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Polyphyllin VII suppresses cell proliferation, the cell
cycle and cell migration in colorectal cancer
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Abstract. Colorectal cancer (CRC) is one of the most common
types of human cancer. However, there is still an urgent need to
identify novel treatment strategies for CRC. The present study
aimed to validate the potential antitumor effects of polyphyllin
VII in CRC. The present study revealed that polyphyllin VII
could significantly inhibit CRC proliferation and induce cell
cycle arrest and apoptosis. Moreover, the anti-metastatic effect
of polyphyllin VII in CRC cells was implicated. Microarray
analysis identified that polyphyllin VII could affect multiple
protein coding genes and non-coding RNAs. Bioinformatics
analysis revealed that polyphyllin VII regulated multiple
pathways in CRC, including ‘ER to Golgi vesicle-mediated
transport’, ‘response to cCAMP’, ‘Ras protein signal transduc-
tion’, ‘metabolic pathways’, ‘M APK signaling pathway’ and
‘cell cycle’. Protein-Protein Interaction network analysis
identified a series of key polyphyllin VII-regulating genes in
CRC, including ribonucleoside-diphosphate reductase subunit
M2, structural maintenance of chromosomes protein 4 and
DNA replication licensing factor MCM4. Finally, the present
results demonstrated that these key polyphyllin VII-regulating
genes were dysregulated in CRC. Taken together, these results
indicated that polyphyllin VII could be a novel antitumor drug
for the treatment of CRC.

Introduction

Colorectal cancer (CRC), accounts for ~10% of all
tumor-related deaths, is the third most common type of cancer
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worldwide (1,2). Despite advances in diagnostic and therapeutic
strategies, the prognosis of patients with CRC remains poor
with high 5-year mortality (3). Oxaliplatin in combination with
5-fluorouracil and leucovorin is the first-line chemotherapeutic
strategy for CRC, which functions as a DNA transcription and
replication suppressor by forming platinum-DNA adducts (4).
Oxaliplatin resistance commonly contributes to the failure of
CRC therapy and worse clinical outcomes for patients with
CRC. Thus, there is an urgent need to identify novel anticancer
drugs for CRC.

Polyphyllin, which is derived from Paris polyphyllin, has
been used as a clinical drug in China (5). In previous years,
polyphyllin was reported to be a potential anticancer drug in
numerous types of human cancers, including breast cancer,
non-small cell lung cancer and acute myeloid leukemia (6,7).
Recently, polyphyllin VII was found to have anticancer activity
and be involved in inhibiting cancer growth, suppressing
cancer cell metastasis, inducing cell cycle arrest and apoptosis
in cancer cells (8-10). Chen ef al (11) found that polyphyllin
VII suppressed cell growth and induced autophagy in nasopha-
ryngeal cancer via AKT signaling. Zhang et al (12) reported
that polyphyllin VII could affect mitogen-activated protein
kinase (MAPK) signaling and mitochondrial dysfunction
to promote cell apoptosis in liver cancer cells. Although the
antitumor activities of polyphyllin VII has been demonstrated
in other types of cancer, the effects of polyphyllin VII on CRC
progression and its underlying mechanisms remain unclear.

The present study aimed to determine the potential
antitumor effects of polyphyllin VII in CRC. The effects of
polyphyllin VII on CRC proliferation, cell cycle, apoptosis and
migration were evaluated. Microarray analysis was performed
to identify downstream targets of polyphyllin VII in CRC. The
present study showed that polyphyllin VII could be a potential
novel therapeutic drug for CRC.

Materials and methods

Cell culture and treatment. The human CRC HCT116 cell
line was obtained from American Type Culture Collection.
Cells were cultured in RPMI-1640 medium with 10%
FBS (both Thermo Fisher Scientific, Inc.) and 100 U/ml
penicillin-streptomycin at 37°C in a humidified atmosphere
containing 5% CO,.
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Cell viability assay. Cell Counting Kit-8 (CCK-8; Dojindo
Molecular Technologies, Inc.) assay was used to detect the
effects of polyphyllin VII (Chengdu Must Bio-Technology Co.,
Ltd.) on CRC cell viability, according to the manufacturer's
instructions. Briefly, 1x10* HCT116 cells/well were seeded
into 96-well plates. Subsequently, 0.9197 ug/ml polyphyllin
VII was added and cells were incubated at 37°C for 5 days.
Cultured HCT116 cells were incubated for 72 h in the pres-
ence of vehicle or polyphyllin VII at the indicated doses (0.1,
0.2,04,06,0.8,1.0,1.2,14,2.0 and 5 yg/ml). At each time
point (days 1, 2, 3, 4 and 5), 10 ul CCK-8 solution was added
to the cells. Following 2 h of incubation, the absorbance was
detected at a wavelength of 450 nm.

Cell cycle assay. Following polyphyllin VII treatment, HCT116
cells were collected and washed with PBS. Subsequently, cells
(1x10%) were treated with 0.03% Triton X-100 for 15 min, and
stained with propidium iodide (PI; 50 ng/ml) and 80 pg/ml
ribonuclease A (RNAse; Gibco; Thermo Fisher Scientific,
Inc.) at room temperature for 15 min. Cell cycle distribution
was detected using a flow cytometer (FACSCalibur; BD
Biosciences) and analyzed using ModFit 5.0 software (Verity
Software House, Inc.).

Annexin V/PI double staining. The effects of polyphyllin VII
on CRC cell apoptosis were determined using the Annexin
V-FITC/PI apoptosis detection kit (EMD Millipore), according
to the manufacturer's instructions. Briefly, cells were washed
three times with PBS and resuspended in 1X binding buffer
provided by the apoptosis kit. Subsequently, 2 yg/ml Annexin
V-FITC and 2.5 ug/ml PI were added to the 1x10° cells.
Following incubation in the dark for 15 min, the early and late
apoptosis statuses were analyzed using a flow cytometer, using
FACSCalibur software (BD Biosciences). Apoptotic cells were
subsequently analyzed via flow cytometry, using MoFlo XDP
(Beckman Coulter, Inc.).

Colony formation assay. The colony formation assay was
conducted according to Chen et al (11). Briefly, 1x10*
HCT116 cells/well were seeded into a six-well plate. At 24 h
later, 0.9197 pg/ml of polyphyllin VII were added to the cells
and incubated at 37°C for 2 weeks. After 2 weeks, colonies
(>50 cells) were stained with 0.3% crystal violet solution.

Wound healing assay. A total of 1x10° HCT116 cells/well
were seeded into a six-well plate. When cell confluency
reached ~80%, a scratch was created in the cell monolayer
using a sterile micropipette tip. The detached cells were then
washed with PBS. Then, the RPMI-1640 medium (Thermo
Fisher Scientific, Inc.) was replaced with 1 ml fresh RPMI
1640 medium without FBS. The extent of wound healing
was observed at 0, 8 and 30 h. Images were captured in
five randomly selected fields using an inverted microscope.
Migration ability was determined by calculating the change in
uncovered area between 0 and 24 h using MetaMorph software
(MetaMorph Inc.).

Transwell assay. The invasion assay was performed using
Matrigel® (BD Biosciences), which was used in 8-mm pore size
Transwell plates (Corning, Inc.). A total of 5x10* HCT116 cells,

cultured in RPMI-1640 medium with 2% FBS, were seeded
into the upper chamber. In addition, RPMI-1640 with 10% FBS
was added to the bottom chamber. Following incubation for
72 h at 37°C, the cells were fixed with a 4% paraformaldehyde
solution for 30 min at room temperature, followed by rinsing
with PBS and staining with a 0.5% crystal violet dye solution
for 10 min at room temperature. Subsequently, the cell counting
was performed with a light microscope at x200 magnification.

Western blot analysis. Cells were lysed with RIPA lysis buffer
(Applygen Technologies, Inc.). The BCA assay kit (Sangon
Technology) was used to detect the protein concentration.
Proteins (35 ug/lane) were subjected to 10% SDS-PAGE,
and then subsequently transferred onto a PVDF membrane
(EMD Millipore). Membranes were then incubated with 5%
non-fat milk for 1 h at room temperature, and stained with
primary antibodies against ribonucleoside-diphosphate
reductase subunit M2 (RRM2; 1:1,000; cat. no. ab172476;
Abcam), Bax (1:1,000; cat. no. ab32503; Abcam), Bcl-2
(1:1,000; cat. no. ab59348; Abcam), structural maintenance of
chromosomes protein 4 (SMC4; 1:1,000; cat. no. HPA029449;
Sigma-Aldrich; Merck KGaA), cleaved caspase-3 (1:1,000;
cat. no. 9661S; Cell Signaling Technology, Inc.) and
anti-GAPDH (1:1,000; cat. no. sc-32233; Santa Cruz
Biotechnology, Inc.) at 4°C overnight. Subsequently, the
membrane was washed three times in TBS with 5% Tween-20,
and then incubated with horseradish peroxidase-conjugated
anti-rabbit (cat. no. IH-0011; 1:5,000 dilution) and anti-mouse
(cat. no. IH-0031; 1:5,000 dilution) (both Beijing Dingguo
Changsheng Biotechnology Co., Ltd.) antibodies for 1 h at
room temperature. Finally, the membrane was visualized with
Enhanced Chemiluminescence Plus reagents (Thermo Fisher
Scientific, Inc.). Protein band density was normalized to the
corresponding GAPDH density.

Microarray and gene expression analysis. Gene expression
profiling was analyzed using the PrimeView™ Human Gene
Expression Arrays (Affymetrix; Thermo Fisher Scientific, Inc.),
as described previously (13); the CEL-files of the raw data were
obtained by Affymetrix GeneChip® Command Console® v1.0
Software (Affymetrix; Thermo Fisher Scientific, Inc.). Total
RNA was extracted from HCT116 cells using TRIzol reagent
3 days after 0.9197 pg/ml polyphyllin VII and control treatment
(DMSO) at 37°C for 3 days. RNA quantity and quality were
assessed with a NanoDrop™ 2000 spectrophotometer (Thermo
Fisher Scientific, Inc.) and an Agilent Bioanalyzer 2100. Briefly,
reverse transcription, cDNA synthesis, and labeling were all
performed using the GeneChip 3' IVT Expression kit (Thermo
Fisher Scientific, Inc.). Microarray hybridization, washing and
staining were carried out using the GeneChip Hybridization
Wash and Stain kit (Thermo Fisher Scientific, Inc.).

The limma method in Bioconductor (version 3.38.3;
http://www.bioconductor.org) was used to identify the genes
that were differentially expressed between the two groups (14).
Genes with an adjusted P<0.05 after FDR correction and a
fold-change of >2 or <0.5 were considered as differentially
expressed genes (DEGS).

GO and KEGG pathway analyses. Database for Annotation,
Visualization and Integrated Discovery (DAVID) 6.8
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Figure 1. Polyphyllin VII suppresses CRC proliferation. (A and B) Cell Counting Kit-8 assay showed polyphyllin VII suppressed HCT116 cell proliferation.
(C and D) The colony number was suppressed by Polyphyllin VII treatment in HCT116 cells. Data are presented as the mean + SD (n=3). ““P<0.001. NC,

negative control; CRC, colorectal cancer.

(http://david.abcc.nciferf.gov/) is an online platform that
is used for gene annotation, visualization and integrated
discovery (15). Gene Ontology (GO) (16) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) (17) pathway
enrichment analyses were implemented with the DAVID data-
base. Using this comprehensive tool, the biological meaning
behind the DEGs can be understood more quickly and effec-
tively. P<0.05 indicated a statistically significant difference.

Protein-protein interaction (PPI) network. The Search Tool for
the Retrieval of Interacting Genes (STRING, http:/string-db.
org) database was used to construct the PPI network (18). A
confidence score =0.9 was set as the cut-off criterion, and discon-
nected nodes were excluded from the network. CytoHubba (19)
and Molecular Complex Detection (MCODE) (20) in Cytoscape
3.5.1 (21) were performed to identify hub genes and significant
modules of the PPI network. The filter conditions were as
follows: Degree cut-off =2 and nodes with edges =2-core.

Gene expression profiling interactive analysis (GEPIA). The
present study used GEPIA (22) dataset to analyze the expres-
sion levels of DEGs after polyphyllin VII treatment in order
to explore the differential expression and its effect on the

prognosis of patients with rectum adenocarcinoma (READ)
and colon adenocarcinoma (COAD).

Statistical analysis. Each experiment was performed at least
three times in the present study. Statistical analysis was
conducted using SPSS 13.0 software (SPSS, Inc.). Statistical
significance between two groups was determined using
student's t-test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Polyphyllin VII inhibits CRC cell proliferation and colony
formation. The effects of polyphyllin VII on CRC prolifera-
tion were first examined using a CCK-8 assay. As shown in
Fig. 1, compared with the control group, polyphyllin VII
treatment resulted in a significant reduction in HCT116 cell
viability. The ICs, at 72 h was 0.9197 ug/ml, which was the
dose used for further experiments (Fig. 1A).

A CCK-8 assay was further used to evaluate the effect
of polyphyllin VII treatment on CRC cell proliferation. The
results showed that polyphyllin VII treatment notably inhibited
HCT116 cell proliferation compared with the control group
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Figure 2. Polyphyllin VII induces CRC cell cycle arrest and apoptosis. (A) Polyphyllin VII induced CRC cell cycle arrest, as determined using a FACScalibur
flow cytometer. The (B) GI, (C) S and (D) G2 phase analysis results are presented as the mean + SD (n=3). (E) Polyphyllin VII induced CRC cell apoptosis,
as determined using a FACScalibur flow cytometer. (F) The cell apoptosis analysis results are presented as the mean + SD (n=3). (G) The protein expression
levels of cleaved caspase-3, Bcl-2, Bax and SMC4 were detected in HCT116 cells following polyphyllin VII treatment. ““P<0.001 vs. NC. NC, negative control,
CRC, colorectal cancer; SMC4, structural maintenance of chromosomes protein 4.

(Fig. 1B). In addition, polyphyllin VII treatment significantly
suppressed HCT116 cell colony formation. The relative colony
number in the polyphyllin VII treatment group decreased by
85% in HCT116 cells (Fig. 1C and D).

Polyphyllin VII induces cell cycle arrest and apoptosis in
CRC cells. In order to explore how polyphyllin VII suppresses
CRC cell proliferation, the cell cycle of CRC cells after poly-
phyllin VII treatment was analyzed using flow cytometry. The
results showed that polyphyllin VII could significantly induce
cell cycle arrest in S phase, which led to a significant increase
of cells in S phase, but a significant decrease of cells in the G1
and G2 phases (Fig. 2A-D).

The effect of polyphyllin VII on CRC cell apoptosis was
then assessed using flow cytometry. At 3 days post-incubation,
the number of apoptotic HCT116 cells in the polyphyllin VII
group increased by 50% compared with the control group
(Fig. 2E and F). Then, the protein expression levels of pro
caspase-3, cleaved caspase-3, Bcl-2 and Bax were detected
in CRC cells following polyphyllin VII treatment. A notable

increase in the expression levels of cleaved caspase-3 and Bax
were observed (Fig. 2G). However, no significant changes in
the expression levels of pro caspase 3 and Bcl-2 were observed
in CRC cells after polyphyllin VII treatment (Fig. 2G).

Polyphyllin VII suppresses CRC invasion. Subsequently, the
effects of polyphyllin VII treatment on CRC cell migration
were determined using a wound healing assay. Cells treated
with polyphyllin VII showed lower wound healing ability
(Fig. 3A and B). A Transwell assay was also performed to
validate the present findings. As shown in Fig. 3, the number of
polyphyllin VII-treated HCT116 cells that passed through the
Transwell membrane significantly decreased compared with
the control group (Fig. 3C and D). The results indicated that
polyphyllin VII could suppress CRC metastasis.

Identification of polyphyllin VII-regulated DEGs in CRC. The
present study screened differentially expressed mRNAs and
long non-coding RNAs (IncRNAs) following polyphyllin VII
treatment in CRC using microarray analysis. Genes with a



B2 SPANDIDOS
@ PUBLICATIONS

A

NC

Polyphyllin VII

9]

NC

Polyphyllin VII

ONCOLOGY LETTERS 21: 25, 2021

B
0.8 Hekk
©
2 | |
c
2 06 R
S
E
_g 04
©
0]
o
0.2
0.0 . .
NC  Polyphyliin VI
B 80 Rk

701

Migratory cells per field
(o))
o

H 1
4§

40

NC  Polyphyllin VII

Figure 3. Polyphyllin VII suppresses colorectal cancer cell migration. (A) Representative images of wound healing assays. HCT116 cells treated with poly-
phyllin VII were subjected to wound healing migration assays. Magnification, x200. (B) Relative migration rate. (C) Representative images of Transwell assays.
Magnification, x200. HCT116 cells treated with polyphyllin VII were subjected to Transwell assays. (D) Number of migratory cells per field. “"P<0.001. NC,

negative control.

fold-change in expression of =2.0 and P<0.05 between control
and polyphyllin VII-treated samples were identified to be
differentially expressed.

As shown in Fig. 4,469 mRNAs were detected to be differ-
entially regulated by a fold-change =2.0, among which 411
mRNAs were upregulated, while 511 mRNAs were downregu-
lated (Fig. 4A). The top 10 differentially expressed mRNAs are
listed in Table I. A total of 347 upregulated IncRNAs and 1,765
downregulated IncRNAs were observed after polyphyllin VII
treatment in CRC samples (Fig. 4B). Several well-known
IncRNAs, such as urothelial cancer associated 1 (UCA1),
nuclear enriched abundant transcript 1 (NEAT1), metastasis
associated lung adenocarcinoma transcript 1 (MALATI) and
ZNFX1 antisense RNA 1 were identified to be polyphyllin
VII targets. The top 10 differentially expressed IncRNAs are
listed in Table II. Hierarchical clustering showed differentially
expressed mRNAs and IncRNAs in CRC.

GO and KEGG analysis of polyphyllin VII-regulated genes in
CRC.Furthermore, GO and KEGG analyses were performed to
identify polyphyllin VII targets. GO analysis showed that poly-
phyllin VII targets were significantly associated with multiple

biological processes, including ‘ER to Golgi vesicle-mediated
transport’, ‘heart development’, ‘regulation of cellular response
to heat’, ‘cholesterol biosynthetic process via lathosterol’,
‘response to cAMP’, ‘Ras protein signal transduction’, ‘phos-
phatidic acid biosynthetic process’, ‘epidermal growth factor
receptor signaling pathway’, ‘insulin receptor signaling
pathway’, ‘positive regulation of transcription, DNA-templated’,
‘peptidyl-serine phosphorylation’, ‘cholesterol biosynthetic
process’, ‘anaphase-promoting complex-dependent catabolic
process’, ‘G1/S transition of mitotic cell cycle’, ‘phosphati-
dylinositol-mediated signaling’, ‘regulation of ubiquitin-protein
ligase activity involved in mitotic cell cycle’, ‘COPII vesicle
coating’ and ‘protein localization’ (Fig. 4C).

KEGG pathway analysis revealed that polyphyllin VII
target genes were enriched in ‘metabolic pathways’, ‘protein
processing in endoplasmic reticulum’, ‘oxidative phosphoryla-
tion’, ‘epithelial cell signaling in Helicobacter pylori infection’,
‘legionellosis’, ‘M APK signaling pathway’, ‘HTLV-I infec-
tion’, ‘Alzheimer’s disease’, ‘Huntington’s disease’, ‘estrogen
signaling pathway’, ‘Parkinson's disease’, ‘Epstein-Barr virus
infection’, ‘cell cycle’, ‘ErbB signaling pathway’ and ‘TNF
signaling pathway’ (Fig. 4D).
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Figure 4. Identification of downstream targets of polyphyllin VII in CRC. Identification of differently expressed (A) mRNAs and (B) IncRNAs in CRC cells
after treatment with polyphyllin VII. (C) Gene Ontology and (D) Kyoto Encyclopedia of Genes and Genomes pathway analysis of downstream targets of
polyphyllin VII in CRC. NC, negative control; CRC, colorectal cancer; IncRNA, long non-coding RNA.
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Table I. Top 10 differentially expressed mRNAs following treatment with polyphyllin VII.

Gene symbol Polyphyllin VII Control Fold-change ANOVA P-value
HSPA1B 11.14 12.98 -3.57 1.86x107
ADM 7.87 9.69 -3.54 3.94x10*
HSPA1A 9.52 11.17 -3.14 1.11x10°
HSPH1 11.32 12.74 -2.69 1.64x10*
SLC38A1 12.71 14.09 -2.60 6.41x10°
KLF7 12.35 11.16 2.28 1.90x1072
MSL1 9.60 8.39 231 1.67x10
KRTAP2-2 12.94 11.63 247 3.96x107
KBTBD3 548 4.14 2.54 1.62x10
TAS2R30 7.83 6.27 295 3.10x1072

Table II. Top 10 differentially expressed long non-coding RNAs following treatment with polyphyllin VII.

Gene symbol Polyphyllin VII Control Fold-change ANOVA P-value
RNU6-175P 6.10 7.88 -3.44 2.72x107
LDHAPS 7.20 8.82 -3.07 9.78x107
UCAI 13.06 14.56 -2.82 2.70x107
RPS27P18 3.84 5.20 -2.57 2.63x10?
RP11-84C10.3 5.24 6.59 -2.55 1.03x1072
AC114498.1 11.13 9.62 2.85 2.46x10?
ADAM20P1 7.04 5.52 2.88 6.81x10°
AC069063.1 7.32 5.768 2.95 2.54x102
RP11-255C15.3 5.10 3.53 2.96 9.51x107
RP11-53019.3 797 5.93 4.12 4.45x10°
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NAPG FOLR1

Hice2 FANCI c =

YKT6 =

_ GoPE SMC4 %;

RAB1B / . ._ 7 RRM2
HMMR AN R ! -
RAB1A - KIF11
- G_0'$R1 DLGAPS : / ;
TMEDS ASPM _.K' P20 Vema GAPDH W S—
PLK1
DYNC1LI2 ACTR1A FAM83D

Figure 5. Construction of PPI networks of polyphyllin VII targets in CRC. (A) Construction of key polyphyllin VII upregulated PPI network A in CRC.
(B) Construction of key polyphyllin VII downregulated PPI network B in CRC. (C) The protein expression levels of RRM2 were detected in HCT116 cells
following polyphyllin VII treatment. PPI, Protein-Protein Interaction; CRC, colorectal cancer; RRM2, ribonucleoside-diphosphate reductase subunit M2; NC,
negative control.

PPI network analysis of polyphyllin VII-regulated genes in  networks were identified using the MCODE plugin (degree
CRC. Based on the STRING database (18), PPI networks were  cut-off =2 and nodes with edges =2-core). The top polyphyllin
constructed for polyphyllin VII-induced and reduced genes in ~ VII-induced hub modules (module A) and top polyphyllin
CRC. Following the construction of the PPI network, hub PPI  VII-reduced hub modules (module B) are shown in Fig. 5. Module


https://www.spandidos-publications.com/10.3892/ol.2020.12286
https://www.spandidos-publications.com/10.3892/ol.2020.12286
https://www.spandidos-publications.com/10.3892/ol.2020.12286

8 SONG et al: POLYPHYLLIN VII SUPPRESSES CRC CELL PROLIFERATION

>
@)

m

- e ] ¥
e

Relative expression of DYNC1LI2 TD
Relative expression of COG7

Relative expression of ACTR1A

. { *kk

kS
*Ek

[
-

Relative expression of PLK1

Relative expression of HMGB2 O
=} m-*c_
- .rmlam-l'
] \’.-..1
o

TN TN TN TN TN

TN TN TN TN TN
COAD READ COAD READ COAD READ COAD READ COAD READ
F G H | J
2 EL i I - W
& *-.t* *hH g N (‘3 *ick x % e *kk % R T
S T g T ol&d 3. Llle | 7 g =
3| T b4 2 hom |2 | 2 "
-5 A R )
= 3 =} N =] : i 2 [=} by =
S ; l 2 1 il ; 2 S B FE L
@ 1; ti 8. i ;|8 - - g 1 Ii i ¢ ‘4
s 8 m ! % S-S -
% = ¢ > i b . g . i 3 :
/] ' : g 1 g °>) g ; 7
£ © ks & @ ' '
g _ €| _ & __ e _ & __
TN TN TN TN TN TN TN TN TN TN
COAD READ COAD READ COAD READ COAD READ COAD READ
K L M N O
c = < el il - . [Ts] **:' ke
[&] kk | — Ak — -
= s Ry, BT o ey
T w § < » X ; N ¥ H
ks ks ' 5 i - 5 B B
5 & * N N I L8 i o * . '
‘@ 7 : 5 8 i | - i H
g SIS NI I A AR S S A
2 2 2 2 | 2
© = i i k= g g
& £ 2| _ c | _ ¥ c | _ 3
TN TN TN TN TN TN TN TN
COAD READ COAD READ COAD READ COAD READ

P Q

O i_** *kk

x i = i £

© - . .

N BT

s| *§ i3 g | :

é‘ ) _ﬁ % " &

o : < | 2 +

2 g ' '
TN TN TN TN
COAD READ COAD READ

Figure 6. Polyphyllin VII target genes are dysregulated in CRC samples. (A) ACTRIA, (B) DYNCILI2 and (C) COG7 were downregulated in COAD
and READ samples compared with normal tissues. (D) HMGB2, (E) PLK1, (F) DLGAPS, (G) RRM2, (H) SMC4, (I) NCAPH, (J) MCM4, (K) HMMR,
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Eres

“P<0.01 and ""P<0.001 vs. normal tissue. N, normal; T, tumor; COAD, colon adenocarcinoma; READ, rectum adenocarcinoma.

A contained 11 nodes and 53 edges, including RABIB, RABIA,
TMEDY9, YKT6, COG7, GOSR1, NAPG, FOLRI1, COPE,
DYNCILI2 and ACTRI1A (Fig. 5A). Module B contained 16
nodes and 106 edges, including ASPM, PLK1, HMGB?2, KIF2C,

KIF15, FAM83D, KIF11, KIF20A, FANCI, HMMR, MCMS5,
MCM4, NCAPH, SMC4, RRM2 and DLGAPS (Fig. 5B). In
order to confirm the effects of polyphyllin VII on these proteins,
the protein expression levels of SMC4 and RRM?2 were detected
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in HCT116 cells following polyphyllin VII treatment. The results
showed that Polyphyllin VII treatment led to a notable decrease
of SMC4 (Fig. 2G) and RRM2 (Fig. 5C).

Key polyphyllin VII-regulated genes are dysregulated in
CRC. To explore the clinical implication of key polyphyllin
VIlI-regulated genes in CRC, their expression levels in CRC
samples were analyzed using the GEPIA database. As shown in
Fig. 6, the results showed that ACTR1A (Fig. 6A), DYNCILI2
(Fig. 6B) and COG7 (Fig. 6C) were significantly down-
regulated in both COAD and READ samples compared with
normal tissues. Whereas, HMGB?2 (Fig. 6D), PLK1 (Fig. 6E),
DLGAPS (Fig. 6F),RRM2 (Fig. 6G), SMC4 (Fig. 6H), NCAPH
(Fig. 61), MCM4 (Fig. 6J), HMMR (Fig. 6K), FANCI (Fig. 6L),
KIF20A (Fig. 6M), KIF11 (Fig. 6N), KIF15 (Fig. 60), KIF2C
(Fig. 6P) and MCMS5 (Fig. 6Q) were significantly upregulated
in COAD and READ samples compared with normal tissues.

Discussion

There is an urgent need to identify novel anticancer drugs for
CRC. In the past decades, multiple studies demonstrated that
natural herbal products could be promising novel chemo-
therapeutics for the treatment of human cancers. Various
herbal products were found to exhibit anticancer activity by
suppressing cell proliferation and metastasis and inducing
cell apoptosis and autophagy (23-25). Previous studies
reported that polyphyllin could suppress the progression of
multiple human cancers, including lung (26), gastric (27),
breast (28) and prostate (29) cancer. Polyphyllin exerts its
roles in cancers by inducing tumor cell apoptosis (30),
suppressing tumor cell proliferation (31), angiogenesis (32)
and reversing multidrug resistance of tumor cells (33,34).
Exploring the antitumor effect of polyphyllin could provide
novel drugs for CRC treatment.

The anticancer effects of polyphyllin VII has been
demonstrated in a number of cancers. The results showed that
polyphyllin VII could induce cancer cell apoptosis via regu-
lating caspase protein activation in oral cancer (30). Several
recent studies demonstrated that polyphyllin VII could induce
the autophagy process in tumor cells (11,30,35). Distant
metastasis is the primary cause of cancer-related deaths.
Wang et al (36) reported that polyphyllin VI could suppress
breast cancer invasion, suggesting the anti-metastatic roles
of polyphyllin. The present study revealed that polyphyllin
VII could significantly inhibit CRC proliferation, and induce
cell cycle arrest and CRC cell apoptosis. A notable increase
of cleaved caspase-3 and Bax expression was also observed.
These results were consistent with previous reports (11,12,30).
Moreover, the anti-metastatic effects of polyphyllin VII in
CRC cells were validated. These results suggested that poly-
phyllin VII could be a potential antitumor drug for CRC.

Recently,emerging studies have demonstrated thatIncRNAs
play crucial roles in human cancer progression (37,38).
In CRC, it has been reported that IncRNAs are involved in
regulating tumor proliferation, metastasis and therapeutic
resistance. The IncRNA CALIC was found to promote CRC
metastasis via upregulating AXL receptor tyrosine kinase (39).
SNHG6 was revealed to suppress CRC cell proliferation and
metastasis by targeting ETS proto-oncogene 1 transcription
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factor (40). To the best of our knowledge, the present study,
for the first time, identified 347 upregulated IncRNAs and
1,765 downregulated IncRNAs following polyphyllin VII
treatment in CRC cells. Several well-known IncRNAs, such
as UCAL1 (41), NEAT1 (42), and MALAT1 (43) were identified
to be polyphyllin VII targets. UCA1 was previously found to
be overexpressed in both CRC tissues and plasma samples,
and its expression was correlated with shorter survival times,
which suggested that UCA1 could be a potential biomarker
for CRC (41). Knockdown of UCA1 suppressed CRC migra-
tion and epithelial-mesenchymal transition, and enhanced the
radiosensitivity of CRC cells (44). Cui et al (41) found that
UCALI regulated CRC progression via sponging microRNA
(miR)-28-5p. NEAT1 promoted CRC progression via acti-
vating cell division protein kinase 6 (42). MALATI1 was
upregulated in CRC samples. A previous study reported that
MALATI served as an oncogene in CRC by promoting inva-
sion and metastasis (45). These results suggested that IncRNAs
may also play a crucial role in regulating the antitumor effects
of polyphyllin VII in CRC.

Moreover, the present study found that polyphyllin VII
affected a series of cancer-related pathways, including ‘ER
to Golgi vesicle-mediated transport’, ‘regulation of cellular
response to heat’, ‘response to cAMP’, ‘Ras protein signal
transduction’, ‘metabolic pathways’, ‘M APK signaling
pathway’, ‘cell cycle’, ‘ErbB signaling pathway’ and ‘TNF
signaling pathway’. These pathways are associated with the
tumorigenesis and development of CRC. For example, the
p38a/MAPK pathway promotes cell metabolism, invasion,
autophagy, inflammation and angiogenesis in CRC and has
been validated as a key factor in CRC therapy and chemo-
resistance (46). The abnormal regulation of the cell cycle
plays a crucial role in promoting tumor growth. Moreover,
in the present study, a PPI network was constructed to
identify key polyphyllin VII-regulated genes in CRC. Two
hub networks regulated by polyphyllin VII were revealed
in this study. A series of genes, such as RABIB, RABIA,
TMEDY, YKT6, COG7, GOSR1, NAPG, FOLRI1, COPE,
DYNCILI2, ACTR1A, ASPM, PLK1, HMGB2, KIF2C,
KIF15, FAMS83D, KIF11, KIF20A, FANCI, HMMR,
MCMS5, MCM4, NCAPH, SMC4, RRM2 and DLGAPS,
were regarded as key regulators. Moreover, polyphyllin
VIl-regulated genes were significantly overexpressed in
CRC samples compared with normal tissues. Among these
genes, RRM2, SMC4 and MCM4 have been reported to play
a regulatory role in CRC proliferation and migration. In the
present study, polyphyllin VII treatment led to a significant
decrease of RRM2 and SMC4 expression. Overexpression
of RRM2 is correlated with poor survival in patients with
CRC (47). SMC4 could predict survival and serve as a thera-
peutic target for CRC (48).

In summary, the present demonstrated that polyphyllin
VII suppressed CRC proliferation and migration, but induced
apoptosis and cell cycle arrest. Microarray analysis identified
that polyphyllin VII could affect multiple protein-coding
genes and non-coding RNAs. Bioinformatics analysis revealed
that polyphyllin VII regulated multiple pathways in CRC,
including ‘ER to Golgi vesicle-mediated transport’, ‘response
to cAMP’, ‘Ras protein signal transduction’, ‘metabolic
pathways’, ‘M APK signaling pathway’ and ‘cell cycle’. PPI
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networks analysis identified RRM2, SMC4 and MCM4 as
the key targets of polyphyllin VII in CRC. Finally, the results
demonstrated that these key polyphyllin VII-regulated genes
were dysregulated in CRC. Taken together, these results indi-
cated that polyphyllin VII could be a novel antitumor drug for
the treatment of CRC.
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