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Abstract: 

The investigational compound BIA 10-2474, designed as a long-acting and reversible inhibitor of 

fatty acid amide hydrolase for the treatment of neuropathic pain, led to the death of one 

participant and hospitalization of five others due to intracranial hemorrhage in a Phase I clinical 

trial. Putative off-target activities of BIA 10-2474 have been suggested to be major contributing 

factors to the observed neurotoxicity in humans, motivating our study’s proteome-wide 

screening approach to investigate its polypharmacology. Accordingly, we performed an in silico 

screen against 80,923 protein structures reported in the Protein Data Bank. The resulting list of 

284 unique human interactors was further refined using target-disease association analyses to 

a subset of proteins previously linked to neurological, intracranial, inflammatory, hemorrhagic 

or clotting processes and/or diseases. Eleven proteins were identified as potential targets of BIA 

10-2474, and the two highest-scoring proteins, Factor VII and thrombin, both essential blood-

clotting factors, were predicted to be inhibited by BIA 10-2474 and suggest a plausible 

mechanism of toxicity. Once this small molecule becomes commercially available, future 

studies will be conducted to evaluate the predicted inhibitory effect of BIA 10-2474 on blood 

clot formation specifically in the brain. 

 

Highlights: 

● Polypharmacology of FAAH inhibitor BIA 10-2474 evaluated by in silico proteome-wide 

screening. 

● Identification of putative targets-of-action of BIA 10-2474 causing neurotoxicity. 

● Inhibition of factor VII and thrombin predicted to cause intracranial hemorrhaging. 

 

Key Words: 

BIA 10-2474 (PubChem CID:  46831476), proteome-docking, bioinformatics, neurotoxicity, drug-

protein interactome, in silico polypharmacology 
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1. Introduction 

The design of small molecule therapies for specific, disease-associated protein targets has been 

a fruitful strategy that has led to development of many breakthrough medicines [1,2]. By 

maximizing a drug’s specificity for a particular protein, it is hoped that it will preferentially 

interact with its intended target over other proteins. Accordingly, it is through pre-clinical 

testing that comprehensive safety/toxicity profiles emerge to guide progress. However, it is 

well known that once a drug enters the body it interacts with many dozens, if not hundreds, of 

proteins before it is excreted, including drugs that are considered safe [3]. For example, a novel 

compound must interact with: cytochrome P450 enzymes in the liver to be metabolized; serum 

albumin in the blood to be transported throughout the body; transporters on specific cell types 

to make it to its intracellular protein target [4]. Therefore, it would be naïve to suggest that one 

drug interacts exclusively with the protein it was designed to target. Furthermore, it would be 

advantageous to understand the polypharmacology of each drug in development prior to 

clinical testing, in order to better anticipate off-target effects that could potentially cause 

toxicity. 

In this study, we used in silico proteome-wide screening to investigate the acute 

neurotoxicity of the clinical drug 3-(1-(cyclohexyl(methyl)carbamoyl)-1H-imidazol-4-yl)pyridine 

1-oxide, also called BIA 10-2474 (PubChem CID:  46831476), developed by the Portuguese 

pharmaceutical company Bial (Portela e C.ª, S.A.) [5–7]. This compound was designed to be a 

long-acting and reversible inhibitor of fatty acid amide hydrolase (FAAH), a serine hydrolase 

associated with several medical conditions, including: anxiety, post-traumatic stress disorder, 

neuropathic pain, cancer, multiple sclerosis, hypertension and obesity [8,9]. FAAH facilitates the 

breakdown of anandamide, a neurotransmitter of cannabinoid receptors in the central nervous 

system (CNS) which mediates pain sensation at low concentrations and elicits feelings of 

euphoria at higher concentrations [9]. An inhibitor of FAAH would lead to an increase in 

anandamide, and thus could have therapeutic relevance for management of pain as well as 

related CNS disorders [10,11]. 
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Bial made pre-clinical in vitro and in vivo discoveries that suggested BIA 10-2474 may be 

useful as a treatment for neuropathic pain in particular, and subsequently enrolled healthy 

individuals for Phase I (safety) clinical trials in Rennes, France, beginning in July, 2015. However, 

on January 17, 2016, during the dosage escalation testing phase of the trial, one patient died 

from acute and rapid onset brain hemorrhage, while five additional participants experienced 

serious adverse effects (i.e. deep brain hemorrhagic and necrotic lesions), requiring immediate 

hospitalization [6,12]. This toxicity was not anticipated, since pre-clinical in vivo studies did not 

encounter these side-effects [6]. An investigation by the French National Agency for Medicines 

and Health Products suggested that it was likely the drug or one of its metabolites that caused 

the toxic side effects, possibly through an off-target interaction [13]. Since intracranial bleeding 

is a severe adverse event that has not yet been reported in clinical studies for any small 

molecules to date, this suggests an unanticipated drug-protein interaction may be responsible. 

Furthermore, a recent study by Kerbrat and colleagues, the clinicians that treated the affected 

subjects from the trial, supports BIA 10-2474 binding to off-target protein(s) as a potential 

culprit, by suggesting that other factors (e.g. patient genetics, environment, drug-drug 

interactions, etc.) were unlikely to be correlative with the observed toxicity [14]. An off-target 

interaction with the NMDA receptor was recently hypothesized using a structural phenomics 

approach, showcasing other researchers’ support of the off-target hypothesis [15]. 

Following these suggestions that the toxic event may have been the result of off-target 

interaction(s), we investigated the polypharmacology of BIA 10-2474 using an automated in 

silico proteome-wide screening strategy. This approach uses atomic resolution structural 

information of 80,923 proteins, together with machine learning algorithms and target-disease 

association analyses, to identify the putative drug-protein “interactome” of BIA 10-2474, 

providing insights into the biological consequences of administering this compound to humans. 

Specifically, the goal of this study was to identify the target(s)-of-action and molecular 

mechanism of acute neurotoxicity that led to life-threatening adverse events. Accordingly, 

several human proteins were determined to interact with BIA 10-2474, and two essential 
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blood-clotting factors were revealed as high-scoring, plausible candidates associated with the 

reported intracerebral hemorrhage phenotype. 

 

2. Materials and Methods 

2.1 Molecular docking of BIA 10-2474 to FAAH 

BIA 10-2474 was docked to the apo forms of rat (rFAAH; PDB ID: 3QJ9) and humanized-rat 

(h/rFAAH; PDB ID: 3K7F) co-crystal structures from the RCSB Protein Data Bank [18], as well as a 

structure-based homology model of human (hFAAH; see Appendix A - Supplementary Material) 

FAAH using the CROSSx molecular docking array tool from the Ligand Express™ computational 

suite (Cyclica Inc., Toronto, Canada) [10,11]. A maximum of nine predicted BIA 10-2474 binding 

modes were generated for each protein structure, and the top-scoring, lowest-energy pose was 

compared to that of a known inhibitor (QJ9). BIA 10-2474 binding modes for rFAAH, h/rFAAH 

and hFAAH were compared to evaluate similarity of interspecies structural models. 

 

2.2 Computational proteome-wide screening 

The in silico proteome-docking analysis was performed using the PROBEx tool from the Ligand 

Express™ computational suite (Cyclica Inc.) as described previously [16,17]. The molecular 

structure of BIA 10-2474 was screened for complementarity against a library of 240,971 protein 

surfaces corresponding to isolated subunits and multimeric assemblies derived from 80,923 

publicly available macromolecular structures [18]. Each entry in the library of protein surfaces 

was mapped to UniProt Accession IDs for subsequent analysis.  In total, the library of 240,971 

molecular surfaces represents 29,581 unique UniProt accessions, of which 4,541 correspond to 

human proteins. Molecular docking simulations were performed between BIA 10-2474 and 

each of the 5,149 putative pockets identified by the in silico surface complementarity screen. 

Docking scores were then normalized using median-based statistics based on a null distribution 

of 300 random samples. Top-ranking Z-scores (Z-score < -1.35) of human proteins were 

tabulated and ranked, limiting hits to the top ~2% of the human proteomes. 
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2.3 Systems biology driven mapping of drug-protein interactome 

Interconnectivity between BIA 10-2474 and statistically significant proteins identified from the 

computational proteome-wide screen was visualized using the DIVEx tool from the Ligand 

Express™ computational suite (Cyclica Inc.). DisGeNET [19], a platform integrating gene-disease 

association data from scientific literature and public databases (i.e. UniProt, ClinVar, Orphanet, 

GWAS Catalog, Comparative Toxicogenomics Database; 429,036 associations, between 17,381 

genes and 15,093 diseases, disorders and clinical or abnormal human phenotypes), was used to 

intersect targets associated with neurotoxicological processes including: cerebral hemorrhage 

(umls:C2937358), brain hemorrhage (umls:C0553692), hemorrhage (umls:C0019080), 

neurogenic inflammation (umls:C0600467), inflammatory pain (umls:C0234251) and 

inflammation (umls:C0021368). 

 

2.4 Scoring function 

Mapped proteins were then analyzed using a weighted scoring function:  Σ(x) = |Z-score(x)| + 

D(x) + M(x) + E(x) (where D, M and E represent DisGeNET score, Modulator score and 

qualitative brain Expression, respectively). In brief, predicted interactions were ranked by 

including parameters from proteome-docking (Z-scores), target-disease association analyses 

(DisGeNET scores), PubChem BioAssay (percent model accuracy), PubMed and the Human 

Protein Atlas (protein expression), and top-ranking protein candidates achieved more positive 

weighted scores. 

 

2.5 Modulator effect predictions 

Modulatory effects of each significant drug-protein interaction identified by proteome-wide 

screening were predicted using the SWITCHx tool from the Ligand Express™ computational 

suite (Cyclica Inc.). Briefly, SWITCHx searches the PubChem BioAssay Database [20], containing 

over 130 million bioactivity outcomes, to collect information about the modulatory effect of 

other small molecules for a given protein target. It then forms clusters of chemicals that are 

topologically similar and elicit the same modulatory effects on the protein. An unsupervised 
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machine learning algorithm was then used to predict the modulatory effect of BIA 10-2474 

based on its Tanimoto similarity with these other molecules [21]. This automated process 

determined the effector activity as ‘positive’ (e.g. agonist), ‘negative’ (antagonist), or ‘other’ 

(unannotated binder). SWITCHx has been shown to be approximately 87% accurate (p<0.001, 

n=201; [22]). 

 

3. Results 

3.1 Molecular docking of BIA 10-2474 to FAAH 

A homology model of hFAAH, based on the template of the humanized-rat orthologue (PDB ID: 

2WJ1; [23]), was generated and underwent a quality check (Supplementary Figure S1). 

Structural models of rFAAH, h/rFAAH (PDB ID: 3K7F) and hFAAH were aligned using FATCAT [24] 

and determined to be structurally similar to each other (p<0.01, RMSD values include: 0.30 Å 

between rFAAH and h/rFAAH; 0.27 Å between h/rFAAH and hFAAH; 0.27 Å between rFAAH and 

hFAAH; Figure 1A). BIA 10-2474 was then docked into apo forms of rFAAH, h/rFAAH and hFAAH, 

and the lowest-energy binding modes were compared to that of a known inhibitor (QJ9) and 

found to have comparable geometry of chemical moieties (Figure 1B). Next, relative binding 

modes (Figure 1C) and docking scores (Figure 1D) of the lowest-energy conformers of BIA 10-

2474 were used to assess ‘cross-reactivity’ between orthologues, and using this approach it was 

determined that inter-species differences were negligible. As a benchmark, QJ9 was also 

docked into each FAAH structure, and although relative docking scores were more favourable 

when compared to BIA 10-2474, inter-species differences for this known inhibitor were likewise 

minimal. Furthermore, we determined that BIA 10-2474 is structurally similar to four known 

inhibitors of hFAAH (PubChem CIDs: 1983, 118721888, 71770307 and 73346080, with similarity 

scores ~50% for each) and therefore is predicted to match QJ9’s inhibitory effect (98% model 

accuracy, based on 867 reported ligand-hFAAH interactions in the PubChem BioAssay Database; 

data not shown). 
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3.2 Computational proteome-wide screening and drug-protein interactome of BIA 10-2474 

The molecular profile of BIA 10-2474 was then screened for complementarity against all 

solvent-accessible surfaces of 80,923 protein structures (29,581 unique proteins, 4,541 human), 

and the positive control, FAAH (i.e. rFAAH), was identified as the 33rd mammalian hit (110th 

overall), placing it approximately in the 99.9th percentile of proteins examined (data not 

shown). Importantly, since hFAAH is not represented in the PDB, it was not in the screening set, 

but based on its docking score with BIA 10-2474 can be placed within a similar percentile 

(Figure 1D). Statistically significant ligand-protein interaction profiles were then ranked, and 

top-scoring protein binding sites were docked with BIA 10-2474 to calculate relative 

(normalized) docking scores. Top-ranking hits were filtered for human proteins associated with 

the neurotoxicological phenotype and related pathologies (i.e. cerebral hemorrhage, brain 

hemorrhage, hemorrhage, neurogenic inflammation, inflammatory pain, inflammation) using 

DisGeNET identifiers, and subsequently plotted as a drug-protein network or ‘interactome’ 

(Figure 2). 

 

3.3 Top-ranking neurotoxicity-associated drug-protein interactions 

Mapped proteins were then analyzed using a weighted scoring function:  Σ(x) = |Z-score(x)| + 

D(x) + M(x) + E(x). Accordingly, eleven top-ranking protein candidates, associated with two or 

more processes related to the neurotoxic phenotype, were determined, with the two top-

scoring proteins being Factor VII (F7) and thrombin (F2) (Table 1). Nine other targets were 

identified but did not meet sufficient criteria to remain as a top-scoring hit, and therefore were 

excluded from further consideration. These targets either lacked expression in the brain 

(HMOX1, APOH, ACE, CYP2C19, TIMP1) or lacked a clear association with neurotoxicity (RXRA, 

MAPK14, PDE4D, APOA1). 

 We then used SWITCHx to construct classification models for Factor VII (Figure 3A-I) and 

thrombin (Figure 3B-I), and added BIA 10-2474 to each protein-specific model to predict its 

modulatory effect. Using this approach, four modulators of Factor VII (PubChem CIDs: 

44402428, 44402429, 44402528 and 44587315; Figure 3A-II) and thrombin (PubChem CIDs: 
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2238254, 66818763, 3825783, 767904; Figure 3B-II) were determined to be chemically similar 

to BIA 10-2474 (39-41% and 46-48%, respectively), and in all instances these small molecules 

were previously reported as inhibitors. Upon further inspection of the predicted binding sites, 

BIA 10-2474 was found to co-localize with known inhibitors of Factor VII (e.g. 1,5-Dansyl-Glu-

Gly-Arg-chloromethyl ketone; Figure 3A-III) and thrombin (e.g. 4-[(3AS,4R,7R,8AS,8BR)-2-(1,3-

benzodioxol-5-ylmethyl)-7-hydroxy-1,3-dioxodecahydropyrrolo[3,4-A]pyrrolizin-4-

yl]benzenecarboximidamide; Figure 3B-III). Taken together, these data suggest that BIA 10-

2474 may bind to the inhibitory sites of both Factor VII and thrombin to elicit intracerebral 

hemorrhaging in humans. 

 

4. Discussion 

Although several FAAH inhibitors are currently in clinical trials, none are yet approved; 

compounds include Merck's MK-4409, Pfizer's PF-04457845, Janssen’s JNJ-42165279 and 

Vernalis’ V-158866 [25]. In this study, we determined that BIA 10-2474 is approximately 50% 

structurally similar to several known FAAH inhibitors, and likely has an inhibitory effect on 

FAAH; this supports the rationale of the Bial clinical trial as well as a recent in vivo study by 

Tong and colleagues [26]. Importantly, none of the compounds in development by Merck, 

Pfizer, Janssen or Vernalis have been linked to any adverse events thus far, suggesting that BIA 

10-2474 has an off-target profile differing from that of other FAAH inhibitors. 

To explore the potential off-target profile of BIA 10-2474, we first employed a 

topological fingerprinting algorithm to compare BIA 10-2474 against a database of small 

molecules associated with side effects [27]. Interestingly, no chemically similar molecules were 

identified, suggesting that BIA 10-2474 is comprised of a novel scaffold which is not yet 

associated with side effects (data not shown). To address a related query: whether metabolites 

could potentially be responsible for the reported adverse events, Kaur and colleagues have 

described that the abundance of the nine known metabolites was near the limit of detection in 

animal models (i.e. <1% of the parent compound), suggesting that metabolites are unlikely to 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

10 
 

elicit neurotoxicity [6]. Provided the unique chemical structure, rarity of metabolites and 

unusual clinical phenotype, proteome-wide screening of the parent compound was employed 

to rapidly identify plausible protein culprits, with Factor VII and thrombin topping the list 

following analyses. 

Given that FAAH belongs to the serine hydrolase superfamily (>200 members), it is 

plausible that BIA 10-2474 could lack specificity and yield off-target effects within this family 

[28,29]. Accordingly, it is interesting to note that both top-scoring proteins, Factor VII and 

thrombin, as serine proteases, are members of the same superfamily and therefore share many 

structural features with FAAH. Although FAAH has a unique catalytic triad (i.e. Ser241-Ser217-

Lys142) distinct from the canonical Ser-His-Asp and initially thought to influence specificity, this 

likely does not contribute to significant differences in binding since the topological 

characteristics of respective active sites are comparable [10,28,29]. 

Factor VII and thrombin underwent further analysis to evaluate the predicted binding 

site/mode of BIA 10-2474, as well as its relevance to intracranial hemorrhage. Accordingly, 

docked structures of Factor VII and thrombin from proteome-wide screening were manually 

inspected, and when co-visualized with examples of known inhibitory ligands, BIA 10-2474 was 

predicted to interact with inhibitory sites of both proteins. In addition, the predicted binding 

mode of BIA 10-2474 in both Factor VII and thrombin occluded respective catalytic triads (i.e. 

Ser-His-Asp), and thus further supports an inhibitory mechanism-of-action. These data suggest 

that BIA 10-2474 may have anticoagulation properties, mediated through inhibition of both 

Factor VII and thrombin, which could facilitate a hemorrhagic response in the brain [30]. 

This mechanism of neurotoxicity has been previously proposed for different compounds 

by Hart and colleagues, who found that several oral anticoagulants increase the risk of 

intracranial hemorrhage up to 10-fold in certain patients [31]. Interestingly, their observation 

that the acute onset of bleeding worsened over a period of 12-24 hours aligns with the 

reported timeline of the BIA 10-2474 clinical trial, where the severity of acute adverse effects 

peaked 24-48 hours following the last administered dose in two of the four subjects [14]. In 

addition, Hart et al. suggested that anticoagulants may cause spontaneous, subclinical (i.e. 
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micro-) hemorrhaging in the brain which could evolve to clinical importance and potentially be 

fatal. This is relevant since even partial inhibition of Factor VII can lead to severe intracranial 

bleeds, as demonstrated by a recent report of a patient heterozygous for congenital Factor VII 

deficiency [32]. Further, anticoagulant-dependent lesions can influence vascular barrier 

disruption and fluid extravasation (i.e. vascular leak), both of which are important 

pathophysiological determinants of hemodynamics in soft tissues such as the brain [31,33]. 

Such changes are correlated with subcortical vasculopathies, especially in elderly patients, and 

although the sample size is very small, could partially explain the differences in severity of 

neurotoxicity associated with BIA 10-2474, as the older subjects seemed to have a more 

significant adverse effect [14,31]. Both the clinical manifestations linked to the impairment of 

coagulation-related proteins in the brain, and BIA 10-2474’s intended role as a neurological 

agent, supports Factor VII and thrombin as contributors to the observed off-target effects. 

Overall, our findings support the role of off-target activities of BIA 10-2474 as plausibly 

responsible for clinical-stage neurotoxicity. This analysis highlights the usefulness of predictions 

in assessing pre-clinical toxicology, thereby attempting to mitigate or prevent serious adverse 

events from occurring in human volunteers during clinical studies. Our work yields a focused, 

testable hypothesis which can be easily assessed in vitro once BIA 10-2474 becomes 

commercially available. Importantly, our findings include detailed atomic resolution 

information on the putative intermolecular contacts between BIA 10-2474 and Factor VII as 

well as thrombin, thereby potentially facilitating the design of safer derivatives. Furthermore, 

as an integrated component of the drug discovery process, computational proteome-wide 

screening could provide valuable insight into anticipated toxicity and its mechanism(s) earlier 

during drug development, leading to safer drugs and reducing the costs (financial) and risks 

(human life) of drug development. 
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Figure Legends 

 

Figure 1: Docking BIA 10-2474 to structural models of rFAAH, h/rFAAH and hFAAH. 

(A) Aligned structural models of rat (PDB ID: 3QJ9, blue), humanized-rat (PDB ID: 3K7F, 

magenta) and human (homology model generated in this study, green) FAAH (rFAAH, h/rFAAH 

and hFAAH, respectively) (B) BIA 10-2474 and a known inhibitor (QJ9) of rFAAH were docked 

into rFAAH, and the top-scoring binding mode of each was co-visualized to investigate positions 

of chemical moieties. (C) Co-visualization of top-scoring binding modes of BIA 10-2474 docked 

in rFAAH, h/rFAAH and hFAAH (blue, magenta and green, respectively). (D) Mean docking 

scores for top-scoring binding modes of BIA 10-2474 (gray) and a known inhibitor (QJ9, white) 

docked to rFAAH, h/rFAAH and hFAAH (n≥3). 

 

Figure 2: Predicted neurotoxicological drug-protein interactome of BIA 10-2474. 

Drug-protein interactome of processes associated with relevant neurotoxicity (i.e. 

intracerebral/brain hemorrhage) from target-disease association analyses using DisGeNET 

annotations (blue rectangles). Proteins and connections (degrees) are represented as nodes 

and edges, respectively. Radii of nodes (and font size of abbreviated protein identifiers) are 

relative to the magnitude of the predicted interaction (i.e. docking Z-score), and node colour 

represents degree of connectivity (see legend). Edge length and thickness are not scaled to any 

parameter. 

 

Figure 3: Predicted modulation of Factor VII and thrombin by BIA 10-2474. 

Chemical structure-based modulator classification models for Factor VII (A-I) and thrombin (B-

I). Each point represents a distinct chemical entity. Green, agonist; red, antagonist; yellow, 

unknown effect due to inadequate PubChem BioAssay annotation. Identification of four 

chemically similar small molecule modulators (inhibitors, PubChem CIDs also shown) of Factor 

VII (A-II) and thrombin (B-II); Tanimoto percent similarity scores [21] are shown on each edge. 

Predicted BIA 10-2474 (blue) binding mode in the Factor VII (gray, PDB ID: 3TH3) (A-III) and 
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thrombin (gray, PDB ID: 1VZQ) (B-III) inhibitory binding pockets (yellow); examples of known 

inhibitors (red) of Factor VII (1,5-Dansyl-Glu-Gly-Arg-chloromethyl ketone) and thrombin (4-

[(3AS,4R,7R,8AS,8BR)-2-(1,3-benzodioxol-5-ylmethyl)-7-hydroxy-1,3-

dioxodecahydropyrrolo[3,4-A]pyrrolizin-4-yl]benzenecarboximidamide) are co-visualized for 

reference. 

 

Table Legends 

 

Table 1: Quantitative analysis of top-scoring protein targets of BIA 10-2474. 

Predicted proteins from target-disease association analyses having two or more degrees of 

connectivity with neurotoxicological processes. Protein target data from proteome-wide 

screening (i.e. gene name, UniProt ID, PDB ID, docking Z-score, docking p-value, rank of hit), 

systems biology (sum of DisGeNET scores, number of edges), PubChem BioAssay (i.e. predicted 

modulatory effect) and scientific literature (i.e. qualitative expression in brain, associated  

neurotoxicity from Protein Atlas and PubMed) were analyzed and ranked according to weighted 

scores derived from the scoring function: Σ(x) = |Z-score(x)| + D(x) + M(x) + E(x). *Sum of 

DisGeNET scores do not include those from ‘Inflammation’. N/A, no data available. 
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Structure-based Proteome-wide Screening 
Systems 

Biology 

PubChem 

BioAssay 

Human 

Protein 

Atlas & 

PubMed 

 

Target 

(Gene) 
UniProt 

ID 
PDB 

ID 

(Res.) 

Dock 

Score 

(Z-

Score) 
P-

value 
Rank (All 

species; 

human) 

Sum* of 

DisGeNET 

Scores[19]; 
No. Edges 

Predicted Effect 

via Tanimoto & 

ML (Model 

Accuracy) 

Protein 

found in  

Brain[34]; 
Neurotoxic 

Weighted 

Score 

F2 P00734 1VZQ 
(1.5 Å) 

-8.70 
(-2.81) 0.002 387; 

102 
0.2166; 

3 
Inhibition 

(90%, n=2177) 
Y; 
Y 4.62 

F7 P08709 3TH3 
(2.7 Å) 

-8.10 
(-2.14) 0.016 953; 

218 
0.2549; 

4 
Inhibition 

(94%, n=505) 
Y[35]; 

Y 4.33 

RXRA P19793 1G5Y 
(2.0 Å) 

-8.30 
(-2.36) 0.009 794; 

188 
0.0800; 

2 
Activation 

(70%, n=733) 
Y; 
N 4.14 

MAPK14 Q16539 3FSK 
(2.0 Å) 

-8.10 
(-2.14) 0.016 1045; 

235 
0.0003; 

2 
Inhibition 

(87%, n=2135) 
Y; 
U 4.01 

PDE4D Q08499 3IAD 
(2.7 Å) 

-8.10 
(-2.14) 0.016 1030; 

232 
0.0003; 

2 
Inhibition 

(83%, n=936) 
Y; 
U 3.97 

HMOX1 P09601 1S8C 
(2.2 Å) 

-9.00 
(-3.15) 0.001 179; 

45 
0.1200; 

2 
Unknown 
(50%, n=2) 

N; 
U 3.77 

APOA1 P02647 2A01 
(2.4 Å) 

-7.50 
(-1.46) 0.072 1762; 

363 
0.0024; 

2 
Unknown 

(100%, n=1) 
Y; 
U 3.46 

APOH P02749 3OP8 
(1.9 Å) 

-8.20 
(-2.25) 0.012 820; 

193 
0.0075; 

2 
Unknown 

(100%, n=1) 
N; 
U 3.26 

ACE P12821 2IUL 
(2.0 Å) 

-7.60 
(-1.57) 0.058 1618; 

334 
0.1275; 

2 
Inhibition 

(100%, n=38) 
N; 
Y 2.70 

CYP2C19 P33261 4GQS 
(2.9 Å) 

-8.20 
(-2.25) 0.012 910; 

211 
0.0047; 

2 N/A N; 
U 2.25 

TIMP1 P01033 2J0T 
(2.5 Å) 

-7.70 
(-1.69) 0.046 1444; 

304 
0.0027; 

2 N/A N; 
U 1.69 
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Computational proteome-wide screening predicts neurotoxic drug-protein 

interactome for the investigational analgesic BIA 10-2474 

 

Highlights: 

● Polypharmacology of FAAH inhibitor BIA 10-2474 evaluated by in silico proteome-wide 

screening. 

● Identification of putative targets-of-action of BIA 10-2474 causing neurotoxicity. 

● Inhibition of factor VII and thrombin predicted to cause intracranial hemorrhaging. 


