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Awale, Suresh

3,700,000

5 8-
Ancistrolikokine E3
Ancistrolikokine E3 Akt / mTOR / Autophagy Signaling Pathway

27 4 8 46
Ancistrolikokine E3
ACS( )
130

The project aimed to discover novel anti-cancer agents by employing an
anti-austerity strategy and to elucidate the mechanism of action through protein and metabolome
analysis. Extensive investigation on the anti-cancer activity of the active principals from the
medicinal plants Ferula hezarlalehzarica, Ancistrocladus abbreviatus, Calotropis gigantea, Artemisia

vulgaris, Anneslea fragrans, Ancistrocladus ealaensis, Bosenbergia pandurata Uvaria dac,
Chamaecyparis obtusa, Citrus hystrix, Derris scandens, Callistemon citrinus has been investigated.
The investigation of the mechanism of action of the selected novel anticancer agents was
accomplished. In particular, the novel compound, a 5,8-linked naphthyl isoquinoline alkaloid
Ancistrolikokine E3 was discovered as a promising anticancer agent that eliminates cancer cells”
tolerance to nutrient starvation. Ancistrolikokine E3 was found to inhibit Akt/mTOR/Autophagy
Signaling Pathway and causes pancreatic cancer cell death.
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Pancreatic cancer is one of the most common lethal malignancies worldwide, with a 5-year survival rate of less
than 5%. Over the past decades, the incidence of this devastating disorder has dramatically increased in industrialized
nations, in particular in the United States, Japan, and European countries, with a strong rise of mortality rates for both,
men and women. The prognosis for patients with pancreatic cancer remains extremely poor. Human pancreatic cancer
cells are known to proliferate rapidly and aggressively, causing a chronic deficiency of essential nutrients and oxygen
due to their high metabolic need, combined with inefficient vascular supply. Thus, in contrast to normal tissues, the
microenvironment of pancreatic tumorsis characterized by low levels of nutrients and oxygen. The ability of pancreatic
cancer cells to tolerate these extreme hypovascular and hypoxic conditions, by displaying a remarkable resistance to
starvation, is referred to as “austerity”. The search for potent new agents that preferentially affect tumor cells under
nutrient deprivation has emerged as “antiausterity approach” in anticancer drug discovery. Based on this concept,
investigations on medicinal plants for the discovery of new antiausterity agents were carried out.

The project aimed to discover novel anti-cancer agents by employing an anti-austerity strategy and to elucidate
the mechanism of action through protein and metabolome analysis with following primary aims.
e  Screening of medicina plants from diverse origin against PNAC-1 human pancreatic cancer cell line by
employing anti-austerity strategy and identification of active medicinal plants.
e |solation and identification of anticancer agentsfrom active medicinal plants utilizing extensive spectroscopic
techniques. Study on the mechanism of action of selected anti-austerity agents.
o Determine the effect of anti-austerity agents on the metabolism of human pancrestic cancer cells.

Screening of approximately 500 plant extracts were conducted for their antiausterity activity against PANC-1
human pancreatic cancer cell line utilizing antiausterity strategy. Phytochemical investigation and isolation of active
principals from the medicinal plants Ferula hezarlalehzarica, Ancistrocladus abbreviatus, Calotropis gigantea,
Artemisia vulgaris, Annedea fragrans, Ancistrocladus ealaensis, Bosenbergia pandurata, Uvaria dac, Chamaecyparis
obtusa, Citrus hystrix, Derris scandens, Callistemon citrinus wereinvestigated.  The structure elucidation of the new
compounds was achieved by HRFABMSS, and by NMR, and ECD spectroscopic analysis. The active constituents were
investigated for their ability to inhibit PANC-1 cancer survival, morphological changes of pancreatic cancer cells
induced by active constituents, the cell migration in a real-time, colony formation, and the real-time effect against
human pancreatic cancer cell lines. Mechanisti ¢ investigations on the active compounds were conducted with particular
focus on the effect against the activation of the Akt/mTOR/autophagy pathway. The effect of active compound against
the expression of the key autophagy regulators Atg5, Atgl2, Beclin-1, LC3-1, and LC3-11 were investigated.

4.
Key findings of the selected research are briefly summarized bel ow:

I.  Ancigtrolikokine E3, a 5,8'-Coupled Naphthylisoquinoline Alkaloid, Eliminates the Tolerance of Cancer
Cedlsto Nutrition Starvation by Inhibition of the Akt/mTOR/Autophagy Signaling Pathway
The new 5,8'-coupled naphthyl dihydroi soquinoline alkal oid ancistrolikokine E3, isolated from the Congolese liana
Ancistrocladus likoko, showed potent preferential cytotoxicity against PANC-1 cells under nutrient-deprived
conditions, with a PCso value of 2.5 uM, without exhibiting toxicity in normal, nutrient-rich medium. The compound
was found to induce dramatic aterations in cell morphology, leading to cell death.
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Figure 2. Effect of ancistrolikokine E3 (4) on colony

Figure 1. Mono- and dimeric naphthylisoquinoline alkaloids formation by PANC-1 cells. (A) PANC-1 cell coloniestreated
with antiausterity activities against PANC-1 human pancreatic with different concentrations of compound 4. (B) Graph
cancer cells; jozilebomine B (1), ancistrobonsoline Al (2), showing mean values of the area occupied by PANC-1 cell
ancistrolikokine H2 (3), and the highly potent new agent colonies (threereplications), **** p < 0.0001, * p < 0.05 when

ancistrolikokine E3 (4). compared with the untreated control group.
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Figure 3. Effects of ancistrolikokine E; against key proteinsinvolved
in Akt/mTOR and in the autophagy signaling pathway.
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Figure 4. Ancistrolikokine E; (4) inhibits autophagy markers.
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Figure 5. Mechanism of the action of ancistrolikokine E; (4) against
PANC-1 human pancreatic cancer cells.

Deregulation of multiple elements of the Akt/mTOR pathway has been reported in many types of cancers, where
alterations in major components of this pathway significantly affected tumor progression. As a consequence,
Akt/mTOR is an attractive therapeutic target in the search for new anticancer agents. Therefore, the effect of the new
akaloid 4 on the activation of Akt/mTOR in PANC-1 cells was investigated by western blot analysis. As shown in
Figure 3, there was a significant increase in phosphorylation of Akt and mTOR within 6 hin the control cells cultured
in nutrient-deprived medium compared to DMEM. Treatment with 4, however, inhibited total Akt, p-Akt, mTOR, p-
MTOR, and GBL in a concentration-dependent manner. Significant inhibition was observed at the alkaloid
concentrations of 20 and 40 uM, leading to an inhibition of p-Akt of 65% (in the case of 20 uM of 4) and of even 99%
(in the case of 40 uM of 4) in comparison to the control. Similar results were also obtained for total Akt, giving rise to
an inhibition of 48% after treatment of the cells with 20 uM of 4, and of 86% after application of 40 pM of compound
4, as compared to the control. In a similar manner, a concentration of 40 uM of 4 inhibited the expression of p-mTOR
and mTOR by 92% and 100%, respectively. In DMEM, however, no apparent changesin the Akt/mTOR proteins were
observed. These data strongly suggest that inhibition of the Akt/mTOR signaling pathway significantly contributed to
the preferential cytotoxicity of ancistrolikokine E3 (4) towards PANC-1 cellsin NDM.

In this study, the effect of ancistrolikokine Es (4) on the downstream autophagy signaling pathway was further
investigated. During autophagy, unwanted proteins and damaged mitochondria are engulfed by autophagosomes, and
digested in lysosomes to refuel the cells with essential amino acids, thus maintaining cellular metabolism. Autophagy
can be activated by many factors, particularly in the case of extreme nutrient deprivation, so that it secures energy
production and promotescell proliferation, and, thus, conferstoleranceto starvation. Therefore, animmunoblot analysis
was carried out to investigate the possible involvement of ancistrolikokine Es (4) in interfering with the autophagy
pathway leading to PANC-1 cell death. Ancistrolikokine Es (4) was found to inhibit the expression of al the key
regulators of autophagy, Beclin-1, Atgb, Atgl2, LC3-I, and LC3-11, in a concentration-dependent manner (Figure 3).
These results suggested strongly that ancistrolikokine Es (4) is apotent inhibitor of autophagy. Further investigation on
a co-treatment of 4 with 3-MA and CQ was carried out to study more closely the expression of the key autophagy
marker LC3. As shown in Figure 4, treatment of PANC-1 cells with CQ led to a nearly two-fold increase in the
accumulation of LC3-11 in NDM (control). 3-MA, on the other hand, inhibited the expression of LC3-11 by a factor of
nearly two. Treatment with 40 uM of compound 4 was found to significantly inhibit the expression of both, LC3-I and
LC3-11. Thiswas further confirmed by the combination of 4 with CQ, which also resulted in anearly completeinhibition
of the expression of LC3-11 compared to the effectsinduced by CQ aone. These data suggested strongly that compound
4 inhibits autophagy at an early stage, and interferes with membrane nucleation and autophagosome formation. These
results demonstrated that ancistrolikokine E3 and related naphthylisoquinoline alkaloids are promising potential lead
compounds for anticancer drug development based on the antiausterity strategy.



I1. Highly Potent Antiausterity Agents from Callistemon citrinus and Their Mechanism of Action against the

PANC-1 Human Pancreatic Cancer Cdl Line

Callistemon citrinus Stapf (Myrtaceae) extract inhibited the viability of PANC-1 human pancreatic cancer cells
preferentially under nutrient deprived medium (NDM) with a PCso value of 7.4 ug/mL. Seven new meroterpenoids,
calistrilones L-R (Figure 7) were isolated from this bioactive extract. The new compounds showed highly potent
preferential cytotoxicity against PANC-1 cellswith PCso valuesranging from 10-65 nM in NDM. Of these, callistrilone
L inhibited PANC-1 cell migration and colony formation in a normal nutrient-rich condition. Callistrilone L aso
strongly suppressed the migration of PANC-1 cells in real-time. Mechanistically, callistrilone L was found to inhibit
the Akt/mTOR and autophagy activation pathway. Callistrilone L and related meroterpenoids are promising leads for
anticancer drug development based on the antiausterity strategy.
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Figure6. Structure of compounds isolated from Callistemon citrinus
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Figure 7. (A) Calistrilone L (1) suppressed the migration of PANC-1 cells in a wound-healing assay in real-time.
Treated and control cells were subjected to time-lapse imaging at 15 min intervals for 48 h, and the representative
images are shown. (B) Quantification of wound healing by measuring the open scratch area for each time point.
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