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Abstract 

    In the course of our search for hypoxia-selective growth inhibitors against cancer 

cells, a sesquiterpene phenol, dictyoceratin-C (1), was isolated from the Indonesian 

marine sponge of Dactylospongia elegans under the guidance of the constructed 

bioassay. Dictyoceratin-C (1) inhibited proliferation of human prostate cancer DU145 

cells selectively under hypoxic condition in a dose-dependent manner at the 

concentrations ranging from 1.0 to 10 M. The subsequent structure-activity 

relationship study using nine sesquiterpene phenol/quinones (2-10), which were isolated 

from marine sponge, was executed. We found that smenospondiol (2) also exhibited the 

similar hypoxia-selective growth inhibitory activity against DU145 cells, and the 

para-hydroxybenzoyl ester moiety would be important for hypoxia-selective growth 

inhibitory activity of 1. In addition, the mechanistic analysis of dictyoceratin-C (1) 

revealed that the 10 M of 1 inhibited accumulation of Hypoxia-Inducible Factor-1 

under hypoxic condition. 

Key words: dictyoceratin-C; smenospondiol; HIF-1; hypoxia; cancer; Dactylospongia 

elegans 
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Text 

    It is now generally accepted that cancer cells, which have adapted to the hypoxic 

environment in tumor tissues, aggravate pathology of cancer by promoting tumor 

growth, angiogenesis, metastasis, and drug resistance.
1
 In addition, hypoxic 

environment in a tumor is unlike that in normal tissues. Therefore, compounds that 

inhibit growth of tumor cells selectively under the hypoxic environment are expected to 

represent promising new leads for anti-cancer drugs. Recently, we established a new 

screening system searching for hypoxia-selective growth inhibitors to explore new leads 

for anti-cancer drugs.
2
 Using this screening system, we isolated a furanosesterterpene, 

furospinosulin-1,
3
 from the Indonesian marine sponge of Dactylospongia elegans.

 

Furospinosulin-1 showed selective anti-proliferative activity against human prostate 

cancer DU145 cells under the hypoxic condition, and it also exhibited potent anti-tumor 

activity under oral administration.
4
 The mechanistic analysis revealed that 

furospinosulin-1 suppressed transcription of the insulin-like growth factor-2 (IGF-2) 

gene, which is selectively induced under the hypoxic condition, through preventing the 

binding of nuclear proteins to the Sp1 consensus sequence in the promoter region of 
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IGF-2 gene.
4
  

    In our continuing search for hypoxia-selective growth inhibitors against cancer 

cells from the marine sponge of Dactylospongia elegans, a sesquiterpene phenol, 

dictyoceratin-C (1),
 5

 was isolated under the guidance of the constructed bioassay (Fig. 

1).
6
 When human prostate cancer DU145 cells were incubated for 24 h in the presence 

of dictyoceratin-C (1) under normoxic or hypoxic conditions, dictyoceratin-C (1) 

inhibited proliferation of DU145 cells selectively under the hypoxic condition in a 

dose-dependent manner at the concentrations ranging from 1.0 to 10 M. Maximal 

growth inhibition of 43 % was achieved with 10 M of dictyoceratin-C (1) under the 

hypoxic condition. Although the higher dose (30 M) of 1 showed significant 

anti-proliferative activity against DU145 cells, selectivity between normoxic and 

hypoxic conditions became low (Fig. 2). 

    We have previously isolated eight sesquiterpene phenol/quinones including 

dictyoceratin-C (1) from the same marine sponge of Dactylospongia elegans in the 

study searching for differentiation-inducing substances in human chronic myelogenous 

leukemia K562 cells.
7
 The structure-activity relationship study using these compounds 
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indicated that the amino-quinone moiety is indispensable for their 

differentiation-inducing activity.
7
 In addition, we also have reported that two 

sesquiterpene quinones (dysideamine (9) and bolinaquinone (10)) having unique 

rearranged drimane skeleton, which were isolated from an Indonesian marine sponge of 

Dysidea sp., exhibited the neuroprotective effect against iodoacetic acid-induced HT22 

cell death at 10 M concentration.
8
 In an effort to clarify structure-activity relationship 

for the hypoxia-selective growth inhibitiory activity of dictyoceratin-C (1), we 

investigated anti-proliferative activity of these nine sesquiterpene phenol/quinones 

(smenospondiol (2), smenospongine (3), smenospongorine (4), ilimaquinone (5), 

5-epi-smenospongine (6), 5-epi-smenospongorine (7), 5-epi-smenospongidine (8), 

dysideamine (9)
 
and bolinaquinone (10))

7, 8
 against DU145 cells under both normoxic 

and hypoxic conditions (Fig. 1 and 2). Among them, only smenospondiol (2) showed 

similar selective anti-proliferative activity against DU145 cells under hypoxic condition 

at the concentrations ranging from 1.0 to 10 M. While, the other compounds 3-10 

having hydroxyquinone moiety did not show hypoxia-selective growth inhibition. These 

findings suggested that the para-hydroxybenzoyl ester moiety would be important for 
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hypoxia-selective growth inhibitiory activity of 1 against DU145 cells. 

    Hypoxia-inducible factor-1 (HIF-1) is a heterodimeric transcription factor, which 

comprises an oxygen-regulated -subunit and a constitutively expressed -subunit. 

Under hypoxic conditions, O2-dependent hydroxylation of HIF-1 subunit, which leads 

a degradation by the proteasome, is inhibited, and the resulting accumulated HIF-1 

dimerized with HIF-1 and activates transcription of target genes. HIF-1 activation 

promotes oncogenesis and/or cancer progression.
9, 10

 Furthermore, inhibition of HIF-1 

activity leads to decrease vascular endothelial cell growth factor (VEGF) expression. 

Therefore, HIF-1 has been paid much attention as a drug target for cancer chemotherapy. 

In order to clarify action-mechanism of the hypoxia-selective growth inhibitory activity 

against DU145 cells by dictyoceratin-C (1), we performed western blotting analysis to 

examine accumulation of HIF-1 and production of VEGF, which is regulated by 

HIF-1.
11

 As shown in Figure 3, DU145 cells increased accumulation of HIF-1 and 

production of VEGF under the hypoxic condition. The both 10 and 30 M 

concentrations of dictyoceratin-C (1) inhibited hypoxia-induced accumulation of 

HIF-1 While, the production of VEGF was slightly inhibited by 10 M of 
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dictyoceratin-C (1), and the treatment with 30 M of compound 1 reduced production 

of VEGF to the level of the normoxic condition.
 12

 On the other hand, dysideamine (9) 

did not inhibit accumulation of HIF-1 and production of VEGF under the hypoxic 

condition. These observations suggested that the hypoxia-selective growth inhibition 

against DU145 cells by dictyoceratin-C (1) would be due to its ability to prevent 

accumulation of HIF-1. The anti-tumor activity and the target protein of 

dictyoceratin-C (1) and smenospondiol (2) are currently being studied. 
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Figure legends 

 

Figure 1. Chemical structures of compounds 1-10. 

 

Figure 2. The anti-proliferative activity of compounds 1-10 against DU145 cells under 

both normoxic and hypoxic conditions. 

   DU145 cells (110
4
 cells/well/200 L) in a 96-well plate were pre-incubated for 12 

h under normoxic or hypoxic conditions. The cells were then treated with the indicated 

concentrations of each compound for 24 h under the normoxic condition (closed bar) or 

the hypoxic condition (open bar). The growth inhibition rate was calculated as the 

percentage of parallel negative controls. 

 

Figure 3. Effects of dictyoceratin-C (1) and dysideamine (9) on the accumulation of 

HIF-1 and the production of VEGF. 

    DU145 cells in the 6-well plate were incubated for 24 h under normoxic or 

hypoxic conditions in the presence or absence of the indicated concentrations of testing 

compound. VEGF in the culture medium was detected by immuno-precipitation with 

anti-VEGF antibody. To detect HIF-1 and -actin, the cell lysate was resolved by 
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using SDS-PAGE and was incubated with anti-HIF-1 antibody or anti--actin 

antibody.   
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