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Figure 6. Aschantin inhibits cancer cell growth by induction of c-Jun destabilization. (A) mTOR protein levels in various cancer cells. Pancreatic and prostate cancer
cells as indicated were cultured with appropriate complete culture medium. The proteins were extracted and phospho- and total-mTOR proteins were visualized by
western blotting. (B) Aschantin inhibits colony growth of MIAPaCa-2 and LNCaP cells in soft agar. MIAPaCa-2 and LNCaP cells (8 x 10°) were exposed to indicated doses of
aschantin in 1ml of 0.3% BME agar containing 10% FBS. The cultures were maintained in a 37°C, 5% CO, incubator for 21 days, and then colonies were counted using an
ECLIPSE Ti inverted microscope and the NIS-Elements AR (V. 4.0) computer software program. (C) Knockdown of mTOR suppresses colony growth in soft agar in LNCaP
cells. MIAPaCa-2 and LNCaP cells (8 x 10%) stably expressing pLenti-mock or -sh-mTOR were exposed to indicated doses of aschantin in 1ml of 0.3% BME agar containing
10% FBS. The cultures were maintained in a 37°C, 5% CO, incubator for 21 days, and then colonies were counted using an ECLIPSE Ti inverted microscope and the NIS-
Elements AR (V. 4.0) computer software program. (D) Aschantin modulates Akt-mediated signaling in LNCaP cells. LNCaP cells (1 x 10°) were seeded into 100-mm culture
dishes and treated with aschantin as indicated. The protein was extracted and specific protein levels were visualized by western blotting as indicated. (E) Aschantin
inhibits AP-1 transactivation activity in LNCaP cells. LNCaP (2x 10%) cells stably transfected with AP-1 luciferase reporter plasmid were seeded into 24-well plates and
cultured for 24h. The cells were treated with indicated doses of aschantin for 12h. Firefly luciferase activity was measured as described in Materials and Methods. (F)
ATP-competitive inhibitor of mTOR suppresses the protein levels of phospho-Akt at Ser473 and total-c-Jun. LNCaP cells (1 x 10°) were seeded into 100-mm culture dishes
and treated with AZD8055 as indicated. The protein was extracted and phospho- and -total Akt and total-c-Jun protein were visualized by western blotting. (G) Aschan-
tin does not alter c-jun mRNA expression in LNCaP cells. LNCaP cells (2 x 10%) were seeded in 60-mm cell culture dishes and cultured overnight. The cells were treated
with cycloheximide (CHX) either presence of MG132 (10 uM) or not for for 30min. The cells were harvested, and total RNAs were extracted using Trizol Reagent. The c-jun
gene expression was analyzed by real-time PCR using a c-jun specific real-time primer set. (H) Aschantin induces c-Jun ubiquitination in LNCaP cells. LNCaP cells (1 x 10°)
were seeded in 100-mm cell culture dishes, transfected with HA-mock or HA-ubiquitin expression vector, and cultured for 24h. The transfected cells were treated with
indicated doses of aschantin and MG132 (10 uM) for 6h. The endogenous c-Jun protein was immunoprecipitated and ubiquitin-conjugated c-Jun protein level was
visualized by Western blotting using specific antibodies as indicated. (A, D, E and F) p-Actin was used for an internal control to verify equal protein loading. (B, C and
E) Data are presented the mean = SD of values from triplicate experiments and statistical significance was determined using the Student’s t-test (*P < 0.05; **P < 0.01).
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is a natural compound targeting mTOR kinase domain with an
IC,, of ~400nM, and is a potentially valuable chemopreventative
or therapeutic agent.

Supplementary material

Supplementary Materials and Methods and Figures 1-6 can be
found at http://carcin.oxfordjournals.org/

Funding

This study was supported by the Research Fund,
M-2012-B0002-00028 of The Catholic University of Korea, by
Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education,
Science and Technology (2012R1A1A2000961), by a grant from
KRIBB Initiative Program (KGM1221313) and by the Ministry
of Science, ICT and Future Planning (2012M3A9B6055466 and
NRF-2014R1A2A11050004).

Conflict of interest statement: None declared.

References

1. Guertin, D.A. et al. (2007) Defining the role of mTOR in cancer. Cancer
Cell, 12, 9-22.

2. Lindsley, J.E. et al. (2004) Nutrient sensing and metabolic decisions.
Comp. Biochem. Physiol. B. Biochem. Mol. Biol., 139, 543-559.

3. Sarbassov, D.D. et al. (2005) Growing roles for the mTOR pathway. Curr.
Opin. Cell Biol., 17, 596-603.

4. O'Reilly, K.E. et al. (2006) mTOR inhibition induces upstream receptor
tyrosine kinase signaling and activates Akt. Cancer Res., 66, 1500-1508.

5. Chresta, C.M. et al. (2010) AZD8055 is a potent, selective, and orally
bioavailable ATP-competitive mammalian target of rapamycin kinase
inhibitor with in vitro and in vivo antitumor activity. Cancer Res., 70,
288-298.

6. Thoreen, C.C. et al. (2009) An ATP-competitive mammalian target of
rapamyecin inhibitor reveals rapamycin-resistant functions of mTORC1.
J. Biol. Chem., 284, 8023-8032.

7. Janes, M.R. et al. (2010) Effective and selective targeting of leukemia
cells using a TORC1/2 kinase inhibitor. Nat. Med., 16, 205-213.

8. Zoncuy, R. et al. (2011) mTOR: from growth signal integration to cancer,
diabetes and ageing. Nat. Rev. Mol. Cell Biol., 12, 21-35.

9. Fan, QW. et al. (2006) A dual PI3 kinase/mTOR inhibitor reveals emer-
gent efficacy in glioma. Cancer Cell, 9, 341-349.

10. Liu, TJ. et al. (2009) NVP-BEZ235, a novel dual phosphatidylinositol
3-kinase/mammalian target of rapamycin inhibitor, elicits multifaceted
antitumor activities in human gliomas. Mol. Cancer Ther., 8, 2204-2210.

11. Huang, C. et al. (1998) Shortage of mitogen-activated protein kinase is
responsible for resistance to AP-1 transactivation and transformation
in mouse JB6 cells. Proc. Natl. Acad. Sci. USA, 95, 156-161.

12. Bode, A.M. et al. (2003) Mitogen-activated protein kinase activation in
UV-induced signal transduction. Sci. STKE, 2003, RE2.

13. Liu, K. et al. (2011) Eriodictyol inhibits RSK2-ATF1 signaling and sup-
presses EGF-induced neoplastic cell transformation. J. Biol. Chem., 286,
2057-2066.

14. Maeno, K. et al. (2006) Altered regulation of c-jun and its involvement
in anchorage-independent growth of human lung cancers. Oncogene,
25,271-277.

15. Cho, Y.Y. et al. (2009) Cyclin-dependent kinase-3-mediated c-Jun phos-
phorylation at Ser63 and Ser73 enhances cell transformation. Cancer
Res., 69, 272-281.

16. Wei, W. et al. (2005) The v-Jun point mutation allows c-Jun to escape
GSK3-dependent recognition and destruction by the Fbw7 ubiquitin
ligase. Cancer Cell, 8, 25-33.

17. Shen, Y. et al. (2008) Inhibitions of mast cell-derived histamine release
by different Flos Magnoliae species in rat peritoneal mast cells. Phy-
tomedicine, 15, 808-814.

18. Lee, CJ. et al. (2013) Targeting of magnolin on ERKs inhibits Ras/ERKs/
RSK2-signaling-mediated neoplastic cell transformation. Carcinogenesis.

19.

20.

21.

22.

23.

24,

25.

2

o

2

N

28.

29.

30.

31.

32.

3

w

34.

35.

36.

37.

38.

3

el

40.

41.

4

N

4

w

44.

C.-J.Leeetal. | 1233

Lee, HK. et al. (2002) New Lignans Isolated From Magnolia flos with
Leukotriene Synthesis Inhibitory Activity. Korea Intellectual Property
Offcie, Korea Patent # 10-0321313-0000. Korea Institute of Science &
Technology, Korea.

Colburn, N.H. et al. (1981) Dissociation of mitogenesis and late-stage
promotion of tumor cell phenotype by phorbol esters: mitogen-resist-
ant variants are sensitive to promotion. Proc. Natl. Acad. Sci. USA, 78,
6912-6916.

Jun, A.Y. et al. (2012) Extract of Magnoliae Flos inhibits ovariectomy-
induced osteoporosis by blocking osteoclastogenesis and reducing
osteoclast-mediated bone resorption. Fitoterapia, 83, 1523-1531.
Memmott, R.M. et al. (2009) Akt-dependent and -independent mecha-
nisms of mTOR regulation in cancer. Cell. Signal., 21, 656-664.
Sarbassov, D.D. et al. (2005) Phosphorylation and regulation of Akt/PKB
by the rictor-mTOR complex. Science, 307, 1098-1101.

Lee, CJ. et al. (2013) RSK2-induced stress tolerance enhances cell sur-
vival signals mediated by inhibition of GSK3p activity. Biochem. Bio-
phys. Res. Commun., 440, 112-118.

Smeal, T. et al. (1992) Oncoprotein-mediated signalling cascade stimu-
lates c-Jun activity by phosphorylation of serines 63 and 73. Mol. Cell.
Biol., 12, 3507-3513.

. Woodgett, J.R. et al. (1993) Regulation of jun/AP-1 oncoproteins by pro-

tein phosphorylation. Adv. Second Messenger Phosphoprotein Res., 28,
261-269.

. Srinivas, S. et al. (1994) Polyomavirus middle-sized tumor antigen

modulates c-Jun phosphorylation and transcriptional activity. Proc.
Natl. Acad. Sci. USA, 91, 10064-10068.

Morton, S. et al. (2003) A reinvestigation of the multisite phosphoryla-
tion of the transcription factor c-Jun. EMBO J., 22, 3876-3886.

Du, K. et al. (1998) CREB is a regulatory target for the protein kinase Akt/
PKB. ]. Biol. Chem., 273, 32377-32379.

Brennan, P. et al. (1997) Phosphatidylinositol 3-kinase couples the
interleukin-2 receptor to the cell cycle regulator E2F. Immunity, 7, 679-
689.

Kane, L.P. et al. (1999) Induction of NF-kappaB by the Akt/PKB kinase.
Curr. Biol,, 9, 601-604.

Buitenhuis, M. et al. (2009) The role of the PI3K-PKB signaling module
in regulation of hematopoiesis. Cell Cycle, 8, 560-566.

. McCubrey, J.A. et al. (2012) Mutations and deregulation of Ras/Raf/MEK/

ERK and PI3K/PTEN/Akt/mTOR cascades which alter therapy response.
Oncotarget, 3, 954-987.

Chow, S. et al. (2006) Constitutive phosphorylation of the S6 ribosomal
protein via mTOR and ERK signaling in the peripheral blasts of acute
leukemia patients. Exp. Hematol., 34, 1183-1191.

Vivanco, L. et al. (2002) The phosphatidylinositol 3-Kinase AKT pathway
in human cancer. Nat. Rev. Cancer, 2, 489-501.

Myers, M.P. et al. (1998) The lipid phosphatase activity of PTEN is
critical for its tumor supressor function. Proc. Natl. Acad. Sci. USA, 95,
13513-13518.

Sarbassov, D.D. et al. (2005) Phosphorylation and regulation of Akt/PKB
by the rictor-mTOR complex. Science, 307, 1098-1101.

Shi, Y. et al. (2005) Mammalian target of rapamycin inhibitors activate
the AKT kinase in multiple myeloma cells by up-regulating the insu-
lin-like growth factor receptor/insulin receptor substrate-1/phosphati-
dylinositol 3-kinase cascade. Mol. Cancer Ther., 4, 1533-1540.

. Petrova, T.V. et al. (1999) Cyclopentenone prostaglandins suppress acti-

vation of microglia: down-regulation of inducible nitric-oxide synthase
by 15-deoxy-Deltal2,14-prostaglandin J2. Proc. Natl. Acad. Sci. USA, 96,
4668-4673.

Zingarelli, B. et al. (2002) Absence of inducible nitric oxide synthase
modulates early reperfusion-induced NF-kappaB and AP-1 activation
and enhances myocardial damage. FASEB J., 16, 327-342.

Maki, Y. et al. (1987) Avian sarcoma virus 17 carries the jun oncogene.
Proc. Natl. Acad. Sci. USA, 84, 2848-2852.

. Binétruy, B. et al. (1991) Ha-Ras augments c-Jun activity and stimulates

phosphorylation of its activation domain. Nature, 351, 122-127.

. Pulverer, BJ. et al. (1991) Phosphorylation of c-jun mediated by MAP

kinases. Nature, 353, 670-674.

Dérijard, B. et al. (1994) JNK1: a protein kinase stimulated by UV
light and Ha-Ras that binds and phosphorylates the c-Jun activation
domain. Cell, 76, 1025-1037.

9T0Z ‘2 Ae | Uo A1sleAlun feuoieN [noss e /Blo'sfeulnolploixo uinsed;/:diy woly papeojumoq


http://carcin.oxfordjournals.org/
http://carcin.oxfordjournals.org/

1234 | Carcinogenesis, 2015, Vol. 36, No. 10

45. Meric-Bernstam, F. et al. (2009) Targeting the mTOR signaling network
for cancer therapy. J. Clin. Oncol., 27, 2278-2287.

46. Jhawer, M. et al. (2008) PIK3CA mutation/PTEN expression status pre-
dicts response of colon cancer cells to the epidermal growth factor
receptor inhibitor cetuximab. Cancer Res., 68, 1953-1961.

47. Weickhardt, AJ. et al. (2010) Strategies for overcoming inherent and
acquired resistance to EGFR inhibitors by targeting downstream effec-
tors in the RAS/PI3K pathway. Curr. Cancer Drug Targets, 10, 824-833.

48. Wymann, M.P. et al. (1996) Wortmannin inactivates phosphoinositide
3-kinase by covalent modification of Lys-802, a residue involved in the
phosphate transfer reaction. Mol. Cell. Biol., 16, 1722-1733.

49. Vlahos, CJ. et al. (1994) A specific inhibitor of phosphatidylinosi-
tol  3-kinase, 2-(4-morpholinyl)-8-phenyl-4H-1-benzopyran-4-one
(LY294002). J. Biol. Chem., 269, 5241-5248.

50. Feldman, M.E. et al. (2009) Active-site inhibitors of mTOR target rapam-
ycin-resistant outputs of mTORC1 and mTORC2. PLoS Biol., 7, e38.

9T0Z ‘2 Ae | Uo A1sleAlun feuoieN [noss e /Blo'sfeulnolploixo uinsed;/:diy woly papeojumoq


http://carcin.oxfordjournals.org/

