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Colorectal cancer (CRC) is the third most common 
cancer worldwide and causes over 600,000 deaths 
every year.(1) Despite recent advances in chemotherapy, 
5-fluorouracil (5-FU)-based regimens remain to be the 
key therapeutic modality for advanced CRC patients.(2,3) 
However, long-term use of 5-FU usually results in the 
initiation and development of drug resistance, which is a 
major cause of cancer chemotherapy failure. Thus, there 
is an urgent need for development of novel therapeutic 
strategies and agents.(4-8)

Multiple mechanisms have been reported to 
be involved in the development of 5-FU resistance, 
including acquired anti-apoptotic capacity of cancer 
cells to protect tumors from chemotherapeutics-
induced apoptosis.(9-13) Phosphatidylinositol 3-kinase 
(PI3K)-dependent AKT pathway is critical for cell 
growth and survival. The anti-apoptotic protein B-cell 
CLL/lymphoma (Bcl-2) and the pro-apoptotic protein 
Bcl-2 associated X (Bax) are important down-stream 

factors of PI3K/AKT signaling pathway. It has been 
reported that aberrant activation of AKT signaling and 
dysregulation of Bcl-2/Bax expression was commonly 
found in 5-FU-resistant cancer cells, which lead to 
5-FU treatment resistance.(14-20) Therefore, modulation 
of AKT pathway and its downstream target gene 
expression may provide a promising strategy to 
overcome drug resistance.
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Colorectal Carcinoma Cells via Induction of Apoptosis and 

Suppression of AKT Pathway
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Recently, Chinese medicines (CMs) have 
gained great interest, due to their therapeutic effi cacy 
and lower side effects compared with modern 
chemotherapeutic agents.(21,22) Patrinia scabiosaefolia 
(PS), a perennial plant native to Eastern Asia, has 
been clinically used to treat edema, appendicitis, 
endometritis, and other inflammatory diseases 
in China.(23-25) PS has also been used as a major 
component in several CM formulae for the treatment 
of breast carcinoma and myeloma.(26,27) Recent studies 
have also indicated that PS could inhibit CRC growth 
through induction of apoptosis, tumor angiogenesis and 
proliferation both in vivo and in vitro.(28-30) However, the 
mechanisms mediating its antitumor activities remain 
poorly understood. In the present study, we evaluated 
the effects of PS on chemo-resistance in a 5-FU-
resistant human colorectal carcinoma cell line, and 
investigated the underlying mechanisms.

METHODS

Materials and Reagents 
Roswell Park Memorial Institute (RPMI) 1640 

medium, fetal bovine serum (FBS), penici l l in-
streptomycin, and trypsin-ethylenediaminetetraacetic 
ac id  (EDTA)  were  pu rchased  f rom Thermo 
F i s h e r  S c i e n t i f i c  ( C a r l s b a d ,  C A ,  U S A ) . 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) and crystal violet were obtained 
from Amresco (Solon, OH, USA). Hoechst 33258 
staining was obtained from the Beyotime Institute 
of Biotechnology (Nanjing, China). p-AKT, AKT, 
Bcl-2,  Bax, and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) primary antibodies, as 
well as horseradish peroxidase (HRP)-conjugated 
secondary antibodies were obtained from Cell 
Signaling Technology, Inc. (Beverly, MA, USA). 

Preparation of Ethanol Extract from PS 
An ethanol extract f rom PS (EEPS) was 

prepared as described previously.(30) Stock solutions 
of EEPS were prepared before use by dissolving 
EEPS powder in 50% dimethyl sulfoxide (DMSO) to a 
concentration of 250 mg/mL. Working concentrations 
of EEPS were made by diluting the stock solution in 
culture medium. The final concentration of DMSO in 
the medium for all cell experiments was < 0.5%.(28-30)

Cell Culture
The human colorectal carcinoma HCT-8 cell 

line and the 5-FU resistant HCT-8/5-FU cell line 

were obtained from Nanjing KeyGen Biotech. Co. 
Ltd. (No. KG333, Nanjing, China). Cells were grown 
in RPMI 1640 medium containing 10% (v/v) FBS, 
100 U/mL penicillin, and 100 μg/mL streptomycin 
in a 37 ℃ humidified incubator with 5% CO2. The 
cells were sub-cultured at 80%–90% confluency. 
HCT-8/5-FU cells were cultured in RPMI-1640 
containing 15 μg/mL of 5-FU.

Evaluation of Cell Viability by MTT Assay
The cell viability of HCT-8 and HCT-8/5-FU 

cells was determined by MTT colorimetric assay. 
Cells were seeded into 96-well plates at a density 
of 6×103 cells/well in 100 μL medium for 24 h, and 
then treated with various concentrations of 5-FU (100, 
200, 400, 800 or 1600 μmol/L) or EEPS (0.25, 0.50, 
1 or 2 mg/mL)(28-30) for 24 h, un-treated cells were set 
as control. MTT [100 μL; 0.5 mg/mL in phosphate-
buffered saline (PBS)] was added to each well, and 
the samples were incubated for an additional 4 h at 
37 ℃. The purple-blue MTT formazan precipitate was 
dissolved in 100 μL DMSO. The absorbance was 
measured at 570 nm using an ELISA reader (BioTek, 
Model ELX800, USA).

Observation of Cell Density
HCT-8/5-FU cells were seeded into 6-well plates 

at a density of 2.0×105 cells/ well in 2 mL medium. 
Cells were treated with 0.5, 1 or 2 mg/mL of EEPS  for 
24 h, untreated cells were set as control (0 mg/mL). 
Cell density was observed using a phase-contrast 
microscope (Leica, Mannheim, Germany). Images 
were captured at a magnifi cation of ×200.

Cell Number Counting
HCT-8/5-FU cells were seeded into 6-well 

plates at a density of 2.0×105 cells /well in 2 mL 
culture medium. Cells were then treated with 0.5, 1 or 
2 mg/mL of EEPS for 24 h, untreated cells were set as 
control (0 mg/mL). Cells were trypsinized, mixed with 
0.4% Trypan blue solution (Sigma Aldrich, USA), and 
counted using a Countstar Automated Cell Counter 
(Inno-Alliance Biotech, USA) using the Trypan blue 
exclusion principle.

Colony Formation Assay
HCT-8/5-FU cells were seeded in 12-well 

plates at a density of 1×105 cells/well in 1 mL culture 
medium. Cells were treated with 0.5, 1 or 2 mg/mL 
of EEPS for 24 h, untreated cells were set as control 
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(0 mg/mL). After treatment, the cells were collected 
and diluted in fresh medium in the absence of EEPS, 
and then reseeded in 12-well plates at a density of 
500 cells/well. Following incubation for 10–12 days in 
a 37 ℃ humidifi ed incubator with 5% CO2, the formed 
colonies were fixed with 4% paraformaldehyde for 
15 min, stained with 0.01% crystal violet solution for 
10–15 min, washed with water, and air-dried.

Hoechst Staining Analysis
HCT-8/5-FU cells were seeded into 12-well plates 

at a density of 1×105 cells/ well in 1 mL culture medium. 
Cells were treated with 0.5, 1 or 2 mg/mL of EEPS for 
24 h, untreated cells were set as control (0 mg/mL). After 
treatment, cell apoptosis was determined by Hoechst 
staining according to the manufacturer's instructions. 
Briefl y, at the end of the experiment, cells were fi xed with 
4% polyoxymethylene and then incubated in Hoechst 
33258 solution for 10–15 min in the dark. The stained 
images were recorded using a fl uorescence microscope 
(Leica, Mannheim, Germany). Images were captured at 
a magnifi cation of ×100.

Western-Blot Analysis
HCT-8 and HCT-8/5-FU cells were seeded 

into 25 cm2 flasks at a density of 1.5×106 cells/flask 
in 5 mL culture medium. HCT-8/5-FU cells were 
treated with 0.5, 1 or 2 mg/mL of EEPS for 24 h, while 
untreated cells were set as control. After treatment, 
cells were lysed with RIPA buffer containing protease 
and phosphatase inhibitor cocktails. Total protein 
concentrations were determined by the bicinchoninic 
acid (BCA) assay. A total of 50 μg of proteins were 
resolved in 12% SDS-PAGE gels using 80 V for 2 h. 
The proteins were then electrophoretically transferred 
onto PVDF membranes. Membranes were blocked for 
1 h with blocking solution at room temperature, washed 
in Tris buffered saline (TBS) with 0.25% Tween-20 
(TBS-T), and exposed to primary antibodies against 
p-AKT, AKT, Bcl-2, and Bax (1:1,000) overnight at 
4 ℃. GAPDH (1:2,000) was measured as an internal 
control for protein loading. After the membranes 
were washed in TBS-T, secondary HRP-conjugated 
antibodies (anti-rabbit or anti-mouse) were added 
at 1:2,000 dilutions for 1 h at room temperature. 
Membranes were then washed again in TBS-T followed 
by enhanced chemiluminescence detection. Band 
intensities were quantifi ed relative to intensity of GAPDH 
using ImageLab software. The relatively reduced or 
increased level of target proteins were compared with 

the un-treated HCT-8/5-FU cells, which was set as 1.00.

Statistical Analysis
Data are presented as means ± standard 

deviat ion (x–±s )  for  the indicated number of 
independently performed experiments, and analyzed 
using the SPSS package for Windows (version 20.0). 
Statistical analyses of the data were performed with 
the one-way ANOVA and Student's t-test. Values of 
P<0.05 were considered as statistically signifi cant.

RESULTS

EEPS Inhibits Growth of HCT-8/5-FU Cells
As shown in Figure 1A, the viability of parental 

HCT-8 cells was signifi cantly decreased after treatment 
with 5-FU (P<0.05), whereas HCT-8/5-FU cell viability 
did not remarkably change after 5-FU treatment 
(P>0.05). Compared with un-treated HCT-8 cells or 
HCT-8/5-FU cells, administration of EEPS signifi cantly 
reduced the viability of both HCT-8 and HCT-8/5-FU 
cells (P<0.05, Figure 1B).

Figure 1. Effect of EEPS and 5-FU on Viability of 
HCT-8/5-FU and HCT-8 Cells

Notes: HCT-8/5-FU and HCT-8 cells were treated with 5-FU 
(A; 100, 200, 400, 800 or 1,600 μmol/L) or  EEPS (B; 0.25, 0.5, 
1 or 2 mg/mL) for 24 h. P<0.05, vs. HCT-8 cells after treatment 
with the indicated concentrations of 5-FU; △P<0.05, vs. untreated 
HCT-8 cells; ▲P<0.05, vs. untreated HCT-8/5-FU cells
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As shown in Figure 2, compared with untreated 
HCT-8/5-FU cells, EEPS treatment significantly 
decreased cell confl uence and cell number (P<0.05). 
Furthermore, evaluation of the long term cellular 
proliferation capacity by colony formation assay 
indicated that EEPS treatment significantly reduced 
the number of colonies in HCT-8/ 5-FU cells compared 
with the untreated group (P<0.05, Figure 3).
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showed condensed chromatin and fragmented 
nuclear morphology, typical apoptotic morphological 
features, whereas the nuclei of untreated cells were 
homogeneously stained and less intense.

Figure 5. Effect of EEPS on Expression of p-AKT, AKT 
Bax and Bcl-2 in HCT-8/5-FU Cells by Western Blot

Note: P<0.05, vs. untreated HCT-8/5-FU cells

Figure 2. Effect of EEPS on Cell Growth of 
HCT-8/5-FU Cells 

Notes: A: Cell density was observed using phase-contrast 
microscopy. The images were captured at a magnification 
of ×200. B: The cell number was counted by Trypan blue 
staining with a Countstar Automated Cell Counter. P<0.05, vs. 
untreated HCT-8/5-FU cells
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Figure 3. Effect of EEPS on Colony Formation 
Capacity of HCT-8/5-FU Cells 

Notes: The number of colonies were counted and the data 
were normalized to the colonies of untreated cells. P<0.05, vs. 
untreated HCT-8/5-FU cells

EEPS Induces Apoptosis of HCT-8/5-FU Cells 
As shown in Figure 4, EEPS-treated cells 

Figure 4. Effect of EEPS on Apoptosis in 
HCT-8/5-FU Cells ( Hoechst staining, ×100)
Note: White arrows indicate the morphology of condensed 

chromatin or fragmented nuclear
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EEPS Suppresses AKT Pathway Activation and 
Modulated Bcl-2/Bax Expression

As shown in Figure 5, EEPS treatment signifi cantly 
decreased the phosphorylation level of AKT and 
Bcl-2 protein expression, whereas the protein expression 
of Bax significantly increased after EEPS treatment 
(P<0.05). The level of non-phosphorylated AKT 
remained unchanged (P>0.05).
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DISCUSSION

As an important Chinese herb for heat-clearing 
and detoxifying, PS has been widely used as an 
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anti-cancer agent in clinical cancer treatment.(27,31) It 
has been shown that PS could inhibit tumor growth 
both in vitro and in vivo through suppressing cancer 
cell proliferation and tumor angiogenesis, as well as 
promoting cell apoptosis.(27-30)

In the present study, we evaluated the effect 
of EEPS on drug resistance using a 5-FU-resistant 
human colorectal carcinoma cell line HCT-8/5-FU. Our 
fi ndings indicated that HCT-8/5-FU cells were resistant 
to 5-FU treatment and sensitive to EEPS treatment, 
suggesting the potential effect of EEPS in overcoming 
5-FU resistance in CRC. Moreover, since insensitivity 
to drug-induced apoptosis is one of the major 
mechanisms of 5-FU resistance,(8) we further assessed 
the effect of EEPS on cellular proliferation and 
apoptosis in HCT-8/5-FU cells. The fi ndings indicated 
that EEPS treatment significantly suppressed cell 
growth by inhibiting cellular proliferation and inducing 
apoptosis. These studies confirmed that PS may 
possess the capacity to surmount chemo-resistance.

Increasing evidence has demonstrated that 
abnormal activation of AKT signaling pathway and the 
dysregulation of its down-stream mediators, including 
Bcl-2 and Bax, may contribute to the resistance of 
cancer cells to 5-FU treatment,(14-20) implicating that 
suppressing AKT pathway activation and modulating 
the expression of its associated down-stream genes 
could be an essential strategy for overcoming drug 
resistance.(16,17) Therefore, to further explore the 
underlying mechanisms of anti-cancer activity of 
EEPS, we investigated the effect of EEPS treatment 
on the activation of AKT signaling pathway and the 
expression of its down-stream genes. Our results 
indicated that EEPS treatment signifi cantly decreased 
the phosphorylation of AKT and the expression of 
anti-apoptotic Bcl-2, but increased the expression of 
pro-apoptotic Bax, suggesting that suppression of AKT 
signaling pathway might be one of the mechanisms 
of EEPS in terms of its ability to overcome 5-FU 
resistance in CRC. Based on the present and our 
previous studies,(27-30) we proposed that PS results may 
exert its anti-tumor activities via multiple mechanisms, 
such as promoting apoptosis of cancer cells, inhibiting 
cell proliferation and tumor angiogenesis, as well as 
overcoming chemo-resistance.

The pathogen ic  mechan isms media t ing 
CRC progression are complicated, involving many 

intracellular signaling transduction cascades, such 
as signal transducer and activator of transcription 3 
(STAT3), extracellular signal-regulated kinase (ERK), 
c-Jun N-terminal kinase (JNK), P38 mitogen-activated 
protein kinase (p38MAPK) and AKT pathways. 
Moreover, PS consists of numerous chemical 
compounds inc luding t r i terpenoids,  i r ido ids, 
fl avonoids, alkaloids, polysaccharides and steroides. 
It is unclear which of these compounds possess 
anti-cancer activity. In addition, the effect of PS on the 
activation of other signaling remains unknown. These 
intriguing questions should be further addressed 
to better understand the molecular mechanisms 
underlying tumoricidal activities of PS, eventually 
helping to develop better multi-target drugs for cancer 
therapy.
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