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Abstract

Breast cancer is the most common cancer in the world and a major leading cause of cancer
deaths in women. Although the availability of diverse effective therapies has improved
survival rates, treating breast cancer is still considerable challenges due to the existence of
CSCs. CSCs represent capable of treatment resistance, disease recurrence, and metastasis. In
this study, we evaluated the PAA, a flavor and aroma volatile compound, for its efficacy to
inhibit breast CSCs. Our results showed that PAA treatment significantly inhibited breast
cancer cell proliferation, migration and colony formation. In addition, PAA induced the
apoptosis of breast cancer cells and suppressed tumor growth in vivo. PAA reduced the
mammosphere forming ability of breast cancer cells, the CD44""/CD24"" subpopulation
and the percentage of ALDH+ cells. PAA also decreased the expression of self-renewal
genes including Nanog, Sox2, Oct4 and CD44 as well as induced ROS activity. Furthermore,
PAA blocked the Stat3 signaling pathway via inhibition of nuclear Stat3 phosphorylation and
IL-6 secretion. Taken together, our findings suggest that PAA has anti-cancer and anti-CSC
activities in breast cancer cells. This study provides evidence that PAA may improve the

limited effects of breast cancer therapy.



1. Introduction

Worldwide, breast cancer is one of the most frequently diagnosed cancer and is responsible
for more than 522,000 deaths of women annually [1]. Despite early detection and
improvements in the diverse therapies, breast cancer is still a fetal disease because of
resistance to therapy, metastasis and recurrence. The common cause of these problems is
attributed to the presence of cancer stem cells (CSCs) [2, 3]. CSCs are a highly tumorigenic
cell type that exist as a small population within the tumor mass [4]. CSCs were identified
first from acute myeloid leukemia (AML) [5] and then from many types of solid tumors,
including breast, brain, colon, pancreatic, lung, prostate and ovarian cancers [6]. CSCs are
typically identified based on biochemical properties such as aldehyde dehydrogenase-1
(ALDH1) activity or expression of specific cell surface marker [7-9]. In addition, CSCs
express specific genes, including Nanog, Sox2, Oct4, and CD44 [10]. Multiple signaling
pathways containing Wnt/B-catenin, TGF-p, STAT3, NF-kB, Hedgehog and Notch plays an
important role in maintaining the CSCs through continuous self-renewal and differentiation
[11-14]. A cytokine network such as interleukin (IL)-6 and IL-8 also regulated CSCs self-
renewal [15]. Moreover, oxidative stress caused by accumulation of reactive oxygen species
(ROS) influences the self-renewal ability of stem cells in cancer [16]. CSCs are able to self-
renewal and contribute to tumor resistance/relapse [17], therefore, therapeutics specifically

targeting CSCs may provide an effective strategy to overcome cancer.

Signal transducers and activators of transcription 3 (Stat3) is known to regulate CSC
proliferation and self-renewal. Stat3 is activated by members of the Jak/Tyk kinases family
in response to various kinds of cytokines and growth factors. Upon activation, Stat3
undergoes phosphorylation, homodimerization, nuclear translocation, and DNA binding,

which subsequently leads to transcription of various target genes [18, 19]. IL-6, a major



mediator of the inflammatory response, has been shown to be a regulator of breast CSCs
self-renewal through activation of Stat3. Secreted IL-6 activates Stat3 and promotes
tumorigenicity, angiogenesis, and metastasis [20, 21]. The IL-6/Jak1/2/Stat3 signaling
pathway plays an important role in the conversion of non-stem cancer cells (NSCCs) into

CSCs and it also helps in self-renewal of CSCs [22].

Phenylacetaldehyde (PAA) is important for the aroma and flavor of many foods, such as
tomato. PAA is also a major contributor to an insect-attracting scent in many flowers,
particularly roses [23]. In the present study, we investigated a novel effect of PAA on breast
cancer therapy by targeting CSCs. We provide evidence that PAA effectively inhibited the
various hallmark associated properties of breast CSCs and in vivo tumor growth. Therefore,

our findings indicate that PAA is a promising candidate as breast CSCs inhibitor.



2. Materials and Methods

2.1. Cell lines and reagents

Human breast cancer cell lines MCF-7 and MDA-MB-231 were obtained from the American
Type Culture Collection (ATCC; Manassas, VA, USA). MCF-7 cell was grown in RPMI-
1640 (HyClone, Logan, UT, USA) supplemented with 10% fetal bovine serum (FBS;
HyClone), 100 U/ml penicillin (HyClone), and 100 ug/ml streptomycin (HyClone). MDA.-
MB-231 cell was grown in DMEM (HyClone) supplemented with 10% FBS, 100 U/ml
penicillin, and 100 pg/ml streptomycin. The cell lines were maintained at 37°C in a
humidified incubator with 5% CO..

Phenylacetaldehyde and doxorubicin were purchased from Sigma-Aldrich Co. (St. Louis,

Mo, USA).

2.2. Mammosphere formation assay

The mammospheres (CSCs) were cultured in MammoCult™ medium (StemCell
Technologies, Vancouver, BC, Canada), with 4 ug/ml heparin, 0.48 ug/ml hydrocortisone,
100 U/ml penicillin, and 100 pg/ml streptomycin. MCF-7 and MDA-MB-231 were seeded in
ultra-low attachment 6-well plates (Corning, Tewksbury, MA, USA) at a density of 3.5-
4.0x10* and 0.5-1.0x10" cells per well in stem cell medium. On the 7" day, the plate was
scanned under the Umax scanner and the number of mammospheres was counted with an

automated counting program called NIST’s Intergrated Colony Enumerator (NICE) [24].

2.3. Cell proliferation assay
MCF-7 and MDA-MB-231 were seeded in 96-well microplates at a density of 1x10° cells
per plate. Cells were treated with increasing concentrations of PAA as indicated. After 48 h

of incubation, cell viability was assessed by A CellTiter 96° AQueous One Solution Cell



Proliferation Assay kit (Promega, Wisconsin, USA) according to the manufacturer's
instruction. The visible absorbance at 490 nm of each well was quantified using a microplate
reader (Dynex Revelation, Dynex Ltd., Billingshurst, UK). All results were assessed in

triplicate.

2.4. Caspase 3/7 activity assay

Caspase 3/7 activity was measured using the manufacturer’s protocol of Caspase-Glo® 3/7
Assay Kit (Promega, Wisconsin, USA). After treatment with different concentrations of
PAA, the caspase 3/7 reagent was added to 96-well plates. Following incubation at room
temperature for 1 h, caspase 3/7 activity was determined from the fluorescence measured

using a GloMax® Explorer Luminometer (Promega, Wisconsin, USA).

2.5. Annexin V-FITC/PI analysis

MDA-MB-231 cells were seeded in 6-well plates and treated with 0.2 mM PAA for 24 h.
The percentage of cells undergoing apoptosis was detected using a FITC Annexin V

Apoptosis Detection Kit I (BD, San Diego, CA, USA) and flow cytometry (Accuri C6,

BD, San Diego, CA, USA).

2.6. Hoechst staining assay

MDA-MB-231 cells were treated with 0.2 mM PAA for 24 h. After treatment, cells were
incubated with Hoechst 33342 (10 mg/ml) at room temperature for 20 min and washed with
PBS. Changes in nuclear morphology were detected by fluorescence microscopy (Nikon,

Tokyo, Japan).

2.7. Wound-healing assay

For detection of cell migration, MDA-MB-231 cells were seeded into a 6-well plate until 90%



confluent. A wound was made using a sterile white micropipette tip and then cells were
treated with PAA. The plates were photographed at 0 and 18 h to monitor the migration of

cells in the wounded area.

2.8. Clonogenic assay

MDA-MB-231 cells (1x10° cells/well) were seeded into a 6-well plate and treated with
different concentrations of PAA. After 24 h, the media was replaced with fresh media and
cultured for 7 to 10 days, to let the visible cells propagate to sizable colonies for
quantification. Then, the colonies were washed twice with PBS, fixed with methanol-acetic
acid at 3:1 ratio, and stained with 0.04% crystal violet for 30 min at room temperature. The

number of colonies formed in plate was counted after scanning images by the Umax scanner.

2.9. Flow cytometry

FACS analysis was performed using Accuri C6 (BD, San Diego, CA, USA). CD24 and
CD44 expression of MDA-MB-231 cells were examined by FACS analysis using anti-
CD44-FITC and anti-CD24-PE antibodies (BD pharmingen, San Diego, CA, USA). The
ALDEFLUOR kit (STEMCELL Technologies Inc., Vancouver, BC, Canada) was used to
isolate cell populations with high ALDH enzymatic activity in MCF-7. Cells were incubated
with a fluorescent ALDH substrate, BODIPY -aminoacetaldehyde (BAAA), for 45 min at
37°C. As a negative control, we treated with 50 uM diethylaminobenzaldehyde (DEAB), an

ALDH-specific inhibitor. Flow cytometry was used to sort ALDH-positive and negative cells.

2.10. Animal experiments

NOD-SCID (BALB/cSIc (nu/nu)) female nude mice were divided into 4 groups (6
mice/group). The 6 mice were received no treatment as a negative control. Another 6 mice
was given a mammary pad injection of PAA (10-50 mg/kg) and the other 6 mice were

injected doxorubicin as a positive control. The last group was used as non-tumor group
5



without treatment. The tumor volumes were measured twice per week and then calculated

using the formula (length x width?)/2.

2.11. Real-time PCR

Total RNA was extracted using the TakaRa MIiniBEST Universal RNA extraction Kit
(TaKaRa, Tokyo, Japan). Gene expression levels in all samples were examined using the
TOPreal™ One-step RT gPCR Kit (Enzynomics, Daejeon, Korea) according to the
manufacturer’s protocol. Real-time PCR was performed using the Thermal Cycler Dice Real
Time System (TaKaRa, Tokyo, Japan). The primer sequences used were: NANOG-F, 5°-
ATGCCTCACACGGAGACTGT-3’ and R, 5’-AAGTGGGTTGTTTGCCTTTG-3’; SOX2-
F, 5>-TTGCTGCCTCTTTAAGACTAGGA-3’ and R, 5’-CTGGGGCTCAAACTTCTCTC-
3’; OCT4-F, 5°-AGCAAAACCCGGAGGAGT-3" and R, 5’-CCACATCGGCCTGTGTATA
TC-3’; CD44-F, 5°>-AGAAGGTGTGGGCAGAAGAA-3’ and R, 5’-AAATGCACCATTTC
CTGAGA-3’; B-actin-F, 5’-TGTTACCAACTGGGACGACA-3’ and R, 5’- GGGGTGTTG
AAGGTCTCAAA-3’. Relative mRNA expression of target genes was normalized to B-actin

and calculated using the comparative CT method.

2.12. Measurement of ROS levels

MDA-MB-231 cells were seeded in 96-well white plates and treated with 0.2 mM PAA.
After 24 h, ROS activity was detected by a ROS-Glo™ H,0, Assay Kit (Promega,
Wisconsin, USA) following the manufacturer’s instructions. ROS-Glo™ detection solution
was added to each well and incubated for 20 min. Then, luminescence intensity was

quantified using a GloMax® Explorer Luminometer (Promega, Wisconsin, USA).

2.13. Western blot analysis
The concentration of proteins extracted from MCF-7 mammospheres treated with 0.4 mM

PAA was determined with Pierce BCA Protein Assay Kit (Thermo Fisher Scientific, IL,
6



USA). Equal amounts of protein were separated on a 10% SDS-PAGE and transferred to
PVDF membranes. After blocking with 5% nonfat dry milk in PBS-Tween 20 (0.1%, v/v)
for 1 h, the membranes were incubated overnight at 4°C with the following primary
antibodies: Stat-3, p65 and phospho-Stat3 (Cell Signaling, Beverly, MA, USA). Lamin B
was used as a loading control in nuclear extracts. Further incubation with appropriate
horseradish peroxidase-conjugated secondary antibodies, blotted proteins were detected
using the enhanced chemiluminescence kit (Santa Cruz Biotechnology Inc., Dallas, TX,

USA).

2.14. Electrophoretic mobility shift assay

Electrophoretic mobility shift assay (EMSA) was done using a LightShift Chemiluminescent
EMSA Kit (Thermo Fisher Scientific, IL, USA) according to the manufacturer’s instructions.
Nuclear extracts were prepared from MCF-7 mammospheres and synthetic complementary
oligonucleotides were annealed. The sequence of the oligonucleotides for Stat3 were: 5’-
CTTCATTTCCCGGAAATCCCTA-Biotin3’ and 5’-TAGGGATTTCCGGGAAATGAAG-
Biotin3’. The binding reaction was carried out at room temperature for 20 min, using biotin-
end-labeled target DNA and nuclear extracts. Products were loaded onto native 6%
polyacrylamide gel and transferred onto a nylon membrane at 100 V for 30 min. Transferred
DNA was cross-linked to the membrane for 15 min and detected using a Chemiluminescent

Nucleic Acid Detection Module Kit (Thermo Fisher Scientific, IL, USA).

2.15. Statistical analysis
All data in this study were analyzed by GraphPad Prism 5.0 (GraphPad Software, San Diego,
CA, USA) and expressed as the mean + SD. Statistical analysis was performed using a

Student’s test. A p-value < 0.05 was considered to indicate statistical significance.



3. Results

3.1. PAA inhibits multiple cancer hallmarks in breast cancer cells.

We first examined the effect of PAA on various cancer hallmark capabilities (proliferation,
apoptosis, migration and colony formation) in breast cancer cells. MTS assay was used to
determine the anti-proliferative effect of PAA in two human breast cancer cell lines, MCF-7
and MDA-MB-231. As shown Fig. 1B and C, PAA showed anti-breast cancer activity in both
cell lines in a dose-dependent manner. To examine whether PAA treatment induce apoptosis,
we analyzed apoptosis by Annexin V/PI staining, an indicator of apoptosis. We showed that
PAA induced the percentage of apoptotic cells (Fig. 1D). Additionally, we observed that
PAA treatment induced the activation of caspase 3/7 (Fig. 1E) and changed the morphology
of cells (Fig. 1F). We further checked effect of PAA on migration and colony forming
potential of MDA-MB-231 cells. PAA treatment significantly reduced cell migration and
colony formation in dose-dependent manner (Fig. 1G and H). Collectively, these results

showed that PAA effectively inhibits the various cancer hallmarks.
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Figure 1. Effect of PAA on the various cancer hallmarks in breast cancer cells. (A) The
chemical structure of phenylacetaldehyde (PAA). (B and C) MCF-7 and MDA-MB-231 cells
were treated with 0, 0.1, 0.2, 0.5, 1 and 2 mM of PAA. After 48 h of incubation, the anti-
proliferation effect of PAA was assessed by MTS assay. (D) The rates of cell apoptosis were
increased by PAA treatment. The lower-right quadrant of each plot indicates early apoptotic
cells and the upper-right quadrant indicates late apoptotic cells. (E) Caspase 3/7 activity in
MDA-MB-231 cells following treatment with PAA for 24 h. (F) Morphology of apoptotic
cell nuclei was observed by Hoechst 33342 staining using a fluorescence microscope
(magnification, x200). (G) Wound-healing assay was performed to evaluate the migration
potential. Images were captured at time 0 and 18 h after wounding. (H) Colonies were
counted and calculated as a relative percentage of the untreated cells. The data represent the

mean + SD of three independent experiments. *p < 0.05.
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3.2. PAA suppresses growth of breast tumors in vivo.

To confirm the in vivo effect of PAA in tumorigenesis, we injected MDA-MB-231 cells into
the female nude mice. We observed that PAA-treated group significantly decreased tumor
growth compared with other groups (Fig. 2A). The tumor volume of PAA-treated group was
smaller than the control group (Fig. 2B). Moreover, the tumor weight of PAA-treated group
was less than the control group (Fig. 2C). No considerable change in body weight of the
mice was observed. Our results suggest that PAA significantly suppressed breast tumor

growth in the xenograft model.
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Figure 2. Inhibitory effect of PAA on breast tumor growth in a xenograft model. MDA-
MB-231 cells (3 x 10 cells/mouse) were injected into the mammary fat pad of each immune-
deficient NOD-SCID female nude mouse. (A) Images were captured with the
Odyssey” Imager (LICOR, Pearl imaging systems, USA). The high grade of tumors using
the IRDye 800 CW optical probe (2DG) was used to detect breast tumors in the 800 nm
channel, represented in pseudo-color. (B) Tumor growth was monitored during the
experimental period by measuring the length and width with caliper. Tumor volume was
calculated as (length x width?)/2. (C) At the end of therapy, the mice were sacrificed and the
tumors were extracted. The final tumor weight and size are shown in the upper and lower

panel, respectively. *p < 0.05 when compared with control.
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3.3. PAA treatment inhibits breast CSCs.

Next, we treated with different concentration of PAA to the primary mammospheres derived
from MCF-7 and MDA-MB-231 cells to investigate whether PAA treatment would inhibit
mammosphere formation of both cell lines. The results showed that the size and number of
MCF-7 mammospheres were decreased by 50% to 90% (Fig. 3A). MDA-MB-231

mammaospheres were also reduced in a dose-dependent manner (Fig. 3B).

13
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Figure 3. Effect of PAA on mammosphere formation. (A-B) MCF-7 and MDA-MB-231
cells were cultured in mammosphere-forming conditions and incubated with PAA. After 7
days, PAA treatment reduced the formation of mammospheres derived from MCF-7 (A) and
MDA-MB-231 cells (B). Images were obtained at x10 magnification. Scale bar represents

100 pm.
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3.4. PAA reduces the percentage of CD44"9"/CD24'" and ALDH+ breast cancer

cells.

To determine the effect of PAA as a CSCs inhibitor, we assessed the expression of
CD44""/CD24"" reported breast CSC markers. As shown Fig. 4A, the proportion of
CD44""/CD24"" in MDA-MB-231 cells were decreased by 50% significantly after the
treatment. Additionally, we performed the Aldefluor assay which measures expression of
ALDH+ cells, for ALDH+ cells are enriched in CSCs. Our data showed that PAA reduced

the ALDH+ cells from 0.9% to 0.1% (Fig. 4B).
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Figure 4. Effect of PAA on expression of breast CSC markers. (A) Flow cytometry
analysis of CD44"9"/CD24"" population in MDA-MB-231 cells treated with 0.4 mM PAA.
Quadrant 2 indicates CD44"9"/CD24"" cells. (B) A set of representative flow cytometry dot
plots of Aldefluor assay with or without DEAB. MCF-7 cells were treated with 0.4 mM PAA
for 24 h and the percentage of ALDH+ cells were measured through flow cytometry. The

region of ALDH+ cells was gated in the box.
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3.5. PAA decreases self-renewal gene expression in breast CSCs and
proliferation of mammospheres.

We used real-time PCR to evaluate the ability of PAA to decrease the expression of self-
renewal genes. As a result, the expression levels of self-renewal genes including Nanog,
Sox2, Oct4 and CD44 were diminished by the treatment (Fig. 5A). We also examined the
levels of ROS after PAA treatment since ROS activity is associated with CSCs. Generally,
increased ROS have been shown to kill CSCs. In contrast, low levels of ROS are related in
the stemness of CSCs [25]. Our results showed that PAA significantly induced ROS activity
in MDA-MB-231 cells (Fig. 5B). Moreover, we treated with PAA in mammaospheres derived
from MCF-7 cells and observed that PAA effectively inhibited mammosphere proliferation

(Fig. 5C).
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Figure 5. Effect of PAA on sustenance of breast CSCs. (A) The mRNA expression of
indicated self-renewal genes in MCF-7 mammospheres treated with 0.4 mM PAA
determined by real-time PCR. B-actin was used as a internal control. (B) ROS levels were
measured using ROS-Glo™ H,0, Assay Kit. (C) MCF-7 mammospheres treated with 0.4
mM PAA for 2 days were dissociated into single cells and plated in 6-cm dish with an equal
number of cells. After 1, 2 and 3days, cells were counted in triplicate and plotted as the mean

value. The data represent the mean = SD of three independent experiments. *p < 0.05.
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3.6. PAA inhibits the Stat3 signaling pathway and IL-6 secretion in breast CSCs.
We further investigated the mechanisms that may contribute to the effects of PAA on breast
CSCs. Because the Stat3 and NF-xB signaling pathways are important regulator of CSCs
self-renewal, we examined these pathways in mammospheres derived from MCF-7 cells
treated with PAA using western blot analysis. The results showed that PAA decreased the
phosphorylation of nuclear Stat3 protein. However, the protein levels of nuclear p65 did not
reduced after the treatment (Fig. 6A). In addition, we confirmed whether PAA suppressed
DNA-binding activity of Stat3 by EMSA assay and showed that DNA-binding ability of
Stat3 was inhibited by PAA (Fig. 6B). Together, our findings indicated that PAA inhibits self-
renewal of CSCs by targeting Stat3 signaling pathway. Secreted IL-6 is an important survival
factor of CSCs [20]. Thus, we measured production of secreted IL-6 by western blot analysis
of the mammosphere culture broth using IL-6 antibody. Result in Fig. 6C showed that PAA

treatment reduced the production of secreted IL-6.
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Figure 6. The effects of PAA on the Stat3 signaling pathway and IL-6 secretion in MCF-
7 mammospheres. (A) The expression levels of nuclear proteins were determined by
western blot with indicated antibodies. Equal protein loading was evaluated by Lamin B. (B)
MCF-7 mammospheres were treated with 0.4 mM PAA for 48 h and the nuclear extracts
were analyzed by EMSA. Nuclear extracts (5 pg; NE) were incubated with biotin-labeled
Stat3 probes for 20 min. Lane 1 indicates probe alone; lane 2, probe with nuclear extract;
lane 3, probe with PAA-treated nuclear extract; lane 4, competition with excess unlabeled
probe; lane 5, competition with unlabeled mutant probe. (C) Western blot was performed
with mammosphere culture broth using an IL-6 antibody. Numbers of mammospheres
with/without PAA was used as an internal control. (D) A diagram represents the model for
CSCs formation mediated by Stat3 signaling pathway and IL-6. Phosphorylated Stat3

molecules form dimers, translocate into the nucleus where they bind to promoter of IL-6
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gene, and activate IL-6. The secreted IL-6 regulates dynamic equilibrium between NSCCs
and CSCs [26]. PAA reduced conversion of NSCCs to CSCs through dephosphorylation of

Stat3 and deregulation of 1L-6 secretion.
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4. Discussion

The overall worldwide breast cancer is a public health problem and a leading cause of cancer
death among woman. Despite improvements in detection and the diverse therapies,
morbidity and mortality from breast cancer remains high because of therapy-resistant cancer
cells that are responsible for disease relapse and metastasis [27]. Recent studies have shown
that limited effect of breast cancer therapy is attributed to the existence of CSCs. CSCs,
which compose a small fraction of the tumor bulk, show high capacities for self-renewal,
tumor initiation, recurrence, metastasis and resistance to conventional therapies [28].
Therefore, elimination of CSCs is essential for treating breast cancer. In this study, we
examined that PAA, a flavor and aroma volatile compound, potentially exerts activity of

anti-breast CSCs in both breast cancer cell lines and mouse xenograft models.

We found that PAA significantly abrogated breast cancer cell proliferation, migration and
colony formation as well as induced apoptosis (Fig. 1). In an in vivo mouse xenograft model,
PAA suppressed tumor growth in MDA-MB-231 cells (Fig. 2). Additionally, we assessed the
effect of PAA on breast CSCs through mammosphere formation assay and quantification of
specific CSCs marker. In breast cancer, CD44""/CD24"" cells and ALDH+ cells are
considered to be breast CSCs [7, 29]. Our results showed that PAA inhibited the
mammosphere formation of both MCF-7 and MDA-MB-231 cells (Fig. 3). PAA treatment
also decreased proportion of CD44"9"/CD24"" and ALDH+ breast cancer cells (Fig. 4).
Moreover, PAA reduced the transcriptional levels of the CSC markers such as Nanog, Sox2,
Oct4, and CD44 (Fig. 5A). These genes are established regulators and promoters of CSC
phenotype. Decrease in the expression of these genes on PAA treatment indicates its
potential to suppress CSC programs [30, 31]. Breast CSCs produce lower ROS levels and

enhanced ROS defense than non-CSCs, which contribute to tumor radio-resistance [32, 33].
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Thus, we evaluated the levels of ROS after PAA treatment and results showed that PAA

induced ROS activity in MDA-MB-231 cells (Fig. 5B).

In breast CSCs, inflammatory-related signaling responses, such as nuclear factor-kB (NF-xB)
and Stat3 have contributed to this phenotype. Recently, Stat3 activation was described as
pivotal in inflammatory signaling and maintenance of breast CSCs by controlling self-
renewal and differentiation. In addition, recent studies have shown that activation of NF-xB
has been related to many aspects of tumorigenesis. Hence, the Stat3 and NF-kB pathways are
promising target for cancer therapy [34, 35]. Thus, we examined the phosphorylation of
Stat3 and nuclear translocation of NF-xB after treatment PAA in breast mammospheres. Our
results showed that PAA reduced nuclear translocation of phospho-Stat3 but did not reduce
the nuclear p65 levels (Fig. 6A). PAA also decreased Stat3 DNA binding activity (Fig. 6B).
Together, PAA reduced mammaosphere formation via specifically inhibition of the Stat3

signaling pathway.

Cytokines and growth factor by activation of Stat3 promote self-renewal and help in
maintaining CSCs [21, 36]. The secreted IL-6 can convert NSCCs to CSCs and regulate the
dynamic equilibrium between NSCCs and CSCs. Therefore, regulation of IL-6 secretion is
important for breast cancer therapy [26]. PAA inhibited production of secreted IL-6 and may
be a candidate of blockade of IL-6 secretion (Fig. 6C). In conclusion, our findings are the
first to provide convincing evidence that PAA inhibits breast CSCs by blocking an
inflammatory pathway containing Stat3 signaling and IL-6. These findings suggest that PAA

may serve as an effective agent for the treatment of breast cancer.
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