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REVEALS A TARGETABLE AXIS IN FIBROSIS
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Abstract

The Fibrosis, characterized by excessive extracellular matrix deposition, leads to progressive
organ dysfunction and has limited therapeutic options due to the pleiotropic nature of master
regulators like TGF-P. Identifying downstream effectors and cooperating pathways is therefore
critical. Here, we investigated the interplay between Notch and Runx-2 signaling pathways in
human hepatic stellate cells (HSCs) and lung fibroblasts as models of liver and lung fibrosis.
Lentiviral overexpression of N1ICD and Runx-2, together with shRNA-mediated knockdown of
CSL (RBP-Jk) and Runx-2, revealed a previously unrecognized crosstalk between these pathways.
GF-B1 signaling compensated for RBP-Jk knockdown by upregulating the Notch target HEY,
revealing a compensatory mechanism. Furthermore, co-overexpression of N1ICD and Runx-2
synergistically enhanced Runx-2 expression, identifying a positive feedback loop that amplifies
the fibrotic phenotype. These findings define a critical downstream signaling nexus where Notch
and Runx-2 pathways converge and cooperate, offering a novel and more selective target for anti-
fibrotic therapy development.
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AHHOTAHUA

Oubpo3, XapakTepu3yIOUIUIiCs W30BITOYHBIM OTJIOKEHHEM BHEKJIETOUHOTO MaTpHUKCa,
MPUBOAMUT K Mporpeccupyromeil TucpyHKIUU OPraHOB U UMEET OrPAaHUYCHHBIE BO3MOXKHOCTH
TeparneBTUYECKOro BMENIaTeNbCTBA U3-3a MJICHOTPOTHON MPUPOABI ITIaBHBIX PETYISTOPOB, TAKHX
kak TGF-P. B cBs3U ¢ 5TUM KPUTUYECKU BaKHBIM SIBIISICTCS BBISIBJICHHE HUCXOASAINX 3P (HEKTOPOB
Y B3aUMOJICHCTBYIOIMX CUTHAIBHBIX ITyTeH. B qaHHOM HCCe0BaHUM MBI U3YYHIIM B3aUMOCBS3b
MeXIy curHambHBIMU TyTssMu Notch u Runx-2 B 3Be3quarhix KJIeTKax MEUEHU YeIOBeKa U
¢ubpobmactax JETKHX, HCHOJb3YyEeMbIX B KadecTBE Mojenel (Gudpo3za TedeHW W JIETKHX.
JlentuBupycnas runepakcnapeccust N1ICD u Runx-2, a Takxke Hoknayn CSL (RBP-Jk) u Runx-2
¢ nomoinbio shPHK, BeisiBIIIM paHee HEM3BECTHBIN MEPEKPECTHBIM B3aUMOJICHCTBUE MEX Ty STUMHU
nyTsamu. beuto o6Hapyxeno, yto curHanuHr TGF-B1 komnencupyer HoknayH RBP-Jk, noBsimas
skcripeccuro reHa-mutmieHn Notch — HEY 1, uto yka3siBaeT Ha cymiecTBOBaHUE KOMIIEHCATOPHOTO
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mexaHu3ma. Kpome toro, coBmectHas runepakcnpeccuss NIICD u Runx-2 cunepruyecku
yCHIIMBaja sKchpeccuio Runx-2, BBIABISS METIIO MOJIOXKUTEIHHOW OOpaTHOW CBSI3M, KOTOpas
ycumBaeT GuOpo3Hbiid henoturr. [lomyueHHbIC JaHHBIE OMPENSISIOT KPUTUYSCKUNA HUCXOISMIINN
CUTHAJIBHBIN y3ei, B KoTopoM myTH Notch u Runx-2 cxoastcst U GyHKIMOHUPYIOT CUHEPTUYHO,
YTO OTKPHIBACT BO3MOXKHOCTH Il pa3padOTKHM HOBOHM, Ooyiee CENEeKTUBHOW MUIIEHU IS
anTu(uOpo3HOI Teparnuu.

KiroueBbie ciioBa

®ubpo3, curnanpHbiii myTh Notch, Runx-2, TGF-B, 3Be3nuarsie kieTku nedeHnu, GudpoOracTs
JIETKHUX, IEPEKPECTHOE B3aUMOJICIICTBHE.

Fibrosis, the pathological outcome of dysregulated wound healing characterized by
excessive scar tissue deposition, is a major cause of organ dysfunction worldwide with limited
therapeutic options [1]. The transforming growth factor-beta (TGF-B) pathway is a master
regulator of this process [2], but its pleiotropic roles in homeostasis and immunity complicate
therapeutic inhibition [2,3]. Consequently, identifying downstream effectors and cooperating
pathways is critical for developing precise therapies. The Notch signaling pathway has emerged
as a key regulator of fibrogenesis in multiple organs [4]. Independently, Runt-related transcription
factors (Runx), particularly Runx-2, act as TGF-B-responsive, pro-fibrotic drivers [5]. While both
pathways are implicated, the potential crosstalk between Notch, TGF-f and Runx-2 signaling
pathways in fibrosis remains entirely unexplored. Decoding this interaction may reveal a novel,
targetable axis central to the fibrotic phenotype.

To investigate the interplay between Notch, TGF-f and Runx-2 signaling pathways in
fibrosis, we employ a dual-model strategy. We worked on primary human hepatic stellate cells
(HSCs)—the central effector cells in liver fibrosis— and primary human lung fibroblasts as a
model for lung fibrosis. We are delineating this crosstalk through genetic manipulation in our
cellular models. For overexpression, we use lentiviral vectors to deliver and stably express the
Notch transcription factor (Notchl Intracellular Domain, N1ICD) and the Runx-2 gene. For
knockdown, we use lentiviral vectors encoding short hairpin RNAs (shRNAs) to specifically
degrade the mRNA of target genes, such as the canonical Notch transcription factor CSL (RBP-
Jk) and Runx-2. Concurrently, initial mechanistic studies in a human lung fibroblast model have
already revealed critical interactions. Specifically, TGF-B1 signaling compensated for RBP-Jx
knockdown by upregulating the Notch target HEY 1. Furthermore, co-overexpression of N1ICD
and Runx-2 synergistically enhanced Runx-2 expression, identifying a potential positive feedback
loop between these pathways.

We have uncovered a critical functional crosstalk between Notch and Runx-2 pathways,
characterized by compensatory signaling and a positive feedback loop that potentiates fibrosis.
This axis defines a downstream signaling nexus, offering a novel and more selective target for
anti-fibrotic therapy development.
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