Skin wound healing: The miracle of in vivo
repair from “bleeding” to “scarless”
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Interesting skin knowledge
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Content

e What is the basic structure of the skin?

* What are the main functions of the skin in the human body?



Overview of Skin Structure
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Structure and Function of Each Layer of the Epidermis
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Evolution from amniotes to mammals
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Development of the epidermis
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Structure of the mammalian epidermis and major cornification processes
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Functional cell death: Corneoptosis
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Structure of mammalian epidermis and its three barrier elements
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Diagram 1llustrating known and predicted skin resident versus migratory roles
for Langerhans cells (LC)
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West, H. C. et al., 2018, Front. Immunol.
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Cell Types 1n the Epidermis
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Cell Types 1n the Epidermis

3. BRe/RZAAE (Merkel cells)
4. BRI (Melanocytes)



Model of active Merkel cell inputs 1n touch reception

DI:I Mechanosensitive channel II Voltage gated calcium channel

Merkel cell | D Piczo2

Merkel cell

modulation

Slowly adapting
type | afferent
(SAI)

afferent

Stimuli

_/ \ Models:
; I. Mechanosensory Merkel cells 1-2-3-5
Dynéfuic @‘II“IH H ’ Il. Mechanosensory afferents 4-5+6

static (&) [IMNIIMANINIOT y
SAl afferent (ZE181E N YRR Z a3 ENF4E)

Ill. Two-receptor site (I+ll)

Maksimovic S. et al., 2014, Nature Nakatani M. et al., 2015, Pflugers Arch



Graphic representation of a detail of the epidermis.

Solano F. et al., 2020, Molecules



Solar radiation reaching Earth’s surface, skin penetrance, and biological effects
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The Four Major Human Racial Classifications
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Fitzpatrick scale
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The source of melanin and melanocytes and melanin-related proteins
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Mechanisms of action of popular whitening active agents
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Summary of Epidermal Functions
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The Structure of the Dermis
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Summary of Dermal Functions
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Structure and Function of the Subcutaneous Tissue
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Graphical comparison of the various characteristics of young and aged skin
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Sofia Brito et al., 2024, Pharmaceutics
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Summary

* The skin 1s the largest organ of the human body, composed of the epidermis, dermis, and
subcutaneous tissue: the epidermis is responsible for barrier function and photoprotection; the
dermis provides strength, nutrition, and sensory function; and the subcutaneous tissue stores energy,
retains heat, and acts as a buffer.

* Its core functions include physical and moisture barrier protection, immune defense, sensory
perception, body temperature regulation, and participation in vitamin D synthesis.

* Aging primarily occurs in the dermis (characterized by a decrease in collagen and extracellular
matrix/ECM), leading to thinning of the skin and reduced elasticity.



Physiological events in the skin wound healing process

* Types of skin wounds
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* Physiological processes occurring in wounds
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Physiological events in the skin wound healing process

* Types of skin wounds

*  Models of skin wound healing

* Physiological processes occurring in wounds



In vitro models of skin wound healing
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Ex vivo models of skin wound healing
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In vivo models of skin wound healing
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Drosophila and zebrafish as in vivo models
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The process of skin wound healing
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e Hemostasis
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The coagulation cascade (secondary hemostasis)
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Annualized bleed rate
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Inflammation
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The side effects of long-term inflammation
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e Proliferation

' Proliferation
(Weeks to months)

® (Granulation tissue formation

® Angiogenesis

' ~ & <le] ® Re-epithelialization
'« «— Myofibroblas P

Proliferating
keratinocytes

- s se—— ECM
Proliferating .-/, . %~ Granulation
fibroblasts = tissue
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: Proteases
Angiogenesis '

Choudhary V, et al. Int J Mol Sci. 2024



The granulation tissue and collagen

TYPES OF COLLAGEN

TYPE NI \ TYPEV TYPE IV

TYPEN

¢

Basement Membrane

=S ;&
Fibroblasts activated by Activated fibroblast
proinflammatory cytokines Cartilage Connective Tissue j Hair
Myofibroblast
Normal skin: 80-85% 10%
; injury |
(cell damage)
Type I: £ 4EXH . oy
iﬂ%%—\ ﬁEij{\ TKF,ﬁj\:ﬁ?—T‘l{.;i}Eanﬂu
REHT R
f difference
Type III:  £F4E4H .
X == R, S B AE e 5 3
ks m _’% / Fibrin SRR S
Fibrinogen

Gajbhiye S, et al. Biomater Adv. 2022

Mamun AA, et al. Front Immunol. 2024



The important role of vascular endothelial growth factor (VEGF) in angiogenesis

in vitro
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The function of related factors in re-epithelialization
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* Remodeling

Type

Collagen

® Scar formation
* ECM remodeling (Collagen replacement. Apoptosis)

* Angiogenesis regression




Summary

® Skin wounds are mainly divided into four categories, and they have different degrees of
damage to the skin tissue.

® Skin wound healing models can be classified as in vitro, ex vivo and in vivo models and they
have different scopes of application.

® \Wound healing is divided into four stages, and in each stage, many different cells and factors
are involved in regulating the related physiological processes.

Hemostasis, Inflammation, Proliferation, Remodeling



Thank you!



How to accelerate skin wound healing/reduce scarring ?
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Humanity's "slow repair”




Normal wound healing process
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(Wei Peng, et al. International Journal of
Biological Macromolecules, 2022)



The goals of skin wound healing

More efficient

Accelerate healing
(quickly stop
bleeding and
prevent infection)

More comfortable

Reduce pain
and itching

More beautiful

Reduce scarring




The development history of wound treatment

“If the pus is white, and not offensive, health will follow,
but if it is sanious and muddy, death is to be looked for.”

ﬂ:[l_"
I SRBR TR EARES, RHTETR

-

Suppuration is a necessary process for healing

—“ laudable pus” (B zmHIIG®E)
Tk URRASHNLELRE

(Jeffrey A Freiberg. J
Community Hosp, 2017)
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The development history of wound treatment
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The development history of wound treatment——Dry healing
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Traditional dressings’ obvious shortcomings

AR RFHOEE, TEREAORE,
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healing. However, traditional dressings also have obvious shortcomings
[40,41]. Such as, (1) they cannot keep the wound moist and delay
wound healing; (2) the wound granulation tissue tends to grow into the
mesh of the dressing, which tends to adhere to the wound when
changing the dressing, damaging the new granulation tissue and causing
pain; (3) the barrier function of the dressing is poor after penetration,
which tends to cause exogenous infection and poor hemostasis. The
experiment has shown that s-type epidermal bacteria can be found in the
dressing composed of 5 layers of cotton gauze after being wetted by
normal saline for 5 min [42].

(Wei Peng, et al. International Journal
of Biological Macromolecules, 2022)

The method of saturating gauze sponges directly in thelr wrapper was tested to
determine strike-through contamination. Contamination occurred in 100% of the
uncoated-wrapper sponges, regardless of exposure to Staphylococcus epider-
midis or Escherichia coli. Among coated-wrapper sponges, 80% exposed to
Staphylococcus epidermidis and 20% exposed to Escherichia coli demonstrated
strike-through contamination. Coated-wrapper sponges had a significantly lower
rate of contamination than uncoated-wrapper sponges when exposed to Es-
cherichia coll. Occurrence of contamination of all sponges was significantly
higher from Staphylococcus epidermidlis. The findings render the popular prac-
tice of saturating gauze sponges in their wrapper unacceptable.

(D Alexander, et al. Clin Nurs Res, 1992)



The development history of wound treatment——

The Antibiotic Era
The Nobel Prize

Sir Howard Walter Florey
1898 - 1968

Sir Alexander Fleming
1881 - 1955

Physiology/Medicine 1945

Ernst Boris Chain
1906 - 1979

Alexander Fleming discovered the antimicrobial properties of
penicillinin 1928. Twelve years later, Howard Florey and
Ernst Chain developed the processes to produce pnmcnlln |n
sufficient quantity for it to become widely availabie”’

THE BRITISH JOURNAL

EXPERIMENTAL
PATHOLOGY

VOLUME TEN

1920

/.'.If.'r:‘."...‘..",‘-'m‘I.‘...:,.'A 220236
ON THE ANTIBACTERIAL ACTION OF CULTURES OF .
PENICILLIUNM, WITH SPECIAL REFERENCE TO THEIR
USEE IN THE ISOLATION OF B. INFLUENZAE.

ALEXANDER FLEMING, F.RCS,

From the Laboratories of the Inoculation Department, 8t Mary's Hospital, London

Racoived for public 1 Moy 10th, 10920,
x‘:‘,.:‘\‘,; THE LANCLT
. LL The Lancet

ue 6104, 24 August 1940, Pages 226-228

PENICILLIN AS A
CHEMOTHERAPEUTIC AGENT

E. Chain Ph.D. Cambridge, H.W. Florey M.B. Adelaide,
A.D. Gardner D.M. Oxford, F.R.C.S., N.G, Heatley Ph,D. Cambridge,
M.A. Jennings B.M. Oxford, ). Orr-Ewing B.M. Oxford, A.G. Sanders M.B. London




The epoch-making penicillin

(A Fleming. British
Journal of
Experimental

Pathology, 1929)

MERNLI, ERAXSE-XFFTERBRAEENMAERENRR, RIXZTEEGHNFRERENES.

Treated with penicillin No treatment

cHnt71) —
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The development history of wound treatment——\Wet healing

Table 1. EPITHELIZATION UNDER NORMAL (DRY) AND EXPERIMENTAL

Time

Dry Wounds

1 day

§ days
5 days
7 days

Moist wounds

1 day

8 days
5 days

Pig 438.

(Mo1sT) CONDITIONS

Total length  Total length of
Wound of epldermis section examined Percentage of
(mm. x 10~%) {(mm. x 10-%) epidermis
1.608 71.479 2
26,212 77,001 34
5b,624 77,604 72
77,902 78,076 100
Algo at § and 11 days 100
11,827 64,496 18
77,698 78,004 98
71,721 71,721 100
Also at 7, 9 and 11 days 100

Superficial wounds, 2-b cm.?. Skin depilated with wax

$ days before wound making, 6 wounds, no dressing (dry), 6 wounds
covered with polythene filin (moist), rpaced alternately. Serial seotions
at 104, every fifth section measurecE

(GEORGE D. WINTER.
Nature, 1962)

Table 2, EPITHELIZATION UNDER NORMAL (DRY) AND EXPERIMENTAL
(Mo018T) CONDITIONS

Time Wound of epidermis

Dry wounds
8 days

ek
WS stiw

Total (6 wounds)

Moist wounds
8 days

=1 b9 =

10
11

Total (8 wounds)

Pig 47. Superficial wounds, 2:5 cm.®

Total length  Total length of
section examined Percentage of

(ram. x 10-%)

59,481
32,940
23,224
24,892
23,232
30,254

194,023

83,804
87,120
106,804
101,362
78,045
71,667

H28,692

(mm. x 10-%) epidermis

102,865 58

81,635 40

70,050 83

66,119 38

65,183 36
_90,756 33
476,608 41 (40-7)
p— fem———

84,410 99

87,120 100
106,902 100
101,574 100

79,089 99

76,434 94
535,529 99 (98-7)
e =

Hair was eclipped short

immediately before wound making, 6 wounds, no dressing (dry),
6 wounds covered with ]ivglythene film (moiet), distributed at ran-

dom. Serial sections at

¢, every fifth section measured.

ERREAZAMRE TGO, HERARIZEEILRERETREMIE T HRE26E.



The difference between dry healing and wet healing
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Summary:

> B/ MEBRA
HRMURIEREm T ATEFKEA—TEF.
> ETMER: Ik, XA
BAEYERRESLTEANEE . ZATHAGERIES THETH R IE,
> F=RER: LB EHIRE
MARNEI, FEAXEIRE TRBRS N ARERE RS,
EHRAERELS TR G OBRMRELE.

Now, we hope to shift the process of wound healing from
"passive healing” to "active guided regeneration”

The core of modern wound care is to "create a clean, moist, warm and sealed healing environment"



Questions:

Part 1. What requirements should an ideal skin wound dressing meet?

Part 2. At present, what are the new types of wound dressings used in

clinical wound healing?

Part 3. How to reduce itching or improve the appearance of scars?



ldeal skin wound dressings’ requirements

Moisture retention .
Histocompatibility || Exudate absorption ategety
(a) Histocompatibility, toxicity, and Ii E [deal wound
inflammation free’ ///\{\\\ H : e dressing material
(b) Moisture retention and exudate 0 Exudate Skin
absorption;
(c) Mechanical properties similar with
human skin which keeps its s
integrity; i Air
(d) Protection against secondary  jjeal wound \4
infection; dressing material ~—— s
(e) Suitable pore density allowing air Glin — |
permeability;
(f) Low adhesiveness that prevents Anti-bacteria Air permeability | Low adhesiveness
wound trauma at dressing
removal. (Wei Peng, et al. International Journal

of Biological Macromolecules, 2022)



The Classification of different wound dressing materials

Natural derived wound

dressing materials Synthetic wound
- Traditional wound dressing material

dressing material
&) —F S /\,‘::\‘
\ e B //‘ — e =y

Collagen RREEH

X:EX?Q e ] N T : Hydrogel 7KEERR

AN
Chitin )_[.,T e W ‘ FAARA
, AN
Film-type wound HAEE 50O

dressing material B}

Alginate 53R Wounded skin 5
i 9%
i . Foam-type wound a3k &7 0O
1 1 = X d QIN o t '.1 SN
Animal derived ressing material Bl
material ——

Recovered skin

(Wei Peng, et al. International Journal
of Biological Macromolecules, 2022)



Hydrogel: "Hydrating and Debridement Engineer”
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Hydrogel Dressings for Autolytic Debridement ~— X&& —_

b Mepitel Ac-ILVAGK-NH, Ac-LIVAGK-NH,
a Onset of debridement
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Hydrogel Dressmgs for Effectlvely Acceleratlng Wound Healing
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Foam-type wound dressing material: "Absorption Buffer Guardian”
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The Advantages of Foam wound dressings

B Swelling ratio
I water retention capacity

3000

2500

2000
1500
1000

500

RCS RCS-Ag1 RCS-Ag2 RCS-Ag3 RCS-Ag4

(1) FEFEERFERFLAL
KFL A B IBHYE NS H R K
Rt 7 @i .

(2) FERBHER REFAEK | =
'I‘_&L Lﬁ% 1= ﬁ'ﬁt% E/‘] EI:_ % 7" H %U‘ 'l‘l_:EI- 1 Gaseous . Silver / Exudate Living Postmortem
T ! ( o : : - : ;
ﬂ- 'T%-Tl-—:—.l't ,f/ﬁ n 5& 5[}:' E/‘] % i% # w LI& 7}2 .+ exchange nanoparticle / channel * bacteria * i bacteria
s (Dongdong Ye, et al.

Cellulose, 2016)



Film-type wound dressing material: "Transparent Breathable barrier”
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Reducing scratching can help with wound healing

A ﬁ» ﬁ é %7’- %—{j’_ B  MRSA exposure site
Epicutaneous MRSA exposure model , \ot

Exposure site dermatitis

= (.9989
Topical application P bt [JpBs
of MRSA (107 CFU) Itch/ & Ak ok *cex [ MRSA
inflammation Nl - [~
Shave/depilate analysis 6To
| | i
o
? 6
1 1 1 [ VIR —> £
T T T T 5
Days -2 -1 0 1 5 @ 34
0-

Female Male Combined

Spontaneous itch
p=09977

Total skin damage

[JrBS
s EEMRSA

PB

Infrared behavior observation box
(iBOB) Female Male Combined

Male

G gc‘a\ O\)
" G Total skin damage
Total skin damage - tn damage____
1 [ |
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ceratch ¢ : — [ MRSA (scratch)

bu e 1 j 1™ (Liwen Deng, et
- L] al. Cell, 2023)
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Pharmacological inhibition reduces S. aureus itch and skin damage

Vorapaxar BE{EMa MO MESZHXEERZAY.

E F Exposure site dermatitis G  Spontaneous itch
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B Vehicle 1
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-
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* 454
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The Key Inflammatory Cells in Scar Formation

Key mﬂammatory cells in abnormalscar formatlon

(Ud-Din S, et al, Front
Immunol, 2022)

DAMPs

S TLRs signaling
'H\ (‘rm’a f{‘j’iz‘ /

Datnnged tissues

TLRs signaling

0 Dlﬂacnmmon
Fibroblast proliferation Myofibroblast
R AT 4 4 B AILRK £ 4 2 e

Inflammatory cells
(Mactophinges. tast cells.
Ivinphocytes and neutrophils)

FAK signaling ©
Tension

A iy SR
s fJ ‘S }. J’S r‘{

Abetrint scar formation

(Zheng-Cai Wang, et
al, Front Immunol,
2020)



Treatments for Scar through Suppressing Inflammation

Current reagents
HH E AR R R * Steroids K[EE | >

« Silicone gel FEEEA ‘ — =

VEHIERIBIIE | Onion extacloitiment. SEAEBMEE —>

BT iEINK/STAT-3 22 Other medicines —
HIHI KR ERE R F = £ R » Aspim []S]ILAR
M Z BB AR, 0%+ Bowlinum toxin' g
% 4 2 S A A 1 | I ———
(R STAT-3 (2SSt R R o T
%] NF-xB BESIIEREAF

Other options W IE. Ok
HI M & A BRI R E * Radiotherapy, compression, laser and 5-fluorouracil

i MG O 1h 22 595K 3k .
f}j?'/ 12 H ]‘jl’% HY itjj x * Surgery, stabilization by tapes. sheets, and/or garments _
B0 O X3 Y K Scar improvement

TR, A, B xMEE
A BRI B ROEE (Zheng-Cai Wang, et al, Front Immunol, 2020)



Take-home message
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Wesking a kapty, long and kealthy life!



