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 1.1 HNSCC, head and neck squamous cell 

carcinoma  

          1.1.1 HNSCC: generalities 

Human head and neck squamous cell carcinomas (HNSCC) are a group of tumors that, 

developing in the mucosal linings of the superior aerodigestive tract, can affect various 

regions of the oral cavity, oropharynx, hypopharynx and larynx [1][2]. Oral cavity cancers 

represent 25% of all head and neck carcinomas [3]. This type of neoplasm is extremely 

aggressive and is the sixth leading cause of cancer worldwide with 890,000 new cases and 

450,000 deaths in 2018 [2][4]. More than half a million new cases are diagnosed per year 

and almost 50% of patients have a less than 5 years survival rate [1].  

The HNSCC incidence is constantly growing and is foretold to rise by around 30%, which 

means 1.08 million new cases per year, by 2030 [4].  

Men are predisposed to develop HNSCC, 2-4 more than women [5][6]. Most of these 

tumors are correlated to human papillomavirus (HPV) infection and the incidence of HPV-

related HNSCC increased in the last years. The average age for oropharyngeal cancer 

associated with HPV diagnosis is about 53 years while for not- virally associated cancer is 

66 years [4].  

Besides deaths directly attributable to cancer, it is detected a high-level of suicides among 

survivors due to compromised quality of life and psychological problems [4]. HNSCC 

have the second-highest rate of survivor suicides (63.4 cases per 100,000 people) after 

pancreatic cancer. It is a very high number when compared with other cancers (23.6 cases 

per 100,000 people) [7].  

1.1.2 Risk factors in HNSCC 

The main risk factors for HNSCC development, by relying on epidemiological studies, are 

environmental pollution, tobacco and alcohol abuse and viral infection (Fig. 1) [4]. As 

regards infectious agents, chronic Human Papilloma Virus (HPV) and Epstein-Barr Virus 
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(EBV) infections are known risk factors for oropharyngeal and nasopharyngeal 

carcinomas, respectively [8][9].  

Oral cavity and larynx cancers are mostly related to tobacco smoking and alcohol abuse, 

while pharynx tumors to high-risk HPV infection, mainly HPV-16 [4][2]. Furthermore, 

both ones can be caused also by genetic predisposition [2]. An example is represented by 

patients suffering from Fanconi anaemia, a rare genetic disease marked by compromised 

DNA repair. These patients have a 500–700-fold increased risk to develop HNSCC 

[10][4].  

Besides, some Asia-Pacific populations develop oral cavity cancer probably related to 

areca nut products chewing such as “betel quid”: a variety of personalised combinations 

including areca, betel leaf (the leaf of Piper betel), slaked lime and tobacco [4].  

 

 

Figure 1:  Main risk factors in HNSCC [4]. 

 

To sum up, the overall incidence of HNSCC should be cut down by reducing tobacco 

consumption, improving oral health and spreading HPV vaccination [11]. 
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 1.1.3 HNSCC pathogenesis and treatments 

The oral cavity, pharynx, larynx and sinonasal tract are coated by mucosal epithelial 

cells. Histologically, HNSCC cancer derives from this coating, however, the cell that gives 

origin to the lesion depends on two factors: 

• Anatomical site. 

• Causative agent. 

Though, the main candidates are the adult stem cells or progenitor cells because of their 

capacity to give rise to cancer stem cells (CSCs) with self-renewal and pluripotency 

properties. 

The passages leading to the invasive phenotype are represented by hyperplasia of epithelial 

cells, dysplasia, carcinoma in situ and invasive carcinoma (Fig. 2) [4].  

 

Figure 2: Representation of HNSCC progression [4]. (Modified by this article). 

 

Tobacco, with over 5000 chemicals, many of which are potentially carcinogenic, is the 

main cause of HPV-negative HNSCC development [4].  

The most important carcinogenic effects of tobacco chemicals are caused by polycyclic 

aromatic hydrocarbons (PAHs) [12][13]. In areca nut and betel quid carcinogens are not 

well-defined, while in smoke-free tobacco the main carcinogen are nitrosamines [14][4].  

Carcinogenic substances of tobacco, including PAHs and nitrosamines, as well as acting as 

carcinogenic triggers by themselves, may, because of their metabolic activation, generate 

reactive metabolites that can covalently bind to DNA. All this can lead to the further 

development of mutations and other genetic abnormalities [4].  
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In addition, the tobacco-related carcinogenicity has been associated with the inflammation 

process in tobacco carcinogen exposed tissues which can contribute to malignant 

progression with production of cytokines, chemokines and growth factors [15]. 

As regard alcohol abuse, two probable carcinogenic activities are leading to HPV-negative 

HNSCC [15]: 

• Being a solvent for other carcinogenic substances improving tissue exposure [16].  

• Being metabolized to acetaldehyde, an active substance rarely forming adducts 

with DNA [17]. 

Finally, 70% of oropharyngeal tumors are associated with HPV infection. Most of these 

HPV-HNSCC come from deep crypts in the palatine and lingual tonsils. 

Among various types of HPVs, the main responsible is HPV-16, but also other etiological 

agents can be identified in different high-risk HPV including HPV-18, HPV-31, HPV-33 

and HPV-52 [4].  

The main locally confined HNSCC treatments are surgical resection and radiotherapy. The 

aim is to achieve the highest level of healing while preserving oral function. Currently, the 

treatment engages surgery and consequent chemoradiotherapy (CRT) for oral cavity 

cancers and primary CRT for pharynx and larynx ones [4].  

Patients affected by HNSCC with no lymph node involvement and metastasis or with 

single node involvement, are treated by one intervention, such as resection or radiation, 

which results in over 80% cure rate [18].  

For more advanced stadium or nodal involvement cancers, post-operative radiotherapy or 

chemoradiotherapy cut down the risk of relapse and increase survival rate [19][20].  

Recurrent or metastatic HNSCC are normally treated with surgical resection, re-irradiation 

or metastases surgical removal [21][22]. Other patients, except those who for previous 

autoimmune diseases are contraindicated for this approach, receive the first-line systemic 

therapy with pembrolizumab, an immune checkpoint inhibitor. 

This compound is a humanized IgG4 antibody against programmed cell death protein 1 

(PD-1) which is generally used in patients whose carcinoma is characterized by the 

expression of PD-L1 (one of the two PD-1 ligands) or microsatellite instability [4].  
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PD-1 is an immune checkpoint that can avoid the tumor cell damaged by the immune 

system and autoimmune disorder beginning [23]. When compared pembrolizumab and 

cetuximab chemotherapy resulting data showed comparable toxicity and therapeutic 

response but, pembrolizumab therapy improved the overall patient survival (10.7 months 

with cetuximab to 13 months with pembrolizumab) [4].  

Patients who cannot be treated with first-line immunotherapy are treated with cetuximab 

and combined chemotherapy consisting of a platinating agent with 5-fluorouracil or 

paclitaxel [24].  

However, despite some patients had a history of autoimmune disease, in case of poor 

prognosis, PD-1 can be revaluated as a target in their cancer therapy [4].   

For metastatic and chronic diseases, recent immunotherapies are currently being tested, in 

addition to hopeful combinations based on immune checkpoint inhibition with kinase 

inhibitors or anti-angiogenic compounds [25].   

1.1.4 Tumor microenvironment and metastasis 

The HNSCC tumor microenvironment is characterized by a heterogeneous mix based on 

various cancer and stromal cells such as cancer-associated fibroblasts (CAFs), immune and 

endothelial cells, [4] but also peripheral nervous system innervating neurons and 

adrenergic neurons inducing cancer growth [26]. 

Cancer-associated fibroblasts produce different molecules involved in tumor growth since 

they support angiogenesis, immunosuppressive cell enrolment, as well as extracellular 

matrix (ECM) degradation and remodelling [4]. 

These products include growth factors, like EGF, VEGF and HGF, cytokines like IL-6, 

chemokines and matrix metalloproteases (MMPs) [27][28]. 

The oral microbiome composition is also interesting since in oral cancer the possible role 

of highly specific bacterial and fungal agents has been highlighted and still examined 

[29][30].  

Head and neck squamous cell carcinomas can feature a high level of hypoxia [31] and this 

suggests poor prognosis and cancer survival after radiation therapy [32][33]. 
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As regard the genetic field, hypoxia in cancer cells determines the expression of hypoxia-

inducible factor (HIF1α), a transcription factor HIF1 subunit.  

HIF1α directs the expression of genes encoding MMPs and vascular endothelial growth 

factor (VEGF), which promote tumor cell infiltration and angiogenesis, respectively [4].  

It has been shown that the majority of HNSCC cancers present an extremely 

immunosuppressive tumor microenvironment [34][35].  

TME is characterized by Teff cells, NK cells, Treg cells, derived suppression cells (MDSCs) 

and M2 macrophages. The first two drive anti-cancer immunity, while the remnants 

immune system suppression and cancer cell proliferation [4].  

Numerous immune cells infiltrate HNSCC and their composition depends on: 

• Anatomical localization. 

• Cancer-causing agent, such as tobacco consumption and viral agent [34][36]. 

The invasive and metastatic process of HNSCC cells follows different pathways. Both 

cancer and stromal cells produce metalloproteases that promote cell invasion since their 

involvement in extra-cellular matrix degradation and reshaping. In addition, a relationship 

has been found between high levels of some metalloproteases (MMP1, MMP2, MMP9 and 

MMP13) and a high invasive carcinoma with a tendency to metastasize and a resulting 

poor prognosis [37][38]. 

The epithelial-mesenchymal transition (EMT) has particular importance in metastasis 

formation. During EMT cells down-regulate E-cadherin, while up-regulate N-cadherin and 

vimentin, resulting in a cell adhesion decrement, an improved migration activity and 

invasive ability. Indeed, a relation has been detected between variations in cadherin and 

vimentin concentrations and increased metastasis formation in HNSCC [28][39]. 

In addition, high levels of hypoxia can be linked with metastasis [32][40][41]. This 

depends on HIF α, whose expression is caused by high levels of hypoxia, which lead to the 

expression of vimentin, TWIST and SNAIL (which mediate down-regulation of E-

cadherin during EMT) [28]. We can conclude that hypoxic conditions may drive cancer 

cells to transition from an epithelial to a mesenchymal phenotype [4].  
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Two other important correlations were highlighted: 

• EMT and stem cell property asset such as HNSCC CSC markers expression [42].  

• CD44, CD133 or ALDH1 expression by HNSCC cells and metastasis [43]. 

 1.1.5 Deregulated pathways and genomic alterations in 

HNSCC 

 

HNSCC outgrowth is mainly related to deregulated pathways and genetic or epigenetic 

abnormalities. Indeed, these carcinomas are characterized by repeated loss or gain of 

chromosomal loci [44].  

Different chromosomal alterations take place in different cancer progression phases, it’s 

believed that several genetic abnormalities are needed for the complete turning into 

invasive HNSCC (Fig. 2) [16][4].  

The alterations mainly associated with HPV-negative tumor could be summed as follow: 

• The passage from normal cells to hyperplasia involves the region 9p21 loss (9p21 

locus contains tumor suppressor genes).  

• Advancement from hyperplasia to dysplasia is characterized by loss of 17p13 and 

3p21.  

• During dysplasia to carcinoma in situ progression appears 11q13, 14q32 and 13q21 

loss. 

• In the end loss of 10q23, 4q27, 6p and 8 evident during the final step to invasive 

carcinoma. [4] 

HNSCC pathogenesis is often driven by tumor suppressor loss rather than by oncogene 

activation, contrary to various malignant solid cancers: the only oncogene appearing to be 

commonly altered in HNSCC (~14%) is PIK3CA, which encodes the catalytic subunit of 

3-kinase phosphoinositide (PI3K) [44][45][46], while mutations in RAS genes are rare, 

about 4% of HNSCC. NRF2 and KEAP1 encoding genes are crucial regulators in oxidative 

stress conditions and are often subject to mutation entirely in HNSCC HPV-negative [44].  
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Oncogenic pathways involve also epigenetic changes; CDKN2A, RARB (encoding Rarβ, a 

mediator in the epithelial cells differentiation), DCC and MGMT (a protein involved in 

repairing DNA damage caused by tobacco carcinogens) are key cancer suppressors often 

hypermethylated and under-regulated in HNSCC [47][48]. 

Several studies detected in HNSCC tumors unusual activation of signalling pathways and 

several abnormal expressions of proteins involved in that signals, including: 

• Cytokine IL-6 and its receptor overexpression [49][50]  

• Cyclin D1 overexpression that is related to poor clinical survival [16][51]. 

In the end, EGFR overexpression is detected in 80-90% of head and neck squamous cell 

carcinomas. That’s the reason why it could be considered a prognostic marker since its 

expression is related to poor prognosis and progression-free survival [52][53]. 

Several signalling pathways are leading to tumor growth, the most common of which is the 

alteration of the PI3K-AKT-mTOR pathway [44][54].  

WNT-β-catenin oncogenic pathway provides to HNSCC oncogenesis too [55], as well as 

the RAS-MAPK signalling, that is involved in more prospering cell growth and survival 

[44].  

Last, also STAT3 signalling is involved, since it induces the expression of diverse genes 

such as genes encoding VEGF, IL-6, IL-10 and TGFβ (promoters of cell growth and 

immunosuppressive condition) [56]. 

1.2 Anti-mitotic agents 

Anti-mitotic agents lead to cell cycle arrest in the G2/M phase and induce the apoptotic 

cell death with consequent tumor regression. For this reason, these compounds are 

commonly employed as anti-neoplastic drugs [57]. Anti-tubulin agents and kinesin 

inhibitors are two important members of this class of drugs and are going to be analysed 

below. 
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 1.2.1 Anti-tubulin agents  

Anti-tubulin agents are anti-cancer drugs that, interfering with tubulin and microtubule 

dynamics, lead to a proliferation arrest by triggering a suicide effect (apoptosis cell death). 

The role of the cytoskeleton in cell division, indeed, makes them a common target in anti-

neoplastic therapy [58][59][60].  

However, it’s important to stress a limited clinical use of diverse tubulin inhibitors in anti-

cancer therapy caused by neurotoxicity development as a side effect and the multidrug 

resistance mechanisms (based on drug efflux pumps and βIII tubulin isoform expression) 

[61]. It means new inhibitors, acting differently but still by binding to tubulin, are required 

[57].  

The anti-microtubular drug effect in anti-tumor therapy can be boosted by using agents that 

have anti-apoptotic proteins as target, since one mechanism used by cells to overcome anti-

microtubular effects is to hang on apoptotic process [62]. It’s needed to mention taxanes 

and vinca alkaloids that have been used in clinical studies for decades [62].  

Taxanes target intracellular free tubulin and lead to stable microtubule assembly. 

Paclitaxel, docetaxel and cabazitaxel are taxanes approved by the FDA [63]. Paclitaxel was 

discovered in 1960. It is the only natural taxoid in this class of drugs and is extracted from 

the taxus brevifolia cortex, a North American pacific yew tree [64].  Its use is limited by 

bark extraction and new compounds have been synthesized: Docetaxel e Cabazitaxel, 

semisynthetic taxoids derived from 10-deacetylbaccatin III, an unused compound since its 

inactivity [63].  The advantage of 10-deacetylbaccatin III is its extraction from leaves of 

the European yew tree Taxus Baccata which means that the tree, contrary to the cortex 

extraction, does not need to be cut and the extractable quantities can be more since leaves 

are a renewable source [63].  However, the taxane application is limited by numerous side 

effects including   peripheral neuropathy, hypersensitivity reactions and haematological 

toxicity. On the other hand, a large proportion of taxanes-treated patients do not benefit 

from this treatment. This is probably due to a tumor insensitivity or a failure to reach 

adequate concentration at the site of action [63].   

Vinca alkaloids will be analysed below. 
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 1.2.1.1 Tubulin and microtubules 

Tubulin is an intracellular protein: α and β tubulin monomers can exist as diverse isotypes 

characterized by distinct sequences of amino acids. These ones are obviously encoded by 

different genes [62]. Tubulin intracellular concentration is about 5 µM, not depending on 

the cell cycle phase. Its concentration, in truth, changes according to cell type but, 

basically, constitutes on average the 4.5-5% of total soluble cell proteins [65][66].  

Determined tubulin isotypes have been associated with neoplastic cells and can have 

prognostic value in solid cancers. An example is the overexpression of βIII-tubulin that has 

been recognized as a potential marker for aggressive phenotypes in different cancer 

diseases [67].  

It has also been shown that the life expectancy of patients whose cancer overexpress βII-

tubulin isotype is short, especially if it has nuclear localization. Indeed, the βII subunit 

enhances tumor cell growth and invasion, for this reason, its appearance and cellular 

localization can be considered potential prognostic markers [62]. Tubulin mutations and its 

various isotypes in invasive cancers can play a role in drug resistance because of their 

impact on the anti-neoplastic compound binding site [62].   

 

 

Figure 3:  Microtubule assembly. A: Dimers of tubulin; B: Oligomers of tubulin; C: Protofilaments; D: Turn 

of protofilament; E: Closing microtubule; F: Stretching microtubule. 
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Microtubules are tubular polymers of tubulin and are the cytoskeleton base elements in 

eukaryotic cells. Their organization consists of 13 assembled protofilaments with head-tail 

alignment made of αβ-tubulin heterodimers arranged to form cylinders of 25 nm diameter 

[68].  

Microtubules take part in several vital cell functions: chromosome segregation during cell 

division, cellular vesicle transportation, organelle delivery and cell invasion [69]. The 

tubular structure awards microtubules an intrinsic polarity [70][71]; the two extremities 

have a different cellular localization:  the one presenting α-tubulin is in the centrosome, the 

central part of the cell, while the β-tubulin end is in the cell periphery. This extreme, also 

known as `+´ end, being very dynamic, is subject to continuous polymerization-

depolymerization phases [71].  

The cytoskeleton is a network with a radial arrangement that is organized in a central 

structure near the nucleus, the centrosome. Its organization is subject to changes during 

cell division, first depolymerises and then the single tubulin components reassemble 

(repolarization) to form a mitotic spindle [68].  

Several cell factors are involved in the regulation of microtubule polymerization-

depolymerization but the main implicated are microtubule-associated proteins (MAPs) 

[58].  

 1.2.1.2 Anti-tubulin depolymerization agents 

It’s useful to subdivide tubulin inhibitors into two groups: microtubule-stabilizing agents, 

such as taxanes, epothilones, laulimalide and destabilizing agents including vinca alkaloids 

and colchicine binding site agents (Fig. 4) [61].   

Epothilones have an anti-cancer taxol-like mechanism and laulimalide at high 

concentrations stabilises microtubule organization and prevents cell division in a 

comparable way to paclitaxel but their binding sites on microtubule are distinct [72][73].  

Tubulin inhibitors used as anti-neoplastic drugs target the taxane or vinca alkaloid binding 

site, however many of these compounds are characterised by drug resistance [61].   
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While colchicine cannot be utilized in cancer therapy because of its toxicity, other 

inhibitors that bind to colchicine binding site in the α-β-tubulin edge, are currently being 

studied as anti-tumor compounds since diverse studies have previously detected that 

colchicine binding agents can get over drug resistance mediated by P-glycoprotein 

overexpression and βIII tubulin isoforms [61].  

 

 

Figure 4: Representation of some anti-microtubule agents binding site. 

 

Vinca alkaloids consist of diverse compounds: one of these, vinblastine was isolated in 

1958 and the others, vincristine, vinorelbine, vindesine, vinpocetine have been later 

synthesized [74].  

Vinflunine is a new semi-synthetic vinca alkaloid that is presently being examined in 

clinical trials showing a higher anti-neoplastic action than the other vinca alkaloids and 

less neurotoxicity in comparison to vinorelbine [74][75].  

Vinca alkaloids are anti-cancer drugs that inhibit cell division and lead to mitosis arrest by 

binding to intracellular tubulin. They also act by reducing purine and RNA synthesis 

thanks to their contribution to dividing cells death. Although their action, vinca alkaloids 

reveal a limited application in clinical trials due to their inclination to develop multidrug 

resistance and serious side effects [74].  
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Figure 5: Simplify representation of vinca alkaloids action mechanism. 

 

Vincristine is a natural vinca alkaloid that acts as an anti-cancer agent causing microtubule 

depolymerization. This alkaloid leads to metaphase arrest and apoptosis death during the 

mitosis process by binding to tubulin. For this reason, it has been used in tumor therapy 

since 1960 as an M-phase cell cycle-specific anti-neoplastic agent, but its clinical 

application is limited by neurotoxic side effects [74].   

Vinblastine, just like vincristine, has been used as an anti-neoplastic drug, but it is 

characterised by toxic side effects. Vinblastine can avoid tubulin polymerization resulting 

in lower cancer growth and in restrained malignant angiogenesis too [74].   

 

 

Figure 6: Vinblastine structure. 
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Vinorelbine is a semi-synthetic vinca alkaloid with more anti-cancer activity and less 

neurotoxicity than vincristine and vinblastine. This alkaloid is mostly utilized in advanced 

or metastatic non-small-cell lung cancer and advanced breast cancer [76][77]. 

In the end, Vindesine is a semisynthetic vinca alkaloid structurally correlated with 

vinblastine: deacetyl-vinblastine-amide. Indeed, its effects are comparable to those of 

vinblastine and it is utilised in therapy in various diseases such as malignant melanoma, 

chronic myeloid leukemia, acute lymphocytic leukemia, metastatic colorectal, breast 

cancer, pediatric solid tumors, renal and esophageal carcinomas [74][75][78].  

Vinca alkaloids applications as anti-cancer drugs are restricted by their side effects; 

however, novel drug delivery systems and combination therapy could represent the right 

approaches for reducing their toxicity. Combination therapy consists of co-administration 

(simultaneously or sequentially) of vinca alkaloids with another chemotherapeutic to reach 

an increased anti-tumor effect [74][79].  

On the other hand, also drug delivery systems are promising. For example, liposome-

entrapped drugs improve the drug half-life and are not irritating at the tissue injection site 

[74].  

 1.2.1.3 Nocodazole 

Nocodazole is a benzimidazol-2-yl carbamate ester derived molecule. Many studies 

indicated benzimidazole as the most well-known heterocycle because of its cytotoxic 

abilities and anti-tumor activity [80][81].  

Figure 7: Nocodazole structure. 
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It targets beta-tubulin by developing hydrogen bonds among single beta subunits. Its 

interaction prevents the link between alpha and beta subunits [82][83]. This avoided 

tubulin heterodimer shaping lead to microtubule depolymerization. The final effect is an 

altered mitotic spindle assembly and the cell inability to perform mitosis [84][85]. 

Nocodazole is specific for high replication rate cells, as typical cancer cells. This 

compound determines a cell cycle block in G2 or M phase. A protracted stop in pro-

metaphase is a probable starting point to apoptosis [86] and, since nocodazole is specific 

for replication cells, we can consider this molecule a promising anti-tumor compound. 

Nocodazole has been shown to induce apoptosis in leukemic cells and at the same time 

does not interfere with the survival of T-lymphocytes and mesenchymal stromal cells in 

chronic lymphocytic leukemia [87]. But despite what said before, this compound has not 

yet come into the clinical studies [88].  

1.2.2 Kinesin inhibitors 

The cytoskeleton is composed by a network of microtubules and is involved in several cell 

activities, such as mitosis, cell movement and intracellular molecule transportation. 

Therefore, it is vital for central nervous system function, including axonal transport. 

Identifying and targeting microtubule-associated proteins (MAPs) is the aim of numerous 

studies because neurotoxicity is the dose-limiting side effect of many anti-microtubule 

agents [89]. The goal is to stop mitosis of tumor cells without generating neurotoxicity. 

Among MAPs the mitotic kinesins stand out. This is a group of molecular motor proteins 

managing several steps during mitotic phase [90].  

Currently, some mitotic kinesins inhibitors have been developed and used in both 

preclinical and clinical studies demonstrating to not produce neurotoxicity, as required 

[91].  

 1.2.2.1 Mitotic kinesin 

The kinesins are numerous families of microtubule-based motor proteins and are important 

in cell survival [92]. Mitotic kinesins are a sub-group of kinesins. They act only during 

mitotic phase in cell division.  
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A kinesin can be divided into 3 main regions: a 340 amino acid motor domain (called 

“head” region), a “stalk” region and a “tail” region. The “head” region includes a 

microtubule-binding pocket and an ATP binding pocket (Fig. 8) [92]. 

 

Figure 8: Kinesin structure. 

 

Microtubules play an important role during chromosome alignment and segregation in 

eukaryotic cells by drawing tracks for vesicle and macromolecule active transportation and 

producing traction forces leading to mitotic spindle formation [93][94].  

MTs are made up of repeating 8-nm-long tubulin polymers arranged in dimers that 

constitute the binding site (one in each dimer) for kinesin motor domain that moves along 

the microtubule. ATP hydrolysis is used by kinesin to produce force and movement along 

microtubules [95].  

Microtubules are used as tracks by fourteen kinesin motor subfamilies. Kinesin-5 motors 

represent one of these subfamilies with a crucial function during metaphase, in mitotic 

spindle formation and during anaphase, in spindle elongation [94].  

1.2.2.2 Kinesin spindle protein Eg5 

Eg5 is a mitotic kinesin deemed as a promising target in cancer treatment because is 

overexpressed in several high-rate proliferation tumors while is almost not reported in non-

proliferative tissues [96]. Eg5 inhibition leads to apoptosis death in many cancer cell lines 
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[97]: kinesin-5 motors stimulate microtubule crosslinking and elongation during mitotic 

spindle organization [94] and if mitotic spindle doesn’t not assembly, chromosomal 

segregation doesn’t take place and activation of checkpoint proteins lead to mitotic phase 

stop and cell division inhibition [96].  

It’s important to explain its organization: kinesin-5 motors, contrary to the other classes of 

kinesin, have a bipolar homo-tetrameric arrangement made up of about 320 amino acids, 

composed of two identical light chains and two identical heavy chains arranged in dimeric 

subunits set in an anti-parallel organization granted in the centre by a 60-nm-long-filament 

[94][98][99].  

Kinesin-5 motor conserved organization involves an N-terminal motor domain that binds 

and hydrolyzes ATP, an α-helical coiled-coil stalk domain and a C-terminal tail domain 

[94].  

The kinesin-5 preserved anti-parallel MTs moving activity is crucial in the mitotic spindle 

formation and extension. Indeed, this activity, due to the interaction between tail and motor 

domains at both ends of the kinesin-5 homo-tetramer allows kinesin-5 motors to activate at 

the same time all their MTs tracks as transport loads [94].  

The kinesin-5 tail domain role is to link and stabilise the motor domain into its ADP (or 

nucleotide-free) arrangement to cut down ATP hydrolysis promoted by microtubules [94].  

This is because, in either ADP MT-bound or the nucleotide-free state, the motor domain is 

bounded by the N-terminal subdomain of the tail domain. The kinesin-5 subdomain rotates 

from the MT- nucleotide-free network to the ATP-like state to bind the nucleotide. The 

final effect is a reduced ability of each active site in the motor domain to bind ATP during 

the ATP catalytic process [94].   

 1.2.2.3 Eg5 overexpression in laryngeal squamous cell carcinoma 

In transformed cells, the Eg5 overexpression determines an additional force during the 

mitosis process promoting, excessively, the separation of sister chromatids and resulting in 

the possible monopolar spindle assembly. The main consequence is the formation of 

aneuploid daughter cells during the anaphase step. Furthermore, the acquisition or loss of 
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genetic material in aneuploid cells is deemed to play a crucial role in neoplastic formation 

[96].  

Lu et al in 2016 was the first group to discover the Eg5 overexpression in laryngeal 

squamous cell carcinoma (LSCC), making this kinesin a hopeful new prognostic biomarker 

for LSCC patients [100].  

 

Figure 9: Eg5 mRNA expression levels in LSCC compared with non-cancerous tissues detect by qPCR 

[101].  

 

The data of One-step quantitative polymerase chain reaction (qPCR) (Fig. 9) demonstrated 

that Eg5 mRNA expression levels in LSCC tissues are extraordinarily higher than in not-

cancerous ones. That result was confirmed by ICH analyses showing that Eg5 protein 

expression in LSCC was statistically more than in other not-altered tissues [100].  

Furthermore, previous studies revealed a significant relationship between high Eg5 

expression and poor prognosis in renal, bladder, and prostate cancer [101][102][103]. 

The Eg5 overexpression can lead to forced microtubule change, bringing to spindle 

formation and compromised chromosomal segregation resulting, in the cellular level, in a 

disturbed spindle aggregation and mitotic slip [100]. These data suggest Eg5 as a smart 

target for anti-mitotic cancer agents. 
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1.2.2.4 Kinesin Eg5 inhibitors 

Eg5 is involved in bipolar spindle assembly. The passage from one cell cycle phase to the 

next one is regulated by cell cycle checkpoints. If some defects occur in checkpoint 

activity, genetic mutations and chromosomal damage can be observed. Current studies 

proposed defected spindle checkpoints as making cells insensitive to anti-microtubule 

compounds. Therefore, new target therapy is required to block metaphase without 

modifying microtubule arrangement. Consequently, anti-mitotic agents targeting different 

elements involved in spindle formation could represent a new generation of anti-neoplastic 

drugs [97].  

Mitotic kinesins, such as Eg5, are crucial regulators in the mitotic process; therefore, 

several kinesin Eg5 inhibitor compounds have been discovered: S-trityl-l-cystein, 

ispinesib, monastrol [97]. These inhibitors bind to an allosteric site among the helix 3 and 

loop 5 in the Eg5 domain. Only the kinesin-5 class show an extended loop 5, which means 

that Eg5 inhibitors have a high specificity [99].  

Eg5 inhibition leads to form a monopolar spindle called “monoaster” surrounded by 

condensed chromosomes in a rosette-like arrangement.  By avoiding centrosome 

separation and inducing the monopolar spindle formation, these inhibitors cause the 

activation of spindle checkpoint proteins leading to mitotic arrest without microtubule 

reorganization [97].  

Many other Eg5 inhibitors have been discovered: they block the mitotic process and lead to 

cell death in proliferative tissues by a competitive ATP inhibition or binding another site in 

Eg5. These inhibitors do not show neuropathic side effects commonly identified in other 

anti-mitotic agents like taxol and vinca alkaloids. Eg5 inhibitors, also, reveal almost no 

effect on tubulin, thus they could be used to treat cancer that develops taxol resistance [99].   

Some of these inhibitors are utilized in phase I or phase II clinical trials as anti-tumor 

compounds [99]. Results have shown that almost all tested inhibitors are well tolerated and 

only some induce neurotoxicity. In addition, these studies suggest almost all Eg5 inhibitors 

as more effective in combination with other anti-tumor drugs currently used in clinical 

therapy (because they enhance other drug activity) rather than in monotherapy where they 

highlighted limited clinical response [99].  
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In 1999 Mayer et al identified a new specific cell permeable Eg5 inhibitor able to cause the 

monopolar spindle assembly, called monastrol [104].   

 

 

Figure 10: Chemical structure of monastrol. 

 

Its binding site is a hydrophobic pocket among alpha-helix 3 and loop 5 in Eg5 motor 

domain leading to lock the loop into ADP bound-like arrangement. Monastrol does not 

compete with microtubule or ATP binding, but it arrests microtubule-stimulated ADP 

release. Besides, in one study monastrol has been demonstrated to be a promoter of ATP 

hydrolysis step turnaround [105].  

This compound demonstrated anti-tumor activity in several cell lines, but poor clinical 

efficacy because of its weak inhibition activity and its high concentration required to 

induce cell death that could be reflected into toxic side effects [106].  
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Human head and neck squamous cell carcinomas (HNSCC) are a group of tumors 

representing the sixth most frequent cancer worldwide [1]. This type of neoplasm can be 

located into diverse regions of the oral cavity, oropharynx, hypopharynx and larynx [3]. 

Almost 50% of patients have a survival rate of fewer than 5 years, more than half a million 

new cases are diagnosed per year [1] and the HNSCC incidence continues to rise [4]. In 

addition to deaths directly caused by the tumor, HNSCC have also the second-highest rate 

of survivor suicide because of compromised quality of life and psychological problems 

resulting from cancer development [7].  

Furthermore, HNSCC is characterized by poor prognosis, mainly due to metastasis 

[107][108]. Distant metastasis detection has a prognostic value in HNSCC, showing a high 

mortality rate [2]. This is attributed to poor responses to chemotherapy by metastatic 

disease [109][110]. 

Frequently drug resistance is revealed in HNSCC and, on the other hand, the poor response 

to chemotherapy requires the use of radiation and surgical interventions that often lead to a 

permanent impairment of oral functions [111][112]. To sum up, despite several drugs show 

promising anti-cancer activity, new therapeutic options are still urgently needed. 

Anti-mitotic agents are hopeful anti-cancer drugs because these compounds lead to 

apoptotic cell death and consequent tumor regression. This is due to their activities during 

the cell cycle, by stopping it at the G2/M phase [57].  

For these reasons we first tested some novel synthesized amino-pyrimidine compounds not 

only on HNSCC, but also on other cancer cell lines, to evaluate their anti-neoplastic 

activity on a wider range of tumor types. These compounds are structurally derived from 

an amino-pyrimidine molecule that has previously demonstrated an important ability to 

inhibit proliferation, induce apoptosis, and block the cell cycle at the G2/M stage on 

different cancer types [113].  

Consequently, we expected these new compounds to be effective in these fields too, but 

our goal was to verify that their effect could be extended to HNSCC, to tongue and 

pharynx squamous cell carcinomas. 

In the second report, we decided to analyse the anti-tumor effects of another neo-

synthesized molecule, RDS 60, structurally related to nocodazole.  
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Nocodazole target is the beta tubulin subunit. Tubulin binding with compound inhibits the 

heterodimers formation [82][83], thus leading to the impossibility of starting mitosis due to 

abnormal mitotic spindle assembly [84][85].  

In the third report, we studied one of the most effective kinesin Eg5 inhibitors, K858. This 

molecule has already been demonstrated to have significant anti-neoplastic activity on 

different tumors, such as prostate and breast carcinomas, melanoma and glioblastoma 

[114][115][116][117][118]. 

Kinesin Eg5 inhibition prevents ordinary microtubule organization to the mitotic spindle, 

leading to the formation of a monopolar spindle called "monoaster". The final effect is a 

mitotic arrest and then apoptotic cell death [97]. 

In both these two last reports, we evaluated the activity of RDS 60 and K858 on 

proliferation, cell cycle regulation and apoptosis induction in HNSCC cell lines. We also 

analysed these two compounds efficacy on inhibiting invasiveness and epithelial-to-

mesenchymal transition in the same HNSCC cell lines. 
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        3.1 General and chemistry     
 

Melting points were determined on a Bobby Stuart Scientific SMP1 melting point 

apparatus (Bibby Scientific, Stone, UK) and are uncorrected. Compound purity was always 

>95% as determined by combustion analysis. Analytical results agreed to within ±0.40% of 

the theoretical values. IR spectra were recorded on a PerkinElmer Spectrum-One 

spectrophotometer (Perkin Elmer, Shelton, CT, USA). 1H NMR spectra were recorded at 

400 MHz on a Bruker AC 400 Ultrashield 10 spectrophotometer (400 MHz) (Bruker, 

Billerica, MA, USA). Dimethyl sulfoxide-d6 99.9% (CAS 2206-27-1) and 

deuterochloroform 98.8% (CAS 865-49-6) of isotopic purity (Aldrich, St. Louis, MO, 

USA) were used. Column chromatographies were performed on silica gel (Merck, 

Darmstadt, Germany; 70−230 mesh) and on aluminum oxide (Merck; 70–230 mesh). All 

compounds were routinely checked on TLC by using aluminum-baked silica gel plates 

(Fluka, Honeywell, Charlotte, NC, USA; DC-Alufolien Kieselgel 60 F254) or TLC 

aluminum oxide 60 F254 basic (Merck). Developed plates were visualized by UV light. 

Solvents were reagent grade and, when necessary, were purified and dried by standard 

methods. Concentration of solutions after reactions and extractions involved the use of a 

rotary evaporator (Büchi, Flawil, Switzerland) operating at a reduced pressure (ca. 20 

Torr). Organic solutions were dried over anhydrous sodium sulphate (Merck). All solvents 

were freshly distilled under nitrogen and stored over molecular sieves for at least 3 h prior 

to use.  

For the first report: 

General Procedure A (GP-A) for the Synthesis of Derivatives 4a–d, f: to a solution of 

commercially available 2,6-dichloropyrimidine-4-amine (30 mmol) in anhydrous 2-

methoxyethanol (100 mL), a suitable aniline (30 mmol) was added, and the reaction was 

stirred vigorously under reflux overnight. The solvent was reduced under vacuum, and the 

crude product was diluted with chloroform (300 mL). The organic layer was washed with 

water (300 mL), 1N HCl (250 mL) and saturated NaCl solution (3 × 300 mL), dried over 

Na2SO4 and concentrated under reduced pressure. The raw product was purified by 

column chromatography on silica gel (dichloromethane: methanol 98:2 as eluent).  

 The structures of compound 4a and its regioisomer was confirmed by means of 2D-NMR. 
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General Procedure B (GP-B) for the Synthesis of Derivatives 1a and 1b: a mixture of an 

appropriate 2-substituted pyrimidine 4a–b (1 mmol), N1, N1 -diethylpropane-1,3-diamine 

(1 mmol) and anhydrous K2CO3 (2.5 mmol) in anhydrous DMF (0.8 mL) was irradiated 

with microwave at 150 ◦C for 30 min. After cooling, chloroform was added (5 mL) and the 

precipitate that formed was filtered and washed with ethyl acetate (7 mL). The organic 

layers were combined and evaporated under reduced pressure. The raw was quenched with 

1N HCl (8 mL) and washed with chloroform (10 mL), then 1N NaOH was added until pH 

= 14 was reached and the aqueous layer was extracted with chloroform (2 × 20 mL). The 

organic layer was dried over Na2SO4 and concentrated under reduced pressure to give a 

dark brown oil that was purified by column chromatography on aluminium oxide 

(chloroform/methanol 9:1 as eluent).  

General Procedure C (GP-C) for the Synthesis of Derivatives 1c, d, f, g: in a microwave 

vial, the appropriate 2-substitued pyrimidine 4a, c, d, f (1 mmol) was dissolved in 

isopropanol (1 mL), DIPEA (1.2 mmol) and appropriate amine (1.1 mmol) was added. The 

vial was sealed and heated by microwave at 150 ◦C for 3 h. After cooling, chloroform was 

added (10 mL) and the organic layer was quenched with 1N HCl (8 mL). Then 1N NaOH 

was added until pH = 12 was reached and the aqueous layer was extracted with chloroform 

(2 × 20 mL). The organic layer was washed with brine (2 × 20 mL), dried over Na2SO4 

and concentrated under reduced pressure to give a dark brown oil that was purified by 

column chromatography on aluminium oxide.  

General Procedure D (GP-D) for the Synthesis of Derivatives 2a, b,d–f: to a well-stirred 

suspension of NaH 60% (0.562 mmol or 0.843 mmol for hydrochloride salt 1e-HCl) in 

anhydrous DMF (2 mL) derivatives 1a,b,d–f (0.281 mmol), and the 4- fluorobenzyl 

bromide (0.320 mmol) was added at 0 ◦C under argon atmosphere. The reaction was stirred 

for the proper time at room temperature and then quenched with crushed ice. The mixture 

was extracted with chloroform (3 × 4 mL) and the organic extracts were collected, washed 

with brine (4 × 2 mL), dried over Na2SO4 and evaporated at reduced pressure [16]. The 

crude products were purified by column chromatography Molecules 2021, 26, 771 10 of 15 

(Al2O3 or SiO2, see experimental section) yielding the pure derivative 2a, b, d–f.  
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For the second report: melting point (◦C), recrystallization solvent, yield (%), 

chromatographic system, IR, 1H NMR, formula, Mr and analysed elements for 

intermediates 1–5 and derivative RDS 60 agreed with the ones previously described [119]. 

RDS 60 samples used for biological evaluation were 99% pure as determined by elemental 

analysis.  

(3,4-Dinitrophenyl) methanol: A solution of AlCl3 (3.77 g; 28.28 mM) in THF dry (4.6 

mL) was added dropwise into a solution of commercially available 3,4-dinitrobenzoic acid 

(5 g; 23.57 mM) and NaBH4 (3.21 g; 84.85 mM) in THF dry (46 mL) at 0 ◦C within 20 

min. The reaction was stirred at 25 ◦C for 1 h (h) and for 2 h to reflux and then poured into 

ice-cold water (115 mL). The pH was adjusted to 7 with 1 N HCl and the mixture was 

extracted with ethyl acetate (3 × 50 mL). The collected extracts were washed with brine (3 

× 100 mL) and dried. Removal of the solvent furnished crude residue that was washed with 

ethyl acetate to discard the boron salt, yielding intermediate 1 (3.37 g: 72.1%) as a yellow 

solid.  

4-(Chloromethyl)-1,2-dinitrobenzene: To a solution of compound 1 (16.27 g; 81.85 mM) 

in CHCl3 (126 mL) was added PCl5 (6.63 g; 31.85 mM) portion-wise at 0 ◦C within 15 

min. The reaction mixture was stirred at 0 ◦C for 15 min and at 25 ◦C for 2.5 h 

Pharmaceuticals 2021, 14, 564 11 of 14 and then poured into ice-cold water. The organic 

layer was washed with 5% w/v Na2CO3 (3 × 100 mL) and with NaClss (3 × 100 mL) and 

dried. Removal of the solvent furnished the crude compound 2 that underwent the 

following step without further purification.  

(3,4-Dinitrophenyl) methenamine (3): compound 3 was prepared according to the literature 

[80]. 1-(3,4-Dinitrobenzyl)-1H-pyrrole (4). Compound 4 was prepared according to the 

literature [80]. (4-((1H-pyrrol-1-yl) methyl) benzene-1,2-diamine (5). Compound 5 was 

prepared according to the literature [80]. Ethyl (5-((1H-pyrrol-1-yl) methyl)-1H-

benzo[d]imidazol-2-yl) carbamate (RDS 60). RDS 60 was prepared according to the 

literature [119]. Analytical data are herein reported. 

For the third report: solvents were used without further purification. Where mixtures of 

solvents are specified, the stated ratios are volume: volume. Reagents and standard drug 

(Docetaxel) were used directly as supplied by Sigma Aldrich Italy. Column 

chromatography was carried out using Sigma Aldrich silica gel (high purity grade, pore 
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size 60 Å, 230-400 mesh particle size). Analytical thin layer chromatography was carried 

out on Sigma Aldrich silica gel on TLA aluminum foils with fluorescent indicator 254 nm. 

Visualization was carried out under ultra-violet irradiation (254 nm). NMR spectra were 

recorded on a Bruker AV400 (1H: 400 MHz, 13C: 101 MHz). Coupling constants J are 

valued in Hertz (Hz). Chemical shifts are expressed as d units (parts per millions), based 

on appearance rather than interpretation, and are referenced to the residual not deuterated 

solvent peak. IR spectra were recorded on a FT-IR Perkin Elmer Spectrum One equipped 

with ATR system. Absorption maxima (nmax) are reported in wavenumbers (cm
1
). All 

melting points were measured on a Stuart melting point apparatus SMP1 and are 

uncorrected. Temperatures are reported in C. Where given, systematic compound names 

are those generated by Chem-Draw Ultra 8.0 following IUPAC conventions.  

Different carbonyl compounds were reacted with thio-semicarbazide (1.0 eq.) in ethanol 

(50 mL) with catalytic amounts of acetic acid for 12-72 h at room temperature. The 

mixture was filtered and the solid washed with petroleum ether and n-hexane and purified 

by column chromatography (ethyl acetate: hexane) to obtain the corresponding 

thiosemicarbazone in high yields (75e99%). Different Eg5 inhibitors were synthesized, and 

the most effective one was chosen for further investigation. 

3.2 Cell culture and treatments    

 

In our first report human tumor cell lines utilized were: glioblastoma multiforme U-87 

MG, triple-negative breast cancer MDA-MB231, colon carcinoma HT-29, tongue 

squamous cell carcinoma CAL 27 (CRL-2095, ATCC, Manassas, VA, USA) and pharynx 

squamous cell carcinoma FaDu (HTB-43, ATCC, USA), all of which obtained from the 

American Type Culture Collection (Manassas, USA). In addition, human dermal fibroblast 

primary cultures (HF) used as control of non-transformed cells, had been previously 

established in our laboratory [120]. The cells were grown at 37 ◦C and 5% CO2 in 

Dulbecco’s modified Eagle’s medium or RPMI 1640 medium supplemented with 10% 

fetal bovine serum, 2 mM glutamine and 50 U/mL penicillin-streptomycin (Sigma-

Aldrich). All compounds were solubilized in dimethyl sulfoxide (DMSO) (Sigma) for a 10 

mM stock solution and utilized to final concentrations from 100 nM to 60 µM for 24 and 

48 h. Control cells were treated with equivalent amounts of DMSO in every experiment. 
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For the second report the following cell lines were utilized: tongue HNSCC CAL 27 (CRL-

2095, ATCC, Manassas, VA, USA), pharynx HNSCC FaDu (HTB-43, ATCC, USA), 

human keratinocytes HaCaT (ATCC, USA) and human dermal fibroblasts HF previously 

established and characterized in our laboratory [113]. Mycoplasma testing was done for all 

cell lines at the beginning of the study. Cells were grown in RPMI 1640 medium with 10% 

fetal calf serum (FCS), 2 mM glutamine and 50 U/mL penicillin-streptomycin (Sigma-

Aldrich). The compound RDS 60 was solubilized in dimethyl sulfoxide (DMSO) (Sigma) 

for a 10 mM stock solution and utilized to final concentrations from 100 nM to 10 µM for 

24 and 48 h. Control cells were treated with equivalent amounts of DMSO in every 

experiment. 

For the third report three HNSCC cell lines were utilized: tongue carcinoma CAL 27 

(CRL-2095, ATCC, Manassas, VA, USA) and SCC-15 and pharynx carcinoma FaDu 

(HTB-43, ATCC, USA). Cells were grown in RPMI 1640 medium with 10% fetal calf 

serum (FCS), 2 mM glutamine and 50 U/mL penicillin-streptomycin (Sigma-Aldrich). 

K858 was synthesized, characterized and utilized as previously described [115]. K858 was 

solubilized in dimethyl sulfoxide (DMSO) (Sigma-Aldrich) at 1 mM stock solution. 

YM155 (Selleckem) was solubilized in DMSO at 10 µM stock solution and used 10 nM.  

Untreated control cells were treated with equivalent amounts of DMSO in every 

experiment. 

3.3 Cytotoxicity assay 

To determine cytotoxicity, a sulforhodamine-B colorimetric assay was performed: 5 × 103 

cells were plated in 96-well plates, grown for 24 h and then treated for 24 and 48 h with 

different concentration of compound reported in first report or different concentration of 

RDS 60 in the second report or several concentrations of K858 in the third one. Cells were 

then fixed with 50% trichloroacetic acid for 1 h at 4 ◦C and stained for 30 min at room 

temperature (RT) with 0.4% sulforhodamine-B in 1% acetic acid. Excess dye was removed 

by washing four times with 1% acetic acid. Protein-bound dye was dissolved in 10 mM 

Tris pH 10 and optical density was determined at 510 nm using a microplate reader. 
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 3.4 Flow cytometry analysis  

 

Cells were grown on 60-mm plates for 24 h and then treated with 1 µM (for cell cycle 

analysis) or 2 µM (for apoptosis analysis) RDS 60 or equivalent amounts of DMSO for 24 

h in the second report, while with 2 μM K858 for 24 h in the third report. Detached and 

adherent cells were harvested by trypsinization and washed twice with cold PBS. For 

apoptosis and necrosis rate quantification, the cells were double stained with Annexin V-

APC (allophycocyanin) and 7AAD (7-amino-actinomycin) in Ringer solution containing 5 

mM CaCl2 for 1 h at 4 ◦C according to the manufacturer’s instructions (BD Biosciences, 

Apoptosis kit, Franklin Lakes) and analysed by a fluorescence activated cell sorting 

cytofluorimeter (FACS) FACS Calibur (BD Biosciences) and by the Cell-Quest Pro 

software version 5.1 (BD Biosciences). The analysis was performed in triplicate for each 

cell line and the mean values were presented. For cell cycle analysis, the cells were fixed in 

70% ethanol overnight at 4 ◦C and then were rinsed twice with PBS and incubated with 50 

µL of RNAse (100 µg/mL, Sigma, Kawasaki, Japan in the second report/10 mg/mL RNase 

Sigma Aldrich for the third one) to ensure that only DNA was stained, and 200 µL of 

propidium iodide (PI) (50 µg/mL, Sigma) in the second report and 1 mg/mL propidium 

iodide (Sigma Aldrich) at RT for 2 h in the dark for the third one. Cell staining analysis 

was performed using the FACS CantoII equipped with 488 nm laser and DIVA Software 

(BD Biosciences). The cells were first gated using a forward vs. side scatter (FSC vs. SSC) 

strategy and upon 488 nm laser excitation, then Annexin V-APC and PI fluorescence was 

detected above 580 nm. Data were analysed using Flow Jo software (Flow Jo LLC, 

Ashland). 

 3.5 Western blotting  

 

Cells were grown in 100-mm plates for 24 h and treated with 2 µM RDS 60 or  2.5 μM 

K858 equivalent amounts of DMSO for 24 h. Cells were then scraped in lysis buffer 

composed of 1% Triton, 0.1% sodium dodecyl sulphate, 150 mM NaCl, 50 mM Tris HCl 

pH 7.4, 2 mM EDTA with protease inhibitor cocktail (Roche Applied Science) for 30 min 

at 4 ◦C. Lysates were centrifuged at 16,000× g for 15 min at 4 ◦C and the supernatant was 

collected. Protein concentration was evaluated using Protein Concentration Assay (Bio-

Rad Laboratories).  



35 

 

Protein lysates (50–100 µg) were separated by molecular weight with 10, 12 or 14% SDS-

PAGE and then transferred onto nitrocellulose membranes. Membranes were blocked for 1 

h at RT in 5% non-fat dry milk and incubated with primary antibodies opportunely diluted 

in PBS-Tween overnight at 4 ◦C, then washed in Tris-buffered saline with 0.1% Tween-20 

and incubated with horseradish-peroxidase-conjugated-anti-mouse/rabbit-IgG (1:5000; 

Sigma-Aldrich) for 1 h at RT. Filters were finally developed using enhanced 

chemiluminescence (Super Signal West Pico Chemiluminescence Substrate; Thermo 

Fisher Scientific) using Kodak X-Omat films (Kodak, Rochester, NY, USA). 

Primary antibodies used in the second report were: mouse anti-poly (ADP-ribose)-

polymerase (PARP-1) (diluted 1:500; Santa Cruz Biotechnology); mouse anti-cleaved-

caspase 8 (diluted 1:500; Cell Signaling Technology); mouse anti-caspase 9 (diluted 1:500; 

Cell Signaling Technology); mouse anti-B-cell-lymphoma-2 (Bcl-2) (diluted 1:200; Santa 

Cruz Biotechnology); rabbit anti-Bcl-2-associated-X-protein (Bax) (diluted 1:250; Santa 

Cruz Biotechnology); rabbit anti E-cadherin (1:1000 diluted; GeneTex); rabbit anti N-

cadherin (1:1000 diluted; GeneTex); rabbit anti cyclin B1 (1:500 diluted; Elabscience, 

USA); rabbit anti-tubulin (diluted 1:4000; Immunological Sciences).  

Primary antibodies used in the third report were: rabbit anti cyclin B1 (1:500 diluted; 

Elabscience, USA); mouse anti-poly (ADP-ribose)-polymerase (PARP-1) (diluted 1:500; 

Santa Cruz Biotechnology, TX, USA); mouse anti-caspase 8 (diluted 1:500; Cell Signaling 

Technology, MA, USA); mouse anti-caspase 9 (diluted 1:500; Cell Signaling Technology); 

mouse anti-B-cell-lymphoma-2 (Bcl-2) (diluted 1:200; Santa Cruz Biotechnology); rabbit 

anti-Bcl-2-associated-X-protein (Bax) (diluted 1:250; Santa Cruz Biotechnology); rabbit 

anti E-cadherin (1:1000 diluted; GeneTex); rabbit anti N-cadherin (1:1000 diluted; 

GeneTex); rabbit anti MMP-1 (1:500 diluted; Biomol); rabbit anti MMP-2 (1:1000 diluted; 

GeneTex); rabbit anti-tubulin (diluted 1:4000; Immunological Sciences).  

Experiments were performed in duplicate or triplicate, the bands from the blots were 

quantified using ImageJ v.1.48 software (National Institutes of Health, Bethesda, MD, 

USA), the mean values were calculated and expressed as densitometric units (DU). 
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 3.6 Immunofluorescence  

 

The cells were grown directly on Labteck chamber slides (Nunc) for 24 h and then used 

untreated or treated for 24 h with 1 M RDS 60 or 1 M K858. Cells were washed with 

PBS with Ca/Mg (washing buffer) and fixed with 4% buffered paraformaldehyde (Sigma 

Aldrich) for 20 min at 4 °C, then permeabilized with PBS, 5% FCS, 0.5% TritonX100 for 

30 min at RT and incubated for 1 h at RT with the primary monoclonal antibody to beta-

tubulin (1:100 diluted; Immunological Sciences). Alternatively, in the second report cells 

were permeabilized with 0.1% TritonX100 for 10 min to RT, incubated with 3% BSA for 1 

h at RT and incubated with the primary rabbit polyclonal antibody to cyclin B1 in 0.1% 

BSA (1:200 diluted; Elabscience) overnight at 4 ◦C. Cells were washed twice with washing 

buffer and incubated with the secondary anti-mouse antibody FITC conjugated (1:400 

diluted; Molecular Probes) for 1 h at RT. Cells were washed twice with washing buffer and 

DNA was stained with Hoechst for 15 min to RT. The slide was mounted with ProLong-

Antifade (Life Technologies) and analysed by a fluorescence microscope (Olympus 

BX52). Image acquisition and processing were conducted by IAS 2000 software. 

 

3.7 Invasion assay 

 

Invasion assay was performed with Bio Coat Matrigel Invasion Chambers (Corning), 

consisting of inserts with an 8 μm pores size membrane that was previously treated with 

Matrigel matrix. For invasion assay 2.5×10
5
/mL cells were plated in serum-free medium 

plus vehicle DMSO or in serum- free medium plus 10 μM RDS 60 for the second report or 

1 M K858 for the third report in the insert chamber, the lower chamber instead contained 

only complete medium (with serum). After 16 h of culture at standard conditions, the 

inserts were washed with PBS with Ca/Mg and fixed by 100% methanol for 20 min at 4 

°C, then washed twice with PBS with Ca/Mg and stained for 20 min at RT with 

hematoxylin.  
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The inserts were then mounted on a slide with glycerol and the cells that migrated through 

the filter pores to the lower side of the membrane were counted with an optical microscope 

(Olympus BX52). Imagine acquisition and processing were conducted by IAS 2000 

software. 

 

3.8 Statistical analysis and graphic programs 

 

All results were analysed by ANOVA, and the significance was evaluated by the Tukey 

HSD post hoc test (Honestly Significant Difference). All figures were elaborated with 

Adobe Photoshop CS5 and all graphs with Graph Pad Prism 5.0. 
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Recently, the groups of Prof. Roberta Costi and Prof. Roberto Di Santo at the Department 

of Drug Chemistry and Technologies, Sapienza University, have synthesized a new 

aminopyrimidine compound named RDS 3442. Therefore, our group tested in vitro  the 

biological activity of this new molecule on three different human cancer types 

(glioblastoma multiforme, triple-negative breast cancer and colon adenocarcinoma) and 

found it can be an innovative anti-tumor agent because it inhibits cell proliferation, leads to 

cell cycle arrest at G0/G1 phase (20 µM) through the p21 and p27 up-regulation (two G1-

checkpoint cyclin-dependent kinases inhibitors) and finally induces apoptosis (30–50 µM) 

[113]. 

 

 

Figure 11: Chemical structure of RDS 3442 (compound 1a). 

 

Given these promising results, new aminopyrimidine derivatives structurally linked to 

RDS 3442 (1b–g, 2a–f and 3) were synthesized and analysed. All these compounds were 

devised by putting in place substitutions in position 6 of the pyrimidine core and/or on the 

2-aniline ring of compound 1a, but compound 3 was found as a by-product during a 

nucleophilic aromatic substitution. 
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Figure 12: Structures of novel designed aminopyrimidine derivatives, 1a–g, 2a–f and 3. 

 

These new compounds were analysed by our group for their possible anti-neoplastic role 

on the following human cell lines: 

• MDA-MB231, triple-negative breast cancer. 

• HT-29, colon carcinoma. 

• U-87 MG, glioblastoma multiforme. 

• CAL 27, tongue squamous cell carcinoma. 

• FaDu, pharynx squamous cell carcinoma. 

These human tumor cell lines were treated for 24 and 48 h with 10, 20, 30, 40, 50 and 60 

µM of each molecule. Then we analysed the resulted alterations on cellular replication by 

sulforhodamine B proliferation test. 

To evaluate a potential cytotoxicity on somatic human not transformed cells we performed 

a proliferation assay also on human dermal fibroblasts (HF) at the same concentrations 

revealed to be active on tumor cells, but only when a compound demonstrated significant 
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anti-proliferative efficacy at tolerable concentrations (lower than 30 µM). The 50% 

cytotoxic concentration (CC50) on HF at 48 h was calculated and reported (Table 1,2). 

We evaluated the median values from three different proliferation assays of all compounds 

for each cell line and calculated and reported the EC50 at 24 and 48 h in tables 1-2. In this 

study is also reported the anti-proliferative activity of each compound also compared with 

compound 1a, RDS 3442. 

 

Table 1: Cytotoxicity and anti-tumor activities of the newly synthesized compounds 1b–g and 3 in 

comparison with reference compound 1a. 

 

Table 2: Cytotoxicity and anti-tumor activities of the newly synthesized compounds 2a–f in comparison with 

reference compound 1a. 
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These following results can be assumed from tables 1 e 2: 

• Series 2 derivates induce a significant decrease of cell proliferation in all cell lines, 

more than series 1. 

• Series 2 compounds show a cytotoxic activity on normal fibroblasts but not 

significative by considering the anti-cancer activity concentrations.  

• Four of six molecules in series 2 are functioning against all tested cell lines with 

concentrations lower than 20 µM at 48 h of treatment, while only one compound 

within series 1 is active at 20 µM after 48 h of treatment, but just on CAL 27 line.  

• Among series 1 derivates, 1e is the most active compound, showing higher potency 

than compound 1a on each cell line and reporting EC50s: 25- 45 µM at 48 h of 

treatment and no cytotoxic activity on HF cells up to 60 µM. Only on CAL 27, it was 

slightly exceeded by derivative 1b. 

• Derivative 3 is active at concentrations up to 20 µM after 48 h of treatment similarly 

to series 2 compounds.  

• HT-29 and CAL 27 are more sensitive to both series 1 and 2 than the other cell lines.  

The most active derivative was 2a with EC50s = 10–26 µM at 24 h and 5–8 µM at 48 h of 

treatment. For this reason, we reported below its cell viability graph for all cell lines. (Fig. 

13) 
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Figure 13: Cell viability of HT-29 (A), MDA-MB231 (B), U-87 MG (C), FaDu (D), CAL 27 (E), HF (F) 

untreated (CTR) and treated with compound 2a at 1, 10, 20, 50 µM for 24 h (light grey) and 48 h (dark grey). 

The values are expressed as percentages of alive cells ± SD. * p < 0.01; ** p < 0,001. 
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5. Discussion 1° report 
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Fight against cancer is still an important medical issue. Despite numerous molecules are 

currently used in therapy, several patients are not able to overcome the disease; among 

these triggers, insensitivity to therapy and drug resistance are found [63][111]. 

For this reason, developing and validating new anti-cancer approaches is strongly required. 

Starting from promising results obtained by RDS 3442 molecule, we wanted to exploit its 

chemical characteristics to develop new compounds. New synthesised aminopyridine 

derivatives were evaluated as potential new anti-tumor agents by a proliferation test which 

allowed us to highlight their potential inhibition on transformed cell replication. 

RDS 3442 was found to be a good replication inhibitor and cell cycle negative regulator on 

glioblastoma multiforme, triple-negative breast cancer and colon adenocarcinoma cell lines 

[113]. Thus, we aimed to develop new compounds trying to improve the RDS 3442 

chemical structure and increase its anti-tumor activity.  

We used various types of cancers to test their greater therapy application. We treated head 

and neck squamous cell carcinomas because the HNSCC incidence continues to rise [4] 

and drug resistance is frequently detected in this type of cancer [4].  

In this study we found that the 2a compound, N-benzyl counterpart of RDS 3442, was the 

best molecule with the highest rate of proliferation inhibition in all tumor cell lines. 

These described results suggest that it is possible to improve anti-cancer activity by 

providing to aminopyrimidine core different substituents in positions 2 and 6. 

However, further studies are necessary to investigate their action mechanism. For now, we 

have only put bases for their successive deepened evaluation as potential anti-neoplastic 

agents.  
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6. Results 2° report 

 

 

 

 

 

 

 

Anti-tumoral effects of a (1H-Pyrrol-1-Yl) Methyl-1H-Benzoimidazole   

carbamate ester derivative on head and neck squamous carcinoma cell 

lines. 

Nicolai A; Madia VN; Messore A; De Vita D; De Leo A; Ialongo D; Tudino V; Tortorella 

E; Scipione L; Taurone S; Pergolizzi T; Artico M; Di Santo R; Costi R; Scarpa S. 

Pharmaceuticals 2021, 14, 564. 

https://doi.org/10.3390/ 

 

https://doi.org/10.3390/


47 

 

More than a few studies suggested benzimidazole as the most important heterocycle since 

its cytotoxic activity against several tumor types [80][81]. Numerous benzimidazole-based 

drugs have been analysed in pre-clinical and clinical studies revealing stimulating anti-

cancer activity. These compounds bind to the colchicine binding site in tubulin subunit 

[121].  Among this class, nocodazole targets beta-tubulin subunit, avoiding its link with 

alpha-tubulin subunits; however, contrary to colchicine, the nocodazole binding to tubulin 

could be quickly reversible [122].  

Thus, the groups of Prof. Roberta Costi and Prof. Roberto Di Santo at the Department of 

Drug Chemistry and Technologies, Sapienza University, performed a new compound 

structurally correlated with nocodazole, named RDS 60. This molecule is a (1H-pyrrol-1-

yl) methyl-1H-benzimidazole derivative, and our research aimed to evaluate RDS 60 

efficacy as anti-cancer agent against human head and neck squamous cell carcinomas 

(HNSCC). 

 

 

Figure 14: Chemical structure of RDS 60. 

 

         6.1 RDS 60 activity on proliferation 

 

First, we evaluated this new molecule action on cancer cell viability in two human tumor 

cell lines, tongue HNSCC CAL 27 and pharynx HNSCC FaDu.  

FaDu and CAL 27 cell lines were treated for 24 and 48 h with 100 nM, 1 µM, 2.5 µM, 5 

µM, and 10 µM RDS 60.  
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The first significative reduction of cell survival was seen at 24 h with 2.5 µM RDS 60 on 

CAL 27 and with 10 µM on FaDu; however, after 48 h of treatment, the proliferation 

inhibition was significant with 1 µM RDS 60 on both cell lines (Fig. 15).  

In a second moment, we wanted to investigate its possible cytotoxicity on normal somatic 

cells: dermal fibroblasts HF and keratinocytes HaCaT were used. 

The two cell lines were treated for 24 and 48 h with 100 nM, 1 µM, 2.5 µM and 10 µM 

RDS 60.  

 

Figure 15: Cell viability of untreated (CTR) and RDS 60 treated FaDu, CAL 27, HF and HaCaT expressed 

as percentages of alive cells ± SD. Treatments were performed for 24 and 48 h. * p < 0.01; ** p < 0.001. 

 

As is visible in the figure 15, RDS 60 statistically inhibits proliferation of both somatic cell 

lines only at the highest concentration (10 µm). For this reason, during succeeding 

experiments, we treated tumor cell lines with 1 to 2 µm concentrations which were found 

to be non-cytotoxic on HF and HaCaT. 
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We repeated the experiments at 24 h and 48 h with different RDS 60 concentrations (1, 10, 

20, 30, and 40 µM) to compute the resulted EC50: 

• At 24 h 10.8 µM for CAL 27 and 12.4 µM for FaDu.  

• At 48 h 2.5 µM for CAL 27 and 2.9 µM for FaDu. 

 6.2 RDS 60 action on the mitotic spindle assembly 

 

RDS 60 is structurally correlated with nocodazole, a molecule demonstrated to act 

avoiding normal microtubule organization by binding tubulin subunits; we decided to 

evaluate RDS 60 activity on mitotic spindle assembly. 

For this aim, immunofluorescent staining of beta-tubulin in both HNSCC cell lines was 

performed and was possible to examine the undergoing mitosis cells.  HNSCC cell lines 

were treated with 1 µM RDS 60 for 24 h. 

Data (Fig. 16) show that all untreated cells presented a normal typical bipolar mitotic 

spindle, contrary to RDS 60 treated cells. In this case, we could see a mitotic spindle 

characterised by altered shape and size with the tripolar or multipolar organization, defined 

a starting point to abortive mitosis. 

Then we counted mitotic spindles per field and related them to the total cell number 

quantifying the mitotic index that, as expected, is not significantly modified by RDS 60 

treatment:  

• 7% in untreated FaDu. 

• 5% in treated FaDu. 

• 5% in untreated CAL 27. 

• 4% in treated CAL 27. 

We then performed tubulin immunofluorescence on HF cell line to verify its no-cytotoxic 

effect. Indeed, we could observe that untreated and 1 µM RDS 60 treated fibroblasts had 

all normal mitotic spindles.  
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Figure 16: Immunofluorescence staining of beta-tubulin on CAL 27 and FaDu untreated (CTR) and 1 μM 

RDS 60 treated for 24 h; bar 5 μm. The arrow shows a normal mitotic spindle. Smaller panels show mitotic 

spindles at higher magnification from untreated (CTR) and RDS 60 treated cells: bar 2 μm.  

 

 6.3 RDS 60 induces a cell cycle block in G2/M    

phase in HNSCC cell lines  

 

We decided to examine RDS 60 as a potential cell cycle checkpoint controller. For this 

study, we treated HNSCC cell lines (FaDu and CAL 27) with 1 µM RDS 60 for 24 h and 

then analysed both lines, untreated and RDS 60 treated, by flow cytometry assay. From 

this experiment result a significant increment of cells in the G2/M step and a corresponding 

decrement of cells in the S and G0/G1 steps. In terms of percentage, RDS 60 determinates 

a cell enhancement in the G2/M phase from 27% in untreated to 69% in treated FaDu and 

from 32% in untreated to 56% in treated CAL 27. (Fig.17) 
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Figure 17: Cell cycle was evaluated by flow cytometry of FaDu and CAL 27 untreated (CTR) and 1 µM 

RDS 60 treated for 24 h. The histogram shows the media ± SD representative of results obtained from three 

independent experiments. 

 

         6.4 RDS 60 up-regulates cytoplasmatic cyclin B1 

 

RDS 60 induce a significative increment of cytoplasmic cyclin B1 in HNSCC cell lines. 

Having established that up-regulated cyclin B1 is crucial during regular monitoring of cell 

cycle transition from S to G2 and then to the M phase [123] we estimated cyclin B1 

expression by western blot and by immunofluorescence analysis in cell lines untreated and 

treated for 24 h with 1 µM RDS 60. 

Cyclin B1 was up-regulated in both HNSCC cell lines (Fig. 18) and its immunofluorescent 

staining was significantly enhanced (Fig. 19). Furthermore, we found that its localization 

was entirely cytoplasmic (Fig. 19), which means it did not translocate into the nucleus and 

this result is in harmony with the cell increased block in the G2/M phase, because 

physiologically cyclin B1 must translocate from cytoplasm into the nucleus to be activated 

and move the cell cycle from G2 to M phase [123].  
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Figure 18: Western blot of cyclin B1 from FaDu and CAL 27 untreated (CTR) and 1 µM RDS 60 treated for 

24 h. 

 

 

Figure 19: Up-regulation of cytoplasmic cyclin B1 in HNSCC cell lines induced by RDS 60. 

Immunofluorescence staining of cyclin B1 on FaDu and CAL 27 untreated (CTR) and 1 µM RDS 60 treated 

for 24 h shown with and without nuclear staining; bar 7 µm. 

 

 6.5 RDS 60 leads to apoptotic death in HNSCC cell 

lines  

 

Cell cycle arrest is an origin point to the apoptosis process, consequently, also RDS 60 role 

during apoptosis was assessed.  
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FaDu and CAL 27 were treated with 2 µM RDS 60 for 24 h, then the expression of some 

proteins involved in that process was analysed by western blot experiments: 

• PARP-1, a marker of apoptosis. 

• Bax, a pro-apoptotic protein. 

• BCL-2, an anti-apoptotic protein. 

• Cleaved caspase 8, a marker of apoptosis extrinsic pathway.  

• Caspase 9, a marker of apoptosis intrinsic pathway. 

We found, as represented below (Fig. 20): 

• A reduction of full-length PARP-1, which means apoptosis activation in both 

HNSCC lines when treated since its cleavage by caspase 3 is observed during 

apoptosis last phases. 

• Up-regulation of Bax and down-regulation of Bcl-2 in treated cells, resulting in an 

increased Bax/Bcl-2 ratio that is indicative of apoptosis. Bax/Bcl2 ratio was 

determined by measuring densitometric values of Bax and Bcl2 bands normalized 

on respective tubulin bands and then calculated by dividing the first value by the 

second one. 

• Proteolytic fragments of caspase 8 and unaltered caspase 9 bands in both cell lines 

after RDS 60 treatment. This data validates the apoptotic hypothesis because   

caspase 8 fragments are indicative of its activation; furthermore, it demonstrates the 

extrinsic pathway activation induced by RDS 60. Additionally, the no-altered 

caspase 9 expression allows us to exclude that apoptosis is driven by the intrinsic 

way. 
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Figure 20: Western blot of PARP-1, Bax, Bcl-2, cleaved caspase 8 and caspase 9 from FaDu and CAL 27 

untreated (CTR) and 2 µM RDS 60 treated for 24 h. The values from densitometry quantifications of three 

different experiments of the Bax to Bcl-2 ratio normalized to tubulin are indicated. 

 

Successively we evaluated apoptosis and necrosis rates to measure tumor cell death 

induced by RDS 60 treatment.  

We treated both HNSCC cell lines with 2 µM RDS 60 for 24 h, then we double-stained 

cells with APC conjugated annexin V (indicative of apoptosis) and 7AAD and analysed 

them by flow cytometry.  

Data showed a significant Annexin V staining increase after RDS 60 treatment, from 3% to 

26% in FaDu and from 5% to 39% in CAL 27 (Fig. 21). On the other hand, the necrosis 

rate did not significantly change between untreated and treated cells.  
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Figure 21: Percentages of apoptotic and necrotic cells evaluated by annexin V-APC and 7AAD expression 

quantified by FACS on FaDu and CAL 27 untreated (CTR) and 2 µM RDS 60 treated for 24 h. The 

histogram shows the media ± SD representative of results obtained from two independent experiments. 

 

6.6 RDS 60 implication in EMT regulation and cell 

migration 

 

To evaluate RDS 60 role in the epithelial-mesenchymal transition (EMT), we analysed the 

expression of two EMT important markers, E-cadherin and N-cadherin on basal forms and 

after 24 h with RDS 60 treatment in both HNSCC cell lines.  

During the epithelial-mesenchymal transition in malignant cells, E-cadherin normally 

declines while N-cadherin expression increases. 

We used western blotting analysis and discovered that E-cadherin with low basal 

expression increased after treatment, while N-cadherin, extremely expressed in both 

untreated cell lines, decreased practically almost to zero in RDS 60 treated cells. 

To sum up we can conclude that RDS 60 can reverse the EMT phenotype in FaDu and 

CAL 27 cell lines. 
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Figure 22: Western blot of EMT related proteins E-cadherin and N-cadherin from untreated (CTR) and 1 μM 

RDS 60 treated for 24 h FaDu and CAL 27. 

 

In the end we demonstrated that RDS 60 can reduce the invasive phenotype of HNSCC 

cells. 

To this aim, we performed a Matrigel invasion assay on untreated cells and 1 µM RDS 

60/16 h treated cells. 

Counting the cells able to transfer through the Matrigel we revealed that: (Fig. 23) 

• Migrating FaDu cells decreased from 71 to 17, determining the invasion activity 

inhibition by 76%. 

• Migrating CAL 27 reduced from 92 to 23, resulting in a diminishing cell number 

able to cross over the Matrigel by 75%. 
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Figure 23: Graphic representing the number of migrated cells in five random fields from three independent 

experiments of Matrigel invasion assay with the means ± SD; ** p < 0.  

 

The microscopy images of the Matrigel invasion assay confirmed a different migrated cell 

density (Fig. 24): 

• High density in untreated HNSCC cell lines. 

• Low density in 1 µM RDS 60/ 16 h treated FaDu and CAL 27 lines. 

Furthermore, untreated FaDu were characterized by two EMT hallmarks: heterogeneous 

morphology and mesenchymal phenotype. As can be seen by the high magnification insert. 
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Figure 24: Matrigel invasion assay of untreated FaDu and CAL 27 cells (CTR) and 1 µM RDS 60 treated 

cells for 16 h. The higher magnification insert on the top left angle shows morphological heterogeneity and 

mesenchymal phenotype of untreated FaDu. 
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7. Discussion 2° report 
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Microtubules are the cytoskeleton base components in eukaryotic cells. The cytoskeleton is 

a radial network undergoing continuous reorganization cycles during cell division to form 

a mitotic spindle [68]. Indeed, microtubules play a crucial role during chromosome 

segregation, but also in cellular vesicle transportation and cell invasion [69].  

Microtubules are an interesting therapeutic target, and several researchers are focusing on 

new anti-microtubular agent development to increase selectivity towards tumor cells and, 

at the same time, reduce the side effects manifested by many compounds currently in use 

[124][125]. The success of microtubule-targeting agents used in cancer therapy is limited 

by side effects including haematological and neurological toxicities and by drug resistance 

development [126].  

Whereby our group synthesized a new compound, named RDS 60, starting from 

nocodazole, a microtubule targeting compound which, acting on cell cycle, causes mitotic 

arrest and apoptosis cell death. We wanted to demonstrate this compound to have not 

undesirable effects on normal cells but, on the other hand, be able to inhibit cancer cells 

proliferation and other aspects that make cancer a malignant disease.  

We chose particularly two cancer lines from head and neck squamous cell carcinomas that 

need new therapeutic approaches. 

Human head and neck squamous cell carcinomas are extremely aggressive tumors with an 

incidence in continuous growth, representing the sixth leading cause of cancer in the world 

[2][4].  

To sum up, our data reported as following: 

1. The effect of RDS 60 on proliferation becomes significant at 48 h with 1 µm RDS 60 in 

both cancer lines, while at 24 h of treatment the effect turns into significative value with 

higher concentrations. The compound highlights cytotoxicity on not processed somatic 

cells, HF and HaCat, only at the highest concentration. Using RDS 60 at lower efficacy 

concentrations, it will not have any side effects on normal cells. 

 

2. All RDS 60 treated cells reported mitotic spindle characterised by abnormal shape and size 

with tripolar or multipolar structure inducing the abortive mitosis. We can conclude that 

RDS 60 takes place on the mitotic spindle assembly. 
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3. The cell cycle passages are altered, resulting in an increment of cells in the G2/M phase 

and a decrement of cells in the S and G0/G1 steps. Usually, a cell undergoing a sustained 

arrest in pro-metaphase gets going to apoptosis [86].  

 

4. RDS 60 up-regulates a crucial cytoplasmatic cell cycle regulator, cyclin B1, and blocked 

its translocation into the nucleus, avoiding cells to move from G2 to M phase. 

 

5. RDS 60 induce apoptosis activation via extrinsic pathway demonstrated by reduction of 

full-length PARP-1, caspase 8 cleavage, Bax up-regulation and Bcl-2 down-regulation, 

resulting in an increased Bax/Bcl-2 ratio, in treated cells. Treated cells evaluated by 

annexin V-APC and 7AAD expression quantified by FACS reported an unmodified 

necrosis rate but an increased apoptosis rate. 

 

6. RDS 60 can reverse the EMT phenotype in FaDu and CAL 27 cell lines as suggest the 

effect on EMT related proteins, E-cadherin and N-cadherin, and the migrated cell count in 

Matrigel assay. Defined that transition to a mesenchymal-like phenotype provides the 

migratory and invasive skills to cancer cells [127], RDS 60 decreases tumor motility and 

infiltration. 

 

To sum up, all these data suggest RDS 60 as a potential innovative anti-tumor compound 

for head and neck squamous cell carcinomas since it can inhibit cancer cell proliferation, 

induce apoptosis and reduce cancer invasion. These represent the main malignant tumor 

features, thus is possible to suppose a cancer regression induced by this compound. With 

this study, we have place foundations for a further deepening about RDS 60 activity and its 

hopeful role in cancer therapy. 
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8.Results 3° report 

 

 

 

 

 

 

 

 

 

The kinesin Eg5 inhibitor K858 exerts antiproliferative and proapoptotic 

effects and attenuates the invasive potential in head and neck squamous 

carcinoma cells.  

Nicolai A; Taurone S; Carradori S; Artico M; Greco A; Scarpa S. 

2022, submitted to Investigational New Drugs. 
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Head and neck squamous cell carcinomas (HNSCC) are a group of aggressive tumors 

characterized by poor prognosis mainly due to distant metastases [2], multiple primary 

tumors and inoperable relapses development [107][108]. 

Therefore, it is necessary to find new therapeutic approaches: it is possible to target kinesin 

Eg5, whose high expression detected in laryngeal squamous cell carcinoma has been 

correlated with prognostic grade [100]. Eg5 inhibition leading to mitosis arrest could be a 

good anti-cancer approach [91].  

Furthermore, their lacking interference with the microtubular organization makes them 

safer than other anti-microtubule agents since, contrary to them, they don’t produce 

neuropathy in patients [91] [128].  

A small Eg5 inhibitor, named K858 has been synthesized and found to have significant 

anti-neoplastic activity in different tumors, including prostate and breast carcinomas, 

melanoma and glioblastoma [114][115][116][117][118].   

In this study, we wanted to demonstrate that K858 antitumor activity can be extended to 

head and neck squamous cell carcinomas. 

8.1  K858 activity on proliferation 

 

In this report we utilized three HNSCC cell lines: 

• FaDu, pharynx squamous cell carcinoma. 

• CAL 27, tongue squamous cell carcinoma. 

• SCC-15, tongue squamous cell carcinoma. 

All cell lines were treated for 24 and 48 h with 1 μM, 5 μM, 10 μM K858 and then 

analysed by the proliferation assay to calculate K858 activity on cell viability and 

replication. 
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Figure 25: Cell viability of untreated (CTR) and K858 treated FaDu, CAL 27 and SSC-15 cells expressed as 

percentages of alive cells ±SD. Treatments were performed for 24 h (dark grey) and 48 h (light grey). * p 

<0.01; ** p <0.001.  The table on the right shows EC50 values at 24 and 48 h. 

 

A significant proliferation inhibition is detected already at 1 μM K858/ 24h treatment in all 

three HNSCC lines and continues with a constant reduction directly proportional to the 

concentration and treatment time increment.  

In a second moment, to calculate EC50, each cell line was treated with 1, 10, 20, 30, 40 μM 

K858 for 24 and 48 h and resulting EC50s are reported in the table (Fig.25). 

8.2  K858 action on mitotic spindle assembly 

 

K858 targets specifically kinesin Eg5 so we decided to evaluate the effect of K858 on the 

tubulin organization. Mitotic kinesin is responsible for mitotic spindle assembly and for 

this reason we performed the immunofluorescent staining of beta-tubulin in all three 
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HNSCC cell lines untreated and treated with 1 μM K858 for 24 h and then focused, using a 

fluorescence microscope, on the undergoing mitosis cells. 

 

Figure 26:  Immunofluorescence staining of beta-tubulin on untreated CAL 27 (a) and untreated FaDu (b) 

and on CAL 27 (c), FaDu (d) and SCC-15 (e-f) treated with 1 μM K858 for 24 h; bar a: 7 μm, b: 5 μm, c-d: 8 

μm, e-f: 7 μm. 

 

As evident by microscope images, it is possible to deduce an alteration of all mitotic 

spindle forms after K858 treatment: 

• Untreated FaDu, CAL 27 and SCC-15 cells had every normal bipolar shaped 

mitotic spindle (Fig. 26, a-b). 

• Treated FaDu, CAL 27 and SCC-15 cells showed every mitotic spindle with 

abnormal monopolar shapes (Fig. 26, c-f). 
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8.3  K858 induces a cell cycle block in G2/M phase in 

HNSCC cell lines  

 

Eg5 inhibition leads to mitosis arrest [91], and after demonstrating the real K858 

implication in impairment of mitotic spindle assembly, we evaluated its activity on cell 

cycle control by flow cytometry. 

 

 

Figure 27: Cell cycle by flow cytometry analysis of FaDu, CAL 27 and SCC-15 cells untreated (CTR) and 

treated with 1 μM K858 for 24 h. The histogram shows the means ±SD representative of results obtained 

from three independent experiments. 

 

After 1 μM K858 for 24 h treatment: (Fig. 27) 

• FaDu in G2/M phase cells raised from 19.4% to 42%. 

• CAL 27 cells from 29.1% to 50.4%. 

• SCC-15 cells from 20.3% to 42.4%. 

 

To sum up, K858 treatment induced an increment of cells in the G2/M phase and a 

corresponding reduction of cells in the S and G0/G1 phases. 
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         8.4 K858 up-regulates cytoplasmatic cyclin B1 

 

Cyclin B1 increased expression is crucial for a normal control in the cell cycle, especially 

in S/ G2 and G2/M transitions [123].  

Each cell line was treated with 1 μM K858 treatment for 24 h and consequently, western 

blot has been performed. As expected, cyclin B1 was up-regulated in every HNSCC (Fig. 

28) 

 

 

Figure 28: Western blot of cyclin B1 and tubulin in the 3 HNSCC cell lines untreated (CTR) and treated with 

1 μM K858 for 24 h. 

 

Cyclin B1 was then analysed by immunofluorescence, confirming that 1 μM K858 

treatment for 24 h determined an increase of staining in all three HNSCC; cyclin B1 

localization was exclusively cytoplasmic, with no translocation into the nucleus, as shown 

for SCC-15 cells (Fig. 29). 

 

Figure 29: Immunofluorescence staining of cyclin B1 on untreated (a) and treated with 1 μM K858 for 24 h 

SCC-15 shown with (b) and without (c) nuclear staining; bar 7 μm.  
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8.5 K858 leads to apoptotic death in HNSCC cell 

lines  

 

These two last results are suggesting a possible K858 implication on apoptosis induction. 

Therefore, the following proteins were analysed by western blotting assay after 24 h of 2.5 

μM K858 treatment in all three cell lines: (Fig. 30)  

• PARP-1, a marker of apoptosis, was cleaved in all three HNSCC. 

• Bax, a pro-apoptotic protein, was up-regulated in all cell lines. 

• BCL-2, an anti-apoptotic protein, was roughly down-regulated in every cell line. 

• Caspase 8, a marker of extrinsic pathway apoptosis, resulted to be cleaved in every 

cell line after treatment. 

• Caspase 9, a marker of intrinsic pathway apoptosis, has been found to decrease 

only in the SSC-15 cell line. 

 

Figure 30: Western blot of PARP-1, Bax, Bcl-2, caspase 8, caspase 9 and tubulin from untreated (CTR) and 

treated with 2.5 μM K858 for 24 h FaDu, CAL 27 and SCC-15 cells. The means from densitometry 

quantifications of three different experiments of the Bax to Bcl-2 ratio normalized to tubulin are indicated.  
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Consequently, it can be concluded that K858 induces apoptosis through the extrinsic 

pathway in HNSCC cell lines employed because: 

• PARP-1 cleavage by caspase 3 appears during the apoptosis late phases. 

• Increased Bax/Bcl-2 ratio is an index of apoptosis (single band densitometry was   

measured and Bax/Bcl2 ratio calculated and reported in the figure 30). 

• Cleavage of caspase 8 is indicative of its activation. 

In addition, activation of the caspase 9 cleavage in SCC-15 suggests a dual apoptosis 

mechanism, both intrinsic and extrinsic ones. 

8.6 K858 implication in EMT reversion and cell 

migration 

 

Invasiveness is a characteristic aspect in malign disease, and it is usually sustained by neo-

synthesis of lytic enzymes, such as matrix metalloproteases (MMPs) and epithelial-

mesenchymal transition (EMT) [129]. 

We executed a western blot analysis to examine the expression of E-cadherin and N-

cadherin, two important EMT markers and MMP1, MMP2 and MMP9, the matrix 

metalloproteases mainly associated with HNSCC.  

Before and after 24 h of 1 μM K858 treatment proteins expression highlighted as follows 

(Fig. 31): 

• E-cadherin, basally lightly expressed, was increased by K858 in all three HNSCC. 

• Untreated HNSCC stated N-cadherin of variable intensity, and it decreased 

significantly after treatment. 

• CAL 27 and SCC-15 expressed high levels of MMP2, but not FaDu which 

expressed exclusively MMP1. 

• MMP2 and MMP1 were radically down-regulated in every HNSCC after treatment.  

• Evaluable levels of MMP9 have not been found in any employed cells. 
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Figure 31: Western blot of N-cadherin, E-cadherin, MMP2, MMP1 and tubulin from untreated (CTR) and 1 

μM K858 treated for 24 h FaDu, CAL 27 and SCC-15 cells.  

 

Untreated and treated migrated cells were counted in five different fields showing that 

K858 reduced invading Fadu by 79%, CAL 27 by 83% and SCC-15 by 73%.  

 

 

Figure 32: Migrated cells in five random fields from three independent experiments were counted and    the 

means ±SD are reported in the graph with **P<0.001. 
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In parallel, a Matrigel invasion assay was performed on untreated (CTR) and 16 h/1 μM 

K858 treated cells: the basal high rate of motility has been drastically reduced after 

treatment in every HNSCC. (Fig. 33) 

 

 

 

Figure 33: Matrigel invasion assay of FaDu (a-b), CAL 27 (c-d) and SCC-15 (e-f) cells untreated (a, c, e) 

and treated with 1 μM K858 for 16 h (b, d, f). 
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9. Discussion 3° report 
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The cytoskeleton is based on a microtubules network and participates in various cellular 

activities, including mitosis and transport. Microtubules (MTs) take place in chromosome 

alignment and segregation [93][94].  

Since they are crucial on axonal transport in the central nervous system, the MT targeting 

compounds are neurotoxic as a side effect [89]. So, our aim was to investigate new MT 

targeting molecules without these side effects or to block the mitotic process without 

affecting MT organization. 

For this purpose, mitotic kinesins, molecular motors that coordinate different passages in 

mitotic phase, can be targeted [90]. Eg5, especially, is overexpressed in diverse high 

proliferative cancers while it is hardly expressed in non-proliferation tissues [96]. Eg5 is 

involved in the bipolar spindle formation and its inhibition leads to apoptosis in diverse 

tumor cell lines [97]. 

Therefore, today some mitotic kinesin inhibitors, developed and utilised in preclinical and 

clinical studies, have shown not to generate neurotoxicity [91]. Since in the past years our 

group had defined the K858 anti-tumoral activity, an inhibitor of kinesin Eg5, we decided 

to evaluate its efficacy on HNSCC cell lines: FaDu, CAL 27 and SCC-15. 

Our hopes were high because this compound has already been demonstrated to be active on 

other tumors, such as prostate and breast carcinomas, melanoma and glioblastoma 

[115][116][117][118]. Indeed, all reported data evidence that K858 can inhibit 

proliferation, block cell cycle, induce apoptosis and reduce cell migration and extracellular 

matrix invasion in all three HNSCC cell lines.  

Going into detail: 

1. Proliferation inhibition decrement is directly proportional to the increase in concentration 

and time of treatment, starting from 1 μM K85/24 h. 

2. FaDu, CAL 27 and SCC-15 cells revealed all abnormal monopolar featured mitotic 

spindles after treatment, thus confirming K858 meddling in kinase activity leading to 

abortive mitosis and consequent apoptosis. 

3. The experiments highlighted some apoptosis indices: PARP-1 cleavage, increased 

Bax/Bcl-2 ratio: Bax is a pro-apoptotic protein, and its up-regulated expression means 

induced apoptosis as well as the down-regulation of BCL-2, an anti-apoptotic protein. The 

apoptotic process follows the extrinsic way in all three lines and it is confirmed by caspase 
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8 activation. In addition, the caspase 9 cleavage in the SCC-15 line demonstrates activation 

of both pathways. 

4. Flow cytometry analysis revealed that the cells blocked in G2/M phase raised up in all 

three cell lines after treatment.  

5. Cyclin B1, a vital regulator for cell cycle transition from S to G2 and then to M phases is 

up-regulated in every HNSCC ant its localization is exclusively cytoplasmic. When the cell 

is about to go into the G2 phase the levels of cyclin B1 increase, it is phosphorylated and 

moves into the nucleus to initiate mitosis [123]. This involves uncontrolled cell growth in 

these cancer lines. Interestingly, K858 increased cyclin B1, blocked its translocation into 

the nucleus, impeding to the cell to move from G2 to M phase. 

6. K858 induces in all three tumor lines a decrease in N-cadherin and an increase in E-

cadherin expressions, reverting EMT. In addition, MMPs are radically down-regulated 

after K858 treatment, thus it inhibits their activity on creating steps for cellular invasion. 

7. As expected, the high rate of basal motility is drastically reduced after K858 treatment as 

Matrigel invasion assay reported. 

 

Therefore, we can conclude that K858 acts blocking various malignant cancer aspects; in 

this way this compound has a greater chance to arrest HNSCC progress and induce its 

regression. Closing, K858 can be an excellent candidate for the development of new 

therapeutic approaches in human head and neck squamous cell carcinoma treatment. 
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