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ABSTRACT

JAK2 plays pivotal role in the tumorigenesis of STAT3 constitutively activated solid
tumors. JAK2 mutations are involved in the pathogenesis of various types of hematopoietic
disorders such as myeloproliferative disorders (MPDs), polycythemia vera (PV), essential
thoursombocythemia (ET) and primary myelofibrosis (PMF). Thus, small molecular
inhibitors targeting JAK2 are potent for therapy of these diseases. In this study, we screened
1,062,608 drug-like molecules from ZINC database and 2080 natural product chemicals. We
identified a novel JAK family kinase inhibitor Dehydrocrenatidine. Dehydrocrenatidine
inhibits JAK-STAT3 dependent DU145 and MDA-MB-468 cell survival and induces cell
apoptosis. Dehydrocrenatidine represses constitutively activated JAK2 and STAT3, as well as
IL-6, IFNa and IFNy stimulated JAKSs activity and STATs phosphorylation, suppresses STAT3
and STAT1 downstream gene expression. Dehydrocrenatidine inhibits JAKs-JH1 domain
over-expression induced STAT3 and STAT1 phosphorylations. In  addition,
Dehydrocrenatidine  inhibits JAK2-JH1  kinase activity in vitro. Importantly,
Dehydrocrenatidine does not show significant effect on Src over-expression and EGF induced

STAT3 activation. Our results indicate that Dehydrocrenatidine is a JAK specific inhibitor.
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I ntroduction

JAK-STAT signaling is well characterized for its critical role in mediating cytokine and
growth factor responses (Akira et al., 1994; Darnell et al., 1994; Stark et al., 1998). Upon
activation by cytokines or growth factors, receptor associated JAKs phosphorylate the
downstream signal transducers and activators of transcription (STATs) family proteins.
Phosphorylated STATs form homodimers or heterdimers with other STATs via reciprocal
phosphotyrosine-SH2 interactions and accumulate in the nucleus. Then they bind to
promoters of their target genes and initiate transcription (Darnell, 1997). Janus kinase family
(JAK) consists of four family members, JAK1, JAK2, JAK3, and TYK2 (Schindler and
Darnell, 1995). JAK1, JAK2, and TYK2 are ubiquitously expressed, Jak3 expression is
restricted to cells of hematopoietic lineages (Johnston et al., 1994). JAK2 can be activated by
cytokines such as IL-3, IL-5, erythoursopoietin (EPO), thoursombopoietin (TPO), and
granulocyte-macrophage colony stimulating factor (GM-CSF) (Valentino and Pierre,
2006).These cytokines regulate cell proliferation and differentiation in hematopoietic system.
Therefore the delicate regulation of JAK family Kinase activity is of great significance for the
maintenance of hematopoietic system. Mutations in JAKs have been reported in many
hematologic diseases. Chromosomal translocations contain fusion of JAK2 and other
transcription factors result in generation of constitutively activated chimeric proteins, which
are involved in the pathogenesis of various types of leukemia (Adelaide et al., 2006;
Griesinger et al., 2005; Vainchenker et al., 2008). A single valine to phenylalanine mutation
located in the pseudokinase domain of JAK2 at position 617 (JAK2 V617F), which leads to
constitutively activation of JAK2, are detected in patients with myeloproliferative disorders
(MPDs), polycythemia vera (PV), essential thoursombocythemia (ET) and primary
myelofibrosis (PMF) (Kralovics et al., 2005; Quentmeier et al., 2006; Steensma et al., 2005).
Among STATs family, STAT3 is extensively studied for the reason that it is highly involved in
oncogenesis. It was first identified to be activated by the interleukin-6 (IL-6) family of
cytokines through JAKs (Akira et al., 1994). Aberrant activation of STAT3 occurs in a wide
variety of human cancers, including breast, prostate, head and neck, and ovarian cancers, and
other solid and hematologic tumors (Bromberg et al., 1999; Dhir et al., 2002; Garcia et al.,

2001; Levy and Inghirami, 2006; Silver et al., 2004). Abnormally activated STAT3 signaling
4
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in tumors leads to uncontrolled cell-cycle progression and prevents cancer cells from
apoptosis by dysregulation of cell cycle-associated and apoptosis-associated gene expression
such as Cyclin D1, Bcl-xL, Mcl-1, c-Myc and Survivin. It has been revealed that JAK2 is
critical for the carcinogenesis of STAT3 activated solid tumor (Hedvat et al., 2009).

Since hyperactivated JAK2 is involved in many human diseases, small molecular inhibitors of

JAK? are developed to improve the survival of patients with abnormal JAK2 activity. Several
JAK family kinase inhibitors such as, AZD1480 (loannidis et al., 2011; Plimack et al., 2013) ,

Atiprimod (Quintas-Cardama et al., 2011), TG101348 (Pardanani et al., 2011) are under
clinical trials for solid tumor and hematopoietic disorders. In this study, we used virtual
screening methods to find JAK2 inhibitors. We mixed the natural product chemical pool
existed in our lab into 1,062,608 drug-like molecules from ZINC database and screened for
JAK2 inhibitors. We identified one natural product Dehydrocrenatidine as a JAK inhibitor. It
inhibited JAK-STAT3 dependent cell survival by inducing apoptosis. Dehydrocrenatidine
diminished IL-6, IFNa and IFNy stimulated STAT3 phosphorylation as well as constitutive
STAT3 phosphorylation. Moreover, Dehydrocrenatidine blocked IL-6 and IFNa activated
STAT3 and STAT1 downstream gene expression. However, it did not show inhibitory role on
EGF or Src induced STAT3 phosphorylation. Additionally, in JAK-JH1 domains
over-expressed cells, Dehydrocrenatidine attenuated STAT3 and STAT1 activity. Kinase assay

showed that Dehydrocrenatidine inhibited JAK2 kinase activity.
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Materials and Methods

Cdll lines

JAK1-JH1 domain, JAK2-JH1 domain, TYK2-JH1 domain and c-Src over-expression
HEK293T cells were constructed as previously described (Chen et al., 2013; He et al.,
2012).All these transfected cells and Hela, HepG2, HEK293T, DU145 and MDA-MB-468
cells were maintained in Dulbecco’s modified Eagle medium supplemented with 10% fetal
bovine serum (FBS), penicillin (100 U/ml) and streptomycin (100 mg/ml). K562 and HEL
cells were maintained in RMPI-1640 medium supplemented with 10% fetal bovine serum

(FBS), penicillin (100 U/ml) and streptomycin (100 mg/ml).

Antibodies and Reagents

Antibodies for phospho-STAT3(Tyr705), STAT3, JAK2, phospho-JAK2 (Tyr1007/1008),
phospho-TYK2 (Tyr1054/1055), phosphor-JAK1(Tyr1022/1023), JAK1,
phosphor-STAT5(Tyr694), STAT5, phosphor-p65 (Ser536) and p65, phosphor-AKT (Ser473)
and AKT, PARP, c-Myc, Cyclin D1, Survivin, Bcl-xL, cleaved caspase 3 were obtained from
Cell Signaling Technology; Antibody against phosphor-Tyr (PY99) and STAT2 was obtained
from Santa Cruz Biotechnology Inc, anti-phospho-STAT2 was obtained from Millipore.
Dehydrocrenatidine was bought from BioBioPha Co., Ltd (BBP), 'H-NMR, MS and HPLC
data for Dehydrocrenatidine were shown in Supplemental data (Supplemental Figure 3-5).
TOP1 compound (ZINC9304906) was obtained from ASINEX, TOP2 compound
(ZINC20816390) was purchased from Vitas-M. The Src/Bcr-ABL specific inhibitor Dasatinib,
PI3K inhibitor LY294002, EGFR inhibitor Lapatinib and the pan-tyrosine kinase inhibitor
Staurosporine were acquired from LC Lab, JAK2 inhibitor AG490, IKK and STAT3 inhibitor
TPCA-1 and Flag antibody were obtained from Sigma-Aldrich. AZD1480 was purchased

from Selleckchem.

Virtual screening
The initial structure of JAK2 is extracted from PDB database (PDB ID: 3RVG (Lim et al.,

2011)). The small molecular database was prepared by 1,062,608 drug-like molecules from
6
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ZINC database (Irwin and Shoichet, 2005) and the natural product database existed in our lab
were from National Compound Resource Center (China). The geometry optimizations of
compounds are calculated in bulk by semi-empirical method with the Austin Model 1 (AM1)
(Dewar et al., 1985) using Gaussian 09, Revision C.0.(Frisch et al., 2009) The process of
virtual screening was two steps. The first screening was performed by UCSF docking based
on the formed molecular database. The missing hydrogen atoms were added, and the charge
method is AM1-BCC (Wang et al., 2006). The residues of JAK2 within 8 A of crystal ligand
were chosen as the docking pocket. The rigid algorithm of UCSF docking was employed for
screening the prepared molecular database (Kuntz et al., 1982). Then the top 10,000
molecules were stored for further study. In the second procedure, the Autodock Vina (Trott
and Olson, 2010) and MolGridCal (Bai et al., 2014) was selected for screening potential
ligands from the 10,000 screened molecules. The receptor and ligand were added polar
hydrogen. The gasteiger charges were used to prepare the ligand and receptor. The grid box
was set to 24 A x 24 A x 24 A around the position of crystal ligand of JAK2. The efficient
guasi-Newton method was used for the local optimization (Trott and Olson, 2010). Five
binding modes were generated for each molecular docking. Finally, the top 5 molecules were
stored for analysis. All the identified compounds did not contain any potentially reactive
groups described in literature summation of Pan Assay Interference Compounds (PAINS)
(Baell and Holloway, 2010). The electrostatic potentials were calculated by MGLTools
(Morris et al., 2009) and APBS (Baker et al., 2001) soft package. All the method details were

additionally introduced in Supplemental method 1.

Western Blotting

Cells were lysed with RIPA buffer (150 mM NaCl, 1% NP-40, 0.5% Sodium Deoxycholate,
0.1% SDS, 50 mM Tris, pH 7.5, 5 mM EDTA, 1 mM EGTA, 1 x protease inhibitor cocktail
(Roche), 1 x Phosphatase Inhibitor Cocktail (Roche)) on ice and sonicated for 30 seconds (3
seconds on, 10 seconds off). 30-80 ug proteins were resolved in 4%-12% SDS-PAGE and
transferred to PVDF membranes (Millipore). Then membranes were blocked with 5% milk in
TBST for 1 hour at room temperature and incubated with indicated anti-bodies overnight at

4 °C or 1 hour at room temperature. After washing with TBST for 30 minutes (10 minutes, 3
7
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times), membranes were exposed to secondary antibody for one hour at room temperature.
Signals were visualized with an enhanced chemiluminescence detection system (Pierce
Biotechnology).

Real-Time PCR.

Total RNA was prepared by RNA Prep Pure Cell kit (TIANGEN). First-strand cDNA was
synthesized from total RNA (1pg) with M-MLV reverse transcription kit (Takara).
Quantitative Real-time PCR was carried out on a BIO-RAD CFX96TM Real Time system
machine with SYBR Green qPCR mastermix (BIO-RAD). The PCR reaction was conducted
as following protocol: initial activation at 95 °C for 5 minutes, 40 cycles at 95 °C for 15
seconds, and at 60 °C for 1 minute. Expressions of respective genes were normalized to
gapdh. Primer sequences of tested genes are listed as follows:

gapdh forward 5’-TGGCAAATTCCATGGCAC-3’,

reverse 5’-CCATGGTGGTGAAGACGC-3’;

socs3 forward 5°’-CCATGGTGGTGAAGACGC-3’,
reverse5’-CCTGTCCAGCCCAATACCTGA-3" (Heetal., 2012).

irf1 forward 5’-CGATACAAAGCAGGGGAAAA-3’,

reverse 5’-TAGCTGCTGTGGTCATCAGG-3" (Liu etal., 2010).

The results represent the averages from three independent experiments.

Céll viability assay

Cells were plated in 96-well plates at a density of 5 x 10° cells/well in DMEM plus 10% FBS,
and incubated for 12 hours prior to the addition of DMSO or Dehydrocrenatidine to the
culture medium. After 48 hours, 0.5 mg/ml of MTT reagent was added and incubated at 37 °C,
5% CO, for 4 hours. Formazan crystals in viable cells were solubilized with 200 pul DMSO.

Absorbance at 490 nm was recorded using Victor® Plate Counter (Perkin Elmer).

Flow Cytometric Analysis of apoptosis
DU145 and MDA-MB-468 cells were seeded into 60 mm dishes and allowed to attach
overnight. After attachment, the medium was replaced with DMEM containing 10% FBS with

DMSO, or Dehydrocrenatidine as indicated. 24 hours after incubation, cells were washed
8

202 ‘6 |Udy uo sfeudnor 134SY e Blo'seulnofiedse wireyd jow wioJ) papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 12, 2015 as DOI: 10.1124/mol.114.095208
This article has not been copyedited and formatted. The final version may differ from this version.

MOL #95208

twice with cold PBS, harvested by trypsinization and washed with cold PBS twice. Cells were
resuspended in 400 pl binding buffer and stained with 5 ul Annexin-V at 4 °C in dark for 15
minutes, then 10 ul propidium (PI) was added and incubated in dark at 4 °C for 5 minutes.

Samples were analyzed on a FACS calibur cytometer (BD Biosciences, Lanzhou University).

Kinase assay

C-terminal His-tagged hSTAT3 recombinant protein was purified as previously described
(Chen et al.,, 2013). Active recombinant human JAK2 (804-end) was purchased from
Signal-Chem (J02-11H-10). Approximately 150 ng hSTAT3 and 40 ng JAK2-JH1 kinase were
incubated with 1 x kinase buffer, 10 x kinase buffers were obtained from New England
Biolabs (NEB). DMSO or Dehydrocrenatidine were added as indicated concentrations. ATP
was supplied at the concentration of 200 mM to the finally volume of 25 ul. Reactions were
performed at 37 °C for 2 hours, and stopped by 5 x protein sample loading buffer (95 °C, 5

minutes). 15 pl of each sample was loaded for SDS-PAGE and analyzed by Western-Blotting.
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Results

Virtual screening study of drugstargeting JAK 2

Based on the computational technology, virtual screening is an effective and economic way to
obtain potential drugs targeting proteins of interest. In this experiment, we mixed the natural
product database existed in our lab which contains 2080 chemicals into 1,062,608 drug like
molecules from ZINC database (Irwin and Shoichet, 2005), and then performed virtual
screening to get potential candidate compounds for JAK2 inhibition. One ligand
Dehydrocrenatidine, which is from the natural product database, was ranked in top 5 among
the mixed molecular database (Supplemental Figure 1). A reported JAK2 inhibitor AG490
(Tyrphostin B42) (Duhe et al., 2002) was ranked in top 5 as well. We detected biological
activity of top 4 ranking compounds by Western blot and found that Dehydrocrenatidine
effectively inhibited JAK2 phosphorylation (Supplemental Figure 2). In addition, we selected
10 inhibitors of JAK2 from IUPHAR Database (Harmar et al., 2009) to perform 2D structure
searching on ZINC database and the natural product database with 90% similarity
(Supplemental  Tablel) (Irwin and Shoichet, 2005). The similar compound
Dehydrocrenatidine is missed in the searching results. It indicates that our virtual screening
protocol is an effective way to find the inhibitors of JAK2. Both AG490 and
Dehydrocrenatidine locate near the residues P933, L932 and Y931 of JAK2, which are
identified as key sites for ligand-binding. AG490 has slightly lower affinity energy than
Dehydrocrenatidine. However, JAK2 has a long and deep pocket for ligand-binding (Fig.1A
and 1B). Dehydrocrenatidine has a smaller planar atom group than AG490, so it can reach
deeper position of JAK2 pocket more easily. The edge of JAK2 domain shows positive
electrostatic potentials (Fig.1A and 1B), while deep position of JAK2 domain shows negative
electrostatic potentials. Comparing the electrostatic potentials between AG490 and
Dehydrocrenatidine, the part of Dehydrocrenatidine shows positive electrostatic potential in
deep position of JAK2 domain, while AG490 shows negative electrostatic potential in the
deep position of JAK2 pocket. It indicates that Dehydrocrenatidine can insert into deeper
position of JAK2 pocket than AG490. So from insight of molecular modeling,

Dehydrocrenatidine is a more promising candidate inhibitor of JAK2 domain.
10
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Dehydrocrenatidine inhibits STAT3 phosphorylation and DU145, M DA-M B-468 cell
viability

To evaluate the specificity and efficiency of Dehydrocrenatidine, we assessed the impact of
Dehydrocrenatidine on JAK-STAT3 constitutively activated cancer cell survival. We choose
DU145 and MDA-MB-468 cells which have been reported to have IL-6 autocrine loop and
persistently activated STAT3 (Berishaj et al., 2007; Okamoto et al., 1997). We treated these
two cell lines with indicated concentrations of Dehydrocrenatidine for 48 hours and
determined cell viability by MTT assay. The viability of DU145 and MDA-MB-468 cells
were significantly decreased upon Dehydrocrenatidine treatment in a dose-dependent manner
(Fig.2A). Meanwhile, we tested the effect of AG490 and AZD1480 on those two cell lines, in
consistent with our virtual screening results, the working concentration of AG490 was much
higher than Dehydrocrenatidine (Fig.2B). In order to rule out the possibility that
Dehydrocrenatidine causes cell death by cytotoxicity, we examined its influence on cell
viability of hTERT-BJ, a telomerase-immortalized cell line derived from a human primary
foreskin fibroblast cell line, and MCF 10A , a non-tumorigenic human breast epithelial cell
line, in which JAK-STAT signaling are not constitutively activated. Like AG490 and
AZD1480, Dehydrocrenatidine showed little inhibition on viability of hTERT-BJ cells and
MCF 10A (Fig.2A). Staurosporine, a pan-tyrosine kinase inhibitor (Fallon, 1990), usually
inhibits many cell processes with no cell type specificity, was used as a control. Staurosporine
had no selectivity on cell growth inhibition among these cell lines (Fig. 2C).

In order to evaluate the impact of Dehydrocrenatidine on STAT3 phosphorylation, DU145 and
MDA-MB-468 cells were treated with 10 uM Dehydrocrenatidine for 2 hours, Western blot
results revealed that JAK2 and STAT3 activity were repressed in both cell lines (Fig.2D). To
exclude nonspecific inhibition, phosphorylation levels of p-AKT and p-P65, key molecules of
two signaling pathways which are also highly involved in tumorigenesis, were assessed. In
contrast, Western blot showed that p-AKT and p-P65 phorphorylation were not changed in the
presence of Dehydrocrenatidine (Fig.2D). LY294002, a PI3K inhibitor and TPCA-1 (Nan et
al., 2014) , a dual inhibitor of STAT3 and NF-kB were used as controls. These data suggested
that Dehydrocrenatidine selectively inhibited JAK-STAT3 signaling without affecting

PI3K-AKT pathway and NF-kB pathway. Moreover, in accordance with cell viability data, in
11
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both DU145 and MDA-MB-468 cell lines, STAT3 tyrosine 705 phosphorylation was
attenuated in a dose-dependent manner (Fig.3A), with ICsy of 11.6 uM and 5.8 uM
respectively, which confirmed its specific inhibition role on JAK-STAT3 signaling. Basal
levels of JAK2 phosphorylation were inhibited in these two cell lines as well. Then we tested
the kinetic of Dehydrocrenatidine on JAK2 and STAT3 activity inhibition, and found that
Dehydrocrenatidine suppressed JAK2 and STAT3 activation in a time-dependent manner
(Fig.3B).We found that basal level phosphorylation of STAT1 and STAT2 were undetectable
under our experiment conditions (data not shown). We have demonstrated that in HEL, a
human erythroleukemic cell line which contains constitutively activating mutation
JAK2V617F (Levine et al., 2005), JAK2, STAT3 and STAT5 phosphorylation were inhibited
in a dose and time dependent manner (Supplemental Figure 7D and 7E).

Dehydrocrenatidine inhibits|L-6 and | FNsinduced STAT activation

To further investigate the impact of Dehydrocrenatidine on cytokines and IFNs induced
STATSs activity, Hela, HepG2 and HEK293T cells were treated with either 1L-6 or IFNs. I1L-6
and IFNs activate STATs through different membrane receptors: IL-6 activates STAT3
through IL-6 receptor and gp130, while IFNa and IFNy signals through type | and type 11
interferon receptors (Murakami et al., 1993; Platanias, 2005). Cells were pretreated with
Dehydrocrenatidine and then treated by IL-6, STAT3 tyrosine 705 phosphorylation was
inhibited in these three cells lines (Fig.4A). Since IL-6 activates STAT3 through JAK1 and
JAK2 (Lutticken et al., 1994; Narazaki et al., 1994), we also detected JAK1 and JAK2
activity. With no surprise, we found that both JAK1 and JAK2 activity induced by IL-6 were
decreased by Dehydrocrenatidine. IFNy activates STAT1 and STAT3 through JAK1 and JAK2
(Stark et al., 1998). Our results showed that IFNy induced STAT1 and STAT3 activation were
blocked by Dehydrocrenatidine. Moreover, Dehydrocrenatidine directly suppressed IFNy
activated JAK1 and JAK2 phosphorylation (Fig.4B). Additionally, we found that IFNa
stimulated TYK2 and STAT3 phosphorylations were diminished by Dehydrocrenatidine
(Fig.4C). Moreover, Dehydrocrenatidine inhibited IFNe, induced STAT3 Phosphorylation in a
dose and time dependent manner in K562 cells (Supplemental Figure 7A and 7B). IFNa also
activates STAT2, and we found that this activation was inhibited by Dehydrocrenatidine.

STAT1 tyrosine 701 phosphorylation level was repressed in the presence of
12
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Dehydrocrenatidine in a dose-dependent manner, with ICso of 8.02 uM (Fig.4D). In addition,
we found that Dehydrocrenatidine inhibited IFNo induced STAT1 and STAT2
phosphorylation in a concentration dependent manner in K562 cells (Supplemental Figure
7C). Since JAK-STAT3 signaling controls cell survival and proliferation by regulating their
downstream genes, it is important to evaluate the effect of inhibitor on the expression of their
target genes. Hela and HepG2 cells were pretreated with Dehydrocrenatidine or DMSO, then
IL-6 was added, mRNA expression of a STAT3 direct downstream gene socs3 was analyzed
by real-time PCR. Results showed that IL-6 alone dramatically induced socs3 mRNA
expression, and this induction was diminished by Dehydrocrenatidine (Fig.4E and 4F).
Similarly, IFNo induced STAT1 regulated gene irfl mRNA expression was suppressed by
Dehydrocrenatidine (Fig.4G).

Dehydrocrenatidine inhibits over-expression of JH1 domain induced JAK-STAT
signaling

To further confirm that Dehydrocrenatidine directly inhibits JAK Kkinase activity, we
introduced JH1 domains of JAKs to HEK293T cells. In these cells, total tyrosine
phosphorylation levels were tremendously elevated (Fig.5A). Exposure of JAKs-JH1
over-expressed cells to Dehydrocrenatidine resulted in decrease in total tyrosine
phosphorylation. Over-expression of JH1 domains of JAK1, JAK2 or TYK2 lead to
up-regulation of STAT1 and STAT3 activation, and this induction was decreased by
Dehydrocrenatidine (Fig.5A). Similar results were obtained from JAK3-JH1 over-expression
cells (Data not shown).These results suggested that Dehydrocrenatidine could inhibit tyrosine
kinase activity of all JAK family members.

It has been reported that STAT3 can be phosphorylated by activated growth factor receptors
such as EGFR, platelet-derived growth factor, and transforming growth factor and c-MET, as
well as by non-receptor kinase such as Src family kinase (Aggarwal et al., 2009; Boccaccio et
al., 1998; Quesnelle et al., 2007; Schindler and Darnell, 1995). We next examined influence
of Dehydrocrenatidine on other tyrosine kinase. Two other tyrosine kinases which can
activate STAT3, EGFR and Src were tested. STAT3 tyrosine 705 phosphorylation can be

stimulated by EGF through EGFR, when we treated Hela cells with EGF, EGFR
13
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phosphorylation and STAT3 phosphorylation were induced. We treated Hela cell with EGF
following Dehydrocrenatidine or Lapatinib, respectively. Dehydrocrenatidine had no
significant effect on EGFR or STAT3 phosphorylation while Lapatinib inhibited both EGFR
and STAT3 activity as previously reported (Fig.5B). In contrast to JAKs-JH1
over-expression cells, in Src over-expression 293T cells, there was no significant change of
Src Y416 phosphorylation and STAT3 Y705 phosphorylation after Dehydrocrenatidine
treatment (Fig.5C). Dasatinib, a BCR-ABL and Src dual inhibitor inhibited both Src and
STATS3 activity. These results verified the specificity of Dehydrocrenatidine on JAK family
kinase.

Dehydrocrenatidine induces apoptosisin DU145 and M DA-M B-468 cells

In order to find out whether Dehydrocrenatidine affect cell viability by inducing apoptosis,
Hoechst staining was performed. We observed highly condensed chromatin stained by
Hoechst in Dehydrocrenatidine treated DU145 and MDA-MB-468 cells compared to DMSO
controls (Fig.6A and Fig.6B). To confirm that Dehydrocrenatidine could induce apoptosis,
DU145 and MDA-MB-468 cells were incubated with 10 uM Dehydrocrenatidine for 24 hours,
and double stained with annexin-V and propidium iodide, then analyzed by flow cytometry.
Among DMSO treated cells, the percentage of Annexin V-positive cells was 3.74% and
6.62%, in DU145 and MDA-MB-468 respectively. Treatment with 10 uM
Dehydrocrenatidine resulted in an increase to 20.46% in DU145 cells, and 31% in
MDA-MB-468 cells (Fig.6C). Western blot further validated that Dehydrocrenatidine induced
cell apoptosis. The presence of PARP cleavage is a marker of apoptosis. Upon treatment with
Dehydrocrenatidine for 24 hours and 48 hours, cleaved PARP was evidently increased in both
DU145 and MDA-MB-468 cells, while total PARP level was decreased. The executer of
apoptosis, cleaved caspase3 level also elevated after Dehydrocrenatidine treatment. Moreover,
Dehydrocrenatidine treatment diminished STAT3 downstream gene c-Myc, Cyclin D1,
Survivin and Bcl-xL expression (Fig.6D).

Dehydrocrenatidine inhibits JAK 2-JH1 kinase activity in vitro

Kinase assay was performed to confirm that Dehydrocrenatidine directly inhibited JAK2-JH1
kinase activity. In consistent with our virtual screening results, Dehydrocrenatidine inhibited

JAK2-JH1 kinase catalyzed STAT3 phosphorylation in vitro, which suggested that
14
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Dehydrocrenatidine directly inhibited JAK2 kinase activity (Fig.7A and Fig.7B).

Discussion

JAKSs kinase play indispensable role in the activation of STAT3 in STAT3 constitutively
activated human cancer cell lines. Richard Jove and Michael Zinda reported that inhibition of
JAK but not Src or EGFR activity ultimately resulted in diminished STAT3 phosphorylation.
Their murine model data also demonstrated the importance of JAK2 in STAT3-dependent
solid tumorigenesis (Hedvat et al., 2009). Due to its importance in solid tumor and
hematopoietic disorders, JAKs inhibitors have become popular targets for drug development.
Although there are already many JAK inhibitors available, certain defects are observed, most
commonly are inhibition on other tyrosine kinase and acquired drug resistance. Physiological
environment is much more complicated than in vitro experiment conditions; there might be
unpredicted toxicity effects of a very potent inhibitor. And it has been reported that using JAK
inhibitors with different mechanism could re-sensitize JAK inhibitor resistant cells in
myeloproliferative neoplasm (Koppikar et al., 2012).Thus, it is necessary to develop new JAK
inhibitors. In this study, we used a computer based screening method to identify small
molecular inhibitors of JAK2. We found a natural product Dehydrocrenatidine, which could
block JAKs kinase activity through inhibiting JH1 domain. Kinase assay revealed that
Dehydrocrenatidine inhibits JAK2-JH1 kinase activity in vitro. Besides, molecular docking
results showed that Dehydrocrenatidine can bind to residues E957, F958, L959 of JAKL,
residue Y931, L932 and P9330f JAK2, residues E903, L905, D967 of JAK3 and E905, E979,
Y980 of TYK2, respectively (Supplemental Figure 6). However, ICs, of in vitro kinase assay is
higher than cell based assay. There might be two reasons: first, the kinase catalytic reaction was
incubated for 2 hours, because STAT3 phosphorylation was undetectable with shorter time
incubation. While, catalytic reaction with 32p -labelled ATP usually requires an incubation time
for only 5-15 minutes. Once incubation time was long enough when STAT3 phosphorylation
could be detected, the “leaky activity” made it difficult to observe the inhibition at low
concentrations. Second, in in vivo conditions, kinase and phosphotase are dynamically balanced,
while in in vitro assay, the kinase catalytic reaction keeps going on before substrates are saturated.
We demonstrated that Dehydrocrenatidine inhibited constitutively activated JAK2 and STAT3

in DU145 and MDA-MB-468 cells in a dose-dependent and time-dependent manner, and it
15
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also suppressed IL-6, IFNa and IFNy stimulated JAK activity and STAT3 phosphorylation.
Nevertheless, it showed little effect on EGF and Src induced STAT3 activity. Our results
demonstrated that Dehydrocrenatidine directly inhibited JAK2 and TYK2 phosphorylation
but had no significant effect on EGFR and Src phosphorylation. These results indicate that
Dehydrocrenatidine selectively inhibits JAK family activity. Furthermore Dehydrocrenatidine
suppressed IFNo induced STAT1 and STAT2 activity and JAK2V617F mutation induced
STAbS activity. JAK-STAT signaling controls cell proliferation through regulating expression
of their downstream genes, some of which are essential for cell proliferation. Our results
revealed that Dehydrocrenatidine could reduce both IL-6 and IFNa induced gene expression.
A longer time treatment also diminished STAT3 downstream gene c-Myc, Cyclin D1,
Survivin and Bcl-xL expression. We also detected the impact of Dehydrocrenatidine on cell
survival. MTT assay showed that Dehydrocrenatidine inhibited STAT3 constitutively
activated cancer cell lines DU145 and MDA-MB-468 viability in a dose-dependent manner,
but showed little effect on the survival of human fibroblast cell line hTERT-BJ cells and
human breast epithelial cell line MCF 10A. Hoechst staining and Flow Cytometric Analysis
of apoptosis results indicated that Dehydrocrenatidine induced apoptosis. Western blot
demonstrated that after treatment with Dehydrocrenatidine for 24 hours and 48 hours, the
amount of cleaved PARP increased and the level of total PARP decreased. The executor of
apoptosis—cleaved caspase3 level was also increased. These data confirmed that
Dehydrocrenatidine inhibited cancer cell survival by inducing apoptosis. However, whether
Dehydrocrenatidine induced apoptosis is JAK-STAT pathway dependent needs to be further
validated. We could not rule out the possibility that Dehydrocrenatidine could induce
apoptosis through JAK-STAT pathway independent mechanisms. In conclusion, we have
discovered a novel natural product inhibitor of JAKs, Dehydrocrenatidine, which may gives

new insights for therapy of hyperactivated JAK2 related malignances.

16

202 ‘6 |Udy uo sfeudnor 134SY e Blo'seulnofiedse wireyd jow wioJ) papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 12, 2015 as DOI: 10.1124/mol.114.095208
This article has not been copyedited and formatted. The final version may differ from this version.

MOL #95208

Acknowledgments
We thank Gansu Computing Center for sharing the license of Gaussian 09, Revision C.01

and computational resource.

Author ship Contributions

Participated in research design: J.Zhang, Zhu, Wang and Yang.

Conducted experiments: J.Zhang, Zhu, Bai and Chen.

Contributed new reagents or analytic tools: Bai,Du,Nan,Qin,X.X. Zhang and Hou.
Performed data analysis: J.Zhang, Zhu, Bai, Du, Nan and Qin.

Wrote or contributed to the writing of the manuscript: J.Zhang, Zhu, Bai and Yang.

17

202 ‘6 |Udy uo sfeudnor 134SY e Blo'seulnofiedse wireyd jow wioJ) papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 12, 2015 as DOI: 10.1124/mol.114.095208
This article has not been copyedited and formatted. The final version may differ from this version.

MOL #95208

References

Adelaide J, Perot C, Gelsi-Boyer V, Pautas C, Murati A, Copie-Bergman C, Imbert M, Chaffanet M,
Birnbaum D and Mozziconacci MJ (2006) A t(8;9) translocation with PCM1-JAK2 fusion in a
patient with T-cell lymphoma. Leukemia 20(3): 536-537.

Aggarwal BB, Vijayalekshmi RV and Sung B (2009) Targeting inflammatory pathways for prevention
and therapy of cancer: short-term friend, long-term foe. Clin Cancer Res 15(2): 425-430.

Akira S, Nishio Y, Inoue M, Wang XJ, Wei S, Matsusaka T, Yoshida K, Sudo T, Naruto M and
Kishimoto T (1994) Molecular cloning of APRF, a novel IFN-stimulated gene factor 3
p91-related transcription factor involved in the gp130-mediated signaling pathway. Cell 77(1):
63-71.

Baell JB and Holloway GA (2010) New substructure filters for removal of pan assay interference
compounds (PAINS) from screening libraries and for their exclusion in bioassays. J Med
Chem53(7): 2719-2740.

Bai Q, Shao Y, Pan D, Zhang Y, Liu H and Yao X (2014) Search for beta2 adrenergic receptor ligands
by virtual screening via grid computing and investigation of binding modes by docking and
molecular dynamics simulations. PLoS One 9(9): e107837.

Baker NA, Sept D, Joseph S, Holst MJ and McCammon JA (2001) Electrostatics of nanosystems:
application to microtubules and the ribosome. Proc Natl Acad Sci U SA 98(18): 10037-10041.

Berishaj M, Gao SP, Ahmed S, Leslie K, Al-Ahmadie H, Gerald WL, Bornmann W and Bromberg JF
(2007) Stat3 is tyrosine-phosphorylated through the interleukin-6/glycoprotein 130/Janus
kinase pathway in breast cancer. Breast Cancer Res 9(3): R32.

Boccaccio C, Ando M, Tamagnone L, Bardelli A, Michieli P, Battistini C and Comoglio PM (1998)
Induction of epithelial tubules by growth factor HGF depends on the STAT pathway. Nature
391(6664): 285-288.

Bromberg JF, Wrzeszczynska MH, Devgan G, Zhao Y, Pestell RG, Albanese C and Darnell JE, Jr. (1999)
Stat3 as an oncogene. Cell 98(3): 295-303.

Chen X, Du Y, Nan J, Zhang X, Qin X, Wang Y, Hou J, Wang Q and Yang J (2013) Brevilin A, a novel
natural product, inhibits janus kinase activity and blocks STAT3 signaling in cancer cells.
PL0S One 8(5): e63697.

Darnell JE, Jr. (1997) STATs and gene regulation. Science 277(5332): 1630-1635.

Darnell JE, Jr., Kerr IM and Stark GR (1994) Jak-STAT pathways and transcriptional activation in
response to IFNs and other extracellular signaling proteins. Science 264(5164): 1415-1421.

Dewar MJ, Zoebisch EG, Healy EF and Stewart JJ (1985) Development and use of quantum
mechanical molecular models. 76. AM1: a new general purpose quantum mechanical
molecular model. Journal Of The American Chemical Society 107(13): 3902-3909.

Dhir R, Ni Z, Lou W, DeMiguel F, Grandis JR and Gao AC (2002) Stat3 activation in prostatic
carcinomas. Prostate 51(4): 241-246.

Duhe RJ, Clark EA and Farrar WL (2002) Characterization of the in vitro kinase activity of a partially
purified soluble GST/JAK2 fusion protein. Molecular and cellular biochemistry 236(1-2):
23-35.

Fallon RJ (1990) Staurosporine inhibits a tyrosine protein kinase in human hepatoma cell membranes.
Biochem Biophys Res Commun 170(3): 1191-1196.

18

202 ‘6 |Udy uo sfeudnor 134SY e Blo'seulnofiedse wireyd jow wioJ) papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 12, 2015 as DOI: 10.1124/mol.114.095208
This article has not been copyedited and formatted. The final version may differ from this version.

MOL #95208

Frisch MJ, Trucks GW, Schlegel HB, Scuseria GE, Robb MA, Cheeseman JR, Scalmani G, Barone V,
Mennucci B, Petersson GA, Nakatsuji H, Caricato M, Li X, Hratchian HP, Izmaylov AF,
Bloino J, Zheng G, Sonnenberg JL, Hada M, Ehara M, Toyota K, Fukuda R, Hasegawa J,
Ishida M, Nakajima T, Honda Y, Kitao O, Nakai H, Vreven T, Montgomery JA, Peralta JE,
Ogliaro F, Bearpark M, Heyd JJ, Brothers E, Kudin KN, Staroverov VN, Kobayashi R,
Normand J, Raghavachari K, Rendell A, Burant JC, lyengar SS, Tomasi J, Cossi M, Rega N,
Millam JM, Klene M, Knox JE, Cross JB, Bakken V, Adamo C, Jaramillo J, Gomperts R,
Stratmann RE, Yazyev O, Austin AJ, Cammi R, Pomelli C, Ochterski JW, Martin RL,
Morokuma K, Zakrzewski VG, Voth GA, Salvador P, Dannenberg JJ, Dapprich S, Daniels AD,
Farkas, Foresman JB, Ortiz JV, Cioslowski J and Fox DJ (2009) Gaussian 09, Revision C.01,
Wallingford CT.

Garcia R, Bowman TL, Niu G, Yu H, Minton S, Muro-Cacho CA, Cox CE, Falcone R, Fairclough R,
Parsons S, Laudano A, Gazit A, Levitzki A, Kraker A and Jove R (2001) Constitutive
activation of Stat3 by the Src and JAK tyrosine kinases participates in growth regulation of
human breast carcinoma cells. Oncogene 20(20): 2499-2513.

Griesinger F, Hennig H, Hillmer F, Podleschny M, Steffens R, Pies A, Wormann B, Haase D and
Bohlander SK (2005) A BCR-JAK2 fusion gene as the result of a t(9;22)(p24;911.2)
translocation in a patient with a clinically typical chronic myeloid leukemia. Genes
Chromosomes Cancer 44(3): 329-333.

Harmar AJ, Hills RA, Rosser EM, Jones M, Buneman OP, Dunbar DR, Greenhill SD, Hale VA,
Sharman JL, Bonner TI, Catterall WA, Davenport AP, Delagrange P, Dollery CT, Foord SM,
Gutman GA, Laudet V, Neubig RR, Ohlstein EH, Olsen RW, Peters J, Pin JP, Ruffolo RR,
Searls DB, Wright MW and Spedding M (2009) IUPHAR-DB: the IUPHAR database of G
protein-coupled receptors and ion channels. Nucleic Acids Res 37(Database issue): D680-685.

He J, Shi J, Xu X, Zhang W, Wang Y, Chen X, Du Y, Zhu N, Zhang J, Wang Q and Yang J (2012)
STAT3 mutations correlated with hyper-IgE syndrome lead to blockage of IL-6/STAT3
signalling pathway. J Biosci 37(2): 243-257.

Hedvat M, Huszar D, Herrmann A, Gozgit JM, Schroeder A, Sheehy A, Buettner R, Proia D, Kowolik
CM, Xin H, Armstrong B, Bebernitz G, Weng S, Wang L, Ye M, McEachern K, Chen H,
Morosini D, Bell K, Alimzhanov M, loannidis S, McCoon P, Cao ZA, Yu H, Jove R and Zinda
M (2009) The JAK2 inhibitor AZD1480 potently blocks Stat3 signaling and oncogenesis in
solid tumors. Cancer Cell 16(6): 487-497.

loannidis S, Lamb ML, Wang T, Almeida L, Block MH, Davies AM, Peng B, Su M, Zhang HJ,
Hoffmann E, Rivard C, Green |, Howard T, Pollard H, Read J, Alimzhanov M, Bebernitz G,
Bell K, Ye M, Huszar D and Zinda M (2011) Discovery of
5-chloro-N2-[(1S)-1-(5-fluoropyrimidin-2-yl)ethyl]-N4-(5-methyl-1H-pyrazol-3-yl)p
yrimidine-2,4-diamine (AZD1480) as a novel inhibitor of the Jak/Stat pathway. J Med Chem
54(1): 262-276.

Irwin JJ and Shoichet BK (2005) ZINC--a free database of commercially available compounds for
virtual screening. Journal of chemical information and modeling 45(1): 177-182.

Johnston JA, Kawamura M, Kirken RA, Chen YQ, Blake TB, Shibuya K, Ortaldo JR, McVicar DW
and O'Shea JJ (1994) Phosphorylation and activation of the Jak-3 Janus kinase in response to
interleukin-2. Nature 370(6485): 151-153.

Koppikar P, Bhagwat N, Kilpivaara O, Manshouri T, Adli M, Hricik T, Liu F, Saunders LM, Mullally A,

19

202 ‘6 |Udy uo sfeudnor 134SY e Blo'seulnofiedse wireyd jow wioJ) papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 12, 2015 as DOI: 10.1124/mol.114.095208
This article has not been copyedited and formatted. The final version may differ from this version.

MOL #95208

Abdel-Wahab O, Leung L, Weinstein A, Marubayashi S, Goel A, Gonen M, Estrov Z, Ebert
BL, Chiosis G, Nimer SD, Bernstein BE, Verstovsek S and Levine RL (2012) Heterodimeric
JAK-STAT activation as a mechanism of persistence to JAK2 inhibitor therapy. Nature
489(7414): 155-159.

Kralovics R, Passamonti F, Buser AS, Teo SS, Tiedt R, Passweg JR, Tichelli A, Cazzola M and Skoda
RC (2005) A gain-of-function mutation of JAK2 in myeloproliferative disorders. N Engl J
Med 352(17): 1779-1790.

Kuntz ID, Blaney JM, Oatley SJ, Langridge R and Ferrin TE (1982) A geometric approach to
macromolecule-ligand interactions. Journal of molecular biology 161(2): 269-288.

Levine RL, Loriaux M, Huntly BJ, Loh ML, Beran M, Stoffregen E, Berger R, Clark JJ, Willis SG,
Nguyen KT, Flores NJ, Estey E, Gattermann N, Armstrong S, Look AT, Griffin JD, Bernard
OA, Heinrich MC, Gilliland DG, Druker B and Deininger MW (2005) The JAK2V617F
activating mutation occurs in chronic myelomonocytic leukemia and acute myeloid leukemia,
but not in acute lymphoblastic leukemia or chronic lymphocytic leukemia. Blood 106(10):
3377-3379.

Levy DE and Inghirami G (2006) STAT3: a multifaceted oncogene. Proc Natl Acad Sci U S A 103(27):
10151-10152.

Lim J, Taoka B, Otte RD, Spencer K, Dinsmore CJ, Altman MD, Chan G, Rosenstein C, Sharma S, Su
HP, Szewczak AA, Xu L, Yin H, Zugay-Murphy J, Marshall CG and Young JR (2011)
Discovery of 1-amino-5H-pyrido[4,3-b]indol-4-carboxamide inhibitors of Janus kinase 2
(JAK2) for the treatment of myeloproliferative disorders. Journal of medicinal chemistry
54(20): 7334-7349.

Liu BH, Chi JY, Hsiao YW, Tsai KD, Lee YJ, Lin CC, Hsu SC, Yang SM and Lin TH (2010) The
fungal metabolite, citrinin, inhibits lipopolysaccharide/interferon-gamma-induced nitric oxide
production in glomerular mesangial cells. Int Immunopharmacol 10(12): 1608-1615.

Lutticken C, Wegenka UM, Yuan J, Buschmann J, Schindler C, Ziemiecki A, Harpur AG, Wilks AF,
Yasukawa K, Taga T and et al. (1994) Association of transcription factor APRF and protein
kinase Jakl with the interleukin-6 signal transducer gp130. Science 263(5143): 89-92.

Morris GM, Huey R, Lindstrom W, Sanner MF, Belew RK, Goodsell DS and Olson AJ (2009)
AutoDock4 and AutoDockTools4: Automated docking with selective receptor flexibility.
Journal of computational chemistry 30(16): 2785-2791.

Murakami M, Hibi M, Nakagawa N, Nakagawa T, Yasukawa K, Yamanishi K, Taga T and Kishimoto T

(1993) IL-6-induced homodimerization of gp130 and associated activation of a tyrosine kinase.

Science 260(5115): 1808-1810.

Nan J, Du Y, Chen X, Bai Q, Wang Y, Zhang X, Zhu N, Zhang J, Hou J, Wang Q and Yang J (2014)
TPCA-1 Is a Direct Dual Inhibitor of STAT3 and NF-kappaB and Regresses Mutant
EGFR-Associated Human Non-Small Cell Lung Cancers. Mol Cancer Ther 13(3): 617-629.

Narazaki M, Witthuhn BA, Yoshida K, Silvennoinen O, Yasukawa K, lhle JN, Kishimoto T and Taga T
(1994) Activation of JAK2 kinase mediated by the interleukin 6 signal transducer gp130. Proc
Natl Acad Sci U SA 91(6): 2285-2289.

Okamoto M, Lee C and Oyasu R (1997) Interleukin-6 as a paracrine and autocrine growth factor in
human prostatic carcinoma cells in vitro. Cancer Res57(1): 141-146.

Pardanani A, Gotlib JR, Jamieson C, Cortes JE, Talpaz M, Stone RM, Silverman MH, Gilliland DG,
Shorr J and Tefferi A (2011) Safety and efficacy of TG101348, a selective JAK2 inhibitor, in

20

202 ‘6 |Udy uo sfeudnor 134SY e Blo'seulnofiedse wireyd jow wioJ) papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 12, 2015 as DOI: 10.1124/mol.114.095208
This article has not been copyedited and formatted. The final version may differ from this version.

MOL #95208

myelofibrosis. J Clin Oncol 29(7): 789-796.

Platanias LC (2005) Mechanisms of type-I- and type-ll-interferon-mediated signalling. Nat Rev
Immunol 5(5): 375-386.

Plimack ER, Lorusso PM, McCoon P, Tang W, Krebs AD, Curt G and Eckhardt SG (2013) AZD1480: a
phase | study of a novel JAK2 inhibitor in solid tumors. Oncologist 18(7): 819-820.

Quentmeier H, MacLeod RA, Zaborski M and Drexler HG (2006) JAK2 V617F tyrosine kinase
mutation in cell lines derived from myeloproliferative disorders. Leukemia 20(3): 471-476.

Quesnelle KM, Boehm AL and Grandis JR (2007) STAT-mediated EGFR signaling in cancer. J Cell
Biochem 102(2): 311-3109.

Quintas-Cardama A, Manshouri T, Estrov Z, Harris D, Zhang Y, Gaikwad A, Kantarjian HM and
Verstovsek S (2011) Preclinical characterization of atiprimod, a novel JAK2 AND JAK3
inhibitor. Invest New Drugs 29(5): 818-826.

Schindler C and Darnell JE, Jr. (1995) Transcriptional responses to polypeptide ligands: the JAK-STAT
pathway. Annu Rev Biochem 64: 621-651.

Silver DL, Naora H, Liu J, Cheng W and Montell DJ (2004) Activated signal transducer and activator
of transcription (STAT) 3: localization in focal adhesions and function in ovarian cancer cell
motility. Cancer Res 64(10): 3550-3558.

Stark GR, Kerr IM, Williams BR, Silverman RH and Schreiber RD (1998) How cells respond to
interferons. Annu Rev Biochem 67: 227-264.

Steensma DP, Dewald GW, Lasho TL, Powell HL, McClure RF, Levine RL, Gilliland DG and Tefferi A
(2005) The JAK2 V617F activating tyrosine kinase mutation is an infrequent event in both
"atypical" myeloproliferative disorders and myelodysplastic syndromes. Blood 106(4):
1207-12009.

Trott O and Olson AJ (2010) AutoDock Vina: improving the speed and accuracy of docking with a new
scoring function, efficient optimization, and multithreading. Journal of computational
chemistry 31(2): 455-461.

Vainchenker W, Dusa A and Constantinescu SN (2008) JAKSs in pathology: role of Janus kinases in
hematopoietic malignancies and immunodeficiencies. Semin Cell Dev Biol 19(4): 385-393.

Valentino L and Pierre J (2006) JAK/STAT signal transduction: regulators and implication in
hematological malignancies. Biochem Pharmacol 71(6): 713-721.

Wang J, Wang W, Kollman PA and Case DA (2006) Automatic atom type and bond type perception in
molecular mechanical calculations. Journal of molecular graphics & modelling 25(2):
247-260.

21

202 ‘6 |Udy uo sfeudnor 134SY e Blo'seulnofiedse wireyd jow wioJ) papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 12, 2015 as DOI: 10.1124/mol.114.095208
This article has not been copyedited and formatted. The final version may differ from this version.

MOL #95208

Footnotes
Jing Zhang and Ning Zhu contributed equally to this work.

This work was supported by the Science and Technology Support Project of Gansu
Providence [grant 1104FK CA123]; the Ministry of Science and Technology of the People's
Republic of China [grant 2009DFA30990]; Gansu Provincial Science and Technology [grant

0708WCGA14; and National Natural Science Foundation of China [grant 2009AA01A130].

22

202 ‘6 |Udy uo sfeudnor 134SY e Blo'seulnofiedse wireyd jow wioJ) papeojumod


http://molpharm.aspetjournals.org/

Molecular Pharmacology Fast Forward. Published on January 12, 2015 as DOI: 10.1124/mol.114.095208
This article has not been copyedited and formatted. The final version may differ from this version.

MOL #95208

Figure Legend

Fig.1. The electrostatic potentials of receptor and ligands. (A) The electrostatic potentials of
AG490 and the pocket of JAK2. (B) The electrostatic potentials of Dehydrocrenatidine and
the pocket of JAK2. Dehydrocrenatidine can insert into the deeper position of JAK2 domain

based on the analysis of molecular shape and electrostatic potential.

Fig.2. Dehydrocrenatidine inhibited STAT3 hyperactivated cancer cell survival and STAT3
phosphorylation without affecting P65 and Akt phosphorylation. hTERT-BJ, DU145,
MDA-MB-468 and MCF 10A cells were treated with (A) Dehydrocrenatidine, (B) AG490, (C)
AZD1480 and (D) Staurosporine as indicated concentrations for 48 hours, cell viability was
measured by MTT assay. (E) DU145 and MDA-MB-468 cells were treated with DMSO,
Dehydrocrenatidine (10 uM), Ly294002 (50 mM) and TPCA-1 (1 uM) for 2 hours and

Western blotted.

Fig.3. Dehydrocrenatidine inhibited STAT3 phosphorylation in DU145 and MDA-MB-468
cells in a dose and time dependent manner. (A) DU145 and MDA-MB-468 cells were treated
with indicated concentrations of Dehydrocrenatidine for 2 hours, and cell lysates were blotted
by indicated antibodies. DMSO was used as control. p-STAT3/STAT3 relative density was
measured by Image J and 1Cso was calculated by SPSS. (B) DU145 and MDA-MB-468 cells
were treated with 10 uM Dehydrocrenatidine for indicated time points, and cell extracts were

analyzed by Western blot. DMSO was used as control.

Fig.4. Dehydrocrenatidine inhibited 1L-6 and IFNs induced STAT3 phosphorylation and their
downstream gene expression. (A) Hela, HepG2 and HEK 293T cells were cultured in DMEM
with 0.2% FBS for 12 hours, serum starved cells were pretreated with DMSO or
Dehydrocrenatidine (10 uM) for 1 hour and stimulated by I1L-6 (250 ng/ml) for 2 hours, cell
lysates were blotted by indicated antibodies. (B) Serum starved Hela cells were incubated

with DMSO or Dehydrocrenatidine (10 pM) for 1 hour and treated with IFNy (150 U/ml) or
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(C) IFNa (5000 U/ml) for 2 hours, cells lysates were blotted by indicated antibodies. (D)
Serum starved Hela cells were incubated with DMSO or Dehydrocrenatidine with indicated
concentrations for 1 hour and stimulated with IFN¢ (5000 U/ml) for 2 hours, cells lysates
were blotted by indicated antibodies. p-STAT1/STAT1 relative density was measured by
Image J and 1Cso was calculated by SPSS. (E) Hela and (F) HepG2 cells were serum starved
and pretreated with DMSO or Dehydrocrenatidine (10 uM) for 1 hour and stimulated by 1L-6
(250 ng/ml) for 4 hours, socs3 mRNA levels were analyzed by RT-gPCR. (G) Serum starved
Hela cells were pretreated with DMSO or Dehydrocrenatidine (10 uM) for 1 hour and
stimulated by IFNa (5000 U/ml) for 4 hours, irfl mRNA levels were analyzed by RT-qPCR.
Data are mean + SD of three independent experiments. ***P< 0.001, one-way analysis of

variance (ANOVA).

Fig.5. Dehydrocrenatidine inhibited over-expression of JH1 domain of JAK1, JAK2, TYK2
induced protein phosphorylation.(A) HEK293T cells transfected with JH1 domain of JAK1,
JAK2, TYK2 were treated with Dehydrocrenatidine (15 uM) for 4 hours and blotted by
indicated antibodies. (B) Serum starved Hela cells were pretreated with DMSO,
Dehydrocrenatidine (15 pM), or Lapatinib (10 pM) for 1 hour and stimulated with EGF
(50ng/ml) for 30 minutes, cell lysates were Western blotted. (C) HEK293T cells
over-expressing c-Src were incubated with Dehydrocrenatidine (15 uM) or Dasatinib (500 nM)

for 4 hours. Cell lysates were analyzed by Western blot.

Fig.6. Dehydrocrenatidine induced apoptosis.(A) DU145 and (B) MDA-MB-468 cells were
plated on coverslips, after 12 hours, fresh media were replaced, DMSO (a.c) or
Dehydrocrenatidine (10 uM) (b,d) were added, after 16 hours treatment, cells were stained
with hochest and visualized under microscope (a,b 40xmagnification) (c,d 20xmagnification)
(C) DU145 and MDA-MB-468 cells were treated with DMSO or Dehydrocrenatidine (10 uM)
for 24 hours, double stained by annexin V and propidium iodide and flow cytometry were
performed. (D) DU145 and MDA-MB-468 cells were treated with Dehydrocrenatidine (10
uM) for 24 or 48 hours. Cell lysates were analyzed by Western blot. DMSO was used as

control.
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Fig.7. Dehydrocrenatidine inhibited JAK2-JH1 induced STAT3 phosphorylation. (A)
Recombined hSTAT3 protein and purified JAK2-JH1 kinase domain protein were used for
kinase assay. Dehydrocrenatidine were applied at the concentration series at 20, 40, 80, 100 or
200 uM.p-STAT3 levels were analyzed by Western blot. (B) Three independent kinase assays
were performed, p-STAT3/STAT3 relative density were quantified by image J. Data indicates

mean £ SD of three independent experiments.
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Figure 1
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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