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ABSTRACT

14-3-3 is a family of highly conserved protein that is involved in a number of
cellular processes. In this study, we identified that the high expression of 14-3-
3y in various cancer cell lines c | with the i of the cancer cells.
Overexpression of 14-3-3y causes changes to the morphologic characteristics of cell
transformation, and promotes cell migration and invasion. The cells overexpressed
with 14-3-3y have been shown to stimulate foci and tumor formation in SCID-NOD mice
in concert with signaling components as reported with the 14-3-3B. In our previous
study, we demonstrated that 14-3-3y inhibits apoptotic cell death and mediates the
promotion of cell proliferation in immune cell lines, Earlier, binding partners for 14-3-
3y were defined by screening. We found that USP37, one of deubiquitinating enzymes
(DUBs), belongs to this binding partner group. Therefore, we investigated whether
14-3-3y mediates proliferation in cancer cells, and 14-3-3y by USP37 is responsible
for promoting cell proliferation. Importantly, we found that USP27 regulates the
stability of ubiquitin-conjugated 14-2-3y through its catalytic activity. This result
implies that the interactive behavior between USP37 and 14-3-3y could be involved
in the regulation of 14-3-3y degradation. When all these findings are considered
together, USP37 is shown to be a specific DUB that prevents 14-3-3y degradation,
which may contribute to malignant transformation via MAPK signaling pathway,
possibly providing a new target for therapautic objectives of cancer.

INTRODUCTION proteasome [6]. Deubiquitination, the 1 of
ubiquitimation, 1= catalyzed by deubiquitinating enzymes
(DUBz), which remove ubiquitm from comjugated
target proteins [1, 5, 7]. The human genome codes for
approximately 100 DUBs. Most DUBs are cysteine

Ubiquitination of s h the uhiouitin
proteasome pathway (UPP) 15 an important post-
translational modification (PTM) imvolved in regulating
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Indicated cells were seeded in 6-well plates and
wounded by manual scratching with 200 pl pipette tips,

washed with PBS, and incubated at 37°C in complete
media. At the indicated time pomts, phase contrast
images at specific wound sites were captured at 0, 12,
24 and 36 h. The oniginal and recovered wound areas
of these cells were determined by Image J software
program (NIH, Bethesda, MD, USA). The percentage
of migration was measured as the recovered wound area
relative to the original wound area. Tumor volumes were
graphed using Graph Pad Prism program (Graph Pad
Prism Software, San Diego, CA, USA). In addition, we

the levels of most cellular proteins and elimmating
role m a vanety of cellular fimetions [1-3]. Protein
actions via ubiquitin-activating enzymes (E1), ubiquitin-
conjugating enzymes (E2), and ubiquitin ligases (E3).
An ubiquitimation factor, (E4), which is required for
efficient polyubiquitination, has been identified in yeast
[4. 5]. Throughout these processes, targeted proteins are
directed toward ATP-dependent hydrolysis by the 265

proteases, and they are classified nto at least six families
[8.9].

A broad range of crganisms and fissues contain
14-3-3 proteins. They hawve many diverse fimctions,
mchiding central 1oles i the sigmal tremsduction
pathway, exocytosis, anfi-apoptofic process, and cell
eycle regulation. Many signaling pathways mvelving
14-3-3 protems are overactivated during fumornigenesis,
indicating that these proteins can bind to a number of
target proteins altered in various types of cancer inveolving
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captured wound areas in indicated cells at 0, 12, and 24 h
using JuLI Stage, a live cell movie analyzer (NanoEnTek,
Pleasanton, CA, USA).

14-3-3y
uspa7

Figure 5: (Continued) USP37 promoted cell viability and proliferation by stabilizing 14-3-3y. H and I Stably transfected
NIH3T3 cells with their respective constructs were used for investigating 14-3-3y and USP37-mediated migratory and invasive potential

in a wound-healing assay. The wound healing by migrated cells at 0, 6, 12 and 24 h was imaged with the JuLI Stage system (NanoEnTek,
Pleasanton, CA, USA). The data are rep ive of four biological replicates. The percentage of the wound area was graphed using Graph

Pad Prism Software. The data were presented as means =s.d. * P < 0.01, n=4. Scale bar = 200 pm.
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Dose enhancement and cytotoxicity of gold nanoparticles it

in colon cancer cells when irradiated with kilo- and mega- Despite major advances in the field of radiotherapy, healthy fissue damage continues to

constrain the dose that can be prescribed in cancer therapy. Gold nanoparticles have been

voltage radiation proposed as a solution to minimise radiation associated toxicities by enhancing the radiation

dose delivered locally to tumour cells. In the cument study, we investigated the application of

Herman Hau**, Dipesh Khanal**, Linda Rogers®, Natalka Suchowerska™, Rajiv Kumar®, third generation gold nanoparticles in 2D and 3D cell culture and whether there is synergy

Srinivas Sridhar®, David McKenzie™*, Wojciech Chrzanowsk? = between the nanoparticles and kilo- or mega-voltage radiafion to cause augmented

cytotoxicity. The 10 nm gold nanoparticles were found to be non-toxic in both 2D and 3D in

*Faculty of Pharmacy, The University of Sydney, NSW 2006, Ausiralia ) .
vifra culiures of colon cancer cells at concenirations of up to 10 - 25 pg/mL. There was a

"Chriz O'Brien Lifehouse, Sydney, NSW 2006, Australia _— . . i . . . .
significant increase in cell survival fraction reduction following exposure to 1 Gy of kilo-

*School of Physics, The University of Sydney, MSW 2008, Australia o .
voltage (18.3%) and 2 Gy of mega-voltage (35.3%) radiation when the cells were incubated

“Nanomedicing Science and Technology Center and Department of Physics, Mortheastem ; _ i S . .
- o s YRICS, with 50 pg/mL of gold nanoparticles. The biocompatibility of the gold nanoparticles combined

University, Boston, Massachusetts, USA . ) ) . o ) L ) .
with their substanfial synergy with radiation encourages further investigations into their

*Charles Perking Centre, The University of Sydney, NSW 2006, Australia 1
application in targeted cancer treatment.

*Authors contributed equally to this work

# Comespondence to: Wojciech Chrzanowski, PhD, DSc Keywords: gold nanoparticles, magnetic levitation, radiation dose enhancement, 3D
Address: University of Sydney, Faculty of Pharmacy, Pharmacy and Bank Building, A15 cell culture, colon cancer
Science Road, University of Sydney, Sydney, NSW, Australia 2006 3D spheroid assay

Email: wojciech chrzanowski@sydney.edu.au The assay was carried out as previously outline®*. Briefly, the Nanoshuttle® treated LOVO
cells were levitated with necdymium magnets overnight to form aggregated 3D clusters. A
cell density of 1 x 10° cells per well was seeded fo an ultralow attachment 96 well plate
placed on top of a 96 well dot shaped magnetic drive and proceeded as per the migration
assay. The phase images of the spheroids after 24 hrs at each concentration were captured

using the Juli Stage (NanoEnTek, Seoul, Korea).
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on three-dimensional spheroid tumor cells
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Materials and methods
Materials

The following cell lines were obtamed from ManoEnTek Inc.
{Seoul, Korea): prostate (DLU145), testis (F9), embryonic
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MamHuk Baek'* Abstract: Three-dimensional (3D) cell cultivation is a powerful technigue for monitoring and
Ok Won Sea'* understanding diverse cellular mechanisms in developmental cancer and neuronal biclogy, tissue Hel
]aehwa Lee! engineering, and drug development. 3D systems could relate better to in vivo models than two- { G I ‘I
]ohn Hulme? dimensional (20¥) cul tures. Several factors, such as cell type, survival rate, proliferation rte, and NIH-3T2
seong Soo A AnR? gene and prodein expression patterns, defermine whether a particular cell line can be adapted o Du“
IDepartment of Research and 8 3[¥ system. The .3D .sysicm may OvErCome snr!'u: of the li.mi?ati.ons of 1D c:th..chs iTl Ir:rrns_of
Development, MancEntek Inc., Seoul, cell-cell communication and cell networks, which are essential for understanding di fferentia- Fm
*Deparement of BioMana Technology, tion, structural organization, shape, and extended connections with other cells or organs. Here, Hela
Gachon University, Gyeonggi-do, the effect of the anticancer drug cisplatin, also known as cis-dismminedichloroplatinum (I1) {(FB
Korea or CDDP, on adenosine triphosphate (ATP) peneration was investigated using 30 spheroid-
'ThH_G authors contributed squally forming cells and real-time monitoring for 7 days. First, 12 cell lines were screened for their hl.lﬂ‘
= thiz wark ability to form 31 spheroids: prostate (DU/145), testis (F9), embryonic fibroblast (NIH-3T3), - PA31T
muscle {C2C12), embryonic kidney (293T), neuroblastoma (SH-SY5Y), adenocarcinomic ':H]:'
alveolar basal epithelial cell {A549), cervical cancer {HeLa), HeLa contaminant (HEp2), pituitary TE'd _‘
epithelial-like cell {GH3), embryonic cell {(PA317), and osteosarcoma (U-208) cells. OF these,
Video abstract eight cell lines were selected: NIH-3T3, C2C12, 293T, SH-8YS5Y, AS40, HeLa, PA317, and Inc C2C12
U-208; and five underwent real-time monitoring of CDDP cytotoxicity: HeLa, A549, 293T,
SH-SY5Y, and U-205. ATP generation was blocked 1 day after addition of 50 pM CDDF, but '|'|'|_|_E'|
cytotowicity in HeLa, AS49, SH-8Y5Y, and U-208 cells could be visualized only 4 days after
treatment. In 293T cells, CDDP failed to kill entirely the culture and ATP generation was only Wal SH-SY5Y
partially blocked after 1 day. This suggests potential CDDP resistance of 293T cells or metabalic .
clearance of the drug. Real-time monitoring and ATP measurements directly confirmed the mca
cytotowicity of CDDP, indicating that CDDP may interfere with mitochondrial activity.
Keywords: cisplatin, real-time monitoring, cyiotoxicity, 31 spheroids, ATP productions uw AB40
WETE
Introduction
Fols: pour SarPhans ¢ o cade abave. ¥ you e 3 Cells are usually grown as two-dimensional (20) cultures, which are reliable and {. E" ! [ ) i b 5
*mm."m'.“-mmz convemient for the majority of developmental biology, tissue engineering, tissue {:E“. ‘ 2031 L : g e E_
formation, disease mechanism, drug development, and especially large-scale thera- Real-time cell history recorder
peutic protein production studies.’ The recent development of three-dimensional mea

(3D) culture systems has offered a model closer to in vivo conditions and promised
to advance our understanding of cell survival, proliferation, differentiation, and gene
and protein expression.* Morphological and other properties exhibited by cells in 3D
cultures may be better suited for studies of structural organization, cell-cell commu-
nication, cell-extracellular matrix interaction, drug sensitivity, cell death, cancer cell
survival, and neighboring cell networks.? The ensuing results could have a profound
influence on studies in cancer biology, drug toxicity tests, stem cell applications, and

Figure 2 Compied z2fl shot photos of sight call linas after 7 days from the treatmant with csplatin.
TALID Note: Cal Imes ars NIH-3T3, C2C12, 2537, SH-SYSY, A549, Hala, PA217, and U205 In 96-well plates.

monitored using the Jull Stage real-time cell history recorder
(ManoEnTek). 3D call viability was measured using the Infinite
Elsa Reader i Tecan Trading AG., Minnedorf, Switzerland).
——— B Do Dy 0L s All cells were commercially available, approval from the
s E AL ey ethics commuttes therefore, was not required.
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Identification and validation of compounds selectively killing resistant cancer:

delineating cell line specific effects from P-glycoprotein-induced toxicity

Andras Fiiredi ™", Szilérd Téth ¥, Komélia Szebényi®, Veronika F.S. Pape®, Déra Tirk®, Nera Abstract

Kucsma®, Liszld Cervendk®, Jozsef Tévari © and Gergely Szakdcs 2™+
Eely . . . N .
Despite significant progress, resistance to chemotherapy is still the main reason why cancer

" Institute of Enzymology, Research Centre for Natural Sciences, Hungarian Acadeny of remains a deadly disease. An attractive strategy is to target the collateral semsitivity of
Sciences, Magyar Tudésok kérutja 2, H-1117 Budapest, Hungary otherwise multidmg resistant (MDR) cancer. In this study our aim was to catalogue various

® Institute of Cancer Research. Medical Umiversity of Vienna, Borschkegasse 8A, 1090 compounds that were reported to elicit increased toxicity in P-glycoprotein (Pep)

Vienna, Austria overexpressing MDR cells. We show that the activity of most of the serendipitously identified
compounds reported to target MDE cells is in fact cell-line specific. and is not influenced

e Department of Medicine Research Laboratory, Semmelwers University, Katvlgyt ot 4,

significantly by the function of Pgp. In contrast, novel 8-hydroxyoquinoline derivatives that we
H-1125 Budapest. Hungary.

identify in the NCI DTF drug repository possess a robust Pgp-dependent toxic activity across

d . . - - -
Jepartment of Experimental Pharmacology, National Institate of Oncology, Rath Gyérgy . . . . . . .. .
= & o diverse cell lines. Pgp expression associated with the resistance of the doxorubicin resistant

utca 7-9, H-1122 Budapest. Hungary.
Brcal™";p537" spontaneons monse mammary carcinoma cells could be eliminated by a single
treatment with NSC37969, suggesting that MDE-selective compounds can effectively revert
T These authors contributed equally. i o .
’ the MDR phenotype of cells expressing Pgp at clinically relevant levels. The discovery of
new MDR-selective compounds shows the potential of this emerging technology and
Running title: Targeting P-glycoprotein in cancer highlishts the 8-hydroxyquinoline scaffold as a promising starting point for the development

Keywords: Chelators - Cancer - Multidrug Resistance - P-glycoprotein - Collateral Sensitivity of compounds targeting the Achilles heel of drug resistant cancer.
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Video microscopy. Cells were seeded in a 96-well plate at 5000 cells/well density.

After 24h 1.5 pM NSC3T7969 was added to every well, and annexin positivity was monitored
psing the Annexin V, FITC Apoptosis Detection kit (Dojindo Melecular Technologies).
Biiefly, cells were washed with PBS and stained for 15 min at BT in dark with 5 pl Annexin
WV and 5 ul PI solution in a 10-fold diluted Annexin V Binding Solution Images were captured

with a Jull Stage Real-Time Cell History Recorder (NanoEnTek) inside an incubator nsing

bright, GFP (ex.466/40, em 525/50) and RFP (ex.325/50. em 580LF) channels.

) ------

Figure 3. NSC57969 selectively mnduces apoptosis in Pgp-expressing cells. MES-SA (MES)
and MES-SA/Dx5 (Dx3) cells were culhured in a 96-well plate at 3000 cells/well density in
the presence of NSC57969 (1.5 pM). Scale bar: 250 pm. (A). The proportion of cells

wndergoing apoptosis at 72 hours of treatment was determined by FACS analysis (B).
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Abstract: Recently, increasing numbers of cell culture experiments with 31 spheroids pre-
sented better comelating results in vivo than traditional 2D cell culture systems. 3D spheroids
could offer a simple and highly reproducible model that would exhibit many characteristics of
natural tissue, such as the production of extracellular matrix. In this paper numerous cell lines
were screencd and selected depending on their ability to form and maintain a spherical shape.
The effects of increasing concentrations of doxorubicin (DXR) on the integrity and viability of
the selected spheroids were then measured at regular intervals and in real-time. In total 12 cell
lines, adenocarcinomic alveolar basal epithelial (A 54%), muscle {C2C12), prostate (DU145),
testis {F9), pituitary epithelial-like (GH3), cervical cancer (HelLa), Hela contaminant {(HEp2),
embryo (MIH3T3), embryo (PA317), neuroblastoma (SH-SY5Y), osteosarcoma U208, and
embryonic kidney cells (293T), were screened. Out of the 12, 8 cell lines, NITH3T3, C2C12,
293T, SH-SYSY, AS49, HeLa, PA317, and U208 formed regular spheroids and the effects of
DXR on these structures were measured at regular intervals. Finally, 5 cell lines, A54%, HeLa,
SH-8Y5Y, UX0S, and 293T, were selected for real-time monitoring and the effects of DXR
treatment on their behavior were continuously recorded for 5 days. A potential comelation
regarding the effects of DX R on spheroid viability and ATP production was measured on days 1,
3, and 5. Cytotoxicity of DXR seemed o occur after endocyiosis, since the cellular activities
and ATP productions were still viable after 1 day of the treatment in all spheroids, except SH-
SY5Y. Both cellular activity and ATP production were halted 3 and 5§ days from the start of
the treatment in all spheroids. All cell lines maintained their spheroid shape, except SHSY-5,
which behaved in an unpredictable manner when exposed to toxic concentrations of DXR.
Cytotoxic effects of DXR towards SH-8Y5Y seemed to cause degradation of the extracellular
matrix, since all cells were dismantled from the spheroid upon cell death. On the other hand,
293T spheroids revealed retarded cellular activity and ATP productions upon DXR freatment
throughout the experiment. Since 293T was the embryonic kidney cells, the fast clearance or
neutralizations could have made them resistant towards DXR. In conclusion, the same degree
of sensitivity from the 2D system did not translate io a 3D culture system, resulfing in higher
IC50 values than the 20 system. The varying sensitivities and tolerances to drugs could be
better understood with a 3D cell culture system.

Keywords: doxorubicin, 3D spheroid, cytotoxicity

Introduction

Traditionally, monolayer cell cultures were used to monitor behavior and identify
effective anti-tumor activities.! Initial work using extracted nerve cells from the
notochord of frogs highlighted the challenges of prowing 3D cellular structures
in vivo.* In 1951, the HeLa cell line was established by Master and Lucey ef al,

3D Cell.

Korea
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Materials and methods

Materials

Cell lines from the American Type Culture Collection,
Manassas, VA, USA in the current study were osteosar-
coma (U208S), cervical cancer (HeLa), Hela contaminant
(HEp2), neurcblastoma (SH-SY3Y), muscle (C2C12),
pituitary epithelial-like {GH3), embryo (NIH3T3), prostate
(DU145), testis (F9), adenocarcinomic alveolar basal epithe-
lial { A54%), embryonic kidney {293T), and embryo (PA31T7)
cells. For cell culture, Dulbecco’s Modified Eagle’s Medium
(DMEM) and Roswell Park Memorial Institute (RPMI)
medias, Dulbecco’s phosphate-buffered saline (DPBS), fatal
bovine serum (FBS), trypsin (0.05%)-ethylenadiaminetei-
razcetic acid (EDTA)(0.002%), and penicillin-streptomycin
were from WELGENE, Inc. (Seoul, Republic of Korea).
Spheroid microplates (96 well, C. 4520) in 3D-spheroid
formation assay was purchased from Coming Inc. {Com-
mg, NY, USA). Dimethy] sulfoxide (DMS0) and DXR for
the 3D cancer spheroid screening and cell anti-proliferation
assay were obtained from Sigma-Aldrich Co. (St Lowis, MO,
USA) and LC Laboratories (Wobum, MA, USA), respec-
tively. CellTiter-Glo™ reagent for measuring 30D ATP level
m the 3D cell viability assay was purchased from Promega
Corporation (Fitchburg, W1, USA). Automated Fluorescence
Cell Counter Arthur (NanoEnTek, Seoul, Korea) was used to
count the cells. 3D-spheroid cell cultures were monitored and
confirmed by Jull Stage: Real-Time Cell History Recorder
(NanoEnTek). 3D cell viabilities were measured by Infinite
Elisa Reader (Tecan, Mannedorf, Switzerland).

NIH3T3*

C2Cc12* 293T1* SH-SY5Y*

o0 &

HEp2

PA317* U20s*

000

Figure | Formation of 3D -spheroids after 3 days of culturing 12 colf Imex: prostate (DUI45), testis (F9), embryo (NIH3T3), musds (C2C12), ambryonic kidnay (233T),

b2 (SHLSYSY), 2d

seongaani@gachon ackr which jump-started the full-scale research with animal cells*® Since then, various
vl o st CmeoTarpets and Therapy 20163 7207-7218 T207
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cnomic alveclar basal epithellal {A549), carvical cancer (Hela), Hela contaminant (HEp2), pitultary epitheliallka (GH3), embryo

(PA317) and csteczarcoma (U20S) cells. Yindicates aight coll lines salsctsd for further DXR cytotomscity study.
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Abstract

A

To investigate a suitable long-term culture system
and optimal cryom vation of intestinal i to

improve organoid-based therapy by acquiring large
numbers of cells.

METHODS

Crypts were isolated from jejunum of CS7BLJ6 mouse,
Two hundred crypts were cultured in organoid medium
with either epidermal growth factor/Neggin/R-spondini
(ENR) or ENR/CHIRS9021/VPA (ENR-CV). For

February 12, 2017 | Vohume 25 | Issu=s |
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subculture, onganoids cultured on day 7 were passaged
using enzyme-free cell dissodiation buffer (STEMCELL
Technologies). The passage was performed once per
week until indicated passage. For cryopreservation,
undissaciated and dissociated organoids were resu-
spended in freezing medium with or without Rho kinase
inhibitor subjected to different treatment times. The
characteristics of intestinal organoids upon extended
passage and freeze-thaw were analyzed using EdU
staining, methyl thiazolyl tetrazolium assay, qPCR and
time-lapse live cell imaging.

RESULTS

‘We established a three-dimensional culture system
for murine small intestinal organoids using ENR and
ENR-CV media. Both conditions yielded organcids
with a crypt-villus architecture exhibiting Lgr5"
cells and differentiated intestinal epithelial cells as
shown by morphological and biochemical analysis.
Howewver, during extended passage (more than 3
mo), a comparative analysis revealed that continuous
passaging under ENR-CV conditions, but not ENR
conditions induced phenotypic changes as observed
by morphological transition, reduced numbers of
Lar5™ cells and inconsistent expression of markers
for differentiated intestinal epithelial cell types. We
also found that recovery of long-term cryopreserved
organoids was significantly affected by the organoid
state, Le, whether dissociation was applied, and the
timing of treatment with the Rho-kinase inhibitor
¥-27632. Furthermore, the retention of typical
morphological characteristics of intestinal organoids
such as the crypt-villus structure from freeze-thawed
cells was observad by live cell imaging.

CONCLUSTON

The maintenance of the characteristics of intestinal
organoids upon extended passage is mediated by
EMNR condition, but not ENR-CV condition. Identified
long-term cryopreservation may contribute to the
establishment of standardized cryopreservation
protocols for intestinal organcids for use in clinical
applications.

EKev words: Intestinal organcid; Rho kinase inhibitor;
Three-dimensional culture; Cryopreservation; Long-
term culture

@ The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Time-lapse live cell imaging
Live cell imaging was performed on a JuLi stage

svstem (NanoEnTek. Seoul. South Korea). A culture
dish placed on the microscope stage was covered with

a chamber in 5% CO: at 37 'C. Images for the growth
of crypts were an acquired at 60-min intervals. The
data were processed using Juli stage software v1.0
(NanoEnTek).

Cifervpher

ENR ENR-QV

Figure 1 of small i id culture under ep growtn fact; gginir-spondin1 and epidsrmal growtn factor/noggin/
T-8pondini-ICHIRI2021/VPA conditiona. Crypts ne'e isoiated from e small intestines of C57/85 mice at ages 9-12 WK and were resuspended in growth facior-

reducad Matnigel. A: Time course of the groweh of isoiated crypis at passage 0 (PO) under two difierent culture media. Enterospheres formead on day 1, budding
appeared on g3y 3, and rodust budding was observed on oays 5-10. Scale bars: 50 wm. B: Organoids were incubated with the thymidine analog EU (green) for 1h,
and freshly isolated crypts were cultured for 6 d. Images were analyzed by AUCrescance MICTOSCOpy, and nuckei were double stained with Hoechst (blue). Scale bars:
50 pm. C: Numbers of organcids grown in two different media for 7 d. Organoids exhibiting at least two budding structures in e3ch group were counted. The data are
Shown 35 means = SDS of triplicate expeniments (*P < 0.01, Student's Htests).
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3D modeling of keloid scars in vitro by cell and tissue engineering
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Abstract Keloids are pathologic scars defined as dermal
fibrotic tumors resulting from a disturbance of skin
wound healing process. Treatments against keloids are
multiple, sometimes empiricul and none of them really
provides an effective tool for physicians, The lack of
effective treatments is correlated with the poor under-
standing  of keloid pathogenesis. To  fill this gap,
researchers need strong models mimicking keloids as
closely as possible. The objective of this study was w0
establish in vitro a new reconstructed keloid model
(REM), by combining fibroblasts extracied from the
three major area of a keloid (center, periphery, non-le-
sional) in a three-dimensional biomaterial. To this aim,
fibroblasts of three keloid locations were extracted and
churacterized, and then integrated in a hydrated collagen
gel marix durng a three-step procedure. The hetero-
geneity of fibroblasts was assessed according w their
prolifemtive and remodeling capacities, RKMs were
further visualized and characterized by both light and
scanning electmn microscopy. This reconstructed keloid
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model should be wery useful for investigating keloid
fibroblasts function in conditions mimicking in vivo
situation. Moreover, REM  should also be a suit-
able model for either drug swdy and discovery or
innovative appmaches using medical devices both during
cancer and cancer-like disease investigation.

Kevwords Keloid scar - Fibroblasts - 3D model - Tissue

engineering

Introduction

Keloids are pathologic scars defined as dermal fibrotic
tumors resulting from o disturbance of skin wound healing
process [3]. Even if keloids are known 1o have no malig-
nant potential, extended ones can induce a large loss of
quality of life w0 patients, Indeed, the major clinical fea-
tures of keloids are their progression beyond the initial site
of skin injury, their persistence during time and the lack of
natural regrssion [6], When they are extended, keloids
lead to physical {pruritus, inflammation, pain) and psy-
chical alterations for patients [2], especially when the face
is affected.

Treatments aguinst keloids are multiple and sometimes
empirical. In 2003, Ud-Din and Bayat [35] have published
an exhsustive review about the mansgement of keloid
disease and show clearly the muliitude of existing clinical
approaches. These reatments involve intralesional steroid
injection, application of silicone gel, rudiotherapy, photo-
dynamic therapy, elecirical simulation, surgical excision,
crvosurgery and use of DNA synthesis inhibitor, immune
modulator or bleomycin, However, none of these treat-
ments (or combination) really provides an effective tool for
the physicians.

&) Springer
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Fig. 4 Image processing of RKM. a, b Respectively, the upper and
Sront view of RKM composed of three collagen gel subpans including
FKe (brown), FKp (white) and FKnl (gray). ¢ Limit (white arrow)
between each area observed by light microscopy. Blaek arrows
fibroblasts, (asterisk) FKe and (double ase risks) FKp.d, e, f Scanning
electronic microscopy of fibroblasts attached to collagen fibers in
three different reconstructed areas. g The fist reconstruced pan
(center) of the entire mode] h
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Conclision and perspectives

Reconstructed kelmd maodel (REM) 15 based on the
ohservation that cells and tissue organization is highly
complex in keloid scar tisspe. REM was  developed
according 10 a desire Lo propose a most appropriate model
of keloid in the family of 3D experimental collagen tissue-
models, suitable 0 investigate normal and pathologcal
fibroblasts [5]. Inspired from existing collagen gel models
[10], our REM is easy to perform and could be upgmded o
a more complete evolutionary model. For this, three levers
can be wsed to improve the REM model : cells, scaffold and
culture medivm. From the cells point of view, the thres
main compartments of keloid scar (center, perphery and
non-lesional  skin)  ower  recomstructed.  Because  cell
migration is a phenomenon that is complex and crucial for
tissue repair and twmor invasion [23], one of the major uses
of REM could concern dvnamic studies w follow cell-cell
and cell-matrix inlemetons as well as cell movement
betwesn compartments during migration in 3D, To this
wim, migrating cells can be monitored in real time wsing
videoime-lapse microscopy [12] directly from the cell
culture incubator (i.e, with devices such as JuLI™ Stage)
where pictures areTaken al regolar intervals, Subsequently,
recorded data can be statistically analyzed 1o determine

cells trajectory and interactions [38]. Momover, since cells

can be tracked both in Lght and fuorescent microscopy,
this could allow seeding and follow-up of GFP-transfected
cells o qualitatively and guantitatively track proteins (in-
volved for example in adhesion and migration, apoplosis,
autophagy ...} during 30 dynamic cultume. Then, REM
mode]l could also be interestingly used in silencing assay
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Overactive mTOR signaling leads to endometrial hyperplasia in
aged women and mice
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Nahar®*®, Bo R. Rueda® J. Erby Wilkinson’, Richard A. Miller®* and Pradeep S.
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3D cell viability and AT assays
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Cell viability in 3D cell culture was assessed using
Harvard Medical School, Boston, MA, USA CellTiter-Glo® Lumimiscent cell viability assay (Promega,
Department of Pathology, Unit for Laboratory Animal Medicine, University of Michigan School of Medicine, Ann Arbor, MI, R I -
:':A of Pathal d Geriatrics Ce Uni ity of Michi Ann Arbor, M1, USA NSEP;A E) EEPEIHJE Ems‘ OILE.
Comaapotaance o raceep . Tamee, ek raeep RGNS Briefly, 5000 cells/well were seeded onto either 96-
ronarvan oo s ecamag bessmoar ot sote well ultra-low attachment plates or tissue culture plates
ABSTRACT coated with matngel Cells were allowed to grow for
During aging, uncontrolled epithelial cell proliferation in the uterus results in 2‘4h f'DI whﬂ'ﬂld fmmnm fﬂ]lﬂul"'E'd. h.}r dElIEi .drug
endometrial hyperplasia and /or cancer development. The mTOR signaling pathway . B
is one of the major regulators of aging as suppression of this pathway prolongs treatonemts. CE.LI. g]'D'L‘i.'ﬂ:l. wWas :I:I:I.ul:l.l‘l:ﬂl‘ed il]:l.d Iages wWera
lifespan in model organisms. Genetic alterations in this pathway via mutations and/ phn‘tngt’a ] i - ]'uI_I“ Stug.E R ] . .E.E]l h15_
recorder (NanoEnTek Ine_ USA). At 72h post- treatment,
cell: were incubated with CellTiter-Glo® 3D Reagent
for 30 mumates at room temperature and hominescence
signal was recorded using the FLUOstar OPTIMA (BMG
Labtech, VIC, Australia).

Published: December 12, 20146

or amplifications are often encountered in endometrial cancers. However, the exact
contribution of mTOR signaling and uterine aging to endometrial pathologies is
currently unclear. This study examined the role of mTOR signaling in uterine aging
and its implications in the development of endometrial hyperplasia. The hyperplastic
endom n of both ausal and aged mice exhibited elevated
mTOR activity as seen with increased expression of the pS6 protein. Analysis of
uteri from Plen heterozygous and Pten overexpressing mice further confirmed that
over-activation of mTOR signaling leads to endometrial hyperplasia. Pharmacological
inhibition of mTOR signaling using rapamycin treatment suppressed endometrial
hyperplasia in aged mice. Furthermore, treatment with mTOR inhibitors reduced
colony size and proliferation of a PTEN negative endometrial cancer cell line in 3D
culture. Collaectively, this study suggests that hyperactivation of the mTOR pathway

is involved in the development of endometrial hyp

INTRODUCTION

The mammalian uterus is one of the most
regenerative crgans that undergoes the cyclical process
of degeneration and regeneration during each oestrous
cycle [1]. The uterus plays a cntical role in pregnancy
and child birth. The mammalian uterns is divided into
thres compartments, namely endometrium (honinal and

plasia in aged and mice.

glandular epithelial cells), stroma, and myometium
(smooth muscle cells) [1]. After fertilization of an egg
in the fallopian tube, the resulting embryo moves to the
utering cavity where its interaction with the receptive
endometriumn initiate a cascade of events leading to
implantation, decidualization, and the establishment of
pregmancy. Any aberrations during this process lead to
premature termination of pregnancy and abortion [2].

www.impactjournals.com/oncetarget
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Revised model for how inclusions form
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Huntingtin Inclusions Trigger Cellular Quiescence,
Deactivate Apoptosis, and Lead to Delayed Necrosis
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In Brief

Httex1 aggregation into inclusions has
paradoxically been reported as either
toxic or beneficial in Huntington's
disease. Ramdzan et al. define a dual
mechanism of toxicity that explains this
paradox. Soluble Httex1 triggers a fast
death by apoptosis, whereas Httex1
inclusions invoke quiescence and
redirect death to a slower necrotic
pathway.
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ReAsH Staining, Stripping, and Restaining

For RefsH staining, after 24 hr transfection (or transduction in the case of
nedrons), cols were washed twice with HBSS and stained with 1 pM RedAsH
and 10 pM 1 2-ethanedithiol in Hank's balanced salt solution (HBSS) for
30 min at 37°C. The cells were then washed with 250 uM BAL for 15 min at
A7C, followed by a wash with HESS.

For the stripping and restainingex pedments, AD293 cells expressing pT- REx-
Httex1 T @70} -Ceanilean were labeled with ReAsH 24 hr after transfection as
described above. The calls wene imaged with a Jull-stage microscopa (Mano-
EnTek). BeAsH was stipped by 15-min treatment with 30 mb BAL in HBSS at
37C followed by three washes with HESS and then imaged again. Cells were
then restained with ReAsH as described above at the time points indicated in
the figures. Data were analyzred as describad under Survival Analyses.

Survival Analyses

AD293 cells were co-transfected with pT-REx-HttEx 1™ [870)-Cerulean (or
pT-REx-HttEx1™2@70)-FT-Fast) and pT-REx-mCherry (or pT-Rex-Cerlean).
24 hr after transfection, the medium was refreshed. To block caspases, QVD-
OPh (50 uM) was added at 24 hr. Cells were imaged longitudinally with a Jull-
stage fluocrescence microscope (ManoEnTek). For analysis of cells assessing

mechanism of death, apoptosis was measured using CelEvent caspase-
3/7 green detection reagent (Life Technologies, catalog number C10423)
according to the manufacturer's instructions.

AD293 cells were treated with MitoProbe DIOCZ(3) 50 nM) or CallROX (5 1 M)
for 30 min ina cal culture incubator at 37 C, washed with PBS, and analzed
by flow cytometry as described previously (Famdzan et al., 2012).

Hela tet Repressor Experiments

Hela tet mpressor cells wen co-transfected with pGW-Httex1-mChemry and
pT-REx-Emerald. 24 hr after transfection, the medium was refreshed and
supplermented with 1 paml tetracycline. The cells wene imaged for 48 hr
with a Jull-stage live-cal imaging flucrescence microscops (NanoEnTek).

JuLl Stage

Real-time live cell imaging system
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Figure 4. Early Inclusions Recruit Transla-
tional Machinery, whereas Mature Inclu-
sions Aftract Proteins with Predicted
Prion-like Domains

{4) Protein-protein interaction network (STRING
w10} of proteins identified in inclusions (the full list
of proteins can ba found in Table 52).

{B) Analysis of pricn domains using the PLAAC
algorithm. Higher log-likelihood raties (LLR) relate
to sequences in proteins more likely being a prion
damain.

{C) Glutamine content versus control datasat of
random human proteins (listed in Table 52).

(D)} Recruitment of GFP-tagged prion domain
protain TIA-1 (green) into Htte 1 (870 Chemry in-
clusions (red) after the inclusion has formed. Two
representative cells are shown in a time-lapse
series.
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Oncosis and apoptosis induction by activation of an
overexpressed 1on channel in breast cancer cells

AA Peters™, SYN Jamaludin'®% KTDS Yapa®, S Chalmers', AP Wiegmans® HF Lim", MJG Milevskiy®, | Azimi'#, FM Davis'#4,
KS Northwood®, E Pera’, DL Marcial', E Dray”, NJ Waterhouse®, PJ Cabot', TI Gonda', PA Kenny’, MA Brown®, KK Khanna®,

5J Roberts-Thomsen' and GR Monteith*

The aitical role of @lkium signalling in processes related to @ancer cell proliferation and invasion has seen a focus on
phamacologicl inhibition of overexpressed ion channels in spedific cancer subtypes as a potential therapeutic approach. However,
despite the critical role of @lium in cell death pathways, pharmacological activation of overexpressed ion channels has not been
extensively evaluated in breast cancer. Here we define the owerexpression of transient receptor potential vanilloid 4 [TRPV4) in a
subgroup of breast cancers of the basal molecular subtype. We ako report that pharmacological activation of TRPVA with
G5K10167 904 reduced viability of two basal breast cancer cell lines with pronounced endogenous overexpression of TRPVA, MDA-
MB-468 and HCC1569. Phamacological activation of TRPV4 produced pronounced cell death through two mechanisms: apoptosis
and onoosis in MDA-MB-468 cells. Apoptosis was associated with PARP-1 deavage and oncosis was assodated with a rapid dedine
in intracellular ATP levels, which was a consequence of, rather than the @use of, the intracellular ion increase. TRPV4 activation also
resulted in reduced tumour growth in vivo. These studies define a novel therapeutic strategy for breast cancers that overexpress
specific akium pemeable plasmalemmal ion channels with available selective pharmacological activators.

Ongogene (2017) 36, 6490-6500; doi10.1038/onc2017.234; published online 31 July 2017

INTRODUCTION

The oncogenic process is associated with many molecular
changes, including remodelling of specific caldum (Ca**}-perme-
able ion channels. lon channel expression changes are seen in
different cancers including those of the breast, brain, prostate,
ovary and colon'™ These include elevated levek of aldum
channel, voltage-dependent, Ltype, alpha 10 subunit (Ca, 1.3} in
aggressive (@strate-resistant prostate cancer compared with
primary prostate cancer,” and pronounced increases in transient
receptor potential (TRP) cation channel 6 (TRPCE) in high-grade
human gliomas.” Ca*™* channel expression can also differ between
@ancers of the same tissue origin but of different subtypes, for
example, in breast cancer, elevated TRPVS is more common in
oestrogen receptor-negative breast cancer.

Calcium signalling regulates a wariety of diverse cellular
functions by predsely controlling the nature of the caldum signal.
For example, the amplitude and duration of increases in cytosolic-
free Ca™* (ICa™lovd and the cellular location of changes in @™
levels can all differentially regulate cellular processes ¥ Seledtive
regulation of the calcium permeable ion channels of the plasma
membrane, which are encoded for by over 50 human genes,
facilitates this predse control™ However, pathophysiological-
induced alterations in the expression of spedfic G** permeable
ion channels, and subsequent alterations in Ca** signalling can

contribute to tumourigenesis through the promotion of spedfic
hallmarks of cancer. Examples of these contributions include
enhanced proliferation of prostate cancer cells via the remodelling
of Oraid G** channel expression, " the reduction of MCF-7 breast
tumour growth with Orail channel silencing'* and the assodation
between TRPM7 channel expression and metastatic potential of
breast cancer cells'® |dentifying Ca™* channels that are over-
expressed in breast cancers of the basal subtype would represent
a therape utic opportunity to exploit a pathophysiological change.
Basal breast @ncers are associated with poor prognosis and
overlap with breast cancers negative for the oestrogen, proges-
terone and human epidermal growth factor receptor 2 (HERZ)
receptors,’” limiting the use of effective hormonal and malecularly
targeted therapies. i

The intrinsic ability of the Ca’* jion to promote pathways key in
cancer cell proliferation and invasion has led to a foocus on
inhibiting channel activity as the therapeutic paradigm. Such an
approach is exempliied by both silencing and pharmacological
inhibition of Orail attenuating the migration and invasion of
breast @ncer cells in vitro and in viva.' An altemative therapeutic
strategy is Ca’* channel activation and associated effects on
processes sensitive to major and sustained elevations of
intracellular free Ca®™*, which indude promotion of cell death or
suppression of cell opcle progression. Disruption of ion gradients
occurs in a variety of cell death pathways including apoptosis'
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Morphological assessment of cell death

MDA-MB-468 cells were plated in 96-well plates at 3x 10° cells per well or
7% 10° cells per well for siRNA studies, after 24 h cells were treated with
media containing 8% serum or siRNA and after 72 h cells were treated with
vehicle (0.1% DMSO) or GS5K1016790A (1-100 nm). Live cell imaging was
performed using a JulLl Stage automated imaging system (MNanoEntek,
Seoul, Korea) with a TOx objective or for siRNA studies an Olympus TX81
Inverted fluorescent microscope (Notting Hill, VIC, Australia, with a Solent
Scientific incubator (Segensworth, UK} and a Hamamatsu Orca Flash 2.8
Megapixel CMOS camera, Hamamatsu City, Japan) with a 10x objective.
Images were acquired approximately every 60 s for 48 h. Cell morphology
was characterised in cells in five pre-defined regions (104 x 140 um) or for
siRNA studies one identical region for each treatment type (169 x 169 pm).
Cell morphology was defined as survived (cell mitosis or no morphological
change at the end of the experiment), apoptosis (cell condensed and
underwent blebbing and dispersed into at least five multiple distinct
bodies; time of death was the time at which at least five distinct cellular
packages were observed), failed mitosis (cell with multiple nudei under-
went blebbing after failed attempts of daughter cell separation), oncosis (a
major and sudden change in cell contrast usually immediately preceded by
swelling of the cell; time of death was the time at which the sudden change
in contrast was observed), other (morphological changes associated with cell
death that did not fit the aforementioned criteria; often mixed morphological
changes, for example, swelling and blebbing). Cells that migrated out of the
field or became obstructed from view were excuded.
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Figure 5.  The TRFVY activator GSK1016790A induces multiple cell death mechanisms in MOA-MB-468 breast cancer cells. [a—€) MDA-MB-468
cells were treated with GSK1016790A (0-100 ns) and bright field images werne captured approximately every 60 s for 48 h. Data are from three
independent experiments. (a] Representative images of cells treated with 100nM GSK1016790A that were defined a morphologies
representing cells that (il survived, or (i) underwent apoptosis, {iill oncosis or (iv) falled mitosis. Scale bar represents 20 pa. (b) Quantification
aof cell fate was asessed in three independent experiments in a total of 577 individual cells. The percentage of cells undergoing each
morphological change over the 48-h assessment penod is shown forincreasing concentrations of GSK1016790A. (€] Scatter plot of the time to
cell death for oncosis and apoptosis of individual cells treated with each concentration of GSK1016790A assessed, honizontal line represents
the median time for the observed event. id) Asesoment of PARP-1 cleavage induced by 24 h incubation with GSK1016790A, 96 h after plating
(il significant PARP-1 cleavage was observed with 10na GSK1016790A after 24h (i) mean % cleaved PARP-1 deavage +sd from three
independent expenments (h=3; *P < 0L05, one-way analysis of varance [ANOVA) with Dunnett’s multiple comparison test). (] The effect of
GSK1016790A (100 nM) on ATP levels in MDA-ME-46E breast cancer cells in the presence and absence of an cxidative phosphordation
inhibitor (carbony cyanide 3-chlorophenylhydazone (OCCF), 4 pul or a glycolysis inhibitor 3-bromopynuvic acid (3-Brfyl, 100 pM) or both
inhibitors. Data are shown as mean +5.d. from three independent (=3, *P < 0,05, compared with baseline (0h) for each treatment group
[oneway ANOVA with Dunnett's multiple comparison test), *P < 0,05, compared with different treatments in the presence of GSK10167904 at
&h [two-way ANOVA with Tukey's multiple com parnison test).
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Antimelanogenic Efficacy of Melasolv
(3,4,5-Trimethoxycinnamate Thymol Ester) in
Melanocytes and Three-Dimensional Human

Skin Equivalent

John HwanLee*® Eun-Soo lee® Il-Hong Bae*? Jeong-Ah Hwang?
Se-Hwa Kim®© Dae-Yong Kim? Nok-Hyun Park® Ho SikRho® Yong Jin Kim?

Seong-Geun Oh® Chang Seock Lee®

*Amorepacific Corporation R&D Center, Yongin, ®Department of Medical Physics, University of Science and
Technology, and “Center for Nano-Bio Measurement, Korea Research Institute of Standands and Science, Dasjeon,
ACollege of Veterinary Medicine, Seoul National University, and ®Department of Chemical Engineering,

Hanyang University, Seoul, Republic of Korea

Keywords
Melasolv - Melanogenesis - Depigmentary agant -
Three-dimensional human skin equivalant

Abstract

Background/Aims: Excessive melanogenesis often causes
unaesthetic hyperpigmentation. In a previous repaort, our
group introduced a newly synthesized depigmentary agent,
Melasolv™ (2,4,5-trimethoxycinnamate thymol ester). In this
study, we demonstrated the significant whitening efficacy of
Melasolv using various melanocytes and human skin equiv-
alents as in vitro experimental systems. Methods: The depig-
mentary effect of Melasolv was tested in melan-a cells (im-
mortalized normal murine melanocytes), a-melanocyte-
stimulating hormone (a-M5H)-stimulated B16 murine mel-
anoma cells, primary normal human melanocytes (NHMs),

John Hwan Lee and Eun-Soo Lee contributed equally to this work.
Seong-Geun Oh and Chang Seck Lee are co-comesponding authors.

© 2007 5. Karger AG, Basel
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and human skin equivalent (MelanoDerm). The whitening
efficacy of Melasolv was further demonstrated by photogra
phy, time-lapse microscopy, Fontana-Masson (F&M) stain
ing, and 2-photon microscopy. Results: Melasolv significant
ly inhibited melanogenesis in the melan-a and o-M35H
stimulated B16 cells. In human systems, Melasolv alsc
clearly showed a whitening effect in NHMs and human skir
equivalent, reflecting a decrease in melanin content. F&N
staining and 2-photen microscopy revealed that Melasal
suppressad melanin transfer into multiple epidermal layer:
frommelanocytes aswell as melanin synthesis in human skir
equivalent. Conclusion: Our study showed that Melasol
clearly exerts a whitening effect on various melanocytesanc
human skin equivalent. These results suggest the possibility
that Melasolv can be usad as a depigmentary agent to trea
pigmentary disorders as well as an active ingredient in cos
metics to increase whitening efficacy. 20175 Karger AG, Base
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Fig. 1. The depigmentary efficacy of Melasolv in melan-a and Bls
murine cell line. a Chemical structure of Melasolv. b Effects of
Melasolv on the viability of melan-a cells. Cells were treated with
the indicated concentrations of Melasolv for 72 h. Values are
means + 5 of 3 determinations, expressed as a percentage of the
control. ¢ Effects of Melasolv on melanin synthesis in melan-a
cells. Values are means = 510 of 3 determinations expressed as a
percentage of the control. Effects of Melasolv on secreted (extra-
cellular) melanin (d)} and intracellular melanin (&) contents in
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Timme-Lapse Melanin Imaging

For melanin assays, B16 cells were cultured in a 12-well plate for
24 b at 37°C in a 10% CO; incubator. Then, after treatment of each
group with a-MSH and Melasolv, bright-field images of live cell cul-
tures in a 10% 0, incubator were recorded every hour for 70 h us-
ing a JuLl Stage real-time cell history recorder (NanoEnTek, South
Korfa] connected to a JuLl Stage microscope equipped with a =20
objective lens. Three different regions per group were randomly se-
lected and analyzed. Diark dot signals in B16 cells in the bright-field
images indicate intracellular melanin. The LED light conditions
used in this study caused no phototoxicity (data not shown).

a-MSH-stimulated B16 cells. B16 cells were treated with the indi-
cated concentrations of Melasolv and a-MSH for 3 days. Then, the
lysates were estimated by absorbance at 405 nm. The melanin con-
tents were normalized for total protein contents. Kojic acid (KA;
50 pg/ml) is used as a reference compound, which is a representa-
tive antimelanogenic agent [4]. f Bright-field images of B16 mela-
noma cell line treated with a-MSH(200 nv) + Melasolv ( 10 pg/mL)
for 72 h. Dark dot-like patterns indicate intracellular melanosome.
Scale bar, 50 pm. * p < 0.05; ** p < 0.01; *** p < 0.001.
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BCL2 induced by LAMTOR3/MAPK is a druggable target of
chemoradioresistance in mesenchymal lung cancer
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LAMTORS
Mesenchymal aner ells
Druggable targst

Mesenchymal-type cancers after epithelial mesenchymal transition (EMT) were recently shown to ac-
quie chemoresistance thivugh expresing EMT specific transcription Botos. However, diuggable (or
actionable) target(s) for chemoredstance in mesenchynal-type |ung cancers remain unidentified. Here,
we used a public clinical genomic database and mesenchymal lung cancer cells (MLOC) model derived
frem the AS49 lung adenscarcinoma cell line to demonstrate that BCL2 expression, which is highly
indiwced in mesen chymal-type hang cancers, asa predictor of poor prognaesis in mesenchymal leng cancer
patients and association with acquired chemoradioresistance. Therelyy, comis nation treatment with BH3
mimetics, such a5 ABT-263 and ABT-T37, clearly attenisated che moreststance in MLOCS BOLZ expression
in MLOCs was induced by ERK1 activity throwgh the upregulation of the MEK]/ERK1 scaffold protein
MEK pariner-1 (MP1). Interfering with the MEK1/MP1/ERK] axis using a MEK1 inhibitor or MP1
depletion repressed BCL2 expression and sensitized MLOTs to chemorad intherapy. Taken together, our
resulis seggest that targeting druggable proteins in the MEK1/MP1/ERK] (BCLY axs, suech as MEK] or
FO2, with curently available FDA approved drugs ks a cumrently leasible approach to improve clindeal

outoomes of mesenchymal lung cancer patients.

& 2017 Bsevier BV. All rights mesarved.

Introduction

Despite substantial advances in lung cancer diagnosis and
therapy, chemoradioresistance stll remains an important obstade
in the treatment of cancer. Epithelial mesenchymal transition
(EMT} is a cellular process defined by the loss of epithelial markers
such as E-cadherin (encoded by (I0H1) and the gain of mesen-
chymal makers such as N-cadhern (encoded by (DH2 ) resulting in
consequent  acquisition of mesenchymal phenotypes (eg.,
increased migration and invasiveness, a typical metastatic proper-
ties) [41]. Recent studies revealed that the EMT process is highly
involved in chemaoresistance in pancreatic cancer [44] and breast
cancer [14] mther than in metastasis. Depletion of Snail or Twist
| 44| or expression of microRMA (miR }-200 | 14]., which is repressed
by Zeb1 [34], sensitizes cancer cells to chemotherapeutic drugs.
Howewer, the druggable (or actionable) target{s) in this process to
sensitize the mesenchymal cancer cells has yet to be determined.

* Comesponding author Callege of Natural Sciences, Department of 1ife Sciences,
Sogang University, 35 Baskbeom-ra, Mapo-gu Seoul, 04107, Republic of Korea.
E-mail addrees: hjcha@sogang ackr (Ho. Cha)l
! These authars contribute squally.

hittpe: ffebe o ol orgf 101016 fj canlet 201705019
030438350 2017 Esevier BV, All rights neserved.
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Maost conventional oy totoic chemotherapies for stage | and 11
non small cell lung cardnoma (NS0LC), such as etoposide and
dsplatin [35], induce apoptosis |28 ] by upregulating pro-apoptotic
genes and adivating the mitochondrial apoptotic pattway. Cancer
cells evade mitochondrial apoptosis by upregulating anti-apoptotic
genes such as BCL2 family to stabilize mitochondrial membrane
potential (MMP) [17], making anti-apoptotic factors promising
thempeutic targets [21 | According ly, ABT-2632 (Navitoclax™), a BOL2
homology 3{BH3) mimic small molecule inhibitor, is awaiting FOWMA
approval as a ‘first-in-class’ drug [20], and its effect on chemo-
resistance was demonstrabed in multiple types of cancer cells [ 11]
On the otherhand, induction of BCL-¥ 1. a BCL2 family anti-apoptotic
protein, enhances chemoresistance in mesenchymal breast cancer
cells [22], while BCL-XL promotes metastasis in an anti-apoptotic
independent manner [12] Similar resulis were reported with
B2 [45] or BCL-W (23], suggesting that BCL? family proteins
contribute to mesenchymal cancer characteristics, and are involved
not only in metastasis or invasion but also in chemoresistance

Accordingly, mesenchymal cancer cell properties (e.g. chemo-
resistance) can be determined by signaling pathways associated
with the modulation of B2 expression. B2 transcripton is

JuLl Stage

Real-time live cell imaging system

Cell viability assay and proliferation assay

To measure the cell viability, Cell proliferation assay kit [l (XTT) (Roche) was
applied followed by manufacture’'s instruction. For the growth curve with cell
proliferation, JuLl stage (NanoEntek) was used. After cells seeded, cells were loaded
on Jull stage Tor two days. [he cell growth was monitored in timely dependent
manner.
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ARTICLE INFO ABSTRACT

Keywords The mesencephalic astrocyte-derived neuratrophic facor (MANF) belongs to a recendly discoversd family of
MANF neurstraphic factars. MANF can be secrebed but is generally resident within the endoplasmic reticulumn (ER) in
Eraletion neurmnal and nan-neuranal cells, whers it is invalved in the ER stres resporse with pro-survival effeds. Hems we
:";o";‘ repart the discovery of the MANF hamolog STMANF in the spange Suberies domemnaln. The hasal positioning of

o sponges (phylum Parifera) in the animal tree of life affers 3 unique vantage point on the sarly evalution of the

Inmate i iy

Jp— metaznanspecific genetic toalkit and malecular pathwa ys. Since sponges lack a conventional nervows system,

SIMANF presents an enticing appartunity to investigate the evolutionary ancient role of these neurstmophic
factors. SDMANF shares considerable sequence similarity with it metazzoan homologs. It ako comgrises a
putstive protein hinding domsin with ssquence similsriti=s to the Bel2 fmmily of spaptatic repistars. In
Suberits, SIMANT is expressed in the vidnity of bactetocytes, whers it @-Jocalizes with the tall-like recepor
SOTLE In tansfeced human cell, SDMANF was detected in both the organelle protein fraction and the cell
cubture madium. The intraellulsr SDMANF protein level was upregulsted in responss o both 3 Galgi/ER
trampart inhibitor and bacterial lipopolysaccharides (LPS). Upon LPS dhallenge, tramsfected lk meveslsd =
decreaed caspase-3 activity and increased cell visbility with no indudble Bax expresion mmpared to the wikl
type. These results suggest a desp evolutionary original oy toprotective mle of MANF, at the crosrosds of innate
immune and apoptotic pathways, of which 3 newotrophic function might have arisen later in metman
evalution.

1. Introduct on their simple body plan, their imited mumber of cell types and lack of
conventional thsues, sructuml and melecular evidence has been
Neurotrophic factors are growth factors with key regulatory func- gathered for some knd of newronal-lke signaling and a (pre-Inervous
ton in various processes such as development, differentiation, and system [£,9].
apopiodis of neurons and associated cells In verebrates, several With the mesencephalic astmcyte-derived neurotrophic factor
structurally and 6 nally related newnirophic factors have been [MANF; alse known as ARMET [arginine-rich, mutated in early stage
well characterized and grouped into a common family temed newro- temors]) and its paralog, the cerebral dog ne pewrctrophic factor
trophing, incleding nerve growth factor (NGF), brain-derived newro- [CDNF), a novel family of newrctrophic factors was previously dis-
trophic factor (BEDNF), and newrotrophin-3, and -4/5 [1]. However, eovered that k strecturally and functonally wnrelated to classical
neumirophic signaling does not only occur in vertebrates but several newrotrephing [10,11]. In contrast to these neumtrophing, both pro-
protein homologs of newtrophing and their recepiors have already boen teins meadde mostly the ER and Golgl complex and only a small
discoversd in he: hordate [2], echinoderm [2], ecdysozoan o 1E 4 . MANF and CONF are expresmed in a wide
i); crmisceans [4]), and lophotrochozoan species (mollslks [5]; neurona tEsue types in both embryonic and
contrast, in early bmanching Metazoa no such I-m |¢|¢3\ 12 [14]. Both proteins promote cell survival, poma'bh- by
led, although a newmnal system 5 pres
[7]; and even for Placozoa (Trichopla) and Porifera (sponges), with of cell death iz generally maociated with r.éuAéegeu.e:alne, |.e|_|¢ce

=
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For live cell imaging, cells were cultivated in 24-well plates to 40%
confluency before LPS treatment. At the same time, the medium was
supplement per well with (i) 5 uM NucView 488 caspase-3 substrate,
50 ul propidium iodide (PI), and (iii) 50 pl Hoechst 33342, The latter
two reagents were part of the ReadyProbes Cell Viability Imaging Kit
(Thermo Fisher Scientific) and used for staining nuclei of dead cells
with compromised cell membranes (PI) or nuclei of all cells (Hoechst).
Fluorescence was monitored in real-time with an automated cell
imaging system (Jull Stage; VWR) using the following wavelength
settings: Exies nm/EMsas nm (NucView 488), Exsos pm/Emssp om (PID,
and Exsop nm/ EMass nm (Hoechst).

HEKw HEKSDMANF

+LPS

o

hrs

o

Hoechst 33342

Propidium icdide

Fig. 7. Viability and caspase acivity of HEX cdks upan exposure to LPS. Acoviges of inmacellular live-cell proteases (viability, A) and caspase-3 (B) were assessed with the cell permeant
fluorogenic substrages GRAFC and NucView 488 respectvely. Fluarescence was measured in wild op , mock transfected, and SODMANF.sransfected celk $ix had remained
untreasrd (white bars) or that had been incubased with LIS for ). Vakoes are expressed as = SD of four independent experiments, campared by ANOVA, followed by
fhe posthoc Tukey HSD w5t *p < 0.01 versus uneard control. (€) Fluarescence micrographs of HEK cells recorded in real $ime with an amomated cell imaging system. Wild gype

) were exposed to LPS for he indicard dme. Concurrendy, the cells were incubated with Hoechst 33342 © sminnuckei of all cells

(HEK,.) and SDMANF.sansfected cells (HE
(blue), NucView 488 0 detert cappase 3 acr (green), and propidium lodide to stain nudd of dead cells (red). Scale bars, 200 um
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Abstract. Myrmecodia plaryryrea Becc., a member of the
Rubiaceae family, is found throughout Southeast Asia and
has been traditionally used to treat cancer. However, there
is limited pharmacological information on this plant. We
investigated the anticancer effects of the methanol extract of
Myrmecediaplatyryrea Bece. leaves (MMPL) and determined
the molecular mechanisms underiying the effects of MMPL
on metastasis in human hepatocellular carcinoma (HCC)
cells. MMPL dose-dependently inhibited cell migration and
invasion in 5E-Hepl and Huh7 cells. In addition, MMPL
strongly suppressed the enzymatic activity of matrix metal-
loproteinases (MMP-2 and MMP-9). Diminished telomerase
activity by MMPL resulied in the suppression of both lom-
erase activity and telomerase-associated gene expression.
The levels of urokinase-type plasminogen activator receptor
(UPAR) expression as well as the phosphorylation levels of
signal transducer and activator of transcription 3 (STAT3)
and extracellular signal-regulated kinase (EREK) were also
attenuated by MMPL. The above results collectively suggest
that MMPL has anticancer effects in HCC and that MMPL
can serve as an effective therapeutic agent for treating human
liver cancer.

Introduction

Cancer is one of the greatest public health burdens world-
wide, causing abnormal cell growth through DNA mutation

Correspondence 10: Professor Sayeon Cho, Laboratory of Molecular
and Pharmacologieal Cell Biclogy, College of Pharmacy, Chumg-Ans
University, 84 Heukseol=Fo, Dongjak-Gu, Seoul 06974, Republic of
Eorea

E-mail: sycho@'can.ac kr

Key words: methanol extract of Myrmecodia plaryfyrea leaves,
urokinase-rype plasminogen activator recepior, extraceliular signal-
related kinase, signal transdueer and activator of transeription 3
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Anticancer effects of methanol extract of Myrmmecodia platytyrea
Becc. leaves against human hepatocellular carcinoma cells
via inhibition of ERK and STAT3 signaling pathways
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result in 90% of mman cancer ds

contributes to both marbidity and The detached cells were removed with phosphate-buffered

challenging target of effective can

cells detach from the primary ¢ 5aline (PBS) supplemented with media containing 1% FBS
through the circulatory or 15"“1 and treated with the indicated concentration of MMPL for

and proliferate in distant organ:

able and fatal diseases (3.4). %ea24 . The cells that migrated into the wound surface were

understanding the precise mechan

preven varions steps in te proces O0S€TVEd using a JuLl Stage Real-Time Cell History Recorder
In addition, there is Emer"m‘ (NanoEnTek Inc.. Seoul, Korea). The change in wound closure

is a promising target for the d

therapies (6.7). Elevated telomers 1S represented as the percent of wound recovery. All experi-
ments were performed in triplicate.

in approximately 0% of cancer
be immortalized by maintaining
is regulated by telomerase. Reactivation or increased EXPIES-
sion of telomeTase leads to continuous proliferation of cancer
cells (9.

Namiral products have been nsed in human medicine since
ancient times. For several decades, plants and plant-derived
compounds have been nsed to combat cancer often with fewer
side effects than wraditional reatments (10). Since plants have
been a useful source of approved anticancer agents, many
efforts have been undertaken to investipate the wide range
of pharmacological effects of plants against various types of
cancer (11,12).

Myrmecodia (Rubiaceae) is a genus of the epiphytic
myrmecophytes or ant-plant, which is locally kmown as Sarang
Semmut. This genus is native to Southeast Asia, but it can also
be found in Myanmar, Indochina, and northern Queensland in
Australia (13). Myrmecodia plants contain a highly specialized
tuber and modified stems, which are used by ant colonies (14).
Myrmecodia species have traditionally been nsed to treat
diseases such as ulcers, umors, cancer, hepatitis, and coronary
arery diseass (15).

In pharmacological smdies, Myrmecodia pendens and
Tuberose are both considersd to be potental anticancer agents.
Water extracts of Myrmecodia pendens have been shown to
inhibit HeLa and MCM-BE2 cancer cell growth (16). Five flavo-
noids of Myrmecodia pendens, Eaempferol, luteolin, rutin,
quercetin, and apigenin, were identified and quantified, and

Migration. Korea

Wound healing assay. SK-Hepl and Huh7 cells were seeded

in 6-well plates (0.5-1x10° cells/well) and cultured until they .
reached 90% confluence. The wound area was created using a “"“":’
that often Ieads 1o death (1). Metz oo roher tip (0.5 mm; SPL Life Sciences, Gyeong

JuLl Stage

Real-time live cell imaging system

MMPL
(pgimi}

20

Wound recovery (%)

. Huh?
gi-do, Korea).

— O el
b e
40 1280 sgeml

-4

8
Wound recovery (%)

0 12 24 (W)

Cc

MMPL (ua/mi)

Migration

Invasion

- 120 -
S 00 - . £
35 80 i i
v
60 |

o i
o

f ? HNNN Z

MMPL (ug/mi) 0 20 40 &0 MMPL (pgiml) 0 20 40 60

Figure 2. Effects of MMPL on cell migration and invasion. After SK-Hepl and Huh7 cells were scratched with a scratcher dp, (A)Skﬂcpl cells with MMPL
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Ultraseriund

Influs af extrac=lhular enviranment
romatin remadeling

Cellular reprogramming
Multipatent cells

Human filrotrlast

Multipotent cells have similar basic features of all stemn cells but limitation in ability of slf-renewal and
differentiation compared with pluripotent cells. Here, we have developed an ultra effective, gene- and
chemical-free method of generating extra multipotent (xpotent ) cells which have differentiation po-
tential more than limited cell types, by the mechanism of ultrasound-directed permeation of enmviron-
mental transition-guided cellular reprogramming (Entr). Ultmsound stimulus generated a massive
number of Entr-mediated xpotent (x/Entr) spheroids from human dermal fibroblasts (HDOFs) & days after
treatment. The emergence of x/Entr was firs initiated by the introduction of human embryonic stern cell
(ESC) envirnments inte the HDFs to start fast cellular reprogmmming including activation of stress-
related kinase signaling pathways, subsequent chromatin remodeling, and expresion of pluripotent-
related genes via transient membrane damage caused by ultrasound-induced cavitation And then,
pluripatent markers were transported into their adjacent HDFs via direct c ell-to-cell connections in order
to generate xpotent ¢ lusters. The features of x/Entr cells were intermediate between pluripotency and
multipotency in terms of plripatency with three germ layer markers, multidlineage differentiation
potential, and no teratoma formation This physical stimulus-mediated reprogramming strategy was
cost-effective, simple, quick, produced dgnificant yields, and was safe, and can therefore provide a new
paradigm for clinical application.

© 2017 Ekevier Lrd. All rights reserved.

L Introduction

cells could provide a safe source for cellular therapy. However, since
global gene expression has been shown to differ more than 108

Live cell imaging. Korea

Pluripotent stem aells are dinically important as disease models
and transplants because they can give rise to any type of cell or
tissue in the body. However, teratoma formation, which is assod-
ated with the tumorigenic potential of pluripotent cells, s a major
concern for their clinical application [1]. Therefore, stem cells
possessing the advantages of both pluripotent and multipotent
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between somatic cells and their derived reprogrammed cells [2], it
may be difficult to achieve safe, fast, and effident cellular reprog-
ramming with current molecular and chemical methods, which
target only a few pluripotent or multipotent genes. Cells are
omposed primarily of water, inorganic molecules, and organic
molecules; genetic elements are only a small constituent. There-
fore, an environmental influx that triggers a polygenic trait is one
alternative for effidently generating the phenotypic features of
reprogrammed cells, Ultrasound-induced cavitaton, which @uses
cellular uptake of biomolecules from the environment, has been
shown to have a positive effect on cellular development [ 3-8 | Here
we employed ultrasound-directed permeation of emvironme ntal
transition-guided cellular reprogramming (Entr), which uses

2.24. Time-lapse imaging

For live cell microscopic imaging of spheroid formation, images
were acquired for 50 h at a rate of one frame every 5 min for UCUM-
S and UCUM-A and for 3 days at a rate of one frame every 10 min for
mUCUM-S using a JuL'™ FL instrument (NanoEnTek Inc, Seoul,
Korea). To monitoring Oct4 expression of x/Entr cells after ultra-
sound stimulus, we infected HDF cells with lentivirus containing
pGreenZeo-hOct4 reporter vector (pGreenZeo™ pGZ-hOct4 Re-
porter Construct, SBI, Mountain View, USA). The pGreenZeo-hOct4
reporter vector contain promoter regions for Oct4 gene that indi-
cate pluripotency. The infected HDF cells are showed GFP fluores-
cence (excitation/emission, 482/502 nm) when Oct4 expression.
Virus was added a multiplicity of infection (MOI) of 5 to HDF cells,
and then cultured in DMEM culture media supplemented with 10%
FBS and 5 pl/ml TransDux (SBI). After 3 days incubation, the virus
was removed and fresh culture media (except TransDux) added.
The infected HDF cells were treated with ultrasound energy (1 W/
cm?, 5 5), and the expression of GFPin x/Entr cell was captured at a
rate of one frame every 10 min for 42 h 20 min on an IX3-ZDC
fluorescence microscope (Olympus). Cells were incubated at 37 °C
in a 5% CO2 atmosphere throughout image collection. A single
cluster of x/Entr or m-x/Entr cells was plated in an incubator
chamber (LCI, Seoul, Korea) on day 6 for the proliferation assay.
Images were captured at a rate of one frame every 10 min for 3 days
or 36 h on an IX3-ZDC fluorescence microscope stage while cells
were maintained at 37 °C in a 5% CO; atmosphere. Immediately
after ultrasonic stimulation, x/Entr cells in the incubator chamber
were stained with the Live/Dead assay kit and imaged at a rate of
one frame every 10 min for 66 h on an IX3-ZDC fluorescence mi-
croscope stage maintained at 37 °C in a 5% CO» atmosphere,
QD605s were added to the medium of x/Entr cells, and the influx of
QD605s into x/Entr cells or a single x/Entr cell was monitored at a
rate of one frame every 10 min for 18 h using a JulLl™ Stage in-
strument (NanoEnTek Inc) or at a rate of one frame every 3sfor1 h

Omn a contocal laser scanning microscope (LSM 700, Carl Zeiss),
respectively.

JuLl Stage

Real-time live cell imaging system
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Fig. 3. Mechanisms of generating xEntr cells. (A), Scanning electron microscope images of x/Entr cells immediately (0 h) and 2 h after ultrasonic stimulation. Red arrow;
pore formed on membrane by ultrasound stimulus. Scale bars, 5 pm. (B), Membrane damage and recovery of x/Entr cells immediately (0 h) and 2 h after ultrasonic stimulation,
Live/dead kit staining of x[Entr cells was separately conducted 0 and 2 hafter ultrasonic stimulation. Live cell or intact membrane; green, Dead cell or damaged membrain; red,
Partial damage; double staining. Scale bars, 100 wm. {C), Fluorescence analysis of H, 0, levels in x/Entr cells for 3 h after ultrasound stimulus using the 0M-H2DCFDA dye. (D),
Analysis of intracellular Ca* oncentrations in x/Entr cells for 10 min after utrasound stmulus by Fluo-4 dye. Blue ling; HOF cells, Red line: x/Entr cells. (), Confocal
microscopy analysis of glucose uptake of 1-day-old x Entr cells in the absence (=) or presence (<) of phloretin, Glucose uptake was indicated to green fluorescent by Glu-
Tracker reagent. Phloretin was used as a glucose uptake blocker. Scale bars, 20 pm. (F), RNA-Seq analysis of MAPK-mediated upstream and downstream kinase signaling
pathways of 1-day-old x/Entr cells, (G), Confocal microscopy images of phosphorylated p38, Erkl/2, and MSKT of 1-day-old x[Entr cells, Scale bars, 20 pm. (H), Rel ative mRENA
expression of epigenetic regulators of 1-day-old x/Entr cells for 24 h by real-time PCR analysis. The quantitative results of mRNA was normalized by GAPDH. (1), Transmission
electron micrographs of 1-day-old x[Entr cells. scale bars, 1 um. (]), Confocal microscopy analysis of H2B and HP1a in an x/Entr cell at 24 h post-ultrasonic stimulation. GFP
(green) designates H2B, which compacts DNA into chromatin (indicated by H2B-GFF). Saale bars, 10 pm. Immunocytochemical analysis of HP1a (K), H3K27me3 (L) and
H3K4me3 (M) in 1-day-old x/Entr cells. White dotted arrows of the zoomed cells {white boxes) indicate the line scans of showing the intensity plots. Scale bars, 50 pm. (N),
Total number of methylation peaks per chromosome for 1-day-old x/Entr cells (10 x/Entr). 15-day-old x/Entr cells (150 x/Entr) were used as a reference. (0), Oct4 transport by
direct cell-to-cell interaction of x/Entr cells, Scale bars, 50 pm, (For interpretation of the references to colow in this figure lege nd, the reader is referred to the web version of
this article.)
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Figure 6  Impact of targeting Trka, p75"™, and
sortilin in the CAL-62 anaplastic thyroid cancer cell
line. CAL-62 cells were transfected with siRNA
against TrkA (siTrka), p75"™ (siP75"™), and sor-
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Hor . . . p-Actin —— as well as with a universal negative control siRNA
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B o A B g cell signaling. The impact of siRNA transfection in
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TUMORIGENESIS AND NEOPLASTIC PROGRESSION & & ES & G}Od‘(\ inhibiting the protein level of Trkh, p75"™, and

sortilin was measured by Western blot analysis 24,
48, and 72 hours after transfection. Non-
transfected cells (nontrans.) were also analyzed.
B-Actin protein expression was used as an equal
loading control. TrkA protein level significantly
decreases after 48 hours and further at 72 hours.
p75"™ protein level is inhibited after 72 hours.
Sortilin is completely decreased after 48 and 72
& P hours. For cell signaling, siTrkA and siCombo
decreased the level of phosphor-Trch (p-TricA),
phosphor-ERK1/2 (p-ERK1/2), and phospho-SRC
(p-SRC). siP75"™ and siSort decrease p-ERK1/2
and p-SRC. B: Cell growth. The number of cells was
measured by cell counting at 72 hours after
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apoptotic cells compared with siCont. The numbers
indicate the percentages of the cells represented
by alive, apoptotic, and dead populations. D: Cell
migration. Scratching of the cell monolayer was
performed 72 hours after transfection with siRNA,
and reduction in gap area was measured 20 hours
later. Targeting of all three receptors, alone and in
combination (siCombo), resulted in the inhibition

Cell Migration and Wound-Healing Assay

A total of 5 x 10° ATC cells (CAL-62 and 8505¢) were

seeded on 6-well plates in complete growth medium (RPMI
containing 10% FCS and 2 mmol/L 1-glutamine) and were

allowed to adhere overnight in a humidified incubator at

Thyroid cancer is the most common endocrine malignant

wmor. Most tumons are derived from thyraid  follicular
epithelial cells, including papillary thymid carcinoma (PTC),
follicular thyroid carcinoma (FTC), and undiffearentiated
unaplastic thyroid carcinoma (ATC), whereas medullary
thymid caminoma (MTC) is derived from neurcendocrine
pafolliculur cells. Wordwide, the incidence of thymid
cancer is increasing.” In part, this is explained by increased
detection of indolent disease,” and there is a need for
improved diagnostic strategies for clinically significant car-
cinomas.” However, recent data have indicated an increase in
morulity during the past 3 decades for patients diagnosed
with advanced thymid cancer, s ling not only a tue

increase in incidence but also the need for novel treatment
strutegies for this subgroup.” In particular, ATC, the most

Neumtrophin receptors are known o be overexpressed in
some human cancers, where they panticipate in the stimu-
ywih and dissemination®” In particular,
recent duta have indicated the crucial stimulatory impact of
nerve gmowih factor (NGF) in gasiric® and panereatic can-
cer,” when targeting NGF resulted in a strong reduction of
tumor growth and metastasis. In thyroid cancer, the over-
expression of the precursor for NGF (proNGF) has been

lation of wmor g
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37°C and 5% CO,. Cells were transfected the following day
with siTrkA., siP?SNm, siSort, a combination of the three
siRNAs (siCombo), or control siRNA (siCont). After 72
hours, during which the cells were allowed to grow to
confluence, the cell monolayer was scratched with a 200-pL
pipette tip, rinsed three times with phosphate-buffered saline
to remove floating cellular debris, and replaced with media
that contained 0.1% (v/v) FCS. The wound area that

resulted from the scratch was monitored using the JulI

Stage automated cell imaging system (NanoEnTek Inc.,

Seoul, Korea). Images were taken automatically every 5
hours during a 20-hour postscratch period. Results are
shown as the percentage reduction of the wound area,
measured using Imagel] version 1.60 20 (NIH, Bethesda,
MD; http:/fimagej.nih. gov/ij).

of wound scratch healing. E: Cell invasion. Trans-
well assays were set up 72 hours after siRNA
transfection, and cells were allowed to invade for
20 hours. Only siSert and siTrkA, and siCombo
significantly inhibited cancer cell invasion. Data
are expressed as means + SD (B, D, and E). Data
are representative of at least three techmical rep-
licates, each consisting of at least three biological
replicates. **P < 0.01, ***P < 0.001, and
=P 000001,



Paper 17. Br J Ophthalmol IF 3.806

CHnical Collage of
I'Jphihanolagy T|a11|1 Madicz
University, Tiznjin, China

‘Jarl::l U'IILEISIl‘f Eye Haspital,

larqln Eye Hospita] Tianjin
Eye Institute, Tianjin Key Lab
af Ophthalmalogy and Visual
Science, Tianjin, China
“Department of Respirstory
Medicine, Beijing Tangran
Hospital Capital Mec
\Univessity, Befing, Chinz

“Department of Ophthalmalogy,

Tiargin Huanhu Hospital, Teangn,
China

‘Correspondence to

Dr ¥usam L, Tianjin Eye Hospital
300020, Tianjin, Ching;
xuanil8@yahoo com

11, GL and FM contrivuted
equally.

Received 7 December 2016
Revised 20 June 2017
Accepted 30 Juiy 2007
Published Omiine First

26 August 2017

@ CrossMark

To cite: liang 7. Liu G,
Meng F etal_Br J Ophthaimol

2017:101:1583-1500.

Downloaded from hitp:ibjo.bmj.comi on Nowember 25, 2017 - Published by group.bmij.com

Laboratory science

Paracrine effects of mesenchymal stem cells on the

activation of keratocytes
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ABSTRACT
Alms The purpose of this study is to investigate
the impact of mesenchymal stem cell {MSC)-derived
spluble factors on the function of keratocytes, with a
particular fous on the processes involved in wound
healing, including keratocyte activation, migration
and profiferation as well as extracellular matrix (ECM)
synthesis.
Methods Primary cultured rabbit keratooytes were
treated with MSC-conditioned medium (MSC-CM). The
paracrine factors released by bone mamow M5Cs wara
examined by ELISA. Time-lapse microscope was used to
examine wound closure in vitro. Mouse model of comeal
injury was made by epithelial scraping after ethanol
injury.
Results MSC-CM significantly inceased the wound
closure rate of comeal stromal cells in vitro. This
enhancaement of wound dosure by MSC-CM was due
to the promotion of cell migration. MSC-CM enhanced
keratocyte survivel following ethanol injury via inhibiting
is. The expression of ECM compaonent genas in
keratocytes was upregulated by MSC-CM. In addition,
MSC-CM promoted comeal epithalial wound healing
following chemical imjury. A number of wound healing
mediators were detected in MSC-CM, including vescular
endothalial growth factor (VEGF), platelat-derived
growth factor {PDGF), hepatocyte growth factor (HGF),
transforming growth factor beta 1 (TGFA1), interleukin 8
{ILB), interleukin & (IL&) and monocyte chemoattractant
pratein 1 (MCP1).
‘Conclusion M5C secretes certain factors that
accelerate comeal re-epithelialisation. The paracrine
weffects of MSC on comeal wound healing including
improwemnents in cell viability, migration and ECM
formation.

INTRODUCTION

The corpea is an avascular tissue of the eye that
Is transparent to properly refract light Approoi-
mately 90% of the corneal volume consists of the
stroma, which Is composed of a mixmre of lamellac
of collagen fibrils, proteogiycans and keratocyoes.
Keratocytes are responsible for the development
and maintenance of collagen and proteoglycans.
The unigue arrangement of collagen fibrils in the
stroma is crucial for corneal transparency. Kerato-
«cytes are nenral crese-derived mesenchymal cells. On
injury, seme keratocytes undergo apoprosis, while
a fraction of the remaining keratocytes lose their
quiescence and transition into activated phenotypes

that migrace to the wound site, proliferats and
produce the new matrix needed for wound :tpa.u'
However, in cermain types of wounds, some keraro-
cytes transform into myefibroblasts in 2 process
identified to be the primary biological event respon-
sible for the disruprion of corneal transparency.
Therefore, novel techniques for controlling cormeal
stromal cells duning wound repair events may help
to reduce the occurrence of corneal opacity:

Mesenchymal stem cells (MSCs) are multipotent
cells derived primarily from adult bone marrow,
although recent reports have shown that M5Cs are
also present in a wide vanety of foeral and adult
tssues, including adiposs tissue, placenta, umbilical
cord, dental pulp and cornea.” * M5Cs provide an
artractive source of cells for tissne repair and regen-
eration. Current smudies of myocardial infarction,
acuts kidney failure and stroke have shown that
MSC therapy has the potential to inhibi cell dt.ldl
and stimalate cndogenous regeneration programs.’
The cffects of MSC I.rausp]anraunn are thought
to be mediared by an increase in cell protective,
angiogenic and mirogenic factors, in additon to the
d.l.l:fermuan.on of transplanted MSCs into specific
cell types.® % It has been shown that the therapeutic
effects of MSCs are ar least partially mediated
by paracrine trophic factors secreted by cells. A
mumber of different growth factors, cytokines and
extracellular marrie (ECM) proteins have been
identified as copstmuents of MSC culnue media.
Reports have shown that seluble factors produced
by stem cells have beneficial effects on comeal
epithelial recovery from chemical injury.” However,
few studies have assessed the effecrs of MSC para-
crine factors on corneal keratocytes, which play a
key role in corneal stromal wound healing.

Tissue culture models are useful tools for
smudying keratocyte activaton in vimo. When
keratocytes isolared from the adult cormea are
cultured in media without serum, they maintain
a qu.l:sc:u( state and exhibit cellular morpholng\-
and matrix secretion similar to I(:ra.(Dc}'r:s in vivo.
However, when cultured in media containing serum
or growth factors, incleding TGFR1, TGFA2 and
IL-ic, they acquire morphological and phena-
typic characteristics exhibited by activared kerato-
cyres (i, fibroblasts or myofibroblasts) in vive."
In the present study, we Investgated the effects of
MSC-conditioned medinm (MSC-CM) on cormeal
stromal cells. Using an in vitre model of primary
rabbit keratocytes, wound healing activities, such
as cell migrarion, proliferaton, survival and ECM
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JuLl Stage

Real-time live cell imaging system

Scratch-wound assay

The rate of wound closure in vitro was determined using time-
lapse microscope. A confluent monolayer of keratocytes was
wounded with a plastic micropipette tip, and the culture medium
was replaced with vehicle control medium or MSC-CM. The
cells were monitored using the JuLI Stage automated cell imaging
system (NanoEnTek, Korea). JuLl Stage software offers image
capturing and time-lapse recording with multiposition scanning.
The scratch-wound assay was used to capture images at regular
mtervals during cell migration to close the scratch. All wound
closure assays were performed in quadruplicate.

@
o
1

Wound closure (%)
3 8

o
1

N
N
1%,
-
—
.
m
o
@ L
o,
kA
%o,%
E=3

D 120 g 0.44
a
100 1 S 0.3
*® B
g™ = 021
'§ 60 o
—+—M5C5-CM 2 0.14
ki 3
g w0 ~-Vehicle Medium © B
5 0.0 :
20
i | o
¥ | ‘pc?'
n°n°0° D° 9°9°°°ﬂ°7.me(m
e’é)-»,‘&'\’l\.\» R .,o ﬁub £®

Figure 4 Mesenchymal stem cell conditioned medium (MSC-CM) enhanced the rate of wound closure by corneal stromal cells. Confluent
monolayers of keratocytes were grown in MSC-CM (A1-A3) or vehicle control medium (B1-B3) and were scraped by a plastic pipette. (C) The extent
of wound closure in a scrape-wound migration assay of corneal stromal cells at 11.25 hours. (D) Change in the wound closure area over time. (E) Cell
proliferation (by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay) was evaluated after 36 hours of wound treatment. Data are
presented as the mean+SD from at least in triplicate in three independent experiments. #p<0.05, *p<0.01.
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Robust real-time cell analysis method for determining viral infectious titers | 4 |
during development of a viral vaccine production process i
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ARTICLE INFO ABSTRACT

Realrime cell amalyas

Feywords The clamical cell-cultune methads, such s cell cubture infections dase 509 (CCIDa) aways, are time-consuming,
end-paint msays currently used during the development of a viral vacrine production proces to measure virl
infctions titers. However, they are nat suitable for handling the large number of =t mquired for high

Microscale, hgh-throughput bloreactor technology 15 increasingly
being wed o optimize pammeters dudng vine prodection process
development for vaccine manufacturieg (Barelther and Polland, 2011;
Janakdraman et al, 2015). However, the asesment of the optimization
melies on clasical cellbased end-point assays o measure infectious -
ters such as cell culiwre infectous dose 50% (OCIDL,) and plague
forming unit (PFU) asmays, which are laborintensive, expengve and
tme consuming. In addition, viral infection is sometimes only vidhble
after indirect immume-detes thon of the Gidpl':lhll a0 that “real-time" data
are not avallsble (Haung, 1984; Pleson and Diamond, 2007). These
classical techniques need 1o be adapred for vaccine jnmducuml PrOCess
development as they are not suitable for the large number of tests re-
quired for the high-thmoughput and large-scale screening technologles

E-muadl addresses: ¢edr wienisancdl com € Charrader, ane saulnierifancd]

. Venmer), pari eriou Slsanod] o
rue Servienm, §9003, Lyom, France.
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irm (Medien thraughput and large-scale screening analysss. Impedance based bio-sensing techmiques used in real time o=l

Wiews dmd mend cyinpudl - affart amalysis (RTCA) to amess cell layer biolgical status in virn, provide realtime dat. In this poaf-of concept

:’:}‘::m)_ sy, we amesmed the comrslation between the results from CCITy, and KTCA assms and comparsd time and
costs using mansvalent and tetravalent chimeric yellow fever dengue (CYD) vaccine stmins. For the RTCA assay,
Vero celk were infected with e CYD sample and real-ime impedance was remnded, wing the dimensionles
cellindex (CT). The CI peaked just afber infedion and decreased & the viral cytopathic e fiect ooormed in a dose
dependent manner. The time to the median €1 (CIT,,,.)) was cornelated with viral titers determined by OCIDy,
aver a rangs of about 4-5 kg, CCID,,/ml. This in-howss RTCA vins-titration z=ay was shown o be a robust
methad for determining real-ime viral infectious titers, and could be an alernatve to the Clasmsi cal OCIL, a5y
during the development of viral vaccine praduction procsss.

1. Introducton uwsed and the short tme-frame requirements {Barelther and Pollard,

2011

Real-time cell analyss (RTCA) systems can be wsed to measure
electrical impedance-based signals that can provide information on the
in vitro cell layer blolegical status Impedan ce-based bio-sensing tech-
niques give qualitative and quantitative information on the cells, in-
cluding cell number, their adhedon and spreading as well as eell
maorphology and viabllity, in a labelfree system (Atlenza et al., 2006,
Glaever and Keese, 1991; Solly et al., 2004). Changes in cellular mor-
pholegy and/or growth mite, seferred 1o a8 cytopathie effects ((PEs),
ame eardy indicators of viral infection and the quantification of these
events by measuring impedance can be used to follow and characierze
viral growth kinetics (Cheung et al, 2011; Drew et al, 2010; Ebersohn
et al, 2014; Fang et al., 3 i Golke et al, 2012 Mardina et al, 2015
Sharma et al, 2011; Teng et al, 2013 Witkowskl et al., 2010). The

= Corresponding amhor at Sanofl Pastewr, 1541 avenue Marce] Médeun, Marcy I'Enile, 69250, France.
m (A Sauinder), lode ben al sifsancd] com . Benalr)
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Cell index (Cl)

Live cell imaging. France

Viral infection

JuLl Stage

Real-time live cell imaging system

2.3.1. Monovdent CYD vaccine virus titration

The following day, 11 serial, 4-fold dilutions of each CYD serotype
standard were prepared (concentrations ranging between 2 and 9 logo
CCIDsp/mL depending on the serotype) in MEM supplemented with
10% FCS, 2mM L-glutamine, 22 mM sodium bicarbonate and peni-
cillin-dihydrostreptomycin (200 U/mL and 50 mg/L, respectively) and
20 mM HEPES. The resulting standard curve was used as a reference in
each plate to determine the equivalent CCIDsq titer for the tested
samples. These dilutions were distributed in duplicate and ten-fold se-
rial dilutions of samples to be tested were distributed in triplicate in the
96-well E-plate (Fig. 1). Triplicate dilutions of an intemal control, a
homologous CYD vaccine virus with a known infectious titer (different
from that used for the standard curve), were added to well H10 to H12.
The titer of the internal control was plotted on a control chart to assess
the overall inter-assay performance. The E-plate was removed from the
workstation, 100 pL. medium was removed from each well and replaced
by 100 pL of the standard or samples dilutions. To measure the back-
ground signal, =1 well/plate contained only supplemented MEM and
=1 well/plate contained only Vero cells to measure impedance for an
uninfected cell control (Fig. 1). Impedance was measured every 15 min
for 7 days after reloading the plate into the incubator. In parallel, time-
lapse images were captured (every 60 min at 10X magnification) using
a JuLl™ Stage automated imaging system (NanoEntek Inc., Seoul,
Korea) from the initiation of viral infection until the end of incubation
and a video was generated using JuLI™ Stage software in a classical 96-

[} I well plate (without the microelectrode arrays), prepared and seeded in
R N i an identical manner.
9

Vero cells
S. __________________________________________________________________________________________________ Gt

Virus
34 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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Fig. 2. Real-time cell monitoring following monovalent CYD virus infection. Real-time cell analyses (cell index, CI) showing the differences in growth profile for Vero cells infected with
CYD4 compared with uninfected control Vero cells measured in a 96-well E-plate (xCELLigence™, ACEA Biosciences Inc, San Diego, CA). Modifications to the cell layer were monitored in
parallel, in standard 96-well plates, through time-lapse images that were captured (using a JuLI™ Stage automated imaging system (NanoEntek Inc., Seoul, Korea); a video was generated
using JuLI™ Stage software (also see Supplementary File). Images from the video taken at the times specified are shown and indicated on the timescale in the figure.
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e arieally engineesed mouse model

Suocess of cancer trestment i aften hampered by the smergence of multidrug resistance (MDR) mediated by P
ghmprotein { ABCEL/Pgp). Daxorubicin (0X) & recognized by Pgp and therefore it can induce therapy =
sitance in brest cancer patients. In this study our aim was to evahite the susceptibility of the pegylated
lipewomal formulation of doxarubicin (ALD, Dol */Caehact ) to MDE. We show that cells s elected 1o be nesistant
ta DOX are cwss-resistantta PLDand PLD & ako insfisctive in an allograft made] of doxorubicinressant mowses
Becell leukemia. In contrast, PLD was farmome efficient than DOX & reflected by a significant mcress e of bath
relapse-free and averall srvival of Breal ~'~ p53 ™" mammary tumar bearing mice. hormsed survival muld
be explainad by the delaysd onzet of drug resistance. Consisent with the higher Pgp levels nesded to confer
ressmnce, FLD administration was able to overcome doxorubicin insensitivity of the mouse mammary tumoms.
Our results indicate that the favorsble pharmacokinstics achieved with PLD can sfisctively overcome Pgp
mediated resistnce, suggesting that PLD therapy could be a promising stategy for the treatment of therapy
Tesistant bresst cancer patients.

Supplementary Materials:

Supplementary Tables

1. Introduct on

Chemotherapy remains the principal thempeutc modality in cancer
treatment. Despite recent suceesses, such as the dcovery of the BCR-
ABL tyrosine kinase inhibitors in chronie myelold lenkemia (CML), all
trans retingic acld (ATRA) in acute promyelocytic leukemia (APL) and
other advances in testicular cancer, pediatric lenkemias and Hod ghin's
lymphomas, which have demonst mted siriking effects on patients sur-
vival [1], resttance and relapse remaing a major obstacle [2].

Breast cancer s the most common malignancy in women
Approcdmately 60% of the breast cancer patients diagnosed at an early
stage of the disease recelve chemotherapy, but only 8 minor fraction of
patients actually benefit from it [3]. 30% of women diagnosed with
early stage breast cancer will progress to metastatic disense where there
are only few treatment options [4]. Response to anthracyeline- or
taxane-based treatment regimens is overall weak and not long-lasting
[5]. A study eomnched ed that S0-70% of relapsing tumors from surgleally

b e o g Jeomme
Recefved 71 March H017; Recehved in revised form & July 2017; Accepaed 7 July 20017
Avatlsble ooline 09 July 2017

0168-36549 & 2017 Elsevier B.Y. All rights reserved.
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Resistance 1o antcancer agents is based on several mechanisms.
Cancer cells can downregulate the drug target, tune down pathways
leading to apoptosis, upregulate DNA repalr mechanism or merease
the metshdism of drsg molecules [7]. One of the most frequent and
most investigated mechanisms of cellular drug resistance relies on the
active eflux of the chemotherapeutical compounds from the cells P-
glycoprotein (ABCEL/Pgp), a member of the ATP Binding Cassene
(ABC) transporter family was shown to extrude numerouws, struchrally
unrelated chemotherapeutic drugs from resstant cancer cells [£]. Them
is ample evidence to prove the link between the actvity of Pgp and
clindeal anticancer drug reslstance. Pgp expression is an inde pendent
promodic factor in acute myelold lenkemia (AML) [9,10] and acute
nonlymphoblastic lenkemia (ANIL) [11]. Pgp function in tumor cells
shows negative correlation with response to the treaiment and reliably
pradicis therapy response in AML [12].

Recently, genetically engineered mouse models (GEMMs) have been
Introduced to the study of drug resistance mechanisms. GEMMs closely

Cell line DOX PLD

A431
A431-G2

12,30
10.98

Supplementary Table S1. In vitro toxicity (ICs0) of DOX in parental PLD A430 and ABCG2-

expressing AV30-G2 cells. Values represent the average of at least three independent

experiments.

removed adenccarcinomas were already drug resstant [6]. mimic cancer in human patients and therefore offer a unique
= Correspondi ng anthar ax PUOUB. 286, Budapest 1519, Hungary.
E-mul addresses: smkacs gergelyd smakars gergel Yl edun el enae & (G Sealbed
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Dx5 DOX
Dx5 DOX

Dx5 DOX +TQ
Dx5 DOX + TQ

Dx5 PLD
Dx5 PLD

DXSPLD+TQ

Dx5 PLD +TQ

Supplementary Figure S3. In vitro studies measuring cellular fluorescence upon treatment 30min 1h

AL AN
or PLD; fluorescence was measured at the indicated time points with a JuLLI Stage Real- 'J_LL J 14 LL

Domorwbicin Neorescence Doxonubicis Museescence Doweesbicin fhsorescence

with DOX or PLD. A. Cells seeded in 96 well plates were incubated in the presence of DOX

Time Cell History Recorder (NanoEnTek). Scale bar: 100 pm. B. Bright-field image

corresponding to A. C. Control and BRCAl-negative DT40 Cells were incubated with DOX 3 Al‘ § h ivl M
97 | —

¥ 0, \
or PLD at 37°C. Intercellular fluorescence was measured at the indicated time points with

Duxorubicis Aucrsacasce Dosorubicis fucreacasce Dawanuticn Nuseescence Donorutichs Nucrescence

w— DTA0 WT untreated s DTAD WT treated at given timepoint

an Attune cytometer (Thermo). DT40BRCALY untreated  — DT40 BACAL" trested at given timepoint

Copyright@ NanoEnTek Inc. All rights reserved.
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) Gheok for upcates To observe cell morphologies and motilities, time-lapse images
Osteopontin Peptide Icosamer Containing RGD were recorded using the Juli stage (NanoEnTek Inc., Seoul, South
and SLAYGLR Motifs Enhances the Motility and
Phagocy’[ic Activity of Microglia tion distances and speeds were obtained using the Image ] pro-

gram.

Korea), according to the manufacturer’s instructions. Mean migra-

>

II-Doo Kim'?, Hahnbie Lee'?, Yin-Chuan Jin’ and Ja-Kyeong Lee'*
'Department of Anatomy, *Medical Research Center, Inha University School of Medicine, Incheon 22212, Korea,
*Department of Histology and Embryology, Binzhou Medical University, Yantai 264000, China
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Osteopontin (OPN) is asecreted g,l_\'cupmmin that is r_'xpn:;eani in varous Hssues, induding brain, and mediates a wide range of cel- 2
lular activities. In a previous study, the authors observed the robust neuroprotective effects of recombinant OPN and of RGD and S7 é’
SLAYGLR-containing OPN-peptide icosamer (OPNpt20) in an animal model of transient focal ischemia, and demonstrated anti-
inflammatory and pro-angiogenic effects of OPNpt20 in the postischemic brain. In the present study, we mvestigated the effects of
OPNpt20 on the n1cJLi|il_r and phagnc}'ﬁc activity of BV2 cclls (a micrng]ia cell line). F-actin p0|}'mc rization and cell mnti|il§' were .\ PN
significantly enhanced in OPNpt20-treated BV2 cdlls, and numbers of filopodia-like processes increased and lamellipodia-like

!

I
|

structures enlarged and thickened. In addition, treatment of cells with either of three mutant OPN icosamers containing mutation

within RGD, SLAY, or RGDSLAY showed that the RGD and SLAY motifs of OPNpt20 play erifical roles in the enhancement of cell [ A

maotility, and the interaction between exogenous OPNpt20 and endogenous av and a4 integrin and the activations of FAK, Erk, and R

Akt signaling pathways were found to be mvolved in the OPNpt20-mediated induction of cell motility. Furthermore, phagocytic

activity of microglia was also significantly enhanced by OPNpt20 in a RGIY and SLAY dependent manner. These results indicate ——
OPNpt20 containing RGD and SLAY maotifs triggers microglial motility and phagocytic activity and OPNpt20-integrin mediated J

signaling plays a critical rolc in these activities. 800

Key words: osteopontin icosamer, BV2, RGD, SLAYGLEL, motility, phagocytosis 600 4
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Distance (jum)

INTRODUCTION have pmtucu'vrand anti-inflammatory effects For u.\'.lmp|r. in the 00 .4

subarachnoid hemorrhagic brain, recombinant OPN prevented
Osteopontin (OPN) 1s a glycoprotein expressed in macrophages’  cerchral vasospasm by inducing MAPK phosphatase (MKP)-1 0 o

microglia and reactive astrocytes in the CNS [1, 2], and under  (an endogenous MAPK inhibitor) and decreasing the apoptotic - FGF rhOPN OPN RAA SLAA Db CﬁB

pathological conditions, its up-regulation has been reported to response [3]. OPN is also expressed in substantia nigra, and in peptlde Hours aﬂef treatment
an animal modd of Parkinsons disease and its interactions with 6 hrs after treatment o Sham ™ OPNP(20 OOPNptZO-RAA
av, P3 and Bl integrin and CDM44 receptors had newroprotective

uly 31, 2017, Revised November 16,2017, effects [4]. Protective effects of OPN have also been reported in L 2 Oprtzo‘SLAA AOPNP‘20'Db

imal modds of stroke, for example, in a photothrombatic stroke ” : - ; ’ S - i - ; y T ;
antma modes of styole, ur exampe in & photaftromboti s Fig. 1. Induction of microglial cell motility by OPNpt20. (A) Sequences of OPNpt20 and of the three mutant peptides. (B~1) BV2 cells were treated with

FGF (C, 1 pg/ml), thOPN (D, I ug/ml), OPNpt20 (E, 1 pg/ml), three mutant peptides (F~H, 1 pg/ml each), or CytB (I, I pg/ml) and cell motilities were
monitored using a live cell imaging analyzer every 10 min for 6 hrs. Motile trajectory of each cell for 6 hrs are presented (B~1) and mean total migration

respondence should be addressed. maddel. a transient middle cerebral artery occlusion (MCAO)
0893, FAX: §2-32-884-2105
#inha.ac kr

model, and a neonatal model of hypoxic-ischemic braim injury [5-

Copyright & Experimenta] Neurobiology 2017 This s 2n Open Accers aric st under theterms of ths Craattvs Commns Afrbutsen Non-Commarcaiuenss diStances over 6 hirs (J) and mean hourly migration speeds (K) are presented as means+SEMs (n=20). **p<0.01 versus PBS-treated controls, ¥p<0.01,
. nttp-ficraativecommons orgllicansas/by-ncly. o) which parmits unrestricied non-commercial usa, distribution, and 88
www.enjournal.org reprodurtion i zmy madhum, provdsd the originz wark 1= property cted p<0.01,"p<0.01 between indicated g groups. Scale bars represent 125 um.
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mitochondrial TFAM depletion
changing cell morphology and
proliferation

Woo Rin Leel?, Heeju Na', Seon Woo Lee!, Won-Jun Lim**, Namshin Kim{3**, J. Eugene Lee?

& Changwon KangH*

Human mitechondrial transcription factor A (TFAM) has been implicated in promoting tumor growth

¢ and invasion. TFAM activates mitochondrial DMA (mtDMNA) transcription, and affects nuclear gene

. exwpression through mitechondrial retrograde signaling. In this study, we investigated the effects of

. TFAM depletion on the morphology and transcriptome of MKMN&S gastric cancer cells. Morphology
alteration became visible at 12 h after TFAM knockdown: the proportion of growth-arrested polygonal
: cells versws oval-shaped cells increased, reaching a half-maximum at 24 h and a near-maximum at
 36h.TFAM knockdown upregulated four genes and downregulated six genes by mere than threefold
at 24 h and similarly at 48 h. Among them, the kneckdown of CFAPSS (cilia and flagella associated

protein 65) or PCK1 (cytoplasmic phesphoenolpyruvate carboxykinase) rescued the effects of TFAM

depletion on cell morphology and proliferation. PCK1 was found to act downstream of CFAPES in
calcium-mediated retrograde signaling. Furthermore, mtDMA depletion by 2°, 3" -didecxycytidine was
. sufficient ferinduction of CFAPES and PCKI expression and inhibition of cell proliferation, but oxidative

phosphorylation blockade or mitochondrial membrane potential depolarization was not. Thus, the

TFAM-mtDNA—-calcium-CFAPE5-PCK1 axis participates in mitochondrial retrograde signaling,
; affecting tumor cell differentiation and proliferation.

Human mitechondrial transcription factor A, encoded by the nuclear gene TFAM, plays essential roles in the
transcription, replication, and packaging of circular mitochondrial genome DNA (mtDNA) into nucleoids and

¢ has critical roles in mitochondrial biogenesis. TFAM regulates mtINA copy number by maintaining the stability
. of mtDNA', and mitochondrial biogenesis is regulated through the interaction of TFAM with mtDNAZ

Genome-wide transcriptomic profiles of cancerous and normal tissues can provide useful information shout
the molecular mechanisms of cancer initiation and progression. According to the ONCOMINE database of can-

} cer microarray assays, TFAM is upregulated in many types of cancer tissues’. TFAM is a key maolecule in carcino-

genesis, owing to its involvement in cell proliferation and invasion as well as its interference with apoptosis*~.
In this study, we analyzed the effects of TEAM depletion on gastric cancer MKN45 cells to gain insight into the
functional role of TEAM in human cancer. Interestingly, TFAM depletion was found to decrease the rate of cell

: division as cells organize into polarized growth-arrested polygonal shaped colonies, which is 2 common pheno-

type observed in non-malignant cancer cells®.

To understand the mechanism underlying this morphological shift, we first analyzed the transcriptome of
TFAM-depleted MEN45 cells using next-generation RNA sequencing (RNA-Seq). Next, we assessed the func-
tional roles of the ten most differentially expressed genes (DEGs) in promoting the phenotypic changes. In
addit'ion. we investigated how the expression of the DEGs was altered in response to mitochondrial retrograde
signaling.

‘Dizpartment of Biglogical Sciences, Korea Advanced Institute of Science and Technology, Dasjeon, 34141, Korea
“Center for Bicanalysis, Korea Research Institute of Standards and Science, Dasjeon, 34113, Korea. 'Genome Editing
Research Center, Korea Resesarch Institute of Bioscience and Biotechnology, Dagjeon, 35141, Korea. *Department

of Biginformatics, KRIBB School of Bioscience, Korea University of Science and Technology, Dasjeon, 35141 Korea.
- Correspendence and requests for materials should be addressed to J E L. {email: .evgenelze@gmail.com) or CE.
¢ (email: ckang @ kaist.ac kn
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Cell imaging. Time-lapse photography of live cell cultures with bright-field images were taken in a humidi-
fied chamber at 37°C and 5% CO, with a JuLI Stage real-time cell-history recorder (NanoEnTek, Seoul, Korea).
Three-color confocal fluorescence microscopy for green, blue, and red was performed using an LSM 780 confocal
laser scanning microscope (Carl Zeiss, Oberkochen, Germany).

Quantification of cell morphology changes. Image-Pro Plus software (Media Cybernetics, Silver
Springs, MD) was used to count cells from the time-lapse images that were taken with the Iull Stage and con-_
verted into 16-bit grayscale images. Total objects with select values of intensity (<24,000) and area (10-520) in
the recorded images were counted as cells using the ‘count and measure objects’ function. Among them, cell
objects with a roundness 1.3 were regarded as polygonal, and those with a roundness < 1.3 were regarded as
oval-shaped.

Quantification of cellular Ca?* and ROS levels. The cellular Ca’* level was assessed by 30-min incuba-
tion of 5pM Fluo-4 AM (Thermo Fisher Scientific), a fluorogenic marker for Ca* in live cells. After incubation
and washing, fluorescence was analyzed using a JuLl Stage, with excitation at 494 nm and emission at 506 nm. The
cellular ROS level was assessed after 30-min incubation of 25 uM ROSstar ~ 650 (LI-COR Biosciences, Lincoln,
NE), a hydrocyanine probe for ROS. After incubation, cells were washed with phosphate-buffered saline buffer,
and fluorescence was analyzed with a JuLI Stage, with excitation at 638 nm and emission at 656 nm. Fluorescence
signals were quantified using Image-Pro® Plus software (Media Cybernetics, Silver Springs, MD) and were
expressed as the mean fluorescence intensity per cell.
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(1) 24 h RNA-seq: Mann-Whitney
testP < 0.05
(2) 24 h RNA-seq: FC < 1/2,FC > 2

{3) Aligned to reference genome

(GRCh37/hg 19) (4) 6 h qPCR: Student t-test P> 0.05

(5) 24 h qPCR: Student t-est P < 0.05
(6) 24 h qPCR: FC < 1/3,FC > 3
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bright-field images of MKN45 at 48 h after transfection with siRNA. The scale bar represents 50 um. Right panel:
percentage of polygonal-shape cells measured using Image-Pro Plus software (1= 3, mean + SD). Student’s t
test, **P< 0.01. (B) Effects of CFAP65 or PCK1 depletion on MTT assay of TFAM-knockdown MKN45 cells.

A was measured every 24 h after transfection (n=3, mean=£5D). Student’s t test, **P < 0.01.

Figure 2. Screening of DEGs related to the TFAM knockdown effects on the morphology of MKN45 cells.
(A) Representative bright-field images of morphological changes in TFAM-knockdown MKN45. The scale
bar represents 50 um. (B) RNA-Seq samples were prepared at 0, 6, 24, and 48 h after transfection. Left panel:
time-course analysis of the TFAM mRNA and protein levels. In gPCR, relative mRNA levels were normalized

to GAPDH. Relative protein levels were normalized to o-tubulin. Right panel: quantification of polygonal cells .. . . .
of siRNA-transfected and control MKN45 (n =3, mean = SD). Among the total cells counted with Image-Pro Figure 3. Effects of six downregulated DEGs on the morphology and proliferation of MKN45 cells.

Plus, polygonal cells were distinguished from oval cells using the values of area and roundness. Students t-test, () Scheme of selecting DEGs of TFAM depletion using statistical filtration. From a total of 15,333 genes

#%P < 0,01, ¥**P < 0.001. analyzed in Cuffdiff2, 68 genes were finally selected for quantification with qPCR for the identification of

top 10 DEGs. (B) Effects of UBLCP1, KRT80, APIAR, ANKRD13A, LRG1, or TMEM30B depletion on the
morphology of MKN45. Left panel: representative bright-field images of MKIN45 at 48 h after transfection. The
scale bar represents 50 um. Right panel: percentage of polygonal cells measured using Image-Pro Plus software.
(C) MTT assay of UBLCP1-, KRT80-, AP1AR-, ANKRD13A-, LRG1-, or TMEM30B-depleted MKN45 cells.
A nm Was measured after transfection (n= 3, mean + SD). Student’s t-test, ¥ P < 0.05, **P < 0.01, ¥**P < 0.001.

570 nm
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Transcriptional profiles for distinct aggregation states of mutant Huntingtin
exon 1 protein unmask new Huntington's disease pathways
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ARTICLE INFO ABSTRACT

Kpwords
Prcnein misiniding
Amylodd
Newrcdegeneranwe dbetse
Huntingrons dismse

gregation.

Huntingtan's disease & caused by palyghiamine (paly()-expansion mumtians in the £AG tandem rpeat of the
Huntingtin gene. The central fexturs of Huntington's disesse pathology is the aggregation of mutant Huntingtin
{H#t) protein into micrometer-sied inchsion bodies. Soluble mutant Hit siaies are mast probecstoxic and 6 gger
an evhanced risk of desth whensas indwsions confier different changes © cellular health, and may even provide
adaptive responses to stress. ¥t the malecular mechanisms undepinning these changes remain unclear. Using
the fow qrometry method of pulseshape analysis (PulSA) tosort neurcblastoma (Newo2a) cells enriched with
mutant ar wikl-type Hit into different aggregation states, we clarifisd which tramscriptional signatunes were
specifically attributahl = to cells before vermus after indwsion assembly. Dampensd CREE signalling was the mast
striking change averall and invoked specifically by saluble mutant Hitex] s@es. Toxicity could be rescued by
stimulstion of CRER signalling. Oher bislogical proceses mapped to difierent changes befors and after ag
gregation induded NF&B signalling, autopha gy, SUMOylstion, ramciption. regulstion by histone descetylases
and BRI, NAD + biosynthesis, ribosome biogenesis and alered HIF. 1 signalling. Thess findings open the path
for thermpeutic strategiss wrgeting key maolscular changess mvoked prior to, and subssquently ta, Hiex 1 ag.

1. Introduction

poly(rexpanded Hitexl has been well docur
transgenic &xplr‘_‘nim af poly)- expm.cec Hitex1
a HD-like pathol odent and pr
von Horsten et s
culiure modek as well L,
wmed extensively to model HD biology.

In ll.e.e cwea\e\ e appeau:sme or macroscoplc in uaodln_lm pml.eu_
aggregates known as Inclusions form as a hallmark of disease devel
orpment. Huntin gt disease (HD) is cne of the classic examples of the
amyloid disesases involving intracellular protein aggregating into in-
clustons. HD involves an expansion of a CAG irimucleotide mpealw:
quence, encoding polyghitamine (poly(), within exon 1 of

(Hit) beyond the disease threshold of 35 repeats T
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a et al., 1997; Kazantsev et al, 1999). The link to disease from
ted. Mamely, the
fcient to prodisce
imate models {Davies et al
5] and confers Lol
4). As such Hitex1 has been

1997;

in eell

An ouistanding question remains as 1o the role of aggregaton in
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Real-time live cell imaging system

2.12. Longitudinal live cell imaging

The cells were plated at a density of 1 x 10 cells/well in a 24 well
plate. After 24 h, cells were co-transfected with 72Q-Httex1-mCherry,
25Q-Httex1-mCherry or mCherry alone and GFP using Lipofectamine
3000 reagent (Life Technologies). Media was refreshed 6h after
transfection. The GFP was used as a cellular tracer of death and proxy
for Httex1 expression level. After 24 h cells were imaged using a JuLl
stage live cell imaging system with fluorescent images acquired at

15 min intervals for 96 h (Nanoentek, Seoul, South Korea). Cells were
tracked for visible aggregate formation and the time point of death (by
loss of GFP fluorescence) with image processing tool Fiji (Version 2.0.0-
rc-44) (Schindelin et al.,, 2012). Survival curves were analyzed using
Prism software. Cells that drifted from focus were censored in the
analysis. Expression level was calculated by measuring mean GFP levels
in an ROI within the cytosol. The cells included for analysis had a mean
fluorescence + 2 standard deviation of the sample with the lowest
variance. P-values were determined using log-rank (Mantel Cox) test.
For drug treatments, forskolin (Cayman Chemical) was added after
transfection to a concentration of 0.5 pM, which corresponds to the
ECs, dosage. CREB inhibitors SGC-CBP30 (20nM) and I-CBP112
(150 nM) were added after transfection (Sigma-Aldrich). Both drugs
were added at 6 h post transfection during media refreshment.

Sorted cells (i)

Sorted cells (ni)

Fig. 1. Strategy to separate cells into populations enriched with polyQ-expanded Httex1 in distinct aggregation states. a) Pulse Shape Analysis (PulSA) by flow cytometry can separate cell
populations heterogeneous in aggregation state. b) Neuro2a cells that form inclusions live longer than those that do not. Shown are Kaplan-Meier survival curves tracked by longitudinal
imaging of Httex1-Emerald fusions from 20 h after transfection. P-values refer to log-rank test (Mantel Cox) on survival curves. c) Flow cytograms showing the PulSA gating strategy to
sort the mixed cell populations for analysis by whole transcriptome analysis. Shown are gates for i and ni and for matched expression (red; Further details in Fig. S1). The images show

representative cells collected by sorting flow cytometry and imaged for GFP fluorescence by confocal microscopy. Scale bar, 20 pm. (For interpretation of the references to colour in this

figure legend, the reader is referred to the web version of this article.)
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H y pOX Ia-In d U CEd reactive Oxyg en Cell migration assay. Collagen matrices were prepared for the assessment of cell motility. Cell culture plates

: . . . (96-well) were coated with 50 uL. of a collagen mixture containing 10X PBS (8% v/v), DMEM (24% v/v), collagen

S p ecies me dl ate N -Cd d h erin type I from bovine skin (final concentration 2 mg/mlL; C4243, Sigma- Aldrich), brought to physiological pH with

. 1 M NaOH. Collagen gels were formed by incubating plates at 37°C, 5% CO, for 1 h. Cells were then seeded at

an d S E R P I N E 1 E)(p ression ! a very low density (to ensure the assessment of single cell movement) of 500 cells per well on top of the collagen

Received: 18 (hciober 2016 . . T . gel. After serum reduction (0.5% FBS) for 24 h, cells were treated with NAC (10mM) and placed on the stage of
Accepted: 26 October 2017 EG FR Sl g n4a I I 1 ng d nd moti I|ty n a JuLi™ Stage Live Cell Imaging System (NanoEnTek Inc. Seoul, South Korea) housed in a hypoxia incubator.
Fublished onling: 09 November 2017 Bright field images from the centre of wells were taken every 15 min using a 4X objective. Assessment of cell
M DA' M B'ZI'GS brea St cancer CEI I S motility was performed 24 h post exposure to hypoxia for a period of 12h (between 24h and 36 h in hypoxia).

| Az Resalic M. Petersen®. Erkw. Thompsan(%%% Sarah ). Roberte T homeont & Strict criteria were implemented in the exclusion of cells for quantification of their motility. Exclusion criteria

| Gregory R. Monteithbs ! . a3 ' ’ included the removal of cells that died, divided or moved in or out of the field of view during the time of assess-

: ment. After implementing these exclusion criteria, all cells within the field of view (ranging from 17 to 48 cells),

{ One Gf‘:: “a';':a'“f:”': wmour r”"“""”;‘"l’:rrl:“‘ is “‘;P:”"a ':5“"'“_9 :”’“! '”‘_"_:_:d oxygen were selected for assessment of their migration during the 12 h period. Cells were individually tracked using the

. Consumption prolferative cancer cells and altel vasoulature. HYpoXIC tension initiates varous | . . - NI . . Lfis P

¢ «cellular signals and can drive epithelial to mesenchymal transition (EMT), a process impertantin cancer 1\’[_11[][1{1] Trackmg PIUg'Ul of Image] 1 -49(1 software (NH—L Bethesd a, NID! hTTpS.JJ."'ll‘I’lﬂgt"'l.Illh.gO‘U’]];’}. The [JOSIUOII
progression. In this study, using the antioxidant N-acetylcysteine (NAC), we show that hyposia-induced of cells in each frame taken every 15min was recorded. Chemotaxis and Migration Tool V2.0 (Ibidi, Munich,

reactive oxygen species (ROS) in MDA-ME-468 breast cancer cells, selectively regulate hypoxia-induced Germany) was used for the illustration of cell movements and calculation of accumulated distance travelled by
increases in M-cadherin and SERPINEL, two proteins involved in cell adhesion. Treatment of cells with

MAC also attenuated hypoxia-mediated activation of EGFR, but did not have any effect on hypoxia- each cell.
mediated induction of HIFLox. Exogenous hydrogen peroxide phenocopied the effects of hypoxia on
MN-cadherin and SERPIME] expression and EGFR activation, suggesting its possible involvement in these
hypoxia-mediated events. Reflective of their effect on cell adhesion proteins and EGFR (associated
. with migratory phenotypes), NAC also reduced cell migration under hypoxic conditions, a crucial event A B
in metastasis. Dwr findings svggest a selective role for redox signalling in the regulation of specific
compenents of the responses to hypoxia and indvction of EMT in breast cancer cells. This study provides -HAL +NAC
: new evidence supperting the potential of targeting ROS as a therapeutic strategy for the control of
breast cancer metastasis.

200+

504 Humber of tracks: 2

150+

N

Tumours rapidly exhaust the local oxygen supply creating a hypoxic environment'. This hypoxic microenvi-
ronment around cancer cells can promote invasion and metastasis as well as resistance to radiation therapy and
anti-cancer drugs'~. Cancer cells also have increased levels of reactive oxygen species (RO3) production com-
pared to normal cells, which may contribute to tumour progression and metastasis**. ROS also play critical roles
in the regulation of signal transduction pathways in a range of cellular processes and are increased by hypoxia in A
i anumber of cell types”®. ROS increase in response to hypoxia occurs via the transfer of electrons from ubisemi- s o
! quinone to molecular oxygen at the () site of the mitochondrial complex 1'%,

Several groups have shown that hyposia induces epithelial to mesenchymal transition (EMT) in breast
¢ cancer cells'"'%, a process important in tumour metastasis'®. During EMT, cancer cells acquire features of
: mesenchymal-like cells including enhanced migratory and invasive abilities, changes in cellular adhesion,

remodelling of the extracellular matrix, and increased resistance to stress and apoptosis' ™. ROS can induce T bk
EMT, however, the specificity of their action in the regulation of particular signalling pathways or EMT mark- T 4 H 0 ! 0 ! ! : H 0 .
¢ ers is dependent on the cellular context and type of tissue and is not fully understood ™. MDA-MB-468 cells & posiion * posiion jum|
¢ are a commonly used model in the study of EMT in triple-negative breast cancer {TNBC)™-%, a type of breast

Accumulated distance travelled [uM]

T

-NAC +NAC

"echool of Phamnacy, The University of Queensland, Brishane, Queensland, Avstral . “Mater Research Institute, The " . . . . . . .
: Un,*._,rmOm_mim“r,':banff Q_._,enslani":‘_.,t,'aha. -,ranshmn:f'm.,ﬁ,shmm_ﬂfHr,sbmfn_._,enshni Figure 6. ROS scavenging with NAC reduces cell migration under hypoxic conditions. MDA-MB-468 cells
fsale :;;5":(-";3 of teaith and “'°If"‘l'i ot ag 3“:‘5'1;“;1'. of Blomedical Sclences, Queersiand Uty were treated with NAC and exposed to hypoxia. Cell migration was analysed from 24h to 36 h under hypoxic
: ‘echno logy, Kelvin Grove, Queensland, Avstralia. *Univers 2l ume artme ungery, St Vincent's . . R R .
! Hospital, Melbourne, Victo i, Australla. Correspondence and ,gq_._,;‘sfar,-;fgr.a|5 Should be addensed 1o 14 conditions. (A) Spatial plot of all cells from representative wells from the same experiment and (B) quantitative
- femall: Larimig@ug edv.ay) analysis of the mean accumulated distance travelled by cells from three independent experiment (duplicate

wells) treated with NAC compared to the control cells without NAC treatment. *p < 0.05, (paired t-test).
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Newro2a cells were plated in 24-well format at a density of 1x10° cells/well. The next
day. cells were transfected 4 pg plasmid DNA and 4 pL Lipofectamine 2000. Plasmids were
mixed at 1:1 mass ratios of pTREX Httex]-mCherry versus pEYFP-Fus (or pTREX GFP
Y66L). After 36 hours incubation, cell survival was tracked by longitudinal imaging with a

MNew Results
JuLI-Stage live cell imager (NanoEntek. Seoul Korea) with images acquired every 20

Tadpole-like conformations of huntingtin exon | with expanded polyglutamine

minutes for a further 55 hours using the YFP and RFP filter channels as described (13). Cells
engenders novel interactions in cells

were categorized into those that formed inclusions (at some point during the timecourse) and

Estella A. Newcombe, © Kiersten M. Ruff, Ashish Sethi, Angelique Ormsby, Yasmin M. Ramdzan, Archa Fox, those that did not. and their respective survival rates were compared using the Log-rank
Anthony W. Purcell, Paul R. Gooley, & Rohit V. Pappu, © Danny M. Hatters e s i d divisi d cell it . levels 1l
doi: https:/idoi.org/10.1101/179663 (Mantel-Cox) test. Cells that undergo division and cells with expression levels that are
This article is a preprint and has not been peer-reviewed [what does this mean’]. outside two deviations of the population mean were excluded from the analyses.
o A . 5 3
Abstract Info/History Metrics [® Preview PDF All cells Diffuse Inclusions e |
-
— + Fus — +Fus -+ Fus &gg 2
(n=42) (n=17) (n=24) ot 1
Abstract €S @
— + GFP™ — + GFP™ .. + GFP" g—3 0
Soluble huntingtin exon 1 (Httex1) with expanded polyglutamine (polyQ) engenders (n=59) (n=28) (n=30) g GFP™ Fus
neurotoxicity in Huntington's disease. To uncover the physical basis of this toxicity, 2100 — Fus
we performed structural studies of soluble Hitex1 for wild type and mutant polyQ 100, '% w] == GFP™ * ]
- § { ns
lengths. Nuclear magnetic resonance experiments show evidence for conformational s 75 °
c
rigidity across the pelyQ region. In contrast, hydrogen-deuterium exchange shows s = 60
absence of backbone amide protection, suggesting negligible persistence of hydrogen @ 50 3 40
= c
bonds. The seemingly conflicting results are explained by all-atom simulations, which 8 25 2
3 R @©
show that Httex1 adopts tadpole-like structures with a globular head encompassing ex g_ 20
the N-terminal amphipathic and polyQ regions and the tail encompassing the C- 0L v " O : o v . 3 o3 0.
o
terminal proline-rich region. The surface area of the globular domain increases 40 60 80 100 40 60 80 100 = 5 10 15 20

Time (h) Time (h) Expression level
(Cherry fluor. AU)

monotonically with polyQ length. This stimulates sharp increases in gain-of-function

interactions in cells for expanded polyQ, and one of these interactions is with the

Figure 5. Fus suppresses toxicity mediated by soluble Httexl but does not alter
aggregation of Httex1. (A) Survival curves of Neuro2a cells co-transfected with Httex1
Httex1 structure and routes to neurotoxicity. (46Q)-EmGFP and YFP-Fus or a non-fluorescent but folded GFP derivative GFP™ (Y66L
GFP mutant). Shown are Kaplan Meier curves for all cells (left) and for cells categorized
into those that form inclusions and those that don’t (right). Mantel-Cox Log Rank test results

stress-granule protein Fus. Our results highlight plausible connections between

Copyright The copyright holder for this preprint is the author/funder, whe has granted are indicated by **¥ p<0.01. (B) Flow cytometry analysis for effect of YFP-Fus
bioRiv a license to display the preprint in perpetuity, It is made available overexpression on inclusion formation by Httex1(46Q)-mCherry in neuro2a cells using pulse
under a CC-BY 4.0 International license. shape analysis (83). Shown is a plot of expression levels of Fus versus control (upper graph).

Shown are percentages of cells that have inclusions as a function of Httex1 levels (lower
graph: n=3, mean = SD shown).
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Heterozygous Vangl2-°°P@il mice reveal novel roles for the planar
cell polarity pathway in adult lung homeostasis and repair
Thanushiyan Poobalasingam®*, Laura L. Yates®, Simone A. Walker', Miguel Pereira®, Nina Y. Gross', Akmol Ali',

Maria Kolatsi-Joannou?®, Marjo-Riitta Jarvelin® 387, Juha Pekkanen®?, Eugenia Papakrivopoulou?®,
David A. Long®, Mark Griffiths'-'?, Darcy Wagner', Melanie K&nigshoff'!, Matthew Hind'. 112, Cosetta Minelli,

Clare M. Lloyd " and Charlotte H. Dean'**

ABSTRACT

Lung diseases imposa a huge economic and health burden
worldwide. A key aspect o several adull lung diseases, such as
idiopathic pulmonary fibrosis (|PF) and chronic obstructive pulmanary
disaase (COPD), including emphysema, is aberant tissue rapair,
which leads o an accumulation of damage and impaired respiratory
function. Cumently, there ame few effective Featments available for
these diseases and their incidence is Asing. The planar call polarity
(PCP) pathway is critical for the embryonic development of many
organs, including kidney and lung. We have praviously shown that
perurbation of the PCP pathway impairs fssue momphogenesis,
which disruptsthe number and shape of epithelial tubes form ed within
these omgans durng embryogenesis. However, vary litle is known
about the role of the PCP pathway beyond birth, partly bacause of the
pernatal lethality of many PCP mouse mutant lines. Hem, we
imastigate helsrozygous Looptal (Lp) mice, in whicha single copy of
the com PCP gane, Vangl2, is disrupted. We show thal these mica
are viable bul display severe airspace enlargement and impaired
adultlung function. Underying these defects, we find that Vangi2te'+
lungs exchibit alterad distribution of actin microfiaments and abnomal
ragulation of the actin-maodifying protein cofilin. In addition, we show
that Vangf2'** lungs exhibit many of the halimarks of tissue damage,
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including an altered macrophage population, abnomal elastn
deposition and devated levels of the dastin-modilying erzyme,
Mmp12, all of which are cbsenved in emphysema. in vitro, disruption
of VANGL?2 impairs directed cell migraion and reduces the rale of
repair following scratch wounding of human ahweolar epithelial cells.
Maoraavar, using population data from a birth cohort of young adults,
all aged 31, we found evidence of an interactive effect belween
VANGLZ and smoking on lung function. Finally, we show thal PCP
genas VANGL2 and SCRIB are significantly downregulated in lung
lissue from patients with emphysema. Our data reveal an important
novel rale for the PCP pathway in adull lung homeodasis and repair
and shed new light on the genetic faclors which may maodily
destructive lung diseases such as emphysema.

KEY WORDS: Vangl2, Planar cell polarity, Lung disease, Lung
homeostasis, Tissue repair, Cytoskeleton

INTRODUCTION
Globally, the burden of lung disease is enomous. For example,
chmomic obstructive pubmonary disease (COPD), which mcludes
emphysema, 15 predicted to become the third leading cause of death
worldwide by 2020 (Lopez-Campos et al, 2016) and idiopathic
pulmonary fibrosis (IPF) has a conservative incidence of 3-9 per
100,000 per ¥ year M uu.h inson et al,, 2015). A key aspeat of several
i ing COPD, IPF and acute lung injury
ssue repair, which culminates in -L{{:tlll’uﬂ_l\._ lung
function, tissue damage, and frequently, respirtory failure (Chilosi
et al, 20013 Murmy, 2012). Despite the substantial burden of
degenerative g diseases, there are curmently no effective
treatments available to modify repair and regeneration of damaged
tissue. It has recently become apparent that adult mammalian ngs
have an innate capacity for repair (Uhl et al., 2015; Butler et al .,
2012). Therefore, identification of signalling pathwavs employed
during development that are also capable of contributing to tissue
repair, may lead to novel regenemtive/repair approaches to treat lung
disease (Kotton and Morrisey, 2014).

Lung development consists of several distinet phases; initially,
the network of airways is generated via banching morphogene
Subsequently, the _gu-nthd:q__ ing region forms from the distal ends
of small airways by thiming of interstitial tissue and widening of
airspaces followed by formation of saccules that mature into alveoli
(Hernges and Morrisey, 20014). The actin cvtoskeleton has a critical
role in morphogenesis by mediating organ shape and coordinated
cell behaviours, including collective cell migration. Recently, the
planar cell polarity (PCP) pathway has emerged as a critical
regulator of tissue morphogenesis during embryonic development
by directing actin cvtoskeleton dynamics (Yates et al., 2010b;
Munee-Soriane et al.,, 2012; Wallingford, 2012). The PCP pathway
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Real-time live cell imaging system

Scratch assay
Human alveolar adenocarcinoma A594 cells (obtained from ATCC, 2015)
were seeded at 50,000 cells/well in eight-well chamber slides (Thermo
Scientific), and cultured for 72 hin Dulbecco’s minimum essential medium
(DMEM)) supplemented with 10% foetal bovine serum (FBS) and penicillin
and streptomycin (Life Technologies). For VANGL2-knockdown studies,
cells were cultured with either VANGL2 (GTC CGA ACG CCG TGC CTT
GTA GC), or control (CCT CTT ACC TCA GTT ACA ATT TAT A)
antisense morpholino (MO) (GeneTools, Philomath, OR) at a final
concentration of 10 pM. After 72 h of MO treatment, a single scratch was
made through the centre of each well using a pl000 pipette tip. For
VANGL2-knockdown studies A549s were then cultured fora further 24 hin
culture medium supplemented with 10 uM of the appropriate MO. For
WNTSA simulation studies, A549 cells were cultured with DMEM
supplemented with 0.5% FBS, penicillin and streptomycin, and 1 pg/ml
3 | recombinant WNT5A (R&D Systems) for a further 18 h. Wells were imaged
7 ~ using a Zeiss Axiovert 200 microscope at =0 and =24 h for VANGL2
. knockdown, and at =0 and =18 h for WNTSA stimulation study. The area
. of the wound healed was calculated by drawing around the outline of the
scratch using the freehand tool m Fiji and subtracting the area at =24 or =18
from the area at =0 h.

For siRNA experiments, A549 cells were treated with 5nM ON-
TARGETplus SMARTpool VANGL2 siRNA (Dharmacon) or ON-
TARGETplus Non-targeting Pool for 72 h for knockdown. Cells were
then scratched using p200 tips and cultured for 18 h. Wells were imaged
using JuLi Stage real-time cell recorder (NanoEnTek Inc.) at /=0 and =18 h.

Ohr
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*
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VANGL2 MO
Area healed (x10°um?)

o
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Polarized cells (%) —

Control MO A VANGL2 MO

Ji i
- R

Polarised cell Unpolarised cells

Control MO VANGL2 MO

Fig. 5. VANGL2 knockdown in A549 cells leads to impaired wound healing. (A-D) Representative images showing wound edges (red lines), in A549
cells treated with (A,B) control or (C,D) anti-VANGL2 morpholino oligonudeotide (MO), (A,.C) 0 h and (B,D) 24 h post scratch. (E) VANGL2 knockdown led to a
30% reduction in the area healed at 24 h compared with controls (meants.e.m., n=5 per treatment, with at least three technical repeats for each condition per
experiment; Student's ttest, *P<0.05). (F) A548 cells stimulated for 18 h with WNT5A showed a 94% increase in the rate of wound healing compared with
controls following scratch injury (n=3 per treatment, with at least three technical repeats for each condition per experiment; Student's t-test, *P<0.05).

(G.H) Immunofiuorescence staining for the Golgi marker (GM130) to assess cell polarity during directed cell migration at the leading edge. Insets show crosses
with a 120° arc facing the direction of travel (white arrow) placed on individual cell nudei; cells with Golgi situated within that arc were classified as polarized.
(1) Quantification of percentage of polarized cells showed a significant reduction following VANGL2 knockdown compared with controls (n=3 per treatment;
Student'st-test, *P<0.05). (J) Schematic illustrating the position of the 120° arc on the nucleus (blue) of cells at the leading edge. Purple amow shows the direction
of migration. (i) Golgi (red) that are located within the forward-facing 120° arc (green quadrant) were classed as polarized, (ii) cells where either the whole or
maijority of the Golgi body lies outside the area 120° arc were dassed as not polarized. Scale bars: 322 pym (A-D), 21 pm (G,H) and 11.3 pm (insets).
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ABSTRACT

Although aggressive invasion and distant metastases are an important cause
of morbidity and mortality in patients with endometrial cancer (EC), the requisite
events determining this propensity are currently unknown. Using organotypic
three-dimensional culture of endometrial cancer cell lines, we demonstrated anti-
correlated TGF-B signalling gene expression patterns that arise among extracellular
matrix (ECM)-attached cells. TGF-B pathway seemed to be active in EC cells forming
non-glandular colonies in 3D-matrix but weaker in glandular colonies. Functionally
we found that out of several ECM proteins, fibronectin relatively promotes Smad
phosphorylation suggesting a potential role in regulating TGF-B signalling in non-
glandular colonies. Importantly, alteration of TGF-p pathway induced EMT and MET
in both type of colonies through slug protein. The results exemplify a crucial role
of TGF-p pathway during EC metastasis in human patients and inhibition of the
pathway in a murine model impaired tumour cell invasion and metastasis depicting
an attractive target for therapeutic intervention of malignant tumour progression.
These findings provide key insights into the role of ECM-derived TGF-B signalling to
promote endometrial cancer metastasis and offer an avenue for therapeutic targeting
of microenvironment derived signals along with tumour cells.

In vitro metastatic spread assay and time-lapse
imaging

RFP-expressing endometrial cancer cell spheroids
were grown by culturing 100 epithelial cells (Ishikawa
RFP” or MFE-296 RFP") in hanging drop fashion [41] with
3% matrigel. After 72 hr, oncospheres were transferred to
90% confluent monolayer of GFP-expressing endometrial
stromal fibroblast cells (HESC GFP*). Images were
obtained every 24 hr using 10x objective on JuLi™ Stage
Real-Time Cell History Recorder (NanoEnTek) in an
incubator at 37°C and humidified 5% CO,.

INTRODUCTION

The extracellular matrix (ECM) is a major
component of the cellular microenvironment and regulates
normal tissue development and homoeostasis. Stromal-
epithelial commmmication m early development and steroid
signalling 15 mmpertant for normal uterine functions.
ECM of female reproductive tract undergoes extensive
structural remodelling for decidualization, implantation
and endometrial regeneration [1]. In contrast, abnormal

Copyright@ NanoEnTek Inc. All rights reserved.

ECM dynamics contnibutes to the pathological processes
such as endometriosis, infertility, cancer and metastasis.
The signalling alteration in uterine stroma or ECM that
regulates remodelling of the differentiated endometrium to
a disease or metastatic cancerous state 15 currently unclear.
Studies have shown the crucial role of stromal signals
in controlling the proliferative potential of endometrial
epitheliom [2-4]. Epi-genome wide methylation analysis
revealed hypermethylation of Hand2 gene in endometrial
stroma significantly contributes to endometrial camcer
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Figure 5: SB-431542 inhibits cell proliferation, invasion, chemo-resistance and metastasis in vifro. A. Ishikawa and MFE-
296 cells were cultured m 3D matrix, treated with SB-431542 at indicated concentration and assayed for cell proliferation (n = 3). B.
Ishikawa and MFE-296 cells (1 x10°) were seeded onto the upper chamber of Transwell inserts and incubated for 24 hr with or without
SB-431542 in the lower chamber to inhibit TGF-p signalling activity. Invasion of treated cells was determined by crystal violet staining.
Cells 1n ten fields were imaged and counted to cover the entire filter in each group. C. Bar graphs represent the number of cells invaded m
individual and treated groups (n = 3). D. Ishikawa and MFE-296 cells were cultured in monolayer and 3D (+ECM), treated with carboplatin
(left) and paclitaxel (right) at indicated concentration with or without SB-431542 and were assayed for cell viability after 48 hr. E. IC50
values of carboplatin (left) and paclitaxel (right) were determined in different treatment groups from linear regression equation. F. Ishikawa
RFP* and MFE-296 RFP™ cells were grown in hanging drop 3D (+ECM) with or without SB-431542, spheroids transferred to monolayer
of HESC GFP" cells and time-lapse images were taken at indicated times. Scale bar, 200 pm. Error bars represent mean = SD; *P < 0.05,
P <0.01, ¥*¥*P <0.001.

Copyright@ NanoEnTek Inc. All rights reserved.



JuLl Stage

Real-time live cell imaging system

Paper 27. J Mol Neurosci IF 2.229 Migration. China

Journal of Maleculr Neuroscience R2014) 64:262-272
hitpsy/dolorg/ 101007151 2031-07-1018-6

CrossMark

YAP Promotes Migration and Invasion of Human Glioma Cells

Yu Zhang' « Peng Xie'?« Xu Wang® « Peng Pan' « Yan Wang® - Hao Zhang' - Yu Dong' - ¥i Shi' « Yang Jlang ' -
Rutong Yu™** . Xiuping Zhou*

Recaived 4 Sepember 2017 /Acepted: 15 De@mber 2017 /Fublished online: & January 2718
i Springar SciencasBisinass Media, LIC, part of Springar Nature 20718

Abstract

Previously, we have reported that Yes-associated protein (YAP) is upregulatad in human ghoma tissues and its levelis positivel y
correh ied with patient prognosis. However, the mle and mechanism of YAP in the highl y invasive nature of human ghomas wens
largely unknown. In this study, examined by wound healing assay, tmnswell assay, or livedmaging, we found that YAP
downregulation inhibited glioma cell migration and invasion, while YAP over-expression promoted them. Interestingly, the
above effect of YAP on immortalized glioma cells was recapitulated in cultured primary ghioma cells. In addition, the protein
level of N-cadherin and Twist, two important proteins involved in tumor invasion, increased afler YAP over-expression.
Mearwhile, YAP over-expression significantly increased the F-actin level and changed the distibution of F-actin, leading to
cvtoskeletal reorganization, which plays an important role in cell motility. Furthennore, the promotion effect of YAP over-
expression on ghoma cell migration and invasion was partially abolished by Twist downregulation. Taken together, our findings
show that YAP contributes i ghoma cell migration and invasion by regulating N-cadhenn and Twist, as well as cytoskeletal

Live-lmaging

Cells were cultured in 6 well plate on the platform of JuLI-

reorganization.

Keywords Glioma - YAP - Migmtion - Factin - N-cadhenn - Twist

Introduction

Glioblaswma (GEM) is the most common adult human pri-
mary malignant intracranial tumor (Ricard et al. 2002).
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Despite advances in surgery and adjuvant therapy, patients
with GBM still only have a median overall survival of
12~15 momths (Van Meir et al. 2010). One of the major rea-
sons for the failure of treatments is the highly invasive natune
of glioma cells (Manji et al. 2003). The highly migmtory and
mvastve nature of glioma promotes the tumor cells” extensive
mvasion into the nearby normal bram tissues, leading to re-
currence of the tumor (LACROIX etal. 2001 ). Therefore, it is
urgent to explore the meshanism of ghoma cell migration and
imvasion.

The Hippo signaling pathway, mitially identified in
Drosophila, is a highly conserved potent regulator of omgan
stze, cell growth, and apoptosis (Dong etal. 2007: Huang etal
2005). Yes-associated protein (YAP), the key effector of the
Hippo pathway, plays an important role in organ size control
by functioning as a transcription co-activator (Edgar 2006)
that mteracts with transcription factors, including ErbB4,
P73 TEAD, P53BP-2, and Rumx2 (Espanel and Sudol 2001;
Howell etal. 2004: Komuroet al. 2003; SK etal. 2004; Strano
et al. 2005; Strano et al. 2001; Yag et al. 1999) and conse-
quently omchestrating cell prob feration and death. Several re-
ports have shown that yap is a candidate oncogene in the
human chromosome 11922 amplicon (Modena e al. 2006;
Overholteer et al. 2006; Zender et al. 2006), and its expression

Stage automated cell imaging system, which was put into the

incubator. Images of each group with four randomly selected
fields were collected as one frame per 10 min and the record-
ing last for 24 h to make movies. The video was played at

6 fps.
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Proangiogenic functions of an RGD-SLAY-containing
osteopontin icosamer peptide in HUVECs and in the

postischemic brain

Hahnbie Lee"? Yin-Chuan Jin!?, Seung-Woo Kim'?, [I-Doo Kim!+, Hye-Kyung Lee'* and Ja-Kyeong Lee!2

Osteopontin (OPN) is a phosphorylated glycoprotein secreted into body fluids by variols cell types. OPN contains arginine-glycine-
aspartate (RGD) and serine-leucine-alanine-tyrosine (SLAY) motifs that bind to several integrins and mediate a wide range of cellular
processes. In the present study, the proangiogenic effects of a 20-amino-acid OPN peptide (OPNpt20) containing RGD and SLAY
motifs were examined in human umbilical vein endothelial cells (HUYECS) and in a rat focal cerebral Echemia model. OPNpt20
exerted robust proangiogenic effects in HUVECs by promoting proliferation, migration and tube formation. These effects were
significantly reduced in OPNpt20-RAA (RGD- - RAAktreated cells, but only slightly reduced in OPNpt20-SLAA (SLAY- = SLAA)
treated celks. Interestingly, a mutant peptide without both motifs failed to induce these prmangiogenic processes, indicating that the
RGD motif is crucial and that SLAY ako has a role. In OPNpt20-treated HUVEC cultures, AKT and ERK signaling pathways wen
activated, but actiation of these pathways and tube formation were suppressed by anti-ufiz antibody, indicating that OPMpt20
stimulates angiogenesis via the a.fiz-integrin/AKT and ERK pathways. The prangiogenic function of OPNpt20 was further ¢ onfirmed
in a rat middle cerebral artery occlusion model. Total vessel length and vessel densities were markedly greater in OPNpt20-treated
ischemic brains, accompanied by induction of proangiogenic markers. Together, these mesults demonstrate that the 20-amino-acid
OPN peptide containing RGD and SLAY motifs exerts proangiogenic effects, wherein both motifs have important roles, and these
effects appear to contribute to the neuroprotective effects of this peptide in the postischemic brain.

Experimental & Molkecular Medicine (2018) 50, e430; doi:10.1038/emm.2017.241; published online 19 January 2018

INTRODUCTION

Osteopontin (OPN) is a secretory phosphoprotein expressed in
various tssues, including the brain, and it has been reported
that OPN has important roles in varous physiological
processes, such as anchoring osteochsts to the mineral bone
matrix during bone resorption’ and attaching calcium oxalate
crystals o renal tubules in stone formation? Elevation of
OPN expression has been observed in various pathological
conditions, including atherosclerosis,® multiple  sclerosis,
rheurnatoid arthritis® and most cancers® which supgests that
OPN has an important role in these conditions. In the normal
brain, OPN expression is weak, but under pathological condi
tions, it is markedly upregulated in microglia and H_'ilrl)L':r'lE!i.?
In particular, delayed but significant induction of OPN has
been reported in ischemic stroke; for example, in a rat model
of transient forebrain ischemia and in a mouse model of
permanent focal ischemia, OPN induction began at 12 h afier
injury and peaked at 5 days, respectively®?

OPN contains a highly conserved arginine-glyd ne-aspartic
acid (RGD) motif in its N-terminal region, which interacts
with of-, ol and ofs-inegrin'® In addition, the
SVVYGLR motif, which is adjacent 1o the RDG motif, is
exposed by thrombin cleavage and binds to oagp)-, af-, ogp--
and |'1,..[i;,—i[1|.{-griu.“"2 These OPN=-integrin interactions med-
iate cell-cell and cell-matrix interactions and modulates a wide
range of cellular processes, inchading adhesion, migration and
surviva,” and have therefore been implicited in various
diseases. In addition to integring, OPN also binds to CD44
hyaluronate recepior, a transmembrane glycoprotein known to
mediate inflammatory processes, cell adhesion, and cell
migraLiuu“ via its CIM4-binding domain located in the
C-terminal region.'®

In our previous study, we reported that an intranasally
delivered RGD and  serine-leucine-alanine-tyrosine  (SLAY)
motif-containing OPN  imsamer  peptide  (20-amino-acid
OPN peptide (OPNpt20)) exerted a robust neuroprotective

"Depa’l”e"ﬂ of Anatbomy, Inha University School of Medicine, Inchon, Republic of Korea; *Medical Research Cenier, Inha University Schonl of Medicine,
Inchon, Republic of Korsa and *Depariment of Histoogy and Embryalagy, Binzhou Madical University, Yanti, China
Comespondence: Professor J-K Lee, Department of Anatomy, Inha University School of Medicing, Inharo 100 Nam-gu, Inchon 22212, Republic of Korea.

E-mail: jkieedinha. ac kr
Received 8 December 2016; revised § July 2017; accepted 7 July 2017
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Wound healing assay

HUVECs were seeded at 2.0 x 10°/well onto gelatin-coated 12-well
plates and starved for 12 h after reaching 90% confluency. Wells were
then scratched longitudinally and horizontally with a yellow tip. After
washing two times with M199, cultures were treated with the same
medium containing 1% FBS with or without OPNpt20. Cell migration
was assayed 12 h after M199 treatment using a real-time cell history
recorder (Juli Stage; NanoEnTek, Seoul, South Korea). Wound widths
were measured by using the Image] software MRI Wound Healing
Tool (National Institute of Health (NIH), Bethesda, MD, USA), and
percent cell motility was calculated using the following equation:
((area at 0 h—area at 12h)/area at 0 h) = 100.

Tube formation assay

HUVECs (5.0 % 10*) were seeded on Matrigel-coated wells of a 96-well
plate with or without peptides for 12 h. Tube formation was quantified
by measuring tube numbers and total tube lengths in four random x 3
magnification fields per well using a real-time cell history recorder

(JuLi stage; NanoEnTek, Seoul, South Korea). The data analysis was
performed using the Angiogenesis Analyzer in Image] (NIH).

JuLl Stage

Real-time live cell imaging system
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Figure 2 Induction of cell migration by 20-amino-acid OPN peptide (OPNpt20) and its mutants in human umbilical vein endothelial cell
(HUVEC) cultures. (a, b) Cell migration was evaluated using a wound healing assay in HUVEC cultures after incubation with OPNpt20
(0.01, 0.1 or 1 um) for 12 h. (b) Cell motility was assessed by measuring wound widths at O and 12 h. The results are presented as the
mean+s.e.m. (n=4). (c, d) HUVEC migration was measured after treatment with the three mutant peptides (1pm) for 12h.
Representative images are presented (a, c), and results are presented as the mean +s.e.m. (n=3) (b, d). Scale bars, 400 pm. *P<0.05,
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OPNpt20 (1 pM)
OPNpt20-Db (1 pM)
anti-a,fz Ab (0.1 pg/ml)
1gG (0.1 pg/ml)

human umbilical vein endothelial cell (HUVEC)

cultures. OPNpt20 (1 pm)-induced tube formation was examined in HUVECs treated with OPNpt20 (1 pm) or OPNpt20-Db (mutant OPN
peptide with both RGD and SLAY replaced; 1 pm) for 12 h in the presence or absence of anti-a,f3 antibody or immunoglobulin G (IgG).
Representative images obtained from Image J analyzer (National Institute of Health, Bethesda, MD, USA) are presented (green, branches;
yellow, master segments; blue, tubes; red, master junctions) (a). Tube numbers were counted (b), and tube lengths were measured (c).
The results are presented as the mean +s.e.m. (n=3). Scale bars, 500 pm. *P<0.05, **P<0.01 between the indicated groups.
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Desensitized chimeric antigen receptor T cells
selectively recognize target cells with enhanced
antigen expression

Chungyong Han 1 Su-Jung Sim'. Seon-Hee Kim', Rohit Singh]. Sunhee Hwan,zz. Yul. Kim®, Sang H. Park’,
Kwang H. Kim' Don G. Lee?, Ho S. Oh2 Sangeun Lee', Young H. Kim>?, Beom K. Choi® & Byoung S. KwonZ®

Chimeric antigen receptor (CAR) T cell therapy is an effective method for treating specific
cancers. CARs are normally designed to recognize antigens, which are highly expressed on
malignant cells but nat an T cells. However, when T cells are engineered with CARs that
recognize antigens expressed on the T cell surface, CAR T cells exhibit effector function an
ather T cells, which results in fratricide, or killing of neighboring T cells. Here, using human
leukocyte antigen-DR (HLA-DR)-targeted CAR T cells, we show that weak affinity between
CAR and HLA-DR reduces fratricide and induces sustained CAR downregulation, which
consequently tunes the avidity of CAR T cells leading to desensitization. We further
demonstrate that desensitized CAR T cells selectively kill Epstein-Bamr wirus-transformed B
cells with enhanced HLA-DR expression, while sparing normal B cells. Our study supports an
avidity-tuning strategy that permits sensing of antigen levels by CAR T cells.
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Real-time live cell imaging system

Live imaging of apoptotic cells. The kinetics of EBV LCL apoptosis were mea-
sured with a JuLl Stage real-time cell history recorder (NanoEnTek, Inc., Gyeonggi-
do, Korea). Target EBV LCLs were labeled with a Cell Trace violet cell proliferation
kit (C34557, Thermo Fisher Scientific, Inc.). Samples of 1 x 10° T cell and EBV LCL
ata T cdl:EBV LCL ratio of 1:1 were incubated in 96-well flat-bottom plates in the
presence of IncuCyte caspase-3/7 reagent to induce apoptosis (4440, Essen
BioScience, Ann Arbor, ML USA). DAPI- and RFP-filtered images were taken
every 5 min for 90 min. Three areas of each well were analyzed. Because of the blue
fluorescence of violet-labeled EBV LCLs, apoptotic EBV LCLs can be identified by
observing magenta-colored cells in merged images (blue fluorescence of violet label
combined with red fluorescence of apoptotic cells). The percentage of apoptotic
EBV LCLs was determined and converted into a numerical value with Image]|
v1.50i software and JuLl STAT (NanoEnTek, Inc.). The proportion of apoptotic
EBV LCLs was calculated Trom the equafion: % apoptotic EBV LCLs = apoptotic
EBV LCLs (magenta colored)/total EBV LCLs (blue or magenta colored).
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Fig. 4 MVR CAR T cells selectively kill HLA-DR-upregulated EBV LCLs by sensing antigen level. Cells from donors with different HLA-DRET alleles exhibiting
strong or weak binding to MVR (DRSY or DR raspactively; Fig. 1a) were used as follows. a Killing inhibition in the presence of the indicated blocking
agents. DRWEEX EBY LCL killing by each CAR T cell type was measured as in Fig. 3f (n=3). b Expression of CD19 and HLA-DR on B cells and EBV LCLs.
Antibody binding capacity (ABC) is an index of numbers of target molecules. Dots connected by the same line involve the same donor (n=6). Red and
blue dots indicate ORWe# and DRSY cells, respectively. € HLA-DR expression on lipopolysaccharide-stimulated B cells. Cells were analyzed as inb for 4 days
{n=6). Upper and lower dotted lines indicate average HLA-DR levels of EBV LCLs and B cells, respectively, measured in b. W hiskers indicate minimum and
maximum values. d MVR CAR expression on the surface of untuned and autotuned DRW==® pVR CAR T cells (day 2 and 12 in Fig. 2c) evaluated as in b (n
= 4). e Killing efficacies of untuned and tuned DR™=* MWYR CAR T cells evaluated as in Fig. 3f. DR™=¥ B cells, DRS" B cells, and DR*®* B cells freated with
lipopolysaccharide for 3 days were used as target cells (n= 3). f Proportions of B cells and EBV LCLs containing transferred granules after contact with
I cells. Cells contacted for indicated times were analyzed as shown in Supplementary Fig. 6. NT non-transduced. g h Time-lapse analysis of apoptotic EBV
LCLs after contact with T cells. g EBV LCLs (blue) undergoing apoptosis (red) identified by detecting magenta color (scale bar indicates 250 pm). h
Proportions of apoptotic EBY LCLs at indicated time points. Three different areas of each sample were analyzed. a Representative of three independent
experiments. f, h Representative of two independent experiments. a, d, e n indicates biological replicates. a, d, e, h Mean + s.em. b Two-tailed Wilcoxon
matched pairs test. a, @ Unpaired two-tailed t-test; ns not significant; *p < 0.05 ***p < 0.001
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OPEN. Fibroblast-associated tumour
microenvironment induces vascular
structure-netwo rked tumouro id Live image capture for movie during MCTSs and vasculartube formation.  The movies for tumour

and vascular formation were taken using JuLI™ stage (NanoEnTek, Seoul, Korea) for the live cell imaging system.
Images for the movies were captured at 30-minutes intervals for 7 days.
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 In vitro three-dimensional (30 tumour models mimic natural cancer tissue in vivo, bridging the

! gapbetween conventional 2D in vitro testing and animal models. Stromal and cancer tissues with

extracel_lularma.tnx{ECM] an pmw‘dea_turnourmu:rnen\rlm nmel.n (TM F] with cell-tu-cel!am:! cell- a o Taxol Taxol + Gemcitabine b Time dependent P~ value : P <0.001 on all groups
¢ to-ECMinteractions. These interactions induce the exchange of biophysical factors, contributing to (post day of e war e wxx

| the progression, metastasis, and drug resistance of cancer. Here, we describe a 30 inwvitro lung cancer treatment) PDT POT PDT POT
. model cuttured in a microfluidic channel that is able to confirm the rele and functien of varicus stromal 2 A 2 4
¢ cellsintu mourigenesis, thereby representing an in vivo-like TME. We founded that biophysical factors

: contribute to the role of fibroblast calls in tumour formation, especially, producing a nascent vessal-like
* twbular structure, resulting in the formation of vascularized tumour tissue. Fibroblast cells altered the
gene expression of the cancer cells to enhance metastasis, survival, and angicgenesis. The device could
. be used for developing and screening anti-cancer drugs through the formation of the same multicellular
¢ twmour spheroids under TME interactions. We believe this micrefluidic system provides interaction of

{ TME for cancer research by culturing stromal tissue.

P

[ PoTo
[ POT2
W POT4

Without NIH3T3
Live Cells (%)

¢ In vitro three-dimensional (3D) tumour models mimic in vivo natural cancer tissue. In vitro models of can-
. cer have played important roles in research, ranging from their use in basic cancer research to their use in
* anti-cancer drug discovery”. For decades, conventional two-dimensional (2D) cultering platforms have been

used in anti-cancer drug development, drug screening, cancer therapies, and other cancer research®. Although

2D systems are still actively used for such purposes, in monolayer culture, these systems lack the complex 31
. cell-to-cell and cell-to-extracellular matrix (ECM) networks of cancer, which limits their usefulness and can
¢ lead to misleading or unexpected results”. The 3D tumour mode] is, therefore, widely considered to fill the gap
: between conventional 2D i witro testing and animal models-=.

Cancer tissue that includes stromal cells and ECM can provide a tumour microenvironment (TM!
and in vitro, in which cell-to-cell and cell-to-ECM interactions occur’. Through these interactions, ¢
stromal tissue induce the exchange of various biophysical and biochemical factors that contribute to the progres-
sion’, metastasis®, and drug resistance of cancer'*-'%. In particular, cancer-associated fibroblasts (CAFs) regulate

i the biophysical and biochemical factors of the TME that contribute to promoting the initiation and development
: of tumour formation'*". Thus, a 31 in vitro tumour model with integrated ECM and stromal cells can play an
important role, r;ﬂcclmg the in vivo TME'*®

There is much published research regudmgv«aysm improve both in vive and in vitro strategies for developing

Without NEH3T3  With NIM3T3  Without NIH3TS  With NIH3T3

Taxol Taxol + Gemcitabine

With NIH3T3

[T [TH] Daya
WIthoue NIH3T3 vs, WIth NIHIT3 (Taxol) P>005ns P<0.001** P>005ns

Without NIHIT3 vs. With NIH3TS (Taxol * Gemcitabine) P>005ns P00 P<0.001**

* i vitrs tumour models®™ . One approach has been the creation of 30 multicellular tumewr spheroids (MCTSs) Figure 5. Screening of anti-cancer drugs on multicellular tumour spheroids (MCTSs) without and with
o with P"!'mhfjm] f?m'_m:}i"“ similar o tumour i, fcp_"a»'ﬂmﬁmi in vivo '-""i- A]t_hw_ﬁh mcsc_‘fjh”;?- fibroblasts. (a) Live and dead cells (green represents calcein-AM staining, indicating live cells, and red
teristics PTOVIIE an 11 wivo-llke environment similar to that of natural tumour tissue, there is still a considerable s . P . . . i o " e
need for in vitro studies of tumour formation and growth processes in 3D tumour tissue for & range of applica- represents ethidium ho.moc.hmer staining, mdlcat.mg .dead Lells) a.tter treatment o_f MCTSs w ith pac!nz\xel
tions, from basic studies to the screening of potential anti-cancer agents. As a result, there is growing interest in (Taxol) or a drug combination (paclitaxel + gemcitabine), administered as part of the medium flowing through
: E}‘;‘;‘c“;:;"szﬁ”_‘ of fn“‘:i':lfﬁgﬂi:’;fﬁa'gtﬁ:x;f:‘nﬁ ”:li"ljsﬂl’r’;l‘l':r"l;"'t;:‘n]:tzih;“;;’i‘::z;i“;z;;:;;ﬁ:ﬁ the microfluidic device, without and with NIH3T3 fibroblasts. Both with- and without NIH3T?3 fibroblasts,
© canbemanzged in 2, and in which close interactions between cancer and stromal tissue within the TME the tumour spheroid morphology remained after administration of paclitaxel or the drug combination. The
. can be maintained proportion of live cells gradually decreased over 4 days of post-day of treatment (PDT). (b) After treatment
: with anti-cancer drugs, there was a gradual decrease in live cells in all groups, depending on the time period of
“Blomedic A Engineering Researh Gesite5 Asan Medical Cemer, Sequl, Korea. “Asan instiefor Life Sclences, Asan drug treatment. The percentage of live cells was lower in combination treatment groups than in paclitaxel-only
MedicalCenter, Seoul, Karea. *Department of Convergence Medicing University ofUksan College ofMedicine, Seoul, T . Fiive cellswas high ith fibrobl h Jith S -
Korea. Correspondence and reguests for materialsshould be addressed to G.5.). (email: gs|eongi@ amc. seoul k) groups. 1he Pel‘temageo Ive cells was higher wit roblasts than without. ( p< 0.01; pP< 0~001)-
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Abstract

During tissue dewve lopment, multipotent progenitors differentiate into specific cell types in
characteristic spatial and temporal patterns. We addressed the mechanism linking proge ni-
tor identity and differentiation rate in the neural tube, where motor neuron (MN) progenitors
differentiate more rapidly than other progenitors. Using single cell transcriptomics, we
defined the transcriptional changes associated with thetransition of neural progenitors into
MMs. Reconstruction of gene expression dynamics from these data indicate a pivotal role
for the MN determinant Olig2 just prior to MN differentiation. Olig2 represses expressionof
the Motch signaling pathway effectors Hes1 and Hes5. Olig2 repression of Hes5 appears to
bedirect, via a conserved regulatory element within the Hes5 locus that restricts expression
from MN progenitors. These findings reveal atight coupling between the regulatory net-
works that control patterning and neuronal dif ferentiation and demonstrate how Olig2 acts
as the developmental pacemaker coordinating the spatial and temporal pattem of MN
generation.

Author summary

How are the right types of cells produced in the right place, at the right time and in the
correct numbers, in adeveloping tissue? One example of where progress has been made
towards answering this question is the embryonic spinal cord. In this tissue, extracelular
signals, such as the morphogen sonic hedgehog (Shh), control the pattern ufgrueraLiuu
of molecularly distinet sets of neural progenitors, from which different classes of motor
neurons and interneurons are generated. Motor neurons differentiate at a much higher
ratethan the adjacent interneurons, and this ensures that more motor neurons than in-

terneurons are generated and in an appropriate temporal sequence. To understand the
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Single cell sequencing

NPs were dissociated using 0.05% Trypsin (Gibco) spun down in ES-medium, resuspended,
washed, and spun down in 10 ml PBS (Gibco). Afterwards, cells were resuspended in 1 ml
N2B27 and filtered into a FACS tube (Falcon). The Fluidigm C1 platform was used to capture
individual cells using 96 small or medium IFC chips. Cells were diluted in the range of 250,000~
400,000 cells per ml for chip loading. Capturing efficiency was evaluated by manually inspecting
each capture site on the chip using the automated NanoEntek JuLi cell imager. Only capture

sites containing single cells were processed for library preparation and sequencing. Single cell
full-length cDNA was generated using the Clontech SMARTer Ultra Low RNA kit on the C1
chip using manufacturer-provided protocol. ArrayControl RNA Spikes (AM1780) were added
to the cell lysis mix, as recommended in the Fluidigm protocol. Libraries were prepared using
the Illumina Nextera XT DNA Sample Preparation kit, according to a protocol supplied by Flui-
digm, and sequenced on Illumina Hiseq 2500 or 4000 using 50- or 75-bp paired-end runs.
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A B Fig. 2. AMTB reduces cell viability and migration of breast
. _ . . MDA-MB-231 SK-BR-3 cancer cells.
Contents lists avalable at ScienceDiect Concentration-response curves for AMTB in MDA-MB-231
‘E ‘é‘ (A) and SK-BR-3 (B) breast cancer cells. Cells were in-
g - < € : . . :
L]fE SCIEII ces 3 15 ICso ~ 23.7 uM s 1.5 cubated with AMT B»(O—l()().pM) for 72 h and an MTS assay
< * < ICgo=17.3 1M was used to approximate viable cell number. Absorbance
3 i 8 values (490 nm) were normalised to control treated cells
journal homepage: www.elsevier.com/locate/lifescie g 101 ¢ g 1.01 — : and plotted using non-linear regression curve fit: log (in-
g £ hibitor) vs response - variable slope (four parameters).
2 o5 E 0.5 Data show mean * SD, n = 3. Statistical analysis was
< ke < performed using a one-way ANOVA with Dunnett's multiple
. P . . - g .g { - comparisons test; *P < 0.05 compared to control. C: In
Assessment of the TRPMS inhibitor AMTB in breast cancer cells and its E 00 —_— 3 00 PSS 7o S vitro scratch assays were performed on MDA-MB-231 cells
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identification as an inhibitor of voltage gated sodium channels = & n the abeence (contwl, 0) ancl presence of AMIE (21,
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E = = = ae - o MB-231 cells by ~20%. R ive i fr
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™ bnstitute for Molecular Bioximoce, The University of Oueenshand, Fridhone, LD, Ausralia media only); mean + SD, n =3, *P < 0.05.
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ARTICLE INFO ABSTRACT
Keywords: Aims: To ames levels of the cakium pemmealle tmnsent mesptor porental cation channel, subfamiy mela
AMTE statin, member & (TRFME) in breast cncer molecular subtypes and to ases the cmsequences of TRFME
Heeast cancer pharmacalogical inhibition with AMTE (an inhibitor of TRPME) on bresst cancer cell lines.
:ﬂm - Materials and mathods: Cell viability and migration of brest cancer cells was determined using MTS assiys and
m H

wound healing amays, rspectively. RNASeq amlysis of bremt tumours and qPCR in breast cancer cell lines
wers tsed 10 3csess mENA Jevels of jon chamels. Membrane potential asoys wens smployed to sssss e sifects
of AMTB against specific voltage gated soditm channels (Nay). Control, 0 h
Feey finding:: TRPMS levels were significantly higher in breast cancers of the basal molecular subtype. AMTE
decreass] viakle cell mumber in MDA-MB-231 and SK-BR-3 bresst cancer osll lines (30 and 100 pM), and ako
rediced the migration of MDAMB-231 cells {3DEM)L However, these effects were independent of TRPME, 25 no
TRPME mRNA was detected in MDAMB-231 cells. AMTE was identified as an inhibitor of Nay isoforms.
Na,1.1-1.9 were expresed in a number of breast cancer cell lines, with Na, 1.5 mRNA highest in MDAMB-231
cells compared to the other breat cancer cell lines assessed.

Significanice TREME levels may be elevated in basal brexst cancers, however, TRPME expresion appears to be
lost in momy bresst cancer cell lines. Some of the sffects of AMTE attributed to TRPME may be due to effects o
N chanmek.

2.5, In vitro scratch assay

MDA-MB-231 cells (17,000 cells per well) were seeded in 96-well
plates and incubated at 37 °C, 5% CO, for 48h. The WoundMaker™
instrument (Essen Biosciences) was used to produce an equal sized
scratch in the cell monolayer of all wells of the plate. Cells were washed
twice with fresh media and immediately treated with various con-

1. Introduction

Changes in cytosolic free calcium ([Ca** oy are often critical for
events important in cancer progression [1,2]. Altered expression of
specific calcium permeable ion channels has been widely reported in
cancers and for cancer cell lines originating from the hang, prostate and
breast [3-7]. Insome cases, such changes are even specific to the eancer
clinical subtype, such as the overexpression of the transient receptor
potential cation channel subfamily ¥V member & (THPVE) channel in
estrogen receptor negative breast cancers and those of the basal mo-
lecular subtype [£]. The hasal maolecular subtype of breast cancer iz of
particular interest due to its ovedap with breast cancers that lack the
expression of receptors representing current targets for targeted
therapies, such as the estrogen and human epidermal growth factor 2
[HER2) receptors [2,10].

THPME is a member of the TRF jon channe] family and is expressed

in primary sensory neurons where it plays an important role in cold
sensation [11]. The properties of THFME in specific neuronal sensory
pathways have seen its identification as a target for a diverse range of
conditions including pain, migraine and cough [12-14]. However, de-
spite the importance of TRPMS as a sensor in neumns, it was actualy
first identified through a study asessng the overexpresson of proteins
in the prostate, which also demonstrated elevated levels in cancers of
the prostate, lung, colon and breast [15]. Subsequent to this report, a
variety of sudies have explored in great depth the contribution of
THFMS to prostate cancer cell growth and invasion and the potential
role of TRPME modulators to control prostate cancer disease progres-
sion and/or TRPME as a biomarker [16-20].

Despite the first report of THPME oversxpression in breast cancer
occurring in 2001 [15], there have been limited studies of TRFME in
the context of possible associations with breast cancer subtypes, the
role of TRPMS in breast cancer cells and the suitability of this ion

= Carresponding anthar at: The Sthool of Pharmacy and Maer Ressrch, The University of Quemnsland, Brishane, LI, Ansralia.
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centrations of AMTB for 24 h. Images of the centre of each well were
acquired with a JuLI™ Stage live cell imaging system (NanoEntek)
(10 = objective), 24 h post-treatment. Analysis of wound closure (con-
fluence) was performed using Jull™ Stage automated cell imaging
system software (V0.0, NanoEntek). Confluency results were normal-
ised to a control well (media treatment) representing the highest con-
fluence at 24h.
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2.6. Brightfield imaging
Cell Calcium

Brightfield imaging was performed using a Jull Stage Real-Time
Cell History Recorder (NanoEntek), placed in a humidified incubator
maintained at 37 ‘G and 5% CO.. Cells were seeded at 5 x 107 cells/
well in 96-well plates for morphological assessment of ceramide-in-
duced cell death. After 24h, following an initial pre-treatment image,
cells were treated with 100 pM ceramide and returned to the Jull Stage
where images were captured every 5 min for 48 h using a 20X objective.
For migration assessment, MDA-MB-231 or GCaMP6m-MDA-MB-231
cells were seeded at 2 x 10* cells/well in 96-well plates and 24 h later
the cell monolayer was scratched uniformly using a WoundMaker™
scratch device (Essen Biosciences). Cells were then washed twice with
media and 100pL of fresh media was added. Wound closure was im-
aged every 5min for 24 h using a 4X objective. Gap closure was de-
termined using MRI Wound Healing Tool macro for ImageJ software
{version 1.49). Proliferation rates of MDA-MB-231 cells and GCaMP6m-
MDA-MB-231 cells were investigated by seeding cells at 4 x 102 cells/
well in 96-well plates and after 24h assessing cell confluence using
brightfield imaging every 6h for 72h. Cell area measurements were
performed using ImageJ software (version 1.49).

| |_\| A" | ,,,3‘ journal homepage: www elsevier.com/locateiceca

Assessment of cytosolic free calcium changes during ceramide-induced cell
death in MDA-MB-231 breast cancer cells expressing the calcium sensor
GCaMP6ém
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ARTICLE INFO ABSTRACT

Keywords: Alterations in €% signaling can rmgulate key cancer hallmoarks such = proliferstion, invasivenss and e

GCIMPE sistance tocell desth, Changss in the mguliion of intracellular Ca®* and specific companents of Ca®* influx am

Camamide a feature of several cancers and for cameer sulbtypes, inchuding the basal-like breast cancer subtype, which hasa

poor rognosis The development of genetically encoded caleium indicators, such a5 GCaMPS, represents an

appartunity to meanme changes in inracel ular free G diring processes relevant to breast cancer progresision

Cdl death that secur over long periods (g hours), such ot csll desth. This stuly deseribes the development of s MDA-ME
291 bresst cancer cell line stably expressing GCaMP6m. The cell line retained the key features of this aggresive
tmsallike breast cmesr csll line Using this model, we defined alertions in relative cytosolic free Ca®*
([Ca"*Jevr) when the cells were treated with C2ceramide. Cell death was messured simultmesusly via ==
sesament of propidium iodide permeabiity. Treatment with cemmide produced delayed and heterogensous
sustained ineresses in [Ca™ Jor. Whers cell dexth occumsd, [Ca™* lor increses precsded cell death. The
sustained incresses in [Ca®*]mer were not related to the rapid morphalogical changss induced by ceramide.
Silencing of the plasms membrane Ca®* ATPae isoform 1 (FMCAL) was ssociated with an augmentation in
ceramide induced increases in [GF* Lo md alo cell death. This work demonstrates the utility of GCaMPS
Ca* indicators for investigating [Ca*]or changes in brest cancer cells during svents relevant 1o tumor
progression, which oocur over hours rather than minwes.

1. Introduction Measuring [Ca™* ] changes during processes important in cancer
that occur over hours has been difficult, due to limitatons of smal

Changes in intracellular Ca** dynamics are a featwe of several
cancers [1-3], incduding those of the prostate [4], colon [5] and breast
[&]. Such alterations are often associated with augmentation of cancer-
related processes, including cell migration, proliferation and/or evasion
of cell death [7]. The remodeling of Ca®* homesstasis in cancer can be
driven by changes in the expression of Ca*' pemeable ion channek
and Ca”" pumps, resulting in alterations to the magnitude of relative
cytosolic free Ca®* ([Ca™" 1opy) increases, as well as potential changes
in the spatial and temporal aspects of the Ca®* signal [2,8]. For ex-
amgple, global [Ca™* ]y osellations mediated via store-operated Ca**
entry can promote WM793 melanoma cell invasion viz activation of
imvadopodia assembly [9]. Investigating [Ca®" ]y changes occurring
during cell death may improve our understanding of the consequence of
[Ca* " Jewr remodeling and cancer cell survival.

molecule fluorescent Ca®* indicators, which have been predominantly
used for the measurement of [Ca** Jevr in studies of breast cancer cells,
These are generally unsuited to long-term (hours, days) smdies, due to
dye leakage and sequestration [10,11]. Hecent improvements in ge-
netically encoded Ca®* indicators (see reviews [12-16]) inchiding the
GCaMP6 series [17], now provide the opportunity to reliably define
changes in calcium signaling in cancer cells for cellular events that
occur over hours or even days. Studies using genetically encoded Ca**
sensors have provided new insights into brain physiclogy, as ex-
emplified by the meent identification of distinet Ca®* oscillations
present during agmeyte neuronal cell death using the membrane tar-
geted Lek-GCaMP6 sensor [18]. The application of GCaMP6 sensors to
cancer cells coupled with recent advances in automated epifluorescence
micrescopy (automated liquid addition, improvements in cell tracking,

Ceramide 100 png 3

Fig. 3. Brightfield imaging of morphology changes and cell death in ceramide treated GCaMP6m-MDA-MB-231 cells.
- Comrespanding author at- Schoal of Pharmacy, The University of Queensland | 30 Gormwall Street, Woalloongabba, £102, Brishane (uemshind, Ansralia. Following a baseline image (0 h), ceramide 100 pM was added to cells and imaged every 5min for 48 h. Representative images at t = 0, Smin, 6 h, 24 h and 48 h (scale bar = 100 ym),
E-madl address: gregm iug edo an (G Momted) with inset highlighting example cell changes (scale bar = 20 ym).
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MicroRNA-21 in cancer-associated -

fibroblasts supports lung

adenocarcinoma progression

| Akike Kunita®, Shigeki Morita®, Tomako U. Irisa*, Akiteru Goto?, Toshiro Niki?, Daiya Takai®,

1

Cancer-associated fibroblasts (CAFs) interact closely with cancer cells, supporting their growth and
invasion. To investigate the role of microRMNA-21 (miR-21) in lung adenccarcinoma, and especially in its
CAF component, insitu hybridisation was applied to samples from B3 invasive lung adenccarcinoma

cases. MiR-21 expression was observed in both cancer cells and CAFs. When the patients were stratified

by expression, miR-21 levels in CAFs (n =3, but notin cancer cells (n=21), were inversely correlated

: with patient survival; patients with miR-21%s CAFs exhibited lower survival than those with miR-

¢ 21" CAFs. The underlying mechanism was investigated invitro. Conditioned medivm (CM) from
;A543 lung cancer cells increased miR-21 expression in MRC-5 and IMR-30 lung fibroblasts through the
: transforming growth factor-3 pathway, and induced CAF-like morphology and migratory capacity.

MiR-21 up-regulation in lung fibroblasts induced a novel CAF-secreted protein, calumenin, as well as
known CAF markers [periostin, ce-smooth muscle actin, and podoplanin). Moreowver, CM from the lung

fibroblasts increased A543 cell proliferation in a calumenin-dependent manner. Thus, miR-21 expression

in lung fibroblasts may trigger fibroblast trans-differentiation into CAFs, supporting cancer progression.

: Therefore, CAF miR-21 represents a pivotal prognostic marker for this scar-forming cancer of the lungs.

: Cancer-stromal interactions play critical roles in cancer cell growth, invasion, metastasis, angiogenesis, and
. chemoresistance' . Cancer-associzted fibroblasts (CAFs), or activated fibroblasts, are essential constituents of

the cancer stroma that contribute to cancer progression and promote cancer cell growth. Although their ori-
gin remains controversial, CAFs are thought to be mainly derived from resting fibroblasts', which are activated
to trans-differentiate into myofibroblasts/CAFs by paracrine signalling initiated by cancer cells. Transforming
growth factor § {TGF-3) is the most potent activator of fibroblast trans-differentiation. In a previous study, we
identified sub-epithelizl myofibroblasts {SMFs) located within the alveolar septa and beneath the in situ prolif-

: eration of lung adenocarcinoma cells. We postulated that at least some of these SMFs transform inte CAFs at

the “central scar™, the central region of lung adenocarcinoma, which contains myofibroblasts/CAFs. CAFs have

* only recently been investigated with respect to their molecular, genetic, and epigenetic abnormalities in various
i organs, including the lungs. Since CAF abnormalities may represent a useful indicator for cancer prognosis, their
¢ complete characterisation should be pursued.

MicroRNAs (miRNAs) are a class of small (20-25 necleotides in length), non-coding RNA species that play
important roles in tuning various cellular functions, through the post-transcriptional regulation of target mRMNAs.

: The roles of miRNAs in the development and progression of cancer cells are currently being intensively inves-

tigated. Although CAFs represent an attractive target for the development of novel drugs, studies have mainly
focused on cancer cell-derived miRNAs, while the roles of stromal-derived miRNAs remain to be elucidated.
Bronisz ef al. demonstrated that the down-regulation of miR-320 in mammary stromal fibroblasts reprograms the

! tumour microenvironment by activating the pro-oncogenic secretome®. Moreover, Mitra ef al. identified a set of

three miRMNAs (miR-31, miR-214, and miB-155) that reprogram normal fibroblasts into CAFs in ovarian cancer’.

‘Depart ment of Path ology, Graduate School of Medicine, University of Tokyeo, Takye, lapan. *Dep artment of Callular

and Organ Pathology, Akita University Graduate School of Medicine, Akita, Japan. *Department of Integrative

Pathalogy, Jic hi Medical University, Tochigi, Japan. *Departmeant of Clinical Laboratory, University of Tokyo Hospital,
Tokyo, Japan. “Depart ment of Thoracic Surgery, University of Tokyo Hospital, Tokyo, Japan . Akiko Kunita andS higeki
Morita contributed equally tothis work. Correspondenc e and reguests for materiak should be addressedto MLF.

¢ femail: mfukayama-tky@umin ac. jp)

FIC REPORTS | (2018) 88538 | DOL10.1038/541508-012-27128-3

Copyright@ NanoEnTek Inc. All rights reserved.

(NanoEnTek, Seoul, Korea).

Live cell imaging. Japan

Q

A549 + CM (IMR-90)
1

e e

- NC

Confluency (%)

JuLl Stage

Real-time live cell imaging system

A549 + CM (MRC-5)

ok

- NC

Time (h)

o

A549 + CM (IMR-90)

E 0 —
E o
2o
Ra
E
o
& = >
& 4.&'-
c Proliferation
Migration

Time (h)

A549 + CM (MRC-5)
—

3
= 0
e
Ea
-
Za
Sa
E

@

< * &
& 4\&

miR-21 1

<—(calumenin)<€—

> TGF-p

Cancer cell

Figure 6. MiR-21-expressing lung fibroblasts affect the

—> CAF phenotype
Fibroblast

growth and migration of lung cancer cells through

secretory molecules. (a) Cell proliferation assay for A549 cells following treatment with CM from miR-21-

overexpressing IMR-90 and MRCS fibroblasts (mean &
of lung cancer cells, cultured in CM from fibroblasts tra

SD, n= 3, **** P 0.0001). The proliferative capacity
nsfected with miR-21, was increased compared with the

control group (NC)._ (b) A549 cell migration assay following treatment with CM from miR-21-overexpressing
IMR-90 or MRCS fibroblasts. Cell migration was analysed with the [ncu(f}‘lc‘t ZD0M live cell imager and
expressed as the area occupied by A549 cells on the bottom surface, normalised to the initial top value

(mean &+ 50,

= 4. (c) Schema of the interactions between cancer cells and fibroblasts in lung adenocarcinoma.

Proliferation assay. To examine the growth of monolayer cultures, 5 x 10* cells/well were seeded in 6-well
plates, and cell confluence was monitored with the JuLI Stage automated cell imaging system and software
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Wound-healing assay

HCT-116 cells were serum-deprived, and CL-43
at a concentration of 250 nM was added to the confluent
monolayer. After 20 h of incubation, the HCT-116
monolayer was wounded by scratching with a 5 ml pipet
tip. Wound-healing was monitored for 24 h with aid of
JuLI Stage microscope (NanoEnTek, South Korea) and
monitored by JuLi Software.

ABSTRACT

Combinational anticancer therapy demonstrates increased efficiency, as it targets
different cell-survival mechanisms and allows the decrease of drug dosages that
are often toxic to normal cells. Inhibitors of the heat shock response (HSR) are
known to reduce the efficiency of proteostasis mechanisms in many cancerous cells,
and therefore, may be employed as anti-tumor drug complements. However, the
application of HSR inhibitors is limited by their cytotoxicity, and we suggested that
milder inhibitors may be employed to sensitize cancer cells to a certain drug.

We used a heat-shock element-luciferase reporter system and discovered a
compound, CL-43, that inhibited the levels of heat shock proteins 40, 70 (Hsp70),
and 90 kDa in HCT-116 cells and was not toxic for cells of several lines, including
normal human fibroblasts. Consequently, CL-43 was found to reduce colony formation
and motility of HCT-116 in the appropriate assays suggesting its possible application
in the exploration of bioclogy of metastasizing tumors. Importantly, CL-43 elevated
the growth-inhibitory and cytotoxic activity of etoposide, cisplatin, and doxorubicin
suggesting that the pro-drug has broad prospect for application in a variety of anti-
tumor therapy schedules.

INTRODUCTION

Traditional anticancer drugs used for chemotherapy
are often inefficient because tumor cells possess a powerful
protective system based on molecular chaperones [1].
The expression of molecular chaperones, many of which
belong to various families of heat shock proteins (Hsps),
is controlled by heat shock transcription factors (HSFs)
in most cases by HSF1 [2]. HSF1 govemns the function
of more than 1000 genes. some of which are functionally
limked to tumeor progression [3]. Typical products of HSF1
activation are heat shock proteins (Hsps) Hsp27, Hsp40,

Hsp70 and Hsp90. Most Hsps are involved in a cell
proteostasis mechanism that comrects the consequences
of improper polypeptide synthesis-modification-transport
and promotes the proteolytic elimination of ieversibly
damaged proteins in proteasome/lysosome machineries
[41.

The majority of HSF1 melecules are maintained in
an inactive state in cytosol through binding to the complex
containing Hsp90, Hep70, and Hsp40; upon heat shock,
HSF1 is phosphorylated, timerizes, and migrates to the
muclens [5]. There the factor induces the expression of
certain genes by binding to their 5"-upstream DNA motifs,

www.oncotarget.com
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Figure 3: CL-43 reduces migratory and colony formation capacities. (A) HCT-116 cells were treated with CL-43 in various

b i. w0 ONM 40| 250 nM concentrations for 18 h, then collected, transferred to serum-free medium and seeded into the upper wells of CIM plates of the xCEL Ligence
35 2 : 20| system Lower chambers of CIM plates were filled with complete medium. Recording of cells migrated through the microporous membrane
= é o O ﬁ‘ of CIM plates lasted 20 h. Representative data from three independent experiments 1s shown. (B, C) Wound healing assay was performed

with the aid of a JuLI Stage microscope. Cells were cultivated in serum-free medium for 24 h in the presence of vehicle or 250 nM CL-43
before the monolayer was scraiched. Recording lasted 24 h. The wound closure was detected with microscopy (B) and monitored by JuLi
Software (C). (IV) Colony formation assay obtained with HCT-116 cells in the presence of CL-43 in concentrations of 125 and 250 oM.
D_om 126 nM_ 260 nM (E) The number of colonies and average number of cells in each single colony were calculated with an aid of CQ1Confocal Quantitative

Lr’ ‘_J Image Cytometer {Yokogawa, Japan).
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Manual cell picking and monitoring for time-lapse imaging

All of the single-cell manipulations were conducted using a micromanipulator device (Nikon-

bioRyiv

Narishige, Tokyo, Japan) during observation under an inverted microscope. One day after transfection.

the cells were trypsinized and washed i phosphate-buffered saline (PBS: Gibco. USA). To manually 5,44 O

pick single-cells, the cell suspensions were placed in a drop of PBS with 0.5% FBS and covered by 3'1'2‘10 O 31-2:1-2
Mew Results i 3-1-221
mineral o1l (Sigma. USA). A single RFP-positive only cell was aspirated using a micro-injection O ; 1 g ; §
Lineage tracing using a Cas9-deaminase barcoding system targeting endogenous pipette (diameter: 20 ym. ORIGIO, Charlottesville, VA) under fluorescence exposure. The aspirated 3123 @ 31232
3-6-3-1
LI elements single-cell was transferred to a 4 pl droplet of DMEM supplemented with 1% P/S. 1% NEAA, 100 8
3-6-4-1 -1
mM 2-ME. and 10% FBS in a 100-mm dish and overlaid with mineral oil at a ratio of one cell to each 3.13.“. ; 1; i : g
Byungjin Hwang, Wookjae Lee, Sooyoung Yum, Yujin Jeon, Namjin Cho, Goo Jang, Duhee Bang 313114
doi: https:/idoi.corg/1 0.1 101/367177 droplet. The single-cells were cultured for 4 hours in a CO> incubator at 377 and then moved to an 3_137172. ‘ 3.13-1-2-2
3-13-1-2-4
This article is 2 preprint and has not been peer-reviewed [what does this mean?]. incubator equipped with a JuLI™ Stage real-time cell history recorder (NanoEnTek). which enables 341}1»3. ‘ 3-13-1-31
3-13-1-3-3

the observation of cell growth using live. time-lapse imaging.

Abstract Info/History Metrics Supplementary material [ Preview PDF c Movie of colony growth and history d ‘ 84
- | EE 81 66

Abstract

m s

Determining cell lineage and function is critical to understanding human physiology

and pathclogy. Although advances in lineage tracing methods have provided new

insight into cell fate, defining cellular diversity at the mammalian level remains a

9
challenge. Here, we developed a genome aditing strategy using a cytidine deaminase E;Z‘ E,EZI E;Zl Elig Sin'gle. cell [
8

+— picking
fused with inactive Cas9 (dCas?9) to specifically target endogenous interspersed repeat & NGS

Cell 1-2-2 DT
18
Cell 2-1-2 ©

Cell 1-2-1
Cell 2-2-1
Cell 2-2-2

Cell 1-1-2

regions in mammalian cells. The resulting mutation patterns served as a genetic

barcode, which was induced by targeted mutagenesis with single-guide RNA (sgRNA), Figure 1. Targeted deaminase system for lineage tracing. a) Schematic overview of the targeted

leveraging substitution events, and subsequent read out by a single primer pair. By deaminase system. Red amows mdicate the single flanking primser parr used to anplify the targeted
analyzing interspersed mutation signatures, we show the accurate reconstruction of regions. The substifution pattern in the target resion served as the cell 1e for tree 1 :

cell lineage using both bulk cell and single-cell data. We envision that our genetic o . . . .
b) Paurwaze alizroment of five representative target sites for sgFIMA-1 and sgFNA-3 desizn. These

regrons were anplified using a smele primer pair and ahgnment distingunshed each target site by the
different smroundmg sequences. ¢ Edifing efficiency of the two selected sgFMNAS m the target rezion

for HEE293T and Hela cells. d) Comelation of ediing efficiency between the first and second base

barcode system will enable fine-resclution mapping of crganismal development in

healthy and diseased mammalian states.

Copyright The copyright holder for this preprint is the authorfunder, who has granted
bioRxiv a license to display the preprint in perpetuity. It is made available “C” in 2 specific window (4-8) within the szRMA-3 spacer sequence in HEK293T cells (Spearman’s
under a CC-BY-NC-MND 4.0 International license.

comrelation = 0.6 for Hela cells).
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Abstract

5[0re-0perated(‘az+enlry is a pathway that is emodelled in a variety of cancers, and altered expression of the components
of store-operated Ca®* entry is a feature of breast cancer cells of the basal molecular subtype. Studies of store-operated Ca®t
entry in breast cancer cells have used non-specific pharmacological inhibitors, complete depletion of intracellular Ca™* stores
and have mostly focused on MDA-MB-231 cells (a basal B breast cancer cell line). These studies compared the effects of the
selective store-operated Ca™* entry inhibitors Syntati6 and YMS58483 (also known as BTP2) on global cytosolic free ca’t
{[Ca™*]yy) changes induced by physiological stimuli in a different breast cancer basal cell line model, MDA-MB-468. The
effects of these agents on proliferation as well as serum and epidermal growth factor (EGF) induced migration were also
assessed. Activation with the purinergic receptor activator adenosine triphosphate. produced a sustained increase in |Cu:']n-|-
that was entirely dependent on store-operated Ca™ entry. The proiease activated receptor 2 activator, trypsin, and EGF also
produced Ca™* influx that was sensitive to both Syntasé and YMS8483. Serum-activated migration of MDA-MB-468 breast
cancer cells was sensitive to both store-operated Ca®* inhibitors. However, proliferation and EGF-activated migration was
differentially affected by Syntao6 and YM38483. These studies highlight the need to define the exact mechanisms of action
of different store-operated calcium entry inhibitors and the impact of such differences in the control of tumour progression
pathways.

Keywords Breast cancer - Orail - Store-operated Ca™ entry - Synta6é - YM58483

Abbreviations EGFR  Epidermal growth factor receptor
ATP Adenosine triphosphate ER Endoplasmic reticulum
M Complete media FBS Foetal bovine serum
CPA Cyclopiazonic acid 1P, Inositol 1.4.5-risphosphate
DMEM Dulbecco's modified Eagle’s medium PAR2 Protease-zctivated receptor 2
EGF Epidermal growth factor PBS Phosphate-buffered saline

PLC Phospholipase C

P — — SOCE  Store-operated Ca®* entry

FOn sup| E"I'IEI'IE[)' material Onlimne version o IS 2

article (hitpsa/ido.org/10. 1007/500018-018-2904-y) contain SRM - Serum-reduced media
supplementary material, which is available to authorized users. STIMI  Stromal interaction molecule 1
STR Short tandem repeat
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! School of Pharmacy, The University of Queensland. Introduction
Brishane, QLD Australia
Mater Research Institute, Translational Research Instituie, The existence of a mechanism by which the depletion of
The University of Queensland, Brisbane, QLD, Australia intracellular Ca®* stores triggers a Ca™ influx pathway that
*  Division of Pharmacy, College of Health and Medicine, is then used to refill Ca®* stores was proposed by Putney in

University of Tasmania, Hobart, TAS, A ustralia 1986 [1], with store-operated Cca’™* entry. one of the erms
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Cell migration assay

Cell motility was measured using a collagen-based sin-

gle cell migration assay and a live cell imaging system.

96-well plates were coated with 50 pL of collagen solution
containing sterile-filtered 10x phosphate-buffered saline

(PBS) (8% viv), cell culture media (24% v/v), type I col-
lagen from bovine skin, buffered to physiological pH with
1 M NaOH. After incubating plates at 37 °C and 5% CO,
in humidified incubator for 1 h to allow collagen gel to
solidify, cells were plated on top of the gel (500 cells,
100 pL volume per well). Post seeding (24 h), cell culture
media were replaced with serum-reduced media (SRM,

0.5% FBS) containing Synta66 (10 pM) or YM58483

(10 uM) or DMSO control (0.1%) for 24 h. Media were
replaced with either complete media (CM, 10% FBS) or
SRM with EGF (50 ng/mL), containing DMSO control,
Synta66 or YM58483. Plates were then placed in a JuLi™
Stage Live Cell Imaging System (NanoEnTek Inc. Seoul,

South Korea) housed in a 37 °C and 5% CO, humidified
incubator for 24 h with bright-field images acquired every

15 min. Single cell tracking was performed on images
acquired 12 h after addition of EGF or complete media for
a period of 12 h. ImageJ 1.49q software (NIH, Bethesda.
MD, https://imagej.nih.gov/ij/) was used to track cells.
Accumulated distance travelled by each cell was calculated
and illustrated by Chemotaxis and Migration Tool V2.0
(Ibidi, Munich. Germany). Strict criteria were employed
regarding exclusion of cells from analysis. Cells which
died (loss of plasma membrane integrity or formation of
apoptotic bodies), or moved into or out of the field of view
during the period of migration assessment was excluded
from analysis. Cells which clumped together were also
excluded as only single cell motility was assessed.
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Fig.4 Assessment of the effect of Syntat6 and YMS58483 on a
complete media (CM)-model of cell migration. Cells were serum-
deprived (0.5% FBS) for 24 h prior to addition of complete media
(10% FBS) containing DMSO (0.1%), Synta66 (10 pM) or YM58483
(10 M) for 24 h. Cell migration was analysed from 12 h to 24 h after
addition of complete media. Representative spatial plots of DMSO
control (a), Synta66 (b) and YM38483 (¢) of 15 randomised cells
from one experiment. d Quantitative analysis of the median accumu-
lated distance travelled by all the cells from three independent experi-
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ment (duplicate wells) treated with DMSO control (total 152 cells).
Syntafi6 (total 126 cells) or YMS58483 (total number of 156 cells). ns
not significant (P=0.05), ¥ P<0.01 (nonparametric Mann—Whitney
test). e Histograms of accumulated distances travelled by cells binned
at 10 pm intervals. f Percent of cells with accumulated distance trav-
elled of less than 10 pm. Data are the mean+ 8D from three inde-
pendent experiments (#=3). ns not significant (P> 0.03), *P<0.05,
##P <001 (unpaired r test compared to the DMSO control)
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Fig.5 Assessment of the effect of Synta66 and YMS3E483 on an
EGF-model of cell migration. Cells were serum-deprived (0.5% FBS)
for 24 h prior to addition of EGF (50 ng/mL) containing DMSO
(0.1%). Synta66 (10 pM) or YM38483 (10 pM) for 24 h. Cell migra-
tion was analysed from 12 h to 24 h after EGF addition. Representa-
tive spatial plots of DMSO control (a), Synta66 (b) and YM38483 (c)
of 15 randomised cells from one experiment. d Quantitative analy-
sis of the median accumulated distance travelled by cells from three
independent experiment (duplicate wells) treated with DMSO control

(total number of 185 cells), Synta66 (total number of 176 cells) or
YMS584E3 (total number of 198 cells). ns not significant (P> 0.03),
FHFEEP <0.0001 (nonparametric Mann—Whitney test). e Histograms
of accumulated distances travelled by cells binned at 10 pm intervals.
f Percent of cells with accumulated distance travelled of less than
10 pm. Data are the mean+5D from three independent experiments
(r=3). ns not significant (P> 0.05). ***P<0.000] (unpaired r test
compared to the DMSO control)
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Nuclear connectin novex-3
promotes proliferation of hypoxic
foetal cardiomyocytes

Received: 23 April 2018 Ken Hashimoto?, Aya Kodama?, MikiSugino®, Tomoko Yobimoto?, Takeshi Honda™?,
Accepted: § August 2018 Akira Hanashima?®, Yoshihiro Ujih;ar;:!1 & Satoshi Mohri*

Loss of cardiomyocyte proliferative capacity afterbirth is a majorobstacle fortherapeutic heart
regenerationinadult mammals. We and others have recently shown the importance of hypoxic in
utero environme nts for active foetal cardiomy ocyte proliferation. Here, we report the unexpected
expression of novex-3, the short splice variant of the giant sarcomeric protein connectin (titin), in the
| cardiomyocyte nucleus specifically during the hypoxic foetal stage in mice. This nuclear localisation
‘ appeared to be requlated by the N-terminal region of novex-3, which contains the nuclear localisation
signal. Impartantly, the nuclear expression of novex-3 in hypoxic foetal cardiom yocytes was repressed
. at the postnatal stage following the onset of breathing and the resulting elevation of moygentension,
 whereas the sarcom eric expression remained unchanged. Movex-3 knockdown in foetal cardiomyocytes
: repressed cell cycle-promoting genes and proliferation, whereas novex-3 overexpression enhanced
: proliferation. Mechanical analysis by atomic force microscopy and micronee dle-based tensile tests
¢ demenstrated that novex-3 expression in hypoxic foetal cardiomyocytes contributes to the elasticityf
 com pliance of the nudeus at interphase and facilitates proliferation, by promoting phosphorylation-
. induced disassembly of multimer structures of nuclear lamins. We propose that novex-3 has a previously
: unrecognised role in promoting cardiomyacyte proliferation specifically at the hypaxic foetal stage.

While foetal cardiomyocytes (FCMs) in mammals actively proliferate in utero to form the primitive heart, they
stop dividing soon after birth. For this reason, u.n.dcrsta.nd.lnl, the molecular mechanisms of active fCM prolifera-
tion is fundamental for therapeutic regeneration in adult hearts. Recently, we and others have shown that activa-
: tion of fCM proliferation requires a low oxygen (0;) condition in foetal hcarts prior to the onset of breathing at
. birth'%. However, the underlying modecular mechanism of this activ. au.on. is u.nkncwm {Jn:stud'f has shown that
: proliferation of mouse fCMs during thc mid-embryonic stage (embry 5)
xia inducible factor-1o (Hif- 1o, We have r;c..nl.'lv identified f:
A (Faméda; also known s Pimreg) as an essential malecule for hypoxic fCM proliferation”. However, the regula-
tory networks ocowrring among these and other unidentified molecules under hypoxic foetal conditions remain
poarly understond.
Connectin (alse known as titin: Ttn) is the largest protein discovered to date (3—4 MDz) and spans from
the Z-disk, I-band and A-band to the M-band region of the sarcomere of cardiac and skeletal muscle®. It has 4
major isoforms, N2A, N2E, N2BA and foetal cardiac connectin, as well as numerous isoforms, incuding shorter
fragments that are produced through complex alternative splicing pathways. Generally, connectin functions as
an elastic molecular spring, and in cardiac muscle, it defines myocardial passive stiffness in diastole. However,
: connectin has recently been recognised to have additional functions, including acting as a structural and signal-
. ling molecule®.
: Our recent work on connectins has focused on their nuclear localisation. In C. elegans embryos, two connec-
. tin homaologues, TTN-1/Ce-titin (2.2 MI?a) and kettin {500-550 KIa), were detected at the interphase nuclear
¢ envelope’, and kettin was also localised to mitotic spindles during mitosis. 4 similar nuclear localisation of kettin
was observed in very early embryos™. In Drosophila embryos, 2 nuclear connectin was identified that differed
from the miajor isoform found in the muscle sarcomere™™ !, This protein was 1.9 MDa in size and showed signif-
icant homology to the N-terminal half of vertebrate connectin; it was named D-titin (also called Sls protein'® o

*First DepartmentofPhysiology, Kawasaki Medical School, Kurashiki, Japan. ‘Depanment of Cardiovascular Surgery,
Kawasak Medical School, Kurashiki, Japan. Corespondence and requests for materiak shovld be addressed tok. H.
i email: khashimo@med. kawasaki-m.ac.jp)
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Figure 6. Nuclear function of novex-3 as a cell cycle promoter is ascribed to that in interphase, but not during
mitosis. (a) A representative time-lapse recording of cell division dynamics of the E16 fCM doubly expressing
novex-3-Nterm-GFP and sarcomeric a-actinin-mCherry (as a CM marker). In contrast to the clear nuclear
expression observed during interphase (arrow), novex-3-Nterm expression was not localised to specific
structures (spindles, spindle matrix, centrioles, or chromosomes) during mitosis; instead, it was diffusely spread
throughout the cytoplasm following nuclear envelope breakdown at prometaphase. At telophase, when the
nuclear envelope reassembled, the novex-3-Nterm re-accumulated in the newly formed daughter nuclei (arrows
in telophase and cytokinesis), where it was maintained over the next interphase (arrows). The number on each
panel indicates the time in (hours: minutes) elapsed from the time indicated in the first panel. Scale bar= 50 um.
(h) Cultured fCMs (E17-E18) were triple-stained with novex-3, sarcomeric a-actinin (as a CM marker), and
DAPIL. DAPI staining clearly defined each phase in mitosis, including prophase, metaphase, anaphase, and
subsequent cytokinesis. In interphase fCMs, novex-3 was expressed both in nuclei and sarcomere (arrows).
At this time point, sarcomere structure was intact, as indicated by a-actinin staining. In prophase, when
chromosome condensation was visible as dot-like puncta by DAPI staining (arrow), novex-3 was still expressed
in fCM nuclei (arrow), while sarcomere structure has begun to disassemble. After the nuclear envelope
breakdown at prometaphase, novex-3 did not localise to the specific structures such as spindles, spindle
matrix, centrioles, or chromosomes; instead it diffused throughout the cytoplasm. When the nuclear envelope
reassembled during cytokinesis, novex-3 re-accumulated in the newly formed daughter nuclei (arrows). Scale
bar=20pum.

Time-lapse imaging analysis. Isolated f{CMs expressing novex-3-Nterm-GFP and sarcomeric
o-actinin-mCherry were placed on the stage of an inverted fluorescence microscope (All-in-One Fluorescence
Microscope; Keyence, Japan) equipped with a stage incubation system. The molecular dynamics of both pro-
teins during fCM cell division were recorded at 28 min intervals by time-lapse imaging. In separate experiments,
time-lapse images were similarly obtained with the microscopic live cell analyser (JuLl Stage; NanoEnTek, Korea)
to quantify the rate of f{CM cell division. Complete {CM cell division events, in which mitosis was followed by
cytokinesis and resulted in the generation of two daughter cells (an example shown in Fig. 6a), were manually
counted and presented as the percentage of total f{CMs.
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ASTHMA

An extracellular matrix fragment drives epithelial
remodeling and airway hyperresponsiveness
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It is anticipated that bioactive fragments of the extracellular matrix {matrikines) can influence the development
and progression of chronic diseases. The enzyme leukotriene A, hydrolase (LTA,H) mediates opposing proinflam-
matory and anti-inflammatory activitias, through the generation of leukotriene B, (LTB,) and degradation of pro-
neutrophilic matrikina Pro-Gly-Pro (PGP), respectivaly. We show that abrogation of LTB, signaling amelioratad
inflammation and airway hyperresponsiveness (AHR] in a murine asthma model, yet global loss of LTAsH exacer-
bated AHR, despite the absence of LTBas. This exacerbated AHR was attributable to a neutrophil-independent ca-
pacity of PGP to promote pathological airway epithelial remodeling. Thus, we demonstrate a disconnect between
airway inflammation and AHR and the ability of a matrikine to promote an epithelial remodeling phenotype that
negatively affects lung function. Subsaquently, we show that substantial quantities of PGP are datectable in the spu-
‘tum of moderate-severe asthmatics in two distinct cohorts of patients. These studies have implications for our under-
standing of remodeling phenotypes in asthma and may rationalize the failure of LTA,H inhibitors in the clinic.

INTRODUCTION

Tissue inflammation and remodeling are cardinal features of many
chronic diseases, as exemplified within the lungs, whereby they are
hallmarks of genetic disorders such as cystic fibrosis (CF), as well as
common lung diseases such as asthma and chronic obstructive pul-
monary disease (COPD), which have emerged as a leading cause of
morbidity and mortality worldwide. It had traditionally been hypoth-
esized that chronic inflammation was driving the airway remodeling,
but it is increasingly accepted that these features of disease can de-
velop in parallel and that remodeling can even develop independently
of the inflammation (1). Consequently, the mediators and mecha-
nisms that instigate airway remodeling are still incompletely under-
stood but are critical in dictating future efforts to develop effective
treatment strategies.

Leukotriene B, (LTB,) is generated intracellularly by the enzyme
leukotriene A4 hydrolase (LTAH) (2) and upon release binds to
leukotriene B, receptor 1 (BLT1) (3). LTE, fanctions asa potent chemo-
tactic factor and activator for various inflammatory cells and insti-
gates pathological inflammation observed in a multitude of chronic
diseases (4-6). Consequently, there has been a concerted pharmaceu-
tical effort to develop LT A,H inhibitors to ameliorate LTE,-mediated
pathology, but these inhibitors have failed to demonstrate efficacy in
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the clinic (7). Most recently, the LTA,H inhibitor [NJ-40929837 was
assessed in a human bronchial allergen challenge model of asthma,
but despite demonstrating clear target engagement and reducing
LTR4, this drug failed to show any clinical benefit over placebo (8).

The extracellular matrix (ECM) is the noncellular component of
tissues that provides a scaffold for constituent cells and is critical in
the provision of biological cues that dictate development, homeo-
stasis, inflammation, and repair. Degradation of the ECM can liber-
ate biologically active fragments, termed matrikines, which can dictate
the progression of inflammation and injury seen in chronic lung dis-
eases (9). One such matrikine is the tripeptide Pro-Gly-Pro (PGP)
that is liberated from ECM collagen via the sequential enzymatic ac-
tivity of matrix metalloproteinases (MMPs) and prolylendopeptidase
(10). Once liberated, PGP can subsequently be chemically acetylated
through the action of reactive aldehydes to a species that displays
enhanced in vivo stability, ACPGP (N-acelytated PGP) (11). PGP and
AcPGP function as neutrophil chemoattractants by mimicking key
sequences found in glutamic acid, leucine, arginine—positive (ELR")
chemokines and binding to CXCR1/2 { 10, 12). Previously, we demon-
strated that L'TA,H has a second anti-inflammatory activity, whereby it
degrades PGP to facilitate the resolution of neutrophilic inflammation
(11,13, 14). Conversely, AcPGP is resistant to this LT A H-mediated
degradation (11). Accordingly, it seems that the LTA;H-PGP deg-
radation pathway is perturbed in chronic lung diseases leading to the
accumulation of PGP, which may subsequently be converted to AcPGP
(11, 15), with both species subsequently driving inflammation and
pathology (10, 15, 16). LTA4H therefore represents a highly unusual
enzyme with opposing proinflammatory and anti-inflammatory ac-
tivities that dictate the amplitude and persistence of inflammation,
potentially accounting for the failure of LTA,H inhibitors in a clini-
cal setting,

Here, we assessed this dual functionality of LTA,H in defining the
pathogenesis of asthma. We demonstrate that global deletion of LTAsH
abolished L'TB,-driven inflammation but paradosically exacerbated air-
way hyperresponsiveness (AHR) owing to PGP accumulation and a

1of 12

Assessment of human bronchial epithelial cell proliferation
Primary human normal bronchial epithelial cells (Lonza) were cul-
tured for expansion in a 75-cm” flask (Corning), coated with type 1
collagen (30 ug/ml; Sigma-Aldrich), in Lonza bronchial epithelial
growth medium (BEGM). Once more than 90% confluence was
achieved, the cells were removed with trypsin (TrypLE Express Enzyme,
Gibco) and plated onto a 96-well plate at a density of 5000 cells per
well. The cells were supplemented with BEGM or with BEGM con-
taining AcPGP (10 pg/ml, 1 ug/ml, 100 ng/ml, or 10 ng/ml). For
assessment of a CXCR1/2-dependent mechanism, epithelial cells were
incubated for 1 hour at 37°C with anti-CXCR1 and anti-CXCR2
antibodies (1 ug/ml; R&D Systems) or IgG2a isotype control anti-
bodies (2 ug/ml; R&D Systems) before addition of AcPGP (10 ng/ml).
The cells were placed in an incubator for 4 hours for acclimatization
and to avoid potential condensation on the lid. Snapshots of each
well were recorded at 30-min intervals over 72 hours using the JuLI
Stage Real-Time Cell History Recorder (NanoEnTek Inc.). Percentage

cell confluence was automatically recorded for every snapshot of each
respective well. At the end of the experiment, the cells were fixed in
10% neutral buffered formalin (Sigma-Aldrich) for subsequent analy-
sis. Ki-67 staining was performed using a rat anti-mouse Ki-67 pri-
mary antibody diluted 1:500 (eBioscience). A Cy3-conjugated goat
anti-rat antibody (Jackson ImmunoResearch) diluted 1:500 was sub-
sequently added to enumerate Ki-67 positively stained cells. The cells
were then counterstained with a DAPI dye (Sigma-Aldrich) diluted
1:1000. The number of DAPI-positive cells and the number of DAPI
and Ki-67 double-positive cells were counted to determine the per-
centage Ki-67-positive cells per well.
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Fig. 6. AcPGP induces remodeling of human bronchial epithelial cells. Normal human bronchial epithelial cells were cultured at ALl Respective wells were treated

with media or media supplemented with AcPGP (10 pg/ml) and/or IL-13 (10 ng/ml) for 7 days. Apical supernatants were collected, and cells were fixed for histological
analysis. (A) Representative H&E- and PAS-stained sections of ALl culture epithelium after 7 days of treatment. (B) Epithelial cell height was assessed from H&E-stained
sections, with data presented as an average per well. (C) Apical supernatant MucSAC was assessed by ELISA at day 7 after treatment. Undifferentiated normal human
bronchial epithelial cells were cultured in media or media supplemented with AcPGP (10 ng/ml) and visualized over a period of 72 hours using a JuLl Stage automated
cell imaging system. In some groups, AcPGP-treated cells were preincubated with either anti-CXCR1/2 antibodies or 1gG2a isotype control antibody. (D) Intragroup fold
change in percent cell confluence of cells at 72 hours after each treatment relative to 0 hours. (E) Fold change in cell confluence over 72-hour period depicted for individual
wells in each treatment group. (F) After 72 hours, the cells were fixed and stained for Ki-67, with Ki-67-positive cells expressed as a percentage of 4',6-diamidino-2-phenylindole
(DAPI)-positive cells. (G) Bright-field image of epithelial cells treated with media or AcPGP (10 ng/ml) after 72 hours. Figures (A) to (C) present combinad data from two
independent experiments with two wells per group in each experiment. Figures (D) to (F) represent data combined from twe independent experiments with five wells
per group in each experiment. Results depicted as means + SEM. *P < 0.05, **P < 0.01, **P < 0.001, using Mann-Whitney statistical test (B and C) or analysis of variance
(ANOVA) with Bonferroni correction (E and F). Scale bars, 20 pm.
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ARTICLE INFOQ ABSTRACT

Keywords: A facile ane step symthetic apprach was far fabrication of i1 silicon quantum dets {Si QDs)
siq0s and used 3 3 probe for 11 detection. of hexavalent (Cr (VI)) in envimnmental water 40 4
Crivl) desecsan smiples. The as preparesd Si QDs exhibit astrong fuorscence emission pesk at 520nm with 2 quantum viekl of
Callimaging 14.2%. The Buorescent S Qs were rapidly produced by using ascorbic acid a5 a reductars at 55°C. The
ﬂ:’:’f;:“"d‘““ enission peak of 5 QDS at 420 nm vwas effectively quenched upon the addition of Cr{VI)L. The 51 (s acted asthe 20
best fhiorescent probe for the detection of Cr(VT) at PBS pH7 4. The developed probe possessed a good linear
correlation (R? = 0.992) betwesn Cr{(VT) concentration (1.25-40 iM) and the (Fo-F)/Fg values with a detection
Kmit of 065 M. Futhermors, the 51 QDs servs 3 a bio-probe for uoresoence maging of AS4S ling cances
cells and cell viability resul ibl, & of § QDs. The a5-Esbricated S1QDs show 0-

the
severa ] advamtages sich as mapidity, selectivity and biscompatibdity for sensing of G{\"I] aml imaging of A5
cells, which opens a facile analyticsl patform for envir and bisinaging

1. Inroduction

In the past several decades, the amount of heavy metals has been
increased in the environment due to the mpid industdalization and
other anthropogenic activities [1]. Chromium pollution & mainly due to
the warous industrial proceses that incdudes coal-burning power
plants, chrome plating, gold mining, voleanic emisgons, and waste
combustion [2]. Mestly, chromium exists in two oxidation states, ie.,
Cr{lll) and CrV1). Among these, Cr(VI) poses a serious threat to human
health and environment compared to Cr{lll}, because of its high solu-
bility and camrinogenic activity towards nucleic acids even at ultma-trace
level [3]. Biochemical studies revealed that Ci{V1) ion was easily en-
tered cell membranes and reduced to Cr(lll), generating intermediate
species of chromium, which leads to form the radicals of varios che
mical species [4]. Due to its high cellular uptake, it inhibits several
biochemical pathways in cells, which can induce the toxicity to various
cells and caumse chemical-DMNA damage via DNA-reactive mechanizm
[5]. As a result, the maximum allowable concentration for Cr{VI) in
drinking water is at a lower micromalar level, which were set by many
nations [5]. In this connection, the development of a simple and rapid
analytical system is highly desirable for the detection of Cr(VI) in
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environmental and food samples.

Several analytical techniques incduding atomic absorption spectro-
seopy [7], UV—visble spectroscopy [8], flucrescence spectroscopy
9,107, high pressure liquid chromatography- inductively coupled
plasma mass spectrometry [11], X-ray fluorescence spectrometry [12],
and atomic emission specirometry [13] have been used for the detec-
tion of Ci{IV) in various samples. These methods exhibited superior
accuracy and precidon. However, they wsually suffer from dis-
advantages such as sophisticated pretreatment, requirement of profes-
sional operation, and also high-cost, which render them unsuitable for
real-time field monitoring.

Recently, semiconductor nanocrystals, or quantum dots (QDs) have
widely attracted in various fields of science because of their special
optodectionic properties induding, strong absorption, high quantum
yield, size-munable photoluminescent (PL) emission, and high stability
[14]. However, toxic inorganic precursors are commonly used in the
synthesis of traditional ()Ds that may cause toxic effects to various
biclogical systems [15]. Similady, carbon dots have also been served as
effective flucrescent probes for asaying of varous metal jons including
Cri(Vl), Fe(lll) and AI(IIT) ions in various samples [16-19]. Although the
Che-baxed fluorescence methods have proved as simple analytical

Received 26 January 2018 Recsived in revised form 12 July 2018% Acceptad 7 August 2018
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2.6. Cell imaging using Si QD as bioimaging probes

For imaging studies, A549 lung cancer cells were cultured in 5%
CO, humidified incubator at 37 °C. The cultured A549 cells (1 x 10%)
were placed on cover slips and rinsed twice with PBS. The cells were
treated with Si QDs for 1 h. The cover slips of Si QDs-treated A549 cells
were mounted onto glass slides. The bio-imaging nature of 5i QDs was
examined by fluorescence microscopy (Automated cell imaging system,
JuLlI Stage, NanoEnTek, Seoul, Korea).
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Fig. 7. (a) Cytotoxicity studies of Si QDs at different concentrations (50, 100,
150, 200, 250, 300, pg/mL) on A549 lung cancer cells. (b) Differential inter-
ference contrast (DIC) and fluorescence images of A549 cell line after incuba-
tion with Si QDs and 4’,6-diamidino-2-phenylindale (DAPI), respectively.
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IGF1R upregulation confers resistance to
isoform-specific inhibitors of PI3K in
PIK3CA-driven ovarian cancer
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Abstract
Genomic alterations (GA) in
kinase (PI3K) pathway in more

ds to the hyper-activation of the phosphatidylinositol-, 5-bisphosphate 3-

of ovaran ancer (0C) patients. Therefore, PBK therapies are under clinical
1 for this subset of patients. Bvidently, in dinical trials testing the efficacy form=specific inhibitors of PI3K
tients having a stable disease eventually relapse, as tumors become resistant to treatment. Hence, there is an
nical need to develop new therapeutic combinations to improve the efficacy of PI3K in PIK3CA-driven OC

than 20

133), in PR3CA-mutated OC cell lines (IGROVT and OAWA42) that acquired resistance to GDC
the molecular profile of GDCO032-sensitve and -resistant OC cell lines, we found that AKT/mTOR inh
for GDCO0032 efficacy. In resistant cells, the sustained activation of AKT/mTOR was regulated by
insulin growth factor 1 receptor (IGF1R). Knockdown of IGF1R re-sensitized cells to GDC
combination of ABV541, an IGFTR inhibitor, with G }
further demonstrated that IGFTR regulates turmor cell p
autophagy as well. Overall, our findings suggest that the dual inhibition of PI3K and IGF1R may be considered as a new
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therapeutic strategy in PK3CAdriven OC

Introduction are present in >20% of all OC types” . Around 240,000
The phosphatidylinositol 3-kinase (PI3K) pathway is a  OC patients are diagnosed annually; of these, ~50,000
key regulator of the survival, growth, and metabolism of  harbor GA in PIK3CA®. Therefore, identifying potent
normal and malignant cells*. This pathway is often anti-cancer therapies for this subset of OC patients is
hyperactivated due to genomic alterations (GA) in PI3K  essential.

pathway-related genes such as deletions in PTEN, and Cancer cells with GA in PIK3CA have been shown to be
mutations or amplifications in PIK3CA, AKT3, AKT2, and  more susceptible to isoform-specific inhibitors of the
AKTI. In ovarian cancer (OC) patients, point muta-  PI3K pathway (PI3Ki) in vitro, in vivo, and in patients
tions or amplifications of the PIK3CA gene, which than tumor cells with wild-type PIK3CA™ ™. One of the
encodes the pl10x catalytic subunit of the PI3K complex,  most promising PI3Ki is GDC0032, a small molecule that
blocks pl10a, pl10&, and pll0y (pl10f sparing).
GDC0032 has exhibited clinical activity in tumors har-
boring PIK3CA alterations in early clinical trials'*", but
eventually all patients relapsed and developed resistance.
Such results suggest that treating PIK3CA-driven OC with
PI3Ki is a good therapeutic strategy, but new therapeutic

o and repeodudion
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Imaging

Live cell imaging and time series recording were per-
formed using the Juli™ Stage Real-Time Cell History
Recorder. Punctate structures were imaged using both the
ImageStream and Zeiss Axio Observer 7. IHC slides were
scanned using the Panoramic MIDI II scanner,
3DHISTECH.
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Fig. 3 Combining GDC0032 and AEW541 enhances tumor growth arrest. A The growth of IGROV1 and OAWA42, sensitive and resistant cells,
treated with DMSO (black), GDC0032 (red), AEW541 (orange), or AEW541-GDC0032 (green) was monitored by a live cell imager every 24 h and
quantified by JuliStat. After 6 days of incubation, cells were fixed and stained using crystal violet (mean + SEM. n =3, *P < 0.05, **P < 0.01, ®™P < 0.01,
#P < 0,0001). B Whole-cell lysate western blot analysis of AKT, and S6 from both cell lines, sensitive and resistant, treated for 24 h as indicated.
C Four arms of tumor-bearing mice were treated daily as indicated. Tumor dimensions were measured every 2 days using a caliper and the relative
tumor valume was calculated using the formula V= (L x W x W) / 2, where Vis the tumor volume, W is the tumor width, and L is the tumor length.
(mean + SEM. n (of mice in a group) > =4, *P <0.05, **P < 001, **P <001). D KI67 and pAKT473 IHC staining of tumors from the four arms as
indicated (scale bar of 100um). The relative mask area of each arm was calculated and presented in a bar graph below each image panel. (mean + SE.
M. n=10, *™P <001, *P <001, **P <0.0001)
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Two-Cell Spheroid Angiogenesis Assay System Using Both
Endothelial Colony Forming Cells and Mesenchymal Stem Cells
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Abstract

Most angiogenesis assays are performed using endothelial cells. However, blood vessels are composed of two cell types: en-
dothelial cells and pericytes. Thus, co-culture of two vascular cells should be employed to evaluate angiogenic properties. Here,
we developed an in vitro 3-dimensicnal angiogenesis assay system using spheroids formed by two human vascular precursors:
endothelial colony forming cells (ECFCs) and mesenchymal stem cells (MSCs). ECFCs, MSCs, or ECFCs+MSCs were cultured to
form spheroids. Sprout formation from each spheroid was observed for 24 h by real-time cell recorder. Sprout number and length
were higher in ECFC+MSC sphercids than ECFC-only spheroids. Mo sprouts were observed in MSC-only spheroids. Sprout for-
mation by ECFC sphercids was increased by treatment with vascular endothelial growth factor (VEGF) or combination of VEGF
and fibroblast growth factor-2 (FGF-2). Interestingly, there was no further increase in sprout formation by ECFC+MSC spheroids
in response to VEGF or VEGF+FGF-2, suggesting that MSCs stimulate sprout formation by ECFCs. Immuno-flucrescent labeling
technigue revealed that MSCs summounded ECFC-mediated sprout structures. We tested vatalanib, VEGF inhibitor, using ECFC
and ECFC+MSC spheroids. Vatalanib significantly inhibited sprout formation in both spheroids. Of note, the ICx of vatalanib in
ECFC+MSC sphercids at 24 h was 4.0 + 0.40 uM, which are more comelated with the data of previous animal studies when com-
pared with ECFC spheroids (0.2 + 0.03 uM). These results suggest that ECFC+MSC sphercids generate physiologically relevant
sprout structures composed of two types of vascular cells, and will be an effective pre-clinical in vifro assay model to evaluate

pro- or anti-angiogenic property.

Key Words: Angiogenesis, Endothelial colony forming cells, Mesenchymal stem cells, Two-cell spheroid

INTRODUCTION

Blood vessel formation refies on a highly confrolled se-
quence of cellular events. Two fundamental processes by
which blood vessels are formed are vasculogenesis and an-
giogenesis. Vasculogenesis refers to the de novo process of
new vessel formation by migration and differentiation of en-
dothelial progenitor cells (EPCs) into endothelial cells (ECs),
whereas angiogenesis refers to the extension of a pre-existing
blood vessels through ECs sprouting and subsequent stabili-
zation by mural cells {Carmeliet, 2000). If either one or both of
these processes are dysregulated, a number of pathological
conditions can arise (Carmeliet and Jain, 2000).

Drugs that modify angiogenesis hold great promise as po-
tential treatment options for lar malformation iated
diseases. Many pharmaceutical companies and research in-
stitutes have spent considerable effort, time, and money on

discovering angiogenesis-modulating drugs. Imespective of
the efforts made, few drugs have entered into the clinical tri-
als. This may be because the preclinical in vifro assay sys-
tems do not have sufficient itivity for identifying potential
drug candidates that can effectively modify in vivo angiogenic
events. Until now, only a handful of drugs, such as Bevaci-
zumab (Avastin, Genentech-Roche, CA, USA) and Sunitinib
(Sutent, Pfizer, NY, USA), have been approved for clinical use.

Pro- or anti-angicgenic properties are initially evaluated
by in vitro assay systems that measure the degree of prolif-
eration, invasion, migration, and tubular structure formation of
ECs seeded in two-dimensional (2D) culture dishes. Although
these assay systems have contributed significantly to the dis-
covery of angiogenesis modulators, 2D culture systems have
some limitations and drawbacks. One of the major limitations
of 2D culture systems is loss of originality of cells. For ex-
ample, 2D-cultured ECs progressively lose their differentiated
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In vitro 3D angiogenesis assay using ECFC, MSC, and
ECFC+MSC spheroids
Spheroids comprising ECFCs, MSCs, or ECFCs+MSCs
were collected, suspended in the corresponding basal me-
dium with 5% FBS (Atlas Biologicals) and 40% methocel (Sig-
ma, MO, USA) to avoid sedimentation of the spheroids. The
spheroid suspension was mixed with neutralized collagen so-
lution (Corning, N, USA) and quickly seeded into pre-warmed
24-well plates followed by polymerization in an incubator. In
some experiments, vatalanib was added to the spheroid-
containing collagen gel just before seeding. After 30 min of
polymerization, 0.1 mL of corresponding basal medium in the
presence and absence of pro-angiogenic factors (VEGF or
VEGF+FGF-2) was added to the top of the gel. The plate was
placed on a real-time cell recorder (JuLl stage, NanoEnTek,
Seoul, Korea), which took microscope images of spheroids
—every 1 h for 24 h automatically. Sprout formation was ana-
lyzed by the average number and cumulative length of sprouts
from at least five spheroids per group.
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Fig. 1. Comparison of sprout formation between ECFC-only, MSC-
only, and ECFC+MSC spheroids. ECFC-only spheroids, MSC-only
spheroids, or ECFC+MSC spheroids were embedded in collagen
gel and sprout formation was observed by real-time cell recorder
every 1 h for 24 h. (A) Representative images of sprouts formed
by ECFC-only, MSC-only, or ECFC+MSC spheroids at 0, 6, 12, 18,
and 24 h time points (scale bar=250 um). (B) Analysis of sprout
number of ECFC-only or ECFC+MSC spheroids. (C) Analysis of
cumulative sprout length of ECFC-only or ECFC+MSC spheroids.
*Significant difference (p<0.05) between groups. *Significant differ-
ence (p=0.05) between groups indicated by a bracket (n=3).
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Fig. 2. Effect of exogenous angiogenic factors on sprout forma-
tion by ECFC-only sphercids. ECFC-only spheroids were treated
with VEGF (30 ng/mL) or VEGF (15 ng/mL)+FGF-2 (15 ng/mL) fol-
lowed by seeding in a plate. (A) Representative images of sprouts
formed by ECFC-only spheroids in the presence and absence of
angiogenic factors at 0, 6, 12, 18, and 24 h (scale bar=100 um).
(B) Analysis of sprout numbers of ECFC-only spheroids with/with-
out angiogenic factors. (C) Analysis of cumulative sprout length of
ECFC-only spheroids with/without angiogenic factors. *Significant
difference (p=0.05) from control group (not treated with angiogenic
factors) (n=3).
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Fig. 3. Effect of exogenous angiogenic factors on sprout formation
by ECFC+MSC spheroids. ECFC+MSC spheroids were treated
with VEGF (30 ng/mL) or VEGF (15 ng/mL)+FGF-2 (15 ng/mL). (A)
Representative images of sprouts formed by ECFC+MSC spher-
oids in the presence and absence of angiogenic factors at 0, 6, 12,
18, and 24 h (scale bar=250 um). (B) Analysis of sprout number of
ECFC+MSC spheroids with/without angiogenic factors. (C) Analy-
sis of cumulative sprout length of ECFC+MSC spheroids with/with-
out angiogenic factors (n=3).
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