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Abstract:

Curcumin, the active component of turmeric, is under intense investigation for its anti-cancer
properties. Curcumin has been found to effect the expression of a number of important players in cancer,
including the WT1 transcription factor. Our previous study revealed that curcumin-mediated inhibition of
PKCa and c-Jun N-terminal kinase (JNK) signaling contributes to curcumin-mediated down-regulation of
WT1. WT1 has been purported to have both oncogenic and tumor suppressor functions. In acute leukemia
and other hematological malignancies, WT1 expression is elevated, associated with poor prognosis and likely
plays an oncogenic role. In this study we further investigated the mechanism by which curcumin leads to
WT1 down-regulation. We find that the c-JUN transcription factor is required for robust WT1 expression in
K562 leukemia cells and that knock-down of c-JUN or inhibition of its upstream kinase JNK (Jun N-terminal
kinase) leads to WT1 down-regulation, underscoring the essential role of the JNK/c-JUN pathway in driving
WT1 expression in leukemia cells. Tanshinone IlA, an inhibitor of AP-1 (JUN/FOS) binding to DNA similarly
leads to inhibition of WT1 expression. In curcumin treated leukemia cells, c-JUN binding to the WT1 proximal
promoter is significantly decreased, strongly suggesting that curcumin inhibits WT1 expression, at least in

part, through preventing c-JUN-mediated expression.

Key words: curcumin, Wilms’ tumor 1, AP1, c-Jun, leukemia, K562



LAaNAIILBURNILAY 1

Executive Summary

a = fa_a . a a &0 a

%afﬂsams (VL'YIEI) ﬂ']iﬂm:ﬂﬂavlﬂ‘ﬂa\‘iLﬂaiﬂ’.l&l%@]aIﬂi@]uﬂi’]uﬁﬂiﬂ'ﬁuLLWﬂL@]aiﬁ]ﬂLW’lzﬂaﬂﬂ’liﬂ’JUQ&lﬂ’ﬁ
usasaanveIduIsuWeTIU wazmIvzaamdngipinTvasiaad

(é’anqu) Mechanistic investigation of inhibitory of curcumin on specific transcription factor to

downregulate WTT1 gene expression and cell cycle arrest in K562 cells

A o Y o =

Fawmlasenis (Ing) Jo wensue agvﬁﬂim
(5’0nqv) Mr. Songyot Anuchapreeda

(AUKRHIITINNT) TRIMRATINTE

LLmuﬁmﬁ;amﬁﬁumaﬂfﬂﬁﬁn
madTunaiansunne
amsinaRanIuwng
WmAnenaedeslnd 50200
Insewyi (053) 945066

nsans (053) 945066

E-mail songyot.anuch@cmu.ac.th %30 sanuchapreeda@gmail.com

Fanen (MIRINNAIT) wWedIenunn 19dIuns

a

m3tadyiswians

Fornd RSA55-n330¢ ayien

ity d 968-0-03710-9

TUIANS TUWIANINTINN samsinainnisuwng v, Foelng
;&”"é’ﬂm'«né’hﬁhm 1. Winsdua auLien

2. WHENMENIAT LIBNiTENa

3. WHENIMFIN dudls
‘ﬂl “L 1 =1 Y g A U o v
Wanlunszasny Aesswnlitesningesluaulasnialugasdaadunininlasins

\



Executive Summary

1. Introduction to the research problem and its significance

Turmeric, which is also known as curcumin (Curcuma longa Linn) is one of the most popular herbs
used for medical treatment, due to its wide variety of medicinal properties such as anti-inflammatory,
antibacterial, antifungal, antioxidant, anticarcinogen, antimutagen, and anticancer properties. The active
constituents of turmeric are known as curcuminoids, yellow pigmented substances isolated from the rhizome
of turmeric. This active extract can be subdivided into three distinct components: pure curcumin,
demethoxycurcumin, and bisdemethoxycurcumin. Curcuminoids are a group of diet-derived agents that are
being clinically evaluated as chemopreventive agents for major cancer targets, including breast, prostate,
lung, stomach, duodenal, colon cancers, and leukemias (1, 2). Curcuminoids, especially pure curcumin, have
strong anticancer agent and anti-tumor progression properties (3-5).

Wilms’ tumor 1 (WTT) gene encodes 48-57 kDa nuclear protein. There are four zinc fingers which
act as a transcriptional activator or repressor. This protein will bind to DNA target sequences, depending on
the cellular or chromosomal context. The WT1 gene is involved in growth regulation and is among a group of
genes that are necessary for the induction of differentiation (6-8), such as platelet-derived growth factor A
(PDGF-A) chain (9), c-myc, bcl-2 (10), colony-stimulating factor-1 (CSF-1) (11), transforming growth factor-,B1
(TGF-,B1) (12), insulin-like growth factor 1 receptor (IGF1R) (13), insulin-like growth factor Il (14), retinoic
acid receptor-OL (RAR-OL) and RNA metabolism (15-17). Thus, it is critical for development of the gonads,
kidneys, liver, spleen, heart, and mesenchymal structure (18-20). Somatic homozygous mutation or loss of
WT1 predisposes for the pediatric kidney cancer Wilms’ tumor (6, 7). In normal hematopoietic cells, WT1 is
expressed at high levels in a subset of progenitors and is found at low levels in mature cells (21-27). In
addition, many study observations support the notion of WT1 as a potential oncogene in the development of
human leukemia. The WT1 is highly expressed in most leukemias (28-31) and expression is further
increased upon relapse of the disease (32).

The WTT gene is located on the human chromosome 11qg13. In addition, four different isoforms of
WT1 which resulted from the combination of two alternative splices have been reported in WT1-expressing
cells (32). Alternative splice | insert 17 amino acids (+17AA) in exon 5 and alternative splice Il insert 3 amino
acids (+KTS) in exon 9 which exists between zinc-fingers 3 and 4, and yields four isoforms. There are WT1
17AA(+) KTS(+), 17AA(+)KTS(-), 17AA(-)KTS(+), and 17AA(-)KTS(-), each of which is considered to have
different functions. All of the four isoforms were expressed in primary human solid cancers, including lung
cancer (33), Head and neck squamous cell carcinoma (HNSCC) (34), sarcoma (35), and human primary
leukemia (36). Among the four WT1 isoforms, WT1 17AA(+)KTS(+) isoform was dominantly expressed in all
of the cancers examined. The results showing that constitutive expression of WT1 17AA(+)KTS(+) isoform
rescued the growth inhibitory effect of WT1 antisense oligomers on cancer cells (37) indicated the

contribution of WT1 17AA(+)KTS(+) isoform to the growth of cancer cells (38). The functions of WT1
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17AA(+)KTS(-) isoform involve to block differentiation of T lymphoid progenitor cells and in the tumorigenesis
of lymphoid malignancy (39). Moreover, it also increased the expression levels of Bcl-2 gene in G401
rhabdoid cells (40), indicating that the WT7 gene might be involved in suppression of apoptosis. While, the
WT1 17AA(-)KTS(+) isoform involve to induce G1 arrest in osteosarcoma cell line. Whereas the WT1 17AA(-
)KTS(-) isoform induced G1 arrest in osteosarcoma cell lines (41). Moreover it inhibited G1/S progression
and accelerated differentiation in 32D cI3 murine myeloid progenitor in response to G-CSF (42). These
results indicate that each of the WT1 isoforms has different functions and play important roles in
leukemogenesis and tumorigenesis. Cancers are characterized by abnormal control of proliferation. The WT1
gene is involved in the promotion of cell cycle, as was indicated by findings that suppression of WT1
expression induced G2/M or G1 block in human leukemia K562 cells and HER2/neu overexpressing breast
cancer cells, respectively (43, 44).

Interestingly, Anuchapreeda, et al. (45) showed that all three curcuminoids affected to cell viability
and proliferation in three lukemiac cells, K562, U937, and HL-60 cells and also showed the inhibitory effects
of curcumin on WT1 gene expression in leukemia patient’'s cells and four leukemic cell lines (K562, Molt4,
HL-60, and U937) (45-47). Furthermore, curcumin was also shown to induce cell death in two leukemic cells,
K562 and Jurkat cells (48) and demonstrated that the dietary component of curcumin at 3.5 pg/mL, the low
concentration, induces apoptosis in human leukemia HL-60 cells (49).

The inhibitory mechanism of pure curcumin on WT71 gene expression has been investigated
recently. The inhibitory mechanism of pure curcumin passes through Protein Kinase Cq (PKCq) signaling
cascade via c-Jun N-terminal Kinase (JNK) (50). However, normally, JNK was reported to activate the c-Jun
transcription factor that promotes cell proliferation and cell differentiation in cancer cells. The c-Jun is one of
protein binding to c-fos as heterodimeric complex of AP-1 (Activated Protein-1) transcription factor. Upto
date, the complete inhibitory signaling cascade of WT1 gene expression has not been concluded. The signal
cascade between c-Jun related AP1 as well as WT1 are not clear for WT1 gene expression, it should be
further explored to reveal the complete signaling pathway of WT1. Thus this study should be further
investigated how JNK protein promotes WT71 gene expression in leukemic cell lines using K562 as a
leukemic model. The possible signaling molecule, especially the transcription factor binding to WT7 gene
promoter might be the WT1 or the AP-1 (c-Jun/c-fos complex) as transcription factor candidate that stimulate
the WT1 gene expression in leukemia cells.

Morover, as known that noncytotoxic dose of curcumin decreased leukemic cell proliferation and did
not involve in cell apoptosis pathway. Thus, the inhibitory mechanism of curcumin on leukemic cell might be
involved in cell cycle arrest induction via c-Jun also. The c-Jun of AP-1 was reported to trigger cell cycle
progression via the restriction point (51). The previous report showed that the WT7 gene is involved in the
promotion of cell cycle, as was indicated by findings that suppression of WT1 expression induced G2/M or
G1 block in human leukemia K562 cells (43-44). However the inhibitory mechanisms of non-cytotoxic dose of

curcumin via JNK on cell cycle arrest have not been reported. All of these knowledge findings are the final
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data to conclude the possible inhibitory mechanisms of curcumin on WT7 gene expression and cell cycle
arrest.

The aims in this study are to investigate the specific transcription factor binding to WT17 gene
promoter on WT1 gene expression and cell cycle arrest involed in inhibitory effects of curcumin. These the
aims are based on the notion that the decreasing of WT7 gene expression by pure curcumin might be

related with cell cycle arrest and intracellular signaling pathway.

2. Objectives
2.1 To investigate the possible transcription factor related to the JNK activation on WT1 promoter
activation in K562 cell model.
2.2 To investigate inhibitory mechanism of JNK inhibitor and curcumin on cell cycle arrest in K562
cell line.

2.3 To investigate inhibitory protein molecule involved in cell cycle arrest in K562 cell line.

3. Methodology
3.1 Cells and cell culture conditions

Cell lines used in this study were K562 cell (human erythroid leukemia). It was maintained in RPMI
1640 containing 10 mM HEPES, 1 mM L-glutamine, 100 Units/ml penicillin, 100 pg/ml streptomycin, and
supplemented with 10% fetal bovine serum. The cell line was incubated in humidified 95% air, 5% CO, and

atmosphere at 37°C.

3.2 Effect of JNK inhibitor on AP-1 or WT1 protein binding to WT1 gene promoter
3.2.1 Chromatin Imnmunoprecipitation (ChlIP) assay

The concept of Chromatin immunoprecipitation or ChIP is an experimental form of
immunoprecipitation used to investigate the interaction between protein and DNA in the cell. It aims to
determine whether specific proteins are associated with specific genomic regions, such as transcription factor
on its promoters or other DNA binding sites, and possibly defining cistromes. Also, ChIP aims to determine
the specific location in the genome that various histone modifications are associated with, indicating the
target of the histone modifier. The method, briefly: protein with chromatin in a cell lysate is temporarily
bonded, the DNA-protein complexes (chromatin-protein) are then sheared and DNA fragments associated
with the proteins of interest are selectively immunoprecipitated, then the associated DNA fragments are
purified and sequences are determined. These DNA sequences are supposed to be associated with the
protein of interest in vivo

Cells will be treated with JNK inhibitor (40 nM of SP600125) compared to 15 UM curcumin as a
positive control and followed by 37% formaldehyde (final concentration was 0.37%) for 10 min in room

temperature to crosslink histone and DNA. Then, cross linking reaction will be stopped by adding 1.25 M
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glycine (final concentration was 0.125 M) and washing the treated cells twice with cold PBS. Cells will be
resuspended in cell lysis buffer (56 mM PIPE, 856 mM KCI, 1% NP40, and protease inhibitors) and incubated
on ice for 15 min then centrifuged at 5,000 rpm at 4°C for 5 min. Nuclei pellet will be resuspended in nuclei
lysis buffer (50 mM Tris-HCI, pH 8.0, 10 mM EDTA, 1% SDS, and protease inhibitors) and incubated on ice
for 10 min. Nuclei solution will be sonicated and then centrifuged at 14,000 rpm at 4°C for 10 min. Cell
supernatant will be collected and added with 25 pl Strep A cell then incubated on rotating platform for 15 min
to preclear chromatin. The precleared chromatin will be centrifuged at 14,000 rpm at 4°C for 4 min.
Immuneprecipitation buffer including protease inhibitors will be added to the collected preclear chromatin
solution and added Anti-WT1 (C-19) or -AP1 antibody. IgG and RNA polymerase Il will be used as a
negative and positive control, respectively. Precleared chromatin lysate will be rotated on platform at 4°C
overnight. Twenty five microlitres of Strep A cell will be added to immunoprecipitated antibody/protein/DNA
complex and rotated on platform for 15 min at room temperature to precipitate the immunoprecipiated
complexes. The immunoprecipiated complex pellets will be centrifuged at 14,000 rpm at room temperature
for 4 min. The pellets will be washed twice with dialysis buffer and four times with immuneprecipitation buffer.
The immunoprecipiated complexes will be eluted with elution buffer (50 mM NaHCO;, 1% SDS). The eluate
will be added with 5 M NaCl and incubated at 65°C overnight to reverse formaldehyde cross linking. RNase
A will be added to the reversal of cross links (final concentration was 100 pg/ml) and incubated at 37°C for

30 min. DNAs will be purified by Qiaquick PCR kit (Qiagne, CA, USA) and analysed by PCR.

3.2.2 Primer design

Sequence of human WT1 promoter region will be referred from GenBank™ accession No. U77682.
Primer design programs that will be used in this study are Primer3 Input (version 0.4.0), UCSC Genomic
Bioinformatic and Vector NTI advance 10. The primers of WT1 promoter will be designed in each 500 bp.
The WT1 promoter primer sequence No.1 consisted of forward primer (CTGAACGGACTCTCCAGTG) and
reverse primer (CGCTGCCTTGAACTCCTTAC). The WT1 promoter primer sequence No.2 consisted of
forward primer (GGCCCCTCTTATT TGAGCTT) reverse primer (CAAGAGGAA GTCCAGGATCG).

3.2.3 Electrophoretic mobility shift assay (EMSA)

To confirm AP-1 or WT1 binding to WT1 promoter, after the corresponding treatments (40 nM of
SP600125), nuclear fractions were isolated from JNK inhibitor treated K562 cells as previously experiment
(9.2.1). For the EMSA, the oligonucleotides containing the consensus sequences for WT1 were end labeled
with [32P] ATP using T4 polynucleotide kinase, and purified using Chroma Spin-10 columns. Samples were
incubated with the labeled oligonucleotide (20,000-30,000 cpm) for 20 min at room temperature in 1X
binding buffer (10 mM Tris-HCI buffer, pH 7.5, containing 4% (v/v) glycerol, 1 mM MgCl,, 0.5 mM EDTA, 0.5
mM DTT, 50 mM NaCl and 0.05 mg/ml poly(dl-dC). The products were separated by electrophoresis in a 6%
(w/v) nondenaturing polyacrylamide gel using 0.5 3 TBE (45 mM Tris/borate, 1 mM EDTA, pH 8.3) as the



running buffer. The gels were dried and the radioactivity was quantified in a Phosphoimager 840 (Amersham

Pharmacia Biotech, Piscataway, NJ).

3.2.4 Supershift assay to confirm the type of transcription factor
To confirm whether or not the transcription factor that binds to the WT1 specific consensus
sequence, the supershift experiment were performed by using 1 LU of antibody specific to that of

transcription factor to nuclear extract in 10 LLlI reaction mixture and then the reaction was incubated for 60

min on ice. The reaction mixture was determined by EMSA as described in section 9.2.3.

3.3 Effect of JNK inhibitor WT1 promoter activity
3.3.1 Reporter gene assay

WT1 promoter construction vectors were kindly gifted by Professor Dr. Takashi Murate (Department
of Medical Technology, Nagoya University Graduate School of Heath Sciences, Japan). The construct vector
consisted of 1.8 kb-fragment covering the of 5 region of exon1 of the WT1 gene promoter, including the
WT1 binding site. The three construct vectors of -1807, -301, and -224 bp from TSS of exon1 of WT1
promoter were inserted into pGL3 basic vector. The pGL3 basic vector and renilla or B-galactosidase vectors
were used as vector control and internal control, respectively. K562 cells were co-transfected with the
construct vector and renilla or bata-galactosidase for 24 h and then treated with 40 nM of SP600125 (JNK
inhibitor) compared to 15 UM curcumin as a positive control. The co-transfected cells were lysed by lysis
buffer. Luciferase activity of the lysis solution was measured using a Dual-Luciferase Reporter Assay Kit
(Promega, USA), B-galactosidase Assay Kit (Promega, USA) and a GloMax 96 Microplate Luminometer with

dual injections (Promega, USA).

3.4 Effect of curcumin on related proteins in cell cycle arrest
3.4.1 Evaluation of cell cycle progression

Cells were washed with PBS and then serum-starved for 48 hr in RPMI medium containing 0.1%
(v/v) FBS. Re-entry into G1 phase of cell cycle was initiated by replacement of the starvation medium with
complete medium containing 40 nM of SP600125 (JNK inhibitor) and 15 yM pure curcumin. After 0, 12 and
24 hr, cells were collected and washed with PBS. The analysis of nuclear DNA was performed using the
CycletestTM Plus DNA Reagent Kit. Propidium iodide-stained nuclei were analyzed by flow cytometry and
the percentages of cells in the G0-G1, S, and G2-M phases of the cell cycle were determined by using the

Mod Fit LT cell cycle analysis software (Verity Software, Topsham, ME).

3.4.2 Effect of JNK inhibitor and curcumin on cell cycle protein defects.
Cells (2 x 10° cells/ml) were treated with 40 nM of SP600125 (JNK inhibitor) and 15 puM pure

curcumin for 24 h and then harvested and washed twice with ice-cold PBS. After washing, the cells were
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lysed with lysis buffer, mixed to resuspend and the extract was rocked gently at 4°C for 30 min. Then the cell
lysate was centrifuged at 10,000 rpm for 15 min, and the supernatant was transferred into a clean test tube.
Whole protein concentration was measured using Lowry’s method (DC Protein Assay Kit; BioRad, USA). The
membrane containing cell cycle related proteins was treated with blocking buffer for 1 h on a rocking
platform. After 1 h, the blocking buffer was removed. Whole protein (500 pg) was added to the antibody-
spotted membrane and incubated overnight at 4°C on the rocking platform. Then the membrane was washed
with 1X washing buffer three times, for 10 min each. After washing, the membrane was treated with an
antibody cocktail (human phospho-kinase antibody) and further incubated for 2 h at room temperature on a
rocking platform. Then the membrane was washed three times with 1X washing buffer, for 10 min each. The
membrane was treated with Streptavidin-HRP and incubated for 30 min at room temperature on a rocking
platform. Then the membrane was washed three times with 1X washing buffer, for 10 min each. The signal
was generated by adding an enhanced chemiluminescence reagent (Thermo Scientific, USA) and detected
using the Alpha Innotech imaging station with AlphaEase FC Software that was used to capture and quantify

images.

3.4.3 Effect of JNK inhibitor and curcumin on protein markers in cell cycle arrest
3.4.3.1 Whole protein lysate (crude protein)

K562 cells were treated with 40 nM of SP600125 (JNK inhibitor) and 15 UM curcumin for 24 h.
Treated cells will be washed twice with cold PBS and lysed with cold RIPA buffer (50 mM Tris, 0.1% SDS,
1% Triton X-100, 150 mM NaCl, 0.5 mM EDTA) containing protease inhibitor and incubated on ice for 30
min. Then cell lysate will be centrifuged at 10,000 rpm for 10 min. The supernatant will be collected into a
new tube and kept at -20°C until use. Whole protein lysate contains membrane, cytosolic and nuclear
proteins.
3.4.4 Western blot analysis

Samples will be loaded into 12% sodium dodecylsulfate (SDS)-polyacrylamide gel for
electrophoresis. Cyclin E, D1, and B protein detection will be performed using primary rabbit polyclonal anti-
cyclin E, anti-cyclin D1, and anti-cyclin B (Santa Cruz, CA, USA), respectively. GAPDH or B-actin will be
detected using mouse monoclonal anti B-actin (AC15) (Sigma-Aldrich, MO, USA) at 1:1,000, followed by
staining with HRP conjugated goat anti-rabbit IgG (Investrogen, CA, USA) at 1:10,000 dilution for anti-cyclin
E, anti-cyclin D1, anti-cyclin B and GAPDH protein detection and HRP conjugated rabbit anti-mouse antibody
(Investrogen, CA, USA) at 1:10,000 for B-actin detection. Proteins will be visualized by the SuperSignaI®
protein detection kit (Thermo Scientific, Miami, USA) and an Alpha Innoted gel imaging system (Cell

Biosciences, Inc., CA, USA). Densitomet ry will be quantitated using Alpha Innotech software.
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3.5 Statistical Analysis

Statistical analysis was performed with SPSS software (version 10.0). All experiments were
performed in duplicate and repeated at least three times. The data were expressed as the mean + standard
error of sample mean (s.e.m.). Statistical differences between the means were tested by one-way ANOVA.

Probability values P<0.05 were considered significant.

4. Schedule for the entire project and expected outputs

Year Research plan Output

1-2 Investigate the possible transcription factor related to | To get the new knowledge about the
the JNK activation on WT1 promoter activation for | specific transcription factor to bind to
WT1 gene expression in K562 cell model. the WT1 promoter and regulate WT1

gene expression.
- Examine the effect of curcumin and JNK
inhibitor on AP-1 binding to WT1 gene This knowledge will be published in
promoter by ChIP assay. the journal.
- Examine the effect of curcumin and JNK
inhibitor on WT1 binding to WT1 gene
promoter by ChIP assay.
- Investigate the effect of curcumin or AP-1 or
WT1 inhibitors on WT1 promoter function by
reporter gene.

2-3 | To confirm the possible transcription factor related to | To get the new knowledge about the
the JNK activation on WT1 promoter activation for | specific transcription factor to bind to
WT1 gene expression in K562 cell model. the WT1 promoter and regulate WT1

gene expression.
- To confirm the effect of curcumin and JNK
inhibitor on AP-1 or WT1 binding to WT1 This knowledge will be published in
gene promoter by EMSA. the journal.
- To confirm the specific transcription factor by
Supershift assay.

2-3 | Investigate inhibitory mechanism of non toxic dose of | To get the new knowledge of
curcumin on cell cycle arrest in K562 cell line by | noncytotoxic dose of curcumin on
Protein microarray. leukemic cell cycle arrest.

This knowledge will be published in
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the journal.

3 Investigate the non toxic dose of curcumin on | To get the new knowledge of
regulatory protein control in cell cycle in K562 cell line | noncytotoxic dose of curcumin on

by regulatory control inhibitors. leukemic cell cycle arrest.

This knowledge will be published in

the journal.

5. Expected paper publications

1. Curcumin inhibits Wilms’ tumor 1 (WTT) gene expression through the JNK and AP1 or WT1 transcription factor in
leukemic K562 cells, FEBS Letters (Impact factor 3.601).

2. Noncytotoxic dose of curcumin suppresses cell proliferation and induces cell cycle arrest in K562 cells, Acta

Pharmacol Sin (Impact factor 1.909).
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2. Assoc. Prof. Dr. Siriporn Okonogi, Department of Pharmaceutical Sciences, Faculty of
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3. Assoc. Prof. Dr. Colleen A. Sweeney, UC Davis Cancer Center, 4645 2nd Avenue, Sacramento,
CA 95817, USA

4. Mr. Methee Rungrojskul, Alternative Medical College, Chandrakasem, Rajabhat, 39/1,
Rachadaphisek Rd, Khweang Tharakasem, Chatuchak distract, Bangkok 10900.
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1. Mr.Singkome Tima, Division of Clinical Microscopy, Department of Medical Technology, Faculty
of Associated Medical Sciences, Chiang Mai University.
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1. @3iea (Summary)

mu?ﬁ'ﬂﬁl,ﬂumiﬁﬂwwiaLﬁaaa'mn'lﬁﬁ'ﬂﬂavlﬂmﬁ’uﬂ‘ammamaanmaaﬁu%&i‘wﬂmai‘fu
(Wilms’ tumor1 #3a WT1) lasdgywizasnsisuiiaananalduslavesnalnnisnszdunisuaateanyaes
a a lé o 1
fu wT1 lwiwad K562 (chronic myelocytic leukemia) laulis@in c-Jun N terminal kinase (JNK) S3tirung
dgwivasnmyissnaniunieh thasanlasvialuuan INK uldsdundunuinminfiida phosphate lvinu

{ A o A A
lUsduninedaslasians AP1 (Activated Protein 1) Gaidulusaudsdesdusznaunuy heterodimer 189
lis@utas c-dun uaz o-Fos Bnmadaliidmsnuihmannnszdumanuveslusin WT andau Favinld
Waanuasasdn msviausesduldslumesves WT1 Afinadanisiiansuaaseanvasdn wrr ldidu
WT1 mRNA azldsdu WT1 enudraunuldsdn WT1 w38 AP1 Wuarihwihnaiugunnsuaadsanvediiv
WT1  nuus tilesannnusimiuldsluieasaes WT1 @9 consensus  sequence 284 WTT
(GGCTCCCACAC) uaz AP1  atdanniu (TGAGTGA) Warhlwanunszitavasnalnludiut 3alavinis
Ansuaznaaed lasisuduannasansnanuduTusadznTnaziiunlfiNen1snaseu 199398 Lol
° 2 N L. & A A fa_a . .
Msansnavasn Ul duine (cytotoxicity) Tada1IN9 3 Thade LABTAAW (curcumin) Tanshinone 1A
(c-Jun inhibitor) L&z SP600125 (JNK inhibitor) annWan1tnaasswuinlaidisuineuanauidwiwvedans
' a YU 2 v o A o &€ & A 2 6 = s . s
waazaiialasldaranudutusasansananzInisainasisasiaiienrila 50 wWasiud (inhibitory
concentration at 50%) %38 1Cy, 71 24 T2la4 {6 IC,, WinA 37.5, >100 LAz 62.5 uM aus1aL A6 1C,,
A ' v 2 o A ' a ' ¢ & o = a
sududrenuduiusassnsanaf iiduisdaimad Gazgnihanlslunsénsnisuaaseanvasin wr
lunIneassnald wuinlien 1C, Man 24 Taluawinny 17.7, 2.1 uae 6.2 pM ANEGU L afAnEHaUe9
5 a 1 a 1 6€a a a Gt ‘lq: a
81314 3 vhadanIuaadaanvasdn WT1 wuinesaiiu duagudinmsuaaseanuadlysan wr1 uly
v o A a X A < @ v & 4,
AUANMITNTUNLANIINDY (5, 10 waz 15 uM) NITBZIAN 24 THLN9 RN IHUEIYINAL 13.3, 22.3 WA
53.8% &% Tanshinone IIA (c-Jun inhibitor) SNAEUE WAL 17.4, 43.2 WAz 40.1% WAz le¥NMIANT
a a o A 'Y o & )
SP600125 (JNK inhibitor) LUSHULABUNANINAREIN Y TILANAMMNANTEUES LYNAY 7.9, 18.9 WAz 23.6%
ANE1AU wanINALIlarinAnT confirm WaN1INARBIVEY Tanshinone IIA 71 48 T2l39 HANNINARBIWLIN
Tanshinone 1A 8141708ANILEAI8aNVBI LAY WT1 89 9.9 + 3.6%, 33.3 + 9.4% Uas 57.0 + 12.2% Lila
1% Tanshinone 1A NANTNTH 1, 2 4az 3 pM ANEIAU AIBUITWUIIRITNI 3 TRATNITOAANT
waaIpanvadllsiun WT1 laigudsins daanlavinnsdnsnavedinasaidudanisiia WT1-DNA was c-
Jun-DNA complex wuinaasarduanansaguginisiia WT1-DNA complex lalasiafavinny 31% Lila
WBUALTAAILAN (vehicle control) LAZENAUNIALHUEY c-Jun-DNA complex @iy 56% udatnglsianu
. o . & m e, a X

NITIVUAWITIAINN c-Jun LLAE DNA uuwuINLtnawasni1 WT1-DNA complex 1a8 c-Jun-DNA complex LNaAYW

W89 51.6% vintmdlaSouisuny WT1-DNA complex (Mt 100%) uazifiavinmsansiiuidulas

N3k Tanshinone 1A WAN1INA88INUIN Tanshinone 1A ®IN1I0EULI WT1-DNA W&z c-Jun-DNA

@
-2 =2

complex 84 94% uaz 54% auiaU WawSsufisunugaaiugu asin Ssmananagdlddn Tsdu AP
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o ' A

wazflanuddydensusaseanasin WT1  adhelsfianunsguds Protein-DNA binding sniludasd
MIANBINAVES LABTAAH c-Jun inhibitor (Tanshinone 11A) W&z JNK inhibitor (SP600125) ¢ian13%in41%
va3fiu WT1 las3T Reporter gene (Luciferase activity) 3MnNaNsAnNsIWUINAasa1d% c-Jun inhibitor
(Tanshinone 11A) u&z JNK inhibitor (SP600125) Aianadudi 15 uM sansasusamsvuuesin W1
89 39.28, 30.59 uaz 79.09% ANNURIAL s'fiaLmn@masi’mﬁﬁfﬂﬁm”mvmmﬁﬁﬁmmwL%aﬂ'ﬁﬁ 95% (p<0.05)
HaMINaaasledinns confim  WANINAREIBNASIRILATN c-dun  knockdown  wudnifierinnns
knockdown MILEAIBENTEIEW c-Jun Suarhlimiuaasaanuaslysin WT1 aass 33% Gevinldnsuin
mMssusINsugesaanveslusin c-dun sanadensaasasnuadldsin WT1 de asiusadulyldinm o
Jun/AP1 uaz WT1 dnmsvhauiinns lunsnszguniuaasaansasdn WT1 annnsdnsuasadiaaian-
fiu donITEanaIVaIININILTAS (cell cycle arrest) lan3D flow cytometry wuhsssnanasaduiiany
Tk 10 waz 15 pM Gaduanudutuiliduivdoimas Aszoza 12 uaz 24 alusdnarinlvioas
m:aammﬁtylﬁﬂmgﬁiw: G2M uazaNMIANENAad SP600125 @aidlu JNK inhibitor wuinlwia
Pa3nszzaensasuiulavasad K562 filusznr G2M wiwdanu Wednwnlusdufiisadasmnis
1Aa cell cycle arrest laumsdnslysdn cde2 (CDK1), cyclin A ua¢ cyclin B WUIRRINNNARDUAE
\AB3AITY ez SP00125 fiaadutu 5, 10 waz 15 pM 1luszeziam 24 Talas cyclin B wae cdc2 ag
srauVaINMIUFRIaanadldoniTalan §au Tashinone A WUFINI cyclin A, cyclin B uas cdc2 aam3
LEAIDANBININUA

[

2. Jandszaiauaslasons (Objectives)

1. wednmliUsdn transcription factor ﬁLﬁmaﬁaaﬁumini:@fwaaiﬂiﬁu INK Avinwing
auqunsinuvedldsluiaaivas WT1 (WT1 promoter activation) lutsasuziaiiaiiaa
WA BITie K562

2. Lﬁaﬁﬂmnavlﬂmm JNK inhibitor LLaz curcumin <§iaﬂ’ﬁﬁmaﬂ’ﬁl,ﬁ"lgi’a”gﬁ'ﬂ‘ilfﬁa5 (cell cycle
arrest) luimasuziSaiadoauniwzifsasiia K562

A = a a4 o @ v o @ & & & A
3. Lwaﬂﬂ']:k”llﬂi@lu'ﬂLﬂEl”J“lIa\‘lﬂfUﬂ’]i"Iizaaﬂ’]iL“ll’lﬁ?g%ﬂiL‘ﬁﬂﬂuLsﬁaaNZLidLu@]Lﬂﬂ(ﬂ“ll’lil

WNZLREITHA K562

]
=

3. ﬂ'a'mﬁ'lﬁ'tyu,a:ﬂu'l (Introduction to the research problem and its significance)
o Y e Aol = A Aa & o A & & A a A
asnnlaindihoduuniusndsiiannliaunidwunen Suniadaiaanuiaand
¢ & A a a a a o va o & & A Aa a o
wadilaidealulunszgniaigidvlefaund lilnsaaaadidaifeandadndaanuuinlunszuaiian
laglanmzisasidaiiandlsaw (blast cell) #analhiszuumsyinausesaasiiaiiontdeld anmsanen
HIUAN84 Sugiyama uazAme (1) wuhdulsumnwatiu (Wim's tumor 1;WT1) lwaasuziiadaiionsn
urfiduaeaslafn (oncogene) HanINANIANHVEI Yamagami WazAmee (2) WUIINSIE WT1 anti-

sense LWOHUHINIILFAIDANVDITN WUINRINITORANITULIAIVBILTRANZL ST ALRAA1 be A99he WTA
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£2)))

shfzdunuindaylunisaiuguniudiizessduziudaiionnl wazanmdnsnainnss

2°

grmmulwsasuniudaiianny enszgumahnueesldsiu w1 luminiugumiuaasaansad

a

fi WT1 lan Semsri uazame (3) wuintmavhiwpadldsds WT1 Sanufisrtasnunmssssmpraniale

o A

Lma§(cell signal transduction) lasrulsfundande protein kinase C alpha (PKCgq) &% c-Jun N-

o

o

terminal kinase (JNK) Daidumssunuasausn dndudalusdin JNK arfiunumlumInazdunmavhinuzes
Tds@n activating protein 1 (AP1) %\1Lﬁm]'lnmiﬁ'm']m'mﬁ'wuaﬂﬂsﬁu c-Jun LAY c-Fos (c-Jun/c-Fos
heterodimer)lag) JNK ﬁ]:ﬁmﬁﬂﬁlumﬂﬁ&mgwgmm (phosphorylation) MAuTUs8% c-Jun tevildiAa
MITNAINUIUIAY c-Fos  WaZNNNNIAN®1289 Roman  uazaAmss (4) WuINldsé c-Jun  enunsaauny
DNA fiU519mk consensus  sequence  SailuvSinmfidanyfiduiisuvaslusiu APt wiafiSunin AP1
binding site lagmssunuuaslusfiu AP1 AL DNA sinifisadaswsadenarldifiamiudssvasioas (cell
proliferation) WAZLAEATEINLNIZLINMINEAIAE (transcription)  vasfudnag luseiu AP1 hlusud
vsnaldsluaed Tasawizmndnmsnitoninuas 12-O-tetradecanoylphorbol-13-acetate (TPA) (5) 911
myensiiauussudaes 5 vesdu fadusmldslunasuasin WT1 wuiiseuiussug fe

o & ' o 2

TGACTCA @aillusumisiidndgydamssuueslusiu AP1 fagiluslumaiuasin wrt axgniniasils
AN InIzdunIzLIuMINeaIRaTeslin W1 Sevnltdudsnaulainnisuansaonvasin WT1 vinesd
anutfgdanulysan AP1 nielusein AP saurn wT1  mdwle saﬁaﬁ’]vlﬂgjm‘m@aaq lasnsld
Tanshinone IIA (AP1-DNA binding inhibitor) wae SP600125 (JNK inhibitor) mLﬂuqﬂﬂitﬁﬁI’ﬂumiﬁﬂw’l
HAV89 AP1 doTzaunsugataanwasllsdin WT1 lag Tanshinone NIA usnsfianalaannlay HGLIEERIT

v

TunnsEusamssusas AP1 iU DNA %30738n31 AP1-DNA binding inhibitor easiulunnsénmnitsed
auydziuit it AP1T Sunumlunisuaesaanvasiiv W1 a3 ovinssuginsvinauaes AP1 Tagls
AP1-DNA binding inhibitor (Tanshinone 1IA) L&2 MIugadsaanaaddn WT1 luszaulusdu Arasdseau
8RBT DINIAARIVEINTUEAIDANVOIEW WT ffuma:ﬁmmL?‘iﬂaﬂﬁaaﬂmmiﬁuﬂ%fg}%ﬂiwﬁag (cell cycle

arrest) a8

4. NUNMLDN&1T (Review Literature)
uzi50aiaa117 (Leukemia) fa nduaIn1INinIainIaiudiwIntesTafidaiRaadidat
(blast cells) wIalmasINaLiaaw1IGMA (mature leukocyte) N nAaUnd lasaansnifialanslulunszgn
(bone marrow) kazlunszualafia (blood circulation) F1WIUANBMLINTIALTINVBINISILAALREAL1) A
& = @ a a A o < R a @
wurasuzid lhaiydulauwnuilunszgnuazsuniunsihausaslanszgn aniuisdnsnszansea
& < @ & A WV v o v | a da A
vasasuniillgainnzdug uazlumeflildiumsinsdihsendedialunge
a” A - 4 . & A Xy oo - z N
anufaUndvengadidaiioafiiduniio aansafiadulanunmaaiglugnizsenaniadiy
1IN (proliferation) MINAWINTVRILTAE (differentiation) wldfemsunarvasioas (maturation) e

smusnsaduunrievasusiadafaaunaunisiaia (cell maturity) laidu 2 ﬂﬁj:wiﬁzy'ﬁa nzisudalien

A A o . & o A a &£ ' = ° o & & Aao
VNITUALRLUNAW (acute leukemia) "Tj\‘iﬂ'ﬁ@]']L%%IiﬂLﬂ@]“ll%aEl'Ni?@Li? ‘Y]'ISL%W‘]JL‘ﬁﬂﬂﬁJZLi\‘]ﬂNﬂﬂH’MZLﬂu
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@ ° a & o . . = oA
raslialieadidauduinwminenn uaznziSadaiiaauviasess (chronic leukemia) F9n1duiinlsnay
FnivhldnwuissduzSniluslisasdideunaziadaaun wananandonaninasiniaigidvlazas

& v a s ' a s 6 a a 6 . A o v
LRI 9ENNTnIauLd lalagandananinusizasaaninasyLaulavadwas (cell lineage) Tvazvinle

wisnziSadaianaieanlaidu 2 ﬂq'wﬁa Ngy lymphoid  Uazngy myeloid Imna;w myeloid 2z34LaN

o
[

granulocytic, monocytic, megakaryocytic L& erythrocytic leukemia Wl iann uanmnf:mnmﬁ‘am
waninurivaInIaTYAulazasad (cell maturity) AIUGAUENENIRTYIALLaTEITAT (cell lineage) 3
Fauundszinnzasnzisudaiansn wildmunsndaudslaidu 4 ngulng e acute lymphoblastic
leukemia (ALL), acute myeloblastic leukemia (AML), chronic lymphocytic leukemia (CLL) L& chronic

myelocytic leukemia (CML)

a [ (=
d1 m@;waamimmuztsaLumﬁaﬂmn
1. M3aaua|a5& (viral infection) LT% Human-T-lymphocyte leukemia virus (HTLV) §1%3UaAAN

q

ildifauzisadaiioavnnusuisgwinieanmsnduwaeshss HTLY  lasaaunsnildszndnedn

@
=i o

199 vaamaaiaian dinuishlddayanisiusnniialiandnd uaznsudasiaruiuiaiiowly
a o [ & A ' (3 . . g0 a2 I~
NNy awdusungildizasidonalnlunisaiugunisutiasag (cel differentiation) waznisiaigyidvle

289488 (cell maturation) auIININAITALTN
2. safivssfianldifenswisuudasmeasduuazdoyaniswusnisunmolwesas 1w a1slu
N§y benzene
s dd‘d o v Qs a L ld 1 v a v a
3. yREndunumyhldanWugnIe (ONA) iiansuaningsanasnalviiadaysfianaialy
FTARINNTTANLTNRY DNA
4. anufadndlumsanauaznsviauvaslasiulan 15w Philadelphia chromosome (Ph’) 1u
hematopoietic cells fia 4717 translocation VAILVUTI9IEN? (long arm) maﬂﬂﬂu‘[wﬂ'ﬁ 22 lddanuuan
v Il!l o v tg a ] v
Tapnvedlaslulougn 9 (229-,9q+) ¥l c-Abl proto-ongcogene Gadnfagunuautnisivaslaslalaw
L A a % o ' ' ' A = o il 4 [ .
@7 9 (translocate) \iansdhoduniildagunlaslalougf 22 Gududuniantlnany breakpoint cluster
) a . 2 a @ i . s =
region (Bcr) auwiiaidu Ber-Abl hybrid oncogene FaNualA gene amplification W& transcription W
dl o a dld llg/ a A lillﬂ o . .
wasuudasly vlilalds@undawialngduaindnd wssiduldsdiuniniivinaiuses tyrosine  kinase
A J ' a 1 o & v v 6 a 1 s 1l A
Winduannindnd uazlimunnaiuguld dsmansnnszduldisadiiansutsdlagaseaian lusme
maasyluidwsasaaun (mature cells) finaad
o A an o A A ! & & A oA a
5. WugnIaw nanda minludszidesevadndsandnihoduliauziSadaianry wuihdlaman
anvanuazidulinfiddaudrags
6. Wamd wuhaddmitirailiauziiudaifearngininniUndluaunnasend i lu

A wa

a & ' ) ) A ay_a a4 A A
ﬂi:’ﬁ’m‘mLm‘ﬂ’mE]U@ﬂ’]imgaﬂmﬂ’i:ﬁ’m‘ﬁyﬂ‘u‘ﬂ? “]vlal] UﬂL?uﬁluLNﬂﬂﬁI‘S“ﬁN’]LLQz‘Hﬂ\jq‘Iﬂﬂ EﬁﬂLﬂuLN@\‘l'ﬂLﬂU

9

= )’ L et Q a A a
Ve @IVLQSU RIINVUBAIIRIN ﬂitL‘U@ﬂ‘S&lf]ﬁL
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ﬁ%Lszﬂiﬁ%ﬁﬁNngﬁf% (Wilms’ tumor 1 (WT1) gene and WT1 protein)

6 [

Tud a.¢1. 1899 Max Wilms ladunwuduisuniuasiu (Wilms’ tumor 1 gene W38 WT1 gene) 1ilu

U
[

asausn lagldvinsdinmludihelsannialalui@nfiSand nephroblastoma  w3adduiina’ (Wims

|3 e 6

A = A o & a ' a '
tumor) TaidunziTennulavesluian atfnmsaiveslsaludnifalridfiaseatszanm 1 186 10,000 —

9

20,000 78 (6) iinfudulsaftaziinsviminnvaslandednd anmsdnmluszavamiluwnamanin

6

a v lé { { v Qs a =)
wgﬁ]ﬁm’]ﬁu wT1 iiudunilendanuinsdasiunmuielsunuat (7)

% ¥ A a a agd &

Tassasouazninnzasduuazlls@unisunuasin
lull a.¢. 1990 Call uazamz (8) ldduwuindu w1 Sduniseguuusudriauveslaslulaugh

11 U312 region 11 1 band 71 3 (11q13) HUw1a 50 kb (3UN 1) B WT7 dsznaueiy 10 Lensou Lijaifia
AITUIUNNTOBATAR (transcription) 3¢ l@ldNansidula (MRNA) Afluwia 3 kb uazillaiianszuiunis

o { ' ’~ o 2 o a
naairez lalusduiiiondy Tsduisunuasin (WT1 protein) Salusdin W1 Ssnsnizidudarifaunes-

= . . . v (3 2 1 a 6 6 & [ v 6 a

Tufin (zinc finger motif) lassainsnandsznaumeasmiudinfanes ninue 4 sunsdasdruaiuenda
niNIuALALBWe (DNA-binding domain) uazdindarsdiunsaesdluaziinsaezilusialnsanuas

= o a A o v dl v v a a = o = =
naandudwanann auaaslugl 2 sohnihinszguldifanszuiumaneasivasiu vhlildsdn w1 &

o A A o & R A o oA, o a a &
wihidunauaaIdduunniaes (transcription factor) Iwindulwajagnmeluiiiefvavassad

11p15

11p14

11p13
11p12

11p11

11g11
11q12

1913

11914
11921
11g22

11923

11924
11925

gﬂﬁ 1 funssvasdn WT7 aguuiﬂﬂﬂw@jﬁ' 11 upuT1 98 U510 region 71 1 band 7 3 (11p13)

= a Aa ¢ o a ® ® )
ﬂw,l,azfﬂmmaugmas’mnumsmmmmmmaamm’a

ud @.@. 1995 Sugiyama  wazame (1) lavinnsansisInunsuaadaanaadduwrs lu

= =3 = a 1 1 = = a ﬂq/’ a ld‘ g =
ARSIl aLRaaT N TRaA9 g uazwuIdnTuaaaanuain WT1 wﬂmLﬂwgwwnmuslumaa’mm
& A o & ' v A & . a € & . @ \ @
mmaa@m’nmaaumlunaqmmmwmaaam (myeloid) uazduwWnasd (lymphoid) WaZEIWLINITZALANT
uEaIaanVaIdn  WTT LLﬂiwnw‘”urTumiﬁﬂmmIm‘luQﬂamm%aLﬁmﬁa@m'sua:wurmuamaamjaaﬁu

{ A & o | i o ke & o =

wr1 isduwlugihefinduaniduling8nass (relapse) anwantsdnmdsagdldindu wr luimaduzs
& A ° o A a o a 2 . '
Watiaawn vinihfidueeslain (oncogene) wananitgIdnsAnsved Yamagami Lazamie (2) Wuin

M3lT WT1 anti-sense sansasamitasgiivlavasimasuziaidaiions1ale uazanmsdnwves Mens-
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A Organization of WTT gene

Exons Splice | Splice Il

B Structure of WT1 protein

je-Zinc finger domain ———|

|6NL|c|ear Iocalization%|

Repression Activation
le domain | domain —s3|
i i i i
S— O recoglnition motif i

¢ Pro/Glu-rich domain |
Self-association domain

Splice | KTS Splice Il

{ o ' [% ¥ A o a . .
37 2 dhuniazasdu W1 usslassaioduguveslusiin w1 SeflanwazduBerifaunes (Zinc finger)
o A . | oA a A o A . A
4 an uazniany C-terminal LLa:WUQ’luIWiauLLazﬂ’rﬂmuu?ﬂ’m’mmﬂ‘ﬂ translegulatory domain fila1g N-
terminal §§uNl3und alternative splices agj 2 Uk uShausnanuTasaaunInnIaazdluld 17 @7

U 2 ;ansaunsnnInaziluld 3 @252 Zinc finger @21 3 uaz 4

) = 6 & 6 a a 6 =3 ~ =) v
sen wazamz (9) vhnsAnwdefidudnisusateanvesbuuazlusin wrilwaasuzSadaiianrivasy-
thounifadaiiansingudisg wudrdnuaaseanseslisdiu WT1 qslk acute myeloblastic — leukemia
(AML) 93%, pre B-cell acute lymphoblastic leukemia 86%, acute lymphoblastic leukemia (ALL) 80% L8
T-cell acute lymphoblastic leukemia 74% mnmﬁﬁﬂmﬁ\mu@mm‘ma’gﬂ"[ﬁ’hﬁu wr1 lugihouzisade
Lﬁamnﬁfuﬁm%ﬁﬂuaaﬂﬂﬁumnn’hﬁuﬂ“ma‘irﬁﬁ'wm'smsna'i‘ uazwuIinisugadeanvasdu  WT1

a £ ' @ o | & & A A a A ) A o & Y @
winduadstalanludiisliaunsadaiionsn iawSonfsunvaudnd astudldauisaldnig
uaasaanvasbuuazlusdiu  WT1 1duasfiusd (marker) §WITLATIIMIAMINTULII (severity)  UazNN3

wensailsa (prognosis) lugfihsuziTudaifaanle

Transcription factor activator protein 1 (AP1)
AP1 ilulis@ufitsznandiolusfin c-un uaz c-Fos AITINEINUULY heterodimer JNATLANNTT
4 .
uEAdaanlag mitogen-activated protein kinase (MAPK) lagtawloy MAPK (10-12) mnﬂunqmaa serine-
threonine kinase ﬁ]:ﬁmﬁ'}ﬁlumimuqumiﬁﬁmumaﬂﬂiﬁu AP1 lu"u”umauﬁauns:mun'lmamﬁa
.. ' =1 o [N o Lo =
(transcription) Tunane e]ﬁu‘wmw TPA munTawdehliiAenssuiumInaavia (transcription) @3 TPA
Lﬂuﬁ’]iﬁﬁ’]%ﬁ’]ﬁl%ﬂ’]‘iﬂ‘iz@:fuﬂ’]‘iﬁ'](ﬂu’ﬂa\‘i PKC LLa:ﬁuwalﬁﬁ@msm:@jum‘sﬁnmma\ﬂﬂ‘iﬁu AP1 371N
a €0 o v , a & Ao w & A ] ° ¢ oA
m’nms’lwmmuLuf,ﬂ,umuﬂmﬂ 5 mawﬂﬂ‘ﬂm@ai WUANURIAULURIFW QD TGACTCA ‘ﬁdLﬁju@’]LLﬂu\‘m
L;Jmmﬁmﬁﬂﬁﬁﬂmiﬂiwjumzmuminamﬁ'a (transcription) 1oy TPA NMIANENUDI Lee WazADAL
(13) WU AP1 ﬁwa@iamsm:@jum:mulummamﬁahﬂ NNIIUNUILIE TPA responsive element
aa & @ a o =
(TRE) sequence ‘Y]EJ%IﬂiI&JL(ﬂE]i LLa:mmsnni:@;uﬂ’mmﬂi:mummam%a"l,ﬁluma@maaa nI1IFNRN

W58u human metallothionein lla \duduuuulunsdnw lasns@nsneuniniwuin AP1 Junuiniu
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A A Ao Y o [ A 2 Lo
oncogene (v-jun) LRZWUNNUILNIWNILVDI AP1 Aamonuinnnulysin GCN4 Fadu transcription factor
lunszuaunineaviavasfiad :nnmsdnsildslaesasladu (protooncogene) c-Jun WLINENN1TA encode

{ o o o ' o { o Pz o
Tsaungnnsnauny DNA la wuindlasssisuazunuiniwdawnulysdn AP1 S30IMTUAERad7n c-
A 4 ' ¥ '
Jun wuasndsznounieradllsdin AP1 wazanmIAns e liwiwaiwuInldsén c-Jun waz c-Fos &
o o v Aa ' A a o ' o o a & a
MINuaNwnlazegINnsenin AP1 Safianuauisalunisavadissnmznuusimldslunesuastn

7l sequence WuUIuMzEARTULLUIAR AP1

Tus6% c-Jun uaz c-Fos (14)

Tds8i% c-Jun sanInsunusns DNA ladsassufidiuniisuos AP1 binding site lapflanaasinis
sunulusausnaanitsmduwuun homodimer 1w 3unulis@n c-dun 8neanfts (c-Jun/c-Jun homodimer)
ud?1UsUR DNA  udnuinssusiwlaifiviniuniswesy heterodimer 52w319 c-Jun Uaz c-Fos fAausin
TU36w c-Fos a2 limansnn DNA fg@atas wavzau1snsuswnznu DNA Wasunulusein c-Jun lag
heterodimer 23UNU AP1 Vl,@Taz@Taaﬁminimjuﬂ'mﬁwijaawm (phosphorylation) 284nIaaziluiTain
(serine) AFIUNII 63 U8z 73 N19FIW N-terminal transactivation domain (TAD) w84 1156% c-Jun lasande
t@w bl c-Jun N-terminal kinase (JNK) I@]&lﬂ'mawgwgmmﬁ umanszdulddinisinuveslus@u
c-Jun uazmathnuzaslds@in c-Fos aziimanszdulanlisfiu extracellular signal-regulated kinase (ERKs)

A o @ ) ° o {
mﬁ]:mlwﬁmsmzquﬂﬁmmuma\ﬂ:ﬂ'sau c-Fos muamiugﬂﬁ 3

TPA
(tetradecanoyi-phorbol-acetate)

regulation positive

regulation negatwe Vi FOS and JNK

via IP1
ERK
Cytoplasm ‘ / s
®JNKS
inactivation via
IP1 phosphorylation
G AP-1(P)
Nucleus @
5 ¥
TGACTCA A
(G)

gﬂﬁ 3 lav9arsuazaInlsznauvas AP

(@”ﬂLLﬂaamﬂ http://www.imgt.org/IMGTeducation/Tutorials/Cancer/_FR/Oncogene/fosju.html)
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Tanshinone IIA

Tanshinone 1lIA (15) Lﬂumsﬂs:nauwé’nﬁvlﬁmﬂmsaﬁ'@ﬁnmaaIau (Salvia miltiorrhiza) (Eﬂ‘ﬁl
4A) IauLﬁuﬁ"ﬁaquvlm'ﬁ'ﬂﬂml‘ﬂu%’nmiiﬂ@m6] 1w lsanaaaidaanalausslsauzisedneg G
Tanshinone IIA (;sﬂﬁ 4B) Afignslumidunissniaulasaanisasaszy TNF-a  uaz IL-1B 815
Tanshinone 1A lfidumidueyyadaszlanauninanizauveIanIauyadass 1Tu INOS uaz reactive
oxygen species (ROS) LLa:I%’luﬂwsijaan”uﬂwsgﬂﬁwmwaamjaﬁﬂi:mw wananit Tanshinone IIA £33
anslunssudnoadunioine g Ie 1w unseiu vnSeildlng unfadue unsen uazuzSiden
gnann lagdinadalusfuiiAsadasiumsssdyanaineg muluewsd 15w TUsdu ps3, STAT3 (signal
transducer and activator of transcription 3) L8 phosphoinositide 3-kinase/AKT Wuan (16, 17) WU
Tanshinone 1A sanInmierinlfiiansenouuuazwenlads (apoptosis) leluaasuziSadaiiaann
IWnztapeTiia HLE0 Az K562 lasnszduniarinuaaslyséu caspase 3 wangslaifnsmeaunalnid

o & o & | A & o do
ONIUULINIINNIUVYBILDRRINSLTILAALANDAVNITUALIDTINTALIW

(A) )
9 CH,
o
(]
H;C CH,
Tanshinone IIA
(CyHyg05 M.W. 294.3)
317l 4 (A) SnBazidULeIINVEY Salvia miltiorrhiza Walaa
(ﬁm: http://kaleidoscope.cultural-china.com) (B) LEAIANEMLIATIFINIV8Y Tanshinone I1A

SP600125

eaa an

SP600125 umsdianziniigasluanadia C,HN,0 ausadluzui 5 HquautiGnanvatng
) a 0‘4/ ] s 6 = e Qq: ] a 6 =3 6 a A .
L% ENNTIUEINTULIAITAITARNLLSI HUEINTULIAIvaITANISILAzITasLaulafiSua (endothelial
a s 6 a oA e o  a “‘j o a
cells) luszez G, 2833In3Lwad (cell cycle) uazdinuidguantifidudrdudomainusaaldsiiu INK

(INK inhibitor) laavinsifdudalalw UNK idunawamwalwnulyséu c-Jun fidu heterodimer vaslysdin

v
A s o

AP1 complex @915 SP600125 %MﬂuﬁuﬂﬁﬁﬂLﬂuqﬂﬂitﬁﬁlﬁﬁwl’ﬂ%ﬂ’ﬁﬁﬂﬂ’]N@“Ua\‘i INK  dialdséin

@
[ (3
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H
N—N

o]

3N 5 anulasIaEInIaAiUaIanT SP600125

I9nsuaa (Cell cycle)

>

lunsudsivasmadifaiindwinisadnuazdasriiwiginaiaas nInuguiginsioasineli
mulwzadaglunnzaugs iudsdudulumisuguiiinaisad uszanugndasvesdayawusnisume
= a a A l&/ > ' o v - T s =
luiwas windanufadndifiadulunszuinnisasnand vildiaas linsutsanazazinszuiunis
FOUUTUALD Lﬁalﬁmaa‘ﬁﬂ’s’mﬁ@ﬂﬂ@’ma:awgsrﬁ@ﬁLﬁam'aumj”'lgjsauﬂ'lil,n_im”a@ia"l,ﬂwmvl,sjmmm
souusuldlunge iwasazgnimualdidhgldsunsunsansvessadlufiga winwasianufiadndvedd
Bute anuAaUndlusiueinalnnismvgunsdesusadiduarvldinalnnsaivguipinsaad a
1 o v a a a A o Yo ' a = { 4 1
sanarhlfiaadiiannufadnd Sazildtldgnafauanisldlunga (18) Wasnimadneluinme
' 09/’ =) dl 1 s 0/ uﬂ; v s o v ] v 1 s l§/ [ a
wnzimaatudonyNuand19nu amuisdasdaanaainmiaiagasininnniosuandrinuivediusia
& ' A Y , \ & & o &
YIRS VNILTAS WANTa9lniias Liuwmaalszain (neuron cell) lmasnanuiia (skeletal muscle cell)
Judu maawaniaaadinvasadzagnszuz G, lawe iginsiaduiisaanidu 4 szuzfe G, S, G, uaz
' Aa . A ' A o A Y '
M lagszee G,, S uaz G, aeiiutrsvasdulaasing (interphase) Gaidusrenaslidnsutisnivasioas ua
anfutindnsaionanuniauiadigizszranisuiidivasiaasae szuz M (M phase) 30AIUANNTT
VNGIPINTTAN wTUToN restriction point ilun1IaTIIsaLIEAdliNTaUNaUNTULIIAIVBNTAT UAz
320zl Gy, S, G, W8y M 28933n3taas nazdnisasaseuisunwsnsoniitinuInmmen cell cycle
. { o o ' . & o =
checkpoints lasfildsdunviminfiaauguay lasluszsz G, checkpoint unnaIuaudaslls@u p53 o4
\lulals@iu tumor suppressor vimwifilunisdudamasnAaUnddngeze: S udvdioadidglsunay
MIANBVILTAS (cell apoptosis) (19)
srozdunasinaduszosn lddnsudsaiveaaas utvaanidu 3 szazdas (G,, S uaz G,) luszez
A & A A a [ A & A A € [ a A
G, (Gap1) uszosfimasiadondinauiazinmsainefidue Jaduszosmasinsssianehlysdunse
ssfiluanandray uazdududanisutamaslinion nataniinsulasasiaiasouiooudiuazailid
o fa & Ao o A o o ¢ A A o a @ A
mMIfieTRRaLaute waandAyngarasiginnaad iiasaniduraiiudusaimaaiouniauiians
' & o < ed o A A & v A @ a . @ A a a
LLILTAR AIRBLTARNADINTITNIZULIAIBY LTARzFRIdANUNTauNzuLisna Ldanudadndnaluy
A Y [ a A ° Ao ' = o . X
wad lapimasazinianszgunisaenzdlisduiarugunisinuiididn i §n3ass cyelin D anndu
11564 cyclin D #azTaunuian ol cyclin-dependent kinase (CDK4 waz 6) LIu cyclin D/CDK4-CDK6 W&
gnnazgulvihnudipiewlsl CDK activating enzyme (CDK= cyclin H/CDK7) lasmiiduwasinaun

cyclin D/CDK4/CDK6 U1 cyclin D/CDK4/CDK6 vismidulasidungwWasnaurlysdu retinoblastoma

(Rb) GﬁqﬂﬂﬁazﬁﬁQWMLm]ﬁhmuﬁaﬂ (hypophosphorylation) wazatsaunuldséiu E2F vilkluséu E2F
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] v 0/ = v 1 ﬂl = a [ o g
ligansanszqunsdauenedldsduld udilalusdiu Ro griduninesinad 1w wndu (hyper-
phosphorylatation) (18) 13@u Rb fiazwamaaniinlusin E2F vildldséu E2F (dudaszuszananin

o o a A Ao o o & & a . = o & & o
nizgunmisaenzillsdudugndudulwipinasad ntulyséu cyclin E Sagndaansdanniu azudh
o = o @ A o "
lusrunuienlod cDk2 1w cyclin E/CDK2 Sasnuntadauna lUiwun1vinau (positive feedback) 189
a ' ' v & A o a . X 2
niztumslasmudungWaswaunlysdiu Rb vaifisinufiazdinisasialdséu cyclin A Tusndaazansiy
o 6 . o & o = o Yo  w 6 1 )
nutanlaadl COK2 1du cyclin -~ A/CDK2 ldguganisvinauaslysiu E2F v ldigansioasriiugag
restriction point (R) luzasthovasszz G, laufiym restriction point liaruudfazduiiudaliidhgizo: s
' A t% a v 1 (2 v ' [ A . 6
laglinganTadaunan wiazlifimInszduainaminszdunsudasad nialulaiau (mitogen) luisadung

A AN A o ' & v o A a ' = LA o a A
siaf lifimudsmdaly wweaddzmnizdhgszoeRnnGundy szoe G, S9lufimidnanedlusdun
Fudulunsdnanzd@ilduie niaruquipinugasiuizo: G, wananiwadzainsldsdunriming

@ e o A o o & @ & a o A o o o a d
nazgulidnisduiinldvesipinuasdudy wassinruqunisdufinlivasipinuaadlasmaasieldsdun
sanIndudaipinuaasnize: G, ldunldsdulunguuaslys@u inhibitor of CDK4/alternative reading

¥ a A ~ o & °
frame family #38 (INK4a/ARF family) ‘launlds@in P15, P16, P18 uaz P19 S9a1u130lazeueansvines
989 cyclin  D/CDK4/CDK6 LLa:Iﬂiﬁuﬁﬂﬂéjwﬁﬁyﬂdw cipkip family N3zdULINITNIUDING cyclin
D/CDKA4/CDKS, cyclin E/CDK4/CDK6 Waz cyclin A/CDK2 'launluséiu p21, p27 uaz p57 lusaumnanitas
o o o A | a a A | & o val . e
apquliipinuaasaninlladnnnd winldsdumaiiinuldaaysafasildlinudasasnaiuga

NI = a & =
laldgaduaungniivasmufamaduzise

. A = > A > A a o A= a o &
338z S (synthesis) LalrasdNIEISYYIMNITULIIAL axTudnIFIaMNZA AL waIRNd W IUD Y

A a ~a Ao ' 1Y & a a P ' ad a .
wazdnmaaiovasdiluanafidududneg 17 seosfidfanuaesdiiue windu 2 hanund 498 cyclin
ACDK2 ludinuguiidrany naduiinllvasipinnsadandigizazdell iladnsduamzididued

v a a s e & A a & o U val v a
ANADI RINTANMUAANRIA IUAIIFILAIIEHRAL RN aALEULODNYINANE %Zﬂii@qul‘lﬁ&lﬂ’]iﬁi’]diﬂi@u p53

U U

A o o o a ° @ o o & & A o A
Tazldnszduliiinsdianedlisdu p21 dlinszuiunsluwipinuaasngadinm ihaldioaddinm

o !

FauuoNALaue wannatdualianuianaraninnisanyinaisaugeuusy il 1Usdu ps3 Aazaniinle

U
LIRRANBLULazWanlada (apoptosis) lag p53 azindullaiiaanuiFanisuaddiduie (DONA damage)

a

uwir lnszdulwiRanissaanedlusu p21 Twssdanifaduaniainazwuii pss inanananswuiuaila

fuInNAzAILNINInTEas s ldigasndaUndiianisaigidulasdeliminsnaiugulduaziia

'
A o

=3 v 1 A a v §
Wulraanziss wananldsdu ps3 waatsnazwudnlydsdu Ro  Juldsdudnniterfianyinninnlunis
ATLANININITAE NMINWUINIIVBAITAS (cell differentiation) uaz NMsczvasTaRLULazWaNlaTs Loy

156w Rb 11 phosphoprotein  fifidnwinnsaaszdily 928 viuinAduagugIn1ivinauves E2F (trans-

& o & 2

. . A { o o v 4 U L= Qs 1
cription factor) Gaidluldsduiisidulusza: s MwinNnsduuazauQUININILTAN 6931 Rb 39778
o o & o o A A o & < A A & A A a <
aquipInawas vhwiniidulds@udug s (tumor suppressor) AalllaimasiiannufiaUnduu E2F
fveglandndny Rb N1a'le phosphorylate azlaimuninvhauled lavlismusndvldnuiulusluaed

ea o 2

(promoter gene) LLa:ﬂi:@juﬂ'liLﬁ@mam%Va (transcription) Lﬁal,émamadﬂ'mmzjiw: S WU Rb 0N

Wunoawa wad E2F ﬁ%@@aaﬂmn Rb wawn laulanulysluiaasvasin WaENIZGUMILAANINDATHE
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20984 nydilafaun Rb  RamIinasWufazildisaddnisudsdrainglingavildifauzseldigun
nmsdns luaaduziSadaiieaunnoiia CML 1513z wuimasalsan (blast cell) Awulw cML ain
A v et a o € a A A v a
\eadasnunafianaiewiiuas p53 tumor suppressor “anaNlUsdu p53 uaz Rb fieatasnunaiiu
@ oA A A a A Ao o A A A acf & o
tumor suppressor (20) gawu A ldsaudnoiianitsnrinnifidu tumor suppressor f@ Iﬂsmmawﬁmaﬁu
. a A ° % 5 i
(Wilms’ tumor 1 w3a WT1) @agniwuanisaivanandu wrt lasansuevadldsduaziduuuy zine
finger motif lugauvaslysdiu W1 wuhiflanudaginnluniniuqunnsifiausss dellanudadndves
A A da a ' a = P & A o Al 9 @ P
iwadiiasaniunfiadndly wodlusdu w1 fimsuseseaniigeliunarninilunisaivgu laldioad:
= A A A o ' ' A = oA % o A
flanuAadndusasaandeiaaglunguved tumor suppressor uaziiu WT1 Inusnuitfsidasnumia
15A Wilms’ tumor lui@in d%a138n71 childhood kidney tumor nsuaadaanuadiin WT1 wuindanusazues
§ { ' = {
mMIuaadaananizNuInninluséu p53 uaz Rb  GeluUsdin WT1 Ansuaasaanianizunsd 1w wulu
gonads, uterus, kidney LAz mesothelium Wudn wananldsdn WT1 azvinniinfiuilu tumor suppressor
waluszozrasganuinlysdu wT1 Sununmiduaadladu (oncogene)  wazifedainumsiiauzisada
A & & A a o o ! a & & A LA
13802717 wazidu tumor marker lunziaidaidons1d ndan lufeniduuziSadaiienass wuihdns
uaaIaanad WT1 Uszanm 1,000-10,000 i iaifiunuimasideiiansalulanizgn uazlunszumian
1né
1282 G, LUITHLAURRINNNITFIATIZAGALOULE (DNA synthesis) AnsFaaszAlysaunddn
) s ] Qs [ Qq; a lil V a U lﬂl v 6 v ] a
fniunautsmzeasas Nunildsduiiaruguipinuaasiuszezda liiveldizadnianlunsutisdazas
wwad lasfinnahnuaaslyséiu cyclin AICDK4/CDK6 luszpziudusznziuniuign dmiuipinaaad las-
WAvazlanwmz@aFan9 (heterochromatin)
. & A e @ . . A
Tuszoz M dugrereasnanan g Awasanisuusan (mitosis) szuzilaslulouazcondense unuae
ra a [ 6 & A a o v ) 1 v,
lifinssaanziensiduie ((Hesanlasundu condense 3n¥inld RNA polymerase 10nvinanuaile)
STz MLARZIEa NANTANEN MLTAANZISINZIALS (cell line) WU 282 Gy, S, G, kaz M 1Fiia 5,

7,3 uaz 1 Talus mwudey aausasluguf 6

LAB3AAN (Curcumin)

ea A o A o 2 o . A A Al
waiAliwdumsdsznaunanfinulunirvesuiiugu (Curcuma longa Linn.) Saidudiluaszna
Zingiberacae \udrviasan dgnire mansawuldiluluninmaduaziuesndold 21) dausaslugl
n7
A ' 2 o oa A a A . ) A
NNMIANEINRIBIN Woadutulsseangnindiawfe tnasaalinasd (curcuminoids) @4
Usznavlumasaaiailduasananfa tnasadiu (curcumin I) (3UN 8n) 789 asndafilunnandinaifn-
1 (demethoxycurcumin %38 curcumin 1) (37 8) uazda@lunnandinasaifin (bisdemethoxycurcumin
w3a curcumin 111) (3U7 80) auiau (22) lasinairduwazdvfinmunnigalwaaififiuasdruuaznui
& A o o 2 o ~ ea A & o A A €A A a
wavfiud ldannisuamivessiiutuafineiidusndegliznmiooa: 2-5 luasfindes inaiaaliud
s { ) A€91 a 1 g v ™ ﬂq:
AMENUANITINWARAINYANY 111 SanTdueuyadas: (23, 24) dndeauuafiiis(2s) withe guginy

BNLAY (26, 27) TIUFUNUUNA (28) UazdiananTaraaTasuziSladnae (29, 30) NANTANBINIIGH
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Positive regulators
o o (@D
- (o
5 Gla i
atp (GnE)
CDK2
M
Negative regulators pRIWAR! Gilg
p107 DP1
Piz0 S
A
— -'E‘!A bz gy,
meAF!
cDe2 &5
4,
Cydin A * $ Cyclin A
cbe2 CDK2

Proteins bordered in gray have
been found to be
O defective (mutant) in
some cancer cells

€

: o e o . . 31
3Ufi 6 Tganassuarmsniuquipinsioadlaglusdulungu cyclin, CDK waz tumor suppressor”’

gﬂ"?i 7 snwaEMINgNEMaasUoIiuts (n) ulaiduan gevszanm 30-90 iudiuas luidies $8den
unsaanunniniSsaduwisdaununugilonen nd1e 1215 UGt 817 3040 Luduas () Aen
ute unsaanunanri unsndwunseninamuly suUnsnszuen niuaenfinissden ludszaufidon
SaunIofuIA LINATINT 34 aan (M) daumaamd”’mawﬁwﬁ'm:agj’l,ﬁﬁu gﬂma‘lmmzﬁummgﬂ
NINIZLANUANBONATUTIN 2 a1 (3) Failolwmirdimdesdu Tnduans uas (?) WRAINTNVBINIVD
pintumenasmsauiausstinllue (mwdnslas nssae anrUInuazFsvid Fan)
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LNETIAUFAEAS (pharmacokinetics) luﬂhl,maaawmwLﬂa?ﬁaﬁuﬁiﬁ’l@mhumamﬁuﬂi:mmfu iimga
Furiuan ldldvas lasddszunm Sasaz 75 '*Uaamas‘ﬁaﬁuﬁ%’uﬂszmngnfnaaﬂmmaqﬁlmszuazma
Ussnednidntian (32) LﬁaﬁﬂLﬂas’ﬁ’sﬁmﬁm’m"ﬁaoﬁawawkbﬁﬂ'\amlﬁwavﬁmﬁ §97T% HONANNHEINLIN
Lﬂai‘ﬁ'sﬁuagsl,ui{’]ﬁﬂszmm%“amaz 11 (33) LLa@]ﬂﬁLﬁmﬁ"]amalﬁmsg@sﬁwmasrﬁaﬁmw“mn,ﬁﬂﬁaﬂwi'nfu
sulngjazagluzUvasaunvalad iiu lalalasaas@adu (dihydrocurcumin) uaziaaszlalasinaifafin
(tetrahydrocurcumin) (gﬂﬁ 84) IﬂﬂwﬁmﬁmsﬁmmuavlaﬁﬁvlﬁazLﬂTﬂﬁ'ﬂﬂ”ﬂIqunQLﬂaB‘lu@i‘ (monoglucu-
ronide) (33, 34)

o o
n o o
HaC” O X Z O SCHy
HO OH
CURCUMIN
2 o o
o
O e
HO OH
DEMETHOXYCURCUMIN
N o o
Shihi
HO OH
BISDEMETHOXYCURCUMIN
P o o

HO OH

TETRAHYDROCURCUMIN

anmseinelunaaananas (in vitro) uazlusran1epesfeidaa (in vivo) wudraTinasain
gunsnguganalnnisifianziss (carcinogenesis) te 3 szuzeaanu léun nsraumssaEsuiaunse
(tumor promotion) NTTLIBMITFIINRDALADA AN (angiogenesis) LLa:mSLﬁmVLﬁUIWUmwmﬁw:ﬁ& (tumor
growth) I@zlLﬂai‘ﬁaﬁmm‘ﬁvlﬂﬂ'mﬁmsw%zy Lﬁﬂ@lﬁLﬁﬂMﬂﬂﬁﬂiw‘fn@hle.aﬂmLaumaﬂuiuﬁamﬁmmﬁ
(mitogen-induced proliferation of mononuclear cells) ﬂ”‘uﬂg\‘m'ﬁm:@jumiﬁﬂmwaamaiiﬁmﬁa@mmﬁ@
falnifla (neutrophil) wazAulwlaod (ymphocyte) wazdssudimseiuidvlavesmasuniefiinnnms
ﬂsz@fmad platelet derived growth factor (PDGF) luﬂﬁ'lm‘f:alﬁf;lu (smooth muscle) andne (35) uaﬂmﬂﬁ
Safmsansnuinaefardusunsagusinsinuuaslysiwlawe (protein kinases) (36, 37) wasdi
fandnmilfvintunsanasarfuluitadsssniu iwu masudsmu wialtidusyulwsinsundunm
T lasagludiunsuasdrivmunslumondudiulng wazdslinunathadomisanuduisla g
@iaﬁgﬁvlﬁ%‘u (38)
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nnmsensnavadnasiiudelsiumunslumasunSudadonnn vislusiin WT1 uas FLT3
Tagiamnz1séiu WT1 1 Anuchapreeda uazamiz wuiniaesaaiineudanaunsnduginmsuansaansas WT1
valuszay mRNA wazlls@ulwaasmonuiuniodoiionsisfia Ks62 (39) Mnfdlwaaduziianm
Qﬂaﬂuzﬁuﬁmaaﬂm’mﬁ@ acute myeloid leukemia (AML), acute lymphoid leukemia (ALL) L&z chronic
myeloid leukemia (CML) ladndae (40) LLa:Lﬁaﬁ']miﬁﬂmLﬁuLaululfnaﬁmfJW”%fmﬁaLﬁmﬁawnﬂnﬁ@
aug ldun U937, Moltd uaz HL-60 Wunasardusmunsnaansuaasaanaasdn W1 ledigunu (41) Wil
ﬁnmnavl,nmiaanfm%iuaama%ﬁ’aﬁﬂmsﬁaa‘mﬁamﬂW”%fLﬁ@Lﬁamn‘zjﬁﬂ K562 WUILABIANBEINTD
sussmsuaaseanvaslusiin WT1 Tagrulysaulama 4 waanh (protein kinase C alpha w3a PKCa) (42)
wszilavnnsfinmnsvadinasardudelusdn FLT3 (Fms-like tyrosine kinase 3) WuilAasAIluaINNTD
SusImsuaataanveslysin FLT3 lwaadmonuiuziiudaiionsnsiia Eol-1 ldigwdnini uazaiua

dugamaatyidulaveasadlasnienihldipinszasaadszasd (cell cycle arrest) atflizuz Gy/G, (43)
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25n1INAad (Methods)

1. msmwuﬁmmafcfmﬂﬁ'uﬁ:mtgatﬁmﬁamm’mﬁm K562
6 o 6 = =1 A a . . . A/ :;/ &
CIRAFNSWUINZLINLUALRDAYIITUA K562 (chronic myelocytic leukemia) wesluamisifosoad
RPMI-1640 (GIBCO-BRL) N1sznaueae penicillin @20t 0u%% 100 units/ ml streptomycin @N4LNT% 100
pg/ml L-glutamine ANLUNTH 1 mM waz fetal bovine serum (FBS) ANuLNTu3aeas 10 71 pH 7.2-7.4 Tu

o & eda ¢ cy a o a A o o edw
@LWWZLQUGLTQQV]N@]W?UQ%VL@E]E]ﬂvlsﬁ(ﬂiﬂﬂﬂz 5 qmﬁﬂ“ﬂ 37 C LLRzUANUTURUNANDINIDLR: 80

S 6
2. MIAIYNLBAA
= & o & & & A A ° o o & o A =
WulmaamoniuziTudaiian1riad1 g imaludasaddis PBS 1A1u131 200 x g 1w
a & & & o a = | a 6 a
AT 5 W7 N9RNA 3 A9 NBUUTUYSIasas ARALNAL 1.0 x 10° cells/ mi/ plate YSanas 10 ml lu
IR TLRLILTAE RPMI-1640 119 1%LA89L 088 Lm:ﬁﬂﬂﬂﬂﬂuﬁﬁﬁﬂﬁuaﬂ@aan"l,sn@%”aﬂa: 5  wad

amnnd 37°C NIANNTUIUNNTIo0aT 80 tTuIzuIAN 24 Tl

3. M3AnBINAYEIANTENALAB AR Tanshinone IIA uaz SP600125 Aan1ssudsnisedadulazas
wwasaanwsazSedaianzniia K562 lag3s MTT

WITas K562 WN1ud191madens PBS Hanua 3 a3d 9 nuwlsutSunamaslidenyingy 1.0 x
104 cells/ 100 pl / well Ium%ﬁLW’]ngmL‘ﬁaﬁ complete RPMI-1640 1 96-well tissue culture plate LLaz
ﬁwvlﬂﬂuvlﬂuﬁﬁﬁm?uauvl,@aaﬂvl,sn@ﬁaﬂa: 5 unzlgoangdl 37°C iiluszozion 24 T2l Waasuaaw
RIFNALABIAIAU Tanshinone IIA LAz SP600125 ﬁﬂ'sml,ﬂﬁuﬁuq@ﬁw,mn”u 3.1, 6.2, 12.5, 25, 50 LAz
100 pg/ml Tuanvsidssimas laslfanududuas 3 WAy (3 ) USunamauaz 100 pl LANE TR TAN
7% DMSO mvlﬂl,ﬁasl"ﬁl,ﬂwq@muqu (vehicle control) auaz 100 i LLéhfu';Jma&mzmmﬁmluﬁﬁﬁ
mivaulasanlodiasaz 5 ualignngd 37°C iiluiann 48 frlusde Waasunamuiimuaud inoss
ﬁ‘].iuvlffmgﬂmmﬂﬁvﬂaLaﬁaﬁaaﬂﬂ’%mmﬁqm: 100 pl uRzLANENIBZAIY MTT wawuas 15 ul wan lunee
luﬁﬁﬁﬂﬁuauvlmaﬂvlmﬁ%”ama: 5 unzdgunnd 37°C 1iluamn 4 #7la9 1aasuanieain plate iiamsa
2Y2IIARIEN IRRLA LnRauALaNITHANWasNT Y (formazan) ﬁﬁumu wi234Ldn DMSO wauaz 200
lulasaas tNaazanonanWasunan q@'fﬁm‘inm’m:mﬂﬁi@”’[ﬂf@@hﬂﬁ@@ﬂﬁuumﬁamﬂ%"aaém"luim
LWAanN (microplate reader) ‘ﬁlm’mm’ma‘u 578 nm I@]ﬂl“ﬁ‘@hﬂ’ﬁ@@ﬂﬁmmdﬁm’]Nm’mﬁiu 630 nm Liw
§1819849 AUIuANTa8azNINTINVBITAR (% cell viability) I@ﬂLﬁwﬁwquﬁtﬂuq@muquﬁﬁmnﬁu
DMSO I@ﬁﬁfmu@iﬁ%quﬁl,ﬂwqﬂmuquﬁ%amazmiﬁ"‘ﬁ%mamawﬁﬁ(% cell viability) 1AL 100 @9

FUANTNLFAIAIU 619

So8azNSATINVRILTAE = (ALaA8VEI OD NNVRaNNA&aL) x 100

(FLafeuay OD IINRFUAIVAN)

msfinsanudufvuasassnainasfain Tanshinone IIA ez SP600125 @an13La3Qva9y
LraaNztSIdalaaaulasds MTT H9Raa 3 39 NITOZIALANAIINT INBUIIIFN LAINNNIITNARDINT

3 A39 VDI uNI WA ULFIAIANNRNARTTERINIAN VLT NI WU IRNTENANUI B8R N1SATINTOAUDI
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188 wazwAAnuTuTuATN lWaadanoosas 50 2a9lwagtisnaa (Inhibitory concentration at 50%
growth W38 1Cy) LTBIL LﬁﬂquﬂumiﬁwmzlLeﬁafiu:ﬁ\‘ﬂlaammﬁ'@u’%qﬂﬁﬂa‘?ﬁaﬁuamﬁua:mm:"lﬂm-
wwaidafin lussdmewuiuziSudaianrniudazsiia wazranuTuTuivnliiasanasassy 20 284
\Ta8YaMua (Inhibitory concentration at 20% growth W38 IC,,) taltlumsdnwnauasmsanatasaniu
Tanshinone IIA UAz SP600125 damiuaadaanvadlisdn WT1 lwaasmenuiuziSdaifoasisia
K562 @a 'l

4. NANBINAVAIFITANALADIAINW Tanshinone IIA waz SP600125 fan1sHandaanvadllsfin
© [~ a a
WT1 linsaanziSadntanna1229a K562 laads Western blot
~ 6
4.1 NS LNLTAE

o v 1a o v o 5 ¥
WUwas K562 NUSudSunaaas idanuidads 1.0 x 10° cells/ ml lua1w13iRs9imas complete

4 = a A‘ a a Qq: a a a § v v § 1 1
RPMI-1640 Nflasanauigniinaifadiuasdns 3 sfiauszianizlalasaesfdunanududunen 1C, iy

Hlugniansvenlasanlodiossz 5 uazligunnii 37°

s o 6

C NHANVTUFUANTIooa: 80 tDuszeziIan 48
731309

4.2 naasanlysan

=3 6 3 o 3 v ai I3 oqz' o o = q,:' v

LAULTRALRIURAIGY PBS MLfi 3 39 hvras lanaldsdusinlagldinen RIPA buffer waulv

vihnuwnueasuazdnliludreiudadunm 1 $alus laodunauldidriudan vortex nn 10 wifl liaasy
0 o o A - A & 4

A dasd lWUuanaznauininuis: 5000 x g 1Juwaan 15 w1f LAUEIRlE (supernatant) Tiiln
ldsiuna shandwlaliiadSanaldsfiunanalaasis Folin-Lowry iipunulusiiu BSA anasgiu das

A A A Y A o 1 aa o A (% a
NIAANARURINANVLNIANK 750 nm @8LA384 spectrophotometer e lduisununuWlysau
waspsuazdwmmliinmlls@uainalegenana la

4.3 myadsumldsAwala352a9 Folin-Lowry
msiauSunalds@usindlu93 Folin-Lowry iNadwmiamdSanavasldsdunazihludnwmnig

usadaanvadlusaunanla laun cyclin B uas cdc2 d283% Western blot dia'lyl

ABmInaaag
1038ul13@uNA3g1% BSA (1 mg/ml) tialgidu stock solution anwuassussazaslysdinain

stock solution TANANMUTNTHITNAING 25 pg/ml IRAIAMITUTH 200 pg/ml AIANTIN 1

W3suaatIndaInInagauysunm 20 pl adluwsihdaeadaau U31as 480 pl lunaaa 13 mm x

100 mm NNUBLEN alkaline copper solution (Reagent C) 13u1mh 2.5 ml mlunﬂ‘ﬂaa(ﬂ wananIazans W

v o
o A v

i aafishingannddeaiduiam 10 wifl asuaai@a Folinciocalteu phenol reagent U3u1m4 250 pl &9

v o
a

lunnnasa wanlwidiu asnislingmngd deaduiim 30 wil msazapazfowduiniiu lasaw
v A o o 1A a ° o A A A

wufrasmiazasazuliduasinudiinmlls@u asunaihliiasinmganfuusiianueaadu 750 nm

@8L1n389 spectrophotometer ¥innamysunalysdulasdwradSoufisununawlys@u BSA snasgu

@”dLLa@dlugﬂﬁ 9
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@1319% 1 USnmsslunmsiaIoulls@uanasgin BSA Nenudutuens g

v PHwnamsazarwl)sau
ANMUYNTY (ug/ml) 3w ddH,0 (m)
210 stock solution (ml)
0 - 0.500
25 0.025 0.475
50 0.050 0.450
75 0.075 0.425
100 0.100 0.400
125 0.125 0.375
150 0.150 0.350
175 0.175 0.325
200 0.200 0.300
0.5
0.4 ']
03
: L )
cl“'
=]
0.2
o
0.1
0.0
0 50 100 150 200

Concentration of BSA (ug/tube)

311 9 n3lysdu BSA anasgw
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4.4 narzinllsfnlaginaia Sodium dodesyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) Laz Western blot

wenlys@ineas SDS-PAGE 715 polyacrylamide gel auituduiosas 12 uonlusaulaglday
dadndlnh 100 Taarl wsrfelusduanianasanguiu PVDF fanusrsandlnvi 30 Taarl dhudin

Wwris PVDF anamawilusan WT1 lasiteunuldséin GAPDH @avinwiindiudu internal control
L@ia skim milk (blocking buffer) fanudutusasss 5 a9UnuRK PVDF Liarisa non-specific binding site
wenduaan 2 5alug ‘ﬁ'qmﬂgﬁﬁ’ad WWananfivaddalysin WT1 uaz GAPDH (Juwiaan 2 1alus 1
amnndvios WHansunaLEI&198I8 PBS 11 tween Yanaz 0.1 (washing buffer) 6 A%1 A%Iaz 5 Wifl 1o
wendvafziiafisasmdoudanuiduwles Horse radish peroxidase (HRP) Gssnimnzrivuandivadniansn
wenduiam 2 %5Iwaﬁqmmgﬁﬁaa 19Ul PVDF ¢ washing buffer 6 A3 A3382 5 W17l annsiuiinues
PVDF 31¥nn3a@37380u1ae3% enhanced chemiluminescense (ECL) Taeld Luminata'" Forte Western
HRP substrate (Merk Millipore Corporation, Billerica, MA, USA) msma\aLLawamJﬁﬁ%mmﬁﬁn,ﬁwfu‘[mﬂaﬁ
fsu X-ray uaztnaflalymanututuesuovulusanlddaolysunsy Quantity One

AnvnavadaTaNaLAaIAA% Tanshinone 1IA LAz SP600125 dansuaadaanuadlusan WT1 lu

radeuinilauzSodadonann nanae 3 a3 Aszazafiuand1an mﬂ‘lfmfia’imﬂ:ﬁﬁagaiﬂsmi
\Wisuifinuen arbitrary unit fisansnialdainlusunsy Quantity One wszuas¥nMIIazAaiaaInug

MINaaedlasis One-way ANOVA

5. MSAN¥INAZAILABTAAN Tanshinone IIA Gan138uss WT1 protein-DNA binding waz AP1-DNA
binding In&35 ChIP assay

Chromatin immunoprecipitation #3a chiP Jumsdnulasltnanns immunoprecipitation Lﬁia
Slaszinssunuaalys@n (transcription factor) fisula fuusnaldsluaesvasduiimanlefezdinm
minasasrlasiassamasinagauaasinasaIiu uaz Tanshinone A aMATNTY 15 uM lwaan 24
Flg masaniurims fix &g 37% formaldehyde (final concentration Winfiu 0.37%) tluszaziaan 10
W ﬁqm%gﬁﬁm ¥lfifia crosslink 33m319 histone U DNA Lilaifia crosslink L‘%ﬂu%aml,ﬁﬂ,ﬁ%qﬂ
Ufjisenlas 1.25 M glycine (final concentration LNy 0.125 M) WA2I819LTa8A2Y PBS ffu dimasan
resuspend 1w cell lysis buffer (5 mM PIPE, 85 mM KCI, 1% NP40, and protease inhibitors) waafislilugns
iudaduszezing 15 wifl udiumwisefiannuiss 5,000 rpm 7 4°C unan 5 wifi a2le nuclei pellet
aanan %ﬁdmmfu resuspend 1 nuclei lysis buffer (50 mM Tris-HCI, pH 8.0, 10 mM EDTA, 1% SDS L&
protease inhibitors) wdva I lusrsinuds 1una 10 wi#t 61 nudlei solution 11 sonicate waaLwwA R
AXLTY 14,000 rpm aasnnd 4°C 1ulaan 10 W wasNiwAY cell supernatant La2L@N 25 ul Strep A
cells &L 1TUU rotating platform uiian 15 Wil \Wa preclear chromatin 1{8ATUIAUAILWARI IR
AMNLTI 14,000 rpm ﬁqmﬁgﬁ 4°C 1lwan 4 w1l wasaNIIY immuneprecipitation asL@a immuno-
precipitation buffer ‘ﬁﬁ protease inhibitors Tu preclear chromatin solution Lazl&y anti-WT1 (C-19) (Santa
Cruz, CA, USA) %38 anti-c-Jun (ACTIVE MOTIF®, USA) antibody L@ IgG tLaz RNA polymerase || 1T
511" negative LA positive control AU 1 precleared chromatin lysate 14 rotate un platform ﬁ
gaunnd 4°C fluamdudu (overnight) L Strep A cells (25 pl) fesouliiauasluls  immuno-
precipitated antibody/protein/ DNA complex U&2 rotate Uw platform uszoziaan 15 wifi Naamniines

9 U

STh) precipitate l#iAa immunoprecipiated complexes NI wRALIN 14,000 rom ﬁqm%ﬂﬁﬁm uaan

U
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4 W7 Lﬁmﬁu immunoprecipiated complex pellets %ﬁdmﬂﬁ?ué”]d pellets 2 ﬂﬁfg\‘i A28 dialysis buffer Laz 4
ﬂ%ﬁ’m immuneprecipitation buffer %1 immunoprecipiated complexes 14 elute @ elution buffer (50 mM
NaHCO,, 1% SDS) wasniwdn 5 M Nacl ussunldf 65°C iluszozaandndin itie reverse
formaldehyde cross linking LLazi@ia RNase A (final concentration L¥inny 100 pg/ml) LLﬁlﬂuvL’Tﬁ 37°C ilw
1981 30 W1l 141 DNAs 71 purified lagl% Qiaquick PCR kit (Qiagen, CA, USA) udavihmyiazsilag PCR

Primer design &30 PCR

kTM

Sequence W83 human WT1 promoter region Qﬂﬁﬁdﬁdu’]ﬁ]ﬂﬂ GenBan (accession No.

U77682) lagld Primer design programs ﬁlﬂumiﬁﬂﬂ’]ﬁﬁa Primer3 Input (version 0.4.0), UCSC
Genomic Bioinformatic and Vector NTI advance 10 lag primers U843 WT1 promoter azgnaammuﬁm%’u
a3 AIUd I 500 bp &1@UVEI WT1 promoter primer No.1 1sznausiudiuvad forward primer
(CTGAACGGACTCTCCAGTG) Uaz reverse primer (CGCTGCCTTGAACTCCTTAC) &% WT1 promoter
primer sequence No.2 isznayueae forward primer (GGCCCCTCTTATTTGAGCTT) reverse primer
(CAAGAGGAA GTCCAGGATCG)

6. NMIANBINAVAILABIAAW Tanshinone IIA Waz SP600125 (JNK inhibitor) Aan1511191%229 WT1
promoter

WT1 promoter construction vectors &%V Luciferase Vl,@ﬁ'ummm&mﬁ:ﬁmﬂ Professor Dr.
Takashi Murate (Department of Medical Technology, Nagoya University Graduate School of Heath
Sciences, Japan) lag construct vector Usznaudas 1.8 kb-fragment 483 5’ region 283 exon 1 2898
WT1 promoter @98 WT1 binding site atidae MINARBIRLT construct vectors fitil -301 bp 911 TSS a4
exon 1 W83 WT1 promoter ﬁLLﬂiﬂlu pGL3 basic vector wazld pGL3 basic vector Waz B-galactosidase
vectors LI vector control W@z internal control MNE1AL ¥LTas K562 41 co-transfected @78 construct
vector uaz P-galactosidase iusziim 24 Talasuds treat dae 1ABSAITU Tanshinone IIA UazSP600125
ﬁm’mvﬁ'&l"ﬁu 15 uM ﬂavdil’lﬂifuﬁ’lﬂ’lmmﬂmaafﬁ’m lysis buffer WRAN® Luciferase activity lagld Dual-
Luciferase Reporter Assay Kit (Promega, USA) @Twm%iad GloMax 96 Microplate Luminometer with dual
injections (Promega, USA)LL@:"?Lﬂi’I:ﬁﬂ%mmmad [-galactosidase lagla [B-galactosidase Assay Kit

(Promega, USA)

7. MIANHINAVDIAIILADIAINW Tanshinone IIA waz SP600125 @anIs8USINITULIAIVDILTBAS
1 o o & v Aoy = 6 & (=1 a =2 Aa
dwipgansmaanlgddinalalainans (Flow cytometry) TwimaaaziSaiaidanaininizidssnie
K562

mMIAnEIgInsvaswasazidunsiazilSunm DNA  content  @ae35lWalolaiuns (Flow
o % (% - . A o Aa a
cytometry) lagvinnsdan DNA e Propidium lodide (PI) maﬂwmzﬂimmmmmﬁv@aaLimsnue?

(fluorescence) 484 DNA asidusaainlaoasssiadn ik DNA content MALASLLTAR EINITOULIANE AL
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ﬂ%mmmsﬁ@ﬁﬂgamimsﬁu W 3 anwoue LLamNaaanmlugﬂmaamwé’ww‘"uﬁsmdwﬂ%mm DNA

° & o A
content LLRZINTUILLTAR @I\‘]LLE‘T@]\‘]I%E‘]J‘Y] 10

G,/G,

1500

= 1000] ~ Sub-Gy
8 (apoptotic cells)
= G,/M
500 -
S
0 T T T \gl Il
0 200 400 600 800 1000

Pacific Blue-A: Violet DNA Pacific Blue-A

g‘ﬂﬁ 10 @28¢14 normal cell cycle distribution

(‘ﬁm: http://ajpcell.physiology.org/content/304/10/C927)

‘s e & a 4 a A
71 msl,‘wnl,ﬁmmiaﬁuu‘sammﬁaﬂw’n’ﬁuﬂ K562 1%91“15ﬁﬁﬂqﬁtﬂﬂ‘§ﬂ')&|% ﬂ%ﬂ

SP600125 %38 Tanshinone IIA

WAL REILTAA AT USuN AN R WY B TaaL YN USauas 80 (80% cell confluence) ANARMLANYSHN

'
A

(expand) LoASINDIATDUTARIHREABEN

U

320z G, lawdumamasuziSudaianrioiia K562 w3 Moltd

o o
A o a

o : e 1a Y 6
¢8 PBS 1 1,000 rpm LIuan 5 w1l NInNa 3 @39 USuUSunomaadlnlawrinny 3.2 x 10° cells/ 8 ml
k2 :;’ 6 A't:i v o : L2 t:id v a
@881WNTLRLIL T RPMI-1640 N3 FBS $88az 0.5 mmnwwuamlug\uu CO, N4 CO, Fa8as 5 uazi
qnmgﬁ 37°C 180 24 331309 ATUIATINNNTURAITRALTULAY LaUTUUSU s aaa RR ALY 8.0
5 o g Aa o ° X A o
x 10" cells/ 8 ml/ plate Fre@IAITLRBITAE RPMI-1640 14 FBS $auaz 10 ¥MsiwziRudlaoaanysy
USunawadluansiinansiaasaiiunse SP600125 w38 Tanshinone IIA ATzAUANNTNTUA b TURD
' & (% v & & A LA '
GaLTas 3 3¥AU LW 2.5, 5 Laz 10 uM lulwas K562 uaz 5, 10 uaz 15 pM luwinas Molt4 GaldlaiiAnen
a a o & o Aa a A A . e @ fa A A
ICy WinuLAsuAUTaAILAY F9¥NTLdN DMSO IudSunaIMisurnnuTauazuaIa LA AT RRS 0
SP600125 138 Tanshinone I1A ﬁl,ausl,una;uﬂﬂaau I@smﬁwﬁuﬁuq@ﬁwmaa DMSO z¢ad4iasnin 0.8%
pasUFnasinue ihaldlw DMSO iluRudairadinzians anuwihnswnziasslugin co, 1 co,
Jauaz 5 uazligannd 37°C  1ulan 24 3109 ATUIANNNTIALLTAS autrasuazii AT

NILANLAIVBILTAS b I INstTaaae b1
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7.2 msfaamasansnfinidanzinnisisia K562 Wia Moltd iadnsnigsnsizasais
F5Talalawns (Flow cytometry)

Warnmsunimssnussinasaain n3a SPE00125 w3a Tanshinone NIA 1wanasy 24 Galug
Fmsgnsioasany PBS fildu Toutud 1,000 rpm a1 5 w1l 2 sou nsUSUUSIN MTRRULALTY
LTRE b counting chamber Tagla Trypan blue ﬁmwmﬁ’wﬁui’am: 0.2 mnffuﬁ’m'ﬁazmﬂ (resuspend)
pellet ¢28 PBS 7iLfin 1/501@3 300 pl U fixed Ladee absolute ethanol 7iLfis 700 ul lusnssiiuds 30
W nsdudiud 1,000 rpm duaan 5 wifi 1 380 gadula (supernatant) falvmun annsiuda Pl
solution 53103 500 pl vinldSianzfienein3as Flow Cytometer 1 Cytomics FC 500 fiwa Beckman

Coulter wazlisunsy FlowJo V10

8. NIANBINAVDIFNTLADIAINW Tanshinone 1A Laz SP600125 AasALUNIIHAAIBNYDILYIAW
. 3 [ (=3 - g a
cyclin B uag cdc2 Tuinaanzt5odiaaanninisia e nnn K562
= = o o a . .

mMIAnEINIuaasaanvasllsuauTarinldlasandainaiia Acrylamide gel electropgoresis

LWLae Western blotting
‘g ® [~ a 1 a A
8.1 NIWIZLALILTARNEL5ILAINLA DAVIITIHA K562 T1ha1w1sNaa1simasaAl% Tanshinone

lIA uaz SP600125

B Tas TS annuruwinasadvinutasas 80 (80% cell confluence) L&A1
aduzI5udaianu1uie Moltd e PBS Tagiudi 1,700 rpm twnan 5uft viswwa 3 a3s UsulSunm
L lWHALNTY 1.0 x 10° cells/ ml §2p8NMSLALILTAd RPMI-1640 715 FBS 0882 10 ¥msiwziass
wasfiUsuUSun mud luawnsfiidnansinaTain nia Tanshinone 1A W8 SP600125 AszAUANUITIT
PladuRudormad 3 3260 (5, 10 uaz 15 uM) Daldlaifiudr 1Cy, WisuifisuiugaaIugy BInmaaw
DMSO lwilsinasifisuwiniudesszassansinasaafin wia Tanshinone IIA Wia SP600125 ﬁLﬁulumju
Nagay I@ﬂﬂawuﬁu‘*ﬁuq@ﬁ']ﬂmad DMSO asfasiianin 0.8% vas5unasranua wia'lilsw bMso 1
RuADTASINZLADS mmfuﬁ’]msm'mgm’luﬁﬂu co, 7§ co, favas 5 uwazilgmnnd 37°C 1unan 24
Falag asuraihiasn e llnmssnalsfiusin (whole protein) uaz@insnisuansasnaasllsein cyclin
B W&z cdc2 diah

& & s a

8.2 natassalusfnsinanwas uztSIaLR oA INILIA 89T Hha K562

A o ' & o &a A A . A o

Warnmstuasanuaiaaiaidn %38 Tanshinone IIA %38 SP600125 ulianasy 24 Talud
o v & v A = o A a0 [ a 6 o
msandiaadey PBS Niu laotun 1,000 rpm tJuian 5 w1f FinsUsuyUSu s rasuasiLLnas b
counting chamber lagld Trypan blue AN TUTasas 0.2 NABUINMTUUI I TAaa28 PBS lasdun
1,000 rpm tJwiIa1 5 w1l 8n 2 soU ‘[@mauq@ﬁ’ma:ﬂ%’uﬂ%mmﬁw PBS U31103 1 ml HENLTAR AN
nuuazlaadlulu microcentrifuge tube fiazena awa 1.5 ml AUsIAnTatuden dusas lWluandas

o X . A = a & ' o < '

\A389 microcentrifuge fiANLTITAL 3,000 rpm (uiian 5 Wil Anuugadulasanlinue iuawzaIw

289 cell pellet 1371 -20°C e luanalusausuaaly
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8.3 n13anmlusGn3Ia (whole protein lysate) @28 RIPA buffer
¥ cell pellet Ay ldludas 4.2 suauiy RIPA buffer 150103 100 ul annsiwsinldwanlwidniuseindas
vortex liaznauazapatiaauysal wasnnuaumuud i sumsung luwasihudaduna 10 wif e
asuaath lnsnliidniuuss 9 dane3asvortex 8n Himuiauasunm 1 5alus Weasy 1 talusudald
111 microcentrifuge tube vl,ﬂﬂv‘;,l,ﬁ 10,000 rpm LJwiIa1 10-15 WAl gﬂdmlmﬁumu microcentrifuge tube
Toutaifiunasass 30-35 pl 71 -20°C L‘ﬁ'aiaﬁ’mﬁfﬂﬂ%mmiﬂiamaz@mmamaaﬂmaﬂﬂiﬁuﬁaﬂa
giald

8.4 m3iaFanmlisGiunla35as Folin-Lowry

FmyiadsunmlUsiusandau3s Folin-Lowry @ute 5.4.3 iasuwinnySunawaslysduias
inludnsnsusesaanaaslysduiawla laun cyclin B usz cde2 du3s Western blot sia'ldl

8.5 myanzinlsanlaslfinaia Acrylamide gel electrophoresis LLaz Western blot

Se3sHan section 71 5.4.4 lapld wandvedde cyclin B uaz cde2 wazld GAPDH 1w internal

control

9. 113711 c-Jun knockdown iafn¥INA8S c-Jun/AP1 Aan1suaAIaanYasiin WTT

wumas K562 wwziaeslu 12-well plate 1uszoziaan 24 Galus nawrn viral infection lu
complete RPMI-1640 medium (1 ml) %E\T\‘lﬁl’mﬁ?m‘ﬁaﬂﬂﬂﬂiw’lm 50% confluent 1m°'u°7i%:ﬁ’m’15 infection
(Day 2) T,@Umsﬁnmemsl,wmgmaamnﬂ well LAILAN polybrene (10 pg/ml) Y3u1as 1 ml 1 media
mixture @8 well (81930 12-well plate) W3 NIWINT infect Taan31@u shRNA Lentiviral Particles 14
culture medium LRILNTINAW (18-20 ‘ﬁ’lﬂm) ﬁl'mifugﬂmmi‘ﬁlﬁ lentiviral particles aanain wells mulu
24 F7luanaaann infection ugLGnaMslna (Fresh media) luudaz well Tapamisaaslaid polybrene
(without polybrene) 1wSfl 4 95wy stable clones ﬁﬁmim?@@uiwﬁu 1%i6a puromycin (10 ug/ml) 1iia

Aaidan clone Nl shRNA agudiwzidssdalduszozian for 24-48 Talus lu complete medium.

10. A0 UNANRBNITINDUALIIVTINT DA

A v A

quﬁ*mqamsﬂum RASARNN LLmua’imwgu@i’uﬂ UWINLNARTN LaZLIWIITIINIMFEAIAITUIANT

q
6 a

1a%e AT UNARANTWANEG ARNARANITWANE URITINLIRULT I bR
ﬁaaﬂﬁﬂ’@mwad Prof.Dr.Colleen Sweeney 7l uc Davis, School of Medicine, Cancer center,

Sacramento, USA
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AANIINA[BY

1. wWa cytotoxicity 2aILABI AN (curcumin), Tanshinone IIA (c-Jun inhibitor) uag SP600125 (JNK

. . 1 3 [ (=3 ¢ a
inhibitor) ADLTAANZLIIAALRDAVINNILLALITIA K562

NnRanIagauaNUduisadaasaidn (curcumin), Tanshinone 1IA (c-Jun inhibitor) W&z
SP600125 (JNK inhibitor) l¥ualumsvanaidaidansnamizidessfiia kse2 lapdailsouiiauannudn
Awrasmsudszrialaglfinnudntuesmssnafimansaraoasidadonnald 50 wafidud
(inhibitory concentration at 50%) 138 ICs, 71 24 TAlUSRAN ICs, WYINAL 37.5, >100 &z 62.5 UM AIUEGL
wazilavinnsnasaud 48 Talus wuilen 1IC, AL 37.5, 3.1 uaz 22.9 UM MNEGL INN1IRIITIN
N 1C, Sadudrenuduturesssanafliiduisdeimss dezihunldlunsfinsnmsuaasesnaesiu
w1 Tunsnasasdaly wuinlsen IC, fitian 24 TalusSanrinny 17.7, 2.1 uaz 6.2 pM auday waziila
Fnsnagaun 48 Talug wunilen IC, WAL 17.7, 1.3 uaz 7.03 uM auday @Tﬂmeﬁﬂugﬂﬁ 11 (a)
was 11 (b) WU uazenanuduTuasssanafliiduiudaimas (1C,) Qnﬁm’amn,ﬂiaﬁ'lvlﬂlﬁu

MIANBINAVBIRNTAONTUEAI8aNVBIEY WTT uazlusdis WT1 52um3 WT1-DNA binding lunInaaas

da'ly

2. HAVDILADIAIN (curcumin), Tanshinone IlIA (c-Jun inhibitor) LLaz SP600125 (JNK inhibitor) fa
nsuangaanzadllsfwiauninasin lagds Western blot

nnnsAansAkuIMINgu3sbldwudn c-Jun N-terminal Kinase (JNK) fianaiioadasnuns

.

ses s elueasvadllsiin WT1 9annn3dinsneag protein microarray (;sﬂﬁ 12) minasssitssldans
@nw c-Jun inhibitor (Tanshinone 11A) L8z JNK inhibitor (SP600125) @an1INILEadaanvadie WT7 "fi\‘l
aainazdinarinlwaanisuaasaanuaslysin W1 adelsfienaiiiaseain INK sanIaNIZgUMITNG
289lU5Au transcription factor v[@i”‘ng\i WT1 W8z c-Jun (AP1) (heterodimer 284y c-Jun W& c-Fos) ﬁdL‘ﬂu‘ﬁl
wauladn INK dwade Tdsdin WT1 w38 c-dun lumanszdunisvinuaasiu wrr nuu warlwdaodn
59levinmsénmnlasls c-dun inhibitor (Tanshinone 11A) Wasuigurumssusicsasaiin Anny
wutuiliduisdemasuzss Aanugutu 5, 10 uas 15 uM G9819891anuanINasaef 1) Wuszos
19 24 F3las MAREUIINEIY NNMFANHNAVININAFELSILLAaTAI I (curcumin) ipadu WU

A a o & v o A a X {
wwasaifn duatuainsuaadaanvadlysaun W1 WuldanuanudutuniAnannds (5, 10 was 15 pM)

J2U2IaN 24 T2 la9 IRHANTEUHIYINAL 13.3, 22.3 Uaz 53.8% &3% Tanshinone IIA (c-Jun inhibitor) JH&

o
o o '

HUEY WAL 17.4, 43.2 WAz 40.1% wae lavinn13@nen SP600125 (UNK inhibitor) tW3sUIAEUNANINARD
o8 FIlANAIUATEULI WiNAY 7.9, 18.9 UaT 23.6% ANNEIAU LaufinnSANEINIRNG 4 A39 32ELIAN

WANGNIN% (4 time-independent experiment) AduaAdluaNT9N 2 JUN 13 uaz 14
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@) 24520419
120 -
100

80
o0 —{—Tanshinone IIA

40 —X—SP600125

% Cell viability

20 —O—Pure curcumin

0 T T T T T 1
0 3.125 6.25 125 25 50 100

Concentration (uM)

(b) 48 7189
120 -

100

80

60 —O—Pure curcumin

—{—Tanshinone IIA

% Cell viability

40
——SP600125

20

0 T T T T T 1
0 3.125 6.25 12.5 25 50 100

Concentration (uM)

Eﬂ‘ﬁ 11 WA cytotoxicity 2adlaasain (curcumin), Tanshinone IIA (c-Jun inhibitor) Lz SP600125
(JNK inhibitor) datoasuziSaudaiiana1iniziiessia K562 lagds MTT Aiszuziian 24 (a) uas 48

(b) Talas
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1.2 -
1.0 A
0.8 A
2
w 0.6 1
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35U 12 usainazadnaidIdudansuaniaanaedlis@iu Phospho-kinase INNsANGI183T

Protein microarray
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Curcumin 24 hrs Tanshinone lIA 24 hrs

VC 5 10 15 pM vC 5 10 15 uM

S ) SSR SRS PRTY, C]

aun o e “w <— GAPDH

A S «— w1
o swn swn s €— GAPDH

Curcumin 24 hrs Tanshinone IIA 24 hrs

vVC 5 10 15 pgM VC 5 10 15 pM

RN ESewn - =l

aan Gup O (BN <— GAPDH | . «we == &— GAPDH

Curcumin 24 hrs Tanshinone 24 hrs

VC 5 10 15 pM vC 5 10 15 pM

[P

e s . € WT1

AR EE ¢<— GAPDH ~=== amn & «= ¢<— GAPDH

Curcumin 24 hrs Tanshinone IIA 24 hrs

vC 5§ 10 15 pM vC § 10 15 pM

B e e | €= WTL e e o WTL

- <— GAPDH EDEESe=m = <— GAPDH

SP600125 24 hrs

vC: 5 10 15 1M

- = WT1
&% e e @ < GAPDH

SP600125 24 hrs

vC 5 10 15 pM

A A A s «—WT1

S o o €— GAPDH
SP600125 24 hrs
VC 5 10 15 pM

- e e e e— WT1
- erea» < GAPDH

SP600125 24 hrs
vVC 5 10 15 pM

e e WT1

T e <— GAPDH

Eﬂ“?i 13 WAVBILADITAINB (curcumin), Tanshinone IIA (c-Jun inhibitor) &z SP600125 (JNK inhibitor) ¢ia

seauldsin WT1 laasduziSaudaiiaan1iniziasssia K562 1ag3t Western blot  lagvinnisnaasd

NIVNA 4 T 1987 24 TN
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ﬂ”l‘s’ldﬁ 2 NATBILABTAAN (curcumin), Tanshinone IIA (c-Jun inhibitor) ez SP600125 (JNK inhibitor) ¢ia

szaulusan WT1 TutmasuziSadafanriwiziiessie K562 lau3s Western blot

nIINa|aN ‘S”aﬂawaa‘sm”ummamaanmaﬂﬂsﬁu WTA1
1 2 3 4 5 Mean + SD
Curcumin VC 100 100 100 100 100 1000
5 85.1 94.5 82.96 83.44 87.3 86.66 + 4.7
10 70.26 86.58 68.09 78.06 85.7 77.74 + 8.52*
15 27.92 59.41 40.1 50 53.84 46.25 + 12.44*
SP600125 VC 100 100 100 100 100 1000
5 99.36 99.47 77.53 ND 99.47 92.12 + 12.64
10 70 77.89 75.44 ND 98.41 74.44 + 4.04*
15 56 58.19 54.94 ND 90.17 56.38 + 1.66*
Tanshinone lI1A VC 100 100 100 100 100 1000
5 96.59 96.51 67.43 85.6 66.79 82.58 + 14.82
10 39.59 69.66 58.07 53.89 63.04 56.85 + 11.30*
15 43.63 73.04 64.68 62.83 55.25 59.89 + 11.07*

* ugadAInuLandWe Wit AYnIaianA1aNuLTeNn 95% (p<0.05) LilalInuLisunLTAAILAN

(vehicle control)
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120 - Curcumin
® 100 -
Q T *
S 80 - 1
2 *
O 60 - T
o
O Curcumin
— i
E 40
20 -
X
0 . . : .
Ve 5 10 15
Concentrations (uUM)
120 - SP600125
© i
: 100 T >
= 80 - 1 *
‘©
o
O 60 -
f; 0 SP600125
E 40 T
o\o 20 A
0 . . : .
Ve 5 10 15
Concentration (UM)
120 + Tanshinone IIA
© i
® 100
o
c 80 -
= * *
e
O 60 -
f" E Tanshinone lIA
l_ 40 N
=
g 20 4
0 . . :
VC 5 10 15

Concentration (LM)

311 14 nWUEAINA2EILABTAITY (curcumin), SP600125 (JNK inhibitor) ez Tanshinone IIA (c-Jun

inhibitor) daseaulusdn WT1 lwaasuziSadaifiearimizidessiia K562 lagis Western blot lagvinnns

NARBININAA 4 B1 1380 24 Talas * uanawaiivefmaynesianadianuitedn 95% (p<0.05)
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3. HAYAILABIA2AN (curcumin), Tanshinone lIA (c-Jun inhibitor) L&z SP600125 (JNK inhibitor) Ga

° 3 & A &
TNRINLDTAANSLIILANALAIAYDIILNICLA LS K562

mIdanmiiidumsdnsndaiitasananmsdansnluda 2) laonmmaseudioiaasaldu Tanshinone
A 48z SP600125 NANULTNTY 5, 10 waz 15 uM Luszoziian 24 $2lN9 inmmaseudisds Trypan
blue exclusion INNNANIANBIWLIING LABTAEH Tanshinone 1A Laz SP600125 R3OS LEINTULIAT

[ I3 =3 =) 1:? v v A a J ea A
YaaLraaNsiSalaiaar1wzians K562  tluldananudutuiniinannds lagmasaiduainninaa
NUIBLTAR L6 27.1, 30.7 WAL 42.1% Tanshinone 1A aa'ld 35.6, 46, 57.1% &% SP aq'le 33, 38.4, LAz

o @ 4 a o . A ' ' A v o @ Aaad . { o

41.5% eudau WalfisuiuTaaIugu (vehicle control) FauandndaalitumAynIstand1nNLTasL
1 95% (p<0.05) tiaNNTMINAVBY LABSAAK Tanshinone A e SP600125 datSuntuiuaaae (dead

cells) wuhiidFanunliuandanganingu aauaasluansn 3 3uUa 15

A15191 3 NaTadLAaTAY (curcumin), Tanshinone 1IA (c-Jun inhibitor) LAz SP600125 (JNK inhibitor) i

WUV I TALRDAVIINIZLRLI K562

NING[dI Viable cells Dead cells
Mean (x 10°) | SD (x 10°) | Mean (x 10°) | SD (x 10°)
VC 2.8 0.35 0.044 0.035
Curcumin 5 2.04* 0.014 0.044 0.025
10 1.94* 0.1 0.078 0.025
15 1.62* 0.25 0.044 0.025
VC 2.61 0.34 0.044 0.035
Tanshinone IIA 5 1.68* 0.16 0.072 0.042
10 1.41* 0.19 0.1 0.073
15 1.12* 0.19 0.083 0.017
VC 2.24 0.17 0.022 0.0096
SP600125 5 1.5* 0.1 0.033 0.017
10 1.38* 0.043 0.017 0
15 1.31* 0.088 0.039 0.025

' ' L A e o a aad, A o A = a )
V\N']ULVWJ * LRAIATIAIULANANDE NI ULRIAUNWRDANATAINNLTDN U 95% (p<0.05) Watdssunaunu

TAAILAXN (vehicle control; VC)
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*
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(=]
]

Total cell number (x10%)
in

=
in
.

=

Ve 5 10 15
Concentration of curcumin (uM) Concentration of SP600125 (uM)

0

=
n
1

(%]
L

-
L

Total cell number (x10%)
o i

=

B Survival cells ODead cells
*
*
l i_V
T ove 5 ' 10 ' 15 '
Concentration of tanshinone ITA (uM)

511 15 WavadAasAliin SP600125 waz Tanshinone A dadnwiniaas K562 fiszaziian 24 Talud lag

u

(A) falnasaiin (B) SP600125 Laz (C) Tanshinone IIA Mmsamanuswniaaslasldit trypan blue

exclusion Fayaidue1 mean + SD * = usasanuuandiainftuidynisiandinnuibon 95%

(p<0.05) LﬁﬂLﬂ%UULﬁUUﬂVU’Q@]muQN (vehicle control; VC)

4. N13ANBINAVDY Tanshinone IIA @a3zAUNISHEAIDaNVaIlIA® WT1, c-Jun uaz c-Fos i
g ® g a
LERANZLISILAALADAVIINIZLADIT A K562
NNIIANBINEVE Tanshinone 1A ¢an1LaaIaanvadllsAn c-Jun WuILavinnIInagauale
Tanshinone 1IA AANUTNTY 1, 2 uae 3 uM uszz1Ia 48 $2lud WUI1 Tanshinone 1A §1315DAANNT
WRAID0NVILLUIAK WT1 Ta882 9.9 + 3.6%, 33.3 + 9.4% WAz 57.0 + 12.2% ANAAU LiavinnITUsuLiy
. . Y A o = v @
MIUEAIB8N (normalization) @18 GAPDH UaziiBUALTAAILAN TIHANIINARDINAMIANNANNTNTUVD
A a X o P A A = .
R1INLWNVW (dose dependent maner) AILRAILUANTIIN 4 3‘1_]"/1 16 Wae 17 LaslaANINaUad Tanshinone
A ¢ian1IugaIaanaadllsdn c-Jun WuI1 Tanshinone lIA JRainlAtrasuziSILAARDAUINIZLRLITHA
K562 FN1TuEnI0anVaIlUsAU c-Jun NAARITALAY 12.7 + 15.3%, 47.6 + 8.0% WAz 48.5 + 12.8%
o o v o A A & [ A A A A o =2
AUFIAY ANNANVTNTWNLANNINTY AILRAS UGN 5 31N 18 uazUf 19 uazilavihmsdnwinaves

Tanshinone lIA ¢6an1348AI08NUI1UTAW c-Fos WU Tanshinone lIA Juabwnstvine1inlwly 6 c-Fos
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{ QI J v v { AI z ' s
InIugasaanAnLNING®h AMNANULTUTWALNININTY NNL 6.1 + 3.0,63.1 £ 14.6 Lar 291.5 + 58.6

WiN ANUEIAY AILEAIIUAITIIN 6 Eﬂﬁ 20 Lngﬂﬁ 21 %8n31n% Tanshinone IIA NINaYNIRRANITULIIA?

VBILDR fﬁr@h oK) LLﬁ(ﬂ\‘lluE‘Ljﬁ 22

MW AT NYWYDIET Tanshinone lIA

(kDa) VvC 1M 2uMm 3 uM

D - — e O
e e e
37

3171 16 navaY Tanshinone IIA AiaNTNTY 1, 2 uaz 3 pM dansuaataanzadlysin WT1 luisaduzide

W ALRBATILNILLRLITIG K562 @283F Western blot

M13197 4 LEAINANNTLEAIDaNVBILUTAK WT1 MillayinnInasaua@iuais Tanshinone 1A AMULTNTS 1,

2 Uaz 3 UM
ANLTNYW Tanshinone I1A Sasazninandaanvasllsfin
mean SD SE
(M) WT1
VC 100.0 100.0 100.0 100.0 0.0 0.0
1 84.9 97.2 88.3 90.2 6.3 3.6
2 48.2 78.5 73.5 66.7* 16.3 94
3 18.5 56.4 54.0 43.0* 21.2 12.2

* ugadAIAULANARE NS AYNIEIANA1ANUToI 95% (p<0.05) LilalIuuliuunUTanILAN

(vehicle control)

32



wnansuUnia waksuninawldivauga

120 -

100 - =

2]

o

|
— %

% WT1 protein level
H [=2)
o o
—

N
o
1

vC 1 2 3
Concentration of Tanshinone IIA (uM)

311 17 Wawad Tanshinone IIA iaNATNTY 1, 2 sz 3 M dansuaataanzadldsin WT1 lueoaduzs
~ g a a v U L3 . IA o
WalRaauwnzlasssiia K562 Jiaszianaudutuuesunualslysunsn Quantity one (BIO-RAD) v

NINABBINIARNA 3 AT NITHZLIRWANG1INH (3 time-independent experiment)

. * . \ o o o and . § o
%N’I&IL‘VW‘] : VC = Vehicle control, = LLﬁﬂdﬂ’J’lﬁJLL@]ﬂ@]’l\‘iﬂﬁ’lx‘iﬁ HIYH Illu“(l’]dﬁﬂ@]ﬁﬂ’lﬂ’.]’llll,%a&l% 95%

(p<0.05)

MW ANLDNTWVDIES Tanshinone lIA

(kDa) VC 1uM 2 M 3uM

N e

317l 18 waed Tanshinone 1A fianaidudu 1, 2 usz3 uM danisusndsanvedlusiu c-dun lu
LraaNzLSNalianr WslAeITRA K562 62835 Western blot

RUBLAG - VC = Vehicle control
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A19191 5 Naﬂ']iLLﬁ@NE]aﬂ“llENIﬂia% c-Jun Mla¥inmInageua8as Tanshinone

ez 3 uM

A @UNTH 1, 2

ﬂ'l’mm’f&li’l’% Tanshinone lIA o -
Sasaznisuansaanuadlisfim c-Jun mean SD SE
(uM)
VC 100.0 100.0 100.0 100.0 0.0 0.0
1 97.7 107.1 571 87.3 26.6 15.3
2 43.3 68.3 45.7 52.4* 13.8 8.0
3 31.0 48.5 75.0 51.5* 221 12.8

o

* uanendaged

control)

120
100
80
60

40

% c-Jun protein level

20

— %

VvC

Concentration of Tanshinone IIA (M)

311119 wavad Tanshinone 1A NaNNANTH 1, 2

BRAYNUFIANAIANUTANH 95% (p<0.05) LlanIuuNBURUTAAILAY (vehicle

WAz 3 uM damsuaadaanwadlusdu c-Jun lu

LraaazSudalRaauIzIasITia K562 Slansranuituduzasiaudialdsunsy Quantity one (BIO-

2 o < < 4 L . . .
RAD) NNINITNARDININRNA 3 AT NITLLINUANGAIN (3 time-independent experiment)

RUBLLAG : VC = Vehicle control

(p<0.05)

*
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MW AMNLDNTWVIFT Tanshinone lIA

(kDa) VvC 1M 2 uM 3 uM

62 <= c-Fos

37 <= GAPDH

3U71 20 Wava9 Tanshinone NA fiANNdudu 1, 2 uaz 3 pM danisusasasnzaslysdin c-Fos lu

LIRRNLSILTALAa AT NZALITRG K562 ¢183T Western blot

A a a4 o v . v v
M13791 6 LLﬁ(ﬂ\‘iNaﬂ']iLLﬁﬂﬂaaﬂ‘HaﬂIﬂi@l% c-Fos NyaNINIINAagaUaILRIT Tanshinone 1A ANMULTUUH

1,2 Uae 3 pM

ﬁ')'ml,‘fl’&l“fl’% Tanshinone IIA o -
Soaaznnandnanuadlistin c-Fos mean SD SE
(uM)
VC 1.0 1.0 1.0 1.0 0.0 0.0
1 12.0 3.6 2.6 6.1 52 3.0
2 58.8 40.3 91.2 63.1 25.2 14.6
3 2479 407.6 219.1 291.5* 101.6 58.6

*uandedwiipdayneaiandianudaint 95% (p<0.05) LiaLIBUBLALTAAILAY (vehicle

control)
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500 -
400 - *
300 -
200 -

100 -

% c-Fos protein level

vC 1 2 3

Concentration of Tanshinone IIA (uM)

31]17; 21 W8ua9&"3 Tanshinone IIA AANWENTY 1, 2 uae 3 UM dansuaadaanaadlUsdiu c-Fos Tu
waduziSadadonumnziaesnie K562 laguaainanisnaasdsieuds Westemn blot uaz3iaszsiainy
iupasunudasTUsunsy Quantity one (BIO-RAD) S9¥imInassdnisnua 3 A3onssastiauanananis (3
time independent study)

*

WANBLAG : VC = Vehicle control, = ugAIANNLANEBE TR NIIRIANAIANNTONY 95%

(p<0.05)
5000000 -
4000000 - T

3000000 -

_|>(.

—i%

2000000 -

Total cell number
ot

1000000 -

vC 1 2 3
Concentration of Tanshinone IIA (uM)

gﬂﬁ 22 LEAIFIUIULTRANAIINNARELAILET Tanshinone 1A ARNNTNTH 1, 2 war 3 pM lapis
Trypan blue exclusion

* ' L Ao o @ aad P A a a
RUNELLAQ = LRAIANNULANANDUNUUBURIAYNNIOANAIANNLTBNY 95% (p<0.05) Waldssuney

ﬁ'uq@]muqu
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5. NAYAILADIAINW AT Tanshinone IIA @an159uVallsa®n WT1 uaz AP1 nlusluinasvastn
wrt1
AMNMINARIRIN IANIIUINTadugINIuaadaantad JNK Suavinlildsdu WT1 §msuaasasan

& - o & - .
8983 8% Tanshinone IIA qu@ﬂ‘lJﬂ@lﬁE]‘ﬂﬁﬂummﬁLﬂ@ heterodimer 84 c-Jun WAz c-Fos lagm3dAns

(% a

hot spot NUSIh WT1 gene promoter HunuinfuSssndvianizuaillsiu AP1 agads Aa S

¢]
a
> A = & do g oeva o . a a Aa o @
TGAGTGA ﬂﬂLLﬁ@]dIuEﬂ'ﬂ 23 sﬁ\'jL‘J‘juL‘V\@lNa%u\ﬁﬂﬂqiﬂluﬂ@ﬂ’]ﬂ’]u?’] Iﬂi@]u WT1 38 AP1 NIUNUINRINLY
{ Y 2 =9 o o &
ﬁ WT1 gene promoter 1%ﬂ’]iﬂi$(§l%ﬂ’]§LLﬁ@Naaﬂ"lladﬁu WwT1 mdﬂlﬁwaiuﬂﬁiﬂuUdﬂ’]iLLﬁ@]daaﬂﬁlaGIﬂiau
WT1 vLﬁNﬂﬂ’]iﬂ@]ﬂEldL‘ﬁ%Lﬁﬂ’Jﬁ%ﬁﬂ LﬁaﬁqﬂWSﬂ@]aaﬂﬁQHLﬂagﬁ?ﬁ% Tanshinone 1A W8z SP600125 1ﬁwﬂ
o & a v oA o 4 a & ) a
luﬂ’liﬂ‘UU\‘m’]‘iLLaﬂdaaﬂﬂlaﬂﬂi(v’lu WT1 vL@]L‘ﬁuLﬂﬂﬂJﬂu mdLﬂu‘ﬂu’]aulﬂ’J’] N3 WT1 was AP1 #H19sdURIN

fagluninzdunisusaseanvasdn W1 nsghensazduld dawdeanudulalunazasnmsdnmi

o

H[avdslarinnisdanuwdeluluainvainavasinasaidnuas Tanshinone A @an139UNKIZAINS WTT

2

protein-DNA a2 c-Jun-DNA complex las3% chiP assay

-216

GCCTACCTGCCCCTCCCTCCAAACCACTCTTTTAGATTAACAACCCCATCT
Chip Forward primer

ACTCCCACCGCATTCGACCCTGCCCGGACTCACTGCTTACCTGAACGGACT

WT1 binding site
CTCCAGTGAGACGAGGC ]*(:'C' CACACTGGCGAAGGCCAAGAAGGGGAGGT
+1
e
GGGGGGAGGGTTGTGCCACACCGGCCAGCTGAGAGCGCGTGTTGGGTTG
Spl binding site
AAGAGGAGGGTGTCTCCGAGAGGGACGCTCCCPCGGACCCGCCCTCACC
CCAGCTGCGAGGGCGCCCCCAAGGAGCAGCGCGCGCTGCCTGGCCGGGC
CTTGGGCTGCTGAGTGAATGGAGCGGCCGAGCCTCCTGGCTCCTCCTCTTC
CCCGCGCCGCCGGCCCCTCTTTATTTGAGCTTITGGGAAGCTGAGGGCAGC
ChIP reverse primer

AP1 binding site | o
CAGGCAGCTGGGGETAAGGAGTTCAAGGCAGCGCCCACACCCGGGGGCTC

TCCGCAACCCGACCGCCTGTCCGCTCCCCCACTTCCCGCCCTCCCTCCCAC
CTACTCATTCACCCACCCACCCACCCAGAGCCGGGACGGCAGCCCAGGCG

CCCGGGCCCCGCCETCTCCTCGCCGCGATCCTGGACTTCCTCTTGCTGCAG-3"
+435

gﬂﬁ 23 U3 WT1 binding site Was AP1 binding site ﬁ proximal WT1 gene promoter
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o

msmaaaf':ﬁmqﬂi:m@ﬁﬁaﬁﬂmdﬂﬂiﬁu WT1 w38 AP1 (c-Jun ua c-Fos) fitilw transcription
factor ﬁﬁm”ty@iamsmz@ummamaanmaaﬁu WT1 ms@nsnitleévinmsdne Protein-DNA binding lag3%
ChIP assay lagmsn immunoprecipitation a8 WT1 antibody L8z c-Jun antibody Namiﬂ@]aa\‘lf‘éuﬁu
TaumsnaseunaasLAasadiudan1ssuss WT1-DNA binding W&z c-Jun-DNA binding Wuitaasadn
fANTNSUEIMILAA WT1-DNA complex lalagiadovini 31% LﬁaLﬁﬂuﬁU’qﬂmuqu (vehicle control)
WAZEUNTAEUEI c-Jun-DNA complex 'ldiviniL 56% (@317 7 g'ﬂﬁl 24(a), 24(b) uaz 24(c)) Tannnin
WT1-DNA complex NM3Naaad La¥inn1s normalized é28 input 1:50 laadl Pol II-DNA complex 11 positive
control usagelsAaUMIsUAUSENINS c-Jun uaz DNA tiuwuinfiaasnin WT1-DNA complex lag c-
Jun-DNA complex Liadwiies 51.6% trinsiwdat/Sauifioui WT1-DNA complex (1 100%) dsuans
Tuany19fl 7 31J“7'1' 24 (d) a3 N WeLduns confirm NaaILABIAITIW dan13ELEs WT1-DNA binding
Wae c-Jun-DNA  binding 1@¥inmsAnsnaues Tanshinone 1A @@ WT1-DNA binding L8z c-Jun-DNA
binding AMNMIANBINATES c-Jun inhibitor (Tanshinone 11A) Wmhmm‘mmﬂg\‘] WT1-DNA binding LLaZ c-
Jun-DNA binding léfitunis Tassunsnaa WT1-DNA binding 'léf 94% uaz 54% sudnay aisouifisy
AUTAAILAL aougasluasnsi 7 Eﬂﬁ 25(a) uaz 25(b) astwnINaaasaInanasnuanlaindaduds
mMIrhauvaslysin AP1 &1a150aa WT1-DNA binding Uag c-Jun-DNA binding a¢ldiduifainuinasai-
fiu Fadulyledn APt izfidudanydaniinzdunisuaaseanvasiiu wrr lussduziadaiaasn
wfia K562 adnilsfianumsfnenitasdasrnmfinenauasrionesafiuuas Tanshinone IIA dan13vhanm

2898% WT1 8nassannmsdnms1aae Luciferase activity

A15190 7 Wavadinasaliuuas Tanshinone lIA 68 WT1- Waz c-Jun/AP1- DNA binding 1 WT1 promoter

(-301 bp) las3% ChiP

NMINA[DY Relative enrichment
IR 1 AsIn 2 AR 3 Mean+SD

Vehicle control WT1 1.0 1.0 1.0 100

c-Jun/AP1 1.0 1.0 1.0 100
Curcumin WT1 0.69 0.66 0.62 0.66 + 0.03*

c-Jun/AP1 0.20 0.38 0.12 0.23 +0.13*
Tanshinone 1A WT1 0.02 0.08 0.07 0.06 + 0.03*

c-Jun/AP1 0.32 0.43 0.64 0.46 + 0.24*

o @

WNBWG ¢ * = ugasnnuuandaddisddynestandianugaiu 95% (p<0.05) WallIuuifiny

o

NUTAAILAY (VC)
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Input
| p— |
(a) WT1 c-Jun Polll 1:150 1:50
Vehicle control | g [— e — c—
15 pM Curcumin k4
Treatment -_— -

(b)

1.2 O Vehicle control @15 uM Curcumin

o

e
H
1

Relative enrichment
o o
N o
—ot

WT1 c-Jun

311 24 wavasAaiAIdudaniaia WT1-DNA binding uaz c-Jun-DNA binding Avsnmlysluinesvas
WT1 62835 ChIP assay (a) NANNIANTN WT1-DNA binding L8z c-Jun-DNA binding AN 1 (b) NRIANNIT
a 6 . . o o v . ' o & a . . .

IATIENR relative enrichment LUBNINIINARAUAIY curcumin AaNIILULINNILNG protein-DNA binding 1w

19" protein-DNA binding 484 WT1 Wag c-Jun {61 relative enrichment ¥inAwL 1

o

WANBLIAG : VC = Vehicle control * = ugasenauandiageiipidynaiandinnuidenu 95%

(p<0.05)
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(a) input
WT1 c-Jun IgG Polll 1:50
[ G B <— Vehicle control

e sy €— Tanshinone I1A

(b)

- 1.2 1 @ Vehicle control ®mTahshinone 1A

c 1 A

o

E

S 0.8 4

|-

C 0.6 4 *

o

®

> 04 -

)

C_U 0.2

T *

0 /= ,

WT1 c-JUN

E‘ﬂ‘ﬁ 25 WaTa4 Tanshinone IIA ¢ian13tia WT1-DNA binding L8 c-Jun-DNA binding Ausnaldsluees
289 WT1 62835 ChIP assay (a) NANIAN® WT1-DNA binding Wae c-Jun-DNA binding (b) N831NN1T
A= relative enrichment Lla¥innInagauele curcumin dansELINILAG protein-DNA binding lag

194" protein-DNA binding 484 WT1 uag c-Jun {61 relative enrichment AL 1

WuELMa: VC = Vehicle control; * = wsasanuuandiadniituidynisiandinnuidesin 95%

(p<0.05) LiaLABUNLTAAILAL (vehicle control; VC)
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6. WAYDILADIAINW Tanshinone IIA uaz SP600125 @an151191wBas WT1 promoter lagds
luciferase activity

NMIANBINIFNITEI WT1  promoter  NANaGaNILEAI0aNVEIEW WTT  fAuSios WT1
proximal promoter (-301 bp) 1% ldtAsfosuues Semsri (2010) wuinfivsmlusluaesvasin w1
1 US1Ik SP1 binding site (+74 to +82) s udwud hifiwadamuaasaanvasdu wr1 usadnila

%

MNMIANGID5E Luciferase activity anmsanenluassi ldwuinusnmlyslueesvostu wrs 698
consensus sequence UaJ AP1 (+144 to +150) agj@ﬁm Lﬁiaﬁnmwamawz{l WT1 uaz AP1 6an13usadaan
w038 WTT (3) msfnwitlsvinmsanunlagldiaasaaiu Tanshinone IIA ez SP600125 ANNAFOLUNAS
M3¥was WT1 promoter reporter 71 24 Talus lagAT Luciferase activity nsnaaasldinas K562 Aivin
N7 transfect @28 pGL3_basic luciferase reporter vector ‘ﬁlﬁ 301 bp V83 WT1 proximal promoter (pGL3-
WT1) udr39vimInasaueiy wnasaiin Tanshinone IIA was SP600125 1uszaziaan 24 Talug wasan
ifuﬁ’m’lim’mf@l n13vinaual firefly luciferase WAy beta-galactosidase uazvihmsiIsufisuny pGL3
basic vector Laz¥i1N13 confirm Nﬂﬂ’liﬂ@laadﬁﬂﬂ%ﬂﬂﬂlﬁ' WT1 mutant (pGL3-WT1 mutant) ﬁu’%nm -50
to -39 bp WRasuIn I WT1 promoter &% B-galactosidase activities 1113 co-transfect Wiau
NU pGL3_basic luciferase reporter vector oL uem normalization HAMINARBIWLTN LR K562 AIviNT
Jetransfect @28 pGL3-WT1 (301 bp) 4 luciferase activity ‘ﬁlq\‘m’i’]“gﬂmqu (vehicle control %30 pGL3)
wazwuILilanaseudae curcumin, tanshinone IIA Waz SP600125 fiaaduTu 15 pM ANINAANTS
ynauvasldsluinas vasiis WT1 a9 39.28, 30.59 WAz 79.09% aNEGL %GLL@m@iNaﬂNﬁﬁfﬁﬁﬁﬁrymd

aiaNAIANNTaNUN 95% (p<0.05) AIUAAIIUANT19N 8 JUN 26 dau reporter NE  mutated WTH

consensus site (negative control) #n13vUBad reporter N liuandvagadindnynIaia

A13199 8 NATBILADIAEM Tanshinone IIA wae SPB00125 @an1s¥inauzad WT1 promoter lapid

luciferase activity

N1INA}DYI pGL3 Mean £ SD
VC 1.33 1.00 1.19 1.17 £ 0.17
Curcumin 1.33 1.00 1.19 1.17 £ 0.17
Tanshinone IIA 1.33 1.00 1.19 1.17 £ 0.17
SP600125 1.33 1.00 1.19 1.17 £ 0.17

N1INA}DYI pGL3-WT1 Mean £ SD
VC 8.16 7.16 8.74 8.02 £ 0.80
Curcumin 6.17 4.25 4.19* 487 +1.13
Tanshinone 5.43 5.27 6.00* 5.57 £ 0.38
SP600125 2.00 1.43 1.60* 1.68 + 0.29

AT NN 42
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N1INA}BDYI pGL3-WT1 mutant Mean £ SD
VC 0.60 0.47 0.54 0.54 + 0.07
Curcumin 0.18 0.35 0.26 0.26 + 0.09
Tanshinone 0.93 0.77 0.81 0.84 £ 0.08
SP600125 0.64 0.56 0.70 0.63 + 0.07

WULLAG : * = ugesanauanavaieling Ay neaia fenanuLdosie 95% (p<0.05) WiallIsuLney

AUTAAILAN (VC)

9 -

™ g ] BpGL3

d mpGL3-WT1

2 77 DpGL3-WT1 mutant

O 6 T

2 ¢ |

2

g 4

©

2 ]

2 | *

E )] F-ﬁ
0

Curcumin TanshlnoneIIA SP600125

gﬂﬁ 26 WaTaILAB3AAK Tanshinone IIA LAz SP600125 ¢ian13¥inanwuad WT1 promoter reporter 7l 24
i2lus lap3s Luciferase activity annnsnasaslfioas K562 1%1n13 transfect 828 pGL3_basic luciferase
reporter vector ‘ﬁﬁ -301 bp wad WT1 proximal promoter wan¥iNMINasaUAIY LABTAIAY Tanshinone
lIA Waz SP600125 finuidudn 15 uM 1iuszoziian 24 $alug ¥aINTWINM3AT2970 firefly luciferase
ez [-galactosidase activities Laz¥innT plot N3N relative activities Wisuisuny pGL3 basic vector
Lm:u'%nmﬁ'ﬁ'lmimﬁlﬂuuﬂmLumﬁamﬁﬂmﬂﬁufmadﬁnmf[ﬂﬂuma%maaﬁu WT1 (directed muta-
genesis of the WT1 consensus sequence) 'ﬁlu%nm -50 to -39 bp Lﬁiaﬂ'ufﬁimiﬁﬂmumao WT1 promoter
LﬁiaLﬂ%ﬂmﬁﬂuwamiﬂmmﬁu wild type WT1 promoter construct (-301 bp WT1) &1t [-galactosidase

activities ¥i1NY co-transfect WiBNNL pGL3_basic luciferase reporter vector Waldua? normalization ¥

& A ' % @ iV o : o @ * :
MINAsad 3 ATINIzEzIAUANE Y Tayafldidud1 mean value + SD dyanwal ~ nansfiuaneng

adaliuddnIaland1nuLTaiun 95% Walfisunugaaiuau (p<0.05)

7. HAVBILADIAIN (curcumin) LLag SP600125 (JNK inhibitor) Ao cell cycle arrest
=2 ca A ' a v o & I
IINMIANWINAVDIABSAITUAENITLAaAIVAITINILTAR (cell cycle arrest) luiaas K562
(chronic myelocytic leukemia) lasnsdauiaasais Propidium iodide (PI) LRZATIIFOUAI8IT Flow
cytometry WU lug9aan 12 uaz 24 Filud ineidafiudsnariliifaniszzaaniadng iginsvesimad
. fa A o Y & LAl ' & Pz o a a
laswudnaaidrfiumuninvhldioadszasagf szor G2/M  adaiulataiau dauaasluansen 9 U9
27(a) 27(b) uaz 28(a) 28(b) lawlunimasasfiszuziign 24 TalusazwudimaianIzeasaIaddigans

. a a4 o & . o
was azidwldanuanuitudusednasarduniAnanndu (dose dependent manner) Lazilifnuandnaatinag
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ﬁfﬂﬁﬂﬂ”tym\‘laﬁﬁﬁmmwm%aﬁﬁﬁ 95% (P<0.05) Lfl"al,ﬂ'%'ﬂmﬁﬂuﬁwg@muqu wasnNuT NtV ILADs-
friuil 20 M ﬁLﬂai‘L%uﬁmaaLﬁnaﬁﬁagﬁiwz G2/M Wil 52 + 2.5% G9idn %cell cycle distribution Ly
NNTAAILAN (vehicle control) WazAaTAIIUNAMNETNTU 10 uaz 15 uM Wiy 13.7 + 4.0%, 19 + 1%,
W8T 27 + 11.3% anudau Daden % Cell cycle distribution §3n31 38%, 33% waz 25% ausau Waiiay
Aunsld SP600125 @aiilu JNK inhibitor Msz@UAMMITUTY 10, 15 UAZ 20 UM LTWEEITUANNITNT
Pa3LAe3AIlU IINNIFANEIWLTN SPE002125 dawasl,ﬁl,ﬁ@m?ﬁmamﬁz;ﬁ'gﬁ'mmmmaﬁag;ﬁ Jeuz G2/M
\wudpnunasaadn sghainldtaawswdeani aougasluaned 9 gﬂﬁ' 27(a) 27(c) uaz 28(a) 28(c)
Tavluninasasfiszozion 12 $alus wudimaifia mazszaadavesipanaosd wnduluamuanuitutu
283 SP600125 ﬁLﬁwmﬂ"fu (dose dependent manner) NMNANMULTUTYH 10, 15 ez 20 pM uaziduanens
adnafindanssdafisnanuideiudi 95% (P<0.05) LfiaLﬁJ’%fﬂuLﬁﬂun”uﬂq@muqu laod % cell
distribution WL 12 + 1% Was SPE00125 AANNTHTY 10, 15 Waz 20 uM H6n 16 + 1.5%, 23 + 4.4%
Waz 36 + 2.5% aude lasfiszeuuas % cell cycle distribution ALANAUATZHE G2IM LN 4%, 11%

WAL 24% MUAAU @1ulus9szazaf 24 121N wuiianuuTwuas SP600125 i 10 uaz 15 uM

N o o d o L4 . - ;
NALALTAANNANNTZEE S LANAY 5 LAz 12% a1ui 48 Talus liwunmailfsuudasvad cell cycle arrest i

o
o o '

G2M (#1397 9 gﬂﬁ' 29) MIANBINIHUIINIULIGAVaILTRENIWIINILTas Lasls Tanshinone 1A
f035Ia lolawans nanmInaaaswuinfienuTugn 2.5, 5, 10 uM dowmas K562 fiszaziam 24 Talug
fmadivdwsesaasiusze: G/M lasiifeuazvastSunonaas K562 ﬁagrlmzyzf:%é‘amﬂmaauﬁw
Tanshinone 1A fewvinnu 37.07, 34 uaz 32 (m‘mﬁ 10 ;sﬂﬁ 30) Fanamnasasdnnuuandrsagied
ﬁfﬂﬁ'}ﬂ”ﬁgmdaﬁ&ﬁam?wLﬁﬂuﬁ'uq@muquﬁmmmL%aﬁ'ﬁﬁ 95% (p<0.05)
Faiuannsansdasduil mmsna?ﬂLﬁaaﬁuvlﬁdwmsaﬁ'@mai’ﬁaﬁuﬁmwwﬁwﬁu 10 uag
15 uM TorduanudutuiliduRvaoiaas Nszozoan 12 uaz 24 Talasdnari liiossozaanis
L%%@Lﬁuimagjﬁizsz G2/M WazaINMIANHIHaTas SP600125 @9idlu JNK inhibitor wuinlduauasnis
Fraomaasyidularansad K562 filuszuz G2/M ruideaniu Tagmsnasasiiaansnaaudinunisise
1671 UNK SANLﬂuiﬂiau‘ﬁ'l,ﬁ'mﬁaan"’ummamaaﬂmadﬁﬁa’unﬂmaﬁ"u (WT1)  Ainasan1sutiasvas
Lsnaﬁu:ﬁol,ﬁ@LﬁamnmmmgﬂJufaﬁ’amaa‘?ﬁaﬁu wazdavimssuginsineuaas INK - (e
SP600125) WUINEINTTERENTRLISLTAR 1bIz8e G2/M Il sdInunIInaseualuiAasaIis nsdns
ﬁﬁammmaﬁuwu msfinsiowwiiiin JNK LﬂulﬂiﬁuﬁLﬁsm]”aaﬁ'umidaé‘rgrymmao Tuséu wr1 Tu
wwasuzSadaiensnn nnsAnsiduduiiiiauladn wneffadu el Suadal Usdudidanluns
muqumiﬁﬂﬁmaﬁmﬁamﬁLﬂiﬁg’jiw: 61 lusaunald enaduaasarfiniinazinadaldsdu cyclin A-
CDK1 uae cyclin B-CDK1 complexes @afiununnlumsifonainszo: G2 luiu M uddnmsrnuaes
cyclin A-CDK1 complex %zwu‘lﬁﬂ%‘izﬂ: S uazr G2 e8¢ WEAN1IYUUBI cyclin A-CDK1 azwulalusene
G2 ek madasuulasannszes: G2 loagluszsz M wazmsdufinldvesszoz M gnaauqulasms
¥n9med cyclin B-CDK complex $93z6Laa9 cyclin B azdussasanluszniramsaiinlivasiasdia

v & P & . &
wwad laowuldassuanluszr S uazidngsduluszer G2 wazazamelulumsudsoadin uawine
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(anaphase) 289382 M lagn13vinanuaas cyclin B azinfigalutsniimadasuudasansze: 62 ldu

M UazAdaE UV cyclin B Qnamﬂvl,ﬂ @Tmmﬂugﬂﬁ 31

A1319N 9 UFAY % cell distribution VadLTas K562 HRINNMINAFDUGIBLABSAIA (curcumin) WA

SP600125 (JNK inhibitor) fiANLTwEw 10, 15 uaz 20 uM duszeziam 12, 24 uas 48 Talus vhms

NAREY 3 T1 NITHLIAUANGIINY (3 time-independent experiment)

Treatment

Vehicle

control

Mean
SD

10 uM

Mean
SD

15 pM

Mean
SD

20 pM

Mean

SD

G1

33

31

35

33

40

43

415

41.5

1.5

23

15.3

7.51

24

23

235

23.5

0.5

% Cell distribution at 12 h

Curcumin

S G2/M
52 12
51 13
50 11
51 12

1 1
38 19
31 20
34.5 20
34.5 20
3.5 0.5
44 29
44 44
44 37
44 37
0.00 7.51
45 27
52 21
48.5 24
48.5 24
3.5 3

G1

47

50

49

49

1.5

43

40

36

40

3.51

26

20

23

23

SP600125

S

34

28

31

31

33

28

30

30

2.52

34

36

35

35

G2

14

17

16

16

1.5

18

25

26

23

4.36

33

38

36

36

25

G1

34

32

30

32

27

29

28

28

22

36

24

27.3

7.57

% Cell distribution at 24 h

44

Curcumin

S G2
49 10
51 13
47 18
49 13.67
2 4.041
50 18
47 20
48.5 19
48.5 19
1.5 1
31 40
39 21
40 20
36.7 27
493 11.27
36 55
22 50
29 52.5
29 52.5
7 2.5

G1

21

23

22

22

15

17

16

16

1.00

18

38

28

28

10

SP600125

S

51

57

54

54

64

59

60

61

2.65

46

47

46.5

46.5

0.5

G2

4.5

16

14

15

15

1.00

17

11

14

14

G1

31

29

28

293

1.53

28

27

29

28

28

29

253

5.51

27

24

29

26.7

2.52

% Cell distribution at 48 h

Curcumin

S

42

52

52

48.7

5.77

54

53

55

54

44

48

51

47.7

3.51

51

49

53

51

2.00

G2

23

17.7

4.62

22

22

19.7

4.04

14.3

2.08

G1

25

23

21

23

26

22

17.7

11.15

24

26

25

25

SP600125

S

47

49

46

47.3

1.53

48

59

37

48

11.00

54

54

54

54

G2

18

17

16

17

19

12

30

20.3

9.07

19

15

17

17
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1500 o

1000 o

500+

10 pM Curcumin

|

800

600

400

200

15 uM

Curcumin

-

1200 7]

900

600

300

20 yM Curcumin

T
400

T
500 800 1K
FL3-H

400 600
FL3-H

800 1K 0

T
200 400 600
FL3-H

T
800

T
1K

1500 +

1000 +

500 o

10 yM SP600125

15004

10004

5004

15 uM SP600125

1000 o

800

600

400

200

20 uM|SP600125

G1

Gl

600
FL3-H

Curcumin 12 hours

S

SP600125 12 hours

S

G2/M

G2/M

O Vehicle control
@10 uM Curcumin
@ 15 uM Curcumin

M 20 uM Curcumin

@ Vehicle control

@ 10 uM SP600125
@15 uM SP600125
@ 20 uM SP600125

317 27 ugA9 % cell distribution B89LTAS K562 1oy (a) Flow cytometry #833InN1SNAgaueay (b) taas-

23w (curcumin) waz (c) SP600125 (JNK inhibitor) finnaitadu 10, 15 uaz 20 uM iuszaziae 12

1114 i Inaaed 3 61 AszzaLan@19n (3 time-independent experiment)
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1200 H

a00 4

600

3004

10 yM Curcumin

T
K

leA
T T T

400 600 800 1
FL3-H

1000 +

800

600 4

4004

2004

10 yM SP600125

J

200

Gl
*

1 *
Gl

400 600

FL3-H

800 1K

S

Count

1200

900+

600+

300+

15 yM Curcumin

1200 H

20 pM |[Curcumin

900

Count

600

300 {
0 A

200+

600+

Count

400+

200+

15 uM SP600125

6004

20 yM SP600125

4004

Count

200 [

G2/M

SP600125 24 hours

*

S

G2/M
gﬂﬁ 28 UaAd % cell distribution VaILTAE K562 lag (a) Flow cytometry BR491NNNINARALAIY (b) LABS-

O Vehicle control

@ 10 uM Curcumin
@ 15 uM Curcumin
@ 20 uM Curcumin

O Vehicle control

@ 10 uM SP600125
@15 uM SP600125
@ 20 uM SP600125

23w (curcumin) W&z (c) SP600125 (JNK inhibitor) finnaitudu 10, 15 uaz 20 uM iduszaziaen 24

7104 ¥NMINAR 3 T NTHZIAMANGINY (3 time-independent experiment)
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1500 7

1000 H

500

15 yM Curcumin

1200

20 yM Curcumin

900

Count

600

300

L

(a)

(b) —_
S
c
9
=]
>
0
S
)
2
©
()}
e
>
(]
]
(&

(c)

Cell cycle distribution (%)

Count

60

50

40

30

20

10

70

60

50

40

30

20

10

1000 H

200

600

400

200 o

10 yM SP600125

M

Count

400 600

FL3-H

800

600

400

200

15 uM SP600125

600

20)|uM SP600125

400

Count

200

0

T
200

]
L]

—— T T T
400 600 200 1K
FL3-H

600
FL3H

Curcumin 48 hours

S

S

G2/M

SP600125 48 hours

G2/M

O Vehicle control

B 10 uM Curcumin
@15 uM Curcumin
® 20 uM Curcumin

@ Vehicle control

@ 10 uM SP600125
@ 15 uM SP600125
@ 20 uM SP600125

Eﬂﬁ 29 U049 % cell distribution Vadlwas K562 lag (a) Flow cytometry NAINNIINARALAE (b) LAas-

§10w (curcumin) uaz (c) SP600125 (JNK inhibitor) 1AWTNTW 10, 15 waz 20 uM idluszoziam 48

1114 i Inaaed 3 61 AszzaLan@19n (3 time-independent experiment)
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M1319% 10 LFAIWATAY Tanshinone 1A @im?ama:ﬁhmumaﬁﬁagﬂuu@ia:‘sw: (phase) Vo9 TPINILTAE 1

VIR K562 N3x8TiIaN 24 373109

ANMNTNDTWET %Cell population
Phase oo o o Mean £ SD
(uM) AN 1 ATIN 2 AN 3
vC Gy/G; 33.30 26.30 27.50 29.03 + 3.74
S 28.10 31.10 28.30 29.17 + 1.68
G,/M 31.10 26.10 32.50 29.90 + 3.36
25 Gy/G; 28.00 15.40 22.80 22.07 + 6.33
S 30.30 39.60 33.30 3440 £ 4.75
G,/M 32.70 32.00 31.30 32.00 + 0.70
5 Gy/G; 27.20 23.50 22.70 24.47 + 2.40
S 26.80 25.20 31.00 27.67 + 3.00
G,/M 33.30 33.70 35.00 34.00 + 0.89
10 Gy/G; 21.10 18.60 16.30 18.67 + 2.40
S 28.30 29.00 26.60 27.97 +1.23
G,/M 33.60 35.70 41.90 37.07 £4.32

WNBWG © * = ugasnnuuandaddisddynestandianudaiu 95% (p<0.05) WalIuuifiny

AugaaIuau (VC)
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Vehicle control 2.5 uM Tanshinone ITA 5 pM Tanshinone IIA 10 uM Tanshinone ITA

<o 418%
N333% [ 229120, ov: 13.0%]
81%

M3 T6% N 4.56% <M 4T6%
2M: 28.0% [y 200864, ov: 1.8%) | 2m:272% (200884, ov: 125%) 2N 21.1% [ 200192, cv: 10.2%]
& 303% 7 5 200%
ANI11% e 4 28E5, ov. 10.9%] AN 327% (4 385280, o 13.4%] AN:333% (4 366848, v 13.4%)
Ratg: 1,84 Rati: 1.75
st A 8145

]

5783%
aM|336% (350464, ov: 11.6%)
175

M 122%

K562 treated cells (24 h)

C *

i\a 40 +H

g I

S 30 A I

é I N [ Vehicle control

S

2 20 ~ B 2.5 uM Tanshinone 1A
=

° .

E 0 5 uM Tanshinone ITA
= M 10 pM Tanshinone IT1A
° 0

@)

G1 S G2/M

3171 30 WawaIaNT Tanshinone IIA luiwas K562 danismzaadsluipinsaaslasiTinalolawans (Flow

o o o & 4 e
cytometry) NitIan 24 ‘H'JI%JG NNIINARDT 3 ATINTZLLLIRLANAIND

o o

WNEWe - ¥ = ugesnnauandvainildindaynsiandianuiein 95% (p<0.05) wialTuuLiisy

o

AUTAAILAN (VC)

317 31 marinuveslyséiu cyclin A uaz cyclin B ludgansiaas (cell cycle)

(http://www.vetmed.ucdavis.edu/pmi/Wilson_lab_web/Images/Cycle_Diagram.png)
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8. HAVBILABIAIAN (curcumin) Tanshinone IIA (c-Jun inhibitor) LAz SP600125 (JNK inhibitor) Ga
Tusdn cyclin A, cyclin B uag cdc2 1w cell cycle arrest

WavhmsanunlUsaufitisatasnisnsiiia cell cycle arrest lagnnsanwiluséin cdc2 (CDKA),
cyclin A LAz cyclin B WLUIHAAIINNNAROLA2LLADI AN finnududu 5, 10 uaz 15 uM 1 Juszeziaan 24
T lawuin cyclin B UAz cdc2  aAILAUVBINTUEAI8ENAS lABENITALIL wasidlarnInaseuday
Tashinone 1A (c-Jun inhibitor) W‘.Ll’i’l“n% cyclin A, cyclin B Waz cdc2 aﬂmmamaaﬂadﬁ%ﬁm FIWNNT
Nagaual18 SP00125 (JNK inhibitor) WL4132@UNILEAI08NUI cyclin B UAZ cdc2 8ATEALUDINTT

LRAIDANAIAN RN UNNULLaYINNNINARAUGILLABTAIN @”mamlu;sﬂﬁ 32

Curcumin 24 hrs Tanshinone llA 24 hrs SP600125 24 hrs

VC 5 10 15 pM VC 5 10 15 pM VC 5 10 15 pM
e S e e €—cyclin A e e o e €—cyclin A ----(—cyclinA

T-EaseaEe <— GAPDH -aseas e €<— GAPDH e esr e <— GAPDH

May 16, 2013
Curcumin 24 hrs Tanshinone IlA 24 hrs SP600125 24 hrs
VC 5 10 15 puM VC 5 10 15 pM VvVC 5 10 15 pM

[ (—cyclinB [ (—cyclinB ——— — (—CYC“I‘IB

s G bt &b « €<— GAPDH vt G e b €— GAPDH s e du du ¢ <— GAPDH

May 18, 2013
Curcumin 24 hrs Tanshinone IIA 24 hrs SP600125 24 hrs

Vi 5 10 15 pM vc 5 10 15 pM vC 5 10 15 pM

P AN e W € cdc2 Sl G G G ¢l e e e €—cdc2

-SaesaTse <— GAPDH sspessess e <— GAPDH e erea» <— GAPDH

Eﬂﬁ 32 WavaILABTAEI (curcumin), Tanshinone lIA (c-Jun inhibitor) L&z SP600125 (JNK inhibitor) ¢ia

MILEAIaanUaILUIAH cyclin A, cyclin B Uaz cde2 lwmasuziSadaiiannisia K562

A ' = % o A
nmIanslusou 2 DNHIUIINLIINEV8I Tanshinone 1A Fatuansadwni13auvasllsdn AP
nudulusluiaasvostn WT1 dan1suandaantadllsdn WT1 IuloaduztSiatianuiwiziassaie
K562 Wuin Tanshinone 1A AANUTNTUA il uNEaalTas (IC,,) aINIIALUHINTURAIBDNVBILUTAR

] v o 4 a X & o« ¥ a A o o )
WTA1 Fﬁ\‘]LﬂuvL‘lJ@nNﬂ'J']ML“UN?JuﬁLWlll]']ﬂmuluL‘ﬂag&lZLiﬂLll@]l,ga(ﬂ“ll']:lLW']ZL?]UG’IT%@ K562 ‘ﬁ\‘iﬁll'w%ﬁ:ﬂu
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° & & & A AA, A A v @ i =2 AV va
AUNWIBLTRANLLIILUALRDAVIINUITUIURARY LUDLNNAINULYNVUYDY Tanshinone [IA ‘H\‘lwﬂﬂqi‘ﬂ@aﬂ\‘l‘ﬂ‘lﬂu
ﬂ?ﬂwﬁaﬂﬂﬁadﬁuNﬂﬁiﬁﬁ]’mﬂ’ﬁﬁmﬂ’]@hULﬂﬂi‘ﬁ’Jﬁu ae SP600125 LLatﬁ]’mﬂ’liﬁﬂ‘HW"Ua\‘l Semsri LLRTATUS

o 1

(3) wud1 MmInszdumarhauvasllsiin w1 ifieanmadssyanmeiulyséiu PKCy uaz INK asnulu
AN o A IR a v A a A a

madnsildanuglng Gsmansnagdlddilusdn AP1 azdufiniioe AP1 binding site iluslaiaaivasin
= o Y v a = ° a ' o ' o a

wT1 fiuarldnszdunisuaasaanvesiin wrr Gamsvhousedldsdu AP1 shazhaudnnulsdu

WT1 lagiflaidiuans laoans Tanshinone 1A a9l wudanunsagugsnszuiwmsidunasnaliny c-Jun

M lAlds6w c-dun ldsunsadunulyséu c-Fos 'l ganalitlaia AP1 complex 34vinlilusau AP1 ‘la

anTariaule vl laiifansuiunneasia (transcription) vadfiu WT71 16 dnavinliiinisuaasaan

20411301 WT1 aaadluras K562

9. WAa2dY c-Jun knockdown GanIsuaAIdDNVAINIAW WT1

M3AN¥IdaNT l@YinN1T knockdown MSHEAIBENTEILLTAK c-Jun LWalTEluns confirm Wans
naaad lasldzuy c-Jun shRNA (short hairpin RNA) lentiviral particle lE3zuuuainsaalianioadi
transduction @28 puromycin HANNINARAINLINNAINNYININNT knockdown MTUEAIaanaasllsdn c-Jun
WUINYS1om0091U360% c-Jun  8ARI 44.3% AILaadluans1an 11 uwaz3Ln 33 wazWuUININarinlwnng
uaasaanvedldsdin WT1 aaas 32.9% ldan (@19097 1 uazun 2) WewSoufisunuganiugu (vehicle

= té =1 = 1 s

control) LLas TANIUAN shRNA (Lrig 1 shRNA %38 shRNA control) FafimsuaasaanvaslUsdin wihAu 100
LaT 96.745.8% GNNAIAU

ANNANIINAFDIN L6 Th ﬁﬂﬁmmma‘gﬂ"lﬁd'} LW ariNIIUEINIILEAI00NUIUITAW c-Jun ¥inlw
A ' a % A a & A a A o o
Juadanisuaasaanvadldsan WT1  eay G9lds@uns 2 riathazdnnuingadasnunmaiuauns

A ' [ o A A A o o aa

usasaanvasdn WT1 i aausaslugui 1 Sammasesfild sivayunmmanaslasis chiP waz

Luciferase activity 1 lavinunriauniind

@199 11 WAN1ILEAI88NUaIlsA% c-Jun waz WT1 L8N knockdown MSLEAdI8anwadlls@n -

Jun lagl¥52u c-Jun shRNA (short hairpin RNA) lentiviral particle 1ag/l4 Lrig1 shRNA 1D shRNA control

A[N Vehicle control c-JUN WT1 shRNA control
1 100 57.2 53.1 100
2 100 57.2 71.9 90
3 100 52.8 76.3 100
108 + SD 100 £ 0 55.7 + 2.5% 67.1 £ 12.3% 96.7 £ 5.8

%NWUUMQ:* URAIANUUANANIDENIN1hE)

ﬁ@ﬂ?ﬂﬂw

o @

fanaianaaNuEaN N 95% (p<0.05) LlailIsuiiauny

3
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A ¢-Jun knockdown
| p— |
vC J1 J2 shRNA cont

Gl ew  wew . | <—c-Jun

- — — ‘_
p—g | WT1

Sl s o= "m» < GAPDH

=]

120 -

100 -

il

c-Jun WT1 shRNA
control

EoY
(=]
1

% Relative protein level
of vehicle control
(]
=]

Eﬂﬁ 33 Wavad c-Jun knockdown @anmsuEAdaanvadlUTiu c-Jdun uaz WT1 minasssh ¥innns
oA e & o . ) o

knockdown c-Jun gene expression Fagusalasldszuuuad c-Jun shRNA lentiviral particle AULTAR K562

MINARIhT Lrig-1 shRNA lentiviral particle 1% shRNA control las J1 waz J2 1duns¥in c-Jun

knockdown AUAZATINK ¥INANTANEIGI83T Western blotting 3 A39 NTE8ZINUANG1INY ToNaLaadLdn

U

'
A

Aalg (mean value) + SD LATAIMANY (*) MUNEDN MaNuLANANaENIIREANIRRE Nenaw

\Io3iun 95% (p<0.05) LilaIIEUALTAAILAN

52



wnansuUnia waksuninawldivauga

%'ﬁn‘iwam‘mmaaa

nM3fnEdaunininuIn Tanshinone 1A ﬁﬂmauﬁ'@lumsﬂ'uaﬁimiﬁﬂmumaaLﬁnaﬁmﬁmmU
wha laun uznday azdeildlng sndadun szseauazuziidangnuann wananitd msfinsi
wuhmanszgunsiinuaesldsiu Wt ifieannsssdygimeiuldsdn PKCa  uaz JNK  (Semsi,
2011) uazlumsdnunauesllsiun AP1 danisuaasaantediu WT1 luszauldsanluimasuziSadaian
grwzaesTiia K562 (3) lagldans Tanshinone IIA uaz SP600125 saﬁdﬁqmaw'ﬁ'ﬁﬁ'uaﬁﬁmsﬁ'umaﬂﬂiﬁu
AP1 nU DNA binding site (AP1 binding inhibitor) L8 ﬂ”uygamsﬁ'mumaﬂﬂiﬁu JNK (c-dJun N terminal

o At 1

kinase) MAEIAL NRaMINasasnLindesouifisuanuduivvesmiudazsialagldannugutu
YoITIFNANAT ICsy 71 24 TAlasTAYINAL 37.5, >100 uaz 625 uM awda e 1C,, Tardudrnnu
Tutwsasssanan iduiudaimas saazwanltlumsansnsuaasasnvasin W1 lunsnesasdaly
wunlsen ICzoﬁnm 24 FAluavinniy 17.7, 2.1 uay 6.2 UM ausau \ofnwnauesmsng 3 wiiade
MsuEnseanuasde WT1 wuiteasindu Snadusanmsuaaseanvaslusan w1 iwllanuanuidudui
WRuINd% (5, 10 waz 15 uM) fiszpziaan 24 5alu9 IRRamMsEusarindy 13.3, 22.3 uas 53.8% &
Tanshinone 1A (c-Jun inhibitor) SHASUHS YA 17.4, 43.2 uas 40.1% uazldvinnsdnen SPE00125
(NK inhibitor) 1/3suiisunanineaasads Seluualumsguss wiiny 7.9, 18.9 uaz 23.6% aud1ew
wonnitsslevinms confirm  WaNITNARBIBEs Tanshinone [IA 7 48  T2la9 NANTNARBIWLA
Tanshinone IIA S1313n8aaMILEasaanvaallsfin WT1 89 9.9 + 3.6%, 33.3 + 9.4% waz 57.0 + 12.2% Lila
14 Tanshinone 1A f@MauTud® 1, 2 uaz 3 pM auaU FoiwznUIEs 3 TlaEuNTanns
uaasaanveadldsdu WT1 laigudsdny daunlavinmsdinmnavasaasiifindanisiia WT1-DNA uas c-
Jun-DNA complex WuaesadumunIgugInsAa WT1-DNA complex I&lasaderindy 31% s
WIBUALUTAAILAN (vehicle control) WaZEUNIASUST c-Jun-DNA complex l@L¥inAy 56% udatnglsnanu
MISURUITZWING c-Jun LAz DNA siuwuiLAasiasnin WT1-DNA complex la# c-Jun-DNA complex \Aedn

W 51.6% winwdlaiSousuny WT1-DNA complex (l#iflu 100%) waziflavinmsdnsiinidulas

N3 Tanshinone 1A WAN1INA88INUIN Tanshinone 1A ®IN1I0HULI WT1-DNA  Waz c-Jun-DNA

o
o o =3

complex 89 94% uaz 54% anudaU WaIouifisunuraaiugu aanu Ssmaninagdldd Tusdu APt
' = o @ A o ' . A a

W19 IAMNEIAYADNITUEAIDBNVDIDU WTT UazaINNIINAN8ISINLIN Tanshinone lIA JHaaaLINA c-
Jun 1ag3% Western blot 628 8193921 uNaLTEINIAIN GIVBIR1T Tanshinone IIA 1o binadan1TEaULHINT
LRAIDANVDITUNIIWUANITRIIIUTAN c-Jun  LaIY HaNITNAANALABATINUNITULINIIVN9T UV D9
11561 JNK LLa:shwa’lumia@mim:@fumsﬁwmwuaa c-Jun wdagdlsAany nindaInsansUIu U89
activated c-Jun (phosphorylated c-Jun) fdunaan Tanshinone lIA Ad5@a9INNSANIAalasTdandae

A Ada ° o A X A o . '

LanAUaNININNINLNILNL phosphorylated c-Jun ma:"l,wuagaﬂmUaumguwawaa Tanshinone lIA @8
N3NNu09lUTA% c-dun ey 819 bIRANLTaYINNNIANIINAYES Tanshinone A 6GaN1ILEAIBANVBY

' . A o a A A £
11/5@% c-Fos WU Tanshinone 1A fnalunsinitie3inlwllsdn c-Fos ImIuaasaaniiiuuInds e
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v o A A X . @ ' o o A o o o
ANMNUTNTWNLANNINTY LYNU 6.1 3.0, 63.1 + 14.6 Lz 291.5 + 58.6 LYi1 anNdeULlarinnIUsULIADY
MNIUAAI88N (normalization) @18 GAPDH uazilunuganingu 31nnIdnsiwudn Tanshinone IIA fina

a = @ . o @ 2
AANTLEAI08n28d U0 WT1 89 Tadunannannnsltans Tanshinone 1A ¥inlw AP1 complex @4
UsznaudlulUsin c-Jun uaz c-Fos TanaaLduldsdu AP1 laian13nduny AP1 binding site filusluiaas

a v o ' o o Lo A v R o val
vasdu w1 ld shlwldanunsanszgunizuiunisneasiia (transcription) vasdule Faviliiinauaasaan

v

Pa3ldsfn WT1 Naaas annmsdneidsaninsaaaulangnisnasadlaagrstaanii 1sdu AP1 a0
dl U Qs =1 lé 1 1 v a A d‘l o v 1
LAET0INUNITURAIDNTAIEY WTT BIFINAGan1Ia3IlUsan WT1 $991nNan1Inaaa i lvnsuqn
719 AP1 ey WT1 $histhnasinnsvinanusinnis Iuﬂwsﬂizéfuﬂm,l,amaaﬂmadﬁu WT1 +%8997019 AP1 Waz
WT1 sansaganszdumathnulalaslusés INK - uazifiosannnmafinsNeuunses Semsri uazaAmz
. o a4 o o { a A
wuldsdn INK dunuindeydanisiunuvadlysin WT1 uaz DNA nusimdwldsluiaasuas Wrr @
= Aa & a v o A
nnmsdnsnduldsluieasuas WT7 4anaanuSiioh consensus  sequence 89 AP1 Wad8dWLiNg
= U té wva A
consensus sequence 284lU3@1% SP1 @28 T9a1nnsAnslasnslEis ChiP (Chromatin  Immunopre-
1 ra 1 = ] 1 qu/ - 1 £ A
cipitation) wuin lifinadansuaadeanvadin WT1 udetnsla runabiinada WT1-DNA binding @38 G4
1 = A dQ/ o v 1} 4 o U v ¥
d19anuazaslldsdn AP1 Ganazasmmaaast ilildasdanailnd e ldldidudayanugiule
nsAnwIRNNLANdall wananik Tanshinone 1A NANaYNIRRINITLRAIoaNVEIIUTAK c-Jun  AARIANN
v o A a X o o i A a a
ANMUTUTUNL AN LRZHAINAINARELGIY Tanshinone A TINHAAANTHFAIDONVBITY WT1 AARI
LRSIV IALTRARNITULIAIAARIAIE @”@LLmﬂugﬂﬁ 22 ¥aNINBHINLIN LAaTAIRUEINTOHULINTLAG

WT1-DNA complex lalasiaduiviniy 31% illaifisunugaaiuqa (vehicle control) WazANNINHUEY c-Jun-

DNA complex l@ivinAu 56% nnmidnmluaisimisaiayunanimanasin AP dxaluniigay

a 4 o &

suvagunIusasaanvasin W1 Swnulusdn wrt aswdals inesdafiv Gefinanadusalusdin w1
waz AP1 Savlimsuaadaanuadu WT1 aaad miﬁﬂmvl,@i“ﬁwmiﬁﬂwnﬁuLﬁmﬁaaﬁfuaguwamsmaaa
971 AP1 fnadian1suaadaanvadin WT1 lauvinnns knockdown 8% c-Jun lagldzuuuas shRNA Wan13
NARBIYIN IANITILINAINTINAIT knockdown NSHEAIBENVBIEN c-Jun JHarinlAnTuaadIaanvadllsin
c-Jun LRz WT1 aaadadndidnlasa Thaninlusiu AP1  Gauiei7aInunsuandaanuaddnias
a & A ' a X a v A = @ =
TUseu WT1 naslusruaasnsinnduaadllsén c-Fos a’m@]aaumwnmlmmﬂmaqa laglanizdnn
=S a o & a Aa A a ‘§’ & v .
DINAINUAZANUFNNWTVDI1UIAU c-Fos NUNIUIAIDONNLANNUY Lilanagaudds Tanshinone IIA
2819 13AAINNNTEVEY Protein-DNA binding $1tdudasinsAnsnavad Laasaalu c-Jun inhibitor

(Tanshinone ll1A) lLlaz JNK inhibitor (SP600125) damsvinanuvesiiv w1 lasds reporter gene (Luciferase
activity) PMNHANIANBINLIUADIAIA c-Jun inhibitor (Tanshinone 11A) w8z JNK inhibitor (SP600125) f

U v > Oq: o = o L & 1
ANMNETNTY 15 M FINNTNSUEINTYNNUD98% WTT 89 39.28, 30.59 LAz 79.09% ANNE1AL TILANGN
agalnpEaNIIEdaNa1aNNITaduN 95%  (p<0.05) MNMIANBINAVAILATAIdUADN1ITERDA)
291 INITas (cell cycle arrest) lasAB Flow cytometry wudnansanaiaasaaluianuituds 10 uaz

& v v y ] = ] § Q; o v =
15 uM Taduwanududun bhiiduivdaimas Nvzozian 12 uaz 24 Talasinavi liioasseaanisiai

La‘lﬂﬂagﬁitﬁ: G2/M UazINNMIANBINATEY SP600125 TLilw JNK inhibitor WU lANaTaINTTZRENT
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windvlavassas K562 filuszoz G2M s afnmnlusduiiisitaimamafa cel cycle
arrest lagn3d@nslUs@n cdc2 (CDK1), cyclin A Uag cyclin B WUIARIINANazaLMaIaasaINn Las
SP00125 fiaLTNTY 5, 10 uaz 15 uM Lduszeziaan 24 T2l cyclin B W&z cdc2 anIzauvadIn1T
LEAI88NAI lABENITALIW 8% Tashinone IIA W]J’j’mz\‘] cyclin A, cyclin B LAY cdc2 8@NI1ILFAIBDNAY

o
[

NINUR

55



wnansuUnia waksuninawldivauga

as;ﬂwamswmaao

NMIANBINGT8I Tanshinone 1A Fadusssunissuvaslusan AP1 nuduluslunasvosiin
WT1 damsuaaseanvasldsin WT1 lwsasuziSadaidenniwizidessiia K562 wuin Tanshinone 1A
Aanudutuiliiduisdoimas (IC,,) swnsndugdinsugataanaasldsin W1 fadwldaruainy
uTuA v wluma s S dadoa s A BsTie K562 GaunniAui mwmaduziSudaiion
TS mInans WoiuauguTuas Tanshinone lIA Ssnaninasasfiladanusaaadosnunadle
NMIANHIIBIAaSAITN Lay SPE00125 WATAINNITANMIVET Semsr UATATAE WU MINTTEUNI
Mupasldsdin WT1 iiaannssssyanadinlsdn PKCa uag JNK @”aifuiun’mﬁnmfﬁﬁmmj’lmj
%ammm@ﬂﬁdﬂﬂiﬁu AP1 953UAUS1mh AP1 binding site MlUsluiaasvasin WT1 finarildnazdu
MMIUFAIENTBIEN WTT F9n13vnanuwaeslysan AP1 snasinewsaunullsdn Wt lasdleduas
Tasans Tanshinone NIA a9lt) wuinaansasussnszuumsidanesnalsiiy c-Jun vinlwlusan c-dun lai
f31509unu1UsAY c-Fos e gdanalit liifia AP1 complex 39 lilusan AP1 laisunsariawle vilila
AANITUIUNNTNAATHA (transcription) V8381 WT1 16 sswavinlidinisuanseanvesldsdiv WT1 aaadln

v o

) o @ o 4 o ad . .
Lias K562 GInsanmnluaseilavinnsdnsinedudunan1iimasaslasid ChiIP wae Luciferase activity
NIRGINIIUNR INNWUTAN Tanshinone 1A ¥ bklaaanziSdatianuiniziasssia K562 §n13
a A a X Y A a & o a o
uaasnanveallsfiu c-Fos MANTU auANNTRTUIEI Tanshinone IIA Avindudasdinsdnmluszavan

%’ﬂmaqmi a'll

PKC,
Curcumin
INK
L 2
WT1 APl
l |—{ Tanshinone IIA ‘

WTI gene expression .

‘WT1 binding site AP1 binding site

5’

WTI1 gene promoter

31U 34 Tihs@u AP1 Gedsznaudanlus@iu c-dun uaz c-Fos agnidunasmwaudiaunInduuTion AP1

binding site Aldslataaivasiu w1 ivarimihfilumIniugunisusasaanvasiiv Wr1
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Methee Rungrojsakul, Chadarat Ampasavate, Songyot Anuchapreeda, Siriporn Okonogi.
Antiproliferative and cytotoxic effects of Thai medicinal plants in Thai traditional medicine’s recipes
on leukemia cells, Poster presentation at The 71" Annual Meeting of the Japanese Cancer
Association (JCA), Sapporo, Japan, 19-21 September, 2012.

Singkome Tima, Songyot Anuchapreeda, Chadarat Ampasavate, Siriporn Okonogi.

Inhibitory Effect of Curcumin on FLT3 expression and Cell Cycle Arrest in FLT3 Overexpressing
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EoL-1 Leukemic Cells. Oral presentation at The 72nd Annual Meeting of the Japanese Cancer
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Songyot Anuchapreeda, Methee Rungrojsakul, Sheryl R. Krig, Nucharee Yokdang,
Sarawut Taowtep, Colleen A. Sweeney. Curcumin suppresses WT71 gene promoter activity and

gene expression by blocking co-activation of WT1 and AP1 in K562 cells. Poster presentation at

The 73rd Annual Meeting of the Japanese Cancer Association (JCA), Yokohama, Japan, 25-27
September, 2014.
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Sep. 21 (Fri) 16:40 - 17:30

"' Natural anticancer compounds
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Chaiperson: Hiroeki Sahara (Azabu Univ. Sch. of Veterinary Med.)
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WEIEER Antiproliferative and cytotoxic effects of Thai medicinal
plants in Thai traditional medicine recipes on leukemia
cells

Methee Rungrojsakul!, Chadarat Ampasavate', Songyot Anuchapreeda?®,

Siriporn Okonogi' (*Faculty of Pharmacy, Chiang Mai Univ., *Faculty of

Associated Medical Sciences, Chiang Mai Univ.)

Thai medicinal plants have long been used in Thai traditional medicine's

recipes for cancer treatments with less scientific data support.This study

aimed to investigate the anti-cancer activities of plants commonly used in the

Thai traditional anti-cancer recipes against four leukemia cells (K562, U937,

Molt4, and HL60). Eleven plant species were extracted by 95% ethanol. The

cytotoxicity was determined by MTT assay. Cell proliferation was determined

by Trypan blue exclusion and Western blotting. Crude seed extract of

Mammea siamensis gave the highest cytotoxicity to all cancers with 1Cs,

values of 9.3+3.0, 2.3+0.4, 15.4+3.9, and 2.1+0 ug/mL in response to K562,

U937, Molt4, and HL60, respectively. Crude Piper betle leaf extract possessed

high cytotoxicity with the IC;, values of 36.4+1.5, 17.3+0.7, 19.7+1.6, and

28.9+5.6 ug/mL, respectively. Crude M.siamensis extract could decrease

WT1 protein level and cell number by 78% and 91%, respectively, while crude

P, betle leaf extracts could decrease by 41% and 41%, respectively in K562cells.

In summary, M. siamensis and P, betle extract had anti-cancer activity which

suitable for further investigation of a new chemotherapeutic agent.

Keywords: Leukemia, Plant
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A Novel Preclinical Model of Chemotherapy-induced
Peripheral Neuropathy Using iPSC-derived Human Neurons
Masaaki Komatsu, M. Eileen Dolan (HemOnc, Dept. Med, Univ. of
Chicago)
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Inhibitory Effect of Curcumin on FLT3 expression and Cell
Cycle Arrest in FLT3 Overexpressing EoL-1 Leukemic Cells
Singkome Tima', Songyot Anuchapreeda?, Chadarat Ampasavate’,
Siriporn Okonogi* ('Fac. of Grad School., CMU, “Dept. of Med Tech.,
CMU, *Dept. of Pharm Sci, CMU)

Bisphosphonates produce cytotoxic effects on mesothelioma
through inhibiting topoisomerase II and Rab functions

i ', Yuanyuan Jiang', Shuji Kubo?, Yuji Tada®, Ikuo
Sekine', Yuichi Takiguchi', Koichiro Tatsumi®, Hideaki Shimada®, Kenzo
Hiroshima®, Masatoshi Tagawa' ('Div. Pathol & Cell Ther., Chiba
Cancer Ctr. Res. Inst., “Dept. of Genetics, Hyogo College of Med., ‘Dept.
Respirol., Grad. Sch. Med., Chiba Univ., ‘Dept. Med. Oncol., Grad. Sch.
Med., Chiba Univ., *Dept. Surgery, Sch. Med., Toho Univ., “Dept.
Pathol.,Tokyo Women's Med Univ. Yachiyo Med Ctr.)
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Caesalpinia sappan L. Enhances Cytotoxicity of Cisplatin on
HeLa Cells through Cell Cycle Arrest

Edy Meiyanto*, Ulfatul Husnaa'?, Ratna A. Susidarti**, Ni Putu Linda
Laksmiani** ('Dept. of Biotechnology, Graduate School, Universitas
Gadjah Mada, Yogyakarta, *Cancer Chemoprevention Research Center,
Faculty of Pharmacy, Universitas Gadjah Mada, ‘Department of
Pharmacy, Universitas Udayana, Bali, ‘Faculty of Pharmacy,
Universitas Gadjah Mada, Yogyakarta)

Anticancer effects of palmitic acid derivatives

Masumi Suzui, Yasuaki Isoda, Katsumi Fukamachi, Mitsuru Futakuchi,
Kenta Moriwaki (Dept Mol Tox, Grad Sch Med Sci, Nagoya City Univ)
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J-2040 Analysis of the single nucleotide polymorphisms of the D
gene that affect adverse events in 5-FU treated patients.
Masahide Toshima', Shinobu Ohnuma', Koh Mlura*, Mic!
Tanaka‘, Hiroaki Musha', Sho Haneda', Katuyoshi Kudou’, &%
Kohyama', Munenori Nagao', Takeshi Naitou', Yu Katayose?, C
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J-2041 Increased o1 acid glycoprotein binds to paclitaxel and
substantially alters its anticancer effects in gastric cancer
Sachio Fushida', Yoshinao Obatake', Tomoya Tsukada’, Jun Kine
Katsunobu Oyama’, Tomoharu Miyashita', Hidehiro Tajima’.
Ninomiya', Hirohisa Kitagawa', Takashi Fujimura', Tetsuo ¢
Masakazu Yashiro?, Kousei Hirakawa* (*Gastroenterological
Kanazawa Univ.,Sch. Med., “Oncological Surgery, Osaka city Un#
Med.)
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J-2042 Tumor suppression by GSK-38 activator DIF-1 in xenogra
cancer model mice by oral administration
Fumi Takahashi, Toshiyuki Sasaguri (Dept. of Clinical Pharm.,
of Medical Sciences, Kyushu Univ.)
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J-2043 Adenine nucleotide translocase-2 is a target protein of
apigenin in the enhancement of TRAIL sensitivity
Masakatsu Qishi'#, Yosuke lizumi?, Tsuneharu Miki', Toshiyuki
('Dept. Uro., Kyoto Pref. Univ. Med., “Dept. Mol. Target. Cancer.
Kyoto Pref. Univ. Med.)
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Presentation Style: General Presentation Session- Poster

Application for International Sessions or Symposia: Do not wish to Apply
Choose your preferred session title:

Application for Travel Grant: Wish to Apply

Categoryl: 16-1.Natural anticancer compounds

Category2: 14-12.hematopoietic malignancy

Title:

Inhibitory Effect of Curcumin on FLT3 expression and Cell Cycle Arrest in FL
T3 Overexpressing EoL-1 Leukemic Cells

Abstract:
Chemotherapy is widely used for leukemia treatment. However, side effects are
main problem for patients. Thus, natural products have been applied to be
an alternative treatment for leukemia. This study, curcumin was investigated
for its inhibitory effects on cell growth and <I>FLT3</I> gene expression i
n FLT3 overexpressing EolL-1 cells. Cells were tested for cytotoxicity, cell
cycle arrest, and inhibitory effects on <I>FLT3</I> gene expression by MTT
assay, flow cytometry, RT-PCR, and Western blotting, respectively. Curcumin
showed the strong cytotoxic effects on EoL-1 cells with IC<SUB>50</SUB> value
of 9.6&plusmn;0.5 &mu;M and showed its activity on cell cycle arrest at GO/
G1 phase by dose dependent manner. The significant decrease of <I>FLT3</I>
gene expression was found after 5 &mu;M curcumin treatment for 12 hrs. Moreover,
FLT3 mRNA and protein levels were reduced by dose dependent manner. In
conclusion, curcumin inhibits cell growth, cell cycle progression, and <I>FLT
3</I> gene expression in EoL-1. This report is the new finding of curcumin
on its inhibitory effect on <I>FLT3</I> gene expression level. The result of
this study is essential for further investigation on inhibitory mechanisms of
curcumin on <I>FLT3</I> gene expression.
Keyword1: Curcumin
Keyword2: FLT3
Keyword3: EoL-1 cell
Disclosure of Conflict of Interest: No
About a copyright of Proceedings: | agree that the copyright of proceedings belongs to
Japanese Cancer Association.

The body text shown above is not word-wrapped.
Word-wrapping will be done in the Abstract Book.
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Curcumin suppresses W11 gene promoter activity and gene expression by
blocking co-activation of WT1 and AP1 in K562 cells

Songyot Anuchapreeda®. Methee Rungrojsakul®. Sheryl R. Krig®. Nucharee Yokdang®.

Sarawut Taowtep®, Colleen A. Sweeney

“ Department of Medical Technology, Faculty of Associated Medical Sciences, Chiang Mai
University, Chiang Mai, 50200, Thailand

* Department of Pharmaceutical Science, Faculty of Pharmacy, Chiang Mai University,
Chiang Mai, 50200, Thailand

¢ UC Davis Cancer Center, 4645 2nd Avenue, Sacramento, C4 95817, USA

ABSTRACT

Curcumin revealed the new knowledge-intensive mechanisms on WTI gene
expression by blocking the WT1 signaling pathway via PKC, and INK. However, there is no
report which JNK-protein related transcription factor (WT1 or AP1) would bind and
stimulate WT] gene promoter in leukemic cells. The non-cytotoxic doses (ICy values) of
curcumin, tanshinone ITA (AP1-DNA binding inhibitor). and SP600125 (JNK inhibitor) were
used to examine their effects on W71 gene expression. The results showed that curcumin,
Tanshinone ITA. and SP600125 could inhibit WT1 protein expression in a dose dependent
manner (5-15 pM) at 24 h by Western blotting. The curcumin inhibited the DNA-WT1 and -
API1 binding by 34 and 54%, respectively by ChIP assay. The WT1 promoter activities were
decreased after curcumin, tanshinone ITA. and SP600126 treatments by 39.28, 30.55. and
79.05%. respectively by luciferase activity assay. Furthermore, AP1 related W71 gene
expression was confirmed its activity by ¢-Jun knocking down. The levels of WT1 and c-Jun
proteins were decreased by 32.9 and 44.27%. respectively. In summary. AP1 plays a key role

in co-activating with WT1 to regulate #71 gene expression in leukemic K562 cells.
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[JCA2014] Notice Regarding Presentation at the 73rd Annual Meeting of the
Japanese Cancer Association (JCA) 30153

JCA2014 <pro-jca2014@convention.co_jp> Fri, Jul 25, 2014 at 11:55 AM
Reply-To: pro-jca2014@convention.co.jp
To: sanuchapreeda@gmail.com

Dear Dr Songyot Anuchapreeda [30153],

Thank you very much for your abstract submission to 73rd Annual Meeting of
the JCA._ It is our pleasure to inform you that your abstract has been accepted
by the Program Committee of the meeting. We would like to inform and ask

you to present in the Poster Session. We appreciate your kind understanding.

Your presentation is scheduled in the program is as follows. Again, we
appreciate your contribution to the 73rd Annual Meeting of JCA and
are looking forward to seeing you in Yokohama, Japan.

Abstract Title: Curcumin suppresses <I>WT1</I> gene promoter activity and expression by blocking co-activation
of WT1 and AP1 in K562 cells

Abstract Registration No.:30153

Your Abstract No.: P-1071

~ Presentation Information ~

Presentation Style: Poster Session

Session Title: P5-2 Signal transduction (2)
Session Date & Time: Sep. 25(Thu ) 17-45-18 30
Venue : Room P

For details, refer to the URL below;
http-//www2 _convention.co_jp/jca2014/english/

Best Regards,

Secretariat of the 73rd Annual Meeting of the Japanese Cancer Association:
Japan Convention Services, Inc.
<pro-jca2014@convention.co.jp>
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Inhibitory Effect of Turmeric Curcuminoids on FLT3 Expression
and Cell Cycle Arrest in the FLT3-Overexpressing EoL-1 Leukemic

Cell Line

Singkome Tima," Hideki Ichikawa,* Chadarat Ampasavate,§ Siriporn Okonogj,

and Songyot Anuchapreeda*,L,Il

>|<)§1“

"Nanoscience and Nanotechnology Program, Faculty of Graduate School, Chiang Mai University, Chiang Mai 50200, Thailand

T‘Faculty of Pharmaceutical Science and Cooperative Research Center of Life Sciences, Kobe Gakuin University, Minatojima 1-1-3,

Chuo-ku, Kobe 650-8586, Japan

SDepartment of Pharmaceutical Science, Faculty of Pharmacy, Chiang Mai University, Chiang Mai 50200, Thailand
J'Department of Medical Technology, Faculty of Associated Medical Sciences, Chiang Mai University, Chiang Mai 50200, Thailand

ABSTRACT: Leukemia is a hematologic malignancy with a frequent
incidence and high mortality rate. Previous studies have shown that the
FLT3 gene is overexpressed in leukemic blast cells, especially in acute
myeloid leukemia. In this study, a commercially available curcuminoid
mixture (1), pure curcumin (2), pure demethoxycurcumin (3), and pure
bisdemethoxycurcumin (4) were investigated for their inhibitory effects
on cell growth, FLT3 expression, and cell cycle progression in an FLT3-
overexpressing EoL-1 leukemic cell line using an MTT assay, Western
blotting, and flow cytometry, respectively. The mixture (1) and compounds
2—4 demonstrated cytotoxic effects with ICs, values ranging from 6.5 to
22.5 uM. A significant decrease in FLT3 protein levels was found after
curcuminoid treatment with IC,, doses, especially with mixture 1 and
compound 2. In addition, mixture 1 and curcumin (2) showed activity on
cell cycle arrest at the Gy/G; phase and decreased the FLT3 and STATSA
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protein levels in a dose-dependent manner. Compound 2 demonstrated the greatest potential for inhibiting cell growth, cell cycle
progression, and FLT3 expression in EoL-1 cells. This investigation has provided new findings regarding the effect of turmeric

curcuminoids on FLT3 expression in leukemic cells.

Leukemia is a hematopoietic disorder that is frequently
associated with genetic instability characterized by a
diversity of chromosomal and molecular changes. It is now
becoming evident that specific genetic mutations exist in a large
proportion of acute myeloid leukemia (AML) patients, and these
are further refining prognosis and presenting novel treatment
opportunities. FMS-like tyrosine kinase 3 (FLT3) is one of the
most common leukemia diagnostic markers, especially in AML
patients. It is a member of the type III receptor tyrosine kinase
(RTK) family and is expressed at high levels in a spectrum
of hematologic malignancies, including 70% to 100% of AML,
B-precursor cell acute lymphoblastic leukemia (ALL), and
blast crisis chronic myelogenous leukemia (CML) cases." The
presence of FLT3-overexpressing blast cells tends to indicate
a poor prognosis in leukemia pateints.” Interaction of FLT3
with its ligand (FLT3-L or FL) promotes the cell survival and
proliferation of leukemic blast cells.” FLT3 causes activation of
cell signal transduction networks, including phosphatidylinositol-
3-kinase (PI3K), MAP kinase, and Jak-STAT pathways. Activation
of these pathways is critical for leukemic cell proliferation and
survival.*

. . © XXXX American Chemical Society and
7 ACS Publications  American Society of Pharmacogno);y

To date, chemotherapy has been generally effective and
has been used widely for the treatment of leukemia. However,
there exists many unwanted side effects of chemotherapy after
treatment. In recent years, many dietary factors and natural
products are being evaluated as potential chemopreventive or
therapeutic agents for cancer treatment. Due to their biological
activities and lack of toxicity in animal models, natural com-
pounds have been used as alternative medicines for the treatment
of leukemia.

Turmeric curcuminoids are well-known active major compo-
nents present in the rhizome of turmeric (Curcuma longa L.;
Zingiberaceae). These curcuminoids are composed of three
distinct components: curcumin (2), demethoxycurcumin (3),
and bisdemethoxycurcumin (4). Among these three compo-
nents, pure curcumin (2) is known to be the major component of
a commercially available curcuminoid mixture. Curcuminoids are
being clinically evaluated as chemopreventive agents for major
cancers, including breast, prostate, lung, stomach, duodenal,
and colon cancers, as well as leukemias.” It was reported that the
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dietary curcuminoids induce cell apoptosis in the human
leukemia HL-60 cell line at a low concentration of 3.5 ug/ mL.°
Also, curcuminoid treatments have been shown to be cyto-
toxic to the K562, U937, and HL-60 leukemic cell lines.”® In
addition, it has been found that curcumin exhibits an inhibitory
effect on cell proliferation and the expression of STATS
mRNA in primary CML cells.” Curcuminoids have strong
inhibitory effects on both patient leukemic cells and leukemic cell
lines.”'® Moreover, pure curcumin was reported to decrease
WT]1 gene expression and cell proliferation in K562 and Molt4
cell lines."!

Several medicinal plant extracts have been studied for their
effects on FLT3 leukemic cells. Mangiferin, an active xanthone
from the rhizomes of Anemarrhena asphodeloides, was found
to inhibit the activity of wild-type and mutant FLT3 tyrosine
kinase."> Additionally, several flavonoids, especially luteolin,
demonstrated antiproliferative activity on FLT3 mutant in
MV4-11 cells and were observed to be acting as potent FLT3
enzyme inhibitors."> Several green tea catechin derivatives were
also found to exhibit inhibitory effects on FLT3 expression cell
lines carrying FLT3 mutations."* However, to date, there has
been no publication that supports the effect of curcuminoids on
FLT3-overexpressing leukemic cell lines.

The present study investigated the cytotoxic effects of turmeric
curcuminoids on cell growth, FLT3 expression, and cell cycle
arrest in an FLT3-overexpressing eosinophilic leukemic cell line

(EoL-1).

o O

0
HO 4 OH

B RESULTS AND DISCUSSION

In the present investigation, it was demonstrated that pure
curcumin (2) exhibits a strong inhibitory effect on EoL-1 cells,
with an ICg, value of 6.7 + 0.5 uM, while the ICy, values of
a curcuminoid mixture (1), pure demethoxycurcumin (3), and
pure bisdemethoxycurcumin (4) were 9.6 + 0.5, 15.6 + 1.9,
and 22.3 =+ 0.5 uM, respectively (Figure 1). The EoL-1 cells are
more sensitive to pure curcumin (2) than other leukemic cell
lines (K562, U937, HL-60, and Molt4 cells).”'" This finding
indicates that pure curcumin (2) may have potent antileukemic
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Figure 1. Dose—response curves of turmeric curcuminoids on EoL-1 cells. Cells (5 X 10* cells/well) were grown in the presence of 0.1% DMSO (vehicle
control) or various concentrations of turmeric curcuminoids, including (A) a commercially available curcuminoid mixture (1), (B) pure curcumin (2),
(C) pure demethoxycurcumin (3), and (D) pure bisdemethoxycurcumin (4), for 48 h. The numbers of viable cells were determined using the MTT
assay and demonstrated as a percentage of vehicle control. Each point represents the mean + SEM of three independent experiments performed in

triplicate.

dx.doi.org/10.1021/np401028h | J. Nat. Prod. XXXX, XXX, XXX—XXX



Journal of Natural Products

A

Test
12 24

VC
24

48 h

12

48

FLT3
(155kDa)

A

[——————)

100

(37kDa)

80

*
*
60
40 *
i -
0
vC 12 24 48

Incubation time (h)

% FLT3 protein levels

FLT3
(155kDa)

|—.————I<-‘f;§‘;;§‘

60

40

20

% FLT3 protein levels

48
Incubation time (h)

GAPDH

VC Test
12 24 48 12 24 48h
_—— |<_ FLI3
- — e -
—— B S < GAPDH
: (37kDa)
100
w»
°
Z 80 *
g
2 60 *
=}
B
= 40
B
2 2
X
0
0 12 24 48

% FLT3 protein levels

Incubation time (h)

FLT3
(155kDa)

GAPDH
(37kDa)

-
1)
S

g

e
=3

-
=)

S
=3

N
=3

O—
&
-

24
Incubation time (h)

Figure 2. Inhibitory effects of curcuminoids on FLT3 protein levels in EoL-1 cells. Cells were incubated with noncytotoxic doses (IC,, values) of (A) a
commercially available curcuminoid mixture (1), (B) pure curcumin (2), (C) pure demethoxycurcumin (3), and (D) pure bisdemethoxycurcumin (4)
for 12, 24, and 48 h. The total proteins of control (VC) and the treated cells were probed using anti-FLT3 antibody and anti-GAPDH antibody
(housekeeping control). The bands were quantified and the expression levels of FLT3 were normalized using GAPDH. The data are the means + SEM
of three independent experiments. Asterisks (*) denote significant difference from the control group (p < 0.05).

and antiproliferative properties against FLT3-expressing leukemic
cells. The inhibitory mechanism of pure curcumin (2) in terms of
its effects on cell signaling pathways is still unclear.

FLT3 has been defined as a type III class of receptor tyrosine
kinases, and it plays an important role in leukemogenesis. Many
FLT3 inhibitors, including PKC412, AC220, CEP-701, and
AR200, have been found to decrease the levels of phosphorylated
FLT3 protein.">~"7 Previous findings have supported the theory
that most current FLT3 inhibitors are tyrosine kinase inhibitors.
This study revealed that the curcuminoid mixture (1) and
compounds 2—4 had different inhibitory effects on FLT3 protein
levels. The levels of FLT3 protein (normalized to GAPDH)
decreased after treatment with S M curcuminoid mixture (1) by
72%, 46%, and 28% (Figure 2A), 4 uM pure curcumin (2) by
58%, 33%, and 12% (Figure 2B), and 10 uM pure
demethoxycurcumin (3) by 4%, 32%, and 46% (Figure 2C) at
12, 24, and 48 h, respectively. Pure bisdemethoxycurcumin (4)
demonstrated a minimum inhibitory effect when compared
to other compounds. The FLT3 protein levels were decreased
by 26% and 3% after treatment with 15 uM pure bisdemetho-
xycurcumin (4) for 24 and 48 h, respectively (Figure 2D).

Both the curcuminoid mixture (1), which is 80% pure curcumin,
and the pure curcumin (2) exhibited the strongest inhibitory
effects on FLT3 protein at 12 h after treatment. Thus, the
curcuminoid mixture (1) and pure curcumin (2) were selected
for further experiments. The EoL-1 cells were treated with
various concentrations of the curcuminoid mixture (1) and pure
curcumin (2) for 12 h. The levels of the FLT3 protein were found
to significantly decrease by 34%, 64%, and 90% after treatment
with 3, S, and 7 uM curcuminoid mixture (1), respectively
(Figure 3A), and by 17%, 37%, and 70% after treatment with 3, 4,
and S M pure curcumin (2), respectively (Figure 3B). Because
STATSA signaling leads to FLT3 activation, the effects of both
the curcuminoid mixture (1) and pure curcumin (2) on STATSA
were examined. The STATSA protein levels were found to have
significantly decreased by 16%, 31%, and 70% after treatment
with 3, S, and 7 M curcuminoid mixture (1), respectively
(Figure 3A), and by 13%, 44%, and 82% after treatment with
3,4, and S uM pure curcumin (2), respectively (Figure 3B). The
inhibitory effect of the curcuminoid mixture (1) and pure
curcumin (2) on the FLT3 and STATSA protein levels is seen to
have increased in a dose-dependent manner. These findings are
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Figure 3. A commercially available curcuminoid mixture (1) and pure curcumin (2) inhibited FLT3 and STATSA protein expression in EoL-1 cells in a
dose-dependent manner. The cells were incubated with (A) 3, 5, and 7 M curcuminoid mixture (1) and (B) 3,4, and S #M pure curcumin (2) for 12 h.
The total proteins of the control (VC) and the treated cells were probed using anti-FLT3 antibody, anti-STATSA, and anti-GAPDH antibody
(housekeeping control). The bands were quantified, and the expression levels of FLT3 and STATSA were normalized using GAPDH. The data are the
means + SEM of three independent experiments. Asterisks (*) denote significant difference from each control group (p < 0.05).

the first reports about the inhibitory effects of curcuminoids
on the FLT3 protein in FLT3-overexpressing EoL-1 cells.
However, it was observed that both pure curcumin (2) and the
curcuminoid mixture (1) exhibit stronger inhibitory effects on
FLT3 protein levels compared to pure demethoxycurcumin (3)
and bisdemethoxycurcumin (4). Moreover, FLT3 and STATSA
were inhibited in a dose-dependent manner after 12 h of
treatment with pure curcumin (2) and the curcuminoid mixture
(1). Blasius et al. reported that 20 M curcumin decreased
nuclear STAT3, STATSA, and STATSB expression levels in
K562 cells after 48 h of treatment.'"® However, the inhibitory
mechanism of pure curcumin (2) on the STATSA protein in
the FLT3-overexpressing EoL-1 cells may be different from
that on K562 (non-FLT3-overexpressing cells). Therefore, the
mechanism of action of pure curcumin (2) on the STATSA
protein in the FLT3-overexpressing cells will need to be further
investigated.

In addition, the present findings were related to the decrease
in the cell proliferation rates of EoL-1 cells after treatment with
the various concentrations of the curcuminoid mixture (1) and
pure curcumin (2) for 12 h. The number of EoL-1 cells after the
treatment was determined using the trypan blue exclusion assay.
The results showed that the proliferation rates of the EoL-1 cells
had gradually decreased by 30%, 45%, and 50% after the treat-
ment with 3, 5, and 7 M curcuminoid mixture (1), respectively
(Figure 4A), and by 17%, 25%, and 58% after treatment with
3, 4, and S uM pure curcumin (2), respectively (Figure 4B),
when compared to the vehicle control. The decrease in the
proliferation rate of the EoL-1 cells after curcuminoid treatments
may involve the FLT3 via the STATSA signaling pathway. The
inhibitory effect of curcuminoids on both FLT3 and STATSA
was determined by Western blotting. The results from this study
demonstrate that pure curcumin (2) is an active compound that
plays a major role in the reduction of FLT3 protein levels. The
direct effect of pure curcumin (2) on the FLT3 protein levels in
leukemic cells demonstrates a new mode of anticancer action of
pure curcumin (2). However, an exact mechanism as regards the
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Figure 4. A commercially available curcuminoid mixture (1) and pure
curcumin (2) decreased the proliferation rates of the EoL-1 cells in a dose-
dependent manner. The proliferation rates of the EoL-1 cells were examined
after 12 h of treatment with (A) 3, 5,and 7 4M curcuminoid mixture (1) and
(B) 3,4, and S 4M pure curcumin (2) using a trypan blue exclusion assay.
The slope, or the cell growth rate, at each concentration was determined
from the plot of incubation time and cell number. Consequently, the rates of
cell proliferation (cells/h) at different concentrations of the curcuminoid
mixture (1) and pure curcumin (2) were plotted and compared to the
normal growth rate, which was obtained from the control group.
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Figure 5. A commercially available curcuminoid mixture (1) and pure curcumin (2) induce Go/G; cell cycle arrest of EoL-1 cells. The cells were cultured
with noncytotoxic doses of curcuminoid mixture (1) and compound 2 for 12, 24, and 48 h, and flow cytometry was performed for cell cycle analysis. The
cell cycle histograms of the EoL-1 cells after treatment with (A) curcuminoid mixture (1) and (B) compound 2 are presented and compared to the
vehicle control group (VC). The percentages of cells in the Go/G, phase are represented as means + SD of three independent experiments. Asterisks (*)

denote significant difference from the control group (p < 0.05).

action of pure curcumin (2) on FLT3 expression will have to be
further investigated.

Many compounds have been investigated in order to
determine some of the most potent and specific FLT3 inhibitors.
Sorafenib and SU11652, potent FLT3 inhibitors, induced a
dose-dependent cell cycle arrest with an increase in the
percentage of MV4-11 cells in the Go/G, phase.'”*® Kil1502,
a novel multitargeted RTKs inhibitor, inhibited the growth of
EoL-1 cells and increased the number of cells in the Gy/G, phase
of the cell cycle after 24 h of treatment.”' In this recent study,
noncytotoxic doses of the curcuminoid mixture (6 #M) and pure
curcumin (4 uM) were used to evaluate their activity on cell cycle
progression. It was found that the EoL-1 cells were arrested in the
Go/G, phase after treatment with the curcuminoid mixture (1)
and pure curcumin (2) for 12 and 24 h. The percentages of
cells in the G/ G, phase after 12 and 24 h of treatment were seen
to have significantly increased when compared to the control
group. However, there was no significant difference in the
number of Gy/G; cells at 48 h of treatment when compared to
the control group (Figure S). The inhibitory effect of pure
curcumin manifested as cell cycle arrest in EoL-1 cells, present
for a short time period of treatment, may have been due to the
stability of curcumin.** In addition, the percentages of treated
cells in the Gy/G,; phase increased gradually after 12 h
of treatment with increasing concentrations (3—7 uM) of
the curcuminoid mixture (1) and 3—S M pure curcumin (2)
(Figure 6). This finding suggests that the activity of the
curcuminoid mixture (1) and pure curcumin (2) increased in a
dose-dependent manner.

In conclusion, the present investigation has demonstrated a
new activity of turmeric curcuminoids and the major compound,
pure curcumin (2), on FLT3 expression in FLT3-overexpressing
leukemic cells. The curcuminoid mixture (1) and pure curcumin
(2) demonstrated inhibitory effects on cell growth, cell cycle
progression, and FLT3 protein expression in EoL-1 cells. The
findings obtained suggest that pure curcumin (2) may be useful
in treating leukemia, especially in treating patients afflicted with
FLT3-overexpressing leukemia. However, further experiments
need to be conducted to investigate the exact mechanism of
action of pure curcumin (2) and to improve its effectiveness as
regards the outcomes of its treatment of leukemia.

B EXPERIMENTAL SECTION

Test Compounds. A curcuminoid mixture (1), representing about
80% pure curcumin (2), 15% pure demethoxycurcumin (3), and
5% pure bisdemethoxycurcumin (4), was a commercial grade turmeric
curcuminoid mixture (product no. C1386) obtained from Sigma-Aldrich
(St Louis, MO, USA). Pure curcumin (2, product no. 02643-14), pure
demethoxycurcumin (3, product no. 02644-04), and pure bisdemetho-
xycurcumin (4, product no. 02645-94) were purchased from Nacalai
Tesque Inc. (Kyoto, Japan). The purity of compounds 2—4 used in this
study was about 98% by HPLC.

Cells and Cell Culture Conditions. The eosinophilic leukemic
cell line (EoL-1), a model of FLT3-overexpressing leukemic cells, was
purchased from RIKEN BRC Cell Bank (Ibaraki, Japan). The cell line
was cultured in RPMI-1640 medium containing 10% fetal calf serum,
1 mM L-glutamine, 100 units/mL penicillin, and 100 41g/mL streptomycin
(Invitrogen Life, Carlsbad, CA, USA).

MTT Cytotoxicity Assay. The cytotoxicity of curcuminoids was
evaluated using the MTT assay. The cells (5.0 X 10* cells/well) were
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Figure 6. A commercially available curcuminoid mixture (1) and pure curcumin (2) induce Gy/G; cell cycle arrest of EoL-1 cells in a dose-dependent
manner. Cells were cultured with various noncytotoxic doses of curcuminoid mixture (1) (3—7 M) and pure compound 2 (3—5 yM) for 12 h, and flow
cytometry was performed for cell cycle analysis. The cell cycle histograms of the EoL-1 cells after treatment with (A) curcuminoid mixture (1) and (B)
compound 2 are presented and compared to the vehicle control group (VC). The percentages of cells in the G/ G, phase are represented as means + SD
of three independent experiments. Asterisks (*) denote significant difference from the control group (p < 0.05).

cultured in 96-well plates containing 100 L of medium prior to the
treatment with the extract at 37 °C for 24 h. After this, 100 uL of
the fresh medium containing curcuminoids at various concentrations
(1.56, 3.12, 6.25, 12.5, 25, and 50 uM) was added to each well and
incubated for another 48 h. After the removal of the 100 yL of medium,
15 uL of MTT dye solution (Sigma-Aldrich, St Louis, MO, USA)
at S mg/mL was added, and the plate was incubated at 37 °C for 4 h.
Then, 200 uL of DMSO was added to each well and mixed thoroughly
to dissolve the formazan crystals. The absorbance was measured using
an AccuReader microplate reader (Metertech-Inc,, Taipei, Taiwan)
at 578 nm with a reference wavelength of 630 nm. The metabolic
activity of each well was determined and compared to those of the
untreated cells (vehicle control). High optical density readings
corresponded to a high intensity of the dye color, that is, to a large
number of viable cells able to metabolize MTT salts. The average cell
survival obtained from triplicate determinations at each concentration
was plotted as a dose—response curve. The 50% inhibitory
concentration (ICgg) of the curcuminoids was determined as the lowest
concentration that reduced cell growth by 50% in the treated culture,
compared to untreated culture or vehicle control culture. The ICg,
values were determined as means + standard errors of means (SEM)
and compared for their activities.

Protein Extraction and Western Blotting. The total protein
extracts from the treated cells were prepared using RIPA buffer (50 mM
Tris-HCI, 150 mM NaCl, 1% Triton X-100, 0.5 mM EDTA, 0.1% SDS,
and protease inhibitor cocktail). The protein concentration was
measured by the Folin-Lowry method. The proteins were separated
by 12% SDS polyacrylamide gel electrophoresis. The analysis for FLT3
and STATSA protein detection was performed using primary rabbit
polyclonal anti-FLT3 (Upstate Biotechnology, Lake Placid, NY, USA)
and rabbit polyclonal anti-STATSA (Merck Millipore Corporation,

Billerica, MA, USA) in the ratio 1:500, followed by a treatment with
HRP-conjugated goat anti-rabbit IgG (Promega, Madison, WI, USA) in
a 1:15000 dilution. The GAPDH protein was probed with primary
rabbit polyclonal anti-GAPDH (Santa Cruz Biotechnology, CA, USA)
in the ratio 1:1000, followed by treatment with HRP-conjugated
goat anti-rabbit IgG in a 1:20000 dilution. The proteins were visualized
using the Luminata Forte Western HRP substrate (Merck Millipore
Corporation) and quantified by ChemiDoc XRS (Bio-Rad, Hercules,
CA, USA).

Cell Cycle Analysis. Cell cycle analysis was quantified by flow
cytometry using propidium iodide (PI), which represents the content
of nuclear DNA. EoL-1 cells (5.0 X 10° cells/mL) were cultured in
complete RPMI-1640 medium with or without noncytotoxic concen-
trations (IC,) of the curcuminoid mixture (1) and pure curcumin (2)
for various incubation times (12 to 48 h). After treatment, cells were
washed twice with ice-cold PBS and prepared as a single-cell suspension.
Then, the cells were fixed with ice-cold 70% ethanol for 30 min and
harvested by centrifugation. The cell pellets were then washed with ice-
cold PBS and stained with PI solution (0.1% Triton X-100, 8 ug/mL
RNase A, 2 mM EDTA, and 20 ug/mL PI) in the dark at 4 °C.
Thereafter, the red fluorescence was measured on a FACS Calibur flow
cytometer (Becton Dickinson, San Jose, CA, USA). A minimum of
25000 events were collected per sample. The data were analyzed using
FlowJo 7.6.5 software.

Statistical Analysis. All data were expressed as the means =+
standard deviation (SD) or means + SEM from triplicate samples of
three independent experiments. The statistical differences between the
means were determined using one-way ANOVA. The differences were
considered significant when the probability value obtained was found to
be less than 0.05 (p < 0.0S).
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Mammea siamensis is used in traditional Thai medicine. This study was designed to
extract and isolate an active compound from the M. siamensis seeds and to investigate
its activity on Wilms’ tumour 1 (WT1) protein expression in K562 cells. WT1 is a
transcription factor that stimulates cell proliferation. The ethanol saraphi seed (ESS)
extract was fractionated using n-hexane, ethyl acetate, n-butanol and water to obtain n-
hexane saraphi seed (HSS), ethyl acetate saraphi seed (EASS), n-butanol saraphi seed
(BSS), and water saraphi seed (WSS) extracts, respectively. The ESS, HSS and EASS
extracts had strong cytotoxic effects on K562 cells in the MTT assay. All three
fractions decreased WT1 protein levels and decreased total cell numbers. The HSS
extract decreased the WT1 protein levels in a time- and dose-dependent manner. HPLC
and NMR analyses indicated that the active compound of HSS was mammea E/BB.
M. siamensis seeds are thus identified as a promising source of bioactive compounds for
potential inhibition of WT1 protein expression.

Keywords: Mammea siamensis; mammea E/BB; Wilms’ tumour 1; leukaemia; K562

Abbreviations: WT1, Wilms’ tumour 1; GAPDH, glyceraldehyde phosphate
dehydrogenase; BSS, n-butanol saraphi seed; EASS, ethyl acetate saraphi seed; ESS,
ethanol saraphi seed; HSS, n-hexane saraphi seed; WSS, water saraphi seed; Sur A,
surangin A; Sur C, surangin C; E/BB, mammea E/BB

1. Introduction

Mammea siamensis (Miq.) T. Anders. (Thai common name, Saraphi) belongs to the family
Guttiferae. The young fruit is green and spherical while the ripe fruit is yellow or orange. The
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rind is white and the fruit contains a single hard brown seed (Smitinand 2001). The compounds
from the dichloromethane and acetone extracts of the seeds include siamensone A, surangin B,
mammea E/BB and &-tocotrienol (Laphookhieo et al. 2006). The coumarin compounds have
cytotoxic activities on many cell lines including SW-480, HT-29, HCT-116, P-388, KB, Col-2,
Lu-1 and BCA-1 (Reutrakul et al. 2003; Yang et al. 2005). Information concerning the activity
of M. siamensis seed extract on leukaemic cells is limited, especially its effect on the molecular
protein target involved in leukaemic cell proliferation. The current research focused on the
Wilms’ tumour 1 (WT1) as the protein target in a K562 leukaemic cell model. WT1 is a
biological marker for leukaemia (Inoue et al. 1994) involved in leukaemogenesis and cell
proliferation. A high level of WT1 is related to poor prognosis in leukaemia patients (Menssen
et al. 1995).

Natural products have been shown to suppress WT'I gene expression in leukaemic cells.
Curcumin was the first such compound (Anuchapreeda et al. 2006). However, there are no data
concerning the effects of M. siamensis seed extracts on leukaemic cells. Thus, this study focused
on the effects of M. siamensis seed extracts on WT1 protein expression. The K562 cell line was
used as representative of leukaemic cells because it has a high level of the endogenous WT1
protein expression.

2. Results and discussion

The cytotoxic effects of the crude extracts (ethanol saraphi seed (ESS), n-hexane saraphi seed
(HSS), ethyl acetate saraphi seed (EASS), n-butanol saraphi seed (BSS), and water saraphi seed
(WSS)) in K562 cells are shown in Figure 1. ESS, HSS and EASS had strong cytotoxic effects in
K562 leukaemic cells at 48h with the ICsy values of 6.5+ 1.3, 8.7 £ 1.8 and
105 =20 pg mL ™!, respectively (Figure 1(A)—(C)). The ICs, values of HSS and ESS extracts
are similar while BSS and WSS extracts had no cytotoxic effects (ICso > 100 wgmL ™', data not
shown). Thus, it is possible that the active compounds are non-polar compounds. The ICsq
values after ESS, HSS and EASS treatments for 72h were 3.8 = 0.6, 5.1 =19 and
6.6 = 03 pg mL ™!, respectively (Figure 1(A)—(C)). Our results were similar to those of
Laphookhieo et al. (2007) who found that surangin C from dichloromethane extract of
M. siamensis seeds showed cytotoxic activity against MCF-7, HeLa, HT-29 and KB by the SRB
assay. Therapin C from the petroleum ether extract of M. siamensis bark showed the strongest
activity with ICs, values in the range of 1.6—5.7 uM in the DLD-1, MCF-7, HeLa and NIC-
H460 cells by the SRB assay. Furthermore, surangin C also showed cytotoxic effects on these
four cell lines with ICs, values in the range of 3.8—8.9 uM (Ngo et al. 2010).

WTI1 protein levels were decreased after 1.5pugmL ™' ESS, HSS and EASS extract
treatments by 72.3 * 5.7%, 83.5 = 5.0% and 75.3 = 2.0%, respectively as compared to the
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Figure 1. Cytotoxic effects of ESS, HSS and EASS extract on K562 cells by the MTT assay. (A) ESS, (B)
HSS and (C) EASS extracts at 72h. Each point represents the mean = SEM of three independent
experiments performed in triplicate.
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Figure 2. Chemical structure of (A) surangin A (Sur A), (B) surangin C (Sur C) and (C) mammea E/BB
(E/BB).

vehicle control at 72 h (Figure S1(A),(B)). These treatments also significantly decreased the total
cell numbers at 72h by 90.6 £ 0.1%, 91.6 = 0.1% and 85.7 £ 0.1%, respectively (Figure S1
(C)). These results suggest that the active compound was most likely the less polar compound
that was found in the low to non-polar compartment of the M. siamensis seed extract, especially
in the n-hexane extraction product. However, this active compound may also be present in the
ethyl acetate extract. The chemical n-hexane is a non-polar organic solvent while ethyl acetate
has a higher polarity value (0.009 and 0.228 for n-hexane and ethyl acetate, respectively) (Hiran
et al. 2009). From the above results the HSS extract was chosen as the candidate M. siamensis
seed extract for further testing.

Treatment of K562 cells with the HSS extract for 24, 48 and 72 h decreased WT1 protein
levels by 71.1 = 1.2%, 73.9 £ 1.8% and 82.1 £ 0.5%, respectively, when compared to the
vehicle control (Figure S1(D),(E)). HSS extract decreased WT1 protein levels by 35.5 £ 7.1%,
58.8 = 9.5% and 88.9 * 6.7%, in response to 0.25, 0.5 and 1 wgmL ™", respectively (Figure S1
(G),(H)). The total cell numbers at 24, 48 and 72 h were decreased by 52.8 £ 4.6%, 82.7 = 0.3%
and 88.9 = 0.8%, respectively (Figure S1(F)).The total cell numbers in response to 0.25, 0.5 and
1 mgmL ™~ were significantly decreased at 72 h by 50.6 * 0.3%, 77.9 + 0.2% and 90.6 * 0.1%,
respectively when compared to the vehicle control (Figure S1(I)).

The purified Sur A (Figure 2(A)), Sur C (Figure 2(B)) and E/BB (Figure 2(C)) after column
chromatography (Table S1, Figures S2—S4) were further investigated for their effects on WT1
protein expression. The non-cytotoxic doses (0.5 pgmL ") of purified Sur A, Sur C and E/BB
(Figure 3(A)—(C)) were used and compared to ESS, HSS and vehicle control. We found that E/
BB decreased WT1 protein level by 76.9 = 12.6%, which was similar to the effect of the HSS
extract (78.2 £ 10.6%). Sur A and Sur C decreased WT1 protein expression by 26.4 = 9.4%
and 42.2 = 14.2%, respectively, when compared to vehicle control (Figure 3(D),(E)). It is
considered that although the inhibition of WT1 protein was highly observed in the pure E/BB,
the higher amount (35%) of a less potent Sur C or the other components in HSS could
substantially enhance the inhibitory effect of E/BB (9%) in the HSS. These results suggested the
synergistic effect of compounds existing in the plant and indicated that the main active
compound in both HSS and ESS is E/BB. Moreover, Sur A, Sur C and E/BB significantly
decreased the total cell numbers at 72h by 84.7 = 0.1%, 81.1 = 0.3% and 91.9 = 0.1%,
respectively, when compared the vehicle control (Figure 2(F)). The cell numbers were similarly
decreased by HSS and ESS (90.6 = 0.1% and 91.6 = 0.1%).

3. Conclusion

M. siamensis is a source of mammea E/BB, the active compound responsible for the inhibition of
WTT1 protein expression in leukaemic cells. This is the first report of the inhibitory effects of
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Figure 3. Effects of Sur A, Sur C and E/BB on K562 cell line at 72 h. K562 cells (1 X 10 cells well ™) were
cultured with various concentrations of (A) Sur A, (B) Sur C and (C) E/BB extracts for 72 h. The viable
cells after treatment were determined by the MTT assay. Each point represents the mean = SEM of three
independent experiments performed in triplicate. (D) The levels of WT1 protein expression after treatment
with 0.5 wgmL ™' ESS, HSS, Sur A, Sur C and E/BB were assessed by Western blotting; GAPDH was used
as the loading control. (E) The protein levels were analysed with a scan densitometer. (F) The total cell
numbers after 72 h were measured by the trypan blue exclusion method. Data are the mean values = SEM
of three independent experiments. Asterisk (*) denotes a significant difference from the control group
(p <0.05).

mammea E/BB on WTI1 protein expression in leukaemic cells. This natural product displays
potent inhibitory activity on leukaemic cell proliferation and may have therapeutic potential as
an anti-leukaemic drug.

Supplementary material

Experimental and results relating to this paper are available online, alongside Table SI,
Figures S1(A)—(I), S2, S3(A)—(C) and S4(A), (B).
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Abstract

Mammea siamensis is used in traditional Thai medicine. This study was designed to extract and isolate
an active compound from the M. siamensis seeds and investigate its activity on Wilms’ tumor 1 (WT1)
protein expression in K562 cells. WT1 is a transcription factor that stimulates cell proliferation. The
ethanol extract (ESS) was fractionated using n-hexane, ethyl acetate, n-butanol, and water to obtain
HSS, EASS, BSS, and WSS extracts, respectively. The ESS, HSS, and EASS extracts had strong
cytotoxic effects on K562 cells in the MTT assay. All three fractions decreased WT1 protein levels
and decreased total cell numbers. The HSS extract decreased the WT1 protein levels in a time- and
dose-dependent manner. HPLC and NMR analyses indicated that the active compound of HSS was
mammea E/BB. M. siamensis seeds are thus identified as a promising source of bioactive compounds

for potential inhibition of WT1 protein expression.

Keywords: Mammea siamensis; mammea E/BB; Wilms’ tumor 1; Leukemia, K562

Abbreviations: WT1, Wilms’ tumor 1; GAPDH, glyceraldehyde phosphate dehydrogenase; BSS,
n-butanol saraphi seed; EASS, ethyl acetate saraphi seed; ESS, ethanol saraphi seed; HSS, n-hexane
saraphi seed; WSS, water saraphi seed. Sur A, surangin A; Sur C, surangin C; E/BB, mammea

E/BB



1. Experimental
1.1. Plant material

M. siamensis seeds were obtained from Chiang Mai University, Amphoe Muang, Chiang Mai
province, Thailand in May 2010. A voucher specimen (J.F. Maxwell, N0.92-70) was deposited by the
CMU herbarium, Faculty of Science, Chiang Mai University, Chiang Mai, Thailand.

1.2. Extraction and isolation

The M. siamensis seeds (10 kg) were washed, chopped into small pieces, and then dried by circulating
dry air in an oven at 50°C. The dried weight yield of M. siamensis seed was 1 kg (10%). The dried
seed (1 kg) was macerated in 95% ethanol and concentrated using an evaporator at 50°C. After
evaporation, the ethanolic crude extract was collected, with the final yield of 10% (100 g). The crude
ethanolic extract was suspended in water and sequentially partitioned by n-hexane, ethyl acetate, and
n-butanol, respectively. The solvent from each fraction was evaporated and further dried at room
temperature. After the removal of solvents, the fractional yield of products of the n-hexane, ethyl
acetate, n-butanol, and water fractions were 81.5, 5.2, 5.4, and 7.9%, respectively (Table S1). A
portion of the crude hexane extract (25 g) was separated by column chromatography on silica gel 60
using gradient elution from 100% n-hexane to 100% ethyl acetate to give four separate fractions.
Surangin C was found mainly in the fourth fraction as characterized by *H NMR. Fraction number 2
was further separated by column chromatography eluted by a n-hexane and ethyl acetate gradient to
give subfractions 2.1-2.5. Subfraction 2.2 was surangin A. Fraction 3 was rechromatographed in a
silica gel column using gradient elution from 100% n-hexane to 50% ethyl acteate/n-hexane to give
subfractions 3.1-3.4. Subfraction 3.3 was identified as mammea E/BB (Figure S2). The presence of
surangin A, surangin C, and mammea E/BB were confirmed by NMR analysis. The *H NMR spectra
were recorded using a Bruker AV 400 spectrometer. The chemical shifts were recorded in ppm (8) in

CDCl3 using residual solvent peak (5 7.26) as internal references.

1.3 Analysis of HSS extracts using high performance liquid chromatography (HPLC)
0.5 — 100 mg portions of samples were dissolved in 1 mL of ethanol for HPLC analysis. The
samples were analyzed using a Dionex ICS-3000 HPLC system with a PDI-100 photodiode array

detector. A C18 column (150x4.6 mm, 5 pm particle size, Nucleodur®) with a guard column was



used. For the elution of the constituents, two solvents (denoted as A and B) were applied. A was 1 %
v/v acetic acid in water whereas B was 1 % v/v acetic acid in acetonitrile. The isocratic program was
5% A and 95% B for 30 min. The flow rate was 0.5 mL min™ at room temperature and the injection
volume was 20 pL. The retention times and UV spectra of major peaks were recorded. The HPLC
chromatogram of HSS showed four main peaks at retention times of 8.9, 9.6, 19.3, and 20.8 min using
a wave length of 280 nm. A portion of the crude hexane extract (25 g) was further purified by column
chromatography using silica gel 60 and characterized by *H NMR to obtain surangin A (Joshi et al.
1969), surangin C (Yagi et al. 2006), and mammea E/BB (Laphookhieo et al. 2006). The NMR
analyses of surangin A, surangin C, and mammea E/BB are shown in Figures S3(A) - S3(C)
respectively. The mammea E/BB fraction was then confirmed by the HPLC. The mammea E/BB’s

peak occurred at the retention time of 8.9 min (Figure S4(A), S4(B)).

1.4 Cells and cell culture conditions

The K562 cells (chronic myelocytic leukemic cell line) were cultured in RPMI-1640 medium
containing 10% fetal calf serum, 1 mM L-glutamine, 100 units mL™ penicillin, and 100 pg mL™
streptomycin (Invitrogen™ Life, Carlsbad, CA, USA). Cells were incubated at a humidity of 95%, 5%

CO; atmospheric concentration, and a temperature of 37°C.

1.5 MTT cytotoxicity assay

The cytotoxicity of ESS extracts, other fractional extracts (HSS, EASS, BSS, and WSS), and purified
compounds (Sur A, Sur C, and E/BB) were evaluated using the MTT assay as described previously
(Anuchapreeda et al. 2006). Briefly, cells (1.0 x 10* cells well™*) were treated with ESS and fractional
extracts of various concentrations (3 to 100 ug mL™) for 48 or 72 h. The cell cytotoxicity was
determined using MTT dye solution (Sigma-Aldrich, St Louis, MO, USA) and detected using an
AccuReader™ microplate reader (Metertech-Inc, Taipei, Taiwan) at 578 nm with reference
wavelength of 630 nm. The percent of cell viability was calculated by OD (treatment) x100 / OD
vehicle control. The inhibitory concentration for 50% of cell growth (ICs) values was calculated as

the means + standard errors of the means (SEM), and their activities compared.



1.6 Protein extraction and Western blotting

The whole protein extracts from the treated cells were prepared using RIPA buffer (50 mM Tris-HClI,
150 mM NaCl, 1% Triton X-100, 0.5 mM EDTA, 0.1% SDS, and a protease inhibitor cocktail). The
protein concentration was measured using the Folin-Lowry method. The proteins were separated by
12% SDS polyacrylamide gel electrophoresis. The levels of WT1 protein were determined by a
primary rabbit polyclonal anti-WT1 (Santa Cruz Biotechnology, CA, USA) with a dilution of 1:100,
followed by HRP-conjugated goat anti-rabbit IgG (Promega, Madison, WI, USA) with a dilution of
1:20,000. The GAPDH protein was probed by primary rabbit polyclonal anti-GAPDH (Santa Cruz
Biotechnology, CA, USA) with the dilution of 1:1,000, followed by HRP-conjugated goat anti-rabbit
IgG with the dilution of 1:20,000. The proteins were visualized using the Luminata™ Forte Western
HRP Substrate (Merck Millipore Corporation, Billerica, MA, USA) and quantified by the
ChemiDoc™ XRS system (Bio-Rad, Hercules, CA, USA).

1.7 Statistical analysis

All data were expressed as the mean+standard deviation (SD) or mean+standard error of the mean
(SEM) from triplicate samples of three independent experiments. The statistical differences between
the means were determined using one-way ANOVA. The differences were considered significant

when the probability value obtained was found to be less than 0.05 (p< 0.05).



Table S1. Percent yield of crude, fractional M. siamensis seed extracts and pure compounds from
n-hexane fraction; surangin A, surangin C, and mammea E/BB (%w/w) after column

chromatography (%w/w)

Sample Sample code %Yield (w/w)
Fresh seed - 100
- Dry seed - 10
Dry seed (10%) 100
- Ethanol extract ESS 10
Ethanol extract 100
- n-Hexane extract HSS 81.5
- Ethyl acetate extract EASS 5.2
- n-Butanol extract BSS 54
- Water extract WSS 7.9
Hexane fraction (HSS) 100
- Surangin A Sur A 0.5
- Surangin C SurC 35.7
- Mammea E/BB E/BB 9

Others - 54.8
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Figure S1. Inhibitory effects of ESS, HSS, and EASS extracts on WT1 protein levels and cell
numbers in K562 cells. (A) Cells were treated with 1.5 pg mL™ of ESS, HSS, and EASS extracts for
72 h. Levels of WT1 protein were assessed by Western blotting; GAPDH was used as the loading
control. (B) The protein levels were analyzed with a scanning densitometer. (C) The total cell
number of K562 cells after treatments for 72 h was determined by the trypan blue exclusion
method. (D) K562 cells were treated with HSS extract for 24, 48, and 72 h. (G) WTL1 protein levels
after HSS treatment (0.25, 0.5, and 1 ug mL™) for 72 h. (E, H) The protein levels were analyzed
using a scanning densitometer. (F, I) The total cell numbers after treatments with various
concentrations and times were determined by the trypan blue exclusion method. Data are the mean
values £ SEM of three independent experiments. Asterisks (*) denote significant difference from

the vehicle control (p<0.05).



HSS

(259)
Fraction no.1 Fraction no.2 Fraction no.3 Fraction no.4
(4.5 %) (7.4 %) (45.9 %) (35.7 %)

Surangin C (2)

F3.1 F3.2 F3.3 F3.4
(8.7 %) (21.9 %) (9 %) (4.6%)
Mammea E/BB (3)
F21 F22 F23 F24 F25
(0.35 %) (0.5 %) (5.2 %) (0.2 %) (0.4 %)

Surangin A (1)

Figure S2. Fraction number and percent yields of surangin A (1), surangin C (2), and mammea E/BB

(3) (Yow/w) after silica gel 60 column chromatography.
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1
Surangin A : Yellowish gum; H NMR (400 MHz, CDCIS) d14.61 (s, 1H), 7.09 (s, 1H), 6.01 (s, 1H), 5.22 (t, J

= 6.6 Hz, 1H), 5.09 — 4.99 (m, 1H), 3.95 — 3.88 (m, 1H), 3.50 (d, J = 6.9 Hz, 2H), 2.93 (t, J = 7.4 Hz,
2H), 2.11 (d, J = 1.9 Hz, 4H), 1.85 (s, 3H), 1.7-1.4 (m, 4H), 1.67 (s, 3H), 1.59 (s, 3H), 1.24 (dd, J =
6.6, 2.4 Hz, 3H), 1.03 — 0.96 (m, 6H)

Surangin C : Yellowish gum; *H NMR (400 MHz, CDCl3) § 14.15 (s, 1H), 10.82 (s, 1H), 6.02 (s, 1H), 5.13 (t,
J=6.6 Hz, 1H), 4.99 (t, J = 6.7 Hz, 1H), 4.64 (dd, J = 7.8, 6.4 Hz, 1H), 3.69 — 3.60 (m, 1H), 3.36 —
3.31 (m, 2H), 2.03-1.95 (m, 4H), 1.94 — 1.83 (m, 3H), 1.73 (s, 3H), 1.57 (s, 3H), 1.50 (s, 3H), 1.14 (d,
J=6.7 Hz, 4H), 0.94 (t, J = 7.5 Hz, 3H), 0.88 (t, J = 7.4 Hz, 3H)

Mammea E/BB : Yellowish gum;*H NMR (400 MHz, CDCl;) & 14.60 (s, 1H), 7.45 (s, 1H), 6.46 (dd, J = 8.0,
2.7 Hz, 1H), 6.24 (s, 1H), 5.12 (t, J = 7.0 Hz, 1H), 3.84 (sextet, J = 6.7 Hz, 1H), 3.33 (d, J = 7.0 Hz,
2H), 2.16 (s, 3H), 1.99 — 1.90 (m, 2H), 1.90 — 1.80 (m, 1H), 1.77 (s, 1H), 1.72 (s, 1H), 1.48 — 1.34 (m,
1H), 1.22 (d, J = 6.6 Hz, 3H), 0.98 (t, J = 7.4 Hz, 3H), 0.93 (t, J = 7.4 Hz, 3H)

Figure S3. Detection of surangin A, surangin C, and mammea E/BB by nuclear magnetic resonance
(NMR). (A) Surangin A, (B) surangin C, and (C) mammea E/BB were obtained from the fractions

using silica gel 60 column chromatography.
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Figure S4. Chromatograms of HSS and mammea E/BB by high performance liquid chromatography and UV

detection (HPLC-UV). (A) HSS and (B) mammea E/BB were obtained from the fractions after normal phase

column chromatographic separation. Concentrations of HSS and mammea E/BB were 100 mg mL™

and 0.5 mg mL™, respectively. Injection volume was 20 pL.
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