 Control OCT1 shCtrl shOCT1
B Merge
Control
Caco-2
OCT1
Control
SW480
OCT1
shCtrl
HCT 116
shOCT1

Fig. 3. OCT1 upregulated the expression of LDHA and co-localized with LDHA in the cytoplasm of colorectal cancer cells. A. The expression levels of
LDHA mRNA in colorectal cancer after overexpression or knockdown of OCT1 were detected by RT-qPCR assay. B. The co-localization of OCT1 and
LDHA in colorectal cancer cell lines was analyzed by immunofluorescence assay. Control: Colorectal cancer cells infected with empty vector, as
negative control; OCT1: colorectal cancer cells infected with OCT1 lentivirus for overexpressing OCT1; shCtrl: colorectal cancer cells infected with

empty vector, as negative control; shOCT1: colorectal cancer cells infected with shOCT1 lentivirus for downregulating OCT1. *P<0.05; ***P<0.001.
Scale bars: 50 um.
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Upregulation of OCT1 also enhanced the expression of
LDHA, and the level of LDHA in colorectal descended
after infection with shLDHA lentivirus (Fig. 5B). OCT]1
overexpression promoted the migration of SW480, while
LDHA under-expression restrained the migration and
partially restored the promoting migration caused by
OCT1 overexpression (Fig. 5C). These results revealed
that OCT1 promoted the migration of colorectal cancer
cells by upregulating LDHA expression.

OCT1 might affect the glycolytic progress in colorectal
cancer cells

As a glycolytic enzyme, LDHA was involved in
glycolysis and gluconeogenesis. OCT1 regulated the
expression of LDHA, therefore, we speculated that
OCT1 might be involved in the regulation of colorectal
cancer cell glycolysis. Western blot was performed to
detect the expression of several glycolysis-related
proteins. The results showed that OCT1 overexpression
improved the levels of HK2, GLUT1 and LDHA
proteins, and the levels of HK2 protein were decreased
by OCTTI silence (Fig. 6A-C). Gray analysis of western
blot results also demonstrated that OCT1 overexpression
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significantly upregulated HK2, GLUT1 and LDHA
levels, and conversely, OCT1 knockdown significantly
inhibited the expression of these glycolytic related
proteins (Fig. 6A-C).

Discussion

Colorectal cancer, one of the most common cancers,
is the second most common cause of cancer-related
death around the world. However, the mechanisms
leading to the occurrence and development of colorectal
cancer are still unclear (Wang et al., 2020b). This study
analyzed the expression levels of OCT1 in colorectal
cancer, and found that OCT1 overexpression promoted
the migration of colorectal cancer cells. Furthermore,
OCTI1 also affected the expression of LDHA and
regulated the expression of glycolysis-related proteins,
suggesting that OCT1 played a crucial role in colorectal
cancer.

OCT!1 had a role in promoting tumor progression in
a variety of tumors, and also had potential prognostic
and therapeutic significance for multiple types cancer,
especially gastrointestinal tract, lung and breast cancer
(Vazquez-Arreguin and Tantin, 2016). Shinichiro
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Fig. 4. LDHA was highly expressed in colorectal cancer tissues. A. The expression levels of LDHA mRNA in colon adenocarcinoma (CODA) and
normal tissues were obtained from TCGA data in UALCAN. B. The expression of LDHA mRNA in CODA and normal tissues was demonstrated by
TCGA data from ENCORI database. C. Human Protein Atlas website was used to determine the protein expression of LDHA in colorectal cancer and

normal colon tissues.
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Yamamoto et al. proposed that OCT1 was upregulated in shOCT]1 lentivirus. Moreover, forced overexpression of
castration-resistant prostate cancer, and knocking out OCT1 promoted the migration of Caco-2 and SW480
OCT]1 gene inhibited the proliferation and metastasis of cells, while knockdown of OCT]1 restricted the migration
castration-resistant prostate cancer cells (Yamamoto et of HCT 116 cells. These results indicated that OCT1 had
al., 2019). In this study, according to the data analysis in a cancer-promoting effect in colorectal cancer.

UALCAN, ENCORI and Human Protein Atlas, the LDHA (lactate dehydrogenase A) was an enzyme
mRNA and protein levels of OCT1 were highly that catalyzed the conversion of pyruvate and NADH
expressed in colorectal cancer tissues, and patients with into lactic acid and NAD+, and played pivotal role in
high expression of OCT1 had a shorter survival time, regulating glycolysis. LDHA was usually upregulated in
which was consistent with the study of Yupeng Wang et cancer cells, promoting metabolism conversion to
al. that is, OCT1 was indeed highly expressed in aerobic glycolysis, as well as cancer cell invasion and
colorectal cancer, and was correlated with overall tumor metastasis (Jin et al., 2017). LDHA had a high
survival (Wang et al., 2016). Besides, compared with expression in oral squamous cell carcinoma (OSCC),
FHC cells, OCT1 was overexpressed in Caco-2, SW480 and as an oncogene, it promoted the malignant

and HCT 116 cells. In the present study, we not only progression of OSCC by promoting glycolysis and EMT
constructed OCT1 overexpressing colorectal cancer cell (Cai et al., 2019). Similarly, we found that LDHA
(Caco-2 and SW480) models in vitro, but also mRNA and protein had higher expression levels in
established an OCT1 knockdown colorectal cancer cell colorectal cancer. OCT1 overexpression upregulated the
(HCT 116) model. The expression of OCT1 mRNA in expression of LDHA mRNA in SW480 cells, and OCT1
colorectal cancer cells was upregulated by OCT1 silencing limited the expression of LDHA mRNA in
overexpression lentivirus, but downregulated by HCT 116 cells. Furthermore, immunofluorescence assay
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Fig. 5. OCT1 promoted the migration of colorectal cancer cells by upregulating LDHA. A. After SW480 cells infection with shLDHA lentivirus, the mRNA
levels of LDHA were decreased. B. The expression of OCT1 and LDHA in SW480 cells were determined by RT-gPCR. C. Transwell assay was
performed to determine the migration of SW480 cells with OCT1 overexpression or/and LDHA knockdown. NC: SW480 cells infected with empty
vector, as negative control; OCT1: SW480 cells infected with OCT1 lentivirus for overexpressing OCT1; shCtrl: SW480 cells infected with empty vector,
as negative control; shLDHA: SW480 cells infected with shLDHA lentivirus for downregulating OCT1; OCT1+shLDHA: SW480 cells infected with OCT1
and shLDHA lentiviruses. *P<0.05; **P<0.01. ***P<0.001. Scale bars: 50 pm.
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showed that LDHA and OCT1 were co-localized in the
cytoplasm of colorectal cancer cells. Therefore, we
proposed that OCT1 might promote the migration of
colorectal cancer cells by regulating the expression of
LDHA. In SW480 cells with LDHA knockdown, the
expression of LDHA was diminished and the cell
migration ability was attenuated. OCT1 overexpression
facilitated the expression and LDHA and cell migration,
which was restricted by LDHA knockdown. Besides,
under the regulation of hCINAP, LDHA promoted
aerobic glycolysis and colorectal cancer progression (Ji
etal., 2017).

Cell metabolism provided energy for cancer cells
and was closely related to the fate and phenotype of
cancer cells. Cell metabolism also controlled the
epigenetic status of tumor cells and was the key to
regulating tumor progression (Vander Heiden and
DeBerardinis, 2017; Rinaldi et al., 2018). As an effective
regulator of stress response, metabolism and
tumorigenicity, the loss of OCT1 was related to
increased oxidative metabolism, increased reactive
oxygen species, hypersensitivity to oxidative and
genotoxic stress, and a moderate increase in abnormal

B SW480 C

mitosis, which can promote glycolytic metabolism and
mitotic stability (Ng et al., 2010; Vazquez-Arreguin et
al., 2019). Aerobic glycolysis was the main pathway of
energy metabolism in cancer cells. In aerobic glycolysis,
tumor cells absorbed and metabolized more glucose than
normal tissues, and even in aerobic conditions, it was
conducive to glycolysis (Levine and Puzio-Kuter, 2010;
Wang et al., 2020a). According to reports, many
glycolytic enzymes were upregulated in cancer, which
was associated with poor prognosis. For example, HK2
(hexokinase-II) was a key metabolic enzyme in
glycolysis pathway, the high expression of which was
associated with poor prognosis of colorectal cancer and
promoted glycolysis metabolism and cell proliferation
(Shen et al., 2020). GLUT1 (glucose transporter 1) was a
key factor involved in glucose uptake and metabolism,
and its upregulation led to the transition of metabolism
to aerobic glycolysis (Zhao et al., 2019). Other studies
have shown that LDHA, as a glycolytic enzyme, plays a
key role in aerobic glycolysis and is considered as an
ideal target for tumor therapy (Pathria et al., 2018). Our
study revealed that OCT1 upregulation promoted the
expression of OCT1, HK2, GLUT1 and LDHA proteins
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Fig. 6. OCT1 regulated the expression of LDHA protein and glycolytic associated proteins. A-C. Western blot was utilized for the detection of glycolytic
associated protein expression in colorectal cancer cells after upregulated or downregulated OCT1, and the detection results were analyzed by gray
scale. Control: Colorectal cancer cells infected with empty vector, as negative control; OCT1: colorectal cancer cells infected with OCT1 lentivirus for
overexpressing OCT1 expression; shCtrl: colorectal cancer cells infected with empty vector, as negative control; shOCT1: colorectal cancer cells
infected with shOCT1 lentivirus for downregulating OCT1 expression. *P<0.05; **P<0.01. ***P<0.001.
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in Caco-2 and SW480 cells, while silencing OCT]1
decreased the expression of OCT1 and HK2 proteins in
HCT 116 cells. Therefore, we speculated that OCT1 may
regulate glycolysis by acting on LDHA, and then play a
role in the progression of colorectal cancer.

In summary, this study was based on the TCGA data
in public database and found that OCT1 and LDHA were
upregulated in colorectal cancer. Highly expressed
OCT1 was associated with poor prognosis of patients
with colorectal cancer, and promoted the migration of
colorectal cancer cells. In addition, preliminary
exploration of the mechanism of OCT1 found that OCT1
might promote glycolysis by regulating the expression of
LDHA, suggesting that OCT1 played an important role
in the migration and glycolysis of colorectal cancer cells.
OCT1 and LDHA may be important targets for the
treatment and prognosis of colorectal cancer.

Funding. This work was financially supported by Natural science
foundation of Henan province (No. 162300410292), Launch fund of
academician workstation of Henan province for non-coding nucleic acid
transformation research, and Basic and frontier technology research
project of Henan province (No. 162300410119).

Author contributions. Gang Wu and Peichun Sun designed this program.
Lihua Li and Wenchao Chen operated the experiments and conducted
the data collection and analysis. Lihua Li produced the manuscript
which was checked by Gang Wu and Peichun Sun. All the authors have
confirmed the submission of this manuscript.

Conflict of interest. The authors declare no conflict of interest.

Data Availability. The data used to support the findings of this study are
included within the article.

References

Arnold M., Sierra M. S., Laversanne M., Soerjomataram 1., Jemal A. and
Bray F. (2017). Global patterns and trends in colorectal cancer
incidence and mortality. Gut 66, 683-691.

Bray F., Ferlay J., Soerjomataram I., Siegel R.L., Torre L.A. and Jemal
A. (2018). Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J. Clin. 68, 394-424.

Cai H., Li J., Zhang Y., Liao Y., Zhu Y., Wang C. and Hou J. (2019).
LDHA promotes oral squamous cell carcinoma progression through
facilitating glycolysis and wpithelial-mesenchymal transition. Fron.
Oncol. 9, 1446.

Chandrashekar D.S., Bashel B., Balasubramanya S.A.H., Creighton
C.J., Ponce-Rodriguez I., Chakravarthi B. and Varambally S. (2017).
UALCAN: A portal for facilitating tumor subgroup gene expression
and survival snalyses. Neoplasia 19, 649-658.

Chandrashekar D.S., Karthikeyan S.K., Korla P.K., Patel H., Shovon
A.R., Athar M., Netto G.J., Qin Z.S., Kumar S., Manne U., Creighton
C.J. and Varambally S. (2022). UALCAN: An update to the
integrated cancer data analysis platform. Neoplasia 25, 18-
27.

Dekker E., Tanis P.J., Vleugels J.L.A., Kasi P.M. and Wallace M.B.
(2019). Colorectal cancer. Lancet 394, 1467-1480.

Herr W., Sturm R.A., Clerc R.G., Corcoran L.M., Baltimore D., Sharp
P.A., Ingraham H.A., Rosenfeld M.G., Finney M., Ruvkun G. and

Horvitz H.R. (1988). The POU domain: a large conserved region in
the mammalian pit-1, oct-1, oct-2, and Caenorhabditis elegans unc-
86 gene products. Genes Dev. 2, 1513-1516.

JiY,Yang C., Tang Z,, Yang Y., Tian Y., Yao H., Zhu X., Zhang Z., Ji J.
and Zheng X. (2017). Adenylate kinase hCINAP determines self-
renewal of colorectal cancer stem cells by facilitating LDHA
phosphorylation. Nat. Commun. 8, 15308.

Jin L., Chun J., Pan C., Alesi G.N., Li D., Magliocca K.R., Kang Y., Chen
Z.G., Shin D.M., Khuri F.R., Fan J. and Kang S. (2017).
Phosphorylation-mediated activation of LDHA promotes cancer cell
invasion and tumour metastasis. Oncogene 36, 3797-3806.

La Vecchia S. and Sebastian C. (2020). Metabolic pathways regulating
colorectal cancer initiation and progression. Semin. Cell Dev. Biol.
98, 63-70.

Levine A.J. and Puzio-Kuter A.M. (2010). The control of the metabolic
switch in cancers by oncogenes and tumor suppressor genes.
Science 330, 1340-1344.

Li J.H., Liu S., Zhou H., Qu L.H. and Yang J.H. (2014). starBase v2.0:
decoding miRNA-ceRNA, miRNA-ncRNA and protein-RNA
interaction networks from large-scale CLIP-Seq data. Nucleic Acids
Res. 42, D92-97.

Liang Y., Zhang C.D., Zhang C. and Dai D.Q. (2020). DLX6-AS1/miR-
204-5p/OCT1 positive feedback loop promotes tumor progression
and epithelial-mesenchymal transition in gastric cancer. Gastric
Cancer 23, 212-227.

Liu Y. D., Zhuang X.P., Cai D.L., Cao C., Gu Q.S., Liu X.N., Zheng B.B.,
Guan B.J., Yu L., Li J.K,, Ding H.B. and Yan D.W. (2021). Let-7a
regulates EV secretion and mitochondrial oxidative phosphorylation
by targeting SNAP23 in colorectal cancer. J. Exp. Clin. Cancer Res.
40, 31.

Ng M.C., Lam V.K., Tam C.H., Chan A.W., So W.Y., Ma R. C., Zee
B.C., Waye M. M., Mak W.W., Hu C., Wang C.R., Tong P.C., Jia
W.P., Chan J.C. and International Type 2 Diabetes 1q C. (2010).
Association of the POU class 2 homeobox 1 gene (POU2F1) with
susceptibility to Type 2 diabetes in Chinese populations. Diabet.
Med. 27, 1443-1449.

Obinata D., Takayama K., Urano T., Murata T., Kumagai J., Fujimura T.,
lkeda K., Horie-Inoue K., Homma Y., Ouchi Y., Takahashi S. and
Inoue S. (2012). Oct1 regulates cell growth of LNCaP cells and is a
prognostic factor for prostate cancer. Int. J. Cancer 130, 1021-1028.

Ogura T., Azuma K., Sato J., Kinowaki K., Takayama K.I., Takeiwa T.,
Kawabata H. and Inoue S. (2021). OCT1 is a poor prognostic factor
for breast cancer patients and promotes cell proliferation via
inducing NCAPH. Int. J. Mol. Sci. 22, 11505.

Pathria G., Scott D.A., Feng Y., Sang Lee J., Fujita Y., Zhang G., Sahu
A.D., Ruppin E., Herlyn M., Osterman A.L. and Ronai Z.A. (2018).
Targeting the Warburg effect via LDHA inhibition engages ATF4
signaling for cancer cell survival. EMBO J. 37.

Pontén F., Jirstrom K. and Uhlen M. (2008). The Human Protein Atlas--a
tool for pathology. J. Pathol. 216, 387-393.

Punt C.J., Koopman M. and Vermeulen L. (2017). From tumour
heterogeneity to advances in precision treatment of colorectal
cancer. Nat. Rev. Clin. Oncol. 14, 235-246.

Qian J., Kong X., Deng N., Tan P., Chen H., Wang J., Li Z., Hu Y., Zou
W., Xu J. and Fang J.Y. (2015). OCT1 is a determinant of synbindin-
related ERK signalling with independent prognostic significance in
gastric cancer. Gut 64, 37-48.

Rinaldi G., Rossi M. and Fendt S.M. (2018). Metabolic interactions in
cancer: cellular metabolism at the interface between the



77

OCT1 promotes colorectal cancer cell migration

microenvironment, the cancer cell phenotype and the epigenetic
landscape. Wiley Interdiscip. Rev. Syst. Biol. Med. 10, e1397.

Shen C., Xuan B,, Yan T., Ma Y., Xu P., Tian X., Zhang X., Cao Y., Ma
D., Zhu X., Zhang Y., Fang J.Y., Chen H. and Hong J. (2020). m6A-
dependent glycolysis enhances colorectal cancer progression. Mol.
Cancer 19, 72.

Sung H., Ferlay J., Siegel R. L., Laversanne M., Soerjomataram |I.,
Jemal A. and Bray F. (2021). Global Cancer Statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J. Clin. 71, 209-249.

Uhlen M., Bjorling E., Agaton C., Szigyarto C.A., Amini B., Andersen E.,
Andersson A.C., Angelidou P., Asplund A., Asplund C., Berglund L.,
Bergstrom K., Brumer H., Cerjan D., Ekstrom M., Elobeid A.,
Eriksson C., Fagerberg L., Falk R., Fall J., Forsberg M., Bjorklund
M.G., Gumbel K., Halimi A., Hallin |., Hamsten C., Hansson M.,
Hedhammar M., Hercules G., Kampf C., Larsson K., Lindskog M.,
Lodewyckx W., Lund J., Lundeberg J., Magnusson K., Malm E.,
Nilsson P., Odling J., Oksvold P., Olsson ., Oster E., Ottosson J.,
Paavilainen L., Persson A., Rimini R., Rockberg J., Runeson M.,
Sivertsson A., Skollermo A., Steen J., Stenvall M., Sterky F.,
Stromberg S., Sundberg M., Tegel H., Tourle S., Wahlund E.,
Walden A., Wan J., Wernerus H., Westberg J., Wester K.,
Wrethagen U., Xu L. L., Hober S. and Ponten F. (2005). A human
protein atlas for normal and cancer tissues based on antibody
proteomics. Mol. Cell Proteomics. 4, 1920-1932.

Uhlen M., Fagerberg L., Hallstrom B.M., Lindskog C., Oksvold P.,
Mardinoglu A., Sivertsson A., Kampf C., Sjostedt E., Asplund A.,
Olsson 1., Edlund K., Lundberg E., Navani S., Szigyarto C.A.,
Odeberg J., Djureinovic D., Takanen J. O., Hober S., Alm T., Edqvist
P.H., Berling H., Tegel H., Mulder J., Rockberg J., Nilsson P.,
Schwenk J.M., Hamsten M., von Feilitzen K., Forsberg M., Persson
L., Johansson F., Zwahlen M., von Heijne G., Nielsen J. and Ponten
F. (2015). Proteomics. Tissue-based map of the human proteome.
Science 347, 1260419.

Vander Heiden M. G. and DeBerardinis R. J. (2017). Understanding the
intersections between metabolism and cancer biology. Cell 168,
657-669.

Vazquez-Arreguin K. and Tantin D. (2016). The Oct1 transcription factor
and epithelial malignancies: Old protein learns new tricks. Biochim.
Biophys. Acta 1859, 792-804.

Vazquez-Arreguin K., Bensard C., Schell J. C., Swanson E., Chen X,
Rutter J. and Tantin D. (2019). Oct1/Pou2f1 is selectively required
for colon regeneration and regulates colon malignancy. PLoS Genet.
15, e1007687.

Wang Y.P., Song G.H., Chen J., Xiao C., Li C., Zhong L., Sun X., Wang
ZW., Deng G.L., Yu F.D., Xue Y.M., Tang H.M., Peng Z.H. and
Wang X.L. (2016). Elevated OCT1 participates in colon
tumorigenesis and independently predicts poor prognoses of
colorectal cancer patients. Tumour Biol. 37, 3247-3255.

Wang C., Li Y., Yan S., Wang H., Shao X., Xiao M., Yang B., Qin G.,
Kong R., Chen R. and Zhang N. (2020a). Interactome analysis
reveals that IncRNA HULC promotes aerobic glycolysis through
LDHA and PKM2. Nat. Commun. 11, 3162.

Wang S., Huang J., Li C., Zhao L., Wong C. C., Zhai J., Zhou Y., Deng
W., Zeng Y., Gao S., Zhang Y., Wang G., Guan X. Y., Wei H., Wong
S. H,, He H. H.,, Shay J. W. and Yu J. (2020b). MAP9 loss triggers
chromosomal instability, initiates colorectal tumorigenesis, and is
associated with poor survival of patients with colorectal cancer. Clin.
Cancer Res. 26, 746-757.

Yamamoto S., Takayama K.l., Obinata D., Fujiwara K., Ashikari D.,
Takahashi S. and Inoue S. (2019). Identification of new octamer
transcription factor 1-target genes upregulated in castration-resistant
prostate cancer. Cancer Sci. 110, 3476-3485.

Yang J.H., Li J.H., Shao P., Zhou H., Chen Y.Q. and Qu L.H. (2011).
starBase: a database for exploring microRNA-mRNA interaction
maps from Argonaute CLIP-Seq and Degradome-Seq data. Nucleic
Acids Res. 39, D202-209.

Zhao Z., Wang L., Bartom E., Marshall S., Rendleman E., Ryan C.,
Shilati A., Savas J., Chandel N. and Shilatifard A. (2019). B-
Catenin/Tcf712-dependent transcriptional regulation of GLUT1 gene
expression by Zic family proteins in colon cancer. Sci. Adv. 5,
eaax0698.

Accepted March 23, 2023



