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A B S T R A C T   

As a class of novel biomaterials manufactured by synthetic biology technologies, recombinant collagens are 
candidates for a variety of medical applications. In this article, a regulatory scientific perspective on recombinant 
collagens and their medical devices is presented with a focus on the definition, translation, classification and 
technical review. Recombinant collagens are categorized as recombinant human collagen, recombinant hu-
manized collagen and recombinant collagen-like protein, as differentiated by specific compositions and struc-
tures. Based on their intended uses and associated risks, recombinant collagen-based medical devices are 
generally classified as Class II or III in China. The regulatory review of recombinant collagen-based medical 
devices aims to assess their safety and efficacy demonstrated by scientific evidences generated from preclinical 
and clinical evaluations. Taken together, opportunities as well as challenges for their future clinical translation of 
recombinant collagen-based medical devices abound, which highlights the essential role of regulatory science to 
provide new tools, standards, guidelines and methods to evaluate the safety and efficacy of medical products.   

Collagen is the main structural protein of human tissues and organs. 
Currently, at least 28 types of collagen are reported, which account for 
about 30–40% of the total body proteins [1,2]. Collagen-based medical 
devices are widely used in a variety of clinical areas including general 
surgery [3,4], orthopedic [5,6], dental [7], and neurosurgery [8], as 
well as cosmetology [9]. At present, collagens used as raw materials for 
medical devices are mainly derived from animal tissues and allograft 
tissues [10]. The issues with animal- or allograft-sourced collagens 
include limited supply, immunogenicity risks as well as viral and other 
infectious agents. Such constraints restrict broader clinical applications 
of collagen-based medical devices. In addition, a major technical diffi-
culty of animal-derived collagens is the purification of any specific type 
of collagen which generally contains heterogeneous subtypes. 

Recombinant collagens (rCols) are protein products prepared with 
synthetic biology technologies [11,12]. Because mass production of 
naturally-derived biomaterials could be achieved through microbial 
fermentation technologies with high yield, low cost and less-limited raw 
material sources, the manufacture of some naturally-derived bio-
materials including collagens are inclined to shift from animal tissue 
extraction to biosynthesis. For example, sodium hyaluronate was firstly 
found and extracted from rooster combs, but the majority of the com-
mercial medical-grade sodium hyaluronate is now manufactured with 
synthetic biology [13,14]. With the advancement of technologies, it is 
expected that rCols may play an increasingly important role in the 
medical and healthcare field [15]. In recent years, several recombinant 
collagen-based medical devices (rColb-MDs) have been in clinical 
studies and/or approved by National Medical Products Administration 
of China (NMPA). In this article, a regulatory perspective on rCols and 
rColb-MDs is presented with a focus on the definition, translation, 
classification and technical review. 

1. Definition, classification and product translation 

According to the different compositions and structures between rCols 
and native human collagens, rCols can be divided into one of the 
following three categories, schematically shown as Fig. 1 [16]. The first 
type is recombinant human collagen, which features a full-length amino 
acid sequence with a specific type of human collagen and a triple helix 
structure. The second type is recombinant humanized collagen, which 
contains a full-length or partial amino acid sequence fragment encoded 
by a specific type of human collagen gene, or a combination of func-
tional fragments in native human collagen [17]. The third type is re-
combinant collagen-like protein, which is an amino acid sequence or 
fragment encoded by a specific designed or modified collagen gene, or a 
combination of such functional protein fragments. The gene coding 
sequence or amino acid sequence of recombinant collagen-like protein 
has low homology with that of native human collagen [18]. 

Analogous to native collagen, rCols can be classified into different 
subtypes based on the corresponding collagen encoding genes. Specif-
ically, recombinant type III collagen is expressed based on full length or 
partial of the COL3A1 gene. In addition, as one of the merits of 
biosynthesis technology, the encoding gene could be optimized or 
combined from different types of collagens to express rCols which differ 
from any type of native collagen. 

According to the risk degree of medical devices and the classification 
guidelines issued by NMPA, the recombinant collagen-based medical 
devices could be classified as follows [19–21]. A rColb-MD should be 
regulated as a Class III device if it is applied as an implant, or it would be 
absorbed when applied as a hemostatic or anti-adhesion device. A 
rColb-MD should be regulated as Class II device if it is non-absorbable 
and applied only on body surface. For example, if a wound dressing 
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product made of rCols could be partially or completely absorbed by the 
human body or such product is used for chronic wounds, it shall be 
regulated as Class III devices. 

Furthermore, the amino acid sequence in rCols can be designed to 
achieve customized synthesis for specific requirements. Under this 
strategy, different types of native collagen including the subtypes with 
low abundance in human body could be manufactured. Moreover, after 
the identification and screening of functional segments in different types 
of collagen molecules, the customized and tailored combination of these 
segments may satisfy precise demands of regenerative medicine, which 
may create exciting future applications of rCols. 

Currently, rCols have been investigated for clinical translations in 
many medical applications, including dermal filler [22], wound dressing 
[23], drug or cell carrier [24,25], bone void filler [26], and tissue en-
gineering scaffolds [27,28]. After querying the NMPA device database 
[29], several rColb-MDs have been approved for market entry in China, 
and the statistic number of products with various expected uses is shown 
in Fig. 2. However, despite abundant opportunities as a class of novel 

biomaterials, rCols face several challenges for their future clinical 
translation, including but not limited to the developing of effective 
expression system with high yield and low cost, maintaining of collagen 
structure stabilization actuated by enzymatic processing, and imple-
menting of efficacy validation. 

2. Regulatory review 

Concerns related to the characteristics of the new rCols’ materials in 
rColb-MDs, including some key issues in safety and performance eval-
uation should be focused during the technical review. The development 
of novel biomaterials could improve the performance and clinical effi-
cacy of medical devices. On the flip side, the new materials may also 
bring unknown risks. The safety and efficacy evaluation of rColb-MDs 
should focus on the scientific evidence of the rCols and rColb-MDs and 
identify key issues in safety and performance evaluation. In addition, a 
series of their regulatory science research projects should be carried out. 
Based on the current scientific understanding of rCols, the general safety 

Fig. 1. Schematic diagram of native human collagen and the classification of rCols.  

Fig. 2. The statistics number of rColb-MDs approved by NMPA for various clinical applications.  
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and efficacy evaluation concerns related to the characteristics of rCols 
materials will be discussed in the following paragraphs. 

2.1. Material’s characterization and analysis 

The measurement and analysis of material characteristics is the basis 
to ensure the quality control of medical devices, design requirement 
satisfaction of product performance and achievement of clinical appli-
cation goals. At present, ASTM standards and Chinese industry stan-
dards on characterization of animal-derived collagen can be referred 
[30–32], while items include identification, composition and structural 
characterization should be required for rCols as well. In terms of com-
positions of rCols, the following analyses are recommended in order to 
confirm the consistence with the designed amino acid sequence: the 
peptide segments at C-terminal and/or N-terminal of rCols, the peptide 
coverage rate and Lysine protease proteolysate measured by peptide 
mapping and high performance liquid chromatography-mass spec-
trometry (HPLC-MS), and the amino acid content tested by amino acid 
analysis or Ultraviolet spectrophotometry. Collagen has the character-
istics of quaternary advanced structures, including triple helix which 
endows collagen with specific biological functions or effects. In terms of 
protein structure analysis of rCols, the following characterizations are 
recommended: the secondary structure (triple helix structure) of the 
functional region that is confirmed by atomic structure analysis, the 
structural characteristics that is evaluated by various types of spectral 
analysis, micro-differential scanning calorimeter (μDSC) analysis，pro-
tease sensitivity analysis, and the microstructure that is imaged by 
scanning electron microscope (SEM). 

2.2. Impurities and residues 

Impurities and residues in biological materials create major hidden 
risks to the safety of medical devices, which merits regulatory attention. 
If the rCol is prepared by fermentation of Escherichia coli and other mi-
croorganisms, there might be various microbial components at the 
initial stage of extraction. In addition, some additives may be used 
during the production and purification process. Fig. 3 presents a 
representative workflow of recombinant collagen manufacturing and 
the additives commonly used during this process. To ensure that the 
final product is a high-purity rCol, the followings are recommended to 
be tested and controlled: purity of rCol, contents of heavy metals and 
trace elements, residues of antibiotics, host cell protein (HCP), exoge-
nous DNA, endotoxin, and residual additives such as isopropyl thio-
galactoside (IPTG) and imidazole if applicable. Representative residues 
and impurities in recombinant collagen were exhibited in Table 1. 

2.3. Immunogenicity evaluation 

Evaluation and verification of immunogenicity risks should be con-
ducted for biological materials prepared through microbial fermentation 
methods. On one hand, the immunogenicity-related items such as 
exogenous DNA content and HCP residue can be specified in product 
specifications of rCols for quality control purposes. On the other hand, 
the immunogenicity risk of the rCols product can be evaluated through 
immunotoxicology testing. Compared with animal-derived collagens, 
the composition and structure of rCols are determined and analyzed 
more easily at molecular level. At the same time, the composition of 
recombinant collagen is simpler than that of animal-derived collagen, 
which facilitates purification and removal of various impurities, and 
these impurities are often the inducement of immunogenicity. There-
fore, in theory, the risk of immunogenicity of this type of material is 
lower than that of comparable products. 

2.4. Degradation and metabolism mechanism 

The degradation and metabolism mechanisms of bio-absorbable 
materials have an important impact on long-term safety and efficacy. 
If the degradation and metabolism mechanisms of rCols are the same as 
those of native human collagen, the normal degradation and metabolism 
of rCols will not bring unknown risks. For various new rCols, it is rec-
ommended to evaluate their degradation and metabolism mechanisms, 
including the absorption and metabolism of degradation products. 

2.5. Post-market clinical follow-up 

Post-market clinical follow-up is necessary for durable implantable 
medical devices made of new materials. The process helps track long- 
term safety issues after implantation in the human body. The follow- 
up in pre-market clinical research of medical devices is often limited 
in duration. Therefore, long-term safety and efficacy evidence should be 
collected and reported by the manufacturers after the device has been 
marketed. In such cases, the specific clinical follow-up requirements will 
be indicated in the remark column of the device registration certificate. 
In case of a serious long-term adverse event of a device, the regulatory 
authority can take corresponding regulatory measures, including 
improving and standardizing product instructions, recalling defective 
products, and revoking registration certificates. Because rColb-MDs are 
devices composed of a new class of biomaterials, post-approval clinical 
follow-ups and post-market surveillance are recommended. Any adverse 
event related to rColb-MDs should be recorded, analyzed and reported. 
Special attentions should be paid to any abnormal immune response and 
metabolic function. 

Fig. 3. Representative manufacture workflow of recombinant collagen and additives used.  
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3. Prospects of safety and efficacy evaluation 

The establishment of the evaluation system and updating of evalu-
ation methods for the safety and efficacy tests of medical devices have 
accelerated the translation of new biomaterial into the industry. The 
NMPA initiated Chinese Drug Regulatory Science Action Plan (i.e., Action 
Plan), which is an implementation plan for regulatory scientific research 
on medical products, has promoted the establishment of the safety and 
efficacy evaluation system. NMPA launched its first and second Action 
Plan in April 2019 and March 2021, respectively [33,34]. In April 2021, 
Biomaterials Innovation and Cooperation Platform, led by NMPA was 
also established. The advancement of regulatory science has promoted 
medical product innovation and industry development. For example, 
Evaluation of the Performance, Safety and Efficacy for Innovative 
Biomaterials-based Medical Devices, which include rColb-MDs, is among 
one of the key projects of the Action Plan. In addition, a device master 
file of a recombinant collagen has also been successfully submitted to 
NMPA. 

At present, methods used by regulatory agencies to evaluate the 
safety and efficacy of collagen-based devices are mainly aimed at native 
collagens, which are different from rCols. For example, native collagens 
are biomacromolecules generally insoluble in neutral solution and 
cannot be filtered to sterilize, while most of the rCols are relative smaller 
molecule than the native ones, can be dissolved in water and further 
filtered to sterilize. Sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) is used to measure the purity of animal-derived 
collagen by using collagenase which has specificity on native collagen 
but may not suitable for rCols. Thus, it is necessary to establish scientific 
evaluation methods for rColb-MDs. Characterization methods of mate-
rial, structure, property and performance of rCols and rColb-MDs need 
to be scientifically evaluated and standardized. As a part of regulatory 
science, standards and guidance documents are very important for the 
effective translation of rColb-MDs from bench to clinic. The research on 
rColb-MDs is expected to provide new regulatory tools and methods for 
the evaluation of their safety and efficacy. The considerations on future 
research projects which may provide scientific evidence for the regula-
tory review of rColb-MDs are following. 

● rCol-cell interactions at molecular and cellular levels. As the repre-
sentation of their bioactivity and bio-function, the effects of rColb- 
MDs on cell behaviors including adhesion, migration, proliferation 
and differentiation could provide evidence for the safety and efficacy 
evaluation of the products.  

● Secretion and construction of extracellular matrix (ECM). While the 
secretion of ECM including collagen and polysaccharide is an 
important cell behavior, the effects of rCols on newly formed ECM 
may provide evidence for their efficacy.  

● Efficacy of tissue repair and regeneration. Because some rCols are 
water-soluble, evaluation methods for a series of in vivo properties 
may need further studies. Such properties include, but not limited to 
the microscopic stability of the rColb-MDs, the microstructure and 
microenvironment of the rColb-MDs, and the synergistic compati-
bility between degradation of rColb-MDs and tissue regeneration.  

● Long-term safety and performance in the body. At the current stage, 
the long-term safety and efficacy of rColb-MDs are predicted through 

the comparative analyses between rCols and the human native col-
lagens in terms of their structures, physical and chemical properties, 
as well as preclinical animal studies and clinical evaluations. As a 
new type of biomaterial, the long-term safety and performance of 
rCols as well the metabolic outcome after implantation in the body 
awaits comprehensive research. It is necessary to develop novel and 
effective tools and methods that can predict the long-term safety and 
performance of rColb-MDs in human body. 

4. Conclusion 

This is the first regulatory perspective on recombinant collagen- 
based medical devices. Recombinant collagens manufactured by 
biosynthesis methods are novel biomaterials that have potential to 
compete with and replace native collagens for many medical applica-
tions. With the advancement of regulatory science programs, NMPA in 
China has been promoting the research and development of innovative 
medical products including those made of novel biomaterials, such as 
recombinant collagens. NMPA has issued documents on the definition of 
recombinant collagens and classification of recombinant collagen-based 
medical devices. Based on the scientific evidence provided by both pre- 
clinical and clinical evaluations, regulatory agencies conduct regulatory 
reviews to assess the safety and efficacy of medical devices including 
those based on recombinant collagens. With more science-based 
approval of recombinant collagen-based devices by NMPA, the future 
bench-to-clinic translation of more recombinant collagen-based devices 
are expected. 
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Table 1 
Representative residues and impurities in recombinant collagen.  

Residues and impurities Necessity for manufacturing Procedures or sources Purposes 

Imidazole Yes Rough purification Cleaning solution for affinity chromatography 
Isopropyl Thiogalactoside, IPTG Yes Fermentation Induce protein expression 
Antibiotics Yes Seed culturing and fermentation Inhibit non-target strains 
Exogenous DNA No Originate from exogenous microorganisms NA 
Host cell protein No Secreted by microorganisms NA 
Endotoxin No Originate from microorganisms NA 
Heavy metals and trace elements No Originate from raw materials and containers NA  
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