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differentiated carcinomas, whereas little or no CaSR expression is
found in undifferentiated and invasive carcinomas (9). Thus, the
expression of CaSR may be associated with abnormal differentiation or malignant progression, or both.
E-Cadherin is an epithelial homophilic transmembrane glycoprotein and functions to mediate epithelial cell-cell adhesion
and maintain the integrity of the epithelium (10–12). Loss of
E-cadherin expression is associated with many forms of epithelial
cancer (13–17) and ectopic expression of functional E-cadherin in
transformed cells results in the suppression of their transformed
phenotype (18, 19). Thus, E-cadherin functions as a tumor
suppressor. Exactly how E-cadherin acts to suppress the transformed phenotype at the molecular level, however, is not fully
understood. E-cadherin interacts with h-catenin, a component of
the Wnt family of signaling pathways (10, 20–22). Activation of Wnt
allows the accumulation of h-catenin in the nucleus. In the
nucleus, h-catenin interacts with and activates the lymphoid
enhancer factor-T cell factor family of transcription factors (TCF)
and drives the expression of a variety of malignant genes and
promotes the malignant phenotype (23).
Human colon carcinoma cell lines such as CBS and Moser,
derived from differentiated human primary colon tumors, possess
a functional CaSR (9). Because the cell-impermeable CaSR agonist
Gd3+ (2–4) mimics the molecular effect of extracellular Ca2+, this
suggests that CaSR expression may be directly linked to the
mechanism by which extracellular Ca2+ suppresses the malignant
phenotype in colon carcinoma cells (9). Therefore, these cells offer
an opportunity to investigate how the CaSR functions to control
the biological phenotype. Our previous studies show that the CaSR
functions to promote differentiation (or suppress malignant
properties) in these colon carcinoma cells by up-regulating
the expression of E-cadherin and down-regulating the binding of
h-catenin to TCF4 (9). Interestingly, the active metabolite of
vitamin D, 1,25(OH)2D3, another chemopreventive agent for colon
cancer, also acts through the E-cadherin and h-catenin/TCF
pathways (24). An important physiologic function of vitamin D is
to increase Ca2+ absorption in the gut (25). The CaSR gene
possesses two promoters, each containing a vitamin D response
element (VDRE; ref. 26). Thus, a mechanistic relationship is likely
to exist between the action of 1,25(OH)2D3 and that of Ca2+ at both
the physiologic and molecular levels.
Because loss of CaSR expression seems to be associated with
abnormal differentiation (9), we investigated the expression of the
CaSR in normal human colon crypt epithelial cells and focused on
CaSR expression in different compartments of the colon crypt. In
this study, we showed that the rapidly proliferating crypt epithelial
cells at the bottom of the crypts did not express the CaSR. The CaSR
was expressed in cells in the middle of the crypt and its expression
was most intense in cells at the top of the crypt. Because the

Abstract
Recent studies show that the human parathyroid calcium
sensing receptor (CaSR) is expressed in human colon epithelium and functions to regulate epithelial proliferation and
differentiation. In this study, we show that the cells of the colon
crypt acquire CaSR expression as they differentiate and
migrate towards the apex of the crypt. CaSR expression was
weak in colon carcinomas with a more-differentiated histologic pattern, whereas CaSR expression was undetectable in
less-differentiated tumors. We found that Ca2+ and/or
1,25(OH)2D3 stimulated CaSR promoter activity and CaSR
protein expression in the human colon carcinoma CBS cells,
which possessed a functional CaSR. Both agents concomitantly induced a series of changes in the CBS cells that
influence proliferation and differentiation, but cellular
responses to the two agents were not identical. Ca2+ strongly
induced E-cadherin expression and inhibited the expression of
the nuclear transcription factor, TCF4. 1,25(OH)2D3 was
weaker in its effect on E-cadherin and was not able to inhibit
TCF4 expression. 1,25(OH)2D3 was as strong or stronger than
Ca2+ in its induction of the cyclin-dependent kinase inhibitors,
P21 and p27. It is concluded that CaSR may function in the
colon to regulate epithelial differentiation and that loss of
CaSR expression may be associated with abnormal differentiation and/or malignant progression. Extracellular Ca2+ and
1,25(OH)2D3 are potential candidates involved in regulating
CaSR expression in the colon and the chemopreventive actions
of Ca2+ and 1,25(OH)2D3 in colon cancer may be mediated, in
part, through the CaSR. (Cancer Res 2005; 65(2): 493-8)

Introduction
The human parathyroid calcium sensing receptor (CaSR) senses
minute changes in extracellular Ca2+ concentration and functions
to tightly regulate systemic Ca2+ homeostasis (1). There is
increasing evidence to suggest that the function of the CaSR is
diverse, extends beyond the systemic control of Ca2+ homeostasis,
and is contingent on the tissue type in which the receptor is
expressed (2–5). Ca2+ is a chemopreventive agent for colon cancer
(6, 7). How it acts at the molecular level to inhibit or delay
carcinogenesis in the colon, however, is not understood. We and
others have recently found that the CaSR is expressed in human
colon epithelium (8, 9). Compared with normal colon crypt
epithelial cells, a loss of CaSR expression is observed in
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crypt, and surface. The basal zone was defined as the bottom of the crypt
where small, densely packed cells without evidence of goblet cell structure
were present. The mid-crypt was defined as the area from the upper edge of
the basal zone (i.e., beginning where goblet cell structure was evident) to an
area 1/3 of the way from the top of the crypt. The surface zone was defined
as the upper 1/3 of the crypt and the cells at the apex of the crypt.
The percentage of epithelial cells in each zone that were positive for
CaSR expression was determined and the staining density of cells
was quantitatively scored on a scale of 1 to 4 (1 = barely detectable
immunoreactivity and 4 = strongest immunoreactivity). From each
specimen, staining was assessed in four separate crypts.
Areas of histologically more differentiated tumor in seven specimens and
areas of histologically less differentiated tumor in four of the specimens
were examined in the same manner. The percentage of CaSR-positive cells
in the tumor tissue as well as staining intensity were determined as with
normal tissue.

expression of the CaSR increases as the cells migrate up the crypt,
we hypothesized that Ca2+ and 1,25(OH)2D3 function to stimulate
CaSR expression. This hypothesis was tested in the human colon
carcinoma CBS cells. We found that both promoters of the CaSR
gene were active in these cells and were stimulated by Ca2+ or
1,25(OH)2D3. Combination of Ca2+ and 1,25(OH)2D3 stimulated the
promoter 2 (P2) of the CaSR gene in an additive manner. Ca2+ and/or
1,25(OH)2D3 stimulated CaSR expression in these cells. Combination
of Ca2+ and 1,25(OH)2D3 was also found to enhance the stimulation
of E-cadherin expression. The similarity and differences in the
molecular action of Ca2+ and 1,25(OH)2D3 were also investigated in
this study using molecular markers that are functionally associated
with the induction of differentiation in colon carcinomas (19, 27–29).
We found that both Ca2+ and 1,25(OH)2D3 stimulated the expression
of E-cadherin, the cyclin-dependent kinase inhibitors p21/Waf1 and
p27, and g-catenin. In addition, Ca2+, but not 1,25(OH)2D3,
suppressed the expression of TCF4.
It is concluded that colon crypt epithelial cells acquire CaSR
expression as they migrate and differentiate towards the apex of
the crypt. Both Ca2+ and 1,25(OH)2D3 are good candidate molecules
in stimulating the expression of CaSR and the two agents act in an
overlapping but distinct manner.

Results and Discussion
The expression of CaSR was evaluated in the normal component
of nine primary human colon carcinoma specimens. There was
little CaSR staining of cells in the basal zone (Fig. 1A). An occasional ‘‘brown’’ cell was observed in the basal zone but it was
possible that these cells represented cells at the edge of the secretory (mid-crypt) zone. In contrast, virtually all of the cells in midcrypt (Fig. 1B) and surface zones (Fig. 1C) stained for CaSR.
Staining of apical cells was slightly more intense on the average
than staining of the mid-crypt cells. Quantitatively, the percentage
of cells that were positive for CaSR expression in both the apex
and mid-crypt areas and the staining intensity of these cells were
significantly different from that seen in the basal zone of the crypt
(Table 1).
These results suggest that the CaSR expression is associated with
differentiation of the crypt epithelial cells as these cells migrate
upwards from the base of the crypt towards the apex. We
hypothesized that if the CaSR functions to regulate cellular
differentiation, there would be an inverse relationship between
CaSR expression and degree of differentiation in colon carcinoma,
as well. Previous analyses suggested the existence of such an
inverse relationship. In a small sample of tumors, we noted there
was relatively little CaSR staining of more-differentiated tumor
tissue and virtually no staining in areas of less-differentiated
carcinoma (9). In the present study, we have quantitatively assessed
CaSR expression in a group of well- to moderately differentiated
tumors as well as in four tumors with a poorly differentiated
histologic presentation. Tumors were categorized as moderately
differentiated to well-differentiated based on evidence of glandular
structure, or poorly differentiated based on areas in which only cell
sheets were detected (i.e., with no evidence of glandular structure).
In addition, small isolated clusters of tumor cells (1-3 cells)
imbedded in the stroma were also observed in two specimens.
These isolated cells were defined as invasive cells. Representative
immunostained sections of a moderately differentiated tumor and
a less-differentiated tumor are shown (Fig. 2). In the histologically
more differentiated tumor, staining was variable. There were areas
in which no staining was detected and areas in which the glandular
epithelial cells were virtually 100% positive (Fig. 2A). In the poorly
differentiated tumor specimen, the epithelium was almost entirely
negative for CaSR reactivity (Fig. 2B). Quantitatively, both the
percentage of positive cells and the staining intensity of the
carcinoma cells in poorly differentiated tumors were found to be
significantly reduced when compared with that of well- to

Materials and Methods
Cell culture, Treatment with Ca2+ and 1,25(OH)2D3. CBS colon
carcinoma cells were maintained in Ca2+-free SMEM medium (Sigma,
St. Louis, MO) supplemented with sodium bicarbonate, peptone, vitamins,
amino acids, and 5% fetal bovine serum as described previously (9). The
medium of actively growing cells was replenished with medium containing
1 mmol/L Ca2+, or 0.1 Amol/L 1,25(OH)2D3, or 1.0 Amol/L 1,25(OH)2D3, or
a combination of Ca2+ and 1,25(OH)2D3 for the time periods as indicated
in the figure legends.
Immunoblotting and CaSR Promoter Reporter Assay. Immuno
blotting was done using commercially available polyclonal or monoclonal
antibodies as previously described (9, 27). CaSR promoter reporter assays
were done using the Promega dual luciferase system (Promega Co.,
Madison, WI) and CaSR P1 and P2 promoter constructs (26). Details of the
constructs used (P1-VDRE WT, P1-VDRE MUT, P2-VDRE WT, and P2-VDRE
MUT) can be found in Fig. 8 of ref. (26). Luciferase activities were
normalized to transfection efficiency by cotransfection with pRL Renilla
luciferase construct.
Cells were plated in 6-well culture plates and transfected with 1 Ag of
CASR P1 or P2 promoter construct and 0.2 Ag Renilla construct in each well
using Fugene 6 transfection reagent. Eight hours later, the cells were
exposed to a final concentration of 1 mmol/L Ca2+ or 0.1 mol/L
1,25(OH)2D3, or a combination of Ca2+ and 1,25(OH)2D3 in medium
containing 2.5% fetal bovine serum. Cells were exposed to Ca2+ or
1,25(OH)2D3, or Ca2+ and 1,25(OH)2D3 for 36 hours, washed in cold PBS,
and lysed in lysis buffer. The cell lysates were frozen and thawed twice
before measurement of luciferase activities. Luciferase activities of the cell
lysates were measured in a Td-20/20 luminometer and normalized to
transfection efficiency with Renilla luciferase activities.
Immunohistochemistry. Immunoperoxidase staining for CaSR
was done using a rabbit polyclonal antibody (Affinity BioReagents, Golden,
CO) as described previously (9). Five-micrometer sections of formalin-fixed,
paraffin-embedded surgical specimens of human colon tumors were stained
by the immunoperoxidase method and the reaction product visualized
using diaminobenzadine as the chromogenic substrate. Immunostained
sections were lightly counterstained with hematoxylin and examined by
light microscopy.
The expression of CaSR was evaluated semiquantitatively in the normal
epithelial component of nine primary human colon tumor specimens. The
normal colon crypt was arbitrarily divided into three zones: basal, mid-
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Figure 1. CaSR expression in
normal colonic crypt epithelium.
A, basal zone; B, mid-crypt; C,
surface or apex of the crypt. All
sections: 400.

moderately differentiated tumors (Table 1). Small clusters of
isolated epithelial cells in the stroma observed in these two
specimens were also nonreactive with the anti-CaSR antibody.
How the expression of the CaSR is regulated at the molecular
level is not known. Ca2+ itself has been proposed as a potential
candidate in regulating CaSR expression (26). Interestingly, at
the physiologic level, a mechanistic linkage exists between
vitamin D and the CaSR because vitamin D functions to increase
Ca2+ absorption in the gut (25). It has been reported that
1,25(OH)2D3 (an active metabolite of vitamin D) functions to
promote differentiation of human colon carcinoma cells through
the E-cadherin and catenin system (24). Thus, at this level the
action of 1,25(OH)2D3 is quite similar to that of Ca2+ as reported by
us (9). At the molecular level, both promoters of the CaSR gene
possess functional VDREs (26). Based on this, we hypothesized that
both Ca2+ and 1,25(OH)2D3 are involved in regulating CaSR
expression. To test this hypothesis, we used the human colon
carcinoma CBS cells, which respond to Ca2+ and the CaSR agonist
Gd3+ (9). The ability of Ca2+ and 1,25(OH)2D3 to stimulate the
P1 and P2 promoters of the CaSR gene in CBS cells was assessed
using luciferase reporter assays. Both the P1 and P2 promoters of
the CaSR gene were active in the CBS cells and P2 was relatively
more active by comparison with P1 (Fig. 3A). Both extracellular
Ca2+ and 1,25(OH)2D3 stimulated P1 and P2 promoter activities
(Fig. 3A). The stimulation of P1 and P2 by 1,25(OH)2D3 in the colon
cells was specifically through the VDREs because both P1 and P2
were unresponsive to 1,25(OH)2D3 when the VDREs were mutated
(Fig. 3A). On the other hand, mutated forms of both P1 and P2
responded equally well to Ca2+ as the parental (nonmutated) forms.

www.aacrjournals.org

Table 1. Quantitative assessment of CaSR immunoreactivity in normal colonic crypt epithelium and colon
carcinoma.
Histological features

Normal colonic crypt epithelium (n = 9)
Basal zone
Mid-crypt
Surface
Well- to moderately differentiated tumor
(n = 7)
Poorly to undifferentiated tumor (n = 4)
Cells at invasive front (n = 2)

% Positive
cells

Staining
intensity

6
90
96
63

1.1
2.3
2.9
1.7

F
F
F
F

1
5*
2*
13
b

3F1
b
5F1

F
F
F
F

0.1
c
1.5
1.0*
0.7

1.1 F 0.1
1.4 F 0.1

NOTE: Normal colon. Basal zone: base of the crypt containing small,
densely packed cells without evidence of goblet cell structure. Midcrypt: area from the edge of the basal zone to an area 1/3 of the way
from the top of the crypt. Surface zone: upper 1/3 of the crypt and the
cells at the apex of the crypt. Values are means and standard errors
based on four separate areas in each specimen.
Colon carcinoma. Well- to moderately differentiated tumor: evidence of
glandular structure. Poorly to undifferentiated tumor: areas in which only
cell sheets were detected (i.e., no glandular structure). Invasive front: small
clusters of tumor cells (1-3 cells) imbedded in the stroma. Values are
means and standard errors based on four separate areas in each specimen.
*P < 0.01 statistically significant difference from basal zone.
cP < 0.05, statistically significant difference from basal zone.
bP < 0.01, statistically significant difference from well- to moderately
differentiated tumor.
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Figure 2. CaSR expression in
colon carcinomas. A, differentiated
tumor; B, undifferentiated tumor.
All sections: 400.

Taken together, these results showed that in human colon
epithelium–derived CBS cells, either Ca2+ or 1,25(OH)2D3 stimulated CaSR promoter activity and CaSR protein expression. In
addition, a combination of Ca2+ and 1,25(OH)2D3 enhanced both
CaSR promoter activities and protein expression. We hypothesized
that extracellular Ca2+ and 1,25(OH)2D3 are both stimulators of
CaSR expression in the normal colonic crypt. It is attractive to
speculate that a concentration gradient of Ca2+ and/or 1,25(OH)2D3
exists between the base and apex of the crypt, and that a higher
concentration of Ca2+ and/or 1,25(OH)2D3 (to which the colonic
epithelium is exposed) at the apex is responsible for CaSR
expression and concomitant expression of differentiated cell
features. Because the blood Ca2+ level is tightly controlled (1), the
Ca2+ concentration in the intestinal extracellular fluid may be
a critical source of this agonist. Water reabsorption in the colon

In addition to examining the two agents separately, reporter gene
assays were carried out in the presence of both agents.
Combination of Ca2+ and 1,25(OH)2D3 did not stimulate P1 over
and above the stimulation seen with either alone (Fig. 3B). In
contrast, Ca2+ and 1,25(OH)2D3 together, stimulated P2 in an
additive manner (Fig. 3B). These results showed that the CaSR gene
promoters in these cells are functionally responsive to extracellular
Ca2+ and 1,25(OH)2D3. Elucidation of the mechanisms underlying
the differences between the responses of P1 and P2 to the
combination of Ca2+ and VD3 will require further study. Next, we
determined if extracellular Ca2+ and 1,25(OH)2D3 could stimulate
CaSR expression at the protein level. Immunoblot analyses showed
that either Ca2+ or 1,25(OH)2D3 stimulated the expression of CaSR
and that a combination of Ca2+ and 1,25(OH)2D3 enhanced the
stimulation of CaSR expression (Fig. 4).

Figure 3. Relative transcriptional activity
of human CaSR promoters in human colon
carcinoma CBS cells. This assay was
performed as described in Materials and
Methods using previously described
reporter constructs (26). PGL3, control
construct; P1 WT, promoter 1 wild type; P1
VDRE MUT, P1 promoter with mutated
VDRE; P2 WT, promoter 2 wild type; and
P2 VDRE MUT, P2 promoter with mutated
VDRE. Columns, means; bar, SE.
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could be expected to increase the Ca2+ concentration. Likewise,
1,25(OH)2D3 derived from vitamin D in the intestinal fluid may
provide the necessary stimulus for differentiation. In a similar
fashion, carcinomas with residual glandular structure may be more
sensitive to Ca2+ and/or 1,25(OH)2D3 than undifferentiated tumors,
which exist as masses of cells. If this is correct, the implication is
that failure to differentiate normally may be a consequence of the
malignant growth pattern rather than the cause. Additional
experiments will be needed to confirm this and to determine
exactly how CaSR expression is regulated in normal and malignant
colon epithelium.
Because Ca2+ and 1,25(OH)2D3 are known to have similar actions
(9, 24), we next determined if the two differentiation-inducing
agents produced similar downstream effects in CBS cells. The
effects of combining Ca2+ and 1,25(OH)2D3 were also determined.
The molecular actions of Ca2+ and 1,25(OH)2D3 were evaluated in
terms of their effects on the expression of E-cadherin, g-catenin,
TCF4, p21, and p27. These markers were chosen because they are
functionally associated with the promotion or induction of
differentiation in colon carcinomas (19, 27–29). E-cadherin
functions in intercellular adhesion and tumor suppression (10–12),
whereas the cyclin-dependent kinase inhibitors p21 and p27
function to block cell cycle progression and induce quiescence
(28–31). TCF4 is a member of a transcription factor complex
involved in the activation of a variety of genes associated with
Figure 5. Immunoblot analysis of the cellular responses to Ca2+, 1,25(OH)2D3,
and a combination of Ca2+ and 1,25(OH)2D3. Cells were exposed to 1 mmol/L
Ca2+ or 0.1 Amol/L 1,25(OH)2D3 or a combination of 1 mmol/L Ca2+ and
0.1 Amol/L 1,25(OH)2D3 for 24 hours. Following treatment, cell extracts were
prepared and analyzed by immunoblot for the expression of various molecules
related to growth control and differentiation: E-cadherin, g-catenin, TCF4, and
the cyclin-dependent kinase inhibitors p21 and p27. Lane 1, untreated control;
lane 2, treated with 1 mmol/L Ca2+; lane 3, treated with 0.1 Amol/L 1,25(OH)2D3;
lane 4, treated with a combination of 1 mmol/L Ca2+ and 0.1 Amol/L 1,25(OH)2D3.

malignant cell behavior (23), whereas g-catenin can bind and
inactivateTCF4 (32, 33). Both Ca2+ and 1,25(OH)2D3 stimulated the
expression of E-cadherin and Ca2+ was more potent (Fig. 5).
Combination of Ca2+ and 1,25(OH)2D3 was more effective than either
agent alone in stimulating E-cadherin expression (Fig. 5). Both
agents stimulated the expression of g-catenin and 1,25(OH)2D3 was
slightly more potent in stimulating g-catenin expression (Fig. 5).
Both Ca2+ and 1,25(OH)2D3 stimulated the expression of p21 and p27
and no appreciable enhancement of stimulation was observed using
a combination of Ca2+ and 1,25(OH)2D3 (Fig. 5). 1,25(OH)2D3,
however, seemed to be more potent in stimulating the expression of
p21. Interestingly, Ca2+ but not 1,25(OH)2D3 was found to suppress
the expression of TCF4 (Fig. 5). Combining 1,25(OH)2D3 with Ca2+
did not interfere with the effect of Ca2+ in suppressing the expression
of TCF4 (Fig. 5). This is of interest in light of our recent studies
showing a correlation between E-cadherin induction by Ca2+ and
reduced TCF4 activation activity (9). Thus, the induction of
E-cadherin by Ca2+ is linked to the suppression of TCF4 expression
and CaSR activation. Because 1,25(OH)2D3 had little effect on the
expression of TCF4, it is likely that the intracellular signal pathway
of the Ca2+ and CaSR system leading to the suppression of TCF4
is uniquely associated with this ligand receptor system, and
1,25(OH)2D3 is unable to activate this pathway. The exact nature
of this pathway is not known. The relationship between the release
of Ca2+ from intracellular stores due to CaSR activation or due
to treatment with 1,25(OH)2D3 on the induction of differentiation

Figure 4. Immunoblot analysis of CaSR expression in the CBS cells in
response to Ca2+ and 1,25(OH)2D3 treatments. Cells were exposed to
Ca2+ or 1,25(OH)2D3 or a combination as described below for 24 hours. A,
top, short exposure of the membrane (3 minutes of reaction using the
chemiluminescence detection method); bottom, long exposure of the membrane
(5 minutes of reaction using the chemiluminescence detection method).
Membrane was stripped and reprobed with anti-h actin antibodies as a control for
equal protein loading. B, quantitative densitometric analysis of CaSR expression.
Columns, ratio of CaSR to h-actin in each lane. Lane 1, untreated control; lane 2,
treated with 1 mmol/L Ca2+; lane 3, treated with 0.1 Amol/L 1,25(OH)2D3;
lane 4, treated with a combination of 1 mmol/L Ca2+ and 0.1 Amol/L 1,25(OH)2D3;
lane 5, treated with 1.0 Amol/L 1,25(OH)2D3; lane 6, treated with 1 mmol/L
Ca2+ and 1.0 Amol/L 1,25(OH)2D3.
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agents have similar effects, they are not identical. It thus seems that
Ca2+ and 1,25(OH)2D3 affect differentiation and growth control in
colon epithelium by influencing multiple mechanisms, some of
which intersect at the CaSR. Because there is a strong correlation
between CaSR expression and differentiation in colon epithelium,
molecular mechanisms involved in regulating CaSR expression and
function seem to be critical in regulating epithelial growth and
differentiation in the colon.

in the CBS cells is also not known and requires further investigation.
Interestingly in other cell types such as fibroblasts, raising
the extracellular Ca2+ level results in a sustained increase in
intracellular Ca2+, whereas agents like 1,25(OH)2D3 induce only a
transient effect on cytosolic Ca2+ levels (34). The effects of
extracellular Ca2+ and 1,25(OH)2D3 on the kinetics and levels of
Ca2+ release from intracellular stores in the CBS cells are not known.
Differential regulation of intracellular Ca2+ release by extracellular
Ca2+ and 1,25(OH)2D3 could be a mechanism in driving different
regulatory pathways.
It is concluded that both Ca2+ and 1,25(OH)2D3 induce a more
differentiated or less malignant phenotype in colon carcinoma
cells. The molecular actions of Ca2+ and 1,25(OH)2D3 seem to be
similar in that both agents stimulated CaSR expression and
downstream events related to CaSR expression. Whereas the two
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