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Heat shock proteins (HSPs) are normally induced under
environmental stress to serve as chaperone for
maintenance of correct protein folding but they are
often overexpressed in many cancers. The expression
of Hsp27 is associated with cell migration and drug
resistance of breast cancer cells. Breast cancer stem
cells (BCSCs) have been identified as a subpopulation
of breast cancer cells with markers of high



B2 e

intracellular aldehyde dehydrogenase activity
(ALDH+). Here we investigate the involvement of Hsp27
in the maintenance of BCSC. We found Hsp27 and its
phosphorylation were increased in ALDH+ BCSCs in
comparison with ALDH- non-BCSCs. Knockdown of Hsp27
in breast cancer cells decreased characters of BCSCs,
such as mammosphere formation, cell migration and the
in vivo CSC frequency. Treatment of quercetin, a
plant flavonoid, could also inhibit ALDH+ cells and
1t be reversed by overexpression of Hsp27. Knockdown
of Hsp27 also suppressed signatures of epithelial-
mesenchymal transition (EMT) such as decreasing snail
and vimentin and increasing E-cadherin. Furthermore,
knockdown of Hsp27 decreased the activity of NF-kB in
ALDH+ BCSCs and 1t could be reversed by IkBa
knockdown. We also found that the expression of
Hsp90a was increased in ALDH+ human breast cancer
cells. Hsp90 inhibitor Geldanamycin (GA) could
suppress ALDH+ breast cancer cells in a dose
dependent manner. We found an insufficiently
inhibitory effect of low dose GA treatment and it was
correlated with the upregulation of Hsp27 and Hsp70.
Co-treatment with HSP inhibitors and GA displayed a
synergistic effect in targeting ALDH+ BCSCs. With
siRNA mediated gene silencing, we found that
knockdown of Hsp27 could mimic the effect of HSP
inhibitors to potentiate the BCSC targeting effect of
GA. In conclusion, our data suggest that Hsp27
regulates EMT process, NF-kB activity and drug
resistance to contribute the maintenance of BCSCs.
Targeting Hsp27 may be considered as a novel strategy
in breast cancer therapy.

breast cancer ; breast cancer stem cells; Hsp2T7;
Hsp90 ; NF-kappa B epithelial-mesenchymal
transition
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Heat shock proteins (HSPs) are normally induced under environmental stress to serve as chaperone for
maintenance of correct protein folding but they are often overexpressed in many cancers. The expression of
Hsp27 is associated with cell migration and drug resistance of breast cancer cells. Breast cancer stem cells
(BCSCs) have been identified as a subpopulation of breast cancer cells with markers of high intracellular
aldehyde dehydrogenase activity (ALDH+). Here we investigate the involvement of Hsp27 in the
maintenance of BCSC. We found Hsp27 and its phosphorylation were increased in ALDH+ BCSCs in
comparison with ALDH- non-BCSCs. Knockdown of Hsp27 in breast cancer cells decreased characters of

BCSCs, such as mammaosphere formation, cell migration and the in vivo CSC frequency. Treatment of



quercetin, a plant flavonoid, could also inhibit ALDH+ cells and it be reversed by overexpression of Hsp27.
Knockdown of Hsp27 also suppressed signatures of epithelial-mesenchymal transition (EMT) such as
decreasing snail and vimentin and increasing E-cadherin. Furthermore, knockdown of Hsp27 decreased the
activity of NF-kB in ALDH+ BCSCs and it could be reversed by IkBa knockdown. We also found that the
expression of Hsp90a was increased in ALDH+ human breast cancer cells. Hsp90 inhibitor Geldanamycin
(GA) could suppress ALDH+ breast cancer cells in a dose dependent manner. We found an insufficiently
inhibitory effect of low dose GA treatment and it was correlated with the upregulation of Hsp27 and Hsp70.
Co-treatment with HSP inhibitors and GA displayed a synergistic effect in targeting ALDH+ BCSCs. With
siRNA mediated gene silencing, we found that knockdown of Hsp27 could mimic the effect of HSP
inhibitors to potentiate the BCSC targeting effect of GA. In conclusion, our data suggest that Hsp27
regulates EMT process, NF-kB activity and drug resistance to contribute the maintenance of BCSCs.

Targeting Hsp27 may be considered as a novel strategy in breast cancer therapy.
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Heat shock proteins (Hsp) are a group of proteins that were first discovered under heat shock or other
chemical stimulus in a wide range of species and function as molecular chaperones that could interact with
their substrates to shift the balance from denatured protein conformation toward functional conformation.
Besides their chaperone function, Hsps have been reported to be overexpressed in various of cancers and
display a correlation with patients’ survival or response to therapy in specific cancer types and may serve as
novel therapeutic targets. Hsps are widely known about their cytoprotection functions in cancer cells. The
mechanisms include their molecular chaperone activity, anti-apoptosis function and influence of the stability
of client proteins. Hsp27 binds with cytochrome c to inhibit apotosis. Hsp70 and Hsp90 binds to apoptotic
protease activating factor 1 to inhibit the activation of caspases and apoptosis. Hsp27 has been found to
contribute to the malignant properties of cancer cells including increased tumorigenicity, treatment
resistance and apoptosis inhibition. In breast cancer, Hsp27 has been reported as a risk factor of malignant
progression in benign proliferating breast lesions and its expression could help to differentiate benign and
malignant breast lesions in fine needle aspirate. Hsp27 has been reported to be associated with drug
resistance and cell mobility properties of breast cancer.

Cancer stem cells are emerging targets in cancer research which are a particular subset of cancer cells
responsible for tumorigenesis, chemoresistance and metastasis. In breast cancer, breast cancer stem cells
(BCSCs) have been identified as cells with surface marker of CD24-CD44+ or high intracellular aldehyde
dehydrogenase activity (ALDH+). Recently, Hsp27 has been proven to contribute in the drug resistance
property of lung cancer stem cells. The expression of Hsp27 was increased in lung CSCs treated with
cisplatin/gemcitabine. Combination of chemotherapy with a plant flavonoid compound quercetin, that can
inhibit Hsp27 expression, could suppress the tumor growth as well as the expression of stemness genes
including Oct4, Nanog and Sox2. Quercetin could also sensitize epigallocathechin gallate to inhibit the
spheroid formation, cell survival and invasion of CD44+CD133+ prostate cancer stem cells, although the
detailed molecular mechanisms remains unknown.
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Although Hsp27 is involved in chemoresistance and invasion phenotypes of breast cancer cell lines and has
been demonstrated to participate in the drug resistance of lung CSCs, the involvement of Hsp27 in BCSCs is
not fully understood. In this project, we would like to investigate the role of Hsp27 in BCSC characters,
especially in the self-renewal, tumorigenicity, epithelial-mesenchymal transition and drug resistance.
R o Ml

1. Mice and in vivo breast cancer animal model NOD/SCID and BALB/c female mice (6-12-weeks-old)

are purchased from National Laboratory Animal Center (Taipei, Taiwan) and subsequently maintained in
the Animal Center of Chung Shan Medical University (Taichung, Taiwan). Mice will receive treatment
of etoposide (30mg/kg) for 5 days before transplantation with tumor cells.

Plasmids, siRNAs and transfection Full length construct of Hsp27 will be cloned from AS-B145
cDNA and inserted into pDsRed-Express-C1 vector (Evrogen) with Bglll/EcoRI restriction enzyme site.



The Hsp27 specific sSiRNA oligos or negative control siRNA oligos will be purchased from Santa Cruz
Biotechnologies, Inc. MetafectenePro or MetafecteneSI transfection reagent will be used for DNA or
siRNA transfection following manufacture’s protocol (Biontex).

Cell culture AS-B145 and AS-B244 breast cancer cells which derived from BCO0145 or BC0244
xenograft human breast cancer cells will be provided by Dr. Alice L. Yu (Genomics Research Center,
Academia Sinica, Taipei, Taiwan), and will be cultured in MEMa. supplemented with 10% fetal bovine
serum, bovine insulin (0.1 mg/mL), sodium pyruvate (1 mM), and Glutamax (2 mM). The cells will be
maintained in a 5% CO, air humidified atmosphere at 37 °C. Human breast cancer cell line,
MDA-MB-231, will obtain from ATCC (Manassas, USA) and culture as ATCC’s recommendation.

. Aldefluor assay Aldefluor assay kit is purchased from StemCell Technologies, Inc. (Vancouver, BC,
Canada) and used following manufacture’s recommendation. Briefly, 1x10° cells will be uspended in
50l of assay buffer and added Aldefluor to final concentration of 1uM. For ALDHL1 inhibitor control,
DEAB will be added to final concentration of 150uM. Cells will be then incubated at 37°C for 45min
and stained with 7-AAD on ice for further 5min. After washed with PBS, green fluorescence positive
cells in live cells (7AAD-) will be analyzed by flow cytometry (FACSCalibur™, BD Biosciencs) by
comparing the fluorescence intensity of DEAB treated sample and these cells will be represented as cells
with high ALDH activity (ALDH+ cells).

Mammosphere culture Cells will be harvested from monolayer culture or collected by FACS sorting
and prepared as density of 1x10* cells/ml in DMEM/F'2 medium contain 0.5% methylcellulose, 0.4%
bovine serum albumin, 10ng/ml EGF, 10ng/ml bFGF, 5ug/ml insulin, 1uM hydrocortisone and 4ug/ml
heparin. 2ml of cell solution will be seeded into wells of ultralow attachment 6-well-plate (Corning) and
incubated for 7 days. For secondary spheres, the cells will be collected from accutase treated primary
spheres and seeded as density of 2500 cells/ml.

Migration/invasion assay Cell migration/invasion assay will be conducted by Oris Universal Cell
Migration Assembly kit (Platypus Technologies, LCC) following manufacture’s protocol. Briefly, 5x10*
cells/well/100ul will be loaded into stopper loaded wells and incubated overnight to permit cell
attachment. To start cell migration, the stoppers will be removed, wash wells gently with PBS, add
complete cell culture medium and incubate for 16-24h. Pictures of wells will be captured with inverted
microscopy after fixation and stain with 0.5% crystal violet/50% EtOH. Data will be analyzed with
ImageJ software.

. Western blot Cells will be washed with 1X PBS and lysed in RIPA lysis buffer containing NP-40. 25
microgram of extracted protein will be separated by using SDS-PAGE and transferred to the PVDF
membrane (Immobilon-P, Millipore). The membrane will be then incubated with primary antibodies
(Hsp27 and Hsp90a purchased from Stressgen; Akt, p-Akt*“*"® kB, p-lkBa, E-cadherin, vimentin,
Twist, Snail purchased from Santa Cruz Biotechnology Inc.; GAPDH was purchased from MDBio Inc.)
at 4°C overnight. Peroxidase-conjugated anti-rabbit anti-mouse IgG (Cell Signaling Technology, Inc.) or

anti-goat Ig (Sana Cruz Biotechnology, Inc.) will be used as secondary antibodies. Developed



chemiluminescence signals from catalyzed ECL substrate (Pierce Biotechnology) will be detected by
Luminescence-Image Analyzer (Fujifilm Life Science).

8. NF-kB reporter assay The luciferase based NF-xB reporter vector was obtained from Stratagene. The
assay was conducted with dual reporter assay system. Briefly, NF-xB vector was co-transfected with
reference Renilla luciferase vector (Promega, Madison, WI, USA) as ratio of 10:1. After transfection for
48h, cells was lysed by passive lysis buffer (Promega) and luciferase activity was detected with
Beetle-Juice (for firefly luciferase (FLuc)) and Gaussia-Juice (for Renilla luciferase (RLuc)) substrates
(PJK GmbH, Kleinblittersdorf, Germany) and luminescence was counted with luminescence reader
(Promega). The results of FLuc count were normalized with RLuc, which represented the transfection
efficiency of each sample.
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I. Upregulation of Hsp27, p-Hsp27°"®? and Hsp90a in breast cancer stem cells

With ALDH activity, proteins extracted from ALDH- or ALDH+ cells of BC0145 or BC0244 xenografts

were subjected to mitogen activated protein kinase (MAPK) antibody array and results indicated that the

phosphorylation of Hsp27, which may result from p38 MAPK activity, was increased in ALDH+ BCSCs
from BCO0145 or BC0244 xenograft cells (Fig. 1A). We also used western blot to check the level of total

Hsp27 protein between ALDH- and ALDH+ AS-B244 cells, which derived from ALDH+ BC0244 xenograft

cells. As shown in Fig. 1B, total protein level of Hsp27 was higher in ALDH+ cells than in ALDH- cells. We

also detected the expression of Hsp90a in ALDH+/ALDH- cells of AS-B244 and results indicated that

Hsp90a was upregulated in ALDH+ cells (Fig. 1C). These results indicate that Hsp27, p-Hsp27°® and

Hsp90a are upregulated in BCSCs.
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1. Hsp27 determines the maintenance and epithelial-mensenchymal transition of breast cancer stem
cells

We next investigated the role of Hsp27 in maintenance of BCSCs by siRNA mediated gene silence of Hsp27
expression. After transfection with Hsp27 specific sSiRNA, the population of ALDH+ cells in AS-B145 or
AS-B244 cells was significantly decreased when compared with cells transfected with negative control
SiRNA (Fig. 2A). Other than ALDH+ population of cells, the number of mammospheres as well as the size
of formed spheres in AS-B145 or AS-B244 cells were also decreased (Fig. 2B). We further examined if



Hsp27 involves in the tumorigenicity of BCSCs. As shown in Fig. 2C, 10° negative control siRNA
transfected AS-B145 sphere cells formed tumors in 4 out of 5 mice but 10° Hsp27 knockdown cells only
formed tumors in 2 out of 5 mice at Day 44 (Fig2C, left panel). The CSC frequency of Hsp27 knockdown
AS-B145 sphere cells was significantly decreased when compared with negative control siRNA groups
(1:30680 versus 1:146211, p=0.0206). In addition to RNA interference, we also used quercetin, a plant
flavonoid compound which has been reported to suppress the protein level of Hsp27, to treat AS-B145 and
AS-B244 cells. Quercetin inhibited the expression of Hsp27 protein (Fig. 3A) as well as the population of
ALDH-+ cells (Fig. 3B) in both AS-B145 and AS-B244 cells in a dose dependent manner (Fig. 3C). In order
to confirm if the inhibition effect of quercetin is mediated by downregulation of Hsp27, we next
overexpressed Hsp27 in AS-B145 cells and examined the ALDH+ population under quercetin treatment. As
shown in Fig. 3D and 3E, the inhibitory effect of quercetin could be reversed by overexpression of Hsp27 in
AS-B145 cells. We next tested if quercetin also inhibits the self-renewal of BCSCs by mammosphere
formation assay. The size and number of primary and secondary mammopsheres in AS-B145 (Fig. 4A) and
AS-B244 (Fig. 4B) was suppressed by quercetin in a dose dependent manner. EMT is an important character
of cancer stem cells. We next examined if Hsp27 mediates EMT features of BCSCs. With wound healing
based cell migration assay, the cell migration ability of ALDH+ AS-B244, AS-B145, MDA-MB-231 and
Sca-1+ 4T1 cells was inhibited by quercetin treatment in a dose dependent manner (Fig, 5A). By siRNA
mediated knockdown of Hsp27, the cell migration capacity of AS-B145, MDA-MB-231 or ALDH+
AS-B244 cells was also inhibited in comparison with negative control siRNA (Fig. 5B). We also
investigated if Hsp27 pathway also regulates EMT related molecular signatures. With western blot analysis,
knockdown of Hsp27 in AS-B145 or ALDH+ AS-B244 cells decreased the expression of snail and vimentin
and increased the expression of E-cadherin (Fig. 5C). These results indicate that Hsp27 may regulate

self-renewal of BCSCs through manipulating EMT process.
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Fig.4. Quercetin inhibits self-renawal of BCSCs. ~ Fig.5. Inhibition of Hsp27 suppresses EMT of BCSCs
I11. Hsp27 contributes to NF-kB activation in breast cancer stem cells

We next examined if Hsp27 regulates NF-kB activity in BCSCs. By siRNA mediated knockdown of Hsp27,
the expression of IkBa. was increased in both AS-B145 and ALDH+ AS-B244 cells and its phosphorylation
was decreased (Fig. 6A). The nuclear translocation of NF-xB was also inhibited in both AS-B145 and
ALDH+ AS-B244 cells when knockdown of Hsp27 (Fig. 6B). In the meantime, we also observed that Hsp27
could enter into nucleus (Fig. 6B). With luciferase based reporter assay, the NF-«B activity was decreased in
ALDH+ AS-B244 and AS-B145 cells when knockdown of Hsp27 (Fig. 6C). We next used NF-kB inhibitors
to examine their effects of BCSCs. In the presence of JSH-23, a NF-«xB inhibitor which inhibits the nuclear
translocation of NF-kB, the ALDH+ population of AS-B145 and AS-B244 cells was suppressed in a dose
dependent manner (Fig. 6D). We further examined if the inhibitory effect of ALDH+ cells by Hsp27

knockdown could be diminished by restoring the activation of NF-kB. The increased IkxBa, which was



caused by knockdown of Hsp27, was suppressed by knockdown of IkBa (Fig. 7A) and the NF-xB activity
could be restored in Hsp27 knockdown AS-B145 or AS-B244 cells (Fig. 7B). The inhibitory effect of
ALDH+ cells by Hsp27 knockdown could be reversed by knockdown of IkBa in both AS-B145 and
AS-B244 cells (Fig. 7C and 7D). These results suggest that Hsp27 regulates the maintenance of BCSCs
through NF-«B activity.
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IV. HSP inhibitors or knockdown of Hsp27 sensitized ALDH+ BCSCs toward Hsp90 inhibitors

We next examined the effect of Hsp90 inhibitors, GA and 17-DMAG, in targeting ALDH+ BCSCs. With
ALDEFLUOR assay, the ALDH+ population of both AS-B145 and AS-B244 human breast cancer cells
could be suppressed by GA treatment in a dose dependent manner (Fig. 8A and 8B). We next examined if
treatment of Hsp90 inhibitors at non-sufficient dose induces Hsp27 or Hsp70 expression and protect BCSCs
from inhibition of Hsp90 inhibitors. GA or 17-DMAG could induce Hsp27 or Hsp70 expression both
mammosphere cells from AS-B145 and AS-B244 breast cancer cells (Fig.8C and 8D). It suggested that the
induction of Hsp27 or Hsp70 may cause resistance of low dose treatment of Hsp90 inhibitors in ALDH+
BCSCs. By co-treatment of HSP inhibitors (quercetin or KNK437), there was a synergistic effect in the
inhibition of ALDH+ cells when combination of quercetin or KNK437 with GA (Fig.9). We next examined
if knockdown of Hsp27 expression could potentiate ALDH+ BCSCs to the suppressive effect of GA.
Knockdown of Hsp27 expression in AS-B244 cells with specific sSiRNA caused 20.3% reduction in ALDH+



population and 63.7% reduction when combination with 40nM of GA (Fig. 10A). By western blot analysis,
knockdown of Hsp27 caused down-regulation of Hsp70 and HSF-1 protein expression. When Hsp27
knockdown AS-B244 cells were treated with GA, the protein expression of Hsp70 and HSF-1 were reversed
to the level of negative control sSiRNA transfected and DMSO treated cells (Fig. 10B). It also suggests that
Hsp27, but not Hsp70, plays the protection role of ALDH+ BCSCs in resistant to low dose of GA treatment.
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“’? g BIT Life Sciences’ 4™ Annual Congress of

Theme: Smart Healing, Eternal Beauty and Longevity

Time: November 11-13, 2011

Venue: Beijing, China

RM sc Website: http://www.bitlifesciences.com/rmsc2011/default.asp

Official Letter
Dear Wen-Wei Chang,

BIT Life Sciences and Organizing Committee are organizing the 4™ Annual Congress of Regenerative
Medicine & Stem Cell-2011 (RMSC-2011), which is designed to offer a platform for promoting international
exchanges and strengthening cooperation in science and technology involved in regenerative medicine and
stem cell, which offered excellent opportunities for participants to get the lasted research progress, seek
cooperation and gain the new ideas through the communicate with international experts. The congress with
a theme of “Smart Healing, Eternal Beauty and Longevity” will be held during November11-13, 2011 in
Beijing, China. On behalf of the Organizing Committee, we are pleased to inform you that we have accepted
your abstract and welcome you to give a speech at S217: Circulating Tumor Cell (CTC) and Cancer Stem
Cell in our conference.

Regenerative Medicine & Stem Cell has a perspective to form a biotechnology industry chain with the
development of regenerative medicine industry as the center, which will be one of the high-tech industries
with the huge potential in 21 century. Through RMSC-2011, we hope to make some contributions to the
development of Regenerative Medicine & Stem Cell!

Forum 1: Outlook on Global Stem Cell and Tissue Engineering Projects
Forum 2: Basic Sciences and Innovative Technologies

Forum 3: Cell, Tissue and Biomaterial Development

Forum 4: Drug Discovery and Clinical Translation

Forum 5: Anti-aging, Cosmetic and Non-Medical Applications

Forum 6: Bioprocessing of Engineered Tissues and Stem Cells

Forum 7: Business Development

Forum 8: Young Scientist Research

Workshop & Training Courses

Poster Sessions and Exposition



BIT Life Sciences’ 4™ Annual Congress of

Theme: Smart Healing, Eternal Beauty and Longevity

Time: November 11-13, 2011

Venue: Beijing, China

Website: http://www.bitlifesciences.com/rmsc2011/default.asp

Undoubtedly, the venue of RMSC-2011, Beijing, is an extremely attractive site for an international meeting,
the excellent confusion of ancientness and modernness from China will amaze your experience for this visit!

For further details about the conference, please visit the meeting website at:
http://www.bitlifesciences.com/rmsc2011/default.asp.

Sincerely yours,

Xiaodan Mei, Ph.D. rganizing
Executive Chair of Regenerative Medicine & Stem Cell-2011 ommittee
East Area, F11, Building 1,

Dalian Ascendas IT Park,

1 Hui Xian Yuan,

Dalian Hi-tech Industrial Zone,

LN 116025, China

CC: Laura Chen E-mail: Laura@bitlifesciences.com




Title: Hsp27 participates in the maintenance of breast cancer stem cells
through regulation of epithelial-mesenchymal transition and nuclear
factor-kappa B

Wen-Wei Chang*, Hsiu-Huan Wang, Hui-Mei Hong, Alice L. Yu, Hsiang-Pu Feng
Assistant Professor

Chung Shan Medical University

Taiwan

Abstract

Heat shock proteins (HSPs) are normally induced under environmental stress to serve as chaperone for
maintenance of correct protein folding but they are often overexpressed in many cancers including breast
cancer. The expression of Hsp27 is associated with cell migration and drug resistance of breast cancer cells.
Breast cancer stem cells (BCSCs) have been identified as a subpopulation of breast cancer cells with
markers of high intracellular aldehyde dehydrogenase activity (ALDH+) and proved to be associated with
radiation resistance and metastasis. However, the involvement of Hsp27 in the maintenance of BCSC is
largely unknown. Here we found that Hsp27 and its phosphorylation were increased in ALDH+ BCSCs in
comparison with ALDH- non-BCSCs with antibody array and western blot analysis. Knockdown of Hsp27
in breast cancer cells decreased characters of BCSCs, such as ALDH+ population, mammosphere
formation, cell migration and the in vivo CSC frequency. Treatment of quercetin, a plant flavonoid inhibitor
of Hsp27, could also inhibit ALDH+ cells and it be reversed by overexpression of Hsp27. Knockdown of
Hsp27 also suppressed signatures of epithelial-mesenchymal transition (EMT), such as decreasing the
expression of snail and vimentin and increasing the expression of E-cadherin. Furthermore, knockdown of
Hsp27 decreased the nuclear translocation as well as the activity of NF-xB in ALDH+ BCSCs which
resulted from increasing expression of IkBa. and it could be reversed by restoring the activation of NF-xB
by IxBa knockdown. In conclusion, our data suggest that Hsp27 regulates EMT process and NF-xB
activity to contribute the maintenance of BCSCs. Targeting Hsp27 may be considered as a novel strategy in
breast cancer therapy.

Key Words:
Biography

Wen-Wei Chang, male, cancer biologist, graduated from Institute of Basic Medical Sciences, National Cheng
Kung University (Taiwan) in 2006. He worked as a post-doctoral fellow in Genomics Research Center, Academia
Sinica (Taiwan) 2006-2009 and became an Assistant Professor in School of Biomedical Sciences, Chung Shan
Medical University (Taiwan) from 2009 to present. His major interests are to understand the signal transduction

in the maintenance of cancer stem cells and to discover anti-cancer stem cell agents from natural compounds.
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