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Abstract. The well‑known traditional Chinese medicine 
formula Pien Tze Huang (PZH) has long been used to treat 
various malignancies, including colorectal cancer (CRC). 
It was recently reported that PZH possesses the ability to 
overcome multidrug resistance in CRC cells. In the present 
study, a 5‑fluorouracil (5‑FU) resistant human CRC cell line 
(HCT‑8/5‑FU) was used to further evaluate the effect of 
PZH on chemotherapy (chemo)‑resistance and investigate the 
mechanisms through which this occurs. The results identified 
that PZH significantly reduced the viability and cell density 
of HCT‑8/5‑FU cells in a dose‑ and time‑dependent manner 
(P<0.05). PZH inhibited cell survival, reduced the propor-
tion of cells in S‑phase, and suppressed the expression of 
pro‑proliferative proteins cyclin D1 and cyclin‑dependent 
kinase 4. In addition, PZH treatment induced nuclear conden-
sation and fragmentation, activated caspase‑9 and ‑3 and 
increased the pro‑apoptotic Bcl‑2‑associated X protein/B‑cell 
lymphoma 2 protein ratio. Furthermore, PZH treatment 
upregulated the expression of microRNA-22 (miR‑22) and 
downregulated the expression of c‑Myc (a target gene of 
miR‑22). In conclusion, the findings from the present study 
suggest that PZH can overcome chemo‑resistance in cancer 

cells, likely through increasing miR‑22 expression, and by 
reversing the imbalance between levels of proliferation and 
apoptosis.

Introduction

Colorectal cancer (CRC) is a primary public health concern, 
as it is the third most common cancer and a leading cause 
of cancer‑related deaths worldwide (1). Chemotherapy is a 
key therapeutic modality for CRC (2). However, due to the 
complexity of CRC initiation and development, numerous 
currently‑used and single‑target‑based chemotherapeutics 
result in drug resistance with long‑term use, leading to treat-
ment failure (3‑6). Recently, traditional Chinese medicines 
(TCMs) have received great interest, due to their therapeutic 
efficacy and lack of side effects compared with modern 
chemotherapeutic agents (7,8).

Moreover, TCM formulas are a complex combination of 
natural products, which each contain numerous chemical 
compounds. TCM formulas are therefore considered to be 
multi‑targeted agents, exerting their therapeutic function in a 
more holistic way (9,10). Thus, discovering novel anti‑tumor 
agents in TCMs may be beneficial in overcoming chemo-
therapy (chemo)‑resistance.

MicroRNAs (miRNAs) are a class of endogenous, short 
and non‑coding RNAs, which are thought to function as onco-
genes or tumor suppressors, via negatively regulating target 
gene expression (11,12). Accumulating evidence indicates that 
miRNAs serve essential roles in multiple oncogenic cellular 
processes, such as cell survival, proliferation, metastasis 
and drug resistance (13‑18). miRNA-22 (miR‑22) has been 
proposed to act as a tumor suppressor, and is downregulated in 
a variety of tumors (19‑24). miR‑22 exerts its tumor‑suppressive 
activities primarily through repressing the expression of key 
target genes, such as c‑Myc (25,26). Notably, the expression 
of miR‑22 itself is negatively regulated by c‑Myc, creating a 
double negative feedback loop (27). The proto‑oncogene c‑Myc 
is a transcription factor that activates the expression of genes 
involved in numerous biological effects, including promoting 
the proliferation of cancer cells (28,29). Overexpression of 
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c‑Myc is found in numerous cancer types (30), in which it 
promotes cell proliferation and inhibits apoptosis by modi-
fying the expression of target genes [such as cyclin D1 and 
B‑cell lymphoma 2 (Bcl‑2)], facilitating carcinogenesis (31,32) 
and inducing drug resistance (33‑35). Therefore, reversing 
the imbalance of cell proliferation/apoptosis in cancer cells 
through targeting the miR‑22/c‑Myc feedback network may 
be a promising strategy in overcoming cancer drug resistance.

Pien Tze Huang (PZH) is a well‑known TCM formula, 
that was first described in ~1,555 AD in the Chinese Ming 
Dynasty (36). PZH has long been used clinically in China to 
treat various types of cancer. Previous studies have proposed 
that PZH displays this broad range of antitumor effects by 
targeting multiple cellular processes (37‑46). It has recently 
been demonstrated that PZH possesses the ability to over-
come multidrug resistance in CRC cells (47). In the present 
study, the effect of PZH on chemo‑resistance was further 
evaluated and the possible molecular mechanisms underlying 
this effect were investigated. To explore this, 5‑fluorouracil 
(5‑FU)‑resistant CRC cells were used to identify the effects 
of PZH on cell proliferation/apoptosis and the miR‑22/c‑Myc 
signaling network.

Materials and methods

Materials and reagents. Roswell Park Memorial Institute 
(RPMI)‑1640 medium, fetal bovine serum (FBS), penicillin, 
streptomycin and trypsin‑EDTA were purchased from Thermo 
Fisher Scientific, Inc. (Waltham, MA, USA). The BD Cycletest 
Plus DNA reagent kit (cat no. 340242) was purchased from 
BD Biosciences (San Jose, CA, USA). The colorimetric 
assay kits for caspase‑3 (cat no.  KGA204) and caspase‑9 
(cat no.  KGA404) were purchased from Nanjing KeyGen 
Biotech. Co., Ltd. (Nanjing, China). The Hoechst staining 
kit (cat no. C0003) was obtained from Beyotime Institute of 
Biotechnology (Shanghai, China). Rabbit polyclonal Bcl‑2 
antibody (cat no. 4223), polyclonal Bcl‑2‑associated X protein 
(Bax) antibody (cat no. 5023), monoclonal CDK4 antibody 
(cat no. 12790), monoclonal cyclin D1 antibody (cat no. 2978), 
monoclonal c‑Myc antibody (cat no.  13987) and mono-
clonal β‑actin antibody (cat no. 4970) and anti‑rabbit IgG, 
HRP‑linked Antibody (cat no. 7074) were obtained from Cell 
Signaling Technology, Inc. (Beverly, MA, USA). RNA extrac-
tion reagents kits RNAiso Plus (for total RNA; cat no. 9108) 
and RNAiso (for small RNA; cat no. 9753A), PrimeScript 
RT reagent kit (for RT‑PCR; cat no. DRR037A), PCR Master 
Mix kit (for RT‑PCR; cat no. RR300A), cDNA Synthesis kit 
(for miRNA; cat no. 203301) and SYBR PrimeScript miRNA 
RT‑PCR kit (for miRNA; cat no. RR716) were provided by 
Takara Biotechnology Co., Ltd. (Dalian, China). All other 
chemicals, unless otherwise stated, were obtained from 
Sigma‑Aldrich (Merck Millipore, Darmstadt, Germany).

Preparation of PZH and 5‑FU. PZH was obtained from and 
authenticated by Zhangzhou Pien Tze Huang Pharmaceutical 
Co., Ltd. (China Food and Drug Administration approval 
no.  Z35020242; Zhangzhou, China). A stock solution of 
PZH was prepared prior to use by dissolving the PZH power 
in phosphate‑buffered saline (PBS) to a concentration of 
20 mg/ml. Diluting the stock solution in the culture medium 

provided the working concentrations of PZH (0, 0.25, 0.5 or 
0.75 mg/ml). 5‑FU was purchased from Sigma‑Aldrich. For 
cell‑based experiments, a stock solution of 5‑FU was prepared 
by dissolving 5‑FU powder in dimethyl sulfoxide (DMSO) to 
a concentration of 1 mol/l. Diluting the stock solution in the 
culture medium provided the working concentrations of 5‑FU 
(0, 0.25, 0.5, 1, 2, 4 or 8 mmol/l).

Cell culture. Human CRC HCT‑8 cells and 5‑FU resistant 
HCT‑8/5‑FU cells were obtained from Nanjing KeyGen 
Biotech. Co., Ltd. Cells were grown in RPMI‑1640 medium, 
supplemented with 10% FBS, 100  U/ml penicillin and 
100 µg/ml streptomycin. In addition, HCT‑8/5‑FU cell cultures 
were supplemented with 15 µg/ml 5‑FU. Cells were cultured 
at 37˚C and 5% CO2 in a humidified incubator. The cells were 
subcultured at a ratio of 1:4‑1:6 at between 80 and 90% conflu-
ency.

Evaluation of cell viability by the MTT assay. Cell viability 
was assessed by the MTT colorimetric assay (cat no. M8180; 
Solarbio, Beijing, China). HCT‑8 cells or HCT‑8/5‑FU cells 
were seeded into 96‑well plates at a density of 0.8x104 cells/well 
in 0.1 ml medium. The HCT‑8 and HCT‑8/5‑FU cells were 
then treated with various concentrations of 5‑FU (0, 0.25, 
0.5, 1, 2, 4 and 8 mmol/l) for 48 h, while HCT‑8/5‑FU cells 
were treated with different concentrations of PZH (0, 0.25, 
0.5 and 0.75 mg/ml) for 24, 48 and 72 h. Following treatment, 
0.5 mg/ml of MTT in 100 µl PBS was added to each well and 
the samples were incubated for an additional 4 h at 37˚C. The 
purple‑blue MTT formazan precipitate that formed was then 
collected and dissolved in 100 µl DMSO. The absorbance 
of the solution was measured at 570 nm using a plate reader 
(ELx800; BioTek, Winooski, VT, USA).

Observation of morphological changes. HCT‑8/5‑FU cells 
were seeded into 6‑well plates at a density of 2x105 cells/well 
in 2 ml medium. The cells were then treated with various 
concentrations of PZH (as previously described) for 24 h. Cell 
morphology was observed using a phase‑contrast microscope 
(Leica Microsystems GmbH, Wetzlar, Germany) and images 
were captured at a magnification of x200.

Cell cycle analysis. Cell cycle analysis was performed by 
fluorescence‑activated cell sorting (FACS) using FACSCalibur 
(BD Biosciences) and propidium iodide (PI) staining. 
Following treatment with a number of concentrations (0, 0.25, 
0.5 and 0.75 mg/ml) of PZH for 24 h, HCT‑8/5‑FU cells were 
harvested, adjusted to a concentration of 1x106 cells/ml and 
fixed in 70% ethanol at 4˚C overnight. The fixed cells were 
washed twice with cold PBS and then incubated for 30 min 
with RNase (8 µg/ml) and PI (10 µg/ml). The fluorescent signal 
was detected through an FL2 channel (488 nm laser excitation) 
and the proportion of DNA in different phases of the cell cycle 
was analyzed using Modfit LT software (version 3.0; Verity 
Software House, Topsham, ME, USA).

Colony formation assay. HCT‑8/5‑FU cells were seeded into 
6‑well plates at a density of 2x105 cells/well and treated with 
a number of concentrations (0, 0.25, 0.5 and 0.75 mg/ml) of 
PZH for 24 h. The cells were then harvested, diluted with fresh 
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media in the absence of PZH and reseeded into 6‑well plates at 
a density of 1x103 cells/well. Following incubation for between 
7 and 8 days in a 37˚C humidified incubator with 5% CO2, 
colonies were stained with crystal violet. Images were then 
captured, where the number of stained colonies represented 
the survival of HCT‑8/5‑FU cells.

Detection of apoptosis with Hoechst staining. HCT‑8/5‑FU cells 
were seeded into 12‑well plates at a density of 1x105 cells/well 
in 1 ml medium. Following treatment with PZH as described 
above for 24 h, levels of apoptosis were determined using the 
Hoechst staining kit according to the manufacturer's instruc-
tion. Briefly, cells were fixed with 4% polyoxymethylene and 
then incubated in Hoechst solution for between 5 and 10 min 
in the dark. Images of the staining images were captured using 
a phase‑contrast fluorescent microscope (Leica Microsystems 
GmbH) at a magnification of x400.

Analysis of caspase activation. The activity of caspase‑9 and 
‑3 was determined using colorimetric assay kits following the 
manufacturer's instructions. Briefly, following treatment with 
various concentrations of PZH as described above for 24 h, 
HCT‑8/5‑FU cells were lysed with lysis buffer (provided in 
the kit) for 30 min on ice. The lysed cells were centrifuged 
at 14,000 x g for 10 min, and 100 µg of the protein obtained 
was incubated with 50 µl Asp‑Glu‑Val‑Asp (DEVD)‑peptide 
nucleic acid (pNA; a specific substrate of caspase‑3) or 
Leu‑Glu‑His‑Asp (LEHD)‑pNA (a specific substrate of 
caspase‑9) at 37˚C in the dark for 2 h. The absorbance of 
samples was measured at 405 nm using an ELISA plate reader 
(BioTek). The data were normalized to the caspase activity 
measured in control (untreated) cells) and represented as 
fold‑change vs. control.

Total RNA extraction and RT‑PCR. HCT‑8/5‑FU cells were 
seeded into 6‑well plates at a density of 2x105 cells/well in 
2 ml medium. The cells were then treated with a number of 
concentrations of PZH as described above for 24 h. Total RNA 
was isolated using the RNAiso Plus reagent kit, according to 
the manufacturers instructions. Then, 1 µg total RNA was 
reverse transcribed with the PrimeScript RT reagent kit, 
following the manufacturer's instructions. The complementary 
DNA (cDNA) obtained was then used to determine the quan-
tity of Bcl‑2, Bax, CDK4, cyclin D1 and c‑Myc mRNA by PCR 
using the PCR Master Mix kit. PCR was carried out under the 
following conditions: Denaturation at 95˚C for 3 min, followed 
by 30 cycles of denaturation at 94˚C for 40 sec, annealing at 
60˚C for 40 sec, and primer extension at 72˚C for 45 sec. A 
final extension was performed at 72˚C for 10 min. GAPDH was 
used as an internal control. Samples were analyzed by gel elec-
trophoresis (1.5% agarose). The DNA bands were examined 
using a Gel Documentation system (Gel Doc 2000; Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). The sequences of the 
primers used for amplification of the transcripts are described 
in Table I.

Western blot analysis. HCT‑8/5‑FU cells were seeded into 
culture flasks at a density of 1x106 in 5 ml medium and 
treated with various concentrations of PZH as described 
above for 24 h. Following treatment, cells were lysed with 

RIPA Lysis and Extraction buffer (cat no. 89900; Thermo 
Fisher Scientific, Inc.) containing protease (cat no. 535142; 
Calbiochem; EMD Millipore, Billerica, MA, USA) and 
phosphatase inhibitor cocktails (cat no.  J61022; Thermo 
Fisher Scientific, Inc.), and the lysates were centrifuged at 
14,000 x g for 20 min. Then, 50 µg protein was separated 
using 12% SDS‑PAGE gels for 2 h at 80 V. The proteins were 
then transferred onto polyvinylidene fluoride membranes. 
Membranes were then blocked for 2 h with blocking solu-
tion (cat no. P0023B; Nanjing KeyGen Biotech. Co., Ltd.) 
at room temperature, washed in Tris‑buffered saline with 
0.25% Tween‑20 (TBS‑T) and exposed to primary antibodies 
against Bcl‑2, Bax, CDK4, cyclin D1, c‑Myc or β‑actin 
(1:1,000) overnight at 4˚C. β‑actin was used as an internal 
control for protein loading. Following this, membranes 
were washed with TBS‑T and secondary HRP‑conjugated 
antibody (1:2,000; anti‑rabbit) was added for 1 h at room 
temperature. The membranes were then washed again with 
TBS‑T, followed by enhanced chemiluminescence detection 
using SuperSignal™ West Dura Extended Duration Substrate 
(cat no. 34076; Thermo Fisher Scientific, Inc.). Images were 
captured and analyzed using the ChemiDoc XRS+ imaging 
system (Bio‑Rad Laboratories, Inc.).

RT‑qPCR analysis for the expression of miR‑22. Total small 
RNA (sRNA) was isolated with the RNAiso reagent for 
small RNA following the manufacturer's instructions. Total 
sRNA (500  ng) was reverse transcribed with the cDNA 
Synthesis kit (for miRNA) according to the manufacturer's 
instructions. The cDNA obtained was used to determine 
the quantity of miR‑22, with the non‑coding small nuclear 
RNA U6 used as an internal control. The primers for miR‑22 
(5'‑GGTAGGCTTGAAGAACTGTAAA‑3') and U6 (cat 
no.  D356‑03) were obtained from Takara Biotechnology 
Co., Ltd. RT‑qPCR was performed using SYBR PrimeScript 
miRNA RT‑PCR kit in an Applied Biosystems 7500 Fast 

Table I. Primer sequences for reverse transcription polymerase 
chain reaction.

Gene	 Primer sequences

GAPDH	 F:5'‑CGACCACTTTGTCAAGCTCA‑3'
	 R:5'‑AGGGGTCTACATGGCAACTG‑3'
Bcl‑2	 F:5'‑CAGCTGCACCTGACGCCCTT‑3'
	 R:5'‑GCCTCCGTTATCCTGGAT CC‑3'
Bax	 F:5'‑TGCTTCAGGGTTTCATCCAGG‑3'
	 R:5'‑TGGCA AAGTAGAAAAGGGCGA‑3'
Cyclin D1	 F:5'‑CATGTAGACCAGGACCTAAGC‑3'
	 R:5'‑AACTGGCGCATCAGATCCTAG‑3'
CDK4	 F:5'‑GTAAAGCTGGAAAGGGACGAAC‑3'
	 R:5'‑ACACAGGTAACGGCTGAGGGAA‑3'
c‑Myc	 F:5'‑CACACATCAGCACAACTACGCA‑3'
	 R:5'‑TTGACCCTCTTGGCAGCAG‑3'

Bcl‑2, B‑cell lymphoma 2; Bax, Bcl‑2‑associated X protein; CDK4, 
cyclin‑dependent kinase 4; F, forward; R, reverse.
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instrument (Thermo Fisher Scientific, Inc.), according to 
the manufacturer's protocol. miRNA expression values 
were determined as ∆Cq = Cq (sample)‑Cq (U6), and rela-
tive quantities between different samples were determined 
as ∆∆Cq = ∆Cq (sample 1) ‑  ∆Cq (sample 2). The values 
were expressed as 2‑∆∆Cq (48). All RT‑qPCR reactions were 
conducted in triplicate.

Statistical analysis. Data was analyzed using SPSS software 
(version 18.0; SPSS, Inc., Chicago, IL, USA). Statistical anal-
ysis of the data was performed by Student's t‑tests or one‑way 
analysis of variance. P<0.05 was considered to indicate a 
statistically significant difference.

Results

HCT‑8/5‑FU cells are resistant to 5‑FU treatment. To evaluate 
drug resistance in cancer cells, human CRC cells (HCT‑8) 
and 5‑FU resistant CRC cells (HCT‑8/5‑FU) were exposed 
to a number of concentrations of 5‑FU and the MTT assay 
was performed to determine cell viability. With the 5‑FU 
(0.25‑8 mmol/l) treatment, the viability of HCT‑8 cells was 
significantly decreased by 43.8‑89.2% (P<0.05 vs. untreated 
control), whereas HCT‑8/5‑FU cell viability was not signifi-
cantly decreased (reductions of 3.9‑34.8% were observed), 
suggesting that HCT‑8/5‑FU cells were resistant to 5‑FU treat-
ment (Fig. 1A).

PZH inhibits the proliferation of HCT‑8/5‑FU cells. The effect 
of PZH on the proliferation of HCT‑8/5-FU cells was evalu-
ated using the MTT assay. Treatment with PZH significantly 
decreased HCT‑8/5‑FU cell viability in a dose‑ and time‑depen-
dent manner (P<0.05; Fig. 1B). In order to confirm this effect of 
PZH, cell density was observed using phase‑contrast microscopy, 
which identified that PZH treatment decreased HCT‑8/5‑FU cell 
confluence in a dose‑dependent manner (Fig. 2A). In addition, 
cell cycle analysis was performed, which determined that PZH 
treatment (0.5 and 0.75 mg/ml) decreased the percentage of cells 
in the S phase (15.99 and 15.73%, respectively) compared with 
that for untreated cells (37.07%), but increased the percentage 
of cells in the G0/G1 phase (67.68 and 70.51%, respectively) 
compared with 41.84% for the untreated cells, indicating that 
the inhibitory effect of PZH on HCT‑8/5‑FU cell proliferation is 
associated with the arrest of G1/S cell cycle progression (Fig. 2B). 
Furthermore, the effect of PZH on HCT‑8/5‑FU cell survival 
was examined using a colony formation assay, which showed 
PZH treatment markedly inhibited the survival of HCT‑8/5‑FU 
cells (Fig. 2C). Collectively, this data demonstrates that PZH 
inhibits the proliferation of HCT‑8/5‑FU cells.

PZH induces HCT‑8/5-FU cell apoptosis. Cell apoptosis was 
assessed by observation of nuclear morphological changes 
via staining the cell nuclei with Hoechst DNA‑binding dye. 
PZH‑treated cells showed the condensed chromatin and 
fragmented nuclei typical of apoptosis, whereas the nuclei 
of the untreated cells were homogenously stained showing 
intact nuclei, suggesting that PZH promotes apoptosis of 
HCT‑8/5‑FU cells  (Fig.  3A). To identify the downstream 
effectors in this apoptotic signaling pathway, the activation 
of caspase‑9 and ‑3 was examined by a colorimetric assay 
using specific substrates, DEVD‑pNA and LEHD‑pDA. 
Treatment with 0.5 and 0.75 mg/ml PZH significantly induced 
activation of caspase‑9 in HCT‑8/5‑FU cells (P<0.05; Fig. 3B). 
Furthermore, 0.25‑0.75 mg/ml PZH significantly induced 
activation of caspase‑3 (P<0.05; Fig. 3C).

PZH regulates the expression of miR-22 and c-Myc. RT-qPCR 
was performed to determine the expression of miR-22. As 
shown in Fig. 4A, the expression of miR-22 in HCT-8/5-FU 
cells was significantly upregulated by PZH treatment in 
a dose-dependent manner (P<0.05). In addition, RT-PCR 
(Fig. 4B) and western blot analysis (Fig. 4C) indicated that 
PZH treatment profoundly decreased the mRNA and protein 
expression of c-Myc in HCT-8/5-FU cells.

PZH regulates the expression of Bcl‑2, Bax, cyclin  D1 
and CDK4. RT‑PCR and western blotting were performed 
to examine the mRNA and protein expression levels of 
Bcl‑2, Bax, cyclin D1 and CDK4. PZH treatment markedly 
reduced the expression of Bcl‑2, cyclin D1 and CDK4, and 
increased the expression of Bax, at both the transcriptional 
and translational levels in HCT‑8/5‑FU cells following PZH 
treatment (Fig. 4B and C).

Discussion

Drug resistance and toxicity limit the effectiveness of the 
chemotherapeutic regimens currently used for numerous 

Figure 1. Effect of 5‑FU and PZH on HCT‑8 cell and/or HCT‑8/5‑FU cell 
viability. (A) HCT‑8 and HCT‑8/5‑FU cell viability following treatment with 
5‑FU for 48 h. *P<0.05 vs. control. (B) HCT‑8/5‑FU cell viability following 
treatment with PZH for 24, 48 or 72 h. *P<0.05 vs. control 24 h group, ∆P<0.05 
vs. control 48 h group and #P<0.05 vs. control 72 h group. Cell viability was 
determined by MTT assay following treatment with 5‑FU or PZH. Results 
were normalized to the viability of control cells. The results are mean values 
with error bars of the standard deviation from at least three independent 
experiments. 5‑FU, 5‑fluorouracil; PZH, Pien Tze Huang; HCT‑8, human 
colorectal cancer cells; HCT‑8/5‑FU, human colorectal cancer cells resistant 
to 5‑FU.
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human malignancies (6,49,50). Thus, the development of safer 
therapeutic agents, with the ability to overcome drug resistance 
is a promising strategy to improve the effectiveness of cancer 
therapies. TCMs have received recent interest in this regard, as 
they have relatively few side effects and have been used for thou-
sands of years as alternative remedies for a number of diseases, 
including cancer (7,8). The well‑known TCM formula PZH has 
long been used in China to treat a number of cancers (45,51,52).

It has been demonstrated that PZH affects multiple 
targets to exert a range of antitumor activities, including the 
ability to reverse multidrug resistance in CRC cells (37‑47), 
suggesting that PZH could be a novel multi‑targeting thera-
peutic agent with the potential to overcome chemo‑resistance. 
The present study further evaluated the inhibitory activity 
of PZH on chemo‑resistance using 5‑FU‑resistant CRC 
cells (HCT‑8/5‑FU cells). The results of the MTT assay and 

Figure 3. Effect of PZH on HCT‑8/5‑FU cell apoptosis. (A) Hoechst staining of HCT‑8/5‑FU cell nuclei following treatment with PZH for 24 h observed 
using a phase‑contrast fluorescent microscope. Images were captured at a magnification of x400 and are representative of three independent experiments. 
(B) Caspase‑9 and (C) caspase‑3 activity in HCT‑8/5‑FU cells following treatment with PZH for 24 h. Activity was examined by a colorimetric assay using 
specific substrates of caspase‑9 and ‑3, respectively. The results are mean values with error bars of the standard deviation from at least three independent 
experiments. *P<0.05 vs. control. PZH, Pien Tze Huang.

Figure 2. Effect of PZH on HCT‑8/5‑FU cell proliferation. (A) Morphology of HCT‑8/5‑FU cells following treatment with PZH for 24 h, observed using a 
phase‑contrast microscope. Images were captured at a magnification of x200 and are representative of three independent experiments. (B) Fluorescence‑activated 
cell sorting analysis of HCT‑8/5‑FU cells stained with propidium iodide following treatment with PZH for 24 h. *P<0.05 vs. control G0/G1 group, ∆P<0.05 vs. 
control S‑phase group. The results are mean values with error bars of the standard deviation from three independent experiments. (C) Colony formation assay 
images of HCT‑8/5‑FU cells treated with PZH for 24 h. PZH, Pien Tze Huang; HCT‑8/5‑FU, human colorectal cancer cells resistant to 5‑fluorouracil.
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cell density observations indicated that HCT‑8/5‑FU cells 
displayed significant resistance to 5‑FU, but were sensitive to 
PZH treatment, confirming that PZH possesses the capacity 
to surmount chemo‑resistance.

The process of drug resistance is tightly regulated by 
multiple factors, including miR‑22 and c‑Myc (16,19,33‑35). 
As a tumor suppressor, miR‑22 exerts its antitumor 
activities primarily via repressing the expression of key 
proto‑oncogenes, including c‑Myc (25,26). The expression 
of miR‑22 is itself negatively regulated by c‑Myc, creating 
a double negative feedback loop  (27). Downregulation 
of miR‑22 and/or overexpression of c‑Myc are typically 
found in numerous cancer types  (19‑24,30), which indi-
cates increased proliferation and inhibition of apoptosis. 
Imbalance of the cell proliferation/apoptosis ratio facilitates 
carcinogenesis (53) and serves a key role in the induction of 
chemo‑resistance (38). To investigate the molecular mecha-
nisms mediating the anti‑chemo‑resistance activity of PZH, 
the present study investigated its effect on cell proliferation 
and apoptosis. The results of colony formation assays and 
FACS analysis (with PI staining), demonstrated that PZH 
inhibited the proliferation of 5 HCT‑8/5‑FU cells via G1/S 
cell cycle arrest. In addition, Hoechst staining and colori-
metric assays identified that PZH promoted the apoptosis 
of HCT‑8/5‑FU cells by activating caspase‑3 and caspase‑9. 
Furthermore, data from RT‑PCR, western blotting and 
RT‑qPCR analyses indicated that PZH treatment markedly 

increased the expression of miR‑22 and Bax, and decreased 
the expression of c‑Myc, Bcl‑2, cyclin D1 and CDK4 in a 
dose‑dependent manner.

In conclusion, the present study demonstrates that 
PZH inhibited the proliferation of HCT‑8/5‑FU cells and 
promoted their apoptosis, primarily through modulating the 
miR‑22/c‑Myc network, which is a mechanism through which 
PZH overcomes cancer cell chemo‑resistance.
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