
W. Keith Hoots, M.D.
Division of Blood Diseases and Resources

XVI Congress on Clinical and Social Problems in Hemophilia and Congenital Bleeding

Naples, Italy 
November 10, 2017

1

Promoting Innovation in Research Focused on Bleeding Disorders Generically and 
Hemophilia Specifically:   Programs at the National Heart, Lung and Blood Institute



A Research Strategy with a Rare Disease Emphasis

The NHLBI blood research program is focused on a few common human pathologies 
and their applicable therapies (e.g. venous thromboembolism, malaria, iron 
deficiency anemia and transfusion respectively) and many rarer ones.

• Many of the latter are monogenic diseases representing molecular alterations in the 
cells of the blood and the vasculature

• In addition, even the common hematologic conditions/therapies require specialized 
investigations for critical clinical sub-populations (e.g. neonatal stroke, peripartum 
hemorrhage) 

2



OUTLINE of Presentation

• Overview of NHLBI approaches to enhancing research that explicates bleeding 
disorders generically and inherited bleeding disorders specifically

• Discussion of Whole Genome Sequencing program at NHLBI (TOPMED) and how 
we propose to use this resource to understand monogenic bleeding disorders 
such as hemophilia more completely 

• A multi-faceted approach by NHLBI and the Division of Blood Diseases and 
Resources  to understand the pathogenesis of Factor VIII  antibody 
immunogenesis/tolerance
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Challenge/Opportunity

• Thousands of incurable genetic diseases are now 
theoretically treatable by gene editing 
approaches

• For some indications, a single treatment could 
be a cure 

• Therapeutic development is still inefficient

• Development costs for ultra-rare diseases are 
prohibitive for industry

• Rare diseases provide great model systems for 
understanding broader pathogenesis 

Brain
Autism Spectrum Disorder
Huntington’s
Amyotrophic Lateral Sclerosis
Ataxias. 
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Potential Glycan Manipulation Strategy for Treating Thrombocytopenia

• The challenge is to deliver salutary cells to the 
sites where they are needed 

• The real power of glycan engineering is that it 
can steer any stem cell to any tissue type

• CD44 (expressed on all stem cells): Identify 
exactly which glycan modification is missing to 
target the tissue of interest

• Optimizing the enzymatic conditions needed 
to add the missing carbohydrate without 
evoking cell toxicity

• GPS – a process of stereoselectively altering 
carbohydrate structures on target proteins 
and/or lipids is feasible

Grozovsky et. al., Nat. Med. 2015, p47; Bigot, P., et al.. Fundam. Clin. Pharmacol. 30, 2016.; Grozovsky, R. Blood 2015.
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Editing E6V Sickle Mutation in CD34+ HSPCs from 4 SCD Patients
CRISPR/Cas9 β-globin gene targeting in human hematopoietic stem cells *

*Kindly provided by Matthew Porteus

Recombinant Adeno-
Associated Virus (AAV6)
Bak, Dever et al Nature 
Protocols under review
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Vascular injury/Coagulation/Inflammation Following Head Trauma
Connection between vascular and cellular mechanisms

Identifying the molecular basis for 
platelet dysfunction in trauma
Figure by Scott Diamond

Figure by Iris C. Fung
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• Perinatal Stroke: Acute syndrome due to 
cerebrovascular injury occurring from 20 weeks 
gestation to 28 days post-natal life

• Underlying mechanisms poorly understood  
• Etiologies often non-neurologic 
• Injury/repair processes rely on complex 

signaling in multiple cell types 
• Maternal and/or fetal/neonatal vascular, hemostatic, hematopoietic, & immune cell systems are 

involved in the origins and consequences of perinatal stroke

• Basic and translational research regarding developing neurovascular unit, injury/repair response, etiologies 
and risk factors

• Vascular, hemostatic, hematopoietic, and/or immune cell activities in the developing brain are of 
particular interest

Specialized Research on Critical Clinical Sub-Populations
Perinatal Stroke
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Blood Brain Interface model: Neuro-vascular-blood Unit

The role of blood in the Blood Brain Interface 
(e.g., blood-derived factors, blood-based 
biomarkers, circulating exosomes) in the 
pathogenesis of neurological disorders and 
brain injury states and the underlying 
neurovascular mechanisms remain largely 
unknown and under-researched.

BBI 2016

Ochocinska et al., Fluids Barriers CNS, 2017
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Liquid Fingerprint Technology for Precision Medicine

Studies to define a core “exRNAome” across plasma, serum, urine, and saliva and establish an initial baseline for 
inter-individual variability. The next steps to develop liquid fingerprint technologies for diagnostic, prognostic, and 
treatment assessment to support personalized medicine approaches.

Liquid 
Fingerprint

=
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Promoting Rare Disease Clinical Trials
When Traditional Design Falls Short

• Trials conducted in limited populations may require 
non- traditional designs to achieve adequate statistical 
power (e.g. adaptive design).

• Examples of scientific areas / clinical questions 
identified across NHLBI for which alternative 
approaches may be required: 

• studies of rare diseases and/or therapeutics 

• studies in sub-populations of more common  
diseases, e.g. precision medicine trials
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Precision Medicine: A new effort to account for more of the normal variation in individual human 
biology in the practice of medicine

e.g. In hemophilia the determination of the mutation in the Factor VIII gene (Hemophilia  A) or 
Factor IX gene (Hemophilia B)  (the aim of MLOF) may provide some indication of a participant’s 
risk for developing an inhibitor/antibody against infused FVIII or IX.

Have Physicians not always personalized an individual’s medical care? 

Yes, but new scientific tools such as genetic sequencing have revolutionized the potential to tailor 
diagnosis and management to the unique biology of every person. That is the reason the Presidenthas
charged the NIH (and its Federal partners)specifically to launch the PRECISION MEDICINE INITIATIVE 
which includes a “million person” cohort

What is Precision Medicine and what does it have to do with Hemophilia and My Life, Our Future?



TOPMED (Transomics for Precision Medicine)
• Genomics (as specified by Whole genome sequencing)

• Epigenomics (assessment of gene regulation)

• Transcriptomics (assessment of the RNA message from the genes)

• Proteomics (assessment of the proteins that are made from translating the RNA)

• Metabolomics (assessment of markers of metabolism)

• Glycomics (assessment of the sugar structures that frequently add structural and functional 
specificity to proteins (e.g. FVIII and IX)

• Exposome (Measurements of environment on the above omics

• Phenomics (the personal and medical findings unique to the person

Whole Genome Sequencing and Other precision Medicine Analyses:  
The NHLBI TOPMED Program



TOPMed Program Components



TOPMED - Where Are We Now? 
Phenotype and Population Diversity 

Phenotype Diversity Population Diversity 

Developing a rich data source representative of the diverse HLBS phenotypes and 
populations that can enable multi-omics exploration to define the mediator pathways 

of HLBS disorders and discovery novel therapies. 

Multi-Phenotype 
Cohorts 

33% 



TOPMed Demographics Update Phases 1-3

* Phase 3 – awaiting final sequencing status



Disease / Phenotype Sample Size*

Blood Pressure 84,839

Lipids 69,888

VTE 4,442

Atrial Fibrillation 15,546

EO Myocardial Infarction 26,055

COPD 10,214

Asthma 19,618

Sickle Cell Disease 5,794

Hemophilia 5,141

TOPMed Disease Priorities Phases 1-3

* Phase 3 – awaiting final sequencing status



Ethnicity breakdown for TOPMed Disease Priorities (Phases 1, 2, and 3*)

* Awaiting final sequencing results



Hemophilia Research Promoted at the National, 
Heart, Lung and Blood Institute:  A Targeted Focus on 

Inhibitor Pathogenesis
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Reipert Birgit
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FVIII inhibitors are only the tip of the iceberg

http://www.djibang.org/

FVIII inhibitors

total FVIII-binding
antibodies

FVIII-specific
T cells

Innate
immune system

http://www.djibang.org/


Protein Characteristics Affecting Endocytosis, Clearance and Antigen Presentation

Hemophilia A: Understanding Why FVIII is Immunogenic 

Speed Bump: Bedside observations must move back to the 
bench to study the mechanisms of FVIII immunogenicity

Jesse Derek Lai, Maria Teofana Georgescu, Christine Hough, To clear or to 
fear: An Innate perspective on factor VIII  Cellular Immunology, 2015, 
http://dx.doi.org/10.1016/j.cellimm.2015.10.011
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Controlling Unwanted Immunogenicity in Hemophilia A as a
Stepping Stone to Biotherapeutics . 

• Targeting the host immune response: Manipulating in vivo mechanisms to control ADA 
responses in early clinical development and post-market stages

• Using existing immunosuppressive agents and novel tolerizing approaches in clinical and 
post-market stages

• Employ in vitro methods for immune attenuation 

• Develop in silico tools

• Rational drug design as a strategy to control ADAs in early development and/or assess 
impact of manufacturing process on immunogenicity potential of the biotherapeutic

Salazar-Fontana, L.I., Desai, D.D., Khan, T.A. et al. AAPS J (2017)
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Factor VIII Pathogenesis:  Some Things We Think We Know
. 

• T cell processing of FVIII linear peptides presented by APCs is necessary for CD4+ 
proinflammatory cell activation and T Regulatory cell activation

• “Danger signals” or DAMPs predispose to CD4+ and CD17+ upregulation in response to       
FVIII peptides-Cytokine and co-stimulatory molecule mediated

• Memory B Cells are capable of processing 3-dimensional FVIII epitopes and signaling 
plasma B cells to make conformationally sensitive antibodies (see following)

• Large or multi-deletions in the FVIII gene produce enhanced immunogenesis, perhaps 
suggesting that less of the molecular sequence is available for presentation to thymic T 
cells for primary tolerance

27



Factor VIII (A2) Processing by the Immune System: A Scenario



Factor VIII (A2) Processing by the Immune System: A Scenario
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Factor VIII Pathogenesis:  Some Things We Think We Know
. 

• T cell processing of FVIII linear peptides presented by APCs is necessary for CD4+ 
proinflammatory cell activation and T Regulatory cell activation

• “Danger signals” or DAMPs predispose to CD4+ and CD17+ upregulation in response to       
FVIII peptides-Cytokine and co-stimulatory molecule mediated

• Memory B Cells are capable of processing 3-dimensional FVIII epitopes and signaling 
plasma B cells to make conformationally sensitive antibodies (see following)

• Large or multi-deletions in the FVIII gene produce enhanced immunogenesis, perhaps 
suggesting that less of the molecular sequence is available for presentation to thymic T 
cells for primary tolerance
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Factor VIII Pathogenesis:  Some Things We Do Not Know
. 

• Is tolerance to FVIII achievable in utero in null mutation fetuses?

• Will sustained expression of FVIII following efficient and long-term gene transfer provide 
enduring tolerance in vulnerable null phenotypes and can tolerance be restored in those with 
existing anamnestic inhibitors?

• Does the target host cell for the gene transfer matter with regards to immunogenicity or 
tolerance induction?

• What are the structural epitope mutations that predispose to Memory B cell amplification and 
enhanced education of plasma cells that produce anti-FVIII?

• What about the role of glycans in immunogenicity and tolerance?

• MANY other questions
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Center for the Investigation of Factor VIII (FVIII) Immune Response in 
Patients with Hemophilia A (U54): A New NHLBI Funding Opportunity 
Announcement (Review of Proposal—November 29 and 30, 2017

What is NHLBI Doing to Pursue these Pathogenesis Questions? 



Goal
• Establish up to four Centers for the Investigation of Factor VIII immunogenicity 

(FVIII Centers). Centers will utilize cross-disciplinary science and novel 
technologies to define the basic mechanisms involved in the development of 
anti-FVIII neutralizing antibodies, also known as FVIII inhibitors, in patients with 
hemophilia A. 

• Skills Development component - support the development of interdisciplinary 
research skills and expertise in the next generation of physicians/scientists in the 
blood sciences. 

• One application will be selected as Administrative Core - provide administrative 
support to all awardees.



The Hemophilia Inhibitor PUP Study (HIPS)

• A potential prototype study for how to examine human FVIII 
immunogenicity

• A total of 25 PUPS from the US and Europe have been enrolled and 
followed prospectively for 50 exposure days with a single product

• Scrupulous sample collection, processing and shipping have allowed 
specialized immunophenotyping in response to initial and subsequent 
FVIII infusions

47



48

Can we predict evolving neutralizing 
antibodies against factor VIII ?

Patient with
severe

hemophilia A

Regular treatment
with FVIII

FVIII inhibitors

No 
FVIII inhibitors

i.v. FVIII
• What differentiates these immunologically

distinct patient features?
• How can we capture these immune changes in 

infants?



Hemophilia Inhibitor PUP Study

Investigator Initiated Natural History Study1,2

Primary Objective: 
Prospectively capture changes in the immune system during 
the first 50 exposures to FVIII (Advate®)

Principal Investigator:  Deborah Brown, MD

Co-principal Investigator:  Elena Santagostino, MD, PhD

Data Coordination:  Joel Bowen (Rho) Birgit Reipert and Bagirith
Gandaharan (Immunology)

Exposure days to FVIII
10 20 30 400 50

HIPS sample collection schedule:
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1. Clinicaltrials.gov NCT01652027 
2. Reipert. ASH 2016; oral presentation
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Monitoring immune biomarkers in infants

 Comprehensive analysis of anti-FVIII antibodies
- Neutralizing activity (FVIII inhibitors)
- Isotypes and IgG subclass profile (IgM, IgA, IgG1-4)
- Assessment of apparent affinities

 Epigenetic analysis of methylation patterns at specific 
marker loci of different immune cell populations (Epiontis)

- Monitoring general immune status (e.g. Treg, Th17,  
NK cells)

 Whole transcriptome analysis in whole blood  
- Monitoring longitudinal changes in patterns of 

mRNA expression profiles 

 Signatures of FVIII-specific transcriptome patterns in PBMC 
- Analyzing FVIII-specific gene expression patterns
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Epigenetic analysis to monitor general immune status in HIPS 
study
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• What are the changes in proportion of total FOXP3+ve cells, Th17 cells and innate NK 
cells after FVIII infusion?



Longitudinal immune monitoring of Th17 T cells 
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0302- No FVIII 
antibodies

1301- Low titer IgG1  
FVIII antibodies

0902-FVIII Inhibitory 
antibodies

➢ In comparison to adult healthy individuals, Th17 cells were detected at  very low 
numbers

➢ One of the first clinical immune monitoring  of Th17 cells  in peripheral blood of infants 

Age at first infusion: 
9.1 months

Age at first infusion: 
13.5 months

Age at first infusion: 
10.2 months

Age at study exit:  
19

months

Age study 
exit : 14.2

months

Age study 
exit : 14.1

months



Can we detect and monitor FOXP3 + T cells after FVIII infusion?
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➢ In infants, total FOXP3+ cell numbers in peripheral blood  is in similar range to that of 
adult healthy individuals

0302- No FVIII 
antibodies

1301- Low titer IgG1  
FVIII antibodies

0902-FVIII Inhibitory 
antibodies

Age at first infusion: 
9.1 months

Age at first infusion: 
13.5 months

Age at first infusion: 
10.2 months

Age at study exit:  
19

months

Age study 
exit : 14.2

months

Age study 
exit : 14.1

months



Epigenetic monitoring of immune cell types provides a novel platform for
longitudinal analysis of general immune status in infants with very small blood
volumes

Early data from HIPS indicates that FOXP3+ cell frequencies in peripheral blood
of infants are in similar range as of healthy adult subjects

 In contrast, Th17 cells in peripheral blood are present at very low levels in
infants

Expansion of the Epigenetic monitoring to additional cell types as T follicular
cells, total B cells and CCR6+ve cells is planned

HIPS Summary
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State of the Science in Inhibitor Development (SoS)

• When:  May 17-18, 2018

• Where: Bethesda, MD, USA

• Purpose:   To assemble hemophilic scientific expertise across the 
spectrum from basic to translational to clinical in order to 
advise NHLBI on strategies forward to ultimately eliminate 
anti-FVIII antibody development
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Targeted Scientific Emphases for the NHLBI SoS Symposium

• Scientific priorities and novel approaches for clinical trials

• Scientific priorities for 21st century data and biospecimen collection

• Modeling for inhibitor development through better understanding of FVIII 
immunogenicity and host immune and tolerance response

• Design and recruitment of neonatal or antenatal longitudinal severe hemophilia 
A cohorts that leverage “omics” and refined phenomes to study 
immunogenicity, inhibitor development and eradication 
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CONCLUSION

The National Heart, Lung and Blood Institute of the National Institutes 
of Health and its Division of Blood Diseases is committed to supporting 
research that enhances understanding of bleeding orders and, in 
particular monogenic bleeding  disorders such as hemophilia
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