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Abstract

Collagen secreted by dermal fibroblasts plays a crucial role during wound healing. However,
excessive collagen secretion may disrupt its normal orderly arrangement, leading to pathological scars such
as hypertrophic or atrophic scars. Donkey skin, the sole raw material for producing the traditional medicine
Ejiao, contains highly active fibroblasts that secrete abundant collagen. However, studies have revealed no
visible scars on healed donkey skin wounds. This study hypothesized that collagen synthesis rates are
inhibited during donkey skin wound healing, allowing sufficient time for orderly collagen alignment,
thereby minimizing scar formation. This study investigates the underlying mechanisms through in vitro and
in vivo experiments, providing scientific data for understanding the scar-free healing mechanisms in
donkey skin wounds.

Methods:

(1) Tissue samples from Xinjiang donkey skin wounds at healing stages 0, 7, 17, and 105 days (control,
inflammatory phase, granulation phase, remodeling phase) were collected. Transcriptome sequencing
(Illumina HiSeq) and iTRAQ-based proteomics were employed to screen differentially expressed genes
(DEGs) and proteins. KEGG enrichment analysis identified key genes and signaling pathways regulating
wound healing.

(2) Donkey dermal fibroblasts were cultured using the tissue explant adherence method.
Morphological observation, triple staining (Masson, HE, immunohistochemistry), CCK-8 proliferation
assay, and flow cytometry were used to characterize the cells and establish an in vitro culture system for
donkey dermal fibroblasts.

(3) Lentiviral overexpression vectors (OE-CHRD, OE-NOG) and shRNA interference vectors (sh-
CHRD-1, sh-NOG-1) were constructed and transfected into fibroblasts. CCK-8, scratch assay, RT-qPCR,
and Western blot were applied to analyze effects on proliferation, migration, and expression of wound
healing-related genes, elucidating CHRD/NOG-mediated TGF-p pathway regulation of collagen
metabolism.

(4) Lentiviral overexpression (OE-PTEN, OE-RASSFS8) and shRNA interference (sh-PTEN-3 sh-
RASSF8-2) vectors were constructed and transfected into fibroblasts. Their regulatory effects on fibroblast
function and wound healing via the PI3K/AKT pathway were evaluated through CCK-8, colony formation,
scratch assays, RT-qPCR, and Western blot.

(5) Circular wound models on donkey backs were injected with OE-CHRD or OE-RASSFS plasmids.
Dynamic healing rates, HE/Masson/immunofluorescence staining, and RT-qPCR were used to assess the
roles of CHRD and RASSFS in scarless healing via TGF-p/Smad and PI3K/AKT pathways in vivo..

Results:

(1) Sequencing data showed high quality, with 28,504 genes (28,116 known, 388 novel) and 1,071
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upregulated/317 downregulated proteins. Transcriptomics revealed peak DEGs at day 7, enriched in
inflammatory (/L-6, TNF-a) and collagen synthesis-related genes (COLIAI, MMP-1) via TGF-p/Smad and
PI3K/AKT pathways. Proteomics confirmed these trends, with CHRD, NOG (TGF-B/Smad) and PTEN,
RASSF§ (PI3K-AKT) showing stage-specific differential expression (P<0.05), suggesting their roles in
suppressing collagen synthesis to enable scarless healing.

(2) Cultured fibroblasts exhibited spindle-shaped morphology, an "S"-shaped growth curve (doubling
time ~24 h), >95% vimentin positivity, and 28.73% S-phase cells, confirming high purity and viability.

(3) OE-CHRD significantly inhibited fibroblast proliferation/migration (P<0.05), downregulated TGF-
B1, COL1A1, COL3A1, IL-6, and TNF-a (P<0.01), and upregulated Smad7 (P<0.01). CHRD knockdown
reversed these effects, indicating its role in suppressing collagen deposition via TGF-B/Smad3 inhibition.
OE-NOG showed weaker collagen regulation, highlighting CHRD’s superior anti-scarring potential.

(4) OE-PTEN and OE-RASSF8 suppressed fibroblast proliferation/migration (P<0.01), downregulated
AKTI, COLIAI, COL3A4l, VEGF, MMP-1, and fibronectin (P<0.01), and upregulated TIMP-1 (P<0.01).
RASSF8 exhibited stronger ECM remodeling effects, providing a molecular basis for scar reduction.

(5) The results of animal experiments show that OE-CHRD delayed early wound closure (7-35 days,
P<0.05) but achieved comparable healing rates to controls by day 105 (P>0.05). Epidermal thickness (45.4
& 5.1 um) and collagen alignment resembled normal skin (41.5 = 4.3 um), with minimal scarring.
Mechanistically, OE-CHRD inhibited TGF-$1/Smad3/COL1A1/COL3A1 and upregulated Smad7. OE-
RASSF8 reduced collagen synthesis but showed weaker regulation (higher residual collagen, disorganized
fibers).

Conclusions:

(1) Integrated multi-omics and functional assays revealed that key genes (CHRD, NOG in TGF-p;
PTEN, RASSFS in PI3K-AKT) suppress collagen synthesis rates and optimize alignment to enable scarless
healing in donkey skin.

(2) In vitro, OE-CHRD inhibited fibroblast proliferation/migration, downregulated collagen genes, and
activated Smad7. OE-RASSF8 antagonized PI3K/AKT to suppress fibroblast activity and balance ECM
homeostasis (upregulating TIMP-1, suppressing MMP-1).

(3) In vivo, OE-CHRD delayed the early collagen synthesis rate through a "delayed repair-ordered
remodeling" mechanism. However, by day 105, the wound healing rate showed no difference compared to
the control group, while collagen arrangement and epidermal thickness approached normal skin levels, and
it significantly reduced scar formation.

This study systematically investigated the mechanism by which donkey skin wounds balance collagen
synthesis speed and arrangement through "decelerated repair," providing a theoretical basis for
understanding the synthesis mechanism of donkey skin collagen and offering clinical targets for targeted

inhibition of pathological scarring.

Key words: Donkey; skin Wound; Collagen; Fibroblasts; Scar
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