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Clonal assessment suggests that most parathyroid
adenomas and a subset of uremic parathyroid
hyperplasia are monoclonal. A weakness that
remains in the prior clonal studies is assessing the
clonal status of the tissue fragments containing
multiple nodules rather than a single nodule
emerging in the uremic parathyroid hyperplasia.
We applied the X chromosome-linked phospho-
glycerate kinase (PGK) gene inactivation assay
method for clonality to study individual nodules.
Materials were obtained from 31 cases with
parathyroid adenoma and 16 with uremic parathy-
roid hyperplasia. 17 cases were heterozygous in the
PGK-1 locus. We were able to assess the clonality of
10 parathyroid adenomas and 7 hyperplastic
glands. Monoclonality was demonstrable in 9 of
the 10 parathyroid adenomas and in 4 of the 7
hyperplastic glands. Further analysis of 11 individ-

ual nodules microdissected from 3 monoclonal and
1 polyclonal hyperplastic glands revealed that 6
nodules were monoclonal and 5 were polyclonal.
Nodules arising in a hyperplastic gland could be of
monoclonal or polyclonal origin. Polyclonal and
monoclonal nodules coexisted within single
glands. Our findings indicate a progression from
generalized hyperplasia to a monoclonal tumor in
uremic parathyroid hyperplasia. Comparing clonal-
ity with the parathyroid hormone (PTH)
immunoreactivity and histological features, we
found that monoclonal nodules showed a homoge-
neous immunoreactivity against PTH antibody,
whereas most of the polyclonal nodules showed a
heterogeneous staining. Classic morphological cri-
teria alone was inadequate to distinguish a mono-
clonal from a polyclonal nodule. (Pathology
Oncology Research Vol 3, No 3, 198-203, 1997)
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Introduction

Hyperparathyroidism has long been appreciated to be
expressed as hypercalcemia in association with excessive
secretion of the PTH, but the molecular pathophysiology
is poorly characterized until now."? Differentiation
between parathyroid adenoma and hyperplasia is still dif-
ficult both forclinicians and pathologists.” Recently,
some authors have applied X-inactivation analysis o the
clonal assessment of parathyroid adenomas, and they have

Received: June 25, 1997 accepred: Sept 2, 1997
Correspondence: Liang SHAN: Second Department of Pathology,

Wakayama Medical College, 27 Kyubancho, Wakayama City, Waka-
yama, 640 Japan, Tel: (81) 0734-26-8315, Fax: (81) 0734-33-2053

© 1997 W. B. Saunders & Company Ltd on behalf of the Ardnyi Lajos Foundation

found that most parathyroid adenomas were monoclonal.
This finding also extended to the uremic parathyroid
hyperplasia and multiple endocrine neoplasia type 1
(MEN-1).*"7 Morcover, loss of heterozygosity involving
the 1113 region has been detected in the majority of
parathyroid tumors from MEN-1 patients and a subset of
uremic parathyroid hyperplasia, which provided indirect
evidence for the clonal origin of these lesions.*” These
observations lessen the distinction between parathyroid
hyperplasia and adenoma and may in part explain the
inadequacy of histopathological criteria used to distin-
guish between these two different lesions.

However, these studies are based on the analysis of
tissue fragments containing multiple nodules emerging
in the uremic parathyroid hyperplasia. The assessment
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may reflect the clonal status of a single nodular tumor,
such as parathyroid adenomas. It is apparent that the
clonal assessment is inadequatc for a gland with a
multinodular structure and it is also not enough for the
understanding of the pathogenesis of the uremic parathy-
roid hyperplasia.

In the present study, we examined the clonality of
parathyroid adenomas and uremic parathyroid hyperplasia
using X-chromosome-linked PGK gene inactivation assay.
We further analyzed the clonality of individual nodules
arising in uremic parathyroid hyperplasia and compared
the clonality with the histopathological features.

Materials and Methods
Cases and parathyroid specimens

Forty seven female cases were included in our analysis,
who underwent surgical treatment in four separate hospi-
tals because of primary or secondary hyperparathyroidism
and resistance to medical treatment. These cases were cat-
egorized as having parathyroid adenoma (31 cases) or ure-
mic parathyroid hyperplasia (16 cases) according to the
accepted clinicopathological criteria. None of the patients
had a history of neck irradiation, renal transplantation or a
family history of hyperparathyroidism. The parathyroid
specimens were formalin-fixed, paraffin-embedded or
frozen tissue.

Microdissection

Six consecutive sections with a thickness of 10 um
were cut from the parathyroid glands. For the parathyroid
adenomas, the tumor mass was microdissected from the
sections for clonal analysis. For the uremic parathyroid
hyperplasia, first, the tissue fragments containing all the
nodules were taken from 3 sections and subjected to clon-
al analysis. Then, individual nodules were microdissected
separately from 3 or 4 sections using a microcapillary
tube. This microcapillary tube was pulled to a fine tip and
was cleaned with 100% cthanol to avoid contamination
among samples. These nodules were separately subjected
to clonal analysis. In addition, we further subdivided a
polyclonal nodule into 3 regions, and the 3 regions were
separately microdissected and subjected to analysis. The
thyroid tissue, lymph nodes or thymus from the same
patient was used as a normal control.

Clonal analysis
DNA was extracted using modified Goelz’ s method"
or QlAamp tissue kit (QIAGEN GmbH, Germany),

according to the manufacture’s protocol. Genomic DNA
with or without pretreatment was amplified in pairs using
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primers 1A, 1B and internal primers 2A, 2B as reported
by D. Gary Gilliland, et al.'' The pretreatment of DNA
(0.1-0.4 ug) was carried out using 15 U of Hpa 1l methy-
lation-sensitive enzyme (Takara Shuzo Co. Ltd. Japan)
for over 12 hours at 37 °C in a total of 50 pl reaction
solution. Eight pl of the PCR products were digested for
4 hours at 45 °C with 15 U of Bst XI (Takara Shuzo Co.
Ltd. Japan). Completeness of the digestion was con-
trolled using the PCR product from a male DNA with
only the inactive PGK allele. Following purification, the
digested product was analyzed in agarose gel (2%
Nusieve GTG and 1% Seakem, FMC, USA) and stained
with ethidium bromide. Clonality was determined in
comparison with the normal tissue.

Immunohistochemical study

Sections were cut at a thickness of 4 um. Avidin-biotin
peroxidase complex (ABC) method was used to analyze
the immunoreactivity against monoclonal PTH antibody
(DAKO, optimal dilution 1:2560). Antigen was retrieved
by microwave irradiation before applying the PTH anti-
body."”* The period of irradiation was 5 minutes, repeated
3 times, with the sections immersed in the citric acid
buffer (pH 6.0). Finally, the sections were counterstained
with methyl green. Omission of the primary antibody was
used as a negative control.

Results

Heterozygosity — Of the 47 female cases, 17 were het-
erozygous in the PGK-1 locus. We were able to assess the
clonal status in 14 of the 17 cases. The 14 cases included
10 with parathyroid adenoma and 4 with uremic parathy-
roid hyperplasia.

Clonality of the parathyroid adenomas — 9 out of the 10
parathyroid adenomas showed a monoclonal pattern, rep-
resenting either the uncut 530 base pairs (bp) or the
cleaved 433 bp in the agarose gel. One parathyroid adeno-
ma demonstrated a polyclonal pattern, which might be due
to the contamination of the rich blood vessels in the tumor
stroma (Fig. I).

Marker 1

Figure 1. Representative analysis of the clonality of 5 parathy-
roid adenomas (lane 1-5). One parathyroid adenoma (lane 1)
showed a polyclonal pattern. The others were all monoclonal.
Marker: PhiX174 RF DNA Hae III digest. “+” and “-": with
and without pretreatment of DNA by Hpa 11
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Figure 2, Clonal results of the hyperplastic glands from the
patient presented in table 1. Glands I, 11, IV show a polyclonal
patiern and gland I shows a monoclonal pattern. Thymic tis-
sue as a normal control shows a polyclonal pattern. Marker:
PhiX174 RF DNA Hae U1 digest. “+" and “-": with and with-
out pretreatment of DNA by Hpa 1.

Clonality of the uremic parathyroid hyperplasia and
individual nodules — Of the 4 cases, 7 affected glands
were detected in their clonalities. In 3 cases, one gland
was assessed respectively and all were monoclonal. In
the additional case, 4 glands were separately analyzed; 1
gland showed a monoclonal and 3 showed a polyclonal
pattern (Fig. 2). Tissue microdissection yielded 11 nod-
ules (Table 1). Five nodules were obtained from one
gland with a polyclonal pattern of which 3 demonstrated
a monoclonal pattern and 2 were polyclonal (Fig. 3). The

Table 1. Representative analysis of one case with uremic
parathyroid hyperplasia

Gland Staining

No Nodularity Size* patiern Clonality

I diffuse 3 homogenous  polyclonal

1T multinodular 23 heterogenous  polyclonal
nodule 1 10 homogenous  monoclonal
nodule 2 19  heterogenous polyclonal
nodule 3 4 heterogenous polyclonal
nodule 4 6 homogenous  monoclonal
nodule 5 5 homogenous  monoclonal

il multinodular 15  heterogenous monoclonal
nodule 1 2 heterogenous polyclonal
nodule 2 3  homogenous  polyclonal
nodule 3 3 homogenous  polyclonal
nodule 4 6  homogenous  monoclonal

v multinodular 24  heterogenous  polyclonal

* mm in diameter;

The patient, a 41 year-old female, had accepted dialysis for
40 years until the parathyroidectomy and autotransplanta-
tion 20 months ago because of chronic renal failure. The lab-
oratory examination revealed a high serum PTH level (HS-
PTH 398 pg/ml), hypercalcemia (10.5 mg/dl) and hyper-
phosphatemia (5.6 mg/dl). The physical examination
revealed soft tissue calcification and multiple bone fractures.
After the operation, the serum calcium level returned to nor-
mal until now.

Marker 1 2 3 4 5

Figure 3. Representative clonality of the individual nodules
microdissected from gland 11 in Figure 2. Monoclonal pattern
is demonstrated in nodules 1, 4, 5. The remaining nodules
showed a polyclonal pattern. Marker: PhiX174 RF DNA Hae
ITT digest.

other 4 nodules were obtained from an additional gland
with a monoclonal pattern; 1 was monoclonal and 3 were
polyclonal. The remaining two nodules were microdis-
sected from two other separate glands with monoclonali-
ty and both showed a similar monoclonal pattern to that
of the primary gland. Further analysis of a polyclonal
nodule showed that the 3 regions from the nodule were
all polyclonal, similar to the clonality of the nodule.
Monoclonal nodules and polyclonal nodules coexisted
within single glands. A polyclonal pattern based on the
analysis of the tissue fragments containing multiple nod-
ules did not indicate a polyclonal expansion of the gland.
Similarly, polyclonal nodules could exist within a gland
showing a monoclonal pattern.

The clonal inconsistency between the glands and the
individual nodules may be common, although our sample
was small. As we analyze the tissue fragments of a
multinodular gland rather than single nodules, the clonal
status of the gland would be the reflection of what kind

Figure 4. The parathyroid gland 11 in Table 1. showing the
multinodular feature (H&E stain, X1.8). The number of the
nodules is the same as that in Figure 3.
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Figure 5. Nodule 1 in gland 11. showing that histologically the nodule is composed of uniform chief cells (A) (H&E stain, X100).
Immunohistochemically it shows a homogeneous staining against PTH antibody (B) (ABC, X100).

of nodules (monoclonal or polyclonal) have the advan-
tage within the gland.

Immunohistochemical findings (Fig. 4-6) — According
to the PTH immunoreactivity, we could divide the affect-
ed glands into two groups: one group showed a homoge-
neous and another showed a heterogeneous staining.
Most of the parathyroid adenomas demonstrated a homo-
geneous staining, whereas in the parathyroid hyperpla-
sia, different nodules showed different staining patterns
or intensitics.

Some nodules were stained homogeneously and some
were stained hcterogeneously. As we compared the
immunohistochemical features with their clonalities, we
noticed that the monoclonal nodules showed a homoge-
neous staining (6/6) and most of the polyclonal nodules
showed a heterogeneous staining (3/5). In H&E staining,
the morphological features alone were inadequate to dis-
tinguish monoclonal from polyclonal nodules.

Discussion

X-inactivation analysis is a powerful method that does
not require information about a potentially defective gene.
Several groups have reported that most of the parathyroid
adenomas and a substantial uremic parathyroid hyperplasia
are monoclonal *'*!* These findings provide new insights
into the pathogenesis of the primary and secondary hyper-
parathyroidism. Our clonal results about the parathyroid
adenomas and hyperplasias are consistent with their con-
clusions. However, to draw conclusions concemning the
pathogenesis of the uremic parathyroid hyperplasia, it is
essential to consider the feature that most of the affected
glands are composed of multiple nodules. In the previous
analysis of clonality, they have only analyzed the clonal
status of the tissue fragments containing multiple nodules.
The assessment of individual parathyroid nodules has not
been carried out. Our analysis revealed that nodules arising

Figure 6. Nodule 2 in gland II. The nodule is also composed of uniform chief cells similar to nodule 1 (A) (H&E, X100), but it
demonstrates a heterogeneous staining against PTH antibody (B) (ABC, X100).
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in hyperplastic glands may be of polyclonal as well as clon-
al origin. Coexistence of polyclonal and monoclonal nod-
ules is easily interpreted as polyclonality of the lesion by
analysis of the tissue fragments containing all the nodules.
Within a gland undergoing hyperplasia, one or more cells
may undergo a mutation that confers a selective growth
advantage on the progeny of those cells. Coexistence of
both clonal and polyclonal nodules may reflect a progres-
sion from generalized hyperplasia to neoplastic lesion in
the uremic parathyroid hyperplasia. Similar results are
obtained and are becoming apparent in MEN-1 endocrine
lesion with different allelic losses in the nodules.** Our
findings are more or less similar to those of the clonal
analysis in the adenomatous goiter of the thyroid and in the
liver cirrhosis. For both lesions, coexistence of clonal and
polyclonal nodules and the neoplastic nature of the clonal
nodules have been well documented. '™

For a polyclonal pattern, it could be misinterpreted for
a variety of reasons, such as contamination of normal tis-
sue in the stroma or hyperplastic parathyroid cells among
the nodules.® The most reasonable explanation may be that
monoclonal and polyclonal nodules coexist within a single
gland, as revealed by us. To interpret the monoclonality of
individual nodules, it invokes the concept of “patch
size.”'™'” This theory suggests that an apparently mono-
clonal lesion may originate from a small number of cells
in a “patch” with the same pattern of X-chromosome inac-
tivation. Therefore, demonstrating molecular monoclonal-
ity among cells within the same patch would be uninfor-
mative. Unfortunately, we know litlle about the patch size
in the parathyroid gland. We have checked the concept of
“patch size” by dividing one polyclonal nodule into sever-
al regions. Similar polyclonal patterns were obtained from
all 3 regions. Our results indicate that the parathyroid
anlage is already multicellular at the time of X-inactiva-
tion as observed in thyroid anlage.'s We prefer to consider
that the monoclonal nodule represents a monoclonal tumor
rather than a simple increase of a patch size due to cellular
hyperplasia. In a tecent report by Lubensky et al,’ they
concluded that a parathyroid lesion associated with MEN-
1 could consist of more than one clone with different allel-
ic losses. Their findings agree with our explanation of the
“patch size.”

Histopathological criteria appear inadequate to distin-
guish between parathyroid adenoma and hyperplasia, 2%
However, as we compared the immunohistochemical char-
acteristics with clonality, we found that the parathyroid
adenoma showed a homogeneous reaction against PTH
antibody. Similarly, monoclonal nodules also showed a
homogeneous staining. PTH immunoreactivity was con-
sistent with the clonal status to a certain extent. In the his-
tology, morphologically similar nodules were either mon-
oclonal or polyclonal. It was inadequate to differentiate
between them by morphological features alone.

Nodularity was not a diagnostic parameter for parathyroid
hyperplasia.

In summary, we analyzed in detail the clonality of ure-
mic parathyroid hyperplasia. Nodules arising in a hyper-
plastic gland could be of monoclonal or polyclonal origin.
Our results indicate a progression from a generalized
hyperplasia to a monoclonal tumor in the secondary hyper-
parathyroidism associated with chronic renal failure. PTH
immunoreactivity rather than histological features may be
of help to differentiate a monoclonal tumor from poly-
clonal hyperplasia to a certain extent.
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