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[ Abstract ]| Objective To investigate the role of scar epithelial cells and its potential molecular mechanisms in the
efficacy of low-energy CO, fractional laser treating post-burn scars. Methods The model of post-major burn scars on the back
of rat was established. Three rats with post-major burn scars received 30 mJ low-energy CO, fractional laser treatment to detect
the activation of scar epidermal cells. Epidermal tissue of scars was isolated for RNA sequencing to screen activated pathways.
Subsequently, 18 rats with post-major burn scars were randomly divided into 3 groups (n=6): the control group without
laser treatment, the laser group receiving 30 mJ CO, fractional laser treatment, and the laser+inhibitor group receiving laser
treatment and intra-scar injection of IWR-1 (a Wnt/B-catenin pathway inhibitor), to verify the activation status and effects of
the selected pathways. Hematoxylin-eosin staining, Masson staining, and Western blotting were used to detect the proliferation
of epithelial cells and fibroblasts, the activation of Wnt/B-catenin pathway, as well as the improvement of scar profiles.

Results After low-energy laser treatment, there was a significant increase in the number of Ki67-positive, proliferating

[FBEHI] 2024-04-30 [#=ZHE] 2024-06-02

[E£WB] HERAKFEIAS(81930057,82272260 ), BN 5 BhFHIF F 5551 H (JKBWS23C1018,CHI23C031 ), i i & i 2 i fF o fful ik
I H (120232202013 ). Supported by National Natural Science Foundation of China (81930057, 82272260), Key Program of Logistics Research of PLA
(JKBWS23C1018, CHJ23C031), and Shanghai Top Priority Research Center Project (2023Z2Z02013).

[EHE®A ] Wi, i+ E-mail: 983118110@qq.com

“ilE1EF ( Corresponding authors ). Tel: 021-31161835, E-mail: 15026592154@126.com; Tel: 021-81873247, E-mail: xiazhaofan@]163.com



. 54 T R

20254 1 H 55 46 4

cell nuclear antigen (PCNA)-positive, cytokeratin 19 (CK19)-positive, and p63-positive cells in the scar epithelial tissue.
RNA sequencing coupled with literature analysis identified Wnt/B-catenin pathway as a potential candidate pathway. In the
confirmatory experiment, compared to the control group, the Wnt/B-catenin pathway was activated in scar epithelial cells in the
laser group 5 d post-laser intervention. After 30 d laser intervention, dermal collagen exhibited a more loosened arrangement,
with reduced dermal thickness and significantly less a-smooth muscle actin (a-SMA)-positive fibroblasts compared to the
control group. Collagen I, collagen Il , and the relative ratio of collagen I to Il in the laser group were at a lower level
than those in the control group. Administration of the Wnt/B-catenin pathway inhibitor blocked the activation of the Wnt/
B-catenin pathway induced by low-energy laser, the proliferation of scar epithelial cells and the improvement of scar profiles.
Conclusion Low-energy CO, fractional laser treatment can activate the Wnt/B-catenin pathway of scar epithelial cells, thereby
activating epithelial cells and yielding significant scar improvements.
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[ Citation ] GU H, LIU Y, YANG L, et al. Low-energy CO, fractional laser treatment for post-burn scars via activating
Whnt/B-catenin pathway in scar epithelial cells in rats[J]. Acad J Naval Med Univ, 2025, 46(1): 53-64. DOI: 10.16781/j.CN31-

2187/R.20240280.

et s T ERIRE IAE A N R, i Hobe
DiJF IR IR e s AR AR IE | S RE RS AR
HAH L BOCHAR P B BN KR AR
PR Z A TFRIRIAYT S o BRI, CO,
RFEROCIR P IR 1 2R UM IR LB, H ik
M REESELORIE R R HHI TR, (HiX 2y
RS SR, BT R MR
UTAFA, R 22 1 i PR S BRI R, (R AE
CO, MFFHOE SN 4 AROUPIERIR, $#m
WIZHR MM AT RES S T CO, siFFHOETH K
RS I AL AINEUR RN | TR PUR =V A7) 3 3| DN
BRI, PRTEIRIR R K A AR e 3 R P A VR D
L ILATRER) 73T HILH] o

1 #MEFFE

11 SRR & 12 EEHENE SD KR (k&
21500~600 g) W4T HrblAs (M) AEWHE AR
BN & [ s A =1 il E 5 SCXK (F5) 2022-
0006 ] o K FRERAN R = TR ZE 22 B K2 (B
BER2E) 5 —BtE =B L me s s [ 525 sl
VFRIIES . SYXK (97') 2020-0033] , fe i fH IR
B CIRE 20~25 °C, X 50%~65%) . H
P FROK S5 T 3E R R E 1 RS R85
Z BRI SE, 75K B HCR ) 94~98 Cifik i
4 s 107 PR LA ORI BUR ik
J& 10~ 14 d LRI, B RIS C e 21T
B, BRI, HEMKTEEEE. ARG HEE
TEERY (B ZEERY) H—WE ER S s

RIS B 43 it [CHEC (A.E) 2023-034]

12 @Gk WG RIREIIRCE (n=3)
TR T 30 mJ {RBE R CO, mMEIOET il (CO,
BOGIRIT AL, S CHX-100H, I = FHE kK
FeHARRAF) , o EFEESE 3.0 ms, AT HEE
0.8 mm, T HUFT AT UGS 3 Ko B YT BURIR 41
210.5ecmX0.5em (£ X 58 ) , B3 LB M4,
BT 0.5% 4 HhE T (dispase T ) &, 37 C
T 1 h LIS R B . S IE R Sk T
SR (H HEAZAEYHARARA R ) |
iifi v 22 57 K IR FE A, f ] RStudio 1 {4 Xf 225 5 3%
K3 DR R AT 50 AR L IR RN 3 R 4 T RF 4 (Kyoto
Encyclopedia of Genes and Genomes, KEGG ) i i
BRI, S ERAERRSE O, e R T RE Y
Bl ——Wnt/B- BEEE P18 3

1.3 AT 18 Hbet G MR AR ALK R
R34 XY (n=6) . WOL4l (n=6) F
WOL+HIHI L (n=6) . WOLLALT CO, S
JeT 1 (AR 30 mJ, [H]f@ATE] 3.0 ms, s fE]HE
0.8 mm) , PG HNHIFILAEAR RO T Hidknt -+
WOET AT 1 K. THCYRMTHUS 1 RIERIE L
T S WnyB- 6 2K 14 % 40 1 59 TWR-1 (10 pg/em’
RORHEAD) |, XRARTHOCT L. 3 AT+
MR FHJGEH 1, 2. 3. 5, 10, 15, 30 KAHA
W0, JEUIEL 0.5 emX 0.5 em (K X 5 ) 2205
AL TR, M TPRREEE—MEKM
ORI O B S e | O W 25 | [ RS R TS |
2E AR NI, AR 2 SR S AT DASE 1 AR



WREEE RS2 2025451 A5 46 4%

e 55

B AR
14 MBBREFRE PIRANZE AR
M. WA A, 1T H-E, SRR 2,
LB T X € U R - RN YN N Y
A BT A ZUR B2 IR B IR s B A 2B AR, TR D
PRI T g T AL, AU i i 7 12 K
T/ T2 S iy e Aol s 4 5l T - ~F- 38 LWL 3 25
1 ( a-smooth muscle actin, o-SMA ) L & (3 [
Abcam /A #], $85 4 ab7817) . CD31 Hilk (H[H
Abcam /A 7], %5 4 ab182981) | Ki67 HifA& (Jt
Abcam A H], $75 4 ab16667 ) | HEFEAN ST
Jii (proliferating cell nuclear antigen, PCNA ) $iif
(#[E Abcam A H], 535 ab29) | AHIMAEH 19
( cytokeratin 19, CK19 ) P& ( F[E Abcam 2\ A,
57 ab220193 ) | p63 Ptk (LR Abcam A,
525 9 ab124762) | B- R H PR (J%[H Abcam
AT}, 550 ab32572) | B4 MR A 7 e AR A
( myelocytomatosis viral oncogene, c-Myc) $i &
(%[ Abcam A H], 5754 ab32072) 175414
feege s, FEPLBENL 6 4~ 400 X S A5 ALEF ( high
power field, HPF ) #17/E w 57
1.5 QR TE I ERIRR K IHRIGE F 5,
Uk, BERRE, A A B- B Uik (U
Abcam A 7], $54 ab32572) | WEIA ALK 3B
( glycogen synthase kinase 3, GSK-3B) #T {4 (32
[ CST /AT, 185k 12456T) | kLR LS A A
¥ 1 (lymphoid enhancer-binding factor 1, LEF-1)
Pifk (B[ Abcam A, 5354 ab137872) | 4
JAIAE A DI (cyclin D1) ik ( 95[E Abcam 24 F],
52450 ab134175) | B- WLEhEH (B-actin) Btk (5&
Engibody A Fl, $35 4 AT0009 ) 4 CHFH 7%,
B 5 18 1] HRP AR iC 19 1L 504 1gG (b i Akl A
YWEARHARA T, 5259 8 LF102) EiRk FFE
2h, BIEEEEE H Image] AT 45 HO K FE AR,
1.6 %it5 42  {#iH GraphPad Prism 9 #4317
Gt oIt e B HERE R x2s Fow, 4l
FLBER LR 7 22000, PRI EL R Tukey K
Koo KagsKIE (o) 24 0.05,

2 & B

2.1 fkAEE CO, & LT s K R R K 2
JaAEA KAEMEE (K 1A) SR, 3R mH

A3 I TR R A R R BRAAE OG- TS B 20 1 2 1
SR IX, TS5 1 R ERIR 78 1 £1 i i
R, RSB ETAE R, 510 RIKE 2 T HHT Y
WA, HEQ @R (K 1B) Wor, KAER L
FEER TR R 22, $E R ERZGE ik
P WO IS B2, IR B ik vha] DL AR R
F AR A3 X, 3R i 4 29 R ALE i Zs < fk
X THUSH 1~2 K, & Y5ESs 5 B AR Y
P, H 3 B A 20 T R MBO 1 1 2% B R 5
TG 3~5 K, REJZBEIRIGIR, F 01
T AN SE RN, TS 2E 10~15 K, HEJEW)
Pz B W AR, R WK 2 & T T Y
TP B e 25 3 (B 2) Wow, XFHR4L
R AN R EAFAEN /D 5 Ki67 BHM T PCNA [H
PEANAL, 2B URES 2/3 B HIIE /A il b CK19 [
PEFT p63 PHIEAIM; WOLTHUSHE 1~5 K, LiRMH
PR AR FUZBOT I, TS 5 Kiksikx
%, IR KR 2 Ki67 B0 BCE s hn 1 2.2
£ (31.33+£1.53) /HPF vs (9.6742.08) /HPF,
P<<0.05] . PCNA FH 4 40 g 5 2 34 i 7 3.1 %
[(34.33+4.04 ) /HPF vs (8.33+£2.08) /HPF, P<
0.05] , AT 2/3 JZ2 B CK19 FHE 41 it %k &
BT 2.6 1% [ (44.331+4.04) /HPF vs (12.33+
1.53) /HPF, P<<0.05] . p63 P40 im 1
1.9 £ [ (47.67+6.43) /HPF vs (16.671+4.04) /
HPF, P<0.05] , fEMIZRE)ZHIGIE; b5 FHEZH
MUBCZ #k D, UGS 15 REFEAWKE 2+
TETHPRAS . IR REW, FOLT MR R K
YIS 1L
22 AREEE CO, & Mg & i TR R K dm 0L iE 3%
ik BOEOE T WRTAT WS 26 3 RPPBRIE4S 0
BRI AL ATRE SRy, SR BR, ST
TRGA L, BOE TR 3 R ZSUIEA 283 4
FEERIA B, 125 MR RIATIE (B 3A) .
X} 2% F R FE NPT KEGG 18 I & 420, W E gk
FREEHT 30 o7 A5 a8 B AT HEF IF 25 <Al
R, BOCT WG 3 K, 45405
KI5 T B (Wnt/B- B {5 5@ % . TNF {5
S pS3 R TSR ) #ME (KI3B) o 45
A EEAERFSTIRGE ", PR Wnt/B- B 1 1
SR A A T S5 SRR



BEEEIAM 202541 H L5 46 %

e

B1 KA ECOz,.\Kﬁiii‘sii’l'::ﬁ‘ﬁi}:’"““‘llkﬁﬁk%{ﬂﬁﬁr #Eijcm}ﬁf‘ E’chﬁiiﬂgifﬂéﬂ ARIEFE

Fig1 Macroscopic observation and histopathological changes of scars after low-energy CO, fractional laser

intervention in model of post-major burn scars on the back of rats

A: Macroscopic observation; B: H-E staining. Con: Control group; d0-d15: Day 0, day 1, day 2, day 3, day 5, day 10 and day 15 after

low-energy CO, fractional laser intervention of the laser group, respectively. H-E: Hematoxylin-eosin.
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Fig2 Activation of scar epidermal cells after low-energy CO, fractional laser intervention in model of post-major burn

scars on the back of rats

A-D: Immunohistochemical staining results of Ki67, PCNA, CK19, and p63, respectively. Con: Control group; d0-d15: Day 0, day 1,

day 2, day 3, day 5, day 10 and day 15 after low-energy CO, fractional laser intervention of the laser group, respectively. "P<<0.05 vs
Con. n=6,x%s. PCNA: Proliferating cell nuclear antigen; CK19: Cytokeratin 19; HPF: High power field.
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Fig3 RNA sequencing analysis of epidermal tissue of scars before and after low-energy CO, fractional laser
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A: Heatmap of differentially expressed genes; B: Bubble plot of the top 30 enriched KEGG pathways for differentially expressed genes. Con-

1-4: No. 1-4 samples before intervention, respectively; d3-1-4: No. 1-4 samples on day 3 after CO, fractional laser intervention, respectively.

KEGG: Kyoto Encyclopedia of Genes and Genomes; FC: Fold change; TNF: Tumor necrosis factor; [L-17: Interleukin 17.
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Fig4 Activation status of Wnt/p-catenin pathway in scar epidermis after low-energy CO, fractional laser intervention
in model of post-major burn scars on the back of rats
A, B: Immunohistochemical staining results of f-catenin (A) and c-Myc (B); C: Western blotting analysis of protein expression in the
Whnt/B-catenin pathway in scar epidermis tissue at different time points after laser intervention. Con: Control group; d0-d15: Day 0,
day 1, day 2, day 3, day 5, day 10 and day 15 after low-energy CO, laser intervention of the laser group, respectively. ‘P<<0.05,
"P<0.01 vs d0. n=6, x*s. c-Myc: Myelocytomatosis viral oncogene; HPF: High power field; GSK-3f: Glycogen synthase kinase
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Fig5 IWR-1 inhibiting the activation of the Wnt/p-catenin pathway in scar epidermis tissue after low-energy CO,

fractional laser intervention in model of post-major burn scars on the back of rats

A, B: Immunohistochemical staining results of B-catenin (A) and c-Myc (B); C: Western blotting analysis of protein expression in the

Wnt/B-catenin pathway in scar epidermis tissue at different time points after laser intervention. Con: Control group; d0-d15: Day 0,

day 1, day 2, day 3, day 5, day 10 and day 15 after low-energy CO, laser intervention of the laser+IWR-1 group, respectively.

n==6, xts. c-Myc: Myelocytomatosis viral oncogene; HPF: High power field; GSK-3B: Glycogen synthase kinase 3B; LEF1:

Lymphoid enhancer-binding factor 1.
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Fig 6 IWR-1 inhibiting the activation of scar epidermal cells after low-energy CO, fractional laser intervention in
model of post-major burn scars on the back of rat
A: H-E staining; B-E: Immunohistochemical staining results of Ki67, PCNA, CK 19, and p63, respectively. Con: Control group; d0-d15: Day 0,
day 1, day 2, day 3, day 5, day 10 and day 15 after low-energy CO, fractional laser intervention of the laser+IWR-1 group, respectively.
n=6,x=+s. H-E: Hematoxylin-eosin; PCNA: Proliferating cell nuclear antigen; CK19: Cytokeratin 19; HPF: High power field.
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Fig 7 Histological changes of scar tissue 30 d after intervention in rats in each group
A: H-E and Masson staining; B: Immunohistochemical staining results of a-SMA and CD31; C: Picrosirius red staining observed
under a polarised light microscope. ~P<<0.01. n=6, X*s. H-E: Hematoxylin-eosin; a-SMA: a-smooth muscle actin; HPF: High
power field.
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