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ARTICLE INFO ABSTRACT

10
%‘.ein tyrosine phosphatase (PTP) 1B negatively regulates the insulin an tin signaling pathways,
and, thus, the clinical application of PTP1B inhibitors to the prevention and treatment of type 2 diabetes
and obesity is expected. During our studies on PTP1B inhibitors, two furanosesterterpenes and a C21 fura-
noterpene were obtained as new types of PTP1B inhibitors from two Indonesian marine sponges. (7E, 12E,
20Z, 185)-Variaba (1) and (12E, 20Z, 185)-8-hydroxyvariahili|) from Ircinia sp. and furospongin-1(3)
from Spongia sp. inhibited PTP1B activi@@with 1Cs, values of 1.5, 7.1, and 9.9 uM, respectively. The inhi-
bitory activity of compound 1 against T-cell PTP (TCPTP) was approximately 2-fold that against PTP1B,
whereas the vaccinia H-1-related phosphatase (VHR) inhibitory effects o re 4-fold weaker than that
of its PTP1B inhibitory activity. Compounds 1-3 at 50 uM did not show cytotoxicity against two human
cancer cell lines, hepatoma Huh-7 and bladder carcinoma EJ-1. Compound 1 did not enhance the phos-
phorylation level of Akt, a key downstream effector of the cascade, in cells.
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Protein tyrosine phosphatases (PTPs) have recently been
attracting attention as promising targets for drug discovery and
chemical biological studies because intracellular phosphorylation
by PTPs is an important regulatory system for various biological
functions.' Nevertheless, the development of their modulators
has not yet been successful. Therefore, the search for novel types
of PTP inhibitors is ongoing.

PTPs comprise a large family of 107 membersat are charac-
terized by their active site sequences.'” Among members of the
PTP fami PTP1B has been studied in detail because of its
function as a negative regulator of insulin and leptin signal
transduction.” Consequently, PTPE¥linhibitors are considered to
have potential as drug candidates for the treatment of type 2 dia-
betes mellitus and obesity.”

Since marine organisms are sources of various types of bioactive
substances with unique chemical structures,” we have been
searching for PTP1B inhibitors among marine invertebrates® and
previously reported the PTP1B inhibitory activities of dehy-
droeuryspongin A0 hyattellactones,* 26-0-
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ethylstrongylophorine-14,”" isopetrosynol,” and avapyran® from
marine sponges. Our continuous efforts revealed that the EtOH
extracts of two Indonesia marine sponges inhibited PTP1B
activity. Bioassay-guided separation of these extracts led to the
isolation of two furanosesterterpenoids (1 and 2) from Ircinia sp.
and a C21 furanoterpenoid (3) from Spongia sp. (Fig. 1).° Of these,
compound 1 was found to be the most potent inhibitor of PTP1B
and T-cell PTP (TCPTP) activities with moderate selectivity over
vaccinia H-1-related phosphatase (VHR) in an enzyme assay. We
herein describe the isolation and biological properties of furanoter-
penoids 1-3.

The PTP1B inhibitory activities of the EtOH extracts from mar-
ine organisms collected at Manado, Indonesia in 2013, were tested
using a previously reported in vitro enzyme assay method.” Among
the active extracts (>70% inhibition at 50 pg/mL), two marine
sponges, [rcinia and Spongia spp., were examined in this study.

Compounds 1 (28 mg) and 2 (12 mg) were isolated from Ircinia
sp. by solvent extraction, an ODS column, and repeated HPLC
(ODS), while compound 3 (24 mg) was obtained by an ODS column
followed by HPLC (ODS) from Spongia sp.” The structures of com-
pounds 1-3 were identified as (7E, 12E, 20Z, 18S)-variabilin," "
(12E, 20Z, 18S)-8-hydroxyvariabilin,®® and furospongin-1,"
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Fig. 1. Structures of compounds 1-3 from two marine sponges collected in
Indonesia.

respectively, using comparisons of their spectroscopic data with
previously reported values (Fig. 1).

The PTP1B inhibitory activities of compounds 1-3 were evalu-
ated using an enzyme assay method that was similar to the screen-
ing bioassay.” Compounds 1-3 exhibited dose-dependent activities
with ICsq values of 1.5, 7.1, and 9.9 pM (Fig. 2 and Table 1). Oleano-
lic acid, a positive control,” gave an ICs, value of 1.1 uM in the
same bioassay (Table 1). Compound 1 was approximately fivefold
more active than 2, and thus, the OH group at C-8 in 2 was unfavor-
able for the inhibition of PTP1B activity.

Compound 1 was previously reported to be a modulator of the
glycine receptor,'” while the significant bioactivities of 2 and 3
have not yet been reported. Although we previously described
the bicyclic furanosesquiterpene, dehydroeuryspongin A,**" this
is the first study on the PTP1B inhibitory activities of linear-type
furanoterpenes.

Cellular signaling via insulin and leptin receptors is negatively
controlled not only by PTP1B, but also by other protein tyrosine
phosphatases such as T-cell PTP (TCPTP), which shares 72%
sequence identity with PTP1B.'" Therefore, the effects of com-
pounds 1-3 on TCPTP activity were examined using an enzyme-
based in vitro assay. The TCPTP inhibitory activities of 1 and 2 were
approximately twofold more potent than their PTP1B inhibitory
activities (ICsp of 0.8 uM versus 1.5 uM for 1 and 3.7 pM versus
7.1 uM for 2) (Fig. 2 and Table 1). On the other hand, compound
3 equally inhibited TCPTP and PTP1B activities (ICsy of 9.6 pM ver-
sus 9.9 pM) (Fig. 2c and Table 1).

Previous studies using PTP1B knockout mice demonstrated
improvements in insulin resistance and glucose homeostasis,'”
while TCPTP knockout mice died at 3-5 weeks old because of seri-
ous inflammatory phenotypes.'? However, recent studies indicated
the absence of any abnormalities in mice with the deletion of sin-
gle copies of PTP1B and TCPTP.' Thus, the simultaneous inhibition
of PTP1B and TCPTP may also be a promising therapeutic approach
for type 2 diabetes and obesity.

PTPs have been divided into four groups (classes [-IV) on the
basis of their sequences, catalytic residues, and functions. Among
them, class | as a major group has been further classified into
non-transmembrane PTPs including PTP1B and TCPTP, receptor-
like PTPs, and dual-specificity phosphatases.' Therefore, the selec-
tivities of 1-3 over the other types of PTPs were examined against
CD45 tyrosine phosphatase (receptor-like PTP) and VHR (dual-
specificity phosphatase).

Compound 1 exhibited similar inhibitory activities against
CD45 and PTP1B, and the inhibitory activity of 1 against VHR
was 4-fold less than that against PTP1B (Table 1). On the other
hand, no marked differences were observed in the inhibitory activ-
ities of compound 2 against PTP1B, CD45, and VHR (Fig. 2b and
Table 1). Compound 3 was inactive against CD45 up to 30 uM
(Fig. 2c and Table 1). Moreover, an 11-0-acetyl derivative of 3
(3a) exhibited markedly reduced activity against TCPTP as well
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Fig. 2. Protein tyrosine phosphatase inhibitory activities of compounds 1 (a), 2 (b), and 3 (c).

Table 1

Biological activities of compounds 1-3 against four pro!ein tyrosine phosphatases and in two human cancer cell lines.

Compound Protein tyrosine phosphatase (1Csg, pM) Cytotoxicity (ICsg, pM)

PTP1B TCPTP D45 VHR Huh-7 El-1
1 15 0.8 1.2 6.0 >50 >50
2 7.1 3.7 9.0 9.4 >50 =50
3 9.9 9.6 >30 11 >50 =50
3a 9.2 215 »27 8.5 nt* nt
Oleanolic acid” 1.1 1.6 1.0 5.4
Doxorubicin” 0.36 0.023

* Positive control for the protein tyrosine phosphatase assay.

™ Positive control for cytotoxicity.

“ Not tested.
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as CD45 (Table 1). These results suggest that the length of and
modifications to the carbon chain affect selectivity.

In order to evaluate the cellular properties of 1-3, their cyto-
toxic effects in Huh-7 (hepatoma) and EJ-1 (bladder carcinoma)
cell lines were measured using the WST-1 assay.'” Compounds
1-3 did not inhibit the proliferation of these cancer cells at
50 uM for 72 h.

Since PTP1B mainly regulates the insulin signaling pathway in
the liver, the phosphorylation level of Akt, a key downstream effec-
tor of the cascade, in Huh-7 cells was detected by Western blot-
ting.'® Huh-7 cells were incubated with 1 (50 uM) for 2 h, and
the effects of 1 on insulin-stimulated p-Akt levels were evaluated.
Although sodium orthovanadate (SOV), a pan-PTP inhibitor,
enhanced p-Akt levels at 5 uM, compound 1 did not (Fig. 51).

In conclusion, two furanosesterterpenes, (7E, 12E, 20Z, 185)-
variabilin (1) and (12E, 20Z, 185)-8-hydroxy-variabilin (2), and
the C21 furanoterpene, furo spongin-1 (3), were revealed as new
types of PTP1B inhibitors isolated from two Indonesian marine
sponges. The [C5q values of 1 were the most potent in the PTP1B
and TCPTP enzyme assays (Fig. 2a and Table 1). However, com-
pound 1 did not enhance p-Akt levels in Huh-7 cells. This discrep-
ancy between the results obtained in the enzyme- and cell-based
experiments of 1 may be attributed to low cell permeability and
poor selectivity toward other PTPs. Compounds 3 and 3a, possess-
ing different lengths of carbon chains from those of 1 and 2, exhib-
ited better PTP1B selectivity over CD45 and TCPTP activities.
Further studies on the structure-activity relationship of marine
furanoterpenes will be interesting because several types of these
congeners have been reported from marine sponges.”’ Co und
1 will be more attractive than 2 and 3 because it exhibited potent
inhibitory activities against PTP1B and TCPTP with moderate selec-
tivity over VHR and no cytotoxic properties against the two human
cancer cell lines, Huh-7 and EJ-WTherefore, further studies on
compound 1 as a lead compound for the treatment of type 2 dia-
betes and obesity are warranted.

Acknowledgments

glis work was supported in part by the Kanae Foundation for
the Promotion of Medical Science to H. Y. and the Grant for Basic
Science Research Projects from The Sumitomo Foundation to H.
Y. We express our thanks to Mr. T. Matsuki and S. Sato of Tohoku
Pharmaceutical University for the measurements of mass spectra.

A. Supplementary material

Supplementary data associated [@ith this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.bmcl.2017.01.
071.

References

. (a) He R], Yu ZH, Zhang RY, Zhang ZY. Acta Pharmacol Sin. 2014;35:1227;
(b) Zhang ZY¥, Dodd GT, Tiganis T. Trends Pharmacol Sci. 2015;36:661.
2. (a) Elchebly M, Payette P, Michaliszyn E. et al. Science. 1999;283:1544;
(b) Barr AJ. Future Med Chem. 2010;2:1563;
(¢} Zhang S, Zhang ZY. Drug Discov Today. 2007;12:373;
(d) Lee S, Wang Q. Med Res Rev. 2007;27:553.
3. (a) Tamrakar AK, Maurya CK, Rai AK. Expert Opin Ther Pat. 2014;24:1101;
(b) Jiang CS, Liang LF, Guo YW. Acta Pharmacol Sin. 2012;33:1217;
(c) Popov D. Biochem Biophys Res Commun. 2011;410:377.
4, (a) Blunt W, Copp BR, Keyzers RA, Munro MH, Prinsep MR. Nat Prod Rep.
2016;33:348. and previous reports in this series;
(b) Faulkner DJ. Nat Prod Rep. 2002;19:1. and previous reports in this series.
5. (a) Yamazaki H, MNakazawa T, Sumilat DA, et al. Bivorg Med Chem Lett.
2013;23:2151;
(b) Yamazaki H, Takahashi O, Kanno S, et al. Bicorg Med Chem. 2015;23:797;
(c) Abdjul DB, Yamazaki, Takahashi O, et al. Bioorg Med Chem Lett. 2015:25:905;
(d) Lee J-S, Abdjul DB, Yamazaki H, et al. Bioorg Med Chem Lett. 2015;25:3900;
(e) Abdjul DB, Yamazaki H, Takahashi O, Kirikoshi R, Ukai K, Namikoshi M. Chem
Pharm Bull. 2016,64:733;
(F) Abdjul DB, Yamazaki H, Takahashi O, Kirikoshi R, Ukai K, Namikoshi M. | Nat
Prod. 1824;2016:79.
6. (a) Faulkner D). Tetrahedron Lett. 1973;39:3821;
(b) Ishibashi M, Kurosaki M, Mikami Y, Kobayashi . Nat Prod Lett. 1993;3:189;
(c) Capon R], Dargaville TR, Davis R. Nat Prod Lett, 1994;41:51;
(d) Barrow CJ, Blunt JW, Munro MHG, Perry NB. | Nat Prod. 1988;51:275;
(e) Cimino G, de Stefano S, Minale L. Tetrahedron. 1971;27:4673.
Yamazaki H, Sumilat DA, Kanno S, et al. | Nat Med. 2013;67:730.
The marine sponges in this study (13-12-13 = 2-275 and 13-12-9 = 1-3) were
collected by scuba diving in the coral reef at North Sulawesi, Indonesia, in
December 2013 and identified as Jrcinia sp. and Spongia sp., respectively.
Voucher specimens were deposited at the Faculty of Mathematic and Natural
Sciences, Sam Ratulangi University.
9, Zhang YN, Zhang W, Hong D, et al. Bioorg Med Chem. 2008;16:8697.
10. Balansa W, Islam R, Fontaine F, et al. Bioorg Med Chem. 2010;18:2912.
11. Tiganis T. FTP1B and TCPTP-nonredundant phosphatases in insulin signaling
and glucose homeostasis, FEBS [. 2013;280:445,
12. (a) Cheng A, Uetani N, Simoncic PD, et al. Dev Cell. 2002;2:497;
(b) Zabolotny |M, Bence-Hanulec KK, Stricker-Krongrad A, et al. Dev Cell.
2002;2:489.
13. (a) You-Ten KE, Muise ES, Itié A, et al. | Exp Med. 1997;186:683;
(b) Heinonen KM, Nestel FP, Newell EW, et al. Blood. 2004;103:3457.
14. Heinonen KM, Bourdeau A, Doody KM, Tremblay ML. Proc Nat! Acad Sci U S A
2009;106:9368.
15. Berridge MV, Herst PM, Tan AS. Biotechnol Annu Rev. 2005:11:127.
16. Abdjul DB, Kanno 5, Yamazaki H, Ukai K, Namikoshi M. Bioorg Med Chem Lett.
2016;26:315.

o~




Furanoterpenes, new types of protein tyrosine phosphatase 1B
inhibitors, from two Indonesian marine sponges, Ircinia and
Spongia spp.

ORIGINALITY REPORT

14, o, 119 4o

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS
PRIMARY SOURCES
www.labome.org 20
Internet Source Yo
Delfly B. Abdjul, Hiroyuki Yamazaki, Wilmar 20/
(0]

Maarisit, Fitje Losung et al. "Corrigendum to
“Eudesmanolide sesquiterpenes and protein
tyrosine phosphatase 1 B inhibitory ent -kaurene
diterpenes from aerial parts of Indonesian
Wedelia prostrata ” [Phytochem. Lett. 20 (June
2017) 191-195]", Phytochemistry Letters, 2018

Publication

pesquisa.bvsalud.org 20/
(0]

Internet Source

e

minerva.usc.es 1 y
(0]

Internet Source

=

Bing Tian Zhao, Duc Hung Nguyen, Duc Dat Le, 1 o
Jae Sue Choi, Byung Sun Min, Mi Hee Woo. °
"Protein tyrosine phosphatase 1B inhibitors from

natural sources", Archives of Pharmacal

£l



Research, 2017

Publication

"Vitamin E in Human Health", Springer Science
and Business Media LLC, 2019

Publication

1o

B B

Protein Tyrosine Phosphatase Control of
Metabolism, 2013.

Publication

1o

researchonline.lshtm.ac.uk

Internet Source

1o

Qian, Shan, Man Zhang, Yanying He, Wei
Wang, and Siyan Liu. "Recent advances in the
development of protein tyrosine phosphatase 1B
inhibitors for Type 2 diabetes", Future Medicinal
Chemistry, 2016.

Publication

1o

RN
(@)

www.cellredox.com

Internet Source

1o

onlinelibrary.wiley.com
Internet Source ry y <1 %
www.osti.gov
Internet Source g < 1 %
Wei-Hua Jiao, Bao-Hui Cheng, Guo-Dong Chen, <1 o

Guo-Hua Shi, Jing Li, Tian-Yong Hu, Hou-Wen
Lin. " Dysiarenone, a Dimeric C Meroterpenoid
with Inhibition of COX-2 Expression from the



Marine Sponge ", Organic Letters, 2018

Publication

Wei Zou. "Type 2 Diabetes Mellitus and Protein- <1 o
Tyrosine Phosphatase 1B1", Journal of °
Diabetes, Metabolic Disorders & Control, 2016
Publication

Matthew Feldhammer, Noriko Uetani, Diego <1 y
Miranda-Saavedra, Michel L. Tremblay. °
"PTP1B: A simple enzyme for a complex world",

Critical Reviews in Biochemistry and Molecular

Biology, 2013

Publication

Submitted to King's College
Student Paper g g <1 %
Seokjoon Lee, Qian Wang. "Recent <1 "

development of small molecular specific inhibitor
of protein tyrosine phosphatase 1B", Medicinal
Research Reviews, 2007

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



	Furanoterpenes, new types of protein tyrosine phosphatase 1B inhibitors, from two Indonesian marine sponges, Ircinia and Spongia spp.
	by Deiske Sumilat 14

	Furanoterpenes, new types of protein tyrosine phosphatase 1B inhibitors, from two Indonesian marine sponges, Ircinia and Spongia spp.
	ORIGINALITY REPORT
	PRIMARY SOURCES


