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FEEER . WK INBERERS (female pelvic floor dysfunction, FPFD); BHiE %545 (vaginal atrophy, VA); A7 =PI (thin
endometrium, TE); 18T & N (chronic endometritis, CE); B4 IR A7 R i 45 5 fF (genitourinary syndrome of
menopause, GSM); FLARJE (breast cancer, BC); 4N /b3 (extracellular matrix, ECM) ; Jifi J7 41 il (Schwann cells,
SCs) ; #H W FifR (hyaluronic acid, HA); ‘B A& K4 & 12 (bone morphogenetic protein-2, BMP-2) ; 1 45 14 T 41 Jfd
(regulatory T cell, Tregs); HHEITETANMI17 (helper T cells17, Th17); BRMEREF4E4NIA 4 FF (basic fibroblast growth factor,
bFGF); ‘& 7ef T4 (bone marrow mesenchymal stem cells, BMSC); H%MR (glycine, Gly); fili%fR (proline, Pro);
&R (hydroxyproline, HYP); MR- 24i% W2 & 1F (Ehlers-Danlos syndrome, EDS); H K77 % (osteoarthritis, OA);
BRI FA#IE  (dystrophic epidermolysis bullosa, DEB); . Z-3% 732 F AL (dermo-epidermal junction, EDJ);
A FNE R L AN #IE  (junctional epidermolysis bullosa, JEB); KA AMESE (epidermolysis bullosa, EB); BattE 7
AR K I M 3% R M8 f# JE  (recessive dystrophic herpetic epidermolysis bullosa, RDEB) ; Jif N JIH 4% J&% (intrahepatic
cholangiocarcinoma, ICC); JEMFERIATE I (amyloid precursor protein, APP); BIEM LI (amyloid B-protein, AB); fi
YRFEFE Fo (tumor necrosis factor-o, TNF-a); [A] 78 T2l (mesenchymal stem cells, MSCs); & BEHH: & (glutamine
transaminase, TG); ZUfu/MEEHL (extracellular vesicles, EV); I8 A KKF (vascular endothelial growth factor, VEGF);
1- (3- — F 3t 50 L N 38 ) -3- 2 L B — ¥ B% (1- (3-dimethylaminopropyl) -3-ethylcarbodiimide, EDC) ; N- 3% 3 T — ik 7 i
(N-hydroxybutanediimide, NHS); % fbA4: KA 7 B/ b4 K F 7Bl (transforming growth factor beta/transforming growth factor
beta 1, TGF-B/TGF-B1); RLEF4EANMIA4HF (fibroblast growth factor, FGF); IM/IMRIEHEAAEHF (platelet-derived growth
factor, PDGF) ; #* & 4 K T (epidermal growth factor, EGF) ; 2- H J& 78 /& Bt & £ % # ® B 6
(2-methacryloyloxyethyl phosphorylcholine, MPC); WfREhZ% i (phosphate buffer, PBS); 354 @ & FBFMHI7 1 (matrix
metalloproteinase inhibitor-1, TIMP-1); JayktPEZEFH#4ME (focal adhesion kinase, FAK); Zi#&EBEE (adhesive plaque protein,
vinculin) ; £F 4 JJl ) %5 (1 (fibrillar actin, F-actin) ; 1 B N i & 5 40 i (endometrial stromal cells, ESCs) ; g £ B
(lipopolysaccharide, LPS); #{RHE FIZ5H3Z141/2 (discoidin structural domain receptor 1/2, DDR1/2); [141%-6 (interleukin 6,
IL-6); [14rZ-10 (interleukin 10, IL-10); Toll #:32/&4 (Toll-like receptor 4, TLR-4); L E M (polydopamine, PDA); 3
LI WRE (polyethyleneimine, PEI).
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Fig.1 Rod diagram of the structure of the triple helix region of collagen
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Table 1 Classification, tissue distribution, function, and gene—related variability of collagen™”
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Fig.2 Traditional collagen extraction process
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Fig. 3 Process of genetic engineering technology to
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Table 2 Advantages, disadvantages, types and levels of recombinant collagen expressed by each expression system
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Table 3 Exploratory applications of recombinant collagen in animal disease models

®3 EEREESENMEFERTIRENA

I FH Ak i S B e B LiFnE)
A 1k 1 A NNE R H badiid e R BRPFF U H A Y Fifies 2
BHHANIRREERE 1E 4 Ga SR 12 He% [
Je ke 240 HHNBENIRISEEA / KRR A R i f ey T840
M5 1 A NI R J )5 8 K EE L W PRI /)N AR TR Hu%% [
NI i J5 8 SRR KB VISP i Xusk [56)
2k T EHNEINR R R E A PR L2 M Ok /N B4 TR T DongZ [¥7]
AN R A IKERIE KR4 Z V)RR AR YangZ [$8]
EAHIMR R RN TREEIL KB4 2 B2 Rk A A KangZ [%]
F 5t NI fie J5 2 M5 55 5] KR P i 2 Hao% %)
A AN JEALTITA R R 25 / ZINER i it R 2R Shuai&s 11
R FMEIE (EB) A VITRE 525 1 / RDEB 3 JB F 1 i 0 Wang?4% (2]
T B R 9% HEHANEEREE TR ) NP2 NGRS WL 0
G FEA AN KR EH IKEEAEND) G f A A I 1Y SimpsonZs (4]
LR e (PDGF) FA AL IR R 1 TEST A K B FPFD Y Li [
HHANMREES S KR FPFDAR Y Wi 0o
MlEZEE (VA ERENIEEL S| S G HL T R K RS AY You 7]
EER HAREEA =dind EEA K AR x| g B3
WHTEAR (TE) EAHMMREER A KRR TR T A B TR ShuaiZ [
BiEFEAREL (CE) G EPNIEEY S| TES TE PR SOR AT You# [100]
G EPNEE S| TES 8B PR 2R RS 71
B R HHANRIFEEA IK RN KBS PR A A T Guo% [102]
Ol I R VE S K BB / Huz (103
AN KR A FElecmifZ G A A2 YangZ [104]
AT I SR B TRz G/ SRR Wu [105)
AE &N i S 8 J SRR R BT A 1Y LiuZg [106)
i HHANREEA IR /NER Y Ze g D107)
HHREEA IKEE AN /INEROGRE A R SR AR R WangZ5 [108)




-404- EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2025; 52 (2)
Table 4 Recombinant collagen in clinical applications
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Fig. 4 Recombinant collagen to repair wounds
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Fig. 5 Treatment of EB with recombinant type VII collagen '**’
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Abstract Collagen is a major structural protein in the matrix of animal cells and the most widely distributed and
abundant functional protein in mammals. Collagen’s good biocompatibility, biodegradability and biological
activity make it a very valuable biomaterial. According to the source of collagen, it can be broadly categorized
into two types: one is animal collagen; the other is recombinant collagen. Animal collagen is mainly extracted and
purified from animal connective tissues by chemical methods, such as acid, alkali and enzyme methods, efc.
Recombinant collagen refers to collagen produced by gene splicing technology, where the amino acid sequence is
first designed and improved according to one’s own needs, and the gene sequence of improved recombinant
collagen is highly consistent with that of human beings, and then the designed gene sequence is cloned into the
appropriate vector, and then transferred to the appropriate expression vector. The designed gene sequence is
cloned into a suitable vector, and then transferred to a suitable expression system for full expression, and finally
the target protein is obtained by extraction and purification technology. Recombinant collagen has excellent
histocompatibility and water solubility, can be directly absorbed by the human body and participate in the
construction of collagen, remodeling of the extracellular matrix, cell growth, wound healing and site filling, etc.,

which has demonstrated significant effects, and has become the focus of the development of modern biomedical
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materials. This paper firstly elaborates the structure, type, and tissue distribution of human collagen, as well as the
associated genetic diseases of different types of collagen, then introduces the specific process of producing animal
source collagen and recombinant collagen, explains the advantages of recombinant collagen production method,
and then introduces the various systems of expressing recombinant collagen, as well as their advantages and
disadvantages, and finally briefly introduces the application of animal collagen, focusing on the use of animal
collagen in the development of biopharmaceutical materials. In terms of application, it focuses on the use of
animal disease models exploring the application effects of recombinant collagen in wound hemostasis, wound
repair, corneal therapy, female pelvic floor dysfunction (FPFD), vaginal atrophy (VA) and vaginal dryness, thin
endometritis (TE), chronic endometritis (CE), bone tissue regeneration in vivo, cardiovascular diseases, breast
cancer (BC) and anti-aging. The mechanism of action of recombinant collagen in the treatment of FPFD and CE
was introduced, and the clinical application and curative effect of recombinant collagen in skin burn, skin wound,
dermatitis, acne and menopausal urogenital syndrome (GSM) were summarized. From the exploratory studies and
clinical applications, it is evident that recombinant collagen has demonstrated surprising effects in the treatment of
all types of diseases, such as reducing inflammation, promoting cell proliferation, migration and adhesion,
increasing collagen deposition, and remodeling the extracellular matrix. At the end of the review, the challenges
faced by recombinant collagen are summarized: to develop new recombinant collagen types and dosage forms, to
explore the mechanism of action of recombinant collagen, and to provide an outlook for the future development

and application of recombinant collagen.
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