
Abstract. Since the 1970s, it has been well known that long-
standing ulcerative colitis (UC) disposes to the development
of colorectal adenocarcinoma (CRC). To date, CRC associated
with UC is thought to arise along a pathway of dysplasia,
however, primary factors for developing of UC-related
dysplasia and cancer are unclear. Vitamin D, which works
through binding the vitamin D receptor (VDR) has an
important role in cancer progression and immune response.
In this study, we investigated the impact of VDR expression
on UC as well as colon cancer. We examined retrospectively
the expression of VDR in extraction specimens of UC (n=124)
patients by immunohistochemistry. We counted VDR
positive cells in at least 10 fields in each case to evaluate the
frequency of VDR positive cells in ductal epithelium. In
addition, effect of VDR expression on inflammation was
analyzed. On a normal mucosa, the expression of VDR
was recognized in 58.8% of ductal cells. In UC patient, the
expression of VDR was considerably decreased compared
to normal mucosa, VDR positive rate was only 3.4±9.0%.
Importantly, dysplasia and UC-CRC patients showed lower
rate of VDR expression compared to non-colon cancer
patients, whose expression rates were 0.6±1.3% and
3.8±10%, respectively. Moreover, long-term UC patients
(more than ten years) who were at high-risk of developing
CRC showed significantly lower VDR expression than short-
term patients. We did not detect direct association of VDR
expression with inflammation and clinical stage of UC.
These findings suggested that correlation seems to exist
between the level of VDR expression and carcinogenesis
in UC. VDR could be a possible marker to detect dysplasia
and cancer in ulcerative colitis.

Introduction

Ulcerative colitis (UC) is one of the two major forms of
inflammatory bowel diseases, which is a chronic, uncontrolled
inflammatory condition of the colon and rectal mucosa.
Continuous stimulation of the mucosal immune system,
including luminal antigens, intestinal epithelial cells and cells
of the innate and adoptive immune system which secrete
mediators such as cytokines and chemokines, play a central
role in the development of UC (1,2). A persistent infection
with bacteria causes aggressive immune response to luminal
components (3). Dendritic cells (DCs) in UC show enhanced
expression of TLR4, which is associated with microbial
recognition, and these activated DCs induce production of
proinflammatory cytokines (4). Intestinal tissue level of
TNF-· is up-regulated in UC and correlates to the grade of
inflammation (5). Colorectal cancer is one of the most serious
complications of UC (6). Chronic inflammation in intestinal
mucosa is a risk factor for colorectal carcinoma (CRC) in UC
patients. The incidence of CRC associated with UC increases
dramatically among the patients with long-standing UC,
reaches 5-10% after 20 years (6). At present, it is well known
that the dysplasia of intestinal mucosa causes colonic cancer.
Inflammation triggers abnormalities of rectal mucosa in the
molecular pathways, resulting in dysplasia or cancer (7).
Although possible markers for UC-related dysplasia such as
Ki67, p53 and CEA have been reported, they lack precision
due to certain limitations (8).

The classic function of vitamin D is to regulate calcium
homeostasis. Recently other functions including effect on
immune response or cellular proliferation and differentiation
have been demonstrated. The biological actions of active
form of vitamin D3, 1-·, 25-dihydroxyvitamin D3 [1,25-
(OH) 2D3] are mediated by the nuclear vitamin D receptor
(VDR) (9). VDR is a ligand-dependent transcriptional factor
which can modulate the expression of various genes. VDR
regulate various genes such as bone matrix formation-related
genes, anti-proliferation as well as anti-inflammation-
associated genes (9). Several studies have shown that VDR
ligand inhibited the proliferation of prostate cancer cells,
breast cancer cells and colon cancer cells (10,11). Vitamin D
action has important roles in regulating differentiation of
normal cells and inhibition of carcinogenesis. Several
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epidemiological studies have revealed the relationship of
CRC and vitamin D (12). The aim of this study was to
examine the impact of VDR expression on UC in order to
investigate the development of colon cancer.

Materials and methods

Patients and tissue samples. In total 212 specimens from 112
patients with UC and 100 with CRC who underwent operation
at Osaka City Graduate School of Medicine Hospital from
1993 to 2006 were examined. According to histological
diagnosis by the Riddell classification, epithelium was
defined as cancer, dysplasia, or normal mucosa (13). The
subjects examined in this study were: 99 cases of UC not
accompanied with cancer, 7 cases of dysplasia and 6 cases of
cancer associated with UC. This study was performed
according to the declaration of Helsinki, and it was approved
by the ethics committee of our institution. All subjects
provided informed consent.

Immunohistochemistry. Paraffin-embedded specimens were
taken to examine the correlation between protein in individual

ductal compartment of ulcerative colitis tissues. The VDR
rabbit monoclonal antibody (Santa Cruz, CA, USA) or CD68
mouse monoclonal antibody (Abcam, MA, USA) was applied
to the tissue specimens and incubated at 4˚C for overnight
using dilutions of 1:100. As secondary antibodies, the
biotinylated donkey anti-rabbit IgG (diluted 1/100) or a bio-
tinylated goat anti-mouse IgG was applied for 30 min. The
percentage of cells showing immunoreactivity among the
total number of ductal epithelial cells was determined by
calculating 10 fields by two investigators.

Statistical analysis. Paired Student's t-test or Mann-Whitney
U test was used and data were calculated with SPSS II soft-
ware. P<0.05 was considered to be statistically significant.

Results

Expression of vitamin D receptor on mucosa in ulcerative
colitis. Most of VDR is present in the cytoplasm in the absence
of ligand. VDR ligand induces VDR-retinoid-X-receptor
heterodimerization and translocation of the complex into the
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Figure 1. Expression of vitamin D receptor. (A) Immunohistochemical analysis of VDR in normal colon mucosa, ulcerative colitis (UC) and colon cancer not
associated with UC. (Magnification, x400). (B) Comparison of VDR expression between normal colon mucosa and UC. Percentage of VDR expression
was determined by counting positive staining cells within total ductal epithelial cells in 10 fields. VDR expression rate of UC resulted in 3.4±9.0%, which
is significantly lower compared to that of normal mucosa. The data shown are means ± SD. (p<0.05).
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nucleus (9). Immunohistochemistry in this study revealed that
VDR protein expression in nuclei of normal large intestine
mucous membrane. Low expression of VDR was associated
with poor progress of colon cancer (14). Our results in which
VDR expression is at very low level in colon cancer did not
contradict these findings. In the mucosal epithelium of UC,
VDR expression clearly decreased (Fig. 1A). We counted
number of VDR positive cells in epithelial ductal cells and
calculated the VDR expression rate as described in
Materials and methods. The VDR rate of UC resulted in
3.4±9.0%, which is significantly lower compared to that of
normal mucosa (Fig. 1B). VDR expression rate of CRC not
associated with UC resulted in 0.5% (data not shown).

Correlation of VDR expression to inflammation. To test the
relevance of inflammation to VDR expression, we examined
infiltration of macrophages into submucosa by immunohisto-
chemistry using anti-CD69 antibody. Number of infiltrated
macrophages into submucosa was significantly increased in
patients with severe inflammation such as toxic megacolon
(Fig. 2A). However, there was no difference between macro-

phage infiltration and VDR expression in submocosa. In
addition, macrophage infiltration did not increase in colonic
cancer and dysplasia (Fig. 2B).

Correlation of VDR expression and colonic cancer. To
evaluate association with development of colon cancer, we
compared VDR expression between UC accompanied with
cancer or not. UC with dysplasia and colon cancer revealed
lower VDR expression rate than non-cancer UC (Fig. 3A).
Interestingly, VDR expression rate in patients with disease
periods more than ten years was significantly decreased
compared to those with less than ten years (Fig. 3B). We
examined white-cell count, CRP value, LDH value, serum CA
value to evaluate impact of inflammation on UC-CRC,
there was no significant difference (Table I).

Discussion

We observed that expression of VDR in nuclear of colon
mucosa from UC is markedly diminished compared to
normal colorectal mucosa through immunohistochemistry of
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Figure 2. Macrophage infiltration into mucosal lesion. (A) Inmmunohistochemical analysis of CD68 in mucosa of inactive inflammatory status of UC, active
inflammatory status, colonic cancer and dysplasia. (B) Comparison of macrophage infiltration among histological types. Number of CD68-positive cells
was counted in 10 fields. Macrophage infiltration into mucosa was significantly increased in patients with toxic megacolon, whereas no correlation between
cancer and inflammation was observed. The data shown are means ± SD. (p<0.05).
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124 clinical samples. VDR expression was also decreased in
colon cancer and dysplasia of UC. Moreover, long-term
affected patients who have high-risk for development of
colon cancer showed significant lower expression of VDR
compared to short-time patients. Our findings were supported
by several reports that VDR expression is associated with
inflammatory bowel diseases. For example, Crohn disease
patients had reduced expression of VDR compared with
normal conic mucosa (15) and VDR/IL-10 double knockout
mice developed severe colitis like IBD (16).

Although there is convincing evidence that the patients
with UC have a higher incidence of colorectal cancer than
general population (17), mechanisms in development of
colonic cancer are unclear. Several studies have demonstrated
that vitamin D system is associated with colorectal cancer.
VDR expression is repressed by SNAIL which has an
important role in epithelial mesenchymal transaction
associated with differentiation of colon cancer cells (14,18).
Clinically, mRNA expression of VDR decreases in colon
cancer patient, and it is in proportion to favorable prognosis
(14). Thus, vitamin D which is activated by alpha-hydro-
xylase has an important role in cell progression and apoptosis
in epithelial cells of colorectal mucosa, and it is regulated by
VDR in nuclear, indicating that VDR expression is involved
in regulation of colon cancer progress. Our results suggested
that correlation seems to exist between the level of VDR
expression and low VDR expression might trigger
carcinogenesis in ulcerative colitis.

The severerity of inflammation also correlates with the
risk of colorectal cancer of UC. Cyclooxygenase 2 (COX2)
expression is increased in UC-related neoplasm (19) and
interferon-inducible gene has been shown to be up-regulated
in UC-associated cancer (20). Besides its central role in
calcium, vitamin D has immunomodulatory effects on the
immune system, including regulation of T cell proliferation
and cytokine production. Progression of UC is correlated
with Th1 cytokine production such as TNF-·, IL-12 to
induce migration of macrophage into colon mucosa. We
showed more infiltration of macrophages into severe
inflamed mucosa such as toxic megacolon. Although there
was no significance between VDR expression and infiltration
of macrophages to develop UC-related cancer, we have
observed that mucosa which has crypt abscess tended to have
lower expression of VDR (data not shown). This result
suggested that vitamin D system might have an important
role in progression of ulcerative colitis with regard to
mucosal inflammation.

We have not demonstrated that diminished VDR
expression is the initial step of carcinogenesis in UC. In
a study involving colon carcinoma cell lines, 1,25-(OH)2D
induced apoptosis by a VDR-dependent pathway as well as
p38 MAPK activation (21). Holt et al have reported that
patients who were treated with taking calcium carbonate
plus vitamin D3 daily had increased apoptosis of colorectal
polyps in which VDR expression significantly reduced (22).
It has been reported that cancerization rate is in proportion
to the length of duration of a disease period. Our results
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Figure 3. Impact of VDR expression on colon cancer. (A) Percentage of VDR
expression was determined as described in Materials and methods. UC
with dysplasia and colonic cancer revealed lower VDR expression rate
than non-cancer UC. (B) Impact of disease suffering period on VDR
expression. Patients with UC suffering for more than ten years exhibited
lower VDR expression. The data shown are means ± SD. (p<0.05).

Table I. Clinicopathological features of UC patients.
–––––––––––––––––––––––––––––––––––––––––––––––––

Non-cancer Dysplasia/ p-value
UC cancer

–––––––––––––––––––––––––––––––––––––––––––––––––
Gender N.S.

Male 62 7
Female 37 6

Age at operation 39±15 48±14 0.029

Age at diagnosis 33±15.4 36±11 N.S.

Disease period 6.1±5 14.1±11 0.003
(years)

Clinical type N.S
Total 73 9
Left 26 4

Cause of operation N.S.
Resistant to steroid 62 5
Compliation 9 0
Severe sympton 28 2
Cancer 0 6

St. Marks' score 7.47±4.7 6.23±4.39 N.S.

WBC (/mm3) 9120±6180 9067±6419 N.S.

CRP (mg/dl) 2.35±4.6 0.4±0.5 N.S.
–––––––––––––––––––––––––––––––––––––––––––––––––
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indicated that reduced level of VDR should improve by
administration of vitamin D, which leads to protection
from development of colon cancer. Our results that VDR
expression was significantly reduced in long-term patients
suggested that VDR in UC mucosa might be gradually
decreased as time passes and result in development of
dysplasia and colon cancer. In conclusion, VDR expression
in mucosa might be a possible marker to estimate the
development of colon cancer in ulcerative colitis.
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