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[ Abstract ] Diabetic wounds are a severe
complication of diabetes, which can lead to amputation or
even mortality in severe cases. While normal wound
healing consists of four phases: hemostasis, inflammation,
proliferation, and remodeling, diabetic wounds tend to
become chronic and refractory primarily due to a
prolonged inflammatory phase. In diabetic wounds,
insufficient synthesis and release of endogenous calcitonin
gene-related peptide (CGRP) is a critical upstream
mechanism underlying the disrupted neuro-immune
communication, the persistent inflammation, and the
arrested wound healing process. In contrast to pure skin
defect wounds, where CGRP is rapidly upregulated after
injury, CGRP remains persistently low in diabetic wound
tissue, consequently failing to drive macrophage
polarization towards the M2 phenotype or promote
vascular maturation and collagen fiber deposition in the
later phase of inflammation. In the early inflammatory
phase, CGRP exerts pro-inflammatory effects by enhancing
angiogenesis and modulating macrophage polarization. In
the late phase, CGRP upregulates
thrombospondin-1, promotes neutrophil apoptosis and
phagocytic

inflammatory

inflammatory

clearance, thereby inhibiting excessive
shifting  the
microenvironment from a pro-inflammatory state to a
pro-reparative state. Restoring CGRP signaling reconstructs
the neuroimmunomodulation axis and improves wound
repair while relieving diabetic neuropathic pain.
Engineered CGRP combined with intelligent delivery
systems offers promising prospects for diabetic wound
therapy. However, large-scale clinical trials are still
required to validate its clinical efficacy and safety. This
paper systematically analyzes the mechanisms and
application strategies of CGRP in facilitating diabetic wound

repair, which can provide a theoretical basis and innovative

response and wound
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strategies for clinical management.
[ Key words ] Diabetes
gene-related peptide; Neuroimmunomodulation;
Inflammatory response; Engineered
gene-related peptide; Wound repair

mellitus; Calcitonin

calcitonin

R B T RS 5 DL ELXE AL ) O A E , oA 58
WERENE UM ALY SR 2R DI RE S LA e i
A S5 22 R R R B U AR O, 7 A T BUR B 2= A
T IEE G AA T2 A W B ki SENE A T
XL B AT, HAB OB B Z R AE 7R S, LR a2
GURAE AR S BRI B e — A A
LA, F A3 HE R ) T T S8 RE ) AE K 49 58 ) 4 e R e SR
T B[R4 R, 8 B e 2 E 7K P e AR K ST FR
OIS, SBURTERAE RN , A8 PEE A

AT AF R W9 52 R B B RO A R AR 2255 72 (diabetic
peripheral neuropathy , DPN ) AN &4 R 955 1) 85 22 9 ZAE ,
JE M PR B T A A T DR . DPN AT BURSE A
F M DI RERERT , 45110 B R R A 22 AR, AR o 28 S TE
WL T U AR 22 KA R RIS, 2 TR 5 S o 2 - B i
PER L ARG S R GEZ AT AR )2 T 52 2
T 3E TR0 2, SR At 2 AR R T ) ot 28 K T 4 52 i S A 4
SEEE AR AN AN DA 723 W , AT R ThT 58 RE S I AT e
SRR DR, DR G g A EL AR FH A R A OB R A 1
T A A SR LR, % ) G S A AN 7 g g BEAIL ) LA
TR ARG L PRG3R R 4 R G S S Y
Y, HAEM A RGBT I REC #l iz I SR, iF
FERI, A1 A b 22366 J5T RE A 42 22 Foh ZH 288 A4 A TG B
A, B IR | Il B U LA SRR T B T A 2y
TFHE AT AR AR 2 AN R s v R A 3 PR G K
(calcitonin gene-related peptide, CGRP) /2 B JIR A 25 2 4 v i
FE E R R R R B, HAE ) S R R AW
FIIREITAE AR Z B2 U, AR RIPLHIAR o 1% S
AR gE

AT 22 Ik CGRP Hl A 4T 2% Bk R 8 5 o (B 21
W TEMAERGE O REF IR LG )z
CGRP B AT 3 KA SR UL AE R RE 1, IF HLAE IR 0 1% 3
ZRVRY ARAE SN S A SR R R v ke R E T R Sk
IR 45 22 R BT SR YT I AR R P S AR
A 52 A B BILAR At R T 52, A B e 22 5 B PR A0 M )
PR o WEoE Q0 A b A 2 e e AL, A B T e
AT HIN I CGRP SR AE 5% PR A1 ThT ) 5C 2%, A1 B AR ROk
TF 2 AR A 220855 700 , A5 o DR B TG ST B TE 25,
R I PR SO0 M 28 S e D REHEA T I35, LASE B HEWE PR
lNapesyiBISTiv

1 BRFEYHABRESERCHAAHES
L1 IEH RIS 17 B B AE
BT A 2 e B MR A AR e i R, 2 B 2 RN T

FNARBEL PR F ORGSR JE L SRERIINI S Ik i 40 ]
o Ja dl o AR AN B 5 0 I A N B B TR SR
TR, R A oM 2 1 A5 ) T AR A 2 450 1 ECML, 221
R A E B O PR A A0 B 3 Ak S MY I A
Je, 38 o A VR SRR S SR AE AL L, O 4 IL- 1
IL-6 . TNF-o 5548 R A T 45 R 0] S e B A0 o AE K 41 it 3
BB TNF- o 13 & B R A B -9 (matrix
metalloproteinase-9, MMP-9) JiiT# 4 21 g 47 55 I ECM T
I8, Th U433 v T30 38 S 305 B e 4n i o) 6T . Rl % Q1 i
A 195 S A A 5 ) B 05 A DA 5 1 e 55 , B I A
RAEJG ] o Thl F546LA Th2, 43 IL-4  1L-10 ZE 4T R 740
il ML A e 3 P A B 3L ) M2 A b, M2 R R
AN RE AL VEGE \TGF-8 A 4 7, B [E] 1L-10 V&5 BRI 141
MLt BCM A B [l As, V85 1 T 400 M 3 ok o il S 28
T 3 T A (8 R 200 M PR s, 5 BB T U A
BEHIPY, Fb e K AR T8 E 00 ma , n sh iR
YLD S A EUE S, B 450 R AT T 1B AP AR OR R
HET
1.2 RSB A 1 R

T DR B T ) AR R 18 M AR JRRE A 5 5 A
S SR, RFEHT I LI AN JE B 5 A S 13 S 10 1 1R AR B st
SRR E ARG FERE PR G R, b k4
it 2 1 A R Ak PR - 22 ARk i/, S B P AT 1 ) T T
IR TS , Toik B i B A A T & BT E AR A, JF R
T PR 8 L £ AR R I B I AR A W AN A s SRR 1 g
1, B ECRAE N S sh 2R 18 FLOR R 2 o [R] I AILAA A2 4
T 1) T Y30, 7 2, VIO TR 5 I 20T i ) 12 9 M R 5 I 2 i Al
AR, AU A A 58 PR 20 B S 40 TNF - IL-1 553k 20, BT
RAEN B SRR SRR IR FE A 215 0 R A i ek
BEBETERE

HEABE DRI B T E A TP S 9T, R DA M1 Y ) M2 7R
A Ak 2 F M), S 502 80% 1 W 20 i >l M1, 5 S 18
PEAAE A ML TR I . JF ELUAE DR 60 THT R ok 04 0 3L A U A 5
i Th1/Th2 P-4 58 I ZE 6L, 25 052w B @A R . ZEAH IR
g /N BRURSE R ey | SR A 1) TR TR TR P 5 TR 00 2 1) e s 4
LRI O 200 A3 0, 30 o e M B 1 e M 24 T
Fn R A AR I A A X — R A R R
N FEREBRIARAS R BB , 2 0E J5 W v PR 4 5 B
Wt 20T 00 %) 4R 5 6 A, DA B I T B0 Jd 3 4 A RS A AR
iR FTRESE O TG 52 25 AR 32 BH T de 28 SR S 12 M v v i
B BRI o i BT R R A S M PRIPDIR S T REEL I R
i PRl T R | R o7 R i B S 8 R R A 2 DT AR 5

2 CGRP{##i£

CGRP L% a-CGRP I B-CGRP 3 2 Fh 7 &4, 43 51| phy R4
FAHIE K o RS AR OC 2 Bk B LR b , 26 AR Al
KANRMZ 250, AT 5 2086 T E A v S AR 0 1
ATk E] . o, a-CGRP B4R VZ , 1 B-CGRP £



At S50 15 E 24 1 2026 457 A48 42 545 7] Chin J Burns Wounds, July 2026, Vol. 42, No. 7 - 689 -

AT IHIEMZ R G0 . CGRP AT Hy WG 20 i L 3 £k 14 B 1y
AN AL AR A BT IR DT R B 7S W, CGRP
AT LA G 7 =R R T AR . CORP S BE R |
P i o 2R A R R — NS, B A R
SURERR PR , G N 3t 1 C 32 52 PRI F) SR 5 A
A= BRI RE R Y RIVE I T, CGRP 5 PH R OC R 00 B %%
BRI B AT A AN 38 2 7R 15 4 AT
[ I R, =2 R IR, EAT R0 55 ALK ) A B
CGRP & HIE 5 2 — b i 28000 LA 5k 500>, w] 5 P I
TR ZE UK A S5 2 AR ) 44 A, S [RT 5 S ol A5 308 o A
38 LA KK I

3 CGRP7EfERAFEIE PR ER R EHH
3.1 CGRPFHEAHMASAIHIEE

T 5% S ARG SR 3% 1 P CGRP ik /Ko7 b 3%
I T E 4 B s 5B 2 B T (P<0.05) . WY & ik — L%
CSTBL/6Y /INFRU i B PR AR L I | 78 LS 3o 1 4 )2 B e die
A 1A, L 2 S 4 R, A T 20 21 HF CGRP /K -7 i S5 0~
12 d 52 35 22 F B A 3 T Bl ) 42 2 R Tk B 463 80 T i)
C57BL/6] /1N BB T 4141 CGRP 23k K - 145 Je ek T
FAEME R 6 KK FNEEFEA Nl 2 M Olm AL e GG
0 d 7Y CGRP JEAih 22 ik /K - Jr 1 JC W i 25 55, $2 3 i I s 01
T 55 B 400 7 R A BT 9 A% 00 22 3R E CGRP Wl IR Rk A
I, 7 S A R s ) 7 A% = i 1 7 v T 125 S5 8 CGRP (1 8
A LA, R 2SR RSEARFGA R . Ju AR ) 1 AR AE
U 1) 1L 0 ) DR Y B (035 5~7 ), CGRP RS2
A LT 1A Ak A g A B ) M2 AR A 40 o B AR A
SN O 1A A B, o ¢ LA T 5 G 46 i S0 ) 3% 7 T 1
TE 5 A5 SO DR O T A R

CGRP A JE i3 4 #F KC 1458 5108 06 16 MMP 45 J5 X {2
HANTH A A o 2014 4 1) —TAF 5T $E 7, X CSTBL/6 /NI 4=
P2 M B S B T A T I P B 0 NS CGRP 3, 3517 i 2
FETBITWcE %, B AR T CORP X1 & & 114 1E 1 P8 45
FEH, [RIRFIE S Bz JR SR b i 28 S T 119 56 2 14 J2: CORP R 4%
B2 VE R B Al . LAh, CGRP AT EL 24 UF KC Y3 4E
B A= B D S RN O v S e A U
34k, BETTAE/INBR A 25 B JER BB A0 1 i Jon i ) 2R 20 2 o
5 aa Esh Qs R ERE . 78 SD K B B4 )2 e kB
4B |, AR M CGRP W] 3 S TS MMP G %, 2 T
MMP-2 \MMP-9 {535 P4, i35 ECM i i 5 T 98 5 %3400
AR T T T 1A 5 T TR e S 2 1 B A9 4 3l A1
RN R (R S R Yo R N TR =W L XU NTTE L3R
YRR A A EH .
3.2 CGRP ARG IR 2R 98 RE X% PR A1 T 9 3 A

T2 S 2 P AR K, 40 P 4T L CGRP 2E A ST
FW . B2 Z B R RO SR A B
TEME R 2 O BT (5 5 153 o AR PRPS 6 DR R, B 48
S SE R HE WUEEAE F < 365 B A 2R 5 98 R AT B T ) A

F B A A T G 5 T R A e 2 U A U ] S 3R
S A AN, 0 T AL U407 , L A 0 R o b A A kb
AEPERRIE S, PR CGRP BLHEVEFH T 145 PN 12 40 e
FRISF- W LA AR, AT A S 0 55 2800 Hodr , CGRP A
iz YR it A AT 5K Y 32 BN 4 F L RS 5 RE AN i Y 55
LT ST WY, CGRP AR AT A 40 M R S 2 e , AT 7%
5 TP R AR I S A AR K B B T R R R A A A TR 1) SR B
WkAME SR AEKEAL | 5] K AR PE 9 RED

FEBE PR B I & B 3 B2, CGRP T 48 4 W B i 3 i
i W 200 A A 2l 1 A0 2 A ) 3 43 Ak R 45
2, 0B kB 1 A RS I L W PR A 1 R AE I
PEAME B ¥ CGRP 2R G 2 FRIR , If- 5 CGRP &5 &, ik 1
RS ST BN 5 A0 B 09 A B . 2014 4F, Baliu-Piqué
BT R, COGRP T/ B4 J2 5 Ok Bt B T 14 42
L R 2 A O AT 7 A A AT A R, SR 1 2 G
TS B A AR T o I BFATIE ST, CGRP Wi/5% A KC B
IL-1o FIIL-8 | W40 A PR AL TL-18 F TNF- o, 348 7] 75 S 12
Y HEIETE I H IL-2 3235 . Ding 22T 2016 4F & R MIHFY
FEH, CGRP W] fig 3l 5o 8 4% /0N BRI B Wi It 45 o3 B2 240 i ) 2
FI8 , 52 0] CYI R S0 248 D sl S 2 DR 200 6L 1) T 200 L 9% D 5 38 ot
FE, UE AR PE IL-6 T IL-17A 943 3 , Rl y T4 K .
IL-4 M TL-22 AR, i 24755 Th17 BURGE ROV I &4 It
Ak, CGRP 1] [ 9 TL- 1o FI TL-8 193835, I H A5 M B 32 i A
KC HfhZ A K HF RIS, CGRP 0] Ffi A 5
BB, I AR B2 KC 4l i NOS, {2 ifF— S A A i
M AR SAE

FEME PRI BT & 1 SRAERTH , CGRP 5 P A, &=
SR FEAE SAE R T EOH 98 2 W CORP 75 R AE 5 101 7T $E 3
BV 5 A2 RS B SRS A IR 1. Lu
SEIPE— 7R T CGRP ZEME s B & &2 rh (9 O 1
W R IR IR 25 G /N BRI B R B R LA T A
I 2 AL AR AL ) 50 O 8 A2 A8 R TR CGRP 8 A7 G
CGRP i Ji5 , FEXF IR 452 43 3504 11 P 40 L A 5 s 4
L E IR A S 2 8 T 5 M R s 0] 1T 1) G A B . L
Tl 55 R, CGRP WfEH THER 400, FiRILS 5481
A2 B ECM 2 [ —— /NS IR, 2K -1 183K i/ i
o7 R - L3 A [ 43 s 55 43 Jr =X, A0 a1 4 1 200 g 4
it 2R | TR 1 e T B ke 3 1 P 200 B ) 2 A
FH B HC 1) M2 J0 e 2 T A AR Ak | DA TR 400 1 1) 1 248 R S g 7
AR, 72 LPS 5 514 S RERL AL v, CGRP AT /R I/ B I 40
i e N B U AL, 58 2 ) TNF - o 19 7 25 5 4930, DT
7 RCPELT 9 i B I P OK  atk e R, CGRP e B i 48
i S B S0 T AR 1 2 2R Il B R R e, X — 1 FH Y
T2 AT RE R DR B T A S 2 AL Y FEZE AL 2 —

ST LR EALG] , 38 5 SRR FE CGRP SR & N IR
P CGRP BT, Sk 200 5% 5 PR g B T 08 M AR i OGBS M o L
S 2 RO DRSS BB TR R AR IESE MR CGRP R 51
TSP BRSBTS VB - — 00 T K Bl 5 4 ey



- 690 - iR SO0 S 2 & 2026 47 A 42 555 78] Chin J Burns Wounds, July 2026, Vol. 42, No. 7

RIEHII
—HHR
=il .
11-8 s
NGF \ oo %e
‘ \ RSNO
ﬁa)ﬁwzmha.'\ \
:OZ'I-%O_" o> P
—> {2
— i

=

RIESFH

B ETIT] B

L
w0

o N {

|

—-

A

s 4 (

e v VR S )

LA A A TNF-o A IR IR L H T o, NGF 2B KR F  RSNO 0 S-JE i JE BT , COGRP A 45 28 3k [ AH S Jik, TSP-1 A 1/

LA =R
B 1  CGRP7EMEIRIN QI & 49 5E B B (14 H

M1 i 4 & 7 ja) M2 18 &2 £ BRI Ak, T TNF-o. [L-18.
1L-6 2R RPN 7, B9 1L-10 1L/ R 85 1 -1 B A
I A B VEGF-A 5 35— 77 I nf 38 3 Fb 3858 7% 5 1k
SR AT YR, FR AR HE BN T . RIS, 2058 141 BAZE SD
KR PRI A1 2 A 5 2 SR B B AL HR IS (5 Bh AN R
TR AR 20 R Bk SRR E 405 R A2 28 B CGRP, nl i — 20
M2 2 FEI0 AT A 5 08 PR 1 B R G, 3 2ok W e 32 A
VLA R 7R 1 5 B B % A PR b 2 BT A, SR
{E A S HUR MR . COGRP I bk £ 18 B Ui 1175 1
FT R PR B 1A 12 1 98 i — 4L P00 — o 28 30 45 1) P A0
SRS IO T D S A 1 1) 1 4 18 B 00 o ) G B 2
IR
3.3 LT CORP RYBI: Goy2e 1ml 6 4 i 1) T 8 52 1 vk 1
PR

2 g (] R i 8 2R G g% AR G = (i A & 2= 1)
XL )38 TS 45 A T RE R 3 2% , bR Bl 28 (55 X s R BRI
AR RN (5 o i 28 2R B 1) At 2 A F B3 A 1, 7
IR A B BT 5T VAR BTz 0 . R M AN AL
KC RS DU 40 i AR 5 /R 20 M A5 | 35 L AT 22 3k b 2206 1
TR Ss, 2 5 &Iy . LLKC R, T it
ATP 55 C 27 4k Je AS £F 4 A5 7 I 22 8 AT TR, I RE 43 3

P25 3 2 S AN PR T, 2R R B 2 T T RE S s
2T HEL R 1 40 6 B, B 7 70 214 SRR ol 28 1 AR 5 5 51
NAEFE IS — I . AN, TL-6 fE_L i 2 A K T
HIZRE , 5 T 00 28 IACRI Bl 2236 S50 ) 5, RT3 A1 S8 il 22 5 19
W S, 20184F, Furue 255 WISy B, Th2 77 /1
B TL-31 BERSAEH TR 200 , A R B A 7= A L Al
B TORE R S 5| 5T R R A A KL
TR 52 FAE PR BT 20 G T B 1) A% O FRFAIE . CGRP
FE Rz nl i ep (R SR 520, RRAE Z R AN 5 0 R R
N, - HA R HE A B AR R RE ), HA T b 28 JE P S A
Bl dr A R R E AR . AFEIESE, 76 SD K ERALA
JOIEMETY | ST 0 PR AE B CGRP LIS | [ CGRP BB IR
e RAEE S 1R 8 Z A7 IE R B 0, R
1M, CGRP # i BRI B T A 358 v i e 3 3k oft 268 628 Il i 52

4 T % 4 CGRP (engineered calcitonin gene-related
peptide,eCGRP) ZEHE R % €I H 1€ & I B2 A AT 5=
2024 4F , Lu 259 BT 4F CGRP 72 41 81 R MR 2 1 )
L HEAT T AT TR s o F Y E K CGRP 5 —
BLAT 2545 ECM HL AT 4 0 T SR 58 v s 23 1 2 1 A S



At S50 15 E 24 1 2026 457 A48 42 545 7] Chin J Burns Wounds, July 2026, Vol. 42, No. 7 £ 691 -

PRI P 5 G A 2L B eCGRP, X —1&TF
fif eCGRP BEWZ 264 PR /1N B4 2 B ok il 450 1) 1 5 90 e
S e 1 JRy 0 3 26 RN AR S PR R SEIR R L I
(250 ng) 1y eCGRP B AT & 25 41 B I A A5, FLASCRARE FAH )
T ELER G W R SR CGRP; 24 51 2 4 %8 500 ng BT, eCGRP
R T AT (8 VR FH A — 20 1 o, S5 B0 M 1 0] R 2
N o AR /N LA A5 A A | e CORP )R e B0 1 1
WUAITEA I RE IS R BFTE S eCGRP ZEME IR B T 18 5
PG PRIV AR A TR0 o AR, X SR A o S
WSS | ELATYS B8 AE Sy S B0 o B, AR OG i BT M i o
JEFE L, Bz bl CRFEA  RGEE IR ABIFSE Kl R %2
SPEIRAIE , (f eCGRP M IR 52 17 15 R 1 FH A9 2 Ak 1 i i
2P

5 HBERSRZE

SLT CORP 7 B i A A mP (0 XU 1 FH TR AR FT HiAE R
E AN TR] B BE RS B R4 AL LA B A RE R S IR
o CGRP I % 5 Ry FH R B ) R 5%, HoAe P 1697 4%
451 38K 9 FH 2 A0 8 A 10 LI PR b SR BN T & i
CGRP s H: Z RGP 25 Y TR TR YT o B AT BTy
CGRP #l ] 254 FZLALEE 228 . —FJE 4TS CORP Z K 11
FOREPUAR, AR R 45 B bt iR A Rt AE s ) — R ML
CGRP B/ FHE IR, U0 245 75 2 i S8 35 R 400 0%
CGRP 2 (FI1E R iR 7 e 43 7 F T AR i 20 U8 &2 1 Bk 58+ %t
AR, ELFE PRI e M e A8 e AR RS LS B
Rk o AT XX — Pk, Li SEP A 2025 4F F R T A0
KK CGRP 55 F T 0 T I Ak A e 32 166, # 3 1 FR SETR A
iR AL WA S -CORP 2 A /K B o 1 A /K BERS HA R AT
PrEALYE AR E KT PERE , nTSC B CORP A 22 12 B
B, N SHORE PR /N BB T AL A . 5K CGRP (R e
R PR AL T S SR S AT AT O 22 L A H AT 2h W) 5L 5
TE, FAC I 22 A AR 458 B R RS i 45 DA I AT
R RG5E,

A S B9 I T 3R A2 CORP {5 53 I 70 4 B s 6] T 48
iE S5 TR 5 08 A A L R P A8 43T R I 45, T HL O A
FHRE 5 R EERE . BT CORPAE MRS IR A1
1A 250 I R ATD A T2 45 W BE M DG SE -5 1 R g P i
Fos 1, I, BRAETF R RS R AL RIS, DL R S Rl
CGRP {2 5 R s ) 1 A B9 A S5k 5 2 4k, O ik — 4 )
W AE B A 2 P B ROG 2R  DASHE R ARRE RS H B
TR B RS 7 T T AR . AR 3l 5 222 Fh 3 SRl G L R
HERRAT CGRP ZE M bR 1) T 58 5E A [ B B 1) sh 28 IR P AL
AT T RR Ak 2 ik 5 10 FH SR ms , A 2 SR s B T R 9 7
PRI A (0 T R i 5 A 8 T B, e RS TS L O
REFER . LidiFoe BARBI SR, MM T 1% SU R 75 U5 A
FRf AN 5B 2R R AR L
MM A EE T AIEER] 25 o oe

Sk

[1]

[2]

(3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

Shandley LM, DeSantis CE,Lee JC,et al. Trends and outcomes
of assisted reproductive technology cycles using a
gestational carrier between 2014 and 2020[J].JAMA, 2023,
330(17):1691-1694.D01:10.1001 /jama.2023.11023.

Xie W,Hu W,Huang Z,et al.Betulinic acid accelerates diabetic
wound healing by modulating hyperglycemia-induced
oxidative stress, inflammation and glucose intolerance
[J/OL]. Burns Trauma, 2022, 10: tkac007[2025-02-15].
https://pubmed.ncbi.nlm.nih.gov/35415192/.D01:10.1093/
burnst/tkac007.

Talbott HE, Mascharak S, Griffin M, et al. Wound healing,
fibroblast heterogeneity, and fibrosis[J]. Cell Stem Cell,2022,
29(8):1161-1180.D0I:10.1016/j.stem.2022.07.006.

Penla OA, Martin P. Cellular and molecular mechanisms of
skin wound healing[]]. Nat Rev Mol Cell Biol, 2024, 25(8):
599-616.D001:10.1038/s41580-024-00715-1.

Normahani P,Epstein DM, Gaggero A, et al.Cost-effectiveness
of diagnostic tools to establish the presence of peripheral
arterial disease in people with diabetes[]]. Ann Surg, 2023,
277(1):e184-e191.D01:10.1097/SLA.0000000000004815.
2%, P00 BRAE 2% A AR W BORIATT R DR 12 157 i F
g2t R [J]. b A e s 5 B T8 A2 Ak A, 2025, 41(12):
1206-1210.D01:10.3760/cma.j.cn501225-20241119-00454.
Theocharidis G, Baltzis D, Roustit M, et al. Integrated skin
transcriptomics and serum multiplex assays reveal novel
mechanisms of wound healing in diabetic foot ulcers[]].
Diabetes,2020,69(10):2157-2169.D01:10.2337 /db20-0188.
R, o7 A 2 b 2 e A 4 A B A i A e 1 F
HERE ] T [ e A AR A, 2023,34(11):700-703, 5 i
7.D01:10.3969/j.issn.1673-7040.2023.11.016.

Lasagni Vitar RM,Rama P,Ferrari G.The two-faced effects of
nerves and neuropeptides in corneal diseases[]].Prog Retin
Eye Res, 2022,86:100974.DOI:10.1016/j. preteyeres. 2021.
100974.

Da Silva ], Leal EC, Carvalho E. Bioactive antimicrobial
peptides as therapeutic agents for infected diabetic foot
ulcers|[]]. Biomolecules, 2021, 11(12): 1894. DOI: 10.3390/
biom11121894.

Zhou Y, Yang ], Chen L, et al. The neuro-cutaneous axis: the
role of nerve cells in wound healing[]].Biochem Biophys Res
Commun, 2025, 793: 153038. DOI: 10.1016/j. bbrc. 2025.
153038.

Jakubowska B,Sowa-Ku¢ma M.Gepants: targeting the CGRP
pathway for migraine relief[]]. Front Pharmacol, 2025, 16:
1708226.D01:10.3389 /fphar.2025.1708226.

Russo AF Kaiser EA.CGRP and migraine: real-world insights
and future therapeutic directions[J]. Annu Rev Med, 2026,
77(1):415-432.D01:10.1146 /annurev-med-050224-111631.
Wang R, Gu S, Kim YH, et al. Diabetic wound repair: from
mechanism to therapeutic opportunities[]]. MedComm
(2020),2025,6(10):e70406.D01:10.1002 /mco02.70406.

Dawi ], Tumanyan K, Tomas K, et al. Diabetic foot ulcers:
pathophysiology, immune dysregulation, and emerging
therapeutic strategies[]J]. Biomedicines, 2025, 13(5): 1076.
DOI:10.3390/biomedicines13051076.

Aditya C,Bukke SPN,Anitha K, et al.A comprehensive review
on diabetic foot ulcer addressing vascular insufficiency,
impaired immune response, and delayed wound healing
mechanisms[J]. Front Pharmacol, 2025, 16: 1622055. DOI:
10.3389/fphar.2025.1622055.



© 692 -

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

AR SN TNE & s 2026 427 A5 42 55 7/ Chin J Burns Wounds, July 2026, Vol. 42, No. 7

Locati M, Curtale G,Mantovani A.Diversity, mechanisms, and
significance of macrophage plasticity[]J]. Annu Rev Pathol,
2020, 15: 123-147. DOI: 10.1146/annurev-pathmechdis-
012418-012718.

Isles HM, Loynes CA, Alasmari §, et al. Pioneer neutrophils
release chromatin within in vivo swarmslJ]. Elife, 2021, 10:
€68755.D01:10.7554/eLife.68755.

Massagué ], Sheppard D. TGF- 8 signaling in health and
disease[]]. Cell, 2023, 186(19): 4007-4037. DOI: 10.1016/j.
cell.2023.07.036.

Pakshir P,Noskovicova N,Lodyga M, et al. The myofibroblast
at a glance[J]. ] Cell Sci, 2020, 133(13): jcs227900. DOI:
10.1242/jcs.227900.

Boothby IC, Cohen JN, Rosenblum MD. Regulatory T cells in
skin injury: at the crossroads of tolerance and tissue repair
[J]. Sci Immunol, 2020, 5(47): eaaz9631. DOI: 10.1126/
sciimmunol.aaz9631.

Widgerow AD, Kalaria S. Pain mediators and wound
healing--establishing the connection(]]. Burns, 2012, 38(7):
951-959.D01:10.1016/j.burns.2012.05.024.

AR 3 X R R P A0 M AL T A P 5 1 T SR AE S N
A FE P SE 2k R ()], rh AR bet 5 B i 15 52 44 5, 2024,40(10):
991-995.D01:10.3760/cma.j.cn501225-20240123-00029.
Louiselle AE, Niemiec SM, Zgheib C, et al. Macrophage
polarization and diabetic wound healing[J].Transl Res,2021,
236:109-116.D01:10.1016/j.trs1.2021.05.006.

Tellechea A, Kafanas A, Leal EC, et al. Increased skin
inflammation and blood vessel density in human and
experimental diabetes[]J]. Int ] Low Extrem Wounds, 2013,
12(1):4-11.D01:10.1177/1534734612474303.

Linscheid P, Seboek D, Schaer D], et al. Expression and
secretion of procalcitonin and calcitonin gene-related
peptide by adherent monocytes and by
macrophage-activated adipocytes|[]J]. Crit Care Med, 2004,
32(8): 1715-1721. DOI: 10.1097/01. ccm. 0000134404.
63292.71.

Linscheid P,Seboek D,Zulewski H,et al. Autocrine/paracrine
role of inflammation-mediated calcitonin gene-related
peptide and adrenomedullin expression in human adipose
tissue[]]. Endocrinology, 2005, 146(6): 2699-2708. DOI:
10.1210/en.2004-1424.

Lee SM, Hay DL, Pioszak AA.Calcitonin and amylin receptor
peptide interaction mechanisms: INSIGHTS INTO
PEPTIDE-BINDING MODES AND ALLOSTERIC
MODULATION OF THE CALCITONIN RECEPTOR BY
RECEPTOR ACTIVITY-MODIFYING PROTEINS[J].] Biol Chem,
2016,291(16):8686-8700.D01:10.1074/jbc.M115.713628.
Choi JE,Di Nardo A.Skin neurogenic inflammation[J]. Semin
Immunopathol, 2018, 40(3): 249-259.D01: 10.1007 /s00281-
018-0675-z.

Schlereth T,Schukraft ], Kramer-Best HH, et al.Interaction of
calcitonin gene related peptide (CGRP) and substance P
(SP) in human skin[J]. Neuropeptides, 2016, 59: 57-62. DOI:
10.1016/j.npep.2016.06.001.

X, 1 AR SRR . P A 2R R PR A DG IR e R ARt e
FOVE )], H RS K22 4l (25 24 W), 2017,42(3):334-339. DOI:
10.11817/j.issn.1672-7347.2017.03.016.

Li X,Yi M, Song Z, et al. A calcitonin gene-related peptide
co-crosslinked hydrogel promotes diabetic wound healing
by regulating M2 macrophage polarization and angiogenesis
[J]]. Acta Biomater, 2025, 196: 109-122. DOI: 10.1016/j.

[33]

[34]

[36]

[38]

[39]

[40]

[43]

actbio.2025.02.046.

Chéret ], Lebonvallet N, Buhé V, et al. Influence of sensory
neuropeptides on human cutaneous wound healing process
[J]. ] Dermatol Sci, 2014, 74(3): 193-203. DOI: 10.1016/j.
jdermsci.2014.02.001.

Leroux A, Paiva Dos Santos B,Leng ], et al. Sensory neurons
from dorsal root ganglia regulate endothelial cell function in
extracellular matrix remodelling[]J]. Cell Commun Signal,
2020,18(1):162.D01:10.1186/s12964-020-00656-0.

Zhang S,Li K,Yu Z, et al. Dramatic effect of botulinum toxin
type A on hypertrophic scar: a promising therapeutic drug
and its mechanism through the SP-NK1R pathway in
cutaneous neurogenic inflammation[J]. Front Med
(Lausanne), 2022, 9: 820817. DOI: 10.3389/fmed. 2022.
820817.

Marek-Jozefowicz L, Nedoszytko B, Grochocka M, et al.
Molecular mechanisms of neurogenic inflammation of the
skin[]]. Int J Mol Sci, 2023, 24(5): 5001. DOI: 10.3390/
ijms24055001.

Mishima T, Ito Y, Hosono K, et al. Calcitonin gene-related
peptide facilitates revascularization during hindlimb
ischemia in mice[J]. Am ] Physiol Heart Circ Physiol, 2011,
300(2):H431-H439.D0I:10.1152/ajpheart.00466.2010.
Zhou Z,Hu CP,Wang CJ, et al.Calcitonin gene-related peptide
inhibits angiotensin II-induced endothelial progenitor cells
senescence through up-regulation of klotho expression[]].
Atherosclerosis, 2010, 213(1): 92-101. DOI: 10.1016/j.
atherosclerosis.2010.08.050.

Hu CL, Xiang JZ, Hu FF. Vanilloid receptor TRPV1, sensory
C-fibers, and activation of adventitial mast cells. A novel
mechanism involved in adventitial inflammation[J]. Med
Hypotheses,2008,71(1):102-103.D01:10.1016/j.mehy.2008.
01.027.

Parker RS,Nazzal MK, Morris AJ, et al.Role of the neurologic
system in fracture healing: an extensive review[]]. Curr
Osteoporos Rep,2024,22(1):205-216.D01:10.1007 /s11914-
023-00844-0.

Baliu-Piqué M, Jusek G, Holzmann B. Neuroimmunological
communication via CGRP promotes the development of a
regulatory phenotype in TLR4-stimulated macrophages][]].
Eur ] Immunol, 2014, 44(12): 3708-3716. DOI: 10.1002/
€ji.201444553.

Ding W, Stohl LL, Xu L, et al. Calcitonin gene-related
peptide-exposed endothelial cells bias antigen presentation
to CD4" T cells toward a Th17 response[]].] Immunol, 2016,
196(5):2181-2194.D01:10.4049 /jimmunol.1500303.

Dallos A, Kiss M, Polyanka H, et al. Effects of the
neuropeptides substance P, calcitonin gene-related peptide,
vasoactive intestinal polypeptide and galanin on the
production of nerve growth factor and inflammatory
cytokines in cultured human
Neuropeptides, 2006, 40(4): 251-263. DOLI:
npep.2006.06.002.

E Y, Golden SC, Shalita AR, et al. Neuropeptide (calcitonin
gene-related peptide) induction of nitric oxide in human
keratinocytes in vitro[J]. ] Invest Dermatol, 2006, 126(9):
1994-2001.D01:10.1038/sj.jid.5700349.

Lu YZ, Nayer B, Singh SK, et al. CGRP sensory neurons

keratinocytes|[]].
10.1016/j.

promote tissue healing via neutrophils and macrophagesl[J].
Nature,2024,628(8008):604-611.D01:10.1038/s41586-024-
07237-y.



AR 5 5 BT 2 2 ik 2026 457 A A 42 %55 7 Chin J Burns Wounds, July 2026, Vol. 42, No. 7 + 693 -

[46]

[47]

[48]

[49]

[50]

Lu YZ, Ramakrishnan S, Martino MM. The healing power of
sensory new horizons for diabetic and
neuropathic tissue repair[J]. Clin Transl Med, 2024, 14(8):
€1813.D0I1:10.1002/ctm2.1813.

Corrales JJ,Almeida M,Burgo RM,et al.Decreased production

neurons:

of inflammatory cytokines by circulating monocytes and
dendritic cells in type 2 diabetic men with atherosclerotic
complications[]]. ] Diabetes Complications, 2007, 21(1):
41-49.D01:10.1016/j.jdiacomp.2005.09.006.

Li M, Wang M, Wang H, et al. Ultrasound controlled-release
diabetic
neuroimmune modulation and synergistic ROS scavenging
[J. Adv Sci (Weinh), 2026, 13(18): e16882. DOI: 10.1002/
advs.202516882.

Li X, Lin L Zhu M, et al
ultrasound-activated piezoelectric gel bandage for diabetic

hydrogel  promotes wound  healing via

Low-intensity focused

wound repair and neuropathic pain relief[J]. Nat Commun,
2026,17:4243.D01:10.1038/541467-026-70771-y.

Huh JR, Veiga-Fernandes H. Neuroimmune circuits in
inter-organ communication[J].Nat Rev Immunol,2020,20(4):

[55]

[56]

plays a proinflammatory role in inflamed joints: a novel
pathogenic mechanism in chronic arthritis[J]. RMD Open,
2017,3(2):e000441.D01:10.1136 /rmdopen-2017-000441.
Furue M,Yamamura K,Kido-Nakahara M, et al. Emerging role
of interleukin-31 and interleukin-31 receptor in pruritus in
atopic dermatitis[J].Allergy,2018,73(1):29-36.D01:10.1111/
all.13239.

Steinhoff M, Ahmad F, Pandey A, et al. Neuroimmune
communication regulating pruritus in atopic dermatitis([J].]
Allergy Clin Immunol, 2022, 149(6): 1875-1898. DOI:
10.1016/j.jaci.2022.03.010.

Ambalavanar R, Dessem D, Moutanni A, et al. Muscle
inflammation induces a rapid increase in calcitonin
gene-related peptide (CGRP) mRNA that temporally relates
to CGRP immunoreactivity and nociceptive behavior[J].
Neuroscience, 2006, 143(3): 875-884. DOI: 10.1016/j.
neuroscience.2006.08.015.

Han¢ P,von Andrian UH.No pain, no gain - how nociceptors
orchestrate tissue repair[J]. Cell Res,2024,34(10): 673-674.

DO0I1:10.1038/s41422-024-00979-4.

217-228.D01:10.1038/s41577-019-0247-z. [58] Shakir I, Shahzad F, Shabbir A, et al. Efficacy and safety of
[51] Moehring F, Cowie AM, Menzel AD, et al. Keratinocytes CGRP monoclonal antibodies for migraine prevention in
mediate innocuous and noxious touch via ATP-P2X4 episodic migraine; a network Meta-analysis[]]. Eur ] Clin

[52]

[53]

signaling][]].Elife,2018,7:e31684.D0I:10.7554 /eLife.31684.
Kumar S, Tan Y, Berthiaume F. Neuropeptide substance P
enhances skin wound healing in vitro and in vivo under
hypoxia[]]. Biomedicines, 2021, 9(2): 222. DOI: 10.3390/
biomedicines9020222.

Minnone G, Soligo M, Caiello I, et al. ProNGF-p75NTR axis

Pharmacol, 2026, 82(2): 27. DOI: 10.1007/s00228-025-
03934-3.

Li M, Huang S, Li ], et al. Health technology assessment:
evaluation of 8 CGRP-targeted therapy drugs for the
treatment of migraine[]]. Drug Des Devel Ther, 2025, 19:
1231-1247.D01:10.2147 /DDDT.S499848.

- BEECPIR -

HHETENSEKERATHSHETEMARRL AN EERKES
5] A 4% 3X : Yuan R,Du S, Pan S, et al. Multifunctional hydrogel encapsulated with baicalin for full-layer regeneration of

drug-resistant bacteria-infected wounds after radiotherapy[]]. Bioact Mater, 2025, 53: 20-31. DOI: 10.1016/j.
bioactmat.2025.07.002.

TP RTTE G R A UL o i BRAZS S 3% 1 S AR 3R AR 5 40 M & R S I ™ i BELASH 6 T 78 45, i 2 i B DG 1Y
oA By 175 K AR IR o LT, B X T P B G A T (TWAR) A8 RCBCRMID SR A PR o WPl e i & ek el (L L 1A
FRAN R B AT 1) B 88155 4 (PFP) 5 R AR W B4 7 il i sh S AR Ea e 45 45 OF 5 3 QORI Zg e T R T — i B 2
It Re /K EEI——PFP-BA@Gel . 1Z/KEEIREE A pH/IE 1 OB R P 0 2 T Bt e 25, 7 TW AR TR M B AU A DL A S 9
BT IR BEFERE s PP o Y 2l R BH 5 1 B i o BREUR A B 671 F Ay RS 8 #) A H AC RAE T L 55 B0 4 7 A B IR T R0, T
KBS MGE Xo TS 24 ) gl S T AR TS P 4 P b 4 0 €5 AR 2 BR AT ) 3B TR P o [T, S BRT S A P 5 R ) 25 PR ) 7
I53% £ 0 PRIV 1 4, A K008 Fb IR R 1475 , BRI 58 5T A2 D RE . 6 IWAR /N BRASHRY i 207K B M 149 17 {6l ik 24 0] 4l o
i B R et B 2 R B, B T R S PR T 1L-6 \IL- 1B TNF-a K SF- I B AR A IR 7 TGF-B 223k, Jdidee v R 40 i 4 = i, A1 i
M8 B R R | SR M QT A5 T S A R R TR o P 1 B T P - PR DA 2 4R D [ AL Y
IWARIATTIA R , T B RS A5168 52 B AR DG bR R I A B A3 1o =X

w3, Y% H Bioact Mater,2025,53:20-31; X3, K




