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Abstract

Background
The lncRNA colorectal neoplasia differentially expressed (lncRNA CRNDE) is commonly over-expressed in
different human cancers and involved in different biological functions. Paclitaxel(PTX) is a tricyclic
diterpenoid compound which often used as a natural anticancer drugs in cancer treatments. Although
there have many research reports about the mechanisms of LncRNA involved in PTX treatment, there are
no any research about lncRNA CRNDE and PTX resistance in colorectal cancer. The purpose of this study
is to investigate the mechanisims of LncRNA CRNDE involving PTX resistance in colorectal cancer.

Results
We constructed lncRNA CRNDE over-expression vector and transfected it into SW620 cell. CCK8,
Transwell experiments proved that over-expression of lnc CRNDE increased SW620 cells proliferation and
invasion, while the si-CRNDE group was signi�cantly decreased. over-expression CRNDE can signi�cantly
up-regulate β-catenin, c-myc, APC and Axin2 expression and affect the expression of cyclinD1 and CDK4
after treated with PTX.

Conclusion
lncRNA CRNDE promotes CRCs proliferation, invasion and migration. Over-expression of LncRNA CRNDE
enhanced the reisitance of CRC to PTX through inhibition of Wnt/ β-catenin signaling pathway.

Background
Colorectal cancer(CRC) is the most commonly occurring cancer worldwide. The occurrence of CRC is
affected by age, living habits and regional factors. The prevalence of CRC in developed countries is
signi�cantly higher than that in developing countries[1]. According to relevant statistics, there were more
than 1.8 million new patients with CRC worldwide and about 880,000 patients died of colorectal
cancer[2]. Despite the continuous improvement of medical treatments like surgery, chemotherapy and
irradiation combined therapy, the recurrence as well as mortality rate of CRC still at a high level[3].
Therefor, to understanding the molecular mechanisms underlying CRC tumorigenesis and drug resistance
and to formulating new therapeutic strategies for CRC become important issue for current research.

Long non-coding RNAs (lncRNAs) is a class of non-coding RNAs which composed of more than 200
nucleotides and not code proteins[4]. lncRNAs was found in various organisms and involved in different
biological functions like embryo development, lipid metabolism, and bone anabolism[5]. Several studies
have showed that the abnormal expression of lncRNAs in different tumors is tightly related to the tumor
occurrence and development[6]. LncRNA colorectal neoplasia differentially expressed (lncRNA CRNDE) is
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located at human chromosome 16 (16q12.2). It initially discovered by colorectal cancer sequencing, the
full length of its cDNA was 10327bp, containing 6 exons and 5 introns[7]. Tang et al reported that lncRNA
CRNDE plays an oncogenic role in hepatocellular carcinoma (HCC) and promoting cell proliferation and
migration through lncRNA CRNDE/miR-337-3p/SIX1 axis[8]. Bai et al found that lncRNA CRNDE could
in�uence cervical tumor growth by sponging miR-183 and regulated CCNB1 expression[9]. Cui et al
proved that knockdown of LncCRNDE inhibited wnt/β-catenin signaling pathway and increased
expression of miR-181a-5p, thus induced CRC cells chemoresistance to 5-Fu or Oxa[10].

Wnt/β-catenin signaling pathway is a conserved signaling pathway composed of 19 glycoproteins and
plays an important regulatory roles in human cancers. Activated the pathway leads to β-catenin transfer
into nucleus and changed of multiple cellular processes that are associated with cancer cells EMT
transition, metastasis and thereby in�uence cancer progression[11]. Several studies have shown that a
variety of cancer are associated with changes in the wnt/β-catenin signaling pathway. Huang et al
reported that SOX9 promoted non-small-cell lung carcinoma migration, invasion and the EMT process
through the Wnt/β-catenin pathway[12]. Chen et al found that SALL4 activited wnt/β-catenin signaling
pathway through regulating the CTNNB1 expression and promoted squamous cervical carcinoma cells
proliferation and tumor formation[13].

Paclitaxel(PTX) is often used as the �rst-line anticancer drug for treatment of various malignant
diseases[14]. Although there have many research reports about the mechanisms of PTX in treatment of
cancer, the cancer cells resistance to PTX still is a great obstacle in clinical applications[15]. The purpose
of this study was to investigate the potential mechanisims of LncRNA CRNDE in colorectal cancer, and to
identify the mechanisims of LncRNA CRNDE involved in PTX resistance in CRC.

Materials And Methods

Sample collection
A total of 30 paired colorectal cancer tissues and paracancerous tissues were collected from the
Colorectal Surgery Department of the General Hospital of Ningxia Medical University.

The tissue samples were stored in a cryopreservation tube and placed in a liquid nitrogen tank
immediately after surgery, and then transferred to a -80℃ refrigerator for cryopreservation. The patient
did not receive radiation or chemotherapy prior to surgery. All tissue samples were histologically certi�ed
by two pathologists with at least �ve years of experience.

Cells and Cell Culture
Normal human colon cell line NCM460 and human colon cancer cell lines HT116,SW620,SW480 and
LOVO were purchased from the American Typical Cultures Preservation Center (ATCC). The cells were
cultured at 37℃ with 5%CO2 with Leibovitz's-15 medium (Gibco,USA) including 10% fetal bovine
serum(FBS, Gibco) and 1% antibiotics (100U/mL).



Page 4/19

RNA extraction and quantitative real time-PCR
Total RNA was isolated from tissues and cells using TRIzol reagent (Ambion,USA). cDNA was
synthesized from mRNA by Applied Biosystems according to the instructions of TAKARA reverse
transcription kit. β-actin was selected as internal standards, and the primer sequences are shown in Table
1. The sequences of all primers were searched in Primerbank database and synthesized by Shanghai
Sangon Bioengineering Co., Ltd. RT-qPCR ampli�cation procedure was: 95℃ for 5s, annealing at 60℃
for 30s, extension at 72℃ for 30s, a total of 40 cycles. The relative gene expression of LncRNA CRNDE
was calculated using the 2−ΔΔCt method.

Table 1
Sequences of primers.

Name   Sequence(5'-3')

CRNDE Forward 5'-TGGCTATTGGAAGGAGGAGA-3'

  reverse 5'-CCAGTGGCATCCTACAAGAGA-3'

β-actin Forward 5'-CCACGGCTGCTTCCAGCTCC-3'

  reverse 5'-GGACTCCATGCCCAGGAAGGAA-3'

Cell transfection
The LncRNA CRNDE overexpression and inhibition lentiviral vector was synthesized by Jimon
Biotechnology Co., Ltd. SW620 cells were cultured in Leibovitz's-15 Medium complete Medium. When the
con�uence of SW620 cells reached 50% 60%, the culture medium was replaced with basal medium
without FBS and antibiotics. Added appropriate amount of transfection agent hitransg A and lentivirus
liquid and continue cultured at 37℃ and 5%CO2. 24h later, the transfection status was observed under
�uorescence microscope, and the basic medium was changed to complete medium for further culture.
When the cell density reached more than 80%, the culture was transferred to 6-well plate and �nally
transferred to T25 culture �ask for culture.

Cell counting kit-8(CCK-8) assay
100µl of lentivirus transfected SW620 cells(1×105/mL) were seeded into 96-well microplates. Each group
consisted of 5 parallel wells. When the con�uence rate reached about 50%-60%, the medium was
abandoned, Then, added 10µl of CCK-8 reagen(Glomax, Promega) and continue culture 2h 4h. The OD
value of each well was detected at 450nm wavelength light-emitting detector.

Wound-healing assay
Different groups of SW620 cells were cultured in six-well plate, when the cell density reached over 70%,
the adherent cell layer was cut with 200µL pipetting tip along the middle of each well. The cells was
washed with PBS and the �oating cells being removed. After being incubated at 37℃ in 5% CO2
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humidi�ed incubator for 0h, 24h, 48h and 72h, a photo of the wound was taken with a digital camera
system Agilent Cary 610. Cell growth images were recorded respectively, and the migration area of the
cells in each group was calculated.

Cell cloning experiment
3×103 per well transfected SW620 cells were cultured at 37℃, 5%CO2 in six-well plate microplates. The
medium was changed every 3 days during the incubation period. After 10 days, discarded the medium
and washed 3 times. Then �xed the cells with 4% formaldehyde for 30min, and used 0.5% crystal violet
stainning and observation.

Transwell assay
After transfection 48 h, The SW620 cells were collected and resuspended. Carefully loaded it into a 8 µm
transwell chambers (Corning, USA), then placed the chamber into a 24-well plate. The cells were continue
cultured 24 h and 48 h in serum-free medium. Used 4% paraformaldehyde �xing the cells 15 min, and
then stained it with crystal violet 25 min at 25℃. Removed the suspension cells, imaged and counted the
numbers of migrated onto the lower surface cells with an inverted microscope (Olympus, IX73) and
photographed.2.9

Flow cytometry
The transfected SW620 cells were seeded into six-well plate at 1×106/ well per well. When the con�uence
rate reached more than 80%, cell precipitate was collected. Fixed the cells with pre-prepared 70% frozen
ethanol. Followed the protocol, stained the cells with AnnexinV and propidium iodide (PI) for 10 min.
Detected and analyzed the apoptosis cells with �ow cytometer (BD Accuri C6).

Western blots
Harvested and lysed the cells with RIPA lysis buffer after transfection of 48 h. Extracted

the total protein and fully denatured it in boiled water for 5 min. Used BCA protein reagent
kit(Thermo�sher Scienti�c, Inc) detected the protein concentration. 10% SDS-PAGE was used for the
separation of the protein samples. After electrophoresis, the protein on SDS-PAGE was transferred onto
PVDF membrane. 5% skim milk powder dilution was prepared with 10% TBST. Sealed the PVDE
membrane with the defatted milk for 1 h. Then incubated the membrane with speci�c primary antibodies
at 4°C overnight. After that, incubated the PVDE membrane 1.5 h in secondary antibodies. Detected and
analyzed The protein bands by BioImaging Systems (BIO-RAD, USA). Use Anti-GAPDH antibody as an
internal control.

Drug experiments
100 uL of untransfected SW620 cell suspension was added into 96-well plate (1Х104/ well). When the
cells adherent reached to 50% 60%, added different concentration of PTX. The absorbance of each well
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at 24h, 48h and 72h was observed by luminous detector (Glomax, Promega, 450nm wavelength). Based
on the absorbance, the optimal PTX concentration and time (survival rate of 50%) were calculated.

Statistical analysis
All the data statistics were used SPSS19.0 software. The results were expressed as mean value ± SD of 3
or more determinations. T-test were applied to compare the differences between the two groups of data.
Multiple groups data analysis were used one-way analysis of variance (ANOVA). It was statistically
signi�cant when P < 0.05. All the experiments were performed at least with 3 individual repeat.

Results

LncRNA CRNDE expression in colorectal cancer tissues and
colorectal cancer cells.
The differentially expressed genes were screened by microarray analysis. As shown in the volcano
diagram 1A and cluster diagram 1B, LncRNA CRNDE was high expression in cancer tissues compared
with paracancerous tissues. Different expression circRNAs between the CRC tissue and adjacent are
displayed in the cluster analysis (Figure 1A). The volcano plot described the variation of circRNA
expression between CRC and adjacent normal tissues (Figure 1B).

Further detected in 40 paired tisssues proved that LncRNA CRNDE was signi�cantly up-regulated in
colorectal cancer tissues, while its expression was relatively low in paracancerous tissues(Figure 1C). In
addition, compared to the normal colorectal cell line NCM460, LncRNA CRNDE expression was
signi�cantly increased in four colorectal cancer cells HT116,SW620,SW480,LOVO(Figure 1D). Therefore,
SW620 cells were selected for subsequent experiments.

To further clarify the function of LncRNA CRNDE in colorectal cancer cells, LncRNA CRNDE lentiviral
vector being constructed. The vector was transfected into SW620 cell as empty vector group (NC), over-
expressed group (OE-CRNDE) and interference group (Si-CRNDE). Fluorescent image and qRT-PCR results
veri�ed the expression of lncRNA CRNDE in different groups(Fig. 1E,F). The difference between the
interference group and the over-expression group is signi�cant(*:P<0.05, **P<0.01).

Over-expression of LncRNA CRNDE promoted the
proliferation, invasion and migration of CRCs.
CCK-8 assay proved that over-expression of LncRNA CRNDE increased the cell viability in the OE-CRNDE
group, while the cell viability was signi�cantly inhibited in the si-CRNDE group(Fig. 2A). Cloning formation
experiments showed that over-expression of LncRNA CRNDE signi�cantly increased the proliferation of
SW620 cells (Fig. 2B). The wound healing assay con�rmed that the migration ability of the OE-CRNDE
group cells was signi�cantly promoted, while the si-CRNDE group was signi�cantly inhibited (Fig. 2C).
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Transwell assays results identi�ed that the invasion of the CRC cells was enhanced in over-expression
LncRNA CRNDE group. These data suggested that over-expression of LncRNA CRNDE can promote the
proliferation, invasion and migration of CRCs.

LncRNA CRNDE in�uenced CRCs cell cycle
Based on the cell cycle results by �ow cytometry anlysis, the S phrase and G2/M phrase cells was
accumulating while G0/G1 phrase cells was decreasing in OE-CRNDE group(Fig. 3A). Western blot
showed that the cell cycle related protein CDK4 and cyclinD1 expression was increased in OE-CRNDE
group, while its expression in si-CRNDE group was decreased(Fig. 3B). The S phrase and G2/M phrase
representated DNA replication and protein synthesis periods in cells, and was also the main period of cell
division.The result proved that OE-CRNDE induced CRC cells division.

LncRNA CRNDE promoted CRCs proliferation and migration
through regulating the Wnt/β-catenin signaling pathway
Wnt/β-catenin signaling pathway was a important pathway in the genesis and development of many
cancer cells. Western blotting results showed that Wnt/β-catenin related proteinβ-catenin, c-myc, APC,
Axin2 in the OE-CRNDE group were increased, while the above proteins in the si-CRNDE group were
signi�cantly decreased (Fig. 4A). These results suggest that lncRNA CRNDE may affect SW620
proliferation and migration through the Wnt/β-catenin signaling pathway.

LncRNA CRNDE induced CRC cells resisitance to PTX
Previous research have reported the treatment of PTX in cancer, but the mechanisim invovled in the
process still not clear. To further revealed the mechanisim of PTX treatment to CRC, we �rst treated
SW620 cells with different concentrations of PTX to identi�ed the optimal drug concentration and time.
Based on the results, we selected 0.06g/uL as the PTX treat concentration dor next experiment.

After that, transfected OE-CRNDE and si-CRNDE vector into SW620 cells, then treated the cells with PTX.
Wound healing assay showed that the proliferation of the cells was accelerated in OE-CRNDE group after
treated with PTX(Fig. 5A). Transwell experiment proved that when treated with PTX, the cell invasion and
migration ability in the OE-CRNDE group was increased than that in the NC group, while it was decreased
in the si-CRNDE group(Fig. 5B). Cell cycle experiment showed that when treated with PTX in OE-CRNDE
group, the G0/G1 phase cells was shortan while G2/M phase cells was longer than that in other groups.
These results suggested that lncRNA CRNDE could enhance the resisitance of CRC to PTX, thus affecting
the proliferation and invasion of CRC (Fig. 5C).

LncRNA CRNDE enhanced CRC resisitance to PTX through
Wnt/ β-catenin signaling pathway
To further con�rm the mechanisims of lncRNA CRNDE regulation CRC to paclitaxel treatment, appropriate
amount of PTX was added to different CRCs groups. After a period of culture, the protein expression was
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analyzed by western blot. Compared to the control group, the cell cycle related protein CDK4 and cyclinD1
was signi�cantly decreased both in OE-CRNDE and si-CRNDE group after treated with PTX(Fig. 6A). The
Wnt/ β-catenin signaling pathway related protein β-catenin, c-myc, GSK-3β, APC, Axin2 were all decreased
when treated the with PTX(Fig. 6B).These results suggested that over-expression of lncCRNDE could
enhance the CRC resisitance to PTX through inhibited the Wnt/β-catenin signaling pathway.

Discussion
Lnc RNA was a group a non coding RNA which involved in several bio-functions of different tumor.
lncRNA CRNDE as a regulate gene often plays important function in cancer cells proliferation and
matastasis[16]. Previous research have reported that lncRNA CRNDE was dysregulated in bladder
cancer[17], renal cell carcinoma[18], gastric cancer, breast cancer and osteosarcoma[19]. By analyzed
CRC tissue specimens with microarray and RT-PCR assays, LD. Graham et al reported lncRNA CRNDE was
one of the signi�cant tissue and plasma biomarkers for colorectal adenomas and cancers[20]. Wang et al
reported that the glioma cells growth and invasion was promoted by over-expression of lncRNA CRNDE,
and the lncRNA CRNDE positively correlates with EGFR activation[21]. Luo et al found that lncRNA
CRNDE promoted glioblastoma progression through sponge to mir-9-5p[22]. Shi et al reported that
lncRNA-CRNDE promoted BMSC chondrogenic differentiation and cartilage repair through
SIRT1/SOX9[23]. In this study, we found that lncRNA CRNDE was high expressed in CRC tissues. The high
expression of lncRNA CRNDE promoted migration and invasion ability of CRC, while interference of
CRNDE signi�cantly inhibited the cells proliferation and colony formation.

Wnt/β-catenin signaling pathway is an important pathway in the genesis and development of many
cancer cells. The pathway consisited with wnt, β-catenin, Axin2, APC and glycogen synthase kinase
3β(GSK-3β) [24]. Wnt/β-catenin signaling pathway can be divided into typical(β-catenin dependent) and
atypical types(β-catenin independent). When the signaling pathway is inactive, β-catenin is
phosphorylated and degraded by a destruction complex, which contains the scaffold protein Axin2, APC
and the kinases GSK3β[25]. When the pathway is activated, the destruction complex is inactivate, leads to
a translocation of β-catenin into nucleus and to activate the downstream targets. Moreover, activated
Wnt/β-catenin signaling pathway also associated with cancer stem cells proliferation and therapeutic
resistance[26]. In this study, we found that the β-catenin, c-myc, APC and Axin2 protein were increased in
the OE-CRNDE group, while the above proteins were decreased in the si-CRNDE group.

PTX is a tricyclic diterpenoid compound which often used as a natural anticancer drugs in cancer
treatments[27]. PTX can promote the tubulin assembly into microtubules and prevent the microtubules
dissociation.Therefor, PTX inhibited cancer cells growth by blocking the cell cycle progression and
preventing its mitosis[28]. The treatment of PTX was regulated by several factors, lncRNA as a regulate
gene also plays important role in the process. Yang et al reported that propofol could enhanced the
prostate cancer cells sensitivity to PTX[29]. Gu et al showed that LncRNA NONHSAT141924 could
promote paclitaxel chemotherapy resistance through p-CREB/Bcl-2 apoptosis signaling pathway in breast
cancer[30]. The results suggests that LncRNA NONHSAT141924 might be an e�cient therapeutic
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strategy for PTX-resistant breast cancer treatment. But there are no any research about lncRNA CRNDE
and PTX resistance.

In this study, we �rst treated and identi�ed SW620 cells sensitivity to PTX. Then, transfected OE-CRNDE
and si-CRNDE into SW620 cells and treated the cells with PTX. Transwell experiment proved that the
ability of cell invasion and migration in the OE-CRNDE group was increased than that in the NC group,
while it was decreased in the si-CRNDE group. Cell cycle experiment proved that when treated with PTX,
the S phase cells of OE-CRNDE group was longer than that in the untreated group, and the extension was
most signi�cant. These results suggested that lncRNA CRNDE could enhance the sensitivity of CRC cells
to PTX, thus affecting the proliferation and invasion of CRC.

To further reveal the mechanisim of lncRNA CRNDE regulation PTX treatment CRC, The cell cycle and
Wnt/β-catenin signaling pathway related protein were analyzed with western bloting. Compared to the
control group, the cell cycle related protein CDK4 and cyclinD1 was signi�cantly decreased both in OE-
CRNDE and si-CRNDE group after treated with PTX. The Wnt/β-catenin signaling pathway related protein
β-catenin, c-myc, GSK-3β, APC and Axin2 were all increased in OE-CRNDE group,while their all decreased
when treated with PTX. These results suggested that over-expression of lncCRNDE could enhance the
CRC resisitance to PTX through inhibited the Wnt/β-catenin signaling pathway.

Conclusions
In brief, our study revealed that lncRNA CRNDE promotes the proliferation, invasion and migration of
CRCs. Over-expression of LncRNA CRNDE enhanced the resisitance of CRC to PTX through inhibited of
Wnt/ β-catenin signaling pathway. The results also demostrated that targeting lncRNA CRNDE may
present a reliable therapeutic target for CRC. Further research about lncRNA CRNDE in CRC is needed for
validation.
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Figure 1

Identi�cation of lncRNA CRNDE expression in colorectal cancer tissues and cells. A,B: Volcano diagram
and cluster diagram demonstrated the lncRNA Microarray analysis results between colorectal cancer and
normal tissues. C: Relative expression of lncRNA CRNDE in colorectal cancer and para-cancer tissues (
p<0.01). D: LncRNA CRNDE was high expressed in HCT116( p<0.05), SW620( p<0.01), HT29 cells(
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p<0.05). E,F: Fluorescent image and qRT-PCR results veri�ed the expression of lncRNA CRNDE in different
groups ( p<0.01).

Figure 2

Over-expression of LncRNA CRNDE promoted colorectal cancer cells proliferation,migration and invasion.
A,B: CCK8 assay and cloning formation experiments showed that over-expression of LncRNA CRNDE
signi�cantly increased the proliferation of SW620 cells( p<0.05). C: Wound healing assays from 0h to
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72h following the transfection proved that over-expression of LncRNA CRNDE enhanced SW620 cells
migration. D: Transwell assays results identi�ed that the invasion of over-expression of LncRNA CRNDE
cells was increased( p<0.05, p<0.01).

Figure 3

LncRNA CRNDE in�uenced CRCs cell cycle. A: The G0/G1 phase SW620 cells was lower in OE-CRNDE
group while S phase and G2/M phase cells was higher than that of nc and si-CRNDE group. B: Western
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blot proved the relative expression of CDK4 and CyclinD1 protein in OE-CRNDE group was signi�cantly
higher than other groups( p<0.05, p<0.01).

Figure 4

LncRNA CRNDE promoted Wnt/β-catenin signaling pathway related proteins expression in CRCs A:
following the transfection of OE-CRNDE and si-CRNDE vector, the expresion of Wnt/β-catenin signaling
pathway related protein β-catenin, c-myc, APC, Axin2 were increased compared with those in the NC group
and si-CRNDE groups ( p<0.05, p<0.01).
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Figure 5

LncRNA CRNDE enhanced CRC resisitance to PTX through Wnt/β-catenin signaling pathway. A: Wound
healing assay showed that the proliferation of the cells was accelerated in OE-CRNDE group after treated
with PTX. B:Transwell experiment proved that when treated with PTX, the cell invasion and migration
ability in the OE-CRNDE group was increased than that in the NC group, while it was decreased in the si-
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CRNDE group. C: when treated with PTX in OE-CRNDE group, the G0/G1 phase cells was shortan while
G2/M phase cells was longer than that in other groups. ( p<0.05, p<0.01).

Figure 6

LncRNA CRNDE enhanced CRC resisitance to PTX was regulated by Wnt/β-catenin signaling pathway A:.
After PTX treated the expression of CDK4 and CyclinD1 protein were all decreased in OE-CRNDE and si-
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CRNDE group. B: The expression of β-catenin, c-myc, GSK-3β, APC, Axin2 proteins were all decreased
when treated with PTX in different groups. ( p<0.05, p<0.01).


