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Abstract: Papillary thyroid carcinoma (PTC) and Hashimoto’s thyroiditis (HT)
appear antagonistic but often occur simultaneously. This study integrates four
GEO datasets to compare gene expression differences among PTC, HT, PTC _
HT, and control thyroid tissues (Control), revealing similarities and differences
in gene expression. Results show significant differences in 202 genes among the
three conditions, with consistent upregulation/downregulation trends, primarily
involving inflammation and chemokines (e.g., CXCL8, CXCL9, CXCL10, IL8).
Cells in PTC and HT are in a state of chronic inflammatory activation and are un-
responsive to p53 and FAS-induced apoptotic signals. Analysis of differentially
expressed genes between PTC and HT reveals that several extracellular matrix
pathway genes (e.g., FN1, LAMBI1, LAMCI) have opposite expression trends
in the two diseases, and the FN1-DUSP6-ETV5-NFATC1/3 signaling axis may
drive phenotypic heterogeneity by regulating T cell immune responses. These
findings provide new insights into the molecular mechanisms and interrelation-
ship of PTC and HT.

Keywords: Papillary thyroid carcinoma; Hashimoto’s thyroiditis; Expression

profile comparative analysis;

Introduction

Papillary thyroid carcinoma (PTC) is considered the most common type of
thyroid cancer, characterized by unique histological features and generally fa-
vorable prognosis. However, the molecular basis of its pathogenesis, especially
in relation to autoimmune diseases such as Hashimoto’s thyroiditis (HT), remains
unclear. Hashimoto’s thyroiditis is an autoimmune disease marked by lympho-
cytic infiltration of the thyroid gland1,lts potential role as a precursor or risk
factor for PTC has been a focus of research. Multiple studies have shown that
Hashimoto's thyroiditis frequently coexists with PTC, often manifesting as multi-
focal carcinogenesis, but with lower clinical staging compared to thyroid cancer
without thyroiditis2,3.
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With the development of bioinformatics, powerful tools have been provided
to explore the complex gene expression profiles associated with these diseases.
Using comprehensive bioinformatics analysis, differentially expressed genes
(DEGsS) and key molecular pathways can be identified, which may promote the
development and progression of PTC in the context of HT. Such analyses reveal
significant associations between specific gene expression patterns and the patho-
genesis of PTC, providing insights into potential biomarkers and therapeutic tar-
gets4,5.

In this study, we aim to conduct a comprehensive bioinformatics analysis
comparing the expression profiles of PTC and HT. By utilizing high-throughput
sequencing data and advanced computational methods, key differentially ex-
pressed genes and pathways under these conditions will be identified. This ap-
proach will deepen our understanding of the molecular interactions between PTC
and HT, facilitating the discovery of novel biomarkers for early diagnosis and

targeted therapyo.

Materials and Methods

Microarray Data, Patients, Tissue Collection

From August 2024 to February 2025, a total of 10 tissue samples were col-
lected, including 3 Hashimoto’s, 6 papillary carcinomas, and 1 para-carcinoma
tissue, from Changxing County People’s Hospital. The patients’ ages ranged from
27 to 68 years, including 1 male and 8 female patients.

This study was approved by the Ethics Committee of Changxing County
People’s Hospital. Written informed consent was obtained from all participants

or their legal guardians.

Data Acquisition

Relevant studies on Hashimoto’s Thyroiditis (HT) and Papillary Thyroid
Carcinoma (PTC) were collected from the GEO database. Based on data con-
sistency considerations, only microarray data was selected, using keywords
Hashimoto’s Thyroiditis, Papillary Thyroid Carcinoma, and PTC, referencing
literature with PMIDs 25306886 and 34313737. The selected datasets were: (1)
GSE138198 (36 samples total), selecting 13 HT samples, 12 PTC samples, 8
PTC_HT samples, and 3 normal thyroid samples (TN) for control. A total of 36
samples were selected from GSE138198 (see batchl in Appendix Table 1). (2
GSE29315 (71 samples total), selecting 6 HT samples and 22 PTC samples. A
total of 28 samples were selected from GSE29315 (see batch2 in Appendix Table
1). ® GSE33630 (105 samples total), selecting 49 PTC samples and 45 normal
thyroid tissue samples for control. A total of 94 samples were selected from
GSE33630 (see batch3 in Appendix Table 1). @) GSE66463 (18 samples total),
selecting 8 PTC samples. A total of 8 samples were selected from GSE66463 (see
batch4 in Appendix Table 1). These datasets were all obtained using the Affym-
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etrix Human Gene/Genome Array platform. Finally, a total of 166 samples were
pooled for the study, including 19 HT cases, 91 PTC cases, 8 PTC_HT cases, and

48 control cases.

Differential Gene Expression Analysis

To eliminate the impact of batch effects on gene expression data, we used
the sva (Surrogate Variable Analysis) package in R for data correction7]. T.</
author><author>Johnson, W. E.</author><author>Parker, H. S.</author><au-
thor>Jaffe, A. E.</author><author>Storey, J. D.</author></authors></contrib-
utors><auth-address>Department of Biostatistics, JHU Bloomberg School of
Public Health, Baltimore, MD, USA. jleek@jhsph.edu</auth-address><titles><-
title>The sva package for removing batch effects and other unwanted variation in
high-throughput experiments</title><secondary-title>Bioinformatics</second-
ary-title></titles><periodical><full-title>Bioinformatics</full-title></periodi-
cal><pages>882-3</pages><volume>28</volume><number>6</number><edi-
tion>2012/01/20</edition><keywords><keyword>Gene Expression Profiling</
keyword><keyword>Genomics</keyword><keyword>High-Throughput Nucle-
otide Sequencing</keyword><keyword>Humans</keyword><keyword>Regres-
sion Analysis</keyword><keyword>*Software</keyword><keyword>Urinary
Bladder Neoplasms/genetics</keyword></keywords><dates><year>2012</
year><pub-dates><date>Mar 15</date></pub-dates></dates><isbn>1367-4811
(Electronic.The combat function in the sva package was applied, using Bayesian
methods to adjust the data and eliminate systematic biases from different batches.
After correction, differentially expressed genes (DEGs) were identified between
the control group and PTC, HT, PTC_HT groups using the ‘limma’ package.
The analysis workflow is shown in Figure 1, with comparison conditions and
parameters also standardized in the figure. Volcano plots were generated using
the ‘ggplot2’ package to visualize DEGs, and heatmaps of the top 50 DEGs were
created using the ‘Pheatmap’ package. Differential gene clustering analysis was
performed using the clusterProfiler package in R and manually beautified.

Similarly, all 166 samples were analyzed using the WGCNA package in R,
with a minimum module size of 30 and a minimum module dissimilarity thresh-
old of 0.15. For different disease-related color groups, HubGenes were screened
using parameters of |GS[>0.2 and [MM|>0.5. The same methods were used for
gene differential volcano plots, heatmaps, and gene clustering analysis using the
clusterProfiler package. Protein-protein interaction (PPI) analysis was performed
using the STRING database (https://string-db.org/).

Organizational Real-time Fluorescence Quantitative (RT-qPCR) and WB
Analysis for Verification

Total RNA was extracted using the total RNA extraction reagent (Solarbio,
Cat. No. R1200) according to the manufacturer’s instructions. cDNA reverse
transcription was performed using microRNA RT Master Mix for qPCR III (poly
A) (MCE, Cat. No. HY-K0512) as per the manual. The qPCR reaction was pre-
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pared using PerfectStart Green qPCR SuperMix Kit (with dye II, TransGen, Cat.
No. AQ602-01) according to instructions and run on the ABI Prism 7500 system
(ABI). The expression level of target mRNA was normalized to B-actin as an in-
ternal reference, and the relative expression difference was calculated using the
2"—=AACt method, calculating the fold change relative to the control group.

WB verification of collected samples was performed using antibodies
from Bioproduct: NFATc3 (YP-mAb-01898); NFATcl (YP-mAb-02243); ETVS
(H00002119-A01); UDSP6(Self-made antibodies); FN1 (YP-mAb-17024); TP53
(YP-mAD-00474).

Results

Analysis of Common Differential Genes in Three Disease Tissues:

After batch correction, normalized gene expression data for all 166 sam-
ples were obtained (see Appendix 2). Using these data, comparisons were made
between PTC_HT, PTC, and HT with Control tissues, followed by Pathway1
analysis as shown in the schematic diagram. Differential genes DEG1, DEG2,
and DEG3 were obtained (see Appendix 3). Comparing PTC_HT with Control
(DEG]1, Figure 2B), 510 upregulated genes and 328 downregulated genes were
identified. Comparing PTC with Control (DEG2, Figure 2A), 258 upregulated
genes and 165 downregulated genes were found. Comparing HT with Control
(DEG3, Figure 2C), 352 upregulated genes and 114 downregulated genes were
identified. The intersection of DEG1, DEG2, and DEG3 in a Venn diagram re-
vealed 202 genes differentially expressed in all three diseases. The expression
trends of these differential genes, both upregulation and downregulation, were
consistent across the three diseases (see Appendix 2). A heatmap of the top 50
genes with the largest expression differences (Figure 2E) showed clear separation
between disease groups and the control group, but clustering among the three
diseases was not distinct. This suggests that the gene expression profiles of these
three diseases may be relatively similar.

KEGG clustering analysis was performed on the 202 common differential
genes, and pathways with qValue < 0.05 were selected to draw the KEGG clus-
tering diagram. It was found that genes related to various infectious diseases and
complement pathways were altered, followed by changes in pathways related to
pS3 gene, lysosomes, and phagosomes associated with cell apoptosis. Finally, we
also found significant changes in the expression of genes involved in cell adhe-
sion and cytoskeleton pathways.

Displaying these pathways and their connecting key genes using a path-
way-gene diagram (Figure 2G) revealed: genes related to infection and immune
regulation were mostly upregulated, especially HLA genes associated with au-
toimmunity. Pro-apoptotic genes FAS and BID were upregulated (Figure 2G,
H), mainly connecting p53 pathway, cisplatin resistance pathway, and multiple
immune disease pathways, but their upregulation did not appear to cause apop-

tosis of immune system or cancer-related genes. We also separately investigated
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important apoptosis-related genes TP53 (encoding p53, tumor suppressor gene),
BCL2, and BCL2L2 (anti-apoptotic genes) in the four types of tissues (Figure
2H). TP53 gene was upregulated in all three disease tissues, and its induced an-
ti-apoptotic genes BCL2 and BCL2L2 were downregulated. This activation of
the apoptotic signaling pathway did not effectively inhibit the occurrence of can-
cer or autoimmunity.

Pairwise Comparison Analysis of Differential Genes in Three Diseases:

After analyzing the common differential genes in the three diseases, we also
analyzed the common genes in PTC and HT, following Pathway2 and Pathway3
in the analysis flowchart. There were 1175 genes upregulated in both PTC and
HT (Figure 3A). Clustering analysis of these genes revealed a focus on immune
regulation and apoptosis systems. In addition to the pathways observed in Fig-
ure 2, pathways related to cell matrix such as “focal adhesion” and “adhesion
molecules” were also upregulated (Figure 3B). After drawing the pathway-gene
diagram (Figure 3C), we also found upregulation of numerous chemokines such
as CXCL8, CXCL9, CXCL10, and pro-inflammatory factors like CD4 and ILS.

There were 1764 genes downregulated in both PTC and HT (see Figure
3D). KEGG clustering of these genes showed that the main downregulated path-
ways were metabolism-related, such as carbon, glucose, and amino acids (see
Figure 3E). At the same time, some anti-apoptotic genes, such as the previously
mentioned BCL2 and IRS1 and KRAS found in this analysis, were also down-
regulated (see Figure 3F).

There were 70 genes upregulated in PTC and downregulated in HT, while
31 genes were downregulated in PTC and upregulated in HT (see Figure 3G).
The number of differential genes with opposite expression trends was far small-
er than those with consistent trends. Therefore, we combined them for analysis.
KEGG clustering analysis was performed on these 101 genes with opposite ex-
pression trends in PTC and HT. The clustered pathways for genes with opposite
expression trends included ECM-receptor interaction and TNF signaling path-
way, as well as some metabolic pathways, and pathways related to cell phagocy-
tosis and connections (see Figure 3H). After drawing the pathway-gene diagram,
two groups of genes were noteworthy (see Figure 3I). One group, located in the
a circle in Figure 3H, includes the pro-proliferative kinase RPS6KAS, inflamma-
tion signal-related ubiquitin ligases CYLD and CBLB, and immune-related tran-
scription factors NFATC1 and NFATC3. These were downregulated in PTC but
upregulated in HT. The other group, located in , mainly consists of extracellular
matrix-related genes, including FN1, LAMCI1, and LAMBI, and the cell adhe-
sion protein DAGI1. These were upregulated in PTC but downregulated in HT.
Therefore, the differences between PTC and HT may primarily focus on some
key cell proliferation pathways, ubiquitination status, and differences in extracel-

lular matrix composition.
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WGCNA Analysis:
After completing the differential gene analysis, we performed WGCNA

analysis on all samples, corresponding to B in the data analysis flowchart, com-
pleting the analysis of Pathway4, Pathway$5, and Pathway6. The samples were
divided into 4 groups, and after WGCNA analysis (see Figure 4A), we found that
the color block positively correlated (PosCorr) with both PTC and HT was red.
The correlation coefficient of red with PTC was 0.26 (P = 6 x 10-4), and with HT
was 0.22 (P = 0.006). The color block negatively correlated (NegCorr) with both
PTC and HT was yellow, with a correlation coefficient of -0.33 (P =1 x 10-5)
with PTC and -0.17 (P = 0.03) with HT. The modules positively correlated with
PTC and negatively correlated with HT were brown and magenta. In the brown
module, the positive correlation coefficient with PTC was 0.69 (P = 4 x 10-25),
and the negative correlation coefficient with HT was -0.18 (P = 0.02). In the ma-
genta module, the positive correlation coefficient with PTC was 0.68 (P =5 x 10-
24), and the negative correlation coefficient with HT was -0.36 (P = 1 x 10-6).
There were no modules negatively correlated with PTC and positively correlated
with HT. The genes contained in each module are as follows: 108 genes in red,
292 genes in yellow, and 550 genes in brown and magenta combined.

After performing KEGG clustering and pathway-gene mapping on the red
genes (Figures 4B and C), we also found that pathways such as p53 and apopto-
sis were highly expressed in both PTC and HT. Unlike the differential gene (DEG)
analysis, in WGCNA we also found that the expression of DNA repair pathway
genes was positively correlated with both diseases. Screening for HubGenes in
the red module revealed that these disease-positively correlated HubGenes may
have relatively close interactions between their encoded proteins (Figure 4D).
They are mainly: DNA replication and repair-related genes (DNMT1, EZH2,
CDK?7, GINS1), cell cycle and chromosome regulation genes (CDC20, BUBIB,
FOXM1, CDK1, etc.).

After performing KEGG clustering and pathway-gene mapping on the yel-
low genes (Figures 4E and F), similar to the differential gene analysis, we found
that metabolism-related pathways were negatively correlated with PTC and HT.
We also discovered genes related to neurological diseases such as Parkinson’s
and Alzheimer’s. The HubGenes in the yellow module were not closely connect-
ed (Figure 4G). They are mainly protein modification and degradation-related
genes (SUMO1, TSG10, USP46), cytoskeleton and signal transduction-related
genes (ANKMY?2). Protein modification and degradation-related genes play im-
portant roles in the pathogenesis of neurological diseases.

After performing KEGG clustering and pathway-gene mapping on the
brown and magenta genes (Figures 4H and I), the genes were mainly clustered in
pathways such as Focal adhesion, Regulation of actin cytoskeleton, Estrogen sig-
naling pathway, and ECM-receptor interaction. Consistent with DEGs analysis,

many cancer pathways were also enriched pathways for module genes. Similarly,
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the HubGenes in these two color modules were not closely related (Figure 4J).
They are mainly signal transduction and gene regulation-related genes (such as
DUSP6, EFR3A, LRP4, etc.) and cell adhesion, structure, and interaction-related
genes (SDC4, KRT19, and ITGA3).

Joint analysis of Differential Genes (DEGs) and WGCNA HubGenes:

To gain a more detailed understanding of the differences between PTC and
HT, we combined the genes with opposite expression trends in DEGs with the
HubGenes from the brown and magenta modules in WGCNA for PPI analysis,
Figure 5SA. 14 genes showed interactions, mainly involved in ECM-receptor
interaction. We also plotted expression bar graphs for 12 of the more important
genes (Figure 5C). The differences between PTC and HT may involve different

extracellular matrices transmitting different signals to thyroid cells.
RT-qPCR and WB validation of clinical samples.

Using PTC, HT, and PTC para-carcinoma tissues we collected, we validat-
ed key genes obtained from the GEO data reanalysis using RT-qPCR and WB.
These include TP53, which is upregulated in both PTC and HT, FN1, which is
expressed oppositely in PTC and HT, key hubGenes such as UDSP6 and ETV5
that may link extracellular matrix and immune regulation from the joint analysis
of DEGs and WGCNA, and the key transcription factors NFATC1 and NFATC3
that they may regulate to stimulate T cell activation. Results are shown in Figure 6.

WB detection of protein expression was generally consistent with the re-
sults obtained from GEO data. p53 protein was elevated in both HT and PTC,
while compared to the control (para-carcinoma tissue, PT), FN1 showed opposite
expression trends in HT and PTC. Among the hubGenes, NFATC1 and NFATC3
also showed opposite expression trends in HT and PTC. Other hubGenes such as
USDP6 and ETVS showed lower expression in HT than in PTC, but both were
higher than the control. RT-qPCR results were similar to WB, but genes with
very low expression levels showed large standard deviations and did not demon-
strate statistical differences.

Discussion

Thyroid cancer refers to malignant tumors originating from thyroid tissue
and is one of the most common malignant tumors of the endocrine system. The
incidence rate has been increasing annually, with a global average annual growth
of 3-5% over the past 40 years. In 2020, the global age-standardized incidence
rate was 11.6 per 100,000 for women and 3.5 per 100,000 for men, with women
having a three-fold higher risk than men8,9.Thyroid cancer mainly affects the
follicular cells in the thyroid. Several common types of thyroid cancer arel0,11:-
Papillary Thyroid Carcinoma (PTC), accounting for about 80-85% of all thyroid
cancer cases. This cancer mainly affects the follicular cells in the thyroid, usually
grows slowly, and has a good prognosis. Follicular Thyroid Carcinoma (FTC) ac-
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counts for 10-15% of thyroid cancer cases and also mainly affects follicular cells.
It is slightly more invasive than papillary thyroid cancer, but the prognosis is still
relatively good. Medullary Thyroid Carcinoma (MTC) accounts for 3-4% of thy-
roid cancer cases. This type of thyroid cancer originates from C cells (also called
parafollicular cells) in the thyroid, which are responsible for secreting calcitonin.
Anaplastic Thyroid Carcinoma (ATC) accounts for 1-2% of all thyroid cancer
cases. Anaplastic thyroid cancer can originate from follicular cells, has a high
degree of cellular variation, is highly invasive, and has a poor prognosis. Au-
toimmune Thyroid Diseases (AITD) are a group of organ-specific autoimmune
diseases caused by the interaction between genetic susceptibility and environ-
mental trigger factors. The most common among these are Hashimoto’s disease
and Graves’ disease. Hashimoto’s thyroiditis (HT), also known as chronic au-
toimmune thyroiditis and autoimmune hypothyroidism, has a global prevalence
of 7.5%, with a higher incidence in women than in men (17.5% in women, 6%
in men)12.Cancer cells need to survive, so they must evade attacks from the im-
mune system. The basis of autoimmune diseases is the immune system attacking
its own tissues. The immune system’s response to these two diseases seems com-
pletely opposite. But why do these two diseases coexist in thyroid cells? What
are the similarities or differences in their molecular mechanisms? This study
integrated data from four GEO databases, removed batch differences, and com-
pared the expression data of thyroid cells from the main thyroid cancer: Papillary
Thyroid Carcinoma (PTC), the main autoimmune thyroid disease: Hashimoto’s
Thyroiditis (HT), simultaneous PTC and HT (PTC_HT), and normal tissue (Con-
trol). The aim is to find the mechanism of coexistence of cancer and autoimmune
diseases in thyroid cells.

We found that compared to normal tissue (Control), 202 genes showed
differential expression in PTC, HT, and PTC _HT. Compared to Control, these
202 genes were mostly upregulated (Figure 2E), and the direction of expression
increase and decrease was consistent in the three disease cell types studied (see
Appendix 1). Most of these 202 genes are immune-related genes, clustered in
pathways related to viral infection and autoimmune diseases. Inflammation may
play a decisive role in the tumor microenvironment, and chemokines play an
important role in the formation of peritumoral inflammation13.We also observed
upregulation of chemokines CXCL8, CXCL9, CXCL10, and pro-inflammatory
factor IL8 in all three diseases (Figure 2F, Appendix 1). It has been reported that
abnormal thyroid-stimulating hormone receptor signaling increases the secretion
of VEGF-A and CXCLS by thyroid cancer cells, promoting angiogenesis and
tumor growth. Inflammation and high levels of cytokines and chemokines seem
to promote RET/PTC rearrangement, which is one of the key mutations in the
process of thyroid cell carcinogenesis14.HT may be caused by the interaction of
genetic and environmental factors15.Changes in iodine intake may be related to
the occurrence of autoimmune thyroid diseases15,16.The etiology of HT is still

unclear. There is no definitive evidence on whether environmental factors, such
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as iodine intake, and genetic factors disturb thyroid hormone receptor signaling,
increase chemokine secretion, and create a chronic inflammatory environment
leading to the formation of HT. However, the inflammatory environment caused
by HT is likely to increase the occurrence of PTC17,18.In summary, it can be
seen that thyroid cells in PTC, HT, or PTC_HT are all in an environment where
chemokines activate inflammation.

In addition to the upregulation of pro-inflammatory genes in the three dis-
eases, we also observed upregulation of gene expression in the classic cancer-re-
lated p53 pathway (Figure 2F, Supplementary Table 1). For example, p53 and its
target genes CDKNI1A (p21) and PMAIP1 were all upregulated. p53 is a well-
known tumor suppressor gene, referred to as the “guardian of the genome”19.
When cells are subjected to stresses such as DNA damage and oxidative stress,
p53 is activated and activates various downstream genes. For instance, p21 pro-
tein (CDKN1A) exerts anti-cancer effects by arresting the cell cycle. p53-me-
diated PMAIP1 activation can promote cell apoptosis20.However, in the three
aforementioned diseases, their expression was observed to be elevated. It appears
that in the thyroid, the increase in p53 did not fulfill its expected function of in-
hibiting cell growth. In other thyroid cancers, such as anaplastic thyroid cancer
(ATC), increased p53 protein levels have also been observed21.PMAIP1 has also
been observed to have increased expression in follicular thyroid cancer (FTC)22.
Two other important genes related to apoptosis and autoimmune diseases, FAS
and BID, also showed significant upregulation (Figure 2F, G). FAS is a receptor
that induces cell apoptosis, while BID is a pro-apoptotic protein. FAS acts as a
protector against autoimmune diseases and tumor development by amplifying ap-
optosis of tumor cells or overactive immune cells through the activation of BID
protein by hydrolysis23.The above two anti-tumor mechanisms seem to have
lost their function in PTC, HT, or PTC_HT. Their highly expressed pro-apoptotic
effects were all blocked. We investigated downstream signaling molecules in the
p53 and FAS pathways and found that the expression of anti-apoptotic proteins
BCL2 and BCL2L2 genes was reduced (Figure 2G). These two proteins receive
apoptotic signals from cells and form channels on the mitochondrial membrane
to promote apoptosis24.Whether the decrease in their expression is related to the
“apoptosis resistance” of PTC or HT, and whether upregulation of their expres-
sion could be used to treat PTC or HT, deserves further study.

When comparing only the differentially expressed genes common to PTC
and HT, we found that the phenomena of “chemokine-induced inflammatory
environment” and “apoptosis resistance” in thyroid cells became more apparent.
For genes upregulated in both diseases (Figure 3A-C), not only were key genes
in the chemokine signaling pathway and apoptosis upregulated, but many genes
in the Toll-like receptor signaling pathway and Th1l, Th2, and Th17 cell differ-
entiation pathways were also upregulated. In the comparison between PTC and
HT, more chemokines and inflammatory factors were found to be overexpressed,

such as chemokines 1, 5, 6, 11, various interleukin factors, and TNF-related pro-
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teins. WGCNA analysis results (Figure 3) showed that genes in the red module
(positively correlated gene module for PTC and HT) also exhibited upregulation
of p53 and apoptosis-related pathway genes (Figure 4). After clustering analysis
of genes downregulated in both diseases (Figure 3D-F), it was found that in ad-
dition to BCL2, ATGS5, a gene resistant to autophagy, was also downregulated.
ATGS is used to eliminate damaged organelles, and its complex helps extend and
close autophagosome membranes. Without sufficient ATG5 protein, the forma-
tion of autophagosomes would be hindered25.The lack of ATGS may also lead to
chronic inflammation26.Whether this is the reason for the formation of the cellu-
lar microenvironment in PTC and HT is worth in-depth study. In addition, genes
downregulated in both PTC and HT were also clustered in multiple metabolic
pathways, similar to the results of gene clustering analysis in the yellow module
(negatively correlated gene module for PTC and HT) using WGCNA analysis
(Figure 3). Genes in sugar, lipid, and amino acid metabolic pathways were down-
regulated in both diseases. Thyroid cells in PTC and HT may have similar meta-
bolic patterns.

In addition to focusing on the consistent features of PTC and HT, we also
investigated the differentially expressed genes that were different between PTC
and HT. Since the 202 common differentially expressed genes among PTC, HT,
and PTC_HT (Figure 2D) showed consistent directions of increase and decrease
compared to normal tissues, we only used PTC and HT compared to the control
group separately, and set LogFC[> 0 and Padj< 0.05 as conditions to screen for
differentially expressed genes and perform cluster analysis. There were 70 genes
upregulated in PTC and downregulated in HT, and 31 genes downregulated in
PTC and upregulated in HT (Figure 3G). After clustering analysis of these 101
genes, we found that the differentially expressed genes were mainly concentrated
in MAPK, TNF, parathyroid hormone, and T cell receptor signaling pathways (a
region in Figure 3I). Secondly, they were also concentrated in the ECM-receptor
interaction pathway (B region in Figure 3I). In PTC, multiple signal pathway-re-
lated genes (NFATC1, NFATC3, CYLD, CBLB, and RPS6KAS5) were downreg-
ulated, while ECM receptor-related genes (FN1, LAMBI1, LAMCI, and DAGI)
were upregulated. The expression of these genes was opposite in HT (see Figure
5C). By selecting hub genes from modules representing opposite correlations
with PTC and HT (brown and magenta) in the WGCNA analysis and performing
String analysis, we found that four hub genes: DUSP6, ETV4, ETVS, and SDC4
may have potential interactions. More surprisingly, these four genes could con-
nect the differentially expressed genes in MAPK, TNF, parathyroid hormone, and
T cell receptor signaling pathways with those in the ECM-receptor interaction
pathway discovered by DEG analysis, as shown in the String analysis Figure
S5A. We speculate that the difference between PTC and HT may be reflected in
changes in the extracellular matrix. In cancer, the upregulation of extracellular
matrix-related genes (FN1, LAMBI, LAMCI, and DAG1) may downregulate
transcription factors NFATC1 and NFATC3 through the SDC4-DUSP6-ETV5
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axis, thereby altering the proliferation status of cells and causing cancer cell
transformation. In HT patient cells, matrix-related genes are downregulated. The
increased expression of NFATC1 and NFATC3 prevents cancer transformation.
Using spatial transcriptomics, Kai Yan et al. discovered key ligand-receptor in-
teractions, including LAMB3-ITGA2, FN1-ITGA3, and FN1-SDC4, involved in
the process of PTC development, where cells transform from typical follicular
cells (FC) to atypical follicular cells (AFC), and finally to tumor cells, reducing
patient survival rates27.The role of FN1-SDC4 may also promote the response
of pancreatic stellate cells (PSCs) to tumor cell signals28.NFATC1 and NFATC3
are transcription factors and important downstream factors in the cellular cal-
cium signaling pathway, widely involved in immune regulation, development,
and multiple physiological processes of growth. NFATC1 and NFATC3 are key
factors activated in T cells after antigen stimulation29,30.They are also associ-
ated with the occurrence of autoimmune diseases31,32.We also observed upreg-
ulation of NFATC1 and NFATC3 expression in HT, while their expression was
downregulated in PTC. In summary, we speculate that the molecular expression
differences between PTC and HT mainly focus on the differential expression of
extracellular matrix, which activates/inhibits T cell immune responses, leading to
different disease phenotypes.

Of course, the interrelationships between these genes in our hypothesis are
not yet fully understood, but the results of this study suggest that future research
could pay more attention to these different pathogenesis mechanisms of cancer
and autoimmune diseases that can occur simultaneously in thyroid cells. This
provides new directions for understanding the changes in thyroid cells and their

microenvironment in relation to these two diseases, and for their treatment.

Conclusion

Based on the analysis of this study, we believe that: Both papillary thyroid cancer (PTC) and Hashimoto’s thyroid-
itis (HT) are in a state of chronic inflammation and do not respond to p53 and FAS-induced apoptosis signals. There
are significant differences between the two in extracellular matrix and immune response regulation, which may lead to
different disease phenotypes. This provides a new perspective for the mechanism research and treatment of the two dis-

€ases.
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Figure 1. Data analysis flowchart. A) Differential gene analysis and clustering of SVA-corrected data using the limma
package. B) Analysis of control (Normal), PTC, HT, and PTC_HT using the WGCNA method and pathway clustering

analysis based on the results.
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diagram of differentially expressed genes, showing 202 common differentially expressed genes among the three diseas-

es. Figure E: Heatmap displaying the relationships between four tissues, drawn with the top 50 differentially expressed

genes. Figures F and G: KEGG analysis and pathway-gene relationship diagram of the 202 genes, revealing gene chang-

es related to infection, complement, and p53 pathways. Figure H: Showing that TP53 is upregulated in all three diseas-

es, while its downstream anti-apoptotic genes BCL2 and BCL2L2 are downregulated, suggesting that activation of this

apoptotic signaling pathway fails to effectively inhibit the occurrence of cancer or autoimmune diseases.
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Figure 3. Analysis of common differential genes in PTC and HT. A and B: The 1175 upregulated genes common to
PTC and HT, with clustering analysis showing they are mainly concentrated in immune regulation and apoptosis-related
pathways. C: The pathway-gene diagram displays a large number of chemokines (such as CXCL8, CXCL9, CXCL10)
and pro-inflammatory factors (such as CD4, IL8) with upregulated expression. D and E: The 1764 downregulated genes
common to PTC and HT, showing they are mainly concentrated in metabolism-related pathways, such as carbon, glu-
cose, and amino acid metabolism. F: Genes downregulated in PTC and HT, including apoptosis-related genes such as
BCL2, IRS1, and KRAS also showed decreased expression. G: Genes with opposite expression trends in PTC and HT,
with 70 genes upregulated in PTC and downregulated in HT, and 31 genes downregulated in PTC and upregulated in
HT. H: KEGG clustering analysis showed that the differential genes with opposite expression trends mainly focus on
multiple pathways such as ECM-receptor interaction and the TNF signaling pathway. I: The pathway-gene diagram
shows that among the genes with opposite expression trends, RPS6KAS, CYLD, CBLB, NFATCI1, and NFATC3 are
downregulated in PTC but upregulated in HT; while FN1, LAMCI1, LAMBI1, and DAG] are upregulated in PTC but
downregulated in HT. Note: In the pathway-gene diagram, red represents upregulation, and green represents downregu-

lation.
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Figure 4. WGCNA analysis results. A: Module identification results of WGCNA analysis after dividing samples into
four groups. The red module is positively correlated with both PTC and HT; the yellow module is negatively correlated
with both PTC and HT; the brown and magenta modules are positively correlated with PTC and negatively correlated
with HT. B, C: KEGG clustering analysis and pathway-gene diagram of genes in the red module. High expression of
p53 and apoptosis-related pathways and DNA repair pathway genes are found in both PTC and HT. D: Interaction net-
work of Hub genes in the red module, mainly including genes related to DNA replication and repair and genes regulat-
ing the cell cycle and chromosomes. E, F: KEGG clustering analysis and pathway-gene diagram of genes in the yellow
module. Metabolism-related pathways are negatively correlated with PTC and HT, and also involve genes related to
neurological diseases. G: Interaction network of Hub genes in the yellow module, mainly including genes related to
protein modification and degradation (SUMO1, TSG101, USP46) and genes related to the cytoskeleton and signal trans-
duction (ANKMY?2). H, I: KEGG clustering analysis and pathway-gene diagram of genes in the brown and magenta

modules. J: Interaction network of Hub genes in the brown and magenta modules.
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Figure 5. Combined analysis of DEGs and Hub Genes. A: Protein-protein interaction (PPI) analysis of genes with oppo-
site expression trends in DEGs and Hub Genes in the brown and magenta modules of WGCNA. B: KEGG pathway di-
agram of extracellular matrix gene expression. C: Bar chart of the expression of 12 important genes found in the related
gene network in PPI analysis.
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Figure 6. Expression of DEGs and Hub Genes in different thyroid tissues. HT: Hashimoto’s Thyroiditis (n = 3), PT:
Peritumoral tissue (n = 1 Control), PTC: Papillary Thyroid Carcinoma (n = 6). A: RT-qPCR results of 6 genes, with each
sample repeated three times. B: Western Blotting results of 6 genes, with each sample repeated three times.
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