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Abstract. Hyperparathyrodism-jaw tumor (HPT-JT) syndrome is an autosomal dominant disorder. Loss of function of the cell
division cycle protein 73 homolog (CDC73) gene is responsible for the syndrome. This gene encodes an ubiquitously
expressed 531 amino acid protein, parafibromin, that acts as a tumor suppressor. Loss of heterozygosity (LOH) of the CDC73
locus in many HPT-JT associated parathyroid tumors from patients with germline mutation is in accordance with Knudson’s
“two-hit” model for hereditary cancer. A 41-year-old man with mandible ossifying fibroma suffered from severe
hypercalcemia due to parathyroid carcinoma (PC). Genetic analysis was performed to evaluate germinal and somatic CDC73
gene mutation as well as real-time qRT-PCR to quantify CDC73 mRNA, miR-155 and miR-664 expression levels.
Immunohistochemistry and Western blotting (WB) assay were carried out to evaluate parafibromin protein expression. A
novel heterozygous nonsense mutation, c.191-192 delT, was identified in the CDC73 gene. No CDC73 LOH was found in PC
tissue, nor any differences in expression levels for CDC73 gene, miR-155 and miR-664 between PC and parathyroid adenoma
control tissues. On the contrary, both immunohistochemistry and WB assay showed an approximate 90% reduction of
parafibromin protein expression in PC. In conclusion, this study describes a novel germinal mutation, c.191-192 delT, in the
CDC73 gene. Despite normal CDC73 gene expression, we found a significant decrease in parafibromin. We hypothesize that a
gene silencing mechanism, possibly induced by microRNA, could play a role in determining somatic post-transcriptional
inactivation of the wild type CDC73 allele.
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HYPERPARATHYROIDISM-JAW TUMOR SYN‐
DROME (HPT-JT) (OMIM phenotype number
#145001), is a rare autosomal dominant disorder with
incomplete penetrance. This endocrine disease is charac‐
terized by primary hyperparathyroidism (PHPT) due to
the occurrence of single or multiple parathyroid tumors

(PTs). PTs are detectable by hypercalcemia, occur in
95% of HPT-JT patients and are malignant in 15% of
cases [1, 2]. In addition, 25–50% of HPT-JT patients
may develop ossifying fibroma of maxilla/mandible
(OFM) [3, 4] as well as uterine and renal tumors [5].

HPT-JT syndrome ensues from inactivating germline
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mutation of the cell division cycle protein 73 homolog
(CDC73) gene (OMIM 607393), previously known as
hyperparathyroidism type 2 (HRPT2) gene. Indeed,
mutations of this gene have been identified in over 80%
of the reported HPT-JT families [6]. CDC73 gene enco‐
des an ubiquitously expressed, evolutionarily conserved
531 amino acid protein, parafibromin, predominantly
expressed in the nucleus [7]. This protein acts as a tran‐
scriptional regulator as part of a RNA polymerase II
associated complex, known as the Polymerase Associ‐
ated Factor 1 complex [4]. The 60 kDA parafibromin
regulates transcriptional and post-transcriptional events
[8], WNT and Hedgehog pathway target genes, by β-
catenin and Gli proteins binding, respectively [9, 10] and
chromatin remodeling [8]. Parafibromin has been consid‐
ered a tumor suppressor protein, based on its ability to
induce apoptosis [11], cell cycle and cell proliferation
arrest by repressing Cyclin D1 [12] and MYC expression
respectively [13]. Indeed, loss of heterozygosity (LOH)
of the CDC73 locus in HPT-JT associated tumors is con‐
sistent with Knudson’s ‘two hit’ model for hereditary
cancer [14], confirmed by the fact that over 75% of
patients with parathyroid carcinoma (PC) show inactivat‐
ing CDC73 somatic/germline mutation [15] with conse‐
quent reduced or absent parafibromin immunoreactivity.
Mutational screening of the CDC73 gene and immuno‐
histochemistry (IHC) to evaluate parafibromin expres‐
sion are therefore two important tests for PC diagnosis,
although some reports have shown that the sensitivity
and specificity of these tests is insufficient for an accu‐
rate diagnosis. However, HPT-JT families and PC
patients harboring no CDC73 gene mutation have also
been reported; no phenotypic differences have been
observed between clinical manifestations of patients with
or without inactivating CDC73 gene mutation [5]. Modi‐
fications in CDC73 gene function could be ascribed to
promoter mutation, large deletions not detectable by
PCR/sequence analysis or epigenetic regulation mecha‐
nisms resulting in gene silencing, including DNA
methylation, histone modifications, or microRNAs
expression.

MicroRNAs (miRs), short 19–25 nucleotide endoge‐
nously expressed single-strand noncoding RNAs, are
negative regulators of gene expression through the
increased degradation and/or decreased translation of
mRNAs target, without modifying their transcription lev‐
els [16, 17]. They account for 1% of the genome and
their expression is highly tissue specific. miRs can also
act as either tumor suppressors or oncogenes in most car‐
cinomas [18]. Dysregulated expression of miRs in PC
has been identified in a limited number of studies
[19-22]. When compared with non-malignant PT,
miR-222, miR-503, miR-371, miR-372, miR-517c and

Cluster C19MC were overexpressed in PC, while
miR-139, miR-296, miR-26b, miR-30b and miR-126*
were downregulated. However, none of these miRs tar‐
geted CDC73 mRNA. To date, only two studies have
identified specific miRs, miR-155 and miR-664, as
responsible for downregulation of the CDC73 gene
expression, in oral squamous cell carcinoma [23] and
MEN1 parathyroid adenoma [24], respectively.

This study reports the case of an HPT-JT patient with
a novel CDC73 germline gene mutation, who developed
PC in the absence of any documented somatic LOH in
the CDC73 gene.

Materials and Methods

Clinical case
A 41-year-old male, who had undergone removal of a

mandible ossifying fibroma, presented with severe
hypercalcemia (total serum calcium 15 mg/dL), elevated
serum intact PTH levels (470 pg/mL) and a high degree
of bone demineralization (Bone Mineral Density T-score
of –3.6 in the lumbar spine and –4.5 in the distal radius).
Ultrasound of the neck suggested a right upper PT (35 ×
20 × 10 mm) that was excised under general anesthesia
and histologically diagnosed as PC. Hematoxylin-eosin
stained sections revealed a hypercellular tumor with a
trabecular growth pattern and subdivided by broad bands
of fibrous connective tissue. Neoplastic cells exhibited
marked pleomorphism with coarsely clumped chromatin
and macronucleoli. Mitotic figures with atypical forms
were seen. Vascular invasion was also detected in the
absence of tissue necrosis. The tumor capsule was intact
and surgical margins were negative (Fig. 1). Removal of
the PT resulted in severe hungry bone syndrome, which
required administration of calcium and active vitamin D
metabolites. Consequently, serum calcium and PTH lev‐
els had returned within the normal range, respectively
9.4 mg/dL and 11.3 pg/mL.

The patient’s father deceased at 62 years due to causes
unrelated to HPT-JT syndrome (cause of death: pancre‐
atic cancer). The mother (68 years old) and the sister (38
years old) were referred as healthy at the time of this
study. Furthermore, the mother was resulted negative for
CDC73 gene mutation analysis, while the sister refused
to undergo through genetic testing.

Genetic test, histology and molecular biology
analysis

Peripheral blood, frozen and formalin-fixed paraffin-
embedded (FFPE) PC tissue of the patient were collected
using standard procedures. Since no normal parathyroid
tissue samples were available, three parathyroid adeno‐
mas (PAs), not harboring mutations in either CDC73 or
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MEN1 genes, were used as controls. PA and PC differ in
origin, progression and molecular mechanisms [25], sug‐
gesting that PA can be used as control tissue.

DNA was extracted from both peripheral blood leuco‐
cytes (PBL) and frozen PC tissue using the MagCore
Genomic DNA Whole Blood Kit (RBC Bioscience, Xin‐
dian City, Taipei, Taiwan) in an automated extractor sys‐
tem MagCore HF16, and TRIzol Reagent (Invitrogen,
Carlsbad, CA, USA), respectively, as recommended by
the manufacturers.

Genetic analysis to evaluate germinal and somatic
mutations of the whole CDC73 coding sequence (17
exons, including exon-intron boundaries) was performed
by PCR amplification and direct Sanger sequencing on
genomic DNA extracted from both PBL and PC frozen
tissue. Briefly, PCR reactions were carried out in a 50 μL
reaction solution containing 5 μL 10X PCR Buffer
(Thermo Scientific, Waltham, Massachusetts, USA), 0.2
nM dNTPs, 10 pmol of each primer, 1.25 U DreamTaq
DNA Polymerase (Thermo Scientific, Waltham, Massa‐
chusetts, USA) and 50 ng of DNA. PCR cycling condi‐
tions consisted of an initial 5 min denaturation step at
95°C, followed by 30 cycles of 95°C for 30 s annealing
for 30 s and extension at 72°C for 30 s, with final exten‐
sion at 72°C for 5 min. Annealing temperatures were
optimized for all primer sets (Table 1). Purified PCR
products were sequenced using the Big Dye Terminator
Cycle Sequencing Kit v. 1.1 (Applied Biosystems, Foster
City, CA, USA). Purified sequencing reactions were sep‐
arated on ABI PRISM 3100xl genetic analyzer capillary
sequencer (Applied Biosystems, Foster City, CA, USA).

Total RNA was extracted from the three frozen PA
samples using TRIzol Reagent (Invitrogen, Carlsbad,
CA, USA) as recommended by the manufacturers. RT-
PCR analysis was employed to determine whether the

Fig. 1  Histologic appearance of PC by hematoxylin-eosin stain.
A, diffuse trabecular growth pattern intersected by broad
fibrous bands (40× original magnification). B, chief cells
with significant pleomorphism and increased mitotic
activity (400× original magnification).

PC tissue had maintained its differentiated endocrine sta‐
tus by evaluating PTH gene expression. RT-PCR and
real-time qRT-PCR analysis were performed to evaluate
the CDC73 gene expression levels in PC tissue. Table 1
gives primer sets for both PTH and CDC73 gene expres‐
sion. For RT-PCR analysis, first-strand cDNA was pre‐
pared from 1 μg of total RNA, using a QuantiTect
Reverse Transcription Kit (QIAGEN, Hilden, Germany)
as recommended by the manufacturers. RT-PCR reac‐
tions were tested as described above, utilizing 50 ng of
cDNA. For real-time qRT-PCR analysis, cDNA was pre‐
pared from 50 ng of total DNA-free RNA, using a
QuantiTect Reverse Transcription Kit (QIAGEN, Hilden,
Germania) as recommended by the manufacturers. Real-
time qRT-PCR was performed using a Rotor-Gene Q
(QIAGEN, Hilden, Germany). A reaction solution of
20 μL was prepared, containing 10 μL of KAPA SYBR
FAST qPCR Master Mix (Kapa Biosystems, Wilming‐
ton, MA, USA), 10 pmol of forward and reverse primers
and 2.5 ng of cDNA (Table 1). Real-time qRT-PCR con‐
ditions were: 95°C for 3 min, followed by 40 cycles of
95°C for 3 s, 62°C for 20 s, and 72°C for 15 s. Relative
quantification was calculated through the 2–ΔΔct method,
and normalized using RPS18 mRNA.

IHC was carried out on FFPE PC tissue sections to
assess parafibromin expression and Ki-67 proliferative
index. Mouse monoclonal anti-parafibromin (clone 2H1,
dilution 1:100; Santa Cruz Biotechnology, Santa Cruz,
CA, USA) was used as primary antibody. Antigen
retrieval was carried out with Epitope Retrieval Solution
Citrate buffer (10 mM, pH 6; Dako, Glostrup, Denmark)
in a thermostatic bath. Sections were incubated overnight
at 4°C. Immunohistochemical analysis was performed
using EnVision FLEX Systems (Dako, Glostrup,
Denmark) and 3,3’-diaminobenzidine (DAB) (Dako,
Glostrup, Denmark) as the chromogen in Dako Auto‐
stainer Link48 Instrument (Dako, Glostrup, Denmark).
Additional serial sections were stained with rabbit mono‐
clonal anti-Ki-67 (clone 30.9, ready-to-use; Ventana,
Tucson, AZ, USA) on a Ventana BenchMark ULTRA
immunostainer (Ventana Medical Systems). The Ventana
staining procedure included pretreatment with cell condi‐
tioner 1 followed by incubation with the antibody. The
signal was then developed with ultraView Universal
DAB Detection Kit. Positive controls comprised human
colon for parafibromin and human skin for Ki-67. Nega‐
tive controls were performed by substituting the primary
antibody with a mouse serum (normal) and rabbit serum
(normal) (Dako, Glostrup, Denmark), respectively. The
control sections were treated in parallel with the samples.
The sections were lightly counterstained with Mayer’s
hematoxylin and mounted with Permount.

For Western blot (WB) analysis, proteins were extrac‐
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ted from PC and three PAs frozen tissues, using PARIS
Kit (Ambion, Thermo Scientific, Waltham, MA, USA)
supplemented with a protease inhibitor cocktail. Total
protein was quantified with a BCA Protein Assay Kit

(Thermo Scientific, Waltham, MA, USA). 30 μg of pro‐
teins were loaded on a 10% SDS-PAGE gel and electro-
transferred to PVDF membranes (Millipore, Burlington,
MA, USA). The membranes were blocked with Odyssey

Table 1 Primers, amplicon sizes, melting temperature and analysis type

Primer name Sequence (5’-3’) Size (bp) Tm (°C) Analysis type

CDC73 Ex1-F GAGGACGGCTGTTAGTGCT 451 60 Genetic screening

CDC73 Ex1-R CCCCTTCTTTCCTTACCCTA

CDC73 Ex2-F TGTCATTGCCTTCCTTTGTG 400 60 Genetic screening

CDC73 Ex2-R GATCACACCACTGCACCCTA

CDC73 Ex3-F GTTGTGTATCATTGTTATTC 328 56 Genetic screening

CDC73 Ex3-R GACAGTGCATCCACTGTATAAG

CDC73 Ex4-F AACATGTTTTTGCAGAGCTG 451 58 Genetic screening

CDC73 Ex5-R CTCCTCAGGTTACTGCAATC

CDC73 Ex6-F GGCCTAAAGACACTGATACC 351 62 Genetic screening

CDC73 Ex6-R CGAACTTAAGAGCAAAGAGG

CDC73 Ex7-F GAATGCCTGCTGTGAAAA 502 55 Genetic screening

CDC73 Ex7-R TGTGAAGGAGCTTGCATTT

CDC73 Ex8-F GACATATGTAGTAGGGAAG 362 58 Genetic screening

CDC73 Ex8-R GGGAGGGCTTTCACATCTTT

CDC73 Ex9-F ATGGTCATGCTACTGCACTC 251 56 Genetic screening

CDC73 Ex9-R CCAACCCTTACCCTTAAACA

CDC73 Ex10-F ACAATAGGCTTGCTGGTCTG 332 56 Genetic screening

CDC73 Ex10-R TCCCTGGAACAAAAGAACATC

CDC73 Ex11-F CAGTGGAGTAACCAACTGAGTGA 395 60 Genetic screening

CDC73 Ex11-R GCTGACTGAAGTTTAGCAAGCA

CDC73 Ex12-F CAGTGTTGAGAAGATAGTTG 612 56 Genetic screening

CDC73 Ex13-R GTATCTCAATATCCTACGTACAGG

CDC73 Ex14-F ATCTTCCCATTTTCATCACG 321 56 Genetic screening

CDC73 Ex14-R CCCCATCTCTTAAAAAGCAA

CDC73 Ex15-F TGCCTAAGGGATTTATAGTAGC 281 55 Genetic screening

CDC73 Ex15-R ACATCATATGCGCAGAACT

CDC73 Ex16-F ATACGGCTTCAGTTGGTGGA 345 58 Genetic screening

CDC73 Ex16-R TGTTGAAAGAAGGGAATTAGGG

CDC73 Ex17-F GAGGAGTGTTATTTCTAGCTTATTC 341 60 Genetic screening

CDC73 Ex17-R TCTCCTTGAAGCACAAAGCATCA

PTH-F TCACCATTTAAGGGGTCTGC 192 62 RT-PCR

PTH-R CAGATTTCCCATCCGATTTTG

CDC73-F GACCCGAGATATTGTCAGCA 128 62 RT-PCR, qRT-PCR

CDC73-R GCCCTTCTTCTCTGGCTTTT

RPS18-F AAATACAGCCAGGTCCTAGC 190 62 RT-PCR, qRT-PCR

RPS18-R GCCTACAGACTTATTTCTTCTTGG
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Blocking Buffer (LI-COR, Lincoln, NE, USA), and
incubated overnight at 4°C with rabbit polyclonal
anti-parafibromin antibody (A264, Cell Signaling
Technology, Danvers, MA, USA) at 1:1,000 dilution, and
mouse monoclonal anti-GAPDH antibody (sc-47724,
Santa Cruz Biotechnology, Santa Cruz, CA) at the same
dilution. The membranes were then washed five times
for 5 min with PBS containing 0.1% Tween 20, followed
by a 1 h incubation in blocking buffer including two
infrared-dye labeled secondary antibodies at 1:10,000
dilution: goat anti-rabbit IR 800 and donkey anti-mouse
IR 680 (LI-COR, Lincoln, NE, USA). Then, the mem‐
branes were subsequently washed five times and scanned
for detecting protein signals with the Odyssey infrared
imaging system (LI-COR, Lincoln, NE, USA). For quan‐
titative measurement, the spots corresponding to protein
were analyzed with ImageJ-NIH Image Processing Soft‐
ware (https://imagej.nih.gov/ij/).

The antibodies used for both, IHC and WB, does not
detect the mutant truncated parafibromin.

We also assessed the expression levels of both
miR-155 and miR-664 in PC tissue. To perform these
assays, the cDNA was prepared from 240 ng of total
DNA-free RNA, using a miScript II RT Kit (QIAGEN,
Hilden, Germany) as recommended by the manufactur‐
ers. Real-time qRT-PCR analysis was performed using
miScript SYBR Green PCR Kit (QIAGEN, Hilden, Ger‐
many), utilizing 12 ng of cDNA and specific forward

primers, Hs_miR-155_2 and Hs_miR-664_1 miScript
Primer Assay (QIAGEN, Hilden, Germany). Conditions
for real-time qRT-PCR were: 95°C for 15 min, followed
by 40 cycles of 94°C for 15 s, 55°C for 30 s, and 70°C
for 30 s. Relative quantification was calculated through
the 2–ΔΔct method, and normalized by using RNU-6B
gene.

Statistical analysis
All experiments were repeated three times and results

were expressed as means ± standard deviation. Wilcoxon
signed-rank test was used to estimate significant differ‐
ences, and a p-value <0.05 was considered as statistically
significant. All analyses were performed using the
SPSS18 software package (IBM, Florence, Italy).

Written informed consent was obtained from the
patient for the collection of biologic samples and analy‐
sis of clinical biologic data for this case report. The study
was approved by the Local Ethical Committee of AOU-
Careggi, Florence (Italy) for human studies (Rif. n.
12599_bio). Finally, this study was conducted in accord‐
ance with the principles of the Declaration of Helsinki.

Results

Sanger sequencing analysis of the entire coding
sequence and splice sites of CDC73 gene revealed a
novel heterozygous germline deletion of one nucleotide

Fig. 2  Mutation of CDC73 gene. A, DNA CDC73 gene sequencing electropherogram shows novel germline deletion of a T (red arrow)
in one allele at nucleotide 191/192, creating a frameshift in the gene structure. B, mRNA CDC73 gene sequencing
electropherogram showing the same mutation revealed in DNA CDC73 gene.
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in exon 2, c.191-192 delT, present in both PBL and PC
tissue (Fig. 2A). No other mutation was found in the
CDC73 gene. This deletion is predicted to introduce a
premature stop codon at position 108 (p.L64Lfs*44).
The mutation is novel since it has not been reported in
Ensembl (www.ensembl.org), in the 1000 Genomes
(www.1000genomes.org/), nor Human Gene Mutation
Database (www.biobase-international.com/product/hgmd).

CDC73 mRNA sequence analysis was carried out
using cDNA obtained from total RNA of the PC tissue,
by reverse transcription reaction. Also in this case the
same heterozygous deletion founded in PBL and PC tis‐
sue, was detected (Fig. 2B).

Gene expression analysis of PC tissue showed the
presence of PTH mRNA, with levels comparable to
those found in PA control tissues (Fig. 3). The results of
both RT-PCR (Fig. 4A) and real-time qRT-PCR analysis
(Fig. 4B), performed to evaluate CDC73 gene expression
levels, showed that there were no significant differences
in gene expression levels between PC and PA control tis‐
sues.

At IHC, almost 100% of cells in healthy parathyroid

Fig. 3  Semiquantitative RT-PCR analysis to evaluate the PTH
gene expression. PC tissue expresses the mRNA of PTH
gene. This result shows that this tumor tissue had
maintained its endocrine differentiated status. PC,
parathyroid carcinoma; PA1-2-3, parathyroid adenoma
control tissues.

tissue of HPT-JT patient displayed strong nuclear immu‐
noreactivity for parafibromin (Fig. 5A), whereas only
isolated tumor cell nuclei were weakly stained (Fig. 5B).
Ki-67 proliferative index was 10% (data not shown).
These findings, along with the results of histologic anal‐
yses, were consistent with PC.

WB assay showed that the levels of parafibromin in
PC tissue were markedly lower when compared with PA
control tissues (Fig. 6A). Additionally, quantitative
measurement of protein spots demonstrated that parafi‐
bromin expression levels in PC tissue were lower when

Fig. 4  Analysis of CDC73 gene expression. Both, semi-
quantitative RT-PCR (A) and real-time qRT-PCR (B)
analysis do not show significant differences in CDC73
gene expression levels between PC tissue and PAs control
tissues. PC, parathyroid carcinoma; PA1-2-3, parathyroid
adenoma control tissues.

Fig. 5  Immunostaining of parafibromin. Strong nuclear immunoreactivity in the normal parathyroid tissue (A), while a high decrease of
parafibromin staining was observed in PC tissue (–85%) (B). Arrows point to nuclear staining of endothelial cells (400× original
magnification).
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compared with PA control tissues, in line with immuno‐
histochemical findings (Fig. 6B).

miRs expression analysis in the PC tissue showed that
there were no significant differences in expression levels
of miR-155 and miR-664, when compared with PA con‐
trol tissues (Fig. 7).

Discussion

The HPT-JT syndrome is a rare endocrine disease
described for the first time in 1971 [26]. Since 1990, this

Fig. 6  Analysis of parafibromin expression. Western blotting (A)
and histogram (B) showing lower parafibromin expression
levels in PC than PA control tissues. PC, parathyroid
carcinoma tissue; PA1-2, parathyroid adenoma control
tissues. Wilcoxon signed-rank test was performed for
statistical analysis. * = p < 0.05

syndrome has been recognized as a clinically and geneti‐
cally distinct disease [27], an autosomal dominant disor‐
der characterized by the occurrence of parathyroid
neoplasia and osteofibroma. In particular, HPT-JT
patients have a high risk of developing PCs, in fact 15%
of the PTs are malignant [2]. In 2002, the disease-
causing gene CDC73 was mapped at chromosome
1q31.2 [4].

It has been estimated that about 80% of HPT-JT
patients harbor an inactivating mutation in CDC73 gene.
Approximately 70% of all mutations occurring in the
CDC73 gene were located in exons 1, 2 and 7. Almost
50% of these mutations were frameshift deletions or
insertions, 29% nonsense mutations, 6% splice site muta‐
tions and 2% in-frame deletions or insertions. Moreover,
over 80% of these mutations were predicted to cause pre‐
mature protein truncation [28]. Finally, approximately
70% of PC patients show somatic LOH of CDC73 gene
[15]. This is consistent with its tumor suppressor gene
role described in the Knudson’s “two hit” model for
inherited cancer [14].

Malignant parathyroid tumors are rare endocrine and
highly aggressive malignancies, accounting for less than
1% of PHPT cases [29]. The first clinical manifestation
is hypercalcemia due to excessive PTH secretion, which
in turn can cause organ damage, bone disease and renal
failure. Therefore, early diagnosis of this neoplasia is
imperative. Unfortunately, it is frequently clinically and
histologically difficult to distinguish PCs from other PTs.
Even the combined use of the most common genetic (i.e.
CDC73 gene) and biochemical markers (i.e. parafibro‐
min and Ki-67) does not always lead to the correct diag‐
nosis. Usually, diagnosis of PC is supported by the
presence of an unequivocally invasive growth pattern or
metastases [30].

We have presented the case of a patient with severe
PHPT, suspected on the basis of hypercalcemia and asso‐
ciated OFM. The diagnosis of HPT-JT syndrome was

Fig. 7  Analysis of miRs expression. No significant differences in expression levels of miR-155 (A) and miR-664 (B), between PC and
PAs tissues. PC, parathyroid carcinoma; PAs, parathyroid adenoma control tissues.
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reached by genetic analysis of the CDC73 gene muta‐
tions, with identification of a novel heterozygous germ‐
line mutation, c.191-192 delT, predicted to introduce a
premature stop codon at position 108 (p.L64Lfs*44). PC
was diagnosed after pathologic examination. Indeed, the
tissue specimen showed invasive growth pattern, loss of
parafibromin expression, and Ki-67 proliferation index at
10%. The reduction in parafibromin expression in PC tis‐
sue was also confirmed by WB assay.

However, these results were not consistent with data
from CDC73 gene sequencing analysis of DNA and total
RNA obtained from PC tissue. Indeed, these genetic tests
revealed a single heterozygous mutation, c.191-192 delT,
previously detected in constitutional DNA. The absence
of LOH in the parathyroid cancer cells is compatible
with the maintenance of a wild type allele of the CDC73
gene capable of encoding a functioning parafibromin
protein. Hence, a decrease of parafibromin expression
levels no less than 50% would have been expected com‐
pared with the healthy tissues.

One possible explanation for this discrepancy could be
an inhibitor transcription mechanism of the CDC73 gene,
resulting in a reduction of more than 50% of the parafi‐
bromin protein translation. However, gene expression
data showed no differences in CDC73 mRNA expression
levels in PC and control parathyroid tissues.

How can PC cells expressing a wild type allele of the
CDC73 gene and normal mRNA levels of this gene man‐
ifest decreased parafibromin protein levels by over 50%
(80–90%)? We suggest that a post-transcriptional mecha‐
nism of gene silencing could play a role in determining
wild type CDC73 gene allele inactivation.

MicroRNAs, short endogenously expressed single-
strand noncoding RNAs, could be one explanation. They
act as negative regulators of gene expression by increas‐
ing or degrading mRNAs target and/or decreasing trans‐
lational but not modifying transcription levels [16, 17].
Overall, this epigenetic mechanism seems to adequately
explain our data. Over the last few years, some authors
have reported miRs dysregulated expression in PC when
compared with non-malignant PT tissue [19-22]. How‐
ever, none of these reported miRs had CDC73 mRNA as
a putative target. To date, only two studies have identi‐

fied specific miRs, miR-155 and miR-664, as responsible
for downregulating CDC73 gene expression, in oral squ‐
amous cell carcinoma [23] and MEN1 parathyroid ade‐
noma [24], respectively. Consequently, we aimed to
verify if these two miRs, miR-155 and miR-664, were
dysregulated in our PC tissue cells. Our data failed to
find any expression differences in either of these two
miRs in PC tissue with respect to PA control tissues, con‐
firming the data published to date. Analysis of the entire
miRs with next generation sequencing techniques could
be useful to understand the possible molecules involved
in post-transcriptional regulation of CDC73 gene in this
clinical case.

In conclusion, we have reported the case of a HPT-JT
patient, affected with PC and harboring a heterozygous
germinal mutation in the CDC73 gene. Although CDC73
gene expression levels were normal in PC tissue, parafi‐
bromin expression was reduced by 90%. To explain
these inconsistencies we hypothesize miRs-induced
CDC73 wild type allele silencing.

To date, few investigations have looked into this field,
but further studies are recommended to both clarify the
role of this important epigenetic gene expression regula‐
tory mechanism in PC, and increase our knowledge of
the molecular mechanisms of PC progression. Finally,
knowing the specific miRs profile expression of carcino‐
mas could provide a further useful tool for reaching a
more accurate and early diagnosis of this aggressive dis‐
order.
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