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Abstract
Calcitriol antiproliferative effects were observed in xenografts of breast cancer cell lines, however they were not yet 
investigated in tumorgrafts, consisting of freshly collected breast cancer samples xenografted into animals. Objectives: To 
establish a tumorgraft model, from freshly collected breast cancer samples, which were directly implanted in nude mice, 
to study calcitriol effects. Methods: Breast cancer samples collected from 12 patients were orthotopically implanted 
into nude mice. Animals were treated with weekly intratumoral injections of calcitriol 3 μg/Kg, which was previously 
shown to induce peak serum calcitriol levels in the predicted therapeutic range. Results: Success engraftment rate was 
25%. Tumorgrafts were established from aggressive (HER2 positive or histological grade 3) highly proliferative samples 
and original tumor characteristics were preserved. Calcitriol highly induced its target gene, CYP24A1, indicating that 
the genomic vitamin D pathway is active in tumorgrafts. However, no differences in the expression of proliferation and 
apoptosis markers (BrdU incorporation, Ki67, CDKN1A, CDKN1B, BCL2 expression) were observed in these highly 
proliferative tumor samples. Conclusions: Tumorgrafts seem a promising model to explore other calcitriol doses and 
regimens, considering the heterogeneity of the disease and microenvironment interactions. 

Keywords: tumorgraft, breast cancer, calcitriol, proliferation.

Modelo de enxerto tumoral ortotópico em camundongos para avaliar os 
efeitos do calcitriol em câncer de mama

Resumo
Os efeitos antiproliferativos de calcitriol foram observados em xenotransplantes de linhagens celulares de câncer 
de mama, entretanto, não foram ainda investigados em enxertos tumorais, consistindo de implantes em animais de 
amostras de câncer de mama recém-coletadas. Objetivos: Estabelecer modelo de enxerto tumoral, a partir de amostra 
de câncer de mama recém-coletada e diretamente implantada em camundongos nude, para estudar o efeito do calcitriol. 
Métodos: Amostras de câncer de mama de 12 pacientes foram implantadas ortotopicamente em camundongos nude. 
Os animais foram tratados com injeção intratumoral semanal de calcitriol 3 μg/Kg, a qual foi previamente associada 
com indução de pico sérico de calcitriol dentro do intervalo de nível terapêutico. Resultados: A taxa de sucesso de pega 
do enxerto foi de 25%. Os enxertos tumorais foram estabelecidos de tumores agressivos com alta taxa de proliferação 
(HER2 positivo ou grau histológico 3) e as características do tumor original foram preservadas. O calcitriol induziu 
fortemente a expressão do gene alvo, CYP24A1, indicando que a via genômica da vitamina D está ativa nos enxertos 
tumorais, entretanto, não se observou diferenças na expressão de marcadores de proliferação e apoptose (incorporação 
de BrdU, expressão de Ki67, CDKN1A, CDKN1B e BCL2) nestas amostras altamente proliferativas. Conclusões: Os 
enxertos tumorais parecem ser um modelo promissor para explorar outros esquemas e doses de calcitriol, considerando 
a heterogeneidade da doença e interações com o microambiente. 

Palavras-chave: enxerto, câncer de mama, calcitriol, proliferação.
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1. Introduction

A relationship between decreased exposure to sunlight 
and reduced synthesis of vitamin D on the skin with higher 
breast cancer incidence and mortality was previously 
suggested (Garland et al., 2006). To clarify this issue, a 
few studies have directly assessed the relationship between 
vitamin D serum concentration and breast cancer risk. 
Although some studies indicate that vitamin D levels 
are inversely correlated with breast cancer risk, recent 
meta-analyses show the opposite findings, if the analysis 
were restricted to prospective studies measuring 25(OH)
D years before diagnosis or evaluated pre-diagnostic 
25(OH)D3 concentrations in older individuals. (Bertone-
Johnson  et  al., 2005; Abbas  et  al., 2008; Wang  et  al., 
2013; Janowsky et al., 1999; Lyra et al., 2006; Hiatt et al., 
1998; Gandini et al., 2011; Ordóñez-Mena et al., 2015; 
Yin et al., 2010). In addition, while 25(OH)D3 deficiency 
was associated with poor outcome in observational studies 
(Goodwin  et  al., 2009), no prognostic association of 
25 hydroxy vitamin D in a phase III adjuvant randomized 
clinical trial of chemotherapy regimens in high-risk breast 
cancer patients was observed (Lohmann  et  al., 2015). 
Hence, some controversies are still in place regarding the 
association between 25(OH)D3 level and breast cancer 
risk and prognosis.

A possible link between the vitamin D pathway and 
breast cancer development was reported as an amplification 
of CYP24A1, that codes for 24-hydroxylase, an enzyme 
responsible for 1,25(OH)2D3 hydroxilation, and its consequent 
lower activity (Albertson et al., 2000). On the other hand, 
CYP27B1 expression, which codes for 1α-hydroxylase, 
was detected in normal human breast, as well as in breast 
carcinoma samples, indicating that local activation of the 
precursor form, 25(OH)D3, may take place in both normal 
and cancerous tissues (Lyra et al., 2006; Lopes et al., 2010). 
In addition, receptors for 1,25(OH)2D3 were identified 
in breast cancer cell lines and breast cancer specimens 
(Lyra  et  al., 2006; Bortman  et  al., 2002). Hence, the 
vitamin D pathway may be a possible antitumoral target 
in breast cancer.

The mechanism underlying 1,25(OH)2D3 induced G0/G1 
phase growth arrest involves up-regulation of molecules 
like cyclin dependent kinase inhibitors such as p21WAF1/CIP1 
(CDKN1A) and p27KIP1 (CDKN1B) (Verlinden et al., 1998; 
Katayama et al., 2003), as well as transforming growth 
factor β, TGFβ (which can inhibit the proliferation of 
epithelial cells), TGFβ receptors and insulin-like growth 
factor binding protein-3 (IGFBP-3), which regulates the 
availability of insulin-like growth factor (IGF), an important 
mitogen for normal mammary epithelial and breast cancer 
cells (Swami et al., 2003). Most of these studies however, 
were performed in breast cancer cell lines, an experimental 
model that does not take into consideration the epithelial 
mesenchymal interactions on the tumor microenvironment.

Stromal cells, that infiltrate and surround the malignant 
cells, were also shown to be vitamin D targets, as they 
also express vitamin D receptor (VDR) (Campos et al., 

2013; Knower et al., 2013). In agreement, our previous 
studies have shown that in cultured breast cancer fresh 
slices, transcriptional response to 1,25(OH)2D3 seems 
to reflect both cell compartments, epithelial as well as 
stromal (Milani et al., 2013). In this experimental model, 
1,25(OH)2D3 at near physiological concentration (0.5nM) 
could activate the hormone genomic pathway, detected 
through the induction of CYP24A1 expression. The overall 
transcriptional response was concentration related and less 
intense than in tumor samples treated with 1,25(OH)2D3 
at 100nM. Transcriptional effects however, were not 
reproducible in post-menopausal breast cancer patients and 
the genomic pathway was not induced in tumor specimens 
collected after a short period of calcitriol supplementation 
(0.5μg/PO/day for 30 days) (Urata et al., 2014).

Phase I studies revealed that pulse administration 
may allow higher calcitriol oral or subcutaneous doses 
without major toxicities (Smith et al., 1999; Beer et al., 
2001). It was also shown that, calcipotriol, a vitamin D3 
analogue, when locally applied on breast cancer skin 
metastasis, as an ointment, may induce a few partial and 
minor responses (Bower et al., 1991).

We have then tried to establish a tumorgraft model 
from freshly collected breast cancer samples in nude 
mice to study calcitriol effects. Our hypothesis was that 
intra-tumoral administration of calcitriol might provide 
a high local concentration of the hormone, that besides 
activating the genomic pathway, might impact on tumor 
proliferation, without major toxicities as hypercalcemia. 
This preclinical experimental model might contribute to 
explore calcitriol effects considering the heterogeneity of 
the disease and microenvironment interactions.

2. Patients and Methods

2.1. Patients
Post-menopausal breast cancer patients were invited to 

participate in this study, which was approved by the Institutional 
Ethics Committee (Comissão de Trabalhos Científicos do 
Instituto Brasileiro de Controle do Câncer‑IBCC, in August 
06, 2010; Comitê de Ética em Pesquisa da Faculdade de 
Medicina da USP, protocolo 088/11).

Twelve patients agreed to take part in the study and 
signed a written informed consent. Median age of the 
patients was 57.5 years, most of whom, diagnosed with 
invasive ductal carcinomas (91.6%) histological grade 
II (58.3%) (Table 1). No patients received neoadjuvant 
treatment and tumor fragments were collected during 
breast surgery.

2.2. Establishment of tumorgrafts in female nude mice
Mice procedures were performed in compliance with 

the Canadian Council on Animal Care with approval from 
the Institutional Ethics Committee (Comitê de Ética em 
Pesquisa da Faculdade de Medicina da USP, protocolo 
088/11; Comissão de Ética no Uso de Animais do Instituto 
Butantan, protocolo 759/10).
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At first, to evaluate possible toxicities, Balb-C mice 
were treated with different doses of calcitriol (Calcijex, 
Abbott Laboratórios do Brasil Ltda, São Paulo, Brazil), 
1, 2 or 3 μg/Kg (corresponding to 0.02, 0.04 or 0.06 μg/mouse) 
by intraperitoneal route, weekly for 6 weeks. No significant 
toxicities were observed (data not shown), as previously 
described in human beings (Smith et al., 1999; Beer et al., 
2001), and the chosen dose for the next procedures in 
nude mice was 0.06 μg/mouse, which was associated 
with peak calcitriol concentrations around 1,800 pg/mL 
(approximately 4.3 nM) in a phase I clinical trial.

Female athymic nude mice (Foxn1nu) with approximately 
20 g were provided by Centro de Bioterismo da Faculdade 
de Medicina da Universidade de São Paulo, São Paulo, 
Brazil. For orthotopic xenografting, a blade incision was 
made 1 cm lateral to the nipple on the pelvic region of the 
animal, under anesthesia with 0.01 mL xylazine (20 mg/mL, 
Vetbrands, Jacareí, SP, Brazil) and 0.04 mL Ketamine 
(50mg/mL, Fort Dodge Laboratories, Fort Dodge, Iowa, 
USA), and following fat pad exposure, a tumor fragment 
(median diameter: 10mm) was implanted.

Surgical specimens were processed within two hours 
after tumor excision. One fragment of each tumor sample 
pre-xenografting was separated for histopathological 
analysis, as a control for the presence of invasive carcinoma.

In the beginning, each tumor sample (T3, T7) was 
implanted in four or more mice (time of implantation: 
week 0, zero). Afterwards, tumor samples were halved 
for implantation in only two mice. Animals were kept 
under pathogen free housing and mice weight as well as 
nodule largest dimension, using a caliper (called nodule, 
as histopathological analysis to verify malignant nature of 
the lesion was performed only on the 11th week, after the 
end of treatment), were verified once a week.

After six weeks (week 6) mice were divided in two 
groups of treatment: one received intra-nodule injections 

of calcitriol 0.06 μg (Calcijex, Abbott) and the other 
received vehicle, kindly prepared by Prof. Maria Aparecida 
Nicoletti (Department of Pharmacy, Faculdade de Ciências 
Farmacêuticas, Universidade de São Paulo, São Paulo, 
Brazil), based on the label of Calcijex, Abbott. Intra-nodule 
injections followed weekly, for 6 weeks (week 6 through 
week 11). On the day after the last calcitriol injection, 
5-Bromo-2’-deoxyuridine 1mg (CAS 59-14-3, Calbiochem, 
Darmstadt, Germany) was administered by intraperitoneal 
route and after 2 hours, mice were euthanized. Blood samples 
were collected by cardiac puncture for determination of 
total serum calcium (Calcium reaction with arsenazo III 
in acidic medium, forming the calcium-arsenazo III blue 
color; absorbance of the reaction product was measured 
at wavelengths of 600 or 660 nm). Nodules were frozen 
in liquid nitrogen or formalin fixed and paraffin embedded 
(FFPE) for subsequent analysis.

2.3. Immunohistochemical analysis
Sections of 3 μm thickness were cut from paraffin 

blocks, and after antigen retrieval using pressure cooking 
in 10 mM citrate buffer at pH 6.0. Immunohistochemistry 
reactions were performed using antibodies against Ki67 
(Dako, Glostrup, Denmark; clone MIB-1, DAKO 7240, 
dilution 1:200); BrdU (Neomarkers, Fremont, CA, USA; 
clone Bu20a,1848-P, dilution 1:1000); BCL2 (Dako M0887, 
clone 124, dilution 1:500); p27Kip1 (Dako M7203, clone 
Sx53G8, dilution 1:1000); Vitamin D receptor (Millipore, 
Temecula, CA, USA; clone 9A7, Millipore 04-1526, 
dilution 1:30), followed by detection through Lab Vision™ 
UltraVision™ LP Detection System: HRP Polymer/DAB 
Plus Chromogen (visualized using 3.3’diaminobenzedine 
tetrahydrochloride (DAB, D-5637, Sigma, St. Louis, MO, 
USA). Sections were counterstained with Harris hematoxylin 
and coverslipped. Immunohistochemistry reactions were also 
performed in the absense of the 1st antibody, as a negative 

Table 1. Characteristics of patients.
Tumor
sample

Age
(years) CS HT HG ER

(%)
PR
(%) HER2 Ki67

(%)
T1 65 IIB IDC 2 20 30 neg ND
T3 63 IIA IDC 2 30 40 neg 12
T7 50 IIA IDC 3 50 30 neg 80
T8 74 IA IDC 2 70 neg neg 5
T9 53 IIA IDC 2 10 10 pos 10
T10 51 IIB IDC 3 10 neg neg 35
T11 51 IIA IDC 2 neg neg pos 30
T12 64 IIA IDC 3 neg neg neg 40
T13 55 IIA IDC 2 neg 01 neg 55
T14 68 IA MC 2 90 75 neg 15
T16 57 IIIB IDC 3 10 40 neg 50
T17 58 IIA IDC 3 9 neg neg 99
T18 62 IA IDC 2 50 80 neg ND
T19 68 IA IDC 2 80 70 pos 30

CS: clinical stage; HT: histological type, IDC: invasive ductal carcinoma, MC: mucinous carcinoma; HG: histological grade; 
ER: estrogen receptor; PR: progesterone receptor; pos: positive; neg: negative. (HER2: Herceptest and/or FISH); ND: not determined.
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control of the reaction. Staining of carcinoma cells was 
scored under light microscope by a medical pathologist 
(RAB) and immuno expression analysis are presented as 
percentage of positivity. Images were acquired on Nikon 
ACT-1 Software using 40X objective.

2.4. RNA extraction and real time RT-PCR
Fragments obtained from tumorgrafts were pulverized 

(Bio-Pulverizer™ BioSpec Products Inc., Oklahoma, USA) 
under liquid nitrogen and total RNA was isolated using 
RNeasy kit (Qiagen, Valencia, CA, USA), according to 
the manufacturer’s protocol.

At first, cDNA was synthesized from 0.2-0.5 μg RNA 
from tumor samples or HB4A mammary epithelial cell line 
(donated by Drs. Mike O’Hare and Alan Mackay, Ludwig 
Institute for Cancer Research, London, UK). Reverse 
transcription was performed with random primers (Promega 
Corporation, Madison, USA,) and Superscript III (Invitrogen 
Corporation, Carlsbad, CA, USA). Quantitative PCR was 
carried out with SYBR Green PCR Power MasterMix (Life 
technologies, Carlsbad, CA, USA) and specific primers 
to the target genes or to GAPDH, which was used as an 
internal reference, in an Applied Biosystems 7900HT Fast 
Real-Time PCR System (Applied Biosystems, Foster City, 
CA, USA), using the following program: 10 min at 95 °C 
for initial denaturation, followed by 40 cycles at 95 °C for 
15 s and 60 °C for 1 min. Values from duplicate reactions 
were then averaged. Relative gene expression on the tumor 
sample was then normalized to the value of HB4A cells, 
using the 2−ΔΔCT methodology.

2.5. Statistical analysis
Non-parametric tests (Mann Whithey U test for unrelated 

samples and Wilcoxon signed ranks test or Friedman test 
for related samples) were used to evaluate the significance 
level of the difference. A two-tailed p value ≤ 0.05 was 
considered significant. Analysis was undertaken using 
SPSS software (Chicago, IL, USA).

3. Results

3.1. Establishment of tumorgrafts using fresh breast 
cancer slices

Mice were implanted with fragments from 12 different 
tumor samples and on the sixth week, no palpable nodules 
were detected in mice implanted with T9, T10, T17, T19, 
which were not further evaluated. On the remaining 
21 mice, xenografted with T3 (4 mice), T7 (5 mice), 
T8, T11, T12, T13, T14, T16 (2 mice each), intra-nodule 
weekly injections of calcitriol 0.06 μg or vehicle, were 
initiated and maintained for the next weeks (week 6 through 
week 11). A nodule that developed in mice implanted with 
T7 and treated with vehicle or calcitriol is exemplified 
in Figure 1.

Mice weight presented neither differences between 
vehicle and calcitriol treated animals at the end of the 
experiment (week 11) nor between the 6th week and the 
11th week, comparing each treatment group separately 
(Figure 2A). Serum calcium, evaluated 24 hours after the last 
intra‑nodule injection, was higher in calcitriol treated animals 
than in vehicle treated mice (8.2 ± 1.7 vs 6.4 ± 1.1 mg/dL, 

Figure 1. Nodules detected in mice xenografted with T7 breast cancer sample at the beginning (6th week, W6) and ending 
of treatment (11th week, W11) with vehicle or calcitriol. Histopathology evaluation of these nodules revealed invasive 
carcinoma.
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respectively; Figure 2A). No hypercaelcemia was detected 
(Suckow et al., 2001).

At the end of the experiment (11th week), all nodules 
were dissected and submitted to histopathological analysis. 
Four samples of T3 (from two calcitriol treated and two 
vehicle treated mice) revealed stroma or necrosis. Each pair 
of samples originated from T8, T12, T13 and T14, revealed 
only a very small area of invasive carcinoma, preventing 
further evaluations, through immunohistochemistry reactions.

Histopathological analysis from nodules collected 
from nine mice xenografted with three different tumor 
samples [T7 (n=5; two treated with vehicle and three with 
calcitriol), T11 (n=2) and T16 (n=2)] revealed invasive 
carcinoma, occupying at least 50% of the area, except for 
T11 treated with calcitriol, where only carcinoma in situ 
or normal mammary duct were identified. From now on, 
results will focus only on these mice, which developed 
evaluable malignant lesions (designated tumorgrafts). 
In this subgroup of mice no differences in tumor dimension 
were detected, comparing the beginning (W6, week 6) and 
ending of treatment (W11, week 11) in both vehicle and 

calcitriol treated animals (Figure 2B). These samples were 
then analyzed for proliferation and apoptosis markers and 
VDR target genes.

3.2. VDR expression

VDR expression was evaluated in pre-xenograft 
samples by immunohistochemistry reactions, using a 
specific antibody against the receptor. VDR expression 
was observed in all three pre-xenograft samples, as a 
faint, mainly cytoplasmic and sporadic nuclear staining 
of malignant cells (Figure 3).

3.3. Expression of proliferation and apoptosis markers 
in tumor samples and tumorgrafts

Tumor samples, obtained from patients, and/or 
tumorgrafts, collected from mice, were analyzed for 
proliferation, through Ki67 expression (Figure 4), BrdU 
incorporation (tumorgrafts only; Figure 5) and CDKN1B 
expression (p27 KIP1) (Figure 6) as well as for apoptosis, 
through BCL2 expression (Figure 7), in malignant cells.

Figure 2. (A) Weight and calcemia in mice xenografted with 8 different tumor samples. Tumor samples from 8 patients 
(T3, T7, T8, T11, T12, T13, T14, T16) were grafted in 21 mice (each tumor sample was xenografted in two mice, except 
for samples T3, xenografted in four mice, two treated with vehicle and two with calcitriol and T7, xenografted in five 
mice, two treated with vehicle and three with calcitriol). After 6 weeks (W6, beginning of treatment) mice were treated 
with intra‑nodule injections of vehicle (n=10) or calcitriol 0.06 μg (n=11) for 6 weeks (week 11, W11, end of treatment). 
No differences in mice weight (W in grams, g) were detected: a) at the end of treatment (weight at week 11, WW11 vehicle 
vs calcitriol: p=0.685, Mann Whitney test); b) at the beginning and ending of treatment in both vehicle treated (weight at 
week 6, WW6 vs WW11: n=10, p=0.773; Wilcoxon test) and calcitriol treated (WW6 vs WW11: n=11, p=0.739; Wilcoxon 
test) animals. Calcemia (Ca) was determined one day after the last intra-tumoral injection (Ca W11) and was higher in 
calcitriol than in vehicle treated animals (p=0.014, Mann Whitney U test). (B) Tumorgraft dimension in nine mice that 
developed tumorgrafts T7, T11 and T16. Mice xenografted with T7 (5 animals, 3 treated with calcitriol and 2 with vehicle), 
T11 and T16 (1 pair each, treated with calcitriol or vehicle) developed nodules which were measured in the 6th week after 
implantation (DW6, dimension week 6, beginning of treatment with intra-tumoral injection with vehicle or calcitriol) and 
11th week (1 day after the last injection, DW11). Histopathological analysis revealed malignant lesion at the end of treatment. 
No differences were observed in tumorgraft dimension evaluated at the beginning and ending of treatment (Vehicle DW6 
vs DW11: p=0.102; Calcitriol DW6 vs DW11: p=0.581, Wilcoxon test). (C) CYP24A1 and CDKN1A mRNA relative 
expression in tumorgrafts (T7, T11, T16) treated with vehicle or calcitriol. No statistically significant differences between 
groups (vehicle vs calcitriol; n=3: T7, T11, T16) were observed. (CYP24A1: p=0.109; CDKN1A: p=1,000; Wilcoxon signed 
ranks test). Y axis presented in log scale.
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Figure 3. VDR expression in tumor samples T7, T11 and T16 pre-xenografting. VDR expression appears as a faint 
cytoplasmic and sporadic nuclear staining of malignant cells. (N) negative reaction without first antibody; (P): positive 
reaction with anti VDR antibody.

Figure 4. Ki67 expression in tumor samples T7, T11 and T16 pre-xenografting (P) and tumorgrafts obtained from mice after 
vehicle (V) or calcitriol (C) treatment for 6 weeks. Nuclear staining was detected in malignant cells.
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Figure 5. BrdU incorporation in T7, T11 and T16 tumorgrafts obtained from mice after vehicle (V) or calcitriol (C) treatment 
for 6 weeks. Tumorgrafts were collected 24 hours after the last intra-tumoral injection of calcitriol and two hours after BrdU 
intraperitoneal injection, and analyzed by immunohistochemistry reactions.

Figure 6. CDKN1B (p27KIP1) expression in tumor samples T7, T11 and T16 pre-xenografting (P) and tumorgrafts obtained 
from mice after vehicle (V) or calcitriol (C) treatment. A faint nuclear staining in malignant cells was detected, except for 
T16, where only scant lymphocytes were stained. A strong staining was detected in a mammary duct from tumorgraft T11 
treated with calcitriol.
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All three tumor samples (T7, T11, T16), obtained 
from patients, were highly proliferative (Ki67 expression 
detected in at least 20% of malignant cells in control samples 
pre-xenografting). A high proliferative index was also 
detected in both calcitriol and vehicle treated tumorgrafts, 
as at least 40% of the malignant cells expressed Ki67 
(Figure 4). In addition, BrdU incorporation was observed 
in more than 10% of the malignant cells from tumorgrafts, 
except for its absence in tumorgraft T16 vehicle treated, 
where a discrepancy between BrdU positive and Ki67 
expressing cells was detected (Figures 4, 5). Hence, all 
tumorgrafts samples, irrespective of treatment, presented 
a high proliferation index.

CDKN1B expression was detected as a faint positive 
nuclear staining in 10-20% of malignant cells from pre 
xenografting T7 and T11, as well as T11 vehicle treated 
samples. In T7 tumorgrafts, no differences in CDKN1B 
staining were observed between vehicle and calcitriol 
treated samples. A stronger CDKN1B staining was detected 
in epithelial cells of a mammary duct from T11 tumorgraft 
exposed to calcitriol, however, malignant disease was not 
present in this slide and no more FFPE sample was available 
for additional processing. On the other hand, CDKN1B 
expression, except for its presence in scant lymphocytes, 
was neither detected in T16 pre xenografting tumor sample 
nor in T16 tumorgrafts (Figure 6).

BCL2 expression was detected as a faint diffuse 
cytoplasmic staining in malignant cells (Figure 7). All T7 
samples (pre xenograft and derived tumorgrafts) presented 
a high percentage (>70%) and all T16 samples presented 

a low percentage of BCL2 positive cells (< 5%). T11 pre 
xenograft sample, except for lymphocytes, was negative 
for BCL2 expression; on the other hand, T11 derived 
tumorgrafts presented more than 50% of BCL2 positive cells.

In these three tumorgrafts, no differences in BrdU 
incorporation, Ki67 and CDKN1B expression between 
vehicle and calcitriol treated samples, (Figures 4-6) that 
could characterize an anti proliferative effect of vitamin 
D, were observed. In addition neither differences on the 
expression of apoptosis markers, as BCL2 (Figure 7), were 
detected between vehicle and calcitriol treated tumorgrafts.

3.4. Expression of vitamin D target genes in tumorgrafts
Expression of CYP24A1 and CDKN1A was evaluated 

in tumorgrafts T7, T11, T16 treated with vehicle and 
calcitriol. Although a statistically significant induction of 
CYP24A1 mRNA expression in calcitriol treated samples 
could not be detected (Figure 2C), comparing each paired 
sample individually, a higher CYP24A1 expression was 
observed in each one of them, after exposure to the 
hormone (T7: 10.4; T11: 18.5 and T16: 17 fold induction). 
No difference between groups was detected for the expression 
of CDKN1A mRNA (Figure 2C).

4. Discussion

In the present work, freshly collected breast cancer 
samples were orthotopically xenotransplanted in nude 
mice. This preclinical model enables direct analysis of 
patient derived tumor samples (Zhang et al., 2013), as well 

Figure 7. BCL2 expression in tumor samples T7, T11 and T16 pre-xenografting (P) and tumorgrafts obtained from mice 
after vehicle (V) or calcitriol (C) treatment for 6 weeks. BCL2 expression was detected as a faint diffuse cytoplasmic staining 
in malignant cells.
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as concomitant evaluation of hormone adverse effects. 
Although immunocompromised mice have been used to 
evaluate hormone actions in breast cancer xenografts, 
established from cell lineages (Cruz et al., 2001), this is 
the first effort to evaluate calcitriol effects in tumorgrafts.

Among 12 samples that were xenografted in Foxn1nu 
mice, only three, with aggressive characteristics (highly 
proliferative, histological grade 3 or HER2 positive) 
developed into tumorgrafts, with enough malignant 
tissue available for further studies. However, some mice 
xenotransplanted with tumor samples with similar aggressive 
features (triple negative or with a high proliferation index), 
originated palpable nodules which upon histopathological 
analysis, revealed absence or insufficient malignant tissue, 
preventing further analysis. A comparable success rate was 
already reported in non obese diabetic severe combined 
immunodeficiency mice (NOD-SCID), engrafted with 
luminal, triple negative or HER2 breast cancer subtypes 
(DeRose et al., 2011). Some authors, however reported 
higher engraftment rate after implanting nude mice with 
sarcomas or prostate cancer samples. In the first case, 
very aggressive sarcoma samples were chosen (tumors 
already resistant to chemotherapy) and in the second case, 
a longer time for prostate tumor development was used 
(Stebbing et al., 2014; Saar et al., 2015).

In our study, VDR expression was detected in all 
three samples (T7, T11 and T16), and in accordance 
VDR expression was previously demonstrated in a high 
percentage of breast cancer samples (Lyra et al., 2006; 
Bortman et al., 2002; Ditsch et al., 2012). In the present 
xenografts CYP24A1 mRNA expression was increased 
by 10 to 18 fold upon calcitriol treatment, demonstrating 
induction of the genomic vitamin D pathway. However, 
mRNA expression of another potential target gene of 
vitamin D, CDKN1A (that codes for p21WAF1/CIP1, an inhibitor 
of cell cycle), was not altered by calcitriol treatment 
(Saramaki et al., 2006).

Previous authors have reported that tumorgrafts in the 
first passage maintain the original tumor characteristics 
(DeRose et al., 2011). In accordance no main differences in 
proliferation and apoptosis immunohistochemistry markers 
were found between prexenografting and tumorgraft vehicle 
treated samples in the present work.

In these turmografts, vitamin D did not clearly exert 
antiproliferative effects. Ki67 expression, which was 
one of the proliferation markers evaluated, was already 
shown to reflect tumor response to endocrine therapy 
(Dowsett et al., 2005). One possibility is that the aggressive 
subtypes that originated tumorgrafts, consisting of highly 
proliferative or ER negative tumors might constitute 
refractory samples to calcitriol antiproliferative effects. 
Tumorgrafts T7 and T16 were originated from luminal 
B highly proliferative samples with some differential 
characteristics: CDKN1B and BCL2 expression were both 
detected in T7 prexenografting sample, in contrast with 
T16 prexenografting sample, where neither CDKN1B 
nor BCL2 expression were detected. In T7 tumorgrafts, 
neither proliferation (evaluated through Ki67 and CDKN1B 

expression, as well as BrdU incorporation), nor apoptosis, 
(evaluated through BCL2 immunoexpression), were 
influenced by calcitriol administration. In agreement, 
in T16 tumorgrafts, expression of Ki67, CDKN1B and 
BCL2 were similar upon vehicle or calcitriol treatment.

T11 tumorgraft was derived from a HER2 positive 
highly proliferative tumor. In vehicle treated tumorgraft a 
high proliferation index was detected, however in calcitriol 
treated mice only carcinoma in situ or normal mammary 
ducts were detected. This finding might be a consequence 
of xenografting only in situ carcinoma in one of the mice 
or from growth inhibition of the invasive component, 
upon calcitriol treatment. Before tumor xenografting, all 
samples were checked for the presence of invasive disease 
through histopathological analysis, however, we cannot 
guarantee that the same amount of invasive component 
was present in each implanted fragment. In calcitriol 
treated T11 tumorgrafts, active proliferation was still 
detected through Ki67 expression and BrdU incorporation 
in malignant cells from the in situ carcinoma. In contrast, 
CDKN1B expression was detected in normal mammary 
duct cells, indicating that growth inhibition was taking 
place in this structure.

In this study, calcitriol dose was based on a pharmacokinetic 
modeling from a phase I study of intermittent pulse 
calcitriol, which showed that weekly doses up to 2.8 μg/kg 
PO produced peak calcitriol serum concentration around 
4.3 nM (Beer et al., 2001). We applied calcitriol directly 
into the tumor, to attain a high local concentration, without 
major systemic side effects. This objective was met as 
neither hypercalcemia nor differences in animal weight, 
were observed in vehicle and calcitriol treated mice.

It was previously shown that vitamin D daily 
supplementation in the diet, as well as calcitriol intraperitoneal 
administration (IP) three times a week (0.05 μg/mouse) or 
daily (0.5 μg/kg) can inhibit growth of MCF7 (breast cancer 
cells) or SKHEP (liver cancer cells) xenograft growth in 
nude mice (Pourgholami et al., 2000; Swami et al., 2012). 
In human beings, it was also reported that after subcutaneous 
administration, calcitriol plasma concentrations reach and 
maintain peak levels between 2 and 8 hours, returning to 
the normal physiological range after 48 hours (Smith et al., 
1999; Beer et al., 2001). One possible explanation for our 
negative results is that a minimum threshold concentration 
of vitamin D should be maintained, in order to achieve 
antitumoral effects, as in the above studies calcitriol was 
more frequently administered than in our work. On the 
other hand, in our model of weekly intra-tumoral calcitriol 
administration, a more pronounced induction of CYP24A1 
expression (at least 10 fold) was observed, as compared 
with another study, where a more frequent schedule of 
calcitriol administration of MCF7 xenografts was employed 
(Swami et al., 2012). CYP24A1 codes for an enzyme that 
hydroxylates 25(OH)D3 or 1,25(OH)2D3 to 24,25(OH)2D3 
or 1,24,25(OH)3D3, less active forms of the hormone, and 
in that sense, might function as a double‑edged sword. 
A  possibility is that increased CYP24A1 tumorgraft 
expression (resulting in decreased 1,25(OH)2D3 levels) 
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in conjunction with relatively prolonged calcitriol nadir 
levels, (following longer administration intervals), might 
have precluded vitamin D antiproliferative effects.

Strengths of this work are the evaluation of tumorgrafts, 
which more closely resembles breast cancer heterogeneity 
and its microenvironment as well as exposure to potentially 
meaningful therapeutic concentrations of calcitriol, through 
intra-tumoral injections. On the other hand, a weakness 
is the small number of samples analyzed, due to a low 
tumorgraft take rate, originated from different tumor 
subtypes, which precludes generalization of these results.

In summary, this is the first evaluation of calcitriol 
effects in breast cancer tumorgrafts. In this model, original 
tumor characteristics were preserved, however, even 
though vitamin D genomic pathway was induced, calcitriol 
antiproliferative effects were not observed. In these highly 
proliferative samples, CYP24A1 mRNA strong induction 
might have precluded vitamin D antitumoral effects. 
This data indicates that tumorgrafts seem a promising model 
to evaluate other regimens of calcitriol administration.
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