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Introduction

Background: Throughout the course of e\{olutlon, aml!woacyl-tRNA synthetases (aaRS) have estabﬁshed their mdl-spensa-ble fun?tlon for Figure 3: ATYR0101 Induces Myofibroblast Apoptosis
protein synthesis. However, what is less widely known is that these aaRS have systematically acquired novel domains which are liberated
through splicing and/or proteolytic cleavage to effect extracellular signaling. Upon release from cells, these novel aaRS domains interact
with extracellular or membrane bound targets to impact a variety of biological activities which may have therapeutic utility. One such T outer Buffer ATYRO101 V\ﬁe;’ 8”’:;'5 MCReC’{;”ZZ”S P ”l’;’:’glf:” P Z’:L"I’E”C’;f:’
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currently in a Phase 3 clinical trial for pulmonary sarcoidosis. A second synthetase, asp-tRNA synthetase, has been shown to liberate an N- g |
terminal fragment in inflamed macrophages which may provide opportunities for additional therapeutic development. s
201 Q
Q. |
Aim: In this study, we aimed to examine the therapeutic potential of a novel asp-tRNA synthetase fragment (ATYR0101) by identifying its WL el ) F 00 e
binding partner, latent transforming growth factor beta binding protein 1 (LTBP-1) and further revealing a novel anti-fibrotic mechanism rime (v TYRO101
that results from ATYR0101-induced signaling to induce myofibroblast apoptosis. ol o e 0 S =3
5 |« +TGFp1 +Ctrl Protein o 4935
o 80 e g
[ [ ) e u
Figure 1: tRNA Synthetase Drug Discovery Platform 5 o -3
@ + |
° Unique protein domains found in tRNA S
Catalyze Protein Synthesis Secreted in Circulation and Tissue to Pathway Disruption Associated . A Y D [ F e ,
Fragmonts and Spie Varants Regulate Diverse Pathways with Disease Synthetases can be ||berated via o1 SeRREke! GEJ
swxaseGe“e Familles: 4qpq ., pya \ splicing or proteolysis and have been Time (rs) =iy
R . . e 1
& un sythetase ‘8  Be . % -.‘ &5.7 % identified in extracellular spaces, ATYR0101 dose-d dent induction of G oblast tosi § =
o - ’ ‘ . : ose-dependent induction of myofibroblast apoptosis S
N Be A g %3, ) Inflammatory Disorders ~ Lung Disease where they have functions separate C P Inducti yot POPLOs! ‘_: =
5 s 3 48 w from th.elr essential role in protein o ATYR0101 | ATYRO101 dose response
i zRNAI:If IIII DS % * R Aol Disease synthe5|s. _ 5x1024 ™ glﬁrgisj&e_ 3x106 o ECe 019 v (A) WI-38 fibroblasts were treatgd with Assay buffer. (top) or wit.h TGFB1 (bottom) in the p.resence
% é PopeptaeChen &, OD 67 N S| B CtriL5uM |+ iy brotein ¢ of ATYRO101 or a control protein (600nM) and stained for activated caspase-3/7 (Sartorius, cat.
v A000ANNOANN & ¥ . - o : : Py BCrigum  — 4704). Positive cells were quantified through live cell imaging by Incucyte®. (B) Representative
5 p— o ! Neurclcgical Discrders  Livr Discrdyrs e aTyr has built an intellectual property S 00012uM ] . : . .
Q & ” _ _ _ 9 0 0,023 UM %106 images of day 3 or 4 pulmonary myofibroblasts from cell lines (WI-38 and MRC-5) and primary cells
A&&% o portfolio covering >300 protein gleoe- H 0.047 uM (originated from idiopathic pulmonary fibrosis (IPF) patients and healthy donors) treated with
N Sy s S8 o compositions derived from all 20 tRNA E E 82:‘71 um ToFB1 TGFB1 lone (top) or in combination with ATYR0101 (middle) or ctrl protein (bottom) and stained for
synthetase genes and is engaged in § 06, B 0375 EM ATYR0101 etoc] annexin V activity. (C) Dose-dependent responses of ATYR0101 for myofibroblast apoptosis. WI-38
the di d d | t of e M 0.75 uM myofibroblasts were treated with TGFB1 alone or in combination with ATYR0101 at various
Synthetase fragment Target Target Functional Preclinical Clinical € ISFOV_ery ;fm €ve opr.n.en ° & E 1.5uM . . concentration for 2 days. Caspase- 3/7 activities were measured using Caspase-Glo® 3/7 Assay
. . it e P . . potential first-in-class medicines based m3um - 0.01 0.1 1 10 (Promega, cat. G8090).
discovery identification validation profiling characterization studies on newly discovered pathways 0- B Staurosporiune 5 uM Concentration (uM)
& s é effected by extracellular tRNA

,m synthetases. Figure 4: ATYR0101 Induced Myofibroblast Apoptosis Is TGFB-dependent and Relied Upon Signaling Through LTBP-1 Interaction

k1 / -
I+
Log [Protein] }
vy

e An N-terminal fragment from as ATYRO0101 significantly down-regulates TGFpB1-activated
y ‘ ‘ 5 ) . .p A (ym ATYR0101 induced myofibroblast apoptosis is TGFB-dependent C pathways in WI-38 myofibroblasts
m tRNA synthetase was identified in I —
'z Log [Protein]
macrophages stimulated with LPS. This + TGFR1
TGFB1 + ATYR0101
|| B TGFB1 vs Untreated
L |
Inflamed fragment was subsequently fo,und to _ No inhibitor _+TGFB1 inhibitor (SB525334) _ +TGFP1 inhibitor (SB431542) Vs TOFPL*
Macrophage induce mVOflbrObIaSt apopt05|s. w E E E EPITHELIAL_MESENCHYMAL_TRANSITION-
E e 81 E 150- KRAS_SIGNALING_UP+
LTBP-1 ) ) Q o ks 8 ©o TGFB1 Buffer - -
DARS 4 e * In this work, we build upon the S o S o S oo « ATYROIO1 ah e TARGETS vid
..0. . - v’-o . T g s = £ + Ctrl protein - -
: Myofibroblast dlSCOVEFy of LTBP-1 as a novel b|nd|ng §' g 50 "E’ 50 “E’ 50 TNFA_SIGNALING_VIA_NFKB 4
| Oosol| _Meda HAPTGED Apoptosis partner of an asp-tRNA Synthetase ) R R R R ) °'m ) 0-%@?5‘?% GLYCOLYSIS
Time (hrs) Time (hrs) Time (hrs) MTORC1_SIGNALING -
fragment (ATYR0101) and further
Extracellular Proteases ' reveal a novel anti-fibrotic mechanism 24h MYC_TARGETS V1
(elastase, MMPs) e | FiDARS " - .
of ATYR0101. = 2, 3 . s MYOGENESIS-
8 3 3 3 < TGFB1 Buffer UNFOLDED_PROTEIN_RESPONSE -
N-terminal domain W S S 40 S o + ATYR0101 T i T 1
(1-154aa) T < £ £ + Ctrl protein 2 1 0 1 2
< E E N E N Normalized enrichment score
Time (hrs) R }Tr;;zr:r;; oooooooooooooo Time (hrs)
(A) Changes in apoptosis signals in ATYR0101-treated-TGFB1-
Figure 2: LTBP-11Is a Binding Partner of ATYR0101 ) i . differentiated myofibroblast with or without TGFB1 inhibitors

WI-38 myofibroblast were treated with ATYR0101 or ctrl

A LTBP-1identified as a binding partner of ATYR0101 g ECM from WI-38 myofibroblast C ATYRO0101 colocalization with LTBP-1 orotein (600nM) in a protocol as described previously. Annexin
o o 751 @ +TGFp1 Buffer +ATYR0101 V activities were measured and quantified on the Incucyte®
Protein binding LTBP-1 | Merge Colocalization instrument over a time course of incubation. (B) ATYR0101
T N §80 §. _ 601 treated WI-38 myofibroblasts were sequestered with
p=. - @ e S | & +TGRB1L Buffer +Ctl protein recombinant human LTBP-1 (500nM). Morphological changes
=, S Z N + < a5 & +TGFB1 Buffer +Ctrl protein +LTBP-1 at day 4 (left) and annexin V signal changes (right) were
g E Ic_a E 607 g measured in real time on Incucyte®. (C) Gene set enrichment
|<_t t _—|_' E,' £ 10 analysis (GSEA) of 50 hallmark pathways demonstrated that
< % 40— qg’ ATYR0101 significantly down-regulates multiple TGFB1-
2 o < 15 activated pathways (e.g. epithelial-mesenchymal-transition,
c _‘,g 20+ @ & glycolysis, mTOR) that are critically involved in fibrosis
'z 'aEJ - § o '—:' . $2220920.0000. development, suggesting ATYR0101 as a novel modulator of
. ° 5 a 2 0 24 48 72 96 120 144 168 TGFB1-signaling against fibrosis.
Peptides identified: S - om 8 0 T Time (hrs)
CFQETIGSQCGK — Q= N
= - » &
O st S ©
CVDIDECAQVRHLCSQGR O 3 R
v c}‘
D LTBP-1 knockdown prevents the binding of ATYR0101 onto ECM E AlphallSA binding with LTBP-1 2=
6x10%4=
LTBP-1 ATYRO0101 Merge Om ‘II’ CJ]P /‘ \ LTBP-1
; ‘ = a VNG N - IiL . . ATYRO101 Chronic tissue injury or inflammation Myofibroblast
¢ FO TN = 4x104= o
2 \ T (EC50 =25n M) differentiation g LAP/TGFR
g ® Myofibroblast persistence /
§ = =+« Ctrl protein Fibrotic response senescencte ersuIts-in
o _ccs 21044 initiated > ' ' ' _ pathogenic fibrosis
K2 o Fibroblast proliferation / Excessive ECM i !
™ < migration deposition l ?
O . Apoptotic
o-—¢ = \ ‘.‘ myofibroblast
Buffer 1 10 100 1000 e — C -3/7 , R
Concentration (nM) ..' = SN S Fi 4 aspalse R N }
AlphaLISA competitive binding assay Irreversible distortion |
of tissue ;
F _— | Apoptosis —j
1.5x105=- ATYRO101 has the potential to reverse established fibrosis by clearing pathogenic myofibroblasts Myoﬁbroblast
< X , ; ATYRO0101 (Competitor)
= 1x10°+ ECso = 0.8nM H
= e? : (ECe0 = 080N Conclusions
Z (,9; —4— Ctrl protein (Competitor)
72 ©  5x10%4 . . . . . . . . . . . .
5 s  ATYRO101 binds directly to LTBP-1 resulting in caspase-3/7 mediated apoptosis in TGFB1-differentiated myofibroblasts while having
<

. | | | . | no effect on undifferentiated fibroblasts. This apoptotic activity can be observed in multiple cell types demonstrating the
001 01 1 10 100 1000 therapeutic potential in several organ systems.
Competitor Concentration (nM
d o * Analysis of the ATYR0101-induced myofibroblast apoptosis activity was confirmed to be dependent upon LTBP-1, TGFB activation

(A) Latent transforming growth factor beta-binding protein 1 (LTBP-1) was identified as a binding partner of ATYR0101 using a mass spectrometry-based receptor screening platform from Dualsystems’ ]
ligand-receptor capture technology. LTBP-1 peptide sequences identified are highlighted in LTBP-1 AlphaFold structure (entry Q14766). (B) WI-38 cells (human embryonic lung fibroblasts) were treated and downstream gene expression Changes-

with TGFB1 for 6 days to allow for extracellular matrix (ECM) deposition. Cells were removed and ECM were stained with ATYR0101 or a control protein (green), collagen VI (orange), and LTBP-1 (red). ° ATYRO101 has promise as a hovel and transformative anti-fibrotic therapeutic with a unique mechanism of action.
ATYR0101 showed binding to the ECM deposited by WI-38 cells. (C) Immunofluorescence staining showed ATYR0101 colocalized with LTBP-1 on the ECM deposited by TGFB1 activated human fibroblasts.
ECM deposited from TGFB1 treated WI-38 cells were stained with ATYR0101 or a control protein (green) and LTBP-1 (red). (D) ATYR0101 lost binding to ECM from LTBP-1 knockdown WI-38
myofibroblasts. TGFB1 activated WI-38 cell were treated with ctrl siRNA (top) or LTBP-1 siRNA (bottom panel) in a protocol as described in (B). (E) A direct interaction between ATYR0101 and Acknowledgements: This work was Supported by aTyr Pharma, Inc. T
recombinant human LTBP-1 was confirmed by AlphaLISA protein-protein interaction assay. (F) ATYR0101 competitive binding assay to measure the Alpha signal upon exogenous competitor, ATYR0101 or 1

ctrl protein, in competing with the binding of ATYR0101 (donor beads) to LTBP-1 (acceptor beads). "
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