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Abstract

The resistance of parathyroid cells to 1,25-dihydroxyvitamin
D3 (1,25(OH)2D3) in uremic hyperparathyroidism is thought
to be caused, in part, by a 1,25(OH)2D3 receptor (VDR) defi-
ciency in the parathyroids. However, results of biochemical
studies addressing VDR numbers in the parathyroids are con-
troversial. Several studies have found VDR content to be de-
creased in the parathyroids of uremic patients and animals,
while others have found no such decrease in the parathyroids of
uremic animals.

To clarify the role of VDR, we investigated VDR distribu-
tion in surgically-excised parathyroids obtained from chronic
dialysis patients by immunohistochemistry. We classified the
parathyroids as exhibiting nodular or diffuse hyperplasia. Our
studies demonstrated a lower density of VDR in the parathy-
roids showing nodular hyperplasia than in those showing dif-
fuse hyperplasia. Even in the parathyroids showing diffuse hy-
perplasia, nodule-forming areas were present; these areas were
virtually negative for VDR staining. A significant negative
correlation was found between VDR density and the weight of
the parathyroids. These findings indicate that the conflicting
results of biochemical studies may be caused by the heteroge-
neous distribution ofVDR; the decreased VDR density in para-
thyroids may contribute to the progression of secondary hyper-
parathyroidism and to the proliferation of parathyroid cells
that is seen in uremia. (J. Clin. Invest. 1993. 92:1436-1443.)
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Introduction

Patients on long-term hemodialysis caused by chronic renal
failure commonly have accompanying renal bone disease, one
of the major factors underlying this disease being secondary
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hyperparathyroidism (2HPT)'. Parathyroid hyperplasia and
high levels of immunoreactive parathyroid hormone (PTH)
are present in the early stage of2HPT ( 1 ). The initial stimulus
for the hypersecretion ofPTH is thought to be predominantly a
chronic reduction of ionized calcium in the extracellular fluid,
caused by the reduced production of 1,25(OH)2D3 and/or to
phosphate retention. Although 2HPT is sometimes managed
by calcium supplementation, by maintenance of the physio-
logic level of serum 1,25 (OH)2D3 by oral 1,25(OH)2D3 ther-
apy, and by restriction ofphosphate intake, many patients with
2HPT remain unresponsive to this conservative treatment. Re-
cent studies have suggested that resistance of parathyroid cells
to 1,25 (OH )2D3 might underlie the 2HPT in uremia (2), and
reduction of VDR density is believed to participate in the
pathogenesis of this resistance. In fact, some studies have bio-

chemically demonstrated reduced VDR numbers in the para-
thyroids of uremic patients (3) and animals (4, 5). However,
other studies have had different results, finding that VDR lev-
els were not decreased in the uremic rats (6, 7).

In chronic dialysis patients with 2HPT, the parathyroid
glands have been histologically classified into three patterns;
those showing adenoma, diffuse hyperplasia, and nodular hy-
perplasia (8-10). The nodular hyperplasia may represent an
advanced stage of hyperplasia and be present in more severe
hyperparathyroidism ( 11 ). To determine the cause ofparathy-
roid resistance to 1 ,25 (OH)2D3 in uremia and the relationship
between the progression of2HPT and the numbers ofVDR, we
examined VDR density and distribution by histochemical
staining. We used a monoclonal antibody against VDR in sur-
gically excised parathyroid glands of the diffuse and nodular
hyperplasia.

Methods

Clinical samples. Tissue specimens were obtained from 16 hemodialy-
sis patients with 2HPT, for which they had total parathyroidectomy
with forearm autograft. The duration of hemodialysis before parathy-
roidectomy was 12.9±4.5 yr (mean±SD). Each patient met all the
following indications for parathyroidectomy: high serum PTH levels
(COOH-terminal immunoreactive PTH > 20 ng/ml), positive radio-
logic study for osteitis fibrosa, enlarged parathyroid glands on preopera-
tive image diagnosis, and resistance to medical treatment. The preoper-
ative concentrations of serum calcium and phosphate were 5.2±0.5
meq/liter (normal range: 4.4-5.5 meq/liter) and 6.3±2.0 mg/ 100 ml
(normal range: 2.7-4.4 mg/ 100 ml), respectively. Calcium values
were corrected for protein concentration. All patients were treated with

1. Abbreviations used in this paper: 1,25(OH2D3, 1,25-dihydroxyvita-
min D3; D-type, a type ofdiffuse hyperplasia; 2HPT, secondary hyper-
parathyroidism; N-type, a type of nodular hyperplasia; PTH, parathy-
roid hormone; VDR, 1,25-dihydroxyvitamin D3 receptor.
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alfacalcidol (0.25 or 0.5 Ag daily), and two patients were treated with
high dose 1,25 (OH)2D3 by intermittent oral therapy, but, nevertheless,
2HPT progressed. In total parathyroidectomy with forearm autograft,
all parathyroid glands were excised and pieces of parathyroid tissue,
taken from the smallest parathyroid gland in each case, were autotrans-
planted into forearm. These patients were followed for 2 1 yr; there
was no graft-dependent recurrence.

We examined 20 parathyroid glands; all exhibited hyperplasia, not
adenoma. The pattern of hyperplasia was divided into two types both
macroscopically and microscopically, one type being diffuse (D-type),
with a normal lobular constitution (Fig. 1 A), and the other being
nodular (N-type)(Fig. 1 B). The criteria for nodular hyperplasia were
the presence of at least one well-circumscribed encapsulated nodule
and virtually fat cell-free accumulation of parenchymal cells ( 12). Ac-
cording to these criteria, the 20 parathyroid glands were classified into
14 N-type glands and six D-type. In one patient, two glands, one N-type
and one D-type, were excised. In another patient, four parathyroid
glands, two N-type and two D-type, were excised. The other 14 glands,
11 N-type and three D-type, were excised from 14 patients; i.e., one
gland from each patient. The 11 N-type parathyroid glands were the
largest of the glands obtained from each patient.

Surgically-excised specimens were immediately embedded in OCT
compound (Miles Inc., Elkhart, IN) and snap frozen in liquid nitrogen.

Immunohistochemistryfor 1,25(OH)2D3 receptor. Monoclonal an-

tibody 9A7 (kindly provided by Dr. J. W. Pike, Department of Pediat-
rics, Baylor College of Medicine, Houston, TX) was raised against
chick intestinal VDR, as described previously ( 13 ). Tissue sections (5
um) were cut on a cryostat (Jung Frigocut 2800 E; Reichert-Jung, Ger-
many, and Bright Cryostat; Bright Instrument Co. Ltd., Huntingdon,
England) and thaw-mounted on slides coated with poly-L-lysine
(Sigma Immunochemicals, St. Louis, MO). They were immediately
fixed in 4% paraformaldehyde (Nacalai Tesque Inc., Kyoto, Japan) in
PBS (pH 7.3) at 4VC for 60 min, followed by three washes with PBS.
After the washing, nonspecific reaction was blocked with normal 5%
goat serum (Vector Laboratories, Burlingame, CA) in PBS. Sections
from each specimen were immersed in either 9A7 antibody (diluted
1:1,000 or 1:2,000 in PBS containing 1% goat serum) or in control
solution (1% goat serum in PBS) and incubated overnight at 4°C.
Slides were washed thoroughly in several changes of PBS; 50 M1 or less
of diluted gold-conjugated anti-rat IgG (BioCell, Cardiff, CA) ( 1 /100
in PBS) was then placed on each section and the slides were incubated
for I h at room temperature. They were then washed five times with
distilled water and a drop of silver-enhancing solution (BioCell) was
applied to each specimen. The development of a silver deposit was
monitored continuously and the process was stopped, by immediate
washing in tap water, when specific staining was complete and the
background remained minimal.

The specificity of the staining reaction for VDR was confirmed by

A

B

Figure 1. Microphotograph of hyperplastic parathy-
roid tissue (hematoxylin and eosin stain). (A) Diffuse
hyperplasia with normal lobular constitution. x40.
(B) Nodular hyperplasia with several nodules
surrounded by fibrous bands. x20.
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immunostaining studies, using the 9A7 monoclonal antibody preab-
sorbed with recombinant VDR (kindly provided by Dr. J. W. Pike).
Recombinant VDR was produced and purified from yeast in a func-
tional form ( 14). The preabsorption of monoclonal antibody with re-
combinant VDR was performed at 40C for 18 h before the staining
procedure.

Immunohistochemistry for PTH. Some sections were stained for
PTH after the VDR staining, using chicken antibody against rat PTH
(Yamasa, Tokyo, Japan), which reacts with human PTH, as described
previously ( 15). After the VDR staining procedure, anti-rat PTH anti-
body (diluted 1:10,000 in PBS) was mounted on the section and incu-
bated overnight at 40C. Slides were washed three times, incubated with
biotin-labeled anti-chicken IgG (Vector Laboratories) diluted 1:200
with PBS containing 0.5% bovine serum albumin (Nacalai Tesque.
Inc.) for 30 min at room temperature, after which they were washed
again with PBS three times. The avidin-biotin complex, labeled with
glucose oxidase (Vector Laboratories), was mounted on the sections
for 30-60 min at room temperature. After being washed with PBS, the
sections were finally treated with a glucose oxidase substrate kit (Vec-
tor Laboratories) diluted in 50 mM Tris HCI (pH 9.5) for 15-30 min.
Counterstaining was done in 0.2% methylene green or Mayer's hema-
toxylin.

Evaluation. Staining of slides incubated with 9A7 was compared
with that ofcontrol slides without 9A7. The reaction in the section was
evaluated as specific when such a reaction was absent in the control
section and was inhibited by preincubation of 9A7 with recombinant
VDR. The percentage of specifically-stained nuclei was estimated.
Scoring was performed in at least five high-power magnification (400)

fields by two observers. Nuclei were regarded as being stained specifi-
cally only when there was agreement between the two observers. Nuclei
were counted within nodules in the N-type and the count was excluded
in the areas forming small nodules in the D-type. To assess the repro-
ducibility of this staining procedure, one D-type specimen was stained
repeatedly; the percentages of positive VDR staining were 44.8, 54.5,
52.3, and 55.9% (coefficient of variation, 9.5%). In addition, some
specimens were stained with FITC-conjugated goat anti-rat IgG (Kir-
kegaard & Perry Laboratories Inc., Gaithersburg, MD) instead ofgold-
conjugated goat anti-rat IgG as the second antibody; these were ana-
lyzed with an interactive laser cytometer (ACAS570; Meridian Instru-
ments Inc., Okemos, MI). The results of this measurement were
similar to the results obtained from scoring stained nuclei (data not
shown).

The percentage of stained nuclei and the weights of parathyroid
glands were compared in the N-type and D-type, using the Wilcoxon-
Mann-Whitney test. The relationship between the percentage of
stained nuclei and the weights of the parathyroid glands was examined
by least squares method.

Results

Specificity ofstaining. Incubation of sections of human para-
thyroid glands with anti-VDR antibody revealed a pattern of
nuclear localization with little cytoplasmic staining (Fig. 2 A),
that is, immunoreactivity was observed predominantly in the
nuclei of parathyroid gland cells. Control sections incubated

Figure 2. Immunohistochemical staining ofVDR in hyperplastic parathyroid tissues (counterstain: methylene green) X400. (A) Parathyroid cells
stained with 9A7. Black nuclei (arrows) show positive VDR staining with little cytoplasmic staining. (B) Parathyroid cells incubated without
9A7. These cells show only counterstained; i.e., blue nuclei.
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without 9A7 did not reveal any nuclear staining (Fig. 2 B). The
nuclear staining associated with 9A7 was inhibited by preincu-
bation of 9A7 with recombinant VDR.

VDR immunohistochemical assay. VDR immunoreactiv-
ity was distributed homogeneously within the areas of diffuse
hyperplasia. This distribution was also uniform within each of
the nodules. Cells from tissue of the N-type demonstrated a
marked decrease in nuclear staining compared with cells from
tissue of the D-type (Fig. 3, A and B). We determined the
percentage of specifically stained nuclei. In the D-type, VDR
immunoreactivity was expressed by 45.2±11.7% (mean±SD)
of these cells and in the N-type, it was expressed by only
23.1±6.16% of the parathyroid cells, the percentage in the N-
type being significantly lower than that in the D-type (P
< 0.01) (Fig. 4).

Occasionally, different histological types of hyperplastic
parathyroid glands were found to coexist in one 2HPT patient.
Two parathyroid glands from one patient were found to be an
N-type (percentage of VDR staining, 28.2%) and a D-type
(43.8%), and four glands from another patient were found to
be two N-type (21.6% and 33.6%, respectively) and two D-type
(32.3% and 44.1%, respectively). In these cases, the VDR den-
sity in the N-type was lower than that in the D-type.

Careful histological evaluation revealed small nodules in
two D-type parathyroid glands. VDR immunoreactivity was

virtually negative within such nodules, while cells outside the
such nodules in the same section expressed positive staining

(Fig. 5).
Relationship to PTH content. When the distribution of

VDR immunoreactivity in parathyroid tissues is examined, it
is necessary to show whether the parenchymal cells are actually
stained. Therefore, we performed double staining using anti-
bodies against VDR and PTH. The cytoplasm was stained for
PTH in cells with nuclei that were positively stained for VDR,
as well as in cells whose nuclei were negatively stained forVDR
(Fig. 6). These findings suggest that nuclear staining associated
with 9A7 is expressed in the parenchymal cells; we can thus
exclude the possibility that the different distribution ofstromal
cells caused differences in the VDR density between the N- and
D-types.

Relationship to weight of the parathyroid gland. The
weights of three parathyroid glands were unknown; we exam-
ined the weight of 17 glands (12 N-type and 5 D-type). The
mean weight ofthe N-type was 2,044±2,121.3 mg (range: 555-
8,111 mg) and the mean weight of the D-type was 340±213.8
mg (range: 49-580 mg). The N-type was significantly heavier
than the D-type (P < 0.0003). Since 1,25(OH)2D3 is reported
to be associated with the proliferation of parathyroid cells, we
examined the relationship between the weight ofthe glands and
VDR density. A comparison of the weights of the parathyroid

Figure 3. Comparison of diffuse and nodular hyperplastic parathyroids for immunohistochemical staining ofVDR (counterstain: hematoxylin).
x400. (A) Nodular hyperplastic parathyroid tissue section. (B) Diffuse hyperplastic parathyroid tissue section. Positive staining of cells for VDR
is clearly greater in diffuse hyperplasia than in the nodular form.
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Figure 4. Percentage ofVDR positive staining in the different types of
hyperplasia. Open circles A and B indicate parathyroid glands excised
from patients A and B.

glands and the corresponding percentages of positive VDR
staining revealed a significant negative correlation (r = -0.573,
P < 0.02) (Fig. 7).

Discussion

Enlargement of the parathyroid glands and microscopic signs
of glandular abnormality may be seen even in early stages of
renal disease (9). With the progression of renal insufficiency,
the total weight ofthe parathyroid glands may increase consid-
erably; the degree ofthis enlargement correlates with the dura-
tion and severity of renal function impairment (9, 10, 16).
Typical histopathological findings in advanced renal hyper-

parathyroidism are nodularities and an increased number of
oxyphil or transitional oxyphil cells (9, 10, 17). The hyperplas-
tic parathyroid tissue, however, does not always show symmet-

rical enlargement (17). Since the N-type gland is usually
heavier than the D-type and does not normally have numerous
fat cells ( 10, 17), the N-type is suspected to represent a more
aggressive proliferation of parathyroid cells. In a study using
image cytometric DNA analysis of parathyroid cells in 2HPT,
the relative number of scattered cells that displayed cytometric
nuclear DNA values outside the main diploid histogram peak
was found to be greater in the N-type ( 12, 18). These scattered
cells is supposed to well correspond to fraction ofthe S phase in
the flow-cytometric DNA histogram. Thus, the proliferative
activity of parathyroid cells may reflect the progression of
2HPT. In fact, it has been reported that the N-type is usually
present in patients with higher concentrations of serum
COOH-terminal immunoreactive PTH and more severe bone

symptoms ( 11). Therefore, this type is likely to represent the

advanced stage of hyperplasia and to be present in more severe
hyperparathyroidism.

Studies of the direct action of 1,25(OH)2D3 on parathyroid
cells have shown that it suppresses the secretion (19-22) and
synthesis (2, 6, 23-28) of PTH and directly inhibits parathy-
roid cell proliferation (29-31).

At present, it is thought that resistance to the physiological
concentration of serum 1,25 (OH)2D3 in parathyroid cells oc-
curs in hemodialysis patients with severe 2HPT (19-22). The
resistance is considered to be caused, in part, by a VDR defi-

ciency in the parathyroid glands. Korkor demonstrated that
the parathyroid glands of patients with chronic renal failure
contained almost one third of the receptors found in parathy-
roid adenomas (3). Merke et al. found that, in acutely uremic

rats, 6 d after subtotal nephrectomy, the parathyroid glands

contained only half the amount of receptor found in the para-
thyroid glands of sham-operated controls (4). Similar results
were reported by Brown, et al. in chronically uremic dogs (5).
These studies suggest that the reduced receptor number in the

parathyroid glands of uremic patients may render the glands
less responsive to the inhibitory action of 1,25 (OH)2D3. How-

ever, there are also reports that showed no decrease in VDR in
uremic rats (6, 7). These conflicting results may be caused by
the use ofbiochemical procedures that depend on tissue homog-
enization and fractionation; thus, individual parts of the para-

thyroid containing heterogeneous types of tissues and cells can-
not be distinguished.

Here, we demonstrated that even in the D-type gland, the

hyperplasia contained nodule-forming areas, and there was an

extremely heterogeneous VDR distribution. Immunohisto-
chemical staining for PTH showed that cells positively stained
for VDR were capable of producing and secreting PTH. Thus,
this heterogeneous distribution in parathyroid tissues was not

caused by an increase of stromal cells. Our studies demon-

strated that the clinically more severe N-type parathyroid hy-

perplasia was associated with a reduced number of VDR per

unit of gland section compared with the milder D-type hyper-
plastic glands; especially in the same parathyroid gland, VDR

staining was localized in the cells outside the nodules. In addi-

tion, VDR density decreased as the weight of the parathyroids
increased. These findings indicated that nodules in the hyper-
plastic parathyroids ofpatients with uremia consisted predomi-
nantly of cells with low levels ofVDR, which are hyperactive in

regard to proliferation. Moreover, recent reports have shown

cellular monoclonalities in the secondary parathyroid hyper-
plasia of uremia (32, 33). Of particular note, Falchetti et al.

suggest that, even in the same patient, the parathyroid glands

show different clonalities, the glands with clonal abnormalities
being larger than all the other glands. These authors were able
to identify patients with clonal abnormalities in the parathy-
roid glands by findings of higher serum calcium prior to para-
thyroidectomy, although it should be noted that only a limited
number of patients was examined. In this present study, we
were not able to determine whether patients with only the N-

type glands showed higher serum calcium than those with D-
type glands, since our patients with the D-type glands also had
the N-type glands. The finding of totally different types of
glands in the same patients would suggest that our observations
apply to variations within the same patient rather than to dif-
ferences from one patient to another. Our findings, taken to-

gether with those of Falchetti et al., thus suggest that decreased
density ofVDR in the parathyroid may underlie not only the
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resistance to 1,25 (OH)2D3 but also the clonal selection and
proliferation of parathyroid cells in 2HPT. Further, it is likely
that, with the progression of 2HPT, nodule formation within
the D-type tissue may develop into the N-type.

In addition to the increases in the mass of parathyroid tis-
sue, another important mechanism responsible for 2HPT in
uremia is probably the shift in the set-point for calcium-regu-
lated PTH secretion. It has been reported that the control of
PTH release by calcium is abnormal in parathyroid cells ob-
tained from nodules (34). A similar abnormality was indicated
in nodules with numerous oxyphil and transitional oxyphil
cells in hyperplastic parathyroid due to uremia (35). Since
VDR density was decreased in the N-type, it is possible that
VDR abnormalities in the parathyroid glands of patients with
uremia play a role in the abnormal set point for calcium-regu-
lated PTH secretion.

When parathyroid glands with changed cell constitution
proliferate vigorously and show strong resistance to

1,25(OH)2D3 in the advanced stage of 2HPT, parathyroidec-
tomy may become necessary. Clinical findings have demon-
strated that hemodialysis patients with large parathyroid glands
respond poorly to calcitriol "pulse therapy" (36). It is thought
that the efficacy of high dose calcitriol therapy depends, to a
certain degree, on VDR density in the parathyroids and on

parathyroid size.
In addition, the frequency of recurrent 2HPT after total

parathyroidectomy with forearm autograft was shown to be
higher when tissues of N-type rather than D-type tissue re-

mained ( 12 ). It is possible that decreased VDR density in auto-
transplanted parathyroid tissue is a factor in the graft-depen-
dent recurrence of 2HPT after total parathyroidectomy with
autograft.

We conclude that VDR density was decreased in parathy-
roid tissue showing nodular hyperplasia compared with that in
diffuse hyperplasia. This decrease may contribute to the pro-
gression of 2HPT because of chronic renal failure and to the
proliferation of parathyroid cells in uremia.
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