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Background Gene expression analysis of cells treated with extreme dilutions or micro
amounts of drugs has been used to provide useful suggestions about biological
responses. However, most of the previous studies were performed on medicines being
prepared from a variety of herbal and metal sources. This study investigated the effects
of ultramolecular dilution of the taxane anti-cancer drugs, which are not commonly
used in homeopathic medicines, on mRNA expression profiles of five key genes (p53,
p21, COX-2, TUBB2A and TUBB3) in the breast cancer cell line MCF-7.

Method MCF-7 cells were exposed to paclitaxel (Taxol) or docetaxel (Taxotere)
preparations (6X, 5C and 15C dilutions prepared from pharmacological concentration
of 25 nmol/L) for 72 hours. The cell culture groups were evaluated with the trypan
blue dye exclusion method for the proliferation/cytotoxicity rates, immuno-staining
B-tubulin for microtubule organization, and reverse transcription polymerase chain
reaction for gene expression levels. Fold-change in gene expression was determined by
the AACt method.

Results The administration of diluted preparations had little or no cytotoxic effect on
MCF-7 cells, but altered the expression of genes analyzed with a complex effect.
According to the AACt method with a five-fold expression difference (p < 0.05) as a cut-
off level, ultra-high dilutions of paclitaxel and docetaxel showed differential effects on
the studied genes with a concentration-independent activity. Furthermore, the dilu-
tions disrupted the microtubule structure of MCF-7 cells, suggesting that they retain
their biological activity.

Conclusion Despite some limitations, our findings demonstrate that gene expression
alterations also occur with ultra-high dilutions of taxane drugs.
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Introduction

For many years it has been known that many genetic
regulatory reactions occur at extremely low intracellular
concentrations of the nanomolar scale. Studies in the
1990s also demonstrated that environmental stress such as
extremely low-dose ionizing radiation and frequency elec-
tromagnetic field may influence gene expression." In recent
decades, evidence from previous studies of several indepen-
dent groups with different substances, dilutions and experi-
mental designs demonstrated that high and extreme
dilutions could alter expression levels of various genes in
cells in vitro,>® though data from some other studies were
not consistent with these findings.>'® To our knowledge,
most of the studies that focused on gene expression have
been conducted with medicines being prepared from a
variety of herbal and metal sources.

As known, synthetic and semi-synthetic compounds
might be used according to the homeopathic criteria for
therapeutic purposes. Taxanes, that is, paclitaxel (Taxol) and
docetaxel (Taxotere) and taxane homologs are presently
considered as the most effective group of plant-derived
chemotherapeutic agents. Paclitaxel is obtained via a semi-
synthetic process from Taxus baccata and docetaxel is a
semi-synthetic analogue of Taxol. They contain a complex
taxane ring with an ester on the C-13 position, and the
moieties at the G-2' and C-3' positions on the side chain of
C-13 are necessary for their anti-microtubule activity. Doc-
etaxel is different from paclitaxel at two sites: a hydroxyl
group on C-10 instead of the acetate ester in paclitaxel, and a
tert-butyl carbamate ester on the side chain of phenyl
propionate.

Taxanes are active against a range of human cancers, such
as non-small cell lung cancer, ovarian, breast, gastric, pros-
tate and head-and-neck cancers, and are the first-choice
drugs for treating various metastatic cancers. Their anti-
tumor activity is based on stabilization of the microtubule
dynamics and thereby disruption of the cell cycle. However,
paclitaxel and docetaxel also cause some serious side effects.
According to the literature, neither drug is used according to
the homeopathic criteria. It has been shown that the con-
centrations within the range of umol/L to nmol/L of these
drugs could alter mRNA and microRNA expression levels of
various genes in cancer cells in vitro."’'® The studies
demonstrated that most mRNAs and microRNAs were either
up-regulated or down-regulated in a concentration- and
time-dependent manner by taxane treatment of various
cancer cell lines including human breast cancer cell line
MCF-7. Given the knowledge that many genetic regulatory
reactions occur at extremely low concentrations, gene
expression data from tumor cells treated with extremely
low doses or high dilution of taxanes may provide useful
suggestions about biological responses of cells to anti-cancer
treatment. However, to our knowledge, there is no literature
describing whether extremely diluted solutions of taxanes
affect gene expression, although there are several scientific
studies that address the effects of diluted conventional drugs
on gene expression.
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Based on the above considerations, we analyzed the
effects of the homeopathic concentrations of paclitaxel and
docetaxel, including two below (6X and 5C) and one above
Avogadro’s limit (15C), on mRNA expression profiles of
several key genes involved in cell growth control and carci-
nogenesis, in context to their cytotoxic effects. The starting
concentration selected for testing was 25 nmol/L paclitaxel
or docetaxel as related to pharmacological concentration and
previous in vitro studies.'’ '3 Five genes, namely p53 (tumor
protein p53 [TP53], NM_000546), p21 (cyclin-dependent
kinase inhibitor 1A, NM_078467), COX-2 (prostaglandin-
endoperoxide synthase 2, NM_000963), TUBB2A (class Ila
b-tubulin, NM_001069) and TUBB3 (class Il b-tubulin,
NM_006086), which have critical roles in regulation of tumor
cell proliferation, survival, inflammation and angiogenesis,
were selected as the target genes from among those showing
up- or down-regulation at pharmacological doses of taxanes,
according to earlier studies.’>'° On the other hand, we also
evaluated the effects of these concentrations of both drugs on
microtubule organization and cell cytotoxicity.

Materials and Methods

Materials and Preparation of Drug Dilutions

Paclitaxel (Taxol) and docetaxel (Taxotere) were purchased
from Bristol-Myers Squibb Co. (Princeton, New Jersey, United
States) and Aventis Pharma SA (Paris, France), respectively.
Since taxanes are largely insoluble in water, the mother
stock (25 nmol/L) and dynamized dilutions (6X, 5C and 15 C,
which correspond to approximately final concentrations of
25 x 10715, 25 x 1071° and 25 x 1073° mol/L of taxanes),
were prepared in high-performance liquid chromatography
(HPLC) grade ethanol, using ratios of 1:10 (X potency series) or
1:100 (C potency series) and according to the standard homeo-
pathic procedures. Briefly, paclitaxel or docetaxel was diluted
10 and 100 times in ethanol to obtain the 1X and 1C in sterile
conditions, respectively. Subsequent serial 10x and 100x
dilutions up to 6X and 15C, each followed by vigorous mechan-
ical shaking (20 strokes/s for 7.5 seconds), were then prepared
in the same solvent using sterile glass test tubes and sterile
filter tips with a polyethylene filter. Each test solution was
added to the culture medium in a volume of 10 pL in a total
incubation medium of 2 mL.

Cell Cultures and Treatments

MCEF-7 cells, a human breast adenocarcinoma cell line, were
cultured in Dulbecco’s modified Eagle’s medium supple-
mented with 10% heat-inactivated fetal calf serum and 1%
pen-strep. Paclitaxel or docetaxel (6X, 5C, 15C dilutions) or
placebo (0.5% v/v of absolute alcohol in a final volume of 2 mL
as vehicle for the drugs) as a control was added to the culture
media including MCF-7 cells (1 x 10°/mL) for 72 hours. In
addition, untreated cells to evaluate a possible effect of
ethanol on the cells served as the negative control. At the
end of 72 hours, cells were harvested using the lysis buffer
provided by RNA extraction kit and stored at —80°C. There
were four wells for each of the treatments, and the experi-
ment was repeated three times.
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Cell Viability and Growth

The viability of the MCF-7 cells was evaluated by trypan blue
dye exclusion assay, which is used to determine the number
of live and dead cells. Following exposure to drug dilutions,
cells in medium were mixed with an equal volume of 0.2%
trypan blue, and the number of cells excluding the dye was
scored using a hemocytometer. The number of viable cells
was calculated as percentage of the untreated cells, assuming
that these were 100% viable.

The effect of the taxane dilutions on cell proliferation was
also estimated by using trypan blue dye exclusion assay.
Before and after exposure to drug dilutions, the number of
viable cells per well was determined by counting, and the
level of cell proliferation was expressed as a percentage
relative to untreated cells.

RNA Isolation and Real-Time Quantitative RT-PCR
For the isolation of the total RNA, MCF-7 cells were cultured
in four wells for each of the treatment and the total RNA was
extracted using total RNA extraction kit (Thermo). The
concentration of the extracted RNA was determined by
spectrophotometric analysis (Multiskan GO, Thermo). Pur-
ified RNA (500 ng) was used for cDNA synthesis using
RevertAid First Strand cDNA synthesis kit (Thermo Scientific)
according to the manufacturer’s instructions. Reverse tran-
scription polymerase chain reaction (RT-PCR) was done
using primers specific for p53, p21, COX-2, TUBB2A and
TUBB3 genes. Specific PCR primers were designed using
primer3 software (http://primer3plus.com/). The primer
sequences of the genes are given below.

P53: Forward 5' - TCCACTACAACTACATGTGTAAC - 3’

Reverse 5' - GTGAAATATTCTCCATCCAGTG - 3'

P21: Forward 5' - GCAGACCAGCATGACAGATTT - 3’

Reverse 5' - GTGAAATATTCTCCATCCAGTG - 3'

COX-2: Forward 5' - GGTCTGGTGCCTGGTCTGATGATG - 3’

Reverse 5" - GTCCTTTCAAGGAGAATGGTGC - 3’

TUBB2A: Forward 5’ - TTGTGTTCGGTCAGAGTGGT - 3’

Reverse 5' - GACTCCTTCCTCACCACATC - 3’

TUBB3: Forward 5' - TTCTGGTGGACTTGGAACCTGGAA - 3’

Reverse 5' - TCACACTCTTTCCGCACGACATCT - 3’

Beta actin: Forward 5’ - AACAAGAGGCCACACAAATAGG - 3'

Reverse 5" - CAGATGTACAGGAATAGCCTCCG - 3’

Quantitative analysis was performed by using the Fast
SYBR Green Master Mix (Thermo). Reaction mixture con-
tained a total volume of 20 pL. The PCR conditions were 95°C
for 3 minutes, then 40 cycles of 95°C for 10 seconds and 60°C
for 30 seconds. The relative amount of target mRNA in test
sample was calculated and normalized to the corresponding
B-actin mRNA transcript level as a housekeeping gene. All
reactions were performed three times and the mean values
were used. Transcriptional gene expression, which is subse-
quently referred to as gene expression, was defined as fold-
change (FC) versus ethanol-treated controls and it was
determined with the AACt method.'®

Immunofluorescence
MCF-7 cells were exposed to immunofluorescence staining to

observe microtubules. Briefly, primary cells were fastened
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with 2% paraformaldehyde in phosphate-buffered saline
(PBS) for 20 minutes at room temperature. MCF-7 cells
were permeabilized and blocked in PBS containing 0.1%
Triton X-100 and 5% fetal calf serum for 30 minutes. The
primary antibody (anti-p tubulin antibody, 1:200) was used
at 4°C during the night. The secondary antibody, which was
used at room temperature for 2 hours, was Alexa Fluor 488-
conjugated goat anti-rabbit IgG (1:200). Microtubules were
visualized using streptavidin Alexa Fluor 488 conjugate
(1 mg/mL) and nuclei in turn with 4', 6-diamidino-2-pheny-
lindole (DAPI, Invitrogen Molecular Probes, Oregon, United
States). All images were obtained on an Olympus BX51
Microscope equipped with DP72 camera, controlled by
Olympus DP2-TWAIN software.

Statistical Analyses

The non-parametric Kruskal-Wallis test followed by Dunn’s
post-test for multiple comparisons was applied to test the
significance of the various data collected during the study.
The statistical significance was set at p < 0.05 and a mean
difference equal to or greater than 5 FC in expression levels.
The software used was GraphPad version 5.0 and values
reported were means + SD.

Results

Effect of Ultra-High Dilutions of Paclitaxel and
Docetaxel on Cell Viability and Growth

We first examined cytotoxic effects of three different dilu-
tions (6X, 5C, and 15C; final concentrations: 25 x 10713,
25 x 107" and 25 x 1073° mol/L) and pharmacological
concentration (25 nmol/L) of paclitaxel or docetaxel on
the growth and survival of MCF-7 cells. In this study, the
cell viability and proliferation inhibition rates were
reported as relative to the untreated cells to assess possible
cytotoxic effects of ethanol alone as well as the associated
concentrations.

As can be seen in =Table 1, 25 nmol/L paclitaxel or
docetaxel induced significant increases in cell-death rate
compared with untreated cells. Exposure of cells to the
increasing dilutions of paclitaxel and docetaxel revealed
less significant changes in cell-death rate that ranged from
9 to 12% and 11 to 15%, respectively. Meanwhile, ethanol
alone induced a cell-death rate very similar to the dilution
treatments (~Table 1).

When MCF-7 cells were treated with different doses of
drugs for 72 hours, the inhibition of cellular growth against
the dose of 25 nmol/L of the drugs was more pronounced
than with homeopathic concentrations. This concentration
caused an approximately 97% reduction in cell proliferation.
The addition of both taxanes significantly decreased cell
proliferation of MCF-7 cells compared with untreated cells.
Paclitaxel- and docetaxel-induced proliferation inhibition
rates for the extreme doses ranged from 40 to 56% and 44
to 74%, respectively (=Table 1). Exposure to ethanol vehicle
alone significantly inhibited cell proliferation to a similar
extent as homeopathic doses of the drugs (except 6X treat-
ment of docetaxel).
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Table 1 Effects of paclitaxel and docetaxel treatments (72 h) on cell viability and proliferation of human breast cancer cell line

MCF-7
Paclitaxel Docetaxel
In vitro treatment Cell viability Cell proliferation (%) Cell viability Cell proliferation (%)
(% of control) (% of control)
Ethanol 92 +5 65 +7 92 +£5 65 + 7
25 nmol/L 2+1° 3+1° 3+£17° 2+7°
6X 88 + 6 54 £ 6 87 +9 26 + 47
5C 90 + 6 62 +6 89 + 8 49 +5
15C 91+ 6 60 + 7 85 + 12 56 +8

Note: Survival was expressed as the percentage of surviving cells relative to the untreated control cells (without drugs). Proliferation results are
expressed as percent cell proliferation relative to the proliferation of control cells.

Significant difference compared with the ethanol group (p < 0.05).

Effect of Ultra-High Dilutions of Paclitaxel and
Docetaxel on Expression of Selected Five Genes
To assess the effects of homeopathic doses of the taxanes on
mRNA expression, relative gene expression differences of five
selected genes (p53, p21, COX-2, TUBB2A, and TUBB3) between
drug-treated and control cells (the corresponding ethanol or
untreated controls) were examined by quantitative RT-PCR.
We did not perform this analysis on the cells exposed to clinical
dose due to a massive loss of cells because of death.
Comparison of the 222 values calculated from measure-
ment of the cells treated with ethanol and the dilution treat-
ments showed to have an influence on gene expression of the
dilution treatment (~Tables 2 and 3, and ~Fig. 1). Using a five-
fold expression difference (p < 0.05) as a cut-off level, it was
observed that the treatment with taxanes significantly chan-
ged the expression of a total 7 of 30 samples in context to the

selected five genes (~Tables 2 and 3). We also observed that all
the examined genes except TUBB2A were significantly affected
at some dilutions for paclitaxel treatment (=Table 2
and =Fig. 1A). Similarly, docetaxel treatment changed the
expression of four genes except p53 at some dilutions
(=Table 3 and =Fig. 1B). Changes in differential regulation
with dilution treatments were quantitatively high, ranging
from an up-regulation of approximately 23 (p21 gene at 15C
paclitaxel) to a down-regulation of about -17 (p21 at 5C
paclitaxel), and they were concentration independent. As can
be seen in =Tables 2 and 3, and ~Fig. 1, there were also a few
differences in the expression profile of the investigated genes
between docetaxel and paclitaxel treatments in the context of
test dilutions. For example, p21 level was up-regulated at 6X
and 15C dilutions of paclitaxel, while it was down-regulated at
5C dilution of both taxanes. Furthermore, TUBB3 gene was

Table 2 222Tvalues in mRNA expression of genes investigated in response to the MCF-7 cells treated in vitro with the ultra-diluted

doses of paclitaxel for 72 hours

Paclitaxel

6X 5C 15C

Z-AACT 2-AACT

2-AACT

Kruskal-Wallis
test (p-Value)

Dunn’s multiple
comparisons test

p53 —3.0450 + 1.2343 1.8508 + 0.3847

—2.9455 £ 1.6476

< 0.0001 6X versus 5C (p < 0.001)
6X versus 15C (p > 0.05)

5C versus 15C (p < 0.001)

p21 14.9774 £ 5.5992 —17.1573 + 4.3405

23.5457 £ 3.9191

0.0002 6X versus 5C (p < 0.01)
6X versus 15C (p < 0.05)

5C versus 15C (p < 0.001)

COX-2 3.3804 + 0.7879 —13.0015 £ 2.1778

3.3651 £ 1.0278

0.0002 6X versus 5C (p < 0.001)
6X versus 15C (p > 0.05)

5C versus 15C (p < 0.001)

TUBB2A | —1.5831 £ 0.9230 1.2217 £ 0.2125

1.1621 £ 0.2125

0.0640 6X versus 5C (p > 0.05)

6X versus 15C (p > 0.05

TUBB3 —11.8368 + 3.0634 | 1.2253 £ 0.2182

—1.2132 £ 0.2304

)
5C versus 15C (p > 0.05)
)

6X versus 5C (p < 0.001
6X versus 15C (p < 0.001)
5C versus 15C (p < 0.05)

< 0.0001

Note: The data are expressed as means + SD of fold-change relative to ethanol-treated series.

Abbreviation: SD, standard deviation.
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Table 3 2%“Tvalues in mRNA expression of genes investigated in response to the MCF-7 cells treated in vitro with the ultra-diluted

doses of docetaxel for 72 hours

Docetaxel

6X

5C

15C

2—AACT

2—AACT

Z—AACT

Kruskal-Wallis
test (p-Value)

Dunn’s multiple
comparisons test

3.8351 £ 1.1799

3.1821 £ 1.7716

0.5428

p53 2.7204 + 1.0872

6X versus 5C (p > 0.05)
6X versus 15C (p > 0.05)
5C versus 15C (p > 0.05)

p21 —1.6953 £ 0.1972 | —3.5065 £ 1.2518

—1.2324 + 0.0852

0.0004 6X versus 5C (p < 0.05)
6X versus 15C (p < 0.05)

5C versus 15C (p < 0.001)

COX-2 1.2294 + 0.3485 3.4240 + 0.9995

—1.9387 £ 0.5227

0.0003 6X versus 5C (p < 0.01)
6X versus 15C (p > 0.05)

5C versus 15C (p < 0.001)

TUBB2A | —6.3619 £ 2.9636 | —3.5670 £ 0.9047

2.4751 £ 0.2199

< 0.0001 6X versus 5C (p < 0.001)
6X versus 15C (p > 0.05

5C versus 15C (p<0.001

TUBB3 —2.6505 £ 0.8173 | 6.9884 + 1.5486

—2.1173 £ 0.4934

)
)
< 0.0001 6X versus 5C (p < 0.001)
6X versus 15C (p > 0.05)

5C versus 15C (p < 0.001)

Note: The data are expressed as means + SD of fold-change relative to ethanol-treated series.

Abbreviation: SD, standard deviation.

down-regulated by paclitaxel 6X dilution and up-regulated by
docetaxel 5C dilution. On the other hand, TUBB2A was the only
significantly down-regulated gene at 6X dilution of docetaxel.
In addition, only COX-2 at paclitaxel 5C-treated samples
reached the significant threshold with down-regulation.

Relative gene expression differences were also quantified
amongst the untreated reference cells and the dilution treat-
ments. In this case, observed expression profile for the tested
genes was different than those from measurement of the cells
treated with ethanol and the dilution treatments (data not
shown).

Effect of Ultra-High Dilutions of Paclitaxel and
Docetaxel on Microtubule Organization

Since docetaxel and paclitaxel are microtubule-targeting
agents, we also examined whether their homeopathic doses

Paclitaxel
30
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= & 15C
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£
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Fold change

could perturb microtubule assembly in vitro and in cultured
cells. After 72 hours exposure of ultra-low doses of both
drugs, significant changes in microtubule organization were
observed in response to these treatments. Representative
images show progressive changes in microtubule morphol-
ogy with ultra-low doses of both drugs in MCF-7 cells
(=Fig. 2). However, no significant changes were found in
ethanol-treated control cells.

Discussion

Studies published in recent years provide evidence that the
action of taxanes on cells can alter the expression and modify
the activity of numerous proteins; it also acts as a microtubule
stabilizer.'®17-20-21 These studies mostly investigated possible
effects within arange of concentrations from pmol/L to nmol/L,

Docetaxel

10
B6X

. 5C
& 15C

n " q o =
A e
¢ ¢ & & i
P o <

Fig. 1 Magnitude of fold-change in mRNA expression in response to ultramolecular dilution (6X, 5C and 15C) of paclitaxel (A) and docetaxel
(B) in MCF-7 cells treated for 72 hours. Expression levels are adjusted to B-actin for each sample and graphed as fold-changes relative to ethanol-

treated cells. *p < 0.05.
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Fig. 2 Effect of 72 hours exposure to homeopathic concentrations of
paclitaxel or docetaxel on microtubule organization. All the images
are from the same experiment. (A) Control, (B) ethanol, (C) 25 nmol/L
paclitaxel, (D) 25 nmol/L docetaxel, (E) 6X paclitaxel, (F) 6X docetaxel,
(G) 5C paclitaxel, (H) 5C docetaxel, (1) 15C paclitaxel and (J) 15C
docetaxel.

and showed that both the concentration and the exposure
duration of taxanes are important to the response of cells.
However, to our knowledge, there are no studies analyzing the
effect of increasing dilutions of these drugs, which are not
commonly used in homeopathic treatments, on gene expres-
sion. In this study, to evaluate whether extreme dilutions
of paclitaxel and docetaxel alter gene expression of in vitro
MCF-7 breast cancer cells, we selected five differentially
expressed genes (p53, p21, COX-2, TUBB2A, and TUBB3)
detected in the earlier studies on taxanes.'®!7-2%21 These
genes are known to have critical roles in regulation of tumor
cell proliferation, apoptosis, inflammation and angiogenesis.
Taxanes most likely promote apoptosis by upregulating cyclin-
dependent kinase inhibitor 1A (p21, Cip1) and tumor protein
p53, which arrest the cell cycle. Taxanes are also known to have
anti-inflammatory effects via inhibition of COX-2, the enzyme
responsible for catalyzing the conversion of arachidonic acid

Seker et al.

into several different prostanoids, which are related to breast
cancer carcinogenesis. Up-regulation of COX-2 gene was also
associated with a worse breast cancer outcome.?? Tubulin is
the major constituent of microtubules, which are dynamic
polymeric structures consisting of heterodimers of a-tubulins
and B-tubulins. The cellular target with different affinity for
taxanes has been identified as the B-subunit of tubulin. This
binding suppresses the dynamics of mitotic spindle and
induces mitotic arrest and apoptosis. Among B-tubulin iso-
types, expression profiles of genes of the TUBB3 encoding class
Il B-tubulin and TUBB2A encoding class IIA B-tubulin were
associated with tumorigenesis and response to taxanes.>

Homeopathic practitioners use potentized remedies
diluted to both below and above Avogadro’s limit, depending
on the patient’s symptoms. Therefore, we chose three poten-
cies, 6X and 5C (below Avogadro’s limit) and 15C (above
Avogadro’s limit). In this study, the starting concentration
selected for testing was 25 nmol/L for both taxanes, since it
was in the pharmacological range and a concentration that
were shown by previous in vitro studies to have cytotoxic
effects on breast cancer cells.!'~2° According to this, the final
concentrations of the diluted solutions in our culture condi-
tions equate to approximately molar concentrations of
12.5 x 10717, 12,5 x 1072! and 12.5 x 10~*' mol/L for
both taxanes.

Our results on cell viability and growth showed that these
taxane compounds at homeopathic concentrations and with
the experimental approach used have slightly cytotoxic
effects on MCF-7 cells. Present results provide evidence
that the extreme dilutions (6X, 5C and 15C) of paclitaxel or
docetaxel prepared from the concentrations of 25 nmol/L
may alter gene expression in breast cancer cells in vitro, even
when a five-fold expression difference was used as a cut-off
level. As can be seen in =Tables 2 and 3 and ~Fig. 1, gene
expression analysis also clearly demonstrated that each drug
dilution and comparison set had a distinct mRNA expression
profile. Meanwhile, our study showed that vehicle (ethanol)
alone could not elicit such an effect, as treatment of MCF-7
cells with ethanol did not change the expression profile of
the tested genes as compared with the cells treated with
untreated cells (data not shown).

Interestingly, 1075, 10~'° and 103° dilutions of 25 nmol/L
paclitaxel or docetaxel exerted a complex effect on gene
expression profile. The relative differential expression
observed in either up- or down-regulated genes did not
correlate with the general pharmacological rule, which
emphasizes the linear association between the concentra-
tion and the effect of a given drug. Furthermore, one of the
most striking findings was also that low and high dilutions of
the same drug exerted a different expression pattern as
down-regulation or up-regulation for some genes. Several
reports from a series of experiments conducted at the
micromolar and nanomolar scale consistently showed that
mRNA expression responses to taxanes may vary depending
on drug concentration.'*%4 On the other hand, there are also
a few reports indicating that some genes were regulated in
opposite directions by mother tincture and by homeopathic
solutions, according to the laws of hormesis.?>?® In our
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study, a 72-hour exposure of MCF-7 cells to mother tincture
of 25 nmol/L induced massive cell death that precluded gene
expression analysis. For this reason, it is not possible to say
with certainty whether hormetic responses are operative
with opposite behavior at different concentrations of our
drugs of interest. Therefore, additional experiments are
necessary to establish the precise mechanism underlying
this phenomenon.

In addition, gene expression patterns induced by the same
dilution of paclitaxel and docetaxel were different for any
gene. Docetaxel, which is the second-generation semi-syn-
thetic drug, differs at two positions from paclitaxel. There-
fore, these findings may suggest that taxanes did not only
affect the gene expression, but also that the effect of each
structurally different taxane was different from the other in
genetic expression profiling. This is not entirely a surprise
since it has been found that paclitaxel and docetaxel show
differential effects on various genes.">%’

Docetaxel and paclitaxel are known to drastically affect
cell internal structures, especially nucleus and microtubule
organization by stabilizing GDP-bound tubulin in the micro-
tubule.?32° Therefore, we also examined microtubule orga-
nization by immuno-staining B-tubulin to evaluate the
biological effects at homeopathic dilutions of both agents.
We report here that administration of 6X, 5C and 15 C
dilutions to MCF-7 cells disrupts microtubule dynamics.
However, such an effect on ethanol-treated control cells
was not observed. Therefore, our findings demonstrate
that even extreme homeopathic dilutions of taxanes may
have biological effects on breast cancer cells.

The present study necessarily has several limitations.
First, we focused on the expression profile of five key
genes. However, other gene(s), along with the genes inves-
tigated in this study, might be also regulated by extreme
dilutions of taxanes. Second, we did not perform this
analysis on the cells exposed to pharmacological concen-
trations, because cell death was induced even at these
lower concentrations. In addition, no higher potencies than
15C have been evaluated.

Conclusion

Despite some limitations, our study shows that gene expres-
sion alterations also occur at concentrations much lower
than those associated with pharmacological responses of
taxanes and that high dilutions (homeopathic doses) of
paclitaxel and docetaxel exerted complex effects on the
expression of genes analyzed. Our results also suggest that
even extremely diluted solutions of taxanes may have bio-
logical effects on breast cancer cells, although they are not
cytotoxic.
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