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Introduction

Melanoma is one of the most dangerous types of skin 
cancer caused by the abnormal proliferation of melanocytes 
(pigment cells) [1]. The incidence of melanoma is 
increasing globally each year, which raised the mortality 
rate [2]. To reduce melanoma-related mortality and well 
prognosis, effectual diagnostic biomarkers are always 
under investigation [3,4]. It has demonstrated that the 
expression levels of many autophagy-related genes and 
proteins altered during melanoma malignancies, which 
might be considered as biomarkers for predicting its 
stages, invasiveness, patient survival, and treatment 
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targets [5]. Macroautophagy (hereinafter referred to as 
autophagy) is a central lysosome-dependent mechanism 
activated to digest or reuse cellular contents in critical 
conditions such as nutrient deficiency and pathogenic 
infection to keep cell homeostasis [6]. Indeed, the 
contents of cell cytoplasm engulfs inside a specialized 
vacuole, called the autophagosome, which fuses with the 
lysosome to degrade the materials [7]. In this regulated 
process, the essential proteins are involved and named the 
AuTophaGy-related (ATG). Up to now, at least 41 ATG 
genes have been recognized during the autophagy process 

1Cancer Biology Research Center, Cancer institute of Iran, Tehran University of Medical Sciences, Tehran, Iran. 2Dental Research 
Center, Dentistry Research Institute, Tehran University of Medical Sciences, Tehran, Iran. 3Department of Molecular Medicine, 
National Institute of Genetic Engineering and Biotechnology, Tehran P.O. Box 14965/161, Iran. 4Department of Pathology, 
School of Medicine, Tehran University of Medical Sciences, Tehran, Iran.

Corresponding Author:
Dr. Marveh Rahmati
Assistant Professor, Cancer Biology Research Center, Cancer institute of Iran, Tehran University of Medical Sciences, Tehran, Iran.
Reyhane Hizomi Arani and Hadiseh Mohammadpour have equal contribution in this study.
Email: m_rahmati@sina.tums.ac.ir

RESEARCH ARTICLE

  Asian Pac J Cancer Biol, 6 (4), 263-272 Submission Date: 12/09/2021       Acceptance Date: 12/25/2021



264 Asian Pacific Journal of Cancer Biology• Vol 6• Issue 4

apjcb.waocp.com                                                                                        Reyhane Hizomi Arani, et al: Autophagy Markers in Melanoma

[8]. Among autophagy proteins, ATG5 is essential for 
autophagosome formation. Knocking down of ATG5 leads 
to downregulation of autophagy inhibition, suggesting that 
ATG5 plays a central role in autophagy [8,9]. Beclin-1/
BECN1 is a mammalian protein that is the ortholog of 
the yeast autophagy-related gene 6 (Atg6) and is involved 
in both the autophagy (initial step of autophagosome 
formation) and cell death signaling pathway by interacting 
to either phosphoinositol-3 kinase (PI3k) class III or 
BCL-2 [10]. 

LC3 (microtubule-associated protein 1A/1B-light 
chain 3) comprises a soluble LC3 I and a lipidated form 
called LC3 II. LC3 II is recruited into autophagosomes 
[11]. Different stressors promote the conjugation of 
LC3 I to phosphatidylethanolamine to organize the 
autophagosome-specific LC3 II, which is considered the 
most reliable marker of autophagy [12].

p62/SQSTM1 (p62) is an adaptor protein transporting 
ubiquitinated proteins during autophagy [13] and plays 
a substantial role in selective autophagic degradation of 
several cargoes. Generally, p62 and its substrate break 
down within the autophagolysosome. This process 
mediates by interaction with LC3, which is involved 
in phagophore/isolation membrane and autophagosome 
formation [14]. Impaired autophagy during tumorigenesis 
leads to p62/ubiquitinated protein aggregates [14] and 
visualizes as autophagy marker [13].

The function of autophagy in cancer is quite complex 
and somewhat controversial. In the early stages of cancer 
onset, autophagy activated as tumor-suppressive to 
prevent precancerous cells’ proliferation. However, in 
the later stages, it supports tumor stability by increasing 
the resistance of cancer cells to chemotherapy and or 
radiotherapy; consequently, inhibiting or activating 
autophagy in different stages of various cancers is 
a significant concern in treatment [6,15]. Since previous 
studies have shown the diagnostic and therapeutic 
importance of the autophagy pathway in melanoma, this 
study aimed to investigate the critical mediators involved 
in the autophagy pathway (ATG5, BECN1, p62, and 
LC3II) in different stages of melanoma and investigate 
whether autophagy is associated with clinopathological 
factors.

Materials and Methods

Patient samples
All the tumors of melanoma from 2015 to 2020 

were separated and selected from tumor bank of Imam 
Khomeini Hospital, at Cancer Institute of Tehran, 
Iran. According to confirmation of pathologist, fifty 
two formalin-fixed paraffin-embedded (FFPE) tissue 
tumors and 52 tumor margin samples as controls were 
included in this study. The research was performed after 
approval of the local ethical committee of Iran with 
IR.TUMS.VCR.REC.1398.076 ethical code (https://
ethics.research.ac.ir/EthicsProposalView.php?id=59775). 
The clinicopathological data were listed related to each 
patient’s pathology sheets. Regarding CAP approved of 
2020 (College of American Pathologists protocol for the 

examination of excision specimens from patients with 
melanoma of the skin), all the available pathology features 
were recorded as follows; ulceration (present or absent), 
thickness (pTX: primary tumor, the thickness cannot be 
assessed, pT0: No evidence of primary tumor, pT1: 1.0 
mm or less in thickness, pT2: tumor >1.0 to 2.0 mm in 
thickness, pT3: tumor>2.0 to 4.0 mm in thickness, pT4: 
tumor>4.0 mm in thickness), mitotic rate, lymph node 
metastasis (present and absent), distant metastasis (present 
and absent) and staging (anatomic or Clark level-based I 
for intra epidermal tumor only, II for tumor present in but 
does not fill and expand papillary dermis, III for tumor fills 
and expands papillary dermis, IV for tumor invades into 
reticular dermis, V for tumor invades subcutis).

RNA extraction 
The RNA extraction from FFPE tissues was carried out 

manually according to our lab protocol. Briefly, the tumor 
portion of five shaved cuts (11 μm thickness) from each 
selected block was deparaffinized with xylene. Then they 
were centrifuged at high speed and washed several times 
with 70% ethanol. The pellet was kept at room temperature 
until the ethanol evaporated. A centrifuge was performed 
in each step, followed by adding lysis buffer, chloroform, 
cold isopropanol, and 70% ethanol. The supernatant was 
then drained and allowed to dry completely. Finally, 
the extracted RNA was kept in DEPC water, and the 
concentration was assessed using a NanoDrop™ OneC 
spectrophotometer (Thermo Fisher Scientific Inc). Optical 
density (OD) of samples was measured at 260 nm and 280 
nm, and the ratio of 260/280 was used to test for protein 
or phenol contamination.

cDNA synthesis and qPCR
1000 ng / µl RNA was transferred to cDNA using the 

BIOFACT kit (South Korea, cat.no:BR631-096) according 
to the company’s instructions. The mRNA expression 
levels were measured by qPCR using specific pairs of 
primers in the following program: initial denaturation (10 
min for 95 °C), denaturation (10 s for 95 °C), annealing 
(30 s for 60 °C, 40 cycles), and elongation (10 s for 72 °C). 
The oligonucleotide sequences of primers are as follow 
ATG5 F 5′-CACAAGCAACTCTGGATGGGATTG-3′ 
and ATG5 R 5′-GCCACAGGACGAAACAGCTTC-3′. 
BECN1 F 5′- AGGTTGAGAAAGGCGAGACA-3′, 
BECN1 R 5′-AATTGTGAGGACACCCAAGC-3′. GPDH 
F 5′-AATCCC ATCACCATCTTCCA-3′ and GPDH R: 
5′-TGGACTCCACGACATACTCA-3′. The fold change 
of each gene was calculated by the 2-ΔΔCt formula, where 
ΔΔCt = ΔCttarget – ΔCtcontrol [16].

Biomarker evaluation
One of the standard methods for predicting the 

possibility of gene biomarkers is using the Receiver 
Operating Characteristics (ROC) curve. This graph 
shows the sensitivity against specificity across a range 
of cut points for a biomarker. The area under the curve 
(AUC) varies between 0.50 and 1.0, while 0.5 displays no 
discrimination between cases and controls, 1.0 indicates 
the best distinction. This would be present the probability 
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means strong staining for > 75% of cells staining visible. 
The intensity staining  score is also performed as follows; 
none for no cells visible, score 1 for < 1% of the cells 
detectable, score 2 for 1-10% of the cells staining, score 
3 for 11-33% of the cells staining, score 4 for 34-66% of 
the cells staining and score 5 for 67-100% of staining. 
Furthermore, the normal tissues according to the data 
sheet were stained with the same autophagic markers 
and revealed null or very low expression. To correlate the 
pathological data with the immunohistochemical scores, 
they were classified as low (for scores o and 1) and high 
(for scores 2 and 3) [19]. 

Statistics
All data are from three independent experimentsand 

reported as the mean±standarddeviation (SD). 
The correlation of clinical data and immunohistochemistry 
scoring were performed using SPSS22 software, Ver19, 
with Chi-squared, Fisher exact, and Pearson Chi-Square 
tests. In all experiments, p≤0.05 was considered 
statistically significant. Data of biomarkers was illustrated 
with ROC curve using Graph pad Prism 8 software.

Results

Clinical data
The series comprises 52 patients diagnosed with 

cutaneous malignant melanoma. They were 24 females 
(46.2%) and 28 males (53.8%). Their ages at the time of 
diagnosis ranged from 25 to 87 years (mean, 56 years). 
According to the disease stage, the number of tumors 
was as follows; the 16 (30.76%) tumors were in Clark 
level I, 10 (19.23%) in Clark level II, 15 (28.84%) in 
Clark level III, and 11 (21.15%) in Clark level IV and V 
spontaneously. Among them, five lymph node metastasis, 
four radial growth phase melanomas (RGPMs), three 
vertical growth phase melanomas (VGPMs), and 7 
Melanoma Metastasis (MelMets) were recorded. The main 
clinicopathologic data were listed in Table 1. 

Autophagy markersin different Clark levelsof malignant 
melanoma

Two crucial genes in autophagosome preparation 
(ATG5 and BECN1) were checked to analyze 
the autophagy activity during tumor progression. 

of a case being accepted as a biomarker is 50% versus 
100% [17].

Tissue microarray
To characterize immunohistochemical protein 

expression, three-block arrays were constructed for 
three different autophagy biomarkers. Briefly, two 
1.5-mm-diameter cylinders of tissue were taken from 
representative areas of each archival paraffin block and 
arrayed into a new recipient paraffin block. In addition, 
standard margins of tumors and normal tissues were 
placed as internal controls to ensure the quality of staining 
slides. 

Immunohistochemistry
Three-micrometer tissue sections from the 

TMA blocks were sectioned and applied to unique 
immunohistochemistry coated slides. These slides 
were baked overnight in a 56°C oven. Then they were 
deparaffinized by xylene, rehydrated through a graded 
ethanol series, and washed with phosphate-buffered saline. 
A 2-minute heat treatment achieved antigen retrieval in 
a pressure cooker containing 1 liter of 10 mmol/L sodium 
citrate buffer that had been previously brought to the boil. 
Following by quenching the endogenous peroxidase 
activity with 1.5% hydrogen peroxide in methanol 
for 10 minutes, Immunohistochemically staining was 
accomplished on these sections using three different 
antibodies, (LC3β (H-50): sc-28266, p62/ SQSTM1 
(D-3): sc-28359 and BECN1 (E-8) sc-48341, all were 
from Santa Cruz Biotechnology, Inc. Hematoxylin and 
Eosin staining (H&E) was carried out on these selected 
tissues to anticipate the staining intensities using a 
standard protocol [18].

Interpretation of tissue immunohistochemical reactions
The IHC sample scoring system is a method 

for converting qualitative data into measurable and 
comparable data. Scoring is based on the intensity of 
coloring and the number of positive staining of the 
markers in the tumor cells, as follows; the amount of 
coloring cells or dot-like is scored as 0 for no staining or 
<5% of the cells visible, score 1 means weak staining for 
5-25% of the cells detectable, score 2 means intermediate 
staining for 25-75% of the cells staining and score 3 

Parameter
Clark level I (n=16) II (n=10) III (n=15) IV, V (n=11) Total (52)
Gender (F and M) F (n=7) F (n=4) F (n=5) F (n=8) F (n=24)

M (n=9) M (n=6) M (n=10) M (n=3) M (n=28)
Age 16 (26-79) 10 (38-68) 15 (33-89) 11 (30-70) 52 (26-89)
Location Face (n=3) Face (n=3) Face (n=4) Face (n=3) Face (n=13)

Hand (n=3) Hand (n=2) Palm (n=1) hand (n=2) Hand (n=8)
Foot (n=8) Foot (n=2) Foot (n=12) Foot (n=8) Foot (n=30)
Neck (n=0) Neck (n=0) Neck (n=0) Neck (n=1) Neck (n=1)

Ulceration 3 2 11 9 25

Table 1. Frequency of Anatomical Stages and the Demographic and Pathological Data in Patients with Melanoma.
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Comparison of the ATG5 gene expression level (fold 
change = 0.8) in melanoma tumors relative to tumor 
margins (fold change =1) was decreased but not 
statistically significant (p=0.4). However, the expression 
pattern differed during tumor progression. The ATG5 
expression level was increased in the early stage and 
then decreased as the stage progressed (p<0.05) (Figure. 
1B). In contrast to ATG5, the expression of BECN1 was 
significantly reduced in melanoma tumors (fold change 
= 0.02) compared with tumor margins (fold change =1) 
with p=0.0001. Indeed, the expression of BECN1 was at 
the lowest level and not altered during tumor progression 
(Figure. 1B), where the early stage was considered as 
Clark level I, the intermediate stage was Clark level II 
and III and the advanced stage was Clark level IV and 
V. We subsequently performed immunohistochemistry 
for BECN1 across a collection of melanoma patients 
in different stages. Regarding intensity of staining and 

dot-like staining, analysis of autophagy-related proteins 
was performed. Figure 2 showed the IHC staining 
and the expression process of markers based on tumor 
progression, while Figure 3 illustrated the dot-like staining 
of markers. In this Figure, the weak, intermediate and 
strong staining are separated from negative coloring. 
In talking speech, BECN1 expression was calculated 
33/33%, 54/54%, 66/66%, 72/72% in Clark I, II, III, 
and IV/V, Respectively (Figure 2). Totally, BECN1 
expression increased with tumor progression (Figure 3). 
In this regard, the weak, intermediate, and strong staining 
was considered positive. However, BECN1 expression 
was relatively highly expressed in melanoma tumors 
(56.81%) compared with tumor margins (43.18%) with 
no significant difference (P=0.2).

To test whether ATG5 and BECN1 gene expression 
during tumor progression results in autophagy induction, 
we analyzed levels of LC3II and p62 as important protein 

Figure 1. Autophagy Gene Expression in Melanoma Tumors.The gene expression levels of ATG5, BECN1, and 
GPDH were evaluated in A) melanoma tumors, B) in the early, the intermediate and the advanced stages. The results 
were represented as fold change and expressed as means ± SD in comparison to tumor margin. The T-test showed 
significantly difference for *p< 0.05, ** p < 0.01, ***p<0.001.Early stage was Clark level I, intermediate was Clark 
level II and III and advanced stage was Clark level IV and V.

Figure 2. Alterations in Autophagy Protein Levels in Tissue Samples of Melanoma Patients. A) Immunohistochemistry 
of autophagy marker (BECN1, LC3II, and p62) in different Clark levels of melanoma tumors (400x). B). The quantitative 
analysis of BECN1, LC3II, and p62 expression in tumor samples compared to tumor margin. Fischer's exact test 
showed the significance of autophagy marker and Clark level (p<0.05). Weak, intermediate, and strong staining were 
considered positive. 
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markers to detect the extent of autophagy. The results 
showed that the expression of LC3II levels increased as 
the tumor progressed (Figure 2). In talking speech, the 
mean percentage of expression was 86/66%, 72/72%, 
80%, and 100% in Clark level I, II, III, and IV/V, 
respectively. We observed markedly higher LC3II levels 
(mean expression 84.85%) in melanomas compared to 
tumor margin (mean term 15.15%) (P= 0.001), suggesting 
increased autophagy in melanoma cells (Figure 2 and 3). 
In addition, we analyzed the levels of p62, a marker 
protein that specifically degraded through autophagy. 
We observed the mean percentage of p62 expression were 
46/66%, 45/45%, 53/33%, and 45/45% in Clark level I, II, 
III, and IV/V, respectively, which means p62 expression 
declined as the tumor progressed (Figure 2A, 2B). 
Indeed, p62 level (mean expression 47.72%) decreased 
in melanomas, but it was not significantly different in 
comparison with tumor margin (mean expression 52.27%) 
(P= 0.1). Altogether, autophagy markers expression in 
different Clark levels confirmed LC3II and BECN1 protein 
expression were significantly higher in the late stage of 
melanoma, whereas the p62 expression decreased when 
the tumor progressed (Figure 2 and 3). Patients with high 
BECN1 and LC3 contained a significantly low level of 
p62 compared with tumor margin indicating autophagy 
induction in melanoma patients. In other words, BECN1 
and LC3II levels correlated inversely with p62 levels in 

these patients (p<0.05).

Correlation of LC3II and patho-clinical features
The correlation of LC3II dot-like immunohistochemical 

staining (low and high expression) with patho-clinical 
features showed that the LC3II didn’t significantly 
correspond with the location (p=0.373), the thickness 
of the tumors (p=0.759), the mitotic rate (p=0.795), 
the lymph node metastasis (p=0.325), and the distant 
metastasis factors (p=0.331) (Table 2). However, 
melanoma anatomic Clark level and ulceration positively 
match up with LC3II protein expression with p=0.048 and 
p=0.032, respectively. 

Correlation of BECN1 and patho-clinical features
T h e  a s s o c i a t i o n  o f  B E C N 1  d o t - l i k e 

immunohistochemical staining with patho-clinical 
features showed that the BECN1 didn’t significantly 
correspond with the location (p=0.135), the thickness 
of the tumors (p=0.1), the distant metastasis factors 
(p=0.117). However, BECN1 protein expression positively 
correlate with the mitotic rate (p=0.005), the lymph node 
metastasis (p=0.049) melanoma ulceration (p=0.016) and 
anatomic Clark level (p=0.024) (Table 3). 

Correlation of p62 and patho-clinical features
The relation of p62 dot-like immunohistochemical 

Parameter LC3II dot-like low (%) LC3II dot-like high (%) Total (%) p-value
Location Face 1 (7.7) 12 (92.3) 13 (100.0) 0.373

Hand 3 (37.5) 5 (62.5) 8 (100.0)
Foot 8 (26.7) 22 (73.3) 30 (100.0)
Neck 0 (0.0) 1 (100.0) 1 (100.0)

Ulceration Absent 23 (85.18) 4 (14.81) 27 (100.0) 0.032
Present 4 (16.0) 21 (84.0) 25 (100.0)

Thickness pTX 2 (28.6) 5 (71.4) 7 (100.0) 0.759
pT0 0 (0.0) 0 (0.0) 0 (0.0)
pT1 3 (27.3) 8 (72.7) 11 (100.0)
pT2 2 (20.0) 8 (80.0) 10 (100.0)
pT3 5 (27.8) 13 (72.2) 18 (100.0)
pT4 0 (0.0) 6 (100.0) 6 (100.0)

Mitotic rate none 4 (26.7) 11 (73.3) 15 (100.0) 0.795
<1 3 (21.4) 11 (21.4) 14 (100.0)
1-5 4 (26.7) 11 (26.7) 15 (100.0)
5-15 0 (0.0) 5 (100.0) 5 (100.0)
>15 1 (33.3) 2 (66.7) 3 (100.0)

Lymph node metastasis Absent 10 (21.3) 37 (78.7) 47 (100.0) 0.325
Present 2 (40.0) 3 (60.0) 5 (100.0)

Distant metastasis Absent 9 (20.0) 36 (80.0) 45 (100.0) 0.331
Present 3 (42.9) 4 (57.1) 7 (100.0)

Clark level I 4 (25.0) 12 (75.0) 16 (100.0) 0.048
II 3 (30.0) 7 (70.0) 10 (100.0)
III 4 (26.7) 11 (73.3) 15 (100.0)

IV, V 1 (9.09) 10 (90.90) 11 (100.0)

Table 2. Correlation of LC3II dot-like Immunohistochemical Staining with Patho-clinical Features
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staining with patho-clinical features showed that the 
p62 didn’t significantly correspond with the location 
(p=0.642), the thickness of the tumors (p=0.276), the 
mitotic rate (p=0.264), the lymph node metastasis 
(p=1.00), and the distant metastasis factors (p=1.00) (Table 
4). However, melanoma ulceration and anatomic Clark 
level positively match up with p62 protein expression 
with p=0.040 and p=0.051, respectively. 

 

Biomarker possibility
The analysis of ATG5 and BECN1 gene as the 

biomarker with Roc curve (graph pad prism 8.0 software) 
showed that the ATG5 could be a valuable marker with 
the area under the curve (AUC) 0.7 (p<0.05) against 
BECN1 with AUC of 0.5 (Figure 4A, 4B). It means that 
ATG5 would be a reliable marker for melanoma with 

70% eventuality.

Discussion

Emerging evidence has shown that there is a correlation 
between autophagy and tumor progression so that impaired 
or inhibition of autophagy leads to tumorigenicity. 
However, different results of autophagy activity during 
tumorigenesis have been recorded to date [20]. In different 
cancers, autophagy activity is expected to be low in the 
early stages while elevated with tumor progression. 
However, several experiments in melanoma or even other 
tumors reported controversial results. The reason may be 
due to misinterpretations of IHC staining or the limitation 
of IHC for autophagy detection at low or basal levels 
[21]. For instance, BECN1 acts as a haploinsufficient 
tumor-suppressor gene and can be either monoallelically 

Figure 3. The Level of BECN1, LC3II and, p62 Expression were Evaluated Based on Intensity Score (0: negative, 1: 
weak, 2: Intermediate, 3: strong). All recordings were calculated in percent compare to tumor margins. 

Figure 4. Roc Curve Analysis of ATG5 and BECN1 Genes. Area under the ROC curve is 0.7 (p<0.02) and 0.5 (p<0.5) 
for ATG5 and BECN1, respectively. 



269

 

Asian Pacific Journal of Cancer Biology• Vol 6• Issue 4

apjcb.waocp.com                                                                                        Reyhane Hizomi Arani, et al: Autophagy Markers in Melanoma

deleted or display reduced expression in breast, ovarian, 
prostatic, and lung cancer [22,23]. In contrast, other 
reports confirmed that the overexpression of BECN1 
correlated with tumorigenesis in colorectal and gastric 
cancer [24]. The previous study in melanoma tumors 
showed that BECN1 significantly decreased with tumor 
progression [25]. In the current experiment, we assessed 
the BECN1 at both mRNA and protein levels. BECN1 
gene expression was reduced in melanoma patients 
compared to tumor margins (P < 0.0001) and at mRNA 
level didn’t significantly differ between stages. However, 
the evaluation of BECN1 level at the protein level showed 
the decreased level in stage 1 and then went up as the 
tumor progressed, suggesting an autophagy activity during 
melanoma progression or autophagy induction may have 
occurred following chemotherapy which is in agreement 
with the study of advanced malignant melanoma (MM) 
that showed overexpression of BECN1 in MM compared 
to control [26]. Among autophagy-related proteins, 
LC3II and p62 IHC detection are the most commonly 
used to study autophagy [27]. LC3II expression has been 
reported to be either decreased in brain and ovary cancer 
[28,29] or increased in esophageal and gastrointestinal 
neoplasms [30]. LC3II expression was associated with 
poor outcomes in pancreatic cancer and better survival 
in glioblastoma patients with poor performance scores 
[28,31]. In cutaneous melanocytic lesions, LC3II 

significantly decreased with tumor development, and 
the lowest expression of LC3 II protein was observed in 
melanoma metastases [20]. While in another experiment in 
melanoma and breast tissues has confirmed overexpression 
of LC3 II and the positive correlation with Ki-67 [5]. 
In the current experimenta high level of LC3 II protein 
in melanoma tumors was observed compared to tumor 
margins, suggesting increased autophagy activity during 
melanoma tumorigenesis. 

Overexpression of p62 is also observed in several 
cancers, including melanoma, and is a marker of poor 
prognosis. Indeed, increasing levels of p62 expression 
in the early stage of melanoma followed by subsequent 
decreasing it, suggesting the novel independent prognostic 
biomarkers for early-stage melanomas [32]. In this study, 
p62 monitoring was performed with dot-like staining like 
the same pattern as BECN1 and LC3II and despite the 
previous reporting of separate staining of p62 cytoplasm 
and nucleus [33], we examined both together because no 
significant difference has been observed and the results 
confirmed the reduction level of p62 was observed during 
tumor progression.

Analyzing autophagy in tissues with few markers is 
very difficult due to the paradoxical function. Therefore, 
the expression levels of LC3II and p62 markers should be 
done in parallel with the ATG study [31].There are several 
reports about the ATG5 gene and protein expression in 

Parameter LC3II dot-like low (%) LC3II dot-like high (%) Total (%) p-value
Location Face 6 (46.2) 7 (53.8) 13 (100.0) 0.135

Hand 7 (87.5) 1 (12.5) 8 (100.0)
Foot 16 (53.3) 14 (46.7) 30 (100.0)
Neck 0 (0.0) 1 (100.0) 1 (100.0)

Ulceration Absent 25 (92.59) 2 (7.41) 27 (100.0) 0.016
Present 1 (4.0) 24 (96.0) 25 (100.0)

Thickness pTX 4 (57.1) 3 (42.9) 7 (100.0) 0.1
pT0 0 (0.0) 0 (0.0) 0 (100.0)
pT1 9 (81.8) 2 (18.2) 11 (100.0)
pT2 4 (40.0) 6 (60.0) 10 (100.0)
pT3 11 (61.1) 7 (38.9) 18 (100.0)
pT4 1 (16.7) 5 (83.3) 6 (100.0)

Mitotic rate none 7 (46.7) 8 (53.3) 15 (100.0) 0.005
<1 13 (92.9) 1 (7.1) 14 (100.0)
1-5 6 (40.0) 9 (60.0) 15 (100.0)
5-15 1 (20.0) 4 (80.0) 5 (100.0)
>15 2 (66.7) 1 (33.3) 3 (100.0)

Lymph node metastasis Absent 24 (51.1) 23 (48.9) 47 (100.0) 0.049
Present 5 (100.0) 0 (0.0) 5 (100.0)

Distant metastasis Absent 23 (51.1) 22 (48.9) 45 (100.0) 0.117
Present 6 (85.7) 1 (14.3) 7 (100.0)

Clark level I 11 (68.8) 5 (31.3) 16 (100.0) 0.024
II 7 (70.0) 3 (30.0) 10 (100.0)
III 7 (46.7) 8 (53.3) 15 (100.0)

Advanced stage 4 (36.36) 7 (63.63) 11 (100.0)

Table 3. Correlation of BECN1 dot-like Immunohistochemical Staining with Patho-clinical Features
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different cancers, especially melanoma patients. Liu H 
et al. in 2013 reported ATG5 is often down-regulated in 
primary melanomas compared to benign nevi. They also 
checked LC3II, BECN1, and p62 in a few cases. The 
results have shown that BECN1 was indistinguishable 
between melanomas and benign nevi, nevertheless a 
reduced expression of LC3II and increased expression 
of p62 was observed [34]. In the current experiment, the 
autophagy markers in different stages of melanoma were 
determined and revealed that although ATG5 was raised 
at the early stage, the comparison of ATG5 expression 
in all melanoma tumors was decreased compared with 
tumor margin (p<0.05). Autophagy can protect tumor 
cells exposed to anticancer drugs, indicating the potential 
for inhibiting autophagy in cancer therapy [35]. It has 
been shown that elevated autophagy in the early stage is 
associated with invasiveness and drug resistance [36,37]. 
Moreover, autophagy was induced in melanoma cells 
under situations of metastasis [38] and or hypoxia [39]. 
All these data propose that autophagy may be increased 
in melanoma cells as an adaptive stress response to 
chemotherapy and or metabolic stress. In such studies, 
the quantification of additional ATG proteins should 
also be considered. So, in addition to ATG5, BECN1 
expression at mRNA level was evaluated and revealed that 
the alteration of expression didn’t observe during tumor 
progression. However, its expression decreased in all 

stages compared with tumor margin (p<0.001), suggesting 
that the expression of ATG proteins is, at least partially, 
differentially regulated. According to previously published 
work, a down-regulation of BECN1was revealed in 
association with melanoma disease progression [20].

In contrast to the previous reports, our experiment in all 
stages of melanoma showed the autophagy activity during 
tumor progression. Although in the early stage, a reduction 
of autophagy may promote tumor growth, by preventing 
senescence, In later stages, basal autophagy activity 
resumes or is induced, leading to chemo-resistance. 
Therefore, the regulation of autophagy in tumorigenesis 
depends on the stage of the tumors [34].

The prognosis for patients with melanoma depends 
on variable factors, such as tumor thickness, ulceration, 
Clark level, and the patient’s age and gender [40]. 
Among them, ulceration is a predictive factor for the 
response of adjuvant immune-stimulating therapy [41]. 
Our experiment showed there is a of BECN1, LC3II 
and p62 expression levels during tumor progression 
with ulceration. Although, a previous study reported 
a direct correlation of melanoma thickness and ulceration 
in primary melanomas with BECN1non-cytoplasmic 
expression and inverse with cytoplasmic LC3 II protein 
expression [20], the importance of autophagy monitoring 
is demonstrated in melanoma tumor specimens as 
a valuable prognostic factor.

Parameter LC3II dot-like low (%) LC3II dot-like high (%) Total (%) p-value
Location Face 6 (46.2) 7 (53.8) 13 (100.0) 0.642

Hand 5 (62.5) 3 (37.5) 8 (100.0)
Foot 18 (60.0) 12 (40.0) 30 (100.0)
Ear 0 (0.0) 1 (100.0) 1 (100.0)

Ulceration Absent 22 (81.48) 5 (18.51) 27 (100.0) 0.04
Present 3 (12.0) 22 (88.0) 25 (100.0)

Thickness pTX 4 (57.1) 3 (42.9) 7 (100.0) 0.276
pT0 0 (0.0) 0 (0.0) 0 (100.0)
pT1 8 (72.7) 3 (27.3) 11 (100.0)
pT2 5 (50.0) 5 (50.0) 10 (100.0)
pT3 11 (61.1) 7 (38.9) 18 (100.0)
pT4 1 (16.7) 5 (83.3) 6 (100.0)

Mitotic rate none 6 (40.0) 9 (60.0) 15 (100.0) 0.264
<1 11 (78.6) 3 (21.4) 14 (100.0)
1-5 8 (53.3) 7 (46.7) 15 (100.0)
5-15 2 (40.0) 3 (60.0) 5 (100.0)
>15 2 (66.7) 1 (33.3) 3 (100.0)

Lymph node metastasis Absent 26 (55.3) 21 (44.7) 47 (100.0) 1
Present 3 (60.0) 2 (40.0) 5 (100.0)

Distant metastasis Absent 25 (55.6) 20 (44.4) 45 (100.0) 1
Present 4 (57.1) 3 (42.9) 7 (100.0)

Clark level I 9 (56.3) 7 (43.8) 16 (100.0) 0.051
II 6 (60.0) 4 (40.0) 10 (100.0)
III 7 (46.7) 8 (53.3) 15 (100.0)

IV,V 7 (63.63) 4 (36.36) 11 (100.0)

Table 4. Correlation of p62 Immunohistochemical Staining with Patho-clinical Features
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In conclusion, essential autophagy regulatory proteins, 
including p62, LC3II, and BECN1, have been proposed 
as potential prognostic biomarkers providing novel and 
accurate means to identify tumors at risk of disease 
progression, facilitating earlier medication intervention, 
and introducing novel personalized therapeutic approaches 
to improve clinical outcomes.
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