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Background

Head and Neck Cancer (HNC) encompasses the biologically diverse group of malignant tumours arising from over 30 specific anatomical sites in the head and neck1, including the oral cavity, pharynx, larynx, paranasal sinuses, nasal cavity and salivary glands2. Despite arising in various anatomic sites, more than 90% of HNCs are squamous cell carcinomas (HNSCCs)3 and have the same major aetiological factors of tobacco use and excess alcohol consumption4.
Globally, HNC is the eighth leading cause of cancer-related deaths5 with over 8,000 different cases annually in England and Wales alone2. There is variation in the incidence of HNC due to gender, geographical location and the anatomical site of the cancer, but overall the number of cases of this group of cancers is increasing6.
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HOX genes encode for transcription factors, which have important roles in developmental patterning and morphogenesis in the embryo9,11–12. However, relatively recent evidence has indicated that the HOX genes are frequently deregulated in a number of cancers including melanoma, prostate, ovarian, breast and HNSCC11–13. Moreover, not only do HOX genes seem to play a role in carcinogenesis, but they also seem to have a role in malignant progression, including invasion and metastasis14.

Currently, there is little known about the roles of individual HOX genes within different cancers, but these roles can be contradictory. With some HOX genes acting as tumour suppressors or oncogenes, whilst others are redundant13.
Pre-B cell leukaemia homeobox transcription factors (PBXs) are DNA-binding co-factors that combine with HOX gene products to form HOX/PBX heterodimers, which can bind to octameric DNA target sequences by targeting a DNA half site with each monomer using its homeodomain. Although HOX proteins can actually bind to DNA as a monomer, through forming a heterodimer with PBX proteins, they have a significantly greater binding affinity and specificity for target DNA sequences which in turn influences the regulation of transcription11,15–17. Overall, these HOX/PBX interactions are key as the PBX family can regulate the activities of the HOX genes17.
Therefore, novel small molecule inhibitors have been developed which target the interaction between HOX and PBX proteins as a potential therapeutic agent for HNC.
Methods

Hypothesis: Novel small molecules (ICT9119) will inhibit the growth of HNSCC cells in a HOX-gene dependent manner.

ICT9119 was tested in a panel of normal, dysplastic and cancerous keratinocytes (shown in Table 1) using LDH assays (to measure cytotoxicity), MTS assays (to measure proliferation) and Annexin V-FITC Apoptosis assays (to measure apoptosis). HOX/PBX expression was analysed using qPCR and Western Blotting.

	Cell Line
	Sample Type
	Site

	OKF4
	Immortalised Normal
	Floor of mouth

	FNB6
	Immortalised Normal
	Buccal mucosa

	D19
	Dysplasia
	Tongue

	D20
	Dysplasia
	Tongue

	B16 
	HNSCC
	Tongue

	B22
	HNSCC
	Neck Lymph Node Metastasis


Table 1: The cell lines used throughout the project
Results 

The MTS assays showed that ICT9119 killed the keratinocytes independent of what type of cell line they belonged to (shown in Figure 1). 
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This was supported by microscopic images of treated and un-treated cells from all six cell lines (for example the photomicrographs of the two dysplastic cell lines shown in Figure 2).
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Furthermore, the Annexin V-FITC assay showed that after treatment with ICT9119 the cells entered both early and late stages of apoptosis, however the proportions of cells in these stages varied between the cell lines. For example, Figure 3 shows an example of the flow cytometric data produced for the FNB6 cell line for one sample, as well as the average proportions of cells displayed in a bar chart.
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PBX1 and PBX2 expression was assessed by qPCR, and analysis of this data compared to the EC50 values of the six cell lines showed there was no correlation between PBX2 expression and resistance to ICT9119. However, there was a strong negative correlation between PBX1 expression and the resistance to ICT9119.

Additionally, Professor Richard Morgan, whose lab produced ICT9119, has liaised with us about follow-up mouse model experiments his lab have run with ICT9119 to investigate its mechanism of action (Morgan R, personal communication). These experiments have shown that ICT9119 inhibits some ion channels and also COX-2 (a cyclo-oxygenase enzyme18), which may explain for its lack of specificity to HNC cells. Furthermore, the inhibition of COX-2 is clinically important as there have been links associated with this inhibition and risk of more serious cardiovascular events, including myocardial infarction and stroke19.
Conclusion

From these experiments and the further information from Professor Richard Morgan, ICT9119 seems unlikely to be useful as a therapeutic therapy due to its lack of specificity to HNC cells as well as its potential cardiotoxic effects. However, modification of this molecule to produce a therapeutic agent that targets HOX/PBX interactions has the potential to be useful clinically, but further research is required to produce this and test its effectiveness.
Future Work
Firstly, in order to be able to confirm the statistical significance, if any, of the data generated by the Annexin V-FITC assays, I would ensure that there are at least three biological repeats for each cell line. Similarly, with more time I would do at least one further qPCR run of the FNB6 cell line in order to get three biological repeats. 

Furthermore, repeating the Western Blots using the modifications suggested to get them to work effectively would be useful to show the expression of the PBX1 and PBX2 proteins in the six cell lines, and to link this data back to the data generated by qPCR.

Also, it would be useful to investigate the effects of the varied PBX1 expression and how this could link to the mechanism of action of ICT9119. Especially as there is not much literature on PBX1 and its effects at present.

Most importantly, I think research into the mechanisms of action of ICT9119 is key for the next stage of this drug testing, such as the mouse models being used in Professor Morgan’s lab. This is the most important next stage as the likelihood is that ICT9119 requires modification in order to become clinically effective, and once modified the experiments I performed will no longer reflect the mechanisms of the new molecule so would have to be performed again to reach conclusions on its clinical effectiveness.
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Figure � SEQ Figure \* ARABIC �1�: Line graphs to show the Cell Viability (%) and the Standard Error of the Mean of the OKF4, FNB6, D19, D20, B16 and B22 cell lines when exposed to ICT9119 measured by the MTS assays (all of which were repeated at least three times) and the EC50s calculated from these graphs.
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Figure 2: Photomicrographs (10x) of the dysplastic cell lines seeded at a density of 10,000 cells per well, in a 96 well-plate, and treated with 0µM and 100µM ICT9119 respectively. A: D19 cell line. B: D20 cell line.
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Figure 3� SEQ Figure \* ARABIC �: The effect of ICT9119 on apoptosis of FNB6


A: Example scatter plots of the FNB6 flow cytometric data. A1 is the control sample, A2 is the sample treated with ICT9119 at the 1xEC50 concentration for FNB6, and A3 is the sample treated with ICT9119 at the 2xEC50 concentration for FNB6. Each quadrant represents a cell status; clockwise from upper left: dead, later apoptotic, early apoptotic and viable.


B: Bar chart showing the proportions of the FNB6 cells in each quadrant with the error bars representing the standard error of the mean. Note: there are no error bars in the control group as there was only one set of data obtained due to a low number of cells in this experiment, and unfortunately there was not enough time to run the assay again with this cell line.
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