PADI4-Mediated Chromatin Externalization in Senescent Fibroblasts to Sustain Chronic Inflammatory Microenvironment

Anna Grace Mohanty supervised by Maria Christophorou, Babraham Institute Epigenetics Department
Massachusetts Institute of Technology Laidlaw Scholars Program

GRAPHICAL ABSTRACT DATA COLLECTION CYTOPLASMIC CHROMATIN FRAGMENT IMAGING

ENDOMETRIOSIS LESION PERSISTENCE r SENE;SCENT FIBROBLAST MECHANISM - CCF-MEDIATED cGAS-STING ACTIVATION 1 y Media Replacement Immunofluorescence Analysis
Peritoneal tissue / / Cytosol Cl-am_ldl'n_e 'i (Every 48h)
resoltion of acute Senescent eSF | ,\ Decompacted (pan-PAD inhibitor) 1°f W/ pan-H3cit A Hacit17
inflammation ' endometrial e / Chromatin \ Ky N \ o (Rabbit, FITC) (Mouse, Cy5)
, o — N stromal / y r E‘\
\ / RN floroblasts v b \"“ et 0 O *  ORERGEONEOR RO \\(/ . YLamlnB
v, / \ : : Receptor (LBR)
, ,, gl \ | . ——-> , . (Mouse, Cy5)
R /[ : 75 W S ‘ e : : ) Wild type ) ) ) Rabbit, FITC
/ "//ﬂ-""f’/// = ( \;.«:""‘ J" % ) @ Q GAS-STING : (untreateydp ! ‘ ‘ ‘ ‘ o (Rabb )
‘ // / 4 ‘ ( . g g ¢ growth media) b, U @- ] =) = (=) e \ /DAPl \ fy YHZAX
W e A | iC , CCFs l Senescence Induction: _ 1 B B WG Y (Nuclear Stain, i (DNA damage,
/,_/ / ! \ =, CCFs o0 B T 1 250 nM doxorubicin _— ” . Blue) Rabbit, FITC,
| s P rimary Human Lung 24h ixation
) \@ / Fibroblast Cells Plated / (24h) Thsssckig:> =W AEhT 84 16 Only at 10d)

NE bleb

Immune

J / Proinfiammatory "\ 205,000 comt/wed) GSK484 , 72HR Wild Type Senescent: 1. DNA Content (DAPI), 2. H3Cit17 (FITC- green), 3. Lamin A/C content (Cy5- blue), 4. Merged
Cells @ Cytoklne Secretlon_. (selective PADI-4 40x Air
Endometnotlc o T ’C’)o inhibitor) Objective
Senescent eSF _ DAPI+ / €
eaiph | H3Cit17+ o sasp g0 6h 24h 72h 10d
h A 6 717 2 S.0¢'0 1WgRar3 4 5 ; -
% N\ A ' | e ﬁ(:j 0 9 ) Al ,. b l_‘_) T.i_/) " c. (I ® . ': '*-‘-'__t'-
INTERVENTION: PADI-4 INHIBITION = > )\% P | B I CA) .
WT (PADI-4 Active) PADI-4 Inhibited C \f.’,ﬁ 5 VSP® - = f9(- S » e W
f CCFs 18 PADI-4 |  Hypothesis: PADI4-catalyzed histone citrullination X ';;5 /}_\ @ P @@ \ “ A ’K« A i — oy .
o\ . . k y \’¢3| 2 0‘.;\\ ¢ @ [ - ’ . %
Present “~y ® e nhiber drives chromatin externalization and cytoplasmic PSP IED ‘YOS WDW @ lf"’\’%] ’w ‘u}.’, = } ; ‘aé’ ’ § w\ ?'& 4 channels (DAP, FITC, Cy5, Brightfeld
- — Ay chromatin fragment (CCF) generation in senescent F @9 @ @ & &P @ FE@EP@@® Fr@@@E@E® r@@E@EDE "
_ g g
e No CCFs / inki ile 1
£ Oo s 7 e LA fibroblasts, !lnk.lng cellular senescence to sterile innate St i Logendt S
® o immune activation through the cGAS-STING pathway. Senesced Cells (A-C): Large, flattened; Proliferating Cells (D-F): Small, numerous.
\ ok ’ Labels: Wild type (A, D), Cl-A treated (B, ), GSK treated (C, F). Color coding as before. 10D Wild Type Senescent: 1. DNA Content (DAPI), 2. H3Cit17 (FITC- green), 3. Lamin A/C content (Cy5- blue), 4. Merged

INTRODUCTION

RESULTS

Endometriosis Pathology & Lesion Persistence

e Retrograde menstruation deposits endometrial fragments into the peritoneal cavity frequently * PADI4 activity precedes and facilitates nuclear envelope disruption: Lamin B receptor (LBR)

during menstruation, yet only approximately 10% of women develop endometriosis. The presence loss and Lamin A/C redistribution from the nuclear periphery become prominent by 72HR—6D 1n

of ectopic tissue 1s therefore insufficient to explain disease; lesion establishment also requires failed senescent controls. Blebbing of the nuclear membrane with inconsistent Lamin A/C and LBR

CCF

e PADI4-dependent chromatin extrusion generates cytoplasmic chromatin fragments (CCFs): 10D Wild Type Senescent: 1. DNA Content (DAPI), 2. H3Cit17 (FITC- green), 3. LBR (Cy5- blue), 4. Merged
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immune clearance by immediate neutrophils and fibroblasts, which end up adding to the lesion patterning was only seen in wild type senescent cells after 72HR, likely as a CCF precursor.

e Early neutrophils are short-lived at the lesion, however, NET formation alone cannot explain how

this inflammatory niche 1s maintained after the initial lesion-seeding phase. A longer-lived stromal By 10 days, extensive YH2ZAX-positive extranuclear chromafin structures accumulate in senescent

population may be required to sustain the lesion. Endometrial stromal fibroblasts (eSFs) are wild type populations. CCFs were YH2AX-positive. PADI4 inhibition significantly reduces CCF

plausible lesion-maintenance cells because the early neutrophilic response can both recruit them frequency and extent, indicating sustained PADI4 activity throughout senescence is required for
efficient chromatin extrusion
e PADI4-mediated CCF formation is senescence-specific: CCF formation and PADI4-dependent

effects occur exclusively 1n senescent populations, not in proliferating controls, indicating the

and 1nduce their senescence.
e One mechanism linking nuclear damage to the SASP 1s the formation of cytoplasmic chromatin
fragments (CCFs). During senescence, loss of lamin B1 and disruption of the nuclear lamina allow

chromatin to bud from the interphase nucleus into the cytoplasm, activating the cGAS-STING process 1s coupled to senescence-associated changes in chromatin and nuclear organization rather

pathway which can recruit inflammatory cytokines to tissue fibrosis/vascularization. than constitutive PADI4 activity.

e PADI4 is the dominant PAD isoform in this pathway: Selective PADI4 inhibition (GSK484) 10D Wild Type Senescent: 1. DNA Content (DAPI), 2. H3Cit17 (FITC- green), 3. LBR (Cy5- blue), 4. Merged
Menstrual debris with Early endometriotic lesion produces effects comparable to broad PAD 1inhibition (Cl-amidine) across all time points and
S SR CONe S ~ rd readouts, establishing PADI4 as the primary driver of histone citrullination and nuclear CONCLUSION
3 ﬁq\ s> destabilization during fibroblast senescence. This is also established by the analogous patterns of
(@ L _ H3Cit17 and pan-H3Cit activity, as H3Cit17 is a PADI-4-specific citrullination epitope. e PADI4 as persistence mechanism: Establishes PADI4-catalyzed chromatin modification as critical
=4 Apoptof.z"&;:tmph“ e CCF-extruding cells lose chromatin density: CI-A senescent treated cells showed highly dense molecular node linking senescent fibroblast establishment to CCF generation by citrullination and
. . . . . decondensation of chromatin for extrusion via the disrupted NE
chromatin regions (Senescence Associated Heterochromatin Foci) even at 10D, a senescence . . . : . :
ﬁ , , , . e Therapeutic window for intervention: Sustained PADI4 activity throughout senescence time
hallmark. These foci were not clearly present in cells actively externalizing CCFs. . : . . . .
G course suggest PADI4 1s attractive therapeutic target for disrupting senescence-to-persistence
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, transition in endometriotic lesions, with potential to block both 1nitial senescence amplification and
e recruitment -/

CHROMATIN CONDENSATION/DNA DAMAGE IMAGING ongoing inflammatory consequences, giving further evidence for early senomorphic treatments

e Senescence as amplification mechanism: Demonstrates PADI4 converts senescent fibroblasts
from proliferation-arrest state into active generators of damage signals (CCFs, yH2AX foci, NE
blebs)

e Proposed model for endometriosis: Endometrial fibroblasts within lesions, exposed to chronic
inflammation and oxidative stress, undergo senescence as protective response. However, PADI4
activity during senescence-establishment catalyzes histone citrullination, nuclear envelope
compromise, and CCF extrusion, triggering cGAS-STING-mediated immunity that sustains lesion
inflammation and fibrosis
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Diagram depicting early endometriotic lesion on the peritoneal surface with dying neutrophils (apoptotic), and the recruitment
of spindle-shaped fibroblasts toward the lesion area. Other immune cells are illustrated for microenvironment context.

Role of PADI4-Mediated Citrullination

e PADI4-driven histone citrullination in senescence: catalyzes citrullination of histone H3
(particularly H3Ci1t17), destabilizing chromatin and promoting nuclear envelope breakdown, a
hallmark of senescent cell progression

e (ytoplasmic chromatin fragments (CCFs) as danger-associated molecular patterns: PADI4-induced yH2AX foci

citrullination releases fragmented DNA into cytoplasm, activating cGAS-STING pathway, an 10D Wild Type Senescent: 1. DNA Content (DAPI), 2. yH2AX (FITC- green), 3. Merged, 4. Senescent Morphology (10D WT, Sen)
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