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Abstract

Colon cancer is one of the most prevalent malignant tumors across the world. Increasing studies have demonstrated that
long non-coding RNAs (IncRNAs) take part in colon cancer development. Our study intends to explore the expression
characteristics of LBX2-AS1, a novel IncRNA, in colon cancer and its underlying mechanisms. The results illustrated that
LBX2-AS1 level was substantially increased in colon cancer tissues and was obviously correlated with the tumor volume
and early distant metastasis of patients. Besides, overexpression of LBX2-AS1 remarkably boosted growth, proliferation,
and metastasis and restrained apoptosis in colon cancer cells, whereas LBX2-AS1 knockdown produced the opposite effect.
On the other hand, miR-627-5p, down-regulated in colon cancer tissues, was negatively associated with LBX2-AS1 expres-
sion. Functional experiments showed that miR-627-5p suppressed colon cancer growth. Mechanistically, LBX2-AS1, as an
endogenous competitive RNA, targeted miR-627-5p and restrained its expression, while miR-627-5p targeted and negatively
regulated the RAC1/PI3K/AKT axis. Collectively, this study has revealed that LBX2-AS1 is a poor prognostic factor of colon

cancer and can regulate colon cancer progression by regulating the miR-627-5p/RAC1/PI3K/AKT pathway.
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Introduction

Colon cancer is a prevalent malignancy in the gastrointes-
tinal tract [1]. People’s dietary structure and living habits
changes also have potential role in colon cancer develop-
ment by altering intestinal microbiome [2]. Clinically,
colon cancer can be treated through surgery, chemotherapy,
radiotherapy, and biological targeting [3]. However, a probe
into effective molecular markers is necessary because they
can assist in diagnosis and prognosis. Therefore, our paper
revolves around the molecular mechanism of colon cancer
growth and metastasis with a view to improving the diag-
nosis and prognosis.

Long non-coding RNAs (IncRNAs), a class of RNAs
larger than 200 nucleotides, are not translated into proteins
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[4]. Studies have confirmed the cancer-promoting effects of
IncRNAs in various malignancies [5]. For instance, IncRNA
PVT]1 facilitates the activation of signal transducers and
transcriptional activators 3 (STAT3), which induces a cell
process cycle to accelerate hepatoblastoma cell prolifera-
tion and metastasis [6]. On the contrary, IncRNA MT1JP
expedites glioma cells’ apoptosis and hampers their prolif-
eration, invasion, and migration through PTEN/Akt sign-
aling pathway activation [7]. IncRNA LBX2-AS1, a novel
cancer-concerned IncRNA, can serve as a crucial regulator
for cancer development [8]. For instance, LBX2-AS1 boosts
the proliferation of gastric cancer cells and attenuates their
apoptosis through miR-219a-2-3p/FUS/LBX2 axis regula-
tion [9]. Moreover, LBX2-AS1 bolsters the proliferation,
migration, and EMT of esophageal squamous cell carcinoma
(ESCC) by modulating ZEB1 and ZEB2 [10]. Notwithstand-
ing, the mechanism of LBX2-AS1 in colon cancer remains
poorly understood, and more investigation should be done.

miRNAs, endogenous non-coding small RNAs (18 to
25 nucleotides in length), play a prominent role in tumor
occurrence and development [11]. For instance, miR-
515-5p exerts a carcinostatic impact on breast cancer

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s13577-022-00745-x&domain=pdf

1522

J.Fang et al.

through mARK4/Hippo signaling pathway knockdown
[12]. Similarly, miR-296-5p dampens cancer growth in the
context of non-small cell lung cancer by targeting PLK1
[13]. As an important miRNA molecule, miR-627-5p, situ-
ated at 15q15.1 and 97 bp long, makes a great contribution
to a variety of tumors. For instance, miR-627-5p exerts
a carcinostatic effect on hepatocellular carcinoma (HCC)
by weakening BCL3 [14]. Besides, the negative regula-
tion of miR-627-5p by LINC00958 cramps oral squamous
cell carcinoma (OSCC) development through experiments
in vivo and in vitro, providing new insights into targeted
molecular therapies for OSCC [15]. Nevertheless, the
mechanism of miR-627-5p in regulating colon cancer
development is surprisingly limited.

RACI, a generally expressed Rho GTPase located on
human chromosome 7p22, is a small molecular GTPase
protein that has been confirmed to participate in the
growth of multiple tumors [16]. Through luciferase activ-
ity experiments, Jowenland et al. have revealed that miR-
224 targets the 3' untranslated region of RACI1. At the
same time, they have uncovered that miR-224 defends den-
tal pulp stem cells (DPSC) from apoptosis by down-regu-
lating RAC1 through experiments both in vivo and in vitro
[17]. What is more, miR-485-5p dampens Schwann cell
proliferation and myelin formation by targeting CDC42
and RACI1 [18]. Numerous studies have substantiated that
the PI3K/AKT signaling pathway is activated in most can-
cers, including colon cancer [19]. Take UNC5B-AS1 for
example. It impedes the development and metastasis of
colon cancer via miR-622 knockdown and AMPK/PI3K/
AKT pathway inhibition [20]. Further, pharmacological
inhibition of the mTOR/PI3K/AKT signaling pathway
suppresses colorectal cancer growth [21]. Nevertheless,
it remains to be seen whether LBX2-AS1 and RAC1 can
influence colon cancer growth by modulating the PI3K/
AKT signaling pathway.

Given the above findings, we hypothesized the irre-
placeable status of LBX2-AS1 in colorectal cancer. Here,
we discovered that LBX2-AS1 expression was uplifted
in the tissues and cell lines of colorectal cancer patients.
Moreover, functional experiments confirmed that it accel-
erated the proliferation and metastasis of colorectal cancer
as a carcinogenic gene and repressed apoptosis. Further
investigation of the mechanism revealed that LBX2-AS1,
as a competitive endogenous RNA (ceRNA), targeted
miR-627-5p, which acted on the 3 '"UTR end of RAC1 and
curbed its expression. The present study was designed to
explore the mechanism of LBX2-AS1 and miR-627-5p/
RACI1/PI3K/AKT in colorectal cancer development, fur-
ther investigate its molecular mechanism, and provide a
referential molecular marker for clinical treatment and
prognosis.
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Methods and materials
Clinical specimen collection and processing

The cancer tissues of 48 colorectal cancer patients who
underwent colon cancer resection in Wuhan Fourth Hospi-
tal & PuAi Hospital of Tongji Medical College, Huazhong
University of Science and Technology (December 2015
to December 2016) were obtained. Prior to operation,
the patients did not receive chemotherapy, radiotherapy,
or other adjuvant treatment. The control group samples
were harvested from the same patients’ adjacent tissues (at
least 3 cm away from the surgical resection edge), and no
cancer cells were found in the postoperative pathological
examination. The diagnosis of colon cancer was confirmed
pathologically as per the world health organization (WHO)
criteria. All specimens removed were immediately stored
in -196 C liquid nitrogen until they were utilized to extract
RNA. Our experiments had received the imprimatur from
the research ethics committee of Wuhan Fourth Hospital
& PuAi Hospital with the informed consent of all patients
involved (approval number: 2021-20-51). The clinical fea-
tures of the colon cancer patients are exhibited in Table 1.

Cell culture and transfection

The human mucosal epithelial cell line NCM460 and colon
cancer cell lines (SW480, HCT116, HCT-8, SW1116,
HT29), ordered from the American Type Culture Col-
lection (ATCC, Rockville, MD, USA), were used for the
experiments. These cells were cultured with 10% fetal
bovine serum (FBS) (Thermo Fisher Scientific, MA, USA)
and 1% (Invitrogen, CA, USA) RPMI1640 (Thermo Fisher
Scientific, MA, USA) in an incubator (37 C, 5% CO,).
During the logarithmic growth phase, cells underwent
trypsinization and passage with 0.25% trypsin (Thermo
Fisher, HyClone, Utah, USA). Through detection, LBX2-
AS1 expression was found to reach the lowest in SW480
cells and the highest in HT29. Hence, SW480 and HT29
cells were adopted as research objects in subsequent
experiments. LBX2-AS1 overexpression plasmid, small
inference RNA targeting LBX2-AS1 (si-LBX-AS1), miR-
627-5p mimics, si-RAC1, and the corresponding negative
control group were supplied by GenePharma (Shanghai,
China) and FulenGen (Guangzhou, China). SW480 and
HT?29 cells were taken and inoculated onto 24-well cell
culture plates (3 x 107 cells/well in density). After 24-h
incubation at 37 ‘C with 5% CO,, the cells were trans-
fected. Lipofectamine® 3000 (Invitrogen; ThermoFish-
erScientific, Inc.) was applied to transfect SW480 and
HT?29 cells in accordance with the supplier’s instructions.
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Table1 The correlation between LBX2-AS1 expression level and
clinical characteristics in the tissue samples of colon cancer patients

Characteristics n Expression of LBX2- P value
AS1
Low- High-
LBX2- LBX2-
AS1 AS1
Total 48 23 25
Age (years)
<60 28 12 16 0.406
>60 20 11 9
Gender
Male 30 13 17 0.412
Female 18 10 8
Tissue types
Adenocarcinoma 34 16 18 0.853
Mucous adenocarcinoma 14 7
Tumor site
Left colon 20 12 8 0.157
Right colon 28 11 17
Tumor size
>3 cm 29 15 14 0.514
<3cm 19 8 11
TNM stage
I-I 16 13 4 0.0034*
-1v 32 10 21
Distant metastasis
Yes 19 5 14 0.153%*
No 29 18 11
29 18 11

*P <0.05 is statistically significant

Then, we performed RT-PCR to evaluate the transfec-
tion efficiency. Finally, the cells were incubated for 24 h
(37 °C, 5% CO,) in preparation for further analysis. The
sequences of relevant siRNAs are as follows: miR-627-5p
mimics: 5'-GUGAGUCUCUAAGAAAAGAGGA-3;
si-NC 5'-UUCUCCGAACGUGUCACGUTT-3'; si-LBX2-
AS1#1 5'-AGGAATGTTTGCTGAATTAATGG-3'; si-
LBX2-AS1#2 5'-CCCAAGTTATAAAACTATAATGC-3';
si-RAC1#1 5'-GCAAAGUGGUAUCCUGAAG-3'; si-
RACI1#2 5'-AATATATCCCTACTGTCTTTG-3".

RT-PCR

As per the manufacturer’s instructions (Invitrogen, Waltham,
MA, USA), TRIzol reagent was taken to extract total RNA
from tissues or cells. The RNA concentration and purity
were determined with Nanodrop spectrophotometer. In line
with the manufacturer’s protocol, complementary DNA
(cDNA) was synthesized from 1 ug total RNA using the

PrimeScript -RT Kit (Madison, WI, USA). Next, SYBR®
Premix-Ex-Taq ™ (Takara, TX, USA) and the ABI7300
system were employed for quantitative reverse-transcription
polymerase chain reaction (QRT-PCR). The PCR system had
a total volume of 30 uL, and each sample contained 300 ng
cDNA. The amplification process included 10 min’ initial
denaturation at 95 °C, followed by 45 cycles: 10 s at 95 °C,
30 s at 60 °C, and 20 s at 85 °C. All fluorescence data were
converted into relative quantification: GAPDH served as
the endogenous control of IncRNA LBX2-AS1 and RACI,
while U6 acted as the endogenous control of miR-627-5p.
All RT-PCT reactions were duplicated three times.

IncRNA LBX2-AS1 primers:

upstream 5'-AAAACAAATGGAGTGGGGCC-3';

downstream 5'-TGCAGCTTCCCTTTTGTTCC-3";

miR-627-5p primers: upstream 5'-AAGCGCCTGTGA
GAGTCTCTAAGAA-3’, downstream 5'-CAGTGCAGG
GTCCGAGGT-3%

Primers for RAC1: upstream 5'-TAAGCCCAGATTCAC
CGGTT-3,

downstream 5'-CATCAAGTGTGTGTGTGGTGG-3';

GAPDH primers: upstream 5-CCACATCGCTCAGAC
ACCAT-3,

downstream 5-TGACAAGCTTCCCGTTCTCA-3’;

U6 primers: upstream 5'-CTCGCTTCGGCAGCACA-3',

Downstream 5'-AACGCTTCACGAATTTGCGT-3'".

CCK-8

After trypsinization, SW480 and HT29 cells in the logarith-
mic growth phase were adjusted to 2 x 10*/mL and inocu-
lated on 96-well plates with 100 pL cell suspension in each
well and 3 replicates in each group. Then, the plates were
placed in an incubator for further culture. Twenty-four hours
later, each well was given 10 pL of CCK-8 solution (Hubei
Baios biotechnology co., LTD.) for 1-h incubation. When
the culture was terminated, the 96-well plates were placed
in an enzyme marker to measure the absorbance (OD value)
of each well at the wavelength of 450 nm. At last, the cell
absorbance was measured on the 24th, 48th, and 72nd hours.

Transwell assay

According to the requirements of Chemicon company
ECMS550 series specifications, the preparation of matrix
Transwell Chambers (Corting, NY, USA) was done. We
respectively inoculated 200 pL SW480 and 200 pL HT29
cells into Transwell chambers, adjusted the density to
5x 10°/mL, administered 700 pL culture solution with FBS
to the lower chamber with a 24-well plate, and cultivated
them for 24 h. Afterwards, we aspirated the culture medium
in the chamber, gently wiped off the matrigel with a cotton
swab, washed it with PBS once, and air-dried it. After being
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soaked in the chamber with formaldehyde for 20 min, it was
flushed once with PBS and air-dried. Violet staining was
performed for 20 min. Following staining, the cells were
rinsed with PBS 3 times, air-dried, and then imaged under
an upright microscope (Olympus, Tokyo, Japan).

RIP experiment

We collected 2x 107 cell samples, added 200 uL RIP lysis
buffer to lyse the cells on ice for 5 min. The cells went
through 15 min’ centrifugation at 1500 rpm to produce the
supernatant. Next, 5 pg target protein-specific RIP and the
corresponding IgG antibody-coated magnetic beads were
mixed. The samples after cleavage were divided into two
parts, respectively conflated with RIP antibody and the cor-
responding IgG antibody-coated magnetic beads, and incu-
bated overnight at 4 C. Next, when the supernatant was
discarded, the magnetic beads were flushed 5 times with a
washing buffer. Then, we administered protease K lysates
to the magnetic beads at 55 °C for 30 min. The superna-
tant was placed in a new centrifuge tube, and total RNA
was extracted through phenol-chloroform-isoamyl alcohol
extraction and purified via isopropanol centrifugation. The
profiles of IncRNA LBX2-AS1 and RACI were estimated
via RT-PCR.

Dual-luciferase reporter gene assay

The Dual-luciferase reporter assay system (Promega, Madi-
son, WI, USA) was applied to measure luciferase reporter
genes. The target fragments of wild-type LBX2-AS1 and
mutant LBX2-AS1 were built and integrated into pGL3
vector (Promega, Madison, WI, USA) to construct pGL3-
LBX2-AS1-wild type (LBX2-AS1-wt) and pGL3-LBX2-
AS1-mutant (LBX2-AS1-mut) reporter vectors. Similarly,
the target fragments of wild-type RAC1 and mutant RAC1
were constructed and integrated into pGL3 vector (Pro-
mega, Madison, WI, USA) to construct pGL3-RACI1-wild
type (RAC1-WT) and pGL3-RACI1-mutant (RAC1-MUT)
reporter vectors. LBX2-AS1/RAC1-WT or LBX2-AS1/
RACI-MUT was co-transfected with miR-627-5p or the
negative control into SW480 cells. The luciferase activity
was determined in conformity with the supplier’s instruc-
tions 48 h subsequent to transfection. All experiments were
done in triplicate and duplicated three times.

Western blot

When the cell treatment came to an end, the culture medium
was removed, protein lysates (Roche) were added, and the
total protein was separated. Then, 50 g total protein was
added to 12% polyacrylamide gel and subjected to 2 h’
100 V electrophoresis. The protein was then electrically
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moved onto polyvinylidene fluoride (PVDF) membranes.
After being flushed three times in TBST (10 min each) and
sealed with 5% skimmed milk powder for an hour at room
temperature (RT), the membranes were incubated along
with primary antibodies Anti-RAC1 antibody (ab155938, 1:
1000, Abcam, MA, USA), Anti-PI3K antibody (ab191606,
1: 1000, Abcam, MA, USA), Anti-PI3k (phosphoY607)
antibody (ab182651, 1: 1000, Abcam, MA, USA), Anti-
pan-AKT antibody (ab18785, 1: 1000, Abcam, MA, USA),
Anti-AKT (phospho T308) antibody (ab38449, 1: 1000,
Abcam, MA, USA), Anti-Bax antibody (ab32503, 1: 1000,
Abcam, MA, USA), Anti-Bcl-2 antibody (ab59348, 1: 1000,
Abcam, MA, USA), Anti-Caspase-3 antibody (ab13847,
1: 1000, Abcam, MA, USA), Anti-E-cadherin antibody
(ab16505, 1: 1000, Abcam, MA, USA), Anti-Vimentin anti-
body (ab92547, 1: 1000, Abcam, MA, USA), and Anti-N-
cadherin antibody (ab18203, 1: 1000, Abcam, MA, USA)
overnight at 4 °C. After TBST washing, the membranes
underwent 1-h incubation with the horseradish peroxidase
(HRP)-labeled goat anti-rabbit antibody (ab150077, 1:3000,
1:1000, Abcam, MA, USA) at RT. The membranes were
rinsed with TBST 3 times, 10 min each. Finally, the Western
blot reagent (Invitrogen) was adopted for color imaging, and
Image J was introduced to analyze the gray value of each
protein.

Tumor xenograft experiment

Twenty BALB/c nude mice (6 weeks of age, 16-18 g in
weight) were supplied by the Animal Center of Tongji
Medical College (Wuhan, China) and kept under specific
pathogen-free conditions. SW480 cells transfected with
NC or LBX2-AS1 overexpression plasmid were harvested
and adjusted to 1 x 10® cells/mL in density. Next, 100 pL of
tumor cell suspension was injected into BALB/c nude mice
subcutaneously. From the fifth day of injection, the volume
of the formed tumor tissues was gauged. The mice were
euthanized 5 weeks later, and the tumor xenograft was surgi-
cally resected. The severed tumor tissues were kept in liquid
nitrogen for use. A Vernier caliper was taken to measure
the longest diameter (a) and the shortest diameter (b) of the
tumors. The tumor volume was calculated as per this for-
mula: V=ab?x0.5. A tumor growth curve was developed,
and the tumor mass was weighed 5 weeks later. In order
to construct a mouse lung-metastasis model, each mouse
was injected with 100 pL tumor cell suspension (1 x 10°
cells) through tail vein [22]. Then the lung metastasis of
mice was observed by H&E staining. All animal procedures
have been approved by the Ethics Review Board of Wuhan
Fourth Hospital (approval number: 2021-20-51), and they
were conducted according to the standards established by
the Guidelines for the Care and Use of Laboratory Animals
by Wuhan Fourth Hospital.
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Hematoxylin and eosin (H&E) staining
and Immunohistochemistry

The tumor and cancer tissues of mice were embedded in
paraffin and sectioned (4 pm), dewaxed, hydrated, stained
with hematoxylin and eosin, sealed with neutral resin,
observed under microscope and photographed for analy-
sis. For immunohistochemistry, after dewaxing and hydra-
tion, the sections were incubated with 3% H,0, for antigen
retrieval for 15 min, washed with PBS 3 times; After being
incubated with primary antibodies, including Ki67 (1:200),
E-cadherin (1:200), or Vimentin (1:200) overnight at 4 °C,
the sections were washed with PBS 3 TIMES, incubated
with HRP-labeled secondary antibody at room temperature
for 2 h. Diaminobenzidine (DAB) was used for color devel-
opment. After hematoxylin counterstaining, it was dehy-
drated and transparent. The number of positive cells under
400 times visual field was counted and the average value
was calculated.

TdT-mediated dUTP nick end labeling (TUNEL)

Paraffin embedded mouse tissue sections were dewaxed and
hydrated. The operation was carried out according to the
instructions of TUNEL apoptosis detection kit (Beyotime
biotechnology, Shanghai, China). Protease K working solu-
tion was added and reacted at 37 °C for 15 min. Add 50
puL TUNEL test solution, incubate in the dark at 37 °C for
60 min, and then counterstain DAPI. Add quencher, seal the
film and keep away from light. Detect and take photos with
Leica (DM2500) fluorescence microscope. Ten high-power
visual fields were randomly selected and the number of posi-
tive cells was calculated.

Statistical analysis

The SPSS17.0 statistical software (SPSS Inc., Chicago, IL,
USA) was introduced for analysis. The measurement statis-
tics were presented as mean =+ standard deviation. The sta-
tistical data were presented in four tables (or percentages),
and the differences between the two groups were analyzed
using y*. P <0.05 was regarded as statistically meaningful.

Results

LBX2-AS1 was highly expressed in colon cancer
tissues and cells

To probe the features of LBX2-AS1 expression in colon
cancer tissues, we conducted RT-PCR and discovered that
LBX2-AS1 expression was notably enhanced in colon
cancer tissues than in adjacent normal tissues (P <0.05,

Fig. 1A). Other results illustrated that LBX2-AS1 expres-
sion was remarkably uplifted in colon cancer cell lines
(SW480, HCT116, HCT-8, ADAM17, HT29) than in
NCM460 human colon mucosal epithelial cells (P < 0.05,
Fig. 1B). More importantly, colon cancer patients with
a higher level of LBX2-AS1 displayed a more advanced
tumor stage and a higher rate of distant metastasis
(Table 1). Additionally, LBX2-AS1 up-regulation was
associated with the poorer survival rate of colon cancer
patients (Fig. 1c), which was consistent with the data
of colon cancer patients shown in the Starbase database
(http://starbase.sysu.edu.cn/) (Fig. 1D). The image of
metastasis-free survival exhibited that highly-expressed
LBX2-AS1 pertained to the rate of distant metastasis
(Fig. 1E). The above results indicated that LBX2-AS1 was
associated with the malignant phenotype of colon cancer
cells and might have carcinogenic effects.

LBX2-AS1 overexpression boosted the proliferation,
metastasis, and EMT transformation of colon cancer
cells and weakened their apoptosis

With a view to investigating the impact of LBX2-AS1 on
colon cancer progression, we constructed the LBX2-AS1
overexpression and knockdown models in the colon can-
cer cell lines SW480 and HT29, respectively (P <0.05,
Fig. 2A). CCK-8 demonstrated that cell proliferation level
was remarkably heightened after LBX2-AS1 overexpression,
while LBX2-AS1 knockdown suppressed the proliferation of
colon cancer (P <0.05, Fig. 2B, C). Transwell revealed that
LBX2-AS1 overexpression evidently enhanced cell invasion,
whereas LBX2-AS1 knockdown considerably weakened the
invasion ability (P <0.05, Fig. 2D). Western blot was used
to evaluate the effect of LBX2-AS1 regulation on apoptosis.
The statistics disclosed that LBX2-AS1 overexpression dra-
matically drove up the expression level of the apoptotic pro-
tein Bcl-2 and lowered the expression levels of pro-apoptotic
proteins Bax and Caspase-3, while LBX2-AS1 knockdown
resulted in the opposite landscape (Fig. 2E). In order to
explore the regulatory impact of LBX2-AS1 on EMT mark-
ers E-cadherin, Vimentin, and N-cadherin in colon cancer
cells, we performed Western blot and uncovered that the
protein profile of E-cadherin was notably brought down by
LBX2-AS1 overexpression, while the protein profiles of
Vimentin and N-cadherin were drastically elevated. After
LBX2-AS1 knockdown, E-cadherin protein expression was
dramatically uplifted, whereas Vimentin and N-cadherin
protein profiles were remarkably reduced (P <0.05, Fig. 2F).
These statistics illustrated that LBX2-AS1 partook in the
occurrence and growth of colon cancer, facilitated the pro-
liferation, invasion, and EMT of tumor cells, and weakened
their apoptosis.
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Fig.1 LBX2-AS1 was highly expressed in colon cancer cells and
tissues. A gqRT-PCR was taken to detect LBX2-AS1 expression in
colon cancer and adjacent normal tissues, ***P<0.001 (vs. the
Normal group). N=48. B qRT-PCR was performed to detect LBX2-
ASI1 expression in colon cancer cell lines (SW480, HCT116, HCT-
8, ADAM17, HT29) and NCM460 human colon mucosal epithelial
cells. ¥***P<0.001 (vs. the NCM460 group). N=3. C The survival
rate of colon cancer patients with different levels of LBX2-AS1

LBX2-AS1 promoted colon cancer cell growth in vivo

To further verify the role of LBX2-AS1 in tumor cell
growth, we carried out a tumor xenograft experiment. The
results indicated that LBX2-AS1 overexpression markedly
enhanced the tumor volume, growth, and weight (compared
with the NC group) (Fig. 3A—C). The level of LBX2-AS1 in
the tumor tissues was also markedly uplifted in the LBX2-
AS1 group (vs. the NC group) (Fig. 3D). Additionally, we
performed RT-PCR, Western blot, and IHC to detect apop-
tosis and EMT-concerned genes or proteins. As a result,
LBX2-AS1 up-regulation restrained Bax, C-caspase3, and
E-cadherin levels but enhanced Bc¢l2, Vimentin, and N-cad-
herin expressions (Fig. 3E-I). Next, lung metastasis model
was constructed in nude mice by injecting SW480 into the
tail vein of the mice. Hematoxylin and eosin (H&E) staining
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was analyzed by Kaplan—-Meier (KM) plotter assay. D The Starbase
database validated the prognosis of LBX2-AS1 in colon adenocarci-
noma (COAD) patients. E KM plotter assay was used for analyzing
the correlation of LBX2-AS1 expression with metastasis-free sur-
vival (MFS) in human colon cancer. MFS was defined as the time
between the date of surgery and the date of metastatic recurrence or
last reported follow-up

showed that LBX2-AS1 overexpression enhanced the num-
ber of tumor nodules in the lung (Fig. 3J). H&E staining of
the tumors indicated that there were apoptotic cells (noted by
the circle) in the NC group, while enhanced neovasculariza-
tion (noted by the arrows) was observed in the LBX2-AS1
group (Fig. 3K). TUNEL assay and IHC data displayed that
LBX2-AS1 overexpression lowered the apoptosis rate, and
enhanced cell proliferation (marked by KI167) of colon can-
cer cells (Fig. 3L, M). The above data revealed that LBX2-
AS1 exerted an oncogenic effect in vivo.

LBX2-AS1 enhanced the profile of RAC1/PI3K/AKT

The GEPIA database (http://gepia.cancer-pku.cn/) dis-
covered a correlation between the profiles of LBX2-AS1
and RACI1/PI3K/AKT and demonstrated that they were
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positively associated with each other (Fig. 4A). Pear-
son correlation analysis showed that LBX2-AS1 was
positively correlated with RAC1 in colon cancer tissues
(R2 =0.494, P <0.0001, Fig. 4B). Furthermore, we deter-
mined the impact of LBX2-AS1 expression regulation on
RACI1/PI3K/AKT via Western blot. The statistics reflected
that RAC1 and p-PI3K/p-AKT expressions were notably
heightened after overexpression of LBX2-AS1, but they
were remarkably lowered after LBX2-AS1 knockdown
(Fig. 4C, D). These results indicated that in colon can-
cer, LBX2-AS1 was positively associated with the profile
of the RAC1/PI3K/AKT pathway, and overexpression of
LBX2-AS1 could enhance the profile of RAC1/PI3K/AKT.

P | .54 kKDa 2 2

il v ‘ -100 kDa ! :

.-- ‘ -36 kba ° R [ R .E R\ XN o0
HT29 e}f&“e \y\&““‘\,ooé“e :ﬁo&‘e G 2

RAC1 inhibition attenuated colon cancer
progression and PI3K/AKT activation

To confirm the function of RAC1 in colon cancer develop-
ment, we engineered a RAC1 knockdown model in SW480
and HT29 cells (P <0.05, Fig. 5A). CCK-8 and Transwell
examined the influence of RAC1 knockdown on cell pro-
liferation and invasion, respectively. As a result, the pro-
liferation of RAC1 cells was considerably abated after
RACI1 knockdown (P < 0.05, Fig.5B, C). RAC1 down-
regulation lowered the level of Bcl2 and heightened the
levels of Bax and C-caspase3 (FIG. 5 D-E). Furthermore,
the results of Transwell and Western blot displayed that
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Fig.3 LBX2-AS1 promoted colon cancer cell growth in vivo. A
tumor xenograft experiment was conducted to check the growth of
SW480 cells transfected with NC or LBX2-AS1 overexpression plas-
mid. A—C The tumor volume (A), images (B), and weight (C). D
qRT-PCR determined the level of LBX2-AS1 in the tumor tissues. E
qRT-PCR was used for detecting apoptosis-related genes (including
Caspase3, 6, 7, 8, 9, Bak, Bad, Bax, BCL2, BCL2L1) in the tumor
tissues. The data are shown by heat map. F Western blot examined
apoptosis-associated proteins (including Bax, Bcl2 and Caspase3) in
the tumor tissues. G qRT-PCR was used for detecting EMT pheno-
type genes (including N-cadherin, Vimentin, Snaill, Twist, MMP-2,
MMP-3, MMP-9, Zebl, E-cadherin, ZO-1) in the tumors, and the
data are shown by heat map. H Western blot was carried out for eval-
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staining was used for pathological examination of tumors. The circle
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sels. L TUNEL assay was used for detecting apoptotic cells (marked
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detecting KI67 in the tumors. Scale bar=25 pm. ***P <0.001. N=5
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Fig.4 LBX2-AS1 bolstered the profile of the RAC1/PI3K/AKT axis.
A: The GEPIA database (http://gepia.cancer-pku.cn/) illustrated the
correlation between LBX2-AS1 and RACI1, PI3K, or AKT. B: Pear-
son correlation analysis revealed the correlation between LBX2-AS1

RACI inhibition mitigated the invasion and EMT of colon
cancer cells (Fig. 5F-H). We further performed Western
blot to evaluate the activation of the PI3K/AKT signal-
ing pathway. It transpired that RAC1 knockdown nota-
bly hindered PI3K/AKT activation (Fig. 51, J). The above
findings unveiled that RAC1 inhibition attenuated colon
cancer proliferation, invasion, and EMT and suppressed
PI3K/AKT pathway activation.

and RACI. C and D: Western blot examined the altered RAC1 (C)
and the PI3K/AKT pathway regulated by LBX2-AS1. ** P<0.01,
*#% P<0.001.N=3

The targeted correlation among LBX2-AS1,
miR-627-5p, and RAC1

Given the IncRNA-miRNA-mRNA regulatory network dia-
gram, we were curious about the regulatory mechanism of
LBX2-AS1 and RACI. By searching the targeted miRNA
of LBX2-AS1 and RAC1 through the Starbase, miRmap,
and microT databases, we discovered that miR-627-5p,
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Fig.5 Inhibition of RACI impeded colon cancer progression and
PI3K/AKT activation. A. A knockdown model of RAC1 was estab-
lished in SW480 and HT29 cell lines. B-C: CCK-8 checked cell
proliferation. D-E. Western blot examined apoptosis-correlated pro-

miR-3612, and miR-650 were the three candidate miRNA
targets of LBX2-AS1 and RACI (Fig. 6A). Interestingly, our
results of RT-PCR exhibited that miR-627-5p was down-
regulated when LBX2-AS1 was overexpressed (Fig. 6B).
The binding sites of miR-627-5p with LBX2-AS1 and RACl1
are displayed in Fig. 6C. To clarify the targeted relationship
among the three, we implemented dual luciferase activity
assay and RIP. The results revealed that miR-627-5p mim-
ics obviously cramped the luciferase activity of LBX2-AS1-
WT and RACI-WT but exerted no conspicuous effect on
LBX2-AS1-MUT and RAC1-MUT (P <0.05, Fig. 6D,
E). In addition, following the transfection of miR-627-5p
mimics, the levels of LBX2-AS1 and RACI1 precipitated
in the Ago?2 antibody group were notably higher than those
in the IgG group, suggesting that LBX2-AS1 and RAC1
were bound to Ago2 protein through miR-627-5p (P <0.05,
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teins. F. Transwell was conducted to test cell invasion. G-J. West-
ern blot was performed to examine EMT-correlated proteins and the
PIBK/AKT pathway in colon cancer cells. ns P>0.05, * P<0.05,
**P<0.01, ¥***P<0.001 (vs. the si-NC group)

Fig. 6F, G). Taken together, the above statistics indicated
that miR-627-5p contained the binding sites with LBX2-
AS1 and RAC1.

LBX2-AS1 repressed the anti-tumor impact
of miR-627-5p on colon cancer

To assess the LBX2-AS1/miR-627-5p axis in colon cancer
development, we conducted rescue experiments. LBX2-
AS1 overexpression in the miR-627-5p overexpression
group attenuated miR-627-5p’s level (Fig. 7A). Then, the
proliferation, apoptosis, invasion, and EMT of colon cancer
cells were examined. The results revealed that compared
with the miR-627-5p group, the proliferation, invasion, and
EMT of colon cancer cells were substantially attenuated,
whereas their apoptosis was boosted (Fig. 7B-E). However,
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Fig.6 The targeted correlation among LBX2-AS1, miR-627-5p, and
RACI. A The Starbase, miRmap, and microT databases were intro-
duced to predict the targeted miRNAs of LBX2-AS1 and RACI.
miR-627-5p, miR-3612, and miR-650 were the three candidate
miRNA targets of LBX2-AS1 and RAC1. B qRT-PCR was used to
detect miR-627-5p, miR-3612, and miR-650 in SW480 cells with
LBX2-AS1 overexpression. C The binding sites of miR-627-5p

forced overexpression of LBX2-AS1 in the miR-627-5p
group markedly mitigated the effects induced by miR-627-5p
(P<0.05, Fig.7B-E). Moreover, RAC1 and the PI3K/AKT
pathway were down-regulated following miR-627-5p up-
regulation, but such an effect was abolished by LBX2-AS1.
Therefore, miR-627-5p dampened colon cancer develop-
ment, while LBX2-AS1 repressed miR-627-5p-mediated
effects.

Discussion

As a regulatory RNA discovered in recent years, IncRNA
has gradually become a research hotspot in the tumor biol-
ogy field [23]. Prior studies have confirmed that IncRNA
FOXD2-AS1, drastically increased in colorectal cancer tis-
sues, expedites the proliferation, migration, and invasion of
colorectal cancer cells by negatively targeting miR-185-5p
[24]. What is more, IncRNA MALAT1 steps up the prolif-
eration and metastasis of colon cancer cells by targeting the
negative regulation of miR-129-5p expression [25]. Given
the above statistics, we ventured to speculate that LBX2-
AS1 might also play an oncogenic function in colon cancer.

with LBX2-AS1 and RAC1. D and E Dual luciferase activity assay
was used to confirm the binding correlation between miR-627-5p
and LBX2-AS1, miR-627-5p and RACI, in SW480 cells. F and G
SW480 cells were transfected with miR-627-5p mimics or NC. RIP
was conducted, and the enrichment of LBX2-AS1 and RACI in
the lysates was examined by qRT-PCR. NS P>0.05, **P<0.01,
##%P <0.001. N=3

Surprisingly, we discovered that LBX2-AS1 expression was
uplifted in colon cancer tissues. Further, functional experi-
ments demonstrated that LBX2-AS1 boosted colon cancer
proliferation, invasion, and EMT transformation but sup-
pressed cell apoptosis. Therefore, LBX2-AS1 was substanti-
ated to be a sound diagnostic marker and a potential target
for colon cancer.

miRNAs make a great contribution to cell proliferation
regulation, apoptosis, and tumorigenesis [26]. For instance,
miR-378 represses proliferation and boosts apoptosis in
colon cancer cells by targeting SDAD1 expression [27].
Additionally, miRNA-185 is identified to be a prognos-
tic biomarker and mitigates the migration and invasion of
colon cancer cells through targeting Wntl [28]. The above
findings represented that a variety of miRNAs contribute
to tumor inhibition in colon cancer growth. Moreover,
IncRNAs have been reported to influence tumor progres-
sion by modulating miR-627-5p expression. For instance,
researches have revealed that IncRNA UCA1 overexpression
heightens NR2C2 expression by dampening miR-627-5p,
thereby promoting the malignant behaviors of glioma
cells [29]. Besides, IncRNA SNHG15 activates CDK6 and
SOX-2 through repressing miR-627-5p, thus enhancing the
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Fig.7 LBX2-AS1 suppressed the anti-tumor effect of miR-627-5p on
colon cancer. SW480 cells were transfected with miR-627-5p mimics
and/or LBX2-AS1 overexpression plasmid. A qRT-PCR was used to
detect miR-627-5p in SW480 cells. B CCK-8 examined cell prolifera-
tion. C Transwell was conducted to test cell invasion. D-F Western

progression of glioma [30]. These discoveries mean that
miR-627-5p may be involved in tumor development as a
suppressor and is regulated by IncRNAs. Consistent with
the above findings, here, we uncovered that miR-627-5p
impeded the proliferation, invasion, and EMT transformation
of colon cancer cells and facilitated their apoptosis. Bioin-
formatics analysis uncovered the targeted binding correla-
tion between miR-627-5p and LBX2-AS1, and LBX2-AS1
prominently dampened miR-627-5p-mediated anti-tumor
functions. These facts denoted that miR-627-5p was a tumor
suppressor of colon cancer and was negatively modulated
by LBX2-ASI.

RACI is one of the important members in the GTPases
Rho family. Reportedly, its positive expression is notably
elevated in colon cancer cells, and the mechanism of colon
cancer infiltration and metastasis may be related to the
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blot was implemented to check apoptosis- (D) and EMT-related pro-
teins (E) as well as the RAC1/PI3K/AKT pathway in colon cancer
cells. ns P>0.05, * P<0.05, **P<0.01, ***P<0.001 (vs. the NC
group). ns P>0.05, &&P <0.01, &&&P <0.001 (vs. the miR-627-5p
group). N=3

activation of CDC42, Smad4, ERK/INK, and other signals,
thus promoting EMT [31, 32]. In colon cancer, RACI has
also been recognized to exert a vital function. For instance,
RACI, an upstream mediator of PAK1 in colon cancer cells,
steps up p-catenin phosphorylation and accumulation, thus
boosting the proliferation of colon cancer cells [33]. Mean-
while, several studies have also unveiled that some drugs
can frustrate colon cancer development by down-regulating
RACI expression. For instance, overexpression of RAC1
culminated in accelerated cell migration, invasion, and EMT
in colon cancer. Diallyl disulfide (DADS), a component of
garlic oil, weakened colon cancer metastasis by attenuating
the RAC1-mediated PI3K/AKT pathway [34]. What is more,
preceding studies have revealed that the RAC1/PI3K/AKT
signaling pathway participates in the development of mul-
tiple tumors. For instance, Neol positively regulates ZEB1
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expression by initiating the RAC1/PI3K/AKT pathway,
thus facilitating the proliferation, movement, and adhesion
of gastric cancer [35]. What is more, epidermal growth fac-
tors induce the activation of the RAC1-PI3K/Akt pathway
and promote the migration of breast cancer cells [36]. Con-
sistent with the above research conclusions, in the present
study, we discovered that in contrast with the normal tissues
adjacent to carcinoma, RAC1 expression rose significantly
in colon cancer tissues, and RACI inhibition remarkably
attenuated colon cancer growth and PI3K/AKT activation.
All the outcomes indicated that RAC1 expression might par-
ticipate in the malignant evolution of biological processes in
colon cancer cells. Besides, bioinformatics analysis discov-
ered a targeted relationship between miR-627-5p and RACI,
and Western blot demonstrated that interference with miR-
627-5p negatively modulated the profile of RAC1/PI3K/
AKT. Meanwhile, LBX2-AS1 was positively correlated with
RACI1 expression, and LBX2-AS1 overexpression bolstered
RACI1/PI3K/AKT expression. All these findings displayed
that in colon cancer, LBX2-AS1 regulated RAC1/PI3K/AKT
via miR-627-5p expression regulation, thereby affecting cell
proliferation, metastasis, and EMT transformation.

In summary, our work has confirmed that LBX2-AS1 is
highly expressed in colon cancer tissues and cells and con-
spicuously correlated with tumor staging and early distant
metastasis in patients. It means LBX2-AS1 can serve as an
adverse prognostic factor for colon cancer and modulate
colon cancer growth by regulating the miR-627-5p /RAC1/
PI3K/AKT pathway. These findings provide a new inter-
vention target for colon cancer treatment and prognosis and
lay a necessary experimental foundation for better immu-
nobiological adoptive therapies. However, more molecular
mechanisms need to be further investigated.
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