
Shayeb et al. Egypt Liver Journal           (2021) 11:81  
https://doi.org/10.1186/s43066-021-00149-w

ORIGINAL RESEARCH ARTICLE

Serum Beclin 1 and autophagy-related 
protein-5 and the risk of hepatocellular 
carcinoma among cirrhotic hepatitis C patients
Ayman El Shayeb1, Akram Deghedy2, Essam Saeed Bedewy1, Sahar Badawy1* and Nermeen Abdeen1 

Abstract 

Background: The most common primary liver cancer in adults is hepatocellular carcinoma (HCC) which is commonly 
presented with a poor prognosis. Therefore, it is important to explore effective biomarkers and therapeutic targets for 
HCC patients. Autophagy is involved in the development and prevention of cancer. Mammalian Beclin-1 is needed 
for an autophagic vesicle in HCC. Autophagy-related protein-5 (ATG5) is an important molecule involved in cell death 
during autophagy. The objective is to investigate serum ATG 5 and Beclin 1 levels in HCV-induced liver cirrhosis with 
and without HCC. The study was conducted on 80 individuals classified into 3 groups:

Group 1: 30 patients with HCV-induced liver cirrhosis without HCC.
Group 2: 30 patients with HCV-induced liver cirrhosis with HCC.
Group 3: 20 healthy subjects (control group).

Results: Serum ATG 5 was significantly lower in HCC than liver cirrhosis patients. Serum Beclin 1 was significantly 
higher in HCC than liver cirrhosis patients. A cutoff value of < 95.7 and > 5.3 of serum ATG5 and Beclin 1 could be sug-
gested for diagnosis of HCC among patients with HCV-related cirrhosis.

Conclusion: Serum Beclin 1 and ATG 5 could be used as a novel diagnostic marker for HCC. Moreover, scoring of 
serum BECLIN 1, ATG 5, and cachexia might be a future promising tool to predict the risk of HCC development.
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Background
Hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer and the second most common cause of 
cancer-related death worldwide accounting for 7% of all 
cancers [1]. The most frequent risk factor for HCC is 
cirrhosis. All causes of cirrhosis can be complicated by 
HCC, but the risk increased in patients with viral hepa-
titis. Moreover, around one-third of cirrhotic patients 
will develop HCC during lifetime [2]. The autophagic 

response is deregulated in chronic liver conditions which 
can develop HCC [3].

Autophagy has a pro-survival function during HCC. 
Increased autophagy flux was detected in advanced cases 
of HCC and an increased autophagy response was found 
to be associated with malignant development and poor 
prognosis of HCC [4, 5]. Autophagy helps HCC invasion 
by having effect on the epithelial–mesenchymal transi-
tion [6]. It explains why HCC develops in cirrhotic liver 
rather than in normal liver.

BECLIN1 is a dual function molecule which acts 
as a tumor suppressor and autophagy regulator [7]. 
Mice with alteration of BECLIN1 showed a decreased 
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autophagy activity and the formation of malignant 
lesions like HCC [8].

Autophagy-related protein-5 (ATG5) can control 
autophagy. Calpain 1 is a calcium-dependent non-lysoso-
mal cysteine protease that digests ATG5 [9]. Low intra-
cellular calcium levels decrease the cleavage activity of 
Calpain 1, increase the level of ATG5 and ATG12-ATG5 
and increase autophagy [10]. MicroRNA (miR181a) 
interacts with a miRNA response element in the 3′ 
untranslated region (UTR) of ATG5, which inhibits its 
transcription. Increased expression of miR181a decreases 
ATG5 mRNA and protein levels, resulting in autophagy 
inhibition [11].

The aim of the work is to evaluate the level of serum 
Beclin1 and serum ATG5 among cirrhotic hepati-
tis C virus patients with and without hepatocellular 
carcinoma.

Subjects
This study was conducted on 80 individuals admitted to 
the Tropical Medicine Department of Alexandria Main 
University Hospital during the period from October 2018 
to January 2020 who were divided into 3 groups:

Group 1: 30 patients with HCV-induced liver cirrho-
sis without HCC
Group 2: 30 patients with HCV-induced liver cir-
rhosis with HCC
Group 3: 20 healthy subjects of matched age and sex 
as control

Informed consent was taken from every participant in 
this study.

Exclusion criteria
Patients with chronic HBV infection, any other identi-
fiable cause of chronic hepatitis other than HCV, and 
patients with any suspected malignancies other than 
HCC, diabetes mellitus, chronic kidney disease, coronary 
disease, organ transplantation, and autoimmune hepatitis 
were excluded.

Methods
All participants were subjected to a detailed history tak-
ing and clinical assessment. The presence or absence of 
cirrhosis and HCC existence were documented by an 
ultrasound followed by a triphasic CT for those who had 
suspected focal hepatic lesions.

Serum AFP [12], Beclin 1 [13], and ATG 5 [14] levels 
were measured by using an enzyme linked immuno-
sorbent assay (ELISA) according to the manufacturer’s 
instructions.

Statistical analysis of the data [15]
Data were fed to the computer and analyzed using IBM 
SPSS software package version 20.0 [16]. Qualitative 
data were described using number and percent. Quan-
titative data were described using range (minimum and 
maximum), mean, standard deviation, and median. Com-
parison between the three studied groups regarding cat-
egorical variables was tested using Chi-square test.

For normally distributed data, comparison between 
the three studied groups was analyzed, F-test (ANOVA) 
to be used and post hoc test (Scheffe). For abnormally 
distributed data, comparison between two independ-
ent population were done using Mann–Whitney test 
while Kruskal–Wallis test was used to compare between 
the three studied groups and pair wise comparison 
was assessed using Mann–Whitney test. Correlations 
between two quantitative variables were assessed using 
Spearman coefficient.

Receiver operating characteristic curve (ROC) was 
plotted to analyze a recommended cutoff for the 3 mark-
ers; the area under the ROC curve denotes the diagnostic 
performance of the test. Multivariate logistic regression 
was performed.

Results
Table 1 lists the demographic data between liver cirrho-
sis, HCC patients, and control group as regards age, sex, 
MELD score, Child–Pugh score, and BCLC.

In cirrhotic patients, the number of patients with 
cachexia was 7 out of 30 with 23.3%. In HCC patients, 
the number of patients with cachexia was 17 out of 30 
with 56.7%. There was higher statistical significance of 
cachexia in patients with HCC than patients with liver 
cirrhosis (p value < 0.001) as shown in Table 2.

In HCC patients, 15 patients preseAls with portal vein 
thrombosis (PV). As regards multicentricity, there were 
20 patients that presented with multiple lesions of HCC 
lesions, while 10 patients presented with single lesion as 
shown Table 3.

Serum alpha-fetoprotein was significantly higher in 
HCC patients than cirrhotic patients and control group 
(p 0.025, p < 0.001*). Also, there was statistically signifi-
cant difference between cirrhosis and control group (p 
value 0.001) as shown in Table 4.

Serum ATG 5 was significantly lower in patients with 
HCC than in patients with cirrhosis and control group 
(p value 0.022, p value 0.001). But there was no statisti-
cally significant difference between patients with cirrho-
sis than control individuals (p value 0.258) as shown in 
Table 5.

Serum Beclin 1 was significantly higher in HCC 
patients than cirrhotic patients and control group (p 
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value < 0.001, p value 0.001). But there was no statisti-
cally significant difference between patients with cir-
rhosis than control individuals (p value 0.20) as shown in 
Table 6.

The diagnostic performance, cutoff point, sensitivity, 
specificity, PPV, NPV, and accuracy for discriminating 
HCC from liver cirrhosis for ATG5, Becline 1, and AFP 
were shown in Table 7. Receiver operating characteristic 

Table 1 Comparison between the three studied groups according to different parameters

χ2: Chi square test; MC: Monte Carlo; F: F for ANOVA test

U: Mann Whitney test; t: Student t-test

H: H for Kruskal Wallis test, Pairwise comparison bet. each 2 groups were done using Post Hoc Test (Dunn’s for multiple comparisons test)

p: p value for comparing between the studied groups
* : Statistically significant at p ≤ 0.05

Cirrhotic HCC Control Test of Sig p
(n = 30) (n = 30) (n = 20)

Sex

Male 15 (50%) 19 (63.3%) 10 (50%) χ2 = 0.510

Female 15 (50%) 11 (36.7%) 10 (50%) 1.347

Age (years)

Mean ± SD 58.1 ± 6.8 55.3 ± 6 54.3 ± 4.6 F = 2.881 0.062

Median (Min. – Max.) 56.5 (48 – 75) 54 (45 – 65) 52.5 (48 – 62)

MELD

Mean ± SD 15.1 ± 4.9 18.9 ± 5.3 – t = 2.879* 0.006*

Median (Min. – Max.) 15 (7 – 24) 19 (10 – 31) –

Child Pugh

A 6 (20%) 3 (10%) – χ2 = 1.344 MCp = 0.539

B 13 (43.3%) 13 (43.3%) –

C 11 (36.7%) 14 (46.7%) –

Mean ± SD 8.9 ± 2.75 9.5 ± 2.3 – U = 385.0 0.331

Median (Min. – Max.) 9 (5 – 14) 9 (5 – 14) –

BCLC

A 3

B 9

C 4

D 14

Table 2 Comparison between the three studied groups according to cachexia

2 : Chi square test

p: p value for comparing between the three studied groups
* : Statistically significant at p ≤ 0.05

Cachexia Cirrhotic
(n = 30)

HCC
(n = 30)

Control
(n = 20)

χ2 p

No % No % No %

No cachexia 23 76.7 13 43.3 20 100.0 19.365*  < 0.001*

Yes 7 23.3 17 56.7 0 0.0

Table 3 Distribution of the studied cases according to CT 
findings in HCC group (n = 30)

CT findings No %

PV Thrombosis 15 50.0

Number of lesions

Single 10 33.3

Multiple 20 66.7
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curves (ROC curves) were done to estimate the cutoff 
points for ATG5, Becline 1, and AFP for predicting the 
probability for HCC as shown in Fig. 1.

The diagnostic performance for combined ATG5, 
Beclin1, and AFP for detection of HCC from cirrhosis 
was significant, its diagnostic performance was 0.833* 
(p < 0.001*), with sensitivity of 96.7%, specificity of 
63.3%, positive predictive value of 72.5%, negative pre-
dictive value of 95%, and accuracy of 80% as shown in 
Table 8.

Cachexia, ATG 5 level, Beclin 1, level, AFP, and Child–
Pugh score were entered in a stepwise logistic regression 
model; the significant variables were cachexia (P < 0.031*), 
ATG 5 (P < 0.009*), and Beclin 1 level (P < 0.018*); on the 
other hand, the Child–Pugh score was insignificant in the 
multivariate analysis (P = 0.931) and AFP (P = 0.620) as 
shown in Table 9.

Prognostic fidelity was improved when combining 
these parameters in a scoring system with ATG 5 < 95.7, 
Beclin1 > 5.3, and presence of cachexia. Cachexia was 

Table 4 Comparison between the three studied groups 
according to AFP

H: H for Kruskal Wallis test, Pairwise comparison bet. each 2 groups were done 
using Post Hoc Test (Dunn’s for multiple comparisons test)

p: p value for comparing between the studied groups

p1: p value for comparing between Cirrhotic and HCC

p2: p value for comparing between Cirrhotic and Control

p3: p value for comparing between HCC and Control
* : Statistically significant at p ≤ 0.05

AFP (ng/
ml)

Cirrhotic HCC Control H p
(n = 30) (n = 30) (n = 20)

Min. – Max 4.0 – 200.0 8.0 – 3200.0 4.0 – 12.0 39.415* 0.001*

Mean ± SD 39.60 ± 47.44 442.4 ± 809.4 7.02 ± 2.33

Median 15.0 48.50 5.0

IQR 10.0 – 50.0 14.0 – 800.0 6.0 – 9.0

Sig. bet. 
grps

p1 = 0.025*, p2 = 0.510, p3 < 0.001*

Table 5 Comparison between the three studied groups according to ATG5

H: H for Kruskal Wallis test, Pairwise comparison bet. each 2 groups were done using Post Hoc Test (Dunn’s for multiple comparisons test)

p: p value for comparing between the studied groups

p1: p value for comparing between Cirrhotic and HCC

p2: p value for comparing between Cirrhotic and Control

p3: p value for comparing between HCC and Control
* : Statistically significant at p ≤ 0.05

ATG5(ng/ml) Cirrhotic HCC Control H p
(n = 30) (n = 30) (n = 20)

Min. – Max 44.0 – 256.5 11.0 – 149.5 64.40 – 186.6 11.080* 0.004*

Mean ± SD 100.8 ± 50.18 74.08 ± 32.52 109.2 ± 34.60

Median 98.0 69.50 98.50

IQR 62.10 – 116.6 49.70 – 95.70 84.95 – 133.60

Sig. bet. grps p1 = 0.022*,  p2 = 0.258,  p3 = 0.001*

Table 6 Comparison between the three studied groups according to BECLIN1

H: H for Kruskal Wallis test, Pairwise comparison bet. each 2 groups were done using Post Hoc Test (Dunn’s for multiple comparisons test)

p: p value for comparing between the studied groups

p1: p value for comparing between Cirrhotic and HCC

p2: p value for comparing between Cirrhotic and Control

p3: p value for comparing between HCC and Control
* : Statistically significant at p ≤ 0.05

BECLIN1 (ng/ml) Cirrhotic HCC Control H p
(n = 30) (n = 30) (n = 20)

Min. – Max 1.20–12.0 3.90 – 19.80 0.70–13.60 22.344*  < 0.001*

Mean ± SD 5.62 ± 2.46 8.65 ± 3.30 4.49 ± 3.06

Median 5.25 7.90 4.70

IQR 4.15 – 6.95 6.20 – 10.40 3.10 – 6.60

Sig. bet. grps p1 < 0.001*,  p2 = 0.200,  p3 = 0.001*
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assigned 1 point, ATG 5 < 95.7 was assigned 1 point, 
and Beclin1 > 5.3 was given 2. So cachexia, ATG 5, and 
Beclin1 level were identified as being independently 
predicting HCC.

The score ranged from 0 to 4 with a cutoff point 2 to 
predict HCC. At cutoff 2 scoring points, the PPV was 
83.3% and NPV was 75.8%, with (sensitivity 70, speci-
ficity 94%) as shown in Tables 10 and 11.

Table 7 Agreement (sensitivity, specificity) for ATG5, BECLIN1 and AFP to diagnose HCC patients from Cirrhotic

AUC: Area Under a Curve; p value: Probability value

CI: Confidence Intervals

NPV: Negative predictive value; PPV: Positive predictive value
* : Statistically significant at p ≤ 0.05
# Cut off was choose according to Youden index

AUC p 95% C. I Cut  off# Sensitivity Specificity PPV NPV Accuracy

LL UL

ATG5(ng/ml) 0.670 0.024* 0.534 0.806  ≤ 95.7 76.67 53.33 62.2 69.6 65.0

BECLIN1(ng/ml) 0.824  < 0.001* 0.715 0.933  > 5.3 93.33 66.67 73.7 90.9 80.0

AFP(ng/ml) 0.659 0.034* 0.521 0.798  > 70 26.7 83.3 61.5 54.2 49.3

p value for comparative ATG5 vs. BECLIN1 Z = 1.623, p = 0.105

ATG5 vs. AFP Z = 0.104, p = 0.917

BECLIN1 vs. AFP Z = 1.830, p = 0.067

Fig. 1 ROC curve for AFP, ATG5, and BECLIN1 to diagnose HCC patients from cirrhotic patients
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Discussion
Hepatocellular carcinoma (HCC) counts around 90% 
of primary liver cancers. The poor prognosis of patients 
with HCC is due to a late diagnosis. Therefore, it is 
important to detect new biomarkers which can be used 
as complements or substitutes for AFP in HCC diagnosis 
and to be a proper tool for assessment of tumor spread 
and patient prognosis as these markers can be a tool for 
HCC treatment and outcomes [17, 18].

Autophagy is a degradation of lysosomes which is 
important for cell survival under starvation, stress, and 
infection. The mechanism is regenerating of energy from 
intracellular materials (cytoplasm, organelles, protein 
aggregates, etc.) to meet energy requirements in low-
nutritional conditions [19].

In this study, serum ATG 5 was significantly lower in 
patients with HCC than in patients with cirrhosis, but 
there was no statistically significant difference between 
patients with cirrhosis than control individuals. The 
ROC curve for ATG5 for detection of HCC from cirrho-
sis was significant, its diagnostic performance was 0.670* 
(p < 0.024*), and the cutoff point discriminating HCC 
from liver cirrhosis was < 95.7 with sensitivity of 76.6%, 
specificity of 53.33%, positive predictive value of 62.2%, 
negative predictive value of 69.9%, and accuracy of 65%.

This is in concordance with Yang et  al. [20] who 
found that Atg5 were decreased in human HCC tissue 
in comparison with control tissue which suggests that 
autophagy is decreased in HCC. Also, this result is con-
sistent with findings in Takamura et  al.’s [21] study that 
autophagy might be a suppressor mechanism in HCC. 
Therefore, autophagic deficiency increases tumor growth 
in HCC.

In this study, serum Beclin 1 was significantly higher in 
HCC patients than patients with cirrhosis but there was 
no statistically significant difference between patients 
with cirrhosis than control individuals (p value < 0.001).

The ROC curve for Beclin 1 for detection of HCC from 
liver cirrhosis was significant, its diagnostic performance 
was 0.824 (p < 0.001), and the cutoff point discriminating 
HCC from cirrhosis was > 5.3 with sensitivity of 93.33, 
specificity of 66.67%, positive predictive value of 73.3%, 
negative predictive value of 90.9%, and accuracy of 80%.

In contrast to the results of Qiu et  al. [22] that have 
detected that Beclin1 expression in HCC is significantly 
lower than that in normal and cirrhotic tissues. They 
have also shown that Beclin1 expression is correlated 
with liver cirrhosis and vascular invasion but not with 
TNM stage, AFP level, number of tumors, and capsule.

In this study, we developed a simple score that con-
sisted of routinely available clinical and laboratory 

Table 8 Agreement (sensitivity, specificity) for Combined AFP, ATG5 and BECLIN1 to diagnose HCC patients from Cirrhotic

AUC: Area Under a Curve p value: Probability value

CI: Confidence Intervals

NPV: Negative predictive value PPV: Positive predictive value
* : Statistically significant at p ≤ 0.05

Combined AUC p 95% C. I Sensitivity Specificity PPV NPV Accuracy

LL UL

ATG5 & BECLIN1& AFP 0.833  < 0.001* 0.730 0.937 96.7 63.3 72.5 95.0 80.0

Table 9 Multivariate analysis logistic regression for predict HCC

Parameters B (weight) Sig OR 95% CI

LL UL

Cachexia 1.348 0.031* 3.850 1.128 13.148

ATG5 (ng/ml) 1.288 0.009* 3.619 1.376 9.521

BECLIN.1(ng/ml) 1.70 0.018* 5.460 1.340 22.244

Child class 0.076 0.931 0.926 0.164 5.230

AFP(ng/ml) -0.475 0.620 0.622 0.095 4.075

Table 10 Cutoff and scoring points for the different parameters

Parameters Cutoff Scoring 
points

Cachexia - 1

ATG5(ng/dl) 95.7 1

BECLIN.1(ng/dl) 5.3 2

Table 11 Cutoffs, sensitivity and specificity for the total score

Criterion Sensitivity Specificity  + PV -PV

 ≥ 0 100.00 0.00 37.5

 > 0 80.00 58.00 53.3 82.9

 > 1 63.33 76.00 61.3 77.6

 > 2 70.00 94.00 83.3 75.8

 > 3 30.00 98.00 90.0 70.0

 > 4 0.00 100.00 62.5
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parameters to predict the risk of HCC in patients with 
HCV-related cirrhosis. This prediction score is accurate. 
The score ranged from 0 to 4, it is composed of Cachexia 
which was assigned 1 point since its estimated coefficient 
in logistic regression model was 1.348, ATG 5 < 95.7 was 
assigned 1 point as its estimated coefficient I logistic 
regression model was 1.288, and Beclin 1 > 5.3 was given 
2 points for its estimated coefficient in logistic regression 
model was 1.7.

A cutoff point 2 is used to predict HCC in HCV-related 
cirrhotic patients. At cutoff value of 2 scoring points, the 
PPV was 83.3% and NPV was 75.8%. Using a cutoff of 
2 points led to false negative results in 4 out of 30 with 
HCC (sensitivity 70%, specificity 94%).

Compared with current guidelines, the prediction 
score provides more systematic stratification of HCC risk 
[23, 24].

The score suggests that patients with cachexia can pre-
dict the development of HCC. And this is consistent with 
Nozoe et  al. [25], who used the prognostic nutritional 
index (PNI) as a prognostic marker in a number of gas-
trointestinal malignancies, and more recently, in a study 
by Proctor et  al. [26], the PNI was found to affect the 
prognosis in malignancy regardless of the site of origin.

Also, in this study, assessment of serum marker may 
have the advantage of being noninvasive rather than 
other studies in which assessment of Beclin 1 and ATG 5 
used the invasive technique by liver biopsy.

Conclusion
Serum Beclin 1 and ATG 5 could be used as a novel 
diagnostic marker for HCC. Moreover, scoring of serum 
BECLIN 1, ATG 5, and cachexia might be a future prom-
ising tool to predict the risk of HCC development.

Limitation of this study
Small number of patients therefore studying on a large 
number of patients could be suggested.

Recommendation
Wide sample sizes are suggested to validate this result.
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