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Introduction Results: Wound closure dynamics Results: Provisional extracellular matrix generation Results: Extracellular matrix protein quantification
Senescent cells play an important role in development, accumulate with age and are implicated | | ,
in some age-related diseases. However, their role during wound healing is still controversial. While Senescent Dermal Fibroblasts pro duce more provi sional A. N S N S N S
early clearance of these cells seems to prevent wound closure in adults, chronic wounds have been . . . B
shown to benefit from their removal. It is not clearly understood why these cells have such different F-DD Fibronectin and Tenascin C than normal human dermal I (240 KDa)
temporal effects. - 205 kDa ="
P T fibroblasts during wound closure ’ et Collagen
Yp€
Wound healing is a complex process supported by the generation of a provisional extracellular 120 kDa = R
matrix (ECM) by fibroblast cells in the stromal tissue of an organ. Senescent cells are capable of A
altering this extracellular environment on account of their secretory phenotype and this altered I\I|u(cjl(fllle|1 F;Er%’negt;n N | S— Nuclei | Hoechst 8>kDa =
ECM can persist beyond the lifespan of the cells it originated from ' gen Lyp ’ Fibronectin 0 agen Type I | ’34 65 kDa = - b
8 50 kDa == .
Here, we use a high-throughput Wound-on-Chip (WoC) platform to understand how: = O \0kDs ™ === GAPDH  __ __ GAPDH — — GAPDH
: . . a a a 37 KDa
« Senescent cells alter the ECM architecture and composition around them, and E GC) (37KD2) (37KD2) 7D
« Senescent cells affect gap closure during provisional matrix generation T o
Z. % B. NHDFneo
Methods 50— 5.0—_ 1 SHDF 5.0—_
« Used two-photon polymerization (2PP) 3D printing and stereo- lithography (SLA) 3D printing to é 4.0~ - § 4.0+ § 40+ .
fabricated micropillar devices 0 Hrs 0 Hrs 12 Hrs 24 Hrs 36 Hrs S 3.0- i S 3.0- S 3.0- o
(before injury) (after injury) TSI N VS B P,
« Microtissues composed of normal human dermal fibroblasts from neonatal foreskine S - - s - S s - -
(NHDF-neo) or senescent dermal fibroblasts were seeded B. Time to closure _ Relative Wound Area vs. Time LL 20T - EM I T |
§ 3— 9 7 0.0 | :;:;:;:;I:;:;:;:; =2 0.0 | B = 0.0 | i
« Senescent fibroblasts were induced with repeated treatments of 100 uM of hydrogen peroxide . s 3 Fibronectin Collagen Tenascin C
(H,O,) for 2 hours every 48 hours over 7 days * S Type 1
v - S <
A. v 2
T 7 32 5 0 7 PP 23 ~ ~ Figure 4 (A) Representative western blots and (B) quantification of relative fibronectin,
(o) (o) (o) (e)le)(e)(e) (e /g 8) o) e | | | | | = N 0 L R . . .
.. g % % 2%2 ;g % 8%8 0 20 40 60 80 100 €T - 10 20 30 40 collagen type I, and tenascin C production in NHDFneo and SHDF cells when cultured on
-;.fh‘_ @@ k@ ((é; f;} %\j é a ;D @@ Time (Hours) 2 -1 Time (Hours) Nuc|1§1£ | Fibgon(e:ctin | | | Nuclei | Hoechst tissue culture plastic in 2D. Protein quantity is normalized to relative to band intensities in the
) plojolololololololololo o, = NHDFneo — NHDFneo cHdascin Fibronectin Tenascin C 33342 the NHDFneo lanes.
Replica casting EOOOOOOO00OOC [ SHDF — SHDF ~ T ST e DO TR 1 | T LR B LU
L golololololololololololo) : . . . . . . . 5
micropillars in G EEEE G EE)EEE EE) Figure 2 (A) Representative brightfield images of NHDFneo and SHDF microissues imaged immediately before o A . .
Polydimethylsiloxane HEOGEE @®@@, 0 E)6) and after laser ablation, 12 hours,24 hours and 36 hours after laser ablation respectively. All tissues were injured Q i Discusssion
(PDMS) S I " with 1 mJ of energy. Tracked injury edge marked with yellow dashed outline (B) Time to complete tissue closure for - % o
_ NN . . R ! e SHDF cells exhibited:
P each cell type and Wound area vs time - analyzed using the automated wound tracking pipeline (N=3, n=8). L -- . .
v N Student’s t-test used for comparison (** p<0.005) a « slower time to closure and closure dynamics than NHDFneo cells
L7 N = e thicker and longer fibers of fibronectin and collagen type I than NHDFneo
/ N\ o . . . . . . .
C. |‘B ______________ N Results: Senescence detection « fibrillar tenascin C organization that seems to interact/overlap with fibronectin
: | . expression
| 1) UVirradiation to sterilize | A. Nuclei | SA-f-Gal | ' _ _ . . . . L.
| oV | A p21(WAF-1/CIP-1) Nuclei p21(WAE-1/CIP-1) « higher expression of tenascin C and fibronectin proteins in 2D culture
¥ 2% "
| \ " ;‘/ L . . .y
L S 9 LL Our data support the hypothesis that ECM synthesis, composition and
— — - D . . . o 0 o« . o 0
: 2) F-127 + Polydopamine - HCI : Lél' - organization is a critical factor driving wound closure. Additionally,
| treatment | T wn over-production of some ECMs may even inhibit normal wound closure.
| | =z
I | . .
| / | The feedback loop between ECM and cells has been reported in literature
. : o extensively. This study and platform open the door to exploring how
-~ o o 3) Seedmt%, ;eelllskjyfiit)tg?ll collagen | N B NHDFneo senescence-altered extracellular matrix composition and architecture may affect
tr tain | ) N ) _ . .
o YR - : = 30— *x* | ~ 3.0 SHDF e * % | cell and tissue behavior.
B : \l\\ @%%/ | | "QS-)‘ = . E ) O | T
X \ : /,/ | — =
HZOZ# Repeat ) | ® O I e o | g 5 2_0— '5 2.0- ACknOWIedgements
— twice ‘f=~‘_~* 0, n I 4) Self assembly and tissue | :5 2.0- gbgo % ] ::::::j:::::: . . . .
every 48 \ ; | compaction | B 300.0— 0 = e = - T s i This work was supported by funds from the Biological Design Center at Boston
— ¥ & 1 == 7 e ® T i o : : : :
} 1~ hours \ | = ] | | - § | BISHDE : o 2 e | < e 5 g | University, the National Institutes of Health (NIBIB, R21 EB028491), and the
[ I ! jz f | ‘= T o 3 80.0— S I NHDFneo - p21-Positive = 1.0- ,:_E_., o > 1.0 —{ eitvous e 2 1.0+ el |— 4 - : :
%% | r" | 9 200.0— B T. ;6 4.0- - B % °® L .‘5‘ "a’ : :::::::::::::::: HeVOluthIl FOundathn (HF'GRO‘23'1 199104'3 1).
D-8 D-7  D-6 DO D1 D2 D3 B N J é‘ | e | | o 3" | T 2 60.0- T =1 NHDFnco - p21-Negative 7z i S - e R R
2 Hrs e e e e e - - - - - s ' S s g = T S
-é 100.0— % 20— X 40_0—- _|— =] SHDF - p21-Positive 0.0 | —— 0.0 | | 0.0 | I References
Z ] S < I e 20.0- R =1 SHDEF - p21-Negative
Figure 1 Fabrication and experimental setup (A) Overview of microtissues fabrication. (B) Fibroblasts in a collagen i I i 2 I il O Figure 4 Maximum intensity projections of confocal fluorescent images and quantifications of fibronectin, collagen type I and 1. Sakar MS* & EYCkmanS J* et al., Nat Commun. 7:11036,
matrix compact in the microtissue around cantilevers. (C) Tissues are injured using a Q-switched Nd:YAG laser. (D) 0.0 | T 0.0 | T 0.0-—5 T tenascin.C. (A) RepreseptatiYe images O.f NHDFneo.and SHDF microtissues With. original ar ca of .injuries marked %n yellow 2016.
T.issu.es are tre%cke(.i over time with .bright.ﬁeld micr(.)s.copy a.nd a.naly?ed using an automated image processing Figure 3 (A) Maximum intensity projections of confocal fluorescent images and (B) quantifications of nuclei, jas}ﬁej ll.mes. f(B) Quantiﬁcatmn. oirelatn;e ﬁtt)mll: ec{\llri,scoll_afen type I, and tenascin C production in ROIs marked in yellow 2. Blockland K.E.C et. al., Clin Sci (Lond). 134(20), 2020
pipeline. (E) Timeline of senescence induction and utilization in microtissues. senescent associated beta galactosidase expression, and p21 expressing cells, ashed lines from sum slice projections of z-stacks (N=3, n=4). 3. Griebel M. et al, APL Bioeng 7, 016112, 2023




