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1  | INTRODUC TION

Human esophageal carcinoma is one of the most frequently diagnosed 
cancers, and the sixth leading cause of cancer-related deaths world-
wide, causing the deaths of over 400,000 people annually (Pennathur 
et al., 2013; Siegel et al., 2016). Esophagus squamous cell carcinoma 

(ESCC) is an aggressive cancer and the most common histological type 
seen in China, South America, and Western Europe (Chen et al., 2016; 
Siegel et al., 2016). In recent years, the overall 5-year survival rate 
for late-stage ESCC has been less than 15%, and the prognosis re-
mains poor for patients, although the development of therapeutic 
approaches, such as surgery, chemotherapy and radiotherapy (Liang 
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Abstract
Esophageal squamous cell carcinoma (ESCC) is one of the most common cancers. It has 
a high mortality rate and requires novel effective drugs and therapeutic approaches. 
Juniperus communis (JCo), used to flavor gin and food, has been documented to have 
anti-tumor activity. The aim of this study was to investigate the antitumor activity 
of JCo extract against ESCC and its possible mechanisms. JCo extract suppressed 
cell growth in ESCC and showed higher selection for ESCC cells than normal cells 
compared to the clinical drug 5-fluorouracil (5-FU). JCo extract induced cell cycle 
arrest at the G0/G1 phase by regulating the expression of p53/p21 and CDKs/cyclins, 
triggering cell apoptosis by activating both the extrinsic (Fas/FasL/Caspase 8) and 
intrinsic (Bcl-2/Bax/Caspase 9) apoptosis pathways. Moreover, a combination treat-
ment of JCo and 5-FU synergistically inhibited proliferation of ESCC cells. These re-
sults suggest that JCo extract is a potential natural therapeutic agent for esophageal 
cancer, as it could induce cell cycle arrest and apoptosis in ESCC cells.
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et al., 2017; Wu et al., 2013; Wu et al., 2012). 5-fluorouracil (5-FU) has 
been the first-line treatment for ESCC therapy for several decades 
and is also widely used in the treatment of head and neck carcino-
mas (Longley et al., 2003). However, single agent chemotherapy with 
5-FU is no longer appropriate for ESCC therapy because of its toxic-
ity, drug resistance, and side effects with increasing doses. Therefore, 
combination therapy with other drugs, such as irinotecan and oxal-
iplatin, is used to improve prognoses and reduce the side effects of 
5-FU (Ferte et al., 2011; Wainberg et al., 2011). Combination therapy 
improves the response rate and survival rate, but the side effects and 
drug resistance are still unknown.

Natural products and natural health products (extracts or essen-
tial oils) from plants are complex mixtures containing various organic 
compounds that are important for the development of new drugs 
for anticancer, antibacterial, anti-inflammatory, and antioxidant 
purposes (Mann, 2002; Padumadasa et al., 2016; Rong et al., 2016; 
Soukand et al., 2015). In clinical cancer therapy, there are at least 73 
approved anticancer drugs from plants, such as topotecan, etopo-
side, and paclitaxel (Lin et  al.,  2015; Pan et  al.,  2010). Moreover, 
these natural products can also be used in combination with che-
motherapy or radiotherapy, resulting in an enhanced therapeutic 
efficacy and decreased side effects in cancer treatments (Mileo & 
Miccadei, 2016). Therefore, an increasing number of researchers are 
now focusing on investigations of the anti-cancer potential of plants.

Juniperus communis (JCo) is a coniferous evergreen shrub, used 
to flavor gin and food, widely distributed throughout the Northern 
Hemisphere and across the Himalayas from Kumaun region at 
an altitude of 1,700–4,200  m (Khare, 2007; Moein et  al.,  2010; 
Nakanishi et  al.,  2004). Juniperus communis oil contains monoter-
pene hydrocarbons, such as α-pinene, β-pinene myrcene, and sa-
binene (Bais et  al.,  2014; Cabral et  al.,  2012; Hajdari et  al.,  2015). 
In traditional medicine, Juniperus plants are widely used to relieve 
colds, headaches, respiratory diseases, asthma, and digestive and 
gynecological disorders (Leporatti & Ivancheva,  2003). Recent 
studies report that Juniperus (essential oils or extracts) shows an-
tioxidant, anti-microbial, anti-inflammatory, nephroprotective, and 
hepatoprotective effects (Al-Attar, Alrobai, & Almalki, 2016, 2017; 
Carpenter et al., 2012; Orhan et al., 2011). Furthermore, the cyto-
toxic effects of Juniperus species have been investigated in different 
cancer types, including melanoma, neuroblastoma, leukemia, lung, 
breast, and colon cancers (Bayazit, 2004; Gao et al., 2019; Lantto 
et al., 2016; Pollio et al., 2016; Yaman et al., 2019). In this study, we 
evaluated the anti-cancer potential of JCo extract by investigating 
its effects on anti-proliferation, the cell cycle, and apoptosis in the 
human esophageal squamous cell carcinoma cell line CE81T/VGH.

2  | MATERIAL S AND METHODS

2.1 | Cell line culture conditions and reagents

CE81T/VGH (human esophageal squamous cell carcinoma), 
CE48T/VGH (human esophageal epidermoid carcinoma (VGH), 

SVEC (mouse vascular endothelial cell) and MDCK (cannis kid-
ney epithelial cells) were purchased from the Food Industry 
Research and Development Institute. CE81T/VGH, CE48T/VGH, 
SVEC, and MDCK were cultured in Dulbecco's Modified Eagle 
Medium supplemented with 10% fetal bovine serum (Gibco BRL), 
10  mM HEPES (Gibco), 1  mM pyruvate (Gibco), P/S (100  μg/ml 
penicillin, and 100 μg/ml streptomycin; Gibco), and non-essential 
amino acids (Gibco, CE81T/VGH and CE48T/VGH only). Cells 
were grown in 10 cm2 culture dishes in a humidified atmosphere 
with 5% CO2 at 37°C. The TP53 in the CE81T/VGH cells was 
mutated, which was detected using automated extraction of nu-
cleic acids (AccuBioMed Co., Ltd.) and Femtopath Human Primer 
Sets (HongJing Biotech). JCo was purchased from the PHOENIX 
company and extracted using steam distillation. The clinical 
drug 5-Fluorouracil (5-FU; Sigma) was prepared in dimethyl sul-
foxide (DMSO) in each in vitro experiment. Cells were treated 
with equivalent amounts of DMSO in the control and treatment 
groups, and the final concentration of DMSO in each experiment 
was 0.01%–0.5%.

2.2 | Cell viability and proliferation assay

The viability of CE81T/VGH, CE48T/VGH, MDCK, and SVEC 
cells was determined using a modified 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Cells were 
cultured in a 96-well plate at a density of 5 × 103 cells/well for 
24  hr and treated with different concentrations of JCo extract 
or 5-FU for 24, 48, and 72 hr. MTT was dissolved in the base me-
dium (400 μg/mL, Sigma), and 100 μl of solution was added into 
each well and incubated for 6–8 hr. The MTT formazan crystals 
were dissolved in 50 μL DMSO and the optical density (O.D.) was 
detected using a microplate reader (Molecular Devices, Spec384) 
at 550  nm. Cell viability was calculated as the O.D. percentage 
relative to the controls. The half-maximal inhibitory concentra-
tion (IC50) value of JCo extract was measured from the cell vi-
ability assay.

2.3 | Flow cytometric cell cycle analysis

The effect of JCo extract on the cell cycle distribution of CE81T/
VGH was determined by flow cytometry. Cells were seeded at a 
density of 2 × 106 per 100 mm culture dish, incubated overnight, 
and treated with 70 μg/ml JCo extract for 0, 6, 12, 24, or 48 hr for 
time course analysis; for dosage analysis, cells were treated with 
0, 50, 70, or 90 μg/ml JCo extract for 24 hr. Cells were harvested 
with trypsin-EDTA, washed with PBS, and incubated in 40 μg/ml 
propidium iodide (Sigma) solution containing 0.1  mg/ml RNase A 
(Sigma) at 4°C overnight. The DNA content was then detected 
using FACScan (Beckton Dickinson) and analyzed with Kaluza Flow 
Cytometry Analysis Software (Software Version 1.2, Beckman 
Coulter).
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2.4 | TUNEL assay

Apoptosis was detected using the Situ Cell Death Detection Kit 
(Roche, Mannheim, Germany). Cells were treated with 70  μg/ml 
JCo extract for 48 hr, collected, and fixed with 10% formaldehyde 
for 10 min. The cells were smeared and dried on silane-coated glass 
slides and rehydrated with PBS. After using 3% H2O2 in methanol 
to inactivate endogenous peroxidase for 10 min, the cells were per-
meabilized with 0.1% Triton X-100 in 0.1% sodium citrate on ice for 
2 min. Cells were incubated with TUNEL solution for 2 hr at 37°C 
and stained with PI. The TUNEL-positive cells showed green fluores-
cence, and cell images were taken using a fluorescence microscope 
(ZEISS AXioskop2) at 400× magnification.

2.5 | Western blot analysis

CE81T/VHG cells were seeded in 100 mm culture dishes for incu-
bation overnight, and then treated with 70 μg/mL JCo extract for 
0, 6, 12, 24, or 48 hr. Cells were lysed with ice-cold RIPA buffer 
containing protease inhibitor (BIO BASIC INC.) and phosphatase 
inhibitor (Bionovas) and incubated at 4°C for 30 min. The result-
ing lysates were centrifuged at 12,000 × g for 30 min at 4°C, and 
the protein concentration was determined using a bicinchoninic 
acid protein assay kit (Pierce, Rockford, IL, USA). Cell extracts 
(20  μg protein/lane) were separated using 8%–12.5% SDS-PAGE 
gel electrophoresis and transferred to polyvinylidene difluoride 
membranes (FluoroTrans, PALL). The membrane was blocked with 
10% skim milk and incubated with primary antibodies or β-actin 
(iReal Biotechnology) in 1% Bovine serum albumin (in 1× TBS with 
0.1% tween-20) overnight, followed by incubation with biotin con-
jugated secondary antibodies for 2  hr. Finally, membranes were 
incubated with horseradish peroxidase-conjugated streptavidin 
(Dianova) for 1  hr and proteins were detected using an ECL kit 
(T-Pro Biotechnology) and chemiluminescence imaging analyzer 
(GE LAS-4000, GE healthcare Life. Sciences). Protein bands were 
quantified using the software ImageJ 1.47t and normalized to the 
mean values of the untreated control and β-actin.

2.6 | Caspase activation analysis

CE81T/VGH cells were seeded at a density of 5 × 105 in 6 well cul-
ture plates and incubated overnight. After pretreatment with 1 μM 
Z-DEVD-FMK (Biosciences, USA) for 2  hr, cells were treated with 
70 μg/ml JCo extract for 24 hr. Cells were harvested and the protein 
level of pro-caspase-3 were detected by western blotting.

2.7 | Immunocytochemistry staining

Cells were cultured in 100 mm culture dishes overnight and treated 
with JCo extract for 24 hr. The treated cells were collected, fixed 

with 4% paraformaldehyde, smeared, and dried on silane-coated 
glass slides. Endogenous peroxidase was inactivated via treat-
ment with 3% H2O2 for 10 min, and 10% BSA in PBS was used to 
block nonspecific binding. The target proteins were detected by 
immunostaining with anti-p-p53, anti-p-RB, anti-Caspase 3, anti-
Caspase 8, and anti-Caspase 9 (1/200 dilution) and anti-p21 (iReal 
Biotechnology Co., Ltd.), and visualized with the HRP-DAB detection 
system (HK542-XAK, BioGenex).

2.8 | Drug combination effect

Cells were seeded in 96 well culture plates (5  ×  103 cells/well) or 
100  mm culture dishes (2  ×  106 cells/dish) for 24  hr, and treated 
with a combination of JCo extract (0, 20, 40, and 80 μg/ml) and/or 
0.5 μg/ml 5-FU; 5-FU (0, 0.625, 1.25, and 2.5 μg/ml) and/or 30 μg/
ml JCo extract for 48 hr. The cell viability of treated cells was meas-
ured using an MTT assay. The combination effect of the drug-drug 
interaction was determined based on combination index (CI) and 
normalized isobologram using CompuSyn software (ComboSyn, Inc., 
Paramus, NJ, USA).

2.9 | Statistical Analysis

The data are presented as the mean ± standard deviation (SD). One-
way ANOVA or Student's t-test were used to analyze the differences 
between each group, and p values <.05 were considered statistically 
significant. All experiments were repeated at least 3 times in dupli-
cates or triplicates.

3  | RESULTS

3.1 | JCo extract inhibited growth and proliferation 
of esophageal cancer cells but not normal cells

The major components of JCo extract were analyzed by using gas 
chromatography-mass spectrometry (GC-MS), including α-pinene 
(34.87%), citronellyl acetate (14.26%), limonene (10.72%), trpinolene 
(10.65%), p-cymene (6.21%), elemene (3.32%) and cadinene (2.12%), 
determined in our recent study (Gao et al., 2019).

To explore the growth-inhibitory effect of JCo extract on esopha-
geal cancer cells, cell viability was measured by an MTT assay. CE81T/
VGH and CE48T/VGH cells, treated with different concentrations of 
JCo extract or 5-FU, were significantly inhibited in a time- and dose-de-
pendent manner (Figure 1a,b). The estimated IC50 values of JCo ex-
tract after 24–72 hr treatment were 68.41 ± 1.38–60.07 ± 2.18 μg/
ml in CE81T/VGH cells; 69.38 ± 0.95–36.10 ± 4.19 μg/ml in CE48T/
VGH cells; >94.5–74.32 ± 3.45 μg/ml in SVEC cells; 92.68 ± 2.21–
75.00 ± 1.53 μg/ml in MDCK cells (Table 1). These results show JCo 
extract treatment strongly inhibits the growth of esophageal cancer 
cells but has less effect in normal cells.
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F I G U R E  1   The inhibitory effect of 
JCo extract on the growth of esophageal 
cancer cells. CE81T/VGH, CE48T/VGH, 
SVEC, and MDCK cells were treated 
with (a) JCo extract and (b) 5-FU at 
various concentrations for 24, 48, and 
72 hr, followed by determination of cell 
viability by an MTT assay. The P value was 
calculated versus control cells (*p < .05). 
Data are presented as the mean ± SD of 
three independent experiments
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Cell lines CE81T/VGH CE48T/VGH SVEC MDCK

JCo

24 hr 68.41 ± 1.38b  69.38 ± 0.95a,b  >94.5 92.67 ± 2.21

48 hr 64.33 ± 2.56a,b  56.96 ± 2.16a,b  79.13 ± 2.09 81.32 ± 2.94

72 hr 60.07 ± 2.18a,b  36.10 ± 4.19a,b  74.32 ± 3.45 75.00 ± 1.53

5-FU

24 hr >20 16.00 ± 0.03 3.53 ± 0.29 >20

48 hr 15.35 ± 6.74 5.64 ± 0.34 <0.63 <0.63

72 hr 1.62 ± 0.04 3.73 ± 0.06 <0.63 <0.63

Values are mean ± SD (μg/ml).
aA significant difference between the JCo group compared with the 5-FU group. 
bA significant difference between the ESCC cells compared with normal cells. 

TA B L E  1   The IC50 values of JCo 
extract against ESCC and normal cells
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F I G U R E  2   JCo extract induced G0/G1 phase arrest in esophageal cancer cells. Flow cytometry analysis of the DNA content of CE81T/
VGH cells subjected to the JCo extract treatment for the indicated time (a) and dosage (b). Statistical analysis of cell subpopulations for 
each phase of the cell cycle was performed using the Kaluza Flow Cytometry Analysis Software. The percentage of the subG1 phase of JCo 
extract treated cells was significantly increased compared with the control, *p < .05; significantly decreased compared with control, #p < .05
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3.2 | JCo extract induced G0/G1 phase arrest in 
CT81T/VGH cells

To investigate the factors contributing to the growth inhibition of 
CE81T/VGH cells, we analyzed the effect of JCo extract on cell 
cycle distribution of a CE81T/VGH cell culture under different 
concentration of JCo extract (50, 70, and 90 μg/ml) for 0–48 hr. 
The flow cytometry results showed the average proportion of 
the G0/G1 phase after 1, 3, 6, 12, and 48 hr was 55.44 ± 1.06%, 
61.21 ± 1.11%, 66.31 ± 0.47%, 61.56 ± 0.46% and 57.97 ± 1.00% 
after 70  μg/ml treatment, respectively (Figure  2a). For dosage 
analysis, the average proportion of the G0/G1 phase after treat-
ment with 0, 50, 70, and 90  μg/ml of JCo extract for 24  hr was 
55.44 ± 1.06%, 68.96 ± 0.76%, 67.72 ± 0.26% and 65.22 ± 0.23%, 
respectively (Figure 2b). Moreover, the percentage of cells in the 
subG1 phase increased in a time-dependent and dose-dependent 
manner after JCo extract treatment (Figure 2a,b). The results sug-
gest that JCo extract blocks CE81T/VGH cells in the G0/G1 phase, 
triggers cell death, and increases the percentage of cells in the 
subG1 phase.

3.3 | Effect of JCo extract on apoptosis detected by 
a TUNEL assay

To determine the effect of JCo extract on apoptosis induction, ap-
optotic morphology was observed via the TUNEL assay kit. Cells 
showed TUNEL-positive results after JCo extract treatment for 
48  hr, and anoikis, chromatin condensation, DNA fragmentation, 
and apoptotic bodies were observed under a fluorescence micro-
scope (Figure 3). The results indicate that JCo extract induces cell 
apoptosis in ESCC.

3.4 | Anti-cancer molecular mechanism of JCo 
extract in CE81T/VGH

Next, to examine the molecular mechanisms of the cell cycle in 
JCo extract treated cells, the expression levels of cell cycle regula-
tory proteins, including p53, Rb, p21, CDK2, CDK4, cyclin A, cyclin 
B1, and cyclin D1 were assessed by western blotting. p53, p-p53, 
and p21 were increased, but Rb and p-Rb were decreased, indi-
cating that the cell cycle was regulated by JCo extract treatment 
(Figure  4a). Cyclin D1 interacts with CKD4 to modulate the cell 
cycle distribution of the G1 phase, and protein expression of both 
genes was downregulated by JCo extract in a time-dependent 
manner. The data show that JCo extract leads to cell cycle arrest 
at the G0/G1 phase by regulating p53/p21 and CDK4/cyclin D1 
protein expression.

To elucidate the molecular interactions underlying JCo extract 
induced apoptosis, the expression levels of apoptosis-associated 
proteins from both pathways were measured. In the extrinsic 
pathway, the protein expression of Fas was increased, but the 

levels of Fas ligand (FasL) and Pro-Caspase 8 were decreased; in 
the intrinsic pathway, protein expression of Bcl-2 and Pro-Caspase 
9 was decreased, but Bax and cleaved Caspase-9 were increased 
(Figure 4b). The expression levels of Pro-Caspase 3 were shown 
to decrease in JCo-treated cells, and activation of Pro-Caspase 3 
was blocked by a Caspase 3 inhibitor (Figure  4b,c). The data in-
dicate that JCo extract triggers extrinsic and intrinsic apoptosis 
pathways and activates caspase cascade signaling to induce cell 
apoptosis.

3.5 | Translocation of cell cycle regulators and 
caspase proteins in JCo extract treated cells

CE81T/VGH cells were treated with JCo extract for 48 hr and protein 
expression and localization of cell cycle regulators and apoptosis-
related proteins was determined by immunocytochemistry staining. 
The p-p53 and p21 proteins were increased and translocated into 
the nucleus, but p-Rb was reduced (Figure 5a). The caspase cascade 
proteins, Caspase 3, 8, and 9, were enhanced and expressed in the 
nucleus (Figure 5b). In summary, JCo extract regulates the expres-
sion of cell cycle regulators and caspase proteins and triggers their 
translocation to induce cell cycle arrest and apoptosis.

3.6 | Anti-proliferative effect of JCo extract 
combined with 5-FU

To analyze the combined effect of JCo extract and 5-FU, the CT81T/
VGH cells were treated with a combination of JCo extract (0, 20, 

F I G U R E  3   JCo extract induced cell apoptosis in esophageal 
cancer cells. CE81T/VGH cells were treated with 70 μg/mL JCo 
extract for 48 hr, and apoptosis was determined by a TUNEL 
assay. In the fluorescence images, anoikis (I, blue arrow), chromatin 
condensation (II, yellow arrow), DNA fragmentation (III, red arrow), 
and an apoptotic body (IV, white arrow) are shown
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40 and 80 μg/ml) and/or 0.5 μg/ml 5-FU; 5-FU (0, 0.625, 1.25 and 
2.5 μg/ml) and/or 30 μg/ml JCo extract for 48 hr, and evaluated for 
cell viability by an MTT assay. The cell viability of the combination 
group was lower than that of JCo extract or 5-FU only in ESCC cells, 
showed a synergistic effect determined by normalized isobologram 
(Figure 6). However, the effect was not obvious in normal cells SVEC 
and MDCK. These results indicate that JCo extract and 5-FU to-
gether could have an enhanced anti-cancer effect in ESCC cells.

4  | DISCUSSION

Natural products from plants contain various components that 
are important in the development of new drugs for cancer, infec-
tion, and inflammation (Mann,  2002; Padumadasa et  al.,  2016; 
Rong et  al.,  2016; Soukand et  al.,  2015). Moreover, the therapeu-
tic activity of natural products in traditional medicine and herbal 
medicine is attributed to functional group structures, especially 
polyphenolic compounds (Soobrattee et  al.,  2005). Juniperus com-
munis (JCo) is a coniferous evergreen coniferous shrub that is widely 
spread throughout the Northern Hemisphere across the Himalayas 
from the Kumaun region (Khare, 2007; Moein et al., 2010; Nakanishi 

et al., 2004). Juniperus communis oil contains monoterpene hydro-
carbons, such as α-pinene, myrcene, sabinene, and β-pinene (Bais 
et al., 2014; Cabral et al., 2012; Hajdari et al., 2015), most of which 
are polyphenolic compounds, indicating their anti-cancer potential. 
Studies have shown that Juniperus communis L. berry water extracts 
induces p53-associated cell apoptosis in human SH-SY5Y neuroblas-
toma cells (Lantto et al., 2016), and increases the effect of 5-FU in 
non-small lung cancer A549 cells through regulation of AKT phos-
phorylation (Raasmaja et al., 2019). In addition, juniper berry oil from 
Juniperus communis is a chemo-preventive dietary agent that inhibits 
cell proliferation and inflammation and induces apoptosis, resulting 
in suppression of colon tumor formation in azoxymethane-treated 
rats (Yaman et al., 2019). In our previous study, JCo extract inhibited 
cell proliferation and induced cell cycle arrest and apoptosis in mela-
noma B16/F10 cells (Gao et al., 2019). In this study, we investigated 
the anti-cancer potential of JCo extract in ESCC cells. The results 
demonstrate that JCo extract reduces cell viability, induces cell cycle 
arrest at the G0/G1 phase and cell apoptosis via regulation of relative 
protein expression, and has a synergistic effect when combined with 
5-FU in CE81T/VGH cells in vitro.

Esophageal cancer is one of the most frequently diagnosed can-
cers and the sixth leading cause of cancer-related deaths worldwide, 

F I G U R E  4   Cell cycle and apoptosis 
relative protein expression in JCo extract 
treated cells. CE81T/VGH cells were 
treated with 70 μg/ml of JCo extract for 
6, 12, 24, or 48 hr, and western blotting 
was used to detect altered expression 
of the cell cycle (a) and apoptosis (b) 
relative proteins. (c) Cells pretreated with 
Z-DEVD-FMK, a caspase 3/7 inhibitor, for 
2 hr, and then treated with 70 μg/ml of 
JCo extract for 24 hr. Protein expression 
of Pro-Caspase 3 was detected by 
western blotting
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causing more than 400,000 deaths each year (Pennathur et al., 2013; 
Siegel et  al.,  2016). The overall 5-year survival rate of late-stage 
ESCC is less than 15%, and there has been little improvement in the 
past few decades, although therapeutic approaches have been de-
veloped (Liang et al., 2017). Presently, drugs from plants, regardless 
of whether they are crude extracts or isolated bioactive compounds, 
have received a lot of scientific attention in cancer therapy because 
of their higher selection for cancer cells, resulting in a lower possi-
bility of side effects (Fulda, 2010; Wang et al., 2018). In this study, 
the IC50 values of JCo extract in ESCC cells were lower than those 
of normal cells after 24, 48, and 72 hr, indicating that JCo extract 
has higher selection for ESCC cells. However, in the 5-FU treatment 
group, there was no obvious selection between ESCC and normal 
cells after 24 hr, and selection for ESCC was lower after 48 and 72 hr. 
These results suggest that JCo extract shows lower cytotoxicity to 
normal cells compared with 5-FU, which reduces the possibility of 
causing side effects.

The cell cycle progresses from quiescence (G0 phase) to prolif-
eration (G1, S, G2, and M phases), and then returns to a quiescent 

state. It is well known that cell cycle arrest in response to DNA 
damage or cell stress is essential to maintaining genomic integ-
rity. Cell cycle checkpoints play a crucial role in controlling the 
inhibition of cell cycle transitions or induction of signal transduc-
tion after cell stress (Flatt & Pietenpol, 2000). The analysis of cell 
cycle distribution revealed that ECSS cells treated with JCo ex-
tract were blocked in the G0/G1 phase of the cell cycle, but there 
was an increase in the subG1 population. These results indicate 
that JCo extract inhibits cell proliferation through G0/G1 phase 
arrest in ESCC cells. Cyclin-dependent kinases (CDKs) and their 
activated cyclins play key roles in mammalian cell cycle regula-
tion, and CDK/cyclin complex activity depends on the balance 
between cyclins and cyclin-dependent kinase inhibitors (CKIs). 
CKIs included p27 (kip1) and p21 (cip1), and their expression is 
regulated by the p53 tumor suppressor protein (Coqueret, 2003). 
In the cell cycle, it has been determined that CDK4/cyclin D and 
CDK2/cyclin E promote the passage of cells through the G1 and 
S phases, while CDK1/cyclin B regulates the transition of cells 
through late G2 and mitosis (Morgan, 1995). The phosphorylation 
of Rb is responsible for the transitions between G0/G1 and G1/S 
(Taya, 1997). In this study, JCo extract upregulated p53, p-p53, 
and p21, and downregulated Rb, p-Rb, CDK2, CDK4, cyclin A, 
cyclin B1, and cyclin D1, suggesting that JCo extract treatment 
blocked the cell cycle via regulation of cell cycle relative proteins, 
especially in the G0/G1 phase.

Apoptosis is a basic process that is crucial for the development 
and maintenance of cellular homeostasis within tissues. Apoptosis 
is a form of cell death with distinct morphological features, such as 
accumulation of subG1 phase cells, anoikis, chromatin condensation, 
DNA fragmentation, and apoptotic bodies, and it is triggered by 
specific signaling pathways (Chen et al., 2018). The changes in cell 
morphology may be an indicator of cell death and a reliable basis for 
identifying the presence of apoptosis. The a TUNEL assay of JCo ex-
tract-treated cells gave TUNEL-positive results for anoikis morphol-
ogy, chromatin condensation, DNA fragmentation, and apoptotic 
bodies, indicating cells were undergoing apoptosis. Apoptosis signal-
ing cascades are divided into two major pathways: the death-recep-
tor (Fas/FasL/Caspase-8) and mitochondria-mediated (Bax/Bcl-2/
Caspase-9) pathways (Pfeffer & Singh, 2018). Both the death-recep-
tor and mitochondria-mediated cell apoptosis-associated proteins 
were regulated by JCo extract treatment. In addition, JCo extract 
induced activation of Caspase-3 was blocked by the Z-DEVD-FMK 
Caspase-3/7 inhibitor. These results indicate that JCo extract in-
duces apoptosis in ESCC CE81T/VGH cells through the extrinsic and 
intrinsic apoptosis pathways.

5-fluorouracil (5-FU) was the first-line treatment for ESCC 
therapy for several decades (Longley et al., 2003), but single agent 
chemotherapy of 5-FU is no longer appropriate for ESCC therapy 
because of its toxicity, drug resistance, and side effects. Therefore, 
the development of combination therapies with other drugs, such as 
irinotecan and oxaliplatin, is used to improve prognoses and reduce 
the side effects of 5-FU (Ferte et al., 2011; Wainberg et al., 2011). 
Combination therapy enhances the response rate and survival rate, 

F I G U R E  5   JCo extract activated cell cycle regulators and 
caspase proteins in esophageal cancer cells. CE81T/VGH cells 
were treated with JCo extract for 24 hr and the expression and 
localization of proteins, such as (a) cell cycle proteins (p-p53, p-Rb, 
and p21) and (b) apoptosis proteins (Caspase 8, Caspase 9, and 
Caspase 3), was shown via immunocytochemistry staining
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but the side effects and drug resistance are still unknown. In this 
study, we combined JCo extract with 5-FU for the treatment of 
ESCC cells. The results indicate that combination treatment causes 
more cell inhibition than JCo extract or 5-FU alone, suggesting that 
JCo extract combined with 5-FU synergistically inhibits ESCC cell 
growth. These studies indicate that JCo extract has great potential 
for the development of anti-cancer agents or adjuvants for the com-
bination therapy of ESCC in the future.

In conclusion, JCo extract inhibits the growth of ESCC cells by 
stimulating G0/G1 arrest via regulation of cycle regulatory proteins, 
such as p53, p21, CKD4, and cyclin D1. Moreover, JCo extract trig-
gers cell apoptosis and apoptotic morphology, including anoikis, 
chromatin condensation, DNA fragmentation, and apoptotic bodies, 
in ESCC cells through intrinsic and extrinsic apoptosis pathways. 

JCo extract enhances the anti-cancer effect of the clinical drug 
5-FU, suggesting that it can complement current chemotherapeutic 
treatment.
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F I G U R E  6   JCo extract enhanced 
5-FU induced cytotoxicity in esophageal 
cancer cells. Cells were treated with a 
combination of (a) JCo extract (20, 40, or 
80 μg/ml) with or without 0.5 μg/ml 5-FU; 
5-FU (0, 0.625, 1.25, 2.5 μg/ml) combined 
with or without 30 μg/mL JCo extract 
for 48 hr, and cell viability was measured 
via an MTT assay. (b) The results were 
analyzed using CompuSyn to calculate the 
normalized isobologram

Normalized Isobologram

CE81T/VGH SVEC MDCK

AntagonismSynergyAntagonismSynergyAntagonismSynergy

0
10
20
30
40
50
60
70
80
90

100
110

0 10 20 30 40 50 60 70 80

C
el

l v
ia

bi
lit

y 
(%

)

JCo conc. (µg/ml)

CE81T/VGH

JCo
JCo+5-FU

0
10
20
30
40
50
60
70
80
90

100
110

0 0.5 1 1.5 2 2.5

C
el

l v
ia

bi
lit

y 
(%

)

5-FU conc. (µg/ml)

CE81T/VGH

5-FU
5-FU+JCo

0
10
20
30
40
50
60
70
80
90

100
110

0 10 20 30 40 50 60 70 80

C
el

l v
ia

bi
lit

y 
(%

)

JCo conc. (µg/ml)

SVEC

JCo
JCo+5-FU

0
10
20
30
40
50
60
70
80
90

100
110

0 10 20 30 40 50 60 70 80

C
el

l v
ia

bi
lit

y 
(%

)

JCo conc. (µg/ml)

MDCK

JCo
JCo+5-FU

0
10
20
30
40
50
60
70
80
90

100
110

0 0.5 1 1.5 2 2.5

C
el

l v
ia

bi
lit

y 
(%

)

5-FU conc. (µg/ml)

MDCK

5-FU
5-FU+JCo

0
10
20
30
40
50
60
70
80
90

100
110

0 0.5 1 1.5 2 2.5

C
el

l v
ia

bi
lit

y 
(%

)

5-FU conc. (µg/ml)

SVEC

5-FU
5-FU+JCo

(a)

(b)



     |  1097LI et al.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author by reasonable request.

ORCID
Nu-Man Tsai   https://orcid.org/0000-0002-2629-1833 

R E FE R E N C E S
Al-Attar, A. M., Alrobai, A. A., & Almalki, D. A. (2016). Effect of Olea 

oleaster and Juniperus procera leaves extracts on thioacetamide 
induced hepatic cirrhosis in male albino mice. Saudi Journal of 
Biological Sciences, 23(3), 363–371. https://doi.org/10.1016/j.
sjbs.2015.08.011

Al-Attar, A. M., Alrobai, A. A., & Almalki, D. A. (2017). Protective effect 
of olive and juniper leaves extracts on nephrotoxicity induced by 
thioacetamide in male mice. Saudi Journal of Biological Sciences, 24(1), 
15–22. https://doi.org/10.1016/j.sjbs.2015.08.013

Bais, S., Gill, N. S., Rana, N., & Shandil, S. (2014). A Phytopharmacological 
review on a medicinal plant: Juniperus communis. International 
Scholarly Research Notices, 2014, 634723. https://doi.
org/10.1155/2014/634723

Bayazit, V. (2004). Cytotoxic effects of some animal and vegetable ex-
tracts and some chemicals on liver and colon carcinoma and myosar-
coma. Saudi Medical Journal, 25(2), 156–163.

Cabral, C., Francisco, V., Cavaleiro, C., Goncalves, M. J., Cruz, M. T., Sales, 
F., Batista, M. T., & Salgueiro, L. (2012). Essential oil of Juniperus 
communis subsp. alpina (Suter) Celak needles: Chemical compo-
sition, antifungal activity and cytotoxicity. Phytotherapy Research, 
26(9), 1352–1357. https://doi.org/10.1002/ptr.3730

Carpenter, C. D., O'Neill, T., Picot, N., Johnson, J. A., Robichaud, G. A., 
Webster, D., & Gray, C. A. (2012). Anti-mycobacterial natural prod-
ucts from the Canadian medicinal plant Juniperus communis. Journal 
of Ethnopharmacology, 143(2), 695–700. https://doi.org/10.1016/j.
jep.2012.07.035

Chen, Q., Kang, J., & Fu, C. (2018). The independence of and as-
sociations among apoptosis, autophagy, and necrosis. Signal 
Transduction and Targeted Therapy, 3, 18. https://doi.org/10.1038/
s4139​2-018-0018-5

Chen, W., Zheng, R., Baade, P. D., Zhang, S., Zeng, H., Bray, F., Jemal, 
A., Yu, X. Q., & He, J. (2016). Cancer statistics in China, 2015. CA: A 
Cancer Journal for Clinicians, 66(2), 115–132. https://doi.org/10.3322/
caac.21338

Coqueret, O. (2003). New roles for p21 and p27 cell-cycle inhibitors: 
A function for each cell compartment? Trends in Cell Biology, 13(2), 
65–70. https://doi.org/10.1016/s0962​-8924(02)00043​-0

Khare, P. K.(2007). Indian Medicinal Plants: An Illustrated Dictionary. 
Springer References, 348e349.

Ferte, C., Romano, O., Mariette, C., Bourgeois, V., Peugniez, C., Lindet, 
C., Ladrat, L., Triboulet, J.-P., & Hebbar, M. (2011). FOLFIRI chemo-
therapy in patients with advanced non resectable esophageal or 
junctional adenocarcinoma: A pilot study. Journal of Chemotherapy, 
23(6), 358–361. https://doi.org/10.1179/joc.2011.23.6.358

Flatt, P. M., & Pietenpol, J. A. (2000). Mechanisms of cell-cycle checkpoints: 
At the crossroads of carcinogenesis and drug discovery. Drug Metabolism 
Reviews, 32(3–4), 283–305. https://doi.org/10.1081/dmr-10010​2335

Fulda, S. (2010). Modulation of apoptosis by natural products for 
cancer therapy. Planta Medica, 76(11), 1075–1079. https://doi.
org/10.1055/s-0030-1249961

Gao, H. W., Huang, X. F., Yang, T. P., Chang, K. F., Yeh, L. W., Hsieh, M. 
C., Weng, J. C., & Tsai, N. M. (2019). Juniperus Communis suppresses 
melanoma Tumorigenesis by inhibiting tumor growth and inducing 
apoptosis. American Journal of Chinese Medicine, 47(5), 1171–1191. 
https://doi.org/10.1142/S0192​415X1​9500605

Hajdari, A., Mustafa, B., Nebija, D., Miftari, E., Quave, C. L., & Novak, 
J. (2015). Chemical composition of Juniperus communis L. Cone 
essential oil and its variability among wild populations in Kosovo. 
Chemistry & Biodiversity, 12(11), 1706–1717. https://doi.org/10.1002/
cbdv.20140​0439

Lantto, T. A., Laakso, I., Dorman, H. J., Mauriala, T., Hiltunen, R., Koks, S., 
& Raasmaja, A. (2016). Cellular stress and p53-associated apoptosis 
by Juniperus communis L. berry extract treatment in the human SH-
SY5Y neuroblastoma cells. International Journal of Molecular Sciences, 
17(7), 1113. https://doi.org/10.3390/ijms1​7071113

Leporatti, M. L., & Ivancheva, S. (2003). Preliminary comparative analysis 
of medicinal plants used in the traditional medicine of Bulgaria and 
Italy. Journal of Ethnopharmacology, 87(2–3), 123–142. https://doi.
org/10.1016/S0378​-8741(03)00047​-3

Liang, H., Fan, J. H., & Qiao, Y. L. (2017). Epidemiology, etiology, and 
prevention of esophageal squamous cell carcinoma in China. Cancer 
Biology and Medicine, 14(1), 33–41. https://doi.org/10.20892/​
j.issn.2095-3941.2016.0093

Lin, X., Peng, Z., & Su, C. (2015). Potential anti-cancer activities and 
mechanisms of costunolide and dehydrocostuslactone. International 
Journal of Molecular Sciences, 16(5), 10888–10906. https://doi.
org/10.3390/ijms1​60510888

Longley, D. B., Harkin, D. P., & Johnston, P. G. (2003). 5-fluorouracil: 
Mechanisms of action and clinical strategies. Nature Reviews Cancer, 
3(5), 330–338. https://doi.org/10.1038/nrc1074

Mann, J. (2002). Natural products in cancer chemotherapy: Past, pres-
ent and future. Nature Reviews Cancer, 2(2), 143–148. https://doi.
org/10.1038/nrc723

Mileo, A. M., & Miccadei, S. (2016). Polyphenols as modulator of oxi-
dative stress in cancer disease: New therapeutic strategies. 
Oxidative Medicine and Cellular Longevity, 2016, 6475624. https://doi.
org/10.1155/2016/6475624

Moein, M. R., Ghasemi, Y., Moein, S., & Nejati, M. (2010). Analysis of anti-
microbial, antifungal and antioxidant activities of Juniperus excelsa M. 
B subsp. Polycarpos (K. Koch) Takhtajan Essential Oil. Pharmacognosy 
Research, 2(3), 128–131. https://doi.org/10.4103/0974-8490.65505

Morgan, D. O. (1995). Principles of CDK regulation. Nature, 374(6518), 
131–134. https://doi.org/10.1038/374131a0

Nakanishi, T., Iida, N., Inatomi, Y., Murata, H., Inada, A., Murata, J., Lang, 
F. A., Iinuma, M., & Tanaka, T. (2004). Neolignan and flavonoid gly-
cosides in Juniperus communis var. depressa. Phytochemistry, 65(2), 
207–213. https://doi.org/10.1016/j.phyto​chem.2003.10.025

Orhan, N., Orhan, I. E., & Ergun, F. (2011). Insights into cholinesterase in-
hibitory and antioxidant activities of five Juniperus species. Food and 
Chemical Toxicology, 49(9), 2305–2312. https://doi.org/10.1016/j.
fct.2011.06.031

Padumadasa, C., Dharmadana, D., Abeysekera, A., & Thammitiyagodage, 
M. (2016). In vitro antioxidant, anti-inflammatory and anticancer 
activities of ethyl acetate soluble proanthocyanidins of the inflo-
rescence of Cocos nucifera L. BMC Complementary and Alternative 
Medicine, 16, 345. https://doi.org/10.1186/s1290​6-016-1335-2

Pan, L., Chai, H., & Kinghorn, A. D. (2010). The continuing search for an-
titumor agents from higher plants. Phytochemistry Letters, 3(1), 1–8. 
https://doi.org/10.1016/j.phytol.2009.11.005

Pennathur, A., Gibson, M. K., Jobe, B. A., & Luketich, J. D. (2013). 
Oesophageal carcinoma. Lancet, 381(9864), 400–412. https://doi.
org/10.1016/S0140​-6736(12)60643​-6

Pfeffer, C. M., & Singh, A. T. K. (2018). Apoptosis: a target for antican-
cer therapy. International Journal of Molecular Sciences, 19(2), 448. 
https://doi.org/10.3390/ijms1​9020448

Pollio, A., Zarrelli, A., Romanucci, V., Di Mauro, A., Barra, F., Pinto, G., 
Crescenzi, E., Roscetto, E., & Palumbo, G. (2016). Polyphenolic profile 
and targeted bioactivity of methanolic extracts from Mediterranean 
Ethnomedicinal plants on human cancer cell lines. Molecules, 21(4), 
395. https://doi.org/10.3390/molec​ules2​1040395

https://orcid.org/0000-0002-2629-1833
https://orcid.org/0000-0002-2629-1833
https://doi.org/10.1016/j.sjbs.2015.08.011
https://doi.org/10.1016/j.sjbs.2015.08.011
https://doi.org/10.1016/j.sjbs.2015.08.013
https://doi.org/10.1155/2014/634723
https://doi.org/10.1155/2014/634723
https://doi.org/10.1002/ptr.3730
https://doi.org/10.1016/j.jep.2012.07.035
https://doi.org/10.1016/j.jep.2012.07.035
https://doi.org/10.1038/s41392-018-0018-5
https://doi.org/10.1038/s41392-018-0018-5
https://doi.org/10.3322/caac.21338
https://doi.org/10.3322/caac.21338
https://doi.org/10.1016/s0962-8924(02)00043-0
https://doi.org/10.1179/joc.2011.23.6.358
https://doi.org/10.1081/dmr-100102335
https://doi.org/10.1055/s-0030-1249961
https://doi.org/10.1055/s-0030-1249961
https://doi.org/10.1142/S0192415X19500605
https://doi.org/10.1002/cbdv.201400439
https://doi.org/10.1002/cbdv.201400439
https://doi.org/10.3390/ijms17071113
https://doi.org/10.1016/S0378-8741(03)00047-3
https://doi.org/10.1016/S0378-8741(03)00047-3
https://doi.org/10.20892/j.issn.2095-3941.2016.0093
https://doi.org/10.20892/j.issn.2095-3941.2016.0093
https://doi.org/10.3390/ijms160510888
https://doi.org/10.3390/ijms160510888
https://doi.org/10.1038/nrc1074
https://doi.org/10.1038/nrc723
https://doi.org/10.1038/nrc723
https://doi.org/10.1155/2016/6475624
https://doi.org/10.1155/2016/6475624
https://doi.org/10.4103/0974-8490.65505
https://doi.org/10.1038/374131a0
https://doi.org/10.1016/j.phytochem.2003.10.025
https://doi.org/10.1016/j.fct.2011.06.031
https://doi.org/10.1016/j.fct.2011.06.031
https://doi.org/10.1186/s12906-016-1335-2
https://doi.org/10.1016/j.phytol.2009.11.005
https://doi.org/10.1016/S0140-6736(12)60643-6
https://doi.org/10.1016/S0140-6736(12)60643-6
https://doi.org/10.3390/ijms19020448
https://doi.org/10.3390/molecules21040395


1098  |     LI et al.

Raasmaja, A., Stenius, U., & Ghalali, A. (2019). The water extract of 
Juniperus communis L. induces cell death and sensitizes can-
cer cells to cytostatic drugs through p53 and PI3K/Akt pathways. 
International Journal of Molecular Sciences, 20(9), 2054. https://doi.
org/10.3390/ijms2​0092054

Rong, Q., Xu, M., Dong, Q., Zhang, Y., Li, Y., Ye, G., & Zhao, L. (2016). In 
vitro and in vivo bactericidal activity of Tinospora sagittata (Oliv.) 
Gagnep. var. craveniana (S.Y.Hu) Lo and its main effective component, 
palmatine, against porcine Helicobacter pylori. BMC Complementary 
and Alternative Medicine, 16(1), 331. https://doi.org/10.1186/s1290​
6-016-1310-y

Siegel, R. L., Miller, K. D., & Jemal, A. (2016). Cancer statistics, 2016. CA: 
A Cancer Journal for Clinicians, 66(1), 7–30. https://doi.org/10.3322/
caac.21332

Soobrattee, M. A., Neergheen, V. S., Luximon-Ramma, A., Aruoma, O. I., 
& Bahorun, T. (2005). Phenolics as potential antioxidant therapeutic 
agents: Mechanism and actions. Mutation Research, 579(1–2), 200–
213. https://doi.org/10.1016/j.mrfmmm.2005.03.023

Sõukand, R., Pieroni, A., Biró, M., Dénes, A., Dogan, Y., Hajdari, A., 
Kalle, R., Reade, B., Mustafa, B., Nedelcheva, A., Quave, C. L., & 
Łuczaj, Ł. (2015). An ethnobotanical perspective on traditional 
fermented plant foods and beverages in Eastern Europe. Journal 
of Ethnopharmacology, 170, 284–296. https://doi.org/10.1016/j.
jep.2015.05.018

Taya, Y. (1997). RB kinases and RB-binding proteins: New points of view. 
Trends in Biochemical Sciences, 22(1), 14–17. https://doi.org/10.1016/
s0968​-0004(96)10070​-0

Wainberg, Z. A., Lin, L.-S., DiCarlo, B., Dao, K. M., Patel, R., Park, D. J., 
Wang, H.-J., Elashoff, R., Ryba, N., & Hecht, J. R. (2011). Phase II trial 
of modified FOLFOX6 and erlotinib in patients with metastatic or ad-
vanced adenocarcinoma of the oesophagus and gastro-oesophageal 

junction. British Journal of Cancer, 105(6), 760–765. https://doi.
org/10.1038/bjc.2011.280

Wang, Y., Zhong, J., Bai, J., Tong, R., An, F., Jiao, P., He, L., Zeng, D., Long, 
E., Yan, J., Yu, J., & Cai, L. (2018). The application of natural prod-
ucts in cancer therapy by targeting apoptosis pathways. Current Drug 
Metabolism, 19(9), 739–749. https://doi.org/10.2174/13892​00219​
66618​05111​54722

Wu, N., Chen, Z., Pang, L., Ma, Q., & Chen, G. (2013). Prognostic sig-
nificance of lymph node characteristics on survival in esophageal 
squamous cell carcinomas. Wiener Klinische Wochenschrift, 125(1–2), 
26–33. https://doi.org/10.1007/s0050​8-012-0310-2

Wu, N., Pang, L. W., Chen, Z. M., Ma, Q. Y., & Chen, G. (2012). Tumour 
length is an independent prognostic factor of esophageal squa-
mous cell carcinomas. Chinese Medical Journal (Engl), 125(24), 
4445–4448.

Yaman, T., Uyar, A., Komuroglu, A. U., Keles, O. F., & Yener, Z. (2019). 
Chemopreventive efficacy of juniper berry oil (Juniperus com-
munis L.) on azoxymethane-induced colon carcinogenesis in 
rat. Nutrition and Cancer, 1–14. https://doi.org/10.1080/01635​
581.2019.1673450

How to cite this article: Li C-Y, Lee S-C, Lai W-L, et al. Cell 
cycle arrest and apoptosis induction by Juniperus communis 
extract in esophageal squamous cell carcinoma through 
activation of p53-induced apoptosis pathway. Food Sci Nutr. 
2021;9:1088–1098. https://doi.org/10.1002/fsn3.2084

https://doi.org/10.3390/ijms20092054
https://doi.org/10.3390/ijms20092054
https://doi.org/10.1186/s12906-016-1310-y
https://doi.org/10.1186/s12906-016-1310-y
https://doi.org/10.3322/caac.21332
https://doi.org/10.3322/caac.21332
https://doi.org/10.1016/j.mrfmmm.2005.03.023
https://doi.org/10.1016/j.jep.2015.05.018
https://doi.org/10.1016/j.jep.2015.05.018
https://doi.org/10.1016/s0968-0004(96)10070-0
https://doi.org/10.1016/s0968-0004(96)10070-0
https://doi.org/10.1038/bjc.2011.280
https://doi.org/10.1038/bjc.2011.280
https://doi.org/10.2174/1389200219666180511154722
https://doi.org/10.2174/1389200219666180511154722
https://doi.org/10.1007/s00508-012-0310-2
https://doi.org/10.1080/01635581.2019.1673450
https://doi.org/10.1080/01635581.2019.1673450
https://doi.org/10.1002/fsn3.2084

