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Abstract: Kirsten rat sarcoma viral oncogene homolog (KRAS)-driven colorectal cancer (CRC) is
notorious to target with drugs and has shown ineffective treatment response. The seeds of Pharbitis
nil, also known as morning glory, have been used as traditional medicine in East Asia. We focused
on whether Pharbitis nil seeds have a suppressive effect on mutated KRAS-driven CRC as well as
reserving muscle cell functions during CRC progression. Seeds of Pharbitis nil (Pharbitis semen) were
separated by chromatography and the active compound of Pharbitis semen (PN) was purified by
HPLC. The compound PN efficiently suppressed the proliferation of mutated KRAS-driven CRC cells
and their clonogenic potentials in a concentration-dependent manner. It also induced apoptosis of
SW480 human colon cancer cells and cell cycle arrest at the G2/M phase. The CRC related pathways,
including RAS/ERK and AKT/mTOR, were assessed and PN reduced the phosphorylation of AKT
and mTOR. Furthermore, PN preserved muscle cell proliferation and myotube formation in cancer
conditioned media. In summary, PN significantly suppressed mutated KRAS-driven cell growth and
reserved muscle cell function. Based on the current study, PN could be considered as a promising
starting point for the development of a nature-derived drug against KRAS-mutated CRC progression.
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1. Introduction

Colorectal cancer (CRC) is the third most diagnosed cancer worldwide. Recent statistics showed
CRC caused 832,000 deaths and nearly 1.6 million new cases were diagnosed [1]. Among the various
CRCs, Kirsten rat sarcoma viral oncogene homolog (KRAS) genetic mutation driven-CRC are known
to be difficult to target, and prone to drug-induced side effects [2,3]. Mutated KRAS proteins cause
persistent activation of GTP, which endlessly send signals to the RAS/extracellular signal–regulated
kinases (RAS/ERK) or protein kinase B/mammalian target of rapamycin (AKT/mTOR) cell regulation
pathways [2]. ERK or mTOR proteins activate transcription factors involved in cell death, cell cycle
progression, and transcription [2,4]. To inhibit RAS activation, antibody therapy was developed to
target EGFR, such as Cetuximab, but various drug-resistance issues were documented [5–7]. Therefore,
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novel medicinal substances with effective anti-cancer properties are needed and plant-derived foods or
medicinal plants can offer potential means.

Several natural products have exhibited anti-CRC activity. For example, Danshen (Salvia miltiorrhiza)
improved the survival rate of patients with colorectal cancer [8]. Triterpenoids from Rhus chinensis
Mill [9], protopine from Nandina domestica [10], Paris saponin VII from Trillium tschonoskii [11] and
protein hydrolysates from Fenugreek (Trigonella foenum graecum) [12] suppressed the proliferation and
induced apoptosis of CRC cells. Additionally, rosemary (Rosmarinus officinalis) inhibited CRC growth
by inducing necrosis [13]. However, limited studies have examined the effects of natural extracts
targeting mutated KRAS-driven CRC and none of these studies tested the efficacy of these extracts on
muscle function. In our previous study, Cordyceps militaris germinated soybeans suppressed mutated
KRAS-driven CRC via the RAS/ERK pathway [14]. Phellinus linteus grown on germinated brown rice
increased the sensitivity of Cetuximab to inhibit KRAS-CRC progression both in vitro and in vivo [15].
Although the two natural compounds have anti-CRC activities, more medicinal substances are needed
to target the notorious and drug-resistant nature of mutated KRAS-driven CRC.

Morning glory (Pharbitis nil) is a well-known ornamental plant, and its seeds have been used in
traditional medicine to treat various cancers and inflammatory diseases in Korea, China, and Japan [16].
Recent studies have demonstrated its suppressive effects on breast cancer [17], lung cancer [18] and
gastric cancer cells [19]. In addition, the seed of Pharbitis nil is the main constitute of the approved
drug, DA-9701 (Motilitone) [20]. DA-9701 is a botanical drug for treating functional dyspepsia and
composed of the seed of Pharbitis nil and Corydalis tuber. Therefore, we anticipated its safety on human
and can be adapted for therapies in a relatively short timeframe if proven its efficiency. In view of
its anticancer effects, we considered the active compound of Pharbitis semen (PN) may inhibit the
proliferation and progression of mutated KRAS-driven CRC without inducing serious side effects.

In addition to the suppressive effect of PN on CRCs, we evaluated the effect of compound PN on
muscle cell function. During the course of CRC, cachexia, a complex syndrome showing severe muscle
weight loss, is often accompanied with CRC progression and worsened treatment therapies [21–23].
Therefore, treating cachexia becomes an important combinational therapy in the treatment of CRCs.
We mimicked cancer-associated environment with conditioned media and evaluated the effect of PN
on muscle cells.

In the present study, the anticancer activity of PN was investigated by examining its
anti-proliferation and clonogenic features in five different CRC cell models. Cell cycle and apoptotic
analyses were performed, and the changes in RAS/ERK and AKT/mTOR pathways were investigated.
Finally, we assessed the effect of the compound PN on muscle cell proliferation and function.

2. Results and Discussion

2.1. PN Suppressed Colorectal Cancer Cell Progress

To investigate the anti-proliferative effects of PN on mutated KRAS-driven CRC, KRAS mutated
SW480 and HCT116 cells as well as KRAS-wild type (WT) HT29 and WiDr were evaluated. Cells were
treated with PN at 0, 0.1, 0.5, 1, 2, or 4 µg/mL and incubated for 48 or 72 h in triplicate. Cetuximab
which has been used to treat mutated KRAS-driven CRCs was used as a control. Figure 1A summarized
the proliferation profiles. PN inhibited cell growth in a concentration dependent manner in mutated
KRAS-driven cell lines at 48 and 72 h. At 72 h, SW480 viability was decreased to 41.6 ± 1.0% when
treated with PN at 2 µg/mL and to 26.0 ± 4.5% when treated with 4 µg/mL PN. When compared to
control drug of Cetuximab, PN showed higher suppressive effect from 2 µg/mL concentration. Data also
indicated that KRAS mutated cell lines responded more sensitively on PN treatment compared to KRAS
wild type cells of HT-29 and WiDr. In KRAS wild type cells, PN treatment did not show statistical
decrease on proliferation at 48 h. The IC50 values of KRAS mutated cells at 72 h are 1.74 and 2.78 µg/mL
on SW480 and HCT116 cells, whereas they are 4.14 and 4.46 µg/mL on KRAS WT cells of HT29 and
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WiDr cells. IC50 values of KRAS mutated cells are relatively low compared to other natural extract
such as pogostone (HCT116: 18.7 ± 1.93 µg/mL) [24].
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Figure 1. (A) PN suppressive effect on KRAS-mutated colorectal cancer cells of SW480 (KRASG12V) 
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Figure 1. (A) PN suppressive effect on KRAS-mutated colorectal cancer cells of SW480 (KRASG12V)
and HCT116 (KRASG13D), and KRAS-wild types CRCs of HCT116 and WiDr. Cells were treated
for 48 and 72 h under PN treatment (0, 0.1, 0.5, 1, 2 and 4 µg/mL) and Cetuximab (30 µg/mL). IC50

values are calculated. Results are presented as means ± S.D. of three independent experiments.
* p < 0.05, ** p < 0.01, *** p < 0.001. (B) Representative colorectal cancer cell images under PN treatment
(0, 0.5, 1 and 4 µg/mL). Blue represents the DAPI-stained cell nuclei, and the propidium iodide-stained
dead cells are red. Scale bar = 500 µm. DAPI, 4′,6-diamidino-2-phenylindole; PI, propidium iodide.
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Cells were stained with DAPI and PI for live and dead cell detection. Cell nuclei were stained
with DAPI (blue) which represent all cells, and dead cells were stained with PI (red). Most cells in
control group were stained with DAPI and little PI staining after 48 h of cultivation indicating most
cells are alive (Figure 1B). In contrast, cells treated with PN began to appear dead PI stained cells from
0.5 µg/mL.

By assessing clonogenic potentials, we evaluated if PN inhibited tumorogeneity. As shown in
Figure 2, PN dose-dependently suppressed colony formation by the KRAS mutated cell lines SW480,
and HCT116. For example, PN treatment at 1 µg/mL suppressed SW480 cell colony formation to
26%. Surprisingly, almost no colony formation was observed by KRAS mutated CRCs treated with
4 µg/mL of PN. In contrast, HT29 and WiDr colonies are still visible even at the highest concentration.
These findings show that PN sensitively suppress proliferation rate and tumor forming abilities in
the long-term aspects of mutated KRAS-driven CRC cells. Further mechanistic and molecular studies
were performed with SW480 cells at PN concentrations ranging from 0.1 to 4 µg/mL.
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2.2. PN Induced Apoptosis and Cell Cycle Arrest in the G2/M Phase 

Figure 2. (A) Clonogenic potential after the PN treatment (0, 1 and 4 µg/mL) on KRAS-mutated
colorectal cell lines of SW480 (KRASG12V) and HCT116 (KRASG13D) and KRAS-WT cells of HT29
and WiDr. (B) Relative colony numbers upon the PN treatment were calculated compared to the
control. Results are presented as means ± S.D. of three independent experiments. * p < 0.05, ** p < 0.01,
*** p < 0.001.

Seeds of Pharbitis nil contains several bioactive compounds such as polysaccharides [16], pharbitin
(resin glycosides) [25], anthocyanins, diterpenoids [26], triterpene saponins [27], pharbilignan C [17],
neolignane, and monoterpene glycosides [28]. Pharbilignan C has been reported to induce human
breast cancer cell apoptosis via the mitochondria-medicated intrinsic pathway [17], and lignans
exhibited anti-inflammatory and anti-cancer activities [29]. Thus, the observed suppressive effects of
PN on CRC cell-lines may have been due to the presence of these functional compounds.

2.2. PN Induced Apoptosis and Cell Cycle Arrest in the G2/M Phase

To investigate the mechanism of cell death in mutated KRAS-driven human colorectal cell lines
induced by PN, we analyzed apoptosis and cell cycles. For detecting apoptotic cells, Annexin V-FITC
and PI staining was used. Annexin V binds specifically to a phosphatidylserine residue that is
externalized by cells undergoing apoptosis. As seen in Figure 3, PN substantially increased the
percentage of apoptotic cells in a concentration-dependent manner. Early (Annexin V FITC+/PI−) and
late (Annexin V FITC+/PI+) apoptosis counts were increased up to 28.6 ± 1.4 % and 40.2 ± 2.7 % at 2 or



Molecules 2020, 25, 2864 5 of 13

4 µg/mL PN treatment for 48 h, respectively. These observations suggest PN inhibits CRC proliferation
by inducing apoptosis.
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Figure 3. (A) Flow cytometric apoptosis images PN treatment using Annexin V-FITC/PI staining.
SW480 cells were stained with Annexin V-FITC/PI upon PN treatment (0, 0.1, 0.5, 1, 2, and 4 µg/mL).
(B) The percentage of apoptotic cells upon the PN treatment were compared. Asterisks (*) indicate
statistical differences compared to untreated control (n = 3). * p < 0.05, ** p < 0.01, *** p < 0.001; Student’s
t test. Statistical differences among the experimental groups were confirmed via one-way ANOVA test.
FITC, fluorescein isothiocyanate; PI, propidium iodide.

Cell cycle is progressed into four phases: gap1 (G1), DNA synthesis (S), gap2 (G2) and mitosis (M).
Arresting cancer cells at a certain stage are often viewed as therapeutic targets [30]. The cell cycle after
exposing SW480 cells at concentrations of 0.5–4 µg/mL of PN was investigated. As seen in Figure 4A,
cell cycle analysis showed PN concentration-dependently induced accumulation in the G2/M phase
and a concomitant reduction in the G0/G1 phase. For example, the proportions of cells in the G2/M
phase after treatment with 1 or 4 µg/mL of PN were 28.5 ± 0.3% and 41.2 ± 6.7%, respectively, which
demonstrated PN inhibited cell growth by arresting cells in the G2/M phase. Then, we investigated
expression levels of the cdc2 and cyclin B1, which are proteins for cell cycle progression from G2/M to
G0/G1. Indeed, western blot images revealed that PN concentration-dependently reduced the levels of
both proteins (Figure 4B).

PN was found to arrest cells in the G2/M phase to reduce the number of cells in the G0/G1 phase
(Figure 4), therefore less cells enter into mitosis. This is interesting in that most of the cell cycle arrests
caused by natural extracts reported to date have occurred in the G0/G1 or G2/M stages. [21,31,32].
For example, pogostone induced G0/G1 arrest in a KRAS mutated HCT116 cell-line [24].
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2.3. Inhibition of the AKT/mTOR pathway enhanced PN-induced cell death 

Mutated KRAS-driven CRC signals are through the ERK/MEK or AKT/mTOR pathways [3,4]. 

During mutated KRAS-driven CRC progression, mutant RAS constitutively activates ERK/MEK or 
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Figure 4. (A) Cell cycle analysis upon PN treatment (0, 0.5, 1, 2, and 4 µg/mL). Images represent the
SW480 cell response under PN treatment. Percentages in each cell cycle phase (G0/G1, S, G2/M) are
calculated and G2/M phase are increased as concentration dependent manner. Asterisks indicates
statistical differences compared to untreated control through Student’s t-test (* p < 0.05, ** p < 0.01,
*** p < 0.001). (B) Expression of G2/M phase related proteins of cdc2 and cyclin B1 upon PN treatment.
HSP90 was used as a loading control and the protein intensity was analyzed in triplicate. The ratios of
cdc2/HSP90 and cyclin B1/HSP90 were calculated and analyzed by Student t-test * p < 0.05, ** p < 0.01,
*** p < 0.001.

2.3. Inhibition of the AKT/mTOR Pathway Enhanced PN-Induced Cell Death

Mutated KRAS-driven CRC signals are through the ERK/MEK or AKT/mTOR pathways [3,4].
During mutated KRAS-driven CRC progression, mutant RAS constitutively activates ERK/MEK or
AKT/mTOR phosphorylation, and as a result promotes cancer cell proliferation. To determine whether
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SW480 growth inhibition by PN is regulated by RAS/ERK or AKT/mTOR pathways, cells are treated
with PN for 48 h and protein levels of KRAS, p-ERK, p-AKT, and p-mTOR were assessed by western
blot. As shown in Figure 5, PN significantly and concentration-dependently suppressed p-AKT
and p-mTOR phosphorylation. For example, the expression of p-AKT was reduced to 0.31 in PN
4 µg/mL treated cells as compared with 1.0 in the non-treated control. The level of KRAS and ERK
phosphorylation was similar in all groups as observed in Figure 5. These results demonstrated that
PN suppressed CRC progression predominantly via the AKT/mTOR pathway. The AKT/mTOR and
ERK/MEK pathways are known to be major regulatory signaling pathways that relate to CRC cell
proliferation, metabolism, and survival [2,4,33]. Our observations suggest that the antitumor effect of
PN is caused by reductions in the phosphorylations of AKT and mTOR.
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Figure 5. (A) Representative western blot images of KRAS, HSP90, phospho-p42/44 MAPK
(phospho-ERK1/2), phospho-AKT, phospho-mTOR protein expression in SW480 cells treated with
the compound PN (0, 0.5, 1, 2 and 4 µg/mL). (B) The ratios of KRAS/HSP90, phospho-ERK1/2/HSP90,
and phospho-AKT/GAPDH, phospho-mTOR/GAPDH were calculated and compared to the control.
(N = 3; mean SEM, * p < 0.05, ** p < 0.01, *** p < 0.001; Student’s t test).

2.4. PN Restores Muscle Cell Function during Cancer Progression

During cancer progression, skeletal muscles are weakened which causes progressive functional
impairment, called cachexia [21–23]. Accordingly, it is important aspects that agents targeting cancers
do not adversely affect muscle cells. Thus, we examined the proliferation and function of muscle
cells of myoblast, treated with different concentrations of PN (0, 0.1, 0.5, 1, 2, or 4 µg/mL) for 48 or
72 h. In Figure 6A, PN did not inhibit cell proliferation up to 2 µg/mL concentrations. After 72 h of
treatment with 2 or 4 µg/mL of PN, cell viabilities remained at 97% and 61% of non-treated control
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levels. Next, we examined if PN affected muscle functions of myotube formation by inducing myogenic
differentiation. Phenotypes were detected by myosin heavy chain (MyHC) immunostaining and
fusion indices were calculated. Surprisingly, PN treatment did not inhibit myogenic differentiation as
determined by MyHC staining and fusion indices (Figure 6B,C). In fact, fusion indices even improved
at all PN treated groups. Our data suggest that PN has a beneficial effect on muscle cell function.
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Myosin heavy Chain (MyHC) and DAPI. Myogenesis was induced in differentiation media and 
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function impairment. In Figure 6D,E, reduced myotube numbers and MyHC expression were 

Figure 6. (A) C2C12 cells were treated with different PN concentrations (0, 0.1, 0.5, 1, 2 and 4 µg/mL) for
48 and 72 h. Results are presented as means ± S.D. of 3 independent experiments, * p < 0.05, ** p < 0.01,
*** p < 0.001. (B) Immunofluorescence microscopy for the expression of the myogenic markers Myosin
heavy Chain (MyHC) and DAPI. Myogenesis was induced in differentiation media and treated for 5 days
with different PN concentration (0, 0.5 and 1 µg/mL). (C) Fusion indexes were calculated as the % of the
nuclei inside myotubes compared to the total number of nuclei. (N= 3 independent experiments; mean
SEM, * p < 0.05, ** p < 0.01, *** p < 0.001; Student’s t test). Between experimental groups, statistical difference
was found via one-way ANOVA (### p < 0.001). (D) Representative images of myotube formation on
cancer conditioned media upon PN treatment (0, 0.1, 0.5 and 1 µg /mL). Myotube was detected with MyHC
(green) immunostaining and nuclear counterstained DAPI (blue). Scale bar = 200 µm. (E) Fusion index
were calculated as the % of the nuclei inside myotubes compared to the total number of nuclei. (Data were
from three independent experiments; mean SEM, * p < 0.05; Student’s t test).

Because PN did not impair and rather supported C2C12 myogenic differentiation into myotube
formation, we further investigated if PN could attenuate conditioned media (CM)-mediated muscle
function impairment. In Figure 6D,E, reduced myotube numbers and MyHC expression were observed
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on PN-untreated control, which indicated cancer environment significantly impaired muscle cell
function. However, PN-treatment rescued C2C12 muscle cell dysfunctions. In detail, increased
myotube formation and MyHC expression compared to the SW480 control CM were observed
(Figure 6D,E).

During cancer progression, cancer-associated cachexia is common [21], and one of the problems
posed by anti-cancer drugs is that they impair normal cell proliferation and function. Therefore,
the maintenance of muscle cell proliferation and myogenic differentiation are important aspects at the
cancer therapeutic development. Interestingly, we found PN did not impair muscle cell proliferation,
but actually restored muscle cell function.

3. Materials and Methods

3.1. Preparation of PN from the Seeds of Pharbitis nil

PN was prepared as previously reported [34]. In brief, dried seeds of Pharbitis nil (1 kg) were
ground. Then, ground Pharbitis nil was immersed in methanol (MeOH) at room temperature for 48 h
and extracted. The MeOH extract was filtered with 5 µm filter paper and concentrated using a rotary
evaporator (Tokyo Rikakikai, Tokyo, Japan). To purify compound PN, the MeOH extract (5 g) was
dissolved in 50% MeOH and chromatographed on a Diaion HP-20 column by the gradient MEOH (50%,
80%, 100%, each fraction 500 mL). The 100% MeOH fraction (800 mg) was further chromatographed on
reversed-phase C-18 and Sephadex LH-20 column using 100% MeOH as mobile phase, simultaneously.
The 250 mg of purified compound PN was confirmed by high performance liquid chromatography
(HPLC) in our previous study.

3.2. Cell Culture and Treatment

The human CRC cell-lines, SW480, HCT116, HT29 and WiDR were purchased from the American
Type Culture Collection (Rockville, MD, USA). G12V KRAS mutated SW480 (KRASG12V), G13D KRAS
mutated HCT116 (KRASG13D), KRAS wild types of HT29 and WiDR were cultured in RPMI-1640
supplemented with 10% fetal bovine serum (FBS; Invitrogen), and 1% penicillin-streptomycin (P/S; Sigma,
St. Louis, MO, USA). C2C12 cells were purchased from ATCC and cultured in DMEM (Dulbecco’s
modified Eagle’s medium) containing 10% FBS and 1% P/S in a 5% CO2 atmosphere at 37 ◦C.

3.3. Cell Proliferation by MTS Assay

An MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium)
assay (Promega, Fitchburg, WA, USA) was used to determine the anti-proliferative effect of PN on
CRC cell lines and its toxic effect on C2C12 muscle cells. For each cell line tested, 2 × 104 cells per
well were seeded onto 96-well plates and allowed to attach. Cells were treated with PN at 0.1, 0.5, 1,
2, or 4 µg/mL and incubated for 48 and 72 h. Cetuximab of 30 µg/mL was added as a control. MTS
solution (20 µL) was then added and cells were incubated at 37 ◦C for 1 h. Absorbance were measured
at 490 nm (Model 550, Bio-Rad, Hercules, CA, USA). The experiments were performed in triplicate.
IC50 values (concentrations that inhibited cell growth by 50%) were compared.

3.4. DAPI/PI Staining

Cells were treated with PN for 48 h, fixed with 4% paraformaldehyde (Sigma), washed with
PBS, and stained with DAPI (4′,6-diamidino-2-phenylindole, Sigma) to detect cell nuclei and with PI
(propidium iodide, Sigma) to detect dead cells in the dark. Stained cells were then observed under a
fluorescence microscope (EVOS®, Thermo Scientific, Waltham, MA, USA).

3.5. Clonogenic Assay

Human CRC cell lines were seeded at 1 × 103 cell/well onto six-well plates. After cells had
completely attached, they were treated with 1 or 4 µg/mL of PN, and 10 days later, fixed with
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4% paraformaldehyde for 10 min, dried, and stained with 0.05% crystal violet (Sigma) for 15 min.
The experiments were performed in triplicate.

3.6. Cell Apoptosis Analysis

Human CRC cells were treated with PN at 0.1, 0.5, 1, 2, or 4 µg/mL for 48 h, harvested, stained
with Annexin V-FITC and PI for 15 min in the dark, according to the manufacturer’s instructions
(BD Biosciences, San Jose, CA, USA). Apoptotic cells were analyzed by flow cytometry (FC 500,
Beckman Coulter, Indianapolis, IN, USA). The experiments were performed in triplicate.

3.7. Cell Cycle Analysis

Cell cycles were analyzed by flow cytometry in triplicate. Cells were seeded, treated with PN at
0.5, 1, 2, or 4 µg/mL for 24 h, detached, fixed in ice-cold 70% ethanol, and stained with PI solution
containing RNase for 10 min in the dark. Cell cycle distributions were analyzed by flow cytometry
(FC 500).

3.8. Western Blotting

Western blot analysis was performed in triplicate as previously described [14]. Cells were treated
with compound PN (0.5–4µg/mL) for 48 h and detached with trypsin-EDTA. Proteins were isolated with
RIPA buffer containing protease inhibitors (Sigma) and quantified using a bicinchoninic acid (BCA) assay
(Thermo Scientific). Proteins were separated in precast SDS-PAGE gels (10%, Invitrogen) and transferred
to membranes using the iBlot system (Thermo Scientific). Membranes were blocked with 5% skimmed
milk in Tris buffered saline (TBS) and incubated with the following primary antibodies overnight at 4
◦C; cdc2, cyclin B1, HSP90, phospho-mTOR, GAPDH, KRAS, phospho-ERK1/2, and phospho-AKT.
Membranes were then washed and incubated with HRP-conjugated goat anti-rabbit or anti-mouse
antibodies (Pierce, Rockford, IL, USA). Densitometric analysis was performed using ImageJ software
(NIH, Bethesda, MD, USA) and ratios of proteins versus the loading control were calculated.

3.9. Myogenic Differentiation

C2C12 myoblasts were seeded onto six-well plates (4 × 104 cells/well) in triplicate and cultured for
2 days in DMEM. Myogenesis was induced by culturing cells in differentiation medium (DMEM, 2%
Horse serum, 1% P/S) containing PN at 0.5, 1 µg/mL for 5 days [35]. Differentiated muscle cells were
immunostained for fast myosin heavy chain (f-MyHC, a marker of terminal myogenic differentiation),
fixed with 4% paraformaldehyde, blocked with 5% goat serum, and incubated at room temperature
with myosin 4 monoclonal antibody (MF20)-Alexa Fluor 488 (Thermo Scientific) overnight at 4 ◦C.
The nuclei were visualized by staining with DAPI (Sigma) for 10 min. Total cell nuclei and nuclei
within f-MyHC-positive myofibers in at least 15 fields of three replicate platings were counted by using
ImageJ. Myotube fusion indices were calculated by expressing the number of cells expressing f-MyHC
(green) as a percentage of total nuclei (DAPI, blue) [35,36].

3.10. Preparation of SW480-Conditioned Media

To prepare conditioned media, SW480 cells were cultured on the 100 mm cell culture dish with
the concentration of 5 × 104 cells/seeding. After 24 h, cells were washed with 1× PBS and changed to
serum-free DMEM. Upon one day of incubation, media were collected and supernatant parts were
filtered through 0.2 µm syringe filter for conditioned media (CM).

3.11. C2C12 Myogenic Differentiation in Cancer Conditioned Media

To investigate the effect of PN on C2C12 myogenic differentiation under during cancer progression,
conditioned media (CM) were applied as follows. First of all, C2C12 myoblasts were seeded onto
six-well plates (4 × 104 cells/well) and cultured for 2 days in regular DMEM. After cells are attached,
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the mixture of CM and differentiation media (2% horse serum in DMEM) with the ratio of 1:3 were
added and PN with the concentrations of 0.1, 0.5 and 1 µg/mL were treated.

3.12. Statistical Analysis

Results were reported as means ± standard errors of means (SEM) of experiments performed in
triplicate. Comparisons among experimental groups were performed by one-way ANOVA using SPSS
ver. 12.0 (SPSS, IBM, USA). p-values of <0.05 were deemed significant.

4. Conclusions

The results of the present study showed two beneficial effect of PN on KRAS-mutated CRC. Firstly,
it significantly suppressed KRAS-mutated CRC progression. Cell proliferation and clonogenic potential
were decreased at relatively low concentrations via apoptosis and G2/M phase arrest. The mechanism
responsible for the effects of PN may be associated with the AKT/mTOR signaling pathway. Secondly,
PN rescued muscle cells dysfunction under cancer progression. Collectively, our results provide
support for the incorporation of PN into therapeutic regimens targeting mutated KRAS-driven CRC.
For future research, the toxicity and efficacy of PN needs to be performed in animal studies.

Author Contributions: J.S. carried out most of the experiments and contributed data interpretation; H.S.
contributed to the experimental design and performed clonogenic potential and Western blot experiments;
M.-R.K. contributed to data interpretation; S.-J.L. contributed to the conception; S.A. prepared compound PN and
contributed to the conception; M.S. contributed to the conception and design of the entire study and wrote the
manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Brain Korea 21 (NRF-2016R1A1A1A05921948) and by Basic Research of
the NRF (NRF-2020R1F1A1076624). The APC was funded by NRF-2020R1F1A1076624.

Acknowledgments: The authors thank to KyungA Rhu and Heebang Cho on analyzing cell images.

Conflicts of Interest: The authors have nothing to declare.

References

1. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2018. CA 2018, 68, 7–30. [CrossRef] [PubMed]
2. McCormick, F. KRAS as a Therapeutic Target. Clin. Cancer Res. 2015, 21, 1797–1801. [CrossRef]
3. Misale, S.; Yaeger, R.; Hobor, S.; Scala, E.; Janakiraman, M.; Liska, D.; Valtorta, E.; Schiavo, R.; Buscarino, M.;

Siravergna, G.; et al. P2.08 Emergence of Kras Mutations and Acquired Resistance to Anti Egfr Therapy in
Colorectal Cancer. Ann. Oncol. 2012, 23, v24. [CrossRef]

4. Lee, S.K.; Hwang, J.H.; Choi, K.Y. Interaction of the Wnt/beta-catenin and RAS-ERK pathways involving
co-stabilization of both beta-catenin and RAS plays important roles in the colorectal tumorigenesis.
Adv. Biol. Regul. 2018, 68, 46–54. [CrossRef] [PubMed]

5. Van Cutsem, E.; Köhne, C.-H.; Hitre, E.; Zaluski, J.; Chien, C.-R.C.; Makhson, A.; D’Haens, G.; Pinter, T.;
Lim, R.; Bodoky, G.; et al. Cetuximab and Chemotherapy as Initial Treatment for Metastatic Colorectal
Cancer. N. Engl. J. Med. 2009, 360, 1408–1417. [CrossRef] [PubMed]

6. Bardelli, A.; Siena, S. Molecular Mechanisms of Resistance to Cetuximab and Panitumumab in Colorectal
Cancer. J. Clin. Oncol. 2010, 28, 1254–1261. [CrossRef] [PubMed]

7. Lièvre, A.; Bachet, J.-B.; Le Corre, D.; Boige, V.; Landi, B.; Emile, J.-F.; Côté, J.-F.; Tomasic, G.; Penna, C.;
Ducreux, M.; et al. KRAS Mutation Status Is Predictive of Response to Cetuximab Therapy in Colorectal
Cancer. Cancer Res. 2006, 66, 3992–3995. [CrossRef]

8. Lin, Y.-Y.; Lee, I.-Y.; Huang, W.-S.; Lin, Y.-S.; Kuan, F.-C.; Shu, L.-H.; Cheng, Y.-C.; Yang, Y.; Wu, C.-Y. Danshen
improves survival of patients with colon cancer and dihydroisotanshinone I inhibit the proliferation of colon
cancer cells via apoptosis and skp2 signaling pathway. J. Ethnopharmacol. 2017, 209, 305–316. [CrossRef]

9. Wang, G.; Wang, Y.-Z.; Yu, Y.; Wang, J.-J. Inhibitory ASIC2-mediated calcineurin/NFAT against colorectal
cancer by triterpenoids extracted from Rhus chinensis Mill. J. Ethnopharmacol. 2019, 235, 255–267. [CrossRef]

10. Son, Y.; An, Y.; Jung, J.; Shin, S.; Park, I.; Gwak, J.; Ju, B.G.; Chung, Y.; Na, M.; Oh, S. Protopine isolated from
Nandina domestica induces apoptosis and autophagy in colon cancer cells by stabilizing p53. Phytotherapy Res.
2019, 33, 1689–1696. [CrossRef]

http://dx.doi.org/10.3322/caac.21442
http://www.ncbi.nlm.nih.gov/pubmed/29313949
http://dx.doi.org/10.1158/1078-0432.CCR-14-2662
http://dx.doi.org/10.1016/S0923-7534(20)31331-4
http://dx.doi.org/10.1016/j.jbior.2018.01.001
http://www.ncbi.nlm.nih.gov/pubmed/29449169
http://dx.doi.org/10.1056/NEJMoa0805019
http://www.ncbi.nlm.nih.gov/pubmed/19339720
http://dx.doi.org/10.1200/JCO.2009.24.6116
http://www.ncbi.nlm.nih.gov/pubmed/20100961
http://dx.doi.org/10.1158/0008-5472.CAN-06-0191
http://dx.doi.org/10.1016/j.jep.2017.08.011
http://dx.doi.org/10.1016/j.jep.2019.02.029
http://dx.doi.org/10.1002/ptr.6357


Molecules 2020, 25, 2864 12 of 13

11. Zhou, H.; Sun, Y.; Zheng, H.; Fan, L.; Mei, Q.; Tang, Y.; Duan, X.; Li, Y. Paris saponin VII extracted
from trillium tschonoskii suppresses proliferation and induces apoptosis of human colorectal cancer cells.
J. Ethnopharmacol. 2019, 239, 111903. [CrossRef]

12. Allaoui, A.; Gascón, S.; Benomar, S.; Quero, J.; De La Osada, J.; Nasri, M.; Yoldi, M.J.R.; Boualga, A. Protein
Hydrolysates from Fenugreek (Trigonella foenum graecum) as Nutraceutical Molecules in Colon Cancer
Treatment. Nutrients 2019, 11, 724. [CrossRef] [PubMed]

13. Pérez-Sánchez, A.; Barrajón-Catalán, E.; Ruiz-Torres, V.; Agulló-Chazarra, L.; Herranz-López, M.; Valdés, A.;
Cifuentes, A.; Micol, V. Rosemary (Rosmarinus officinalis) extract causes ROS-induced necrotic cell death
and inhibits tumor growth in vivo. Sci. Rep. 2019, 9, 808. [CrossRef]

14. Seo, H.; Song, J.; Kim, M.; Han, D.-W.; Park, H.-J.; Song, M. Cordyceps militaris Grown on Germinated
Soybean Suppresses KRAS-Driven Colorectal Cancer by Inhibiting the RAS/ERK Pathway. Nutrients 2018,
11, 20. [CrossRef] [PubMed]

15. Park, H.-J.; Park, J.-B.; Lee, S.-J.; Song, M. Phellinus linteus Grown on Germinated Brown Rice Increases
Cetuximab Sensitivity of KRAS-Mutated Colon Cancer. Int. J. Mol. Sci. 2017, 18, 1746. [CrossRef]

16. Wang, Q.; Sun, Y.; Yang, B.; Wang, Z.; Liu, Y.; Cao, Q.; Sun, X.; Kuang, H.-X. Optimization of polysaccharides
extraction from seeds of Pharbitis nil and its anti-oxidant activity. Carbohydr. Polym. 2014, 102, 460–466.
[CrossRef]

17. Park, Y.J.; Choi, C.-I.; Chung, H.; Kim, K.H. Pharbilignan C induces apoptosis through a
mitochondria-mediated intrinsic pathway in human breast cancer cells. Bioorganic Med. Chem. Lett.
2016, 26, 4645–4649. [CrossRef] [PubMed]

18. Jung, H.J.; Kang, J.-H.; Choi, S.; Son, Y.K.; Lee, K.R.; Seong, J.K.; Kim, S.Y.; Oh, S.H. Pharbitis Nil (PN) induces
apoptosis and autophagy in lung cancer cells and autophagy inhibition enhances PN-induced apoptosis.
J. Ethnopharmacol. 2017, 208, 253–263. [CrossRef]

19. Ko, S.-G.; Koh, S.-H.; Jun, C.-Y.; Nam, C.-G.; Bae, H.; Shin, M.-K. Induction of Apoptosis by Saussurea lappa
and Pharbitis nil on AGS Gastric Cancer Cells. Boil. Pharm. Bull. 2004, 27, 1604–1610. [CrossRef]

20. Lee, T.H.; Jung, I.C.; Kim, N.H.; Choi, S.; Lee, K.R.; Son, M.; Jin, M. Gastroprokinetic effects of DA-9701, a new
prokinetic agent formulated with Pharbitis Semen and Corydalis Tuber. Phytomedicine 2008, 15, 836–843.
[CrossRef]

21. Bruggeman, A.R.; Kamal, A.H.; Leblanc, T.W.; Ma, J.D.; E Baracos, V.; Roeland, E. Cancer Cachexia: Beyond
Weight Loss. J. Oncol. Pract. 2016, 12, 1163–1171. [CrossRef] [PubMed]

22. De Castro, G.S.; Simoes, E.; Lima, J.D.; Ortiz-Silva, M.; Festuccia, W.T.; Tokeshi, F.; Alcântara, P.S.; Otoch, J.P.;
Coletti, D.; Seelaender, M.C.L. Human Cachexia Induces Changes in Mitochondria, Autophagy and Apoptosis
in the Skeletal Muscle. Cancers 2019, 11, 1264. [CrossRef]

23. Villars, F.O.; Pietra, C.; Giuliano, C.; Lutz, T.A.; Riediger, T. Oral Treatment with the Ghrelin Receptor Agonist
HM01 Attenuates Cachexia in Mice Bearing Colon-26 (C26) Tumors. Int. J. Mol. Sci. 2017, 18, 986. [CrossRef]
[PubMed]

24. Cao, Z.-X.; Yang, Y.-T.; Yu, S.; Li, Y.-Z.; Wang, W.-W.; Huang, J.; Xie, X.-F.; Xiong, L.; Lei, S.; Peng, C. Pogostone
induces autophagy and apoptosis involving PI3K/Akt/mTOR axis in human colorectal carcinoma HCT116
cells. J. Ethnopharmacol. 2017, 202, 20–27. [CrossRef] [PubMed]

25. Ono, M.; Takigawa, A.; Mineno, T.; Yoshimitsu, H.; Nohara, T.; Ikeda, T.; Fukuda-Teramachi, E.; Noda, N.;
Miyahara, K. Acylated Glycosides of Hydroxy Fatty Acid Methyl Esters Generated from the Crude Resin
Glycoside (Pharbitin) of Seeds ofPharbitis nilby Treatment with Indium(III) Chloride in Methanol. J. Nat. Prod.
2010, 73, 1846–1852. [CrossRef] [PubMed]

26. Kim, K.H.; Choi, S.U.; Lee, K.R. Diterpene Glycosides from the Seeds ofPharbitis nil. J. Nat. Prod. 2009, 72,
1121–1127. [CrossRef]

27. Jung, D.Y.; Ha, H.; Lee, H.Y.; Kim, C.; Lee, J.-H.; Bae, K.; Kim, J.S.; Kang, S.S. Triterpenoid saponins from the
seeds of Pharbitis nil. Chem. Pharm. Bull. 2008, 56, 203–206. [CrossRef]

28. Lee, S.; Moon, E.; Kim, K.H. Neolignan and monoterpene glycoside from the seeds of Pharbitis nil.
Phytochem. Lett. 2017, 20, 98–101. [CrossRef]

29. Kim, K.H.; Woo, K.W.; Moon, E.; Choi, S.U.; Kim, S.Y.; Choi, S.Z.; Son, M.W.; Lee, K.R. Identification of
Antitumor Lignans from the Seeds of Morning Glory (Pharbitis nil). J. Agric. Food Chem. 2014, 62, 7746–7752.
[CrossRef]

http://dx.doi.org/10.1016/j.jep.2019.111903
http://dx.doi.org/10.3390/nu11040724
http://www.ncbi.nlm.nih.gov/pubmed/30925798
http://dx.doi.org/10.1038/s41598-018-37173-7
http://dx.doi.org/10.3390/nu11010020
http://www.ncbi.nlm.nih.gov/pubmed/30577618
http://dx.doi.org/10.3390/ijms18081746
http://dx.doi.org/10.1016/j.carbpol.2013.11.068
http://dx.doi.org/10.1016/j.bmcl.2016.08.054
http://www.ncbi.nlm.nih.gov/pubmed/27575473
http://dx.doi.org/10.1016/j.jep.2017.07.020
http://dx.doi.org/10.1248/bpb.27.1604
http://dx.doi.org/10.1016/j.phymed.2008.02.019
http://dx.doi.org/10.1200/JOP.2016.016832
http://www.ncbi.nlm.nih.gov/pubmed/27858548
http://dx.doi.org/10.3390/cancers11091264
http://dx.doi.org/10.3390/ijms18050986
http://www.ncbi.nlm.nih.gov/pubmed/28475119
http://dx.doi.org/10.1016/j.jep.2016.07.028
http://www.ncbi.nlm.nih.gov/pubmed/27416805
http://dx.doi.org/10.1021/np1004888
http://www.ncbi.nlm.nih.gov/pubmed/20939542
http://dx.doi.org/10.1021/np900101t
http://dx.doi.org/10.1248/cpb.56.203
http://dx.doi.org/10.1016/j.phytol.2017.04.019
http://dx.doi.org/10.1021/jf501470k


Molecules 2020, 25, 2864 13 of 13

30. Evan, G.I.; Vousden, K.H. Proliferation, cell cycle and apoptosis in cancer. Nature 2001, 411, 342–348.
[CrossRef]

31. Mollah, M.L.; Park, D.K.; Park, H.J. Cordyceps militaris Grown on Germinated Soybean Induces G2/M
Cell Cycle Arrest through Downregulation of Cyclin B1 and Cdc25c in Human Colon Cancer HT-29 Cells.
Evid Based Complement Altern. Med. 2012, 2012, 249217. [CrossRef] [PubMed]

32. Zhang, Z.; Wang, C.Z.; Du, G.J.; Qi, L.W.; Calway, T.; He, T.C.; Du, W.; Yuan, C.S. Genistein induces G2/M
cell cycle arrest and apoptosis via ATM/p53-dependent pathway in human colon cancer cells. Int. J. Oncol.
2013, 43, 289–296. [CrossRef] [PubMed]

33. Ponnurangam, S.; Standing, D.; Rangarajan, P.; Subramaniam, D. Tandutinib inhibits the Akt/mTOR signaling
pathway to inhibit colon cancer growth. Mol. Cancer Ther. 2013, 12, 598–609. [CrossRef] [PubMed]

34. Choi, H.D.; Yu, S.N.; Park, S.-G.; Kim, Y.W.; Nam, H.W.; An, H.H.; Kim, S.H.; Kim, K.-Y.; Ahn, S.C. Biological
Activities of Pharbitis nil and Partial Purification of Anticancer Agent from Its Extract. J. Life Sci. 2017, 27,
225–232. [CrossRef]

35. Nie, Y.; Chen, H.; Guo, C.; Yuan, Z.; Zhou, X.; Zhang, Y.; Zhang, X.; Mo, D.; Chen, Y. Palmdelphin promotes
myoblast differentiation and muscle regeneration. Sci. Rep. 2017, 7, 41608. [CrossRef] [PubMed]

36. Pavlidou, T.; Rosina, M.; Fuoco, C.; Gerini, G.; Gargioli, C.; Castagnoli, L.; Cesareni, G. Regulation of myoblast
differentiation by metabolic perturbations induced by metformin. PLoS ONE 2017, 12, e0182475. [CrossRef]
[PubMed]

Sample Availability: Samples of the compound PN are not available from the authors.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1038/35077213
http://dx.doi.org/10.1155/2012/249217
http://www.ncbi.nlm.nih.gov/pubmed/22474493
http://dx.doi.org/10.3892/ijo.2013.1946
http://www.ncbi.nlm.nih.gov/pubmed/23686257
http://dx.doi.org/10.1158/1535-7163.MCT-12-0907
http://www.ncbi.nlm.nih.gov/pubmed/23427297
http://dx.doi.org/10.5352/JLS.2017.27.2.225
http://dx.doi.org/10.1038/srep41608
http://www.ncbi.nlm.nih.gov/pubmed/28148961
http://dx.doi.org/10.1371/journal.pone.0182475
http://www.ncbi.nlm.nih.gov/pubmed/28859084
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	PN Suppressed Colorectal Cancer Cell Progress 
	PN Induced Apoptosis and Cell Cycle Arrest in the G2/M Phase 
	Inhibition of the AKT/mTOR Pathway Enhanced PN-Induced Cell Death 
	PN Restores Muscle Cell Function during Cancer Progression 

	Materials and Methods 
	Preparation of PN from the Seeds of Pharbitis nil 
	Cell Culture and Treatment 
	Cell Proliferation by MTS Assay 
	DAPI/PI Staining 
	Clonogenic Assay 
	Cell Apoptosis Analysis 
	Cell Cycle Analysis 
	Western Blotting 
	Myogenic Differentiation 
	Preparation of SW480-Conditioned Media 
	C2C12 Myogenic Differentiation in Cancer Conditioned Media 
	Statistical Analysis 

	Conclusions 
	References

