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Abstract. Expression levels of autophagy‑related genes 
ARHI and Beclin1 in thyroid cancer and their relationship 
with clinical pathology and prognosis were investigated. The 
expression levels of ARHI and Beclin1 proteins in 80 cases of 
thyroid cancer and adjacent tissues were detected by western 
blot analysis. According to the expression levels of ARHI and 
Beclin1, low‑ and high‑expression groups were determined and 
the relationship of the expression levels with the pathological 
parameters and prognosis in thyroid cancer was compared 
between the two groups. The correlation between the ARHI 
and Beclin1 protein expression level was analyzed by Pearson's 
correlation analysis. The levels of ARHI and Beclin1 proteins 
in thyroid cancer tissues were significantly lower than those 
in adjacent tissues (P<0.05). There was a significant differ-
ence in the expression levels of ARHI and Beclin1 in terms of 
pathological stage and differentiation degree of cancer tissues 
(P<0.001); however, there was no significant difference in the 
expression levels of ARHI and Beclin1 for different types 
of cancer tissues (P>0 05). There was a positive correlation 
between the expression levels of Beclin1 and ARHI (r=0.5187, 
P<0.001). The 3‑year survival rates of patients with low‑expres-
sion level of ARHI and Beclin1 proteins were significantly 
lower than those of patients with high expression (P<0.05). In 
conclusion, the expression levels of Beclin1 and ARHI were 
low in thyroid cancer, and were significantly associated with 
the pathological stage, differentiation degree and prognosis in 
thyroid cancer. Beclin1 and ARHI can be used as predictors 
for the development and prognosis of thyroid cancer.

Introduction

Thyroid cancer is the most common type of head and neck 
cancer in humans. In recent years, the incidence of thyroid 
cancer has risen 3‑10  times, and therefore has become 
the focus of research on endocrine system cancer (1). The 
pathogenesis of thyroid cancer is not clear yet. The scope of 
research is mainly concentrated on diet, living environment 
and radiation (2). Surgery combined with chemotherapy is the 
common treatment regimen. Even after treatment, however, 
the prognosis of late undifferentiated cancer is still very poor, 
with an average survival time of 5 months (3). Like other 
cancer types, the expression levels of cancer‑related genes are 
closely related to the occurrence and development of thyroid 
cancer. The expression levels of cancer-related genes regulate 
tumor cells to engulf their own cellular proteins or organelles 
into vesicles, and release lysosomes to fuse into autophagy 
lysosomes to decompose the inclusions, contributing to the 
diagnosis and treatment of thyroid cancer (4). Studies have 
shown that there are changes in the autophagy activity in a 
variety of human tumors. Through autophagy the cells of the 
body are more adaptable to the changes in the microenviron-
ment, which can inhibit the differentiation of tumor cells in 
the early stages of tumors to a certain extent (5).

ARHI gene is one of the anti‑oncogenes. According to the 
statistics of research data, ARHI gene is expressed in most 
human cells (6). ARHI is involved in tumorigenesis and the 
development of tumors by regulating the autophagy activity, 
and is mostly expressed at low levels in tumor tissues (7). 
Beclin1 is an anti‑oncogene that participates in the formation 
of autophagy. Beclin1 is an important protein that regu-
lates autophagy and is considered a marker of cell‑initiated 
autophagy (8). A previous study has shown that autophagy 
and apoptosis contribute to the antitumor effect of Beclin1 in 
human synovial sarcoma cell line (982, SW982) (9). It has been 
proven that the expression levels of ARHI and Beclin1 genes 
are associated with the progression of thyroid cancer (10,11). 
However, there are few studies on the relationship between 
ARHI and Beclin1 gene expression levels and the clinical 
pathology and prognosis of patients. In order to improve the 
understanding of thyroid cancer, the expression levels of the 
two genes in thyroid cancer were studied, as well as their 
association with clinical pathology and prognosis, to provide 
a basis for the development of new therapeutic methods of 
thyroid cancer.
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Patients and methods

General information. Eighty patients with thyroid cancer 
admitted to Yantaishan Hospital  (Yantai, China) from 
January 2012 to June 2015 were selected. Thyroid cancer 
and adjacent tissues (within 2 cm from cancer tissues) were 
collected from all patients as experimental specimens. 
Among them, 35 were pathological types of papillary thyroid 
cancer, 20 were follicular carcinomas, 17 were undifferenti-
ated carcinomas and 8 were medullary carcinomas. There 
were 44  tissues collected from patients with pathological 
stage Ⅰ and Ⅱ thyroid cancer, and 36  tissues from patients 
with stage Ⅲ and Ⅳ cancer. The age of the study subjects 
ranged from 20 to 75 years. The mean age was 47.2±7.3 years. 
BMI was 21.0±4.2 kg/m2. There were 28 male and 52 female 
patients included.

Inclusion and exclusion criteria
Inclusion criteria: Patients pathologically diagnosed with 
thyroid cancer.

Exclusion criteria: Patients who had underwent preop-
erative radiotherapy and chemotherapy; patients with surgical 
contraindications; patients with other malignant tumor 
diseases; patients with severe hepatic and renal dysfunction; 
patients with cognitive or communication disorders; patients 
with poor compliance.

All patients and their families agreed to participate in the 
experiments and signed an informed consent form. Patients 
who participated in the study had complete clinical data. The 
study was approved by the Medical Ethics Committee of 
Yantaishan Hospital.

Experimental reagents and materials. The ARHI rabbit 
anti‑human polyclonal antibody was purchased from 
Shanghai Huzheng Industrial Co., Ltd. (HZ‑2903R). Beclin1 
rabbit anti‑human polyclonal antibody was purchased from 
Abcam (ab62557). RIPA lysate and BCA protein concen-
tration kit were purchased from Biyuntian Technology 
Co., Ltd. ECL developer solution was purchased from 
Beijing Baier Di Diagnosis Technology Co., Ltd. Goat anti-
human IgG secondary antibody labeled with horseradish 
peroxidase  (HRP) was purchased from AmyJet Scientific, 
Inc. (A21050). ECL Western Blotting substrate kit was 
purchased from BioVision, Inc. GAPDH was purchased from 
ACROBiosystems (GAH‑H5145). ImageJ (x64) 1.8.0 software 
was purchased from the National Institutes of Health.

Detection of ARHI and Beclin1 protein expression levels in 
thyroid cancer and adjacent tissues by western blot analysis. 
First, the thyroid cancer and adjacent tissues were removed 
from the liquid nitrogen tank where they were kept. The 
tissues were placed on ice and cracked with RIPA lysate, and 
then they were placed in a water bath at 100˚C for 10 min for 
protein denaturation. Total protein was collected and protein 
concentration was determined by the BCA method. The protein 
was separated via 10% SDS‑PAGE. Each lane was loaded with 
20 µl of protein and 500 ml of electrophoresis fluid. Separated 
protein was subsequently transferred onto a PVDF membrane 
and blocked for 1 h at room temperature with skim milk (5%). 
Next, ARHI (1:1,000), Beclin1 (1:1,000) primary antibodies 

and GAPDH (1:1,000) were added. The mixture was kept at 
4˚C overnight. HRP (1:1,000) was added and the membrane 
was incubated at 37˚C for 2 h. Finally, ECL developer solution 
was used for coloration and ImageJ software for the calcula-
tion of the grayscale or whiteness of each band, in order to 
semi‑quantify the protein expression levels. The experiment 
was repeated 3 times.

Observation indices. The expression levels of ARHI and 
Beclin1 in thyroid cancer and adjacent tissues were compared. 
The relationship between the expression levels of ARHI and 
Beclin1 and the clinicopathological characteristics of patients 
with thyroid cancer was analyzed. The 3‑year survival data of 
the patients from January 2012 to June 2015 were collected, 
and the relationship between the expression levels of ARHI 
and Beclin1 and the survival rate of the thyroid cancer patients 
was analyzed. The correlation between the expression levels of 
ARHI and Beclin1 in thyroid cancer was analyzed.

Statistical analysis. SPSS 19.0 software  (IBM Corp.) was 
used to statistically analyze the experimental data. Chi‑square 
test was used for the counting data. Measurement data were 
expressed as the mean ± standard deviation and t‑test was 
used for their comparison between two groups. Paired t‑test 
was used for the comparison of the protein expression levels 
of ARHI and Beclin1 in tumor samples and non‑cancerous 
adjacent tissues. One‑way ANOVA followed by Bonferroni 
post hoc test was used for comparisons among multiple groups. 
Survival curves were analyzed by Kaplan‑Meier survival 

Figure 1. Expression levels of ARHI and Beclin1 in thyroid cancer and 
adjacent tissues. Western blot analysis revealed that the expression levels of 
ARHI and Beclin1 proteins in thyroid cancer were significantly lower than 
those in adjacent tissues. *P<0.05.
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analysis and log-rank test. Pearson's correlation test was 
used for correlation analysis. GraphPad Prism 8 (GraphPad 
Software, Inc.) was used to produce the figures. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Comparison of the expression levels of ARHI and Beclin1 
in thyroid cancer and adjacent tissues. Protein expression 
levels of ARHI and Beclin1 in thyroid cancer tissues were 
34.62±0.25 and 20.72±0.33, respectively, and in adjacent 
tissues were 45.78±0.33 and 34.83±0.43, respectively. ARHI 
and Beclin1 protein expression levels were significantly lower 
in thyroid cancer tissues than those in adjacent tissues and the 
difference was statistically significant (P<0.05) (Fig. 1).

Relationship between the expression levels of ARHI and 
Beclin1 and the clinicopathological characteristics of thyroid 
cancer patients. The expression of ARHI protein was associ-
ated with the pathological stage and the degree of pathological 
differentiation (P<0.05); however, there was no significant 
association with age, BMI, pathological classification, tumor 
diameter and lymph node metastasis (P>0.05). The expression 

of Beclin1 protein was associated with the pathological stage, 
the degree of pathological differentiation and lymph node 
metastasis (P<0.05); however, there was no  significant asso-
ciation with age, BMI, pathological classification and tumor 
diameter (P>0.05) (Table I).

Effect of ARHI and Beclin1 expression levels on the prog-
nosis of thyroid cancer patients. According to the mean 
expression levels of ARHI and Beclin1 proteins, the patients 
were divided into an ARHI protein high‑expression group 
(>34.62), ARHI protein low‑expression group (≤34.62), Beclin1 
protein high‑expression group (>20.72) and Beclin1 protein 
low‑expression group (≤20.72). There were 37 patients with high 
expression of ARHI protein, 43 patients with low expression 
of ARHI protein, 36 patients with high expression of Beclin1 
protein and 44 patients with low expression of Beclin1 protein. 
The 3‑year survival rate of patients with high and low expres-
sion of ARHI protein were 83.78 and 53.48%, respectively, and 
the 3‑year survival rate of patients with high and low expression 
of Beclin1 protein were 83.33 and 50.00%, respectively. The 
3‑year survival rates of the low‑expression groups of ARHI 
and Beclin1 proteins were significantly lower than those of the 
high‑expression groups (P<0.05) (Table Ⅱ, Figs. 2 and 3).

Table I. Relationship between the protein expression levels of ARHI and Beclin1 and the clinicopathological characteristics of 
patients with thyroid cancer.

Clinicopathological characteristics	 n	 ARHI	 t/F‑value	 P‑value	 Beclin1	 t/F‑value	 P‑value

Age (years)			   1.826	 0.072		  1.638	 0.106
  ≤55	 47	 34.69±0.18			   20.76±0.25
  >55	 33	 34.61±0.21			   20.67±0.23
BMI (kg/m2)			   1.010	 0.316		  1.486	 0.141
  ≤18	 31	 34.67±0.24			   20.65±0.27
  >18	 49	 34.61±0.27			   20.74±0.26
Pathological stage			   324.500	 <0.001		  303.900	 <0.001
  I, II	 44	 45.24±0.25			   30.27±0.28
  III, Ⅴ	 36	 23.05±0.36			   12.32±0.24
Pathological type			   0.302	 0.824		  0.088	 0.966
  Papillary thyroid carcinoma 	 35	 34.64±0.16			   20.71±0.39
  Follicular carcinoma	 20	 34.68±0.18			   20.75±0.35
  Undifferentiated carcinoma 	 17	 34.64±0.16			   20.76±0.38
  Medullary carcinoma	 8	 34.64±0.13			   20.74±0.35
Differentiation degree			   778.600	 <0.001		  5,876.000	 <0.001
  Highly differentiated	 31	 37.49±0.25			   24.77±0.26
  Moderately differentiated	 24	 36.39±0.38			   19.82±0.34
  Poorly differentiated	 25	 34.14±0.33			   15.65±0.35
Tumor diameter (cm)			   1.323	 0.190		  0.377	 0.708
  ≤1	 59	 34.59±0.23			   20.71±0.30
  >1	 21	 34.67±0.26			   20.74±0.35
Lymph node metastasis			   0.868	 0.388		  10.610	 <0.001
  Yes	 32	 34.65±0.27			   20.93±0.31
  No	 48	 34.60±0.24			   20.25±0.26

The values t and F were calculated by t‑test and one‑way ANOVA, respectively. BMI, body mass index.
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Correlation analysis of the expression levels of ARHI and 
Beclin1 in thyroid cancer. There was a positive correlation 
between the expression levels of Beclin1 and ARHI (r=0.5187, 
P<0.001) (Fig. 4).

Discussion

Epidemiological investigations have revealed that the inci-
dence of thyroid tumors increases every year. However, thyroid 
cancer ranks first in effective treatment rate among tumor 
diseases, and the 5‑year survival rate is still >98%. Thyroid 
cancer is a type of disease which is easy to be controlled 

by routine treatment compared with other malignant tumor 
diseases (12); however, not all types of thyroid tumors can 
be treated effectively, such as tumors with distant metastasis 
and low differentiation, usually with poor prognosis (13). The 
development of thyroid cancer is mainly manifested in the 
imbalance of the expression levels of proto‑oncogenes and 
anti‑oncogenes. The activity of autophagy expression levels 
of cancer‑related genes is different in different stages of the 
disease through autophagy. The mechanism of cancer‑related 
genes on tumors needs to be explored in detail (14). It has 
been reported (15) that the genetic variation and the expres-
sion level of autophagy‑related protein‑5, a core participant in 
autophagy in thyroid cancer, is associated with the increased 
susceptibility of thyroid cancer and autophagy plays an impor-
tant role in thyroid cancer. At present, it has been shown that 
ARHI can inhibit the growth of tumor cells, and the reason 
for inactivation of ARHI is abnormal methylation and loss 
of heterozygosity (16). Beclin1 can be used as a molecular 
regulator to repair autophagy activity  (17). Previous data 
have shown that autophagy is related to the regulation of cell 
apoptosis. Autophagy is an important conservative mechanism 
for maintaining cell homeostasis and is closely related to the 
apoptosis induced by endoplasmic network (EN) stress. There 
is the same upstream signal transduction pathway in autophagy 
and apoptosis induced by EN stress; however, the relationship 
between them is still unclear (18,19).

The results revealed that the expression levels of ARHI 
and Beclin1 in thyroid cancer were significantly lower than 
those in adjacent tissues. ARHI can inhibit the proliferation 

Figure 3. Relationship between Beclin1 expression and the prognosis of thy-
roid cancer patients. The 3‑year survival rate of the Beclin1 low‑expression 
group was significantly lower than that of the high‑expression group (P<0.05).

Figure 2. Relationship between ARHI expression and the prognosis of thy-
roid cancer patients. The 3‑year survival rate of ARHI low‑expression group 
was significantly lower than that of the high‑expression group (P<0.05).

Figure 4. Correlation between the ARHI and Beclin1 expression level in 
thyroid cancer tissues. Pearson's correlation analysis revealed that there was 
a positive correlation between the protein expression levels of ARHI and 
Beclin1 in thyroid cancer (r=0.5187, P<0.001).

Table II. Relationship between the protein expression levels of ARHI and Beclin1 and the prognosis of patients with thyroid cancer.

Groups	 3‑year survival	 χ2 value	 P‑value

ARHI		  8.320	 0.004
  High‑expression group (n=37)	 31 (83.78%)
  Low‑expression group (n=43)	 23 (53.48%)
Beclin1		  9.670	 0.002
  High-expression group (n=36)	 30 (83.33%)
  Low‑expression group (n=44)	 22 (50.00%)
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and activation of nuclear factor‑κB (NF‑κB) in glioblastoma by 
decreasing the early transcription factor NF‑κB in an SmgGDS 
independent manner (20). The role of ARHI and its binding 
in mediating the activation of NF‑κB may be a new therapy 
for glioblastoma. ARHI can inhibit tumors and play a role in 
tumor diseases, such as glioblastoma. The low expression of 
Beclin1 in breast, ovarian, cervical and other types of cancer 
has been widely reported (21). It has been shown that ARHI 
and Beclin1 are involved in the carcinogenesis and develop-
ment of various malignant tumors. The results of the present 
study confirmed that ARHI and Beclin1 were involved in the 
occurrence and development of thyroid cancer, and both of 
them were expressed at low levels. The relationship between 
clinicopathological factors and the expression levels of ARHI 
and Beclin1 in thyroid cancer patients was also investigated. 
The results revealed that ARHI and Beclin1 were related to 
the different stages and grades of differentiation, whereas, 
there was no relationship with age, BMI and pathological type. 
Different types contain different subtypes, which are distin-
guished by differentiated and undifferentiated carcinomas. 
The differences in the different subtypes of the study are not 
obvious. Therefore, it is concluded that there is no difference 
between ARHI and Beclin1 among different subtypes. These 
results suggest that the expression levels of ARHI and Beclin1 
proteins may be used in thyroid cancer, and the expression 
levels of autophagy proteins ARHI and Beclin1 are different 
for different clinicopathological characteristics of thyroid 
cancer patients. Next, the relationship between the expres-
sion levels of ARHI and Beclin1 and the prognosis of thyroid 
cancer patients was analyzed, and the results revealed that the 
3‑year survival rates in the low‑expression groups of ARHI 
and Beclin1 proteins were significantly lower than those of the 
high‑expression groups. These results suggest that ARHI and 
Beclin1 proteins may be valuable in predicting the prognosis of 
thyroid cancer. At present, it has been found that (22) miRNA 
can be used as a marker for diagnosis, treatment and prognosis 
of thyroid cancer, and its expression is also of predictive value 
in the development of thyroid cancer. The evaluation of miRNA 
can significantly improve the accuracy of the diagnosis of 
thyroid cancer (23). In the present study, ARHI and Beclin1 
were used to evaluate the diagnosis, treatment and prognosis 
of thyroid gland. In terms of clinical pathology and prognosis 
value, miRNA is more intuitive and accurate in the develop-
ment and progression of thyroid cancer. However, whether 
miRNA is more suitable for the diagnosis of thyroid cancer 
can be determined by the detection accuracy of the expression 
levels of specific indicators, the ease of operation, and conve-
nience in the later stages. Further, analysis revealed that there 
was a positive correlation between the expression levels of the 
two genes. A previous study (24) has shown that the expression 
levels of ARHI and Beclin1 in cervical cancer have also a posi-
tive correlation, suggesting that ARHI and Beclin1 can interact 
with each other through a common mechanism in a variety of 
malignant tumor diseases, such as thyroid cancer.

The present study focused on the expression levels of ARHI 
and Beclin1 in thyroid cancer and adjacent tissues, which 
were involved in the pathological process of thyroid cancer, 
as well as the prognosis of thyroid cancer. Understanding of 
the process of thyroid cancer can be improved by analyzing the 
low expression level data. However, it has not been completely 

elucidated how ARHI and Beclin1 regulate the microenvi-
ronment of thyroid cancer. Further research and treatment of 
thyroid cancer in microenvironment are required. The value 
of ARHI and Beclin1 in the study of the expression level of 
thyroid cancer is very high, mainly because the tumor cells can 
be killed through the function of the immune system; the micro-
environment in the body of cancer patients is rich in immune 
cells, and immunotherapy is the ultimate treatment (25). The 
effects of ARHI and Beclin1 genes on the formation of thyroid 
tumor cells and the related mechanisms were also analyzed at 
the histological level of human thyroid cancer, which provided 
theoretical basis for the targeted treatment of thyroid cancer. 
Nevertheless, there are still some deficiencies in the present 
study. For example, there was a positive correlation between 
the expression levels of Beclin1 and ARHI in thyroid cancer; 
however, a specific explanation could not be provided and the 
specific interaction between these genes in thyroid cancer 
remains unclear. In addition, the specific impact of the two genes 
on thyroid cancer needs further investigation and detailed data 
analysis was not carried out, which constitute important aims 
of follow‑up experiments. Also, the relatively small study group 
and the short follow‑up period may have caused deviations in 
the research results to some extent. The influence of Beclin1 
and ARHI on thyroid cancer and the relationship between them 
remain to be examined.
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