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Abstract

Introduction: Thyroid carcinoma (THCA) is the most common endocrine malignancy. Recent research has shown heat shock protein
family A (HSPA5) as a diagnostic and prognostic biomarker for various malignancies. Nevertheless, the role of HSPA5 in THCA is unclear.
This study aims to explore HSPA5 expression in THCA and its potential diagnostic and therapeutic value for THCA.

Material and methods: We obtained the data of HSPA5 expression in THCA and normal thyroid tissues from the Cancer Genome Atlas
(TCGA) and the Gene Expression Omnibus (GEO). We used the Shapiro-Wilk normality test, Levene’s test, t-test, Dunn’s test, Kruskal-Wallis
test, Wilcoxon rank sum test, chi-square test, Fisher’s exact test, and logistic regression to evaluate the relationship between the expres-
sion of HSPA5 and clinicopathological features. Kaplan-Meier method and Cox regression were applied to analyse the correlation between
the expression level of HSPA5 and prognosis of THCA patients, and to construct a prognosis prediction model of THCA patients. Gene
set enrichment analysis (GSEA) was applied to explore the potential pathway related to HSPA5 in THCA.

Results: HSPAS expression was lower in THCA tissues than in normal thyroid tissues (p < 0.001). Low expression of HSPA5 in THCA patients
was related to poorer T stage (p < 0.001), N stage (p < 0.001), pathologic stage (p < 0.001), tumour extrathyroidal extension (p < 0.001),
residual tumour (p = 0.03), and progression-free interval (PFI) event (p = 0.002). Low HSPA5 expression was associated with poor PFI.
According to the results of univariate analysis, THCA patients who had high HSPA5 levels had longer PFI (p = 0.042). Enrichment analysis
via GO/KEGG showed that the top 10 genes related to HSPA5 were all enriched in the pathways related to endoplasmic reticulum func-
tion. Moreover, HSPA5 expression was related to immune infiltrating cells.

Conclusions: Decreased expression of HSPA5 is associated with worse clinicopathological features, shorter PFI and higher immune infiltra-
tion level of multiple immune cells, which demonstrated that HSPA5 is a prognostic biomarker in THCA. (Endokrynol Pol 2022; 73 (2): 680-689)
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Introduction

Thyroid carcinoma (THCA) is the most prevalent en-
docrine cancer, and its prevalence is rising globally [1].
Although the majority of patients have a good prognosis,
a few recurrences do occur in THCA patients [2]. There-
fore, there is an urgent need to identify promising predic-
tors for prognosis and find a novel target for therapies.
Biomarkers have recently been discovered to be impor-
tant in the diagnosis, progression, and prognosis predic-
tion of thyroid cancer, according to several studies [3, 4].

The fifth member of the heat shock protein family
A (HSPA5) gene encodes an endoplasmic reticulum (ER)
chaperone protein [binding immunoglobulin protein
(BiP)] from the heat shock protein 70 (Hsp70) family [5].
BiP is a protein thatis mostly present in the ER and may
be found in several different organs. The ability of BiP
to modify its function via post-translational modifica-
tions is one of its most essential functions. These modi-
fications play critical roles in maintaining the steady
state of the protein and allowing cells to respond to

environmental changes [5]. Given that BiP is a critical
regulator in the endoplasmic reticulum, variations in
its expression, activation, or inhibition have been as-
sociated with cancer [5]. According to recent findings
in head and neck cancer, HSPA5 is known to negatively
regulate lysosomal activity by ubiquitination of mi-
tochondrial ubiquitin ligase 1 (MULL1) [6]. Moreover,
HSPAS5 may play a role in granulin-epithelin precursor
(GEP)-mediated cancer development in hepatocellular
carcinoma, according to the study by Yip et al. [7]. Xia
et al. concluded that HSPAS is tightly linked to lung
cancer development and bad prognosis [8]. Miura et
al. suggested that increased expression of HSPA5/BiP is
a new predictor of good prognosis in individuals who
have advanced thymic cancer [9]. A study by Langer
et al. indicated that in early tumour stages, elevated
expression of HSPA5 could be responsible for limiting
local tumour development [10]. Nevertheless, the func-
tional role of HSPA5 in THCA is unknown.

Here, we examine the relationship between HSPA5
expression and clinicopathological features of THCA
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patients, evaluate the prognosis merits of HSPA5 in
THCA, and develop a prognosis prediction model
for THCA. We also look at the difference in HSPA5
expression between THCA tumour tissues and normal
tissues. The possible roles of HSPA5 were investigated
using protein-protein interaction (PPI) network build-
ing and functional enrichment analysis for the high
and low expression groups of HSPA5. A further
investigation into the probable role of HSPA5 in
THCA was carried out using an immune infiltration
analysis method. The purpose of this research is to
investigate the expression of HSPA5 in THCA, as well
as the potential diagnostic and therapeutic benefits
of HSPAS5 in THCA.

Material and methods

Data acquisition and bioinformatics analysis

We obtained data for 502 samples from the Cancer Genome Atlas
(TCGA) THCA project. The 502 samples consisted of 58 para-
carcinoma tissues and 502 tumour tissues. The data comprised
clinicopathological features and RNA-sequencing data in level
3 HTSeq-FPKM format. The clinicopathological features include
age, gender, race, TNM stage, pathologic stage, histological type,
residual tumour, extrathyroidal extension, primary neoplasm focus
type, neoplasm location, thyroid gland disorder history, overall
survival (OS) event, and progression-free interval (PFI) event.
Patients without corresponding clinical information were not in-
cluded in the summary of the clinicopathological features (Tab. 1).
RNAseq data in FPKM (fragments per kilobase per million) format
were converted to TPM (transcripts per million reads) format for
analysis. The gene expression profiles of GSE33630 and GSE58545
from the Gene Expression Omnibus (GEO) collection were utilized

Table 1. Clinical characteristics of the thyroid carcinoma (THCA) patients based on The Cancer Genome Atlas (TCGA)

Characteristic N Total (n) Characteristic N Total (n)
T stage, n (%) Other 9 (1.8%)

T 143 (28.6%) 500 Tall cell 36 (7.2%)

T2 164 (32.8%) Residual tumour, n (%)

T3 170 (34%) RO 384 (87.3%) 440
T4 23 (4.6%) R1 52 (11.8%)

N stage, n (%) R2 4 (0.9%)

NO 229 (50.7%) 452 Extrathyroidal extension, n (%)

N1 223 (49.3%) No 331 (68.4%) 484
M stage, n (%) Yes 153 (31.6%)

MO0 282 (96.9%) 291 Primary neoplasm focus type, n (%)

M1 9(3.1%) Multifocal 226 (45.9%) 492
Pathologic stage, n (%) Unifocal 266 (54.1%)

Stage | 281 (56.2%) 500 Neoplasm location, n (%)

Stage Il 52 (10.4%) Bilateral 86 (17.3%) 496
Stage Ill 112 (22.4%) Isthmus 22 (4.4%)

Stage IV 55 (11%) Left lobe 175 (35.3%)

Gender, n (%) Right lobe 213 (42.9%)

Female 367 (73.1%) 502 Thyroid gland disorder history, n (%)

Male 135 (26.9%) Lymphocytic thyroiditis 71 (16%) 444
Race, n (%) Nodular hyperplasia 68 (15.3%)

Asian 51 (12.4%) 410 Normal 280 (63.1%)

Black or African American 27 (6.6%) Other, specify 25 (5.6%)

White 332 (81%) 0S event, n (%)

Age, n (%) Alive 486 (96.8%) 502
<45 236 (47%) 502 Dead 16 (3.2%)

> 45 266 (53%) PFl event, n (%)

Histological type, n (%) Alive 450 (89.6%) 502
Classical 356 (70.9%) 502 Dead 52 (10.4%)

Follicular 101 (20.1%) 0S — overall survival; PFI — progression-free interval
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to verify the difference of HSPA5 expression between normal
and malignant tissues in THCA patients.

Data analysis and visualization were performed using R (version
3.6.3). An alpha level of 0.05 was chosen as the threshold for sta-
tistical significance.

Differential expression of HSPA5

We used rms package, survival package, and basic package to
compare the HSPA5 expression level between malignant tissues
and normal tissues and assess the relationship between the expres-
sion of HSPA5 and clinicopathological features. Statistical methods
included Shapiro-Wilk normality test, Levene’s test, t-test, Dunn’s
test, Kruskal-Wallis test and Wilcoxon rank sum test, chi-square
test, Fisher’s exact test, and logistic regression.

The relationship between HSPA5 expression

and prognosis

We first performed ROC analysis (using the pROC package for
analysis and the ggplot2 package) and Kaplan-Meier survival
analysis (using the survminer package and the survival package)
to evaluate the diagnostic and prognostic values of HSPA5 in THCA
patients [11]. Subsequently, we performed univariate and multi-
variate regression analysis (using the survivor package) to explore
the correlation between HSPA5 expression and PFI in THCA pa-
tients [11]. An alpha level of 0.05 was chosen as the threshold for
statistical significance.

Construction of prognosis prediction model
Univariate and multivariate regression analyses (survivor package)
were used to construct nomograms for prediction of PFIin THCA
patients, and calibration plots were used for evaluation of the model
accuracy [11]. The parameters in calibration visualization were as
follows: the number of samples in each group calculated repeat-
edly (80); the number of repeat calculation (200); method (boot).

PPI network and enrichment analysis

To investigate HSPA5-related proteins, the Search Tool for the Re-
trieval of Interacting Genes/Proteins (STRING) database was uti-
lized to construct a network of PPI. Subsequently, we looked into
the possible route and related proteins of HSPA5 using the Gene
Ontology (GO) and the Kyoto Encyclopedia of Genes and Genomes
(KEGG).

Relationship between HSPAS5 expression

and immune cell infiltration

Single-sample Gene Set Enrichment Analysis (ssGSEA; GSVA pack-
age) was performed to analyse the potential pathway related to
HSPAS5 in THCA [12]. This investigation comprised a total of 24 im-
mune cells [13]. Statistical significance is indicated by the following
symbols: ns—p 20.05; * —p < 0.05; ** —p < 0.01; *** —p < 0.001.

Results

Clinicopathological features

The data of 502 patients were acquired from TCGA.
The clinicopathological features included age, gender,
race, TNM stage, pathologic stage, histological type,
residual tumour, extrathyroidal extension, primary
neoplasm focus type, neoplasm location, thyroid gland
disorder history, overall survival (OS) event, and PFI
event. The details are presented in Table 1.

The relationship between HSPA5 expression

and clinicopathological features of THCA

It was shown in Figure 1A that HSPA5 expression
was reduced in THCA tissues (p < 0.001). HSPA5
expression was significantly reduced in THCA tissues
(p < 0.001), as shown by a comparison of 58 THCA
samples to their matched normal thyroid tissues in
Figure 1B. Figure 1C shows the statistical difference
in HSPA5 expression between different pathologi-
cal types of thyroid cancer tissues and reveals that
HSPA5 expression levels in normal thyroid tissues
are significantly higher than those in different his-
tological types of tumour tissues. Figure 1DE reveals
that HSPAS5 expression was validated in GSE60502
and GSE62232 (p < 0.001). As shown in Figure 1E
the AUC of HSPA5 was 0.783. Clinicopathological
characteristics and HSPA5 expression levels are shown

Table 2. Association of HSPA5 expression with clinical characteristics of thyroid carcinoma (THCA) (logistic regression)

Characteristics Total (N) OR p-value
T stage (T3 and T4 vs. T1 and T2) 500 0.369 (0.253-0.534) < 0.001
N stage (N1 vs. NO) 452 0.414 (0.283-0.603) < 0.001
M stage (M1 vs. M0) 291 0.302 (0.045-1.277) 0.140
Pathologic stage (stage Ill and IV vs. stage | and II) 500 0.422 (0.286-0.617) < 0.001
Gender (Male vs. Female) 502 1.357 (0.914-2.021) 0.132
Age (> 45 vs. < 45) 502 0.726 (0.510-1.031) 0.074
Histological type (follicular and other and tall cell vs. classical) 502 1.123 (0.764-1.653) 0.556
Residual tumour (R1 and R2 vs. RO) 440 0.538 (0.296-0.954) 0.037
Extrathyroidal extension (Yes vs. No) 484 0.331(0.219-0.494) < 0.001
Primary neoplasm focus type (unifocal vs. multifocal) 492 0.654 (0.457-0.934) 0.020
Neoplasm location (isthmus vs. bilateral and left lobe and right lobe) 496 1.000 (0.420-2.378) 1.000
Thyroid gland disorder history (nodular hyperplasia vs. lymphocytic thyroiditis) 139 1.605 (0.811-3.213) 0.176

OR — odds ratio
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Figure 1. Expression of HSPAS5 in thyroid carcinoma (THCA) and normal or matched normal thyroid tissues. A. THCA tissues
and normal thyroid tissues; B. THCA tissues and matched normal thyroid tissues; C. Different pathological types of THCA
and normal thyroid tissues; D. THCA tissues and normal thyroid tissues in GSE58545,; E. THCA tissues and normal thyroid
tissues in GSE33630; E. Receiver operating characteristic (ROC) curve

to be associated in Figure 2. HSPA5 was less expressed
in T3 and T4 stage (p < 0.001), N1 stage (p < 0.001),
pathologic III and IV stage (p < 0.001), unifocal type
(p = 0.016), extrathyroidal extension (p < 0.001), R1
and R2 residual tumour (p = 0.03), and tumour recur-
rence in PFl event (p = 0.002). Also, the logistic regres-
sion results in Table II show that T stage (p < 0.001),
N stage (p < 0.001), pathologic stage (p < 0.001),
residual tumour (p = 0.037), extrathyroidal exten-
sion (p < 0.001), and primary neoplasm focus type
(p < 0.01) have statistically significant differences.

The relationship between HSPA5 expression

and recurrence of THCA patients

Figure 3A shows that among THCA patients reduced ex-
pression of HSPA5 was related to short PFI (p = 0.002).
Furthermore, the results of subgroup analysis suggested
that low expression of HSPA5 in white race (p = 0.011),
female (p = 0.003), N1 stage (p = 0.001), pathologic
stage I (p = 0.02), residual tumour RO (p = 0.018),
histological classical type (p = 0.027), and multifocal
type (p = 0.013) were also correlated with short PFI of
THCA patients (Fig. 3). Univariate Cox analysis shows
that low HSPAS levels (p = 0.042) are related to high T

stage (p = 0.001), M stage (p < 0.001), pathologic stage
(p < 0.001), and extrathyroidal extension (p = 0.023) in
PFI events (Fig. 4A). Multivariate Cox analysis suggested
that only M stage was independently associated with
the PFI of THCA patients (p = 0.031; Fig. 4B).

Nomograms for prediction of PFI in THCA
patients

Toincrease the predictive accuracy of HSPA5 and to create
an easy-to-use clinical model for predicting the chance
of recurrence in THCA patients, we combined HSPA5
with significant clinicopathological features from uni-
variate and multivariate regression analyses. The larger
the total of the scores for each component in the no-
mogram, as shown in Figure 5A, the worse the PFI for
the patient at 1, 3, and 5 years. A THCA patient with
low HSPA5 expression and T3&T4 stage, for example,
would receive a total of 90 points (27.5 points for low
HSPA5 expression and 62.5 points for T3&T4 stage),
with predicted 1-year, 3-year, and 5-year PFI rates of
95% to 90%, 90% to 80%, and 80%, respectively. In
addition, we constructed calibration plots to evaluate
the accuracy of the prediction model. The calibration
plots (Fig. 5B) show good agreement between the no-
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Figure 2. HSPA5 expression in thyroid carcinoma (THCA) was significantly associated with clinical characteristics

mogram’s predictions and the actual results. For the PFI
nomogram, the concordance indices and bootstrapped
95% confidence intervals were 0.731 (0.690-0.771).

PPI network and enrichment analysis

In this study, we used the STRING tool to build a net-
work of HSPA5 and its related gene. The top 10 genes
associated with HSPA5 included HSP90B1, EIF2AK3,
ERN1, ATF6, MANE CANX, DNAJC10, CALR, A2M,
and DNAJB11 (Fig. 6). Their correlation scores were
greater than or equal to 0.98. Furthermore, GO/KEGG
enrichment analysis revealed that these genes were
presentin 229 pathways (217 GO and 12 KEGG). Among
the 229 pathways, we included the top 3 low P-value
datasets in GO cellular component (CC), GO molecular
function (MF), GO biological process (BP), and KEGG,
respectively. Our results show that the included en-
riched pathways were almost associated with endo-
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plasmic reticulum function. The details are presented
in Figure 7.

The relationship between HSPA5 expression

and immune infiltration

Except for NK CD56 bright cells, pDC, TFH, and Th17
cells, there is a significant connection between HSPA5
expression and infiltration levels of the rest of the im-
mune cells (p < 0.05). The details are described in Fig-
ure 8.

Discussion

This study relies on bioinformatics analyses to explore
HSPAS expression in THCA and its potential therapeutic
and prognostic merits for new directions of the thera-
peutic target. We found that variations in HSPA5
expression level were associated with the prognosis of
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Figure 3. Low HSPAS5 expression in subgroups of clinical characteristics was associated with poor progression-free interval
(PFI) in patients with thyroid carcinoma (THCA). A. All patients; B. White race; C. Female; D. N1 stage; E. Pathologic stage
I; E. Residual tumour RO; G. Histological classical type; H. Multifocal type

THCA patients. Decreased HSPA5 expression indicated
a poor prognosis in THCA. Furthermore, our findings
revealed that the immune infiltration level of multiple
immune cells were linked to the expression level of
HSPAS. As a result, our findings contribute to a better
understanding of the possible function of HSPA5 in
immunotherapy and its role as a biomarker in THCA.

In our research, we built the PPI network to confirm
the related gene and potential pathway of HSPA5. We
discovered that the top 10 genes related to HSPA5 were
all enriched in the pathways related to endoplasmic
reticulum function (Fig. 7), such as protein processing
in endoplasmic reticulum, response to endoplasmic
reticulum stress, response to topologically incorrect
protein, and response to unfolded protein. As an en-
doplasmic reticulum partner molecule, HSPA5 plays

a crucial role in cell viability. [14-16]. Many previous
investigations found that HSPA5 plays a major part in
carcinoma progression and metastasis [17-22]. Looking
back at the studies on HSPA5, we found that elevated
expression of HSPA5 was identified in multiple distinct
cancer types when compared to normal tissue and was
correlated with the progression and poor prognosis in
hepatocellular carcinoma, oesophageal squamous cell
carcinoma, endometrial carcinoma, gastric adenocar-
cinoma, and breast cancer [23-27]. Interestingly, some
studies have suggested an opposite role for HSPA5 in
cancers. For instance, Miura et al. found that increased
HSPAS5 level is a predictor of a good prognosis in pa-
tients with advanced thymic carcinoma [9]. Wei et al.
discovered thatlow expression of HSPA5 enhances cell
migration in hepatocellular carcinoma cells and dem-
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Characteristics Total(N) HR(95% Cl) P value
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Figure 4. Association of progression-free interval (PFI) and clinical characteristics in The Cancer Genome Atlas (TCGA)
thyroid carcinoma (THCA) patients (Cox regression). A. Univariate analysis; B. Multivariate analysis
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Figure 5. Nomogram to predict recurrence of the disease in thyroid carcinoma (THCA) patients. A. Prediction model
of progression-free interval (PFI) rates in THCA patients; B. Accuracy verification of prognostic prediction model

onstrated that HSPA5 silencing enhances cancer metas-
tasis through upregulation of vimentin in tumour cells
[28]. A high HSPAS5 level is related to a good prognosis
in some cancers, most likely because cell-surface BIF,
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which is expressed by the HSPA5 gene, is a receptor for
extrinsic tumour suppressor factors and plays an essen-
tial role in apoptosis [29, 30]. Moreover, BIP on the cell
surface can operate as a pro-apoptotic regulator that
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collaborates with other tumour-suppressive proteins,
whereas intracellular BiP possesses cell-protective
functions [31].

Cancer immunotherapy has recently emerged
as a popular research topic [32-35]. Understanding
immuno-infiltrating cells can aid in exploring new im-
munotherapies. Nevertheless, few studies have been
done on the link between HSPA5 and immunocytes in
THCA. Therefore, in this work we investigated the rela-
tionship between HSPA5 and immunocyte infiltration.
Our results show that HSPA5 expression was associated
with infiltration of aDC, B cells, CD8 T cells, cytotoxic

cells, DC, eosinophils, iDC, macrophages, mast cells,
neutrophils, NK CD56dim cells, T cells, T helper cells,
Tem, Tem, Thl cells, Th2 cells, TReg, NK cells, and Tgd.
These associations could point to possible ways by which
HSPAS5 inhibits the function of aDC, B cells, CD8 T cells,
cytotoxic cells, DC, eosinophils, iDC, macrophages, mast
cells, neutrophils, NK CD56dim cells, T cells, T helper
cells, Tem, Tem, Th1 cells, Th2 cells, and TReg, and stimu-
lates the activity of Tgd and NK cells.

Our research has some limitations. First, the number
of normal samples from the TCGA database was rela-
tively insufficient. Second, we have not yet thoroughly
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Figure 8. The relationship between HSPAS expression thyroid carcinoma (THCA) and immune cells. A. Differences in immune
cell enrichment scores between HSPAS5 high and low expression groups (Wilcoxon rank sum test); B. Correlation between

HSPA5 expression in THCA and immune cells

explored the direct mechanism of HSPA5 participation
in THCA. These findings should be confirmed in future
research. As a result, in the future, we are going to cre-
ate cell and animal models to test our claims further.

Conclusions

To summarize, low HSPA5 expression level is related
to poorer clinicopathological features, shorter PFI
and higher immune infiltration level of multiple im-
mune cells. These findings indicate that HSPA5 can be
employed as a biomarker to predict the prognosis of
patients with THCA.
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