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Anti-cancer research
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Background of our lab. in anti-cancer research

Changes in Ten Leading Causes of Death
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Risk factors of Oral Cancer

* Betel nut (the Instit
» Tobacco (J Oral Pa
» Alcohol (Global ¢

« Diet and nutrition, |
» Ultraviolet light,
HPV infection )

Michael Ericksen
Dean, institute of public Health
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¥ Anticancer research in TCM and folk herbs

. b X% Hibiscus taiwanensis

. :li 12 Sophora subprostrata
. ¥ % Solanum nigrum

. % ¥ Cymbopogon citratus

. ¥¥ Artemisia indica

- % - Solidago decurrens
4 % Viburnum odoratissimum
. % # Physalis angulata

. £ k|3 Euphorbia antiquorum
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Physalis angulata (Solanaceae)
Usage: Herb tea
R CHREX)
Extinguish the fire inside the body
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Isolation physalins from physalis angulata M eth 0 d S

(Physalis angulata)
Extract with MeOH

,,,,,,,, Vacuum Evaporation <50°C
Cru gt (A — Morphology
O . |—~MTassay
1. Proliferation__ Cell cycle analysis (Flow
__ cytometry) Western blot
H fraction Residue
e Partion wih — Flow cytometry
EtCA - Ca** production
. - Mitochondrial membrane potential (A
2. Apoptosis .
E10Ac fraction (PAE) Residue pop — DAPI stain
G T L LS Pt i — DNA ladder assay
- ) L Western blot
IT'TTT] | 1 — Migration assay
P9, PABPACPAG Phe. BuOH fracton (PAB)  HO fraction (FAW) - Wound healing assay
3. Metastasis -Transwell migration assay
—— Matrigel invasion assay
— Confoal image

— Western blot
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Physalin A on cell cycle analysis by flow cytometer Physalin A on G2/M phase of cell cycle relative proteins
control 0.78 yM 1.56 UM HsC-3
PA 0 039 0.78 156 313 6.25 12.5 (UM)
HSC-3 cell
w - com 10 05 03 04 05 05 07 53 P
70 — —e— Apoptosis cycing 1| aum i — — — kDA l
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S P [ —— Jgpaxoa Weert 1+
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E 30 psa | i - - - - - - 5302 .&c.;_*
= 70 12 11 12 11 09 09
© 10 p27 27kDa &yelinA/B1,
0 1.0 0.6 0.4 0.6 07 10 11 *
weet | - i B [Moskoa l
Control0.39 0.78 1.56 3.13 6.25 125
10 15 17 1.9 18 2.0 2.0
Physalin A [uM] Actin —— = ; -u_j 12k0a G2/M phase arrest
Physalin A induced G2/M arrest and apoptosis in HSC-3 cells in » Physalin A induced G2/M arrest with decreasing cyclin A, cyclin B1 and
dose & time dependent. cdc2 activity, but increasing weel, p27 and p53 levels.
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Effects of PA on mRNA expression of cyclin
A and cyclin B1 in HSC-3 cells.
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Physalin A induced G2/M arrest with decreasing mRNA expression in

cyclin A levels, dose dependently .

Methods

— Morphology

— MTT assay

1. Proliferation__ Cell cycle analysis (Flow
__ cytometry) Western blot

— Flow cytometry

- Ca** production

- Mitochondrial membrane potential (A
— DAPI stain

. DNA ladder assay

L Western blot

— Migration assay

- Wound healing assay
-Transwell migration assay
—— Matrigel invasion assay
— Confoal image

— Western blot

2. Apoptosis

3. Metastasis

Result-DX,

Physalin A on DNA damage with DNA ladder assay

IR T (YY)
P

To analyze the DNA
fragmentation, HSC-3 cells were
treated with Physalin A for 24 hr.
Fragmented DNA was extrcted
and analyzed on 2 % agarose gel
electrophoresis with containing
EtBr.

Physalin A could induced DNA
damage with DNA ladder assay
(apoptosis) in HSC-3 cells.

Effects of PA on DNA condensation with DAPI stain
e
@8 uM

control 0.39 uM

1.56 uM

200 x

Cells were harvested after 24 h of PA treatment. After fixing, the
cells were stained with DAPI. Stained nuclei were then observed
under a fluorescent mircroscope. PA induced DNA condensation in
HSC-3 cells.

Result-DN;

damage

Physalin A on DNA damage by Comet assay

DMSO 0.39 uM

(Negative control)
DNA damage

Tail moment (%)

@100 150 200 20 300

[

0.78 pM

5 M H,0,|

1.56 uM
(positive control)
HSC-3 cells were treated
with Physalin A (0.39, 0.78,
1.56 pg/ml) for 24 hr and
applied to Single cell
electrophoresis

Physalin A induced DNA
damage dose dependent by
the Comet assay in HSC-3
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Phsalin A [ug/ml]
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Result-Ca *- product

Effects of PA-42 on Ca 2* production by flow cytometry
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Cells were harvested
various hour of PA
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“Method-Ca>r and MMPanalysis

“Extrinsic” “Intringic™
Fasligand DNAdamage (2 9. etoposde. radiaton)
m; Fas 2o PKC inhibition (e.g. staurosporine)

o

Death receptors

Caspase 8

FLIP
Bek2

Cytochromee  BekX,
Bokw
Caspase 0

Pro-caspase 3
(inactive) —‘\
Cleaved caspase 3
o (active) ‘F"'lAFs
Caspases 6,7

Deathsubstrates
Measurement of Ca%*
Caz* was determined by Indo 1/A1\T> flow cytometry.

Measurement of mitochondrial membrane potential (AWm)
Mitochondrial energization was determined by the retention of the dye
DiOC,3'-dihexyloxacarbocyanine iodide —i#low cytometry.

(Cell Death Differ, 2007)
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HSC-3
PA 0 0.39 0.78 1.56 3.13 6.25 (uM)
Arr [ o 0 W z .
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Bax [ — — — —Feim
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pro-casp-3 _[ I 1 I - ETIpny
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pro-caspase-3

cleaved casp-3 17kDa l
10 11 11 13 13 15 12
Fas E——— 40kDa cleaved caspase—:}*
10 11 11 14 17 1.9 1.9 l
Actin | sem——————————— | 12kDa

Apoptosis

" Physalin A triggered apoptosis with an increase in Fas, Bax, Bid,
and cleaved caspase-3 but a decrease in Bcl-2.
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RESULT — HSP,

PA on 2D-gel

Gontrol sample
o7 4oam a5 a7 x0am -
wod =L TR ok 264 268
45 oap g~ 5 a5 kDay ™
20n0ak, = 20v008 3
awoa_ ras0as
. . Mw
Protein Name Accession Number | pl | o)
264 Heat shock 70kDa protein 8 [Homo gi|16741727 5.37 | 70854
sapiens]
268 | HSP70-2 [Homo sapiens] gi|4529892 5.48 | 69982
PA(uM) 0 1.6 31 6.3 12.5
ﬁ HSP90 | — — — 90 kDa
1.00 1.04 180 1.97 258

ﬁ HSP70.2 [N S WS S @B | 40kDa
1.00 0.95 113 111 111

B-actin — — N — _— 42 kDa

Methods

— Morphology

— MTT assay

1. Proliferation]__ Cell cycle analysis (Flow
_ cytometry) Western blot

— Flow cytometry
- Ca** production
- Mitochondrial membrane potential (A
— DAPI stain
— DNA ladder assay
L Western blot
— Migration assay
- Wound healing assay
-Transwell migration assay
—— Matrigel invasion assay
— Confoal image
— Western blot

2. Apoptosis

3. Metastasis

RESULT — Cell oych

Y
PA in 2D-gel analysis
Control Sample
97 kDA 359 97 kDol 2 ';
86 kDaly = .' ©6 kDol b =
369 =k e =
45 KDk Pl 45400
©—480 =
20kDal, e o 7 20 KDake x
14 kD8, : 14 koa.
: Accession
Protein Name Number pl MW (Da)
352 alpha-tubulin [Homo sapiens] gi|340021 4.94 50120
369 Tubulin, beta [Homo sapiens] gi|14043231 4.78 49639
480 Nucleophosmin (nucleolar gi|16876872 4.64 32555
phosphoprotein B23, numatrin) [Homo
sapiens]
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Result-wound healing migration Result-transwell migration assay,

Physalin A on cell migration by Transwell Migration assay

Seeding cells

100
kT T Upper chamber b | - rton rate
[T==—=x q (1%FBSmedium) -
Ba;tmgm membrane layer B
? 55
o g .
—Jrreibdadm o g w0 -
e | B
i Lower chamber g ~ & 24
o (10% FBS medium) £7%
E S5 »
E . .. Z% e
l = g | = C
3, 3 = 9o
bt I = Crystal violet Staining Concentration (M)
o o o image) ._' B Physalin A for 24 hr inhibited ~50% migration
Time (hr) R s T

without significant cytotoxicity HSC-3 cells

PA-42 inhibited wound healing significant & without cytotoxicity.

33 3

Result-matrigel invasion assay

Effects of PA 0.75~1.56 llM on matrlgel invasion assay Physalin A on metastasis relative prote(i;rrlegnl:)x confocal i |mage

cadherin (FITC)
Blue : DAPI (DNA stain)

Coated 50 l matrigel [Ty f ATl O LigT

control

PA confocol
/ = microscope
, (630x) merge merge

Upper chamber

% (1%FBS medium)

control control

—
Invasion cells (%)

Lower chamber
[(10%FBSmedium)

Cell count Inhibitiol 0 03 078 156
! mean (£ SD) (% of col PA [uM] merge merge i merge
Red : ®Actin (rhodami Green : a-smooth muscle actin (FITC]
Control 782.33 (+34.27) 0% RSy ((,')1\',’ A sw:ﬁ? Blue : DAPI(DNA stain)
0.75 617.67 (& 55.99) 21.05% o
| = —— o . of ?A for 24 hr Thysalin reversed cytoskeleton from mesenchymal-like to epithelial-like with
Timage) . i) L ion without increased E-cadherin (epithelial marker) and decreased a-smooth muscle
5 o by the ImageJ . P s
i © JRLELLL0 36.39% R4 actin (mesenchymal marker ) in HSC-3 cells.
= TTEEWare anaryze. — 35 3
Physalin A on metastasis relative proteins The effect of Physalin A on Gross and histopathological findings

of hamster’s pouch in DMBA Group

e ~
et O\
Epithelial-

Mesenchymal-
HSC-3 like like

PA 0o 0.39 0.78 1.56 (UM) m+

—> migration

N T [

1.0 0.7 0.8 0.7 l
GRB2 24kDa invasion
1.0 0.9 0.8 0.7 ¢ *
metastasis

Gross and histopathological findings of hamster’s pouch in (7,12-dimethylbenz
MMP-3 : matrix metalloproteinase-3 [aJanthracene )DMBAl Group: Gross of pouches presented tumor masses on the mucosal(A.
GRB2 : growth factor receptor-bound closed, B. opened). Microscopically, moderate (3) hyperplasia with moderate (3) dysplasia,

protein thickness of the epidermal layer (C. 100x, D. 200x, E. 400x). Severe (4) papilloma showed
cauliflower-like growth, elongated and protruded with necrosis from epidermis to form
Physalin A inhibited metastasis with a decrease in MMP-3 papillary folding (F. 40x), and moderate (3) multicentric squamous cell carcinoma (SCC)
and GRB2, invaded into the submucosa (G. 100x) and increased mitoses (H. 200x, I. 400x) in the

5 epidermal epithelium of the pouch, H&E stain. 30




11/26/2012

The effect of Physalin A on Gross and histopathological findings
of hamster’s pouch in DMBA Group Physalin A in Hamster pouch tumor expression
,,,,,,,, . 4 - W Hyperplasia
B Dysplasia
X == Papilloma
@ [ Invasive carcinoma
L2 3 A
[}
K4
=
(=]
o 2
©
[*]
= * (2]
3
g
Gross and histopathological findings of hamster’s pouch in DMBA + PA 50 mg/kg Group. -
Gross of pouches presented tumor masses on the mucosa (A. closed, B. opened, animal
code. 202). Microscopically, slight (2) hyperplasia with moderate (3) dysplasia, thickness 0 -
of the epidermal layer (C. 100x, D. 200x, E. 400x). Moderate (3) papilloma showed DMBA - + + + +
cauliflower-like growth, elongated and protruded with necrosis from epidermis to form PA mg/kg 0 0 2.5 5.0 75
papillary folding (F. 40x), and no (0) multicentric squamous cell carcinoma (SCC)
invadedE into the submucosa (G. 100x) but increased mitoses (H. 200x, 1. 400x) in the .
epidermal epithelium of the pouch (animal code. 207), H&E stain. Degrees of lesions
= (1= minimal; 2=slight; 3=moderate; 4=severe) %
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ety Anti-inflammtory research of PA

G2/M phase arre;t
m"

cleaved—caspase-g*

— T by Ya-Sing Hsiau

'AD inhibitog
\v 0 m‘m — cleaved-caspase-34* Undergraduate student study
2
uetve from 2011/3 to 2012/6
DAPI 1 1“" DNA Iadder l
DNA iof DNA formgtion
l lr Apoptosis
CAD: caspase activated Dnase AIF: apoptosis-inducing factor
ICAD: inhibtor CAD MMP-3 : matrix metalloproteinase-3
MMP : mitochondrial membrane GRB2 : growth factor receptor-bound protein

potential

Cell Viability and the Effect of Physalin A on

/\ IR LPS-induced NO Production in Macrophages

\ Adaptive Immunity |

CHRONIC INFLAMMATION 120
e 1 100 120
. | g w g *
Oncogene | | COX2* PGE2 uosz NOe+, NFxkB e L Loy = £ 80
‘ Activation g and RONS \— Cytokines Cytokines ) g
/ £ 1 5 60
eas | WNT VEGF, INK, TRAF1, £ £ 40
L DNA Damage P53 activation L ey ik 2 g
JAR/STAT [lmn!n Damage || p38 activation | 20 20
| signaling —— —— — INFLAMMATORY MEDIATORS o 0
PAEA(ng/mi) 025 05 1 2 4 BABAfmgiml) - - - 025 @5 1 2 4
‘ BMSO -+ + DMSO e e x e
LPS(100ug/ml) - S+ %+ + o+ a4 \pS{100ug/ml) - - . + . ‘ ‘ +
_—1-" - (:)_, _—
Tumor P e PA significantly decreased the NO production and
Cell proliferation, Cell The overall balance of inflammatory Aﬁ;“p:;si:‘;zlrlﬁas:n“. shown low cell cytotoxicity in RAW 264.8 Ce"s,
Survival, Angiogenesis, || signals determines if conditions are i s - - .
Genomic Instability, || favorable for oncogenesis senescence, Lysis, but the its mechanism still does not understand.
Metastasis
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Inflammation Pathway -
Aim
Inflammation Pathway
* TLR4 pathway (Upstream)
CD14, MD2, MyD88
* MAPK pathway
INK, ERK, p38...
» IkK, IkB pathway
p-IkK, p-IkB...
* NF-xB pathway
P50, p65 :
« Transcription proteins (Down

¢ In this study, we want to
evaluation the anti-
inflammatory effects of
physalin A.

» In vitro: using
lipopolysaccharide (LPS)-
stimulated mouse
macrophage RAW264.7 cells

s In vivo: using A-carrageenan

stream): COX-2, iNOS, MMPs COX-2, iNOS, MMPs (Carr)-induced hind mouse
* mediators: NO, PGs... | paw edema model. COX-2, iNDS, MMPs
« cytokines: IL-1p, IL-6, TNF-o. ... mediators: NO PGs
cytokines: IL-1B, IL-6, mediators: NO PGs
TNF-a cytokines: IL-1p, IL-6,
TNF-a
37

5 X g \

T RESULTS

ERKIZ  JNK ]

................ ® :
s: NO PGs
~1b, IL-6,
|
Inhibition of LPS-induced iNOS and Inhibition of LPS-induced NF-kB
COX-2 Proteiy Physalin A Proteins bPhysaIin A
|
Nuclear pE5 - W N —— — — Nuclear pS0 I T - -
inos e - COX-2 e — e S i -
Practin e - - —— - Bractin s e e - mi 1w
T :E » E ? 108
T e T - o H
g i1z f - -
g . U % i H ,,I |
£ o | g 2
s Nl I i - B ] -
gmmw - - 05 10 20 40 - u:u:n) 05 10 20 40 . o ~ -
LPS (100 ng/ml) - L S T e PS(100ng/ml) -+ o+ o+ o+ o+ o+ PAM) - - 05 1 2 4 - PA(uM) - - 05 1 2 4 -
Indo, (10uM) - - - - - . 4 indo. (10pM) - - - R ws(100ng/ml) -+ o+ o+ o+ &+ LPS{100ng/ml) L
Physalin A treatment could down-regulation of INOS e e s = e = o S S
. . . Down-regulation of p65 proteins, respectively, after the treatment
and COX-2 proteins expression in RAW 264.7 cells. with physalin A at 2 pM compare:i with the LPS-alone.
I




Physalin A Inhibits the levels of IKK,
IKB Inflammatory Proteins

IKK protein expression(% of LPS)
® 5 8 8 B E EE B

IKB protein expression(%control)

o

PAM) - - 05 1 2 4 PAEA(ug/ml) - - 05 1 2 4 -
Ps{00ng/ml) - 4+ &+ 4+ LPS(1o0pg/ml) - + + + + 4+ o+
Indo.{20uM) - - - - - sIndomethasin(iopM) - - - - - -4

Physalin A-Reduced MMP-2 & MMP-9
expression in zymography and western blotting

M9

Percentage (%)
Percentage (%)
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Effects of Physalin A on the LPS-stimulated
Activation of Mitogen-activated Protein Kinases

Relative protein expression
fold of LPS treated group)

(f

n
actin
These results suggest that phosphorylation of MRBKs may be
involved in the inhibitory effect of physalin A on LPS-stimulated NF-

E

Effects of Physalin A on Carr-induced
Mouse Paw Edema

0.10 7 —e— car

—O— Carr + Indo 10 mg/kg (i.p.)
—v— Carr + PAEA 2.5 mg /kg (ip.)
—A— Carr + PAEA 5.0 mg /kg (ip.)
0.08 | —m— Carr + PAEA 10 mg /kg (i.p.)

Av (ml)

0.04 -

0.00

0 1 2 3 . 5
PA significantly decreased {ﬁz(h}f)-carrageenan induced
paw edema at the 4t h and the 5t h.

I —
Histopathological findings of
foot paw edema in mice

Physalin A in Carr-induced Edema Indo. in Carr-induced Edema

"]
Summary 2

1. In in vitrotests, RAW264.7 macrophages were treated
with physalin A together with LPS, a significant
concentration-dependent inhibition of NO production
was detected.

2. Western blotting revealed that physalin A blocked the
protein expression of iNOS, COX-2, Ikk, NF-kB, and
MMP-9 in LPS-stimulated RAW264.7 macrophages,
significantly.

3. Physalin A also inhibited LPS-induced ERK, and JNK
phosphorylation.

4. In in vivo tests, physalin A decreased the paw edema
at the 4th and the 5t h after A-carrageenan
administration, that physalin A significantly attenuated
the iNOS level and edema in the mice hind paw at the
3th-5th h after A-carrageenan injection.
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Summary 2 ,
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