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Focus	on	structural	prediction

• Today’s	talk: general	structural	prediction	of	peptide-HLA	complexes

*		Cellular	immunity	to	cancer
*		Proof	of	concept	study
*		Application	for	immunotherapy
*		Our	first	contribution:	DINC	2.0

• Our	Project:
Structure-based	selection	of	tumor-antigens	for	T-cell	based	immunotherapy

• Our	Project:
Structure-based	selection	of	tumor-antigens	for	T-cell based	immunotherapy

*		Start:	Nov.	2016
*		PIs:	Lydia	Kavraki			(Rice	University)

Gregory	Lizée	(M.D.	Anderson)



Class	I	HLA	receptor
(Human	Leukocyte	Antigen)

TCR

Cellular	immunity	to	cancer

• Intracellular	peptides	are	displayed	at	the	cell	surface	by	HLA	receptors
• Cytotoxic	T-cells	perform	surveillance	against	diseased	cells	
• Cancer	cells	naturally	present	tumor-specific	peptides	(Lizeé	et	al.,	2012)

peptide

peptide-HLA	(pHLA)	complex



Structure	of	the	pHLA	complex	(front	view)
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Structure	of	the	pHLA	complex



Structure	of	the	pHLA	complex	(top	view)



HLA	diversity

More	than	10,000	known	alleles	of	class	I	HLAs	in	the	human	population!!!

Different	HLAs	display	
different	pools	of	peptides



Need	for	personalized	approaches

More	than	10,000	known	alleles	of	class	I	HLAs	in	the	human	population!!!

T-cell-based	Immunotherapy	requires
personalized	analyses	of	peptide-HLA	complexes

tumor-derived	peptide

patient-specific	HLA



The	Problem

Perform accurate structural prediction of the binding
modes of tumor-derived peptides to patient-specific
HLA molecules, using computational methods



Molecular	Docking

Drug-like	ligands

DoFs.:	Up	to	10	DoFs

• Molecular	Docking	Applications:
*		Binding	mode	prediction/geometry	Optimization
*		Structure-based	virtual	screening of	potential	binders

• Rotation	&	Translation
• Internal	Degrees	of	Freedom	(DoFs)



The	open	challenge	of	docking	large	ligands
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HLA	receptors	bind	large	peptide	ligands

Length.:	8	– 11	aa	

DoFs.:	>29	



*		Tong	et	al.,	2004.	
*		Antes	et	al.,	2004.	
*		Bordner	et	al.,	2006.
*		Todman	et	al.,	2007.
*		Antunes	et	al.,	2010.
*		Bordner	et	al.,	2010.
*		Khan	et	al.,	2010.
*		Liu	et	al.,	2014.
*		Rigo	et	al.,	2015.

ICM	+	loop	closure
DynaPred
ICM	+	monte	carlo
MHCSim	(crystal	template)
D1-EM-D2	(crystal	template)
ICM	+	monte	carlo	+	machine	learning
ICM	+	monte	carlo	+	homology	modeling
FlexPepDock	(crystal	template)
DockTope	(crystal	template)

Limited	to	specific	HLAs	
and	requiring	expert
guided	constraints

Docking-based	prediction	of	pHLA	complexes

Ways	to	reduce	dimensionality:
• Use	of	Ad	hoc	approaches
• Use	of	crystal	templates
• Use	of	HLA-specific	constraints



Docking	INCrementally	(DINC)

Length:	8	aa

Atoms:	136	

DoFs:	30	

Atoms:	28	

DoFs:	6	



Incremental	docking	of	an	8-mer	peptide

Customizable	Method!



Evaluation	against	known	crystal	structures

Receptors:
• HLA-A*01:01
• HLA-A*02:01
• HLA-A*11:01
• HLA-A*24:02
• HLA-B*35:01
• HLA-B*44:03
• HLA-B*51:01
• HLA-B*57:01
• HLA-B*57:03
• HLA-C*08:01

Peptide	Lengths:
• 8-mers
• 9-mers
• 10-mers

Peptide	Sources:
• self
• virus
• tumor

Diverse	dataset	of	25	high	resolution	
crystal	structures	of	peptide-HLA	complexes

re-docking



Reproduction	of	different		binding	modes



Proof	of	concept	study	using	re-docking

Average	RMSD	of	models:		1.92	Å

Length	8						8					9						9					9					9						9						9					9						9					9						9					9						9						9						9					9						9					 9	 9						9					10			10				10			10	
DoFs			30				30			30				30			30			31				31			32			32				32			33				33			33			34				34			35			36			36				39			39			41				33			38	 38			41



Length	8						8					9						9					9					9						9						9					9						9					9						9					9						9						9						9					9						9					 9	 9						9					10			10				10			10	
DoFs			30				30			30				30			30			31				31			32			32				32			33				33			33			34				34			35			36			36				39			39			41				33			38	 38			41

Proof	of	concept	study	using	re-docking

Some	complexes	are	more	challenging	than	others
Some	parameters	work	better	than	others



pHLA	structural	similarity	and	T-cell	cross-reactivity

❖ Crystal	structures:

❖ Predicted	structures	(docking):TUMOR-derived	peptide	
(EVDPIGHLY)

SELF-derived	peptide	
(ESDPIVAQY)

VIRUS-derived	peptide	
(CTELKLNDY)

Cameron	et	al.,	2013.
Science	Translational	Medicine 07	Aug	2013:
Vol.	5,	Issue	197,	pp.	197ra103
DOI:	10.1126/scitranslmed.3006034



Implications	of	the	peptide	structure



Application	for	immunotherapy

Resected
tumor

Cancer
patient

Personalized
peptide vaccine

Adoptive 
T-cell transfer

Proteomics analysis

Genetic analysis 

Tumor Peptide Selection:
▪ Data integration.

▪ Sequence-based HLA-
binding prediction.

▪ Structural prediction of
peptide-HLA complexes

• Pipeline	applied	to	>140	human	tumors	(M.D.	Anderson	Cancer	Center)
• Strength:	Allows	for	patient-specific	identification	of	tumor	peptides
• Weakness:	Does	not	provide	accurate	ranking	or	cross-reactivity	prediction

Better	therapies!!!



Our	first	contribution:	DINC	2.0

Submitted	to	a	special	feature	in	Cancer	Research

dinc.kavrakilab.org



DINC	2.0	(Results	Page)



DINC	2.0	(Help)

http://dinc.kavrakilab.org/
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