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Introduction

Thyroid cancer (THCA) is one of the most commonly 
malignant endocrine tumors worldwide. THCA currently 
ranks as the 13th most common cancer diagnosis overall 
and the 6th most common among women (1). In 1990, 
an estimated 95,030 cases of THCA were diagnosed and 
22,070 deaths, were reported, and the number of incidents 

increased to 255,490 incident cases and 41,240 deaths in 
2017 (2). In 2020, THCA ranked 9th in incidence of all 
cancer types, with more than 586,000 cases diagnosed 
worldwide. The incidence of THCA in China is also on the 
rise and has become one of top ten cancers threatening the 
health of the public (3). 

THCA is divided into four categories, among which 
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thyroid papillary carcinoma (PTC) accounts for more than 
85% (4,5). Although an overwhelming majority of PTCs can 
be cured by surgical treatments and I131 treatments, 10% of 
the patients still die of poorly differentiated and advanced 
tumors (6). To a large extent, the increasing number of 
THCAs is attributed to the advancement of the progressively 
sensitive diagnostic imaging modalities (7,8). Therefore, the 
compelling need for early and accurate diagnosis and more 
effective treatment strategies are accompanied.

It is believed that the development and prognosis of 
THCA are related to the mutation and expression of some 
genes. For instance, lipid metabolism-related genes play an 
important role in the prognosis of THCA, and the risk of 
THCA has also been linked to impaired glucose metabolism 
(9,10). However, the pathogenesis of THCA is complicated 
and ambiguous, which requires further study.

In recent years, the metabolic process of tumor 
environment has become crucial in tumor research and 
treatment (11,12). Furthermore, the discovery of Warburg 
effect, which was introduced by German scientist Otto 
Warburg, is a vital breakthrough in cancer research (13,14). 
Cancer cells rewire their metabolism to promote growth, 
survival, proliferation, and long-term maintenance. The 
common feature of this altered metabolism is the increased 
glucose uptake and fermentation of glucose to lactate. This 
phenomenon is observed even in the presence of completely 
functioning mitochondria and, together, is known as the 
‘Warburg Effect’. Most of the hallmarks of cancer could be 
the consequence of the Warburg’s effect (15,16). Therefore, 

the relationship between gene signatures and THCA was 
explored in this study by identifying glycolysis-related genes 
(GRGs) according to Warburg effect.

The purpose of this study was to identify the GRGs in the 
progression and metastasis of THCA. Gene Set Enrichment 
Analysis (GSEA) was used to select differentiated expressed 
genes. Finally, a 3-GRG risk signature was established which 
could effectively predict patient prognosis. Moreover, the 
gene-based model in the study, as an independent prediction 
factor, could identify patients with a high-risk score who 
showed a poorer prognosis than those with a low-risk score. 
We present this article in accordance with the TRIPOD 
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-22-2548/rc).

Methods

Data acquisition

mRNA transcriptome data of THCA were obtained 
from TCGA. The RNA sequence data of TCHA were 
downloaded directly from TCGA data portal (https://portal.
gdc.cancer.gov/). The disease types are all adenomas and 
adenocarcinomas. Data of Glycolysis-associated gene sets 
were obtained from GSEA official website. Data showing 
missing information or being inconsistent were excluded 
from the analysis. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013).

GSEA analysis of glycolysis-related pathways

Data of Glycolysis-associated gene sets were obtained from 
the official website of the GSEA. The pathways were: GO_
GLYCOLYTIC_PROCESS (GGP), KEGG_GLYCOLYSIS_
GLUCONEOGENESIS, REACTOME_GLYCOLYSIS, 
B I O C A R TA _ G LY C O LY S I S _ PAT H WAY,  a n d 
HALLMARK_GLYCOLYSIS (HG). For GSEA analysis, the 
parameter for gene sets permutations was set 1,000 times, and 
a false discovery rate (FDR) <0.05 was considered significant.

Differential Expression Analysis and Glycolysis Related 
Genes Model

Based on the results of GSEA, glycolytic pathway with 
a close relationship with THCA (P<0.05) was screened. 
In these pathways, GRGs were summarized using the 
expression levels of genes. Then, using the limma software 
package in R ×64 v3.6.3 software, the expression level of 
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GRGs was extracted. Between glycolysis pathway and the 
extracted GRGs, the dramatic differences (P<0.05, logFC 
≥1 or ≤−1) in the expression profiles were analyzed. Cox 
risk regression analysis was used to further analyze the close 
correlation between GRGs and the survival rate, and the 
most significant genes were selected to construct the GRGs 
model. Receiver operating characteristic (ROC) curve was 
used to evaluate the accuracy and specificity of the model 
and the optimal cutoff point was obtained. Finally, as a basis 
for distinguishing the high-risk and the low-risk groups, the 
model’s critical value was used.

Mutation of model genes

A Human Protein Atlas (HPA) (www.proteinatlas.org) search 

was conducted for immunohistochemical images of the three 
genes in normal thyroid tissues and THCA tissues, and, by 
immunohistochemical staining, differences in gene expression 
between the two groups were confirmed. Mutation function 
in the cBioPortal website (www.cbioportal.org) was used to 
explore mutations in the 3 model genes.

Verification of GRGs model

The GRGs model  was verif ied by univariate and 
multivariate COX proportional hazard analysis and survival 
analysis of THCA samples obtained from TCGA. Leave-
one-out cross validation was performed to evaluate the 
accuracy of the model. 

Statistical analysis

Data were presented as mean ± standard deviation (SD) 
except when being stated otherwise, and compared using 
the student’s t-test. Kaplan-Meier method was used to 
perform subsequent survival analysis and plot the graph 
survival curve. Univariate and multivariate COX regression 
analyses were used to filter differential expressed genes 
(DEGs) that significantly correlated with the prognosis of 
THCA (P value filter <0.05). P values less than 0.05 were 
considered statistically significant. Risk score was calculated 
with help of the ‘predict ()’ function in the survival package 
in the R software version 3.6.3 (www.r-project.org).

Results

GSEA analysis of glycolysis-related pathways

The obtained expression data of 12,398 genes from  
567 samples including 58 normal tissues and 509 tumor 
tissues were used for follow-up research. At the same time, 
507 patients were classified. Among these patients, 71 
were over 65 years old and 436 were under 65 years old;  
371 women and 136 men. The clinical demographics of 
patients from this cohort are presented in Table 1. GSEA 
analysis revealed that the genes were significantly enriched 
(P<0.05) in the GGP (Figure 1A) and the HG (Figure 1B) 
(Table 2).

Differential expression analysis and glycolysis related genes 
model

The extract of genes enriched in iconic glycolysis pathways 

Table 1 TCGA clinical information

Variable Count

Age (years)

≤65 436

>65 71

Gender

Female 371

Male 136

Stage 

I–II 337

III–IV 168

Missing 2

Stage T

T1–T2 311

T3–T4 194

Missing 2

Stage N

N0 231

N1–3 226

Missing 50

Stage M

M0 283

M1 9

MX 215

TCGA, The Cancer Genome Atlas.

http://www.proteinatlas.org
http://www.cbioportal.org
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Figure 1 Results of GSEA analysis. (A) GO_GLYCOLYTIC_PROCESS. (B) HALLMARK_GLYCOLYSIS. (C) BIOCARTA_
GLYCOLYSIS_PATHWAY. (D) KEGG_GLYCOLYSIS_GLUCONEOGENESIS. (E) REACTOME_GLYCOLYSIS. GSEA, Gene Set 
Enrichment Analysis. 

Table 2 Details of GSEA results

Name Size ES NES NOM P value FDR q value

GO_GLYCOLYTIC_PROCESS 106 −0.46 −1.60 0.025 0.025

HALLMARK_GLYCOLYSIS 200 0.45 1.57 0.027 0.027

BIOCARTA_GLYCOLYSIS_PATHWAY 3 −0.60 −0.96 0.596 0.596

KEGG_GLYCOLYSIS_GLUCONEOGENESIS 62 −0.36 −1.16 0.286 0.286

REACTOME_GLYCOLYSIS 72 −0.40 −1.30 0.178 0.178

GSEA, Gene Set Enrichment Analysis; ES, enrichment score; NES, normalized enrichment score; NOM, nominal; FDR, false discovery rate. 

and glycolytic process was conducted for differential 
expression analysis. A total of 52 differentially expressed 
GRGs were identified (Table S1). Three genes (HSPA5, 
KIF20A, SDC2) closely related to clinical prognosis were 
identified by COX risk regression analysis, and they are 
described in detail in Table 3. Then, the prognostic model 

was constructed. This prognostic model including three 
genes. It was found that HSPA5 and SDC2 were good 
prognostic genes in this model, whereas KIF20A was a bad 
prognostic gene. The area under curve (AUC) value was 
0.68 (Figure 2A), based on the ROC curve of the model, 
indicating the moderate accuracy of the model. In the 

Enrichment plot: GO_GLYCOLYTIC_PROCESS

Enrichment plot: 
KEGG_GLYCOLYSIS_GLUCONEOGENESIS

Enrichment plot: HALLMARK_GLYCOLYSIS

Enrichment plot: REACTOME_GLYCOLYSIS

Enrichment plot: BIOCARTA_GLYCOLYSIS_PATHWAY
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Figure 2 Construction and verification of prognostic model identified by high and low risk groups. (A) Receiver operating characteristic 
curve. (B) Relative expression of model gene. (C) The model divides patients into low-risk or high-risk groups. (D) Kaplan-Meier curve 
between high and low risk groups. (E) Single factor Cox regression analysis forest map. (F) Multivariate Cox regression analysis forest map. 
ROC, receiver operating characteristic; AUC, area under the curve.

Table 3 Three genes related to clinical prognosis identified by COX risk regression analysis

Name Coef. Hazard ratio Physiological role

HSPA5 −0.00243 0.997568 The protein encoded by HSPA5 is a member of the HSP70 family; it is localized in the 
lumen of the ER, and is involved in the folding and assembly of proteins in the ER

KIF20A 0.641416 1.899168 KIF20A, a kinesin with unique structural features, has been proved to be potentially 
associated with prostate and liver cancer

SDC2 −0.00799 0.992038 SDC2 methylation is a feasible biomarker for colorectal cancer detection

Coef., coefficient; HSP70, heat shock protein 70; ER, endoplasmic reticulum. 
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ROC curve, 1.84 was the best cutoff point. The sensitivity 
is 0.67, and the specificity is 0.61 in this point. After 
evaluating the samples and using the ‘predict ()’ function 
to calculate the risk score based on the GRGs model, the 
samples were divided into the high-risk groups and the 
low-risk groups using the median (50th percentile cutoff 
point) risk score as the boundary. The expression of the 
three model genes in the high-risk and the low-risk groups 
is provided in Figure 2B.

Verification of GRGs model 

The obtained genomic data were used to verify the GRGs 
model. The overall survival (OS) of the low-risk group 
was significantly higher than that of the high-risk group 
(Figure 2C,2D); In the lower half of Figure 2C, the y-axis 
represents the survival time, the red represents the dead 
patients in this group, and the blue dot represents the 
living patients in this group. In the upper part of Figure 2C,  
the y-axis represents the risk score, the dotted line 
represents the grouping, the green dot represents the 
patients with low-risk, and the red represents the patients 
with high-risk. As can be seen from the upper and lower 
parts of composite Figure 2C, the number of deaths in the 
low-risk group was lower than that in the high-risk group. 
Prognosis was significantly affected by age, stage, and 
GRGs model according to the univariate risk regression 
analysis (Figure 2E). P value of age was 0.035, and the 
Hazard ratio (HR) of age was 1.02. P value of stage was 
less than 0.001, and the HR of age was 1.54. P value of the 
risk score was less than 0.001, and the HR of the risk score 
was 1.22. Only GRGs model was capable of being used 
as an independent prognostic factor in multivariate risk 

regression analyses (Figure 2F). P value of the risk score 
was less than 0.001, and the HR of the risk score was 1.20. 
Leave-one-out analysis of the risk score cross validation 
showed the area under ROC curve (AUC) was 0.68.

Expression and mutation of model genes

An analysis of the expression levels of the genes was 
conducted. KIF20A (Figure 3A) was highly expressed 
while HSPA5 (Figure 3B) and SDC2 (Figure 3C) were 
decreased in THCA. HSPA5 ,  KIF20A  and SDC2 ’s 
expression is 477.80, 0.40, 177.72 respectively in normal 
samples, while expression of which is 307.02, 0.72, 
86.77 respectively, in tumor samples. An analysis of the 
immunohistochemical images acquired from the HPA 
website of the three genes in normal thyroid gland 
tissues and THCA was conducted and this analysis 
confirmed these findings (17). The Human Protein 
Atlas version 21.0 provided the immunohistochemical 
images of the three genes shown in Figure 4. As a result 
of identification of mutations in model genes, SDC2 and 
KIF20A exhibited lower mutation rates compared to 
HSPA5 (Figure S1).

GRGs model and clinical characteristics 

An analysis of clinical demographics and survival rates 
of THCA patients was conducted to discover their 
relationship. In the analysis, age (P=0.10) and gender 
(P=0.14) were not statistically significant (Figure 5A,5B). 
At the same time, only grades (Figure 5C) and T stages 
(Figure 5D) significantly influenced survival rate of patients 
(P<0.001). 

Figure 3 Expression of HSPA5, KIF20A and SDC2 in THCA and normal tissues. (A) Expression of KIF20A. (B) Expression of HSPA5. (C) 
Expression of SDC2. ***, P<0.001. THCA, thyroid cancer. 
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Figure 4 Validation of model GRG IHC images. (A) Validation of HSPA5 IHC images. (B) Validation of KIF20A IHC images. (C) 
Validation of SDC2 IHC images. Scale bar = 200 μm. GRG, glycolysis-related gene; IHC, immunohistochemical. 

Based on the GRGs model, the clinical traits were 
grouped and the survival rates were analyzed later. Six 
patients with varying clinical characteristics could be 
explicitly distinguished by GRGs (P<0.05, Figure 6). This 
indicated that this GRGs model can distinguish high-
risk and low-risk groups in the face of these six clinical 
characteristics. Nonetheless, result from distinguishing 
patients using age >65, male, M0–1, N0, Stage III–IV  

(Figure S2) was not significant.

Discussion

THCA is the most common endocrine malignancy 
worldwide. In recent years, the incidence of THCA has 
been increasing (18,19). Although the incidence is high, the 
pathogenesis of thyroid has not been elucidated, so we need 
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Figure 5 Relationship between different clinical characteristics and survival of patients with THCA. (A) Between age and survival of patients 
with THCA. (B) Between gender and survival of patients with THCA. (C) Between stage and survival of patients with THCA. (D) Between 
T stage and survival of patients with THCA. THCA, thyroid cancer. 

to further study. The purpose of this study is to identify 
GRGs in the process of THCA progression and metastasis. 
In this study, we constructed a glycolytic gene model 
associated with the prognosis of THCA patients, including 
three genes (HSPA5, KIF20A and SDC2). Our model can 
serve as a significant independent prognostic factor for 
THCA. Through this model, we can effectively predict 
the tumor metastasis and prognosis of THCA patients, and 
better select personalized programs for further treatment of 
patients.

In  c l in ica l  pract ice ,  thyroid  nodules  are  very  
common (20). Ultrasound guided fine needle aspiration 
(US-FNA) is the most commonly available way to evaluate 
thyroid nodules. However, rapid On-Site Evaluation 
(ROSE) is considered to be the most helpful with small 
sized nodules or nodules that are more difficult to sample 
fo9r less experienced radiologists (21). PTC patients with 
appropriate treatment and radiotherapy have a high 10-year 

survival rate (22). In radiotherapy, we must consider the 
harmful effects of radiation for normal tissues surrounding 
the tumor tissues. Accurate calculation of out-of-field 
dose to be critical for informing risk estimates, such as 
estimation of out-of-field dose variation using Monte Carlo 
simulations (23). Therefore, exploring novel therapeutic 
targets of THCA is still a major challenging issue.

Recently, studies on cellular energy metabolism have 
attracted people’s attention, especially the Warburg effect. 
Altered energy metabolism is a biochemical fingerprint of 
cancer cells that represents one of the “hallmarks of cancer”. 
Even when oxygen is abundant, cancer cells count primarily 
on glycolysis to produce ATP energy unlike normal  
cells (24). There has also been a great deal of research 
done on THCA’s glucose metabolism (25). In order to find 
probable biological targets for the treatment and diagnosis 
of THCA, the study of THCA glycolytic related genes and 
pathways is a potential approach. In addition, the current 
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research on THCA glycolytic pathway mainly focuses on 
the role of single lncRNA in tumor growth and progression 
(26,27). It has also been proved that the expression level 
of glycolysis related proteins is different in different 
THCA subtypes, and is related to poor prognosis (28).  
This research is based on the protein molecular level. From 
the perspective of cell metabolism, this paper finds out 
the glycolytic genes related to THCA through the gene 
level. At the same time, as in this paper, we analyze the 
relationship between GRGs and survival rate in THCA 
patients by constructing a prediction model and sequencing 
clinical patient samples.

By analyzing the THCA data in TCGA, our study 
analyzed and found three glycolytic genes. A prognostic 
model, which is correlated with overall survival rate of 
THCA, was constructed using three GRGs (HSPA5, 
KIF20A and SDC2). Leave-one-out cross validation 
and ROC analysis indicated that the gene feature had 
a moderate effect on predicting survival rate. Previous 
studies suggested that the three GRGs we found were all 

related to the occurrence and development of some cancers 
(29-31). For example, decreased expression of HSPA5 is 
associated with the deterioration of clinical pathological 
characteristics, shortened PFI, and increased immune 
infiltration of various immune cells, indicating that HSPA5 
is a biomarker for the prognosis of THCA (32). It has also 
been pointed out that HSPA5 contributes to the survival of 
head and neck cancer by maintaining lysosomal activity (33). 
These studies indicate that our results are consistent with 
those of our predecessors to a certain extent. Furthermore, 
multiple roles of KIF20A in central spindle assembly and 
cleavage furrow formation in mitosis and meiosis (34). 
KIF20A is highly expressed in many cancers, such as lung 
adenocarcinoma and hepatocellular carcinoma, and is a 
potential target for tumor gene therapy (35,36). SDC2 
methylation is a feasible biomarker for colorectal cancer 
detection (37). These results suggest that these glycolytic 
related genes may play an important role in determining the 
prognosis of patients with THCA.

We know that the current TMN clinical staging of 

Figure 6 Relationship between clinical features and survival of patients with THCA. (A) Relationship between age <65 and survival of 
patients with THCA after model grouping. (B) Relationship between female and survival of patients with THCA after model grouping. 
(C) Relationship between T1–2 and survival of patients with THCA after model grouping. (D) Relationship between T3–4 and survival of 
patients with THCA after model grouping. (E) Relationship between N1–3 and survival of patients with THCA after model grouping. (F) 
Relationship between stage I–II and survival of patients with THCA after model grouping. THCA, thyroid cancer. 
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tumor is the most widely used malignant potential and the 
methods of disease progression. However, this method also 
has some disadvantages. For instance, in the case of patients 
suffering from the same disease at the same stage are treated 
with the same treatment, the prognosis of patients can make 
a big different. Despite being in the same stage, clinical 
outcomes differ for patients, indicating that the existing 
staging system is not sufficient for effective prognosis. Our 
study showed that only T stage was significantly associated 
with OS of THCA patients in the analyzed sample. In 
addition, there is no significant relationship between the 
survival rate of patients and the age and sex of cancer. Then, 
using the established model, we can identify high and low 
risk groups through six clinical characteristics. These six 
characteristics are age <65, female, T1–2, T3–4, N1–3, 
Stage I–III (Figure 6). However, we could not judge the risk 
by other characteristics in Figure S2. A novel method for 
assessing THCA patients is provided by our model, which 
can predict THCA patients’ prognosis more accurately.

In addition, since our research is a retrospective analysis, 
there are some limitations. A prospective study using GRGs 
model for prospective research would be more persuasive. 
Moreover, in the analysis, the majority of the data was 
obtained from developed countries’ public databases, but 
there was a lack of data from developing countries. It also 
needs to be reiterated that this is a secondary analysis of 
previous studies, and a prospective clinical study is needed 
to verify the accuracy of our results.

Conclusions

In conclusion, this study has identified a GRG model 
(including HSPA5, KIF20A and SDC2) which is related to 
the prognosis of THCA patients. Furthermore, these three 
GRGs may be potential targets for the treatment of THCA, 
while further prospective large-scale clinical trial should be 
conducted to confirm our conclusion.
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Table S1 Fifty-two differentially expressed glycolysis-related genes 

Gene conMean treatMean logFC P value

AC016586.1 0.541199 0.252303 −1.101 4.06E-14

ACTN3 0.05002 0.015548 −1.68578 1.12E-15

AGRN 22.1092 46.1904 1.062946 5.30E-27

ANGPTL4 8.47078 22.02692 1.378701 1.44E-10

B3GAT1 1.056808 4.091612 1.952957 1.29E-23

B3GNT3 0.343202 18.62594 5.762113 1.45E-18

CD44 23.64155 55.27598 1.225328 8.79E-24

CHST2 5.880716 25.84026 2.135557 1.19E-25

CHST6 0.036072 0.21004 2.541727 1.62E-17

CITED2 221.0603 68.17017 −1.69723 2.54E-26

CLDN9 1.030933 6.584371 2.675096 3.18E-20

COL5A1 2.005016 7.003881 1.804541 9.28E-08

CTH 5.16804 1.626699 −1.66767 3.30E-26

DCN 33.77995 8.477774 −1.99441 7.23E-25

DPYSL4 0.31194 0.944202 1.597825 0.037904

DSC2 1.184663 2.625639 1.148192 5.75E-08

EFNA3 0.706924 1.521173 1.105558 3.36E-20

ELF3 1.867485 7.641938 2.032842 1.70E-14

ENO4 0.437242 0.171567 −1.34966 1.14E-25

FBP2 0.098322 0.021292 −2.20719 9.49E-10

GALE 2.196281 18.68538 3.088775 8.78E-29

GCKR 0.02943 0.157077 2.416115 4.27E-14

GPC3 7.262081 0.815459 −3.1547 2.32E-32

GPR87 0.024971 0.420158 4.072619 2.33E-13

GYS2 0.096623 0.033104 −1.54537 9.34E-20

HDAC4 2.713549 1.10965 −1.29008 6.08E-27

HKDC1 4.254272 1.696967 −1.32595 4.16E-20

HS6ST2 0.321417 3.755313 3.546417 2.90E-07

HTR2A 0.050591 0.018263 −1.46996 2.90E-15

IGFBP3 8.277112 26.33518 1.669792 1.55E-10

INSR 6.885022 14.03193 1.027181 5.50E-26

KDELR3 4.718449 12.77691 1.437154 9.74E-23

MET 11.81067 69.16071 2.549862 4.53E-24

MIOX 9.232944 3.455103 −1.41806 8.10E-23

MLXIPL 0.744173 2.654179 1.834555 4.71E-14

NT5E 9.665598 26.37453 1.448214 7.61E-11

OGDHL 15.59248 5.8479 −1.41486 5.80E-22

P4HA2 2.849222 10.59953 1.895361 6.93E-32

PC 4.044894 11.66517 1.528034 1.09E-24

PFKFB1 0.405589 0.143794 −1.49602 2.64E-25

PFKFB2 18.7996 8.333122 −1.17377 1.99E-23

PKP2 0.244379 0.829063 1.762359 1.52E-09

PPARGC1A 8.456713 2.259498 −1.90409 1.31E-26

QSOX1 6.222757 18.44137 1.56732 3.62E-22

SDC1 22.69221 46.84309 1.045639 1.03E-17

SDC2 177.716 86.774 −1.03424 1.56E-23

SDC3 7.684957 19.25227 1.32492 5.21E-22

TFF3 802.1512 86.20233 −3.21808 6.66E-32

TGFA 3.401024 19.52026 2.520931 9.18E-28

TGFBI 4.196403 14.60663 1.799399 2.39E-17

TKTL1 0.029211 0.014387 −1.02176 2.49E-08

VCAN 0.912372 3.25451 1.834746 8.05E-05
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Figure S1 Identification of mutations in model genes.
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Figure S2 Relationship between survival probability and clinical features of thyroid cancer patients (P>0.05).
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