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RELAZIONE:  
 
Hemophilia A (HA) is the most common inherited disorder caused by absent or deficient functional 
clotting factor VIII (FVIII), and it affects 1 in 5000 male births (Mannucci and Tuddenham, 2001). The 
classical treatment for hemophilia A patients is currently represented by intravenous administration 
of recombinant or plasma-derived FVIII so as to restore hemostasis. The main complication of this 
kind of approach is that, in more than 30% of patients, the exogenous factor is recognized by the 
immune system as a non-self protein. Therefore, anti-FVIII IgG antibodies (called inhibitors) are 
produced, at about 10 days after the first FVIII administration, causing inhibition of the administered 
FVIII and reducing efficacy of therapy.  
Several factor, genetic and environmental, are known to be associated with inhibitor formation 
(Astermark, 2010). The immune system played an important role, in term of central and peripheral 
tolerance against FVIII, but the primary reason is not completely understood.  
Matino et al demonstrated that in a cohort of 100 severe hemophilia A patients the inhibitor-
positive status was associated with dysfunctional activation of the enzyme indoleamine 2,3-
dioxygenase 1 (IDO1) in human dendritic cells (DCs), in response to the “environmental danger 
signal” CpG oligonucleotide (CpG), a Toll-like receptor 9 (TLR9) ligand. The mechanisms whereby 
IDO1 promotes regulatory effects include the production of tryptophan catabolites L-kynurenines 
(L-kyn) (Fallarino et al., 2006). L-kyn is known to be an endogenous ligand of the aryl hydrocarbon 
receptor (AhR) (Mezrich et al., 2010; Bessede et al., 2014), a critical regulatory enzyme of the 
immune system. This is able to induce the expression of regulatory cytokines in DCs, contributing to 
the induction of antigen-specific T regulatory cells (Bessede et al., 2014; Nguyen et al., 2010). 
Indeed, oral administration of L-kyn prevents the generation of alloantibodies to FVIII in nearly 80%  
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of treated hemophilic mice on FVIII replacement therapy and its effect is abrogated in presence of 
with the AhR inhibitor (Matino et al., 2015), expression in the host and was FVIII-specific, as it did 
not block antibody response to an unrelated protein. These data confirm the role of L-kyn and AhR 
in the modulation of immune response to FVIII. But it is still not understood in which DC subsets L-
kyn is requested for priming and installing tolerance to FVIII protein in vivo. 
The aim of this project is to evaluate the role of L-kyn in reinstalling FVIII tolerance, trough the AhR 
activation in a specific DCs cells subset. I started to breed CD11c Cre AhR fl/fl mice, crossing CD11c 
Cre mice expressing the recombinase “Cre” under the control of the CD11c cDC specific promoter 
to those carrying AhR floxed mice(fl) (Fig. 1). These conditional engineered animals model will be 
useful to confirm the AhR activation by L-kyn in cDCs.  

 

 

 

 

In the meantime, I evaluated the effect of multiple AhR ligands – known to have immunoregulatory 
functions - in reinstalling FVIII tolerance (Table 1) in Hemophilia A murine model. Hemophilic mice 
received intravenous rhFVIII (2 IU once weekly) in combination with AhR ligands and vehicle (PBS), 
24 hours after FVIII administration for 4 weeks (Fig. 2a). The total anti-FVIII antibody production was 
evaluated with a specific ELISA test in blood samples collected from the animals, at different time 
point during treatment regimen. As it is shown in figure 2b, L-kyn is the most effective among the 
AhR ligands in reinstalling FVIII tolerance, underlying its potential as pharmacological approach 
during FVIII replacement therapy.  

 

   

   

   

   

   

   

   

AhR Ligands 

 Treatment Dose Route of 
somministration 

Vehicle PBS 200 µl/mouse Intragastric 

Lgn1 Formylindolo (3,2-b) carbazole (FICZ) 1.5 µg/mouse Intragastric 

Lgn2 Cinnabarinic Acid 30 µg/mouse Intragastric 

Lgn3 L-kynurenine 2 mg/mouse Intragastric 

Lgn4 2-(1′H-indole-3′-carbonyl)-thiazole-4-
carboxylic acid methyl ester (ITE) 

200 µg/mouse Intragastric 

Table 1. The different AhR ligands tested in Hemophilia A experimental model 

Figure 1. Mice genotyping results. 
The genomic DNA from tail was 
amplified in a genotyping PCR, On the 
top, CD11c cre PCR. On the bottom, 
AhR PCR. 
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During the last part of this experience, I evaluated if the kyn effect was direct or mediated by 
metabolic products derived from the enzymatic digestion of kyn. Indeed, kyn can be metabolized 
by kynurenine aminotransferase (KAT) enzyme in kynurenic acid or by kynurenine 3-
monooxygenase (KMO) in 3-hydroxy-L-kynurenine. Moreover, kynurenic acid is also an also AhR 
ligands (Dinatale BC et al., 2010).  
To assess if immune response against FVIII was controlled directly by kyn or these metabolites could 
mediate such effect, hemophilic mice were treated intravenously with rhFVIII (2 IU once weekly) in 
combination with kynurenic acid (2 mg/mouse) or with kyn and JM6 (25 mg/kg), a KMO inhibitor (4 
hours before kyn administration) for 4 weeks (Fig. 3A). PBS, kyn and JM6 alone were administered 
as controls. I interestingly found that kynurenic acid neither KMO inhibition replayed kyn effect, 
indicating that the downstream metabolites to kyn do not protect from anti-FVIII antibody 
production, but FVIII tolerance is primary mediated by kyn, as also confirmed in mice treated with 
FVIII and kyn (Fig. 3B).   
 
 
 
 
  

 

A 

Figure 2. A) Treatment regimen of hemophilic mice. B) Analysis of total anti-FVIII antibody 
production in hemophilic mice blood samples treated as in (A) after 4 weeks of immunization 
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Finally, to assess if the ability of kyn to control anti-FVIII immune response was antigen-specific 
or related to a general immune suppression, hemophilic mice were treated with rhFVIII (2 IU 
once weekly) and AhR ligands, including kyn (24 hours before FVIII administration) for 4 weeks 
(Fig.4A). After 4 week, the same mice were infected with A.fumigatus (Fig.4A). Antibodies anti-
FVIII were analyzed to confirm the protective role of kyn to FVIII immune response. As shown in 
figure 4B and in the previous experiment (Fig.2A), kyn administration control anti FVIII antibody 
production relative to other AhR ligands. I strongly demonstrated that such effect is not related 
to a complete immune suppression, but it is specific to FVIII. Indeed, there are no differences in 
the number of cfu (colony forming unit) (Fig. 4C) and in the infiltrate cells in the lung (Fig. 4D).  
 
 
 
 

 

 

 

 

 

 

Figure 3. A) Treatment regimen of hemophilic mice. B) Analysis of total anti-FVIII antibody 
production in hemophilic mice blood samples treated as in (A) after 4 weeks of immunization 
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These data dissected the kyn role in controlling anti-FVIII immune reponse, confirminf it’s the 
selctivty and specificity of such molecule and undelying its potential as pharmacological approach 
in Hemophilia A treatmement. I also started to set the generation of specifc trangenic mice to to 
evaluate the role of L-kyn in reinstalling FVIII tolerance, trough the AhR activation. Further studies 
will be direct to understand specific cells and molecular pathwy actuveted by kyn to induce FVIII 
tolerance.  

                                          

                                         

 

 

 

 

Figure 4. A) Treatment regimen of hemophilic mice. B) Analysis of total anti-FVIII antibody 
production in hemophilic mice blood samples treated as in (A) after 4 weeks of immunization 
C) Colony forming unit and lung histology (D) in mice treated in (A).  
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