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Background: The number of patients with thyroid cancer is increasing. Autophagy is closely related 
to thyroid cancer. This study conducted a bioinformatics analysis to examine the relationship between 
autophagy-related genes and the prognosis of thyroid cancer.
Methods: Based on The Cancer Genome Atlas (TCGA) database, the standardized ribonucleic acid 
(RNA) sequencing data and corresponding clinical records of 497 patients were obtained. The gene set 
of autophagy-related genes was obtained from reactom [https://reactome.org/; gene set identification: 
(R-HSA-1632852)]. Based on the completeness of the sequencing and prognostic data, 135 effective 
genes were screened to form a gene set. A cluster analysis of the genetic expression of the whole genome 
was conducted. Different groups and subgroups were defined according to the clustering situation. The 
relationship between the expression levels of different autophagy-related genes and the clinical characteristics 
of thyroid cancer were analyzed. 
Results: Patients were divided into 2 clusters and 4 subclusters. A comparison of the clinical parameters of 
the 2 clusters showed that there were differences in node (N)-stage, and a comparison of the 4 subclusters 
showed that there were differences in age and 4 other characteristics. In relation to the survival comparison, 
there was a difference in the disease-free survival (DFS) between the 2 clusters, and there was a difference 
in overall survival (OS) and DFS between subclusters. The 2 clusters had 114 differentially expressed genes 
(DEGs), and the 4 subclusters had 131 DEGs. In relation to the 5 different factors in each group, there 
were differences in the distribution of N0N1NX in clusters and subclusters, there were differences in the 
distribution of M0M1MX in subclusters, and there were differences in the distribution of age and the 
American Joint Committee on Cancer stage in subclusters. In relation to the stage/N stage/Metastasis (M) 
stage-related DEGs, 5 common genes were identified: EPAS1, ATG4A, BECN1, ATG4C, and PLIN3. In 
relation to the stage/N stage/M stage-related DEGs and age-related DEGs 1 common gene was identified: 
EPAS1.
Conclusions: Autophagy-related genes are related to the staging of thyroid cancer, but have no clear 
relationship with long-term prognosis.
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Introduction

Thyroid cancer is a malignant tumor originating from 
thyroid follicular epithelium or para-follicular epithelial 
cells (1). It is also the most common malignant tumor of 
the head and neck. Thyroid cancer can be pathologically 
divided into papillary thyroid carcinoma, follicular thyroid 
carcinoma, medullary thyroid carcinoma, and anaplastic 
thyroid carcinoma (1). Among these thyroid cancers, 
papillary carcinoma is the most common, and accounts for 
about 80% of all thyroid cancers (2). Papillary carcinoma 
often occurs in young women, is highly differentiated, 
and has a  good prognosis  (2) .  Thyroid fol l icular 
carcinoma accounts for about 10% of thyroid cancers. It 
is more common in middle-aged women, is moderately 
differentiated, and has a relatively poor prognosis (3). The 
degree of malignancy of undifferentiated thyroid cancer 
is extremely high, the survival time is only 7–10 months, 
and the prognosis is poor (3). The prognosis of medullary 
thyroid cancer lies between differentiated thyroid cancer 
and undifferentiated thyroid cancer (3). Deaths from 
thyroid cancer mainly occur in patients aged 70 years or 
older, and are increasing year by year (4,5). Thyroid cancer 
ranks as the 17th most common malignant tumor in men 
and the 5th most common malignant tumor in women (6). 
Gene mutation is an important feature of malignant tumors, 
which can affect the occurrence and prognosis of tumors (7).  
At present, the v-raf murine sarcoma viral oncogene 
homolog B1 (BRAF) gene and Rat sarcoma (RAS) genes 
are the most researched genes in thyroid cancer. Notably, 
research has shown that when the codon 600 of BRAF gene 
is mutated, it is one of the most aggressive phenotypes in 
papillary thyroid cancer (8).

In recent years, the relationship between autophagy-
related genes and tumors has received attention. Autophagy 
refers to the responses of cells to changes in internal 
and external environmental pressures. It is a mechanism 
that exists in organisms to purify their own redundant or 
damaged organelles during their development and aging 
(9,10). Autophagy generally refers to macroautophagy and 
can be divided into the following 3 types: macroautophagy, 
small autophagy, and molecular chaperone-mediated 
autophagy (11,12). When apoptosis is inhibited, autophagy 
plays a role in promoting cell death (13,14). Autophagy has 
the dual effects of promoting and inhibiting the occurrence 
and development of tumors, and its specific mechanism is 
not completely clear. More studies need to be conducted to 
confirm whether autophagy can be used as a new target for 

tumor therapy (15,16). At present, some studies have shown 
that autophagy is closely related to thyroid cancer (17,18). 
However, differences in the expression of autophagy-
related genes in thyroid cancer and their relationship with 
prognosis remains unclear. This study focused on the profile 
or landscape of autophagy-related genes in thyroid cancer 
tissues, and analyzed the relationship between autophagy-
related genes and the prognosis of patients with thyroid 
cancer. We present the following article in accordance with 
the REMARK reporting checklist (available at https://
dx.doi.org/10.21037/gs-21-480).

Methods

Research object and data source

The standardized ribonucleic acid (RNA) sequencing data 
and corresponding clinical records of 497 patients were 
obtained from The Cancer Genome Atlas (TCGA) database 
loaded on cbioportal.org (19). In the original database, 
detailed clinical characteristics are recorded, including data 
on age, gender, tumor grade, pathological information, and 
laboratory test results. The diagnosis of thyroid cancer is 
based on the results of pathological examinations. The gene 
expression level is shown as the z-score of the messenger 
RNA (mRNA), and is compared between each subject. 
These data sets are publicly available, and have been 
exempted from ethical approval by the Ethics Committee of 
our hospital. Patients signed informed consent forms. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Bioinformatics analysis

Similar to other studies, in this study, a collection of 
autophagy-related genes was acquired from rectom.
org (identification: R-HSA-1632852). Based on the 
completeness of the sequencing and prognostic data, 135 
effective genes were screened to form a gene set (20). To 
distinguish between samples based on gene expression 
profiles, a cluster analysis was performed to examine the 
genetic expression of the entire genome. We identified 
cases with similar gene expression patterns from the entire 
study population. The transcription levels of related genes 
are shown as mRNA z-scores, and were clustered by the 
Stanford program using a hierarchical clustering algorithm, 
as described previously (21). We used the Java Treeview 
program (jtreeview.sourceforge.net) (22) and GraphPad 
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Prism (version 8.0, GraphPad Software, Inc., San Diego, 
California, USA) to generate cluster heat maps and patterns 
for specific tumor stages.

Prognostic correlation analysis

We compared the survival expression levels of autophagy-
related genes in different groups to study their prognostic 
effects. The 4 main outcomes were as follows: overall 
survival (OS), progression-free survival (PFS), disease-free 
survival (DFS), and disease-specificity survival (DSS). These 
results were analyzed using GraphPad Prism (version 8.0, 
GraphPad Software, Inc., San Diego, California, USA). We 
compared the survival rates of different clusters to examine 
the relationship between related gene expression levels 
and prognosis. In addition, GraphPad Prism (version 8.0, 
GraphPad Software, Inc., San Diego, California, USA) was 
used to analyze the OS differences between cohorts with 
low or high expression levels of specific genes.

Statistical analysis

SPSS 24.0 (IBM, NY, USA) was used for the statistical 
analysis. Continuous variables are expressed as mean ± 
standard deviation (mean ± SD). Categorical variables are 
represented by numbers and were compared using χ2 test or 
Fisher’s exact test. An analysis of variance was used to detect 
differences in gene expression levels between clusters. 
The correlations between the variables were determined 
by regression analyses. The survival curves of different 
groups were drawn and compared using the log-rank test 
in GraphPad Prism (version 8.0, GraphPad Software, Inc., 
CA, USA). A P value <0.05 was considered statistically 
significant.

Results

Autophagy-related gene expression profile is related to the 
prognosis of thyroid cancer

Based on the hierarchical clustering, the 497 patients were 
divided into 2 clusters and 4 subclusters (see Figure 1A and 
Table 1). A comparison of the clinical parameters of the 2 
clusters showed that there were differences in node (N)-
stage, and a comparison of the 4 subclusters showed that 
there were differences in age and 4 other characteristics. In 
relation to the survival comparison, there was a difference 
in DFS between the 2 clusters, and there was a difference in 

OS and DFS between the subclusters (see Figure 1B,1C, and 
Table 2).

Genes with different expressions

A comparison of the differentially expressed genes (DEGs) 
showed that the 2 clusters had 114 DEGs, and the 4 
subclusters had 131 DEGs (see Table S1). Figure 2A and 
Figure 2B respectively list the most significant genes.

The relationship between autophagy-related gene 
expression and various factors

In relation to the 5 different factors in each group, 
there was no statistical difference between N0N1NX 
in Clusters 1 and 2 (P=0.19), and the distribution of the 
subclusters was statistically different (P<0.001; see Figure 3,  
Table S2). Additionally, the distribution of M0M1MX 
in the subclusters was statistically different (see Figure 4,  
Table S3). The distribution of age in the subclusters was not 
statistically different (P=0.901; see Figure 5A); however, the 
distribution of the American Joint Committee on Cancer 
(AJCC) stage in the subclusters was statistically different 
(P=0.005; see Figure 5B). The genes related to age and 
AJCC stage are shown in Figure 5C,5D.

The relationship between clinical staging and differential 
genes

The clinical indicators stage/N stage/ metastasis (M) stage 
and age-related DEGs are listed in Table 3. In relation to 
the stage/N stage/M stage-related DEGs, 5 common genes 
were identified: EPAS1, ATG4A, BECN1, ATG4C, and 
PLIN3 (Figure 6A). Additionally, in relation to the stage/
N stage/M stage-related DEGs and age-related DEGs 1 
common gene was identified: EPAS1 (see Figure 6B). The 
correlations between the 5 common genes and OS are listed 
in Figure 6C. The results of the statistical tests and hazard 
ratios (HRs) are listed in Table 4.

Discussion

This study showed that certain clinical features are closely 
related to the prognosis of thyroid cancer, and gene 
expression patterns are related to autophagy. Statistical 
differences were found in relation to the N stage between 
the different clusters, and differences were also found in 
relation to age, the AJCC stage, M stage, N stage, and 

https://cdn.amegroups.cn/static/public/GS-21-480-supplementary.pdf
https://cdn.amegroups.cn/static/public/GS-21-480-supplementary.pdf
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Figure 1 The expression profiles of autophagy-related genes were significantly associated with the clinical characteristics of TC patients. (A) 
Clusters and subclusters identified from the whole 497 patients; (B,C) comparisons of the clinical parameters of the 2 clusters; there was a 
difference in N stage. Comparisons of the 4 subclusters showed that there were differences in 5 indicators. In terms of survival, there was a 
difference in DFS between the clusters (P<0.05), and there was a difference in OS and DFS between the subclusters (P<0.05). DFS, disease-
free survival; OS, overall survival; TC, thyroid cancer.
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Table 1 The clinical features of the identified subgroups

Characteristics Subgroup
Cluster Subcluster

1 (n=330) 2 (n=167) P value 1 (n=113) 2 (n=217) 3 (n=41) 4 (n=126) P value

Age, years Means 48.00 45.92 0.166 50.89 46.49 38.68 48.27 0.000

16.05 15.28 16.46 15.67 13.45 15.15

Sex Female 238 125 0.517 79 159 30 95 0.819

Male 92 42 34 58 11 31

History 
neoadjuvant

No 326 167 0.153 112 214 41 126 0.518

Yes 4 0 1 3 0 0

AJCC stages I 186 97 0.911 61 124 28 69 0.005

II 36 15 24 13 2 13

III 73 36 22 51 8 28

IV 35 19 6 29 3 16

M stage M0 173 103 0.088 47 126 27 76 0.020

M1 5 4 2 3 0 4

MX 152 60 64 88 14 46

N stage N0 148 78 0.019 70 78 18 60 0.000

N1 140 81 21 119 23 58

NX 42 8 22 20 0 8

T stage T1 93 49 0.798 39 54 14 35 0.053

T2 106 59 44 62 14 46

T3 115 51 29 87 12 39

T4 16 8 1 14 1 6

Race NA 61 29 0.385 39 22 4 25 0.000

American Indian or Alaska Native 1 0 0 1 0 0

Asian 31 20 7 24 9 11

Black or African American 22 5 8 14 1 4

White 215 113 59 156 27 86

Table 2 The different side survivals of the identified subgroups

Survival
Cluster

P value
Hazard ratio  

(log rank)
95% CI of ratio

Subcluster
P value

1 2 1 2 3 4

OS Undefined Undefined 0.093 3.310 1.159–9.454 Undefined Undefined Undefined Undefined 0.041

PFS Undefined Undefined 0.119 1.665 0.9321–2.973 Undefined Undefined Undefined Undefined 0.331

DSS Undefined Undefined 0.158 2.877 0.5909–14.01 Undefined Undefined Undefined Undefined 0.183

DFS Undefined Undefined 0.002 12.100 5.276–27.77 Undefined Undefined Undefined Undefined 0.004

OS, overall survival; PFS, progression-free survival; DSS, disease-specificity survival; DFS, disease-free survival.
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Figure 2 A comparison of the DEGs showed there were 114 DEGs between Clusters 1 and 2 (C1, C2) (P<0.05). There were 131 DEGs 
among the 4 subclusters (SC1, SC2, SC3, and SC4) (P<0.05; see Table S1 for details). (A,B) Detail the most significant genes for the clusters 
and subclusters. The ordinate is the number of positive cases. DEG, differentially expressed gene.
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race among the subclusters. In terms of prognosis, there 
were differences in DFS between the 2 clusters. The 
long-term DFS rate of Cluster 2 was higher than that of 
Cluster 1. The OS and DFS rates were different among 
the 4 subclusters. There were many DEGs in the different 
sets. After analyzing some factors, the following 5 shared 
DEGs were identified in the differential genes grouped 
by tumor stage: EPAS1, ATG4A, BECN1, ATG4C, and 
PLIN3. These results indicate that these genes are closely 
related to the staging of thyroid cancer. After examining the 
differential genes across different ages, only 1 DEG (i.e., 
EPAS1) was identified. However, there does not seem to be 
a clear relationship between the genes whose expressions 
were different due to different factors and the prognosis of 

patients with thyroid cancer.
There has been an increasing trend in the incidence of 

thyroid cancer in recent years (3). Studies have shown that 
this increase is related to the timely diagnosis and close 
monitoring brought about by advancements in medical 
technology, such that cases that were not detected in time 
previously are now being discovered (3). Thyroid cancer has 
a variety of clinical features from indolent tumors with low 
mortality in most cases to very aggressive malignancies (such 
as anaplastic thyroid cancer). Thus, the main challenge 
doctors face is to identify high-risk patients and perform 
appropriate diagnostic tests to choose the most effective 
treatment plan (23). The prognosis of thyroid cancer also 
has a large heterogeneity, even regionally; however, most 

https://cdn.amegroups.cn/static/public/GS-21-480-supplementary.pdf
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Figure 3 DEGs. (A) Comparison of the distribution of N0, N1, and NX in Clusters 1 and 2 (P=0.19). (B) Comparison of the distribution 
of N0, N1, and NX in the subclusters (P<0.001). (C) Genes with differential expression (see Table S2 for the P values). DEG, differentially 
expressed gene.
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Figure 4 DEGs between M0 and M1. (A) M0, M1, and MX distribution had differences in the subclusters, P=0.020; (B) genes with different 
expressions (see Table S3 for the P values). DEG, differentially expressed gene.
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Figure 5 Analysis of age and AJCC stage. Among the 5 different factors in each group, the distribution of age in the subclusters was not 
statistically different (A, P=0.901). The distribution of AJCC stage in the subclusters was statistically different (B, P=0.005). (C,D) The genes 
related to age and stage respectively, and the correlation coefficients between genes. The correlation coefficient is r (–1, 1). The highest 
positive correlation is red 1, and the highest negative correlation is blue –1. Other numbers are between –1 and 1. The correlation was 
statistically significant; P<0.05.
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patients have a good prognosis (24,25). Many studies have 
examined the prognosis of the thyroid gland; for example, 
studies have been conducted on the BRAF gene mutation, 
RAS gene mutation, rearranged during transfection gene 
rearrangement, telomerase reverse transcriptase promoter 
mutation, and phosphatase and TENsin gene mutation. 
However, relatively few studies have been conducted on the 
relationship between these factors and tumor staging and 
their effects on long-term prognosis (26-28).

Hypoxia has been reported to be involved in multiple 
pathways regulating tumor cells (29). EPAS1 is a protein 

family member with a basic Helixdoop-helix/PAS structure, 
and it is a key hypoxia-related transcription factor related 
to tumor progression (30-32). Some research has shown 
that the expression of EPAS1 in normal tissues of the body 
is low or has no expression; however, it is abnormally high 
in malignant tumor tissues, and it is involved in a series of 
biological behaviors of cancer cells (33). Studies have also 
shown that EPAS1 plays a vital role in the pathogenesis of 
esophageal squamous cell carcinoma and may be used as a 
prognostic marker and therapeutic target (34). The present 
study showed that EPAS1 differed significantly in the AJCC 
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Table 3 The DEGs for each N stage, M stage, age, and AJCC stage

Genes P value

N-stage differential gene

MAP1LC3A 2.11E−12

TUBB3 9.59E−12

ARL13B 3.79E−11

KIAA0652 5.17E−10

DYNC1I2 2.98E−09

C11orf59 7.56E−09

PARK2 8.17E−09

TSC2 2.31E−07

SRC 2.47E−07

TUBA8 2.59E−07

PINK1 3.51E−07

ATG10 4.56E−07

ATG16L1 6.77E−07

TUBB6 5.09E−06

TUBA1A 6.78E−06

TUBB1 7.78E−06

ATG4A 8.36E−06

ATG4D 1.26E−05

DYNLL2 1.77E−05

USP30 1.95E−05

TUBA4A 4.27E−05

PLIN2 4.29E−05

PARK7 4.34E−05

PEX5 0.000

IFT88 0.000

DYNC1I1 0.000

C7orf59 0.000

ATG4B 0.000

MLST8 0.000

UBB 0.000

BECN1 0.000

TUBA4B 0.000

TOMM40 0.001

CFTR 0.001

Table 3 (continued)

Table 3 (continued)

Genes P value

MFN1 0.001

RPTOR 0.001

PRKAG1 0.001

TUBA3D 0.001

ATG12 0.001

WIPI2 0.001

UBE2V1 0.001

TUBA3E 0.001

TOMM5 0.002

ATG4C 0.002

MAP1LC3C 0.002

MFN2 0.003

CHMP4C 0.003

PRKAA2 0.003

MAP1LC3B 0.003

TUBB8 0.003

TOMM7 0.003

ATM 0.003

PLIN3 0.003

TUBB2A 0.008

PRKAG2 0.008

HSP90AA1 0.010

TUBAL3 0.011

RHEB 0.015

DYNC1LI1 0.017

RRAGC 0.020

PIK3C3 0.020

TOMM22 0.023

TUBA1C 0.023

EPAS1 0.025

FUNDC1 0.034

ATG9B 0.036

TOMM70A 0.043

KIAA0831 0.045

Table 3 (continued)
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Table 3 (continued)

Genes P value

M-stage differential gene

HSPA8 4.1E−05

PLIN2 9.23E−05

EPAS1 0.001

DYNLL2 0.001

TUBA4B 0.001

BECN1 0.002

ATG3 0.003

PRKAG2 0.003

TSC1 0.004

PRKAG1 0.004

TUBB8 0.004

HDAC6 0.005

ATG4C 0.006

RRAGA 0.006

ATG5 0.007

PLIN3 0.007

VPS24 0.008

ATG4A 0.010

PIK3C3 0.011

HSF1 0.011

ULK1 0.012

CSNK2A2 0.013

HSP90AA1 0.021

PINK1 0.026

UVRAG 0.028

KIAA0831 0.035

CHMP2B 0.036

DYNC1I2 0.039

CHMP7 0.047

GABARAPL2 0.048

Age differential gene

PLIN2 1.26E−05

TOMM20 1.47E−05

Table 3 (continued)

Table 3 (continued)

Genes P value

RRAGD 2.05E−05

VIM 4.91E−05

MTMR14 0.000

PRKAB2 0.000

PARK2 0.000

PINK1 0.000

RPTOR 0.000

TUBA1A 0.001

TUBB2B 0.001

PRKAA2 0.001

DYNC1LI1 0.001

PEX5 0.002

ARL13B 0.003

DYNC1I2 0.003

TOMM40 0.004

TOMM7 0.004

CHMP4B 0.004

TUBA8 0.005

VDAC1 0.005

ATM 0.005

PGAM5 0.006

TSC2 0.006

TUBB2C 0.006

C11orf59 0.006

PRKAG2 0.008

UBB 0.009

SLC38A9 0.010

WIPI2 0.010

RRAGA 0.011

ROBLD3 0.013

MAP1LC3B 0.014

MLST8 0.016

TOMM70A 0.018

ATG5 0.021

Table 3 (continued)
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Table 3 (continued)

Genes P value

GABARAPL3 0.024

TOMM6 0.026

AMBRA1 0.027

CSNK2B 0.028

CHMP7 0.029

PIK3C3 0.029

EPAS1 0.031

C12orf44 0.031

TUBB6 0.033

CHMP4C 0.033

HSP90AA1 0.035

GABARAP 0.037

AJCC stage differential gene

EPAS1 4.45E−05

SRC 0.000

ATG4C 0.000

CSNK2B 0.000

TUBB1 0.000

TUBA4A 0.000

UBB 0.001

CHMP4B 0.001

UVRAG 0.001

SQSTM1 0.001

TOMM20 0.001

MTMR14 0.002

HSF1 0.002

ATG4A 0.002

UBE2N 0.003

SLC38A9 0.003

PIK3R4 0.003

ATG9A 0.004

TUBB3 0.005

RRAGA 0.006

ATG5 0.006

Table 3 (continued)

Table 3 (continued)

Genes P value

MAP1LC3A 0.007

TUBAL3 0.008

BECN1 0.008

IFT88 0.009

KIAA0652 0.009

VDAC1 0.010

DYNC1LI2 0.011

ROBLD3 0.011

UBA52 0.011

CSNK2A2 0.016

ATM 0.018

PLIN3 0.019

TUBB2B 0.020

GABARAP 0.021

CHMP4A 0.023

USP30 0.028

RRAGD 0.030

TSC1 0.030

HDAC6 0.031

ATG7 0.042

RB1CC1 0.042

PCNT 0.044

FUNDC1 0.050

DEG, differentially expressed gene.

stages/N stage/M stages, and in different ages, and is the 
only 1 gene with differential expression. Thus, EPAS1 may 
play an important role in the occurrence and development 
of thyroid cancer.

Putra et al. found that the genetic polymorphism of the 
EPAS1 gene may lead to changes in its gene expression level, 
thereby driving the development of cancer and becoming 
a prognostic indicator of non-small cell lung cancer (35). 
Mohammed et al. showed that plasma EPAS1 mRNA levels 
may be an indicator of poor prognosis for patients with 
advanced colorectal cancer. They also found that high levels 
of EPAS1 in plasma are associated with being aged over 
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Figure 6 Analysis of DEGs. (A) Stage/N stage/N stage DEGs; there were 5 common genes. (B) Stage/N stage/M stage and age DEGs have 
a common gene. (C) The correlation between 5 DEGs and OS (see Table 4 for P values). DEG, differentially expressed gene; OS, overall 
survival.
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50 years, disease recurrence, and patient mortality. When 
patients were divided into early (I and II) and late (III and 
IV) groups, correlations were observed between high levels 

of EPAS1 mRNA and poor DFS and late OS (36). In this 
study, we found that EPAS1 expression levels differed in TC 
patients of different stages and ages, but in the analysis of 
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Table 4 Correlations among OS and individual gene expression

Genes
Overall survival

P value Hazard ratio (log rank) 95% CI of ratio
Low expression High expression

EPAS1 Undefined Undefined 0.178 0.509 0.1902–1.360

ATG4A Undefined Undefined 0.289 0.590 0.2195–1.588

BECN1 Undefined Undefined 0.421 1.491 0.5486–4.050

ATG4C Undefined Undefined 0.498 0.712 0.2665–1.901

PLIN3 Undefined Undefined 0.580 1.324 0.4903–3.574

OS, overall survival.

the relationship with long-term prognosis, no differences 
in the survival of patients with different expression levels of 
EPAS1 were found; however, this may be due to the sample 
size of the study.

This study had a number of limitations. First, a 
retrospective bioinformatics analysis was conducted. The 
TCGA database provides detailed clinical data, but the 
sample size was relatively small for the analysis of survival 
rates. There are often many prognostic-related factors. 
However the results of this study only showed some 
genes expressed differences in different groups, and no 
statistically significant relationships between the genes and 
long-term prognosis was found. In the future, prospective 
observational studies should be carried out to study specific 
genes to observe the effects of these genes on treatment 
responses and their relationships with the long-term 
prognosis of patients with thyroid cancer.
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Table S1 DEGs between clusters and subclusters

DEGs between clusters DEGs between subclusters

Genes P value Genes P value

CHMP2A 4.2E-60 CHMP2A 1.54E-75

MTOR 1.49E-57 PARK7 2.06E-74

DYNLL1 3.45E-55 TUBB3 2.87E-71

RB1CC1 8.11E-53 C7orf59 6.36E-70

ROBLD3 8.05E-51 TUBB6 9.85E-69

C7orf59 8.17E-49 CSNK2B 1.09E-67

CSNK2A1 2.28E-48 TOMM6 2.57E-65

TOMM6 4.74E-48 MTOR 5.82E-65

CHMP6 1.13E-45 TOMM40 1.18E-63

RRAGC 1.16E-45 ROBLD3 2.58E-61

NBR1 4.4E-44 RB1CC1 4.68E-60

TOMM40 5.46E-43 MAP1LC3A 8.15E-58

PARK7 1.39E-42 RRAGC 4.46E-57

CSNK2B 3.96E-42 DYNC1I2 2.18E-56

PIK3C3 4.29E-42 DYNLL1 2.3E-56

TUBB2C 2.4E-41 GABARAP 3.53E-55

MFN1 2.32E-40 PIK3C3 6.23E-54

MFN2 7.34E-38 CSNK2A1 1.97E-53

ATG4B 2.48E-37 CHMP6 1.54E-51

DYNLL2 7.72E-36 UBB 1.75E-50

GABARAP 4.22E-35 DYNLL2 2.06E-50

HBXIP 9.39E-31 NBR1 1.03E-48

UBB 1.25E-30 ARL13B 1.67E-48

TOMM5 1.49E-30 MFN1 4.48E-48

PIK3R4 2.49E-30 PIK3R4 8.14E-48

PGAM5 5.66E-30 C11orf59 5.72E-47

CHMP4B 1.21E-29 TOMM5 2.94E-46

PRKAA2 5.81E-29 TUBA1A 9.58E-46

CHMP4A 7.04E-29 TUBB2C 1.01E-45

UBA52 2.39E-28 ATG4B 1.81E-45

WDR45 1.98E-27 CHMP4B 6.24E-45

DYNC1LI2 3.43E-27 ATG4D 6.28E-45

CHMP2B 6.08E-27 PRKAA2 1.74E-44

VPS24 6.97E-27 MFN2 1.97E-44

TOMM7 7.44E-26 UBA52 7.9E-43

PRKAB2 7.81E-25 ATG10 3.85E-41

VIM 3.17E-22 ATG4C 1.3E-39

MTMR3 4.86E-22 IFT88 2.14E-39

ATM 1.88E-21 PRKAA1 3.97E-39

PRKAA1 3.34E-20 HBXIP 4.79E-39

TUBA1B 3.9E-20 TOMM7 9.88E-39

ATG7 7.26E-20 CFTR 1.37E-38

ATG4D 3.02E-19 CHMP4A 9.95E-38

FUNDC1 3.34E-19 TUBB1 2.72E-36

DYNC1H1 8.38E-19 TUBA1B 4.69E-36

RRAGD 9.92E-19 PRKAB2 1.55E-34

TUBB4 1.93E-18 WDR45 4.98E-34

RRAGB 2.93E-18 DYNC1LI2 6.35E-34

RPS27A 1.28E-17 ATM 9.41E-33

HSF1 2.06E-17 VPS24 1.05E-32

TOMM70A 2.51E-17 HSF1 3.72E-32

MLST8 4.03E-17 ATG7 6.7E-32

TOMM20 7.52E-17 PGAM5 4.07E-31

ARL13B 2E-16 TOMM70A 5.02E-31

TUBA1C 1.12E-15 PLIN2 1.89E-30

HSPA8 3.47E-15 ATG16L1 2.08E-30

ATG16L1 5.28E-15 DYNC1H1 4.63E-30

DYNC1I2 7.63E-15 MTMR3 4.78E-30

UBE2V1 2.1E-14 FUNDC1 2.61E-29

TSC1 1.35E-13 SRC 8.32E-29

TOMM22 5.55E-13 MLST8 1.04E-28

UVRAG 5.73E-13 UBE2V1 8.57E-28

WIPI2 6.38E-13 PARK2 3.25E-27

MAP1LC3A 8.58E-13 ATG4A 7E-27

WDR45L 1.3E-11 TUBA8 1.07E-26

KIAA0831 1.69E-11 CHMP2B 3.5E-26

PCNT 4.4E-11 WIPI2 7.33E-25

TUBA1A 5.21E-11 USP30 3.48E-24

ATG5 1.32E-10 RRAGD 4.05E-24

ATG10 2.23E-10 HSP90AA1 2.46E-23

C11orf59 2.48E-10 TUBA4A 4.43E-23

AMBRA1 3.26E-10 HSPA8 3.93E-22

MTERFD1 5.02E-10 TUBA1C 5.78E-22

MTMR14 5.52E-10 VIM 1.03E-21

RRAGA 9.67E-10 ATG9A 1.42E-21

CHMP4C 1.2E-09 CSNK2A2 1.73E-21

C12orf44 2.69E-09 RPS27A 4.63E-21

ATG9B 7.13E-09 MTMR14 2.02E-20

BECN1 7.33E-09 TUBB4 6.4E-20

ATG4C 2.14E-08 PLIN3 1.81E-18

TUBB8 3.27E-08 PCNT 2.5E-18

PEX5 7.55E-08 DYNC1I1 3.12E-18

SRC 1.77E-07 AMBRA1 4.15E-18

ATG12 6.85E-07 C12orf44 1.72E-17

UBC 1.43E-06 RRAGB 3.15E-17

RPTOR 1.45E-06 DYNC1LI1 1.05E-16

GABARAPL2 2.1E-06 TOMM20 1.91E-16

TUBA4A 2.23E-06 PINK1 4.23E-16

TUBB6 2.89E-06 ATG9B 4.7E-16

USP30 6.76E-06 KIAA0652 1.14E-15

GABARAPL1 7.65E-06 EPAS1 2.02E-15

GABARAPL3 2.98E-05 TUBB8 3.37E-15

TUBB1 3.27E-05 UVRAG 4.05E-15

PARK2 4.59E-05 SQSTM1 9.7E-15

RHEB 0.000117 TSC1 1.08E-14

CSNK2A2 0.00013 CHMP4C 1.08E-14

TUBB2A 0.000143 MAP1LC3C 1.16E-14

TUBB3 0.000205 BECN1 2.71E-14

UBE2N 0.000261 ATG5 4.28E-14

EPAS1 0.000266 TOMM22 4.93E-14

TUBAL3 0.000319 WDR45L 1.92E-13

MAPKSP1 0.000481 MAPKSP1 1.04E-12

HSP90AA1 0.001026 TUBA4B 4.08E-12

ATG4A 0.001784 GABARAPL2 7.27E-12

TUBA8 0.002012 GABARAPL1 1.04E-10

TUBA4B 0.003408 KIAA0831 3.42E-10

TUBA3D 0.003477 TUBB2A 2.47E-09

KIAA0652 0.005903 MTERFD1 3.25E-09

ATG9A 0.009477 TUBA3D 3.36E-09

TSC2 0.009648 UBC 6.5E-09

CFTR 0.024516 RRAGA 6.77E-09

MAP1LC3C 0.029174 TSC2 1.24E-08

WIPI1 0.032855 PRKAG1 2.47E-08

RPTOR 7.69E-08

PRKAG2 1.02E-07

RHEB 2.24E-07

PEX5 2.56E-07

ATG12 9.86E-07

UBE2N 4.09E-06

WIPI1 5.63E-06

TUBAL3 8.87E-06

GABARAPL3 4.08E-05

TUBA3E 8.94E-05

PRKAB1 0.003741

MAP1LC3B 0.003755

ATG3 0.005343

SLC38A9 0.006823

TUBA3C 0.016852

VDAC1 0.042202
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Table S2 Genes with differential expressions between N0 and N1

Genes P value

MAP1LC3A 2.106E-12

TUBB3 9.59451E-12

ARL13B 3.78602E-11

KIAA0652 5.17059E-10

DYNC1I2 2.98346E-09

C11orf59 7.56275E-09

PARK2 8.17488E-09

TSC2 2.31264E-07

SRC 2.47471E-07

TUBA8 2.59111E-07

PINK1 3.51283E-07

ATG10 4.55583E-07

ATG16L1 6.7651E-07

TUBB6 5.09148E-06

TUBA1A 6.7849E-06

TUBB1 7.78083E-06

ATG4A 8.35592E-06

ATG4D 1.25784E-05

DYNLL2 1.77396E-05

USP30 1.94674E-05

TUBA4A 4.26814E-05

PLIN2 4.29405E-05

PARK7 4.34462E-05

PEX5 0.000109818

IFT88 0.000209769

DYNC1I1 0.000323854

C7orf59 0.00033427

ATG4B 0.000339757

MLST8 0.000359916

UBB 0.000390415

BECN1 0.000439646

TUBA4B 0.00044481

TOMM40 0.000672447

CFTR 0.00068528

MFN1 0.000736545

Table S2 (continued)

Table S2 (continued)

Genes P value

RPTOR 0.000783559

PRKAG1 0.000808729

TUBA3D 0.000905665

ATG12 0.001064616

WIPI2 0.001065315

UBE2V1 0.00108984

TUBA3E 0.00149367

TOMM5 0.00179753

ATG4C 0.002140125

MAP1LC3C 0.002381233

MFN2 0.002607017

CHMP4C 0.002646528

PRKAA2 0.002650855

MAP1LC3B 0.002684943

TUBB8 0.00278045

TOMM7 0.002866789

ATM 0.003142693

PLIN3 0.003447587

TUBB2A 0.007580646

PRKAG2 0.007958227

HSP90AA1 0.00971293

TUBAL3 0.010813508

RHEB 0.01456422

DYNC1LI1 0.017008319

RRAGC 0.019570893

PIK3C3 0.02004437

TOMM22 0.022610138

TUBA1C 0.022704863

EPAS1 0.025236071

FUNDC1 0.033796679

ATG9B 0.035972418

TOMM70A 0.043070773

KIAA0831 0.044524121
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Table S3 Genes with different expressions between M0 and M1

Genes P value

HSPA8 4.1E-05

PLIN2 9.23E-05

EPAS1 0.000669

DYNLL2 0.000957

TUBA4B 0.001331

BECN1 0.00159

ATG3 0.00267

PRKAG2 0.003368

TSC1 0.00371

PRKAG1 0.003847

TUBB8 0.004259

HDAC6 0.00511

ATG4C 0.005662

RRAGA 0.006435

ATG5 0.006703

PLIN3 0.007308

VPS24 0.0084

ATG4A 0.009818

PIK3C3 0.010976

HSF1 0.011222

ULK1 0.012008

CSNK2A2 0.013051

HSP90AA1 0.020869

PINK1 0.026081

UVRAG 0.028466

KIAA0831 0.035422

CHMP2B 0.036042

DYNC1I2 0.039168

CHMP7 0.046666

GABARAPL2 0.04767
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