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Additional DEGs implicated in inflammation and innate immunity 

The HA current inhibitor subjects showed up-regulation of mRNAs encoding leukocyte 

immunoglobulin-like activating receptors LILRA2 and LILRA5, which are expressed primarily on 

myeloid cells and can initiate signaling cascades resulting in release of pro-inflammatory 

cytokines (1). LILRA2, until recently considered an orphan receptor, has been shown to 

recognize microbially cleaved immunoglobulins (2). It has been found to be up-regulated in skin 

lesions of leprosy patients (3) and in PBMCs from burn patients (4). In vitro crosslinking of 

LILRA2 prevented GM-CSF mediated differentiation of monocytes into DCs, stimulated 

secretion of TNFa, IL-6, IL-8, IL-10 and IL-12, and blocked proliferation and IFN-g secretion by 

Mycobacterium leprae-specific T-cell lines cultured with GM-CSF-treated monocytes (3). These 

studies suggest that LILRA2 signaling down-regulates antigen presentation leading to adaptive 

T-cell responses and instead promotes a hyper-inflammatory phenotype. LILRA5, whose 

extracellular domain has been crystallized (5), was found to be up-regulated on synovial tissue 

macrophages from rheumatoid arthritis subjects and also on their circulating monocytes, but not 

in samples from osteoarthritis subjects or healthy controls (6). Crosslinking of LILRA5 initiated 

signaling via protein tyrosine kinase (PTK) and MAP kinase pathways and up-regulated both 

TNFa and IL-10 production by monocytes, while in vitro differentiation to macrophages 

decreased its expression. LILRA5 mRNA expression in monocytes increased upon treatment 

with IL-10 or interferon-g, while addition of TNFa blocked the IL-10 effect. Similar in vitro 

experiments using primary human monocytes showed that LILRA5 crosslinking induced calcium 

flux and secretion of TNFa, IL-1b and IL-6 (7). The limited data available in the literature seem 

to indicate that LILRA2 and LILRA5 play important roles in severe and chronic inflammatory 

responses. The specific ligands of LILRA family receptors, and the tissues/immunological 

niches in which they exert their effects in vivo, are topics worthy of additional research.  



 

Ficolin-1 (FCN1) mRNA was also up-regulated in PBMCs from current inhibitor subjects. FCN1 

levels have been found to be elevated in patients with vasculitis and with rheumatoid arthritis. 

FCN1 binds acetylated compounds as well as IgG1, and serum FCN1 levels decreased 

following IVIG treatment of vasculitis patients (8). A mouse model of vasculitis showed 

improvement of histological score following administration of an anti-FCN1 monoclonal 

antibody, demonstrating a significant role for this protein in disease pathology (9). These 

subjects also showed up-regulation of BATF and MYCL genes. BATF encodes a basic leucine 

zipper transcription factor involved in differentiation of T cells to become pro-inflammatory Th17 

cells(10). MYCL encodes a basic helix-loop-helix transcription factor that has been shown to be 

essential for priming of murine CD8+ T cells in response to bacterial or viral infections by a 

BATF3-dependent subset of classical dendritic cells (cDC1s)(11). Interestingly, MYCL is a 

transcriptional regulator of core biosynthetic processes that contribute to the fitness of cDC1s,  

which are required for signaling in some innate immune responses(12,13).  

 

The other innate immune response genes flagged in the current inhibitor results by GO analysis 

were CLEC10A, PSMB8, and CD1D. CLEC10A is specifically expressed on human CD1c+ DCs, 

where it is rapidly internalized following binding of either an anti-CLEC10A-specific monoclonal 

antibody or one of its lateral ligands, the bivalent, glycosylated MUC-1 peptide. Sorted human 

CD1c+ DCs showed increased secretion of TNFa, IL-8 and IL-10 following stimulation with the 

TLR7/8 agonist R848 in the presence of the glycosylated MUC-1 peptide, compared to 

stimulation with R848 alone (14). Recently proposed as an excellent marker protein for CD1c+ 

DCs, its up-regulation in PBMCs from current inhibitor subjects implicates this DC subset in anti-

FVIII immune responses and/or the resulting inflammatory status of the patients. PSMB8 

encodes the 20S proteasome subunit b-5i, which is one of the interferon-g-inducible b subunits 



utilized by the immunoproteasome, which processes antigens to produce peptides optimized for 

binding to MHC Class I (15). CD1D encodes the CD1d protein, a nonclassical MHC molecule 

expressed on various antigen-presenting cells, which presents lipid antigens to invariant (i)NKT 

cells, activating them to secrete both Th1 and Th2 cytokines. The roles of iNKT cells in various 

inflammatory processes are subjects of current research (16).  

 

DEGs did not correlate with inhibitor titers 

We investigated the possibility that DEG patterns might correlate with inhibitor titers of the 

subjects. In the original modeling framework (i.e. negative binomial model on gene count data) 

we could not explicitly include the titer information along with the individual patient terms as 

these are effectively co-linear. Therefore, we created a new model in which we explicitly 

normalized individual post-FVIII stimulation times to their respective unstimulated controls and 

analyzed these log fold-changes in a separate linear regression framework that included initial 

titer levels. Here, we used a likelihood ratio test (LRT) that included time and titer components in 

the full model (i.e. exp ~ time + titer) and excluded the time component in the reduced model. 

We analyzed the ~15,000 “expressed” genes in group B samples and compared the top 50 

most significant genes from this analysis against the differentially expressed genes from our 

initial assessment and found significant consistency between these gene sets (p-value ~1e-50 

by hypergeometric test of overlapping genes). Among these top genes are NLRP3, TLR8, 

BATF, PMEPA1, CLEC10A, IL32, MYCL, and LILRA5 which we particularly highlighted in the 

manuscript. We also compared significant GO term enrichments for these top 50 genes and 

found that they are highly consistent with what we observed from our initial DEG list, including 

innate immune response, IL-1 beta secretion, cytokine signaling, etc. ontology enrichments.  

 



Thus, these results indicate that inhibitor titers had minimal impact on the temporal FVIII 

trajectories for group B (current inhibitor) samples. This additional analysis confirms the results 

and approach used for our initial model.  
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