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Summary:

The	 Human	 Leukocyte	 Antigen	 II	 locus	 (HLA-II)	 encompasses	 several	 genes	 (i.e.,	 HLA-DR,	 HLA-DP,	 HLA-DQ)	 that	 collectively
orchestrate	 the	 presentation	 of	 extracellular	 antigens,	 including	 bacterial	 and	 viral	 antigens,	 following	 cellular	 intake.	 HLA-II
presents	non-self-antigens	that	may	trigger	the	activation	of	CD4+	T	cells,	prompting	their	differentiation	into	diverse	T	helper	cell
subsets.	This	activation	bears	critical	 importance	as	CD4+	T	cells	 substantially	enhance	 tumor	 immunogenicity	and	are	strongly
associated	with	better	outcomes	in	diverse	anti-cancer	immunotherapies	​(Tay	et	al.,	2021)​.	HLA-II	genes	are	primarily	expressed	by
professional	 antigen	 presenting	 cells	 (APCs).	 However,	 recent	 studies	 leveraging	 technological	 advancements	 in	 single-cell
sequencing	revealed	variable	degrees	of	HLA-II	expression	 in	malignant	cells	 from	renal	clear	cell,	breast	and	 lung	carcinomas	 ​
(Axelrod	et	al.,	2019)​.	This	observation	defies	 the	existing	dogma,	prompting	new	avenues	of	 investigation	 into	 the	 landscape	of
cancer-cell	 HLA-II	 expression	 and	 their	 influence	 in	 tumor	 evolution	 and	 responses	 to	 cancer	 immunotherapies.	 Single-cell
sequencing	techniques	can	directly	discriminate	the	HLA-II	expression	arising	from	immune	cells	or	tumoral	cells	in	each	sample,
but	the	cost	of	these	techniques	limits	their	broad	application.	Due	to	this	limitation,	the	implications	of	HLA-II	expression	in	tumor
cells	across	patients	and	cancer	types	at	a	large-scale	level	cannot	be	addressed	using	such	techniques.	Alternatively,	bulk	RNAseq
sequencing	methods	have	been	applied	to	large	cohorts	of	samples	(both	public	and	private)	but	the	contribution	of	different	cell
types	to	 total	HLA-II	expression	 in	each	sample	remains	unknown.	 In	this	project	we	aim	to	generate	a	machine-learning	model,
capable	of	predicting	the	fraction	of	HLA-II	expression	attributable	to	cancer	cells	from	bulk	RNA	sequencing	data.	To	this	aim,	we
will	 first	 create	 a	 training	 set	 from	 single-cell	 datasets	 (in	 which	 the	 fraction	 of	 tumoral	 HLA-II	 expression	 is	 known),	 using
computer-generated	simulations,	to	obtain	synthetic	data	with	different	degrees	of	tumoral	HLA-II	expression	​(Dietrich	et	al.,	2022)​.
Afterwards,	 multiple	 machine	 learning	 algorithms	 will	 be	 tested	 and	 fine-tuned	 to	 produce	 a	 definitive	 model	 with	 optimal
performance.	The	determination	of	tumoral	HLA-II	expression	in	bulk	sequencing	data	from	large-scale	genomic	studies	will	allow
us	to	interrogate	its	association	with	multiple	facts	of	the	tumor	microenvironment	composition,	cancer	immune	escape	mechanisms
and	its	influence	on	patient	responses	to	anti-cancer	immunotherapies.	To	address	these	questions,	we	will	make	use	of	the	Hartwig
medical	foundation	cohort	​(Martínez-Jiménez,	Movasati,	et	al.,	2023;	Martínez-Jiménez,	Priestley,	et	al.,	2023)​,	the	largest	cohort	of
tumors	 treated	with	 immunotherapy	with	available	RNASeq	and	WGS	data,	as	well	 as	other	publicly	cohorts	of	 immunotherapy-
treated	patients.
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Expected	skills:

Basic	understanding	of	cancer	and	general	immunology,	basic	shell	scripting,	Python/R	programming,	Motivation	to	learn!

Possibility	of	funding:

To	be	discussed

Possible	continuity	with	PhD:

To	be	discussed
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