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Hawaii natural compounds are promising to reduce ovarian cancer deaths
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ABSTRACT

The low survival rate of patients with ovarian cancer largely results from the advanced ovarian tumors as
well as tumor resistance to chemotherapy, leading to metastasis and recurrence. However, it is missing as
to an effective therapeutic approach that focuses on these aspects to prolong progression-free survival
and to decrease mortality in ovarian cancer patients. Here, based on our cancer drug discovery studies, we
provide prospective insights into the development of a future line of drugs to effectively reduce ovarian
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cancer deaths. Pathways that increase the probability of cancer, such as the defective Fanconi anemia (FA)
pathway, may render cancer cells more sensitive to new drug targeting.

Ovarian cancer begins in the ovaries that are ovum-producing
reproductive organs.' There are more than 30 ovarian cancer
types, which are grouped into 3 major categories based on the
locations where they grow in the ovary: epithelial tumor, germ
cell tumor, and sex cord-stromal tumor.? The epithelial ovarian
cancer is the most common ovarian cancer type, accounting for
roughly 90 percent of all cases.” It is the leading cause of death
in women with gynecological malignancies.* The American
Cancer Society estimates that in 2015, about 21,290 new cases
of ovarian cancer will be diagnosed and 14,180 women will die
of ovarian cancer in the United States.” The overall 5-year sur-
vival rate of patients with ovarian cancers is only about 30%.°
Women diagnosed at an early stage have a much higher 5-year
survival rate than those diagnosed at an advanced stage.”
Unfortunately, the majority of ovarian cancers were diagnosed
at an advanced stage* because of the ovaries anatomic location
in the deep part of the abdominopelvic cavity." The high/
advanced stage tumors with metastasis are a key cause of the
low survival rate for ovarian cancer patients.®

As known, treatment options for epithelial ovarian cancer
include surgery, radiation therapy, chemotherapy, and immu-
notherapy. Owing to most tumors being advanced when diag-
nosed chemotherapy is always applied to the patients after
primary surgical cytoreduction of ovarian tumors in order to
kill the migrated tumor cells.” The most used chemotherapy for
ovarian cancer patients is the carboplatin-related therapy, a cis-
platin analog with fewer side effects but similar response
rates.'® However, patients develop resistance, which is a major
factor causing the high rate of mortality for the patients with
ovarian cancer.

In patients with Fanconi anemia (FA), a rare human genetic
disease, the cancer incidence is about 50-fold higher than
the one in the general population.'’ This cancer-prone phenome-
non indicates that FA genes play crucial roles in tumor suppres-
sion. Thus, the signaling pathway constituted by at least 17 FA

proteins (FANCA /B /C /D1(BRCA2) /D2 /E /F /G /I /J(BRIP1)
/L /M /N(PALB2) /O(Rad51C) /P(SLX4) /Q(XRCC4) /S
(BRCA1)'>" has been termed the FA pathway. Numerous stud-
ies have clearly demonstrated a relationship between germline
FA gene mutations in cancer patients and the development of a
subset of cancers associated with these mutations. Indeed, car-
riers of mutations in FANCD1 (BRCA2) have a 23% risk of
ovarian cancer."*'> The FANCF promoter was hypermethylated
in the range from 6.7% to 30% of tested tumor cell lines, includ-
ing ovarian cancer cell lines.'®"® However, the clear involvement
of this FA pathway in human ovarian cancers is barely known
compared to other tumor suppressor pathways or oncogenic
ones, such as p53 and Ras pathways."”** To this point, 17 FA
genes, whose products constitute the FA pathway, were analyzed
in DNA sequence data set derived from 316 ovarian cancer cases
via c-BioPortal.**** Surprisingly, the mutated status of the FA
pathway not only has a considerably high rate (40%) in the 316
ovarian cancer cases examined, but also is significantly associated
with the length of patient survival as well as the cancer-free
period (Fig. 1). This strongly suggests that 40% ovarian cancer
patients have a relatively better prognosis for those carrying
altered FA genes, speaking of 17 genes quoted because defective
FA genes may decrease DNA repair, make cells more sensitive
to DNA disrupters, and reduce resistance to DNA-damaging
chemotherapeutic agents.

The FA signaling pathway is involved in the cellular
response to DNA damage, especially those damages triggered
by DNA cross-linkers, such as chemotherapeutic drugs, Cis-
platin and its analogs, and mitomycin C (MMC).>® Coinci-
dently, after surgery, Cisplatin was used in all of these 316
cases.’ Therefore, we believe that platinum-chemotherapy is
more rational for patients with ovarian tumors carrying an
impaired FA pathway, instead of being used as a general proce-
dure to follow surgery. This actually inspires us to think what
kind of ovarian cancer cells should be targeted to begin a new
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Figure 1. Patients with ovarian tumors harboring an impaired FA pathway show a better prognosis than those patients with tumors carrying an intact pathway. Seven-
teen FA genes were input into c-Bioportal when choosing TCGA data set containing 316 tumor samples.® The output shows that 40% of 316 quarried samples carry a
mutated FA pathway, and the mutated status (red lines) is significantly associated with the survival as well as the period of disease free (in months) via Kaplan-Meier Esti-

mate. Those patients were all treated with Cisplatin.®

line of anti-ovarian cancer drug discovery. It appears to us that
the given new line of drugs, when aiming to fight over the
insensitivity of ovarian tumor cells to platinum, should attack
the cells chosen based on the cellular context (targeted cells),
instead of cancer cells in general, to save time and cost. For
instance, we should have asked if the targeted cells carry an
impaired or intact FA pathway before we set up a massive high
throughput screen.

Fungi have been the sources of many marketed drugs and
biologically active agents. The well-known antibiotic penicillin
and its analogs are produced from various species of Penicil-
lium and Aspergillus,”” long presenting importance of using
fungal sources for the drug discovery. The anti-cancer drug
Taxol from the Pacific yew tree, targeting mitotic microtubules,

was also isolated from the endophytic fungus, Bartalinia robil-
lardoides,”® which is a widely-used anti-cancer drug on the
market. However, cytotoxicity occurs given the fact that the
drug target is not cancer cell specific. Thus, it is urgent to find
new drugs to target cancer cells specifically. Our laboratory has
established a local natural product library composed of more
than 5 thousand semi-pure fractions from more than 2,000 fun-
gal strains collected all over the Hawaiian islands. This is a
unique resource to find new drugs to effectively target ovarian
cancer cells and increase the survival rate of patients with ovar-
ian cancer. Therefore, we started a pilot screen by using 2 ovar-
ian cancer cell lines carrying an intact or impaired FA signaling
pathway (A2780 and IGR-OV1, respectively) and obtained sev-
eral novel compounds from Hawaiian fungi. The exact
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Figure 2. Fractionation and preparation of semi-pure fractions into 96-well plates. Detailed overview of the process for generating pre-fractionated samples. i). HP20 SPE
pre-fractionation. ii). HPLC analysis of 7 fractions from strain FT001. As shown in ii, compounds in pre-fractionated sample could be readily separated. iii). The seven frac-
tions and the crude (A-H) from each culture are formatted into a 96-well block for screening, 80 samples per plate.



structures of these compounds are yet to be determined. How-
ever, when we started to validate these compounds, we found a
compound derived from screening both types of cells indeed
shows a similar growth inhibitory effect on both IGR-OV1 and
A2780 cells with an ICsy of 6-7 pug/mL. While the others,
obtained from screening either one of cell lines, carry an ICsq
varying from 6 to 20 pg/mL when treating IGR-OV1 or A2780
cells. Collectively, our pilot study of potential new drugs for
treating ovarian cancer cells indicates that the new lead com-
pounds would be more effective when coupling the updated
knowledge into our drug screening system.

The natural product library was built up through a) Envi-
ronmental sample collection; b) Fungal strain culture, isolation
and selection; ¢) Fermentation; d) Harvest and extraction and
fractionation; and e) Sample preparation for screening (Fig. 2).
Our specific tropical weather defines the novelty of fungal sam-
ples collected in step a. In addition, the other processes further
support the novelty of the natural product library. For example,
we removed the redundancy by selecting new organisms based
on the classic taxonomy, ITS (Internal Transcribed Spacer),
and 18S rRNA at step b. We also used well-established bio-
chemical methods including the routine use of LCMS-DAD-
ELSD (Liquid Chromatography Mass Spectrometry-Diode
Array Detector-Evaporative Light Scattering Detectors), PCA
(Principal Component Analysis), and other methods to identify
specific compounds. As shown in our lab recent publica-
tions,”>*° the very pure and structurally defined natural prod-
ucts that were characterized are previously unknown natural
compounds. In the meantime, what we learned from the pilot
screening suggests that these novel compounds will be more
effective when choosing representative cells integrated with the
previously unknown features of ovarian cancer cells. Therefore,
it is very promising for us to develop a new line of drugs to
reduce ovarian cancer deaths by large scale of screening using
the cell system tested above as well as the natural resources that
only Hawaii can offer.

Disclosure of potential conflicts of interest

No potential conflicts of interest were disclosed.

Acknowledgment

The authors are also thankful to Drs. Anthony Otsuka and Russell B. Wil-
liams for proofreading of the manuscript.

Funding

This work was financially supported mainly by funding from University of
Hawai’i Cancer Center and the Victoria S. and Bradley L. Geist Foundation
(15ADVC-74420) to SC

References

1. Daftary S, Chakravarti S. Manual of Obstetrics. 2011; 3rd Edition.
Elsevier: pp. 1-16

2. Gondos B. Classification of tumors of the ovary: developmental and
ultrastructural considerations. Ann Clin Lab Sci 1979; 9:179-88;
PMID:464540

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

CANCER BIOLOGY & THERAPY (&) 711

. Colombo N, Peiretti M, Parma G, Lapresa M, Mancari R, Carinelli S,

Sessa C, Castiglione M. Newly diagnosed and relapsed epithelial ovar-
ian carcinoma: ESMO Clinical Practice Guidelines for diagnosis, treat-
ment and follow-up. Ann Oncol 2010; 21(Suppl 5):v23-30;
PMID:20555088; http://dx.doi.org/10.1093/annonc/mdq244

. Haupt YRS, Shaulian E, Kazaz A, Vousden K, Oren M. p53 mediated

apoptosis in HeLa cells: transcription dependent and independent
mechanisms. Leukemia 1997; 11(Suppl 3):337-9; PMID:9209383

. SEER Stat Fact Sheets: Ovary Cancer http://seercancergov/statfacts/

html/ovaryhtm.

. Cancer Genome Atlas Research N. Integrated genomic analyses of

ovarian carcinoma. Nature 2011; 474:609-15; PMID:21720365; http://
dx.doi.org/10.1038/nature10166

. Siegel R, Ma ], Zou Z, Jemal A. Cancer statistics. CA Cancer J Clin

2014; 64:9-29; PMID:24399786; http://dx.doi.org/10.3322/caac.21208

. Website. (http://www.cancercenter.com/ovarian-cancer/learning/).
. Scott M, McCluggage WG. Current concepts in ovarian epithelial

tumorigenesis: correlation between morphological and molecular
data. Histol Histopathol 2006; 21:81-92; PMID:16267789

Ho YP, Au-Yeung SC, To KK. Platinum-based anticancer agents: inno-
vative design strategies and biological perspectives. Med Res Rev 2003;
23:633-55; PMID:12789689; http://dx.doi.org/10.1002/med.10038

Alter BP. Cancer in Fanconi anemia, 1927-2001. Cancer 2003; 97:425-
40; PMID:12518367; http://dx.doi.org/10.1002/cncr.11046

Wang AT, Smogorzewska A. SnapShot: Fanconi anemia and associ-
ated proteins. Cell 2015; 160:354-el; PMID:25594185; http://dx.doi.
org/10.1016/j.cell.2014.12.031

Sawyer SL, Tian L, Kahkonen M, Schwartzentruber J, Kircher M,
Majewski J, Dyment DA, Innes AM, Boycott KM, Moreau LA, et al.
Biallelic mutations in BRCA1 cause a new Fanconi anemia subtype.
Cancer Discov 2015; 5:135-42; PMID:25472942; http://dx.doi.org/
10.1158/2159-8290.CD-14-1156

Hwang WW, Venkatasubrahmanyam S, Ianculescu AG, Tong A,
Boone C, Madhani HD. A conserved RING finger protein required
for histone H2B monoubiquitination and cell size control. Mol Cell
2003; 11:261-6; PMID:12535538; http://dx.doi.org/10.1016/S1097-
2765(02)00826-2

Levitus M, Waisfisz Q, Godthelp BC, de Vries Y, Hussain S, Wiegant
WW, Elghalbzouri-Maghrani E, Steltenpool ], Rooimans MA, Pals G,
et al. The DNA helicase BRIP1 is defective in Fanconi anemia comple-
mentation group J. Nat Genet 2005; 37:934-5; PMID:16116423; http://
dx.doi.org/10.1038/ng1625

Narayan G, Arias-Pulido H, Nandula SV, Basso K, Sugirtharaj DD,
Vargas H, Mansukhani M, Villella ], Meyer L, Schneider A, et al. Pro-
moter hypermethylation of FANCEF: disruption of Fanconi anemia-
BRCA pathway in cervical cancer. Cancer Res 2004; 64:2994-7;
PMID:15126331; http://dx.doi.org/10.1158/0008-5472.CAN-04-0245
Taniguchi T, Tischkowitz M, Ameziane N, Hodgson SV, Mathew CG,
Joenje H, Mok SC, D’Andrea AD. Disruption of the Fanconi anemia-
BRCA pathway in cisplatin-sensitive ovarian tumors. Nat Med 2003;
9:568-74; PMID:12692539; http://dx.doi.org/10.1038/nm852

Marsit CJ, Liu M, Nelson HH, Posner M, Suzuki M, Kelsey KT. Inacti-
vation of the Fanconi anemia/BRCA pathway in lung and oral cancers:
implications for treatment and survival. Oncogene 2004; 23:1000-4;
PMID:14647419; http://dx.doi.org/10.1038/sj.0nc.1207256

Vogelstein B, Lane D, Levine AJ. Surfing the p53 network. Nature 2000;
408:307-10; PMID:11099028; http://dx.doi.org/10.1038/35042675

Rivlin N, Brosh R, Oren M, Rotter V. Mutations in the p53 tumor sup-
pressor gene: important milestones at the various steps of tumorigene-
sis. Gene Cancer 2011; 2:466-74; PMID:21779514; http://dx.doi.org/
10.1177/1947601911408889

Demaria M, Misale S, Giorgi C, Miano V, Camporeale A, Campisi J,
Pinton P, Poli V. STAT3 can serve as a hit in the process of malignant
transformation of primary cells. Cell Death Differ 2012; 19:1390-7;
PMID:22402588; http://dx.doi.org/10.1038/cdd.2012.20

Staniszewska AD, Pensa S, Caffarel MM, Anderson LH, Poli V, Wat-
son CJ. Stat3 is required to maintain the full differentiation potential
of mammary stem cells and the proliferative potential of mammary
luminal progenitors. PloS One 2012; 7:¢52608; PMID:23285109;
http://dx.doi.org/10.1371/journal.pone.0052608


http://dx.doi.org/464540
http://dx.doi.org/10.1093/annonc/mdq244
http://dx.doi.org/9209383
http://seercancergov/statfacts/html/ovaryhtm
http://seercancergov/statfacts/html/ovaryhtm
http://dx.doi.org/21720365
http://dx.doi.org/10.1038/nature10166
http://dx.doi.org/10.3322/caac.21208
http://www.cancercenter.com/ovarian-cancer/learning/
http://dx.doi.org/16267789
http://dx.doi.org/10.1002/med.10038
http://dx.doi.org/10.1002/cncr.11046
http://dx.doi.org/25594185
http://dx.doi.org/10.1016/j.cell.2014.12.031
http://dx.doi.org/25472942
http://dx.doi.org/10.1158/2159-8290.CD-14-1156
http://dx.doi.org/10.1016/S1097-2765(02)00826-2
http://dx.doi.org/10.1016/S1097-2765(02)00826-2
http://dx.doi.org/16116423
http://dx.doi.org/10.1038/ng1625
http://dx.doi.org/10.1158/0008-5472.CAN-04-0245
http://dx.doi.org/10.1038/nm852
http://dx.doi.org/10.1038/sj.onc.1207256
http://dx.doi.org/10.1038/35042675
http://dx.doi.org/21779514
http://dx.doi.org/10.1177/1947601911408889
http://dx.doi.org/10.1038/cdd.2012.20
http://dx.doi.org/23285109
http://dx.doi.org/10.1371/journal.pone.0052608

712 (&) D.J.FE-ZHANG ET AL

23.

24.

25.

26.

Kurman RJ. Origin and molecular pathogenesis of ovarian high-grade
serous carcinoma. Ann Oncol 2013; 24(Suppl 10):x16-21;
PMID:24265397; http://dx.doi.org/10.1093/annonc/mdt463

Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO, Sun
Y, Jacobsen A, Sinha R, Larsson E, et al. Integrative analysis of com-
plex cancer genomics and clinical profiles using the cBioPortal. Sci
Signal 2013; 6:pll; PMID:23550210; http://dx.doi.org/10.1126/
scisignal.2004088

Cerami E, Gao J, Dogrusoz U, Gross BE, Sumer SO, Aksoy BA, Jacob-
sen A, Byrne CJ, Heuer ML, Larsson E, et al. The cBio cancer geno-
mics portal: an open platform for exploring multidimensional cancer
genomics data. Cancer Discov 2012; 2:401-4; PMID:22588877; http://
dx.doi.org/10.1158/2159-8290.CD-12-0095

Wang W. Emergence of a DNA-damage response network consisting
of Fanconi anaemia and BRCA proteins. Nat Rev Genet 2007; 8:735-
48; PMID:17768402; http://dx.doi.org/10.1038/nrg2159

27.

28.

29.

30.

Garrod LP. Relative antibacterial activity of three penicillins. Br
Med ] 1960; 1:527-9; PMID:13826674; http://dx.doi.org/10.1136/
bmj.1.5172.527

Gangadevi V, Muthumary J. Taxol production by Pestalotiopsis termi-
naliae, an endophytic fungus of Terminalia arjuna (arjun tree). Bio-
technol Appl Biochem 2009; 52:9-15; PMID:18254723; http://dx.doi.
org/10.1042/BA20070243

Li C, Yang B, Fenstemacher R, Turkson J, Cao S. 27. Lycopodiellac-
tone, an unusual §-lactone-isochromanone from a Hawaiian plant-
associated fungus Paraphaeosphaeria neglecta FT462. Tetrahedron
Lett 2015; 56:1724-17; http;//dx.doi.org/10.1016/j.tetlet.2015.02.076

Li CS, Ding Y, Yang BJ, Miklossy G, Yin HQ, Walker LA, Turkson J,
Cao S. A new metabolite with a unique 4-Pyranone-gamma-Lactam-
1,4-Thiazine moiety from a hawaiian-plant associated fungus. Org
Lett 2015; 17:3556-9; PMID:26107089; http://dx.doi.org/10.1021/acs.
orglett.5b01650


http://dx.doi.org/10.1093/annonc/mdt463
http://dx.doi.org/10.1126/scisignal.2004088
http://dx.doi.org/10.1126/scisignal.2004088
http://dx.doi.org/22588877
http://dx.doi.org/10.1158/2159-8290.CD-12-0095
http://dx.doi.org/10.1038/nrg2159
http://dx.doi.org/10.1136/bmj.1.5172.527
http://dx.doi.org/10.1136/bmj.1.5172.527
http://dx.doi.org/18254723
http://dx.doi.org/10.1042/BA20070243
http://dx.doi.org/10.1021/acs.orglett.5b01650
http://dx.doi.org/10.1021/acs.orglett.5b01650

	Abstract
	Disclosure of potential conflicts of interest
	Acknowledgment
	Funding
	References

