
Abstract. Background/Aim: Triple-negative breast cancer
(TNBC) is a highly aggressive breast cancer that
disproportionately affects women with darker skin and is
often treated with paclitaxel (PTX). Here, the effect of
vitamin D on p53-positive DU4475 cells and its ability to
decrease the IC50 of PTX in these cells were investigated.
Materials and Methods: The growth inhibitory effects of
vitamin D on DU4475 cells and the effect of PTX plus
vitamin D on overall TNBC cell viability was assessed using
CellTiter-Glo®. Results: Vitamin D increased proliferation of
DU4475 cells at low concentrations and lowered the IC50 of
PTX. However, it did not change the IC50 of PTX in MDA-
MB-231 cells which remained largely viable. Conclusion:
The effect of vitamin D on DU4475 cell viability was
different than in other TNBC cells. The effect of PTX on
DU4475 cells was enhanced with vitamin D. MDA-MB-231
cells were relatively resistant to the effects of PTX. 

Triple-negative breast cancer (TNBC) is characterized by the
lack of estrogen receptor, progesterone receptor, and human
epidermal growth factor receptor 2 (Her2) amplification and
accounts for 15-20% of all breast cancers (1, 2). As it lacks
these receptors, TNBC is unresponsive to endocrine
chemotherapies like tamoxifen and anti-Her2 pharmaco -
therapies like herceptin. As a result, TNBC is often treated
with non-specific chemotherapy agents such as taxanes
(paclitaxel (PTX) or docetaxel) in combination with
anthracyclines or platinum chemotherapeutic drugs (3, 4).
TNBC is an aggressive form of cancer that, when compared
to other types of breast cancer, shows increased mortality
and increased rates of recurrence in the first five years (5,
6). Paradoxically, TNBC shows an increased pathologic

complete response (PCR) to chemotherapy compared to
other cancers, but patients that don’t achieve initial PCR
have a much higher 5-year mortality rate than patients with
other types of cancer (4, 6).

In addition to having a poor prognosis and being difficult
to treat, TNBC has been shown to disproportionately affect
African-American women over Caucasian women (7-9). This
disparity in the prevalence of TNBC mirrors the difference
in vitamin D levels between Caucasian and non-Caucasian
women (10, 11). Some studies have shown a connection
between vitamin D deficiency and the triple-negative
phenotype in breast cancer (12). A recent study found that
expression of the vitamin D receptor (VDR) in TNBC
resulted in 26 months longer survival than patients without
VDR, supporting the hypothesis that vitamin D pathways
could serve as targets for treatment of TNBC (13). Another
recent study indicated the use of vitamin D and a vitamin D
analog as a possible preventative strategy for TNBC (14).
These studies suggested that vitamin D may be important for
the prevention, treatment, and survival of TNBC. It has also
been theorized that the anti-proliferative vitamin D effect in
cancers may depend on the presence of wild-type, not
mutated, p53 protein (15). 

It has previously been shown that vitamin D can increase
the effectiveness of cancer drugs, including PTX. Wang et
al. showed that 1,25-dihydroxyvitamin D3 (1,25D3) could
sensitize MDA-MB-231, a triple-negative breast cancer cell
line, to PTX (16). Other studies indicated increased potency
of PTX when combined with vitamin D in endometrial (17),
prostate and murine squamous cell carcinoma (18), and
thyroid (19) cancer cell lines. Taken together, these studies
show that there may be a role for vitamin D in
chemotherapeutic protocols. At minimum, doctors may want
to ensure patients are not vitamin D deficient.

In this study, the effect of 25-hydroxyvitamin D3 (25-OH)
and 1,25D3 on DU4475 cell proliferation was characterized.
As DU4475 is a wild-type p53-positive TNBC cell line, it
was examined whether vitamin D compounds show anti-
proliferative effects rather than the proliferative effect or
absence of effect observed with TNBC lines expressing
mutant p53 or lacking p53 (20). It was also investigated
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whether low levels of either vitamin D compound increased
the potency of PTX in DU4475 and MDA-MB-231 cells.

Materials and Methods
Materials. MDA-MB-231 and DU4475 cells were purchased from
ATCC (American Tissue Culture Collection, Manassas, VA,
USA). All cell culture reagents were purchased through Thermo
Fisher Scientific (Waltham, MA, USA). Fetal bovine serum (FBS)
was from Gibco (Thermo Fisher Scientific). Qualified, heat-
inactivated serum was used to maintain cell lines and charcoal
stripped serum was used for vitamin D studies. 25-
hydroxyvitamin D3, 1,25-dihydroxyvitamin D3 and paclitaxel
were purchased from Sigma (St. Louis, MO, USA). The vitamin
D compounds were diluted to 1 mM in ethanol and PTX was
diluted to 10 mM in DMSO. CellTiter-Glo® was purchased from
Promega (Madison, WI, USA). 

Cell lines and culture conditions. DU4475 cells were maintained
in Roswell Park Memorial Institute 1640 media containing
GlutaMAX (RPMI 1640), 20% heat-inactivated fetal bovine serum
(FBS), 100 U/ml penicillin, 100 μg/ml streptomycin, 0.25 μg/ml
Fungizone®, and 1 mM sodium pyruvate. Cells were split to
250,000 cells/ml three times per week by pelleting the cells at 250
x g for 5 min, resuspending in new media, and transferring to the
cell culture treated flasks or plates. MDA-MB-231 cells were
maintained in minimal essential media (MEM) containing 10%
heat-inactivated FBS, 1 mM GlutaMAX, 100 U/ml penicillin, 100
μg/ml streptomycin, 0.25 μg/ml Fungizone®, and 1 mM sodium
pyruvate. They were passaged twice per week using 0.25%
Trypsin-EDTA. 

Effect of vitamin D on cell growth. DU4475 cells were plated at a
density of 1,000 cells per well in a volume of 70 μl of media
prepared with stripped serum the day before treatment in clear 96-
well plates. Cells were incubated overnight at 37˚C in a 5% CO2
incubator to match the attachment period used by Richards et al.
(20). The next day, 10 μl of vitamin D were added to each well. The
final concentration of vitamin D in the plate ranged from 0-1,000
nM and the concentration of ethanol vehicle was constant at 0.1%.
The plates incubated for 72 h. At that time, the number of live cells
in each well was measured using the CellTiter-Glo® luminescent
assay as directed by the manufacturer. Briefly, 80 μl of reconstituted
assay reagent was added to each well. The plate was agitated for 2
min on a plate shaker and incubated at room temperature for 20
min. Eighty μl of the mixture were then aliquoted to a white
luminometer plate and measured on a Promega GloMax® Multi
Detection System luminometer. Measurements were determined in
quadruplicate on each plate and three biological replicates were run
for the cell line.

Effect of vitamin D on paclitaxel treatment. Cells were plated in
clear, cell culture treated, 96-well plates at a density of 1,000 cells
per well in a volume of 70 μl in media containing stripped serum.
In some experiments, vitamin D was added concurrently with PTX
and in others, it was added 24 h prior. Cells were treated with
vehicle or 20 nM 25-OH or 1,25D3 and with 0.001-1.667 nM PTX
for 3 or 5 days. The concentration of DMSO was 0.1% and that of
ethanol was 0.001%. After the PTX treatment, CellTiter-Glo® was
added to each well, using the same volume as the liquid in the well,

and the plates were agitated for 2 min on a plate shaker and
incubated at room temperature for 20 min. Eighty μl of the mixture
were then aliquoted to a white luminometer plate and measured on
a Promega GloMax® Multi Detection System luminometer.
Measurements were determined in quadruplicate on each plate and
three biological replicates were run for the cell line.

Statistical analysis. The data were graphed using the GraphPad
Prism 7.04 software and are presented as the mean±standard error
of the mean (SEM). Statistical analysis was also performed in
GraphPad using the Student’s t-test. Results with a p-value of 0.05
or less were considered statistically significant. For IC50 values,
95% confidence ranges and the extra-sum-of-squares F test
generated in GraphPad were used to determine if the values were
significantly different from one another.

Results

Effect of Vitamin D treatment on DU4475 cell growth. The
effects of increasing concentrations of both 25-OH and
1,25D3 on DU4475 cells are shown in Figure 1. Low
concentrations of both vitamin D compounds caused an
increase in the number of cells. With 25-OH, cell viability
peaked at 119% at 0.1 nM and dropped back to 98% viability
at 1000 nM. With 1,25D3, cell viability was above 100% at
all concentrations tested. Cell viability peaked at 117% at
10.0 nM 1,25D3. The increase in cell viability was similar
to our previous work with other TNBC cells, although none
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Figure 1. Effect of vitamin D treatment on growth of DU4475 cells.
Black filled bars represent 25-OH and cross-hatched bars represent
1,25D3. Cells were treated with the indicated amounts of vitamin D for
72 h and cell number was measured using CellTiter-Glo®. Data
expressed as percentages of the vehicle control. Data obtained from four
biological replicates with quadruplicate points and presented as
mean±SEM p-Values were determined by the student’s t-test against the
vehicle control. *p<0.05, **p<0.01, ***p<0.001. 



of them increased and then decreased in the same pattern as
in DU4475 cells (20).

Effect of Vitamin D on paclitaxel treatment of DU4475 and
MDA-MB-231 cells. When using DU4475 cells, the IC50 of
the PTX was 13.2 nM and after treatment with either form
of vitamin D, the IC50 was 5-6 nM (Figure 2A). The 95%
confidence intervals for these values did not overlap with the
control. The logIC50 values were compared to control using
the extra-sum-of-square F test and p-values were <0.005.
Therefore, the change in IC50, while small, is statistically
significant. Vitamin D had no effect on the IC50 of PTX
when regular serum was used (data not shown).

When using MDA-MB-231 cells, the bottom plateau of
the curve did not approach zero (Figure 2B). Around 65% of
the cells remained viable at the highest concentrations of
PTX. The IC50 was 0.4-0.9 nM regardless of vitamin D
treatment and neither was statistically different from control
(Figure 2B). In both cell lines, IC50 values were higher when
normal media were used as compared to stripped serum
media. Also, MDA-MB-231 cell viability dropped to around
45% in normal serum conditions (data not shown).

Effect of vitamin D pre-treatment on paclitaxel potency.
Cells were treated with vitamin D for 1 day and then with
increasing amounts of PTX for 3 or 5 days. When pre-treated
with vitamin D and then with PTX, DU4475 cells had a
minimum cell viability of 25% after 3 days and 10% after 5
days (data not shown). After 3 days of PTX treatment, IC50
values were higher than those observed when vitamin D was

added concurrently (Table I). The IC50 value in the treatment
with 1,25D3 was the lowest, but the logIC50 was not
significantly different from the control (p=0.063). When the
PTX treatment continued for 5 days, all IC50 values dropped
to around 1 nM, regardless of vitamin D treatment. The IC50
values after 5 days of PTX treatment were far lower than
those after 3-day treatments.
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Figure 2. Effect of vitamin D on paclitaxel treatment of DU4475 (A) and MDA-MB-231 (B) cells cultured in media containing charcoal stripped
serum. Filled circles and solid lines are vehicle control (ethanol), squares and dashed lines are 25-OH, and triangles and dotted lines are 1,25D3.
Many symbols and lines overlap in this figure. Cells were treated with increasing amounts of PTX for 72 h in the presence of ethanol, 25-OH, or
1,25D3 and cell viability measured using CellTiter-Glo®. Data expressed as percentages of the top plateau of each curve (100%). Data obtained
from three biological replicates with quadruplicate points and presented as mean±SEM. Curve fitting performed with GraphPad Prism 7.04.

Table I. Effect of vitamin D pre-treatment on PTX potency in DU4475
and MDA-MB-231 cells. Cells were treated with increasing
concentrations of PTX for either 3 or 5 days after 24-h pre-incubation
with ethanol, 25-OH, or 1,25D3. Cell number was measured using
CellTiter-Glo®. IC50 values were determined after fitting curves using
GraphPad Prism 7.04 using three biological replicates with
quadruplicate points. p-Values were generated by GraphPad using the
extra-sum-of-squares F test to compare logIC50 values between
treatments and controls. 

                                                    DU 4475                     MDA-MB-231

                                         IC50 (nM)    p-Value      IC50 (nM)      p-Value
                                                             LogIC50                            LogIC50

3 Day Paclitaxel
  Ethanol                              27.5                                 0.27                  
  25-OH                               23.2           0.447            1.21             0.069
  1,25D3                              17.2           0.063            1.20             0.114
5 Day Paclitaxel
  Ethanol                                1.5                                 0.020                
  25-OH                                 1.1           0.266            0.065           0.050
  1,25D3                                1.1           0.325            0.16             0.003



When pre-treated with vitamin D and then with PTX for
3 or 5 days, MDA-MB-231 cells had a minimum cell
viability of 70-80%, indicating very little growth inhibition
or cell death (data not shown). IC50 values were lower
overall with pre-treatment (Table I). IC50 values with vitamin
D pre-treatment displayed an upward trend compared to
control. This was only statistically significant with 1,25D3
after 5 days.

Discussion

In our previous work, we had hypothesized that a lack of
functional p53 may be responsible for the growth
stimulation observed in TNBC cell lines (20). We explored
this hypothesis by measuring the effect of increasing
vitamin D concentrations using the DU4475 cell line, which
is known to express wild-type p53 (21). In our previous
work, two TNBC cell lines (MDA-MB-157 and MDA-MB-
468) showed a continuous increase in cell viability with
increasing vitamin D concentrations, while MDA-MB-231
cells showed little difference in cell viability at any vitamin
D concentration (20). The MCF-7 cell line, which expresses
p53 and is not a TNBC line, showed no increase in cell
viability with vitamin D treatment and demonstrated a
decline in cell viability at high amounts of vitamin D (20).
In this study, DU4475 cell growth was stimulated at very
low concentrations of vitamin D, but as concentration
increased, especially above 10 nM, the cell viability fell
back to 100%. This pattern is different from that of the
previously studied cell lines. It was previously reported that
p53 was necessary for the anti-proliferative effects of
vitamin D which may explain why the increase in cell
viability was reversed at high vitamin D concentrations (15).
However, this would not explain the increase in cell
viability at low concentrations of both 25-OH and 1,25D3.
The differential response to vitamin D treatment observed
in these triple-negative cell lines is not unexpected, since
there are many subclassifications of these cells (22, 23).
DU4475 cell line is of the immunomodulatory type, MDA-
MB-468 is of the basal-like 1 type, and both MDA-MB-157
and MDA-MB-231 are of the mesenchymal stem-like type
(22). These classifications alone are not enough to explain
this vitamin D response, however, as we have previously
found MDA-MB-231 and MDA-MB-157 cells have quite
different vitamin D response despite belonging to the same
class (20).

The effect of vitamin D on PTX efficacy in DU4475 was
compared to MDA-MB-231 cells. PTX is a commonly used
taxane in the treatment of triple negative breast cancer,
usually in combination with other chemotherapy agents, such
as platinum containing agents (3, 24). DU4475 cell line was
studied as it is one of the few TNBC cell lines with a wild-
type p53. MDA-MB-231 cell line was included due to a

previous study showing a synergistic effect between vitamin
D and PTX in that cell line (16). Not unexpectedly, no
significant difference in IC50 values was observed when
adding vitamin D to cells cultured in normal serum, as fetal
bovine serum should already contain vitamin D as well as
several other compounds removed by charcoal stripping. At
20 nM vitamin D, there was a small but significant
downward shift of IC50 values in DU4475 cells with both
forms of vitamin D when cultured in media containing
charcoal stripped serum. When cells were pre-incubated with
vitamin D and subsequently treated with PTX, this difference
became not significant. When the PTX incubation was for 5
days after vitamin D pre-incubation, the IC50 values were
much lower for both the control and vitamin D compounds
and were not statistically different from one another. It
would be interesting to investigate if that trend continues at
higher concentrations of vitamin D. 

There was no difference in response between vitamin D
treated and untreated MDA-MB-231 cells and less than
50% residual viability was only attained using normal
serum. There are apparently substances removed during the
stripping of the media that help PTX to inhibit growth of
MDA-MB-231 cells. This was exacerbated when cells were
pre-incubated with vitamin D before a 3- or 5-day
incubation with PTX, where, in some cases, cell viability
remained at 80% at the highest PTX concentration. This
verifies studies showing that MDA-MB-231 cells do not
undergo apoptosis with PTX treatment (25), an issue that
was apparently overcome at vitamin D levels higher than
those used here (16). While lowering of the MDA-MB-231
PTX IC50 values was seen with longer PTX incubation and
with vitamin D pre-incubation, it is doubtful that this is a
meaningful result since viability was not significantly
affected. 

In conclusion, this study examined the effects of vitamin
D compounds on the growth rate of DU4475 TNBC cells.
DU4475 showed a vitamin D response pattern different from
other TNBC lines and MCF-7 cells (20). At this point, it is
unclear whether this is due to the lack of p53 in the other
TNBC lines tested, to the fact that DU4475 belongs to a
different subclass of TNBC cells or to some other reason. In
addition, a slight, but statistically significant decrease of the
PTX IC50 was seen using both 25-OH and 1,25D3 at 20 nM
in DU4475 cells, but not in MDA-MB-231 cells, which
respond less to PTX than DU4475. In the future, we would
like to compare DU4475 to the only other known
immunomodulatory TNBC cell line, HCC1187 (22).
HCC1187 expresses mutated p53, so it could provide an
informative comparison, as could experiments where
DU4475 p53 expression is knocked-down using siRNA.
Using these cells, vitamin D response patterns and the
vitamin D effect on PTX IC50 could be investigated while
eliminating the variability caused by using cells from a
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different subtype of TNBC. In this case, higher levels of
vitamin D that mirror the mid to upper part of what is currently
considered the normal range for 25-OH (125-250 nM) could
be used. Using cells from the same sub-type or modified
versions of the same cell line can eliminate compound
responses that differ between sub-types, as was the case for
eribulin mesylate (23). It would be worthwhile to investigate
if vitamin D has any effect on TNBC cells treated with
combinations of chemotherapy drugs most often used in the
clinic, like anthracyclines or platinum agents with PTX.
Combinations of drugs would be chosen carefully, as some
drug combinations have been shown to result in lower
potency than one of the drugs alone (26).
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