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Abstract

Skin wound healing is a dynamic process involving the coordinated regulation of inflammation, cell
proliferation, and extracellular matrix (ECM) remodeling. Fibroblasts play a central role in this process
through collagen synthesis and the maintenance of ECM homeostasis. The formation of pathological scars
is closely associated with the excessive activation of fibroblasts and an imbalance in collagen metabolism.
Motably, donkey skin tissue, despite its high expression of collagen, exhibits minimal scar formation during
wound healing, suggesting the presence of unique regulatory mechanisms governing collagen metabolism.
Based on previous transcriptomic sequencing data from our research group and the unique phenomena
observed during donkey skin wound healing, we identified differentially expressed genes PI116 and DUSP]
during the proliferative phase of donkey skin wound repair. We constructed gene expression regulatory
models for PT16 and DUSP1 to explore their potential associations with the NF-«B signaling pathway, a
kevy regulator of inflammation and tissue repair. Aberrant activation of the NF-«B pathway can lead to
excessive collagen deposition.

Objective:This study aims to systematically investigate the functional mechanisms of the PI16 and
DUSP1 genes, as well as their regulated NF+DB signaling pathway, in the scarless healing process of
donkev skin. By combining in vitro cell models and in vivo animal experiments, we emploved genetic
manipulation techniques (overexpression and RNA interference) to establish donkey skin fibroblast models
with differential expression of PI16 and DUSP1. We analyzed the effects of these genes on fibroblast
biological behaviors—including proliferation, migration—and the expression of ECM-related genes such
as COL1A1, COL3AIL, and FN. Furthermore, we explored the interactions between PI1I6DUSP] and key
components of the NF-xB pathway (pa0, IKEp, IxBa). A full-thickness skin defect model in donkeys was
established, and local injection of PI16 interference plasmids was performed to observe the impact on
wound healing, including healing rate, inflammatory response, and collagen arrangement.

MMethods: Dorsal skin tissues were collected from Xinjiang male donkevs. Primarvy fibroblasts were
isolated wusing the explant adherence method and characterized by morphology, vimentin
immunofluorescence staining, and PCR to confirm purity. Vimentin-positive cells accounted for over 93%,
and fibroblasts were observed migrating out from the tissue edges by day 4 and forming a tvpical
vortex-like distribution by day 8. PI16 and DUSP1 oversxpression and shENA interference vectors were
constructed and introduced into cells via lentivirus transfection to establish stable expression cell lines. Cell
proliferation and migration were assessed using CCEK-8 and scratch assays. The expression levels of
COL1A1L, COL3Al, FN, and NF-«xB pathway molecules (p50, IKEp, IxBao) were analvzed by RT-gPCR
and Western blot. The regulatory role of the NF-xB pathway was further validated using the NF-«B
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inhibitor TPCA-1 and activator LPS. A full-thickness skin defect model (1.6 cm in diameter) was created in
donkevs. PI16 interference plasmids (50 pL, 1 = 10°7 PFU/mL) were locally injected into the wound area.
Wound healing progression, histological changes (via HE staining), inflammatory responses, and collagen
deposition (via Masson’s trichrome staining) were evaluated. Statistical analyses were performed using
SPSS 20,0

Results: Primary fibroblasts were successfully isolated and cultured from the dorsal skin of Xinjiang
donkevs, with vimentin-positive rates exceeding 95%. Spindle-shaped cells migrated from the tissue edges
by dav 4 of explant culture and formed a characteristic vortex distribution by day 8. Immunofluorescence
confirmed that over 93% of the cells were vimentin-positive. The most effective interference vector was
selected based on kmockdown efficiency. Owerexpression of PI16 and DUSP1 significantly inhibited
fibroblast proliferation (CCK-8 assay, P < 0.01), clone formation, and migration. The transcriptional levels
of COL1A1, COL3Al, NFEBI, and FN were markedly downregulated by PI16/DUSP] overexpression (P
< 0.01). In contrast, PI16 knockdown significantly upregulated the transcription of COL1Al, COL3A1,
NFEEBI], and FN (P = 0.01). P116 knockdown also led to increased protein expression of IxBo, while
treatment with the NF-«B inhibitor TPCA-1 suppressed the P116-mediated promotion of IKER and p30,
resulting in reduced protein levels. Similar regulatory patterns were observed with DUSPL. In the in vivo
full-thickmness skin defect model (1.6 cm diameter), local injection of PI16 interference plasmids resulted in
faster wound healing in the sh-P116 group compared to the control. By day 14, the intervention group
exhibited significant re-epithelialization, with the granulation tissue slightly elevated above the epidermis.
HE staining showed a milder inflammatory response in the sh-PI16 group, with higher dermal cell density
at day 7. Masson trichrome staining revealed increased collagen deposition and thicker collagen fibers in
the intervention group.

Conclusion: This study successfully established an in vitro culture system for donkey skin fibroblasts.
PI16 and DUSP] were found to inhibit fibroblast proliferation, migration, and ECM deposition through the
NF-«B signaling pathwayv. In vivo, P116 interference accelerated wound healing but led to disorganized
collagen fiber arrangement. These findings provide important insights into the molecular mechanisms
underlying scarless wound healing in donkey skin.

Key words: Donkey skin; Wound healing; P116; DUSP1; NF«B signaling pathway.
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Apne 1]

Abbreviation
mIES HIEFR MR EFE
ANP Ampicillin SFEEE
bp Base pair PhEL AT
CCK-8 Cell Counting Kit-8 AR T E -8
cDNA Complementary Deoxyribonucleic Acid il DNA
COL1 Collagen I IRpEEER
COL3 Collagen III MEIFEFEER
DMEM Dulbecco's modified eagle medium AR t= A
DMSO Dulbecco's modified eagle medium —BREAA,
ECM Extracellular matrix SRS EL RS
FBS Fetal bovine serum fetF I
mBENA Messenger Ribonucleic acid B EzE
min Minute 5k
DUSP1 Dual Specificity phosphatase 1 TS RERES 1
PI16 Peptidase Inhibitor 16 BLEEIIEIER 16
oD Optical density HEE
PES Phosphate buffered saline PEEEELEE ik
PVDF Polyvinylidene difluoride ERCaE S
gRT-PCR The quantitative RT-PCR ZCTTEE PCR
RT-PCR Reverse Transcription Polymerase Chain Reaction RiEFESEETLERN
shEMNA Short hairpin ENA fo5d RNA
WB Western blot ER R
SPSS Statistical Product and Service Solutions HefEgitita
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FE e aar e L e R R YR R i Beh g Bl i, Bl S iaE . 20E
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REETEmRRIE R R SIS SRR A RS TS, EelmiEE h RIEFREREY,

EFFEME, FEME QEREZE) BS EtERRS SRt R R~
WA X . RS E R DA E A R E O ES N E £
HLEERY, B MBS R EE KR RTDRALR . HEEFTHEVER
LFEEER (COL1AL/COL3AL) HEMAAIHE, BE s FEELH @ AT ERE.
SHHEREIRM AR, WEESTEREERD, SHP AR LEE, PERME
EREEQRS, BRTREEQNHAESZ, MO AHAREMEEHDREE, B
Wt OS] Dismmeig &, EREB T EEIRE! 4. InE 1 gEr s
RIS B A BRI RS - IR 503580, RAESHIH E -+ (PIl6) #0754 R4EAES (DUSPL)
TEIE ORE. MEFHAERTFZEZEEMERAEY. NF«B (nuclear factor
kappa-B) BE5EEELAT. AENERAMEEATERMES, EETEY
ETTRES| RIS IOE, WEGEMY, EERMLE, AR S RMATEE MO
TR SRR, TRiREEIRERRFAEE PII6DUSPL, MELTITAMERT NF«B IF
AP AT RN R S R TR R AL S B AL E N BB, Dlarafrir sk ket eEsmpa
[E& R oiRATS ) BHE) PI16/DUSPL FiAEIEEE, AR R A e RS
TR EE.
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g% g5 HiEaTFXREMTEAE
FEREERER R, Bz oAl B T L EARfe . ReTEsie S iRt snSa . Dl
£FAF (80 EGF- FGF) . #3{HAF (0 CcXcLi12) f@FEF (30 IL-6. TNF-o)
Bt EIEE 1, A, A TR SR L RE RAfRE S 0wy B o sE g i,
SIEEE R FIHRTEER £ R\ 0, pEr4ERaEN B BT EIEERA.,
AET s EER (COLIAICOLIAL #efeEEEER (FN) $iARERSE, it
BT«FEIMNDED (esSMA) /THRWHRFEE o E e, TRREESIRER
R 2IETNEER, REERFUREE R ERFE T iED S EFH A0,

EENFERMEEST A= 2OEH, ANpEE, EREER. EENnE
B 48h ADSERSEN, HauadizhEEmE . REN, Hh RaigEiinAERE
FRMER . SERRREENE, REAEX TR (MBS HERNMRIEEEs,
PAMPs) #Nif{ailxnFi8T, (DAPMPs) BRI iRBIEE (31 TLR4) EiERHEa
ERRRr. fEAIREERRE CRnARACERRR) FERARy. S| S MEY sk RIBEEMEN, 2
fEh el . BizepiE p e AR IR ahu B . RIEY, S FRESTEE, Rkt
EAEM, AR R EIER, JEN R, RERRswEEE (A1 1L-6)
FNMETFFE F-o (TNF-o) FIUENHE, BitRENE. Bl ERNITHRRE—E
BIELRAER, nfuiiinEmm i REs n s An MR ey, BEEBME, i
FARLRANS BRI, BiRSER i TiER:, AENANFEMESIT T .
IR e SR R R B Blfa e 1S e ARl & R 23t M. BT Bahinsi EF (A0
IL-10. TGF-B) B ERE, et S EFREETE. TisErR R P,
peAF (IL-10. TGF-B) SiRESHfz, HIHEESERR, REMEFHRLREEINA
fasoh B REIE R R HHME 2 530 EF RIS TEfRR 7 R BN e B R R
i, MR iilAa il s ZmNRG. REXIEREMEENTNEERNIRERT . I
RIEEFR, MARTFEETSRER, AUERSE, MEHARMIEESESE. R
REFT R, METE = B4E AR T SF s OERE T AAiEE F, 201 TNF-o. IL-6 0
B PEremfe sl EREemiE, M mEe A RER . R, hiEuEpiEin e
hEfR R =T MR Bl Rt T — B R Er A iR S S g S m M E P £ < E F (VEGF).
TGF-p=EFHETFF,

TEROMIED, HEHERERRENEREF B (TGF-B) MMEMNFEKH
F (VEGF) FEMEEEAF U FOENZMN. RS2t EnESE.
EEETFRMRERGESETF="REESY. EhaRmamiTfEmELEN.
MEMEEENFNEEMTE, LR ER S EEERm R (EAED a8
EREZ51EE) 2. BLENEREEEENZ LSS, B REH ARG, 132,
BREME AR NEES Y. OB/ LEE—TERERE, BRI TERRE
F(GFs)HIth RER M Z MM E s, DLAMHME. B LT emp i M am b
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FAlEF LT IRV ERERRENLEARAIESSE . BRTMAR. MH0ia
GITSERERIE LT, TAEhE ER7 . B aietaichiamiam st £ (ECM) e (A
FiE. SHEER) . FRITESWES (0 TGF-B) Bizm AT ARmmiTH. 558 L
FARENREE 7 TR wE T TGF-p, Bttt i R RFTismEgE
Rz U258 BEEESER TRRRNETFEENES., WEEETHAMR.
DR T S Wik R KE T A R, DUEEEmE LR R O RS .
THEHAE AR S F R O XA mEt iR b R YR, ZARRN R TR A
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FremRe Ll aE S AR AR h M M AREHEE R, LUR RETeRmie. MEmiainm B
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