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ALDH1A3 and Linc00284 involve in colorectal cancer (CRC) development; however, the regulatory mechanism is still unclear. In
this study, we collected clinicopathological characteristics and tissue samples from 73 CRC patients to analyze the expression of
ALDH1A3, Linc00284, TGFβ signaling and miR-361-5p using qPCR, Western blotting, and ELISA. Multiple CRC cell lines were
evaluated in this study, and the highest level of ALDH1A3 was observed in SW480 cells. To investigate the regulatory
mechanism, RIP and luciferase assays were used to validate the interaction between Linc00284, miR-361-5p, and TGFβ.
Proliferation, viability, migration, and invasion assays were performed to profile the effects of the ALDH1A3–Linc00284 axis in
CRC cell functions, which was upregulated in CRC tissues. Knockdown ALDH1A3 or Linc00284 significantly reduced TGFβ
expression and suppressed the EMT process, while overexpression had opposite effects. miR-361-5p targeted TGFβ directly,
which negatively correlated with ALDH1A3–Linc00284 expression and CRC progression. Mechanistically, upregulation of
ALDH1A3–Linc00284 promotes colorectal cancer invasion and migration by regulating miR-361-5p/TGFβ signaling pathway.
Dysregulation of the ALDH1A3–Linc00284-miR-361-5p-TGFβ axis causes CRC invasion, which might provide a new insight
into the treatment of CRC.

1. Introduction

Colorectal cancer is the second highest mortality tumor
worldwide [1, 2]. By 2030, the number of global cases of
CRC is expected to increase by 60%, with more than 2.25 mil-
lion new cases and 1.15 million deaths from CRC cancer each
year [3, 4]. In the past few decades, CRC has become one of
the most common cancers, the incidence has increased from
1.0% annually to 2.4% since 1974 in the USA [5]. In most
Europe, the incidence of CRC is increasing every year, rang-
ing from 0.4% to 3.6% [6]. The existing therapies for CRC
include surgery, radiotherapy, chemotherapy, targeted drug
therapy, and so on. Immunotherapy is an encouraging

weapon to treat CRC, but so far it has only succeeded in a
small proportion of CRC [7]. The prognosis of metastatic
CRC is worse, with an overall survival time of only about 30
months [8]. Therefore, it is very urgent to develop new effec-
tive strategies to control CRC, especially metastatic CRC.

Cumulative evidence indicates that ALDH1A3 and
Linc00284 play an important role in the progression of
CRC [9–12]. ALDH1A3 is a known marker of cancer stem
cells which has been shown to be important for the prolifer-
ation, migration, and maintenance of the mesenchymal can-
cer stem cell phenotype [13]. Durinikova et al. demonstrated
that ALDH1A3 was increased in CRC tissues, which pro-
motes spontaneous metastasis formation and associates with
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acquired chemoresistance of colorectal cancer [9]. Long
noncoding RNAs (lncRNAs) Linc00284 has been reported
to be involved in the initiation and progression of many can-
cers, including oral squamous cell carcinoma, ovarian carci-
noma, papillary thyroid cancer, lung cancer, CRC, and so on
[12, 14–17]. Our recent study demonstrated that Linc00284
exhibits oncogenic function and promotes the progression of
CRC through upregulating the expression of c-Met [12].
However, the underlying molecular mechanisms of
ALDH1A3 and Linc00284 on the growth and metastasis of
CRC are still unclear. Here, we investigated the role of the
ALDH1A3–Linc00284 signal in CRC progression and in
the tumor microenvironment through in-depth analysis of
clinical data and in vitro experiments. This study proves that
ALDH1A3–Linc00284 upregulates TGFβ signaling through
miR-361-5p, and then promotes the epithelial–mesenchy-
mal transition (EMT) process and CRC tumor metastasis.
This research will provide a key theoretical basis for the
CRC treatment and drug development.

2. Materials and Methods

2.1. Human Study. CRC tissues and the paired adjacent non-
tumor samples were derived from 73 CRC patients, which
are consistent with the patients and samples in our previous
study [12], including the patient’s information, inclusion
and exclusion criteria, and metastatic and relapse records.
The TNM stages of CRC in the above patients were classified
based on the American Joint Committee on Cancer (AJCC)
tumor, lymph node, metastasis (TNM) system. The study
was obtained the written informed consent from all partici-
pants and approved by the ethics committee of the First
Affiliated Hospital of Fujian Medical University.

2.2. Cell Culture. HEK293T cell lines and CRC cell lines,
SW480, HCT116, LS174T, DLD-1, HCT15, and SW620,
were ordered from ATCC (Rockville, MD) and used in this
study. HEK293T, SW480, HCT116, SW620, and LS174T
cells were cultured in DMEM supplemented with 100U/ml
penicillin/streptomycin (Gibco, Grand Island, NY) and
10% fetal bovine serum (Gibco). DLD-1 and HCT15 cells
were cultured in RPMI-1640 supplemented with100U/ml
penicillin/streptomycin (Gibco) and 10% fetal bovine serum

(Gibco). Cell cultures were placed in cell culture incubator
with 95% humidity and 5% CO2 at 37

°C.

2.3. Construction and Transfection. The small hairpin RNA
(shRNA) of ALDH1A3 was purchased from Sigma-Aldrich
(TRCN0000027144, TRCN0000027160, TRCN0000027183,
St. Louis). The primers for shRNA chains sequences were:
TRCN0000027144: forward, 5'-CCGGGCTG TATTAG
AACCCTCAGATCTCGAGAAATTGTGTCTGAAGAGA
ATGTTTTTG-3', reverse, 5'-AATTCAAAAACATTCT
CTTCAGACACAATTTCTCGAGATCTGAGGGT TCTA
ATACAGC-3'; TRCN0000027160: forward, 5'-CCGGGA
GCAGGTCTACTCTGA GTTTCTCGAGAAATTGTGT
CTGAAGAGAATGTTTTTG-3', reverse, 5'-AATTCAA
AAACATTCTCTTCAGACACAATTTCTCGAGAAAC
TCAGAGTAGACCTGCTC-3'; TRCN0000027183: forward,
5'-CCGGGCCGAATACACAGAAGTGAAACTCGAGAA
ATTGTGTCTGAAGAGAATGTTTTTG-3', reverse, 5'-
AATTCAAAAACATTCTCTTC AGACACAATTTCTC
GAGTTTCACTTCTGTGTATTCGGC-3'. Linc00284 shRNA,
mimic and inhibitor of miR-361-5p, full-length of ALDH1A3
and Linc00284, and negative controls were ordered from Gen-
echem (Shanghai, China). The stable ALDH1A3 knockdown
and Linc00284 knockdown SW480 cells were established by
using the corresponding lentivirus generated from HEK293T
cells as described previously [12]. Lentivirus expression and
package vectors, pLVX pVSVG, pRSV-REV, and pMDLg/
pRRE were purchased from Genechem. The pcDNA3.1 vector
was used to construct the overexpression plasmid of ALDH1A3
and Linc00284. Lipofectamine™ 2000 Transfection Reagent
(Thermo Fisher Scientific Inc, Waltham, MA) for cell transfec-
tion following the manufacturer’s instructions.

2.4. qRT-PCR. Total RNA from homogenize tissue samples
and lysed cells was extracted using Trizol reagent (Invitro-
gen, Waltham, MA) according to the protocol provided by
the manufacturer. TaqMan® Reverse Transcription Reagents
and random primers were used to synthesize the cDNA. Ste-
pOne™ PCR System (Thermo Fisher Scientific Inc) was used
to perform qPCR reaction. The expression of target genes
was normalized by GAPDH or U6. All primers used in this
study were listed in Table 1.

Table 1: Primer used in this study.

Forward primer Reverse primer

Linc00284 5'-CCAGGGGATAAAACCCGCTT-3' 5'-TAAGCACCAAGTCACGCTGT-3'

U6 5'-CTCGCTTCGGCAGCACA-3' 5'-AACGCTTCACGAATTTGCGT-3'

GAPDH 5'-TCAACGACCACTTTGTCAAGCTCA-3' 5'-GCTGGTGGTCCAGGGGTCTTACT-3'

miR-361-5p 5'-ATAAAGRGCRGACAGTGCAGATAGTG-3' 5'-TCAAGTACCCACAGTGCGGT-3'

ALDH1A3 5'-TCTCGACAAAGCCCTGAAGT-3' 5'-TATTCGGCCAAAGCGTATTC-3'

TGFβ 5'-GGCCAGATCCTGTCCAAGC-3' 5'-GTGGGTTTCCACCATTAGCAC-3'

Vimentin 5'-GCCCTAGACGAACTGGGTC-3' 5'-GGCTGCAACTGCCTAATGAG-3'

E-cadherin 5'-CGAGAGCTACACGTTCACGG-3' 5'-GGGTGTCGAGGGAAAAATAGG-3'

N-cadherin 5'-TCAGGCGTCTGTAGAGGCTT-3' 5'-ATGCACATCCTTCGATAAGACTG-3'
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2.5. Western Blotting. Proteins were extracted from homog-
enized tissue samples by using RIPA buffer containing
PMSF and protease inhibitor cocktails (KeyGEN BioTECH,
Nanjing, China). Protein levels of ALDH1A3 and β-Actin
were determined using Western blotting as described previ-
ously [12]. The primary antibodies and information were
listed below: β-Actin (Proteintech, 60008-1-Ig, 1 : 2000),
ALDH1A3 (Novus, NBP2-46510, 1 : 1000), E-cadherin (Cell
Signaling Technology, 3195, 1 : 2000), N-cadherin (Cell Sig-
naling Technology, 13116, 1 : 2000), Vimentin (Cell Signal-
ing Technology, 5741, 1 : 2000).

2.6. Elisa. The protein level of TGFβ in Linc00284- and
ALDH1A3-overexpressed SW480 cells medium was deter-
mined by ELISA (DB100B, R&D Systems, Minneapolis,
MN) according to the manufacturer’s instructions.

2.7. RNA Immunoprecipitation. RNA Immunoprecipitation
(RIP) assay was performed to detect the interaction between
Linc00284 and miR-361-5p by using the Magnetic RNA-
Protein Pull-Down Kit (Pierce, Waltham, MA). In brief,
SW480 cells were lysed in RIP buffer firstly, and then incu-
bated with Argonaute2 (Ago2) antibody beads (Sigma-
Aldrich) overnight at 4°C, anti-mouse IgG magnetic beads
were used as negative control. The RNA that bound to beads
was extracted and detected by RT-qPCR.

2.8. Luciferase Assay. The TGFβ 3'-UTR WT, Linc00284
WT, and the corresponding mutated fragments were cloned
into an overexpression vector (pcDNA3.1). The above con-
structs or control vectors were co-transfected with the lucif-
erase reporter into HEK293T cells using Lipofectamine™
2000 (Invitrogen). Two days after transfection, HEK293T
cells were lysed and luciferase activity was determined by
the Dual-Luciferase® Reporter (DLR™) Assay System (Pro-
mega) following the manufacturer’s instruction.

2.9. Viability and Proliferation Assays. Cell viability of
ALDH1A3- or Linc00284-silenced SW480 cells (placed in
96-well plates) at indicated days was evaluated by CCK-8
assay (ab228554, Abcam) following the manufacturer’s
instructions. Cell proliferation of transfected SW480 cells
was determined by Attune Flow Cytometers (Thermo Fisher
Scientific Inc)gating with the Ki67 antibody (ab92742,
Abcam, 1 : 100 dilution) as described previously [18].

2.10. Migration and Invasion Assays. To analyze cell migra-
tion, 5 × 106 SW480 cells were seeded in 6-well culture plate.
The cell monolayer was scratched by a sterile tip when they
reached 90% confluence. The wound healing rate was
imaged and calculated every 24 hours. CRC cell invasion
was performed by trans-well assay as described previ-
ously [12].

2.11. Statistical Analysis. SPSS 22.0 statistical software (SPSS
Inc.) was used to analyze the data in this study. A two-sided
unpaired t test was used to compare differences between the
two groups. One-way analysis of variance (ANOVA) and
post-hoc least significant difference (LSD) tests were used
to analyze the differences among multiple groups. The sig-

nificant difference or correlation among groups was ana-
lyzed by two-way ANOVA and/or two-sided paired t-test,
and Pearson’s correlation analysis. Kaplan–Meier curves
with the log rank test was used to calculate the overall sur-
vival (OS) of CRC patients. All data are presented as mean
± SD.

3. Results

3.1. ALDH1A3 Upregulation Is Associated with Poor
Prognosis of CRC Patients. The expression level of
ALDH1A3 in CRC tissues (n = 73) was measured by qRT-
PCR, in comparison with paired adjacent normal tissues,
ALDH1A3 mRNA was significantly increased in tumor sam-
ples (Figure 1(a)). Western blot results showed markedly ele-
vated protein level of ALDH1A3 in CRC tissues compared to
that in controls (Figure 1(b)). Moreover, ALDH1A3 expres-
sion was higher in tumors of patients with metastatic CRC
(n = 43) than those without metastasis (n = 30)
(Figure 1(c)). In addition, patients with relapse CRC
(n = 49) had higher ALDH1A3 expression compared with
patients without relapse (n = 24) (Figure 1(d)). Besides,
higher ALDH1A3 expression positively correlated with the
TNM stages of CRC and poor overall survival. ALDH1A3
expression was higher in tumors with higher CRC TNM
grade (Figure 1(e)). Patients with higher ALDH1A3 expres-
sion in had a shorter survival time compared to patients with
lower expression of ALDH1A3 (Figure 1(f)).

3.2. Knockdown of ALDH1A3 Represses CRC Proliferation
and Metastasis In Vitro. To investigate the role of ALDH1A3
in CRC, we examined the mRNA level of ALDH1A3 in six
CRC cell lines (SW480, HCT116, LS174T, DLD-1, HCT15,
and SW620), and found that ALDH1A3 was highest
expressed in SW480 cells, which was used in further studies
(Figure 2(a)). ALDH1A3 knockdown SW480 cell line was
established through shRNA method. Among three shRNAs,
shRNA TRCN0000027144 showed the highest efficacy and
was used for silencing ALDH1A3 in following experiments
(Figure 2(b)). CCK-8 assay indicated that ALDH1A3 knock-
down reduced cell viability of CRC cells significantly
(Figure 2(c)). We performed flow cytometry analysis using
Ki 67 staining to examine the cancer cell proliferation with
and without ALDH1A3. Upon ALDH1A3 knockdown,
Ki67 positive SW480 cell was decreased markedly relative
to that in control group (Figure 2(d)). In addition, migration
and trans-well assays showed that ALDH1A3 silencing
decreased the ability of wound healing and invasion signifi-
cantly in SW480 cells (Figures 2(e) and 2(f)).

3.3. ALDH1A3 Mediates the Expression of Linc00284 In Vitro
and In Vivo. Our previous study indicated that Linc00284
plays an important role in CRC progression [12], qPCR
analysis showed that knockdown of ALDH1A3 significantly
reduced the expression level of Linc00284 (Figure 3(a)),
while overexpression of ALDH1A3 upregulated Linc00284
expression markedly (Figure 3(b)). Interestingly, ALDH1A3
expression was correlated with Linc00284 expression posi-
tively (Figure 3(c)). The above data indicated that
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ALDH1A3 might promote invasion of CRC by regulating
the expression level of Linc00284.

3.4. ALDH1A3–Linc00284 Axis Promotes EMT via
Regulating TGFβ Level. To explore the mechanism of
ALDH1A3–Linc00284 signal regulating CRC metastasis,

EMT-related genes were examined by qPCR and Western
blots. Knockdown ALDH1A3 or Linc00284 significantly
upregulated E-cadherin expression, while downregulated
Vimentin and N-cadherin levels in SW480 cells
(Figures 4(a)–4(g)). On contrast, overexpression ALDH1A3
or Linc00284 exhibited the opposite effect on the expression

Adjacent

A
LD

H
1A

3 
m

RN
A

Tumor

6

4

0

2

⁎⁎⁎

(a)

β-Actin

ALDH1A3
Adjac

ent

Tumor

Adjacent

A
LD

H
1A

3 
pr

ot
ei

n

Tumor

6

4

0

2

⁎⁎⁎

(b)

NO

A
LD

H
1A

3 
m

RN
A

YES

6

4

0

2

Distant metastatic

⁎⁎⁎

(c)

NO

A
LD

H
1A

3 
m

RN
A

YES

6

4

0

2

Relapse

⁎⁎

(d)

TNM stage

I-II III-IV

A
LD

H
1A

3 
m

RN
A

6

4

0

2

⁎⁎

NO

A
LD

H
1A

3 
pr

ot
ei

n

YES

6

4

0

2

Distant metastatic

⁎⁎⁎

NO

A
LD

H
1A

3 
pr

ot
ei

n

YES

6

4

0

2

Relapse

⁎⁎⁎

TNM stage

I-II III-IV

A
LD

H
1A

3 
pr

ot
ei

n

6

4

0

2

⁎⁎

(e)

Pe
rc

en
t s

ur
vi

va
l

100

50

0
0 80604020

Months

⁎⁎⁎

ALDH1A3-Low
ALDH1A3-High

(f)

Figure 1: Expression of ALDH1A3 was associated with the clinicopathological characteristics and poor prognosis in patients with colorectal
cancer. mRNA (a) and protein level (b) of ALDH1A3 expression in 73 human CRC samples and paired adjacent normal tissues (n = 73).
The expression level of ALDH1A3 was significantly higher in tumor tissues of (c) patients with metastatic CRC (n = 43) than those
without metastasis (n = 30) or (d) patients with relapse CRC (n = 49) compared with those without relapse CRC (n = 24) or (e) patients
with stage III–IV CRC (n = 51) than those with stage I–II CRC (n = 22). (f) Kaplan–Meier curve of overall survival.
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of EMT-related genes, as indicated by deceased mRNA and
protein expression of E-cadherin, and increased mRNA
and protein expression of Vimentin and N-cadherin
(Figures 4(j)–4(p)), which suggests the inhibition of EMT
process by overexpression of ALDH1A3 or Linc00284.
TGFβ signaling is a key protein factor that mediates the pro-
cess of EMT [19]. Both qPCR and ELISA data showed that
knockdown ALDH1A3 or Linc00284 significantly reduced
the expression level of TGFβ, while overexpression had the

opposite effect (Figures 4(h)–4(i) and 4(q)–4(r)). Moreover,
overexpression of Linc00284 could reverse the downregula-
tion of ALDH1A3 knockdown on TGFβmRNA and protein
(Figures 4(s)–4(t)). These results suggested that ALDH1A3–
Linc00284 might promote EMT process by regulating TGFβ
signal, and then promote CRC tumor metastasis.

3.5. ALDH1A3–Linc00284 Axis Mediates the Expression of
TGFβ by Sponging miR-361-5p. We searched the TargetScan
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Figure 2: Knockdown of ALDH1A3 repressed CRC cell proliferation, migration, and invasion in vitro. (a) ALDH1A3 mRNA level in
multiple CRC cell lines. (b) ALDH1A3 silencing efficiency in SW480 cells by shRNAs TRCN0000027144 (shorted to 44), TRCN0000
027160 (shorted to 60), and TRCN0000027183 (shorted to 83) was verified by qPCR analysis. (c) The cell viability of ALDH1A3-silenced
SW480 cells and the control cells was measured by CCK-8 assay. (d) Proliferation of SW480 cells was analyzed with Ki67 staining by
flow cytometry. (e) The migration of ALDH1A3-silenced CRC cells was determined by wound healing assay. (f) The invasion of
ALDH1A3-silenced CRC cells was analyzed by trans-well assay (3 wells per group).

shControl shALDH1A3

Li
nc

00
28

4 
le

ve
l

1.0

0.0

1.5

0.5

⁎⁎

(a)

4

2

0

1

5

3

Vector OE ALDH1A3

Li
nc

00
28

4 
le

ve
l

⁎⁎⁎

(b)

4

2

0

6

A
LD

H
1A

3

420 1 53

Linc00284

p < 0.0001

(c)

Figure 3: ALDH1A3 mediated the expression of Linc00284 in vitro and in CRC tissues of patients. The expression of Linc00284 in
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Figure 4: Continued.
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database and identified the microRNA candidate that can
bind to Linc00284 and TGFβ. Sequence analysis showed that
miR-361-5p has the complementary sequences that match
Linc00284 and TGFβ, respectively (Figures 5(a) and 5(g)).
To confirm the interaction betweenmiR-361-5p and Linc00284
or TGFβ, we constructed the wild type andmutant overexpres-
sion plasmids of Linc00284 and TGFβ (Figures 5(a) and 5(g)),

and then performed luciferase assay. The results indicated that
miR-361-5p bound to Linc00284 and TGFβ (3'-UTR) directly
(Figures 5(b) and 5(h)), which was further confirmed by RIP
assay (Figures 5(c) and 5(d)). Accordingly, miR-361-5p was
increased in ALDH1A3- or Linc00284-silenced CRC cells,
while decreased in ALDH1A3- or Linc00284-overexpressed
CRC cells significantly (Figures 5(e) and 5(f)). As shown in
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Figure 4: ALDH1A3–Linc00284 axis promoted EMT via regulating TGFβ level. The mRNA level of E-cadherin (a); N-cadherin (b); and
vimentin (c) in Linc00284- and ALDH1A3-silenced SW480 cells was determined by qPCR analysis. The protein level of E-cadherin ((d)
and (e)), N-cadherin ((d) and (f)), and vimentin ((d) and (g)) in Linc00284- and ALDH1A3-silenced SW480 cells was determined by
western blot analysis. (h) The mRNA level of TGFβ in Linc00284- and ALDH1A3-silenced SW480 cells was determined by qPCR
analysis. (i) The protein level of TGFβ in Linc00284- and ALDH1A3-silenced SW480 cells medium was determined by ELISA. The
mRNA level of E-cadherin (j); N-cadherin (k), and vimentin (l) in Linc00284- and ALDH1A3-overexpressed SW480 cells was
determined by qPCR analysis. The protein level of E-Cadherin ((m) and (n)), N-Cadherin ((m) and (o)), and Vimentin ((m) and (p)) in
Linc00284- and ALDH1A3-overexpressed SW480 cells was determined by western blot analysis. (q) The mRNA level of TGFβ in
Linc00284- and ALDH1A3-overexpressed SW480 cells was determined by qPCR analysis. (r) The protein level of TGFβ in Linc00284-
and ALDH1A3-overexpressed SW480 cells medium was determined by ELISA. Overexpression of Linc00284 rescued the effect of
ALDH1A3 silence on TGFβ mRNA level in SW480 cell (s) and protein level (t) in medium (3 wells per group).
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Figure 5: Continued.
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Figures 5(i) and 5(j), miR-361-5p mimics (overexpression)
decreased the TGFβ level, while miR-361-5p inhibitors (knock-
down) increased TGFβ expression significantly. Identical
results were observed on the expression of EMT-related genes,
E-cadherin (Figure 5(k)), N-cadherin (Figure 5(l)), and Vimen-
tin (Figure 5(m)).

3.6. Inhibition of miR-361-5p Rescues the Effect ALDH1A3–
Linc00284 on CRC Progression. In human CRC tissues, the
expression of miR-361-5p was decreased significantly rela-
tive to that in adjacent normal tissues (Figure 6(a)). Interest-
ingly, miR-361-5p was reduced in distant metastasis
(Figure 6(b)), relapse (Figure 6(c)), and high TNM staging
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Figure 5: ALDH1A3–Linc00284 axis mediated the expression of TGFβ by sponging miR-361-5p. (a) Schematic diagram of the potential
binding sites between Linc00284 and miR-361-5p. Dual-luciferase reporter assay (b) and RIP experiment (c) and (d) confirmed the
interaction between Linc00284 and miR-361-5p. (e) and (f) The expression level of miR-361-5p in ALDH1A3- or Linc00284-silenced (e)
and -overexpressed (f) SW480 cells. (g) Schematic diagram of the potential binding sites between 3'-UTR of TGFβ mRNA and miR-361-
5p. (h) Dual-luciferase reporter assay confirmed the interaction between TGFβ mRNA and miR-361-5p. The mRNA level in cells (i) and
protein in medium (j) of TGFβ in miR-361-5p mimics- or inhibitors-treated SW480 cells were examined by qPCR and ELISA,
respectively. The mRNA level of E-Cadherin (k), N-cadherin (l), and Vimentin (m) in miR-361-5p mimics- or inhibitors-treated SW480
cells was examined by qPCR.
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Figure 6: Expression of ALDH1A3–Linc00284-mediated miR-361-5p was associated with the clinicopathological characteristics in patients
with colorectal cancer. (a) The expression level of miR-361-5p in 73 human CRC samples and paired adjacent normal tissues (n = 73). The
expression level of miR-361-5p was significantly lower in tumor tissues of (b) patients with metastatic CRC (n = 43) than those without
metastasis (n = 30) or (c) patients with relapse CRC (n = 49) compared with those without relapse CRC (n = 24) or (d) patients with
stage III–IV CRC (n = 51) than those with stage I–II CRC (n = 22). The correlation between miR-361-5p and ALDH1A3 (e) and
Linc00284 (f) was analyzed by the Pearson correlation test in 73 human CRC samples.
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CRC (Figure 6(d)). Furthermore, miR-361-5p expression
negatively correlated with the expression of both ALDH1A3
and Linc00284 in CRC tissues (Figures 6(e) and 6(f)). Next,
we silenced miR-361-5p in ALDH1A3- or Linc00284-
knockdown SW480 cells and examined the proliferation
and metastasis of CRC cells. As expected, inhibition of miR-
361-5p reversed the effects of ALDH1A3- or Linc00284-
knockdown on cell viability (Figure 7(a)). Identical effects of
miR-361-5p inhibition on CRC cell migration and invasion
were observed by wound healing assay and trans-well assay
(Figures 7(b) and 7(c)). The above data further indicated that
ALDH1A3-Linc00284 mediates CRC invasion through regu-
lating the expression miR-361-5p.

4. Discussion

Long noncoding RNAs play an important role in the tumor
initiation and progression [11, 20–24]. Multiple studies
showed higher Linc00284 expression in breast cancer and
liver cancer, which can promote the tumor progression
and associated with poor overall survival [11, 25, 26]. Our
recent study demonstrated that the upregulation of
Linc00284 in tumor samples of CRC patients; in addition,
Linc00284 expression positively correlated with metastasis,
recurrence, and poor survival [12]. However, the underlying
mechanism of Linc00284-mediated CRC progression is still
unclear. In this study, we revealed that Linc00284 was upreg-
ulated by ALDH1A3 in CRC tissues and cells, and the
ALDH1A3–Linc00284 axis promoted the invasion of CRC
through activation of TGFβ signaling and downstream
EMT process. Mechanistically, upregulation of ALDH1A3–
Linc00284 promotes colorectal cancer invasion and migra-
tion by regulating the miR-361-5p/TGFβ signaling pathway,
whichmight provide a new insight into the treatment of CRC.

EMT not only plays a critical role in tumor stemness,
proliferation, migration, and invasion but also associates

with the tumor microenvironment to induce immunosup-
pression and cause resistance to therapy [27, 28]. TGFβ sig-
naling can trigger EMT when cells are in the certain disease
microenvironment, such as fibrosis and cancer [28, 29]. In
CRC, TGFβ and downstream factors are mobilized by integ-
rin, which promotes the EMT processed in both cell and ani-
malmodels [30].On the contrary, decreasing TGFβ expression
and activity in the tumor microenvironment leads to potent
immune responses of CRC in rodent models [31, 32]. In line
with the above findings, knockdown ALDH1A3–Linc00284
axis significantly affects the expression level of EMT-related
genes E-cadherin, N-cadherin, and Vimentin, and inhibits
the EMT process, while overexpression of each of them has
opposite effects. Moreover, changing the expression levels of
the ALDH1A3–Linc00284 axis also affects the viability and
invasion of CRC cells. Importantly, we found that higher
expression of ALDH1A3–Linc00284 positively correlates with
the TNM staging and poor survival of CRC patients. These
findings suggested that ALDH1A3–Linc00284 promotes the
EMT process by regulating the TGFβ signal, and then pro-
motes CRC tumor metastasis.

microRNAs are small noncoding RNAs that function as
either tumor suppressors or oncogenes under certain condi-
tions [33]. More and more studies have identified miRNAs
as potential biomarkers for human cancer diagnosis, prog-
nosis and treatment targets. The miR-361-5p has been
reported widely expressed in many tissues. Higher expres-
sion of miR-361-5p indicates better prognosis of breast can-
cer patients [34]. In gastric cancer, miR-361-5p can suppress
chemoresistance of SGC-7901 and MKN-28 cells through
inhibition of the expression of FOXM1 [35]. Here, we iden-
tified that TGFβ is a direct target of miR-361-5p in CRC cells,
silencingmiR-361-5p can induce the expression of TGFβ and
promote the EMT process. Interestingly, sequence analysis
revealed that miR-361-5p can be bound by Linc00284 in
SW480 cells. In tumor samples of CRC patients, miR-361-
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Figure 7: Inhibition of miR-361-5p rescued the effect ALDH1A3 or Linc00284 knockdown in CRC cells. The effect of miR-361-5p
treatment on cell viability (a), migration (b), and invasion (c) of ALDH1A3- or Linc00284-silenced SW480 cells was evaluated by CCK-8
assay, wound healing assay, and trans-well assay, respectively (3 wells per group).
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5p expression is negatively correlated with the expression of
both ALDH1A3 and Linc00284. More importantly, inhibi-
tion of miR-361-5p can rescue the effect ALDH1A3 or
Linc00284 knockdown in CRC cells. Our findings indicate
that the ALDH1A3–Linc00284 axis mediates the progression
of CRC by targeting TGFβ signaling via sponging miR-361-
5p. Animal models need to be established to further investi-
gate and confirm the regulatory effect of ALDH1A3–
Linc00284-miR-361-5p in the CRC tumor microenviron-
ment in the future studies.

5. Conclusions

Our findings indicate that the ALDH1A3–Linc00284 axis
mediates the progression of CRC by targeting TGFβ signal-
ing via sponging miR-361-5p in CRC cells, providing new
insight into the pathogenesis and treatment of colorectal
cancer.
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