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The	Dawn	of	Glycomics	for	
Precision	Medicine	

The	Oxford-Tokyo	IgG	GlycosylaDon	in	ArthriDs	Study	



Profs	Porter	and	Edelman:	1972	Nobel	Laureates	for	elucida<on	of	IgG	structure	

Prof	Rodney	Porter	
Whitley	Professor	of	Biochemistry,		

University	of	Oxford		

Prof	Gerald	Edelman	
Rockefeller	University	
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Prof	Akira	Kobata	
’Pioneer	of	the	glycobiology	of	N-linked	sugar	chains’	

Prof	Akira	Kobata	
University	of	Tokyo		



IgG	Glycosyla<on	Changes	in	RA	and	OA	Pa<ents	
Parekh	et	al	(1985)	Nature	316:452-457	
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>	5	Person-Years	for	Detailed	Glycoanalysis	of	46	IgG	Samples		
HT	glycoprofiling	in	1984:		1,400	samples	analysed	
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IgG	Glycosyla<on	Paberns	Can	Be	Used	To	Stra<fy	RA	and	OA	Pa<ents	
For	a	given	popula<on,	changes	from	‘normal’	paberns	indicate	disease	
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The	Hope:	Tracking	IgG	Glycosyla<on	Could	Help	Pa<ents	
But	how?	Easier	said	than	done	
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GlycosylaDon	and	Disease:	
30	Years	On	…		



Expanded	Studies	on	IgG	Glycosyla<on	and	RA	
Galactosyla<on	is	strongly	associated	with	disease	state		
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Ludger’s	Glycomics	for	
Precision	Medicine	Programme	



Glycosyla<on	is	immensely	complex	and	changes	with	state	of	health	and	disease	
The	human	glycome	is	at	least	three	orders	of	magnitude	(1000x)	greater	complexity	than	the	genome		
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Glycosyla<on	signatures	can	help	with	pa<ent	stra<fica<on	in	many	medical	
condi<ons	

Glycan	changes	can	occur	in	early	onset	of	many	inflammatory	diseases,	cancers	and	cardiovascular	diseases	
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Theodoratou	et	al	(2016)	ScienHfic	Reports	6:28098.	PMC4908421		 Behan	et	al	(2013)	Biomed	Res	Int.	2013:108902..	PMC4908421		



Glycomics	
Disease	Actuality	

Genomics	
Disease	Possibility		

Posi<oning	of	Glycomics	for	Personalised	Medicine	
Glycomics	and	genomics	are	complementary	tests	for	PM	

Personalised	
Medicine	

	

Pa<ent	Stra<fica<on	
Clinical	Treatment	

	

Based	on	the	parDcular	paDent	and	
their	biomolecular	dysfuncDon	

Nov	13,	2016	
63,971	Tests	
4,715	Disorders	
5,669	Genes	

697	Laboratories	
1,080	Clinics	 2	Tests	
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Ludger	Glycomics	Lab,	2016	
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Ludger	–	Science	and	Business	Staff	at	Culham	Science	Centre	Site	
Ludger	staff	in	Sept	2016:	26	staff	in	UK,	2	sales	people	in	China,	4	regular	consultants		
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Original	concept	for	HighGlycan	HT	glycomics	workflows	
HighGlycan	is	a	€6M,	5	year	EU	FP7	funded	programme	to	develop	high	throughput	glycomics	methods	
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The	LongBowTM	Glycomics	Engine:	Ludger’s	implementa<on	of	the	HighGlycan	Concept	
Allows	larger,	faster,	more	detailed	glycomics	studies	at	lower	cost	per	sample	
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Focus	on	blood	glycoproteins,	par<cularly	IgG		
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Mapping	Ludger	businesses	onto	the	Healthcare	Cost	Effec<veness	Wedge	
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Surgery	
Increasing	$$,		
invasiveness	

Small		
molecule	
drugs	

Increasing	Health	ROI	

Ludger	Glycomics	
for	Biopharma	
Glycomics	for	beber	
biopharmaceu<cals	Ludger	

Diagnos<cs	
Glycomics	based	
clinical	diagnos<cs	

Avenna	
Lifstyle	medicine	for	
chronic	diseases	

-		
	



临床诊断:炎症性肠病经常停留在多年未确诊	
Clinical	diagnos<cs:	Inflammatory	bowel	diseases	ojen	remain	undiagnosed	for	years		

Mark’s	IBD	Surgery	and	Stumpy	the	Stoma:			hNp://ucstory.wordpress.com/surgery-1/	
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How	HighGlycan	fits	into	the	Healthcare	Ecosystem	

HighGlycan	

Related	Programmes	e.g.	IBD-BIOM	

HG	Products	&	Services	

Compe<<ve	Glycomics	
Products	and	Services	

Other	Healthcare	
Technologies	

-	e.g.	genomic	tests	

Wider	Society	

Pa<ents	

Medics	
Biopharma	

Clinicians	

Regulators	

Regulators	

Societal	Challenges:	
Healthcare	Burden		
Financial	Crisis	
Unemployment	



GlycanDx-MODY:	
A	Ludger-Genos	joint	venture	

for	straDficaDon	of	HNF1A-MODY	paDents	using	
a	microplate	based	glycomics	assay	

	



	
Ludger	partnership	with	Prof	Gordan	Lauc,	Univ	Zagreb	and	CEO	of	Genos	
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Prof.	Gordan	Lauc	

GlycanDx-MODY	
	

Collabora<ve	Research	Projects	
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Diabetes	is	a	syndrome	of	diseases	with	different	molecular	ae<ologies	

Pa<ent	stra<fica<on	requires	iden<fica<on	of	the	different	ae<ological	subtypes		
	

Es<mated	prevalence	of	different	diabetes	types	in	UK	

MODY	
160,00	cases	

	

Type	2	Diabetes	
3.15M	cases	

	

Gesta<onal	Diabetes	
113,000	cases	/	year	

	

Type	1	Diabetes	
350,000	cases	
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MODY:	UK	Stats		

Misdiagnosis	of	MODY	wastes	NHS	money	and	causes	uneccessary	pa<ent	suffering		
	

£9.8bn	(2015)			£16.9bn	(2035)	
Annual	NHS	Spend	on	Diabetes	Treatment	

~	90%	
MODY	pa<ents	misdiagnosed		

Up	to	160,000	individuals	
HNF1A-MODY	Prevalence	(1-4%	diabe<cs	in	UK)		

~	£400/paDent/yr	
Savings	on	meds	from	insulin	to		
low	dose	oral	sulfonylurea	drugs	

Blindness,	kidney	disease,		
microvascular	complica<ons	
Long	Term	Complica<ons	due	to	poor	

glycaemic	control	

~	70%		
MODY	pa<ents	with	HNF1A-MODY	



Misdiagnosed	HNF1A-MODY	pa<ents	suffer	and	waste	NHS	money	
The	financial	burden	is	probably	greatly	dispropor<onal	to	the	prevalence	of	HNF1A-MODY	
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MODY	Gene	Test	

Why	it	isn’t	prac<cal	for	primary	health	care	
	
	

High	cost,	long	turnaround	
£450		

Up	to	8	weeks	turnaround	
PotenDally	high	accuracy	but	results	difficult	to	interpret	

	

Results	difficult	to	interpret	
a. HNF1A	gene	is	highly	polymorphic	with	>414	mutaDon	variants		

b. the	clinical	sensiDvity	vary	with	age,	phenotype	at	diagnosis,	family	
history	and	diabetes	subtype	



Lauc	patent:	Outer	arm	fucosyla<on	as	a	biomarker	of	HNF1A-MODY	
Muta<ons	in	HNF1A	regulator	gene	disrupts	glycaemic	control	as	well	fucosyla<on	of	plasma	glycoproteins			
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Plasma	N-Glycosyla<on	changes		
in	MODY-type	diabetes	
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Ludger’s	GlycanDx-MODY	assay	exploits	the	Lauc	patent	

This	is	a	micro<tre	plate	based	assay	that	is	accurate,	robust	and	cheap	enough	for	use	as	a	clinical	diagnos<c		
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Precision	Medicine	Diagnos<c	Pathway	for	MODY	Diabetes	

This	is	a	micro<tre	plate	based	assay	that	is	accurate,	robust	and	cheap	enough	for	use	as	a	clinical	diagnos<c		
	

All	diabe<c	pa<ents	

Confirmed	
MODY	pa<ents	Clinical	Suspects	

Likely		
MODY	pa<ents	

Blood	works	
+	MODY	Algorithm	 Glycomics	test	

for	MODY	
Gene<c	test	
for	MODY	
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GlycanDx-MODY	Algorithm	and	Assay	

	
	
	

Assay	is	Affordable	
and	Fast		

£100	(target	price)	
3	days	turnaround	

MODY	Suspect	Algorithm	
Free	of	charge	

Use	in	GP’s	surgery	
Input:	Normal	blood	works	
Output:	Clinical	suspicion	

probability	

Assay	is	Easy	to	Use	and	
Accurate	

Easy	to	interpret	results	
ROC	AUC	=	0.92	
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GlycanDx-MODY	Health	Economics	for	UK	

Calcula<ons	for	Ludger	Scenario	H1-UK	
	
	•  UK	NHS:	~3.5M	diabeDcs	in	UK	

•  Average	3%	prevalence	of	HNF1A-MODY	
•  PDx-MODY	algorithm	idenDfies	20%	of	diabeDcs	(700K)	to	be	clinical	suspects	
•  GlycanDx-MODY	assay	is	£100		
•  Cost	of	tesDng	all	clinical	suspects	=	£70M	
•  Number	of	MODY	paDents	idenDfied=105,000	
•  Average	NHS	saving	on	drugs=	£400/pa<ent/years.	Total	drug	savings=	£42M/year,	£420M	over	
10	years	

•  Savings	on	inpaDent	care	due	to	misdiagnosis	and	subsequent	long	term	complicaDons	over	30	
years=	£27k/paDent	

•  total	savings	by	avoiding	long	term	complica<ons	(assuming	10%	HNF1A-MODY	pa<ents	
develop	LTCs)	=	£283M/30	years.		

•  Cost	of	GlycanDx-MODY	development	=	£8.5M	
•  Total	net	savings	to	NHS	(less	cost	of	assay	development	and	assay	delivery)	over	30	years	=	
£1.46bn	

•  Annual	sales	revenue	for	GlycanDx-MODY	service	in	UK:	£7M/yr;	Gross	profit	(@	60%)	=	£4.2M/yr	
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GlycanDx-MODY	Health	Economics	Global	Excluding	UK	

Calcula<ons	for	Ludger	Scenario	H1-Global	
	
	

•  385M	diabeDc	paDents	worldwide	
•  Total	no.	HNF1A-MODY	paDents,	min=	3.85M,	max=15.4M	
•  2%	of	diabeDc	paDents	are	accessible	to	partner	clinical	labs	per	year	
•  Total	no.	accessible	diabeDc	paDents	=	7.7M/yr	
•  Assume	PDx-MODY	algorithm	idenDfies	20%	as	clinical	suspects	and	40%	of	those	
go	on	to	take	the	GlycoDx-MODY	assay	

•  Total	number	of	tests	=	616,00/year;		
•  Ludger	revenue	through	clinical	labs	=	£30/test;		
•  Total	revenue	=	£18.4M/year;	Gross	profit	(@80%)=£14.7M/yr	
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Plan	for	bringing	the	GlycanDx-MODY	assay	to	the	clinic	

JVP	between	Ludger,	Genos	and	OCDEM	
	

S2	
Feasibility	

S1	
TRL1-4	

S4	
TRL8-9	

S3	
TRL5-7	

Idea	

EU	FP7	
HighGlycan	

Clinic	

Innovate	UK	
Feasibilty	
Study	

Mix	of	funding	from	
grants,	commercial	revenue	

and	equity	investment		

2017	 2018-2020	 2021-2023	

€6M	 €196k	 €7M	 €13M	Funding	Level:	

Development	Stage:	

Technology	Readiness	
Level:	

Funding	Source	



GlycanAge:	
A	Ludger-Genos	joint	venture	

for	determining	your	hidden	biochemical	age	
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Ageing,	Death	and	Disease	

Benjamin	Bubon	and	real	life	children	suffering	from	Progeria	(rapid	ageing	disease)	
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GlycanAge	Pucić	2011	Paper	–	1:	IgG	Glycome	Popula<on	Study	
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GlycanAge	Pucić	2011	Paper	–	2:	Glycosyla<on	Paberns	Change	with	Age		
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Lauc	GlycanAge	Patent	
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GlycanAge	

JVP	between	Ludger	and	Genos	
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GlycanAge	appears		to	be	a	reliable	indicator	of	your	body’s	biological	age				

Older	
GlycanAge	>	TimeAge	

Younger	
GlycanAge	<	TimeAge	

Equal	
GlycanAge	=	TimeAge	
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GlycanAge	+	Microbiome	Diversity	as	an	indicator	for	early	warning	of	death	in	the	elderly	

Prof	Tim	Spector	(KCL)	talking	about	genes,	glycans	and	microbes	at	the	ION	Ageing	MaYers	SymposHum,	Nov	2016		



Ludger	Fat	Belly	Project:	
QuanDfied	Self	meets	Lifestyle	Medicine	
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Dr	Daryl	L.	Fernandes,	Oxford,	1987	

Photo	of	a	very	tubby,	possibly	pre-diabe<c	Daryl	–	looking	forward	to	years	of	ill	health	and	possibly	early	death	
	



Avenna	Fat	Belly	Project	–	Study	in	lifestyle	medicine	for	chronic	diseases	
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Feb	2013	–	Got	fat	in	USA		 Ate	more	food	and	lost	belly	fat	…	 No	starving,	no	gym!	



Longitudinal	N=1	Tubiness	Experiments	
How	ea<ng	like	a	na<ve	affects	my	tubbiness	
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Careful	food	journalling	
I’ve	tracked	everything	I’ve	eaten	for	the	last	three	years	
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Gaining	knowledge	on	how	people	get	fat	
From	N=	1	to	N=millions	
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Study	science	of		
natural	and	
ar<ficial	diets	

N=1 		

N=10 		

N=100 		

N=1000 		

N=104 		

N=105 		

N=106 		

N=107 	

		

Study	healthy/unhealthy	individuals	

Randomised	
Controlled	Trials	

Large	scale	prospec<ve		
studies	
NHANES,	EPIC,	AdvenDst,	Healthy	Shopper,	
Nurses,		

Popula<on	Studies	
(Longitudinal	and		
Geographic)		
China	Study,		
Philippines,	
Blue	Zones	

Animal	Studies:		
Lab,	Natural	Popns	



The	Inuit:	Healthy	lifestyle	or	people	at	the	limits	of	human	survival?		
The	evidence	is	that	Inuit	live	in	brutal	condi<ons	and	have	suffered	severe	health	problems	for	centuries	
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Lifestyle	Medicine:	What	works	for	me	
My	Wizard	of	Oz	moment	
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Savour	simple,	tasty,	colourful	
plant-based	peasant	food	

Eat	when	hungry	
Beware	of	hedonic	

hyperphagia	
	

Food	

Walk	a	lot	carrying	
heavy	things	

Use	public	transport	
Wear	barefoot	shoes	

Sleep	when	<red	
Get	up	when	refreshed	

Stop	reading	my	ipad	at	night	
(need	to	pracDce	this	more)	

Movement	 Sleep	



QuanDfied	Ludger	Programme:	
Expansion	of	Fat	Belly	study	to	

aeDology	of	chronic	diseases	of	aging	
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Glycomics	+	Quan<fied	Ludger	to	Study	Biomolecular	Ae<ology	of	Chronic	Diseases	

Glycosyla<on	changes	seem	to	be	in<mately	linked	to	disease	progression	in	many	diseases					
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Quan<fied	Ludger	Glycomics	signatures	as	biomarkers	of	health	and	disease		

Collabora<on	between	Ludger,	Monopoli	Lab	and	Clinical	Partners	
	

Ludger:	LongBow	Glycomics	
From	Detailed	LC-MS	to		

HT	GlycoPlates	

Monopoli	Lab,	RCSI	Dublin:		
Glycoprotein	Frac<ona<on	

Fibrinogen,	transferrin,	alpha-1-acid-
glycoprotein,	…	

Clinical	Partner:	Pa<ents	
InflammaDon,	cancers,	CVD,	

alcoholism,	
physical	abuse,	…	
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Ludger	Tree	of	Health	Model	for	Precision	Medicine	
Nature	+	Nurture	→	Health	or	Disease	

	

Genome/Epigenome	
Root	of	the	tree:	disease	possibility	

Deep	Nature		

Glycome,	Microbiome	
Trunk	of	tree:	reflects	disease	

actuality	

Nurture:	Sun,	Soil	and	Rain	
Lifestyle	–	food,	movement,	sleep	

Symptoms	of	
Health	and	Disease	

Leaves	and	fruit	

Tree	of	Life,	Olympic	Na-onal	Park,	Washington,	USA	

Body	State	
Tree	trunk:	Biochemistry,	physiology	
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Quan<fied	Ludger	Programme	–	Longitudinal	Studies	for	Precision	Medicine	

Expansion	of	Daryl’s	Fat	Belly	Studies	–	Detailed	longitudinal	studies	of	lifestyle,	treatments	and	health	biomarkers			
	

Genome	/	Epigenome	
Whole	genome	+	selected	SNPs	

Glycome	
GlycanAge,	glycomics	profiles	for	

blood,	saliva	

Biochemical	Markers	
Metabolome,	Microbiome,	
AcDvome	(Enzyme	acDviDes)	

Food,	Movement,	
Sleep	

Physiology,	Body	Func<on	
Weight,	body	composiDon,	VO2max,	
musculoskeletal,	neurology	(brain	+	

peripheral	NS),		

Biomarkers	of	Disease	
InflammaDon,	cancers,		
cardiovascular	diseases	
InfecDous	diseases	

Mind	
Mood,	cogniDve	funcDon	

Deep	Nature	
Root	of	the	tree:		
disease	possibility	

Microbiome	
Gut,	Mouth	

Nurture:		
Lifestyle	/	Behaviour	

Symptoms	of	
Health	and	Disease	

Leaves	and	fruit	

Body	State	
Tree	trunk:		

Biochemistry,	physiology	
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Aims	of	Quan<fied	Ludger:	Develop	System	for	Longitudinal	Studies	of	Disease	Ae<ology		
Nature	+	Nurture	→	Health	or	Disease:	Focus	on	chronic	inflamma<on,	cancers	and	cardiovascular	diseases	

	

Leonardo	da	Vinci,	Anatomy	Drawings		



A	personal	note	



As	the	world	develops,	we	are	ge}ng	richer	and	living	longer	…	

hNp://www.gapminder.org/posters/gapminder-world-2013//	



…	and	the	cost	of	healthcare	is	rising	unsustainably	

Reproduced	from	The	Economist	



…	but	are	ge}ng	sicker	…	
‘Western’	industrialised	lifestyles	are	a	major	driver	for	increased	morbidity	



…	we	need	beber	healthcare,	medicines	and	health	educa<on	

hNp://www.mirror.co.uk/news/world-news/desperate-father-sell-kidney-fund-5526985/	



Daryl’s	Timeline	for	World	Domina<on	
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1959	 2049	

Today	

1959	 1972	 1985	 1998	 2011	 2024	 2037	

England	
St	Mary's	
Primary		
School	

Brunel	
University	

Oxford	Univ	
Postdoc	 Join	OGS	 Ludger	20	years	old	

Oct	1	
Daryl	80	years	

Mar	26	
Daryl	90	years	

Mar	26	

Born	
Karachi,		

West	Pakistan	

Springfield	
Primary	
School	

Salesian	
College	

Oxford	Univ	
	DPhil	 OGS	launch	 Ludger	founded	

Oct	1	
Daryl	60	years	

Mar	26	

Primary	Schoolchild	

Secondary	Schoolchild	

BSc	Student	

DPhil	Student	

Postdoc	

Manager	

Chief	Execu<ve	

Chairman	



Why	I	want	to	live	a	long,	healthy	life	…	
Ruben	Fernandes,	World	Explorer	
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If	you’re	interested	…	



Contact	Us		

Dr	Daryl	Fernandes	
Chief	Execu-ve	
daryl.fernandes@ludger.com	

Dr	Claire	Morgan	
Head	of	Business	
Development	
claire.morgan@ludger.com	
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