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Abstract The diagnosis of parathyroid carcinomas is often
difficult. HRPT? mutations have been identified in familial
[hyperparathyroidism-jaw tumor (HPT-JT) syndrome] and
sporadic parathyroid carcinomas, supporting that HRPT2
mutations may confer a malignant potential to parathyroid
tumors. In this study, we report the clinical, histopatholog-
ical, and genetic investigation of two unrelated cases, whom
had apparently sporadic malignant parathyroid tumors,
initially diagnosed as adenomas. In one case, the differential
diagnosis was complicated by cervical seeding of parathy-
roid tumor cells. Genetic studies identified de novo HRPT?2
germline mutations in cases 1 (c.518 521delTGTC [p.
Ser174LysfsX27]) and 2 (c.226 C>T [p.Arg76X]), unveiling
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the hereditary HPT-JT syndrome in both patients. Further-
more, the identification of somatic mutations in the patients
parathyroid tumors provided evidence for complete inacti-
vation of the HRPT2 gene, which was consistent with the
tumor malignant features. The sensitivity of parafibromin
immunostaining to detect HRPT2 mutations was limited.
The present data suggests that patients with apparently
sporadic parathyroid carcinomas, or parathyroid tumors with
atypical histological features, should undergo molecular
genetic testing, as it may detect germline HRPT2 mutations.
Establishing the diagnosis of hereditary HPT-JT syndrome is
relevant for clinical counseling and management of the
carriers and their relatives.
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Introduction

Primary hyperparathyroidism (HPT) is usually caused by a
parathyroid adenoma, less commonly by parathyroid
hyperplasia, and rarely by parathyroid carcinoma (0.5% to
5.2%) [1-4].

Parathyroid carcinomas are potentially life-threatening
tumors. The management of these aggressive neoplasms is
primarily surgical, with en bloc tumor resection and
ipsilateral thyroid lobectomy and resection of adjacent soft
tissues being the recommended as mode of therapy [3-6].
However, the diagnosis of parathyroid carcinoma is often
challenging. Recent criteria indicate that the unequivocal
diagnosis of parathyroid carcinoma requires the evidence of
vascular invasion, perineural space invasion, capsular
penetration with growth into adjacent tissues, and/or
metastases [1]. Other criteria, such as trabecular growth
pattern, fibrous bands, and mitotic figures, although
common in parathyroid carcinomas, are not a definitive
evidence of malignancy [1, 2, 4, 6]. It is, thus, common that
the diagnosis of malignancy is made retrospectively
following recurrence of the disease.

Sixty-seven to 100% (mean=77%) of parathyroid
carcinomas harbor inactivating mutations of the HRPT?2
gene, as opposed to a small minority of adenomas [7-9].
Up to 33% of the mutations detected in apparently
sporadic parathyroid carcinomas have been found to be
of germline origin [10, 11], thus representing the hered-
itary hyperparathyroidism—jaw tumor (HPT-JT) syndrome
(MIM ID #145001). This autosomal dominant disorder is
characterized by the occurrence of parathyroid tumors,
which are carcinomas in approximately 15% of patients,
and ossifying fibromas of the mandible and/or the maxilla
(~30% of the patients). Some HPT-JT patients may also
develop uterine tumors and renal abnormalities such as
Wilms’ tumors, hamartomas, and polycystic disease [11—
14]. However, in some of these families, parathyroid
tumors may be the only clinical manifestation, and this
variant of the HPT-JT syndrome is designated as familial
isolated hyperparathyroidism (FIHP). FIHP is a genetical-
ly heterogeneous disease, which has also been related to
mutations in the MENI and CASR genes that cause the
multiple endocrine neoplasia type 1 and the familial
hypocalciuric hypercalcemia syndromes, respectively
[15-17].

The HRPT2 gene (also designated as CDC73) maps to
chromosome 1q31.2 and consists of 17 exons, which
encode a 531-amino acid ubiquitously expressed protein

termed parafibromin [18]. Parafibromin is a component of
the RNA polymerase Il-associated factor 1 complex and
has been suggested to induce cell cycle arrest, by
integrating repressive histone H3 methylation during
transcription, for cyclin D1 downregulation [19, 20].

Up to 52 heterozygous germline HRPT2 mutations have
already been reported in HPT-JT and FIHP families, and the
vast majority are predicted to result in a truncated and
hence inactivated form of parafibromin [10, 11]. Moreover,
loss of heterozygosity or somatic inactivating mutations of
HRPT?2 are also detected in HPT-JT-associated tumors [7—
11, 21], suggesting that HRPT?2 is a tumor suppressor gene,
in keeping with the “two-hit” model of hereditary cancer
[22]. Several studies have evaluated the loss of nuclear
immunoreactivity for parafibromin as a method of assessing
HRPT2 mutation status and/or parathyroid malignancy [23—
28].

The present study reports the results of the clinical,
histopathological, and genetic investigation of two unrelat-
ed cases—cases 1 and 2—which had apparently sporadic
parathyroid tumors, initially diagnosed as adenomas, and
that presented HPT recurrence 18 and 12 months, respec-
tively, after initial surgery. The challenging diagnoses of
carcinoma in these cases are discussed. Genetic studies
identified HRPT2 germline mutations, unveiling the hered-
itary HPT-JT syndrome in both patients, which supported a
targeted genetic screening of their families.

Materials and Methods
Cases

Clinical features of patients 1 and 2 are summarized in
Table 1.

Case 1

A 23-year-old female patient was referred to the hospital to
evaluate a lower back pain in March 2006. Lumbar spine
computed tomography (CT) scan revealed osteoporosis, and
bone scintigraphy showed diffuse skeletal uptake. Biochemistry
values were: serum calcium 12 mg/dl [reference interval (RI)
8.4-10.2 mg/dl], parathyroid hormone (PTH) 230 pg/ml (RI
12-65 pg/ml), serum phosphate 1.9 mg/dl (RI 2.3-4.7 mg/dl),
urinary calcium 328 mg /24 h (RI 100-300 mg/24 h), urinary
phosphate 835 mg/24 h (RI 400-1,300 mg/24 h), alkaline
phosphatase 1,043 U/l (RI 40—150 UI/1), and 25 OH vitamin D
9.5 ng/ml (RI 945 ng/ml). Neck ultrasound showed an
extrathyroidal posterior right inferior nodule compatible
with a parathyroid adenoma. She was diagnosed with
primary hyperparathyroidism and submitted to right
inferior parathyroidectomy. A parathyroid tumor, weighing
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HRPT2 somatic mutation

HRPT2 germline mutation

Family Disease

tumor final HPT-JT history diagnosis

Parathyroid Parathyroid Other
tumor

Calcemia  PTH

(pg/ml)
at diagnosis at diagnosis initial
RI 8.4-10.2 RI 12-65

at diagnosis (mg/dl)

(years)

Table 1 Clinical and genetic findings in cases 1 and 2 analyzed for HRPT2 gene mutations

Case Sex HPT age
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Predicted Parafibromin

Exon Mutation

Predicted
effect

Exon Mutation

related

diagnosis

Immun.?

effect

lesions

diagnosis

c.162C>A p.Tyr54X Negative

2

P1-PTI;

P1-PTlonc;

P1-PT2-nod1-3

p.Ser174LysfsX27 P1-NP

Positive

No

No

¢.518_521delTGTC

7

12 230 Adenoma  Carcinoma No No HPT-JT

23

p-Leu5Pro Not done

c.14T>C
c.14T>C

1
1

P2-PT1
P2-PT3

p.LeuSPro Positive

p.Arg76X

¢.226C>T

2

HPT-JT

705 Adenoma  Carcinoma No No

13

34

F female, HPT hyperparathyroidism, HPT-JT hyperparathyroidism—jaw tumor syndrome, R/ reference interval, P patient, PT/ first parathyroid tumor surgery, P72 second parathyroid tumor

surgery, PT3 third parathyroid tumor surgery, onc tumor oncocytic area, nod nodule, NP normal parathyroid, Parafibromin Immun. parafibromin immunostaining

# Anti-parafibromin antibody (2H1) targets amino acids 87-100 (encoded by exon 3 of the HRPT2 gene)

3 g and measuring 3.0x2.5x2.0 cm, was excised with
intraoperative capsule rupture. Microscopically, the mitotic
count was low, and no extracapsular tissues invasion or
cytological atypia was present, thus an adenoma was
diagnosed.

Postoperatively, she developed a hungry bone syndrome.
She was supplemented with calcium and calcitriol for
12 months. During this period, her PTH and calcium levels
progressively raised to 143 pg/ml and 8.9 mg/dl, respec-
tively. Eighteen months after surgery, PTH was 641 pg/ml
and serum calcium was 11.9 mg/dl. She presented normal
levels of prolactin, growth hormone, insulin-like growth
factor-1, adrenocorticotropic hormone, and gastrin. There
was no family history of hypercalcemia nor MENI-
associated neoplasms. HPT-JT was suspected, and she was
found to carry a germline mutation in the HRPT2 gene. She
had no evidence of other HPT-JT tumors, such as jaw
tumors (evaluated by CT scan), renal (CT scan), or uterine
abnormalities (endovaginal ultrasound). Although imaging
studies (magnetic resonance imaging, CT scan, ultrasound,
and parathyroid scintigraphy) were repeatedly negative, she
was submitted to an en bloc resection of thyroid and
parathyroid glands, and soft subcutaneous tissues in the
neck and in the superior mediastinum. Intraoperatively,
PTH decreased from 1,043 (at baseline) to 0 pg/ml at
30 min after surgical neck tissue resection. Histology found
uncountable nodules of parathyroid tissue, partially sepa-
rated by fibrous septae, with low pleomorphism, and high
proliferative activity (Ki-67 5-8%), raising the possibility
of local seeding of the previously excised parathyroid
tumor, since rupture of its capsule had occurred during the
first surgery. The remaining three parathyroid glands
showed normal histology. She was submitted to adjunct
intensity-modulated radiation therapy (total dose 20 Gy) in
neck and superior mediastinum. Twenty months after the
second surgery and adjunct radiotherapy, she remains
normocalcemic with measurable, although stable, levels of
PTH (50-60 pg/ml). Thus, the diagnosis of carcinoma
remains disputable in this case.

Case 2

A 34-year-old female patient was referred to the hospital to
evaluate bone pain, in 2001. Together with osteopaenia, the
patient also presented nephrolithiasis, polyuria (4.9 l/day;
RI <3 Il/day), constipation, asthenia, and depression.
Physical examination revealed a palpable nodule on the
lower right limit of the thyroid lobule. Biochemistry values
were: serum calcium 13.0 mg/dl, PTH 705 pg/ml, serum
phosphate 1.48 mg/dl, urinary calcium 242 mg/24 h,
urinary phosphate 540 mg/24 h, alkaline phosphatase
221 UI/l, 25 OH vitamin D 12.4 ng/ml, osteocalcin N-
Mid 123.4 ng/ml (RI <31.2 ng/ml), and B-crosslaps
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1.68 ng/ml (RI <0.28 ng/ml). Further investigations were
performed to exclude the presence of other tumors
associated with the MEN1 syndrome. Bilateral kidney
microlithiasis was present. She had no history of cervical
irradiation and no family history of hyperparathyroidism.

Complete surgical excision of the right inferior parathy-
roid gland was performed. A parathyroid tumor, weighing
3 g and measuring 3.0x3.0x1.5 cm was excised. Histo-
logically, the parathyroid neoplasm was composed pre-
dominantly by chief cells with atypia and anisocariosis.
Mitotic count was low. Incomplete capsular penetration
was present, no angioinvasion was found, and a parathy-
roid adenoma was diagnosed. After surgery, serum
calcium was normalized (9.6 mg/dl), PTH was 34 pg/ml,
and the patient initiated therapy with calcium and vitamin
D. One year later, after discontinuation of oral calcium
supplements, serum calcium was 11.2 mg/dl and PTH was
181 ng/ml. Neck ultrasound examinations revealed a
tumor with 0.9x0.8x0.7 cm adjacent to the right thyroid
lobe. In June 2004, she was submitted to right hemi-
thyroidectomy and resection of adjacent fibroadipose
tissue containing a recurrent parathyroid nodule measuring
0.9%0.6x0.2 cm. The parathyroid nodule was composed
by cellular aggregates, involved by fibrous dense tissue.
Mitotic index was low. Venous vascular invasion was
observed. A diagnosis of parathyroid carcinoma was then
established.

HPT-JT was suspected, and sequencing analysis identi-
fied a HRPT2 gene germline mutation. A complete
evaluation for the presence of other HPT-JT related tumors,
including ossifying fibromas, was negative. Two years later,
she presented again with increased levels of serum calcium
and PTH. Ultrasonography revealed a 3.3x1.9x1.0 cm
tumor at the same site of the previously removed right
thyroid lobe. Meanwhile, she developed a hypercalcemia
crisis (calcium 15.4 mg/dl) and was submitted to zoledronic
acid perfusion (4 mg IV over 15 min) with clinical
improvement. She completed the thyroidectomy, with
removal of the parathyroid neoplasia jointly with trache-
oesophageal, paratracheal, and eight upper mediastinal
lymph nodes. Local recurrence of the parathyroid carcino-
ma was diagnosed, without evidence of lymph nodes
metastasis. She underwent adjuvant neck radiotherapy
(50 Gy in 25 fractions with linear accelerator 6 Mv) and
was started on cinacalcet 90 mg tid. Currently, her serum
calcium is 12.0 mg/dl and PTH is 495 pg/ml.

Biological Samples

Venous blood samples were obtained from the two patients
and from ten of their first degree relatives, following
written informed consent. This study was approved by the
ethical committee of our institution.

Formalin-fixed paraffin-embedded samples, from the
tumors of both patients, were used for genetic and
immunohistochemical studies. Tissue from the parathyroid
tumor excised in the first surgery, four recurrence nodules
removed in the second surgery, and from a normal left
parathyroid gland, were obtained in case 1. Parathyroid
tissues from the tumor excised in the first surgery, and of its
recurrence (third surgery), were obtained in case 2. The
histopathological classification was performed by one
pathologist and confirmed by another, following the criteria
described in the World Health Organization classification of
parathyroid tumors [1].

DNA Sequence Analysis of the HRPT2 Gene

DNA from leukocytes and parathyroid specimens of cases 1
and 2 was extracted, using standard methods, and screened for
mutations in the HRPT2 gene. Seventeen pairs of primers
were used for polymerase chain reaction (PCR) amplification
of the 17 coding exons and adjoining splice junctions of the
HRPT?2 gene, as previously reported [18]. Sequences of the
PCR products were determined using the Big Dye Terminator
v1.1 Cycle Sequencing Kit (Applied Biosystems, Foster City,
CA, USA) in an automated sequencer ABI PRISM 3130
Genetic Analyzer (Applied Biosystems). Primer sequences
and assays conditions are available on request. Sequences
were compared to consensus sequences obtained from the
Ensembl Genome Browser (http://www.ensembl.org) and
NCBI (http://www.ncbi.nlm.nih.gov) databases. DNA se-
quence abnormalities were confirmed by repeat PCR and
sequencing and screened in the remaining family members.

Restriction Enzyme Analysis

Mutations, found by direct sequencing, were further
confirmed by restriction endonuclease analysis. This ap-
proach was also used to confirm the segregation pattern of
each mutation in the families of cases 1 and 2 and to assess
its frequency in 50 unrelated Portuguese controls.

Immunohistochemistry

Parafibromin expression, on formalin-fixed paraffin-
embedded parathyroid specimens, was evaluated by
immunohistochemical staining, using a mouse monoclo-
nal anti-parafibromin antibody (2H1), which targets
amino acids 87-100 (encoded by exon 3 of the HRPT2
gene; sc-33638, Santa Cruz Biotechnology Inc., Santa
Cruz, CA, USA). Parafibromin immunostaining was
optimized using a normal parathyroid tissue, which was
also used as positive control. Antigen retrieval was done
in 3 um deparaffinized sections by pressure cooking
(6 min) in a 0.01 M sodium citrate, pH 6.0 buffered
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solution. Primary antibody (1:600) was incubated for 1 h,
signal amplification was done with Envision™ FLEX kit
(Dako, Glostrup, Denmark), and 3,3'-diaminobenzidine
tetrahydrochloride was used as chromogen.

Results

DNA Sequencing and Restriction Enzyme Analysis
of the HRPT2? Gene

The results of DNA sequence analysis of exons 1-17 of the
HRPT2 gene, in leukocytes and parathyroid specimens
from cases 1 and 2, are summarized in Table 1.

Case 1, carried a germline heterozygous frameshift
mutation in exon 7 of the HRPT2 gene (c.518 521delTGTC),
which predicts a premature truncation of parafibromin at
codon 201 (p.Ser174LysfsX27; Fig. 1). This deletion has
been previously described in a sporadic parathyroid carcino-
ma and in a FIHP family [29, 30]. The ¢.518 521delTGTC
genetic change was not detected in the patient’s parents,

indicating that it was a de novo mutation. DNA sequence
analysis was also performed in an apparently normal left
parathyroid (P1-NP) and in five different tumor samples
from this patient: P1-PT1 (first surgery—parathyroid tumor),
P1-PTlonc (first surgery—parathyroid tumor oncocytic
region), P1-PT2-nod1-3 (second surgery—parathyroid tumor
recurrence nodules 1, 2, and 3). A somatic c.162C>A
heterozygous transversion in exon 2 (p.Tyr54X) was
identified in all five tumor samples, but not in the normal
parathyroid nor in the patient’s genomic DNA (Fig. 2). This
nonsense mutation, which is predicted to cause a premature
termination of translation in codon 54, has been previously
reported in three sporadic parathyroid tumors (two carcino-
mas and one adenoma) [7, 8, 31].

Case 2 carried a germline ¢.226C>T heterozygous
transition in exon 2 (p.Arg76X). This nonsense mutation
is expected to lead to the premature termination of the
protein at codon 76. This mutation has been reported in a
sporadic parathyroid carcinoma and in an HPT-JT family
[8, 11]. Absence of this mutation in the patient’s parents
and five siblings showed that it was a mutation. The

a Codon number 173 174 175 ... 201
Mut Leu Lys Leu ... Stop
Amino Acid wt Leu Ser Glu ... Leu
Nucleotide Mut TIG AAG CTA .. TAG
wt GAA ... CTA
b Hpy188|
I
1 2
¢ Hpy1881
we — 115bp | 277 bp
Mut /A 388bp —
deldbp

Fig. 1 Detection of a germline mutation in the HRPT?2 gene in case 1,
who had an apparently sporadic parathyroid tumor. a DNA sequence
analysis of the HRPT2 gene in case 1 revealed a heterozygous TGTC
deletion involving codons 173 and 174 (c.518 521delTGTC), which
predicts a premature truncation of parafibromin at codon 201 (p.
Ser174LysfsX27). a—¢ The mutation results in the loss of Hpy188I
restriction endonuclease site (TCT/GA), thus providing a useful
diagnostic test to confirm the presence of the mutation. b, ¢ After
amplification of a 392-bp PCR segment, cleavage of the wild-type
sequence with Hpy188I resulted in two fragments of 115 and 277 bp,
whereas the mutant sequence was not cleaved, thus corresponding to a

@ Springer

single fragment of 388 bp (392 bp minus the 4 bp deletion). Case 1
(individual II .1) was heterozygous for the mutant sequence, whereas
her parents, individuals 1.1 and 1.2, were homozygous for the wild-type
sequence, thus confirming the results of sequencing analysis, and
indicating that it was a de novo mutation. The absence of the TGTC
deletion in 100 alleles of 50 unrelated normal controls (N7, N2, and N3,
shown in b) indicates that it is not a common DNA sequence
polymorphism. The positions of size marker pUC8 (M) are indicated.
Squares represent males; circles, females; open symbols, unaffected
individual; full symbols, affected with a parathyroid tumor; arrow
indicates the proband
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a Codon number

Amino Acid  yy

Nucleotide wit

49
53 54
Glu Stop
Glu Tyr
GAG TAA
GAG Tﬁc
Rsal

b M PT1 PT1 PT2 PT2 PT2 NP Blood N1
onc_ nod1 nod? nod3
190 bp
147 bp 144 bp
110 bp 93 bp
67 b
g 51 bp
c Rsal
we — 93bp 51bp
Mt 144 bp e

Fig. 2 Detection of a HRPT2 gene somatic mutation in parathyroid
tumor lesions from case 1. DNA sequence analysis of the HRPT?2 gene
identified a somatic ¢.162C>A heterozygous transvertion in codon 54
(p-Tyr54X), which predicts a premature truncation of parafibromin, in
five different tumor samples from patient 1 (P1): PT/ (first surgery—
parathyroid tumor), PTlonc (first surgery—parathyroid tumor onco-
cytic region), and P72-nodl-3 (second surgery—parathyroid tumor
recurrence nodules 1, 2, and 3). a—¢ The mutation results in the loss of
a Rsal restriction endonuclease site (GTA/C), thus providing a useful

patient’s 9-year-old daughter inherited the mutation, but
no HPT-JT-related clinical or biochemical abnormalities
were present. The HRPT2 gene was also analyzed in
DNA samples from the parathyroid tumor tissues,
obtained in the patient’s first (P2-PT1) and third surgery
(recurrence; P2-PT3). In both samples, this analysis
revealed an unreported c¢.14T>C transition in codon 5,
exon 1, which is expected to result in the substitution of
the hydrophobic leucine residue by a helix breaker proline
residue (p.Leu5Pro). Therefore, this mutation, which
affects an evolutionarily conserved amino acid residue
[in Canis familiaris (dog), Rattus norvegicus (rat), Mus
musculus (mouse), and Xenopus tropicalis (frog)], is likely
to cause a significant alteration in the structure of
parafibromin and impair its activity.

DNA sequence alterations were confirmed by restric-
tion enzyme analysis (c.518 521delTGTC, c.162C>A,
c.226C>T; Figs. 1 and 2) or repeated DNA sequence
analyses (c.14T>C). In addition, restriction enzyme
analysis of the DNA from 50 unrelated normal individ-
uals confirmed the absence of the c¢.518 521delTGTC
(Fig. 1) and ¢.226C>T germline mutations in 100 alleles.

test to confirm the presence of the mutation. b, ¢ After amplification
of a 144-bp PCR segment, cleavage of the wild-type sequence with
Rsal resulted in two fragments of 93 and 51 bp, whereas the mutant
sequence was not cleaved . All five tumor samples were heterozygous
for the mutant sequence, whereas a normal parathyroid (NP), the
patient’s genomic DNA (Blood), and a normal control (N1) were
homozygous for the wild-type sequence, thus confirming the results of
sequencing analysis. The positions of size marker pUC8 (M) are
indicated

Immunohistochemical Analysis of Parafibromin Expression

A normal parathyroid gland was used as positive control
and showed diffuse nuclear staining in >99% of chief
cells (data not shown). Parafibromin nuclear immunos-
taining was absent in almost all tumor cells (>99%) in
the parathyroid tumor excised in the first surgery
(Fig. 3a) and recurrent tumor nodules from case 1
(Fig. 3b). The immunohistochemical study in case 2,
which was performed in parathyroid tumor tissue obtained
in the third surgery (recurrence), showed an unexpected
positive nuclear parafibromin immunostaining (>99% of
parathyroid cells) with an intensity comparable to that
observed in normal parathyroid (Fig. 3d).

Discussion
In this study, we describe two unrelated cases having
clinical and histological features consistent with malignant

parathyroid tumors. In both cases, a single parathyroid
tumor was initially excised and diagnosed as sporadic
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Fig. 3 Haematoxylin and eosin
staining (H&E) and parafibro-
min immunohistochemistry
(IHC) of parathyroid tumors
from cases 1 and 2. Case 1 4
Histological evidence of tumor
capsule rupture in the first sur-
gery (H&E). A1 Slight pleo-
morphic tumor cells (H&E). 42
absence of parafibromin immu-
nostaining in the neoplastic cells
(IHC). B Multiple small recur-
rent parathyroid tumor nodules
within the peri-thyroid soft
tissue (H&E). BI Neoplastic
cells negative for parafibromin
immunostaining in one of the
recurrent tumor nodules (IHC).
Case 2 C Angioinvasion by
neoplastic cells (H&E). D
Intense parafibromin immunos-
taining in the nuclei of the tumor
cells (D1 high power view)
(IHC)

parathyroid adenoma. However, less than 2 years later, both
patients presented with recurrent tumor disease.

In case 1, tumor capsule rupture occurred during the
initial surgery, and at the second surgery, multiple parathy-
roid tumor nodules were removed from the cervical region.
A literature review of 11 cases with recurrent/persistent
hyperparathyroidism due to parathyroid hyperplasia/adeno-
ma seeding reported that the mean time interval between
seeding and recurrence was 9.9 years (range 1-23 years)
[32]. Noteworthy, in the present case, the recurrence
occurred in 2 years after initial surgery and was associated
with a quick rise of PTH and calcium. Overall, these
evidences, together with the high proliferative rate and
fibrous septae in the recurrent tumor nodules, suggested
that this case had an atypical parathyroid neoplasm with
features consistent with parathyroid carcinoma.

In case 2, the evidence of a tumor nodule with vascular
invasion found in the second neck exploration, and the
occurrence of a third local recurrence, established the
diagnosis of parathyroid carcinoma.

Mutations in the HRPT2 gene have been found in 67—
100% of parathyroid carcinomas in three large series [7-9].
A review of all HRPT2 mutations reported in the literature
has shown that 33% of the mutations detected in apparently
sporadic parathyroid carcinomas were present at the germ-
line level [10, I1], indicating that these tumors may
represent a manifestation of occult hereditary HPT-JT
syndrome. Thus, despite the absence of a family history
of the disease in the two present cases, we searched for
HRPT?2 gene mutations in their leukocyte and tumor DNA.

@ Springer

Case 1 carried a de novo germline frameshift mutation in
exon 7 (c.518 521delTGTC [p.Serl74LysfsX27]). DNA
sequence analysis was also performed in an apparently
normal parathyroid, and in five separate parathyroid tumor
lesions from this patient collected in the two surgeries,
including two regions of the primary parathyroid tumor and
three recurrent tumor nodules. Besides the germline
mutation, all the tumors shared the same inactivating
somatic HRPT2? nonsense mutation (c.162C>A [p.
Tyr54X]), which was absent in the normal parathyroid.
These findings indicated the inactivation of both copies of
the HRPT?2 tumor suppressor gene, in the assessed tumors,
as postulated by Knudson’s two-hit model [22]. The finding
of the same somatic mutation in all tumors indicates that the
analyzed seeding nodules derived from the original tumor,
and not from another parathyroid gland. The absence of
parafibromin immunostaining in these parathyroid tumors
is consistent with the coding of a less antigenic, or less
stable, truncated parafibromin. The absence of nuclear
staining for parafibromin has been suggested as diagnostic
of parathyroid carcinomas, with a high specificity (88—
100%) and a sensitivity ranging from 31-100% [23-28].
However, in a HPT-JT context, parathyroid adenomas may
also show total HRPT2 inactivation [10, 11], and several
authors have raised concerns about the malignant potential
of these apparently “benign” familial tumors [23, 25, 28,
33]. Thus, the biallelic inactivation of HRPTZ2, and absence
of parafibromin nuclear staining, observed in the tumor
specimens from case 1, was helpful to define a potentially
aggressive tumor behavior.
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The genetic analysis of case 2 identified a de novo
germline nonsense mutation in exon 2 of the HRPT2 gene
(c.226C>T [p.Arg76X]). A novel HRPT2 somatic missense
mutation (c.14T>C [p.Leu5SPro]) was identified in the
DNAs from parathyroid tumor tissues obtained in the
patient’s first and third surgery. However, although the
two inactivating hits were present in tumor samples, a
positive nuclear immunostaining for parafibromin was
observed. This finding is not unexpected because the anti-
parafibromin antibody used in the present study is directed
against amino acid residues 87-100 and the p.Leu5Pro
mutation only changes amino acid residue 5. Our result is
in agreement with other studies, which reported HRPT?2
missense mutations, predicted to encode full-length parafi-
bromin, which was recognized by the antibody, but was
possibly less biologically active [24, 28, 34].

The identification of cases 1 and 2 as carriers of de novo
HRPT?2? germline mutations will be relevant for the clinical
counseling and management of their descendants, in particular,
for the 9-year-old daughter of patient 2, who is still an
asymptomatic carrier. The genetic testing also allowed the
exclusion of the remaining first degree family members (parents
and siblings) from further clinical follow-up on this issue.

The diagnosis of parathyroid carcinoma remains very
difficult: 86% of the cases are not recognized intraoper-
atively [35] and 50% of recurrent cases are not diagnosed
by the pathologists on the first parathyroid excision [36].
As shown in this study, and also reported by others [24, 25,
27, 28], the sensitivity of parafibromin immunostaining as a
diagnostic marker alone is limited. Conversely, HRPT?2
genetic testing seems to be a useful tool to define a
potential malignant behavior in parathyroid tumors. In
addition, the present apparently sporadic cases underline
the importance of HRPT2 genetic testing to unveil the
hereditary HPT-JT syndrome.

Acknowledgments We are grateful to the Pathology Departments
from Instituto Portugués de Oncologia de Lisboa Francisco Gentil,
Hospital SAMS, Lisboa and Hospital de Sao Jodo, Porto. We are thankful
to Prof. DeLellis for revising the histopathology features of case 1.

References

1. DeLellis RA, Lloyd RV, Heitz PU editors. World Health
Organization. Classification of Tumors Pathology and Genetics
of Tumors of Endocrine Organs. IARC Press: Lyon 2004.

2. DeLellis RA. Challenging lesions in the differential diagnosis of
endocrine tumors: parathyroid carcinoma. Endocr Pathol 19:221—
225, 2008.

3. Schoretsanitis G, Daskalakis M, Melissas J, Tsiftsis DD. Parathy-
roid carcinoma: clinical presentation and management. Am J
Otolaryngol 30:277-280, 2009.

4. Johnson SJ. Changing clinicopathological practice in parathyroid
disease. Histopathology 56:835-851, 2010.

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Carling T, Udelsman R. Parathyroid surgery in familial hyper-

parathyroid disorders. J Intern Med 257:27-37, 2005.

. Okamoto T, lihara M, Obara T, Tsukada T. Parathyroid carcinoma:

etiology, diagnosis, and treatment. World J Surg 33:2343-2354, 2009.

. Howell VM, Haven CJ, Kahnoski K, Khoo SK, Petillo D, Chen J,

Fleuren GJ, Robinson BG, Delbridge LW, Philips J, Nelson AE,
Krause U, Hammje K, Dralle H, Hoang-Vu C, Gimm O, Marsh DJ,
Morreau H, Teh BT. HRPT2 mutations are associated with malignancy
in sporadic parathyroid tumors. J Med Genet 40:657-663, 2003.

. Shattuck TM, Viliméki S, Obara T, Gaz RD, Clark OH, Shoback

D, Wierman ME, Tojo K, Robbins CM, Carpten JD, Farnebo LO,
Larsson C, Arnold A. Somatic and germ-line mutations of the
HRPT2 gene in sporadic parathyroid carcinoma. N Engl J Med
349:1722-1729, 2003.

. Cetani F, Pardi E, Borsari S, Viacava P, Dipollina G, Cianferotti L,

Ambrogini E, Gazzerro E, Colussi G, Berti P, Miccoli P, Pinchera
A, Marcocci C. Genetic analyses of the HRPT2 gene in primary
hyperparathyroidism: germline and somatic mutations in familial
and sporadic parathyroid tumors. J Clin Endocrinol Metab
89:5583-5591, 2004.

Masi G, Barzon L, lacobone M, Viel G, Porzionato A, Macchi V,
De Caro R, Favia G, Palu G. Clinical, genetic, and histopathologic
investigation of CDC73-related familial hyperparathyroidism.
Endocr Relat Cancer 15:1115-1126, 2008.

Newey PJ, Bowl MR, Cranston T, Thakker RV. Cell division cycle
protein 73 homolog (CDC73) mutations in the hyperparathyroidism-
jaw tumor syndrome (HPT-JT) and parathyroid tumors. Hum Mutat
31:295-307, 2010.

Cavaco BM, Barros L, Pannett AA, Ruas L, Carvalheiro M, Ruas
MM, Krausz T, Santos MA, Sobrinho LG, Leite V, Thakker RV.
The hyperparathyroidism-jaw tumor syndrome in a Portuguese
kindred. Q J Med 94:213-222, 2001.

Cavaco BM, Guerra L, Bradley KJ, Carvalho D, Harding B,
Oliveira A, Santos MA, Sobrinho LG, Thakker RV, Leite V.
Hyperparathyroidism-jaw tumor syndrome in Roma families from
Portugal is due to a founder mutation of the HRPT2 gene. J Clin
Endocrinol Metab 89:1747-1752, 2004.

Bradley KJ, Hobbs MR, Buley ID, Carpten JD, Cavaco BM, Fares
JE, Laidler P, Manek S, Robbins CM, Salti IS, Thompson NW,
Jackson CE, Thakker RV. Uterine tumors are a phenotypic
manifestation of the hyperparathyroidism-jaw tumor syndrome. J
Intern Med 257:18-26, 2005.

Pannett AA, Kennedy AM, Turner JJ, Forbes SA, Cavaco BM,
Bassett JH, Cianferotti L, Harding B, Shine B, Flinter F. Multiple
endocrine neoplasia type 1 (MEN1) germline mutations in familial
isolated primary hyperparathyroidism. Clin Endocrinol (Oxf)
58:639-646, 2003.

Pidasheva S, D'Souza-Li L, Canaff L, Cole DE, Hendy GN.
CASRdb: calcium-sensing receptor locus-specific database for
mutations causing familial (benign) hypocalciuric hypercalcemia,
neonatal severe hyperparathyroidism, and autosomal dominant
hypocalcemia. Hum Mutat 24:107-111, 2004.

Warner J, Epstein M, Sweet A, Singh D, Burgess J, Stranks S, Hill
P, Perry-Keene D, Learoyd D, Robinson B. Genetic testing in
familial isolated hyperparathyroidism: unexpected results and
their implications. J Med Genet 41:155-160, 2004.

Carpten JD, Robbins CM, Villablanca A, Forsberg L, Presciuttini S,
Bailey-Wilson J, Simonds WF, Gillanders EM, Kennedy AM, Chen
JD, Agarwal SK, Sood R, Jones MP, Moses TY, Haven C, Petillo D,
Leotlela PD, Harding B, Cameron D, Pannett AA, Ho6g A, Heath H
3rd, James-Newton LA, Robinson B, Zarbo RJ, Cavaco BM, Wassif
W, Perrier ND, Rosen IB, Kristoffersson U, Turnpenny PD, Farnebo
LO, Besser GM, Jackson CE, Morreau H, Trent JM, Thakker RV,
Marx SJ, Teh BT, Larsson C, Hobbs MR. HRPT2, encoding
parafibromin, is mutated in hyperparathyroidism-jaw tumor syn-
drome. Nat Genet 32:676-680, 2002.

@ Springer



52

Endocr Pathol (2011) 22:44-52

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Woodard GE, Lin L, Zhang JH, Agarwal SK, Marx SJ, Simonds
WE. Parafibromin, product of the hyperparathyroidism-jaw tumor
syndrome gene HRPT2, regulates cyclin D1/PRADI expression.
Oncogene 24:1272-1276, 2005.

Yang YJ, Han JW, Youn HD, Cho EJ. The tumor suppressor,
parafibromin, mediates histone H3 K9 methylation for cyclin D1
repression. Nucleic Acids Res 38:382-390, 2010.

Bradley KJ, Cavaco BM, Bowl MR, Harding B, Cranston T,
Fratter C, Besser GM, Conceigao Pereira M, Davie MW, Dudley
N, Leite V, Sadler GP, Seller A, Thakker RV. Parafibromin
mutations in hereditary hyperparathyroidism syndromes and
parathyroid tumors. Clin Endocrinol Oxf 64:299-306, 2006.
Knudson AG Jr. Mutation and cancer: statistical study of
retinoblastoma. Proc Natl Acad Sci U S A 68:820-823, 1971.
Tan MH, Morrison C, Wang P, Yang X, Haven CJ, Zhang C, Zhao
P, Tretiakova MS, Korpi-Hyovalti E, Burgess JR, Soo KC, Cheah
WK, Cao B, Resau J, Morreau H, Teh BT. Loss of parafibromin
immunoreactivity is a distinguishing feature of parathyroid
carcinoma. Clin Cancer Res 10:6629-6637, 2004.

Gill AJ, Clarkson A, Gimm O, Keil J, Dralle H, Howell VM, Marsh
DJ. Loss of nuclear expression of parafibromin distinguishes
parathyroid carcinomas and hyperparathyroidism-jaw tumor (HPT-
JT) syndrome-related adenomas from sporadic parathyroid adeno-
mas and hyperplasias. Am J Surg Pathol 30:1140-1149, 2006.
Juhlin CC, Villablanca A, Sandelin K, Haglund F, Nordenstrom J,
Forsberg L, Branstrom R, Obara T, Arnold A, Larsson C, Ho6g A.
Parafibromin immunoreactivity: its use as an additional diagnostic
marker for parathyroid tumor classification. Endocr Relat Cancer
14: 501-512, 2007

Cetani F, Ambrogini E, Viacava P, Pardi E, Fanelli G, Naccarato
AG, Borsari S, Lemmi M, Berti P, Miccoli P, Pinchera A,
Marcocei C. Should parafibromin staining replace HRTP2 gene
analysis as an additional tool for histologic diagnosis of
parathyroid carcinoma? Eur J Endocrinol 156:547-554, 2007.
Fernandez-Ranvier GG, Khanafshar E, Tacha D, Wong M, Kebebew
E, Duh QY, Clark OH Defining a molecular phenotype for benign
and malignant parathyroid tumors. Cancer 115:334-344, 2009.
Howell VM, Gill A, Clarkson A, Nelson AE, Dunne R, Delbridge
LW, Robinson BG, Teh BT, Gimm O, Marsh DJ. Accuracy of

@ Springer

29.

30.

31.

32.

33.

34.

35.

36.

combined protein gene product 9.5 and parafibromin markers for
immunohistochemical diagnosis of parathyroid carcinoma. J Clin
Endocrinol Metab 94:434-441, 2009.

Mizusawa N, Uchino S, Iwata T, Tsuyuguchi M, Suzuki Y,
Mizukoshi T, Yamashita Y, Sakurai A, Suzuki S, Beniko M, Tahara
H, Fujisawa M, Kamata N, Fujisawa K, Yashiro T, Nagao D, Golam
HM, Sano T, Noguchi S, Yoshimoto K. Genetic analyses in patients
with familial isolated hyperparathyroidism and hyperparathyroidism-
jaw tumor syndrome. Clin Endocrinol (Oxf) 65:9-16, 2006
Guarnieri V, Bisceglia M, Bonfitto N, Cetani F, Marcocci C, Minisola S,
Battista C, Chiodini I, Cole DE, Scillitani A. Familial hyperparathy-
roidism: surgical outcome after 30 years of follow-up in three families
with germline HRPT2 mutations. Surgery 144:839-840, 2008.

Cetani F, Pardi E, Ambrogini E, Viacava P, Borsari S, Lemmi M,
Cianferotti L, Miccoli P, Pinchera A, Amold A, Marcocci C.
Different somatic alterations of the HRPT2 gene in a patient with
recurrent sporadic primary hyperparathyroidism carrying an HRPT2
germline mutation. Endocr Relat Cancer 14:493-499, 2007.

Sokol MS, Kavolius J, Schaaf M, D'Avis J. Recurrent hyperpara-
thyroidism from benign neoplastic seeding: a review with
recommendations for management. Surgery 113:456—461, 1993.
Haven CJ, Howell VM, Eilers PH, Dunne R, Takahashi M, van
Puijenbroek M, Furge K, Kievit J, Tan MH, Fleuren GJ, Robinson
BG, Delbridge LW, Philips J, Nelson AE, Krause U, Dralle H,
Hoang-Vu C, Gimm O, Morreau H, Marsh DJ, Teh BT. Gene
expression of parathyroid tumors: molecular subclassification and
identification of the potential malignant phenotype. Cancer Res
64:7405-7411, 2004.

Juhlin C, Larsson C, Yakoleva T, Leibiger I, Leibiger B, Alimov
A, Weber G, Hoo6g A, Villablanca A. Loss of parafibromin
expression in a subset of parathyroid adenomas. Endocr Relat
Cancer 13:509-523, 2006.

Hundahl SA, Fleming ID, Fremgen AM, Menck HR. Two
hundred eighty-six cases of parathyroid carcinoma treated in the
U.S. between 1985-1995: a National Cancer Data Base Report.
The American College of Surgeons Commission on Cancer and
the American Cancer Society. Cancer 86:538-544,1999.
Sandelin K, Tullgren O, Farnebo LO. Clinical course of metastatic
parathyroid cancer. World J Surg 18:594-598, 1994.



	Identification...
	Abstract
	Introduction
	Materials and Methods
	Cases
	Case 1
	Case 2

	Biological Samples
	DNA Sequence Analysis of the HRPT2 Gene
	Restriction Enzyme Analysis
	Immunohistochemistry

	Results
	DNA Sequencing and Restriction Enzyme Analysis of the HRPT2 Gene
	Immunohistochemical Analysis of Parafibromin Expression

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


