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ABSTRACT

Purpose: A reliable method for diagnosing parathyroid
carcinoma has remained elusive over the years, resulting in
its under-recognition and I therapy. Obtaining an
accurate diagnosis has become an even more pressing mat-
ter with recent evidence that germline HRPT2 gene muta-
tions are found in patients with apparently sporadic para-
thyreid carcinoma. There is a high prevalence of HRPT2
gene mutations and biallelic inactivation in parathyroid car-
cinoma. We hypothesize that loss of parafibromin, the pro-
tein product of the HRPT2 gene, would distinguish carci-
noma from benign tissue.

Experimental Design: We generated a novel antiparafi-
bromin monoclonal antibody and performed

hants

Resules: We report that the loss of parafibromin nu-
clear immunoreactivity has 96% sensitivity [95% confidence
interval (C1), 85-99%] and 99% specificity (95% CI, 92—
100%) in diagnosing definite carci Inter-observer
agreement for evaluation of parafibromin loss was excellent,
with unweighted kappa of 0.89 (95% CI, 0.79-0.98). Two
equivocal carcinomas misclassified as adenomas were high-
lighted by parafibromin immunostaining. One of these tu-
mors has since recurred, satisfying criteria for a definite
carcinoma. Similarly, eight of nine HPT-JT syndrome-
related adenomas showed absent nuclear immunoreactivity.

Conclusions: Parafibromin is a promising molecular
marker for diagnosing parathyroid carcinoma. The similar
loss of parafibromin immunoreactivity in HPT-JT syn-
drome-related adenomas suggests that this is a pivotal step
in parathyroid tumorigenesis.

INTRODUCTION

Primary hyperparathyroidism is a commeon disorder, diag-
nosed with increasing frequency (1). The prevalence of para-
thyroid carcinoma has ranged in various studies from <1 1o 5%
of cases of primary hyperparathyroidism (1, 2) with especially
high rates reported in Japan (3) and Italy (4). The causes of this
variation are unclear but may reflect a true geographical differ-
ence, referral bias, or differences in the histologic criteria used.
Apart from the presence of local invasiveness or metastasis,
there is no definitive standard for pathologic diagnosis of par-
athyroid carcinoma; in the absence of these features, such a
diagnosis may have subjective elements (1, 2, 5). As a result of
this difficulty in recognition, up to 86% of cases are not initially
recognized intra-operatively even in expert institutions and re-
ceive inadequate surgical resection (6). The diagnosis of carci-
noma is often retrospectively made after relapse (2, 7), when
treatment options are limited. In one series, half of all recurrent

staining on 52 definite carcinoma specimens, 6 equivocal
peci 88 benign sp and 9 hyperpar-
athyreidism-jaw tumor (HPT-JT) syndrome-related adeno-
mas from patients with primary hyperparathyroidism from
nine worldwide centers and one national database.

car
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or ic carcinomas were initially diagnosed as benign (8).
Indeed, it has been concluded by some authors that systematic
diagnosis of parathyroid carcinoma may rest upon ongoing
postoperative follow-up of patients who have undergone resec-
tion of apparently benign adenomas (9, 10). About 20% of
patients with an apparently sporadic carcinoma may be mani-
festing a forme fruste of hyperparathyroidism-jaw tumor (HPT-
JT) syndrome (11), a hereditary multitumor syndrome charac-
terized by HRPT2 gene mutations (12). In this light, an accurate
diagnosis is even more critical, Timely diagnosis would allow
definitive surgery and targeted genetic screening of individuals
and their families (13). From a clinical viewpoint, it is unsatis-
factory to rely on tumor extension for diagnosis, as carly rec-
ognition and treatment by en-bloc resection are the main deter-
minants of prognosis (2, 3, 6, 14).

TheHRPT2 gene is a recently identified tumor suppressor
gene in parathyroid carcinoma, encoding a novel protein product
named parafibromin (15). Somatic HRPT2 gene mutations occur
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in 66 to 100% of sporadic parathyroid carcinomas, and biallelic
inactivation is present in the majority of these cases (11, 16). We
thus hypothesized that loss of parafibromin immunoreactivity
would distinguish parathyroid carcinoma from benign patholo-
gies of primary hyperparathyroidism.

Studies of Diagnostic Markers.
tive method for diagnosis started in 1 30 years ago, when
initial hi holog idelines for the diagnosis of carcinoma
described uniform sheets of cells arranged in a lobulated fashion
separated by fibrous trabeculae, capsular or vascular invasion,
and the presence of mitotic figures (17). Unfortunately, mitotic
features, fibrous bands, and uniform sheets of cells were found
not to be pathognomonic for parathyroid carcinoma (5, 14). As
a result of the limited applicability of these guidelines, many
adjunct investigations for parathyroid carcinoma have been
studied, including electron microscopy, immunohistochemistry,
DNA flow cytometry, and in situ hybridization (2). Immuno-
histochemical markers that have been studied include retino-
blastoma tumor suppressor gene protein (pRb), calcium-sensing,
Ki-67, cytokeratin-14, p27, mdm2, Bel-2, cyclin D1, p53, and
p21 (5, 18-24). However, many markers have not been shown
to be useful in this regard (19).

The most extensively studied marker to date is the retino-
blastoma tumor suppressor gene B8 and the RE protein (pRb).
Contrary to initial reports, recent evidence suggests that loss of
heterozygosity is not specific to parathyroid carcinoma. Studies
of pRb immunostaining have also yielded conflicting results.
Some studies have reported that it may be a helpful marker (25,
26), but several other studies have contradicted these findings
(22, 23). A recent review of RE gene abnormalities in parathy-
roid carcinoma concluded that no definitive conclusion could be
drawn with regards to pRb staining (26).

Other markers studied include cell cycle 4 anti-
gens. Erickson er al, (21) and Stojadinovic er al. (19) report that
although carcinomas, relative to adenomas, have a lower per-
centage of p27-positive nm.lm. lhm is & considerable overlap in

perc Stojadinovic et al. also report that a mul-
tiple-marker phenotype including p27, Bel-2, Ki-67, and mdm2
was useful in defining a subset of benign tmors but that
carcinoma displayed a complex range of multi-marker pheno-
types, some of which were not specific. Furthermore, DNA

The quest for a defini-

4 ad

ardization. We additionally from p

from HPT-JT syndrome, in view of a common expression pro-
filing ishing these ad and carcinomas
from other types of benign tissue that we recently reported (32).

disting

MATERIALS AND METHODS

Patient Samples. We conducted a multi-center, retro-
spective study involving anonymized formalin-fixed, paraffin-
embedded parathyroid specimens from primary hyperparathy-
roidism cases. The participating centers were Ohio State
University, Leiden University Medical Center (Netherlands),
Northwestern University, University of Chicago, Seinijoki Cen-
tral Hospital (Finland), Singapore General Hospital (Singapore),
National University Hospital (Singapore), Shared Pathology
Informatics Network (West Michigan), and University of Tas-
mania (Australia). The study was reviewed and approved by the
Van Andel Institute Institutional Review Board.

Adtotal of 160 sp were L. One hundred and
twenty-three full sections were studied, including sporadic pri-
mary carcinomas (n = 19), sporadic metastatic tissue (n = 1),
sporadic equivocal carcinomas (n = 2), sporadic adenomas (n =
50), sporadic primary hyperplasia (n = 25), MEN l-associated
tmors (= 13), HPT-JT primary carcinoma (n = 1), HPT-JT
adenomas (n = 7), and normal tissue (n = 5). A tissue array
containing an additional 37 specimens obtained from the Dutch
National Pathology Database (PALGA) was also studied: spo-
radic primary carcinomas (n = 23), sporadic metastatic tissue
(n = T), sporadic equivocal carcinomas (n = 3), HPT-JT pri-
mary carcinoma (n = 1), HPT-JT adenomas (n = 2), and normal
tissue (1 = 1). Triplicate tissue cores with a diameter of 0.6 mm,
as selected by a pathologist (H. M.), were taken from each
specimen (Beecher Instruments, Silver Spring, MD) wherever
possible, and a standard procedure was used to array tissue cores
on a recipient paraffin block (33). The full sections of all arrayed
specimens were examined (H. M.) to ensure concordance with
criteria. In all cases (both full sections and arrays), lesions were
diagnosed as definite carcinomas only if vascular invasion,
invasion of surrounding tissue, or distant metastasis were evi-
dL‘I‘Il Fquwoc'll carcinomas were defined as tumors exhibiting

pathologic features of carcinoma without the presence of

cytometry was shown to be of prognostic but not d ic use.
It distinguishes a subset of parathyroid carcinomas that are
aneuploid and that may behave in a more aggressive fashion
(27-29) but is not specific (2, 3, 30, 31) or sensitive (27-30),
In summary, despite many studies over the years, diagnos-
ing parathyroid carcinoma remains a major challenge for the
expert pathologist. As there is a high prevalence of HRPT2 gene
mutations in parathyroid carcinoma (11, 16). we investigated
parafibromin immunoreactivity as a means of differentiating
parathyroid cancer from benign tissue, including adenomas,
hyperplasias, and multiple endocrine neoplasia types | (MENI1 )
associated tumors, As the prevalence of parathyroid carcinoma
varies geographically for uncertain reasons (2), we selected a
geographically diverse, multi-center approach, with a variety of
pathologies that may be encountered in the evaluation of pri-
mary hyperparathyroidism. As histologic criteria varies because
of the lack of standard guidelines, gold-standard criteria of
invasion or metastasis was imposed on case selection for stand-

vascular invasion, invasion of surrounding tissue, or distant

is (22, 28). Clinicopathologic data for the definite and
equivocal carcinoma cases, following reclassification as de-
scribed below, are shown in Table 1. In summary, 52 definite
carcinoma specimens were obtained from 48 patients; multiple
specimens from single patients were obtained at separate clini-
cal events. 49 of 52 definite carcinoma specimens had surmlmd-
ing tissue or vascular invasion on histopathologi ion
For 25 specimens from 21 patients wtlh available data, 19
specimens were from 15 patients who initially or eventually
developed metastases, 5 specimens were from 5 patients who
relapsed locally, and only 1 patient, who was followed up for 1
year, did not have local or systemic relapse during follow-up.
Twenty-cight arrayed definite carcinoma specimens had been
further characterized previously (5): 10 of 28 were cystic; 4 of
28 trabecular; 19 of 28 had fibrotic bands; 8 of 28 had =1 of 10
mitoses/high power ficld; 14 of 28 showed positive cyclin D1
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Tuble | Climcopathologic data and evaluation of i g for i P
Presence of local Presence of  Clinical
Histo-pathological or vascular metastasis  progression  Presence of metastasis
assessment of invasion at initial  at initial during or relapse during Parafibromin
Patient carcinoma Tumeor location Surgery sSurgery follow-up clinical history immunoreactivity

| Definite Primary, local Y N Local relapse ¥ Diffuse staiming/intensity 3
2 Definite Primary, local N N Metastasis ¥ Diffuse loss

3 Primary, local X N Unknown Unknown Focal loss

4 Primary, local i 4 N Linknown Unknown Focal loss

5 Primary, local Y N Local relapse Y Focal loss

[ Primary, local Y N Local relapse Y Focal loss

7 Metastasis, initial Y Y Metastasis : § Focal loss

# Primary, local Y N Unknown Unknown Focal loss

9 e Metastasis, initial N X Metastasis Y Diffuse loss

10 Definite Relapse, local ' o N Local relapse Y Miffuse loss

1 Definite Metastasis, initial Y Y Metastasis i Diffuse loss

12 Definite Metastasis, initial Y Y Metastasis Y Focal loss

12 Definite Metastasis, relapse Y 4 Metastasis Y Diffuse loss

12 Definite Metastasis, initial Y Y Metastasis Y Diffuse loss

13 Definite Primary, local Y N Ink Link Diffuse loss

14 Definite Metastasis, relapse Y : § Metastasis s Diffuse loss

15 Definite Metastasis, initial ¥ h 4 Metastasis X Focal loss

16 Definite Primary, local Y N Unknown Unknown Focal loss

17 Definite Metastasis, initial Y ] Metastasis Y Focal loss

18 Definite Primary, local Y N No relapse N Focal loss

19 Definite Primary, local Y N Metastasis Y Diffuse staiming/intensity 2
20 Definite Primary, local N N Local relupse Y Diffuse loss
21 Definite Primary, local Y N Unknown Unknown Diffuse loss
22 Definite Primary, local Y N Unknown Unknown Focal loss
23 Definite Primary, local i N Unknown Unknown Diffuse loss
24 Primary, local Y N Unknown Unknown Diffuse loss
25 Primary, local Y N Unknown Unknown Focal loss
26 Primary, local Y N Unknown Unknown Diffuse loss
27 Primary, local ¥ N Ink Ik Diffuse loss
28 Primary, local Y N Unknown Unknown Focal loss
29 Definite Primary, local Y N Unk Link Diffuse loss
30 Defimite Primary, local Y N Unknown Unknown Focal loss
31 Definite Primary, local Y N Unknown Unknown Diffuse loss
32 Definite Primary, local Y N Unknown Unknown Focal loss
33 Primary, local Y N Metastasis Y Focal loss
33 Metastasis, relapse b Y Metastasis Y Focal loss
34 Metastasis, initi Y Y Metastasis Y Diffuse loss
34 Metastasis, relapse ¥ Y Metastasis e Diffuse loss
35 Primary, local Y N Unknown Unknown Focal loss
36 Metastasis, initial Y Y Unknown Y Diffuse loss
7 Definite Primary, local Y N Unk Unk Diffuse loss
38 Definite Primary, local Y N Unknown Unknown Focal loss
39 Primary. local Y N Metastasis Y Focal loss
40 Primary, local Y N Unknown Unknown Diffuse loss
41 Definite Metastasis, initial Y Y Unknown Y Diffuse loss
42 Definite Primary, local Y N Unknown Unknown Diffuse loss
43 Primary, local Y N Unknown Unknown Diffuse loss
44 Primary, local ¥ N Unknown Unknown Focal loss
45 Definite Moetastasis, initial Y Y Unknown Y Diffuse loss
46 Definite Primary, local ¥ N Unknown Unknown Focal loss
47 Definite Primary, local Y N Unknown Unknown Focal loss
48 Definite Primary, local Y N Unknown Unknown Diffuse loss
49 Equivocal Local N N No relapse N Diffuse staining/intensity 3
50 Equivocal Local N N No relapse N Diffuse staining/intensity 3
51 Equivocal Local N N No relapse N Mffuse staimingintensity |
52 Equivoeal Local N N Unknown Unknown Focal loss
53 Equivocal Local N N Unknown Unknown Diffuse loss
54 Equivocal Local N N No relapse N Focal loss

20 of 27 sh I positive calciur ing receptor 0.1 to 27.5. All HPT-JT adenomas had been sequenced previ-

staining; 14 of 22 had loss of heterozygosity of chromosome g ously (15, 33) and confirmed to have HRPT2 gene mutations.
(HRPT2 gene loci); 13 of 22 had loss of heterozygosity at All MENI wmors had been confirmed previously to have
chromosome 11q (MENT gene loci); Ki-67 index ranged from MEN] gene mutations.
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Monoclonal Antibody Generation and Validation. We
first generated a novel murine monoclonal antibody to parafi-
bromin targeting the peptide RRPDRKDLLGYLNC, corre-
sponding to amino acid positions 87 to 100, BALB/c
immunized with intraperitoneally administered keyhole limpet
hemocyanin-conjugated synthetic peptides in complete Freund's
adjuvant, followed by two additional injections in incomplete
Freund’s adjuvant at an interval of 2 weeks. After a month,
injections without adjuvant were administered both intrave-
nously and intraperitoneally. Spleen cells were fused with
P3IX63AFR/653 myeloma cells 3 days after the final injection.

mice were

An immunofluorescence assay was used to screen positive hy-
bridomas with COS7 cells transfected with a green fluorescent
protein (GFP)}-HRPT2 DNA fusion construct, validated by
ELISA, subcloned to establish stable monoclonal antibody-
secreting hybridomas, and revalidated by ELISA. The antibody
was purified by fast performance liquid chromatography in a
protein G affinity column,

Indirect immunofluorescence was used to show antibody
specificity (Fig. 1). HEK293 cells transfected with a GFP-
HRPTZ DNA fusion construct and control cells transfected with
GFP-empty vector were fixed by immersion in cold acetone/

methanol (1:1) for 10 minutes and rehydrated through 70%
ethanol, 50% ethanol, and PBS. Anti-parafibromin antibody was
applied and washed off, followed by Rhodamine Red-conju-
gated goat antimouse 1gG (Jackson ImmunoResearch Lab, West
Grove, PA) at 1:100 dilution for 1.5 hours at 37°C. Nuclei were
counterstained with 4',6-diamidino-2-phenylindole. In addition,
Western blotting was done on COS7 cells transfected with
empty pcDNA3J vector and pcDNA3-HRPT2 (Fig. 2). To further
characterize parafibromin immunoreactivity, we did immuno-
histochemical studies in a variety of formalin-fixed paraffin-
including lung, kidney, testis, thyroid,
adrenal, thymus, and lymph nodes.

embedded human tis

Immunochistochemistry. Immunohistochemistry was done
with standard procedures: deparaffinized 5-pm sections were
steamed in citrate buffer (pH 6) for 30 minutes. Sections were
incubated in succession with 0.3% hydrogen peroxide in water

for 30 minutes; 5% goat serum for 30 minutes; Avidin D
solution for 15 minutes (SP2001, Vector Labs, Burlingame,
CA); biotin solution for 15 minutes (SP2001, Vector Labs);
primary antibody diluted in diluting buffer (M35, Biomeda
Corp., Foster City, CA) at 10 pg/mL for 1 hour; biotinylated
goat antimouse antibody (BA-9200, Vector Labs) at 6 pg/mL
for 1 hour; streptavidin-biotinylated horseradish peroxidase
complex (Vectastain Elite kit, PK-6100, Vector Labs) for 30
minutes; diaminobenzidine tetrahydrochloride for 5 minutes and
counterstained in hematoxylin for 3 seconds. Sections were
washed in 2 cycles of PBS (pH 7.4) between each step, Positive
controls were transfected COS7 cells expressing parafibromin.
Negative controls included experiments omitting primary
body and experiments with primary antibody preabsorbed with
a 20-fold excess of immunizing peptide. A random selection of
duplicate slides were stained by a Dako LV-1 automated im-
munostainer (Dako, Carpinteria, CA) by a separate author
(C.M.) in another laboratory.

Pathologic Evaluation.
independently by two blinded investigators (C. M. and J. R.).

ni-

Slide sections were examined

The tissue array was examined unblinded by two inve
who reached a commeon agreement. The staining pattern of each
specimen was classified in three categories: diffuse positive,
focal loss, or diffuse loss. Diffuse positive staining was defined
as staining of all parathyroid tissue nuclei; heterogeneity of
staining without loss was included in this category. Focal loss
was defined as the absence of nuclear staining in variably sized
regions. Diffuse loss was defined as the absence of nuclear
staining in all tumor tissue. Where staining was diffy
overall staining intensity was evaluated on a semi-quantitative

igators,

the

Fig. I Confocal images demonstrating co-localization of the GFP-parafibromin fusion protein with anti-
K293 cells. From left, GFP-parafibromin fusion protein expression (

fibromin antibody within the nuclei of
arafibromin monoclonal antibody binding, as

; anti-p

detected by secondary Rhodamine-Red goat antimouse antibody (red); Nomarski image of cells; 4'.6-diamidino-2-phenylindole staining of nuclei
(hle); supenmposition of all images demonstrating co-localization within nuclei. All images captured with a Zeiss LSM510 META laser-scanning

confocal microscope.
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pcDNA/ empty vector
pcDNA/ parafibromin
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Fig. 2 Western blot showing an increase in parafibromin expression in
COS7 cells transfected with peDNAZ-HRPT2, compared with cells
transfected with empty vector, as detected by anti-parafibromin anti-
body. B-Actin is shown as control.

sciale of | to 3, with | repr ing weak staining, 2 moderate
staining, and 3 strong g. A third pathologist (H. M.)
provided the tie-breaking assessment, where there was observer
disagreement. Caleulation of sensitivity and specificity were
based on the differentiation of carcinomas from the sporadic
benign proliferations of adenoma and hyperplasia. All statistical
caleulations took into account pathologic reclassification of
specimens. Unweighted kappa statistics were used to caleulate
the inter-observer agreement as to the presence of loss of im-
tivity, and the calculations were restricted to the full

tissue sections that were examined unblinded. Evaluation of all
full sections (n = 123), including MENI-related tumors,
HPT-JT adenomas, and normal tissue were included in this
caleulation. Confidence intervals for sensitivity and specificity
were calculated by the efficient score method with continuity
correction described by Newcombe (35). H&E stained slides of
the benign specimens that at least one pathologist assessed as
having loss (n = 6) were re-eval 1 by two independ
pathologists.

Sequence Analysis. The ScanProSite program (36) was
used 1o search the PROSITE Release 18.26 database.'

' Swiss Institute of Bioinformatics server, Geneva, Switzerland; hitp://
www.expasy.ch.

RESULTS

Antibody Characterization. The anti-parafibromin mono-
clonal antibody co-localized with GFP-parafibromin fusion pro-
tein in the nuclei of transfected HEK293 cells (Fig. 1). Control
cells transfected with GFP-empty vector did not show staining
(data not shown). Westem blotting done on transfected COS7
cells and empty vector control showed increased intensity of a
single erisp band with the expected molecular mass (Fig. 2), We
examined a range of human tissues to characterize its range of
immunoreactivity and observed that parafibromin immunoreac-
tivity was present in all organs but was cell-type specific (data
not shown). Parafibromin was localized to the nucleus in all
tissue examined. Controls with antibody pre-absorbed with a
20-fold excess of immunizing peptide did not show any immu-
noreactivity.

Sequence Analysis.  Analysis of the peptide sequence of
parafibromin showed the presence of bipartite nuclear localiza-
tion signal domains at residues 76 to 92 and 393 to 409,

Parathyroid Tissue Immunohistochemistry. We re-
port that parathyroid carcinoma may be distinguished from
other benign pathologies by the loss of parafibromin nuclear
immunoreactivity (Fig. 3). Table | shows individual case
evaluation alongside clinicopathologic data for carcinoma
cases, and Table 2 shows a summary of the evaluation of all
specimens. Eleven benign cases from the adenoma, hyper-
plasia, and MENI tumor groups displayed heterogeneity of
staining without absence of parafibromin immunoreactivity,
and these were classified as diffusely positive. Loss of para-
fibromin immunoreactivity for arrayed carcinoma specimens
was independent of tissue , frequency of mitoses,
Ki-67 index, loss of heterozygosity, cyclin D1 and calcium-
sensing receptor immunostaining results, The assay had a
caleulated sensitivity of 96% [95% confidence interval (C1),
85-99%] and specificity of 99% (95% CI, 92-100%) for
differentiating parathyroid carcinoma from sporadic benign
proliferations (Table 3). Table 3 also shows the calculated
positive predictive values and negative predictive values with
confidence intervals for common estimates of prevalence
(1% in countries of low reported prevalence, ref. 1; 5% in
countries of high reported prevalence, such as Japan and
Italy, ref. 3, 4). The data showing inter-observer variation is
presented in Table 4. There was exceptional inter-observer
agreement with regards to the blinded assessment of any
immunoreactivity loss, with an unweighted kappa statistic of
0.89 (95% CI, 0.79-0,98). Agreement with regards to stain-
ing pattern was also excellent, with an unweighted kappa
statistic of 0.77 (95% CI, 0.65-0.89). The H&E-stained
sections of benign specimens that had at least one investiga-
tor assess as having a loss of parafibromin immunoreactivity
{n = 6) were re-evaluated by two pathologists. Two adeno-
mas from separate institutions received revised diagnoses of
equivocal, but highly probable, carcinoma based on severe
architectural atypia, nuclear atypia, and abundant mitotic
figures, Neither case had a family history of parathyroid
disease. One of these two cases (Patient 20) had a local
relapse on follow-up, and was re-classified as a definite
carcinoma. Another specimen, diagnosed previously as met-
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astatic carcinoma, showed diffuse nuclear immunoreactivity
and was shown by parathyroid hormone immunostaining (37)
to be of non-parathyroid origin. All but one HPT-JT adeno-
mas exhibited loss of parafibromin immunoreactivity; the
remaining one was evaluated as diffusely weak staining by
one investigator and by the other as diffuse loss. It is impor-
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Figd  Immunchistochemical stain-
ing representing the varous staining
patterns manifested in the different
pathologies through parafibromi

immunostaining. A-13, magnifica-
tiom, 200, A, diffuse staining
{primary parathyroid hyperplasial:
B, diffuse stming (sporadic ade-
noma with a rim of normal tissue),
€, focal loss (parathyroid carci-
noma); and £3, diffuse loss (para-
thyroid carcinoma). £-H, higher
magnifications of the respective
parathyroid pathologies at a mog-
nification of 400%. All images
were taken with a Spot Insight
Camera on a Nikon Eclipse E600.
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.“‘

L L BTN

tant to note that reclassification has been incorporated into all
tables and statistical calculations.

DISCUSSION
This is the first study on parafibromin, the protein product
of the HRPT2 umor suppressor gene. Our results localize hu-
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Tabfe 2 y of sp |
Loss of immunoreactivity Diffuse staining

Pathology Total (N = 159) Diffuse loss (Ya) Focal loss (%) 1 (%) 2 (%) 3 (%)

Definite carcinoma (sections) 2 941) 11 {50} 0(0) 1(5) 1(5)
Definite carcinoma (array) 30 17(37) 13 (43) (o) () 0(0y
Equivocal carcinoma (sections) 3 0ty 04ty 1(33) oy 2(6T)
Equivocal carcinoma (array) 3 1(33) 2(67) 01 00y (U]
HPT-JT adenomas (sections) 7 4(57) 2(29) 1 (14 0 {0y 00
HPT-IT adenomas (amy) 2 2100y {0y oy 0im 0ty
‘spumdr: 'ulznonu\ 48 ooy 0ty [ER{4] 17 (35) 31 (65)
fic primary hyperplasi 25 0y L (4) 2(8) T(28) 15 (60)
MEh l-related tumors 13 00y 00y LR (] 2(15) 11(73)
Normal tissue o L) 00 0(0) 117 5(83)

man parafibromin to the nucleus, which is consistent with pep-
tide sequence analysis, cellular fractionation studies,'* and im-
munohistochemistry in a variety of tissues, Parafibromin shares
32% identity with yeast protein ede73p (15), which is also a
nuelear protein and part of the Pafl complex mediating cell
cyele regulation and transcription (38). Its function in humans is
currently unknown,

Pathologic Assessment. This study shows that parafi-
bromin in tivity is a pr g adjunct for differenti-
ating carcinoma from benign tissue. Parathyroid carcinoma is
often not recognized, even after histologic examination (2, 7).
With the approximately 20% (3 of 15) possibility that appar-
ently sporadic parathyroid carcinoma may be a manifestation of
hereditary HPT-JT syndi (11}, making an accurate diagno-
sis is now paramount. To our knowledge, no other immunohis-
tochemical marker for parathyroid carcinoma has been previ-
ously assessed in a study of similar size or geographical
diversity. The loss of parafibromin immunoreactivity was true
regardless of architecture, presence of mitotic figures, loss of
heterozygosity, or immunostaining for Ki67, CASR, :md cyclm
D1. In addition, this study fully d 1 the 1
fication of two equivocal among 50 ad one
of which subsequently recurred locally, demonstrating that par-
athyroid malignancy is often under-recognized.

In the assessment of the value of a diagnostic assay, the
positive predictive values and negative predictive value are the
most relevant clinically (39). These depend on the prevalence of a
disease within a certain population, as well as the sensitivity and

recognized on the definitive criteria of invasion or metastasis,
tumors that haw: histopathologic features of malignancy but lack
tumor hall 2 clinical and pathologic prob-
lems. Levin (40) dJshngunhui Ixtu,m.n “typical” and “atypical
adenomas.” Others have chosen to label this group as “equivocal
carcinomas” (22, 28). We prefer the terminology “equivocal car-
cinoma™ in the research and clinical setting, as gold-standard patho-
logic criteria does not accommodate a localized parathyroid carci-

noma (2, 27, 40). Considering such patients as having “equivocal
carcinomas” is also logical clinically, because they are followed up
in a similar fashion as | with definite parathyroid carcinoma
(27, 41). Thus, this terminology is more appropriate in view of the
potential malignant behavior of these group of tumors, the under-
recognition of carcinoma, and the fact that current gold-standard
diagnostic eriteria of malignancy of invasion or is is lim-
ited to advanced disease. Our results support the view that this
entity termed “equivocal carcinoma™ is heterogenous (40). OFf the
five cases nitially diagnosed as equivocal carcinomas, three dis-
played loss of parafibromin immunoreactivity. No cases showing
pu.mﬁbmmln |rnmumm::|cl|\'|ty relapsed. In addition, two cases
initially d 1 as were ly reclassified
p.nhologmlly as equivocal carcinomas after parafibromin immu-
ne ing and re-eval One case relapsed locally on fol-
low-up and was reclassified clinically as a definite carcinoma. The

Tabfe 3 Calculated diagnostic value indices

specificity. With an estimated prevalence of 1% of primary hyper- Dingnostic indices Value
par:ll_h)fmidism cases, parafibromin immunostaining has a posit?ve Sensitivity (95% CI) 96 (86-99)
predictive value of 49% (95% CI, 10-100%) and an negative Specificity (95% CI) 99 (92-100)
predictive value of 100% (95% CI1, 100-100%, with rounding). In Positive predictive value at 1% prevalence (95% Cl) 49 (10-100)
sountries it snce of 5%, s . Ttaly (3, 4), Negative predictive value at 1% prevalence (95% CIy 100 (100-100)
::_ !'lt,‘\ ith :_'P_“{wf]m? of d g \l.'u:%1_:|5 Jﬂ??,nn_d r{ G 41:] Positive predictive value a1 3% prevalence (95% CI) 83 (36-100)
¢ positive predictive value and nepative predictive value wou Negative predictive value at 5% prevalence (95% C1) 100 (99-100)

be 83% (95% CL 36-100%) and 99% (95% CI, 99-100%),
respectively. Should these values be validated in additional studies,
parafibromin immunostaining is likely to be a helpful diagnostic
adjunct for the pathologist. Whereas definite carcinomas may be

Table 4 Results of blinded individual observer evaluation for all
sections (N = 123)

Pathologst |

Staining patterns Diffusely positive  Focal loss  Diffuse loss

e — Pathologist 2
1. Zhang, D. Pappas, M-H, Tan, C. N. Qian, J. D. Chen, D, Kong, LRty poaitive o l :
C.F. Gao, H.M. Koo, M. Weinreich, B. O. Williams, B. T. Teh, un- S . .

published results,

Diffuse |

] 12
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classification of this case by parafibromin immunoreactivity shows
a utility exceeding that of curremt gold-standard criteria, which is
restricted to advanced disease. From a clinical point of view, such
a utility is highly desirable, as current gold-standard criteria only
define ad d i but surgical intervention is most appro-
priate with localized disease (2, 3, 6, 14), In addition, this result
suggests that parafibromin loss occurs at an early stage.

Adenomas with HRPT2 mutations also shows diffuse loss of
parafibromin immunoreactivity in our study. These occur at a very
low frequency in sporadic parathyroid adenomas (15, 16). How-
ever, the loss of parafibromin immunoreactivity is useful in detect-
ing these tumors. For patients with HPT-JT syndrome who are at
high risk of carcinoma, deliberate total prophylactic parathyroid-
ectomy has been considered (42). Whether radical surgery will
benefit the rare patient who has had a somatic HRPT2 mutation
detected in a parathyroid adenoma remains uncertain.

HRPT2 Mutation and Parafibromin Less. Fifty of fif-
ty-two definite parathyroid carcinomas displayed loss of para-
fibromin i sreactivity. This is cc with the high rate
of somatic HRPT2 gene mutations with biallelic inactivation
reported in sporadic parathyroid carcinoma (11, 16). HPT-JT
syndrome is characterized by HRPT2 gene mutations, and pa-
tients with HPT-JT syndrome have a high risk of parathyroid
carcinoma (15, 16). In conjunction with microarray studics
showing a common gene signature for parathyroid carcinomas
and HPT-JT-related adenomas, the loss of parafibromin immu-
noreactivity in both groups suggests that parafibromin down-
regulation is an early and pivotal step in parathyroid tumorigen-
esis. It was interesting that focal expression of parafibromin was
retained in a small subset of parathyroid adenomas with docu-
mented HRPT2 gene mutations, It was observed that in tumors
with focal loss of parafibromin immunoreactivity, parafibromin
expression was markedly higher near blood vessels and margins
(both internal and external) such as fibrous septa and capsular
tissue (data not shown). Whether the antibody was binding to
wild-type or mutant parafibromin remains uncertain, A small
subset of carcinomas display normal parafibromin expression.
This may be because of alternative tumorigenic mechanisms,
and there is evidence that at least one additional tumor suppres-
sor gene may exist on chromosome 13q (25, 43-46). A recent
study of two such candidate genes, RE and BRCA2, did not
identify any mutations in seven specimens of parathyroid car-
cinoma (47). Parathyroid carcinoma is a rare manifestation in
MENT (48, 49), but our study showed normal parafibromin
expression in MEN/-related benign tumors.

CONCLUSION

Parafibromin i 2 is a promising for
the diagnosis of parathyroid wn‘.‘mum'l an often l.ll'll\.ﬁ‘.'l.lg]‘l](cd
entity that may be hereditary (11). This recognition of carci-
noma is critical for genetic screening (13). and our results
provide direct evidence that carcinoma may not be recognized
during initial histopathologic evaluation. Because en-bloc resec-
tion constitutes definitive therapy for parathyroid carcinoma and
86% of carcinomas may not be detected intraoperatively (6),
studying the intra-operative assessment of parafibromin immu-
noreactivity through ultrarapid immunostaining (50) would be
logical. Finally, the shared loss of parafibromin between para-
thyroid carcinoma and HPT-JT-related adenomas, alongside
evidence of a common gene expression signature (32), suggests
novel tumorigenesis pathways mediated by the HRPT2 gene.
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