
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

6 
N

ov
em

be
r 

20
19

. D
ow

nl
oa

de
d 

on
 3

/1
5/

20
26

 1
2:

23
:2

8 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Panax notoginse
aDepartment of Oncology, Shangqiu First Pe

Road, Suiyang District, Shangqiu, 476100

163.com; Tel: +86-0370-3255630
bXinxiang Medical University, Hongqi Distri

Cite this: RSC Adv., 2019, 9, 38558

Received 20th September 2019
Accepted 11th November 2019

DOI: 10.1039/c9ra07622k

rsc.li/rsc-advances

38558 | RSC Adv., 2019, 9, 38558–385
ng saponins radiosensitize
colorectal cancer cells by regulating the SNHG6/
miR-137 axis

Caihui Xu,a Teng Liu,b Haiyan Liu,a Gongbin Chena and Yinmou Guo *a

Panax notoginseng saponins (PNS) have recently attracted great attention for their anti-cancer activity in

colorectal cancer (CRC). The aim of this study was to explore the functional role and underlying

mechanisms of PNS on CRC radiosensitivity. Cell viability was assessed by a Cell Counting kit-8 assay.

Cell survival and apoptosis were determined using colony formation assay and flow cytometry,

respectively. Quantitative real-time PCR was used to quantify the levels of SNHG6 and miR-137. The

targeted correlation between SNHG6 and miR-137 was validated by dual-luciferase reporter and RNA

immunoprecipitation assays. Our data supported that PNS weakened the viability of CRC cells. Moreover,

PNS promoted the radiosensitivity of CRC cells. Mechanistically, PNS enhanced CRC cell radiosensitivity

by upregulating SNHG6. SNHG6 directly targeted miR-137 and inhibited miR-137 expression. MiR-137

was involved in the regulatory effect of SNHG6 on CRC cell radiosensitivity. Furthermore, PNS increased

miR-137 expression through SNHG6 in CRC cells. Our study suggested that PNS promoted

radiosensitivity in CRC cells at least partly through regulating the SNHG6/miR-137 axis, providing a novel

understanding of the anti-cancer mechanism of PNS in CRC.
1. Introduction

Colorectal cancer (CRC) is the third most commonmalignancy and
the second cause of cancer-related death worldwide. Despite
advances in diagnosis and treatment, CRC remains a prevalent
cancer, with an estimated 1 800 000 new CRC cases and 881 000
deaths in 2018 around the world.1 Although radiotherapy has been
widely accepted as an important and effective therapy method, the
development of radioresistance is still one of major obstacles for
CRCmanagement, resulting in CRC recurrence and an unfavorable
prognosis.2–4 Therefore, identifying new effective targets to overcome
the radioresistance is very important for improving CRC treatment.

Panax notoginseng (Burk.) F. H. Chen (Araliaceae), a peren-
nial herb, has been widely used as a traditional Chinese medi-
cine in Asia for a long time.5–7 Panax notoginseng saponins
(PNS) are the crucial bioactive components derived from the
root of Panax notoginseng and exhibit a wide variety of phar-
macological effects, such as anti-diabetic, anti-inammatory,
antioxidant, hepatoprotective, hypolipidemic, renoprotective
and anti-hyperglycemic activities.6,8 PNS have recently attracted
a great attention for their anti-cancer activity in many types of
human cancers, such as breast cancer and lung cancer.9,10

Previous researches had reported that PNS repressed CRC
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progression and promoted CRC cell chemosensitivity.11,12 The
purpose of this study was to investigate the detailed role and
underlying mechanisms of PNS on CRC radiosensitivity.

Long non-coding RNAs (lncRNAs), a heterogeneous group of
non-coding transcripts with >200 nucleotides in length, perform
diverse roles in numerous biological processes across every branch
of life.13 Accumulating evidence has suggested that CRC-related
lncRNAs regulate CRC progression and radioresistance develop-
ment by various mechanisms, including their functions as molec-
ular sponges ofmicroRNAs (miRNAs).14,15 Small nucleolar RNA host
gene 6 (SNHG6) has been identied as a potential oncogenic
lncRNA in CRC, offering a possibility of SNHG6 as a biomarker for
CRC diagnosis, treatment and prognosis.16,17 Previous studies had
demonstrated that PNS played a protective role in many human
diseases through regulation of several miRNAs or signaling path-
ways.10,18,19 Nevertheless, the effect of interplay between PNS and
SNHG6 on CRC radioresistance still is unclear.

In the present study, our data rstly demonstrated that PNS
weakened cell viability and promoted the radiosensitivity in CRC
cells. Whereaer, we further investigated whether SNHG6 was
involved in PNS-mediated regulatory effect on CRC radioresistance.
2. Materials and methods
2.1 Clinical specimens and ethics statement

CRC tissues and corresponding noncancerous tissues were
collected from 46 cases of CRC patients undergoing surgical
resection without prior radiochemotherapy in the Oncology
This journal is © The Royal Society of Chemistry 2019
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Department of Shangqiu First People's Hospital. All specimens
were stored at �80 �C until RNA extraction. Written informed
consent was signed by each participant. The study was approved
by the Human Research Ethics Committee of Shangqiu First
People's Hospital and all experimental processes were carried
out in accordance with the local ethical guidelines.
2.2 Cell culture, PNS treatment and irradiation

Human immortalized noncancerous NCM460 colon cells ob-
tained from Bena Culture Collection (Beijing, China) and two
CRC cell lines (SW620 and LoVo) purchased from ATCC (Man-
assas, VA, USA) were maintained in RPMI-1640 medium (Life
Technologies, Bleiswijk, the Netherlands) containing 10% fetal
calf serum (FCS, PAA Laboratories, Pasching, Australian), 1%
penicillin/streptomycin (Life Technologies) in a humidied
incubator with 5% CO2 at 37 �C.

Cells were exposed to different concentration (0, 50, 100 and
200 mM) of PNS (95% purity, Kunming Pharmaceutical Corpora-
tion, Yunnan, China) or 0.1% DMSO vehicle (we veried that this
DMSO concentration did not affect CRC cell viability) for different
time point (0, 12, 24 and 48 h). In addition to cell viability assay,
the PNS concentration in other experiments was 200 mM.

Cells were pretreated with 200 mM of PNS for 24 h and then
irradiated with increasing dosage intervals (0, 2, 4, 6, and 8 Gy)
of X-rays for 24 h by an Elekta™ linear accelerator (Elekta AB,
Stockholm, Sweden) using 6 MV photons, followed by the
measurement of cell survival and apoptosis.
Fig. 1 PNS inhibited CRC cell viability. Human noncancerous NCM460 c
concentration (0, 50, 100 and 200 mM) of PNS for different time point (12
assay. (D) The IC50 value for PNS in SW620 and LoVo cells by CCK-8 as

This journal is © The Royal Society of Chemistry 2019
2.3 Oligonucleotide and plasmid transfection

For SNHG6 overexpression, cells were introduced with SNHG6
overexpression plasmid (pcDNA-SNHG6), and nontarget pcDNA
(pcDNA-con) was used as negative control. SNHG6 depletion
was performed using siRNA against SNHG6 (si-SNHG6) or
negative control nontarget siRNA (si-con). MiR-137 mimic or
miR-137 inhibitor (anti-miR-137) was transfected into cells to
elevate or reduce miR-137 expression, with miR-con mimic or
anti-miR-con as negative control. FuGENE HD transfection
reagent (Roche, Mannheim, Germany) was used for all trans-
fections, referring to the protocols of manufacturers. All oligo-
nucleotides and plasmids were purchased from GenePharma
(Shanghai, China).
2.4 Determination of IC50 value and cell viability

In cell viability assay, cells were seeded in 96-well plates and
then were exposed to different concentration (0, 50, 100 and 200
mM) of PNS for different time point (0, 12, 24 and 48 h). In IC50
value assay, cells were exposed to various concentrations (0.01,
0.1, 1, 10, 100 and 1000 mM) of PNS for 48 h. Cell viability and
IC50 value were determined using a Cell Counting kit-8 (CCK-8,
Dojindo, Kumamoto, Japan) following the manufacturer's
guidance. Absorbance at an emission wavelength of 450 nm was
measured by a microplate reader (Synergy H1 Hybrid Reader,
BioTek, Winooski, VT, USA). Cell viability was presented as
a percentage of control (0.1% DMSO) cells.
olon cells (A), SW620 (B) and LoVo (C) cells were exposed to different
, 24 and 48 h), followed by the determination of cell viability by CCK-8
say. *P < 0.05, **P < 0.01 or ***P < 0.001.
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2.5 Colony formation assay

Cell survival was determined using a standard colony formation
assay. Aer various treatments, individual cells were obtained using
0.1% trypsin (Takara, Beijing, China) and seeded in 6-well plates at
a density of 200 cells. 2 weeks later, cells werexedwith 90%ethanol
and stained with 0.1% crystal violet (Sigma-Aldrich, Tokyo, Japan).
Colonies containing at least 50 cells was counted and the survival
fraction was calculated based on the number of control cells.
Fig. 2 PNS increased CRC cell sensitivity to radiotherapy. SW620 (A) and
and then irradiated with increasing dosage intervals (0, 2, 4, 6 and 8 G
a standard colony formation assay. SW620 (C) and LoVo (D) cells were trea
without 4 Gy of X-rays for 24 h, followed by the determination of cell a

38560 | RSC Adv., 2019, 9, 38558–38567
2.6 Flow cytometry of cell apoptosis

Cell apoptosis was assessed by ow cytometry using the Annexin V-
FITC/PI Apoptosis Detection kit (Sigma-Aldrich) in accordance
with the instructions of manufacturers. Aer various treatments,
cells were trypsinized and washed three times with ice-cold PBS.
Aerwards, cells were double stained with 0.02 mgml�1 of Annexin
V-FITC and 1 mg ml�1 of PI for 15 min in the dark at room
temperature. Cell apoptosis was detected by a FACSCalibur ow
LoVo (B) cells were exposed to 200 mM of PNS or 0.1% DMSO for 24 h,
y) of X-rays for 24 h, followed by the detection of cell survival using
tedwith 200 mMof PNS or 0.1%DMSO for 24 h before radiation with or
poptosis using flow cytometry. *P < 0.05, **P < 0.01 or ***P < 0.001.

This journal is © The Royal Society of Chemistry 2019
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cytometer (Becton Dickinson, Heidelberg, Germany) with Cell-
QuestPro soware.
2.7 Reverse transcription and quantitative real-time PCR
(qRT-PCR)

Total RNA was extracted from CRC tissues and cells with
a PicoPure™ RNA isolation kit (Applied Biosystems, Darmstadt,
Germany) following the instructions of manufacturers. For quan-
tication of SNHG6, total RNA (1 mg) was reverse-transcribed using
a ProtoScript II reverse transcription kit (New England Biolabs,
Ipswich, MA, USA). For miR-137 determination, cDNA was
synthesized from1 mg of total RNAwith TaqManMicroRNA reverse
transcription kit (Applied Biosystems). qRT-PCR was performed
using Power SYBR™ Green PCR Master Mix (Applied Biosystems)
in accordance with manufacturer's guidance on the ABI Prism
7000 Sequence Detection System (Applied Biosystems). Levels of
SNHG6 and miR-137 were normalized to the geometric mean of
housekeeping genes GAPDH and snRNA RNU6, respectively, using
the 2�DDCt.
2.8 Bioinformatics

Online soware LncBase v.2 was used to predict the target
miRNA of SNHG6 at http://www.carolina.imis.athena-
innovation.gr/diana_tools/web/index.php?r¼lncbasev2/index.
Fig. 3 PNS repressed SNHG6 expression in CRC cells. qRT-PCR for SNH
tissues (A), in CRC cell lines SW620 and LoVo and noncancerous NCM460
of PNS for different time point (0, 12, 24 and 48 h), followed by the dete
0.001.

This journal is © The Royal Society of Chemistry 2019
2.9 Dual-luciferase reporter assay

SNHG6 luciferase reporter (SNHG6-WT) containing the comple-
mentary sequence of SNHG6 and site-directed mutant of seeded
sequence (SNHG6-MUT) were obtained fromGenePharma. Cells at
50–70% conuence were cotransfected with SNHG6-WT or
SNHG6-MUT and miR-con mimic or miR-137 mimic. Aer 48 h
post-transfection, luciferase activity was detected using the dual-
luciferase Reporter Assay System (Promega, Fitchburg, WI, USA)
and the radio of Firey/Renilla luciferase activity was calculated.
2.10 RNA immunoprecipitation assay

RNA immunoprecipitation (RIP) experiment was implemented to
verify whether RNA-induced silencing complex (RISC) contained
SNHG6 and miR-137 in CRC cells with an Imprint RNA RIP kit
(Merck Millipore, Milan, Italy). Cells were lysed with RIPA lysis
buffer (Beyotime, Shanghai, China), and then incubated with
magnetic beads-conjugated anti-argonaute 2 (anti-Ago2, Abcam,
Cambridge, UK) or negative control IgG antibody. Beads were
harvested by centrifugation and total RNA was extracted, followed
by the determination of SNHG6 and miR-137 levels by qRT-PCR.
2.11 Statistical analysis

All experimental data were expressed as mean� SD. Differences
between two groups were compared using a Student's t-test
(two-tailed) or Mann–Whitney U test. Statistical signicance
G6 expression in 46 pairs of CRC tissues and adjacent noncancerous
colon cells (B). SW620 (C) and LoVo (D) cells were exposed to 200 mM

rmination of SNHG6 level by qRT-PCR. *P < 0.05, **P < 0.01 or ***P <
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with more than two groups was analyzed with one-way ANOVA.
P values at 0.05 or smaller were considered signicant.
3. Results
3.1 PNS weakened the viability of CRC cells

For a preliminary observation for the effect of PNS on CRC
cell viability, CRC cells were exposed to different
Fig. 4 PNS enhanced radiosensitivity by SNHG6 in CRC cells. (A and
overexpression plasmid (pcDNA-SNHG6) or negative plasmid pcDNA-co
expression was assessed by qRT-PCR. (C and D) SW620 and LoVo cells w
PNS treatment for 24 h and irradiation with increasing dosage intervals (0,
survival using a standard colony formation assay. (E and F) SW620 and LoV
before PNS treatment and irradiation with 4 Gy of X-rays, followed by th
0.001.

38562 | RSC Adv., 2019, 9, 38558–38567
concentration (0, 50, 100 and 200 mM) of PNS for different
time point (12, 24 and 48 h). CCK-8 assays revealed that
compared with negative control, the viability of noncan-
cerous NCM460 colon cells did not been affected by PNS
(Fig. 1A). However, PNS treatment triggered a signicant
repression of cell viability in both SW620 and LoVo cells in
dose- and time-dependent manners (Fig. 1B and C). Notably,
when cells were treated with 50 mM of PNS for 48 h, SW620
B) SW620 and LoVo cells were transfected with or without SNHG6
n for 24 h prior to 200 mM PNS treatment for 24 h, and then SNHG6
ere transfected with or without pcDNA-SNHG6 or pcDNA-con prior to
2, 4, 6 and 8Gy) of X-rays for 24 h, followed by themeasurement of cell
o cells were transfectedwith or without pcDNA-SNHG6 or pcDNA-NC
e detection of cell apoptosis by flow cytometry. **P < 0.01 or ***P <

This journal is © The Royal Society of Chemistry 2019
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cell viability was remarkably reduced by PNS treatment, while
no signicant change was found in LoVo cells (Fig. 1B and C).
Additionally, CCK-8 results showed that the IC50 values for
PNS in SW620 and LoVo cells were 188.9 and 149.6 mM,
respectively (Fig. 1D). These results together suggested an
inhibitory activity of PNS in CRC cell viability.
3.2 PNS promoted the radiosensitivity of CRC cells

To investigate the effect of PNS on CRC radiosensitivity, CRC
cells were exposed to 200 mM of PNS or 0.1% DMSO before
radiation with increasing dosage intervals (0, 2, 4, 6 and 8 Gy) of
X-rays. Colony formation assays showed that compared with
DMSO group, PNS treatment profoundly repressed the colony
formation ability aer irradiation in the two CRC cells (Fig. 2A
and B). Flow cytometry results demonstrated that irradiation (4
Gy) exposure signicantly increased cell apoptosis when treat-
ment with or without PNS (Fig. 2C and D). Moreover, simulta-
neous PNS treatment and irradiation exposure led to a more
distinct promotion on cell apoptosis (Fig. 2C and D). All these
data strongly point to the notion that PNS enhanced the
sensitivity to radiotherapy in CRC cells.
Fig. 5 SNHG6 directly targetedmiR-137 and inhibitedmiR-137 expressio
directedmutant of seeded sequence. (B and C) Relative luciferase activity
(SNHG6-WT) or its mutant in seeded sequence (SNHG6-MUT) and miR
SNHG6 by qRT-PCR in the RISC of SW620 and LoVo cells using anti-Ago2
lines SW620 and LoVo and noncancerous NCM460 colon cells. (G and H
pcDNA-SNHG6, si-con or si-SNHG6. ***P < 0.001.

This journal is © The Royal Society of Chemistry 2019
3.3 PNS repressed SNHG6 expression in CRC cells

Previous researches had reported that SNHG6 accelerated CRC
progression through promotion of cell proliferation, migration,
invasion and epithelial–mesenchymal transition.16,17 Herein, we
determined the expression of SNHG6 in CRC tissues and cell lines.
As demonstrated by qRT-PCR, SNHG6 expression was signicantly
upregulated in CRC tissues and cells compared with their coun-
terparts (Fig. 3A and B), supporting the involvement of SNHG6 in
CRC progression.We next evaluated whether SNHG6 expression in
the two CRC cells was inuenced by PNS treatment. In contrast to
negative control, PNS treatment resulted in decreased SNHG6 level
in a time-dependent manner in both SW620 and LoVo cells
(Fig. 3C and D). These data together implied that PNS treatment
hindered the expression of SNHG6 in CRC cells.
3.4 PNS enhanced CRC cell radiosensitivity by SNHG6

Given our data that PNS suppressed SNHG6 expression in CRC
cells, we further investigated whether SNHG6 was involved in
the promotional effect of PNS on radiosensitivity of CRC cells.
As shown by qRT-PCR, transient transfection of pcDNA-SNHG6,
but not a negative plasmid, signicantly reversed the decreased
n. (A) Schematic of the putativemiR-137 binding site in SNHG6 and site-
in SW620 and LoVo cells cotransfected with SNHG6 luciferase reporter
-137 mimic or miR-con mimic. (D and E) The levels of miR-137 and
or IgG antibody. (F) The expression of miR-137 by qRT-PCR in CRC cell
) MiR-137 level in SW620 and LoVo cells transfected with pcDNA-con,

RSC Adv., 2019, 9, 38558–38567 | 38563
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effect of PNS on SNHG6 expression in the two CRC cells (Fig. 4A
and B). Subsequent experiments revealed that the repressive
effect of PNS on colony formation capacity was highly abated by
cotransfection of pcDNA-SNHG6 aer irradiation treatment
(Fig. 4C and D). Moreover, PNS-mediated pro-apoptosis effect
was markedly abolished by pcDNA-SNHG6 introduction aer 4
Gy of X-rays treatment (Fig. 4E and F). Together, these results
Fig. 6 MiR-137 was involved in the regulatory effect of SNHG6 on radios
con, si-SNHG6, si-SNHG6 + anti-miR-con or si-SNHG6 + anti-miR-137
PCR. (C and D) After 24 h post-transfection, cells were irradiated with incr
cell survival was assessed using a standard colony formation assay. (E and
24 h, and then apoptotic rate was determined by flow cytometry. **P <

38564 | RSC Adv., 2019, 9, 38558–38567
strongly established that SNHG6 was involved in PNS-mediated
increased radiosensitivity in CRC cells.
3.5 SNHG6 directly targeted miR-137 and inhibited miR-137
expression

In order to further understand the molecular mechanisms by
which SNHG6 inuenced CRC cell radiosensitivity, we performed
ensitivity in CRC cells. SW620 and LoVo cells were transfected with si-
. (A and B) 48 h after transfection, miR-137 level was detected by qRT-
easing dosage intervals (0, 2, 4, 6 and 8 Gy) of X-rays for 24 h, and then
F) Cells were irradiatedwith 4 Gy of X-rays for 24 h after transfection for
0.01 or ***P < 0.001.

This journal is © The Royal Society of Chemistry 2019
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a detailed analysis for the targeted miRNAs of SNHG6. Using
LncBase v.2 soware, the predicted data revealed that SNHG6
harbored a putative complementary sequence for miR-137
(Fig. 5A). To conrm this, we carried out dual-luciferase reporter
assays and RIP assays. When we performed the dual-luciferase
reporter assays, cotransfection of SNHG6 luciferase reporter and
miR-137 mimic into SW620 and LoVo cells produced lower lucif-
erase activity than in cells cotransfected with miR-con mimic
(Fig. 5B and C). However, site-directed mutant of seeded sequence
remarkably abolished the effect of miR-137 on reporter gene
expression (Fig. 5B and C), indicating that the miR-137-binding
sites were functional in the two cells. Ago2 is a core component
of the RISC, where thematuremiRNAs direct the complex to target
mRNAs.20 Thus, anti-Ago2 antibody was used for RIP assay. RIP
experiments revealed that compared with IgG control, the levels of
miR-137 and SNHG6 were simultaneously strongly enriched in the
RISC by anti-Ago2 antibody (Fig. 5D and E), eliciting an endoge-
nous interaction between miR-136 and SNHG6 in the two CRC
cells. qRT-PCR assays also showed a downregulation of miR-137
level in CRC cells compared with normal control (Fig. 5F). Aer
that, we further investigated whether SNHG6 modulated miR-137
expression in SW620 and LoVo cells. In contrast to their counter-
parts, miR-137 expression was signicantly decreased by trans-
fection of pcDNA-SNHG6, while it was strikingly increased aer si-
SNHG6 introduction (Fig. 5G and H). All these results strongly
pointed to a role of SNHG6 as a molecular sponge for miR-137.
Fig. 7 PNS increased miR-137 expression through SNHG6 in CRC cells. S
pcDNA-SNHG6 for 24 h before treatment with 200 mM of PNS or 0.1% D
and miR-137 expression (C and D) by qRT-PCR. **P < 0.01 or ***P < 0.0

This journal is © The Royal Society of Chemistry 2019
3.6 MiR-137 was involved in the regulatory effect of SNHG6
on CRC cell radiosensitivity

To provide further mechanistic insight into the link between
SNHG6 and miR-137 on radiosensitivity of CRC cells, siRNA
against SNHG6 (si-SNHG6) and anti-miR-137 were cotrans-
fected into SW620 and LoVo cells. Cotransfection of anti-miR-
137, but not a scrambled control sequence, signicantly
abated si-SNHG6-mediated increasedmiR-137 expression in the
two CRC cells (Fig. 6A and B). Subsequent experiments revealed
that in comparison to negative group, transfection of si-SNHG6
remarkably enhanced the sensitivity to radiotherapy in the two
CRC cells, as evidenced by the signicant inhibition of colony
formation capacity and the prominent promotion of cell
apoptosis aer irradiation treatment (Fig. 6C–F). However, this
effect of si-SNHG6 was strongly abolished by cotransfection of
anti-miR-137 (Fig. 6C–F). Taken together, these results sug-
gested that miR-137 was involved in the regulatory effect of
SNHG6 on radiosensitivity in CRC cells.
3.7 PNS increased miR-137 expression through SNHG6 in
CRC cells

Next, we observed whether, if so, how PNS inuenced miR-137
expression in CRC cells. qRT-PCR results revealed that in
contrast to their counterparts, SNHG6 expression was signi-
cantly repressed by PNS treatment in the two CRC cells, while
W620 and LoVo cells were transfected with or without pcDNA-con or
MSO for 24 h, followed by the determination of SNHG6 level (A and B)
01.
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the effect was highly abated by pcDNA-SNHG6 transfection and
strikingly enhanced aer introduction of si-SNHG6 (Fig. 7A and
B). Moreover, PNS treatment triggered a signicant upregula-
tion of miR-137 expression in the two CRC cells (Fig. 7C and D).
However, this effect was markedly abolished by restored SNHG6
expression, while it was signicantly enhanced aer SNHG6
depletion (Fig. 7C and D). These data together established that
PNS increased the expression of miR-137 through repressing
SNHG6 level in CRC cells.
Fig. 8 Schematic model of the PNS/SNHG6/miR-137 axis on CRC cell
radiosensitivity. PNS reduced SNHG6 expression in CRC cells. Then,
miR-137 expression was significantly elevated in SNHG6-silencing
CRC cells. Finally, a high miR-137 level enhanced CRC cell radiosen-
sitivity through the regulation of cell viability and apoptosis.
4. Discussion

Although PNS are widely acknowledged to exhibit various health
benets, their anti-cancer activity and underlying molecular
mechanisms are not well understood, particularly in cancer
radiosensitivity. Hence, in this study, we aimed to explore the
functional role and molecular mechanism of PNS in CRC
radiosensitivity. Our results indicated that PNS promoted the
sensitivity to radiotherapy in CRC cells. Mechanistically, PNS
radiosensitized CRC cells through regulating SNHG6/miR-137
axis (Fig. 8).

Previous studies had demonstrated that PNS hindered breast
cancer metastasis and repressed lung cancer cell growth,
highlighting their anti-cancer activity.9,10 PNS were also reported
to play anti-proliferative activity in CRC cells through acceler-
ating the apoptosis and hampering cell cycle progression.11,21

Wang et al. also manifested that PNS enhanced CRC cell
sensitivity to chemotherapeutic agents. Therefore, our study
started from the hypothesis that PNS elevated the radiosensi-
tivity in CRC cells. To validate this, we rstly determined the
impact of PNS on CRC cell viability, and our results demon-
strated that PNS weakened the viability of CRC cells in time- and
dose-dependent manners. Moreover, our data rstly established
that PNS promoted the sensitivity to radiotherapy in CRC cells,
as evidenced by the decreased survival and increased apoptosis
aer irradiation treatment. More interestingly, the viability of
noncancerous NCM460 colon cells did not been affected by
PNS, possibly due to lower PNS concentration or the certain
addiction of CRC cells to PNS.

Up to now, several Chinese herb extracts, such as astraga-
loside IV and Huaier extract, have been illuminated to attenuate
cancer growth via regulating the expression of special
lncRNAs.22,23 Moreover, curcumin was described to promote the
radiosensitivity in nasopharyngeal carcinoma cells through
modulation of six lncRNAs.24 However, whether PNS could
enhance CRC cell radiosensitivity by lncRNAs has not been re-
ported. In the present study, our data indicated a signicant
upregulation of SNHG6 in CRC tissues and cells, in accordance
with former works.25–27 These documents also manifested that
SNHG6 facilitated the proliferation, invasion and migration of
CRC cells, illuminating its oncogenic role in CRC. Therefore, we
further explored whether PNS radiosensitized CRC cells via
regulating SNHG6. Our results rstly demonstrated that PNS
reduced the expression of SNHG6 in a time-dependent manner
in CRC cells. Furthermore, SNHG6 was involved in PNS-
mediated increased radiosensitivity in CRC cells. In a word,
38566 | RSC Adv., 2019, 9, 38558–38567
PNS promoted CRC cell radiosensitivity by downregulating
SNHG6 expression.

It is widely accepted that lncRNAs exert their biological
functions partly through acting as molecular sponges of special
miRNAs. Thus, we used online soware LncBase v.2 to search
for the targeted miRNAs of SNHG6. Among these candidates,
miR-137 was fascinating in the present study because of its
tumor-suppressive property in a lot of human cancers, such as
breast cancer, non-small cell lung cancer and ovarian
cancer.28–30 MiR-137 was also reported to hamper CRC
progression by suppression of cell proliferation, invasion and
migration.31–33 Additionally, miR-137 enhanced the chemo-
sensitivity in ovarian cancer and colon cancer.34,35 In the present
study, we rstly validated that SNHG6 directly targeted miR-137
and repressed miR-137 expression. Moreover, miR-137 medi-
ated the regulatory effect of SNHG6 on radiosensitivity in CRC
cells. More importantly, our results substantiated that PNS
increased miR-137 expression via SNHG6 in CRC cells. Previous
documents had demonstrated that miR-137 inhibited CRC
progression and chemosensitized CRC cells through targeting
several miRNAs, such as formin-like 2 (FMNL2) and Y-box-
binding protein 1 (YBX1).35,36 More researches about the rele-
vant targets of miR-137 in CRC radioresistance will be per-
formed in further work.

In conclusion, our results suggested that PNS promoted
radiosensitivity in CRC cells at least partly through regulating
SNHG6/miR-137 axis. The clinical signicance of PNS and its
potential value as a promising adjuvant in CRC radiotherapy
should be further explored.
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