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Abstract
Programmed cell death plays an important role in development and disease. There are three main types of 

programmed cell death: apoptosis, autophagy, and necrosis. Apoptosis works on the two basic pathways called 
extrinsic and intrinsic; when there is a stress factor in a cell, apoptosis starts. Autophagy is critical for the continuation 
of normal human physiology such as the cellular homeostasis, energy balance, development and cellular defense. 
In addition to these, it may play a role in the pathogenesis of cancer, neurodegenerative diseases, aging, muscular 
diseases, infectious diseases, and immune system diseases.

While some autophagy genes showed tumor suppressive effect during the development of cancer, some other 
genes contributes to the survival of cancer cells during cancer progression. Therefore, the relationship between 
autophagy and cancer is quite complex. The role of autophagy in cancer varies depending on the stage of the cancer, 
the metabolic status of cell and the presence of stress. Also, it was reported that the expression of certain molecules 
associated with autophagy vary in different types of cancer. Autophagy is activated and allows the continuation of 
the viability of tumor cells in hypoxia. In case of nutrient deficiency, autophagy allows tumor tissue to gain time until 
nutrient, oxygen and growth factors become eligible again. Therefore, autophagy is seen as a necessary mechanism 
for tumor continuity. Autophagy increases both in cancer cells and normal cells during the cancer treatment. But, 
due to cancer cells use autophagy to survive more than normal cells; this case may generate new therapeutic 
opportunities. The studies needed to conduct to find new ways for using the genes play role in autophagy in cancer 
treatment.

In the present study, we aimed to throw light on the interaction of autophagy mechanism and some stresses such 
as ischemia and reperfusion and cancer development.
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Introduction
Autophagy mechanism

Programmed cell death plays an important role in development 
and disease [1]. There are three main types of programmed cell death: 
apoptosis, autophagy, and necrosis. Apoptosis works on the two basic 
pathways called extrinsic and intrinsic; when there is a stress factor in 
a cell, apoptosis starts. When apoptosis starts, the cell digests itself via 
activation of pro-apoptotic genes in the Bcl2 gene family [2]. Unlike 
apoptosis, necrosis is a caspase-independent type of cell death. The 
most typical morphological feature of necrosis is the swelling of the cell 
and the emptying out of its contents. When necrosis occurs in the cells, 
inflammation is seen in that region [3]. The last type of programmed cell 
death is autophagy a physiologic phenomenon. Autophagy pathways 
are responsible for the digestion of durable proteins and cytoplasmic 
structures to provide energy, but this phenomenon is a targeted 
demolition rather than fragmentation [4]. Sometimes, autophagy can 
cause the cells to die on caspase-independent pathways in conditions 
in which apoptosis cannot function due to the disruption of apoptotic 
components [5]. This dual role of autophagy [6] still is not clear [7], 
but it is known that this mechanism is controlled by more than 30 Atg 
(autophagy-related protein) genes [8]. The meaning of autophagy is self 
(auto) eating (phagy). Cells digest the parts of structures within the cell 
in order to obtain food under physiological conditions (hunger). Thus, 
intracellular molecules are recovered and homeostasis is maintained [9].

Autophagy is critical for the continuation of normal human 
physiology such as the cellular homeostasis, energy balance, 
development and cellular defense [10]. In addition to these, it may play 
a role in the pathogenesis of cancer, neurodegenerative diseases, aging, 
muscular diseases, infectious diseases, and immune system diseases 
[11,12]. Waste materials accumulated in the cell are broken through 
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lysosomes containing acid hydrolase enzyme. Autophagy provides 
the removal of the damaged organelles and long-lasting cytoplasmic 
proteins through lysosomes [13]. Autophagy is a mechanism that 
contributes to homeostasis via the cycle of protein and organelle in cells 
under physiological conditions, and allows cell survival in the event of 
increased cellular stress [11]. Cancer and autophagy relationship is still 
controversial. While autophagy showed tumor suppressive effect during 
the development of cancer, it contributes to the survival of cancer cells 
during cancer progression [14].

Autophagy mechanism can be divided into five steps:

1. Starting, ATG/ULK (unc5- like kinase) component,

2. Nucleation, Beclin1/Class III PI3K (phosphatidylinositol-3
kinase) components,

3. Membrane elongation; two ubiquitin-like systems, ATG12 and
ATG8/LC3

4. Collection, transmembrane protein (ATG9) and other ATG
proteins for phagosome formation,

5. Mergers with lysosome and destruction: merge of auto
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phagosome and lysosome, LAMP2 and RAB7 proteins, and 
lysosomal hydrolysis and degradation would eventually occur 
[15]. The stages of autophagy are shown in Figure 1 [16].

 The most important stimulus in autophagy regulation is starvation, 
hypoxia and stress. TOR protein complex has an important role in the 
regulation of autophagy. Target of rapamycin (mTOR) is serine tyrosine 
kinases that control growth and protein synthesis in mammalian. 
Expression of mTOR plays role in cell growth, proliferation and 
survival. As well as it is also thought to be involved in uncontrolled 
growth of cancer cells. 

Autophagy also provides the control of damaged intracellular 
organelles and proteins. Accumulation of damaged proteins and 
organelles may be toxic for cell is prevented due to autophagy. This 
is especially critical for cells, grow rapidly and have not appropriate 
blood flow due to metastasis. Autophagy disorders in tissues and tumor 
cause disrupted cellular stability, DNA damage, the mutation and 
genomic instability and ultimately contribute to tumor formation and 
progression [17]. These observations showed that stimulated autophagy 
may prevent the formation of cancer and autophagy mediated survival 
inhibition may suggest a new approach in the treatment of aggressive 
cancers. Despite recent advances in cancer treatment, chemotherapy 
and radiotherapy is unable to develop adequate response in many 
types of cancer and despite treatment, progression is recorded [18]. 
Autophagy is increased both in normal cells and cancer cells during cancer 
treatment. But, due to cancer cells use autophagy to survive more than 
normal cells; this case can generate new therapeutic opportunities [19].

Today, although the relationship between autophagy and cell death 
and survival is not fully understood, it is needed to say similar effects seen 
by cancer drugs. It was showed in vitro studies that chemotherapeutic 
agents increased auto phagosome formation in tumor cells [16]. For 
years, it was thought that these treatment lead cell to death by inducing 
autophagy, but now it has been observed that inhibition of autophagy 
leads to an increase in cell death rather than a decrease [16]. Therefore, 
it is thought that inhibition of autophagy is better rather than the 
induction of autophagy in cancer treatment. In a study conducted by 
Amaravadi et al. in 2007, it was showed that chloroquine disrupts the 
autophagy degradation in mice with c-Myc-related lymphoma increase 

the death of the tumor cells by enhancing the effect of DNA alkylating 
agents and provides tumor regression [20]. However, it is difficult to 
say that the effects of chloroquine develop as a result of autophagy 
inhibition because it has impact on both multidrug pump and host 
immune system cells [21]. In the future, the work will be done with 
the use of autophagy-specific inhibitory agent may be answer to these 
questions. The role of autophagy in cancer probably varies according to 
tumor progression. The inhibition of autophagy in precancerous cells 
can lead to sustained growth and in this case autophagy acts as a tumor 
suppressor. Later, when the tumor grow enough, cancer cells need to 
autophagy to survival in poor conditions without food and oxygen, this 
may be particularly significant in the less vascularized internal parts of 
tumor [22].

In recent studies, it was showed that Atg14L integrated into Beclin1, 
thought to be tumor suppressor, and had an important role in the 
formation of auto phagosome. Beclin1 is reduced by siRNAs. It was 
showed that Atg14L plays an active role in the regulation of P13K-Ш 
other tumor suppressor gene [23]. There is no information about 
Atg14L play what kind of role in a cancer. The studies include plenty 
of samples are needed to conduct to show the role of Atg14L in cancer. 

Autophagy and basal cell carcinoma

Skin cancer is one of the most common cancers in the world. 
700,000 new cases per year are faced [24]. Skin cancers are divided into 
melanoma and non-melanoma cancer. Non-melanoma skin cancer is 
the most common type of skin cancer in the world. 77% of skin cancer 
is basal cell carcinoma (BCC), 20% of is squamous cell carcinoma 
(SCC), and melanoma and other rare skin cancers include remaining 
3% [25]. Malignant tumors of the epidermis containing BCC and SCC 
constituting about 90% of all cutaneous malignancies [26-29].

Basal cell carcinoma (BCC) is a malignant neoplasm emerging 
from the basal cells of the epidermis [30]. The lesion showing slow 
destruction and has hard eradication was called as “rodent ulcer” for 
the first time in Dublin in 1827 by the researcher named Jacob. Basal 
cell carcinoma was first described in 1903 by Krompecher [31]. It is 
often seen in chronically sun-exposed areas of individuals. BCCs are 
dependent on the stroma and this stromal addiction is the cause of 

 

Figure 1: Autophagy stages.
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metastasis of these tumors (metastasis incidence of 0.1%) [32]. Despite 
the low mortality rate, these tumors constitute an important public 
health problem compared to the others [33].

It is more common in men than in women (1.5-2 times) [34]. BCC 
incidence is increasing 10% annually since the year 60s all over the 
world [35]. The worldwide incidence of BCC is estimated to increase 
by 20-80% in last thirty years [36]. The incidence in young and middle-
aged people under 50 years of age is increasing. Especially in young 
women (<40 years), a severe increase in BCC incidence is observed due 
to the increased exposure of natural or artificial UV rays for tanning 
[34]. BCC 10-16 times more common in patient’s organ transplanted 
[35]. BCC can be encountered anywhere in the body, but it is most 
commonly seen on head and neck (80%) [35].

Although BCC has usually the best skin cancer prognosis, when it 
is untreated, it makes local invasion and may invade until subcutaneous 
tissue, muscle and even bone [37]. Distant metastases are rare (%0, 
0028-0, 55) [34]. After under treatment, 33% recurrences are seen in 
the first year, it will be 50 % in the first 2 years, will be 66 % in the first 3 
years and will be 18 % between 5-10 years [38,39]. The emergence rate 
of the tumor doubling is about between 6 months -1 year. After BCC 
treatment, a second BCC may develop in 44% of patients in 3 years [38].

While primary BCC is seen by 86% in head and neck region, this 
ratio is about 7% in the trunk and extremities. The most frequent 
locations in the head and neck; nose (25.5%), cheeks (16%), periorbital 
area (14%), scalp (11%), preauricular area (11%) [37]. In 40% of 
patients basal cell carcinoma detected, one or more BCC development 
is expected [40].

There are 5 main clinical types of BCC’s. These are superficial BCC, 
pigmented BCC, morphea-like BCC, fibroepithelioma and sclerosant 
BCC [37].

Basal cell carcinomas are not metastasizing. However, there 
are exceptions [32]. While the incidence of metastases is 0.01% in 
pathological specimens, it is 0.028% in dermatological patients and 
reaches to 0.1% in patients in surgical centers [41]. This is associated 
with stromal dependencies of BCC. There is a relationship between 
tumor size and metastasis in BCC. When tumor diameter is 3 cm, 
while the rate is increased by 1-2%, when the diameter is 5-10 cm, this 
rate reaches to 20-25%. There is 50% increase, greater than 10 cm, in 
metastasis of tumors [42]. Places occurred BCC metastasis are lymph 
node (40-80%), lung (35-53%), bone (20-80%), skin (10-17%), liver (9%) [43].

Although five-year recurrence rate varies depending on treatment 
way, it is approximately 5% [44]. In long-term follow-up, this proportion 
rises to 9% [45]. While following the initial surgical procedure majority 
of recurrence was seen in three years, about 20% appears 6-10 years 
later after surgery [42].

Monoallelic deletion of UVRAG gene was frequently found 
in human colon cancer, UVRAG is involved in the inhibition of 
proliferation and tumorigenesis [46].

Death associated protein kinase 1 (DAPK1) has an important role 
in cell death and regulation of autophagy. It is known that DAPK1 has 
tumor suppressor role [47]. When the expression of DAPK1 increased 
in cell, the numbers of LCШ, markers of autophagy, increased was 
observed. DAPK1 were actually identified as activators of IFNG [47,48].

IFNG regulates the expression of DAPK1. DAPK a serine/threonine 
kinase and regulated by binding of calcium/ calmodulin regulates both 
apoptosis and autophagy via at least two ways. The oncogenes require 

DAPK protein for p53 activation and stimulation of apoptosis [49]. 
It is also required in apoptotic cell death induced by TGF-b in liver 
cancer cells [50]. Besides, DAPK plays a role in the autophagy cell death 
induced by IFN-γ [51]. In the absence of amino acid, it was suggested 
that microtubule-binding protein (MAP1B) is important in the 
stimulation of autophagy by DAPK [51-53]. Interestingly, it was claimed 
to activate mTOR by phosphorylating Tsc2, a regulator of mTOR, 
and inhibit autophagy [54]. The number of publications about high 
expression DAPK activates autophagy is greater than the publications 
related suppression of autophagy. The most convincing molecular 
explanation how DAPK activate autophagy is associated with Beclin1. 
DAPK is directly connected Beclin and phosphorylates it. Beclin1’ BH3 
region serve to connect to Bcl-2 family proteins, phosphorylation target 
of DAPK. After phosphorylation, Beclin1 separates from Bcl-xL and is 
capable of taking part in the activation of autophagy [55]. Gozuacik and 
Kimchi’ group have observed that DAPK 1 plays a role in the induction 
of both apoptosis and autophagy even in the same cell. Endoplasmic 
reticulum (ER) stress stimulates both autophagy and apoptosis (caspase 
activation) in fibroblasts and both pathways contributes to cell death. It 
was observed that cells obtained from mouse and organ such as kidney 
were protected from cell death caused by ER stress [54,56]. These works 
showed that DAPK plays an important role in cell death caused by 
activation of autophagy and apoptosis and underlined that DAPK could 
play a molecular switch role between two cell death types [56,57].

Furthermore, it was showed that activated autophagy caused 
death in the T cells lacking of FADD and caspase-8 activity [58]. In 
this autophagy signal, it is argued that FADD formed a complex with 
Atg5-Atg12/RIPK1 and then this complex forefoot to connection of 
caspase-8. In addition, it was observed that when ATG7 or autophagy 
signal was blocked by chemical agents, the proliferation of T cells was 
re-occurred due to the caspase-8 inhibition increased autophagy [22]. 
All of these findings suggest that relationship between autophagy and 
apoptosis affects decision on the survival of cells.

EIF2AK3 triggers autophagy mechanism by creating stress in the 
endoplasmic reticulum (ER). It decreases apoptosis when autophagy 
is increased. ATF6, ERN1, EIF2AK3 are ER stress sensors located on 
ER membrane. When these are increased, the protein folding capacity 
increase in ER and protein installation work on ER is reduced. Increased 
ER stress triggers autophagy.

When EIF2AK3 silenced, apoptosis increases in breast cancer cell 
lines. EIF2AK3 increases apoptosis in breast cancer through siRNA. 
This gene is said to have pro-survivor effect. So it has anti-apoptotic 
effect [59].

TMEM74 gene localized on lysosomes and auto phagosome 
increases autophagy vacuolization and promotes autophagy in cellular 
starvation and stress conditions [60]. In the literature, there is no cancer 
related to increased TMEM74 gene expression. 66.6% increase was 
recorded in the present study.

GABARAPL-1 is a protein has important intracellular transport 
functions. There are studies suggesting that GABARAP and 
GABARAPL-1 related tumor growth. In studies performed on patients 
with breast cancer, GABARAPL-1 mRNA level was found lower in 
the patients with high histological grade, lymph node metastasis and 
hormone receptor negative. GABARAPL-1 mRNA level is a good 
indicator in determining of recurrence and lymph node metastasis in 
breast cancer [61,62].

IRG family stimulator of interferon contains 20 proteins in mice. 
Many of these are required for IFN-γ develop resistance to intracellular 
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pathogens [63]. There are 2 units of this family in people. These 
are: IRGM and IRGC limited to testicular. IRGM plays a role in the 
destruction of mycobacterium bovis via an autophagy mediated way 
[64], and is one of the genes increase autophagy mechanisms. Its 
expression is said to be associated with Crohn’s disease [65]. There are 
publications associated with colorectal cancer [66]. 52.3% increase was 
recorded in the present study.

The expression of some genes play role in autophagy may increase 
or decrease in cancer. Therefore, autophagy mechanism is an effective 
mechanism on cancer and the relationship with cancer is quite complex. 
While some of these acts as oncogenes, some act as tumor suppressor 
genes.

Autophagy and ischemia/ reperfusion

Ischemia is described that the tissue requirements, like oxygen and 
other metabolites cannot be provided by circulating system or cannot 
be removed of wastes from cells [67]. I/R not only cause damage in 
the tissue but also induce some pathology including lipid peroxidation, 
edema, apoptosis and acute inflammatory reactions [68]. There are 
more factors affect the mechanism underlying of I/R injury [69]. 
Until recently, mitochondria has been regarded as a plant for energy 
protection, but now it is known to play important roles to decide 
whether cell is going to death in the condition of I/R injury [70,71]. 

In I/R models, ROS is the most important contributors to cell death 
during the reperfusion [72]. ROS is produced by both molecular oxygen 
entered to cell during reperfusion [73] and released by mitochondria in 
the case of stress [74].

ROS is in close connection with autophagy mechanism and 
increased ROS produced by oxidative stress specially in the reperfusion 
stage of ischemia/reperfusion induces autophagy was shown by Zeng 
et al. [75], consistent with these result, Wang et al. [76] have reported 
that 2-Deoxy–D–glucose treatment starts autophagy by causing 
excessive ROS in the cell via [ROS- AMP- protein kinase (AMPK)-
autophagy] pathway. Wang et al. [77] in their study, shown reperfusion 
caused strong autophagy response in hepatocytes. In addition to these 
studies, Zhang et al. [78], indicated intracellular ROS may leads cells to 
apoptosis or autophagy via PI3K/AKT/mTOR/ P70S6K and JNK signal 
pathways, and when H2O2 treatment is applied to human umbilical 
vein endothelial cells (HUVECs), Beclin1 and p65 expressions increase 
[75], also when BHA and NAC which are scavengers of ROS are added 
to the medium, autophagy is inhibited by decreasing of expression of 
p65 and Beclin1 was shown [75]. 

Contrary to these data, Fan et al. [72] think that autophagy is not 
maintained during reperfusion, instead of this, this mechanism can 
work as a protective mechanism against to ischemia, consistently with 
Fan et al.’data, recent studies have shown that ROS may use caspase 
dependent apoptosis pathways to bring cell to death [79] and caspase -3 
cleaves some autophagic genes (Atg3, Beclin1 and Atg4) [80].

In addition to ROS, the other important factor can cause strong 
autophagic response during ischemia is starvation [81]. Due to the fact 
that the main task of autophagy known is to provide energy to cells, 
it is accepted that starvation is the most powerful spark ignites this 
mechanism.

One of the important factors affects autophagic response is duration 
of I and R. Zuo et al. [74] shown that activity of autophagy increases 
as long as period of ischemia and reperfusion strings out. Atg10 is 
activated form of Atg12, beside of this, is another ubiquitin-conjugating 
enzyme and provides conjugation of Atg12 and Atg5 [82,83]. In 

conclusion, increased Atg10 expression’s mean is activated autophagy 
mechanism. Also, Li et al. [84] presented that acute (3h) ischemia in 
the barrel cortex is enough to start nuclear condensation and increase 
Beclin1 expression. Beclin1 reached top level 12 to 24 h after ischemia 
[84]. Due to the fact that it is widely believed the securest marker of 
autophagy is the ratio of LC3-II/LC3-I, Li et al. [84] not only shown the 
increase of expression of Beclin1 but also showed the ratio of LC3-II/
LC3-I to verify their results. 

As for the function of autophagy in I/R, a growing body of evidence 
indicates that autophagy, triggered by ischemia may, leads cells to death, 
especially in the brain [84-88]. However, this depend on cell type and 
duration of I/R as there are a great number of studies shown autophagy 
works to keep cells safe from death [89].

Conclusions
Autophagy increases both in cancer cells and normal cells during 

the cancer treatment. But, due to cancer cells use autophagy to survive 
more than normal cells; this case may generate new therapeutic 
opportunities. Normally, while the expressions of therapeutic genes 
increase to ensure intracellular homeostasis, but in some stress 
condition and cancer status decreased therapeutic autophagy gene 
expressions to insulate cells from cytotoxicity indicates areas for further 
study of the interaction mechanism between autophagy, ischemia/
reperfusion and cancer.
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