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Introduction
Abrogation of mitosis is an extremely competent rationale for anti-

cancer treatment [1]. Some natural products (NPs) work by targeting 
the mitotic regulatory machinery thereby restraining the efficacy of 
the mitotic spindle, blocking the cell division process and pushing the 
cells to apoptosis. Hence, NPs that hinder the advancement of mitosis 
are the most sought after chemotherapeutics, currently. These natural 
antimitotic products and their derivatives are referred to as spindle 
poisons/ toxins, are among the most frequently used anti-cancer drugs 
globally e.g. Vinca alkaloids (vincristine, vinblastine) and taxanes 
(e.g. paclitaxel, docetaxel). In the past, a variety of drugs that target 
microtubules and hampers the utility of the mitotic spindle have been 
used clinically for managing a wide range of human malignancies. 
Conversely, due to severe undesirable mechanism-based cytotoxicity in 
the CNS and therapeutic resistance which are repetitively seen at the 
time of microtubule-targeting, the use of these drugs is limited [1-4].  
The new generation of mitotic drugs aims for the mitotic regulatory 
machinery which involves the motor proteins,  mitotic kinesins, or the 
Aurora and polo-like kinases and complexes which are expressed only 
at the time of cell division [2]. Research efforts are intended towards 
developing superior antimitotic drugs that would not be only more 
specific in their action but would also lessen the burden of side effects 
on patients. Also, because cancer cells demonstrate vast phenotypic 
miscellany they are characteristically responsive to phenotypic 
screening which would assist in translating the molecular mechanism 
as a therapeutic approach in treating cancer with familiar cellular 
phenotypes following the theory of mechanism-informed phenotypic 
screening.
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Natural products as the spindle toxins for anticancer 
drug development

It has been observed that a slight modification in the dynamics 
of the microtubule can activate the spindle checkpoint and arrest the 
progression of the cell cycle in the mitotic phase, the outcome of which is 
cell death. Our improved knowledge on understanding the mechanism 
of the targets of the microtubule agents has assisted in modifying 
the anti-cancer treatment regime [5]. A restraining the microtubule 
dynamics and killing tumor cells seems to be a common mechanism 
of drugs that impede mitosis. Cancer cells are comparatively sensitive 

to such drugs when compared to normal cells for the reason that they 
segregate faster than normal cells. As a consequence cancer cells pass 
through the phase of susceptibility to mitotic poisons [6]. 

Curcumin-induced G  2  /M transition and mitotic cell arrest 
was seen in eight colorectal cancer cell lines. It acted by disrupting 
the primary events of mitosis, like the centrosome segregation, 
chromosomal alignment at the equator and bipolar spindle assembly 
[7]. Vinca alkaloids impair mitotic spindles at high concentrations 
(10–100 nM) in HeLa cells and depolymerize microtubules [8], 
consequently leaving the dividing cancer cells stalled in mitosis with 
condensed chromosomes [5]. Paclitaxel instigates the cellular mitosis 
by activating the mitotic checkpoint/spindle assembly checkpoint, 
which is the key cell cycle control mechanism acting during mitosis to 
avert errors in chromosome segregation [9].  Combretastatins display 
cytotoxic properties and prohibition of tubulin polymerization in vitro 
in cancer cells [10]. These are beneficial classes of compounds compared 
to anti-mitotic agents as they also act as angiogenesis inhibitors and 
are known as vascular disrupting agents [11,12]. Epothilones A and B 
[13] are a new class of  MTAs, securing the microtubules and inhibiting 
the dynamic behavior of microtubules at the mitotic spindle and, thus, 
holding back cancer cells from mitosis. Despite their widespread use 
as chemotherapeutics, these drugs exert significant mechanism-based 
cytotoxicity in the central nervous system and therapeutic resistance 
often develops [14,15]. To optimize efficacy, while minimizing the 
undesired effects of spindle toxins, research and development have also 
focused on specific drug delivery systems or delivery of pro-drugs to 
cancer cells.

As an alternative to the tubulin-binding spindle toxins, some 
compounds exhibit anti-cancer therapeutic efficacy inhibiting the 
activity of kinases which are crucial for mitotic progression. When 
compared to spindle toxins this approach looks more promising to 
avoid cellular toxicity. Mitotic inhibitors have been developed for 
about a dozen of mitotic regulators. Despite some of them having 
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been tested in clinical trials, the clinical breakthrough in this field is 
still forthcoming [16-18]. Synthetic small molecules dominate the 
landscape of potential inhibitors of mitotic regulators, while there is an 
under-representation of (NP) compounds that are non-spindle toxin 
anti-mitotic regulators. Recently, there has been a growing interest in 
the application of novel screens for phytochemicals with the ability to 
disrupt cancer cell mitosis [19].

Mechanism-informed phenotypic screening for natural 
products that mimic inhibition of the Chromosomal 
Passenger Protein (CPP) Complex 

For the past three decades, anticancer drugs have mainly been 
developed with a predetermined target in mind. However, phenotypic 
screening (PS) programs for anticancer compounds have increased 
adequately. This may be a less biased approach in that expectation of 
hitting one target, in particular, is absent. Since a positive hit is solely 
dependent on observed phenotype, PS of cellular assays (or sometimes 
organismal) can reveal inhibitors of novel targets that may be upstream 
of a desired phenotype [20]. This can be important when one does not 
know much about the assayed disease pathway.  Various studies have 
been published on PS, documenting its advantages over target-based 
screening studies [21-23]. In this commentary, we discuss a recently 
published study [19] that highlights the potential of mechanism-
informed, phenotypic screening for uncovering antimitotic activity 
in libraries' natural compounds. The study describes a unique image-
based, high-throughput screening (HTS) bioassay to identify NPs that 
can mimic inhibition of the chromosomal passenger protein (CPP) 
complex in eliciting cell division defects [19]. 

The CPP complex is composed of the Aurora B serine/threonine 
kinase subunit (AURKB), the inner centromere scaffold protein, 
INCENP (Inner Centromere  Protein), and two small regulatory 
components, survivin and borealin (also known as Dasra) [24-25]. 
The CPP complex is essential to ensure accuracy in chromosome 
segregation, maintenance of the spindle checkpoint response and 
completion of cytokinesis. Two components of the CPP in particular, 
AURKB and survivin, have received attention as targets for novel 
anti-cancer therapeutics [26]. This attention stemmed from their 
overexpression in a variety of human malignancies and ability to 
facilitate tumorigenesis in model systems [27]. Disabling the CPP 
complex in cancer cells can produce pleiotropic cell division defects, 
apoptosis, and lethal autophagy [28-30] and cells overexpressing the 
MYC oncogene have proven particularly susceptible to disabling the 
CPP. MYC-synthetic lethal drug interactions are an attractive and 
active area of investigation as MYC, a transcription factor has proven 
refractory to direct inhibition with small molecules [31].

Li et al. [19] performed their image-based HTS with a prior 
understanding of the versatile functions of the CPP complex in 
orchestrating karyokinesis and cytokinesis. They specifically scored for 
phenotypes that mimic those seen when the CPP complex is disabled 
in a drug-sensitive cell line. The parameters for a positive hit were an 
elevation of mitotic index (MI) at 24 hours of drug treatment, indicative 
of arrest, and an accumulation of polyploid cells at 48 hours of drug 
treatment, indicative of cytokinetic failure. With the knowledge that 
both phenotypes ensue from inhibition of the CPP, the researchers 
could exclude compounds that elicited only a prolonged arrest of cells in 
mitosis, a phenotype typically provoked by spindle toxins. Visualization 

Figure 1: Displaying the comparative phenotypes: A) with corynoline and acetylcorynoline treatment B) with spindle toxins treatment C) Proposed mechanism of action by both compounds.
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of mitotic cells and polyploidy was conveniently facilitated by the 
engineered expression of H2B-GFP fusion proteins in their screening 
cell line. After screening a large NP library of 17,000 extracts from 
>2,000 plants, they identified activity mimicking CPP inhibition 
in an extract from C. longicalcarata. Bioassay-guided isolation and 
purification processes were used to identify active components as 
corynoline and its derivative acetylcorynoline.

Phytochemicals that mimics inhibition of the CPP complex
Both corynoline and acetylcorynoline are known phytochemicals 

that have been previously isolated from Corydalis incisa (family 
Papaveraceae; IPNI: 672291-1) [32]  and Corydalis bungeana (family 
Papaveraceae; IPNI: 672108-1) [33-34]. They are known to stimulate a 
variety of pharmacological activities [35-38], but no antimitotic activity 
has been described. With the recent descriptions, we can now ascribe 
antimitotic and polyploidy-inducing activity to these phytochemicals, 
dramatizing the promise of mechanism-informed phenotypic screening 
in uncovering alternative antimitotic compounds for cancer therapy and 
the novel biology activity for known phytochemicals, in general. Unlike 
spindle toxins (taxoids and Vinca alkaloids), which induce a prolonged 
mitotic arrest and eventually apoptosis of cancer cells, corynoline and 
acetylcorynoline failed to permanently arrest cells in mitosis. Instead, 
both compounds elevated mitotic index through a transient arrest of 
cells in prometaphase, and ultimately induced polyploidy by preventing 
cytokinesis (Figure A & B). These cell division defects are similar to 
those seen when the CPP complex is disabled (Figure C). However, 
the catalytic activity of the CPP complex was not affected by these 
compounds. It is still possible that they may interfere with the localization 
of the CPP complex or a component downstream of the complex. Even 
though the mitotic target for these phytochemicals is still mysterious, they 
have excellent lead-like properties that warrant investigation as a new 
scaffold for modification of more potent and drug-like leads that could be 
antimitotic agents for the treatment of human cancer that lack the toxic 
effects associated with currently used antimitotic.

Conclusions and future perspective
Targeting cancerous cells when they are most vulnerable during 

mitosis has instigated several studies into the mitotic cell death 
pathway. Therefore, NPs targeting microtubules and disrupting 
the normal functioning of the mitotic spindles are the finest class 
of chemotherapeutics offered in the clinics. Although, traditional 
antimitotic agents, such as taxanes and the vinca alkaloids, have been 
used clinically for decades, the unpredictable complexities of patient’s 
response to these drugs still pose a leading challenge for its clinical 
success. Additionally, drug resistance and toxicity also need to be 
addressed. A new generation of anti-mitotic drugs that work through 
a distinct mechanism of action, may overcome these limitations. The 
work described here focused on novel screening methods to find a 
new generation of antimitotic compounds that work through distinct 
mechanisms. It appears that corynoline and acetylcorynoline interfere 
with mitotic regulators, mimicking the CPP complex, rather than 
through the disruption of microtubules. The development of these 
compounds as scaffolds for modifications may yield molecules that are 
potent and safe antimitotic therapeutics. It is the need of time to explore 
more and more novel natural antimitotic agents which demonstrate the 
possibility to evade the challenges associated with antimitotic therapy.
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