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Abstract The long non-coding RNA (IncRNA) prostate
cancer-associated ncRNA transcript 1 (PCAT-1) has been
shown to promote prostate cancer cell proliferation through
c-Myc and is associated with the poor prognosis of CRC
patients. In the current study, it was hypothesized that the
effect of PCAT-1 on the aggressiveness of CRC cells was
dependent on the function of c-Myc. Human CRC cell lines
Caco-2 and HT-29 were transfected with specific PCAT-1
shRNAs, and cell migration, invasiveness, and resistance to
5-fluorouracil were measured. To elucidate the role of
c-Myc in PCAT-1 function, c-Myc was overexpressed in
PCAT-1-silenced CRC cells and the effect of c-Myc
overexpression on the aggressiveness of PCAT-I-silenced
cells was detected. The results showed that knockdown of
PCAT-1 in CRC cells suppressed cell motility and inva-
siveness, and sensitized the cells to 5-fluorouracil, as evi-
denced by the reduced viability and induced apoptosis in
PCAT-1-silenced cells compared to the parental cells in
response to S-fluorouracil treatment. The expression of
c-Myc in PCAT-1-silenced CRC cells was down-regulated,
and forced expression of c-Myc partially restored the
invasiveness in PCAT-I-silenced cells. In summary, the
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findings outlined in the current study suggest that PCAT-1
regulates the invasiveness and drug resistance in CRC cells
and that PCAT-1 may promote CRC cell invasion by
modulating the expression of c-Myc.
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Introduction

In the last decade, non-coding RNAs (ncRNAs) have been
proposed to be important regulators of cancer-related
pathways and promising predicators of cancer prognosis
[1-4]. With the advancement of high-throughput
sequencing technology, it is possible for scientists to con-
duct complicated analyses of the cellular transcriptomes,
which leads to the discovery of numerous novel ncRNA
species [3, 5]. Among those newly identified classes, long
non-coding RNAs (IncRNAs) have received much atten-
tion for their fundamental roles in a diversity of molecular
processes, including cell differentiation, lineage specificity,
and tumorigenesis [6-8]. LncRNAs, such as HOTAIR,
HULC, and HI9, have shown their potential values as
therapeutic targets in breast, lung, and liver cancers [9-11].
Given the fact that cancer is one of the leading causes of
death worldwide, a comprehensive understanding of the
function of IncRNAs in oncogenesis and cancer progres-
sion will help with the prevention, diagnosis, and treatment
of this devastating disease.

Prostate cancer-associated ncRNA transcript 1 (PCAT-
1) was firstly identified in prostate cancer (PCa) and
implicated in the progression of PCa [12, 13]. Up-regula-
tion of PCAT-1 has been shown to promote the prolifera-
tion of PCa cells. In line with the pro-survival role of
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PCAT-1, knockdown of PCAT-1 effectively reduces the
viability of PCa cells, implying a potential of PCAT-I as a
therapeutic target for the treatment of PCa [12, 13].
Moreover, Shi et al. has demonstrated that up-regulation of
PCAT-1 correlates with an advanced clinical stage and
poor prognosis in esophageal squamous carcinoma [14]. In
addition, PCAT-1 is also associated with the poor prognosis
in colorectal cancer (CRC) patients [15].

As one of the cancer malignancies, CRC affects more
than one million new patients each year with a mortality
rate as high as 33% in the developed countries [16, 17].
Despite the progression in the understanding of the
molecular mechanisms and the treatment regimens for
CRC, the overall survival rate of CRC patients remains
barely changed in the recent years [15]. One of the factors
leading to the poor prognosis of CRC is the high metastasis
potential of CRC cells. Previously, He et al. showed that
transcription factor c-Myc could induce the activity of
IncRNA CCATI and contributed to colon cancer metastasis
[18]. c-Myc is an evolutionarily conserved member of the
MYC family [19] and one of the most widely studied proto-
oncogenes [20]. The MYC family genes are often deregu-
lated in several human neoplasias, including diffuse large B
cell lymphoma, multiple myeloma, colon cancer,
glioblastoma, melanoma, ovarian cancer, and PCa [21, 22].
Recently, it is found that PCAT-I promotes cancer pro-
gression through c-Myc in PCa [23]. Taken together, the
function of PCAT-1 in CRC is likely to be associated with
the action of c-Myc as well. Therefore, in the current study,
a series of in vitro assays were performed to verify this
hypothesis. CRC cell lines with high PCAT-1 expression
were selected and transfected with specific shRNAs tar-
geting PCAT-1, followed by assessments of cell migration,
invasion, and multidrug resistance (MDR). The role of
c-Myc in PCAT-1-regulated invasiveness of CRC cells was
investigated by overexpressing c-Myc in PCAT-1 knock-
down cells. The findings in the current study support the
hypothesis that PCAT-1 promotes the metastatic potential
and MDR in CRC cells through c-Myc.

Materials and methods
Chemicals and antibodies

Antibody against matrix metalloproteinase-2 (MMP-2)
(BA3716) was purchased from Boster (Wuhan, China).
Antibodies against c-Myc (D199941) and MMP-9
(D261999) were purchased from Sangon (Shanghai,
China). Antibody against B-actin (sc-47778) was purchased
from Santa Cruz (USA) Secondary goat anti-rabbit
(A0208) and goat anti-mouse (A0216) IgG-HRP antibodies
were purchased from Beyotime Biotechnology (Shanghai,
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China). RNA Purified Total RNA Extraction Kit (RP1201)
and super M-MLV reverse transcriptase (RP6502) were
purchased from BioTeke (Beijing, China). Total Protein
Extraction Kit (WLAO019) was purchased from Wanleibio
(Shenyang, China). 5-fluorouracil (5-Fu) (V900394) and
MTT (M-2128) were purchased from Sigma (USA).
Matrigel was obtained from BD Biosciences (San Jose,
CA, USA). Hoechst staining kit (C0003) was purchased
from Beyotime Biotechnology. Plasmids pRNA-HI1.1 and
pcDNA3.1 were purchased from Sangon Biotech.

Patients and collection of CRC specimens

CRC specimens and the corresponding para-carcinoma
tissues were collected from 23 CRC patients hospitalized in
The First Hospital of China Medical University. The
specimens were fixed, prepared in paraffin blocks, and
sectioned. All the patients enrolled in the present study met
the following criteria: (1) diagnosed with primary CRC; (2)
with complete clinicopathological data and follow-up
information. The study was approved by the ethics com-
mittee at The First Hospital of China Medical University
regarding the related screening, inspection, specimen col-
lection, and analyses. All the subjects had signed the
informed consent form, and all the procedures were per-
formed in accordance with the Declaration of Helsinki.

Cell cultures

Human CRC cell lines Caco-2 (TCHul46) and HT-29
(TCHu103) were obtained from the Cell Bank of Chinese
Academy of Sciences and maintained in DMEM medium
supplemented with 10% fetal bovine serum (FBS) and 1%
(v/v) antibiotics mixture at 37 °C in a humidified atmo-
sphere consisting of 5% CO,.

Construction of PCAT-1 shRNA vectors and cell
transfection

Two specific shRNAs targeting PCAT-1 (shRNA-1: 5'-
GCTCACGCCTGTAATCTCA-3’; shRNA-2: 5'-GAACC-
TAACTGGACTTTAA-3') were ligated to the pRNA-H1.1
plasmid to construct pRNA-H1.1-siPCAT-1-1 and pRNA-
H1.1-siPCAT-1-2 vectors. A non-targeting version of
shRNA was used as negative control. The ORF of c-Myc
gene was amplified by PCR and ligated to the
pcDNA3.1 + plasmid to construct the c-Myc overexpres-
sion vector. For transfection, 1 x 107 cells were plated in
six-well plates and transfected with different vectors using
Lipofectamine 2000 (1024993, Invitrogen,USA). Cells
with stable PCAT-1 knockdown were selected using
500 pg/ml G418.
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Determination of IC50 of 5-Fu and MDR test

The IC50 of 5-Fu in CRC cells were determined by
exposing the cells to different concentrations of 5-Fu (0, 5,
10, 15, 25, 50, 100 pg/ml) for 48 h. Thereafter, CRC cells
with or without PCAT-1 knockdown were subjected to
5-Fu treatment at IC50 (2.43 pg/ml for Caco-2 cells and
7.33 pg/ml for HT-29 cells) (Table S1) for 96 h. The effect
of PCAT-1 knockdown on the MDR of CRC cells was
assessed by MTT assay as described below.

Scratch assay

Cell mobility after PCAT-1 knockdown was detected using
scratch assay. After seeding cells in a 24-well plate at a
density of 2 x 10* cells/well, reference points were
marked to guarantee the same area of image acquisition.
The cells were cultured at 37 °C for 2 days to allow the
cells to grow into a confluent monolayer. Thereafter, the
cell layer was scratched to generate a cell-free straight line,
and rinsed with PBS to remove debris at the edges of the
scratch. Cell migration towards the midline of the scratch
was recorded in reference with the reference points. Three
images (at 0, 14, and 24 h, respectively) were captured
with a phase-contrast microscope for each well and the gap
distances were measured by the ImageJ software (US
National Institutes of Health). The migration rate was
represented as the percentage of gap closure.

Transwell assay

The invasiveness of CRC cells was measured using the
transwell apparatus. Briefly, 2 x 10* cells in 200 pl med-
ium were plated in the upper chamber of a transwell system
(BSA-coated porous polycarbonate membrane with a pore
size of 8 pm), and each polycarbonate membrane was pre-
coated with 40 pl matrigel (1.5 mg/ml) and set at 37 °C for
2 h to allow the formation of a reconstituted basement
membrane. CRC cells were allowed to migrate through the
porous membrane at 37 °C for 24 h. After completely
removing the cells on the upper surface of the membrane,
the cells on the lower surface of the membrane were
stained with 0.5% (w/v) crystal violet for 5 min. Invasion
cell number was determined using the Image-Pro Plus 6.0
software (Nikon) at x200 magnification.

Reverse-transcription real-time PCR (RT?-PCR)

Total RNA was extracted using an RNA Purified Total
RNA Extraction Kit. Super M-MLV reverse transcriptase
was used to obtain cDNA templates from total RNA. The
mixture of each real-time PCR reaction contained 10 pl
SYBR GREEN mastermix, 0.5 pl of each primer [PCAT-1,

forward: 5'-ACAGGCTGAGGCAGGAGAAT-3', reverse:
5'-CTTTGGGAAGTGCTTTGGAG-3'; f-actin (internal
reference  gene), forward: 5-CTTAGTTGCGTTA-
CACCCTTTCTTG-3/,  reverse: 5'-CTGTCACCTT-
CACCGTTCCAGTTT-3'], 1 pl cDNA template, and 8 pl
Rnase-free H,O. The thermal cycling parameters for the
amplification were set as follows: a denaturation step at
95 °C for 10 min, followed by 40 cycles of amplification at
95 °C for 10 s, 60 °C for 20 s, and 72 °C for 30 s, and then
the reaction was stopped at 25 °C for 5 min. The relative
expression levels of the target gene were calculated by the
real-time PCR system (Exicycler 96, BIONEER, South
Korea) using the formula of 2-44C,

Western blotting

Total protein in CRC cells transfected with NC or
shPCAT-1-1 was extracted using the Total Protein
Extraction Kit, and the concentration of the protein sam-
ples was determined using the BCA method. Forty pg
protein from each sample was subjected to 10% sodium
dodecylsulfate polyacrylamide gel electrophoresis (SDS-
PAGE) at 70 V for 2.5 h. Subsequently, the proteins were
transferred onto polyvinylidene difluoride (PVDF) mem-
branes, which were then rinsed with TTBS and blocked
with skimmed milk solution for 1 h. The membranes were
incubated with one of the primary antibodies against c-Myc
(1:500), MMP-2 (1:400), MMP-9 (1:500), E-Cadherin
(1:500), Snail (1:500), and B-actin (1:1000) (internal ref-
erence protein) at 4 °C overnight. Then the membranes
were incubated with secondary HRP-conjugated IgG anti-
bodies (1:5000) for 45 min at 37 °C. The blots were
developed using the Beyo ECL Plus reagent, and the sig-
nals were detected in the Gel Imaging System. The relative
expression levels of the targeted proteins were calculated
by the Gel-Pro-Analyzer (Media Cybernetics, USA).

Gelatin zymography

Total protein in CRC cells transfected with NC or
shPCAT-1-1 was extracted and the concentration was
measured using the BCA method. Thirty pg protein was
subjected to 10% SDS-PAGE at 70 V for 2.5 h. The gel
was soaked in the eluent buffer (2.5% Triton X-100,
50 mM Tris—HCI, 5 mM CaCl,, 1 uM ZnCl,, pH 7.6)
twice (40 min each) with constant shaking, and then
washed with the wash buffer (50 mM Tris-HCI, 5 mM
CaCl,, 1 pM ZnCl,, pH 7.6) twice (20 min each). After-
wards, the gel was incubated in the incubating buffer
(50 mM Tris—HCI, 5 mM CaCl,, 1 uM ZnCl,, 0.02% Brij,
0.2 M NaCl) for 40 h before staining with the staining
buffer (0.05% Coomassic brilliant blue G-250G-250, 30%
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Methanol, 10% acetic acid) for 3 h. The gel was imaged
using the Gel Imaging System, and the band intensities
were analyzed using Gel-Pro-Analyzer.

MTT assay

MDR of CRC cells after PCAT-1 knockdown was assessed
by MTT assay. Cells (3 x 10*/well) were cultured in
96-well plates for 96 h. Every 24 h, three randomly wells
in each group were selected and added with 5 mg/ml MTT.
After another 4-h incubation at 37 °C, the supernatant was
aspirated and 200 pl DMSO was added into each well. Cell
viability, represented by ODy4gq value, was measured using
a Microplate Reader (ELX-800, BIOTEK, USA).

Hoechst staining

The morphological changes in the nuclei of CRC cells 48 h
after 5-Fu treatment were detected using a Hoechst staining
kit according to the manufacturer’s instructions, and the
results were observed under a fluorescence microscope at a
magnification of x400.

Flow cytometry

The effect of PCAT-1 knockdown on the apoptotic process
in CRC cells was measured using a PI/Annexin V-FITC
Apoptosis Detection Kit (JingMei Biotech, Beijing, China)
and analyzed by a FACScan flow cytometer (Accuri C6,
BD, USA). The total apoptotic rate was the sum of the late
apoptotic rate (UR, upper right quadrant-advanced apop-
tosis) and the early apoptotic rate (LR, lower right quad-
rant-prophase apoptosis).

Statistical analysis

The data were expressed as mean £ SD and each assay
was performed with at least three replicates. One-way
ANOVA and post hoc Duncan test were performed with a
significant level of 0.05 (two-tailed P value). All the sta-
tistical analyses and graph plotting were conducted on
SPSS version 19.0 (IBM, Armonk, NY, USA).

Results

The expression of PCAT-1 was up-regulated
in clinical CRC specimens

Twenty-three pairs of CRC specimens and the corre-
sponding para-carcinoma tissues were collected to examine
the expression of PCAT-1 in CRC. Based on the RT-PCR
result, it was confirmed that the expression of PCAT-1 was
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up-regulated in CRC tissues when compared with the
adjacent non-tumorous tissues (Fig. 1), and the difference
was statistically significant (P < 0.05).

Knockdown of PCAT-1 inhibited the migration
and invasion abilities in CRC cells

As shown in Fig. 2, the expression of PCAT-1 was stably
silenced by the specific shRNAs in Caco-2 and HT-29
cells. The effect of PCAT-1 knockdown on the migration
and invasion of CRC cells was assessed by scratch and
transwell assays, respectively. The scratch assay showed
that PCAT-1 knockdown delayed the process of scratch
wound closure as compared with the parental cells for both
cell lines (Fig. 3a, b), representing markedly suppressed
motility in PCAT-1 knockdown cells. In addition, the
number of PCAT-I-silenced cells passing through the
matrigel-coated membrane was lower compared with that
in the other two groups, and the differences were statisti-
cally significant (P < 0.05), indicating that the invading
ability in both cell lines was reduced upon PCAT-1
knockdown (Fig. 4a, b). Further, the expression levels and
the activities of the enzymes related to cell invasion were
measured by western blotting and gelatin zymography. The
results of both assays showed reduced expressions and
activities of MMP-2 and MMP-9 in CRC cells with PCAT-
1 knockdown (Figs. 5, 6). For the proteins associated with
the epithelial-to-mesenchymal transition (EMT) process in
cancer cells, the expression of E-cadherin was up-regulated
by PCAT-1 knockdown, while the expression of Snail was
down-regulated (Fig. 5), representing an inhibited EMT
process upon PCAT-1 knockdown. Taken together, these
results demonstrated a key role of PCAT-1 in regulating the
invasiveness of CRC cells.
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Fig. 1 The expression of PCAT-1 was up-regulated in clinical CRC
specimens. “*,” significantly different from para-carcinoma tissues,
P < 0.05
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Fig. 2 PCAT-1 shRNAs suppressed the expression of PCAT-1 in
Caco-2 and HT-29 cells. a, b Quantitative analysis of RT?-PCR
measurement of PCAT-1 expression in Caco-2 and HT-29 cells.
Parental, non-transfected Caco-2 and HT-29 cells; NC, CRC cells
transfected with non-targeting shRNA; shPCAT-1-1, CRC cells
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Fig. 3 Knockdown of PCAT-1 inhibited the motility of Caco-2 and
HT-29 cells. a, b Representative images and quantitative analysis of
scratch assays in Caco-2 and HT-29 cells. The process of scratch
wound closure was delayed in PCAT-1 knockdown cells. Parental,
non-transfected Caco-2 and HT-29 cells; NC, CRC cells transfected

Knockdown of PCAT-1 increased the susceptibility
of CRC cells to 5-Fu-induced apoptosis

The role of PCAT-1 in MDR in CRC cells was studied by
treating Caco-2 and HT-29 cells with 5-Fu. For both cell
lines after 5-Fu treatment, the OD4oy value in PCAT-I

HT-20

—

.

9]
1

-
=
1

14
]
1

0.0-

Relative expression of PCAT-1 &

transfected with PCAT-1 shRNA-1; shPCAT-1-2, CRC cells trans-
fected with PCAT-1 shRNA-2. “* significantly different from
parental cells, P < 0.05. “#,” significantly different from NC cells,
P < 0.05
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with non-targeting shRNA; shPCAT-1-1, CRC cells transfected with
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shRNA-2. “*” significantly different from parental cells, P < 0.05.
“#,” significantly different from NC cells, P < 0.05
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knockdown cells were significantly lower than that in the
parental cells (Fig. 7a, b). Additionally, 5-Fu treatment led
to significant increases in the early and late apoptotic rates
in PCAT-1-silenced cells as compared with the parental
and NC-transfected cells (Fig. 7c, d). Consistently,
Hoechst staining showed that the nuclei in the Parental and

@ Springer



104

Mol Cell Biochem (2018) 441:99-108

Fig. 4 Knockdown of PCAT-1 a
reduced the invasiveness in

Caco-2 and HT-29 cells. a,

b Representative images and
quantitative analysis of

transwell assays in Caco-2 and

HT-29 cells. The numbers of s
cell invading through the el el
matrigel-coated membrane were shPCAT-1-1
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. 3 % £

lower in the cells transfected
with PCAT-1 shRNAs. Parental,
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transfected with non-targeting o
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cells transfected with PCAT-1 S R
shRNA-1; shPCAT-1-2, CRC
cells transfected with PCAT-1
shRNA-2. “*,” significantly
different from parental cells,

P < 0.05. “#,” significantly
different from NC cells,

P < 0.05. Magnification, x200
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Fig. 5 Knockdown of PCAT-I down-regulated the expression of
EMT-related proteins in Caco-2 and HT-29 cells. a, b Representative
images and quantitative analysis of western blotting for MMP-2,
MMP-9, E-Cadherin, and Snail in Caco-2 and HT-29 cells. Parental,
non-transfected Caco-2 and HT-29 cells; NC, CRC cells transfected
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with non-targeting shRNA; shPCAT-1-1, CRC cells transfected with
PCAT-1 shRNA-1; shPCAT-1-2, CRC cells transfected with PCAT-1
shRNA-2. “*.” significantly different from parental cells, P < 0.05.
“#,” significantly different from NC cells, P < 0.05
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Fig. 6 Knockdown of PCAT-1
decreased the activities of
MMP-2 and MMP-9 in Caco-2
and HT-29 cells. a,

b Representative images and
quantitative analysis of gelatin
zymography for MMP-2 and
MMP-9 activities in Caco-2 and
HT-29 cells. Parental, non-
transfected Caco-2 and HT-29
cells; NC CRC cells transfected
with non-targeting shRNA;
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NC cells were regularly shaped and stained in dark blue,
while the nuclei in PCAT-/-silenced cells were fragmented
and stained by the Hoechst dye in bright blue (Fig. 7e, f).

PCAT-1 promotes CRC cell invasion through c-Myc

As shown in Fig. 8a, b, knockdown of PCAT-1 resulted in
a dramatic suppression on the production of c-Myc in both
Caco-2 and HT-29 cells. To elucidate the role of c-Myc in
the function of PCAT-1 in CRC cells, c-Myc was overex-
pressed in PCAT-1-silenced CRC cells. It was found that
transfection of c-Myc expression vector significantly up-
regulated the levels of c-Myc in both CRC cell lines
(Fig. 8c, d) (P < 0.05). Even with PCAT-1 knockdown, the
levels of c-Myc were still significantly higher than that in
the respective parental cells (P < 0.05). Results of tran-
swell assays showed that overexpression of c-Myc in CRC
cells was associated with an increased invading ability in
CRC cells, and it also partially restored the invasiveness in
PCAT-1-silenced CRC cells (Fig. 8f) (P < 0.05). Taken
together, down-regulation of c-Myc expression by PCAT-1
knockdown impaired the invasiveness of CRC cells, and
overexpression of c-Myc reversed the effect of PCAT-I
knockdown. Thus, it was inferred that PCAT-1 may pro-
mote CRC cell invasion in a c-Myc-dependent manner.

Discussion

CRC is a major type of malignancy, and the poor prognosis
of CRC is largely attributed to its high metastasis potential
[24]. In the recent years, with the development of
sequencing techniques, gene expression profiling studies
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@8 shPCAT-1-1

Parental NC shPCAT-1-1
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have revealed lots of deregulated IncRNAs in CRC
[25, 26]. For example, HOTAIR is a powerful predictor of
metastasis and poor prognosis in colon cancer because of
its regulatory role in the EMT process [27]. Moreover,
CCAT?2 contributes to metastatic progression and chromo-
somal instability in CRC by targeting TCF7L2 and its
downstream MYC and WNT signaling [28]. Following
these studies, the current study, for the first time, explored
the mechanism through which PCAT-1 was correlated with
the poor prognosis of CRC patients [15]. It was found that
PCAT-1 was highly expressed in clinical CRC samples,
and knockdown of this IncRNA suppressed the viability
and motility of CRC cells while sensitized cancer cells to
5-Fu treatment. Moreover, our study also showed that
knockdown of PCAT-1 resulted in down-regulation of
c-Myc in both CRC cell lines. Overexpression of c-Myc
partially reversed the inhibitory effect of PCAT-1 knock-
down on the invasiveness of CRC cells. These findings
suggest that c-Myc, as a downstream target of PCAT-1,
mediates the regulatory function of PCAT-I in CRC cell
invasion.

PCAT-1 gene located on chromosome 8q24 and
~725 kb upstream of the c-Myc gene, in which somatic
gain in copy number has been observed in 18% colorectal
adenomas and 34% of total CRCs [15]. Ge et al. found that
aberrant expression of PCAT-1 in CRC was independent of
copy number variation, which was consistent with the
characteristics observed in PCa [12]. Regarding the
mechanism underlying PCAT-1's function in CRC, it has
been revealed that the molecule, as a target of polycomb
repressive complex 2 (PRC2) [12], promotes cancer cell
proliferation and aggressiveness [12]. Moreover, Prensner
and colleagues have demonstrated that PCAT-1 stabilizes
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Fig. 7 Knockdown of PCAT-1 sensitized Caco-2 and HT-29 cells to
5-Fu. a, ¢, e Cell viability of PCAT-I-silenced Caco-2 cells was
reduced and cell apoptosis in PCAT-I-silenced Caco-2 cells was
induced by 5-Fu treatment to a greater extent when compared with
parental and NC-transfected Caco-2 cells. b, d, f Cell viability of
PCAT-1-silenced HT-29 cells was further reduced and cell apoptosis
in PCAT-I-silenced HT-29 cells was further induced by 5-Fu as

c-Myc in PCa cells by interfering with miR-34a and
modulating the 3'UTR activity of MYC [23]. However, the
potential interaction between PCAT-1 and c-Myc in CRC
cells is unclear, and it was the major objective of the
current study.

c-Myc is a well-studied regulator of cell proliferation
and is ubiquitously dys-regulated in multiple cancer types
[18, 23, 29, 30]. Overexpression of c-Myc is associated
with wide-ranging consequences in oncogenesis [31]. It is
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convinced that up to one-third of all human genes is reg-
ulated by c-Myc in certain context [32]. In tumorigenesis,
c-Myc is post-transcriptionally regulated by miRs, espe-
cially miR-34a [33, 34]. Consistent with previous studies
on PCa, our results showed that knockdown of PCAT-I in
CRC cells was associated with down-regulation of c-Myc
production. Overexpression of c-Myc in PCAT-1 knock-
down cells counteracted the inhibitory effect of PCAT-1
knockdown on the invasiveness of CRC cells. Our findings
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Fig. 8 PCAT-1 promotes invasion of CRC cells through c-Myc. a, ¢,
e The expression of c-Myc was down-regulated by PCAT-1 knock-
down in Caco-2 cells and overexpression of c-Myc counteracted the
suppression of PCAT-1 knockdown on cell invasiveness. b, d, f The
expression of c-Myc was down-regulated by PCAT-1 knockdown in
HT-29 cells and overexpression of c-Myc counteracted the suppres-
sion of PCAT-1 knockdown on cell invasiveness. Parental + vector,
Caco-2 and HT-29 cells transfected with the pcDNA3.1 + vector.

evidently showed a regulatory role of PCAT-1 on the
expression of c-Myc and a central role of c-Myc in medi-
ating PCAT-I-promoted aggressiveness of CRC cells. As
mentioned above, Prensner and colleagues showed that
PCAT-1 regulated c-Myc expression through the post-
transcriptional activity of the MYC 3'UTR in PCa cells, and
they also characterized the MYC-targeting microRNA
which was regulated by PCAT-1, i.e., miR-34a. However,
the authors failed to locate the direct binding site for miR-
34a on the PCAT-1 transcript, and thus they speculated that
the regulatory action of PCAT-1 on miR-34a was indirect
[23]. Although the effect of PCAT-1 knockdown on the
level of miR-34a was not detected in the current study, we
also hypothesize based on the study by Prensner et al. that
PCAT-1 regulates c-Myc expression in CRC cells in a miR-
34a-dependent manner. This hypothesis would be validated
in our future studies. Moreover, the overexpression of
PCAT-1 in CRC may also represent an adaptive cellular
mechanism to accelerated proliferation and the develop-
ment of MDR. As validated by our results, knockdown of
PCAT-1 suppressed cell growth and reduced the resistance
to 5-Fu in both CRC cell lines. Therefore, the pro-tumor

SR v |-

c-Myc

49kDa| W LB R |cMyc  4okDa

- e
- e T W |mmn

B-actin 43kDa

4

Relative expression of c-Myc
Relative expression of c-Myc

___ Parental ShPCAT-1-1+Vector

¥

St RWE A Y :
‘shPCA'l"-l-l*'t‘-Mys

Parentaltc-Myc
W% Azt o

shPCAT-1-1 + vector, PCAT-1 knockdown cells transfected with the
pcDNA3.1 + vector. Parental 4+ c-Myc, CRC cells transfected with
the c-Myc expression vector. sShPCAT-1-1 + c-Myc group, PCAT-1
knockdown cells transfected with the c-Myc expression vector. “*,”
significantly different from parental cells, P < 0.05. “#,” significantly
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Parental + vector group, P < 0.05. “&,” significantly different from
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function of PCAT-1 in CRC may be multi-pronged in
addition to c-Myc-dependent actions.

PCAT-1 may be a potential candidate of biomarker for
CRC given its substantial overexpression in CRC and its
functional roles in CRC progression, aggressiveness, and
MDR. Although our study only demonstrated the roles of
PCAT-1 in the aggressiveness of CRC cells in vitro, the
results of previous and current studies suggest a possible
direction for the clinical translation of PCAT-I in the
diagnosis and treatment of CRC. For better management of
CRC, more work is needed to reveal the molecular
mechanisms underlying the functions of PCAT-I in CRC
development and progression.
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