
Abstract. Background: Transitional cell carcinoma (TCC) in
dogs is associated with high morbidity and mortality. Calcitriol
and its analog seocalcitol, combined with medium-chain
triglyceride (MCT), have potential for the treatment of this
disease. Materials and Methods: TCC cells were treated with
calcitriol or seocalcitol, alone or combined with MCT. Cell
growth, cell cycle kinetics, vitamin D receptor (VDR)
localization and expression, and Bcl-2 expression were
measured. Results: Canine TCC expresses high levels of
nuclear VDR. Furthermore, calcitriol and seocalcitol
significantly inhibited cell growth and calcitriol caused G0/G1
cell cycle arrest. Bcl-2 expression was slightly decreased in cells
treated with these compounds, although no significant changes
in VDR expression were observed. MCT enhanced the growth
inhibitory effect of both compounds. Conclusion: Calcitriol
and seocalcitol inhibited TCC cell growth via induction of cell
cycle arrest and MCT enhanced this effect. Therefore, calcitriol
and seocalcitol with MCT may have therapeutic potential for
canine bladder cancer. 

The hormone 1·, 25-dihydroxyvitamin D3 (calcitriol), the

metabolically active form of vitamin D3, is known for its

classic role in calcium regulation and bone metabolism (1).

Calcitriol mediates gene expression via binding to the

nuclear vitamin D receptor (VDR) in target tissue, causing

up-regulation of gene transcription and translation of

specific proteins (1, 2). Calcitriol and its analogs have been

shown to exert antiproliferative effects in a variety of human

cancers, including breast, colon and prostate cancers,

through interaction with the VDR (3, 4). Recently, it was

demonstrated that calcitriol also has significant

antiproliferative effects on human urinary bladder tumor

cells in vitro and in vivo (5). We previously showed that

calcitriol and its analogs inhibited the growth of primary

canine prostate epithelial cells and a canine squamous

carcinoma cell line (SCC 2/88) in vitro (6, 7). 

In order to achieve the inhibitory effects of calcitriol on

cell proliferation, supraphysiological doses and prolonged

treatment with this active vitamin D metabolite are

required. However, calcitriol has the potential to induce

hypercalcemic side-effects, which limits its use in cancer

patients. Therefore, during the past decade, many vitamin

D analogs have been synthesized to retain the potent

antiproliferative activity without the undesired

hypercalcemic side-effects. Seocalcitol, or EB1089 (22, 24-

diene-24a,26a,27a-trihomo-1·, 25-dihydroxyvitamin D3), has

been reported to have much greater potency than calcitriol

in inhibiting the cell growth of various human cancers in
vitro, in vivo and in clinical trials, with minimal effects on

the blood calcium level (8, 9). 

Transitional cell carcinoma (TCC) is the most common

neoplasm affecting the urinary bladder of dogs. The

majority of TCCs in dogs are invasive, highly malignant

tumors that often are diagnosed late during the course of

disease progression (10). Current treatments for TCC in

dogs are ineffective and the tumors are associated with high

morbidity and mortality. Results from the use of platinum

analogs, such as cisplatin and carboplatin, to treat TCC in

dogs have been disappointing (11, 12). Piroxicam, a

nonsteroidal anti-inflammatory drug, is the most commonly
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used drug for the medical management of TCC in dogs (13).

Although most dogs treated with piroxicam have improved

clinical signs (e.g., stranguria, hematuria, pollakiuria),

significant objective tumor regression is uncommon. Our

preliminary data demonstrated that the VDR is expressed

in TCC of the canine urinary bladder, suggesting a role for

calcitriol and its analog on canine TCC. 

Several studies have shown that the antiproliferative

effects of calcitriol and its analogs are the result of cell cycle

arrest (14, 15) and induction of apoptosis (16, 17). Calcitriol

treatment of a squamous cell carcinoma cell line caused

G0/G1 arrest by inducing the expression of the cyclin-

dependent protein kinase (CDK) inhibitors p21 and p27

(14). Furthermore, treatment of the LNCaP prostate cancer

cell line with calcitriol led to up-regulation of p21 protein

expression, which is required for G1 to S cell cycle transition

(18). Bcl-2 is a member of a large family of proteins that

regulate apoptosis induction in many cell lines including

urinary bladder cancer (19, 20). Treatment of primary

human prostate cancer stromal cells with calcitriol led to

down-regulation of Bcl-2 expression in those cultures (17).

In addition, Bcl-2 over-expression prevented calcitriol-

induced apoptosis of LNCaP cells (16). These findings

suggest that the induction of apoptosis by calcitriol involves

the Bcl-2 regulatory pathway.

Medium-chain triglyceride (MCT) is a mixture of

triglycerides mainly containing caprylic and capric acids. It is

used widely in foods, drugs and cosmetic formulas (21) and

also is used in patients requiring parenteral nutritional

supplementation (22). It has been shown that calcitriol

dissolved in MCT provides greater inhibition of liver tumor

cell growth in vitro than calcitriol alone, by acting as a

sustained release drug depot (23). Moreover, MCT is

retained in liver tumors when administered via the intra-

hepatic arterial route to laboratory animals (24). Due to the

fat soluble nature of calcitriol and seocalcitol, MCT is a

suitable solvent for these compounds. Because of the

limited effectiveness of existing therapies for advanced

bladder cancer in dogs and people and the demonstrated

antiproliferative effects of calcitriol and its analogs in other

tumors, we designed a study to investigate: a) the effect of

calcitriol and seocalcitol on TCC cell growth; b) the effect

of both compounds on VDR and Bcl-2 expression; c) the

effect of calcitriol on TCC cell cycle distribution; and d) the

effect of the addition of MCT to calcitriol and seocalcitol

on growth inhibition of TCC cells.

Materials and Methods

Vitamin D and its analog. Calcitriol and seocalcitol were generous

gifts from Dr. L. Binderup (LEO Pharma, Ballerup, Denmark).

MCT mixture preparation. Calcitriol, seocalcitol and vehicle

(ethanol) were mixed with MCT before adding to the cell culture

media to give final concentrations of 10-9 M, 10-7 M and 10-6 M.

The media mixture was then sonicated in an ultrasonic bath

sonicator for 15-20 minutes to emulsify the MCT and calcitriol or

seocalcitol mixture with the culture media. 

Cell culture. A TCC cell line was provided by Dr. D. W. Knapp

(25). Cells were grown in DMEM medium supplemented with 5%

FBS, 5% newborn calf serum and penicillin-streptomycin (GIBCO

BRL, Grand Island, NY, USA), at 37ÆC in a humidified

atmosphere of 5% CO2. Cells were plated at 50,000 cells/ml in 6-

well culture plates (Corning Incorporated Life Sciences, Acton,

MA, USA) and incubated for 24 hours before drug treatment.

Media containing calcitriol, seocalcitol, or vehicle (ethanol) with

or without MCT, as described above, were added. The final

concentrations of MCT and ethanol were 1% and less than 0.1%

of media, respectively. For Western blot analysis, cells were grown

in 10-mm culture plates and treated with calcitriol, seocalcitol or

ethanol without MCT. The cells were treated for 48 and 72 hours

unless otherwise stated. At the end of each experiment, the cells

were harvested and subjected to analyses accordingly. Each

experiment was run in triplicate.

Fluorescence DNA concentration analysis. DNA was isolated from

cells using 4 M guanidine isothiocyanate containing 0.5% sodium

lauryl sarcosine and 25 mM sodium citrate (7). The DNA content

was measured on a fluorescence plate reader (SPECTRAmax®

GEMINI XS, Molecular Devices Corporation, Sunnyvale, CA,

USA) using Hoechst 33258 dye. Calf thymus DNA (100 Ìg/ml)

served as a calibration control.

Cell cycle analysis. Cell cycle analysis was performed on TCC cells

treated with calcitriol at 10-7 M or vehicle (ethanol), as described

above. At 24 and 48 hours, the cells were harvested, washed twice

with cold PBS, and fixed in cold 70% ethanol for 30 minutes at

4ÆC. The cells then were treated with 1 unit of RNase before

staining with 0.5 mg/ml propidium iodide. The DNA content was

measured using a flow cytometer (Beckman Coulter® EPICS XLì,

Fullerton, CA, USA). The results were analyzed using Cylchred

software (University of Wales College of Medicine, Cardiff, UK).

Immunohistochemistry. Normal canine urothelium (n=4), biopsy

tissue from canine TCC of the urinary bladder (n=3) and the TCC

cell line were fixed and processed by the freeze substitution

technique for immunohistochemistry, as previously described (7).

Sections were stained for localization of VDR according to our

protocol (7). Briefly, samples were incubated with 5% normal goat

serum (NGS) in phosphate-buffered saline (PBS, pH 7.1) for 30

minutes at room temperature, followed by application of the primary

antibody, rat anti-chicken VDR monoclonal antibody (Chemicon

International Inc., Temecula, CA, USA) 1:50 in PBS at 4ÆC

overnight. After washing, the secondary antibody, goat anti-rat IgG

(Chemicon International Inc.) diluted 1:20 in PBS was added to the

slides and incubated for 30 minutes at room temperature. The slides

were developed by incubating in rat peroxidase-antiperoxidase

(PAP) (Chemicon International Inc.) diluted 1:100 in 1% NGS in

PBS for 30 minutes followed by 0.05% DAB and 0.01% hydrogen

peroxide in 0.05 M Tris buffer for 5 minutes. The slides were

mounted in aqua mount and visualized by light microscopy.

Western blot analysis for VDR and Bcl-2. At the end of the

experiment, the cells were harvested and cell lysates were prepared.
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Western blot analysis was performed as previously described (7).

The membranes were incubated at 4ÆC overnight in primary

antibody, rabbit anti-human VDR monoclonal antibody (Santa

Cruz Biotechnology Inc., Santa Cruz, CA, USA) diluted 1:100, or

mouse anti-human Bcl-2 monoclonal antibody (DakoCytomation

California Inc., Carpinteria, CA, USA) diluted 1: 200, followed by

washing with deionized water for 15 minutes. Blots were incubated

in goat anti-rabbit IgG-HRP for VDR blots and rabbit anti-mouse

IgG-HRP for Bcl-2 blots at 1:2000 for 2 hours. Protein bands were

detected using LumiGLO Chemiluminescent substrate (Kirkegaard

& Perry Laboratories, Gaithersburg, MD, USA) and exposed to 

X-ray film for 5-10 seconds. After exposure, the blots were stripped

and incubated with mouse anti-‚-actin monoclonal antibody

(Sigma, Saint Louis, MO, USA) to normalize protein loading. The

Gel-Pro® Analyzer (Media Cybernetics, San Diego, CA, USA) was

used to measure protein band density. 

Statistical analysis. For the cell growth study, the proportion

recovered was modeled using a linear regression model that treated

concentration and solution as factors, and included an interaction

term between concentration and solution (using PROC MIXED of

SAS 9.1; Cary, NC, USA). In performing this regression analysis

with PROC MIXED followed by Tukey’s pairwise comparison, we

considered all observations to be independent. Cell cycle analysis

was analyzed using unpaired Student’s t-test. All treatment groups

were tested in triplicate.

Results

Inhibition of cell growth. We evaluated the inhibition of TCC

cell growth by treatment with various concentrations (10-9 M,

10-7 M, 10-6 M) of calcitriol and seocalcitol with and without

1% MCT. Samples were collected at 48 and 72 hours of

treatment. At 72 hours, calcitriol and seocalcitol inhibited

TCC cell growth in a dose-dependent manner. Treatment of

cells with calcitriol alone caused significant inhibition only at

the highest concentration of drug (10-6 M, p<0.05) (Figure

1). However, the addition of 1% MCT to calcitriol showed a

significant increase in inhibition of TCC cell growth at all

concentrations tested compared to their controls (p<0.01).

As a result, calcitriol with 1% MCT significantly enhanced

the inhibitory effects of calcitriol at all concentrations tested

compared to calcitriol alone (p<0.05 for 10-9 M; p<0.001 for

10-7 M; p<0.0001 for 10-6 M) (Figure 2).

Compared to the control vehicle-treated cultures, seocalcitol

alone was inhibitory at 10-7 M (p<0.01) and 10-6 M (p<0.0001)

(Figure 3). However, the addition of 1% MCT to seocalcitol

was inhibitory at all concentrations tested compared to their

controls (p<0.001). Significant enhancement of seocalcitol

activity by MCT was only at 10-9 M (p<0.05), but not at 10-7 M

or 10-6 M (Figure 4). Similar results were observed in TCC

cells treated with calcitriol and seocalcitol alone or with 1%

MCT at 48 hours (data not shown).

Cell cycle analysis. Cell cycle analysis was done by flow

cytometry using propidium iodide staining. Calcitriol

caused significant accumulation of cells in the G0/G1-phase

and reduction in numbers of cell in the S-G2/M-phase of

the cell cycle in TCC cells compared to vehicle-treated

control after 24 hours (p<0.05) and 48 hours (p<0.01)

treatment (Table I). 

Cellular expression of VDR. Immunohistochemical staining

of normal canine urinary bladder urothelium, biopsy tissue

from canine TCC of the urinary bladder and TCC cell line

with anti-VDR antibody demonstrated positive intranuclear

staining for VDR (Figure 5). 
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Figure 1. Antiproliferative effects of calcitriol at 72 hours: Graph
demonstrates proportion of DNA remaining relative to control at 10-9 M,
10-7 M and 10-6 M. The DNA content of TCC cells was determined by
DNA fluorometry using Hoechst 33258 dye. Calcitriol significantly
inhibited TCC cell growth at 10-6 M. (* p<0.05)

Figure 2. Antiproliferative effects of calcitriol compared to calcitriol plus
1% MCT at 72 hours. Graphs demonstrates proportion of DNA remaining
relative to their respective controls at 10-9 M, 10-7 M and 10-6 M. MCT
significantly enhanced the inhibitory effects of calcitriol at all
concentration tested. (* p<0.05; *** p<0.001; **** p<0.0001) 



VDR protein level. Western blot analysis for VDR in normal

canine urinary bladder urothelium and the TCC cell line

resulted in a band with a molecular weight of approximately

62 kDa (Figure 6). Modulation of the VDR protein level

was not observed in TCC cells treated with calcitriol or

seocalcitol at 10-9 M, 10-7 M and 10-6 M compared to the

vehicle-treated control after 48 and 72 hours (Figure 7). 

Bcl-2 protein level. Bcl-2 was detected in TCC cells as

determined by Western blot analysis. Based on

quantification of the data using densitometry, Bcl-2

expression was slightly decreased in TCC cells treated with

calcitriol and seocalcitol at 10-9 M, 10-7 M and 10-6 M

compared to the vehicle-treated control after 48 and 72

hours (Figure 8). 

Discussion

TCC in dogs is associated with high morbidity and mortality.

Calcitriol and its analogs have been shown to exert

antiproliferative effects in a variety of human cancers,

including breast, colon and prostate cancers, through

interaction with the VDR (3, 4). Recently, it was

demonstrated that calcitriol also has significant

antiproliferative effects on human urinary bladder tumor

cells in vitro and in vivo (5). In order to achieve the inhibitory

effects of calcitriol on cell proliferation in vivo,

supraphysiological doses and prolonged treatment with this

active vitamin D metabolite are required. However, calcitriol

has the potential to induce hypercalcemic side-effects, which

limits its use in cancer patients. In this study, we explored

the inhibition of TCC cell growth by calcitriol and its

synthetic analog seocalcitol and effect of the addition of

MCT as a solvent to these compounds. We have shown that

normal canine urinary bladder urothelium, canine TCC of

the urinary bladder and a TCC cell line express VDR by

immunohistochemistry. This finding is consistent with others

who reported the presence of VDR in human TCC cells (5,

26) and suggests that normal and neoplastic canine

transitional epithelium are potential targets for the

antiproliferative effect of calcitriol. Our findings

demonstrated that calcitriol and seocalcitol significantly

inhibit cell growth in TCC cells in a dose-dependent manner.

These results are supported by previous studies of calcitriol-
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Figure 3. Antiproliferative effects of seocalcitol at 72 hours: Graph
demonstrates proportion of DNA remaining relative to control at 10-9 M,
10-7 M and 10-6 M. The DNA content of TCC cells was determined by
DNA fluorometry using Hoechst 33258 dye. Seocalcitol significantly
inhibited TCC cell growth at 10-7 M ** and 10-6 M ****. (** p<0.01;
**** p<0.0001)

Figure 4. Antiproliferative effects of seocalcitol compared to seocalcitol
plus 1% MCT at 72 hours. Graphs demonstrate the proportion of the DNA
remaining relative to their respective controls at 10-9 M, 10-7 M and 10-6 M.
MCT significantly enhanced the inhibitory effects of seocalcitol at 10-9 M.
(* p<0.05)

Footnote for Figures 1-4: The solid horizontal line represents the proportion (1.00) for the control group.

Table I. Cell cycle analysis of canine TCC cells treated with calcitriol and
vehicle (ethanol) at 10-7 M at 24 and 48 hours. DNA content (%) is
presented as mean±SD of triplicate samples. (** p<0.01; * p<0.05)

Time %G0/G1 %S-G2/M

Control 10-7 M Control 10-7 M 

(ethanol) calcitriol (ethanol) calcitriol

24 h 24.92±2.06 29.81±2.34* 75.08±2.06 70.19±2.35*

48 h 24.67±0.79 38.92±2.11** 75.34±0.80 61.08±2.10**



mediated inhibition of cell growth of human TCC and other

tumors (5, 27). However, we observed that TCC cells seem

to be more resistant to the antiproliferative effects of

calcitriol and seocalcitol than primary prostate epithelial

cells or a squamous cell carcinoma cell line (SCC 2/88),

requiring a higher dose to achieve growth inhibition.

Specifically, we found that both compounds had significant

inhibitory activity on TCC cell growth at tested

concentration as high as 10-6 M, but not at 10-9 M. Our

previous studies in primary canine prostate epithelial cells

and a canine SCC 2/88 cell line showed significant growth

inhibition in the 10-9 M to 10-7 M dose range (6, 7). The

response of TCC cells to higher doses of calcitriol and

seocalcitol compared to other cells of canine origin may

explain the poor response of canine TCC of the urinary

bladder to chemotherapy (10). 

Importantly, the addition of 1% MCT as a solvent for

calcitriol and seocalcitol significantly increased the potency

of these compounds. At 10-9 M, neither compound alone

reduced TCC cell growth after 72 hours treatment (Figures

1 and 3). The addition of 1% MCT to calcitriol significantly

enhanced the growth inhibition of the compound at all

concentrations from 10-9 M to 10-6 M (Figure 2). However,

1% MCT addition only enhanced the growth inhibition of

seocalcitol at 10-9 M (Figure 4). These findings are

consistent with those previously reported in HepG2 liver

cells (23) and suggest that calcitriol and seocalcitol dissolved

in MCT were taken up and accumulated in treated cells,
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Figure 5. VDR Immunohistochemistry. (A) normal canine urinary
bladder urothelium; (B) canine TCC of the urinary bladder and; (C) TCC
cell line. Tissues and cells stained with rat anti-chicken VDR monoclonal
antibody demonstrated positive reaction for the presence of nuclear VDR
(arrowheads). Control sections (insets) were reacted with non-specific
antiserum in place of a specific antibody. U: Urinary bladder urothelium;
LP: Lamina propria. Magnification x 400.

Figure 6. VDR expression in normal canine urinary bladder urothelium
and TCC cell line by Western blot analysis. VDR protein bands migrated
at a molecular weight of ~ 62 kDa. Blots were incubated with rabbit anti-
human VDR monoclonal antibody.



then released in a sustained manner. It has been proposed

that MCT as a solvent can prevent exposure of the

compounds to cellular metabolizing enzymes, thereby

prolonging degradation and resulting in greater stability of

the compounds (23). The fat soluble nature of calcitriol and

seocalcitol make MCT an ideal delivery reagent while

maintaining the antiproliferative activity of the compounds.

Altogether, the results from this study and others suggest

the potential use of MCT as a solvent to enhance the

efficacy of calcitriol and seocalcitol in vivo. 

Studies in human bladder cancer cell lines and other

human tumors have indicated that the growth inhibitory

effects of calcitriol are associated with G0/G1 cell-cycle

arrest (14, 28), which appears to be cell-specific (20).

Similarly, our results showed that calcitriol treatment

resulted in the accumulation of cells in the G0/G1-phase

and the reduction of cells in the S-G2/M-phase at 24 and 48

hours after treatment. Calcitriol up-regulates the CDK

inhibitor p21 in LNCaP cells, suggesting that p21 is

necessary for the growth inhibitory function of calcitriol by

inhibiting CDK2 activity, which is required for cell cycle

transition from G1- to S-phase (18). Studies with HL-60

cells have shown that seocalcitol induces G1 arrest by up-

regulation of p21 and p27 expression (29). p21 and p27 have

been reported to be important regulators of vitamin 

D-mediated cell cycle arrest by inhibiting CDK activity,

which leads to arrest in the G0/G1-phase (18, 30). The

mechanism of cell cycle arrest by calcitriol in TCC cells is

not known; however, our findings demonstrated that

calcitriol induces G0/G1 arrest in TCC cells. Therefore, cell

cycle arrest is, in part, involved in the growth inhibitory

pathway induced by calcitriol in this cell line.

Several studies have demonstrated that the growth

inhibitory effects of calcitriol are mediated by induction of

apoptosis (5, 16-17). Mechanistically, treatment of some

cancer cell lines with calcitriol and its analogs resulted in

marked down-regulation of Bcl-2, which correlated with

the pro-apoptotic actions of these compounds (17, 20).

However, calcitriol and seocalcitol have been shown to

induce apoptosis in the human colorectal adenoma cell

line AA/C1, which does not express Bcl-2 (31). In addition,

down-regulation of Bcl-2 in other colorectal carcinoma cell

lines (SW260 and HT29) in response to seocalcitol was not

observed. Taken together, these data indicate that the

induction of apoptosis in response to calcitriol or

seocalcitol is cell- and species-specific, and may or may not
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Figure 7. VDR expression in TCC cells treated with calcitriol, seocalcitol
and vehicle (ethanol) was determined by Western blot analysis. Calcitriol,
seocalcitol and vehicle (ethanol) at 10-9 M, 10-7 M and 10-6 M for 48
hours (A) and 72 hours (B). Blots were incubated with rabbit anti-human
VDR monoclonal antibody.

Figures 8. Bcl-2 expression in TCC cells treated with calcitriol, seocalcitol
and vehicle (ethanol) as determined by Western blot analysis. Calcitriol,
seocalcitol and vehicle (ethanol) at 10-9 M, 10-7 M and 10-6 M for 48
hours (A) and 72 hours (B). Blots were incubated with mouse anti-human
Bcl-2 monoclonal antibody.



occur via Bcl-2-dependent regulatory pathways. Our

studies demonstrated that Bcl-2 expression in TCC cells

treated with calcitriol and seocalcitol was only slightly

decreased. Therefore, we conclude that Bcl-2 down-

regulation is not a major factor of apoptosis induction in

a canine TCC cell line in response to calcitriol and

seocalcitol treatment. 

A previous study from our laboratory reported a slight

increase in VDR mRNA expression in primary cultures of

canine prostate epithelial cells treated with calcitriol (6);

however, a similar increase in VDR protein expression was

not observed in TCC cells treated with calcitriol or

seocalcitol. Previous literature reports have shown that cell

lines treated with ÌM concentrations of calcitriol or its

analogs produced antiproliferative effects via both VDR-

dependent and VDR-independent mechanisms (15). Δhe

proposed mechanisms of the VDR-independent activity of

vitamin D compounds include binding to alternative

nuclear receptors, generation of toxic metabolites and

byproducts, or direct interaction with components of cell

signaling pathways. In this study, we conclude that the

growth inhibitory mechanisms of calcitriol and seocalcitol

in the TCC cell line are not dependent on the level of

VDR expression. The inhibitory pathways utilized by

calcitriol and its analogs in TCC cells are unknown and

need further study.

Clinical uses of calcitriol for cancer treatment have been

limited by the hypercalcemia and hypercalciurea induced by

supraphysiological doses and long-term administration of

these compounds. Our results demonstrated that MCT as a

solvent enhanced the inhibitory potency of calcitriol and

seocalcitol. These findings suggest the potential use of MCT

as a solvent and enhancer for the increased efficacy of

calcitriol and seocalcitol in cancer therapy. Because of the

enhancing effect of MCT, the therapeutic potency of both

compounds can be achieved with the lower dosage,

therefore avoiding the unwanted hypercalcemic toxicity of

calcitriol and its analogs. Moreover, the unique anatomy of

urinary bladder cancer provides potential for intravesicular

administration of high doses of calcitriol and its analogs

dissolved in MCT, to achieve a high local drug

concentration and to minimize systemic side-effects.

Therefore, calcitriol and its analogs with MCT may have

therapeutic potential for treating bladder cancer in animal

and human patients.
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