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To the Editor: Parathyroid tumors are endocrine tumors 
that can lead to disorders of calcium and phosphorus 
metabolism and involve multiple organ systems. In the 
past, the genetics of parathyroid tumors have been well 
established, and the signi�cant roles of genes such as 
MEN1, CDC73, and CCND1 in the process of parathy-
roid tumorigenesis have been identi�ed and con�rmed 
[Table 1]. However, with further research and the wide-
spread use of sequencing technology, “new” roles for 
“old” genes and new pathogenic mechanisms have been 
discovered.

The roles of the MEN1 gene, one of the most commonly 
mutated genes in parathyroid tumors and encoding menin 
in the regulation of apoptosis, have been revisited in recent 
studies. In MEN1-associated pancreatic tumors, deletion 
of MEN1 results in decreased caspase 8 and caspase 3 
activity and downregulation of the levels of their cleaved 
forms of the proteins, as well as an accumulation of 
anti-apoptotic isoforms.[1] It may have the same effects in 
parathyroid tumors.

Para�bromin de�ciency due to mutations of the CDC73 
gene is the most common cause of parathyroid carcinoma. 
Except for the mutation of CDC73 gene, a recent study 
found that para�bromin may also be regulated by the 
ubiquitin-proteasome. They found that ubiquitin-speci�c 
proteases 37 (USP37) directly binds to para�bromin and 
prevents ubiquitin-induced degradation of para�bro-
min.[2] Thus, abnormalities of the ubiquitin-proteasome 
may also result in para�bromin dysfunction. In addition 
to stabilizing para�bromin, USP is also a negative regula-
tor of the Wnt/β-catenin signaling pathway, which plays 
an important role in parathyroid tumorigenesis. USP7 
can negatively regulate Wnt signaling by directly interact-
ing with Axin through its tumor necrosis factor (TNF) 
receptor associated factor (TRAF) structural domain, pro-
moting the deubiquitination and stabilization of Axin.[3]

The homonymous protein encoded by the enhancer of 
zeste homolog 2 (EZH2) is a histone methyltransferase 
that acts as an episodic silencing factor during tumorigen-
esis and progression. Recently, EZH2 was shown to play 
an important role in parathyroid development by regulat-
ing the expression of T-box transcription factor 1 (TBX1) 
and glial cells missing transcription factor 2 (GCM2).[4,5] 
EZH2 also interacted with micro RNA (miRNA)-101 
and miRNA-124 to form a complex regulatory network, 
which inhibited apoptosis/cell cycle arrest and contributed 
to cellular dedifferentiation as well as the establishment 
of the tumor microenvironment, thus promoting local 
cancer cell invasion and immune escape.[6–8]

PRUNE2 is a newly identi�ed tumor suppressor gene 
that inhibits the activity of Ras homeolog family member 
A (RhoA) through its BNIP-2 and Cdc42GAP homol-
ogy (BCH) structural domain, thereby suppressing the 
transformation of cancer cells. It has been found that 
the PRUNE2 gene can undergo germline or somatic 
mutations in parathyroid carcinoma, resulting in prune 
homolog 2 with BCH domain (PRUNE2) protein missing 
the BCH structural domain and losing its cancer-suppres-
sive effect. Additionally, unlike PRUNE2 mutations were 
found in the 18% of parathyroid carcinomas patients, 
mutations were rarely found in adenomas, which suggest 
that PRUNE2 may be a potential marker to identify 
benign and malignant parathyroid tumors.[9]

TBX1 is a developmentally relevant gene, and deletion 
of TBX1 during embryonic development can lead to 
hypoparathyroidism.[10] Signi�cantly reduced TBX1 
expression was also found in parathyroid adenomas and 
carcinomas. It was also found that TBX1 expression may 
be regulated by para�bromin. There was no signi�cant 
difference in TBX1 expression between para�bromin-pos-
itive cancer tissues and normal tissues, but the expression 
of TBX1 was signi�cantly reduced in para�bromin-de�-
cient carcinoma tissues.[11] EZH2 may also be a repressor 
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of TBX1 expression.[12] However, some experiments 
have reached the opposite conclusion–loss of EZH2 or 
inhibition of its methyltransferase activity is associated 
with reduced TBX1 expression.[4] Whether TBX1 is a 
driver of parathyroid tumorigenesis or merely a target of 
other upstream genes (e.g., CDC73), the regulatory rela-
tionship among EZH2, CDC73, and TBX1, and the role 
that TBX1 mutation plays in tumorigenesis still require 
extensive studies to explain.

A new differential gene POMC was identi�ed by analyz-
ing the transcriptome and DNA methylation pro�le of 
parathyroid adenoma. Pro-opiomelanocortin (POMC) 
is a precursor of several pituitary hormones (e.g., adren-
ocorticotropic hormone [ACTH]) and has an important 
regulatory role in the hypothalamic–pituitary–adrenal 
(HPA) axis. The structural similarity between parathyroid 
hormone (PTH) and ACTH leads to dysfunction of the 
HPA axis in PHPT patients. This link that exists between 
PHPT and the HPA axis suggests that POMC may in�u-
ence primary hyperfunction of parathyroid (PHPT) via 
the HPA axis. Hypermethylation of CpG islands and low 
expression of the POMC gene were found in parathyroid 
adenoma tissues compared with normal parathyroid tis-
sues, suggesting that hypermethylation of the POMC gene 
may be associated with the development of parathyroid 
adenomas.[13] This �nding provides a new approach for 
investigating the pathogenesis of parathyroid adenomas 
by examining other endocrine axes.

High-frequency alterations in KMT2D (variant frequency 
≥10%) were identi�ed during whole-exome sequencing 
of Chinese patients with parathyroid adenomas. Muta-
tions in KMT2D were found in 20.5% of patients with 
parathyroid adenomas, indicating that KMT2D might 
be a potential driver gene in the pathogenesis of parathy-
roid adenoma.[14] The KMT2D gene encodes a histone 
methyltransferase and epigenetic regulator that plays a 
crucial role in regulating gene transcription. It is currently 
thought to play a role as a repressor in tumorigenesis.

In recent years, with the widespread application of 
whole-exome sequencing technology, an increasing 
number of new gene mutations have been reported. For 
example, ASXL3, a recurrently mutated gene found in 
Chinese patients with parathyroid adenomas, which 
encodes a zinc �nger structural domain-containing protein 
involved in the regulation of gene transcription. In addi-
tion, mutations of ZFX, FAT1, FAT3, ADCK1, AKAP9 
and other genes have also been detected. However, the 
frequency of mutations in these genes is relatively low, 
and it is not yet possible to determine whether there are 
meaningful stable mutations in parathyroid tumors and 
whether these mutations contribute to the development 
of parathyroid tumors.

Unlike genetic mutations, the process of epigenetic regula-
tion is reversible. This feature provides more possibilities 
for the development of antitumor therapies targeting epi-
genetic regulation. Genes such as MEN1, EZH2, CDC73, 

Table 1: Common genetic alterations in parathyroid tumors.

Gene Encoded protein Mutations Encoded protein functions Diseases Related pathways

MEN1 Menin Shift mutation, nonsense 
mutation, and missense 
mutation; 5′ UTR 
mutation

Regulates signaling 
pathways; Epigenetic 
regulation; Promotes 
apoptosis

Multiple endocrine 
neoplasia type 1; 
Sporadic parathyroid 
adenomas

Hedgehog pathway, 
TGF-β pathway, 
Wnt/β-catenin 
pathway, etc.

CCND1 Cyclin D1 Gene rearrangement (peri-
centric inversion); Gene 
ampli�cation; Selective 
splicing

Promotes cell cycle 
progression; Promotes 
chromosomal instability; 
Regulates transcription 
factors; Interferes with 
DNA damage repair

Sporadic parathyroid 
adenomas; Sporadic 
parathyroid carci-
nomas

Wnt/β-catenin 
pathway

CDC73 Para�bromin Frameshift mutation; 5′ 
UTR mutation

Regulation of transcript 
elongation and stability 
via interaction with the 
RNA polymerase II; 
Histone modi�cation

HPT-JT syndrome; 
Sporadic parathyroid 
carcinomas

Wnt/β-catenin 
pathway

EZH2 EZH2 Gene mutation and ampli-
�cation

Histone modi�cation Sporadic parathyroid 
adenomas; Sporadic 
parathyroid carci-
nomas

Wnt/β-catenin 
pathway

GCM2 GCM2 Gene activating mutation 
(CCID)

Related to parathyroid 
gland development; 
Activation of PTH 
transcription 

FIHP; Sporadic para-
thyroid carcinomas

–

CDKN1B P27 Gene mutations; Epigenetic 
silencing

Negatively regulates cell 
cycle and cell growth by 
inhibiting cyclin E/CDK2 
complex 

Multiple endocrine 
neoplasia type 4; 
Sporadic parathyroid 
adenomas

–

CCID: C-terminal conserved inhibitory domain; CDK2: Cyclin-dependent kinase 2; EZH2: Enhancer of zeste homolog 2; FIHP: Familial isolated 
hyperparathyroidism; GCM2: glial cells missing transcription factor 2; HPT-JT: Hyperparathyroidism-jaw tumor; MEN: Multiple endocrine 
neoplasia; TGF-β: Transforming growth factor beta; UTR: Untranslated region. –: Not avaiable.
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etc. mentioned above are also largely dependent on epige-
netic regulation.

A new target for epigenetic regulation, the paired box 1 
(PAX1) gene, was identi�ed in recent studies. It was found 
that messenger RNA (mRNA) levels and protein expres-
sion of PAX1 were signi�cantly reduced in parathyroid 
adenomas tissue compared to normal parathyroid tissue. 
PAX1 silencing was found to be associated with high 
methylation of the promoter region as well as histone 
deacetylation.[15] PAX1 is associated with parathyroid 
development and can in�uence the regulation of GCM2 
gene expression, and its epigenetic silencing may be a 
potential cause of parathyroid tumorigenesis.

MicroRNAs are important components of epigenetic 
regulation and play an integral role in parathyroid tumor-
igenesis. For example, miR-24-1 inhibits the translation of 
MEN1 mRNA, leading to the deletion of Menin. Similarly, 
overexpression of hepatocyte growth factor-regulated 
tyrosine kinase substrate (HGS) due to downregulation 
of miR-296 was found in parathyroid carcinoma, which 
led to abnormal activation of the Wnt/β-catenin sign-
aling pathway, which promotes cell proliferation via 
activation of cyclin D1. In addition, aberrant miRNAs 
affecting the normal expression of genes, such as cyclin 
D1 (miR-17-5p), calcium-sensing receptor (miR-31-5p, 
miR-135b-5p), cyclin-dependent kinase inhibitors (miR-
186-5p), and β-catenin (miR-330-3p), has been found in 
parathyroid tumors.[16]

With the advancement of detection technology, studies 
analyzing the miRNA pro�les of different parathyroid 
tumors have also identi�ed miRNA 199b-5p, which can 
be used to differentiate between hereditary or sporadic 
adenomas,[17] and potential markers of benign and malig-
nancy such as miR-139, miR-222, miR-30b, miR-517c, 
and miR-126, among others.[18]

In summary, due to the rapid advances in sequencing and 
other technologies, more and more genetic alterations are 
being revealed in the process of parathyroid tumorigen-
esis, but the study of the mechanism of action of these 
“new” genes is currently insuf�cient and more in-depth 
studies are needed in the future.
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