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ABSTRACT

Recent studies have demonstrated the close relationship be-
tween parathyroid adenoma (PA) and thyroid follicular adeno-
ma (FTA). However, the underlying pathogenesis remains un-
known. This study focused on exploring common pathogenic
genes, as well as the pathogenesis of these two diseases,
through bioinformatics methods. This work obtained PA and
FTA datasets from the Integrated Gene Expression Database to
identify the common differentially expressed genes (DEGs) of
two diseases. The functions of the genes were investigated by
GO and KEGG enrichment. The program CytoHubba was used
to select the hub genes, while receiver operating characteristic
curves were plotted to evaluate the predictive significance of
the hub genes. The DGIbd database was used to identify
gene-targeted drugs. This work detected a total of 77 DEGs.
Enrichment analysis demonstrated that DEGs had activities of
3,5'-cyclic AMP, and nucleotide phosphodiesterases and were
associated with cell proliferation. NOS1, VWF, TGFBR2, CAV1,
and MAPK1 were identified as hub genes after verification. The
area under the curve of PAand FTAwas>0.7, and the hub genes
participated in the Relaxin Signaling Pathway, focal adhesion,
and other pathways. The construction of the mRNA-miRNA
interaction network yielded 11 important miRNAs, while
gene-targeting drug prediction identified four targeted drugs
with possible effects. This bioinformatics study demonstrated
that cell proliferation and tumor suppression and the hub genes
co-occurring in PA and FTA, have important effects on the oc-
currence and progression of two diseases, which make them
potential diagnostic biomarkers and therapeutic targets.


https://doi.org/10.1055/a-2007-2631
mailto:chenlan@xmu.edu.cn

Introduction

Parathyroid adenoma (PA) is a common factor leading to primary
hyperparathyroidism and has been considered to be the result of
the clonal expansion of tumor cells [1, 2]. Current research on par-
athyroid disease has significantly improved our understanding of
parathyroid adenomas, which manifestin a variety of clinicopatho-
logical entities. Pathologists evaluating PA find it difficult to distin-
guish between parathyroid cancer and atypical parathyroid ade-
noma. Recent studies have also reported that the size of parathy-
roid adenoma is associated with calcium or parathyroid hormone
levels accompanied by genetic mutations [3]. However, the patho-
genesis of the size and genetic changes of parathyroid adenoma
remains unclear.

Thyroid dysfunction and increased parathyroid hormone and
germline mutation inactivation of oncogene suppressor are all
common causes of parathyroid adenoma. It has been found that
parathyroid and thyroid glands share homology in the embryonic
stage, adjacency after maturation, and some similarities in the pro-
cess of cell proliferation and development. Therefore, it is neces-
sary to further study the relationship between the two disease
states [4-7]. The glycosphingolipid patterns of human parathyroid
glands and thyroid glands are very similar, according to studies,
and GD1ais expressed on the cell surface of parathyroid glands and
in the cytoplasm of thyroid glands [8]. According to the Classifica-
tion Overview of Parathyroid Tumors released by the World Health
Organization in 2022, a parathyroid adenoma is histologically a
well-defined tumor in which follicular structures often form, which
can be mistaken for follicular thyroid adenoma (FTA), if prominent
[9]. In a retrospective study of PA patients complicated with thy-
roid disease, it was found that blood PTH level was negatively cor-
related with the TT4 and FT4 levels, suggesting that hyperparath-
yroidism plays an inhibitory role in thyroid adenoma function [10].
Walker et al. discovered that in rats with hypothyroidism, continu-
ous TSH stimulation caused neoplastic lesions in the parathyroid
glands, resulting in hyperparathyroidism [11]. These findings sug-
gest that PA and FTA may have common pathogenesis. The search
for new biomarkers to predict the coexistence of these two diseas-
es is critical, as needle biopsy is an invasive procedure with some
bleeding risk and inaccuracy.

Bioinformatics techniques have been widely used to analyze mi-
croarray data in recent years, and microarray technology combined
with web-based analysis can provide valuable information about
gene expression signatures in various cancers. The authors of a
study on epigenetic changes in PAs used bioinformatics to demon-
strate for the first time the difference in circRNA expression pattern
between sporadic parathyroid adenomas and normal parathyroid
tissues, as well as the effect of gender on the epigenetic regulation
of PA[12]. Other studies have found that miRNAs like miR-222[13],
miR-503 [13], and miR-517c [14] are significantly upregulated in
parathyroid carcinoma. Bioinformatics has also been used to iden-
tify key genes and molecular pathways in parathyroid neoplasms
[15], and thyroid cancer microarray profiles have been examined
to investigate differential gene expression and pathway enrichment
[16]. Ameri et al. successfully used bioinformatics methods to
screen biomarkers for follicular thyroid carcinoma (FTC) and FTA.
Although research into PA and FTA continues, there has been no
study to show a common biomarker of the two diseases, and the
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interaction and prognosis of the two diseases remain unknown.
Therefore, we focused on the biomarker research of PA and FTA.
We used the comprehensive database from gene expression mi-
croarray data, tried to use bioinformatics analysis to explore the
potential pathogenic genes and diagnostic biomarkers common
to PAand FTA, and assessed drugs against the target genes to pre-
dict the results. Further research for clinical diagnosis and treat-
ment is essential to provide new drug targets to cure disease.

Materials and Methods

Data sources

We searched for the gene expression profiles of patients with PA
and FTAin the Gene Expression Database (GEO) (https://www.ncbi.
nlm.nih.gov/geo/) using the terms “parathyroid adenoma” or “fol-
licular thyroid adenoma”. The obtained datasets were screened
based on the following criteria: first, the profile must cover cases
and controls. Second, each sample must be of human origin. Third,
the data type is total RNA. Finally, these datasets should provide
original information for subsequent analysis. We selected
GSE83421 from GPL22020 (Human Operon V1.1 printed oligonu-
cleotide array) and GSE54958 from GPL6244 (Affymetrix Human
Gene 1.0 ST Array) for the next step.

Data analysis

First, we used the Linear Model of Microarray Data (LIMMA) pack-
age in the statistical software R to compare PA patients with nor-
mal controls, as well as FTA patients and their healthy controls, with
filter criteria set at |log2FC| 21 and p>0.05. We then used ob-
tained intersection genes from the two sets of DEGs from the two
disease groups using a Venn diagram.

Functional annotations for DEGs

To investigate the biological activities and signaling pathways af-
fected by the common DEGs, we used the Gene Ontology (GO) en-
richment analysis, which included biological processes (BPs), cel-
lular components (CCs), and molecular functions (MFs) [17]. We
also performed the Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis [18]. The screened DEGs were input in the web-
based tool Database for Annotation, Visualization, and Integrated
Discovery (DAVID) (https://david.ncifcrf.gov/), for the GO and
KEGG analysis with p<0.05. The protein-protein interaction (PPI)
network analysis and identification of hub genes were performed
using DEGs based on the STRING database (https://string-db.org/)
[19], and the software Cytoscape (version 3.9.0) was used to im-
port the obtained data [20]. Seven topological analysis methods
(MCC, MNC, EPC, Degree, Closeness, Radiality, and Stress) were
used in the CytoHubba plug-in. The degree, closeness, radiality,
stress, and EPC for the first 10 core genes were determined to finally
obtain five co-expressed key core genes by obtaining intersection
through UpsetR.

Construction and validation of the co-expression
network of key core genes

Then, through the GeneMANIA database (http://www.genemania.
org/), we built the hub genes expression network, which identified
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the gene set internal reliable tools using the pROC and ggplot2
(R3.6.3). Receiver operating characteristic (ROC) curves were plot-
ted to analyze whether our selected target genes were sensitive
and specific. Then, the area under the ROC curve (AUC) was used
to quantify the results. An AUC value greater than 0.6 was consid-
ered diagnostic.

Construction of the mRNA-miRNA regulatory
network

The online database NetworkAnalyst version 3.0 (https://www.mir-
net.ca/) was used to predict associations between mRNAs and miR-
NAs [21]. Thereafter, we built an mRNA-miRNA regulatory network
to describe the associations of miRNAs with mRNAs. The regulato-
ry network was visualized using the Cytoscape software.

Establishment of gene-drug interaction

We used the DGIdb database (https://dgidb.org/) to obtain drug-
gene interactions [22].

Results

Analysis of DEGs in PA and FTA

The GSE83421 and GSE54958 datasets were selected using the fil-
tering conditions. The GSE83421 dataset contained 25 PA tissues
and 6 healthy parathyroid tissues, while GSE54958 contained 7 FTA
and 7 healthy thyroid tissues. GSE83421 had 687 DEGs identified
by the LIMMA package, among which 607 DEGs were upreqgulated
and 80 were downregulated. GSE54958 contained 8827 DEGs, in-
cluding 3109 upregulated and 5730 downregulated DEGs. Using a
Venn diagram, 77 common DEGs of the two diseases were ob-
tained, as presented in > Table 1 and > Fig. 1 a-c.

GO and KEGG Analysis

Then, GO, and KEGG analyses were performed on 77 common DEGs
between PA and FTA. The results are presented in > Fig. 1d. Re-
garding GO-BP terms, the DEGs were mainly enriched in response
to estrogen, negative regulation of cellular response to growth fac-
tor stimulus, neurotransmitter reuptake, and negative requlation
of the transmembrane receptor protein serine/threonine kinase
pathway. Regarding the CC terms, DEGs were mostly associated
with caveola, membrane microdomain, membrane raft, and plas-
ma membrane raft. Regarding molecular function, the DEGs were
associated with cyclic-nucleotide phosphodiesterase activity,
3',5'-cyclic-nucleotide phosphodiesterase activity, cholesterol

> Table 1 The 77 common DEGs of GSE83421 and GSE54958.

TCNT, SCN1A, ZNF304, IGKC, DLL4, MED6, TFAM, MID2, CLDN10, KPNA®6,
ELACT, PDE3B, INPP5A, PCOLCE2, OR7ET19P, MYO5C, FGF23, MT1B, CDC14B,
IFNAS8, RAET, PNLIPRP1, SKIL, GDF3, HBP1, GRIN2A, NOS1, FBXO25, BFSP2,
KLF1, MMP27, COX7A2, KCNJ10, PTRF, PAPOLB, MT1E, CLCA4, PDE7B,
MAPK1, PDE6H, SPRY1, DGCRS, HEPH, TSKS, SDCCAGS, UTS2, AP1G1,
APOAT, APBB2, LXN, VWF, LDB2, CLIC4, PITX2, LRP8, OGN, RPS6KA3,
PRRG1, PER2, CD24, GIT1, SMURF2, BPESC1, STX7, RGS13, SYT13, CAV1,
SBF1. YWHAH, TGFBR2, MSN, HSPB1, APOD, TAGLN, CNN3, ADAMTST,
THBS4
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binding, and 3',5'-cyclic-AMP phosphodiesterase activity. Unfor-
tunately, KEGG enrichment analysis did not show the enrichment
of DEGs in meaningful pathways.

Analysis based on PPI network and determination of
hub genes

To determine the hub genes in the common DEGs of the two dis-
eases, we built the PPI network (> Fig. 2). The interaction map of
important proteins was obtained using the Cytoscape software,
with a total of 36 nodes and 44 edges selected in MCC, MNC, EPC,
Degree, Closeness, Radiality, and Stress. The top 10 genes of 7
topology algorithms in EPC, as well as 5 co-expressed genes (NOS1,
VWEF, TGFBR2, CAV1, and MAPK1), were obtained as hub genes by
upset (> Fig. 3).

Assessment of the therapeutic effect and
establishment of PPl network based on hub genes

The PPI network analysis on the five hub genes, along with the 20
intersected genes based on GeneMANIA, indicated that these
genes showed a complex PPl network with a physical interaction
rate of 77.64 %, co-expression rate of 8.01 %, prediction rate of
5.37 %, co-localization rate of 3.63 %, genetic interaction rate of
2.87 %, pathway rate of 1.88 %, and protein domain-sharing rate of
0.60 %. These estimated genes were within the outer circle, where-
as the hub genes were within the inner circle. The network analysis
demonstrated the enrichment of such genes into membrane mi-
crodomain, plasma membrane raft, membrane raft, coagulation,
hemostasis, peptidyl-serine modification, and blood coagulation
(> Fig. 4).

Similarly, the results of GO and KEGG analysis on five hub DEGs
revealed the top 10 enriched GO categories, which are presented
in > Fig. 5. Regarding BP terms, the DEGs were mainly related to
peptidyl-serine phosphorylation, peptidyl-serine modification, ca-
veolin-mediated endocytosis, G protein-coupled receptor pathway
related to heart processes, modulation of the heart contraction
force, modulation of the negative potassium ion transport, blood
coagulation, thymus development, regulation of MAP kinase ac-
tivity, and hemostasis. Regarding CC terms, the DEGs were mainly
related to membrane microdomain, membrane raft, plasma mem-
brane raft, caveola, membrane region, sarcolemma, postsynaptic
density, asymmetric synapse, secretory granule lumen, and cyto-
plasmic vesicular lumen. Regarding MF terms, the DEGs were most-
ly associated with ion channel binding, channel requlator activity,
oxidoreductase activity, I-SMAD binding, heme proteins acceptor,
action on NAD(P)H, activin binding, MAP kinase activity, nitric oxide
synthase binding, transforming growth factor beta (TGFp)-activat-
ed receptor activity, and FMN binding. In KEGG analysis, we focused
on the common DEGs among the apelin pathway, focal adhesion,
relaxin pathway, and long-term depression.

Then, ROC curves of the five hub gene levels were constructed
to evaluate whether those genes could be used in diagnosis. The
corresponding AUC for VWF, TGFBR2, CVA1, MAPK1, and NOS1 in
PA patients and normal controls were 0.969, 0.954, 0.838, 0.769,
and 0.731, respectively (> Fig. 6). The AUC for the hub genes in FTA
patients and their controls were 1.00, 0.857, 1.00, 1.00, and 0.959,
respectively. These results indicate that the AUC values of the five
key genes in the two disease groups were>0.7, while the VWF was

Lin Y et al. Common Key Genes in... Horm Metab Res 2023; 55: 212-221 | © 2023. The Author(s)



Normal vs PA, Padj<0.05

a
o
'_z 354
é 304
2 o
e
y -;3 .t"; IO
C
GSE54958
8749

T T T
5 -10 -05 00 05

log2(fold change)

GSE8§3421

Normal vs FTA, Padj<0.05

-log10(Pvalue)

log2(fold change)

d

neurotransmitter reuplake

negative regulation of transmembrane receptor protein
serine/threonine kinase signaling pathway [}

negaltive regulation of cellular response to growth 0
factor stimulus

response to estrogen

membrane microdomain

BP
membrane raft cc
(o]
O MF
plasma membrane raft
caveola
cholesterol binding
3',5"cyclic-AMP phosphodiesterase activity =
cyclic-nucleolide phosphodiesterase activily 2
3'5"-cyclic-nucleolide phosphodiesterase aclivity
T
0.00.51.01.2.2.5

-Log 4o (p-adjust)

> Fig. 1 Datasets analysis of GSE83421 and GSE54958. a,b: Volcano plot of the GSE83421 and GSE54958. Each point on the volcano map repre-
sents a gene. Blue indicates a downregulated gene, and red indicates an upregulation gene. c: Venn diagram of DEGs common to two GEO datasets.
A total of 77 consistently expressed genes were identified from GSE83421 and GSE54958. d: KEGG and GO enrichment analyses of the 77DEGs.
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> Fig. 2 PPI networks of DGEs.

>0.9in the two groups, suggesting that these hub genes were val-

uable in disease diagnosis.
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Construction of mRNA - miRNA

We used the software NetworkAnalyst 3.0 to predict the target
miRNAs of the key genes and eventually identified 310 target miR-
NAs for four hub genes, along with 370 pairs of MRNA-miRNAs and
183 miRNAs that regulated MAPKT. It was observed that 110 miR-
NAs regulated TGFBR2, 58 miRNAs regulated CAV1, and 19 miR-
NAs regulated NOST. A total of 11 miRNAs were related to three
key genes (> Fig. 7).

Establishment of gene-drug interactions

To analyze the gene-drug interactions, the five confirmed hub
genes were imported into the DGIdb database. The genes VWF,
TGFBR2, MAPK1, and NOS1 were identified and blended with four
predicted therapeutic agents (Caplacizumab, Ravoxertinib, Keta-
mine, Fostamatinib) (> Table 2). We identified Caplacizumab as a
targeted drug of VWF, with an interaction fraction of 13.25. As VWF
was an important differential gene in the two diseases, Caplacizum-
ab may be a potential therapeutic agent.
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> Fig. 3 Top10 DEGs in the PPl works by seven topological analysis methods. The Venn diagram shows five co-expressed key core genes by obtain-

ing intersection through UpsetR.

Discussion

Although PA and FTA have similar pathology and adjacent location,
their pathogenesis remains unclear. This study adopted bioinfor-
matics analysis to obtain the important co-expressing DEGs be-
tween PA and FTA (NOS1, VWF, TGFBR2 CAV1, and MAPK1), and
the roles of these DEGs in cell proliferation and tumor suppression
were assessed by enrichment analysis.

We screened two datasets from the GEO database using the R
language and identified 77 co-expressed DEGs. Among them, 40
genes showed the same expression trend in the two diseases, in-
cluding 30 upregulated genes and 10 downregulated genes. Ac-
cording to the GO and KEGG pathway analysis of DEGs, they had
3',5'-cyclic nucleotide or AMP phosphodiesterase activities and
were associated with cell proliferation. After the construction of
the PPl interaction network using the Cytoscape plug-in in seven
different algorithms, we selected five important hub genes (NOST,
VWEF, TGFBR2 CAV1, and MAPK1). According to the GO enrichment
analysis, hub genes were primarily involved in plasma membrane
raft, membrane microdomain, coagulation, and hemostasis, indi-
cating that the key genes were involved in cell membrane construc-
tion and hemostasis activities. This demonstrates that the presence
of PA and FTA is accompanied by obvious cell proliferation, and
blood supply and hemostasis are critical links in the proliferation
process. Based on the KEGG pathway analysis, the hub genes par-
ticipated in the relaxin pathway, relaxin signaling pathway, and
focal adhesion pathway. The Relaxin signaling pathway is activated
during disease development, which transmits cAMP signaling and
regulates the process of gene transcription to inhibit fibrosis. Cell
proliferation and tumor growth can be induced in the apelin sign-
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aling pathway. Focal adhesion is closely related to tumor adhesion
and is highly expressed in various cancer cells, which promotes the
growth, survival, proliferation, adhesion, metastasis, and angio-
genesis of cancer cells. In this study, the above three pathways were
enriched, indicating that adenomatosis is correlated with gene reg-
ulation and cell proliferation in cancer, although the specific mech-
anism needs further investigation. In the diagnostic ROC analysis,
the five hub genes had strong diagnostic values, and 11 important
miRNAs were obtained in the construction of the mRNA-miRNA in-
teraction network. These results indicate that the common DEGs
of these two diseases are closely related to cell proliferation which
further supports the current mainstream view.

NOS1-encoded proteins are members of the nitric oxide syn-
thase family and act as mediators in a variety of biological process-
es. Following the stimulation of tumor necrosis factor and other
related cytokines, the expression of the NOS1 gene can be upreg-
ulated, and the activity of antioxidant transcription factors can be
increased, resulting in increased tumor tolerance to hypoxia and,
eventually, tumor drug resistance [23]. Findings of an ovarian can-
cer drug-suppressor gene assay revealed that NOS1 could enhance
the chemical resistance to DDP in ovarian cancer cells [24]. Further-
more, NOS1 inhibits mitochondrial reactive oxygen species and ap-
optosis in colon cancer cells [25]. At present, NOS1 has not been
reported in the field of adenoma. According to the similarity be-
tween adenoma and adenocarcinoma, and the expression level of
NOS1 in the two diseases is higher than that in the normal group
in this study, indicating that NOS1 may play an important role in
adenoma.
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> Fig. 4 Hub genes and their co-expression genes were analyzed via GeneMANIA.

VWF is a glycoprotein that plays a role in hemostasis. Thyroid
hormone has been shown in vitro and in vivo to inhibit VWF syn-
thesis in endothelial cells by controlling VWF gene transcription
[26]. VWF expression is increased in hyperthyroid injury and vas-
cular endothelial cells, and VWF knockdown inhibits thyroid carci-
noma development by inhibiting cell proliferation, migration, and
invasion [27]. VWF is an oncogene that plays a role in the occur-
rence and progression of thyroid carcinoma, but the expression of
VWF in thyroid adenoma is low in our data set, requiring further
confirmation.

The protein encoded by TGFBR2 represents the transmembrane
protein that contains one protein kinase domain responsible for
the phosphorylation of proteins entering the nucleus while regu-
lating gene transcription during cell growth, tumor occurrence, cell
cycle arrest, immunosuppression, and wound healing. In a genetic
study, TGFBR2 was detected in thyroid-associated eye disease [28].

Lin Y et al. Common Key Genes in... Horm Metab Res 2023; 55: 212-221 | © 2023. The Author(s)

Peres et al. studied how single nucleotide polymorphisms (SNPs)
affected the risk of cancer and observed that TGFBR2 was down-
regulated in both papillary thyroid cancer (PTC) and FTA histolog-
ical types [29]. In our study, TGFBR2 was decreased in both thyroid
and parathyroid adenomas, corresponding to the above findings.
Recent studies have demonstrated that the effect of TGFBR2 on the
occurrence of autoimmune thyroid disease is determined by its
concentration and the signaling pathway affected by it, which
makes it an effective marker for diagnosing and predicting the
prognosis of thyroid autoimmune evolution [30]. TGFBR2 has a
critical effect on the proliferation and autoimmune function of thy-
roid cells, as well as the parathyroid gland.

Previous research has suggested that CAV1 downregulation may
aid in the proliferation and function of adenomatous PT cells. CAV1
is a powerful negative regulator of several mitogenic signaling
pathways. CAV1 downregulation in parathyroid tissue may contrib-
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> Fig. 7 MRNA-miRNA regulatory network of 5 co-expressed hub genes.

> Table 2 The effective drugs targeted hub genes.

Gene Interaction Drug names Interac-
names type tion score
VWF inhibitor Caplacizumab 13.25
MAPK1 inhibitor Ravoxertinib 0.58

NOST inhibitor Ketamine -

TGFBR2 inhibitor Fostamatinib -

Lin Y et al. Common Key Genes in... Horm Metab Res 2023; 55: 212-221 | © 2023. The Author(s)

ute toincreased activity of cyclin D1, which isinvolved in the patho-
genesis of a greater proportion of PAs [31]. CAV1 expression was
found to be upregulated in all three differentiated thyroid cancer
celllines studied by Jay et al. [32]. However, no research on adeno-
ma has been found. The results of the data set analysis in this study
revealed that CAV1 was highly expressed in PA and decreased in
FTA.

MAPK1 participates in a variety of processes, such as cell prolif-
eration, differentiation, transcriptional regulation, and develop-
ment as an integration point for a variety of biochemical signals.
Our analysis is somewhat similar to that of Wang et al., who exam-
ined the thyroid cancer dataset (GSE27155) containing four healthy
thyroid, 14 FTC, and 10 FTA tissues and detected some important
pathways and genes [33]. One study on PTC reported that the over-
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expression of ERBB4 or MAPK1 ameliorated the activity of mir-326
in the growth, invasion, and migration of PTC cells [34]. Another
study also suggested that the inhibitory effect of MAPK1 was criti-
calin thyroid cancer [35]. These results are consistent with the de-
creased expression of MAPK1 in thyroid adenoma in this study,
which further strengthens our attention to MAPK1.

Finally, four potential therapeutic drugs (Caplacizumab, Ravox-
ertinib, Ketamine, and Fostamatinib) were identified by searching
the DGIDB drug database, which may be a breakthrough in the
treatment of PA and FTA. Among which Caplacizumab, a VWF-tar-
geting drug, blocks the interaction between platelets and super
giant von Willebrand factor multimer, thus, decreasing the plate-
let consumption and adhesion mediated by VWF. However, there
are still no reports on the effect of this drug on adenoma. As a tar-
geted inhibitor of MAPK1 and ERK kinase [36, 37]. Ravoxertinib has
a critical effect on the inhibition of cancer cell growth. Studies have
demonstrated that Ravoxertinib can reverse the nuclear-to-cyto-
plasmic localization defect of Nfatct in lymphatic dilatation and
chylous accumulation during the development of the basement
membrane, eventually improving the survival of endothelial
KRAS-mutant newborn mice [38]. However, the relationship of this
drug with adenomatous changes has not been reported and needs
further investigation.

Our study has certain limitations. First, the relevant literature
was downloaded from the GEO database as a representative data-
set, and because of the low sample size, we may not adequately
represent the results obtained from the other dataset. Moreover,
we could not further validate our bioinformatics analysis experi-
mentally. Therefore, further studies are needed to explore the com-
mon pathogenesis of PA and FTA.

In summary, we have observed five important hub genes com-
mon to PA and FTA, which had good diagnostic values. These genes
are crucial to cell proliferation and tumor suppression, which also
indicates that adenoma and cancer may be somewhat related. Our
results provide some novel and common pathogenic genes, which
may represent a breakthrough in the diagnosis and treatment of
parathyroid adenoma and thyroid tumors. However, the exact
co-pathogenesis of these two diseases still needs further study.
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