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History of B-cell Delivered Gene Therapy for Tolerance 

• We developed a platform technique for tolerance induction to multiple 
epitopes expressed at the N-terminus of an IgG scaffold, and transduced 
B cells to express this fusion IgG.  

• “Pre-clinical efficacy” has been achieved in rodent models for multiple 
diseases, including EAE (MS), EAU (uveitis), type 1 diabetes and 
hemophilia.  

• CD25+ (FoxP3+) regulatory T cells are involved in both the induction 
and the maintenance of tolerance, and B-cell recruitment of Tregs may 
be critically dependent on the presence of unique epitopes in the IgG and 
Fc receptors. 

• Tolerance, so induced, is specific, long-lasting, affects both Th1 and Th2 
CD4 T cells and is more effective and long-lasting on the IgG carrier.   

• CD25+ (FoxP3+) regulatory T cells are involved in both the induction 
and the maintenance of tolerance, and B-cell recruitment of Tregs may 
be critically dependent on the presence of unique epitopes in the IgG and 
Fc receptors. 

Key strategies in our studies 

♦  Use isologous immunoglobulins as carriers based 
on the tolerogenicity of IgG (Borel, Weigle) 

♦  Engineer target protein, e.g., autoantigens or fVIII 
domains, at the N-terminus of an IgG heavy chain 
scaffold 

♦  Transduce myeloma cells or “activated” B cells to 
produce or present fusion protein and act as 
tolerogenic APC, respectively.  

 

 
 

Target auto-
antigen 
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Production and Presentation of  
IgG Fusion Protein in B Cells 

MHC Class II 

B-cell 
 receptors 

Target antigen 
in frame  

 

Host light 
chains 	
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Normal or antigen-primed donor  Transduce B cells with  
antigen-Ig or peptide-Ig  

vectors 

Gene therapy protocol for B-cell delivered tolerance 

Retroviral expression  
in activated  

B lymphocytes  
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or CD40L 
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response, measure 
clinical symptoms      

Harvest  
spleen cells 

Injection of gene-
transduced  B cells i.v. 
into naïve or primed  
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Tolerance is induced to multiple epitopes  
in polypeptide antigens expressed by B cells 
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Plenary Paper 
 
 
CLINICAL TRIALS AND OBSERVATIONS 

 
Phase 3 study of recombinant factor VIII Fc fusion protein  in severe 
hemophilia  A 
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Key Points 
 

•  A novel recombinant 
factor VIII with prolonged half- 
life, rFVIIIFc, was developed 
to reduce prophylactic 
injection frequency. 

•  rFVIIIFc was well-tolerated 
in patients with severe 
hemophilia A, and resulted 
in low bleeding rates when 
dosed 1 to 2 times per week. 

This  phase  3 pivotal study  evaluated  the  safety,  efficacy,  and  pharmacokinetics of 
a recombinant FVIII Fc  fusion   protein (rFVIIIFc)  for  prophylaxis, treatment  of  acute 
bleeding,  and perioperative hemostatic control in 165 previously treated males aged ‡12 
years with  severe hemophilia A. The study  had 3 treatment  arms: arm 1, individualized 
prophylaxis (25-65 IU/kg every 3-5 days, n 5 118); arm 2, weekly prophylaxis (65 IU/kg, n 5 24); 
and arm 3, episodic treatment (10-50 IU/kg, n 5 23). A subgroup compared recombinant 
FVIII (rFVIII) and rFVIIIFc pharmacokinetics. End points  included annualized  bleeding 
rate (ABR), inhibitor development, and adverse events. The terminal  half-life  of rFVIIIFc 
(19.0 hours) was extended 1.5-fold vs rFVIII (12.4 hours; P < .001). Median ABRs observed 
in arms 1, 2, and 3 were 1.6, 3.6, and 33.6, respectively. In arm 1, the median weekly dose 
was 77.9 IU/kg; approximately 30% of subjects achieved  a 5-day dosing  interval  (last 
3 months on study). Across arms, 87.3% of bleeding episodes resolved with 1 injection. 
Adverse  events  were  consistent with  those  expected  in this  population; no  subjects 
developed  inhibitors. rFVIIIFc was well-tolerated, had a prolonged half-life  compared  with 

rFVIII, and resulted in low ABRs when dosed prophylactically 1 to 2 times per week. This trial was registered at www.clinicaltrials.gov as 
#NCT01181128. (Blood. 2014;123(3):317-325) 

Krishnamoorthy	et	al.	Recombinant	Factor	VIII	Fc	(rFVIIIFc)	Fusion	Protein	
Reduces	Immunogenicity	and	Induces	Tolerance	in	Hemophilia	A	Mice.	

Cellular	Immunology	in	press	(2016)		
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Reduc=on	of	Factor	VIII	Inhibitor	Titers	During	Immune	Tolerance	Induc=on	
With	Recombinant	Factor	VIII-Fc	Fusion	Protein	
C.	Groomes	et	al.	(Pediatrics,	USUHS)	Pediatric	Blood	and	Cancer,	in	press.	

Gupta	et	alia.	ScienceTransla8onalMedicine.org	2015	Vol	7	Issue	275:	275	
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B-cell Delivered Gene Therapy for Tolerance 

• We	developed	a	plaYorm	technique	for	tolerance	induc8on	to	mul8ple	epitopes	
expressed	at	the	N-terminus	of	an	IgG	scaffold,	and	transduced	B	cells	to	express	this	
fusion	IgG.		

• “Pre-clinical efficacy” has been achieved in rodent models for multiple 
diseases, including EAE (MS), EAU (uveitis), type 1 diabetes and 
hemophilia.  

• Tolerance, so induced, is specific, long-lasting, affects both Th1 and Th2 
CD4 T cells and is more effective and long-lasting on the IgG carrier.   

• CD25+ (FoxP3+) regulatory T cells are involved in both the induction 
and the maintenance of tolerance, and B-cell recruitment of Tregs may 
be critically dependent on the presence of unique epitopes in the IgG and 
Fc receptors. 

Regulatory	T	cell	therapy	has	been	proposed	to	treat	autoimmune	
diseases	as	well	as	to	suppress	undesirable	immune	responses	
against	bio-therapeu8cs,	but	polyclonal	Tregs	may	be	non-
specifically	immunosuppressive	
	

 

Rationale and approach:  
 

Two	targets:			MBP	in	mul8ple	sclerosis	

																										FVIII	in	hemophilia	A		

Our	approach:		
	

To	create	specific	regulatory	T	cells	recognizing	target	pep8des	
using	T	cell	receptors	derived	from	pa8ent	clones	(CARTs),	as	
well	as	single	chain	chimeric	an8gen	receptors	(scFv,	CARs)	
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Yong	Chan	Kim	

Epitope-targeting specific regulatory T-
cell therapy (police CARTs):	

Iden=fica=on	
of	FVIII-specific	TCR	

Isolation of  
FVIII-specific T cells 
and cloning in vitro 

FVIII-specific TCR  
in retroviral vector 

Transduc=on	of	viral	par=cles	
into	autologous	Tregs	

Expansion	with	op=mized	protocol	

FVIII-specific engineered Tregs 

Autologous Tregs 

 
Hemophilia A patient 

T regulatory cell therapy in Hemophilia A patients 

Reinfusion	
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Cytokines 

Activated FVIII-specific B cells 

How can we prevent or reverse FVIII-specific ‘inhibitor “ formation? 

Antigen presenting cells 

FVIII-specific 
resting Treg 

FVIII peptide 

FVIII-specific TCR 

FVIII-neutralizing 
inhibitor antibody 

FVIII  protein  
FVIII  protein  

FVIII peptide  

FVIII-specific 
Activated Treg         Activated FVIII-specific T cells 

 FVIII-specific plasmablasts 

FVIII-specific 
Cytotoxic T cell 

 
 
 
 

 Directly kill FVIII-specific B cells 
 

 Suppression of T-cell help 

FVIII-specific T cell clones as a source of TCR V regions 

Th2 

Type of 
cell Clone name 

Clone	17195	recognizes	a	DR1-restricted	pep=de	in	the	C2	domain	of	FVIII	
Efnger	et	al.	Blood.	2009	Aug	13;114(7):1423-1428.	
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Engineered	T-cell	receptors	or	chimeric	anHgen	receptors		versus	polyclonal	Tregs	

	

			
Engineered	T-cell	receptors	or	chimeric	anHgen	recept	
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αFVIII  TCR	

Normal polyclonal CD25+ T regulatory cells 
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Expanded FVIII-specific TCR-transduced polyclonal Tregs 
 

Vα Cα Vβ Cβ P2A IRES GFP 

TRAV TRAJ Junction 
4*01 29*01 CLVGDAPNSGNTPLVS 

TRBV TRBD TRBJ Junction 
20-1*05 1*01 1-2*01 CSAHTRANYGYTF 

Porcine teschovirus 1!
2A-like sequence (P2A)!

RAKRGSGATNFSLLKQAGDVEENPGP	
Spacer!

Furin!
cleavage!

site!

FVIII-specific TCR (17195TCR)  

5’LTR 3’LTR 

Recombinant	17195	TCR	for	retroviral	expression	

17195	Treg	

TCR gene usage: 

Construct structure: 

P2A structure: 

Helios	

Foxp3	

GFP 
GFP 
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Isolation of naive T cells and regulatory T cells  
from normal donor PBMC 
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Isolation of regulatory T cells from normal donor PBMC 
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Treg 

Viral particle (GFP or TCR17195) 

Pre-stimulation for 48 hrs 

Transduction for 24 hrs 

Maintaining the culture for 8 days in the presence of IL-2 

FACS-sorted CD4+CD25hiCD127lo  
(resting nTregs) 

FVIII C2 + irradiated DR1 PBMC 

Culture for 24 hrs with IL-2 

FACS analyses for the binding of C2/DR1 tetramer and expression of Foxp3 and GARP 

	
TCR17195	is	funcHonal	to	acHvate	primary	Treg	

	

•  Measurement of Foxp3 and Treg markers in TCR17195-transduced Treg  

FVIII peptide-specific activation of 17195TCR-transduced Tregs: 
Upregulation of activated Treg markers 

Induc=on	of	Foxp3	and	GARP	
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So	these	cells	bear	specific	receptors,		
they	look	like	Tregs,	smell	like	Tregs…..	

	
	
	
	
	

But	do	they	funcHon	like	Tregs?	
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Treg 
17195 

• Mixed culture with irradiated DR1 PBMC 
• Stimuli: sCD3e, pOVA, or pC2 

19-21 day cultured cells 

2 days without IL-2 

pC2-specific proliferation assay of TCR17195-transduced conventional T cells  
in the presence of Treg17195 

Teff 
17195 

Teff 
17195 Labeling with Cell Proliferation Dye-eFluor450 

 Proliferation analysis by flow 

  Proliferation analysis by 3H-uptake 

2 days without IL-2 

Immunosuppression by FVIII-specific Tregs 

Immunosuppression by FVIII-specific Tregs 

Teff : Treg ratio 

 1:2             1:1            2:1              4:1               8:1 



Dr	David	W.	Sco-	 07/03/16	

Interna8onal	Conference	on	Inhibitors	in	
Hemophilia	A.	4-5	March,	Milan,	Italy	•	All	
rights	reserved	 16	

FVIII-specific suppression of secondary antibody formation 
by 17195 Tregs: Protocol 

n wks 

No FVIII + FVIII 

7 days 

HLA.DR1XE16	
Immuniza=on	in	vivo	 Reac=va=on		in	vitro	

rFVIII	

ELIspot	assay	
to	detect	an=-FVIII	an=body		

spleen	

immunized  mice	

FVIII	

17195 Mock 

+ FVIII 

1/2 

1/4 

1/8 

1/16 

Tregs/ 
Spleen 

cells 

FVIII-specific suppression of secondary antibody formation 
by 17195 Tregs 
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FVIII activates C2-specific Tregs to suppress antibody to 
multiple epitopes 

TCR 

rFVIII 

FVIII peptide A 

FVIII peptide B 

FVIII peptide C 

FVIII peptide D 

T effector 

Treg 

APC 

?	

?	

?	

No 
help! 

 Mechanism of specific and bystander 
suppression	

 Mechanism of Treg suppression	
by engineered specific Tregs (police CARs/CARTs)	
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scFv anti-FVIII-28z 

 
scFv anti-FVIII-28z CAR (ANS8CAR) 
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Selection and characterisation of 
FVIII-specific single chain variable 
fragments
A. Naumann; A. K. Scherger; J. Neuwirth; A. Orlowski; J. Kahle; D. Schwabe; C. Königs
Molecular Haemostasis and Immunodeficiency, Department of Paediatrics, University Hospital Frankfurt, Goethe 
University,  Frankfurt am Main, Germany

Keywords
Haemophilia A, phage display, FVIII 
inhibitors,  IgG subclasses

Summary
The development of inhibitory anti-FVIII anti-
bodies is currently the most severe compli-
cation in the treatment of haemophilia A pa-
tients. Inhibitor eradication can be achieved 
by immune tolerance induction (ITI). Recent 
findings suggest a correlation between the 
FVIII-specific IgG subclass distribution and 
the duration or outcome of ITI. To quantify 
FVIII-specific IgG subclasses in patients’ plas-
ma FVIII-specific IgG standards are required.
Here, the isolation of FVIII-specific single 
chain variable fragments (scFvs) from syn-
thetic phage display libraries and the charac-
terisation of their FVIII domain specificity are 
described. The isolated scFv 1G10, which 
binds to the FVIII A2 domain, was cloned into 
the context of the four human IgG (hIgG) 
subclasses and expressed in mammalian 
cells. Purified 1G10-hIgG1, -hIgG2, -hIgG3 
and -hIgG4 are used as standards to deter-
mine the absolute amounts and relative con-
tribution of the different FVIII-specific IgG 
subclasses in future studies. The results from 
these studies will eventually add to under-
standing the role of the FVIII-specific IgG 
subclass distribution as prognostic factor for 
the outcome of ITI.

Schlüsselwörter
Hämophilie A, Phagen-Display. FVIII-Hemm-
körper, IgG-Subklassen

Zusammenfassung
In der modernen Therapie von Hämophilie 
A-Patienten ist die Entwicklung inhibitori-
scher FVIII-spezifischer Antikörper die 
schwerwiegendste Komplikation. Toleranz für 
FVIII kann durch eine Immuntoleranztherapie 
(ITI) erreicht werden. Aktuelle Untersuchun-
gen deuten auf einen Zusammenhang zwi-
schen der FVIII-spezifischen IgG-Subklassen-
verteilung und der Dauer sowie dem Erfolg 
der ITI hin. Um die FVIII-spezifischen IgG-
Subklassen im Patientenplasma zu quantifi-
zieren, werden FVIII-spezifische IgG-Stan-
dards benötigt.
Dafür wurden FVIII-spezifische Antikörper-
fragmente aus synthetischen Phagen-Biblio-
theken isoliert und ihre FVIII Domänen-Spezi-
fität charakterisiert. Der FVIII-spezifische scFv 
1G10, der an die FVIII A2-Domäne bindet, 
wurde in den Kontext der vier humanen IgG 
(hIgG)-Subklassen kloniert und in Säugerzel-
len exprimiert. Aufgereinigte 1G10-hIgG1, 
-hIgG2, -hIgG3 und -hIgG4 werden als Stan-
dard verwendet, um in Studien die absoluten 
und relative Anteile der vier FVIII-spezifi-
schen IgG-Subklassen zu bestimmen. Die Er-
gebnisse dieser Studien tragen zum weiteren 
Verständnis über den Zusammenhang von 
IgG-Subklassenverteilung und ITI-Erfolg bei.
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Department of Paediatrics, Molecular Haemostasis and 
Immunodeficiency, Theodor-Stern-Kai 7
60596 Frankfurt am Main, Germany
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Selektion und Charakterisierung FVIII-spezifischer 
einzelkettiger Antikörperfragmente
Hämostaseologie 2013; 33 (Suppl 1): S39–S45
received:  March 5, 2013
accepted in revised form: July  17, 2013

Blood coagulation factor VIII (FVIII) is an 
important component of the blood coagu-
lation cascade. In its processed form FVIII 
is composed of the A3-C1-C2 light chain 
(LC) and the heavy chain (HC) linked by a 
metal bridge, including the domains and 
A1-A2-B, respectively  (13). 

Following activation, FVIIIa and FIXa 
form the tenase complex that activates FX, 
eventually leading to thrombin burst (5). 
Mutations in the FVIII gene lead to the ab-
sence of FVIII in plasma or to a non-func-
tional protein causing the coagulation dis-
order haemophilia A (10). Patients with 
haemophilia A suffer from frequent bleeds, 
including muscle bleeds, joint bleeds as 
well as life threatening haemorrhages (9). 
Therefore haemostasis in patients needs to 
be restored by the substitution of FVIII 
concentrates (14). 

Up to 30% of patients with severe hae-
mophilia A develop inhibitory anti-FVIII 
antibodies (FVIII inhibitors) (3). The fre-
quent administration of high doses of 
FVIII, so-called immune tolerance induc-
tion (ITI), can result in the elimination of 
FVIII inhibitors (2). Different factors in-
fluence the outcome of ITI (15) such as the 
historical peak inhibitor titer, the inhibitor 
titer at start of ITI and the peak titer during 
ITI . Furthermore, first results in a case 
series indicated that successfully treated 
patients had a higher contribution of 
FVIII-specific IgG1 whereas the propor-
tion of FVIII-specific IgG4 was increased 
in patients who failed ITI (18). Interest-
ingly, development of FVIII-specific IgG4 
seems to be partly influenced by treatment-
related factors (18). 

As the formation of anti-FVIII anti-
bodies is associated with increased mor-
bidity, mortality and high cost, it is of great 
importance to understand the factors in-
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Summary
The development of inhibitory anti-FVIII anti-
bodies is currently the most severe compli-
cation in the treatment of haemophilia A pa-
tients. Inhibitor eradication can be achieved 
by immune tolerance induction (ITI). Recent 
findings suggest a correlation between the 
FVIII-specific IgG subclass distribution and 
the duration or outcome of ITI. To quantify 
FVIII-specific IgG subclasses in patients’ plas-
ma FVIII-specific IgG standards are required.
Here, the isolation of FVIII-specific single 
chain variable fragments (scFvs) from syn-
thetic phage display libraries and the charac-
terisation of their FVIII domain specificity are 
described. The isolated scFv 1G10, which 
binds to the FVIII A2 domain, was cloned into 
the context of the four human IgG (hIgG) 
subclasses and expressed in mammalian 
cells. Purified 1G10-hIgG1, -hIgG2, -hIgG3 
and -hIgG4 are used as standards to deter-
mine the absolute amounts and relative con-
tribution of the different FVIII-specific IgG 
subclasses in future studies. The results from 
these studies will eventually add to under-
standing the role of the FVIII-specific IgG 
subclass distribution as prognostic factor for 
the outcome of ITI.

Schlüsselwörter
Hämophilie A, Phagen-Display. FVIII-Hemm-
körper, IgG-Subklassen

Zusammenfassung
In der modernen Therapie von Hämophilie 
A-Patienten ist die Entwicklung inhibitori-
scher FVIII-spezifischer Antikörper die 
schwerwiegendste Komplikation. Toleranz für 
FVIII kann durch eine Immuntoleranztherapie 
(ITI) erreicht werden. Aktuelle Untersuchun-
gen deuten auf einen Zusammenhang zwi-
schen der FVIII-spezifischen IgG-Subklassen-
verteilung und der Dauer sowie dem Erfolg 
der ITI hin. Um die FVIII-spezifischen IgG-
Subklassen im Patientenplasma zu quantifi-
zieren, werden FVIII-spezifische IgG-Stan-
dards benötigt.
Dafür wurden FVIII-spezifische Antikörper-
fragmente aus synthetischen Phagen-Biblio-
theken isoliert und ihre FVIII Domänen-Spezi-
fität charakterisiert. Der FVIII-spezifische scFv 
1G10, der an die FVIII A2-Domäne bindet, 
wurde in den Kontext der vier humanen IgG 
(hIgG)-Subklassen kloniert und in Säugerzel-
len exprimiert. Aufgereinigte 1G10-hIgG1, 
-hIgG2, -hIgG3 und -hIgG4 werden als Stan-
dard verwendet, um in Studien die absoluten 
und relative Anteile der vier FVIII-spezifi-
schen IgG-Subklassen zu bestimmen. Die Er-
gebnisse dieser Studien tragen zum weiteren 
Verständnis über den Zusammenhang von 
IgG-Subklassenverteilung und ITI-Erfolg bei.
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Blood coagulation factor VIII (FVIII) is an 
important component of the blood coagu-
lation cascade. In its processed form FVIII 
is composed of the A3-C1-C2 light chain 
(LC) and the heavy chain (HC) linked by a 
metal bridge, including the domains and 
A1-A2-B, respectively  (13). 

Following activation, FVIIIa and FIXa 
form the tenase complex that activates FX, 
eventually leading to thrombin burst (5). 
Mutations in the FVIII gene lead to the ab-
sence of FVIII in plasma or to a non-func-
tional protein causing the coagulation dis-
order haemophilia A (10). Patients with 
haemophilia A suffer from frequent bleeds, 
including muscle bleeds, joint bleeds as 
well as life threatening haemorrhages (9). 
Therefore haemostasis in patients needs to 
be restored by the substitution of FVIII 
concentrates (14). 

Up to 30% of patients with severe hae-
mophilia A develop inhibitory anti-FVIII 
antibodies (FVIII inhibitors) (3). The fre-
quent administration of high doses of 
FVIII, so-called immune tolerance induc-
tion (ITI), can result in the elimination of 
FVIII inhibitors (2). Different factors in-
fluence the outcome of ITI (15) such as the 
historical peak inhibitor titer, the inhibitor 
titer at start of ITI and the peak titer during 
ITI . Furthermore, first results in a case 
series indicated that successfully treated 
patients had a higher contribution of 
FVIII-specific IgG1 whereas the propor-
tion of FVIII-specific IgG4 was increased 
in patients who failed ITI (18). Interest-
ingly, development of FVIII-specific IgG4 
seems to be partly influenced by treatment-
related factors (18). 

As the formation of anti-FVIII anti-
bodies is associated with increased mor-
bidity, mortality and high cost, it is of great 
importance to understand the factors in-
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 FVIII-specific immunosuppression by FVIII-CAR Tregs!

in	vitro	immunosuppression	

ex	vivo	immunosuppression	
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Engineered T cells can prevent or 
reverse FVIII-specific ‘inhibitor “ 

formation 
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		Immunology	has	some	answers(?)	


