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Diagnosis of parathyroid carcinoma using
immunohistochemical staining against " TERT
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Abstract. The differential diagnosis of parathyroid carcinoma
from benign adenoma is often difficult when its typical
clinicopathological features are absent, even with the aid of
various molecular markers. We recently demonstrated that
telomerase activation through hTERT expression is a unique
characteristic that is limited to parathyroid carcinoma and not
seen in benign tumors. In the present study, we investigated
hTERT expression in parathyroid tumors using immuno-
histochemistry in an attempt to determine its clinical utility.
There was no evidence of immunoreactivity in the 4 normal
parathyroid glands and the 18 typical adenomas. In contrast,
one atypical adenoma stained positively and homogeneously,
and the disease recurred three times clinically. All of the 6
carcinomas demonstrated a clear positive nuclear staining of
hTERT. Every hTERT-positive tumor showed a high Ki-67
index, i.e., greater than 4%. Nucleolin, an hTERT-binding
protein, was abundantly and homogeneously expressed in all
specimens examined independent of the pathological diagnosis
and hTERT or Ki-67 expression. Therefore, it is possible that
immunostaining with an anti-hTERT antigen (NCL-L-hTERT)
individually may distinguish parathyroid carcinoma from
benign tumors.

Introduction
The majority of cases of primary hyperparathyroidism is

caused either by benign adenoma or hyperplasia. However, in
some rare situations, it accounts for approximately 1-5% of
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the cases in which parathyroid carcinomas are encountered
(1-3). Parathyroid carcinoma often causes local recurrences
or distant metastases, and a radical cure is very difficult once
the disease recurs (3). The chance for a cure is dependent on
whether or not a complete en bloc resection is performed as
the initial surgical therapy (4). Therefore, it is particularly
important to diagnose parathyroid carcinoma correctly during
the initial surgical operation for proper treatment. For cases
demonstrating typical clinical features such as a palpable neck
mass, an extremely high serum calcium level (hypercalcemic
crisis) and painful bone lesions (ostelitis fibrosa cystica), a
preoperative diagnosis of parathyroid carcinoma is not difficult
(5,6). However, some of these clinical features frequently
occur in cases of benign adenoma. Imaging studies may be
helpful to obtain an accurate diagnosis in some cases when
evidence of metastatic diseases or of invasive growth to the
adjacent structures is apparent (7,8). Pathologically, para-
thyroid carcinoma may be distinguished from benign lesions
by examining the histological findings, such as capsular
penetration, vascular invasion, or frequent cellular mitosis
accompanied by necrosis and macronucleoli (9). The problem
is that these typical clinical or pathological features are
absent in a considerable number of cases of parathyroid
carcinoma. Therefore, a correct diagnosis of parathyroid
carcinoma is commonly made only after a recurrence.

In order to overcome the difficulty in making a correct
diagnosis of parathyroid carcinoma, the utility of immuno-
chemical examinations by recruiting molecular markers has
been widely investigated. However, a consensus has yet to be
reached in identifying parathyroid carcinoma from adenoma
using these markers. Only Ki-67 demonstrated a universally
accepted clinical significance (10-14). However, several false-
positive and false-negative results in diagnosis have been
reported (10,11,15,16). and there have been conflicting results
with respect to the potential role of Ki-67 in predicting clinical
outcomes (15,17). Since it is not sufficient to use Ki-67
practically as a single diagnostic marker, the combination
with several other markers has been recommended (5,16,19).

Several studies, including ours, have found specific
telomerase activation in parathyroid carcinoma with a
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telomeric repeat amplification protocol (TRAP) assay using
freshly obtained surgical samples (19-21). Telomerase is an
enzyme nucleo-protein that adds telomeric repeats to the
terminal regions of the chromosome. Cells can become
immortal by acquiring the ability to promote additional
telomeres by telomerase activation. Numerous studies have
demonstrated that cancer cells possess telomerase activity
from the initial stages. hTERT is a catalytic subunit of
telomerase and is essential for the activation of enzymatic
activity of telomerase (22). We previously demonstrated
specific hTERT expression in parathyroid carcinoma by
quantitative real-time PCR (19) and in situ hybridization
methods (23), but we did not observe hTERT expression in
benign tumors. These results clearly suggest that telomerase
activation through hTERT expression is limited only in
carcinoma but not in benign parathyroid tumors with an
accuracy of 100%. Although there is significant clinical
utility in determining hTERT expression i.e., as a promising
marker for the accurate diagnosis of parathyroid carcinoma
as has been clearly indicated from these investigations, the
former methods require complex techniques and freshly
procured samples. Therefore, an easier method has been
sought to investigate telomerase or hTERT expression in
parathyroid tumors. In this study, we attempted to apply
immunohistochemical staining to parathyroid tumors and
investigated its utility in identifying parathyroid carcinoma.

Materials and methods

Patients. A total of 26 cases with primary hyperpara-
thyroidism were investigated in this study. The pathological
diagnoses of these cases included 20 adenomas and 6
carcinomas. Four of the 6 cases of parathyroid carcinoma
were operated on in Kuma Hospital (cases 26-29). Other
specimens were collected from surgical samples from the
Osaka City University Hospital. Five recurrent sites of 2
cases were also employed in the study. Four normal para-
thyroid glands obtained during thyroid surgery and a hyper-
plastic gland obtained from a case of secondary hyper-
parathyroidism were included as controls. Therefore, a total
of 36 specimens were investigated in this study. The details
of the cases are described in Table 1.

Normal parathyroid glands were collected from surgically
dissected specimens from 4 cases of papillary thyroid
carcinoma operated on during the period from January, 2006
to May, 2006. All cases were female with an average age of
60.8 years (range 40-72). There was no elevation observed in
either the serum calcium (S-Ca) or PTH level in these cases.

Twenty parathyroid adenoma cases were operated on
between January, 2004 and December, 2004 consisting of
7 males and 13 females with a median age of 55.4 years
(range 17-83). A total of 15 cases showed clinical symptoms
such as urinary calculus (9 cases) and bone pain (6 cases).
One case was associated with papillary thyroid carcinoma.
The remaining 4 cases were asymptomatic, and in these cases
hyperparathyroidism was diagnosed with an examination of
blood biochemistry for other reasons. S-Ca and intact-
parathyroid hormone (i-PTH) levels of these cases were 11.2-
14.4 mg/dl (normal range 7-10) and 70-1198 pg/ml (normal
range 10-65), respectively. The location of the tumors were
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right upper in 2, right lower in 7, left upper in 6, and left
lower in 5 cases, respectively. The sizes of the tumors ranged
from 8 to 47 mm, and they weighed 200 mg to 15.0 g. In one
case of parathyroid adenoma (case 25), local recurrences
were observed twice at one and two years from the initial
surgery. In both situations, the recurrent tumors did not
display any pathological features of parathyroid carcinoma,
such as invasions to adjacent organs, mitosis or a palisade-
like arrangement. Therefore, the pathological diagnoses in
each situation were adenoma. However, the tumor was large
enough to palpate in the patient's neck. The S-Ca and i-PTH
levels of the patient were as high as 14.4 mg/dl and 1158 pg/
ml at the time of the initial surgery. Furthermore, the tumor
showed a fibrous adhesion with an abnormal small vasculature
to the thyroid gland, but it was not invasive, suggesting
possible malignant clinical features at initial presentation.
We thought that this case had potentially malignant
characteristics (atypical adenoma).

Six parathyroid carcinoma cases were surgically operated
on between 1991 and 2004, consisting of 5 males and 1 female
with an average age of 49.8 years (range 28-67). Five cases
showed clinical symptoms such as a palpable neck tumor
(1 case), urinary calculus (1 cases) or both (3 cases). Another
case was asymptomatic. All patients were affected by primary
hyperparathyroidism. S-Ca and i-PTH levels in these cases
were 12.5-17.2 mg/dl and 181-1253 pg/ml, respectively. These
levels were significantly higher than those of the adenoma
cases (S-Ca, p<0.01; i-PTH, p<0.05). One case of parathyroid
carcinoma (case 30) was initially present as a large media-
sternal mass (24) and was diagnosed as carcinoma by patho-
logical evidence of capsular penetration in a small limited
area. Another case (case 31) developed lung metastases three
times at 4, 8 and 9 years from the initial surgery. Fifteen
lesions of lung metastases were excised, and the pathological
features of these lesions were compatible with parathyroid
carcinoma. The patient died of hypercalcemia 3 months after
the last surgical operation. The other 4 cases were diagnosed
as parathyroid carcinoma by pathological evidence of
invasive growth to adjacent tissues.

Immunohistochemistry. Immunohistochemical staining was
performed as described previously (25). In brief, all the tissue
samples were fixed in buffered formalin and embedded in
paraffin. The serial sections measuring 4 ym were obtained
from a representative block of each case for immunohisto-
chemical studies. Each sample was de-waxed, and the
antigen retrieval was performed by autoclaving at 121°C for
5 min. The sections were incubated for 25 min in 3%
hydrogen peroxide to quench endogenous tissue peroxidase.
After blocking for nonspecific staining, the slides were
incubated with primary antibodies. The primary antibodies
used were mouse monoclonal antibody against Ki-67 (MIB-1,
Dako Cytomation, Glostrup, Denmark), mouse monoclonal
antibody against hTERT (NCL-L-hTERT clone 44F12,
Novocastra, Newcastle upon Tyne, UK), and mouse mono-
clonal antibody against human nucleolin (clone 4E2, MBL,
Nagoya, Japan). The sections were then incubated with
secondary antibody. Immunohistochemical staining with the
Liquid DAB Substrate-Chromogen System (Histofine,
Nichirei, Tokyo, Japan) was performed. Nuclear staining
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Table I. Details of the examined cases and results of immunohistochemistry.

Caseno. Age Gender Pathological diagnosis S-Ca(mg/dl) i-PTH (pg/ml) Ki-67 index hTERT (%) Nucleolin (%)

1 72 F Normal 9.6 37 1.9 0 45
2 40 F Normal 9.7 n.d. 0.2 0 55
3 59 F Normal 9.6 n.d. 0.2 0 55
4 72 F Normal 10.4 n.d. 0.2 0 50
5 43 M HP 9.4 702 1.4 0 70
6 68 F AD 11.2 101 0.6 0 70
7 26 M AD 11.4 175 2.5 0 75
8 62 F AD 11.6 95 0.8 0 70
9 76 F AD 11.2 112 0.1 0 75
10 17 F AD 13.0 508 0.3 0 70
11 66 F AD 11.6 160 3.1 0 70
12 60 F AD 13.6 228 0.7 0 75
13 62 F AD 11.2 70 3.7 0 70
14 19 F AD 13.0 96 0.9 0 70
15 46 F AD 13.2 481 2.4 0 80
Nodule® 17.0 70 80

16 73 F AD 11.2 107 0.9 0 70
17 41 F AD 11.2 181 0.7 0 70
18 83 F AD 12.2 140 1.0 0 70
19 83 F AD 13.6 750 1.4 0 75
20 49 M AD 11.6 179 1.1 0 70
21 74 M AD 14.0 350 0.9 0 75
22 57 M AD 12.0 121 0.8 0 70
23 62 M AD 11.6 153 1.0 0 70
24 38 M AD 11.4 107 0.2 0 70
25 51 M ATP AD 14.4 1198 30.0 80 80
Ist Rec 11.2 300 22.0 95 80

2nd Rec 11.4 200 10.0 90 80

26 38 M PTC 17.2 1253 15.0 80 80
27 67 M PTC 12.5 181 25.0 90 80
28 28 F PTC 14.1 430 30.0 90 80
29 49 M PTC 12.6 946 8.0 75 75
30 61 M PTC 13.8 294 4.0 50 60
31 56 M PTC 15.0 5.0 80 75
Ist Rec 12.8 159 5.0 80 75

2nd Rec 11.4 78 5.0 85 80

3rd Rec 12.2 96 10.0 50 80

S-Ca, serum calcium level; i-PTH, intact-parathyroid hormone; n.d., not described; HP, hyperplasia; AD, adenoma; ATP AD, atypical adenoma;
Rec, recurrence; PTC, parathyroid carcinoma. *A nodule in the center of the adenoma of case 15 demonstrating a different staining pattern.

with diamino benzidine was considered positive. The ratio of  counting at least a thousand cells and was expressed as a
positively stained tumor cells was determined for hTERT and  percentage of the positive nuclei (Ki-67 index; KI).

nucleolin, and the expression was judged positive when >10%

of the tumor cells were immunoreactive. The rate of Ki-67-  Statistical evaluation. The differences in each value were
positive nuclei was counted in the representative areas by  assessed using the Mann-Whitney's U test, and the difference
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Figure 1. Results of the immunohistochemical staining of the normal
parathyroid gland (case 3). MIB-1- positive cells are scarce (A). The normal
glands are negative for hTERT staining (B). Nucleolin is positively stained
in ~50% of the cells (C). (original magnification x400).

was considered to be significant when a value of p<0.01 was
obtained.

Results

Immunoreactivity in the control cases. Fig. 1 shows the
representative results found in the normal parathyroid glands.
The cells in the normal glands rarely reacted with Ki-67; the
KI ranged from 0.2 to 1.9, with a mean of 0.6. The normal
parathyroid glands were universally negative for the hTERT
antibody. There were no immunoreactive cells observed in
the present study. In contrast, ~50% (range 45-55%) of the
cells were positive for nucleolin homogeneously throughout
the gland. In one case of secondary hyperparathyroidism, the
KI was 1.4, and the cells were negative for hTERT. These
findings were consistent with those found in the normal

OSAWA et al: hTERT EXPRESSION IN PARATHYROID CARCINOMA

z

B

o

§ 35

—

= 30+ ]
2

s L .
!

Ea |
-

£

.‘g 10 :
g st - -
g o —il

';j Normal gland Adenoma Carcinoma

Figure 2. Ki-67 indices in normal parathyroid glands, typical adenomas, and
carcinomas. Each circle indicates a case. There are significant differences in
KI between the normal glands and carcinomas (p<0.01), or adenomas and
carcinomas (p<0.01). However, no difference in KI was found between the
normal glands and adenomas (p=0.17).

parathyroid glands. The immunoreactivity for nucleolin was
positive in ~70% of the cells in the hyperplastic gland and
was slightly more common than that found in the normal
parathyroid gland.

Immunostaining for Ki-67 in parathyroid tumors. The KI
ranged from 0.1 to 30 in the parathyroid tumors (Fig. 2). The
index score was >4 in every parathyroid carcinoma (4-30;
mean 11.9; Fig. 3A) including the recurrent lesions. In the
parathyroid carcinomas, a strong nuclear staining was observed
in every specimen examined. One case of parathyroid
carcinoma (case 30; Fig. 4B) showed a heterogeneous
distribution of Ki-67-positive cells. The KI was 4.0 in the
area of the extracapsular invasion and 0.7 in the other areas.
In the remaining carcinomas, Ki-67-positive cells were
homogeneously distributed throughout the tumor. Similar
patterns were also observed in the metastatic lung tumor in
case 31. In two adenomas, KI scored >4. In one atypical
adenoma (case 25; Fig. 5B), KI scored as high as 30. This
patient had two recurrences in the local region, and both
recurrent lesions had KIs as high as 22 and 10, respectively.
This patient was alive and had a third local recurrence 36
months after the last surgical operation. Another case (case
15) demonstrated a heterogeneous distribution of Ki-67-
positive cells. As shown in Fig. 6B, MIB-1-positive cells
formed a clearly distinguishable nodule in the center of the
tumor without a distinct capsule. There was a KI of 17 within
the nodule, and 2.4 in the other part of the tumor. There was
no morphological difference between tumor cells within or
outside of the nodule. There were no cellular features of
carcinoma evident within the nodule, such as mitosis or
macronucleoli. This patient was also alive without any
evidence of recurrent disease 50 months after surgery.
Excluding these 2 cases, every adenoma scored a KI <4,
ranging from 0.1 to 3.7 with a mean of 1.15. There was no
difference in the KI between the normal glands and adenoma.
However, a significant difference in KI was found between
benign disease and carcinoma (p<0.01). Furthermore, no
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Figure 3. Representative results of immunochemistry in parathyroid
carcinoma (case 31). Results from the primary lesion are shown. Immuno-
reactive cells to the anti-Ki-67 (5%) (A), anti-hTERT (80%) (B) and anti-
nucleolin (75%) (C) antibodies are shown, respectively.

evident overlap was observed between them when a cut-off
value of 4 was employed (Fig. 2).

Immunostaining against the hTERT antibody in parathyroid
tumors. In the parathyroid carcinoma cases, every tumor was
positive for h\TERT. Approximately 50-95% of the cells were
immunoreactive for the hTERT antibody (Fig. 3B). There
was no difficulty in distinguishing hTERT-positive tumors
from hTERT-negative tumors. In one patient with parathyroid
carcinoma (case 30; Fig. 4C), a heterogeneous distribution of
hTERT-positive cells was also observed, identical to that
found upon Ki-67 staining. Approximately 50% of the cells
were positive in the area of invasion, but cells were almost
negative (<1%) in the other areas.
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Figure 4. Results of case 30, a large tumor with a limited area of capsular
penetration. Hematoxylin and eosin staining indicates histological evidence
of cellular infiltration to adjacent fatty tissue (A). Immunoreactive cells to
the anti-Ki-67 (4%) (arrows in B), anti-hTERT (50%) (arrows in C) and
anti-nucleolin (60%) (D) antibodies are shown, respectively. Ki-67- and
hTERT-positive cells are found only in the region of cellular infiltration.
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Figure 5. Results of case 25, an atypical adenoma. Results from the initial
lesion are shown. Hematoxylin and eosin staining indicates no abnormal
mitosis and cellular or histological features of carcinoma (A). Immuno-
reactive cells to the anti-Ki-67 (30%) (B), anti-hTERT (80%) (C) and anti-
nucleolin (80%) (D) antibodies are shown, respectively. These staining
patterns are similar to those of the cancer lesions.

Figure 6. Results of an adenoma (case 15). Several nodules without a clear
capsule are noted within the adenoma (A: H&E stain, original magnification
x400). In a nodule located in the center of the adenoma, Ki-67 is highly
positive (17%). However, the Ki-67-positive cells are found in a scattered
manner in the other part of the surrounding adenoma (KI 2.4) (B). Strong
nuclear staining against the hTERT antibody is limited within a nodule that
shows a high Ki-67 index, but is not in the other part of the surrounding
tumor (C).
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The majority (90%, 18/20) of parathyroid adenomas gave
negative results against the hTERT antibody. There were no
immunoreactive cells found in the tumors of these 18 typical
adenomas. Two exceptional hTERT-positive adenomas were
the same as those that demonstrated a high KI, as described
above. In an atypical adenoma (case 25), the positive cells
were distributed homogeneously throughout the tumor
(Fig. 5C). A similar staining pattern was also found in the
recurrent tumor. The proportion of hTERT-positive cells was
80% in the initial tumor, and was 95 and 90% in the two
recurrent tumors, respectively. The positive cell proportion
was consistent with those of parathyroid carcinoma. Another
case (casel5) demonstrated an hTERT-positive-stained nodule
within the tumor, and overlapped with the area of the Ki-67-
positive nodule (Fig. 6C). The hTERT-positive cell population
was 70% within the nodule and 0% in the other part of the
tumor.

Immunostaining for nucleolin in parathyroid tumors. We
detected abundant nuclear staining of nucleolin in the cells
homogeneously in every specimen examined, including the
normal parathyroid glands. A total of 45-55% (51.3+4.8) of
the cells were positive for nucleolin in the normal para-
thyroid glands. Seventy to 80% (71.8+3.0) of the tumor cells
were positive for nucleolin in the parathyroid adenomas. In
the carcinomas, 60-80% (76.1+7.8) of the tumor cells were
nucleolin-positive. There was no heterogeneity of nucleolin-
positive cell distribution in the tumors, including a carcinoma
(case 30; Fig. 4D), with heterogeneous Ki-67- and hTERT-
positive cell distributions. An atypical adenoma (case 25;
Fig. 5D) also demonstrated a homogeneous distribution of
nucleolin-positive cells, with positive cell rates as high as
80%. In addition, there was no heterogeneity in the staining
pattern in case 15, which displayed a hTERT-positive nodule
within the tumor. A similar staining pattern was displayed
within the Ki67- and hTERT-positive nodule and surrounding
tumor cells with a positive cell rate of 80% (Fig. 6D).

Discussion

In order to obtain an accurate final diagnosis, previous studies
have identified many important immunohistochemical
characteristics of parathyroid carcinoma with reference to
benign lesions. The apoptotic activity was elevated in
carcinomas and was indicated by a negative expression of
Bcl-2 (10-12). Several studies have indicated that parathyroid
carcinoma is commonly p53-positive. The allelic loss and
abnormal protein expression of pS3 may imply that pS3 plays
a role in the pathogenesis of a subset of tumors (26).
However, the abnormality of pS3 gene expression was found
to vary (0-100%) in carcinomas (10-12,16,27). In addition to
the p53 abnormality, the loss of Rb (11,14) and p21 (16)
expression, and the accumulation of cyclin D1 (16) and p27
(28) expression suggest a disintegration of the cell cycle
control, although this was not always present (up to 55%).
The accelerated cell proliferation in carcinoma was
successfully evaluated by displaying the increase in PCNA-
(15) or the Ki-67-positive cell population. Ki-67 is the most
widely used molecular marker to estimate the activity of
cellular proliferation, and typically more than 5% (4-6%) of
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cells stain positively in parathyroid carcinoma (5,17,29).
Ki-67 is a human nuclear proliferation-associated antigen,
expressed in all cells that are not in the GO-phase. Therefore,
Ki-67 staining reflects the amount of proliferating cells more
sensitively than that evaluated by the mitotic cell counts with
a conventional histological examination. Stojadinovic et al
conducted a study with multiple markers in addition to Ki-67.
They found that the molecular phenotype, p27(+)Bcl-2(+)
Ki-67(-)mdm2(+), was unique to nonmalignant tumors.
However, at the same time, they concluded that multiple
marker phenotypes were more complex in carcinomas (16).
The most recent study of Fernandez-Ranvier et al also
attempted to demonstrate the significance of investigating
multiple markers, including the HRPT2 gene product,
parafibromin, to distinguish parathyroid carcinoma (5).
Although these intensive studies with multiple markers using
a large panel of parathyroid carcinomas were conducted, no
independent diagnostic markers have been identified to
distinguish parathyroid carcinoma from benign conditions. In
contrast, two recent studies have described candidates for
specific markers of parathyroid carcinoma, although the
number of cases studied was small. Thomopoulou et al
showed that expression of Fhit, a protein involved in pro-
apoptotic function and cell cycle control, was selectively lost
in 2 carcinomas but not in benign tumors (30). Bergero et al
demonstrated that Galectin-3 was expressed in all carcinomas
that developed metastasis (18).

Consistent with these two markers, we found that the
immunoreactivity against the hTERT antibody was unique to
parathyroid carcinomas. In the previous study, we confirmed
that expression of hTERT induces telomerase activation
selectively in parathyroid carcinoma, but not in benign
tumors (19,21). The case in which we showed telomerase
activation and hTERT mRNA expression in our previous
report was also included in this study (case 31). The immuno-
reactivity against hTERT antibody was strongly and homo-
geneously identified in this tumor. This is the first case of
hTERT mRNA, hTERT protein and telomerase expression
that has been demonstrated sequentially in the same para-
thyroid carcinoma specimen. Moreover, in the present study,
we demonstrated immunoreactivity against the hTERT
antibody in all of the pathologically confirmed parathyroid
carcinomas, but not in the normal parathyroid gland, hyper-
plasia or typical adenoma cases. The hTERT-positive tumors
also displayed high KI levels, thus suggesting the highly
proliferative nature of the cells. These results suggest that
immunostaining with this antibody (NCL-hTERT) may
clearly and selectively distinguish parathyroid carcinoma
from nonmalignant tumors.

Although various aspects remain controversial (31),
Wu et al reported, while this manuscript was in preparation,
that this widely used antibody (NCL-hTERT) recognized
nucleolin, rather than telomerase (32). Nucleolin is a major
multi-functional nucleolar protein that was shown to be
involved in ribosome assembly, rRNA maturation, nucleo-
cytoplasmic transport and cell proliferation (33,34). Therefore,
in the present study we also attempted to identify nucleolin
localization in the normal parathyroid glands and tumors by
using another monoclonal antibody, and we found abundant
expression of nucleolin in every sample examined including
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the normal parathyroid gland. There were no significant
differences in the population of nucleolin expressing cells
between the normal gland, adenoma and carcinoma cases.
Furthermore, the staining patterns of nucleolin detected by
the anti-nucleolin antibody were completely different from
that demonstrated using the NCL-hTERT antibody. Many
studies have demonstrated that nucleolin plays critical roles
in telomerase activation by binding to and shuttling hTERT
(35-37). In other words, telomerase activation is regulated by
the status of the nucleolin-hTERT complex. Many reports
have described the significance of detecting hTERT expression
by using the NCL-hTERT antibody (38-42). Moreover,
Yan et al described that the protein expression detected by
NCL-hTERT correlated significantly with telomerase
activation and hTERT mRNA expression (39). Therefore, we
continued to explore this avenue of research.

In the present study, a case of atypical adenoma (case 25)
demonstrated homogeneous positive staining against the
hTERT antibody in a primary and in two recurrent lesions. In
this case, the sites of recurrences were limited to the neck, and
no lymph node or distant metastasis was found. Parathyro-
matosis may be considered in this situation. Although para-
thyromatosis occurs predominantly in cases with familial or
secondary hyperparathyroidism after initial surgery, it may
be rare in cases with sporadic primary hyperparathyroidism,
as in our case (5). This case showed some clinical features that
led us to suspect parathyroid cancer at the initial presentation,
as described. Furthermore, the KI was as high as 30 and was
in the range of parathyroid carcinoma. Moreover, Fernandez-
Ranvier et al reported that most cases of parathyromatosis
are negative for Ki-67 (5). We concluded that this atypical
case was not a parathyromatosis, but was a parathyroid
carcinoma both clinically and biologically.

Heterogeneity was detected in immunostaining against
the hTERT antibody in 2 cases. One case was pathologically
diagnosed as carcinoma because of the evidence of invasion
to adjacent fatty tissue. It was observed that Ki-67- and
hTERT-positive cells were limited in the area of invasive
growth, but not in the other parts of the tumor. Heterogenic
hTERT immunoreactivity was reported to be found frequently
in human cancerous tissues (39). The authors reported that
hTERT-negative cells were apoptotic. Yet, it appeared that
the cells in our large tumor were not apoptotic. Instead, our
findings indicated that only cells with telomerase activity
acquired a potential for invasive growth. Another case was
an adenoma with a Ki-67- and hTERT-positive nodule in the
center of the tumor. This lesion consisted of several nodules,
but we did not find any high KI or hTERT-positive cells in
the other nodules. These findings suggest that highly prolifer-
ating immortal cells may have existed in parts of the benign
tumor. The carcinogenic pathway of the parathyroid carcinoma
remains to be elucidated. However, our findings indicate that
potentially malignant cells may exist within or in part of the
benign tumor. In contrast, in case 19, although a marked
elevation of S-Ca (13.6 mg/dl) and i-PTH (750 pg/ml) was
noted in a large parathyroid adenoma (5800 mg, 28 mm), no
positive staining was recognized, and the patient had a full
recovery in a short period after surgery. These results
indicate that a high KI and high hTERT-positive cell ratio are
not markers for the severity of disease, but are indicators of
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the cellular potential for malignancy. Although hTERT
expression is essential for telomerase activation, the
mechanism that promotes hTERT expression remains to be
elucidated. Several upstream factors which incorporate the
hTERT promoter have been identified, including cellular
transcriptional activators as well as repressors, many of which
comprise tumor suppressor gene products such as p53, WT1
and Menin (43). In addition, epigenetic regulation and
several cofactors that influence hTERT expression have been
investigated, such as nucleolin. Notably, some of these
abnormalities have also been found in parathyroid carcinomas
(26,44,45). We propose that further exploration of the
upstream regulator of hTERT may be a possible target to
elucidate the carcinogenic pathway of parathyroid carcinoma.

In conclusion, we herein demonstrated that immuno-
staining with an anti-hTERT antigen individually may
distinguish parathyroid carcinoma from benign tumors more
selectively than Ki-67. hTERT-positive cells displayed a
highly proliferative nature and may have malignant potential
such as invasive growth or recurrence. This marker therefore
appears to be highly useful for identifying parathyroid
carcinoma. Further studies should be conducted with respect
to hTERT expression and its regulation to clarify and confirm
these findings.

Acknowledgements

This study was supported, in part, by JSPS Grant-in-Aid for
Scientific Research (C) (2005-6) #17591341.

References

1. Thara M, Okamoto T, Suzuki R, Kawamata A, Nishikawa T,
Kobayashi M and Obara T: Functional parathyroid carcinoma:
Long-term treatment outcome and risk factor analysis. Surgery
142: 936-943, 2007.

2. Wang CA and Gaz RD: Natural history of parathyroid carcinoma.
Diagnosis, treatment, and results. Am J Surg 149: 522-527,
1985.

3. Shane E: Clinical Review 122: Parathyroid carcinoma. J Clin
Endocrinol Metab 86: 485-493, 2001.

4. Rodgers SE and Perrier ND: Parathyroid carcinoma. Curr Opin
Oncol 18: 16-22, 2006.

5. Fernandez-Ranvier GG, Khanafshar E, Tacha D, Wong M,
Kebebew E, Duh QY and Clark OH: Defining a molecular
phenotype for benign and malignant parathyroid tumors. Cancer
115: 334-344, 2009.

6. Lee PK, Jarosek SL, Virnig BA, Evasovich M and Tuttle TM:
Trends in the incidence and treatment of parathyroid cancer in
the United States. Cancer 109: 1736-1741, 2007.

7. Arslan N and Rydzewski B: Detection of a recurrent parathyroid
carcinoma with FDG positron emission tomography. Clin Nucl
Med 27: 221-222, 2002.

8. Neumann DR, Esselstyn CB and Kim EY: Recurrent post-
operative parathyroid carcinoma: FDG-PET and sestamibi-
SPECT findings. J Nucl Med 37: 2000-2001, 1996.

9. DeLellis RA, Lloyd RV, Heitz PU and Eng C (eds): WHO
Classification of Tumor Pathology and Genetics of Tumors of
Endocrine Organs. IARC Press, Lyon, 2004.

10. Naccarato AG, Marcocci C, Miccoli P, Bonadio AG, Cianferotti L,
Vignali E, Cipollini G and Viacava P: Bcl-2, p53 and MIB-1
expression in normal and neoplastic parathyroid tissues. J
Endocrinol Invest 21: 136-141, 1998.

11. Vargas MP, Vargas HI, Kleiner DE and Merino MJ: The role of
prognostic markers (MiB-1, RB, and bcl-2) in the diagnosis of
parathyroid tumors. Mod Pathol 10: 12-17, 1997.

12. Hadar T, Shvero J, Yaniv E, Ram E, Shvili I and Koren R:
Expression of p53, Ki-67 and Bcl-2 in parathyroid adenoma
and residual normal tissue. Pathol Oncol Res 11: 45-49, 2005.



13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 24: 733-741, 2009

Karak AK, Sarkar C, Chumber S and Tandon N: MIB-1 prolif-
erative index in parathyroid adenoma & hyperplasia. Indian J
Med Res 105: 235-238, 1997.

. Farnebo F, Auer G, Farnebo L, Teh B, Twigg S, Aspenblad U,

Thompson N, Grimelius L, Larsson C and Sandelin K:
Evaluation of retinoblastoma and Ki-67 immunostaining as
diagnostic markers of benign and malignant parathyroid disease.
World J Surg 23: 68-74, 1999.

Kameyama K, Takami H, Umemura S, Osaruma Y, Wada N,
Sugino K, Mimura T and Ito K: PCNA and Ki-67 as prognostic
markers in human parathyroid carcinomas. Ann Surg Oncol 7:
301-305, 2000.

Stojadinovic A, Hoos A, Nissan A, Dudas ME, Cordon-Cardo C,
Shaha AR, Brennan MF, Singh B and Ghossein R: Parathyroid
neoplasms: Clinical, histopathological, and tissue microarray-
based molecular analysis. Hum Pathol 34: 54-64, 2003.
Lumachi F, Ermani M, Marino F, Iacobone M, Baldessin M,
Cappuzzo G, Zanella S and Favia G: PCNA-LI, Ki-67 immuno-
staining, p53 activity and histopathological variables in para-
thyroid carcinoma. Anticancer Res 26: 1305-1308, 2006.
Bergero N, Pompa RD, Sacerdote C, Gasparri G, Volante M,
Bussolati G and Papotti M: Galectin-3 expression in parathyroid
carcinoma: immunohistochemical study of 26 cases. Hum
Pathol 36: 908-914, 2005.

Onoda N, Ogisawa K, Ishikawa T, Takenaka C, Tahara H,
Inaba M, Takashima T and Hirakawa K: Telomerase activation
and expression of its catalytic subunits in benign and malignant
tumors of the parathyroid. Surg Today 34: 389-393, 2004.
Falchetti A, Becherini L, Martineti V, Morelli A, Benvenuti S,
Picariello L, Gennari L, Lampugnani R, Bordi C and Brandi ML:
Telomerase repeat amplification protocol (TRAP): A new
molecular marker for parathyroid carcinoma. Biochem Biophys
Res Commun 265: 252-255, 1999.

Kammori M, Nakamura K, Ogawa T, Mafune K, Tatsunori Y,
Obara T, Onoda N, Fujiwara M, Izumiyama-Shimomura N,
Mori M, Kaminishi M and Takubo K: Demonstration of human
telomerase reverse transcriptase (W'TERT) in human parathyroid
tumours by in situ hybridization with a new oligonucleotide
probe. Clin Endocrinol 58: 43-48, 2003.

Kyo S, Masutomi K, Maida Y, Kanaya T, Yatabe N, Nakamura M,
Tanaka M, Takarada M, Sugawara I, Murakami S, Taira T and
Inoue M: Significance of immunological detection of human
telomerase reverse transcriptase: Re-evaluation of expression
and localization of human telomerase reverse transcriptase. Am
J Pathol 163: 859-867, 2003.

Kammori M, Nakamura K, Kanauchi H, Obara T, Kawahara M,
Mimura Y, Kaminishi M and Takubo K: Consistent decrease in
telomerase length in parathyroid tumors but alteration in
telomerase activity limited to malignancies: Preliminary report.
World J Surg 26: 1083-1087, 2002.

Iwata T, Inoue K, Morita R, Mizuguchi S, Tsukioka T, Onoda N
and Suehiro S: Functional large parathyroid carcinoma extending
into the superior mediastinum. Ann Thorac Cardiovasc Surg 14:
112-115, 2008.

Tezuka K, Onoda N, Takashima T, Ishikawa T, Wakasa T,
Wakasa K and Hirakawa K: Clinical significance of intra-
tumoral sinusoidal structures showing lympho-endothelial
immunoreactivity in breast cancer. Oncol Rep 20: 25-32, 2008.
Cryns VL, Rubio MP, Thor AD, Louis DN and Arnold A: p53
abnormalities in human parathyroid carcinoma. J Clin Endocrinol
Metab 78: 1320-1324: 1994.

Szende B, Farid P, Vegso G, Perner F and Kopper L: Apoptosis
and P53, Bcl-2 and Bax gene expression in parathyroid glands
of patients with hyperparathyroidism. Pathol Oncol Res 10:
98-103, 2004.

Erickson LA, Jin L, Wollan P, Thompson GB, van Heerden JA
and Lloyd RV: Parathyroid hyperplasia, adenomas, and
carcinomas: Differential expression of p27 protein. Am J Surg
Pathol 23: 288-295, 1999.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

741

Saggiorato E, Bergero N, Volante M, Bacillo E, Rosas R,
Gasparri G, Orlandi F and Papotti M: Galectin-3 and Ki-67
expression in multiglandular parathyroid lesions. Am J Clin
Pathol 126: 59-66, 2006.

Thomopoulou GE, Tseleni-Balafouta S, Lazaris AC, Koutselini H,
Kavantzas N and Davaris PS: Immunohistochemical detection
of cell cycle regulators, Fhit protein and apoptotic cells on
parathyroid lesions. Eur J Endocrinol 148: 81-87, 2003.

Zachos I, Konstantinopoulos PA, Vandoros GP, Karamouzis MV,
Papatsoris AG, Podimatas T, Papachristodoulou A, Chrisofos M,
Deliveliotis C and Papavassiliou AG: Predictive value of
telomerase reverse transcriptase expression in patients with high
risk superficial bladder cancer treated with adjuvant BCG
immunotherapy. J Cancer Res Clin Oncol 135: 1169-1175,
2009.

Wu YL, Dudognon C, Nguyen E, Hillion J, Pendino F, Tarkanyi I,
Ardai J, Lanotte M, Tong JH, Chen GQ and Segal-Bendirdjian E:
Immunodetection of human telomerase reverse-transcriptase
(hTERT) re-appraised: nucleolin and telomerase cross paths. J
Cell Sci 119: 2797-2806, 2006.

Ginisty H, Sicard H, Roger B and Bouvet P: Structure and
function of nucleolin. J Cell Sci 112: 761-772, 1999.
Srivastava M and Pollard HB: Molecular dissection of
nucleolin's role in growth and cell proliferation: new insights.
FASEB J 13: 1911-1922, 1999.

Ishikawa F, Matunis MJ, Dreyfuss G and Cech TR: Nuclear
proteins that bind the pre-mRNA 3' splice site sequence
r(UUAG/G) and the human telomeric DNA sequence
d(TTAGGG)n. Mol Cell Biol 13: 4301-4310, 1993.

Khurts S, Masutomi K, Delgermaa L, Arai K, Oishi N, Mizuno H,
Hayashi N, Hahn WC and Murakami S: Nucleolin interacts with
telomerase. J Biol Chem 279: 51508-51515, 2004.

Wong JY, Kusdra L and Collins K: Subnuclear shuttling of
human telomerase induced by transformation and DNA damage.
Nat Cell Biol 4: 731-736, 2002.

Kotoula V, Cheva A, Barbanis S, Papadimitriou CS and
Karkavelas G: hTERT immunopositivity patterns in the normal
brain and in astrocytic tumors. Acta Neuropathol 111: 569-578,
2006.

Yan P, Benhattar J, Seelentag W, Stehle JC and Bosman FT:
Immunohistochemical localization of hTERT protein in human
tissues. Histochem Cell Biol 121: 391-397, 2004.

Casalbore P, Budoni M, Ricci-Vitiani L, Cenciarelli C, Petrucci G,
Milazzo L, Mintano N, Tabolacci E, Maira G, Larocca LM and
Pallini R: Tumorigenic potential of olfactory bulb-derived
human adult neural stem cells associates with activation of
TERT and NOTCHI. PLoS ONE 4: e4434, 2009.

Madej P, Plewka A, Madej JA, Dzimira S, Nowak M, Plewka D
and Nowaczyk G: Immunohistochemical localization of
telomerase in myomas and in uterine myometrium. Pathol Res
Pract 204: 637-642, 2008.

Zendehrokh N, Rehnberg J and Dejmek A: Comparison of
NCL-hTERT antibody reactivity and telomere repeat amplifi-
cation protocol in situ in effusions. Acta Cytol 51: 886-892,
2007.

Kyo S, Takakura M, Fujiwara T and Inoue M: Understanding
and exploiting hTERT promoter regulation for diagnosis and
treatment of human cancers. Cancer Sci 99: 1528-1538, 2008.
Viliméki S, Forsberg L, Farnebo LO and Larsson C: Distinct
target regions for chromosome 1p deletions in parathyroid
adenomas and carcinomas. Int J Oncol 21: 727-735, 2002.
Hewitt KM, Sharma PK, Samowitz W and Hobbs M: Aberrant
methylation of the HRPT2 gene in parathyroid carcinoma. Ann
Otol Rhinol Laryngol 116: 928-933, 2007.



