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Abstract

Triple-negative breast cancer is one of the least responsive breast cancer subtypes to available 

targeted therapies due to the absence of hormonal receptors, aggressive phenotypes, and the high 

rate of relapse. Early breast cancer prevention may therefore play an important role in delaying the 

progression of triple-negative breast cancer. Cancer stem cells are a subset of cancer cells that are 

thought to be responsible for tumor progression, treatment resistance, and metastasis. We have 

previously shown that vitamin D compounds, including a Gemini vitamin D analog BXL0124, 

suppress progression of ductal carcinoma in situ in vivo and inhibit cancer stem-like cells in 

MCF10DCIS mammosphere cultures. In the present study, the effects of vitamin D compounds in 

regulating breast cancer stem-like cells and differentiation in triple-negative breast cancer were 

assessed. Mammosphere cultures, which enriches for breast cancer cells with stem-like properties, 

were used to assess the effects of 1α,25(OH)2D3 and BXL0124 on cancer stem cell markers in the 

triple-negative breast cancer cell line, SUM159. Vitamin D compounds significantly reduced the 

mammosphere forming efficiency in primary, secondary and tertiary passages of mammospheres 

compared to control groups. Key markers of cancer stem-like phenotype and pluripotency were 

analyzed in mammospheres treated with 1α,25(OH)2D3 and BXL0124. As a result, OCT4, CD44 

and LAMA5 levels were decreased. The vitamin D compounds also down-regulated the Notch 

signaling molecules, Notch1, Notch2, Notch3, JAG1, JAG2, HES1 and NFκB, which are involved 

in breast cancer stem cell maintenance. In addition, the vitamin D compounds up-regulated 

myoepithelial differentiating markers, cytokeratin 14 and smooth muscle actin, and down-

regulated the luminal marker, cytokeratin 18. Cytokeratin 5, a biomarker associated with basal-like 

breast cancer, was found to be significantly down-regulated by the vitamin D compounds. These 
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results suggest that vitamin D compounds may serve as potential preventive agents to inhibit triple 

negative breast cancer by regulating cancer stem cells and differentiation.
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Introduction

Triple-negative breast cancer (TNBC) is characterized by lack of expression of estrogen 

receptor (ER), progesterone receptor (PR), and HER-2 (ERBB2) (1). Patients with TNBC 

have poor prognosis due to the lack of effective therapeutic options (2,3). TNBC represents 

about 10% of all breast cancer cases and about 35% of TNBC patients suffer metastasis 

within years of diagnosis (4). The overall 5-year survival rate for patients with TNBC is 62% 

compared to 75% in non-TNBC patients (5).

Breast cancer cells can be classified into three types depending on the three mammary 

epithelial cell states characterized by cell surface markers: stem-cell-like 

(CD44hiCD24negEpCAMlo), basal (CD44hiCD24negEpCAMneg) and luminal 

(CD44loCD24hiEpCAMhi) (6,7). The basal subtype has similar features as the cells that 

surround the mammary ducts and has a high frequency of TP53 and PIK3CA mutations 

(8,9). Interestingly, a majority of breast cancers carrying BRCA1 mutations are found to be 

triple-negative phenotypes (10). Since TNBC is associated with aggressive breast cancer 

mutations and has no effective targeted therapy available, it is important to explore novel 

therapeutic options for patients with the disease.

Accumulating evidence suggests that there is a subpopulation of cells in a cancer, known as 

tumor initiating cells or cancer stem-like cells (CSCs), which are responsible for the 

development, progression and metastasis of the tumor (11,12). CSCs self-renew through 

division or give rise to the bulk of tumor cells in the mass through differentiation (13,14). 

Previous studies have shown that putative breast CSCs are resistant to chemotherapy, and 

more aggressive (15). Therefore, targeting cancer stem cells may be a useful therapeutic 

approach in the treatment of TNBC.

We have previously found that vitamin D compounds inhibit mammosphere formation and 

decrease the expression of putative stem cell markers in ductal carcinoma in situ (DCIS) 

cells and inhibit the DCIS progression to invasive ductal carcinoma (IDC) (16). The current 

study investigates the effects of vitamin D compounds with a focus on key stem cell markers 

involved in early breast cancer formation, stem cell maintenance and differentiation in triple 

negative breast cancer.

Materials and Methods

Cell Culture and Reagents

1α,25(OH)2D3 and a Gemini vitamin D analog (BXL0124; 1α25-dihydroxy-20R-21(3-

hydroxy-3-deuteromethyl-4,4,4-trideuterobutyl)-23-yne-26,27-hexafluorocholecalciferol, 
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>95% purity) were provided by BioXell, Inc. (Nutley, NJ) (17). SUM159 breast cancer cells 

were obtained from Asterand (Detroit, MI). SUM159 cells were grown in Ham’s F-12 

culture medium supplemented with 5% fetal bovine serum, 1% penicillin/streptomycin, 1 

μg/ml hydrocortisone and 5 μg/ml insulin at 37°C and 5% CO2.

Mammosphere Forming Assay

SUM159 cells were grown to 50-60% confluence and cells were detached with StemPro 

Accutase (Life Technologies, CA). Cells were then plated at 2,000 cells/mL in 6-well ultra-

low attachment plates and maintained in Mammocult serum-free medium supplemented with 

hydrocortisone and heparin (Stem Cell Technologies, Vancouver, Canada). Cells were 

treated with 1α,25(OH)2D3 or BXL0124 for five days for each passage. For secondary and 

tertiary mammosphere culture, primary mammospheres were collected and enzymatically 

dissociated using StemPro Accutase (Life Technologies, CA). Then, cells were re-plated at a 

density of 2,000 cells/mL for subsequent passages. Images of mammospheres were taken, 

and the number of mammospheres was counted to determine the mammosphere forming 

efficiency (MFE). The MFE was calculated by dividing the number of mammospheres (≥100 

μm) formed by the number of single cells seeded. Experiments were repeated three times.

Western Blot Analysis

Whole cell lysates (15 μg/lane) were resolved in 4% to 20% SDS-PAGE from Bio-Rad 

(Hercules, CA). Blots were then probed with the indicated antibodies. Primary antibodies 

against c-Notch1 (4147, 1:1000), cytokeratin 18 (4548, 1:1000) and Oct4 (2750, 1:1000) 

were from Cell Signaling Technology (Beverly, MA); β-actin (A1978, 1:2000) was from 

Sigma-Aldrich (St. Louis, MO). Secondary antibodies were from Cell Signaling Technology. 

Western blot images are quantified by using GeneGnome XRQ chemiluminescence imaging 

system and analyzed by GeneTools analysis software from Syngene (MD, USA).

Quantitative Polymerase Chain Reaction Analysis

The Taqman® probe- based gene expression system from Applied Biosystems (Foster City, 

CA) was used to detect the genes of interest. The procedures were followed as described 

previously (18). Primers used for analysis are GAPDH (Hs02758991), CD44 (Hs01075861), 

LAMA5 (Hs00966585), CD24 (Hs00175569), NOTCH1 (Hs01062014), JAG1 

(Hs00164982), JAG2 (Hs00171432), NFKB1 (Hs00765730), OCT4 (POU5F1) 

(Hs00999632), NOTCH2 (Hs01050702), NOTCH3 (Hs01128537), HES1 (Hs00172878), 

KRTN14 (Hs00265033), KRTN18 (Hs02827483), ACTA2 (Hs00426835) and KRTN5 

(Hs00361185). Experiments were repeated three times in duplicates.

Statistical analysis

Statistical significance was evaluated using the Student’s t-test.
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Results

Inhibition of mammosphere forming efficiency by 1α,25(OH)2D3 and BXL0124 in SUM159 
breast cancer cells

Varying doses of 1α,25(OH)2D3 and BXL0124 were tested for their effectives on 

mammosphere forming efficiency (MFE) in SUM159 cells. MFE was significantly reduced 

with 1α,25(OH)2D3 at 10 nM (44.7% inhibition, p<0.05) and 100 nM (46.3% inhibition, 

p<0.05). BXL0124 reduced the MFE at 1 nM (50.4% inhibition, p< 0.05), 10 nM (52.8% 

inhibition, p<0.05) and 100 nM (76.4% inhibition, p<0.05) (Figure 1). BXL0124 was more 

potent than 1α,25(OH)2D3 at the concentrations tested.

Inhibition of mammosphere self-renewal by 1α,25(OH)2D3 and BXL0124

To assess the mammosphere self-renewal capacity as an indicator of stemness, SUM159 

spheres were grown in mammosphere cell culture media for three successive passages. MFE 

was increased from primary to secondary mammospheres (1.03% to 1.45%) and from 

secondary to tertiary mammospheres (1.45% to 3.11%) in SUM159 cells (Figure 2). 

Treatment with vitamin D compounds significantly decreased the number of mammospheres 

in each passage of mammosphere culture. The MFE of primary mammospheres was reduced 

upon treatment with 100 nM 1α,25(OH)2D3 (60.6% inhibition, p<0.01) or 10 nM BXL0124 

(64.7% inhibition, p<0.01). Similarly, the MFE in secondary and tertiary mammospheres 

was decreased with 1α,25(OH)2D3 (60.7% inhibition, p<0.01 and 69.7% inhibition, p<0.01) 

and BXL0124 (62.4% inhibition, p<0.01 and 71.6% inhibition, p<0.01) (Figure 2A). 

Mammospheres treated with vitamin D compounds exhibited more round and smooth edges 

compared to those of control group (Figure 2B).

Repression of pluripotency markers and cancer stem cell genes by 1α,25(OH)2D3 and 
BXL0124

To further investigate the effect of vitamin D compounds on cancer stem-like cells in TNBC, 

we analyzed SUM159 mammospheres treated with vitamin D compounds for expression of 

pluripotency and stem cell genes which have been shown to be important in breast cancer 

progression (19). The pluripotency marker, OCT4, was greatly reduced by treatment with 

100 nM 1α,25(OH)2D3 (29%, p<0.01) and 10 nM BXL0124 (39%, p<0.05) (Figure 3). 

Levels of CD44 and LAMA5, markers associated with stem cell maintenance, were 

decreased with vitamin D compounds. Levels of CD44 mRNA were decreased by 35% with 

1α,25(OH)2D3 (p<0.001) and 48% with BXL0124 (p<0.01). LAMA5 level was decreased 

by 43% with 1α,25(OH)2D3 (p<0.01) and 59% with BXL0124 (p<0.05). NFκB1, a key 

molecule involved in stem cell signaling, was significantly reduced by both compounds: 

39% by 1α,25(OH)2D3 (p<0.05) and 52% by BXL0124 (p<0.01). Western blot analysis 

showed that Oct4 was increased from primary to secondary mammospheres in the control 

group, whereas treatment with vitamin D compounds reduced the protein levels in both 

primary and secondary mammospheres (Figure 3B).
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Repression of Notch signaling molecules responsible for stem cell maintenance by 1α,
25(OH)2D3 and BXL0124

Notch signaling has been shown to play a fundamental role in embryonic development, cell 

differentiation, tissue homeostasis, and stem cell maintenance (20). In normal breast stem 

cells, activation of Notch signaling promotes stem cell self-renewal and differentiation of 

progenitor cells (21). Clarke et al., showed that Musashi1 and Notch1 signaling regulated 

human breast cancer cells (22). High Notch activity in breast cancer cells increased 

mammosphere formation and expression of breast cancer stem cell markers (23). In this 

study, therefore, we investigated whether vitamin D compounds regulate the expression of 

key molecules in this family involved in stem cell maintenance. The NOTCH1 mRNA level 

was decreased by 6% and 48% with 1α,25(OH)2D3 and BXL0124 (p<0.01), respectively 

(Figure 4). NOTCH2 mRNA level was decreased by 16% and 43% with 1α,25(OH)2D3 

(p<0.01) and BXL0124 (p<0.05). NOTCH3 mRNA level was decreased by 52% with 1α,

25(OH)2D3 (p<0.01) and 62% with BXL0124 (p<0.05). Ligand JAG1 expression was 

decreased by 48% and 66% with 1α,25(OH)2D3 (p<0.01) and BXL0124 (p<0.001), 

respectively. Ligand JAG2 expression was also decreased by 30% and 50% with 1α,

25(OH)2D3 (p<0.05) and BXL0124 (p<0.05), respectively. HES1 expression was reduced by 

19% and 40% with 1α,25(OH)2D3 and BXL0124 (p<0.05). The levels of the activated form 

of NOTCH1 (cleaved-NOTCH1, c-NOTCH1) were increased from primary to secondary 

mammospheres in the control group, whereas the vitamin D compounds decreased c-

NOTCH1 protein levels in both primary and secondary mammospheres (Figure 4B).

Modulation of mammary epithelial lineage-specific differentiation markers by vitamin D 
compounds

Mammospheres in culture generally fail to express markers associated with breast lineage 

commitment and differentiation but can be induced to do so with differentiating stimuli, 

showing the plasticity and stem-like nature of the mammospheres (24). In this study, 

therefore, we assessed expression of markers associated with myoepithelial/basal phenotype 

[cytokeratin 14 (CK14) and smooth muscle actin (SMA)] of vitamin D treatment. CK14 

(KRTN14) mRNA level was increased by 70-fold with 1α,25(OH)2D3 (p<0.01) and 82-fold 

with BXL0124 (p<0.05) (Figure 5A). Levels of SMA (ACTA2) mRNA were increased by 

1.3-fold with 1α,25(OH)2D3 and 1.1-fold with BXL0124, but these increases were not 

statistically significant. CK18 (KRTN18), a marker associated with luminal/ductal cells, was 

down-regulated by 1α,25(OH)2D3 (24% inhibition, p<0.05) and BXL0124 (56% inhibition, 

p<0.01). Cytokeratin 5 (CK5, KRTN5), a biomarker for basal-like breast cancers and 

epithelial-mesenchymal transition, was significantly decreased upon treatment with vitamin 

D compounds. The mRNA levels of KRTN5 were decreased with 100 nM 1α,25(OH)2D3 

(92% inhibition, p<0.001) and 10 nM BXL0124 (97% inhibition, p<0.001). Western blot 

analysis of primary and secondary mammospheres demonstrated that CK18 levels were 

decreased by the treatment with 1α,25(OH)2D3 and BXL0124 (Figure 5B).

Discussion

The nutritional importance of vitamin D compounds has long been known but it has also 

been appreciated for some time that vitamin D and its analogs have anti-proliferative and 
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chemopreventive effects in solid tumors (25). In our previous studies, we have reported that 

a novel Gemini analog BXL0124 inhibits ErbB2-positive mammary tumor growth and 

repress CD44 expression in MCF10DCIS.com human breast cancer in vitro and in vivo 
without causing hypercalcemic toxicity (26,27). Furthermore, oral administration of 

BXL0124, and a synthetic triterpenoid, CDDO-IM has shown to delay MMTV-ErbB2/neu-

induced mammary tumor formation by decreasing activation of ErbB2 and downstream 

targets including activated-Erk1/2, activated-Akt, Bcl2, CycD1, c-Myc, p21, and PCNA 

(28). Combination treatment of BXL0124 and CDDO-IM showed stronger efficacy 

compared to treatment with individual compound alone without hypercalcemic toxicity (28).

Certain vitamin D analogs have been tested in cancer patients as single or as part of 

combination regimen showing promising responses (29-31). Preclinical studies showing the 

potentiating effect of vitamin D compounds in tumor inhibition have led to combination 

studies in clinical trials (32). In a clinical trial of advanced prostate cancer, Beer and 

colleagues reported that combination of calcitriol and docetaxel exhibit prostate specific 

antigen (PSA) partial response and increased median survival rate in patients (33). A 

formulation of calcitriol, DN-101, administered together with Naproxen, delayed early 

prostate cancer progression and PSA doubling time (34). Given the potent efficacy of 

BXL0124 in both in vivo and in vitro studies with several models of breast cancer, 

BXL0124 could be a potentially promising agent to be tested in clinical trials as a single 

preventive agent or in combination with others.

The cancer inhibitory effects of vitamin D compounds, including 1α,25(OH)2D3 and a 

Gemini vitamin D analog BXL0124, are mediated through signaling pathways involved in 

cancer stem cell signaling, cell cycle suppression and differentiation pathways (35). TNBC 

cell lines, such as SUM159, exhibit predominantly patterns of basal cell surface markers 

with some minor subpopulations of stem-like or luminal type (6). The sorted stem-like 

subpopulation, CD44hiCD24negEpCAMlo, of SUM159 cells can readily form tumors when 

injected into NOD/SCID mice with as few as 100 cells, and this subpopulation of cells 

expressed high colony forming unit capacity, and elevated spheroid formation, resistance to 

chemotherapy and ability to reconstitute the parental cell line, which are features of self-

renewal characteristics of cancer stem cells and tumorigenicity (7). In this study, we found 

that vitamin D compounds decreased SUM159 mammosphere formation in association with 

down-regulation of expression of key markers of cancer stem cell phenotype and 

maintenance. These findings point to possible mechanistic links between cancer stem cell 

signaling and VDR pathways regulating the tumor growth, suggesting that vitamin D 

compounds may be used as chemopreventive agents targeting the cancer stem cell 

population to prevent tumor development in triple negative breast cancer. More potent dose 

dependent decrease in MFE in mammospheres treated with BXL0124 compared to 1α,

25(OH)2D3, suggesting that BXL0124 is a highly effective and safe agent to selectively 

target cancer stem cells in triple negative breast cancer.

Oct4 is a critical transcription factor in adult stem cell reprogramming to give rise to induced 

pluripotent stem cells (36). Interestingly, somatic cell reprogramming and tumorigenesis 

share common mechanisms (37). Aberrant expression of Oct4 and other key pluripotency 

markers are associated with abnormal cell growth and tumor formation (38,39). Kumar et al. 
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demonstrated that over-expression of Oct4 gene contributed to de-differentiation of 

melanoma cells to CSC-like cells, while RNAi knockdown of Oct4 in de-differentiated 

melanoma cells led to diminished CSC phenotypes (40). In our study, we found that both 

mRNA and protein levels of Oct4 decreased with vitamin D compound treatment in 

mammospheres. This indicates an important role for vitamin D compounds in regulating a 

key transcription factor of cancer stem cells. The critical role of Oct4 in differentiation of 

breast cancer is currently under further investigation.

Myoepithelial cells are localized between luminal cells and stroma, maintaining tissue 

integrity and polarity in normal breast tissue (41). Once breast cells are transformed into 

tumor cells, normal tissue architecture and polarity are lost. This is followed by a decrease in 

differentiated myoepithelial cells surrounding the tumor (42,43). Thus, myoepithelial cells 

appear to play a natural suppressive role limiting tumor growth and invasion (44). 

Upregulation of myoepithelial markers in SUM159 mammospheres by vitamin D 

compounds suggest that the tumor inhibitory effects of these compounds are mediated by 

inducing the cancer stem cells into more mature differentiated cell types (Figure 6).

CD44 is a transmembrane glycoprotein that is involved in malignant progression and 

metastasis of breast cancer (45). Knockdown of CD44 induces differentiation and drives the 

breast cancer stem cell-like population toward a non-stem cell-like phenotype (46). We show 

here that vitamin D compounds reduced the CD44 mRNA transcript levels in 

mammospheres, suggesting that vitamin D compounds may induce differentiation of breast 

cancer cells. In addition, LAMA5 is a signature extracellular matrix component in human 

pluripotent stem cells (47). shRNA knockdown of LAMA5 reduced self-renewal capacity of 

human pluripotent stem cells (47). Vitamin D compounds decreased LAMA5 levels in 

mammospheres, indicating that vitamin D compounds may regulate self-renewal of breast 

cancer stem cells.

Triple-negative breast cancer has a higher rate of relapse and poorer prognosis than other 

major breast cancer types (48). The basal-like subtype of TNBC is found to exhibit 

constitutively high level of NF-κB signaling that, in turn, up-regulates JAG1 expression and 

activates NOTCH signaling, leading to expansion of cancer stem cells (49). Notch signaling 

is important for normal mammary stem cell maintenance during development. It is required 

for self-renewal of mammary stem cells and activation of the pathway increased secondary 

mammosphere formation by 10-fold (50). Interestingly, vitamin D compounds repressed the 

components of Notch-signaling axis including NF-κB, NOTCH1, NOTCH2, NOTCH3, 

JAG1, JAG2 and HES1. These findings highlight the therapeutic potential of vitamin D 

compounds that target Notch signaling in cancer stem cells. Overall, therefore, our study 

suggests that vitamin D compounds may be useful agents to prevent or impede progression 

in triple negative breast cancer by targeting cancer stem cell populations.
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Abbreviations

1α,25(OH)2D3 1α,25-dihydroxyvitamin D3

TNBC triple negative breast cancer

MFE mammosphere forming efficiency

NFκB nuclear factor kappa-light-chain-enhancer of activated B 

cells

DCIS ductal carcinoma in situ

OCT4 octamer-binding transcription factor 4

LAMA5 laminin subunit alpha 5

JAG1 Jagged1

JAG2 Jagged2

HES1 hairy and enhancer of split-1
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Highlights

• Vitamin D compounds target cancer stem cells in triple negative breast cancer

• Repressive actions on pluripotency markers and Notch signaling pathway

• Modulate mammary epithelial differentiation lineage-specific markers
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Figure 1. Inhibition of mammosphere forming efficiency (MFE) by 1α,25(OH)2D3 and BXL0124 
in SUM159 breast cancer cells
SUM159 cells were plated at a density of 2,000 cells/ml in ultra-low attachment 6-well 

plates and grown for 5 days in the presence of 1α,25(OH)2D3 (1,25D3, 10 nM and 100 nM) 

and BXL0124 (1 nM, 10 nM and 100 nM). Mammosphere forming efficiency is calculated 

by dividing the number of mammospheres (≥100 μm) formed by the number of cells seeded, 

presenting this as a percentage. Three independent experiments were performed. The data 

are presented as the mean ± S.E.M. * p<0.05.
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Figure 2. Inhibition of mammosphere self-renewal by 1α,25(OH)2D3 and BXL0124 in SUM159 
mammospheres
(A) MFE of primary, secondary and tertiary passages of SUM159 mammospheres are 

shown. Mammospheres were treated with 1α,25(OH)2D3 (1,25D3, 100 nM) and BXL0124 

(10 nM) for 5 days. Three independent experiments were performed. The data are presented 

as the mean ± S.E.M. *p<0.05. (B) Representative images of SUM159 mammospheres from 

primary, secondary and tertiary passages are shown for morphological comparison (scale bar 

200 μm)
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Figure 3. Repression of pluripotency and stem cell markers by 1α,25(OH)2D3 and BXL0124 in 
SUM159 mammospheres
Mammospheres were treated with 1α,25(OH)2D3 (1,25D3, 100 nM) and BXL0124 (10 nM) 

for 5 days. (A) qPCR analysis was performed on primary mammospheres harvested after 

five days of growth to assess the gene expression of Oct4, CD44, LAMA5 and NF-κB. 

Average Ct values are shown in parenthesis for OCT4 (22), CD44 (19), LAMA5 (22), and 

NF-κB (23). The experiments were repeated three times. *p<0.05, **p< 0.01, ***p<0.001. 

(B) Western blot analysis of primary and secondary mammospheres treated with 100 nM 

1,25D3 and 10 nM BXL0124 detected by anti-Oct4 antibody is shown. β-actin was used as a 

loading control. Protein levels are quantified by GeneTools analysis software.
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Figure 4. Repression of Notch signaling molecules by 1α,25(OH)2D3 and BXL0124 in SUM159 
mammospheres
Mammospheres were treated with 1α,25(OH)2D3 (1,25D3, 100 nM) and BXL0124 (10 nM) 

for 5 days. (A) qPCR analysis was performed on primary mammospheres harvested after 5 

days of growth to assess the gene expression of markers associated with the Notch signaling 

pathway – NOTCH1, NOTCH2, NOTCH3, JAG1, JAG2 and HES1. Average Ct values are 

shown in parenthesis for NOTCH1 (25), NOTCH2 (23), NOTCH3 (23), JAG1 (24), JAG2 

(25) and HES1 (23). The data are presented as the mean ± S.E.M. *p<0.05, **p<0.01, 

***p<0.001. (B) Western blot analysis of primary and secondary mammospheres treated 

with 100 nM 1,25D3 and 10 nM BXL0124 detected by c-NOTCH1 antibody. β-actin was 

used as a loading control. Protein levels are quantified by GeneTools analysis software.
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Figure 5. Induction of myoepithelial differentiation by vitamin D compounds
Mammospheres were treated with 1α,25(OH)2D3 (1,25D3, 100 nM) and BXL0124 (10 nM) 

for 5 days. (A) qPCR analysis of markers associated with myoepithelial cells (CK14, CK5, 

and ACTA2) and luminal/ductal cells (CK18) in SUM159 primary mammospheres harvested 

after 5 days of growth. Average Ct values for CK14 (control #35, 1,25D3 #29, BXL0124 

#28); ACTA2 (control #25, 1,25D3 #25, BXL0124 #25); CK18 (control #19, 1,25D3 #20, 

BXL0124 #20) and CK5 (control #25, 1,25D3 #29, BXL0124 #30). Three independent 

experiments were performed. The data are presented as the mean ± S.E.M. * p<0.05, ** 

p<0.01, *** p<0.0001 (B) Western blot analysis of primary and secondary mammospheres 

treated with 100 nM 1,25D3 and 10 nM BXL0124 detected by CK18 antibody. β-actin was 

used as a loading control. Protein levels are quantified by GeneTools analysis software.
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Figure 6. A proposed scheme of action of vitamin D compounds in cancer stem cells and 
differentiation pathway
The lineage diagram of cancer stem cells is modified from a previous publication (51) and 

the possible action sites of vitamin D compounds are shown.
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