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Background. Thyroid cancer (TC) tends to be a common malignancy worldwide and results in various outcomes due to its
different subtypes. The tumor microenvironment (TME) was demonstrated to play crucial roles in various malignancies, in-
cluding thyroid cancer. This study combined the ESTIMATE and CIBERSORT algorithms, identified four TME-related genes, and
evaluated their correlation with clinical characteristics. These findings revealed the malignant performance of TME in TC, and the
TME-related DEGs might serve as prognostic biomarkers, which can be utilized for the prediction of immunotherapy effects in
patients with TC. Methods. The clinical and gene expression profiles of TC patients were collected from the TCGA dataset. The
ESTIMATE algorithm was utilized to estimate stromal and immune scores and predict the level of stromal and immune cell
infiltration. The differential expressed genes related to TME were filtered by the “limma” package in R, and the PPI network was
constructed by a string website. KEGG pathway and GO analyses were performed to investigate the biological progression and molecular
functions of TME-related DEGs. Then, univariate Cox regression analysis was employed to screen four genes correlated with clinical
characteristics. GSEA was conducted to assess their roles in the TME of TC. To further investigate the association between TME-related
genes and tumor-infiltrating immune cells (TTICs), the CIBERSORT algorithm was performed. Finally, the malignancy behaviors of the
two genes were verified by RT-qPCR, IHC, MTT, colony formation, and transwell assays. Results. Four TME-related DEGs, LRRN4CL,
HS3ST3A1, PCOLCE2, and CAPNS, were identified and were significantly predictive of poor overall survival. KEGG and GO pathway
analysis established that the TME-related DEGs were involved in immune responses and pathways in cancer. Furthermore, the
malignancy behaviors of HS3ST3A1 and CAPNB8 were verified by cellular functional experiments. These results revealed that the TME-
related genes HS3ST3A1 and CAPNS were able to serve as predictors of prognosis in patients with TC. Conclusion. HS3ST3A1 and
CAPNB may serve as valuable prognostic biomarkers and TME indicators, which can be utilized for the prediction of immunotherapy
effects and provide novel treatment strategies for patients with TC.

1. Introduction with 586000 new patients in 2020 [1, 2]. In females, it de-

velops three or four times more frequently but is less de-
Thyroid cancer (TC) occurs commonly worldwide and  structive than in males [3, 4]. The classification of TC
represents 3% of the global incidence of all cancers, which  subtypes is according to their differentiated degree, which
shows a continuously increasing in the past three decades  was commonly classified into 4 histological types. Follicular
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thyroid carcinoma (FTC) and papillary thyroid carcinoma
(PTC) are well-differentiated thyroid cancers (WDTC) with
better prognosis, while there are still poorly-differentiated
thyroid cancer (PDTC) and anaplastic thyroid carcinoma
(ATC) [5]. PTC is the most common subtype that occupies
nearly 80% of DTC [6]. The initial management of DTC
includes surgical resection, radioactive iodine ablation
(RAI), and thyroid-stimulating hormone (TSH) suppres-
sion, after which, patients usually owe good outcomes.
However, 10-15% of patients with thyroid cancer have re-
current disease, 5% develop distant metastasis (lungs and
bones), and cancer-specific death occurs in some cases [7].
Thus, it is essential to explore emerging biomarkers that
contribute to prognosis prediction in thyroid cancer.

In previous studies, it has been demonstrated that the
tumor microenvironment (TME) is intimately correlated to
the development and prognosis of multicancer types [8-10].
Therefore, increased attention has been paid to the role of
initiation and progression that TME plays in cancer. Stomal
and immune cells stand for two primary nontumor members
in TME, while there are still other complex components,
including extracellular matrix (ECM) and inflammatory
mediators [11]. Emerging evidence has indicated that
tumor-infiltrating immune cells (TIICs), for instance, reg-
ulatory T cells (Tregs), CD8+ T cells, CD4+ T cells, and
tumor-associated macrophages (TAMs), are involved in
various malignancies [12, 13]. Despite the previous study
identifying several critical genes related to TME in thyroid
cancer, further investigations are still necessary [14].

Estimation of Stromal and Immune cells in Malignant
Tumor tissues using Expression data (ESTIMATE) is
a standard algorithm for calculating scores of immune and
stromal. Here, we utilized the ESTIMATE algorithm to
calculate immune and stromal scores for patients with TC
based on the gene expression profiles from The Cancer
Genome Atlas (TCGA). Then, the core genes involved in
clinical outcomes were identified via univariate Cox re-
gression analysis. In this way, we expect to find out emerging
genes, which can perform as biomarkers of prognostic
prediction for patients with TC.

2. Materials and Methods

2.1. Data Collection and Mining. The gene expression and
clinical profiles of TC patients were collected from the
TCGA dataset (https://portal.gdc.cancer.gov/). The fil-
tration conditions were set as “thyroid gland” and
“TCGA-THCA”. Finally, 568 patients with TC (58 normal
specimens and 510 cancer specimens) were selected. The
composition of the TME in these specimens was evaluated
by the ESTIMATE algorithm, and the results were shown
as stromal score, immune score, and estimate score.
“limma” package in R was performed to screen differential
expressed genes (DEGs) with criteria as follow: (1)
[log2FC| > 1; (2) FDR <0.05. After that, the “heatmap”
package in R was employed to make TME-related DEGs
visualization as heatmaps, and the “VennDiagram”
package in R was employed to select similar genes in
immune and stromal cells.
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2.2. Functional Analysis of DEGs. Kyoto Encyclopedia of
Genes and Genomes (KEGG) and Gene Ontology (GO)
analysis had been employed in TME-related genes. The
“clusterProfiler,” “enrichplot,” and “ggplot2” packages were
utilized for the visualization of KEGG and GO analysis
results, which showed the biological process, molecular
function, and pathways of TME-related DEGs. Data with
P <0.05 and g<0.05 were considered with statistical
significance.

2.3. PPI Network and Cox Analysis of DEGs. The STRING
database (https://cn.string-db.org/) was employed to con-
struct an interaction network of TME-related DEGs. In-
teractions with integrated scores higher than 0.95 were
selected and visualized by Cytoscape (version 3.8.2). The
“survival” package in R was utilized to perform univariate
Cox regression to determine the association of DEGs with
the prognosis of TC. Ultimately, four core genes were
screened to perform the following analysis.

2.4. Analysis of Tumor Immunoreaction. To investigate the
capable pathway that TME-related DEGs act on in the TME
of TC, the Gene Set Enrichment Analysis (GSEA) was
conducted using GSEA version 4.1.0 (Broad Institute,
Cambridge, MA, United States). The statistical significance
was set as NOM P value <0.05 and FDR <0.25. The cor-
relation between TME-related DEGs and TIICs was assessed
by the CIBERSORT algorithm, which is a deconvolution
algorithm based on RNA-seq data to estimate the proportion
of 22 immune cells in each specimen.

2.5. Correlation between TME-Related DEGs and Clinico-
pathological Characteristics. The overall survival (OS) was
compared between the TC samples with high/low expression
of TME-related DEGs through Kaplan-Meier survival
analysis. Furthermore, the correlation analysis between
DEGs and clinicopathological characteristics was per-
formed, and results with P < 0.05 and ¢ <0.05 were con-
sidered with statistical significance.

2.6. RNA Extraction and RT-qPCR. Extraction of total RNA
was performed by RNAprep pure Tissue Kit (Tiangen
Biotech, Beijing). The RNA reverse transcription was per-
formed by TansScript® All-in-One First-Strand cDNA
Synthesis SuperMix for qPCR (Transgen, China), and RT-
qPCR was conducted using TransStart® Green qPCR
SuperMix (Transgen, China) according to standard pro-
tocols. The primer sequences of RT-qPCR were exhibited in
the supplementary file: Table S1.

2.7. Immunohistochemistry (IHC) Staining. The paraffin-
embedded sections of thyroid cancer tissue and normal
tissue were deparaffinized, rehydrated, and antigen-retrieved
with sodium citrate buffer (10 mM, pH 6.0), then incubated
with antibodies of HS3ST3A1 or CAPNS8 (supplementary
file: Table S2) at the dilution of 1:100 overnight. Then, the
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sections were incubated with corresponding secondary
antibodies at 1:500 dilutions (Selleck, USA), and stained
with 3,3'-diaminobenzidine (DAB) (Sigma, USA). After
being mounted, the slides were observed and captured under
a microscope (Olympus, Japan). The percentage of stained
cells and the staining intensity were calculated using criteria
as follows: (a) percentage of stained cells: 4 (>75%), 3 (51%-
75%), 2 (26%-50%), 1 (1%-25%), and 0 (0%); (b) staining
intensity: 3 (strong staining), 2 (moderate staining), 1 (weak
staining) and 0 (negative staining). The scores were shown as
scatter plots.

2.8. Cell Culture. 'The papillary thyroid cancer cells BPCAP
and TPC-1 were purchased from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, China) and cul-
tured with DMEM (Solarbio, China) and RPMI 1640
(Solarbio, China), respectively, in a 37°C incubator with 5%
CO,. All mediums were added 10% fetal bovine serum (FBS)
(AusGeneX, Australia) and 1% penicillin/streptomycin
(Solarbio, China).

2.9. Transfection of Short Hairpin RNAs (shRNAs). The
shRNAs of HS3ST3A1 and CAPNS, as well as their control
groups, were obtained from RiboBio (Guangzhou, China),
which sequences were exhibited in the supplementary file:
Table S3. The transient transfection was conducted
according to the standard protocol of FuGENE® HD
Transfection Reagent (Promega, USA).

2.10. MTT and Colony Formation Assay. The MTT assay was
performed by seeding 2 # 10° cells in 96-well plates after
transfection for 48 h. The 3-(4,5-dimethylthiazol-2-yi)-2,5-
diphenyltetrazolium bromide (MTT) was used to assess cell
proliferation, and the absorbance was detected by Tecan
A-5082 sunrise (Austria) at the same time points from day 1
to day 5. The colony information assay was performed by
seeding 5 * 10° cells in 6-well plates after transfection for
48h. After being cultured for 2-3 weeks, the colonies were
fixed and stained.

2.11. Transwell Assay. The transwell assay was performed by
seeding 5x10* cells in the upper chambers with 10% FBS
medium, while the lower chambers were added with 20%
FBS medium. After incubating for 10-14 h., the cells in the
upper chamber were fixed and stained by a three-step set
(Thermo Scientific, USA). Images were taken by a light
microscope (Olympus, Japan) at 100* magnification, the
migrated cells were counted and calculated.

2.12. Western Blot. RIPA buffer (Solarbio, China) with
PMSF (Thermo Scientific, USA) was utilized to extract
cellular proteins, and the concentration was detected using
a BCA kit (Thermo Scientific, USA). The 10% SDS-PAGE
gels were used for protein separation and then the separated
proteins were transferred to PVDF membranes. The 5%
skimmed milk block was applied for one hour and then

incubated at 4°C overnight with diluted primary antibodies.
After three times washing with TBST, the membranes were
incubated with secondary antibodies for one hour at room
temperature. Finally, the blots were detected by ECL
(Millipore, USA). The antibodies information was listed in
the supplementary file: Table S2.

2.13. Statistical Analysis. Mean and standard deviation (SD)
were utilized for presenting data. The significance of dif-
ferences between the experimental and control groups was
determined by Student’s t-test. Results with P < 0.05 were
considered with statistical significance. The calculations of
all data were conducted using IBM SPSS software (version
22.0, USA).

3. Results

3.1. Identification and Functional Analysis of DEGs. To
identify differentially expressed genes related to TME, the
specimens were divided into high- and low-score groups
according to stromal score, immune score, and ESTIMATE
score. Finally, 987 DEGs were identified according to
stromal score, containing 914 upregulated genes and
73 down-regulated genes (Figures 1(a), 1(c) and 1(d)).
Correspondingly, 1267 DEGs were obtained according to
the immune score, including 954 upregulated genes and 313
downregulated genes (Figures 1(b)-1(d)). The Venn plot
was used to identify 788 upregulated genes and 65 down-
regulated genes in both the immune and stromal compo-
nents (Figures 1(c) and 1(d)). Then, these 853 DEGs were
considered TME-related DEGs. To further investigate the
biological functions and capable pathways associated with
these TME-related DEGs, the analyses of KEGG and GO
were performed. The results of KEGG analysis shows that
DEGs were involved in some immune-related activities, for
instance, cytokine-cytokine receptor interaction and che-
mokine signaling pathway (Figure 2(a)). While the results of
GO analysis, which contains molecular functions (MF),
biological processes (BP), and cellular components (CC),
indicated that the TME-related DEGs were primarily
enriched in immune-related functions, including GO:
0042110 (T-cell activation), GO:0001772 (immunological
synapse), and GO:0140375 (immune receptor activity)
(Figures 2(b)-2(d)).

3.2. PPI Network and Univariate Cox Regression Analysis.
After obtaining TME-related DEGs through the above an-
alyses, the PPI network had been constructed using the
String dataset to investigate the interactions among these
genes and the result was visualized using Cytoscape
(Figure 3(a)). Then, the univariate Cox regression analysis
was performed to explore the correlation between DEGs and
the prognosis of patients with TC. Four genes were identified
as risk factors of TC prognosis (Figure 3(b)), which were set
as the main characters of our following analysis. To further
investigate their functions, GSEA was conducted among
these four DEGs, which indicated that they were largely
engaged in immune-related events, such as the JAK-STAT
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FIGURE 1: The heatmaps and Venn plots of differential expressed genes (DEGs). (a) The heatmap of stromal-related genes with high-and
low-expression groups based on the media score. (b) The heatmap of immune-related genes with high- and low-expression groups based on
the media score. (c) The Venn plot of commonly downregulated DEGs in the stromal and immune components. (d) The Venn plot of
commonly upregulated DEGs in the stromal and immune components.

signaling pathway, T cell receptor pathway, and autoimmune
thyroid diseases. Besides, it is worth mentioning that specific
enrichment results also showed the significant role of these
genes in cancer, including the P53 signaling pathway,
pathways in cancer, and TGF-f signaling pathway
(Figures 3(c)-3(f)).

3.3. The Role of 4 Core DEGs in TME of TC. Then, the in-
filtrating data of 22 different types of immune cells in tumor
tissues was identified using the CIBERSORT algorithm
(Figures 4(a) and 4(b)). The different types of TIICs were
discovered to be closely involved in varying core gene ex-
pression in the TME of TCcells, and detailed results were
established as violin plots (Figure 4(c)). The interrelation
between the proportions of TIICs and core DEGs expression
was shown as the scatter plots, respectively, including
LRRN4CL (Figure 5(a)), HS3ST3A1 (Figure 5(b)), PCOLCE2
(Figure 5(c)), and CAPNS8 (Figure 5(d)), which showed these
4 core genes were positively correlated with dendritic cells
(DCs), monocytes, (MC) and neutrophils, while negatively
associated with NK cells, plasma cells, CD8+ T cells, and M0
macrophages. Therefore, these results indicated that

LRRN4CL, HS3ST3A1, PCOLCE2, and CAPNS play a crucial
role in the immune activities of TC cells.

3.4. The Correlation between 4 Core DEGs and Clinical
Signatures. In the previous study, the core DEGs were
identified as LRRN4CL, HS3ST3A1, PCOLCE2, and
CAPNS. The TC specimens were divided into high- and low-
groups according to the expression of core DEGs, then we
investigated the role of these core genes in the clinical
outcome of TC patients, which showed that all these 4 DEGs
were related to poor OS in patients with TC
(P =0.042, P = 0.008, P = 0.036, and P = 0.046, respectively)
(Figure 6(d)). Additionally, the expressions of these DEGs were
relatively associated with the N stage, especially for CAPN8
(P =3.1e - 05) (Figure 6(c)). The Wilcoxon rank-sum test
indicated the expression levels of 4 DEGs among normal and
tumor tissue in paired or unpaired samples, which indicated
HS3ST3A1 and CAPNS expressed significantly higher in tu-
mor tissues, while the other two genes, LRRN4CL and
PCOLCE2, were not (Figures 6(a) and 6(b)). Therefore,
HS3ST3A1 and CAPNS8 were selected for further investigation
to verify their malignancy behavior in experiments.
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FiGure 2: Enrichment analysis of DEGs. (a) Kyoto Encyclopedia of Genes and Genomes (KEGG). Gene ontology (GO) analysis, including
(b) biological processes (BP), (c) cellular components (CC), and (d) molecular functions (MF).

3.5. HS3ST3A1 and CAPN8 Were Associated with Higher
Tumor Stage. The GEPIA (https://gepia.cancer-pku.cn) was
employed for further investigation of the correlation between
HS3ST3A1 or CAPN8 with clinical stages, which results
showed that both HS3ST3A1 and CAPNS significantly dif-
fered among stages (Figure 7(a)). In our previous study, the
expression of DEGs seemed to be inextricably linked to the N
stage. Therefore, we collected 10 paired samples of thyroid
cancer with lymph node metastasis (LNM) and nonlymph
node metastasis (No LNM), respectively. RT-qPCR results
indicated that the mRNA levels of HS3ST3A1 and CAPNS8

were remarkably higher in tumor tissues compared with
normal tissues. Furthermore, their mRNA expression levels in
tumors with LNM were notably higher compared with those
without LNM (Figure 7(b)). Then, we collected 30 cases of TC
patient tissues, including normal, tumors with LNM and
tumors with no LNM. The IHC results indicated that
HS3ST3A1 and CAPNB8 expression levels were both higher in
tumors with LNM than in tumors with no LNM or normal
tissues (Figure 7(c)). These findings indicated that HS3ST3A1
and CAPN8 were intimately correlated to higher clinical
stages and lymph node metastasis.
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FIGURE 3: Protein—protein interaction (PPI) network, univariate Cox regression analysis, and GSEA enrichment analysis. (a) Construction
of the PPI network of 853 differentially expressed genes (DEGs), upregulated genes were shown in red, while downregulated genes were in
the green. (b) Results of univariate Cox regression analysis with selected DEGs identified four genes and displayed them in the forest plot.
The gene set enrichment analysis (GSEA) of (¢) LRRN4CL, (d) HS3ST3A1, (e) PCOLCE2, and (f) CAPNS.
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FiGUure 4: Tumor-infiltrating immune cells (TIICs) in TC samples and their correlation analysis. (a) Barplot showing the proportion of 21
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3.6. Downregulation of HS3ST3A1 or CAPNS8 Inhibit Malig-  shHS3ST3A1 and shCAPNS into papillary thyroid cancer
nancy Behaviors of Thyroid Cancer Cells. To verify the cel-  cells BCPAP and TPC-1, which downregulation was de-
lular function of HS3ST3A1 and CAPNS, we transfected tected by Western blot (Figure 7(d)). Furthermore, cells with
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FIGURE 5: The scatter plot shows the correlation of the proportions of TIICs. (a) LRRN4CL, (b) HS3ST3A1, (c) PCOLCE2, and (d) CAPNS.

shHS3ST3A1 and shCAPN8 showed less proliferation rates
(Figure 7(e)) and generated fewer colonies (Figure 7(f)) than
the control groups. As for the transwell assay, cells with
shHS3ST3A1 and shCAPNS also behaved less aggressively
(Figure 7(g)). These results demonstrated that the down-
regulation of HS3ST3A1 and CAPN8 was able to inhibit the
proliferation and invasion of thyroid cancer cells in vitro.

4. Discussion

It has been reported in a huge number of studies that TME
plays critical roles in multiple cancer types and promotes the
progression of molecular classification systems and treat-
ment strategies [15]. Our study identified LRRN4CL,
HS3ST3A1, PCOLCE2, and CAPNS8 as TME-related genes
associated with prognosis in TC samples collected from the
TCGA database, and verified two of them, HS3ST3A1 and
CAPNS, through a clinical specimen and cellular functional
experiments.

LRRN4CL lacks in-depth research, while only one study
reported that the upregulation of the cell surface protein
LRRN4CL promoted metastases of pulmonary in mice [16].
HS3ST3A1 encodes the enzyme 3-O-sulfotransferase, which
catalyzes the biosynthesis of 3-O-sulfated heparan sulfate,
a specific subtype of heparan sulfate (HS). It has been re-
ported that HS3ST3A1 is involved in respiratory papil-
lomatosis [17] and human immunodeficiency virus (HIV)

infection [18]. Besides, HS3ST3A1 was found to be upre-
gulated in lung cancer tissue compared with normal lung
tissue and associated with the progression of lung cancer
[19]. PCOLCE2 is reported to encode a functional collagen-
binding protein procollagen C-proteinase enhancer
(PCPE2) [20], and evidence has proved that PCOLCE2 was
able to perform as a biomarker for prognostic prediction in
colorectal cancer patients [21]. CAPN8 belongs to the cal-
pain family and exhibits restricted expression patterns [22]
and has been proposed to be involved in vesicle trafficking
[23]. However, there are no investigations on the role of
these four genes in thyroid cancer. Synthesizing previous
studies, there are hardly any reports on their functions in the
tumor microenvironment, but their roles as prognosis in-
dicators are certainly clarified in several types of cancer. It is
our study that collects LRRN4CL, HS3ST3A1, PCOLCE2,
and CAPNS all together for the first time and sets them as
biomarkers related to TME in thyroid cancer, which might
become potential candidate targets for TC immunotherapy.

It is commonly recognized that inflammation and au-
toimmunity are risk factors for TC [24]. Evidence also in-
dicated that TC patients might benefit from targeting
cancer-related inflammation, which provided new strate-
gies for diagnosis and treatment [25]. Studies of immune
infiltration in TC have made many major advances, par-
ticularly in the study of primary immune cells, such as NK
cells, TAMs, MCs, DCs, CD8+ T cells, B cells, neutrophils,



Journal of Oncology

LRRN4CL HS3ST3A1 PCOLCE2 CAPN8
> < 0.001 > < 0.001 201 p<0.001 81 < 0.001
4 4 : 4 A 15 6
34 —— 3
Z . 04 - 4 A
2 1 B 24 -
e = . P s & 21 2
0ol % 0 | i sl—_» o | = 0 i
T T T T T T
Normal Tumor Normal Tumor Normal Tumor Normal Tumor
(a)
LRRN4CL HS3ST3A1 PCOLCE2 CAPN8
4 p=12e-09 p=1.6e-09 p=6.4e-09
3 1.0 10 6
2 4
0.5 5
1 2
0 0.0 0 0
T T T T T T T T
Normal Tumor Normal Tumor Normal Tumor Normal Tumor
- Normal - Normal - Normal - Normal
E Tumor E Tumor E Tumor E Tumor
(b)
LRRN4CL HS3ST3Al PCOLCE2 CAPN8
2.5
$ 30 . .
5 p=027 5 p'=0.052 p=028 . p=31e-05
1.5 20
2 . g 10
. g " 1.0 8 .
1 - b . T 10 5 . .
T éﬁ’:.: 0.5 a iiii:' .. ; . "
0 T T 0 0 : T T 0 “ |' - |.‘ O T - .’: ‘
NO N1 NO N1 NO N1 NO N1
B ~o =R 3 No F3 No
& & & N
(c)
LRRN4CL HS3ST3A1 PCOLCE2 CAPNS8
B B woreseudiNRS N R -sovervaral N R ovrormworad N B
oy z 2 oy
E 051 p=0042 E 059 p=0008 059 p=0.036 E 051 p=0046
2 2 2 2
~ ~ A ~
0.0 0.0 0.0 0.0
rTTrrrrrrrrrrTrTTT rrrrrrrrrrrrrTroTT rTTrrrrrrrrrrrTrTrTT rrrrrrrrrrrrroTrTT
0 5 10 15 0 5 10 15 0 5 10 15 0 5 10 15
Time (years) Time (years) Time (years) Time (years)
—— LRRN4CL high —— HS3ST3A1 high —— PCOLCE2 high —— CAPNS high
—— LRRN4CL low —— HS3ST3A1 low —— PCOLCE2 low —— CAPNS low
(d)

FIGURE 6: The expression levels of 4 core DEGs in clinical specimens: (a) unpaired and (b) paired. (c) The correlation between four core
DEGs and N stage. (d) The correlation between four core DEGs and overall survival (OS) of TC.

and Tregs. [24, 26, 27]. In our study, the proportion of TIICs
was estimated using the CIBERSORT algorithm, which
indicated that TME-related DEGs had a notable association
with specific immune cells, including monocytes,

neutrophils, T cells, and so on. Previous studies revealed that
TAMs, MCs, DCs, Tregs, and neutrophils were positively
related to TC progression [28-32]. While NK cells, iDCs,
CD8+ T cells, and B cells are negatively associated with TC
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FiGure 7: The expression of HS3ST3A1 and CAPNS in clinical samples and cellular functional experiments. (a) GEPIA analysis show
HS3ST3A1 and CAPNS differed among stages. (b) RT-qPCR of HS3ST3A1 and CAPNB8 in 20 paired TC tissues, including 10 paired samples
with LNM and 10 paired samples with no LNM. (c) IHC staining of HS3ST3A1 and CAPNS in 30 TC specimens, including 10 adjacent
normal samples, 10 tumor samples with no LNM, and 10 tumor samples with LNM. (d) Western blot of downregulation of HS3ST3A1 and
CAPNS in papillary TC cells BPCAP and TPC-1. The effect of HS3ST3A1 and CAPN8 downregulation on proliferation and invasion is
determined by (e) MTT, (f) colony formation, and (g) Transwell. *p < 0.05, ***p < 0.01.
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progression [33-38]. However, some studies clarified that
immune cells are related to various outcomes in cancer [39].
It is sure that further studies will be conducted to explore the
role of different immune cells plays in cancer for better
prognostic evaluation.

As for TME-related genes in thyroid cancer, a previous
study has identified 30 hub genes by constructing the PPI
network and set CXCL10 as the top hub gene [14]. Our study
has different logical methods and conducted further data
mining. First, we obtained more gene expression and clinical
profiles so that our study might have more credibility.
CXCL10 was a specific differential expressed TME-related
gene in the PPI network with the most nodes, but it tended
to lose its significance when performing univariate Cox
regression analysis. Furthermore, we analyzed the immune
infiltrating profiles of TC and concluded the correlation
between immune cells and DEGs using the CIBERSORT
algorithm. These make sense for better identifying TME-
related biomarkers and prognostic indicators in patients
with TC.

HS3ST3A1 and CAPN8 were considered to serve as
prognostic predictors in our study. Clinical specimens were
collected and subjected to RT-qPCR and IHC staining,
which showed higher HS3ST3A1 and CAPNS8 expression
levels in tumor tissues, especially in tumors with LNM. In
vitro, the downregulation of HS3ST3A1 and CAPNS pre-
sented the inhibition of proliferation and invasion in pap-
illary thyroid cancer cells. These findings indicated that
TME-related genes HS3ST3A1 and CAPNS8 function in
the immune process and contribute to tumor development.

However, it is necessary to acknowledge the limitations
of this study. The biases were unavoidable because the data
were primarily obtained from the TCGA database. Besides,
we chose two of the genes for experimental verification; the
other two genes, LRRN4CL and PCOLCE2 were excluded
due to their adverse expression both in paired and unpaired
tissues. As for clinical specimens, our data lacks survival
information due to the good outcome of TC patients.
Furthermore, our experiments mainly focused on papillary
thyroid cancer cells, which is the most common subtype of
TC, but the verification in other thyroid cancer subtypes is
lacking. Animal experiments and the depth of molecular
mechanisms still need further investigation.

Overall, we used the ESTIMATE algorithm to identify
DEGs related to the TME in TC specimens obtained from
the TCGA dataset. LRRN4CL, HS3ST3A1, PCOLCE?2, and
CAPNS were observed as potential prognostic indicators for
patients with TC. Furthermore, HS3ST3A1 and CAPN8
were highly expressed in thyroid tumor tissue, especially in
tumors with LNM, and their downregulation can inhibit the
proliferation and invasion of thyroid cancer cells. However,
the underlying molecular mechanisms of tumor micro-
metastasis and the potential clinical value for early di-
agnosis still require further experimental study.

5. Conclusion

In summary, we identified several TME-related DEGs in TC,
among them, LRRN4CL, HS3ST3Al, PCOLCE2, and

Journal of Oncology

CAPNB8 were remarkably involved in the regulation of the
immune activities in the TME and poor clinical outcomes.
Additionally, the malignancy behaviors of HS3ST3A1 and
CAPNS in the tumor process were verified through tissue
and cellular experiments. Our findings indicated that
HS3ST3A1 and CAPNS served as prognostic biomarkers of
TC and might bring new insights into the development of
effective therapeutic strategies for patients with TC.

Data Availability

All data generated or analyzed during this study are included
in this article and its supplementary files.

Consent

This study was approved by the Institutional Review Board
of Tianjin Medical University Cancer Institute and Hospital.
All methods were performed in accordance with the relevant
guidelines and regulations. Voluntary written informed
consent had been obtained from each participant.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

YY and CXC designed the study; CZH, YHR, LJH, JRY,
WXN, and ZX]J performed data analysis and experiments;
YY, CXC, and CZH wrote and revised the manuscript. All
authors had read and approved the final manuscript.
Zhao-Hui Chen and Hao-Ran Yue contributed equally to
this work.

Acknowledgments

This study was supported by funds from the National
Natural Science Foundation of China (grant number:
82172827) and Tianjin Research Innovation Project for
Postgraduate Students (grant number: 2021YJSB260).

Supplementary Materials

Table S1. The sequences of primers used for RT-qPCR. Table
S2. The antibodies used for IHC and Western blot. Table S3.
Target sequences of sShRNA. (Supplementary Materials)

References

[1] S. Fahiminiya, L. de Kock, and W. D. Foulkes, “Biologic and
clinical perspectives on thyroid cancer,” New England Journal
of Medicine, vol. 375, no. 23, pp. 2306-2307, 2016.

[2] A. Miranda-Filho, J. Lortet-Tieulent, F. Bray et al., “Thyroid
cancer incidence trends by histology in 25 countries: a pop-
ulation-based study,” Lancet Diabetes & Endocrinology, vol. 9,
no. 4, pp. 225-234, 2021.

[3] M. Pizzato, M. Li, J. Vignat et al, “The epidemiological
landscape of thyroid cancer worldwide: GLOBOCAN esti-
mates for incidence and mortality rates in 2020,” Lancet
Diabetes & Endocrinology, vol. 10, no. 4, pp. 264-272, 2022.


https://downloads.hindawi.com/journals/jo/2022/6724295.f1.docx

Journal of Oncology

[4] N. Nilubol, L. Zhang, and E. Kebebew, “Multivariate analysis
of the relationship between male sex, disease-specific survival,
and features of tumor aggressiveness in thyroid cancer of
follicular cell origin,” Thyroid, vol. 23, no. 6, pp. 695-702,
2013.

[5] A.]. Bauer, “Pediatric thyroid cancer: genetics, therapeutics
and outcome,” Endocrinology and Metabolism Clinics of North
America, vol. 49, no. 4, pp. 589-611, 2020.

[6] M. E. Cabanillas, D. G. McFadden, and C. Durante, “Thyroid
cancer,” The Lancet, vol. 388, no. 10061, pp. 2783-2795, 2016.

[7] D. Laha, N. Nilubol, and M. Boufragech, “New therapies for
advanced thyroid cancer,” Frontiers in Endocrinology, vol. 11,
p. 82, 2020.

[8] X. Zhao, D. Hu, J. Li, G. Zhao, W. Tang, and H. Cheng,
“Database mining of genes of prognostic value for the prostate
adenocarcinoma microenvironment using the cancer gene
Atlas,” BioMed Research International, vol. 2020, pp. 1-10,
Article ID 5019793, 2020.

[9] Y. Gu, W. Gu, R. Xie, Z. Chen, T. Xu, and Z. Fei, “Role of
CXCR4 as a prognostic biomarker associated with the tumor
immune microenvironment in gastric cancer,” Frontiers in
Cell and Developmental Biology, vol. 9, Article ID 654504,
2021.

[10] B. Liu, Y. Fan, Z. Song et al, “Identification of DRP1 as
a prognostic factor correlated with immune infiltration in
breast cancer,” International Immunopharmacology, vol. 89,
Article ID 107078, 2020.

[11] D. Hanahan and R. A. Weinberg, “The hallmarks of cancer,”
Cell, vol. 100, no. 1, pp. 57-70, 2000.

[12] S. Adams, R. J. Gray, S. Demaria et al., “Prognostic value of
tumor-infiltrating lymphocytes in triple-negative breast
cancers from two phase III randomized adjuvant breast
cancer trials: ECOG 2197 and ECOG 1199,” Journal of Clinical
Oncology, vol. 32, no. 27, pp. 2959-2966, 2014.

[13] R. M. Bremnes, L. T. Busund, T. L. Kilver et al., “The role of
tumor-infiltrating lymphocytes in development, progression,
and prognosis of non-small cell lung cancer,” Journal of
Thoracic Oncology, vol. 11, no. 6, pp. 789-800, 2016.

[14] K. Zhao, H. Yang, H. Kang, and A. Wu, “Identification of key
genes in thyroid cancer microenvironment,” Medical Science
Monitor, vol. 25, pp. 9602-9608, 2019.

[15] K. Yoshihara, M. Shahmoradgoli, E. Martinez et al., “Inferring
tumour purity and stromal and immune cell admixture from
expression data,” Nature Communications, vol. 4, no. 1,
p. 2612, 2013.

[16] L. van der Weyden, V. Harle, G. Turner et al, “CRISPR
activation screen in mice identifies novel membrane proteins
enhancing pulmonary metastatic colonisation,” Commun
Biol, vol. 4, no. 1, p. 395, 2021.

[17] J. Wang, D. M. Han, H. W. Kang, L. J. Ma, J. Y. Ye, and
Y. Xiao, “Primary study on glycan structure in pathopoiesis
mechanism of recurrent respiratory papillomatosis,” Zhong-
hua er bi yan hou tou jing wai ke za zhi, vol. 43, no. 5,
pp. 355-359, 2008.

[18] B. R. Joubert, E. M. Lange, N. Franceschini, V. Mwapasa,
K. E. North, and S. R. Meshnick, “A whole genome association
study of mother-to-child transmission of HIV in Malawi,”
Genome Medicine, vol. 2, no. 3, p. 17, 2010.

[19] T. Nakano, K. Shimizu, O. Kawashima et al., “Establishment
of a human lung cancer cell line with high metastatic potential
to multiple organs: gene expression associated with metastatic
potential in human lung cancer,” Oncology Reports, vol. 28,
no. 5, pp. 1727-1735, 2012.

13

[20] B. M. Steiglitz, D. R. Keene, and D. S. Greenspan, “PCOLCE2
encodes a functional procollagen C-proteinase enhancer
(PCPE2) that is a collagen-binding protein differing in dis-
tribution of expression and post-translational modification
from the previously described PCPE1,” Journal of Biological
Chemistry, vol. 277, no. 51, pp. 49820-49830, 2002.

[21] L. Chen, D. Lu, K. Sun et al., “Identification of biomarkers
associated with diagnosis and prognosis of colorectal cancer
patients based on integrated bioinformatics analysis,” Gene,
vol. 692, pp. 119-125, 2019.

[22] R. L. Campbell and P. L. Davies, “Structure-function re-
lationships in calpains,” Biochemical Journal, vol. 447, no. 3,
pp. 335-351, 2012.

[23] S. Hata, S. Koyama, H. Kawahara et al.,, “Stomach-specific
calpain, nCL-2, localizes in mucus cells and proteolyzes the
beta-subunit of coatomer complex, beta-COP,” Journal of
Biological Chemistry, vol. 281, no. 16, pp. 11214-11224, 2006.

[24] S. M. Ferrari, P. Fallahi, G. Elia et al., “Thyroid autoimmune
disorders and cancer,” Seminars in Cancer Biology, vol. 64,
pp. 135-146, 2020.

[25] G. E. Naoum, M. Morkos, B. Kim, and W. Arafat, “Novel
targeted therapies and immunotherapy for advanced thyroid
cancers,” Molecular Cancer, vol. 17, no. 1, p. 51, 2018.

[26] N. Golden, M. Hammerschlag, S. Neuhoff, and A. Gleyzer,
“Prevalence of Chlamydia trachomatis cervical infection in
female adolescents,” Archives of Pediatrics and Adolescent
Medicine, vol. 138, no. 6, pp. 562-564, 1984.

[27] M. R. Galdiero, G. Varricchi, and G. Marone, “The immune
network in thyroid cancer,” Oncolmmunology, vol. 5, no. 6,
Article ID 1168556, 2016.

[28] P. R. Sanberg, M. A. Henault, T. H. Moran, P. G. Antuono,
and J. T. Coyle, “The development of daytime rearing be-
havior in methylazoxymethanol-treated rats: methodological
considerations,” Behavioural Brain Research, vol. 25, no. 2,
pp. 97-100, 1987.

[29] H. Yu, X. Huang, X. Liu et al, “Regulatory T cells and
plasmacytoid dendritic cells contribute to the immune escape
of papillary thyroid cancer coexisting with multinodular non-
toxic goiter,” Endocrine, vol. 44, no. 1, pp. 172-181, 2013.

[30] R. M. Melillo, V. Guarino, E. Avilla et al., “Mast cells have
a protumorigenic role in human thyroid cancer,” Oncogene,
vol. 29, no. 47, pp. 6203-6215, 2010.

[31] C. Visciano, F. Liotti, N. Prevete et al., “Mast cells induce
epithelial-to-mesenchymal transition and stem cell features in
human thyroid cancer cells through an IL-8-Akt-Slug path-
way,” Oncogene, vol. 34, no. 40, pp. 5175-5186, 2015.

[32] W. Wen, P. Wu, J. Li, H. Wang, J. Sun, and H. Chen,
“Predictive values of the selected inflammatory index in el-
derly patients with papillary thyroid cancer,” Journal of
Translational Medicine, vol. 16, no. 1, p. 261, 2018.

[33] W. T. Scouten and G. L. Francis, “Thyroid cancer and the
immune system: a model for effective immune surveillance,”
Expert Review of Endocrinology and Metabolism, vol. 1, no. 3,
pp. 353-366, 2006.

[34] F. Gogali, G. Paterakis, G. Z. Rassidakis, C. I. Liakou, and
C. Liapi, “CD3(-) CD16(-) CD56(bright) immunoregulatory
NK cells are increased in the tumor microenvironment and
inversely correlate with advanced stages in patients with
papillary thyroid cancer,” Thyroid, vol. 23, no. 12, pp. 1561~
1568, 2013.

[35] F. Gogali, G. Paterakis, G. Z. Rassidakis et al., “Phenotypical
analysis of lymphocytes with suppressive and regulatory
properties (Tregs) and NK cells in the papillary carcinoma of



14

(36]

(37]

(38]

(39]

(40]

thyroid,” Journal of Clinical Endocrinology and Metabolism,
vol. 97, no. 5, pp. 1474-1482, 2012.

J. D. French, Z.]. Weber, D. L. Fretwell, S. Said, J. P. Klopper,
and B. R. Haugen, “Tumor-associated lymphocytes and in-
creased FoxP3+ regulatory T cell frequency correlate with
more aggressive papillary thyroid cancer,” Journal of Clinical
Endocrinology and Metabolism, vol. 95, no. 5, pp. 2325-2333,
2010.

E. K. Lee and J. B. Sunwoo, “Natural killer cells and thyroid
diseases,” Endocrinol Metab (Seoul), vol. 34, no. 2, pp. 132-
137, 2019.

G. Faugeras and R. R. Paris, “On cineverine (veratryl-13-
hydroxylupanine), new alkaloid-ester of papilionaceous
plants,” C R Acad Hebd Seances Acad Sci D, vol. 263, no. 4,
pp. 436-438, 1966.

B. Little, “George van S. And olive watkins smith and the free
hospital for women, brookline, Massachusetts,” Obstetrical
and Gynecological Survey, vol. 25, no. 7, pp. 631-648, 1970.
Z. H. Chen, J. H. Li, H. R. Yue, R. Y Jiang, and X. N Wang,
HS3ST3A1 and CAPNS Serve as Immune-Related Biomarkers
for Predicting the Prognosis in Thyroid Cancer, 2022.

Journal of Oncology





