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mechanisms.
Methods: The expression of LINCO00
and cells was detected by qRT-PC
and HCT116 cells by the trans

pressed and silenced in HT29
-LINC00346 and si-LINC00346, respec-
nd apoptosis were analyzed by cell
counting kit-8 (CCK-8),
The targeting relationship

nswell, and flow cytometry assay, respectively.
46 and miR-148b was predicted by TargetScan

W00346. Silencing of miR-148b reversed the anti-tumor effect of si-
6 on CRC cells. Furthermore, silencing of LINC00346 inhibited the tumor growth
gh up-regulating miR-148b.

nclusion: Silencing of LINC00346 inhibited the proliferation, migration and invasion,
an moted the apoptosis of CRC cells through targeting miR-148b.
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Introduction

Colorectal cancer (CRC) is a common cancer that originates in the colon.' A recent
study has shown that the annual incidence rate of CRC is increasing worldwide.”
Currently, traditional Chinese medicines, chemotherapy, surgery, targeted therapy,
and radiotherapy are used for the treatment of CRC.> CRC can be cured in 95% of
cases if detected in the early stage.” Exploring the potential targets for the diagnosis
and treatment of CRC is urgently needed.

Long non-coding RNAs (IncRNAs) are non-coding RNA transcripts that
involved in the pathogenesis of many cancers, such as bladder cancer, pancreatic
cancer and breast cancer.’’ LncRNA LINC00346 (LINC00346) belongs to the
intragenic IncRNAs is located on the chromosome 13q34 with a total length of
6322 bp.® Recently, some studies have proved that LINC00346 is involved in
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cancer progression. Ye et al have demonstrated that silen-
cing of LINC00346 attenuates the proliferation and migra-
tion, and promotes the apoptosis of bladder cancer cells.”
Shi et al have suggested that LINC00346 shows the ability
to promote the growth of pancreatic cancer.'” Liu et al
have reported that the LINC00346 promotes the prolifera-
tion of breast cancer cells.'' However, the specific regula-
tory role of LINC00346 on the occurrence and progress of
CRC remains unclear.

MicroRNAs (miRNAs) are a class of small noncoding
RNASs of about 22 nucleotides, which are involved in the
regulation of cell proliferation and apoptosis.'*'> MiR-
148b is a specific miRNAs located on chromosome
12q13." Song et al have shown that miR-148b attenuates
the tumor growth of CRC through regulating cholecysto-
kinin-2 receptor.'* Wang et al have proved that miR-148b
inhibits the cell cycle progression in CRC.'> Researchers
have indicated that IncRNAs act as molecular sponges of
miRNAs to affect the expression of target mRNA and
the of CRC.>'®
However, the specific regulatory relationship between
LINCO00346 and miR-148b in CRC remains undefined.

Here, we investigated the effects of LINC00346 on the
proliferation, migration, invasion and apoptosis of CI

ultimately influence development

cells and on the tumor growth in mice. The regulato
relationship between LINC00346 and miR-ld
further evaluated. Our research may discq
therapeutic target for CRC, and revea
mechanisms for CRC treatment.

Patients and MethotUs

Tissue Samples
In total, 60 CRC pati
+ 10.50 years old

committee of Y@antai County Hospital of Traditional
Chinese Medicine d was conducted in accordance
with the principles of the Declaration of Helsinki. All

patients signed informed consent.

Cell Culture

Five human CRC cell lines (HT29, HCTS8, LoVo, SW480
and HCT116) and human normal colonic cell line FHC
were obtained from the American Type Culture Collection
(ATCC). Cells were cultured in Dulbecco’s Modified

Eagle Medium (DMEM, Invitrogen, Carlsbad, CA, USA)
containing 10% fetal bovine serum (FBS, Invitrogen) at
37°C containing 5% CO,. Cells were randomly divided
into three groups and used in three independent experi-
ments. All experiments were repeated three times.

Cell Transfection

The pcDNA3.1 LINC00346 (pcDNA-LINC00346),
pcDNA3.1 negative control (pcDNA-NC), LINC00346
siRNA (si-LINC00346), siRNA negative control (si-NC),
miR-148b mimic, miR-148b negag (miR-NC)

and miR-148b inhibitor were Ruibo
(Shanghai, China). HT29 rown to
80% confluence were tr Ove agents

Duantitative Real Time Polymerase Chain
Reaction (qRT-PCR)

The total RNA was extracted from cells and tissues by using
TRIZOL regent (Invitrogen), and was reverse-transcribed
into cDNA by using Prime Script RT reagent kit (Takara,
Dalian, China). qRT-PCR was performed by using SYBR
Green PCR kit (Takara). Amplification conditions were as
follows: 95°C for 10 min, 40 cycles of 95°C for 10 s, 60°C
for 20 s, and 72°C for 34 s. Relative expression of genes was
calculated by the 2**“" method. GAPDH was used for the
normalization of LINC00346. U6 was used for the normal-
ization of miR-148b. The primer sequences (Bioengineering
in Shanghai, China) were shown in Table 1.

Cell Counting Kit-8 (CCK-8) Assay

Cells were seeded into 96-well plates (2 x 10* cells/well) and
cultured for 24, 48, 72 and 96 h, respectively. Then 10 pL
CCK-8 solution (BD Biosciences, San Jose, CA, USA) was
added into each well. After incubated for 2 h at 37°C, the
absorbance at 450 nm was measured using a microplate
reader (Bio-Tek Instruments, Winooski, VT, USA).
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Table | Primer Sequences Used in Quantitative Real Time
Polymerase Chain Reaction (qRT-PCR)

Name of Primer Sequences (5'-3')

LINCO00346-F GCGCCACTATGTAGCGGGTT
LINCO00346-R TCAATGGCTTGTGCCTGTAGTT
GAPDH-F GTCGATGGCTAGTCGTAGCATCGAT
GAPDH-R TGCTAGCTGGCATGCCCGATCGATC

si-LINC00346-F
si-LINC00346-R

CGUACUAACUUGUAGCAACCA
GUUGCUACAAGUUAGUACGCA

si-NC-F UUCUCCGAACGUGUCACGUTT
si-NC-R ACGUGACACGUUCGGAGAATT
miR-148b-F TCGAGTACTTGAGATGGAGTTTT
miR-148b-R GGCCGCGTTGCAGTGAGCCGAG
U6-F CTCGCTTCGGCAGCACA

Ué-R AACGCTTCACGAATTTGCGT

Flow Cytometry

Cells were suspended and adjusted to 1 x 10 cells/mL. Then
500 pL cells were stained with 5 pL Annexin V-fluorescein
isothiocyanate (V-FITC) and 10 pL propidium iodide (PI) for
20 min in the dark. Cell apoptosis were analyzed by
a FACScan flow cytometer (BD Biosciences).

Wound Healing Assay

When cells were cultured at 90% confluence, an a

age across the line.

Transwell Assay

sion using trans
Inc., Corning

bers were fixed in methanol and stained with 0.5% crystal

violet for 2 min. The stained cells were photographed and
counted at five randomly selected fields.

Dual-Luciferase Reporter Assay
The potential binding site between miR-148b and LINC00346
was predicted by TargetScan. The LINCO00346-Wt and

LINCO00346-Mut were cloned and combined with

psiCHECK-2 vector (Promega, Madison, WI, USA).
LINC00346-Wt or LINC00346-Mut was co-transfected with
miR-148b mimics or miR-NC (Genepharma, Shanghai)
into HT29 and HCT116 cells with Lipofectamine 3000
(Invitrogen). After 48 h of transfection, the luciferase activity
was detected by dual-luciferase reporter gene assay system
(Promega).

RNA-Pull Down Assay
Bio-LINC00346-Wt, Bio-LINC00346-Mut and Bio-NC
(GenePharma) were transfected inig

Dynabeads
. The RNAs

C + miR-148b inhibitor group), si-
miR-NC (si-LINC00346 + miR-NC group)
0346 + miR-148b inhibitor (si-LINC00346 +
48b inhibitor group) (n = 6, per group) were subcuta-
neously injected into mice. Mice in the Blank group (n = 6)
were subcutaneously injected with HCT116 cells without
transfection. The tumor volume was measured every week
with calipers, and calculated as (L-W?)/2 (L, the largest
diameter in millimeters; W, the smallest diameter in milli-
meters). After the last measurement (the 4th week), mice
were anesthetized with 50 mg/kg pentobarbital sodium and
sacrificed by neck-lifting method. The tumor was isolated
and weighed. All animal experiments were approved by the
Animal Care and Use Committee of our hospital, and were
performed in accordance with the Guide for the Care and
Use of Laboratory Animals (eighth edition, 2011, National
Institutes of Health, USA).

Statistical Analysis

Statistical analysis was performed using SPSS 23.0 (SPSS
Inc., Chicago, IL, USA) and GraphPad Prism software 7.0.
Data were presented as mean + standard deviation (SD).
The differences among multi-groups were analyzed by
one-way ANOVA followed by the multiple comparisons
test. The differences between two groups were assessed by
Student’s #-test. A P value < 0.05 was considered statisti-

cally significant.
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Results
The Expression of LINC00346 Is

Up-Regulated in CRC Tissues and Cells

The expression of LINC00346 in CRC tissues was signifi-
cantly higher than that in adjacent normal tissues (P <0.001)
(Figure 1A). The expression of LINC00346 in CRC cell lines
(HT29, HCTS, LoVo, SW480 and HCT116) was signifi-
cantly higher than that in normal human colonic cell line
FHC (P < 0.05) (Figure 1B). ROC curve showed that
LINCO00346 exhibited a high diagnostic value on CRC
[area under the curve (AUC), 0.9586; confidence intervals
(CIs), 0.9248-0.9924; sensitivity, 86.67%; specificity,
96.67%; P < 0.05] (Figure 1C). The relationship between
the expression of LINC00346 and the clinical characteristics
of CRC patients was analyzed. The expression of
LINC00346 in tumors at TNM stage I-1I was significantly
lower than that in tumors at TNM stage III-IV (P < 0.01)
(Figure 1D). In addition, the expression of LINC00346 was
significantly higher in poorly differentiated tumors than that
in well and moderate differentiated tumors, and was signifi-
cantly in higher in tumors with lymphoma metastasis than

that in tumors without lymphoma metastasis (P < 0.001)
(Figure 1E and F) (Table 2).

Overexpression of LINC00346 Promotes
the Proliferation and Inhibits the

Apoptosis of CRC Cells

To evaluate the regulatory effects of LINC00346 on the pro-
liferation and apoptosis of CRC cells, LINC00346 was over-
expressed and silenced in CRC cells (HT29 and HCT116 cells)
by the transfection of pcDNA-LINC00346 and si-LINC00346,

respectively. qRT-PCR showed tha expression of

overexpression and silencing of
ibited and promoted the apoptosis
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Figure | The expression of LINC00346 in CRC tissues and cells. (A) The expression of LINC00346 in normal tissues and CRC tissues was detected by qRT-PCR
(N = 60). **P < 0.001 vs Normal tissue; (B) the expression of LINC00346 in human normal colonic cell line FHC and CRC cell lines (HT29, HCT8, LoVo, SW480
and HCT116) was detected by gRT-PCR (N = 3). *P < 0.05, **P < 0.01, ¥***P < 0.001 vs FHC; (C) the diagnostic value of LINC00346 on CRC was analyzed by a ROC
curve; (D) the expression of LINC00346 in CRC tissues at different TNM stages (I-ll, N = 26; IlI-IV, N = 34). *P < 0.01 vs TNM I-ll; (E) the expression of
LINCO00346 in CRC tissues at different histological grades (Well and moderate, N = 33; Poorly, N = 27). **P < 0.001 vs Poorly; (F) the expression of LINC00346 in
CRC tissues with or without lymphoma metastasis (No, N = 28; Yes, N = 32). **P < 0.00] vs No. N represented biological replicates. All experiments were

repeated three times.
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Table 2 The Relationship Between the Expression of
LINC00346 and Clinical Characteristics in CRC Patients

Features Number LINCO00346 P value
(N = 60) Expression

Gender
Male 32 2.381 + 0.486 0.5347
Female 28 2.300 + 0.525

Age (years)
<50 25 2.400 + 0.537 0.4672
=50 35 2.301 £ 0.500

TNM Stage
-l 26 2.139 + 0.540 0.0031%#*
-V 34 2.517 + 0.406

Histological

Grade
Well and 33 2.143 + 0.540 0.0002%#*
moderate
Poorly 27 2.610 + 0.295

Lymphoma

Metastasis
No 28 2.114 + 0.553 0.0003***
Yes 32 2.562 + 0.340

Notes: **Statistically significant at P < 0.01; ***statistically significant at P < 0.001.

the Migration and Invasion
Wound healing and transwell assay we

The expression of miR-148b in CRC tissues and cells was
detected by qRT-PCR. As showed in Figure 4A and B, the
expression of miR-148b was significantly lower in CRC tis-

sues than that in adjacent normal tissues (P < 0.001), and was
significantly lower in HT29 and HCT116 than that in FHC
cells (P < 0.05). There was a negative correlation between the
expression of LINC00346 and miR-148b in CRC tissues (N =
60,r=—0.3139, P=0.0146) (Figure 4C). TargetScan predicted

a binding site of miR-148b on LINC00346 (Figure 4D). Dual-
luciferase reporter assay showed that the relative luciferase
activity of cells co-transfected with miR-148b mimics and
LINCO00346-Wt was significantly decreased compared with
those co-transfected with miR-NC and LINC00346-Wt
(P < 0.001) (Figure 4E). RNA-pull down assay showed that
the expression of miR-148b in the Bio-LINCO00346-Wt
group was significantly increased compared with the
Bio-LINC00346-Mut group (P < 0.001) (Figure 4F).
Furthermore, the expression of miR-148b was significantly
C00346 and was
si-LINC00346

decreased by the transfection of pca

significantly increased by the
(P <0.01) (Figure 4G).

-148b inhibitor. The expression of
e miR-148b inhibitor group was significantly
ared with the BLANK group (P < 0.001)
CK-8 assay revealed that the ODys( value of
T116 cells was significantly decreased in the si-
00346 + miR-NC group and was significantly
increased in the si-NC + miR-148b inhibitor group compared
with the si-NC + miR-NC group at 48, 72, and 96 h post-
culturing (P < 0.05). The transfection of miR-148b inhibitor
significantly reversed the inhibiting effect of si-LINC00346
on the proliferation of HCT116 cells (P < 0.05) (Figure 5B).
The results of cell apoptosis were opposite to the ODysq value
in HCT116 cells (P < 0.05) (Figure 5C). In addition, the
relative migrated rate and relative number of invasive cells
were significantly decreased in the si-LINC00346 + miR-NC
group and were significantly increased in the si-NC + miR-
148b inhibitor group compared with the si-NC + miR-NC
group (P < 0.01). The transfection of miR-148b inhibitor
significantly reversed the inhibiting effects of si-
LINCO00346 on the migration and invasion of HCT116 cells
(P <0.05) (Figure 5D and E).

Silencing of LINC00346 Inhibits the

Tumor Growth in Mice

To further verify the anti-tumor effect of si-LINC00346
in vivo, HCT116 cells were subcutaneously injected into
mice. As shown in Figure 6A and B, the tumor volume
and weight were significantly increased in the si-NC +
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expression chany
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Discussion

CRC has a high mortality and poor prognosis all over the
world.'”'® Recently, some IncRNAs have been identified as
potential biomarkers for the prognosis of CRC." For
instances, IncRNA HOTTPI is
a biomarker for the unfavorable prognosis of CRC.?® High

overexpression of

expression of IncRNA HOTTIP serves as a valuable

biomarker for CRC.*' In this study, the expression of
LINC00346 was up-regulated in CRC tissues and cells.
These results indicate that LINC00346 may be a tumor pro-
moter in CRC. In addition, we found that overexpression of
LINCO00346 was positively associated with the TNM stage,
lymphoma metastasis and histological grade in patients with
CRC. Yi et al have shown that overexpression of LncRNA
FTX was positively related to the TNM stage, lymph node
metastasis and tumor diameter in patients with CRC.**> The
predictive value of LINC00346 was similar to that of
LncRNA FTX in CRC. LINC00346 may be a valuable diag-
nostic and prognostic factor for CRC.

LINCO00346 is involved in the tumorigenesis of differ-
ent types of cancers by regulating cell proliferation, migra-
tion, invasion and apoptosis. Ye et al have found that
knockdown of LINC00346 inhibits the proliferation and
migration, and induces the cell cycle arrest and apoptosis
in bladder cancer cells.” Wang et al have proved that
silencing of LINC00346 in non-small cell lung cancer
cells promotes cell apoptosis, inhibits cell proliferation,
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Figure 4 MiR-148b was a target of LINC00346 in CRC. (A) The expression of miR-148b in normal tissues and CRC tissues was detected by qRT-PCR (N = 60). **P < 0.001 vs
Normal tissue; (B) the expression of miR-148bin FHC, HT29 and HCT | 16 cells was detected by qRT-PCR (N = 3). *P < 0.05 vs FHC; (C) the correlation between the expression of
LINC00346 and miR-148b in CRC tissues (N = 60); (D) the target site of miR-148b on LINC00346 was predicated by TargetScan; (E) relative luciferase activity of HT29 and
HCT 16 cells was measured by dual-luciferase reporter assay (N = 3). ***P < 0.00| vs miR-NC; (F) the interaction between miR-148b and LINC00346 in HT29 and HCT | 16 cells
was assessed by RNA pull down assay (N = 3). ***P < 0.001 vs Bio-NC; (G) the expression of miR-148b in HT29 and HCT | 1 6 cells was detected by qRT-PCR (N = 3). *P < 0.01 vs
pcDNA-NC or BLANK; #%%P < 0.001 vs si-NC and BLANK. N represented biological replicates. All experiments were repeated three times.
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INC00346 suppresses cell
auses a cell-cycle arrest at the G2/
cancer cells.”* These findings indi-
cate that LINC00346 is a tumor promoter in bladder can-
cer, non-small cell lung cancer, and pancreatic cancer. In
this study, silencing of LINC00346 significantly inhibits
the proliferation, migration, and invasion, and promotes

M-phase in pancre?

the apoptosis of CRC cells. Our results are consistent with
previous studies, and further illustrate that LINC00346
acts as a tumor promoter in CRC. LINC00346 may be
a promising therapeutic target for CRC. In order to verify
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the anti-tumor effect of LINCO00346 silencing in vivo,
a tumor xenograft model was established in mice. We
found that silencing of LINC00346 significantly inhibits
the tumor growth in mice. This result further illustrates
that silencing of LINC00346 can inhibit the tumorigenesis
of CRC in vivo.

LncRNAs act as competing endogenous RNAs or as
sponges of miRNAs to regulate the expression of target
mRNAs. Many regulatory interactions between IncRNAs
and miRNAs have been revealed in CRC by previous studies,
such as IncRNA DANCR and miR-577,° IncRNA PARTI
and miR-143,> IncRNA CRNDE and miR-181a-5p,%° and
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Figure 6 Silencing of LINC00346 inhibited the tumor growth in mice. (A)
4th week post-injection (N = 6). (C) The expression of LINC00346 in tumo|
detected by qRT-PCR (N = 6). *P < 0.05, **P < 0.01, **P <
N represented biological replicates. All experiments were

carcinoma,28 pancre cancer,30

tumor promoting role of LINC00346 may be closely asso-

ciated with the interaction with miR-148p. This speculation
was further verified by the following feedback experiments.
We found that silencing of miR-148b eliminates the anti-
tumor effect of si-LINC00346 on CRC cells. In addition,
silencing of miR-148Db also reversed the inhibiting effect of
si-LINC00346 on the tumor growth in mice. These results
illustrate that silencing of LINCO00346 can inhibit the

tumorigenesis of CRC through up-regulating miR-148b
both in vitro and in vivo.

This study exhibits some limitations. First, the associa-
tion between the expression of LINC00346 and the prog-
nosis of CRC patients was not evaluated. Second, the
diagnostic value of LINC00346 on CRC needs to be
verified in a large population. Third, the target genes of
miR-148b and LINC00346 were not analyzed. Further
researches on these fields are still needed.

Conclusions

In conclusion, the expression of LINC00346 was up-
regulated in CRC tissues and cells. MiR-148b was
a target of LINC00346. Silencing of LINC00346 inhibits
the proliferation, migration and invasion, and promotes the
apoptosis of CRC cells through up-regulating miR-148b.
Silencing of LINC00346 also inhibited the tumor growth
in mice through up-regulating miR-148b. LINC00346 may
be a promising therapeutic target for CRC.
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