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Summary 
Multiglandular primary hyperparathyroidism (MGD) represents 
a rare form of primary hyperparathyroidism (PHPT). MGD is 
associated with hereditary PHPT, but the sporadic MGD is more 
common and affects a similar patient profile as single gland 
parathyroid disease (SGD). The distinction between SGD and 
MGD is of great clinical importance, especially for the strategy of 
parathyroidectomy. Based on the limited knowledge available, 
MGD is likely to be a genetically heterogeneous disease resulting 
from the interaction of germline and somatic DNA mutations 
together with epigenetic alterations. Furthermore, these events 
may combine and occur independently in parathyroid tumors 
within the same individual with MGD. Gene expression profiling 
has shown that SGD and MGD may represent distinct entities in 
parathyroid tumorigenesis. We are waiting for studies to analyze 
exactly which genes are different in SGD and MGD in order to 
identify potential biomarkers that can distinguish between the 
two forms of the disease. 
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Introduction 
 

Primary hyperparathyroidism (PHPT) occurs 

most often sporadically in an individual with no known 
family history of parathyroid disease due to autonomous 
secretion of parathyroid hormone (PTH) by one of the 
parathyroid glands (SGD - single gland parathyroid 
disease). Adenoma is the most common histopathological 
basis of PHPT. The typical patient is a postmenopausal 
woman aged 60-65 years [1]. The increase in the 
incidence of PHPT after menopause suggests that ageing 
with reduced estrogen levels are likely to be involved in 
the pathogenesis of the disease [2,3].  

More rarely, in about 15-20 %, autonomous PTH 
secretion may occur in more than one parathyroid gland, 
in which case it is called multiglandular form of PHPT 
(MGD – multigland parathyroid disease [4]. 
Multiglandular parathyroid involvement is usually 
associated with hereditary PHPT. According to some 
authors, the sporadic form of MGD predominates in 2/3 
of MGD cases with a similar patient profile as SGD [5]. 
According to the 5th WHO classification of endocrine 
tumors, the term germline susceptibility-driven multi-
glandular parathyroid neoplasia is recommended for 
MGD [6]. The new WHO terminology for MGD thus 
suggests that changes at the germline DNA level could 
probably also be responsible for the sporadic form of 
MGD. As MGD represents a rare form of PHPT, the role 
of low frequency, low penetrance germline variants may 
be involved in the pathogenesis of the disease. Although 
sporadic MGD occurs at an older age than the hereditary 
form of the disease it is one of the indications for 
consultation with a clinical geneticist in patients with 
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PHPT because the role of genetic factors could not be 
completely excluded. 

The distinction between SGD and MGD is of 
great clinical importance, especially for the strategy of 
parathyroidectomy. Modern focused approaches may not 
lead to disease resolution in the case of unrecognized 
MGD [4]. Currently, there is no clinical or biochemical 
parameter that reliably distinguishes SGD and MGD. 
Therefore, attention is turning to the study of pathogenic 
mechanisms, including genetic factors, the identification 
of which could lead to new diagnostic and therapeutic 
options. 

Most studies have analyzed the genetic 
background between parathyroid gland (PG) adenomas 
and carcinomas, between adenomas and parathyroid 
hyperplasia, or between sporadic and hereditary (familial) 
forms of PHPT [7,8]. Studies that have specifically 
investigated genetic factors between SGD and MGD are 
very few.    

Clonality studies of parathyroid adenomas (PAs) 
indicate that sporadic PHPT likely has a genetically 
heterogeneous background. Shi et al. [9] showed that up 
to 46 % of PAs are polyclonal. Patients with polyclonal 
PAs did not differ from patients with monoclonal PAs in 
clinical parameters, but were more likely to have  
a multiglandular form of the disease (OR 4.1, p≤ 0,039). 
The fact that almost half of parathyroid tumours are 
polyclonal may indicate that independent somatic genetic 
events are very likely to play a role in the pathogenesis of 
sporadic PHPT. 

In the sporadic form of the disease, we expect 
changes mainly in somatic DNA in the parathyroid tissue. 
Surprisingly, in addition to somatic mutations, germline 
mutations in key regulatory genes responsible for the 
hereditary form of the disease have also been found in 
patients with sporadic PHPT. Park et al. [5] showed that 
in PHPT factors associated with a positive germline DNA 
genetic testing result included in 76.9 % subjects in 
addition to age less than 40 years and a positive family 
history, a recurrent or multiglandular form of the disease 
(p≤0.010). 

In the sporadic form of PHPT, mutations in 
somatic DNA are infrequently found in genes whose 
germline mutations are responsible for parathyroid 
proliferation in hereditary forms of the disease. These 
genes include the gene for menin, cyclin D1, cyclin 
dependent kinases, Calcium-sensing receptor (CaSR) and 
Glial cells missing homolog 2 (GCM2). Most studies 
have focused on their role in hereditary forms of PHPT, 

less frequently in sporadic adenoma [7,8]. There is very 
little data on whether, for example, the frequency of their 
somatic mutations differs between SGD and MGD. 

Most often, in 30-40 %, somatic mutations are 
found in the menin gene (MEN1, OMIM 613733) in 
sporadic PA adenomas [10]. These can be either 
intragenic biallelic mutations (12-21 %) or deletions of 
larger DNA regions which is more common mechanism 
(25-40 %) [11]. Loss of heterozygosity (LOH) at the 
11q13 locus is required for PG proliferation, leading to 
impaired tumour suppressor function of menin. A mouse 
model with menin knock-out in PG tissue confirms that 
MEN1 gene is a major driver of parathyroid 
tumorigenesis [12]. Menin does not act directly on DNA 
as a transcription factor, but is likely part of a larger 
complex of transcription factors, of which more than 50 
are currently known [13]. Interactions of menin with 
other proteins go beyond the PG, playing a role in  
a variety of cancers (e.g., mixed leukemia fusion protein) 
[14]. Although menin is expressed in every cell of the 
human body, there is a specific group of menin-
associated tumors, as is known primarily in hereditary 
syndromes. Why tumor formation is restricted to certain 
tissues is unknown. 

The second most common gene whose increased 
expression has been found in sporadic PA is cyclin D1 
(CCND1, OMIM 168461) [8]. This event is present  
in about 18-40 %. The CCND1 gene product, the cyclin 
D1 protein, stimulates the cell cycle [15]. Cyclin D1 was 
originally identified as a fusion gene with the promoter 
region of the PTH gene at the pericentromeric inversion 
on chromosome 11 (PTH-CCND1). This variant is found 
in about 8 % of PAs [16]. Other, as yet unknown, 
mechanisms are probably involved in the increased 
expression of CCND1 in PG tissue. It is suspected that 
they involve copy number alterations and chromosomal 
rearrangements. Analysis of parathyroid carcinomas has 
shown that amplifications of larger DNA regions also 
containing the gene for cyclin D1 are more often 
responsible for the increased expression than the CCND1 
somatic mutations [17,18]. 

The action of cyclin D1 is inhibited, and thus 
controlled, by cyclin dependent kinase inhibitors (CDKI) 
[8]. CDKI inactivation causes proliferation of parathyroid 
tissue [19]. Germline mutations in the CDKN1B gene 
(OMIM 600778), a member of the CDKI gene family, 
cause MEN4 syndrome [20]. Somatic inactivation of 
CDKN1B in combination with a germline mutation in the 
menin gene has been found in pancreatic islet tumours, 
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suggesting a common tumorigenic pathway between the 
two genes [21]. Although somatic mutations in CDKI 
genes have been associated with breast cancer and 
lymphoproliferative disorders, their somatic mutations 
have been rarely found in sporadic PAs [22,23]. Their 
inactivation may occur epigenetically. Methylation of 
CDKI promoters, leading to gene silencing, has been 
found in both PA and parathyroid carcinoma [18,24]. 

Although CaSR expression is reduced in PA, 
somatic mutations in the CASR gene (OMIM 601199) 
have not been found [8,18,25]. CaSR expression may be 
silenced through epigenetic mechanisms. Singh et al. [26] 
showed that methylation of the promoter and histone 3 of 
the CASR gene are responsible for the reduced CaSR 
expression in PA. So-called adhesion molecules such as 
filamin A and Yes-associated protein may also play a role 
[27]. 

Inactivating germline mutations in the GCM2 
gene (OMIM 603716) lead to hereditary 
hypoparathyroidism [8]. Activating mutations, on the 
other hand, are responsible for familial isolated 
hyperparathyroidism (FIH) [28]. Compared to the 
sporadic form of PHPT, patients with FIH and germline 
activating mutations in GCM2 had significantly higher 
PTH levels and more frequent multiglandular 
involvement (78 % vs 14.3 % in subjects without GCM2 
mutation, p<0.001) [29]. In a cohort of patients with 
sporadic MGD, the presence of Y282D (rs61734277) 
activation variability was identified in 11 % [30]. 
Identification of Y282D prior to surgery would indicate 
an increased risk of MGD, which could modify the 
surgical approach. However, variations in the gene for 
GCM2 have low penetrance and their presence may not 
be associated with the development of 
hyperparathyroidism, which complicates the introduction 
of GCM2 genotyping into the clinical practice [31]. 
Although GCM2 is a key transcriptional regulatory factor 
for parathyroid development, somatic mutations in 
GCM2 are rarely found in PA [32]. 

Somatic or even germline mutations are found in 
many other genes with tumor oncogene or tumor 
suppressor functions (e.g. POT1, HIC1, ASXL3) [7,8]. 
However, their mutations have only been identified in  
a few PA. It is, therefore, questionable whether these 
variants are involved in the development of PA on  
a population scale.  

The genes whose activation leads to parathyroid 
carcinoma are not identical to the genes whose activation 
is responsible for benign PG proliferation. A Finland-

based national retrospective study reported no evidence 
of malignant transformation of the original parathyroid 
adenoma in patients with a history of PA between years 
2000 and 2011 [33]. Menin mutations are found 
predominantly in PA, whereas mutations in CDC73, 
TERT, RET and retinoblastoma gene are found in 
parathyroid carcinomas [17,18]. PT carcinoma has 
probably different genetic signature and arises as  
a distinct entity de novo, not in the setting of PG 
adenoma or hyperplasia. On the other hand, whole 
genome sequencing on blood-tumor pairs from patients 
with sporadic PA has identified the Y54X (rs121434265) 
mutation in the CDC73 gene, which was previously 
associated with PC, in 6.8 % PA samples [34]. 

The study of hereditary forms of PHPT has 
contributed to the elucidation of a number of key 
regulatory loops in calcium-phosphate metabolism. 
However, a number of factors remain unknown. In 
pedigrees of patients with familial isolated PHPT, the 
genetic basis of the disease has been identified in only 
about 10-20 %. Thus, in the remaining 80 % of families, 
the genetic basis of the disease has yet to be uncovered. 
As shown by recent genome-wide association study, 
PHPT-associated loci were also identified outside the 
known parathyroid proliferation driver genes [35]. In  
a Scottish cohort of PHPT patients, four genes with as yet 
unknown function were identified (SOX9, SLITRK5, 
LPAR3, and BCDIN3D-AS1). Moreover, the study 
showed some quantitative relationship between the 
number of risk alleles and the likelihood of PHPT. 
Population genetics thus extends the knowledge gained 
from the study of monogenic forms of PHPT. 

To the best of our knowledge, the study by 
Dwight et al. [36] was the only study to analyze genetic 
factors in pairs of parathyroid tumors within the same 
individual with multiglandular hyperparathyroidism.  
LOH, comparative genomic hybridization and MEN1 
mutation analysis showed that independent genetic events 
were associated with the development of a subset of these 
parathyroid tumors. These events differed in paired 
parathyroid glands from the same individual. Whether the 
genetic changes were random or due to the involvement 
of other factors such as low frequency germline 
mutations, germline mosaicism, epigenetic silencing of 
CaSR or altered concentration of calcium and phosphorus 
remains unknown. 

Two studies using gene expression profiling in 
PG from patients with PHPT have attempted to 
differentiate between SGD and MGD. The study by 
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Morrison et al. [37] showed distinct expression profiles 
between the two forms of PHPT. Whereas SGD showed 
over- and under-expression of a number of genes 
involved in DNA repair and cell cycle progression, MGD 
showed over-expression of a number of genes related to 
central nervous system development and disease. 
Although the number of samples examined in the study 
was limited, these findings may indicate that MGD is  
a distinct entity from adenoma in PHPT. 

A different transcription profile between 
sporadic adenoma and multiglandular form of PHPT has 
been confirmed by cDNA microarray in the study by 
Velazquez et al. [38]. The number of differentially 
expressed genes compared to normal parathyroid tissue 
was higher in MGD than in adenomas, which could 
indicate a more genetically heterogeneous background in 
MGD. Genes for Hook1, TBXA2R and FHIT had 
increased expression in MGD compared to adenoma 
(SGD). In contrast, genes for prostaglandin synthase and 
EGFR, for example, had increased expression in 
adenomas and decreased expression in MGD. 

Compared to other malignancies, PHPT does not 
have an abnormal global DNA methylation profile. 
Targeted methylation of regulatory DNA regions occurs 
more commonly in PHPT [39]. Methylation of the 
promoter of the cell cycle inhibitor gene RASFF1A has 
been found in most PA [40]. The same epigenetic 
mechanism was also found in pancreatic neuroendocrine 
tumors in individuals with MEN1 [41]. Hypermethylation 
of the APC gene promoter was also found in PA [40]. 
The APC protein is an inhibitor of beta catenin which is  
a component of the Wnt cascade [42]. The Wnt signaling 
is involved in colorectal cancerogeneis. Not only 
promoter methylation, but also reduced acetylation of 
histones in the promoter region led to the reduced 
expression of the transcription factor PAX1 in PA [43]. 

In addition to methylation of gene regulatory 

regions and histone modification, non-coding RNAs have 
been studied with respect to genetic expression. The 
different expression profile of miRNAs between PA and 
parathyroid carcinoma tissues has been shown in  
a number of studies [44,45]. The work of Mizamtsidi [46] 
showed a different PG expression of miRNA30e between 
SGD and MGD. Patients with sporadic MGD had higher 
miRNA30e tissue expression levels than patients with  
a single adenoma. However, it was not possible to 
distinguish the two groups on the basis of genomic DNA 
variations encoding miRNA30e what would help 
discerning SGD and MGD prior to surgery. miRNA30e 
interacts with a number of genes involved in 
tumorigenesis. Which of these genes plays a role in 
sporadic PHPT is not yet known. 

Sporadic MGD is associated with polyclonality, 
different mRNA and miRNA transcription profiles and  
a higher probability of identifying a germline mutation. 
MGD is likely to be a genetically heterogeneous disease 
resulting from the interaction of germline and somatic 
DNA mutations together with epigenetic alterations. 
Furthermore, these events may combine and occur 
independently in parathyroid tumors within the same 
individual in MGD. Gene expression profiling has shown 
that SGD and MGD may represent distinct entities in 
parathyroid tumorigenesis. We are waiting for studies to 
analyze exactly which genes are different in SGD and 
MGD in order to identify potential biomarkers that can 
distinguish between the two forms of the disease. 
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