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Features of collagen

Collagen ;  biomaterials for wound healing
structural integrity of the ECM

dynamic and flexible material
re‐modeling to refine cellular behavior and tissue function
surface‐active and is capable of penetrating a lipid‐free interface
biodegradable and nontoxic

exogenous collagen is more biocompatible than other natural polymers
The effect of mean pore size on cell attachment, proliferation and migration in collagen‐glycosaminoglycan scaffords for bone tissue engineering. Biomaterials(2010)31, 461‐466.

2‐1 : Sci. Technol. Adv. Mater.11 (2010). 2‐2 : PLOS jourmal.pone.020527

Structure of collagen molecule 

Amino acid chains

Gly : Glycine
X : Proline
Y : Hydroxyproline

MW : 300,000
Length : 300nm 
Diameter : 1.5nm

Collagen Fibers

Collagen Fibrils

Collagen Molecules

Repeating amino acid pattern of the Gly‐X‐Y and 

triple helical strucutre of collagen.

Collagen is one of the key structural proteins found in the extracellular matrices of many connective tissues in mammals, 

making up about 30% of the whole-body protein content (Friess, 2000; Muyonga et al., 2004). 

Nature’s hierarchical materials. Materials Science 52 (2007) 1263‐1334

History of collagen biomaterial

The use of collagen as a modern biomaterial began in 1881. 

Biodegradable suture ‐ “catgut”, a collagen‐rich biomaterial prepared. 

‐ small intestine of a sheep 

Collagen-Based Biomaterials for Wound Healing. Biopolymers. 2014 Aug; 101(8): 821–833.

‘Joseph Lister, who founded modern surgery’ 

his former student William Macewen reported independently on 

the advantages. 

Greek word where
“kola”means gum and “gen” means producing

Collagen: Animal Sources and Biomedical Application Journal of Applied Pharmaceutical Science 5 (03); 2015: 123‐127

Main structural protein in the extracellular space in the various connective tissues.

Most abundant protein in mammals, making 25% to 35% of the whole‐body protein content. 

Consists of amino acid wound together to form triple‐helices of elongated fibrils. 

Found in fibrous tissues such as tendons, ligaments, and skin. 

Depending upon the degree of mineralization, may be rigid (bone), compliant (tendon), or (cartilage). 

In muscle tissue, it serves as a major component of the endomysium. 

Collagen

•Type I: skin, tendon, vasculature, organs, bone (main component of the organic part of bone)

•Type II: cartilage (main collagenous component of cartilage)

•Type III: reticulate (main component of reticular fibers), commonly found alongside type I.

•Type IV: forms basal lamina, the epithelium‐secreted layer of the basement membrane.

•Type V: cell surfaces, hair, and placenta
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Atelocollagen of outpatients cases

Hyaluronic Acid

Intra‐Articular Growth Hormone

Stem Cells

Vitamin B‐12 and  Traumeels

Platelet‐Rich Plasma Therapy

PDRN
(Poly deoxyribonuclotide)

Prolotherapy

5Days Weeks‐Months

Inflammation

Injury

Proliferative
phase

Remodeling phase

Several Years

Atelocollagen
Role : 

Collagen becomes more organized 

Replacement of reticulin with type 1 collagen for increased tensile strength 

Reabsorption of water from scar 

Low imunogenic responses 

Drug delivery vectors

Scaffold of cell proliferation

Increased stiffness matrix

↑

+ type 1 collagen

↑

Fibroblast

↑

Cytokine secretion

↑

DNA fragments 

(1) 염증 단계와 (2) 세포 및 세포외 기질의 증식 단계 이후에는 (3) Type I collagen 생성이 수개월에서 수년에 걸쳐 진행

Fully activated fibroblasts, myofibroblasts, 
requires a stiff environment

Increased  stiffness matrix

Collagen : Type Ⅰ collagen 중요성

From mechanical loading to collagen synthesis, structural changes and function in human tendon. Scand J Med Sci Sports. (2009) Aug;19(4):500‐10

Soft tissue  Trauma, Injury 

손상 된 조직의 치유과정 완성

Fibroblast aging에 의해 80세

이상은 세포의 활성화가 감소되어

67% 콜라겐 합성이 감소

Biomedical Applications of Collagen

Collagen

• Beads
• Membrane
• Mini pellet

• Skin‐graft 
• Cornea
• Dental Tissue 
• Stem Cells, Signal  
• Mediated delivery for cancer therapy 
• Medical applications… 

(Hemostasis, Anti‐adhesion agent)

• Wrinkle improvement
• Regeneration
• Anti‐aging
• Joint function
• Beauty

Scaffolds, Signal like,
Cell like

Medicine

Medical 
device

Foot, 
beauty

Density
Formulation 
Collagen type 
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;  biomaterials for wound healing

structural integrity of the ECM

dynamic and flexible material

re‐modeling to refine cellular and tissue function

Collagen  Atelocollagen

;  exogenous collagen 

non‐allergenic

biodegradable and nontoxic

more biocompatible than other natural polymers

Atelcollagen은 Antigenic biding site를제거하여면역반응을최소화하였기때문에

Mammal에서 IFN α, IFN β, IL‐1β, TNF‐γ, IL‐6, IL‐12 염증성사이토카인을유도하지않음. 

(*p<0.01) 

Successful recellularization of human tendon scaffolds using adipose‐derived mesenchymal stem cells and collagen gel

Atelocollagen : Scaffold of cell proliferation

J Tissue Eng Regen Med (2012)

 방법 : 외상 환자 수술 중에 flexor tendon을 기증 받아
탈세포화 과정 후 증식 과정 연구

.
• 분석 : 건(tendon)의 착색(Hematoxylin / eosin, Masson 

trichromic)을 통해 세포의 증식을 비교분석

결론

“척추 추간판 세포는 제 1형, 2형 아텔로콜라겐 지지체 내에서

생존 가능하였고, 제 1형, 제 2형 아텔로콜라겐 지지체에서

아데노바이러스를 이용한 TGF-β1, BMP-2 cDNA 전달로 추간판

세포의 단백다당 생성, 연골형 표현형의 발현 증가가 있었다.

이는 조직 공학, 세포 치료, 유전자 치료를 함께 적용하여 추간판

조직 재생을 시도한 것이며 추간판 질환 치료에 새로운 접근법을

제시하였다.”

Structure of Atelocollagen molecule

The significance of ‘Atelocollagen’, concerns regarding collagen‐induced autoimmunity.

Telopeptide
C terminal

Telopeptide
N terminal

Pepsin

treatment

Provides any clinically 

significant immunological benefits.

Atelocollagen
Low Immunogenic responses 

Drug delivery vectors

Scaffold of cell proliferation

Atelocollagen‐mediated systemic delivery prevents immunostimulatory adverse effects of siRNA in mamals. Moleculartherapy.org vol. 20 no. 2, 2012
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