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Strigolactones (SLs) are a novel class of plant hormones. Previously, we found that analogs of SLs induce growth
arrest and apoptosis in breast cancer cell lines. These compounds also inhibited the growth of breast cancer stem cell
enriched-mammospheres with increased potency. Furthermore, strigolactone analogs inhibited growth and survival of
colon, lung, prostate, melanoma, osteosarcoma and leukemia cancer cell lines. To further examine the anti-cancer
activity of SLs in vivo, we have examined their effects on growth and viability of MDA-MB-231 tumor xenografts model
either alone or in combination with paclitaxel. We show that strigolactone act as new anti-cancer agents in inhibition of
breast cancer in xenograft model. In addition we show that SLs affect the integrity of the microtubule network and
therefore may inhibit the migratory phenotype of the highly invasive breast cancer cell lines that were examined.

Introduction

Acquired or pre-existing resistance to therapy is a major con-
tributing factor for cancer treatment failure. Current hormonal
or chemotherapy modalities often result in initial favorable
response but ultimately, poor tolerance, adverse effects and resis-
tance lead to the unsuccessful elimination of tumor cells and to
local or distant disease relapse. Metastatic disease is the main
cause of cancer-related death.

Therefore, there is an ever-increasing need for development of
safe drugs and novel therapeutic strategies that target both the
highly proliferating cells as well as the slow-growing cancer cells
in an irreversible manner without harming the normal cells.

Multiple plant hormones (phytohormones) including Cyto-
kinins, Methyl Jasmonate and Brassinosteroids are known as
effective anti-cancer agents.1 Strigolactones (SLs) are a novel
class of plant hormones2,3 that are produced by a wide variety
of plant species.4 A single plant species may produce several dif-
ferent isoforms of SLs but variation in combination of types
and quantities of the different SLs may exist among the differ-
ent members of a species. The SL structure consists of an ABC-
ring system connected via an enol ether bridge to a butenolide
D ring.4 Currently about 17 natural SL were identified and

more than 35 synthetic analogs have been synthesized and used
in plant studies.5,6

Previously, we have shown that synthetic SL analogs induce
growth arrest and apoptosis in breast cancer cell lines. We have
shown that these compounds also inhibit the growth of breast
cancer stem cell enriched-mammospheres with increased potency
(Supplementary Table 1).7 The synthetic analogs, MEB55 and
ST362, used in the previous and the current studies have an
indolyl based structure with a classical enol ether bridge connect-
ing the C and D ring. The compounds are then further function-
alized on the A ring with a thiophene ring in MEB55 and
dioxathiophene in ST362 respectively. MEB55 is used as a race-
mic mixture (they differs for the configuration of C-20 of the D
ring) whereas ST362 as a diasteromeric mixture (an additional
stereocenter is present on the C ring).6

SL analogs treatment of cancer cell lines is associated with
down-regulation of cyclin B1, which was partially reversible in
the presence of proteasome inhibitors and upon SLs removal. In
addition, SL analogs activate the stress activated MAPKs, P38
and JNK1/2 and inhibit the activity of the survival factors:
ERK1/2 and AKT.7 SL analogs also inhibit growth and survival
of colon, lung, prostate, melanoma, osteosarcoma and leukemia
cancer cell lines.8 The treatments with SLs result in the induction
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of G2 arrest, increased apoptosis, and loss of cells’ viability. It was
suggested that SL analogs affect different cell types by similar
mechanisms, positioning them as novel broad-spectrum anti-can-
cer agents.8

To further characterize the anti-cancer activity of SL analogs,
we have examined their effects alone and in combination with
paclitaxel on growth of the breast cancer cell line, MDA-MB-
231, in culture and as xenograft model. The results substantiated
SLs activity as anti-cancer agents of MDA-MB-231 breast cancer
tumors. A further insight into the mechanism of SLs activity sug-
gests that like paclitaxel, treatment with SLs leads to an effect on
the integrity of the microtubule network and to inhibition of cell
migration.

Results

MEB55 has low toxicity in mice
MEB55 was administrated to mice at 12.5, 25, 50, 100 and

150 mg/kg. No differences were observed in mice body weight
(BW) at all concentrations tested by either 8 or 14 d after the
beginning of the treatment relative to the untreated controls
(Fig. 1A). Liver sections stained with H&E indicated no

histological changes up to 100 mg/kg while some abnormalities
were observed at 150 mg/kg (Fig. 1B). Apoptotic cells in liver
sections were apparent from 50 mg/kg treatment (Fig. 1C) and
an increase in macrophage presence in the liver sections was
detected in mice treated with 50 mg/kg of MEB55 (Fig. 1D).
No substantial toxicity effects were found in mice treated with
MEB55 at a dose of 25 mg/kg. Therefore, this dose was chosen
to be tested for efficacy against MDA-MB-231 xenografts in
mice. Notably, since MEB55 and ST362 are similar in structure
and have both an indolyl based structure with a classical enol
ether bridge connecting the C and D ring,6 no escalation dose
was done for ST362 since results are expected to be similar.

MEB55 and ST362 inhibit breast cancer tumor growth
in mice

Mice implanted with xenografts of MDA-MB-231 were
examined for the effect of MEB55 on solid tumors. MEB55
(25 mg/kg) treatments led to reduction in tumor volume and to
reduced tumor growth rate (Fig. 2). The post hoc analysis reveals
that there are statistically significant differences between the
tumor sizes in control and treatment (MEB55) groups at time
points of 6, 11, 15, 18, 21, 24 d post injection (DPI) (Fig. 2A;
Tables S2–S4). The interaction of treatment and time is statisti-

cally significant (p D 0.0017).
Similar results of reduction in

tumor growth rate were also
obtained for ST362 (25 mg/kg;
Fig. S1). Tumor growth rate of
ST362 treated nude mice was signif-
icantly lower than tumor growth
rate in control mice, and was similar
to that of paclitaxel treated mice
(Fig. S1). At the end of the experi-
ment, tumor weight of mice treated
with MEB55, ST362 or paclitaxel
were reduced by 47%, 49% and
68% respectively, compared to
untreated control. BW of treated
mice was not significantly affected
by either MEB55 or ST362 treat-
ments (Fig. S2 and data not shown,
respectively).

MEB55 has an additive effect
to that of paclitaxel in inhibition
of growth and survival of breast
cancer cell line

The effect of MEB55 in combi-
nation with paclitaxel was examined
on the viability of MDA-MB-231
breast cancer cell line in culture.

Dose—effect curves were deter-
mined for each of the compounds
and for concurrent treatments of
MEB55 and paclitaxel (Fig. 3). For
dose response assays, data points

Figure 1. Results of toxicity experiment of MEB55 (12.5, 25, 50, 100 and 150 mg/kg) in Hsd:ICR(CD-1�)
mice (n D 5 mice/treatment). Additional group was set as vehicle control. Mice were injected intraperito-
neal (IP) twice a week with the MEB-55 solutions, dissolved with DMSO:Chromophor�EL 1:1 and diluted
with double distilled water to the required concentration. (A) Body weight (% of time 0) at 8 and 14 d post
injection (DPI). Values are means § SE. (B) Hematoxylin and eosin (H&E) staining of liver sections. * - tissue
abnormalities; pictures taken at different magnifications are shown (£100, £400). (C) Apoptosis cell stain-
ing of liver sections using DeadEndTM Fluorometric Tunnel system kit. White arrows point to the apoptic
cells. (D) Immunostaining for macrophages of liver sections using polyclonal anti-macrophage antibodies
(CL194P). Yellow arrows mark area of increase in macrophage presence.
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were connected by non-linear
regression lines of the sigmoidal
dose-response relation. GraphPad
Prism (version 6 for windows,
GraphPad software Inc. San
Diego, USA) was employed to
produce dose-response curve and
IC50 doses for SLs and paclitaxel
by performing nonlinear regres-
sion analysis. In each case the
upper limit was normalized to cell
viability associated with treatment
with the single, fixed-dose drug.

Addition of paclitaxel to
MDA-MB-231 cells resulted in a
sigmoidal, concentration-depen-
dent reduction in cell viability,
with an IC50 of 16.87 nM
(Fig. 3A). In the presence of
7.5 mM MEB55, MDA-MB-231
cells were sensitized to paclitaxel by 2.4 fold, i.e., IC50 of pacli-
taxel was 16.87 nM or 7 nM in the absence or presence of
7.5 mM MEB55, respectively (Fig. 3A). The enhanced sensitiv-
ity of MDA-MB-231 cells was noted only when cells were treated
with paclitaxel at low concentrations (up to 25 nM after which
levels of paclitaxel were too toxic to observe any additive activity).

Addition of MEB55 to MDA-MB-231 cells resulted in a sig-
moidal, concentration-dependent reduction in cell viability, with
an IC50 of 5.8 mM (Fig. 3B). Sensitivity of MDA-MB-231 cells
to MEB55 was enhanced 2 fold when cells were co-treated with
10 nM paclitaxel, i.e., IC50 of MEB55 was 5.8 mM or 2.4 mM
in the absence or presence of 10 nM paclitaxel, respectively
(Fig. 3B). The additive effect of 10 nM paclitaxel was apparent at
all MEB55 tested concentrations, up to 25 mM, which was the
highest MEB55 concentration used. At this high concentration
paclitaxel had no significant additive effect on MEB55 treatment.

Together, these results suggest an additive effect of paclitaxel
and MEB55 on growth inhibition of MDA-MB-231 cancer cell
growth.

Both MEB55 and paclitaxel act in inhibition of breast cancer
tumor growth in animal model

Since MEB55 and paclitaxel showed an additive inhibitory
effect on breast cancer cell line growth, we examined the combi-
nation of MEB55 and paclitaxel treatments on xenografts of
breast cancer in mice. Mice were treated with either a low dose of
paclitaxel: (7.5 mg/kg) or a high dose of paclitaxel (15 mg/kg).
As expected, paclitaxel at a high dose significantly inhibited the
growth of MDA-MB-231 xenograft tumors. MEB55 by itself or
a lower dose of paclitaxel (7.5 mg/kg) were not as effective in
retarding tumor growth. Concurrent administration of MEB55
and the low-dose of paclitaxel reduced to some extent, but not
significantly, tumor volume compared to treatment with MEB55
only. Similarly, concurrent administration of MEB55 and the
low-dose of paclitaxel reduced to some extent, but not signifi-
cantly, tumor volume compared to treatment with low-dose of

Figure 2. The effect of MEB55 (25 mg/kg) or vehicle treatments on xenografts of MDA-MB-231 in animal
model of nude BALB/cOlaHsd-Foxn1nu mice. (A) Tumor volume (calculated as V D p(length)£(width)£
(height)/6) in mice treated with MEB55 (25 mg/kg) or vehicle; significant differences were analyzed by Wald
test. * - Means are significantly different as determined by Student's-t-test (P < 0.05). (B) Tumor growth rate
(0.5 £ small diameter2 £ large diameter/day) in mice treated with MEB55 (25 mg/kg) or vehicle over DPI
(days post injection). Values are means § SE (n D 8); Different letters above the bars indicate statistically sig-
nificant differences between means determined by Student’s-t-test (P � 0.05).

Figure 3. Dose response curves of MDA-MB-231 cell viability following
treatment with MEB55 alone and in combination with paclitaxel. Cells
were exposed to either single agent drug (A) paclitaxel or (B) MEB55 (cir-
cle) or to drugs combinations (A) paclitaxel C 7.5 mM of MEB55 or (B)
Meb55 C 10 nM of paclitaxel (square) for 48 hours followed by XTT
assay to determine cell viability. Cell survival (%) of control is calculated
by D 100 £ (At-Ac)(treatment) / (At-Ac)(control), where At and Ac are
the absorbencies (450nm) of the XTT colorimetric reaction in treated and
control cultures respectively minus non-specific absorption measured at
650nm. Data points are connected by non-linear regression lines of the
sigmoidal dose-response relation. Values are means § SE of 3 indepen-
dent experiments. IC50 values were determined with nonlinear regres-
sion analysis. * Means are significantly different between single agent
and combination as determined by Student’s-t-test (P � 0.05).
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paclitaxel only. Also, only paclitaxel treatment at high dose was
different from control. However, once MEB55 was administered
concurrently with the low-dose of paclitaxel, tumor growth was
significantly inhibited almost to the same extent as seen by
administration of high-dose paclitaxel alone (Fig. 4; Student’s
t-test [P � 0.05]). However, since no statistically significant dif-
ference was found between MEB55 alone versus MEB55 and
paclitaxel combined treatments, it cannot be concluded that
MEB55 enhances the efficacy of paclitaxel alone on solid tumor
growth.

MEB55 affects microtubule bundling and cell motility
in breast cancer cells similarly to paclitaxel

To determine the effect of SLs on microtubules integrity,
MDA-MB-231 cells were treated with 15 mM of MEB55 or
ST362. Staining for a- tubulin demonstrated that MEB55 or
ST362 lead to microtubule bundling, as soon as 5 hr after treat-
ment (Fig. 5), suggesting that SLs affect the integrity of the
microtubule network and therefore may inhibit the migratory
phenotype of the highly invasive breast cancer cell lines: MDA-
MB-231 and MDA-MB-4369.

Using the in vitro scratch assay as described in Liang
et al.,10 a confluent monolayer of MDA-MB-231 (Fig. 6) or
MDA-MB-436 (Fig. S3) cells was scratched and the ability
of the cells to migrate into the scratch was examined in a
time period of 24 h. For both MDA-MB-231 (Fig. 6) or
MDA-MB-436 (Fig. S3), a marked reduction in the ability
of the cells to migrate into the scratch was obtained for cells
treated with MEB55 or ST362, similarly for those treated
with paclitaxel, and in comparison to vehicle and non-treated
control. Although cell count was reduced to some extent with
the MEB55 and ST362 treatments in comparison to controls
(Fig. S4), it may not fully account to the marked differences

in cell migration observed between treatments and controls
(Fig. 6). These results suggest that MEB55 and ST362
reduce MDA-MB-231 and MDA-MB-436 cell line migra-
tion, similarly to paclitaxel.

Discussion

We have previously shown that synthetic strigolactone ana-
logs, including MEB55 and ST362, inhibit breast cancer cell
growth and survival.7 In the present study we show that these
analogs are efficient in inhibiting growth of MDA-MB-231
xenograft tumors in animal model. Moreover, MEB55 at an
effective concentration of 25 mg/kg caused only low level of tox-
icity, suggesting that it has the potential to be developed as an
anti-cancer agent.

Furthermore, we have found that the concurrent administra-
tion of MEB55 and paclitaxel lead to an additive growth inhibi-
tion of MDA-MB-231 cultured cells. The additive effect was
apparent only when the compounds were administrated at rela-
tively low concentrations. At higher concentrations of MEB55 or
paclitaxel, no additive effects were apparent between the 2 com-
pounds in cultured cells. The additive effect obtained with con-
current administration of MEB55 and paclitaxel suggest that the
2 compounds affect cell proliferation by a similar mechanism.
Therefore, at higher concentrations, the maximal effect of each

Figure 4. The effect of MEB55 (25 mg/kg; A) or paclitaxel in 2 concentra-
tions (15 or 7.5 mg/kg) or combination of MEB (25 mg/kg) and paclitaxel
(7.5 mg/kg) treatments on xenografts of MDA-MB-231 in animal model
of nude BALB/cOlaHsd-Foxn1nu mice. Administration was by IP twice a
week for 3 weeks. Tumor volume (mm3; calculated as V D p(length)£
(width)£(height)/6) at the end of experiment (12 d post treatment initia-
tion) is shown. Values are means § SE (n D 8). *, Means are significantly
different or NS, means are not-significantly different, as determined by
Student’s-t-test (P � 0 .05). £, Treatment significantly different compared
to control.

Figure 5. Fluorescent images of MDA-MB-231 cancer cells immunos-
tained for a-tubulin (Green staining- Alexa Fluor 488) following MEB
(15 mM), ST362 (15 mM), paclitaxel (Taxol, 2.5 nM), vehicle control treat-
ments or untreated control for 5 hr. Blue nuclei staining- DAPI. Images
were taken using Zeiss Axiovert 200M Fluorescense inverted microscope
at £630 magnification.
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compound may mask the effect of
the other compound. However, in
xenograft model, treatment with
MEB55 alone did not improve sig-
nificantly tumor inhibition vs.
MEB55 and paclitaxel combined
treatment. Therefore, it cannot be
concluded that MEB55 enhances
the efficacy of paclitaxel on solid
tumor growth.

We found that MEB55 and
ST362 affect the integrity of the
microtubules network. Within
hours of treatment microtubule
bundles are formed in the cytosol
and around the cell nucleus. Inter-
estingly, microtubules are the main
target of paclitaxel in cells.11,12

More specifically, paclitaxel was
shown to successfully target class I
and III b-tubulin,13 and lead to
straightening of the protofilaments,
inducing a more GTP-like configu-
ration in the microtubule protofila-
ments,14,15 resulting with formation
of microtubule bundles (Fig. 5 and,
e.g., Horwitz et al.,11). However, it
is yet to be determined whether SLs
are microtubules targeting agents.

Alterations in microtubule dynam-
ics can influence cell migration via
several different microtubule-depen-
dent pathways.16,17 Therefore, we
have examined the effect of MEB55
on cell migration. In accordance with its effect on microtubules,
MEB55 reduced the migration ability of 2 metastatic breast cancer
cell lines: MDA-MB-231 and MDA-MB-436. Since cell migration
was shown to be involved in metastasis formation (e.g., Jones
et al.,18), these results may indicate that MEB55 may lead to
reduced metastasis.

In summary, the SL analogs MEB55 and ST362 inhibit
MDA-MB-231 tumor development in xenograft model. It would
be of interest to determine whether SLs target microtubules
directly. MEB55 relatively low toxicity and high efficacy suggest
its usage as an anti-cancer agent to promote anti-cancer activity
while reducing chemotherapy toxicity.

Materials and Methods

Cell culture
Cells were grown at 37�C in a humidified 5% CO2–95% air

atmosphere. All tissue culture media and serum were purchased from
Biological Industries LTD Israel, unless otherwise indicated. MDA-
MB-231 (ATCC,Manassas, USA) were maintained in DMEM sup-
plemented with 10% FCS, 1% Penicillin-Streptomycin Solution,

and 1% L-glutamine. Viable cells were counted under a microscope
by trypan blue (Sigma-Aldrich) exclusion.

Cell proliferation assay XTT base
Cells were seeded into a 96 well plates at 2,500 cells per well

in triplicates in normal growing media. On the following day,
the media was replaced with phenol red-free DMEM supple-
mented with 10% FBS (Foetal Bovine Serume) and 5% Penicil-
lin-Streptomycin solution. Cells were incubated over night at
37�C in a humidified 5% CO2–95% air atmosphere, and then
were treated as indicated below for 48h. XTT (2, 3,-bis(2-met
hoxy-4-nitro-5-sulfophenyl)-5-[(phenylamino)-carbonyl]-2H-tet
razolium inner salt) reduction was used to quantify viability
according to manufacturer’s instruction (Biological industries,
IL). Cells were incubated with XTT reagent for 2 h at 37�C in a
humidified 5% CO2–95% air atmosphere. Absorbance was
recorded by a VersaMax ELISA Microplate Reader (Molecular
devises, USA) at 450 nm with 650 nm of reference wavelength.
Cell survival was estimated from the equation: % cell survival of
control D 100 £ (At-Ac)(treatment) / (At-Ac)(control), where
At and Ac are the absorbencies (450 nm) of the XTT colorimetric
reaction in treated and control cultures respectively minus non-

Figure 6. The effect of MEB55 (7.5 mM), ST362 (7.5 mM) or paclitaxel (Taxol, 2.5 nM), vehicle and untreated
control on recovered area of confluent monolayers of MDA-MB-231 cancer cell line. Monolayer was
scraped in a straight line and % recovered area of the scratch by cells that migrated into the scratch was
measured from images taken at time 0 and 24 h and calculated as (0 h cell free area in treatment - 24 h
cell free area in treatment)/ (0 h cell free area in untreated - 24 h cell free area in untreated) £ 100. (A) Val-
ues are means§ SE (nD 8). *, Means are significantly different as determined by Student’s-t-test. Paclitaxel
and MEB55 treatments (P < 0.0019); ST362 treatment (P < 0.0004). (B) An example for the effect of MEB55
(7.5 mM), ST362 (7.5 mM) and paclitaxel (2.5 nM), vehicle and untreated control on recovered area of con-
fluent monolayers of MDA-MB-231 cancer cell line cells in comparison to vehicle and untreated control.
Bars demonstrate length of measurements.
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specific absorption measured at 650 nm. Absorbance of medium
alone was also deducted from specific readings. For dose response
assays, data points were connected by non-linear regression lines
of the sigmoidal dose-response relation.

Strigolactone analogs treatments
Strigolactone analogs MEB55 and ST362 (described above)

were solubilized in DMSO (D2650; Sigma) at stock concentra-
tions of 10 mM. Cells were treated at the indicated doses by
diluting the analogs to the required highest concentration in the
appropriate culture medium. Serial dilutions were performed for
subsequent lower concentrations. At least 2 independent experi-
ments were done for each treatment; in each experiment at least
3 technical replicates were performed.

Paclitaxel treatments
Paclitaxel (T7402; Sigma) was solubilized in DMSO at

stock concentration of 10mM. Cells were treated at the indi-
cated doses by dilution to the required highest concentration
in the appropriate culture medium. Serial dilutions in culture
medium were performed for subsequent lower concentrations.
At least 2 independent experiments were done for each treat-
ment; in each experiment at least 3 technical replicates were
performed.

Cell migration studies
Cell motility assay was conducted as described in Liang

et al.,12 with several modifications. 1 £ 106 to 1 £ 104 MDA-
MB-231 or MDA-MB-436 cells were seeded in each well of a 6
wells plate, in volume of 1 ml of growth medium. The cells were
then spread throughout the well and allowed to adhere for 24 h.
On the following day, the culture medium was then removed
and replaced with a medium containing MEB55 treatment in 2
concentrations, or medium only for untreated control. In addi-
tion, cells were treated with DMSO as a vehicle control. Incuba-
tion was for another 24 h. Next, the medium was removed and
the cells monolayer was scraped in a straight line using a 200 ml
pipet tip to create a scratch. Debris were removed and the edges
of the scratch were smoothed by washing the cells once with
1 ml of growth medium. Images of 3 marked points along the
scratch in each well were taken with a phase-contrast micro-
scope for time 0. Cells were incubated for additional 24 h in
the presence of growth medium containing 1% FBS (to elimi-
nate the possibility of cells filling the scratch by proliferation)
and/or the indicated concentrations of MEB55 or with DMSO
as vehicle control, and images of the same marked points
in each well were again taken. Finally, images taken at time 0
and 24 h were compared and the cell free area was measured
in each image using “IMAGEJ” software. % Recovered area,
measured from the images, was calculated as (0 h cell free area
in treatment - 24 h cell free area in treatment) / (0 h cell free
area in untreated - 24 h cell free area in untreated) £ 100. At
least 2 independent experiments were done for each treatment;
in each experiment at least 3 technical replicates were
performed.

a tubulin staining
MDA-MB-231 cells were seeded on coverslips one day prior

to treatments with the 2 analogs: MEB55 or ST362 for the indi-
cated times. Cells were then fixed with 4% paraformaldehyde in
1X PBS and permeablized with 1% solution of Triton X-100 in
1X PBS. Untreated and vehicle-treated cells were fixed and
stained as negative controls. For comparison, cells were treated
with 2.5 nM of paclitaxel (Sigma). Following blocking with
10% Goat serum in PBS, cells were stained with a mouse mono-
clonal antibody against a-tubulin (A01410, Genescript Inc.)
diluted 1:2000 in blocking buffer for 1 h at RT. The cells were
washed 3 times for 5 minutes in 1X PBS. Cells were then incu-
bated for 1 hour at room temperature in Rabbit anti mouse con-
jugated to Alexa Fluor 488 (Life Technologies) diluted 1:100 in
blocking buffer. Cells were washed in 1X PBS 3 times for 5
minutes. Coverslips were mounted onto glass slides using mount-
ing media and DAPI. Cells were visualized with Zeiss AxioVert
200M inverted Fluorescence microscope at £ 63 magnification
and ZeiessAxioCam, CCD camera.

Animal model experiments

Determination of strigolactone analogies toxicity
Mice Hsd:ICR(CD-1�( (Harlen, Israel ) were housed at a

12-hour light/12-hour dark cycle were treated with different con-
centrations of MEB-55, one of the most potent SL analog, in
concentrations of 12.5, 25, 50, 100 and 150 mg/kg. Additional
group was set as vehicle control (n D 5 mice/treatment). Mice
were injected intraperitoneal (IP) twice a week with the MEB-55
solutions, dissolved with DMSO: Chromophor�EL 1:1 and
diluted with double distilled water to the required concentration.
Body weight (BW) was determined at times 0, 8 and 14 day post
injection (DPI) of MEB55. At the end of the experiment, at 14
DPI, liver from control and treated mice were harvested, fixed
with formalin and sectioned, as described below. All procedures
were conducted in accordance to the institutional (IL-11–02–
2012; IL-88–12–2012; IL 490/14) and national guidelines.

Determination of strigolactone analogs and paclitaxel effect
on tumor growth

Mice BALB/cOlaHsd-Foxn1nu were implanted subcutaneous
with 2 £ 106 MDA-MB-231 cells. The tumors were allowed to
grow until they reach an average of 35 mm3 (about 2 weeks) and
then mice were randomly assigned to the following groups (n D
8 mice/treatment). Experiment 1 consisted of the following treat-
ments: (1) MEB55 (25 mg/kg); (2) vehicle control. Experiment
2 consisted of the following treatments: (1) ST362 (25 mg/kg);
(2) paclitaxel (20 mg/kg); (3) vehicle control. Experiment 3 con-
sisted of the following treatments: (1) paclitaxel (7.5 mg/kg); (2)
paclitaxel (15 mg/kg); (3) MEB55 (25 mg/kg); (4) MEB55
(25 mg/kg) and paclitaxel (7.5 mg/kg). Administration was by
IP twice a week for 3 weeks and mice survival and tumor volume
were recorded. At the end of the experiments BW was deter-
mined prior to tumor harvest. Tumors volume was calculated as
V D p(length)£(width)£(height)/6.

www.tandfonline.com 1687Cancer Biology & Therapy



Histological examination
Liver biopsies were fixed overnight in 4% paraformaldehyde

in PBS at 4�C, embedded in paraffin 5-mm sections were pre-
pared and stained with hematoxylin and eosin (H&E), For mac-
rophages, determination, immunohistochemistry was performed
using polyclonal anti-macrophage antibodies (CL194P; Acris,
Hiddenhausen, Germany) at 1:250 dilution.19 To evaluate the
number apoptotic cells in the liver sections the DeadEndTM

Fluorometric Tunnel system kit (Promega) was used. This kit
detects fragmental DNA of apoptotic cells.

Statistical Analyses
Results are presented as mean § SE of replicate analyses and

are either representative of, or inclusive of at least 2 independent
experiments. Means of replicates were subjected to statistical
analysis by Student’s t-test (P � 0.05), using the JMP statistical
package and regarded as being significant when P � 0.05 (*).
GraphPad Prism (version 6 for windows, GraphPad software
Inc. San Diego, USA) was employed to produce dose-response
curve and IC50 doses for SLs and paclitaxel by performing non-
linear regression analysis. Tumor volume (0.5 £ small diameter2

£ large diameter) was calculated and significant differences were
analyzed by Wald test of tumor size change at different time
points for mice in control and treatment groups (P � 0.05).
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