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Vitamin D receptor expression in colorectal
cancer

M G Thomas, P A Sylvester, P Newcomb, R J Longman

Abstract
Aimts-To determine whether the vitamin
D receptor is expressed in colorectal can-
cer, and its relation to stage of disease.
Methods-Paraffin embedded sections of
colorectal cancer from 30 patients who
had undergone surgery were studied.
Immunohistochemistry using the specific
monoclonal antibody 9A7- directed
against the nuclear vitamin D receptor
was used to identify receptors for the
active metabolite of vitamin D3 (1,25-
dihydroxyvitamin D,).
Results-Microscopically normal human
colorectal epithelium showed vitamin D
receptor expression predominantly in the
mid and upper crypts. All the colorectal
cancer tissue studied showed vitamin D
receptor expression, with a median of 25.3
(range 10.1 to 43.7) cells/graticule field
(x400). Although vitamin D receptor
staining was heterogeneous within the
individual cancers, neither Dukes stage
nor the degree of differentiation appeared
to influence expression of the receptor.
Conclusions-Colorectal cancer tissue ex-
presses the nuclear vitamin D receptor
and this could act as a potential therapeu-
tic target for synthetic vitamin D3 differ-
entiating agents.
(7 Clin Pathol 1999;52:181-183)
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The physiologically active form of vitamin D3,
la,25-dihydroxyvitamin D3, is a potent inducer
of cell differentiation in several isolated and
established cancer cell lines.' 2 In addition, epi-
demiological studies suggest that vitamin D3
protects against the development of colon
cancer. ' 3 In vitro studies using human colorec-
tal epithelial explants indicate that colonic
tissue can respond to the active metabolite of
vitamin D3.' The clinical use of la,25-
dihydroxyvitamin D3 is limited by its profound
affects on calcium metabolism.4 5 Synthetic
vitamin D3 analogues with a more favourable
therapeutic ratio than la,25-dihydroxyvitamin
D3 have recently been developed.6 Calcipitriol
(a synthetic analogue) retains potent cell cycle
regulatory properties with reduction of hyper-
calcaemic and hypercalciuric side effects.7 Cal-
cipitriol is an effective topical treatment for
psoriasis and also reduces human colorectal
epithelial cell proliferation in vitro.8 9 This
agent, however, is not suitable for systemic use

because of its short half life, with rapid
elimination from the body and the formation of
metabolites with low biological activity.'" In

contrast, the analogue EB1089 is a potent anti-
proliferative agent following systemic adminis-
tration in animal models."

Vitamin D3 analogues appear to bind to a
specific high affinity nuclear receptor protein
which belongs to the superfamily of steroid
receptors. " 13 Receptor-hormone complexes
bind to vitamin D response elements in the pro-
moter regions of the primary vitamin D
response genes, leading to activation or suppres-
sion of gene transcription."'5 Vitamin D recep-
tor appears to bind to response elements either
as a homodimer or as a heterodimer with other
nuclear receptors such as retinoid X, retinoic
acid, and the thyroid hormone receptors.'5 16

Receptor binding studies have demonstrated
the presence of the vitamin D receptor in
human colorectal cancer tissue, although the
level of expression is disputed.'6 '" We have
used a monoclonal antibody to study vitamin
D receptor expression in human colorectal
cancer tissue to determine if receptor expres-
sion is influenced by the Dukes' stage of
tumour or the degree of cellular differentiation.

Methods
We selected an unbiased cohort of paraffin
embedded archival tissue from 30 patients with
primary colorectal carcinoma. The degree of
differentiation was reported as well differenti-
ated (G,) in three, moderately well differenti-
ated (G2) in 19, and poorly differentiated (G,)
in eight of these tumours. Tissues were also
classified according to stage of disease: Dukes'
A (n = 10), Dukes' B (n = l1), and Dukes' C
(n = 9). Sections (3 jim thick) were dewaxed in
xylene and rehydrated through decreasing con-
centrations of alcohol. Endogenous peroxidase
activity was blocked with 0.3% H202 in metha-
nol and the tissue was hydrolysed in 2 M HC1
at 37°C for 30 minutes. Non-specific antibody
binding was blocked with normal goat serum
for 20 minutes.
The primary 9A7 IgG2b monoclonal anti-

body directed against the vitamin D receptor
(Chemicon International) was added using a
1:50 solution in Tris buffered saline (TBS) for
two hours at room temperature.'8 The second
layer was a biotinylated goat IgG antibody
(Biogenex) at a concentration of 1:20 in TBS.
The third layer was horseradish peroxidase
labelled streptavidin (Biogenex) at a concentra-
tion of 1:20 in TBS.

Slides were developed with diaminobenzi-
dine (250 jg with 0.037% H202) to demon-
strate peroxidase activity, and counterstained
with haematoxylin. Breast and kidney tissue are
known to express vitamin D receptors and were
therefore used as positive controls. 19-21 TBS
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Figure 1 Vitamin D receptor staining in normal colorectal mucosa showing perinuclear
localisation in the upper and mid zones of crypts: magnification x235 (original
magnification x400); haematoxylin counterstain.
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Figure 2 Vitamin D receptor staining in a moderately well differentiated colorectal
adenocarcinoma showing perinuclear localisation throughout the epithelium: magnification
xl 18 (original magnification x200); haematoxylin counterstain.

buffer was substituted for the primary antibody
as a negative control. An avidin/biotin complex
blocking kit (Vector Laboratories) was used
with the blocking serum and primary antibody
to block endogenous avidin and biotin. Specifi-
city of the staining reaction was verified by
substituting rat IgG for the monoclonal
antibody on the control slides.
Immunohistochemical staining was assessed

semiquantitatively by two independent observ-
ers and the mean number of cells showing
strong nuclear staining was determined per
graticule square at x400 magnification in 20
separate fields. The means of the median and
range of scores for nuclear staining were calcu-
lated for each tissue section, and compared
between groups of patients with Dukes' stage
and degree of differentiation.

Results
Vitamin D receptor staining was located pre-
dominately in the nuclei of positively reacting

cells, with very little cytoplasmic staining (fig 1).
A striking gradation in immunoreactivity was
seen in microscopically normal colonic crypts,
the immunoreactivity being predominantly in
the mid and upper crypts only. Colorectal
cancer tissue from all 30 patients showed
vitamin D receptor expression, with a median of
25.3 (range 10.1 to 43.7) cells/graticule (fig 2).
Although vitamin D receptor staining was
heterogeneous within the individual cancers it
was not influenced by Dukes' staging: Dukes' A,
median 29.5 (range 12.2 to 43.7); Dukes' B,
23.4 (10.1 to 43.7); Dukes' C, 26.7 (14.7 to
34.9); or by the degree of differentiation: GI,
median 39.8 (range 35.7 to 43.6); G2, 24.5 (10.1
to 43.7); G3, 27.0 (19.9 to 34.9).

Discussion
We have shown that nuclear vitamin D receptor
expression can be demonstrated in paraffin
embedded colorectal cancer tissue using im-
munohistochemistry. Radioligand binding
studies suggest a reduction of vitamin D recep-
tor expression in colorectal tumours,22 whereas
northern blot analysis suggests that vitamin D
receptor mRNA expression in normal, prema-
lignant, and malignant epithelia is not influ-
enced by the degree of tumour cell differentia-
tion or Dukes' stage.'6 Immunohistochemistry
appears to confirm the observation that
vitamin D receptor expression in colorectal
cancer is not influenced by cellular differentia-
tion or disease stage. Thus vitamin D receptor
expression is unlikely to be a useful prognostic
indicator of clinical outcome. The demonstra-
tion of vitamin D receptor expression in all
colorectal cancer tissue might, however, sug-
gest a potential use of synthetic vitamin D3
analogues to induce differentiation or apopto-
sis in patients with large bowel cancer.
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