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Small molecular compounds are currently used to treat various diseases, including cancer. 

Many of these anticancer compounds are derived from living organisms. Etoposide and 

Paclitaxel (taxol), for instance, are both isolated from plants while doxorubicin and bleomycin 

are derived from bacteria. As many tumors become resistent over time, new anticancer drugs 

are still needed. Therefore there is a large interest in the identification of small molecules that 

can be used as cancer therapeutics. A large group of active small molecules that has hardly 

been analyzed belong to the fusicoccane family. Fusicoccanes possess a 

dicyclopenta[a,d]cyclooctane skeleton, 5-8-5 core ring structure, with various side groups 

linked to it and are produced by higher plants, fungi and even animals (insects). Besides 

affecting various biological processes in plants, fusicoccanes also affect animal cells. 

Ophiobolin-A (OPH-A), for instance, affects mammalian cells by the selective inhibition of 

calmodulin, while Cotylenin-A (Cot-A) induces differentiation in myeloid leukaemia cells 

and has an anticancer activity when combined with interferon  (IFN ) or rapamycin (Rap). 

A fusicoccane closely related to Cot-A is Fusicoccin-A (FC). FC has been shown to stabilize 

the protein/protein-interaction between with the C-terminal tip of the plant plasma membrane 

H
+
-ATPase and 14-3-3 proteins, break seed dormancy in plants, and inhibit an outward 

rectifying K
+
 channel in barley radicles. Furthermore, it randomizes the left/right organ 

asymmetry very early during Xenopus laevis development. 

As FC is structurally closely related to Cot-A we studied the anticancer effect of FC in 

chapter 2. We found that FC reduces the number of viable OVCAR3 ovarian carcinoma 

cells. The efficacy of FC can be enhanced by combining it with IFN  but not Rap, or by 

applying it after an IFN  treatment. The IFN /FC treatment is effective against cancer cell 

lines derived from different origins and is far less harmful for HUVEC cells (Human 

Umbilical Vein Endothelial Cells). FC selectively induces apoptosis in cancer cells by 

stimulating the TRAIL pathway. 

The TRAIL pathway does probably not include the primary target of FC. To identify the 

FC receptor and to completely clarify the working mechanism in cancer cells we subsequently 

focussed on what is known about the FC receptor in plants, and used this knowledge in our 

attempt to identify the human FC receptor. In plants, FC stabilizes the plasma membrane    

H
+
-ATPase/14-3-3 interaction. Since mammalian cells do not possess a similar H

+
-ATPase, 

we conducted a database search to identify ion channels, which FC also affects in plants, and 

transporters that have a C-terminal tip similar to the plant H
+
-ATPase. Such a tip should allow 

for the binding of FC in combination with 14-3-3 proteins and a subsequent modulation of the 
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ion channel or transporter could explain the observed anticancer effect. The database search 

identified several transporters and ion channels, of which only the TASK channels (TASK1 

and TASK3) were already known to interact with 14-3-3 proteins by their C-terminal tip. 

Before studying the effect of FC on the TASK channels we first analyzed the ion channels 

present in OVCAR3 cells in general (chapter 3). This showed that OVCAR3 cells mainly 

express K
+
 channels as well as some Na

+
 channels. The large outward K

+
 current is enhanced 

when the extracellular [Ca
2+

/Mg
2+

] is reduced, and blocked by a subsequent reduction of the 

extracellular pH to 6.2. These characteristics indicate that TASK channels are likely present in 

OVCAR3 cells. Besides TASK, other K
+
 conducting channels must be present in OVCAR3 

cells as well, as TASK channels are not known to have the large voltage gated single channel 

openings with a slope conductance of 93 pS (± 1.7) we also observed, and furthermore part of 

the K
+
 current is not affected by the changes in the extracellular [Ca

2+
/Mg

2+
] or pH. 

In chapter 4 we studied the effect of FC on TASK channels and the C-terminal   

TASK/14-3-3 interaction. We confirmed that all human 14-3-3 isoforms interact with the     

C-terminal tip of TASK1 and TASK3 and demonstrated that this interaction is dependent on 

the phosphorylation of the penultimate serine residue. FC enhances the TASK1/14-3-3 

interaction for all isoforms up to 7 times. Expression analysis demonstrated that TASK1 and 

TASK5 are expressed in OVCAR3 cells and the TASK1 protein could also be detected by 

Western blotting. FC and/or IFN  treatment did not change the TASK1 or TASK5 

expression. OVCAR3 cells express K
+
 channels with TASK-like characteristics, as we 

already described in chapter 3. FC seems to inhibit most of the TASK current in untreated 

OVCAR3 cells, while it inhibits the TASK current as well as an extra K
+
 current in IFN  

treated cells; both in a 14-3-3 dependent manner. We have however not been able to 

decisively reproduce these data nor have we identified the second FC inhibited ion channel in 

IFN  treated cells yet. 

Because we could not identify the FC receptor responsible for the apoptosis induction with 

certainty by the ion channel analysis we also performed a more general proteomics approach 

to identify the FC receptor. For this, FC was coated on magnetic beads (FC-Beads), which 

were subsequently used in a pull down assay in chapter 5. The FC-Beads bound endogenous 

14-3-3 proteins selectively from an MCF7 or OVCAR3 whole cell lysate, and mass 

spectrometry analysis identified 21 proteins that were bound to/eluted off the FC-Beads and 

possess a C-terminal tip that should allow for 14-3-3 and FC binding. Of these 21 proteins, 

three potential targets were further analyzed: PMCA1 (a Ca
2+

-ATPase, related to the plant  
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H
+
-ATPase), PABPC1 (polyadenylate-binding protein 1) and STAT1 (signal-transducer and 

activator of transcription 1). PABPC1 is identified in almost all human 14-3-3 interactome 

studies as well as in two independent FC-Bead pull-downs, and STAT1 plays an important 

role in IFN signalling. For PMCA1 we could not observe a C-terminal interaction with any of 

the 14-3-3 isoforms by a yeast two-hybrid assay. C-terminal peptides of both PABPC1 and 

STAT1, however, do interact with 14-3-3 proteins in a phosphorylation dependent manner in 

an anisotropy assay, and FC enhances their affinity. However, no interaction could be 

observed for larger C-terminal fragments of both proteins in a yeast two-hybrid assay, 

although it is not known if these fragments get phosphorylated in yeast. More experiments are 

therefore needed to confirm if PMCA1, PABPC1, STAT1 or any of the other identified 

proteins is the FC receptor in the cancer cells. 

Almost all cancer cell lines we analyzed responded to the IFN /FC treatment, except for 

the MCF7 breast cancer cell line for which we could hardly detect a growth reduction. In 

contrast to the MDA-MB-231 breast cancer cell line, which responds to IFN /FC treatment, 

MCF7 cells have a high estrogen receptor  (ER ) expression. MCF7 cells rely on the 

activation of ER  for their growth and survival and a reduction of the ER  activity with anti-

estrogens like tamoxifen (TAM) is therefore also the main strategy currently used to treat  

ER
+
 breast cancers. In chapter 6 we studied the effect of FC on ER  and report a new ER  

regulatory mechanism, which involves the ER  C-terminus and 14-3-3 proteins. ER  

contains a C-terminal mode-III 14-3-3 binding motif, of which we showed that it interacts 

with 14-3-3 proteins. This interaction is enhanced by ligand binding to ER  and depends on 

the phosphorylation of the penultimate threonine residue of ER , T
594

. FC enhances the 

ER /14-3-3 interaction of the phosphorylated ER  peptide with all 14-3-3 isoforms, except 

14-3-3 . Moreover, the [FC/ER /14-3-3]-complex is also formed by endogenous proteins 

form a MCF7 whole cell lysate, and FC reduces the estradiol (E2) induced MCF7 growth 

stimulation. This is most likely due to a reduced ER  activity caused by the FC treatment     

in vivo. The T
594

A mutation also enhances the ligand induced ER  dimerisation and the 

transcriptional activity in vivo. Combined, these data result in a model in which C-terminal 

14-3-3 binding to the ER  F-domain after T
594

 phosphorylation prevents ER  dimerisation 

which is needed for a full activation of the receptor. We thereby provide the underlying 

mechanism of the C-terminal F-domain in regulating receptor dimerization and activity, and 
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offer a novel treatment strategy using FC as small-molecule ligand that inhibits the ERα 

activity through binding outside the ligand binding domain (LBD). 

 

In conclusion, this thesis illustrates the importance and potency of small molecules like 

FC, in modifying protein/protein-interactions and regulating protein activity. Although the 

working mechanism of FC in the different tumor cell lines is still not completely understood it 

appears to selectively modulate several cellular processes and protein/protein-interactions in a 

cell type dependent manner, and reduces thereby the growth and viability of the cancer cells. 

 

  


