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Introduction
Background: Full length and fragments of aminoacyl tRNA synthetases reach the extracellular space where they have functions that are distinct from their
essential role in protein synthesis.1,2 tRNA synthetases therefore, represent a novel set of physiologic modulators and therapeutic targets. The therapeutic
potential of extracellular tRNA synthetases has recently been demonstrated with efzofitimod, a novel biologic immunomodulator composed of an Fc-fragment
fused to a histidyl-tRNA synthetase (HARS) splice variant, which binds to Neuropilin-2. Efzofitimod was safe, well tolerated, and demonstrated dose related
improvements on multiple measures of efficacy in a phase 1b/2a trial in pulmonary sarcoidosis, a rare fibrotic lung disease.3

Aim: Alanyl-tRNA synthetase (AARS) and aspartyl-tRNA synthetase (DARS) also reach the extracellular space; however, their receptor targets and biological
functions remain unknown. The goal of this project was to identify and characterize the interactions of alanyl and aspartyl tRNA synthetase fragments (AARS-1
and DARS-1) with novel binding partners. Utilizing aTyr's tRNA synthetase drug discovery platform, we were able to show that AARS-1 and DARS-1 bind to the
surface of human cells. Moreover, we have identified fibroblast growth factor receptor 4 (FGFR4) as a target receptor of AARS-1. This indicates that AARS may
have therapeutic potential in fibrosis, inflammation or cancer.
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• AARS-1 and DARS-1 bind specifically to the surface of select human cells.

• AARS-1 is found in complex with FGFR4 in A549 and THP-1 cells using ligand-receptor capture technology (LRC-TriCEPS) and mass spectrometry. Several 
unique peptides were identified in the extracellular domain of FGFR4. 

• siRNA-induced knockdown of FGFR4 in HepG2 cells reduced the binding of AARS-1 to the surface of these cells by flow cytometry.

• The methods utilized in this study can be further employed to identify and validate new molecular targets from aTyr’s tRNA synthetase platform.

Target identification and validation methods
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AARS-1 - HepG2 cells
Hepatocellular carcinoma

DARS-1 - A549 cells
Lung adenocarcinoma

AARS-1 and DARS-1 bind to human cells

• Immunocytochemistry assays show that FGFR4 is highly expressed on the surface of HepG2 cells (A).
• RNA interference experiments were performed using Integrated DNA Technologies’ DsiRNA Kit and RNAiMAX Lipofectamine for transfections of HepG2 cells. Flow cytometry experiments

showed a marked decrease in FGFR4 expression (B), which was accompanied by a decrease in AARS-1 cell binding (C).

FGFR4 identified as the target receptor for AARS-1

siRNA knockdown of FGFR4 inhibits AARS-1 cell binding

Target validation
by siRNA
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• AARS-1 and DARS-1 were expressed and purified, and binding to human cells was confirmed. Ligand receptor capture was used to identify the target receptor of AARS-1.4
The interaction between AARS-1 and its target was confirmed by siRNA knockdown. 

FGFR4 protein knockdown Reduced AARS-1 binding to FGFR4 knockdown cells

• A mass spectrometry-based receptor screen employing Dualsystems’ ligand-receptor capture technology LRC-TriCEPS 3.0 reagent identified the extracellular domain (ECD) of fibroblast
growth factor receptor 4 (FGFR4) as the target receptor for AARS-1 in A549 and THP-1 cells (A). The specific FGFR peptides identified by the screen in both cell lines are highlighted in blue
(B - top) and are specifically derived from FGFR4’s sequence versus other FGFR isoforms (B - bottom).

• The amino acid conservation of the FGFR ECDs are shown in (C), with green indicating higher and red indicating lower sequence conservation. Pairwise identity of the ECD of FGFR4
compared to that of other FGFRs range from 47-53%. The 3D structure of FGFR4 ECD shown here is predicted by AlphaFold.

• AARS-1 binds to the surface 
of HepG2 cells (A) and DARS-
1 binds to the surface of 
A549 cells (B). Cells were 
treated with V5-tagged 
proteins for 1 hour, washed, 
and Alexa Fluor 647-labelled 
antibodies (αV5 AF647) were 
added. Cells were incubated 
for 30 minutes, washed, and 
examined by flow cytometry 
or fluorescence microscopy.
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(C) Diversity in residue identity in ECDs of FGFRs

AARS-1

V5 Ctrl

Scramble siRNA FGFR4 siRNA
0

25

50

75

100

125

M
ed

ia
n 

Fl
uo

re
sc

en
ce

 In
te

ns
ity

(fo
ld

 o
ve

r i
so

ty
pe

 - 
%

 S
cr

am
bl

e)

• Unique protein domains found in tRNA 
synthetases can be liberated via splicing or 
proteolysis and have been identified in 
extracellular spaces, where they have functions 
separate from their essential role in protein 
synthesis. 

• Recent research has further reinforced the idea 
that tRNA synthetases may play important roles 
in cellular responses to certain disease states, 
in particular, cellular stress and imbalances in 
tissue homeostasis.

• aTyr has built an intellectual property portfolio 
covering >300 protein compositions derived 
from all 20 tRNA synthetase genes, and is 
engaged in the discovery and development of 
potential first-in-class medicines based on 
newly discovered pathways effected by 
extracellular tRNA synthetases.

• Our tRNA synthetase platform has produced 
efzofitimod, an Fc-fused fragment of HARS, 
which recently demonstrated clinical proof of 
concept in fibrotic lung disease. 

• In this work, we present our progress on the 
study and development of fragments derived 
from AARS and DARS. 
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The extracellular domain of FGFR4 was identified 
as the AARS-1 receptor by LRC technology 
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Identified FGFR4 peptides bound to AARS-1

FGFR4 cell surface staining
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