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ABSTRACT

We have developed an immunocytochemical technique to visualize the
receptor for 1,25-dihydroxyvitamin 1), |1,25(O11),l>,| in cryostat sections
of human breast tumors and normal human breast tissue utilizing a
monoclonal antibody (9A7>) to chick intestinal receptor which recognizes
mammalian I,25(OI !)>!>,receptor.

Specific staining was observed in the nuclei of tumor cells. Previous
studies by our group have shown that a high proportion of breast tumors
bind radiolabeled I,25(OH)2D3 and we have confirmed this, demonstra
ting immunocytochemical l,25(OH)jDj receptor in 43 of 55 (78%) of
breast carcinomas. No correlation with the presence of immunostainable
estrogen receptor was found in these breast cancer specimens. Sections
of normal breast showed immunoreactivity in the nuclei of epithelial cells
of the lobules and ducts.

Our results demonstrate that the receptor for l,25(OH)jD3 resides
predominantly in the nucleus of breast carcinoma cells. The reason for
its prominent expression in breast cancers is not yet known but may be
related to growth regulation.

INTRODUCTION

Estrogen and progesterone receptor determination has been
shown to be of value in the management of human breast cancer
and in selecting patients for endocrine therapy (1). More re
cently, receptors for 1,25(OH)2D33 have been detected in 75-

80% of human breast carcinomas (2, 3), but the significance of
this finding is uncertain. In these studies, the 1.25(011)_.!)<
receptor content was measured using biochemical methods but
the information gained is limited because of the heterogeneity
of receptor distribution. Furthermore, contaminating serum
binding proteins can interfere with biochemical measurement
of the receptor (4).

Recently, 1,25(OH)2D3 receptor purified from chick intes
tinal cytosol has been used to generate monoclonal antibodies
against this receptor (5). In the present study we have utilized
one such monoclonal antibody, 9A?7, to develop an immuno
cytochemical assay for the receptor in human breast tumors.
The monoclonal antibody was obtained from confluent cultures
of rat spleen/mouse myeloma hybrids and has been shown to
recognize both chick and mammalian 1,25(( )M)..I), receptor in
biochemical studies (6). The antibody does not react with glu-
cocorticoid or estrogen receptors.

Using the immunocytochemical technique we have visualized
the receptor for 1,25(OH)2D3 in cryostat sections of breast
tumor tissue. We now report the localization of the
1,25(OH)2D3 receptor both in breast cancer biopsy specimens
and in normal human breast tissue.
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MATERIALS AND METHODS

Clinical Samples. Fifty-five breast cancer specimens were studied.
These were obtained from patients aged 39-84 years (mean age, 67
years). They comprised 14 patients with T,, 33 with T2, 6 patients with
T3, and 2 patients with TÂ«tumors. Twenty-five patients (44%) had
histological evidence of node involvement. All were infiltrating ductal
carcinomas. Three normal breast tissue samples obtained from reduc
tion mammoplasties and 7 samples of benign breast disease were also
examined.

Surgically excised specimens were immediately snap-frozen in liquid
nitrogen and stored in vapor phase in a liquid nitrogen bank to avoid
receptor degradation.

Immunocytochemical Stain for 1,25(( )l I).,!>,Receptor. The monoclo
nal antibody l)A7-, (IgG26 subclass) was raised against chick intestinal
1,25(OH)2D3 receptor and has already been described (5-7). Tissue
sections (6-8 firn) were cut on a cryostat at -25 to -30Â°C and thaw

mounted onto poly-i-lysine coated slides. These were fixed immediately
in 3.7% formaldehyde in PBS (pH 7.2) at room temperature for 10 min
followed by 2 washes of PBS. They were then immersed in cold
methanol (-20'C) for 4 min, followed by cold acetone (-20*C) for 1

min, and washed twice in PBS. Sections can be stored after fixation in
glycerol/sucrose storage medium at â€”20'Cfor up to 4 weeks before

staining. Staining was carried out using a modification of the method
for visualizing estrogen receptor (8). Briefly, after washing and blocking
with normal goat serum in PBS, 9A7-y antibody (diluted to 1:750 in
PBS:0.5% bovine serum albumin) was added to one slide and "control
antibody" (normal rat IgG) added to a second slide and incubated for

60 min. A third slide was incubated for 30 min with estrogen receptor
monoclonal antibody H222 (Abbott Laboratories, Chicago, IL). Slides
were then washed 3 times and the antibody was visualized using a
modification of the peroxidase antiperoxidase technique of Sternberger
et al. (9) as previously described for estrogen receptor immunocyto
chemical assay (8). Counterstaining was done in 1% Harris hematoxy-
lin.

Tissue sections were screened for specific staining by comparison
with the control slides incubated with normal rat IgG antiserum. In
this report, specific staining is defined as the presence of nuclear
staining in sections incubated with 9A7-y or H222 accompanied by the
absence of any staining in the control slides. The percentage of specif
ically stained nuclei was estimated.

Biochemical Assay of t,2SÂ«)lI).,!>,Receptor in Breast Tumors. Tu
mors were freeze-crushed as previously described (3) and the resultant
powder was taken up in 2.4-3 ml of KTEDM buffer (0.3 M KCI, 10
mM Tris-HCI, pH 7.4, 1 HIMEDTA, 10 mM sodium molybdate, 4 ITIM
dithiothreitol, plus 50 ;<]/ml Trasylol solution). High speed superna-
tants were obtained by centrifugation at 100,000 x g for 40 min and
designated KTEDM extracts. It has been shown previously that 0.3 M
KCI extracts contain both cytosolic receptors and any receptor in the
nuclear compartment (10). Receptor concentration was determined by
Sean-hard analysis (11). Briefly, 200 ,<l aliquots of KTEDM extracts
were incubated at 25*C for l h in duplicate with increasing amounts
(0.27-1.00 nw) of [3H]1,25(OH)2D, (specific activity, 176-180 Ci/

mmol; Amersham International, United Kingdom) in the presence or
absence of a 250-fold excess of radioinert hormone, a gift from Dr. W.
Meier, Hoffmann-La Roche and Co., Basle, Switzerland. Preliminary
studies demonstrated that no appreciable degradation of receptor oc
curred at this temperature during l h incubation. However, there was
significant loss of binding activity by 2 h. The detection limit is 0.25
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Fig. I. Immunocytochemical staining of a I,JS|( ill).,!>,
receptor-rich breast tumor section. Adjacent frozen sections
of an invasive ductal breast carcinoma were fixed and stained
by the immunoperoxidase technique as described in "Materials
and Methods" with either ami-l,25(OH)Â¡D3 receptor 9\7y

(a) or normal rat IgG (ht. x 450. Â¡:inhibition of staining by
preincubation of 9A7-y with receptor-enriched chick intestinal
cytosol preparation, x 730.

fmol/mg protein. Parallel incubations contained excess 25-hydroxyvi- tration of KTEDM extracts was determined by the Coomassie blue dye
tamin I)t to ensure specificity of displacement of 1.25(OI !)..!), (12). method (14).

Bound |'1111,25(011).â€¢!>,was separated from free hormone by the Sedimentation Analysis. T47D breast cancer cells were grown to
hydroxylapatite method as previously described (13). Protein concen- confluence under standard cell culture conditions in Dulbecco's modi
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Fig. 2. Intranuclear localization of
l,2S(OH)jDj receptor in T47D breast cancercells (a) stained with '' \~ . and (A) cells incu

bated with normal rat IgG show only the Harris
hematoxylin counterstain. x 730.

fication of Eagle's minimum essential medium supplemented with 10%

fetal calf serum (Gioco Europe, United Kingdom). KTEDM extracts
of confluent cultures were prepared by sonication in KTEDM buffer.
One-day-old chicks (Orchard Farm, Great Missenden, Bucks, United
Kingdom) were maintained on a vitamin D deficient diet for 3-4 weeks,
when the birds were killed, intestinal mucosa obtained, and KTEDM
extracts of mucosal cells prepared (12). Portions (200 n\) of KTEDM
extracts were incubated with 1.2-3.6 nM [3H]1,25(OH)2D3 with and
without unlabeled 1,25(OH)2D3 at 0*C for 3-5 h. Following charcoal

treatment, extracts were layered onto chilled linear 5-20% sucrose
gradients in KTEDM buffer and centrifuged at 243,000 x g max in a
Beckman L8-55 ultracentrifuge with a 50 SW1 rotor for 17 h, and 175-
>ilfractions were then collected.

In experiments to determine the specificity of the staining reaction,
KTEDM extracts of chick intestinal mucosa were prelabeled with 3.5
nM [3HJ1,25(OH)2D3 and the sedimentation fractions corresponding to
the 3.2S receptor (5) were pooled and concentrated approximately 11-
fold using an Amicon filter.

Preabsorption of the monoclonal antibody was carried out by incu

bation of aliquots of antibody with this receptor-enriched chick intes
tinal preparation at 4Â°Cfor 18 h prior to the staining procedure.

RESULTS

Specificity of Staining

Incubation of sections of many human breast tumors with
monoclonal anti-l,25(OH)2D3 receptor revealed a pattern of
nuclear localization with little or no cytoplasmic staining (Fig.
la). The immunoreactivity was chiefly observed in the nuclei
of tumor epithelial cells with little reaction in stremai cells. No
nuclear staining occurred when normal rat IgG was substituted
for the monoclonal antibody (Fig. \b). In general a heteroge
neous staining pattern was observed which could be local or
diffuse.

The nuclear staining which is associated with anti-
1,25(OH)2D3 receptor is effectively inhibited by preincubating
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the antibody with antigen. Preabsorption of the monoclonal
antibody with receptor-enriched chick intestinal cytosol prior
to the staining procedure eliminated the staining reaction in
sections of human breast tumor (Fig. le).

A number of normal human tissues were found to demon
strate immunoreactivity. A specific nuclear reaction was seen
in epithelial cells of human intestine, kidney, skin, liver, and
also in the follicular cells of the thyroid.4

Nuclear staining was also observed in cultured human breast
cancer cells. Fig. 2 demonstrates specific immunoreactivity in
the receptor-containing breast cancer line T47D. A similar
pattern of specific nuclear staining was seen in MCF7 and ZR-
75-1 cells which have also been reported to be 1,25(OH)2D3
receptor positive using biochemical techniques (15).

To confirm the specific reactivity of the monoclonal antibody
9A77 with human breast cancer cell 1,25(OH)2D3 receptor,
KTEDM extracts of T47D cells, preincubated with [3H]-

1,25(OH)2D3, were reacted with the monoclonal antibody. As
demonstrated in Fig. 3 the native receptor migrates as a 3.2S
macromolecule while the presence of antibody results in the
formation of a complex causing a displacement of [3H]-

l,25(OH)2Dj binding activity to the 7S region. However, no
displacement of [3H]1,25(OH)2D3 to the 7S region was seen

when KTEDM extracts of T47D cells were similarly incubated
with monoclonal antibody to estrogen receptor indicating that
this antibody does not interact with the 1,25(OH)2D3 receptor.

l,25(()l l).l), Receptor Immunocytochemical Assay

Normal and Benign Breast Disease. All the normal breast and
benign disease sections showed a weak to moderate nuclear
reaction located in epithelial cells of the lobules and ducts and
in occasional myoepithelial cells (Fig. 4). A single fibroadenoma
showed localization of the staining mostly in myoepithelial
cells.

Breast Cancer. Appreciable 1,25(OH)2D3 receptor was pres
ent in 43 of 55 breast carcinomas. The percentage of specifically
stained nuclei was estimated. The degree of staining was re
ported as weak (+), moderate (++), and strong (+++). There
was no relationship between the presence of receptor and T or
N staging, histolÃ³gica! type, or age. Six tumors did not react
while a further 6 showed only a weak focal reaction or a reaction
in single cells (Table 1). Of the positively staining tumors, 38
demonstrated immunoreactivity in more than 40% of nuclei
and 5 gave an intermediate reaction with 20-40% of nuclei
stained. We observed a reaction of the myoepithelial cells in
the uninvolved breast tissue in 3 cases.

Relationship to Estrogen Receptor Content

Thirty % of the tumors examined were negative for the
estrogen receptor protein using estrogen receptor immunocy-
tochemical assay. Table 1 shows the frequency of both steroid
hormone receptors in the 55 breast cancers studied. Fig. 5 also
demonstrates that no relationship exists between the percent
ages of tumor cells which show specific nuclear staining for
each of the immunocytochemical assays.

Relationship to Biochemical Assay

Of the 55 breast tumor specimens used for the immunocy
tochemical assay, sufficient tissue was available from 26 tumors
also to determine 1,25(OH)2D3 receptor levels by the biochem
ical assay. Of these 26 tumors, 23 were positive. The remaining

s,

4 U. Berger et al. Immunocytochemical detection of 1,25-dihydroxyvitamin D3

receptor in normal human tissues, manuscript in preparation.
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Fig. 3. Interaction ot 9A7-y monoclonal antibody with 1,25(OH)2D3 receptor

from T47D breast cancer cells. KTEDM extracts of cells were incubated with 1.0
nM [3H|1,25(OH)2D3 for 2.5 h at 4"C and the free hormone removed by dextran

coated charcoal treatment. Control, receptor complex (0.075 pmol) incubated
with 10 Â¡i\rat IgG (1.9 ng/ml) for a further 2.5 h at 4'C; 9A7y, same receptor

preparation incubated with 1o ,, I 1:40 dilution of dialyzed 9A7> clonal medium;
antiestrogen receptor (anti-ER), receptor incubated with 10 Â¿Jestrogen receptor
immunocytochemical assay primary antibody (antiestrogen receptor protein, 1.9
Mg/ml).

3 tumors showed no saturable binding of [3H]1,25(OH)2D3 and

these same tumors also failed to demonstrate any immunocy
tochemical staining.

Receptor concentration as determined by Scatchard analysis
(11) of saturation plots ranged from 0.27-21.3 fmol/mg protein
(Fig. 6). The equilibrium dissociation constant for this binding
protein was 2.65 Â±0.29 (SD) 10~10M. In no case was 25-
hydroxyvitamin D3 able to compete with [3H]1,25(OH)2D3 for

binding to these tumor extracts. Three samples of normal breast
tissue were also examined and specific binding of [3H]-

1,25(OH)2D3 could be demonstrated in each. Mean receptor
level calculated by Scatchard analysis was 2.5 fmol/mg protein.

There was a weak but positive correlation between the pro
portion of stained tumor cells and tumor 1,25(OH)2D3 receptor
content determined by radioligand assay (r = 0.33). Tumors
with a low positive tumor fraction also exhibited low levels of
receptor by biochemical assay. However, tumors with a high
proportion of positively staining nuclei exhibited a wide range
of receptor concentrations (Fig. 7).
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Fig. 4. Intranuclear localization of
l,25(OH)Â¡Dj receptor in normal breast section
di) stained with 9A7-r (x 450) and (b) adjacent
control section incubated with normal rat IgG.
X380.

a

Table 1 l,2S(OH)iDi receptor and estrogen receptor in 55 breast cancers

Staining reaction
(% of positive nuclei

in tumortissue)Negative

<20
20-40

>40TotalNo.(%)

positive1,2S(OH)2D,

Estrogen
receptorreceptor6(11)

6(11)
5(9)

38(69)55(100)16

(30)
3(5)
3(5)

33(60)55(100)DISCUSSION

We have demonstrated for the first time the localization of
the l,25(OH)2Dj receptor in breast cancer and normal human
breast tissue using an immunocytochemical technique. Immu-
nocytochemical staining is a powerful tool for detecting and
localizing antigens within tissue sections or cell preparations.
It is also possible to correlate presence of antigen with morpho
logical features and to determine cell type.

Production of monoclonal antibodies against the estrogen
receptor protein has permitted the development of estrogen
receptor assays based on direct antigenic recognition rather
than steroid binding activity (16). Studies have described im
munocytochemical localization of estrogen receptor in the nu
clei of a number of target tissues (17) and in human breast
tumors (18). Our results demonstrate that the localization of
both the occupied and unoccupied I,25(OH)2D3 receptor in
breast tumor cells is predominantly nuclear, a finding consistent
with previous biochemical studies showing that 1,25(OH)2D3
receptor binding activity in chick intestine is associated mainly
with the nuclear compartment (10).

Of the 55 breast carcinomas that we examined, 43 (78%)
were found to contain 1,25(OH)2D3 receptor in more than 20%
of the tumor cells by the immunocytochemical technique. This
proportion is similar to our results (3) and those of Eisman et
al. (2) using a biochemical measurement. A later study reported
a lower frequency of receptor-positive tumors (19). Christakos
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Fig. 5. Distribution of I,25(OH)2D3 receptor and estrogen receptor in 55
breast cancer specimens. Proportion of immunostainable cells for each receptor
was determined as described in "Materials and Methods." Erica, estrogen receptor

immunocytochemical assay.

et al. (4) investigated 1,25(OH)2D3 receptor using sucrose den
sity gradient analysis and found 5 of 24 breast tumors to be
positive. These discrepant findings on the proportion of recep
tor positive tumors may be due to the lower sensitivity of the
sucrose gradient method. Alternatively, this method may not
distinguish the receptor from contaminating binding proteins
in breast tumor cytosols. We have found a nonspecific associ
ation of [3H]1,25(OH)2D3 with other binding moieties in many

breast cancer cytosols which masks the presence of the 3.2S
receptor but which can be eliminated when bound and free
steroid in sedimentation fractions are separated by hydroxyl-
apatite following sucrose density gradient analysis.5

As with our previous study using biochemical analyses (3) we
were unable to detect a correlation between the presence of the
1,25(OH)2D3 and the estrogen receptor in these tumors. Eisman
et al. (19) and Ulmann et al. (20) similarly have reported no
correlation between 1,25(OH)2D3 and either estrogen or pro
gesterone receptors in breast cancers.

In the present study our biochemical measurements confirm
that levels of the 1,25(OH)2D3 are relatively low in primary
breast cancers when compared with either the levels of other
steroid receptors or concentrations of 1,25(OH)2D3 receptor in
breast cancer cell lines. Our range of receptor concentrations
(up to 21.3 fmol/mg protein) is comparable to that reported by
others (2, 3, 19). By comparison, 1,25(OH)2D3 receptor con
centration in the nitrosomethyl urea-induced rat mammary
tumor approaches 100 fmol/mg protein (15). The low levels in
human breast tumors found by biochemical measurement are
also at variance with the high intensity of staining seen in
tumors which are receptor positive by the immunocytochemical
technique. This intensity of staining is comparable to the stain
ing seen for the estrogen receptor protein in breast tumors
which are classified as estrogen receptor rich by both immu
nocytochemical and biochemical criteria (8). The immunocy
tochemical procedure visualizes both occupied and unoccupied
forms of the receptor. Tumors were obtained from vitamin D
replete patients and it has been suggested that a high proportion
of breast tumor 1,25(OH)2D3 receptor could be occupied by
endogenous steroid and thus its concentration underestimated

because of incomplete exchange (2). However, Dokoh et al. (21)
have reported that in vitamin D replete laboratory animals only
20% of total 1,25(OH)2D3 receptor is in the occupied form. An
alternative explanation for the low 1,25(OH)2D3 receptor levels
in primary breast tumors is lability of the receptor due to
inadequate sample preservation, freeze-thawing, and homoge-
nization or freeze crushing. As with other steroid hormone
receptors, the unoccupied 1,25(OH)2D3 receptor is unstable and
it is possible that the steroid binding domain exhibits greater
lability than the region recognized by this monoclonal antibody.
Our results demonstrate a weak positive correlation between
1,25(OH)2D3 receptor measured by the hydroxylapatite and
immunocytochemical methods. However, while the majority of
tumors with a low percentage of stained nuclei also exhibit little
[3H]1,25(OH)2D3 binding activity, a number of tumors with

appreciable immunoreactivity paradoxically demonstrate low
1,25(OH)2D3 receptor levels which may be explained by lability
of the receptor in these tumor samples.

Our study also demonstrates for the first time that normal
human breast tissue contains 1,25(OH)2D3 receptor-positive
cells. Normal breast tissue was found to be receptor positive by
biochemical assay and, furthermore, a positive immunocyto
chemical reaction was located in the nuclei of epithelial cells of
the lobules and ducts. The significance of 1,25(OH)2D3 recep
tors in normal human breast tissue is not known. In the rat it
has been reported that vitamin D influences milk calcium levels
(22).

The presence of the 1,25(OH)2D3 receptor in a high propor
tion of breast cancers indicates that these tumors may be
responsive to the steroid and that tumor activity may be altered
in the presence of the hormone. In this regard, there is evidence
that 1,25(OH)2D3 inhibits the proliferation and promotes dif
ferentiation of tumor cells in vitro (23-25) and that this action
of the hormone is dependent upon the presence of the intracel-
lular 1,25(OH)2D3 (26). Recent results (27) indicate that the
1,25(OH)2D3 receptor exhibits some sequence homology with
the product of v-erb-A, the viral oncogene of the avian eryth-
roblastosis virus, the sequence of which also shows some ho
mology with the estrogen and glucocorticoid receptors (28). It
is possible therefore that the observed 1,25(OH)2D3 receptor
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5 Unpublished observations.

Concentration (fmol /mg protein)

Fig. 6. Concentration of 1,25(OH)2D3 receptor in breast cancer specimens.
1,25(OH)2D3 receptor was determined by the hydroxylapatite method. The num
ber of tumors in each concentration range is expressed as a percentage of the 26
tumors examined.
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Fig. 7. Comparison of immunocytochemical and biochemical assays for
1,25(OH)2D3 (1,25-DR) receptor in human breast tumors. Hydroxylapatite assay,
immunocytochemical staining, and scoring of positive tumor cell fraction were
performed as described in "Materials and Methods."

dependent effects on cell growth may be related to changes in
oncogene expression.

In summary, we report the development of an immunocyto
chemical assay for the 1,25(OH)2D3 in human breast tumors
and demonstrate that the receptor is predominantly located in
the nuclei of tumor cells. Furthermore, a high proportion of
human breast cancer biopsy specimens are receptor positive.
The clinical significance of possession of the 1,2S(OH)2D3
receptor in breast cancer is not yet known and further studies
are underway to elucidate its role.
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