
ARAŞTIRMA YAZISI / RESEARCH ARTICLE

İNSAN LÖSEMİ HÜCRE HATLARINDA S-ALLİL-L-SİSTEİN’İN APOPTOZ VE OTOFAJİ 
ÜZERİNE OLASI ETKİLERİNİN ARAŞTIRILMASI

INVESTIGATION OF THE POSSIBLE EFFECT OF S-ALLYL-L-CYSTEINE ON APOPTOSIS AND 
AUTOPHAGY IN HUMAN LEUKEMIA CELL LINE

Neslihan TEKİN KARACAER1,2, Barış KERİMOĞLU3,4, Mehtap TARHAN2,3, Kamile ÖZTÜRK2,3

1Aksaray Üniversitesi Fen-Edebiyat Fakültesi Biyoteknoloji ve Moleküler Biyoloji Bölümü
2Aksaray  Üniversitesi, Bilim ve Teknoloji Uygulama ve Araştırma Merkezi

3Aksaray Üniversitesi Fen-Edebiyat Fakültesi, Biyoloji Bölümü
4Arizona Üniversitesi, Genetik GIDP

Geliş Tarihi / Received: 05.08.2020
Kabul Tarihi / Accepted: 01.12.2020
Yazışma Adresi / Correspondence: Dr.Öğr.Üyesi Neslihan TEKİN KARACAER
Aksaray Üniversitesi Fen-Edebiyat Fakültesi Biyoteknoloji ve Moleküler Biyoloji Bölümü
E-mail:neslihan_tekin@hotmail.com
Orcid No (Sırasıyla): 0000-0002-0091-6428, 0000-0002-6078-7648, 0000-0003-0033-6378, 0000-0002-7228-0684

ÖZET

AMAÇ: S-Allil-L-sistein (SAC), sarımsağın biyolojik olarak aktif bir 
organosülfür bileşenidir ve çeşitli farmakolojik etkilere sahiptir. 
SAC anti-kanser aktivite göstermektedir, ancak mekanizması 
belirlenememiştir. Bu çalışma, SAC'nin iki insan lösemi hücre 
dizisi üzerindeki olası apoptotik ve otofajik etkilerini araştırma-
ya odaklanmıştır: akut promiyelositik lösemi (HL-60) ve kronik 
miyeloid lösemi (K562).

GEREÇ VE YÖNTEM:  Hücre sitotoksisitesi MTT testi ile değer-
lendirildi. Bax, Bcl-2, kaspaz 3, mTOR, AKT ve PI3K gen ekspres-
yon miktarları, kantitatif gerçek zamanlı ters transkripsiyon po-
limeraz zincir reaksiyonu (qRT-PCR) yoluyla tanımlandı. HL-60 
ve K562 hücreleri, sırasıyla üç farklı dozda (5 mM, 10 mM ve 20 
mM) (3,75 mM, 7,5 mM ve 15 mM) SAC ile inkübe edildi.

BULGULAR: SAC, sırasıyla yaklaşık 11.525 mM ve 10.025 mM 
IC50 değerleri ile HL-60 ve K562 hücreleri üzerinde sitotoksik 
etkiye neden olmuştur. HL-60 hücrelerinde, Bax ekspresyon se-
viyelerinde 5 mM ve 10 mM SAC dozlarında artış tespit edildi (p 
= 0.027, p = 0.000). 10 mM SAC ile tedavi, kontrol ve 5 mM SAC 
ile tedavi edilen hücrelere kıyasla HL-60 hücrelerinde kaspaz 3 
ekspresyon seviyesini artırdı (p = 0.020, p = 0.000). K562 hücre-
lerinde SAC, tüm dozlarda mTOR, AKT ve PI3K ekspresyon sevi-
yelerinde önemli bir düşüşe neden oldu (p = 0.000, p = 0.000, 
p = 0.000).

SONUÇ: Sonuç olarak, verilerimiz SAC'nin K562 hücrelerinde 
PI3K/AKT/mTOR sinyal yolunu down-regüle ederek otofajiyi in-
düklediğini göstermektedir. Ayrıca, artan Bax ve kaspaz 3 gen 
ekspresyon seviyeleri, SAC'nin HL-60 hücrelerinde apoptozu 
indüklemek için etkili bir aktif bileşen olabileceğini düşündür-
mektedir.

ANAHTAR KELİMELER: S-Allil-L-sistein, Bax, kaspaz 3, Bcl-2, 
mTOR

ABSTRACT

OBJECTIVE:  S-Allyl-L-cysteine (SAC) is a biological active orga-
nosulfur component of garlic and has various pharmacological 
effects. SAC has displayed anti-cancer activity but the mecha-
nism is unresolved. This study has focused on investigating the 
possible apoptotic and autophagic effects of SAC on two hu-
man leukemia cell lines: acute promyelocytic leukemia (HL-60) 
and chronic myeloid leukemia (K562). 

MATERIAL AND METHODS: Cell cytotoxicity was evaluated via 
MTT test. Bax, Bcl-2, caspase 3, mTOR, AKT, and PI3K gene exp-
ression amounts were identified via Real time quantitative re-
verse transcription polymerase chain reaction (qRT-PCR). HL-60 
and K562 cells were incubated with SAC at three diverse doses 
(5 mM, 10 mM, and 20 mM) (3,75 mM, 7,5 mM, and 15 mM), 
respectively.

RESULTS: SAC caused a cytotoxic effect on HL-60 and K562 
cells with IC50 values of approximately 11.525 mM and 10.025 
mM, respectively. In HL-60 cells, an increase in Bax expression 
levels was detected at doses of 5 mM and 10 mM SAC (p=0.027, 
p=0.000). Treatment with 10 mM SAC increased the expression 
level of caspase 3 in HL-60 cells as compared with the control 
and 5 mM SAC treated cells (p=0.000, p=0.020). In K562 cells, 
SAC induced a significant decrease in mTOR, AKT, and PI3K exp-
ression levels in at all doses (p=0.000, p=0.000, p=0.000). 

CONCLUSIONS: In conclusion, our data indicates that SAC in-
duces autophagy in K562 cells by downregulating the PI3K/
AKT/mTOR signaling pathway. Furthermore, increased Bax and 
caspase 3 gene expression levels suggest that SAC may be an 
effective active ingredient with which to induce apoptosis in 
HL-60 cells.
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INTRODUCTION

Leukemia is a heterogeneous group of hema-
tological disorders that affect cells originating 
from the bone marrow (1). The broad-spectrum 
cytotoxic agents against molecular therapies 
targeting specific signal transduction pathways 
and rapidly proliferating cells are the pre-tre-
atment in leukemia (2). The failure of leukemia 
cure is often due to the progression of cellular 
drug resistance (3).

Chemotherapy is a significant therapeutic com-
ponent for numerous cancers, and novel an-
ti-cancer agents represent one of the broadest 
fields of pharmaceutical progress. Whereas, 
chemotherapeutic agents not only target the 
cancer cells but also affect normal cells (4). For 
this reason, researchers focus more on agents 
derived from natural products (5). However, 
searching of bioactive compounds for use as 
anticancer drugs has led to the identification of 
several natural chemotherapeutic drugs (6). In 
particular, large-scale epidemiological studies 
have suggested an association between garlic 
consumption and decreased rate of cancer. 

Furthermore, more research presented that 
garlic-derived organosulfur compounds may 
be responsible for the reduced risk of cancer 
(7). S-Allyl-L-cysteine (SAC), a compound deri-
ved from garlic, has stable oral bioavailability 
and low toxicity and plays role like an antioxi-
dant by different mechanisms (8). Increasing 
studies propose that SAC has anti-tumor, anti-
oxidant anti-bacterial, anti-fungal, anti-hepato-
toxic, and cardioprotective effects (9). Nume-
rous studies presented that SAC has antitumor 
properties by inhibiting the metastasis and cel-
lular proliferation and stimulates apoptotic cell 
death in many cancer models, containing hepa-
tocellular, ovarian, and prostate carcinoma (10). 

Natural products move in a manner as traditi-
onal chemotherapy agents do, either by indu-
cing apoptosis or damaging the cell cycle (7). 

Several studies have revealed that apoptosis 
has a fundamental significance in the pathoge-
nesis of cancers. Induction of apoptotic cell 
death is one of the most significant targets to 
cure cancer (9). In human tumour cells, besides 
apoptosis, autophagy has been found to contri-

bute to cell death (11). Autophagy is a catabolic 
pathway by which long-lived proteins and in-
jured organelles are removed for recycling and 
important for maintaining cellular homeostasis. 

Mammalian target of rapamycin (mTOR) is a ki-
nase that modulates the autophagic progressi-
on (12). Several works have specified that the 
phosphatidylinositol-3-kinase(PI3K)/protein 
kinase B (AKT)/ mTOR pathway is intimately re-
lated to autophagy (13). The oncogenic activa-
tion of MTOR signalling stimulates certain pro-
cesses necessary for the survival, proliferation 
and growth of the cancer cell (14). The mTOR 
complexes are stimulated by AKT and regulate 
some cell growth functions containing cell sur-
vival, inhibition of autophagy and protein synt-
hesis (15). Since cancer cells constantly initiate 
the PI3K/AKT/mTOR, which adversely regulates 
autophagy, this pathway can be manipulated 
to stimulate autophagy in cancer cells (11). 
One study has presented that SAC could effe-
ctively prevent the induction of Akt/mTOR sig-
nalling pathways (16). However, there are very 
few clinical reports on the relationship among 
PI3K/AKT/mTOR signal pathway and leukemia. 
Therefore, in the current investigation, in vit-
ro effects of SAC were tested by analysing the 
expression of genes related with apoptosis and 
PI3K/AKT/mTOR signal pathway in leukemia cell 
lines, HL-60, and K562.

MATERIALS AND METHODS

Cell culture

HL-60 and K562 cancer cell lines acquired th-
rough the İzmir Institute of Technology. The 
cells were cultivated in RPMI 1640 medium (Life 
Technologies) complemented with 1% penicil-
lin-streptomycin (100 U/ml) (Life Technologies), 
10% heat inactivated fetal bovine serum (Life 
Technologies) in a humidified atmosphere con-
taining 5% CO2 at 370C.

Preparation of SAC

SAC was obtained from LKT Laboratories, Inc 
(lot number 295231). SAC was prepared freshly 
in water.

Cell proliferation assays

The HL-60 and K62 cells were treated with 1, 
2.5, 5, 7.5 or 10 mM of SAC, and were incubated 
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for 24 h. The cell viability of HL-60 and K62 cel-
ls were determined via a MTT (3- (4, 5-dimethyl 
thiazol-2yl)-2, 5-diphenyl tetrazolium bromide) 
assay in 96-well plates as we previously descri-
bed in detail (17). Absorbance was measured at 
570 nm. 

RNA isolation and cDNA synthesis

Prior to RNA isolation, HL-60 and K562 cells 
were grown for 24 h and then, cultured alone, 
with certain concentrations of SAC for 24 h. As 
a control, only DMSO was supplemented as ve-
hicle. RNA isolation was carried out using a Pu-
reLinkTM Mini Kit (Life Technologies, Carlsbad, 
CA, USA) using manufacturer’s instructions 
and estimated using a Nanodrop 2000 spect-
rophotometer (Thermo Scientific). cDNA synt-
hesis was performed from total RNA using the 
High Capacity cDNA reverse Transcription Kit 
(Applied Biosystems, Foster City, CA) using the 
manufacturer’s protocol and diluted with RNA-
se-free water at 420C for 1 h. 

Gene expression analysis by qRT-PCR

Gene expression analysis by qRT-PCR was exa-
mined by TaqMan gene expression assays to 
quantify Bax, Bcl-2, and caspase 3 as described 
by the manufacturer (Applied Biosystems, Fos-
ter City, CA) (Table 1). 
Table 1: IDs for TagMan® gene expression assay

The PCR mixture contained diluted cDNA, Taq-
Man Master Mix (Applied Biosystems) and ge-
ne-specific TaqMan Gene Expression Assay in a 
final volume. RT-qPCR was assayed using 7500 
Fast RT-PCR (Applied Biosystems). Raw data 
were evaluated by the 7500 System Sequence 
Detection Software (Applied Biosystems).

Ethical Committe 

This study does not require ethical approval be-
cause of the research project uses commercial 
cell lines samples.

Statistical Analysis

The SPSS 18.0 program was used for statistical 
analysis. Data were analyzed by one way analy-
sis of variance (ANOVA) test followed by Tukey 
post hoc tests. Data are reported as mean, stan-
dard deviation (mean ± SD) and p<0.05 was ac-
cepted as significant. 

RESULTS

In order to find out IC50 value of SAC in HL-60 
and K562 cell lines, we performed an MTT assay. 
The cells were exposed to different concentrati-
ons of SAC for 24 hours (Table 2, Table 3). The 
IC50 values of SAC in HL60 and K562 cell lines 
were found 11.525 mM and 10.025 mM, respec-
tively (Table 4). Therefore, it is important to po-
int out that increasing SAC concentration has a 
cytotoxic effect on HL-60 and K562 cell lines. 
Table 2:  Effects of SAC on the viability of HL-60 cell line. Cells 
were treated 24 h in the presence of SAC

Table 3:  Effects of SAC on the viability of K562 line. Cells were 
treated 24 h in the presence of SAC

Table 4:  IC50 values of SAC on HL-60 and K562 cell lines

In here, we have performed gene expression 
analysis under different concentration of the 
SAC (5 mM, 10 mM, 20 mM) for 24 hours so as 
to investigate whether apoptotic gene expres-
sions change or not. Compare to the control, 
Bax expression level as a pro-apoptotic gene 
was increased in application of different SAC 
concentrations. However, only 5mM and 10 mM 
SAC application were shown significant increa-
se in HL-60 cell line as compared with the cont-
rol for Bax gene expression (p=0.027, p=0.000).

20 mM SAC application has significant decre-
ase Bax gene expression compared to 10 mM 
SAC treated group (p=0.000).  Also, an increa-
se in the expression level of caspase 3 which is 
an another proapoptotic gene was observed 
in HL-60 cells under 10 mM SAC concentrati-

Target gene Assay ID 
Bax Hs00180269_m1 FAM-MGB 
Bcl-2 Hs00608023_m1 FAM-MGB 
Caspase 3 Hs00234387_m1 FAM-MGB 
mTOR Hs00234522_m1 (FAM-MGB) 
PI3KCA Hs00907957_m1 (FAM-MGB) 
AKT1 Hs00178289_m1 (FAM-MGB) 

 

SAC (mM) 0 1 2.5 5 7.5 10 
%Viability 100 88.5 78.5 63.6* 56.6** 51.6**,# 
SD 0.085 0.232 0.188 0.294 0.173 0.166 

 

SAC (mM) 0 1 2.5 5 7.5 10 
%Viability 100 77.3 72.7 62.1 52.5 47.5* 
SD 0.094 0.177 0.154 0.196 0.289 0.231 
 

 HL-60 (IC50 mM) K562 (IC50 mM) 
SAC 11.525 10.025 
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ons (p=0.000). Meanwhile, the changes betwe-
en 5mM and 10mM SAC application in HL-60 
cell line for caspase 3 gene expression were 
also significant when compared to control cell 
(p=0.020). On the other hand, the expression 
of Bcl-2 also showed a significant increase in 
HL-60 cells treated with 10 and 20 mM of SAC 
(p=0.000, p=0.000) (Table 5).
Table 5:  Effect of SAC complex on expression levels of Bax, Bcl-
2, caspase 3, mTOR, PI3K and AKT genes in HL-60 cells

Next, we have explored whether different con-
centrations of SAC administration in HL-60 cell 
line has an effect on mTOR signaling pathway 
or not. For this reason, we have performed gene 
expression analysis for mTOR and its upstream 
activators AKT and PI3K for 24 hours of SAC 
applications. Our results were demonstrated 
that mTOR gene expression level have signifi-
cantly increased in 5mM SAC application in 24 
hours when compared with control (p=0.000). 

However, although the gene expression level 
of mTOR was decreased under 20mM SAC trea-
ted group as compare to the 5mM SAC treated 
group, this decreasing trend was not significant 
when compare with 10mM SAC treated group. 

Meantime, although the gene expression level 
of PI3K was elevated in all three SAC concent-
rations, 10 mM and 20 mM SAC treated groups 
showed significant increase in PI3K gene exp-
ression when compare with control (p=0.000, 
p=0.001). The change in the PI3K gene expressi-
on levels between 5 mM and 10 mM SAC admi-
nistrations, but not 20 mM, was also significant 
as compare to 10mM SAC group. However, only 
10 mM SAC administration was shown signifi-
cant increase in AKT gene expression level as 
compare to the control (p=0.000). Besides, the 
differences of the gene expression level of AKT 
between 5 mM and 20 mM SAC administration 
were significant when compare to 10 mM SAC 
(p=0.000, p=0.000) (Table 5). In this study, we 
have explored the effects of SAC on apoptotic 
gene expressions in K562. After cytotoxicity 
analysis, we have determined to use 3.75 mM, 

7.5 mM, and 15 mM of SAC for qRT-PCR. Gene 
expression analysis revealed that Bax expressi-
on level was dramatically decreased under all 
SAC administration in K562 cell line. These re-
ductions were significant as compare to cont-
rol gene expression level. In addition to Bax 
gene expression, caspase 3 expression levels 
as a pro-apoptotic gene was also significantly 
decreased for all concentrations of SAC. Notab-
ly, while pro-apoptotic gene expressions were 
declined, we expected to see an increase in Bcl-
2 as an anti-apoptotic gene expression for SAC 
administrations. However, the gene expression 
levels of Bcl-2 under different SAC concentra-
tions were significantly diminished compare 
with the control gene expression. We conclude 
that SAC might prefer another cell death mec-
hanism instead of inducing apoptotic cell death 
in the K562 cell line (Table 6). 
Table 6: Effect of SAC complex on expression levels of Bax, Bcl-
2, caspase 3, mTOR, PI3K and AKT genes in K562 cells

Our previous results demonstrated that SAC 
administration may trigger different cell de-
ath mechanism in K562 cell line.  Therefore, 
we asked the question about whether autop-
hagy plays a role in SAC-induced cell death in 
K562 cell line or not. For this reason, we have 
explored the gene expression level of mTOR, 
and its upstream activators PI3K and AKT. The 
gene expression analysis revealed that mTOR 
expression levels were decreased under dif-
ferent SAC concentrations. These reductions 
in treated groups were statistically significant 
as compare to control group gene expression 
(p=0.000, p=0.000, p=0.000). Moreover, the 
decrease of mTOR gene expression level under 
7.5 mM and 15 mM SAC administration was also 
significant compare with 3.75 mM administra-
tion, (p=0.001, p=0.002). Similarly, AKT gene 
expression level was gradually diminished by 
increasing SAC concentration and these reduc-
tions were statistically significant as compare to 
the control group (p=0.000, p=0.000, p=0.000). 
Both 7.5 mM and 15 mM SAC administrations in 
K562 cell line were shown significant reductions 

 Control 5 mM 10 mM 20 mM 
Bax 1.0067±0.14 1.62±0.24*,### 2.6667±0.55** 1.4517±0.3### 

Bcl-2 1.0100±0.14 2.2850±0.56 4.58±1.39*** 3.8267±0.95***,# 
Caspase 3 1.0283±0.25 1. 5483±0. 51## 2.51±0.82*** 1.7967±0.28 

mTOR 1.0697±0.41 2.8672±1.68**, 1.9252±0.66 0.5906±0.12# 
PI3K 1.0011±0.05 1.9515±0.46### 3.6840±1.01*** 2.7358±0.58 
AKT 1.0069±0.12 1.2974±0.27### 2.2398±0.47*** 1.1941±0.30### 

 

 Control 3.75 mM 7.5 mM 15 mM 
Bax 1.041±0.32 0.251±0.02* 0.115±0.07* 0.186±0.11* 
Bcl-2 1.003±0.279 0.056±0.01* 0.0166±0.03* 0,0602±0.02* 
Caspase 3 1.056±0.38 0.318±0.28* 0.2021±0.15* 0.3026±0.17* 
mTOR 1.0182±0.07 0.4544±0.23* 0.2057±0.25*,### 0.2264±0.48*,## 
PI3K 0.9370±0.14 0.2489±0.13* 0.998±0.035*,# 0.4243±0.31*,** 
AKT 1.0188±0.21 0.2635±0.11* 0.0905±0.021*,# 0.0738±0.02*,# 
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compare with the 3.5mM SAC administration for 
AKT gene expression level (p=0.032, p=0.037). 
On the other hand, unlike mTOR and AKT gene 
expressions under 7.5 mM SAC administration, 
PI3K expression level was slightly increased 
(p=0.000). However, both 3.75 mM and 15 mM 
SAC applications were demonstrated signifi-
cant reductions as compare to the control gene 
expression in K562 cell line (p=0.000, p=0.000). 
We concluded that reduction of mTOR gene 
expression levels under different SAC administ-
rations may stimulate autophagy as a cell death 
mechanism in K562 cell line. 

DISCUSSION 

The high toxicity of anticancer drugs, accepted 
in first medical line treatment of cells and nor-
mal tissues, is an almost unsurpassable barrier 
for cancer cure. At the same time, substances 
derived from diverse various plants with elicit 
little or no side effects have been considered 
as a possible option or adjunctive therapy for 
cancer patients (18). SAC, a water-soluble or-
ganosulfur compound derived from garlic, has 
been revealed to have anticancer properties in 
various human malignancies (19).  Whereas, the 
anti-cancer effect of SAC in the cure of leuke-
mia stays unclear. In this study, we determined 
the effect of SAC on Bax, Bcl-2, caspase 3, mTOR, 
AKT, and PI3K gene expression levels in HL-60 
and K562 cells.

SAC, which showed low toxicity and high an-
ti-cancer activity, was explored in various can-
cer cell lines (7). Earlier investigations showed 
that SAC had both anticancer and antioxidant 
activity at a similar dose range in mM (8). Other 
studies indicating that SAC does not prevent 
breast cancer cell growth have used shorter tre-
atment times (48 hours) and low SAC doses (up 
to 1 mM) (20). On the other hand, in different in-
vestigations, comparable doses of SAC did have 
antiproliferative effects on prostate, neuroblas-
toma, and melanoma carcinoma cells. For this 
reason, SAC can be influential like an antipro-
liferative compound in certain cell lines and/or 
under certain conditions (21). In this research 
we explored the anticancer potential of SAC 
against HL-60 and K562 cells. SAC reduced the 
viability of K562 and HL-60 cells in a dose-re-
lated manner and exhibited an IC50 of 11.525 

mM and 10.025 mM, respectively. In general, 
cancer development results from abnormalities 
in apoptosis and aberrant cell proliferation (16). 
Stimulating apoptotic cell death is an effective 
approach to treat cancer. The apoptotic cell de-
ath can be initiated by extrinsic (death ligand) 
or intrinsic (mitochondrial) pathways (9). Apop-
tosis is a cell suicide process that kills cancer cel-
ls and causes minimal damage to nearby cells. 
Apoptotic cell death is controlled by the Bcl-2 
family of proteins i.e. Mcl-1, Bcl-2 and Bcl-XL 
which are anti-apoptotic proteins. These prote-
ins regulate apoptotic events. Other members 
of the Bcl-2 protein family are Bax, Bak, and Ki-
67. Bax is a pro-apoptotic protein that is found 
in the cytosol and moves to the mitochondrial 
membrane upon stimulation of apoptosis (22). 

The elevated ratio of Bax/Bcl-2 leads to impa-
ired mitochondrial transmembrane permeabi-
lization, which causes mitochondrial dysfuncti-
on and triggers apoptosis (Sun et al. 2013). This 
pathway includes involves the release of pro-a-
poptotic cytochrome c from the mitochondrial 
compartment into the cytosol, which triggers 
the caspase cascade (23). Both extrinsic and 
intrinsic pathways cause activation of caspase 
3 in the apoptotic cell (24). For this reason, the 
activity of caspase 3 is regarded as a suitable 
measurement of cytotoxic sensitivity. 

Numerous researchers have revealed that the 
anticancer effects of certain chemotherapeu-
tic mediators play a role in inducing apoptosis, 
which has become the main mechanism for ef-
fective anticancer therapy (9). The mechanisms 
leading to the stimulation of apoptotic cell de-
ath by garlic derivatives have been defined in a 
number of cancer cell lines (25). Recent reports 
have demonstrated that levels of pro-apoptotic 
Bax expression are increased, in PC-3 cells fol-
lowing SAC administration, whereas levels of 
anti-apoptotic Bcl-2 expression are decreased. 
(24). In our study, Bax gene expression showed 
increased levels in 5 and 10 mM of SAC treated 
cells in HL-60 cells. However, treatment of cells 
with 10 mM of SAC induced expression of Bax 
gene, compared with the other treated groups. 
On the other hand, we found that 10 mM SAC 
induced caspase 3 expression level in HL-60 cel-
ls as compared with the control and 5 mM SAC 
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treated cells. Enhanced induction of Bax gene 
expression may initiate apoptosis from the mi-
tochondria of the HL-60 cells upon SAC admi-
nistration. This may be induce the mitochond-
rial release of cytochrome c, which stimulates 
the caspase cascade pathway. The increased 
caspase 3 activity by SAC treatment also sup-
ports the apoptosis hypothesis. For this reason, 
our findings suggest that SAC-induced apop-
tosis may be mediated by mitochondrial pat-
hways in HL-60 cells. Contrary to expectations, 
SAC treatment also led to increased expression 
of Bcl-2. Taken together with other study, the-
se outcomes suggest that the increase in Bcl-2 
gene expression levels may be responsible for 
cellular senescence and cell cycle arrest at G1 
phase mediated by p27Kip1 (26, 27). Whereas 
K562 cells revealed low gene expression of cas-
pase 3, Bax and Bcl-2 in SAC treated cells when 
compared to control. In this study, we found 
that SAC could not induce apoptosis. On the ot-
her hand, it has been suggested that the absen-
ce of caspase 3 and Bax expression in K562 cells 
may induce resistance to apoptosis triggered 
by SAC. Bcl-2 was associated with better survi-
val (28), but we also identified deterioration in 
Bcl-2 levels. SAC administration decreased Bcl-2 
expression, and this finding suggests that K562 
cells might develop resistance to apoptotic sig-
nals.

The mammalian target of rapamycin (mTOR) 
kinase has recently emerged as a promising 
therapeutic target. mTOR is a serine-threoni-
ne kinase that regulates cell proliferation and 
cell growth (29). Disturbance in the mTOR sig-
nalling pathway is one of the most common 
pathologic changes in human cancers (14). Up-
regulation of the mTOR pathway has been re-
ported in many oncogenic disorders, including 
acute and chronic leukemias. mTOR activation 
is usually induced by PI3K/AKT (29). PI3K is an 
intracellular protein kinase that plays a role in 
cell proliferation and differentiation, apoptosis, 
glucose transport, and tumor development by 
activating Akt. When mTOR is mutated or ove-
rexpressed, normal cell growth becomes un-
controlled resulting in cellular transformation 
and tumor progression. The activation of PI3K 
can activate mTOR, leading to rapid proliferati-
on of tumor cells, increasing cancer protein sec-

retion, speeding up the cell cycle, and reducing 
the G1 phase process (30). Moreover, SAC signi-
ficantly suppresses the phosphorylation of AKT, 
the mammalian target of rapamycin in tumour 
tissues (24). Here we show that SAC has impor-
tant cytotoxic activity on human leukemia cell 
lines. Contrary to expectations, it was determi-
ned that the expression of genes involved in 
the PI3K/AKT/mTOR signalling pathway in HL-
60 cells was increased by SAC administration. 

This indicates that the effect of herbal active 
ingredients on cancer cells may be related to 
the dose. The increased apoptosis in HL-60 cells 
suggests that pharmacological inhibition of au-
tophagy may increase apoptosis. PI3K, AKT and 
mTOR gene expression in K562 cells were down 
regulated in response to treatment with SAC. 
On the other hand, autophagy is a process that 
suppresses tumor formation, and induction of 
autophagic pathway can lead to cell death in 
apoptosis-resistant cancer (11). Relying on this 
information, the reduced apoptotic protein 
level identified in K562 cells displays that the-
re might be resistance to apoptosis, and con-
sequently the autophagic pathway is induced 
by SAC. In this study, the inhibition of mTOR by 
SAC was able to induce autophagy in K562 cel-
ls. Taken together, this data demonstrates the 
new and necessary role of mTOR, AKT, and PIK3 
signalling in the cell death mechanism of SAC’s 
K562 cell lines. 

These observations demonstrate that new tre-
atment approaches may be developed for hu-
man cancers targeting the PI3K/AKT/mTOR sig-
nalling pathway. Herein the cytotoxic activities, 
apoptotic, and autophagic effects of SAC were 
investigated. We have demonstrated the origi-
nal exploration that SAC induced cell death in 
HL-60 cell line involved with the modulation 
of apoptotic genes expression levels.  To reve-
al whether SAC triggers autophagy, we evalu-
ated the expression of the PI3K, AKT, and mTOR 
genes, and observed that SAC down-regulated 
the expression of the PI3K, AKT, and mTOR ge-
nes in K562 cells. Although more potent inves-
tigations researchs are warranted, the present 
outcomes supply the basis for the use of SAC 
as a novel, hopeful target in the search to cure 
leukemia. 



Acknowledgements

We are grateful to Aksaray University Science 
and Technology Application and Research Cen-
ter for the use of the Molecular Biology and Me-
tabolism Laboratory.

Funding

This study was financed under the Project sup-
ported by Aksaray University Scientific Resear-
ch Fund (grant number 2015-076).

REFERENCES

1. Bounid D, Haouach K. Acute Leukemias in Marrakech: 
Epidemiology and Cytological Profile. Int J Biol Med Res. 
2019;10:6685-9.

2.Yan H, Zhao RM, Wang ZJ, Zhao FR, Wang SL. Knock-
down of PRAME enhances adriamycin-induced apoptosis 
in chronic myeloid leukemia cells. Eur Rev Med Pharma-
col Sci. 2015;19:4827-34.

3. Su WC, Chang SL, Chen TY, Chen JS, Tsao CJ. Compa-
rison of in vitro growth-inhibitory activity of carboplatin 
and cisplatin on leukemic cells and hematopoietic proge-
nitors: the myelosuppressive activity of carboplatin may 
be greater than its antileukemic effect. Jpn J Clin Oncol.  
2000;30:562-7.

4. Pearce A, Haas M, Viney R, et al. Incidence and severity of 
self-reported chemotherapy side effects in routine care: A 
prospective cohort study. PLoS One. 2017;12:e0184360.

5. Sawadogo WR, Schumacher M, Teiten MH, Cerella C, 
Dicato M, Diederich M. A Survey of Marine Natural Com-
pounds and Their Derivatives with Anti-Cancer Activity 
Reported in 2011. Molecules. 2013;18:3641-73.

6. Mojarraba M, Lagzianb MJ, Emamic SA, Asilic J, Naja-
ranb ZT. In vitro anti-proliferative and apoptotic activity 
of different fractions of Artemisia armeniaca. Rev Bras 
Farmacogn. 2013;23:783-8.

7. Xu YS, Feng JG, Zhang D, et al. S-allylcysteine, a garlic 
derivative, suppresses proliferation and induces apopto-
sis in human ovarian cancer cells in vitro. Acta Pharmacol 
Sin. 2014;35:267-74.

8. Cho O, Hwang HS, Lee BS, Oh YT, Kim CH, Chun M. Met 
inactivation by S-allylcysteine suppresses the migration 
and invasion of nasopharyngeal cancer cells induced by 
hepatocyte growth factor. Radiat Oncol J. 2015;33:328-
36. 

9. Sun HJ, Meng LY, Shen Y, Zhu YZ, Liu HR. S-benzyl-cys-
teine-mediated Cell Cycle Arrest and Apoptosis Involving 
Activation of Mitochondrial-dependent Caspase Cascade 
through the p53 Pathway in Human Gastric Cancer SGC-
7901 Cells. Asian Pac J Cancer Prev. 2013;14:6379-84.

10. Ho JN, Kang M, Lee S, et al. Anticancer effect of S allyl 
L cysteine via induction of apoptosis in human bladder 
cancer cells. Oncol Lett. 2018;15:623-9.

11. Platini F, Pérez-Tomás R, Ambrosio S, Tessitore L. 
Understanding Autophagy in Cell Death Control. Curr 
Pharm Des. 2010;16:101-13.

12. Heras-Sandoval D, Pérez-Rojas JM, Hernández-Da-
mián J, Pedraza-Chaverri J. The role of PI3K/AKT/mTOR 
pathway in the modulation of autophagy and the clea-
rance of protein aggregates in neurodegeneration. Cell 
Signal. 2014;26:2694-701.

13. Wang Z, Zhou L, Zheng X, et al. Autophagy protects 
against PI3K/Akt/mTOR-mediated apoptosis of spinal 
cord neurons after mechanical injury.  Neurosci Lett. 
2017;656:158-64.

14. Xu K, Liu P, Wei W. mTOR signaling in tumorigenesis. 
Biochim Biophys Acta. 2014;1846:638-54.

15. Rahmani F, Ferns GA, Talebian S, Nourbakhsh M, Avan 
A, Shahidsales S. Role of regulatory miRNAs of the PI3K/
AKT signaling pathway in thepathogenesis of breast can-
cer. Gene. 2020;737:1444592. 

16. Tang FY, Chiang EP, Pai MH. Consumption of S-ally-
lcysteine inhibits the growth of human non-small-cell 
lung carcinoma in a mouse xenograft model. J Agric Food 
Chem. 2010;58:11156-64.

17. Tekin N, Öztürk K, Baran T, Kerimoğlu B, Tarhan M, 
Menteş A. Cytotoxic and apoptotic activities of no-
vel Pd(II) complexes against human leukemia cell li-
nes in vitro. Journal of Macromolecular Science, Part A. 
2017;54:263-70.

18. Ma L, Li W, Wang R, et al. Resveratrol enhanced anti-
cancer effects of cisplatin on non-small cell lung cancer 
cell lines by inducing mitochondrial dysfunction and cell 
apoptosis. Int J Oncol. 2015;47:1460-8. 

19. Ng KT, Guo DY, Cheng Q, et al. A garlic derivative, S-al-
lylcysteine (SAC), suppresses proliferation and metastasis 
of hepatocellular carcinoma. PLoS One. 2012;7:31655.

20. Gapter LA, Yuin OZ, Ng KY. S-Allylcysteine reduces 
breast tumor cell adhesion and invasion. Biochem Biop-
hys Res Commun. 2008;367:446-51.

21. Shirin H, Pinto JT, Kawabata Y, et al. Antiproliferative 
Effects of S-Allylmercaptocysteine on Colon Cancer Cells 
When Tested Alone or in Combination with Sulindac Sul-
fide. Cancer Res. 2001;61:725-31.

22. John GB, Anjum R, Khar A, Nagaraj R. Subcellular loca-
lization and physiological consequences of introducing 
a mitochondrial matrix targeting signal sequence in bax 
and its mutants. Exp Cell Res. 2002;278:198-208.

23. Zhang H, Wang K, Lin G, Zhao Z. Antitumor mechanis-
ms of S-allyl mercaptocysteine for breast cancer therapy. 
BMC Complement Altern Med. 2014;14:270.

379



24. Upadhyay RK. Garlic Induced Apoptosis, Cell Cycle 
Check Points and Inhibition of Cancer Cell Proliferation. J 
Cancer Res Treat. 2017;5:35-54.

25. Izdebska M, Grzanka D, Gagat M, Hałas-Wiśniewska 
M, Grzanka A. Downregulation of importin-9 protects 
MCF-7 cells against apoptosis induced by the combi-
nation of garlic-derived alliin and paclitaxel. Oncol Rep. 
2016;35:3084-93.

26. QM Chen, J Liu and JB Merrett. Apoptosis or senes-
cence-like growth arrest: influence of cell-cycle position, 
p53, p21 and bax in H2O2 response of normal human 
fibroblasts. Biochem J. 2000;347:543-51.

27. CA Schmitt. Senescence, apoptosis and therapy--cut-
ting the lifelines of cancer. Nat Rev Cancer. 2003;3:286-95.
 
28. Raouf AA, Evoy DA, Carton E, et al. Loss of Bcl-2 exp-
ression in Barrett's dysplasia and adenocarcinoma is as-
sociated with tumor progression and worse survival but 
not with response to neoadjuvant chemoradiation. Dis 
Esophagus. 2003;16:17-23.

29. Stoklosa T, Glodkowska-Mrowka E, Hoser G, et al. 
Diverse mechanisms of mTOR activation in chronic and 
blastic phase of chronic myelogenous leukemia. Exp He-
matol. 2013;41:462-9.

30. Zhang CZ, Wang XD, Wang HW, et al. Sorafenib inhi-
bits liver cancer growth by decreasing mTOR, AKT, and 
PI3K expression. J BUON 2015;20:218-22.

 

 

 

 

380


