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[ Abstract |  Scar formation is characterized by dynamic alterations in collagen secretion,
which critically determine scar morphology and pathological progression. In fibroblasts,
collagen secretion is initiated through the activation of cytokine- and integrin-mediated
signaling pathways, which promote collagen gene transcription. The procollagen polypeptide
a chains undergo extensive post-translational modifications, including hydroxylation and
elycosylation, within the endoplasmic reticulum (ER), followed by folding and assembly into
triple-helical procollagen. Subsequent intracellular trafficking involves the sequential
transport of procollagen through the ER, Golgi apparatus, and plasma membrane,
accompanied by further structural refinements prior to extracellular secretion. Once
secreted, procollagen is enzymatically processed to form mature collagen fibrils, which
drive scar tissue remodeling. Recent advances in elucidating regulation of collagen
secretion have identified pivotal molecular targets, such as transforming growth factor-
beta 1 (TGF-B1), prolyl 4-hydroxylase (P4H), heat shock protein 47 (HSP47), and transport
and Golgi organization protein 1 (TANGO1), providing novel therapeutic strategies to
mitigate pathological scar hyperplasia and improve regenerative outcomes. This review
provides a comprehensive analysis of the molecular mechanisms governing collagen
secretion during scar formation, with emphasis on signaling cascades, procollagen
biosynthesis, intracellular transport dynamics, and post-translational modifications,

thereby offering a framework for developing targeted anti-scar therapies.
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[ AERRIE ] HAKEF (transforming growth factor, TGF) ; A 9% 37 58 B F (tumor
necrosis factor, TNF) ; 3& 4% & £ 4~ (resistin-like molecule, RELM ) ; #i & 82 7 1L B
(lysyl hydroxylase, LH) ; %F fig Bt WLES 3 % &% (phosphoinositide 3-kinase, PI3K) ;15 5
¥ § B A R 80E % 8 (signal transducer and activator of transcription, STAT) ; X ¥ /&
7 4] B F (large tumor suppressor, LATS) ; YES 48 % % & (Yes-associated protein,
YAP) ; & PDZ % & K /7 64 45 & 25 %% B - (transcriptional coactivator with PDZ-
binding motif, TAZ) ; % 5% 3& 3% 25 M) 3% 4% & B -F (transcriptional enhanced associate
domain transcriptional factor, TEAD) ; Sma #= Mad #8 % % & (Sma- and Mad-related
protein, Smad) ; # 4L &£ K B F B *7 5 T4 (TGF-B responsive element, ThRE) ; & &
# B B (protein kinase B, Akt) ; 22 5L & 7& 1L & & JR % B (mitogen-activated protein
kinase, MAPK) ; & 3% = %k 82 (guanosine triphosphate, GTP) ; Janus # & (Janus
kinase, JAK) ; /& 91z 5 98 77 i 8% (extracellular signal-regulated kinase, ERK);Y-&
25 4% & (Y-box binding protein, YB) ; # & B F- CCAAT 3§ 3% T 45 4% & (CCAAT-
enhancer binding protein, C/EBP) ; c-Jun & 4 3% % B% (c-Jun N-terminal kinase,
JNK) ; # B -F kB (nuclear factor kB, NF-kB) ; # 1k 5t %& & (heat shock protein,
HSP) ; il & B2 3- 7 A B (prolyl 3-hydroxylase, P3H) ; il & 8 4- % L B (prolyl 4-
hydroxylase, P4H) ; &L #% % & (coat protein, COP) ; #3& Fo % /R L 20 27 % & (transport
and Golgi organization protein, TANGO ) ; 4~ 4% & Ji (secretory protein, SEC) ; SEC
#8 % RAS # GTP B (SEC-associated RAS-related GTPase, SAR) ; Kelch # % 7% m%, i
(Kelch-like family member, KLHL) ; 5 #i B& 2 B2 i B @k &~ 25 ) (receptor tyrosine kinase
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fusion gene, TFG) ; K Bk T 4m ALk & 5% 48 5% 4L R (cutaneous T cell lymphoma-associated
antigen, cTAGE) ; ] it M — & /R 24k F 18] 4K (endoplasmic reticulum-Golgi intermediate
compartment, ERGIC) ; 7T % " NSF # & % & & & (soluble NSF attachment protein
receptor, SNARE) ; B R K 3 s R 69 K (Golgi-to-plasma membrane carrier,
GPC) ; 3K 3 & & K # (kinesin family, KIF) ; ‘5 %% % & %4 %& & (bone morphogenetic
protein, BMP) ;4 T & fo /R R & & B B 849 i 3R % & #F 2 J% % @ B (a disintegrin
and metalloproteinase with thrombospondin-like motifs, ADAMTS )
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Figure 1 Schematic representation of three-stage scarring process
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Figure 2 Schematic diagram of six signaling pathways regulating collagen gene transcription in fibroblasts
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MSCHL, A5 IR B IR I 3 A BIL ] A B 5 2

© 273 -

FT ERGIC BERl & i /E HALE], Bh2# 5 88
T BRI B R TR R i R T RS R %) e iz U 5K
(E13) o ZABEHRIN A, T B S5 A P Joit ) 22 e /K 2k
PR32 i e 2k P9 J5 9 5 ERGIC S =X s R 3
RS 22 1) P L 2 M A5 T2 I 0 T o e
15 DA 3l s e im0
3.4 EUREMRE A SR R 2 FE i

T SR A 8 R AR ] i ds R L 6 32 6
WF5R 3, R A i v B LS B AR S LI i 2
ok 20 B IS, S SR A LA 20 1 £ o Bl 0 o0 T X
12 T K R Tk 0 & R SRR P IR
E e SN R SN B 1
iz [ A I IR 2 S IR 4 A T2 A
i H AR E— 4B, TR S 3 B T 5 /K
EUNTREE SN K-SR INR B R
XA T A T i 3 e TG AR

BEAL A S e R AR P 228 7 0t — A £ i
PIn TR O-R b B, AR, B R AR
by R4 TR T e D 2 5 v i K %) 5 VD B, 4
FHL AT AR I P AR AR S — T I S
P B ) PR ) 40 N s s e
WL R il 1 2 T8 7K | el AR 2 B o i AR Y O0-2R
WEAE Ui, DA T A2 2 520 56 s 2 11 il 0T 5 D067 6 19
U,
3.5  GPCA T M S 2 s 7R S 4 31 A 1y
iz B ANSR I

YIRS A e bnic TR i T A YR S i
BRI 45 A B B AR B AR e B0, i e i DA S =X
IR FEAA S Jo A 2 i AR 1< 0.3~1.7 um BYERIR
EZER . 3K SEREAL ) IR B S5 A Bl GPCH ™
WE 5% & B, GPC [ JE WL 1 43 24 57 Rab6 | LK 2
FIIT KIF20A FALEN & 1Y P [ 8 400, GPC
TV B8 1) 5 FEE 1) 32 i <61 T Rab6 \KIFSB RIS
PIVERTS S BUE 25 A B AN )5 | & & AT 40
L2 (1) 1R IR SRR P AE A0 P S BRR R R
(1) 43 16 57 Z B A 0, FE GPC ) i B iz ik
TR BV M SR B A5 3R, W GPC W] & #E At
LH3 B8y i 4, A E IV U i S i e A 1B
i, 0 40 A D ) PR ZH Y GPC #)
T8 T B T TS D3 S SNARE A S5 114 [ il
R EMMIL . W5 LI, S AnxA2 . VAMP2
FISNAP23 v B} 410 s VIR Jg J5 4 b, 9 B I 6
F [ F1 SNARE 7E I it 43 i ok % v B A7 J 22 4E

FHEOS SR, H AT OC T S 1B Az F 1) GPC
WRTTE 1% I 38 B 5 o R a5 ) ELAR 43 B )
AR, Rt — 05
3.6 TR BT Y5 SR IR AR I IR 2T AT A

I JE A 3 0 2 00 i &7 56 I i, JHL 8 i d  JAKC
1, 5 s i B 40 1) 32 B BMP1/olloid 25 B S
ADAMTS2/3/14 25 1 B 1 85 UME 4 , ¥ Ak B A
LSRR T SRR R Y RS TR DR R iy
V18 5 6 2 T A 6 TR S T 1) L T 480k o T
PERE L, i — A IR AT 9 3 & 326, DA
T 3% 59 J0¢ 5L £F 4 (1) 4 2% RN o A, B 9% %
B, 7695 R T8 il & o, BMP1/tolloid 25 H il
ADAMTS2/3/14 25 [ it FH 24 1 48 Ak Tl v 3% 4 1]
IR P B R S I 7 A M E R K P L X
— S PR AR R 20 b B B TR BE L I T A
et

4 &

TIRTE i R rh BB o W 2 — = B R G
fE B2t B . 528, 1L TG K ALA ik
F1AR A ) T A 20 A 45 S B, DT
PE I SR BE PR (R 7 S KO o B, TR IR o 5 76 9
J W i, 48 P3H PAH \LH 1 | > 34 3
SRl WE L R B A W A AE M, R B 25 A T
PEAR HSP47, LU DR 1T RS R 1) IE iR 4T & o Hr 8 il
A HT R 5 TANGO1 454 3176 COP T 25 44
w4 4 ERGIC IRl & ¥ iz 2R R K. K5,
S D7 g 7K A 1 i P S (1] 30 S e i 1
ig |, A R A R F AR T B GPC. GPC i it
Rab6 ., KIF5B RS 1Y U [R] 1 FH |, K i 15 JRE 2 1)
Bz 2 B RRET , JF 45 Fi SNARE 4 5 19 B il 5
FETTE R R B A Ab . B, T A A 2 Bk iy
1R B U5 117 K 7 BMP-1/tolloid A1 ADAMTS 75
it 4 55 DDA F T 2B R i, I A 2 PR A AL i
(AL A 3 J I D =2 [ ) S B0k, A1 1 Je S 4T A
S S b ) s AN 3 5

JRUAE I AT R G TR IR TR B JE 43 0 1 e
FEHAS T HEEM R A EE 2 Rz k. B
56, 4 L PR o] 2R SRR Y B AN 5] B BRI
P e I A3 b, DA 2 104000 41 14 20 285 2 AR BIL L o AN
AL HW R E GPC HTE A 15 41 I #5 is f
B L5 R G 1 o3 AL oE— 25 AT, LA
6 7~ T I S 43 U RS AR R s L R L AN IR Y



© 274 - WL R 2R (R4 RT) Journal of Zhejiang University (Medical Sciences)

IL-4/IL-13, #&5%
TGF-B1AIWnt{55518
TR R SR R R

AT

s
Jifg [-on «~—

LoH — (P -
— P41 — — —
-OH

ZEFA IR

GPC

Ol

fevie N

PITIIE) / A

s

TRREER N B

_, AR
AT

HEBUG T TL-4/TL-13 B G 3 TGF-B 1R Wt {5530 P e [5] S0 12T 20 40 i P 100 J52 D e PR S . TS B oo BEAE N B P eh
TG, 2801 22 EARAE G (U35 P3H/PAN/LH A S A2 340 Bl BRI R BN S AOREAL 45 ) IR A6 40 FH1AB HSP4T (A BY T
SE I = AT B AL IE 0TS 00T R i 5 B IR A2 1K TANGO1 454, 9 rr 46 31 COP 1 84K h | B 5 28 YKT6 2538 11 S 19
ERGIC 5l & 5412 0 1m0 ZR SR ey L i A S 1ol J0K S5 A pAy 3 o AR A 114 3l 3 7 3 T)IF 0 1 A S e 0 9 A D 2 B i
KA 85 Y . AT BE BN 25 2R e Hh 43 85 IR T % GPC., GPC 1) JT] Rab6 RIS A8 ) 4% 12 28 T I , B 24 1 SNARE /- S 19 R Bl & R ik 22
AAAAL . 5305 25 20 A 0 17 RS )5 28 BMP-1/tolloid 11 ADAMTS i {1 L[] 415 FH % £ J G D, e 2% bl 67 20 S AL AL T 1 43+
[T IBk , 5¢ NI AT 2k (A 40 T 2126 . TOF e Ak A K 7 PN . AL 2 5 TNF : R SR BT N 1 5 P3H « Jifi 2202 3-F2 SL ALl s PAH - fifi 4
1% 4-¥2 AV ; LH 5 SR 2 A0 ; CT W IL L AL Il s PDL: 25 1 B S# Al s HSP: SR TTAE 11 s TANGO : 7538 Rl R SR L8R 115
COP AL B AR 115 GPC« o5 R (4K ) R B 25 14 s SNARE « AT 8 NSF B 25 85 13244 BMP 5 TR A8 2 L 3 1 5 ADAMTS - 75 TR/
ARSI B 11 35 T 11 e 2R 1URE 4 2K 11t s LOX : 1 4 ST i

B4 JRIRIE B WA AL A8 A

Figure 4 Mechanistic overview of collagen secretion in scarring
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