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Abstract
This study investigated the anti-leukemic effects of Cedrus atlantica extract (CAt extract) on cell cycle distribution and apop-
tosis in human acute myeloid leukemia (AML) cells. AML often occurs in older adults, accounting for 60% of the cases, and 
is likely to be resistant to chemotherapy due to multidrug resistance, resulting in early death during cancer treatment. With 
the increasing focus on prevention medicine, natural plant components are being used as a major source for the development 
of therapeutic drugs or functional foods to cure or alleviate the disease. Cedrus species are known to have anti-inflammatory, 
antimicrobial, antiviral, and anticancer effects; however, the anticancer effects of CAt extract have not been elucidated. In 
this study, CAt extract demonstrated an inhibitory effect on human leukemia cells in a concentration-dependent manner; CAt 
extract induced  G0/G1 phase arrest via restrained protein levels of p-Rb and cell cycle-related proteins. After CAt extract 
exposure, the extrinsic and intrinsic apoptotic pathways were activated through caspase-8, -9, and -3 cleavage. Additionally, 
CAt extract suppressed VEGF, MMP-2, and MMP-9 expression. This study demonstrated that CAt extract treatment signifi-
cantly reduced cell growth, cell cycle arrest in the  G0/G1 phase, and induction of apoptosis, leading to leukemia cell death.
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Introduction

Acute myeloid leukemia (AML) is multidisciplinary disease 
characterized by various gene mutation which mediate pro-
liferation and differentiation of cancer cells [1, 2]. Thera-
peutic options for leukemia are including chemotherapy, 
target therapy, radiation therapy, and hematopoietic stem 
cell transplantation. Overall 5-year survival which is less 
than 8% remains poor in older AML patients who are over 
65 years due to comorbid disease and impaired bone mar-
row stem cell reserve [3–6]. Additionally, older patients are 
likely to have multidrug-resistant protein expression that 
affects the dosage of the chemo-drugs and the performance 
status of older patients is vulnerable to excess toxicity in 
chemotherapy, resulting in early mortality [7–9]. Despite 
the advances in understanding the molecular heterogeneity 
and pathogenesis of AML, there has been little progress in 
the standard therapy for AML. Hence, there is an urgent 
need for novel therapeutic agents with less toxicity for the 
treatment of AML.

Previous studies have revealed several mechanisms 
involved in the chemopreventive effects of natural plant 
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components, including antioxidative and anti-inflammatory 
properties, induction of cell cycle arrest, and apoptosis in 
tumorous cells [10–13]. Interfering with the cell cycle can 
lead to cell cycle arrest, cell death, or senescence, which 
has proven to be highly successful in cancer treatment [14]. 
Apoptosis is a type of programed cell death that charac-
terizes cell blebbing, cell shrinkage, chromatin condensa-
tion, and DNA fragmentation [15]. Therefore, induction of 
apoptosis and cell cycle arrest is important to regulate the 
proliferation of tumor cells.

Cedrus atlantica is an evergreen tree known for its phyto-
chemical properties. It is traditionally used for treating skin 
diseases, cystitis, and bronchitis, for insect-repellent and in 
perfume [16–18]. The pharmacological properties of Cedrus 
species include anti-inflammatory and analgesic effects [19, 
20], as well as immunomodulatory [21], antioxidant [22], 
antibacterial [23, 24], and insecticidal activities [25]. More-
over, Cedrus species have been shown to have antitumor 
activity against AML and hepatoma, but the anti-leukemic 
effect of C. atlantica extract (CAt extract) remains unknown 
[26–29]. Therefore, to unravel the antitumor mechanism of 
CAt extract on leukemia cells.

Materials and methods

Reagents, antibodies, and chemicals

All the other cell culture reagents and BCA Protein Assay 
Reagent were purchased from Gibco/Thermo Fisher Sci-
entific (Waltham, MA, USA), and all other chemicals 
were of research grade. Dimethylsulfoxide (DMSO), pro-
pidium iodide (PI), and 3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium 
(MTS) were purchased from Sigma-Aldrich (St. Louis, MO, 
USA). T-Pro LumiFast Plus Chemiluminescence Detection 
Kit was purchased from T-Pro Biotechnology (New Taipei 
County, Taiwan). The In Situ Cell Death Detection Kit was 
purchased from Roche (Mannheim, Germany). The primary 
antibodies against Rb, pRb, proliferating cell nuclear antigen 
(PCNA), cyclin dependent kinase 2 (cdk2), cdk4, cyclin B1, 
cyclin D1, FAS, caspase-3, caspase-8, caspase-9, and the 
horseradish peroxidase (HPR)-conjugated secondary anti-
body were purchased from Santa Cruz Biotechnology, Inc. 
(CA, USA). The primary antibodies against Bax, vascular 
endothelial growth factor (VEGF), matrix metalloprotein-
ases-2 and -9 (MMP-2, -9), and Actin were purchased from 
iReal Biotechnology Co., Ltd. (Hsinchu, Taiwan).

Preparation of Cedrus atlantica extract

A fresh bark of Cedrus atlantica plant from American was 
utilized. Extraction of C. atlantica in small-scale was testify 

in our lab and conditions was showed as below. The gener-
ated steam (flow rate: 7.2 ml/min) was passed through the 
fresh bark of C. atlantica (500 g) at 100–105 °C for 100 min. 
Cedrus atlantica extract (CAt extract) was extracted by 
steam distillation and was commissioned by Phoenix (New 
Jersey, USA) in large-scale. The CAt extract was preserved 
in aluminum can at 4  °C. CAt extract was dissolved in 
DMSO and measured in μg/ml to utilize throughout the 
experiments.

Cell lines and cell culture

HL-60, K562, Jurkat, P338D1, and RAW264.7 were pur-
chased from American Type Culture Collection (Manassas, 
VA, USA) or the Bioresources Collection and Research 
Center (BCRC, Hsinchu, Taiwan). HL-60 and K562 cells 
were performed FemtoPath Primer Set (HongJing Biotech., 
New Taipei City, Taiwan) to check to gene status of those 
cells. The cells were grown in Dulbecco’s modified Eagle 
medium (DMEM) or Roswell Park Memorial Institute 
(RPMI) 1640 medium supplemented with 10% fetal bovine 
serum (FBS; Gibco, Grand Island, NY, USA; origin: Mex-
ico), 1% penicillin/streptomycin, and 1% sodium pyruvate 
at 37 °C with 5%  CO2.

Cell viability assay

The cells (5 × 103 cells/100 μl) were seeded in 96 well plates 
and incubated for 12 h. After that, the cells were exposed 
to CAt extract (0–200 μg/ml) for 12, 24, and 48 h. Each 
experiment was carried out in triplicate and the percentage 
cell viability of the treatment and control was calculated 
according to the formula as follows: Percentage of cell via-
bility (%) = (Absorbance of treated cells/ Absorbance of con-
trol) × 100%. The cell inhibition of CAt-induced cells was 
evaluated using the MTS assay. Absorbance at 490 nm was 
determined using Spectra Max plus 384 Microplate Reader 
(Molecular Devices, USA) [30].

Cell cycle analysis

Cells (5 × 106 cells/6 ml) were treated with CAt (0, 5, 15, and 
25 μg/ml) for the indicated time intervals. Afterwards, the 
cells were harvested and washed twice with phosphate-buff-
ered saline (PBS). After washing with PBS, the cells were 
stained with propidium iodide (PI, 40 μg/ml) and RNase A 
(10 mg/ml) overnight at 4 °C. Cell cycle distribution was 
measured using a flow cytometer (BD, NJ, USA), and the 
percentage of cells in different phases were determined using 
Cell Quest Pro Software and analyzed by FlowJo 7.6.1 (Ash-
land, Oregon, USA) [31].
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Terminal transferase dUTP nick end labeling 
(TUNEL) assay

The TUNEL assay was performed to detect the effect of 
CAt extract on apoptosis. Cells (5 × 106 cells/6 ml) were 
seeded at 10 cm dish and treated with CAt extract (15 μg/
ml) for 24 h, and then the cells were smeared on slides. After 
that, the slides were prepared to detect for TUNEL stain-
ing according to the manufacturer’s protocols and stained 
with propidium iodide (PI, 10 μg/ml) for 10 min as counter 
stain (red). For analysis, the images were observed under 
a microscope (ZEISS AXioskop2, Bremen, Germany) at 
400 × magnification to detect apoptotic morphology with 
TUNEL positive (green) [32].

Western blotting

The cells (5 × 106 cells/6 ml) were seeded in a 10 cm dish 
and treated with CAt extract (0, 5, 15, and 25 μg/ml) for 
different time intervals. After treatment, the cells were col-
lected by centrifugation and then lysed using 1 × RIPA buffer 
(Bio Basic Inc, Toronto, Canada). After that, 20 μg of pro-
tein from control and CAt extract treated cells were sepa-
rated on 8–12% Sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) and 4% stacking gel and then 
transferred onto a polyvinylidene fluoride (PVDF) mem-
brane. The membranes were blocked with 10% skim milk for 
1 h and then incubated with primary antibodies (1/200 dilu-
tion, Santa Cruz Biotechnology, Inc.; 1/500 dilution, iReal 
Biotechnology Co., Ltd.) overnight at 4 °C. After washing, 
the membranes were incubated with HRP-conjugated sec-
ondary antibodies (1:1000) and signals were detected using 
a T-Pro LumiFast plus Chemiluminescence Detection Kit 
and images were captured using the ImageQuant LAS 4000 
(GE Healthcare Life Sciences, Little Chalfont, UK) image 
reader [33].

Statistical analysis

The data are shown as means ± standard deviation (SD) from 
triplicate experiments and evaluated using Student’ s t-test. 
Statistical significance was considered at p < 0.05.

Results

CAt extract inhibited the proliferation of leukemia 
cells

To examine the antiproliferative effect of CAt extract on 
leukemia and macrophage cells, the cells were exposed to 
serial concentrations of CAt extract (0–200 μg/ml) for 12, 
24, and 48 h. Figure 1 showed that CAt extract inhibited the 

growth of HL-60 cells in a concentration-dependent manner 
and reduced about 70% cell viability at the concentration 
greater than 25 μg/ml. CAt extract showed similar inhibitory 
effects on Jurkat and K562 cells and the  IC50 of these two 
cells were presented in Table 1. Besides, Jurkat cells were 
more sensitive to CAt extract than HL-60 and K562 cells. 
CAt extract inhibited macrophage cell growth (RAW264.7 
and P338D1) at high concentrations (≥ 25 μg/ml) at the 12 
and 24 h, but induced macrophage proliferation at low con-
centrations (≤ 25 μg/ml) and then, decreased the cell viabil-
ity of macrophages at the high concentration of CAt extract 
(≥ 25 μg/ml). Interestingly, the inhibitory manner of CAt 
extract (≥ 100 μg/ml) in macrophage cell was similar with 
leukemia cells at 48 h. Moreover, the  IC50 of CAt extract on 
normal macrophages was higher than that of leukemia cells, 
ranging from 1.5 to 3.1-fold. Thus, these suggested that CAt 
extract strongly inhibited leukemia cell proliferation and was 
less cytotoxic to normal macrophages. Next, to observe the 
cell morphology of CAt extract-induced, HL-60 cells were 
exposed CAt extract (0, 5, 15, and 25 μg/ml) for 24 h. The 
results showed a concentration dependent decrease in cel-
lular density. Besides, the morphology of HL-60 cells was 
showed that the cell membrane was not smooth and cell bod-
ies was shrinking, result in lots of cell debris and cell death 
(Fig. 2a). These data revealed that CAt extract did affected 
HL-60 cells growth and caused cell death.

CAt extract induced cell cycle arrest at the  G0/G1 
phase in HL‑60 cells

To explore the antiproliferative mechanism of CAt extract-
induced, we analyzed the cell cycle progression after CAt 
extract treatment. As Fig.  2b, CAt extract altered cell 
cycle progression and induced cell population of HL-60 
cells markedly accumulated at  G0/G1 phase. HL-60 cells 
treating with serial concentration of CAt extract revealed 
the cell population of  G0/G1 phase was prominently 
increased (48.32 ± 0.62%, 69.24 ± 1.14%, 72.39 ± 1.48% 
and 75.1 ± 1.32%) and significantly decreased S and  G2/M 
phases (Fig. 2c). Moreover, after exposing the CAt extract on 
HL-60 cells with indicated time intervals, the similar results 
were presented at Fig. 2d, suggesting CAt extract induced 
cell cycle arrest at  G0/G1 phase followed by a decrease at S 
and  G2/M phases. These results indicated that CAt extract 
inhibited the proliferation of HL-60 cells by inducing cell 
cycle arrest at the  G0/G1 phase with time and dose pattern.

CAt extract contributed to apoptosis in HL‑60 cells

After CAt extract treatment, an increasing of cell debris and 
cell death was observed. Besides, Fig. 3a showed that sub-G1 
phase level for HL-60 cells clearly increased in the pres-
ence of CAt extract (0, 5, 15, and 25 μg/ml) as compared 
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Fig. 1  Effects of CAt extract on cell proliferation in HL-60, 
RAW264.7, and P338D1 cells. The cells were treated with serial con-
centrations of CAt extract for 12, 24, and 48  h. The cell inhibition 

rate was assessed by MTS assay. The experiments were performed 
from three independent experiments
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with control, especially, at 25 μg/ml of CAt extract treat-
ment causing 89.7% cell population accumulating at the 
sub-G1 phase. Thus, we performed TUNEL assay to detect 
whether CAt extract induced apoptosis in HL-60 cells. The 
results showed that CAt extract caused characteristic mor-
phological changes of the cells, such as DNA fragments and 
apoptotic bodies and stimulated about 82.7% of cell apop-
tosis (Fig. 3b). Furthermore, to testify whether CAt extract 
induced cell apoptosis in P338D1 cells, the results showed 
that CAt extract slightly increased TINEL positive cells in 
P338D1 cells and was no statistic significant on induction 
of apoptosis in P338D1 cells (Fig. 3c). These results dem-
onstrated that CAt extract induced apoptosis in HL-60 cells 
and exerted a less cytotoxic to P338D1 cells.

CAt extract modulated cell cycle‑related 
and apoptotic‑associated protein expressions

To elucidate the molecular mechanisms of CAt extract-
induced on HL-60 cells, the cell cycle and apoptotic-related 
key proteins were examined. Figure 4 showed that, after 
CAt extract treatment, the level of total Rb was markedly 
reduced at 48hrs but remained its protein expression in dif-
ferent dosage of CAt extract treatment; however, the level 
of p-Rb was sharply decreased in dose- and time-dependent 
manner. Moreover, we observed decreased protein levels 
of cell cycle-related modulators. In addition, the level of 
PCNA noticeably was reduced at 25 μg/ml of CAt extract 
and exposing to CAt extract for 48 h. The level of cdk2 and 
cdk4 were showed no clearly decreased after CAt extract, 
by contrast, the level of cyclinB1 and cyclinD1 was rap-
idly and apparently reduced at 5 μg/ml of CAt extract and 
treated with CAt extract for 6 h. These data indicated that 

CAt extract modulated cell cycle related protein to trigger 
the cell population accumulating at  G0/G1 phase to achieve 
inhibition of cell proliferation.

Next, to validate the mechanism of CAt-induced apop-
tosis pathway, ligand receptor and mitochondrial induced 
apoptosis related proteins were assessed. The level of FAS 
was reduced; however, cleaved caspase-8 increased at 25 μg/
ml of CAt extract and giving CAt extract for 48 h, suggesting 
that the extrinsic apoptotic pathway was activated. In the 
mitochondrial-induced apoptosis pathway, the level of Bax 
increased, followed by a decrease of procaspase-9, indicat-
ing that the intrinsic apoptosis pathway was triggered by 
CAt extract treatment. Ultimately, the protein level of pro-
caspase-3 was detected to be reduced with dose and time 
dependent manner, suggesting the caspase cascade was 
turned on after CAt extract treatment in HL-60 cells. On the 
other hand, to address whether the CAt extract suppressed 
the angiogenic and metastatic related proteins and the pro-
tein levels of VEGF, MMP-2, and MMP-9 were determined. 
We found that CAt extract not affected the level of VEGF in 
HL-60 cells, suggesting CAt extract might show little effect 
on repression of VEGF protein expression. The level of 
MMP-2 and MMP-9 was reduced after CAt extract treatment 
in serial of concentration and time intervals. These results 
demonstrated that CAt extract reduced HL-60 cells growth 
by downregulating cell cycle regulators, leading to cell cycle 
arrest and activation of the caspase cascade, causing cell 
apoptosis. Besides, CAt extract also reduced angiogenic- and 
metastatic-related protein expression.

Discussion

We demonstrated the antiproliferative properties of CAt 
extract in AML, Acute lymphocytic leukemia (ALL), and 
Chronic myeloid leukemia (CML). Interestingly, HL-60 and 
Jurkat cells were more sensitive to CAt extract than K562 
cells with multiple resistance characteristics [34, 35]. In 
addition, a previous study also found that C. atlantica extract 
inhibited the proliferation of the K562 cell line, exhibiting 
an  IC50 value of 59.37 ± 2.6 µg/ml after 5 days treatment and 
revealed a long-term inhibitory effects of C. atlantica extract 
[29]. Moreover, our results indicated for the first time, a 
significant proliferative effect of CAt extract in RAW 264.7 
and P338D1 macrophage cells at the low dose of CAt extract 
treatment. Macrophages play an essential role in immunity 
and inflammatory processes, and release numerous cell fac-
tors that regulate the activity of other immune cells. As a 
result, CAt extract exhibited an inhibitory ability against leu-
kemia cells and CAt extract might have an immunomodulat-
ing effect on macrophages. Such a hypothesis would need 
to be explored in the future and also to verify the lower 
cytotoxic effects on normal cells.

Table 1  IC50 of CAt extract in leukemia and normal cells

Values are mean ± SD
a It was significantly different from tumor cells and normal cells 
(p < 0.05)

Cell line Tumor type CAt extract (μg/ml)

Leukemia cell line
 HL-60 Human AML 12 h 9.84 ± 4.02a

24 h 13.01 ± 0.57a

 Jurkat Human ALL 12 h 8.00 ± 3.04a

24 h 7.78 ± 0.76a

 K562 Human CML 12 h 18.65 ± 0.39a

24 h 29.62 ± 2.78a

Normal cell line
 RAW264.7 Mouse macrophage 12 h 22.82 ± 0.20

24 h 37.86 ± 0.10
 P338D1 Mouse macrophage 12 h 29.71 ± 0.10

24 h 45.94 ± 0.20



8940 Molecular Biology Reports (2020) 47:8935–8947

1 3

Control 5 15 25

C
ou

nt

PI

6 12 24 48 hrs

µg/ml

B

A



8941Molecular Biology Reports (2020) 47:8935–8947 

1 3

Fig. 2  Effects of CAt extract on cell cycle distribution. a Alterations 
in cell morphology observed by microscopy. HL-60 cells were treated 
with CAt extract (0, 5, 15, and 25 μg/ml) for 24 h and observed the 
cell morphology under × 400 magnification. After treatment with CAt 
extract, HL-60 cells were stained with propidium iodide (PI, 40 μg/
ml) and analyzed for DNA content by flow cytometry (b–d). *It was 
significantly increased compared to the control with CAt extract treat-
ment, #p < 0.05; it was significantly decreased compared to control 
with CAt extract treatment, p < 0.05. The values were obtained from 
three independent experiments

◂

We further investigated the antileukemic mechanisms 
of CAt extract. First, the results indicated that CAt extract 
triggered cell population accumulating at  G0/G1 phase by 
flowcytometry analysis. After that, to explore CAt extract-
mediated cell cycle mechanisms on HL-60 cells, the data 
revealed that CAt extract repressed the level of total Rb and 
p-Rb, which is a tumor suppressor playing an essential role 
in the negative control of the cell cycle, and is responsible 
for the G1 checkpoint to block S-phase entry and cell growth 
[36]. Moreover, the level of phosphorylated Rb was rapidly 
diminished at 6 h and lasted the suppressing effects to 48 h, 
suggesting that CAt extract represented strongly inhibitory 
effect on dephosphorylation of Rb. PCNA is a key protein 
in the regulation of DNA replication and cell cycle progres-
sion [37]. Our results indicated that CAt extract reduced 
the expression level of PCNA and indicated the CAt extract 
did reduce the HL-60 cell growth. Next, the level of cyclin, 
and cyclin-dependent kinase was reduced after CAt extract 
treatment. Among these, cyclinB1 and cyclinD1 protein 
expressions was repressed stronger than cdk4 and cdk2 pro-
tein expressions, suggesting that CAt extract was possible to 
regulate the cell cycle by inhibiting cyclin expression within 

48hrs. Taken together, CAt extract might first reduce p-Rb 
expression (6 h), and rapidly diminished cyclin D1 and cyc-
lin B1 expressions (6 h), and then affected PCNA, cdk2 and 
cdk4 (48 h). As a results, CAt extract modulated tumor sup-
pressors (Rb) and affected downstream protein expression, 
leading to an inhibitory effect on HL-60 cells by blocking 
cell cycle progression at  G0/G1 phase.

Besides, CAt extract also displayed the ability to induce 
cell death via apoptosis. Induction of apoptosis is generally a 
therapeutic approach due to cancer cell characteristics, such 
as excessive cell proliferation and insufficient cell apoptosis. 
The two main pathways of cell apoptosis are death recep-
tor-mediated apoptosis pathway (the extrinsic pathway) and 
mitochondrial apoptotic pathway (the intrinsic pathway). In 
addition, the caspase family plays important roles in regulat-
ing apoptosis, such as caspase-8 cleavage as a critical protein 
for extrinsic pathway activation, caspase-9 as a vital pro-
tein for intrinsic pathway activation, especially caspase-3 
as a key molecule to initiate the caspase cascade. Our data 
revealed that the level of FAS was reduced after CAt extract 
and the level of cleaved caspase-8 was increased, indicated 
CAt extract might induced other death receptor-mediated 
pathway to trigger HL-60 cell apoptosis. These results Our 
data demonstrated that CAt extract induced HL-60 cell 
apoptosis through the death receptor-mediated pathway and 
mitochondrial apoptotic pathway activation.

In conclusion, CAt extract could induce cell cycle arrest 
and apoptosis in HL-60 cells (Fig. 5). The CAt extract is a 
natural product that can be a potential source of anticancer 
therapeutics. Thus, our results provide a promising evidence 
that CAt extract could be a natural drug to treat AML with 
less pronounced side effects.
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Fig. 3  Effects of CAt extract on 
apoptosis in HL-60 cells. a The 
sub-G1 phase was determined 
by flow cytometric analysis. 
DNA fragmentation was inves-
tigated by TUNEL staining in 
HL-60 cells (b) and P338D1 
cells (c). PI, propidium iodide; 
blue arrow, DNA fragments; 
white arrow, apoptotic body. 
*It was significantly increased 
compared to the control with 
CAt treatments, p < 0.05. The 
experiments were obtained from 
three independent experiments. 
(Color figure online)
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Fig. 4  Effect of CAt extract on 
cell cycle and apoptosis regula-
tory protein levels. Representa-
tive changes in the expression 
of these proteins after treatment 
with various concentrations of 
CAt extract for the indicated 
time intervals by western blot 
analysis. GAPDH protein 
expression served as a loading 
control. Data represent the 
mean of three independent 
experiments
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