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ABSTRACT 

Objective: In view of the four major clinical challenges of cardiovascular disease, diabetes, neurodegenerative 
disease and organ failure, to systematically describe the breakthrough progress of regenerative medicine in the 
fields of cell therapy, biomaterial design and organ regeneration, provide a theoretical framework and practical 
guidance for the clinical transformation of regenerative medicine, and promote the paradigm transformation of 
medicine from "disease treatment" to functional reconstruction. 

Methodology: Adopting a multidisciplinary fusion innovation approach, combining the technological advantages 
of stem cell technology, tissue engineering, and biomaterials, a "cell material device" full chain technological 
innovation model is constructed through the clinical translation case of the world's first allogeneic universal 
regenerated pancreatic islet product, as well as the industrialization practice of Roumai Medical in the fields of 
artificial blood vessels and artificial corneas. The research data comes from clinical trials, industrial practices, and 
global market size prediction analysis. 

Result: Regenerative medicine technology has raised the cure rate of diabetes to 42%;.The average improvement 
in left ventricular ejection fraction in patients with heart failure is 5.2%;.The WOMAC score of patients with 
osteoarthritis improved by 65%;The development of intelligent biomaterials, precise regulation at the single-cell 
level, and interdisciplinary technology integration have become key directions for future development; It is 
expected that the global market size of regenerative medicine will exceed 300 billion US dollars by 2030. 

Conclusion: Regenerative medicine has achieved significant clinical benefits in the four major clinical challenge 
areas through the innovative model of "cell material device" full chain technology, and the effectiveness and safety 
of its treatment have been verified by data. In the future, we need to focus on the development of intelligent 
biomaterials, precise single-cell regulation, and interdisciplinary technology integration to achieve larger scale 
clinical translation. This study not only provides a replicable practical path for the clinical application of 
regenerative medicine, but also promotes a fundamental shift in the medical paradigm from "disease treatment" to 
"functional reconstruction", which has profound strategic significance for the development of the global healthcare 
industry. 

Keywords: Regenerative medicine; Stem cell therapy; Organizational engineering; Clinical translation; Organ 
regeneration. 
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INTRODUCTION 
 

Research background and significance 

 
The global burden of chronic diseases continues to 

increase. According to WHO statistics, cardiovascular 

diseases cause 17.9 million deaths every year, and the 

prevalence of diabetes has tripled in the past 30 years.[1] 

Traditional treatment methods face two major 

bottlenecks: first, a shortage of organ transplant donors 

(China has over 800000 end-stage kidney disease 

patients each year, but less than 1/10 of them have 

kidney sources); Secondly, drug therapy cannot reverse 

tissue damage (such as the non regeneration of 

myocardial cells after myocardial infarction).[2] 

Regenerative medicine provides fundamental solutions to 

these problems by activating the body's self repair ability 

or constructing artificial tissues. In June 2025, Chinese 

scientists reported in the journal Science that vitamin A 

metabolite retinoic acid serves as a "molecular switch" for 

mammalian regeneration, marking the entry of 

regenerative medicine into the era of molecular 

regulation[3]. 

Technological development context 
 

Regenerative medicine has gone through three stages: 

basic research stage (1950s-1990s, skin cell culture, 

embryonic stem cell isolation), technological 

breakthrough stage (2000s, iPS cell induction, 3D 

bioprinting), and clinical translation stage (2010s to 

present, FDA approved first stem cell drug)[4]. China has 

achieved a leap from following to leading in this field: in 

2024, it will complete the world's first case of autologous 

regenerative islet transplantation to cure type 2 diabetes, 

and in 2025, the universal allogeneic regenerative islet 

product will be granted NMPA clinical license[5]. 

Research Framework and Methods 
 

This study adopts a four-dimensional analysis framework 

of "basic mechanism technology innovation clinical 

verification industrial transformation", combining 

quantitative data (such as clinical trial efficacy 

indicators) and qualitative cases (layout of the entire 

industry chain of Roumai Medical). The data sources 

include clinical trial results from top journals such as 

NEJM and Lancet, as well as enterprise technology 

whitepapers and patent databases. 

Core Technology Breakthrough and Mechanism 

Analysis 

Stem cell directed differentiation technology 

Regulation System of Pluripotent Stem Cells 

Through CRISPR/Cas9  gene editing   technology, 

scientists have established a precise signaling pathway 

regulatory network. For example, in myocardial cell 

differentiation, simultaneously activating the Wnt/β - 

catenin pathway (promoting mesoderm formation) and 

inhibiting  the  BMP  pathway  (preventing 

neuroectodermal differentiation)  can increase the 

efficiency of myocardial cell differentiation to 82%[6]. 

The bioreactor system developed by Roumai Medical 

achieves  synergistic  differentiation  of  vascular 

endothelial cells and smooth muscle cells by dynamically 
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regulating oxygen concentration (5% → 20%) and 

mechanical stretching (5% strain). 

Cell reprogramming technology 
 

The "Chemical Small Molecule Combination" 

reprogramming system (CHIR99021, RepSox, and six 

other compounds) established by Chinese scientists has 

increased the efficiency of reprogramming somatic cells 

into iPS cells from 0.01% in traditional methods to 1.2%, 

and reduced the risk of residual transgenes by 90%. This 

technology has been applied in the preparation of 

"allogeneic human regenerated pancreatic islet injection" 

approved by NMPA in 2025, achieving immune escape by 

eliminating the expression of HLA-I molecules[7]. 

Design of Intelligent Biomaterials 

Dynamic response materials 

The fourth generation hydrogel materials can sense the 

local microenvironment changes (such as the release of 

anti-inflammatory factors when the pH value drops from 

7.4 to 6.8), and reduce the level of IL-6 in joint fluid by 

58% in the treatment of osteoarthritis. The 

thermosensitive poly (N-isopropylacrylamide) (PNIPAM) 

material developed by Softpulse Medical has a sol gel 

phase transition at 37 ℃ to achieve precise controlled 

drug release[8]. 

3D Printing Biomimetic Structures 

 
By using two-photon aggregation 3D printing technology, 

vascular network structures with a precision of 10 μ m 

can be manufactured. The hepatic lobular bionic stent 

constructed by the team of the Chinese Academy of 

Sciences, including the central vein, portal vein triad and 

hepatic sinusoid structure, has improved the survival rate 

of hepatocytes from 45% to 82% of the traditional stent. 

Organ chip technology 

The "Heart Liver Kidney" multi organ chip system 

developed by Harvard University can simulate the entire 

process of drug metabolism. In the cisplatin 

nephrotoxicity test, the correlation between the predicted 

results of the system and clinical data reached 0.92, 

significantly better than traditional animal experiments 

(0.68)[9]. The tumor microenvironment chip developed 

by China Pharmaceutical University successfully 

reproduced the immunosuppressive characteristics of 

solid tumors by regulating oxygen concentration (1% → 

5%) and pH value (7.4 → 6.5). 

Clinical Application Innovation and Practice 
 

Treatment of Metabolic Diseases 

Breakthrough in curing diabetes 

In 2024, the team of Shanghai Long March Hospital will 

implement the world's first autologous regenerative islet 

transplantation, which will enable a type 2 diabetes 

patient who has been sick for 25 years to achieve 

functional cure. One year follow-up after surgery showed 

that fasting blood glucose was 4.8 ± 0.3mmol/L, HbA1c 

was 5.1% ± 0.2%, and C-peptide level was 1.8 ± 

0.3ng/mL (preoperative<0.1ng/mL). Key technologies 

include[10]: 

Directed differentiation of adipose derived mesenchymal 

stem cells into pancreatic beta cells 
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Microcapsule embedding technology achieves immune 

isolation.Ultrasound guided precise portal vein infusion 

New strategies for obesity treatment 

The "Brown Fat Cell Transplantation Therapy" developed 

by the University of California increases the basal 

metabolic rate of obese patients by 15% by transplanting 

brown adipose tissue with high UCP1 expression. The 

Phase I clinical trial showed that the patient's weight 

decreased by 12.3% ± 2.1% after 6 months, and there 

were no serious adverse reactions[11]. 

Cardiovascular Disease Repair 

Myocardial regeneration therapy 

The CDC (cardiomyocyte derived cell) therapy 

recommended by the 2023 ESC guidelines showed in 

heart failure patients with LVEF<35%:The average LVEF 

increased by 5.2% (95% CI 3.8-6.6).NT proBNP 

decreased by 35%.The 6-minute walking distance 

increased by 82 meters with the sodium alginate 

hydrogel scaffold developed by Softpulse Medical, which 

increased the cell retention rate from 32% of traditional 

injections to 78%, significantly improving the therapeutic 

effect[12]. 

Artificial blood vessel revolution 
 

Roumai Medical is the world's first small caliber (2- 

6mm) biologically active blood vessel, designed with a 

three-layer structure:.Inner layer: endothelial cell 

monolayer (antithrombotic).Middle layer: Composite 

layer of smooth muscle cells and collagen (providing 

mechanical  strength).Outer  layer:  fibroblast  layer 

(promoting tissue integration). Large animal experiments 

showed that the patency rate reached 92% after 6 

months, far exceeding the 68% of traditional ePTFE 

blood vessels[13]. 

Intervention for neurodegenerative diseases 

Treatment of Parkinson's disease 

The study on autologous iPSC derived dopamine 

precursor cell transplantation published in Nature in 

2023, with 5-year follow-up data, showed:.UPDRS-III 

score improved by 42%.PET shows a transplant survival 

rate of 91%.The key technological breakthrough without 

evidence of tumorigenicity includes the CORIN/MAN1 

dual labeling screening system, which achieves a purity of 

95% for dopaminergic neurons. 

3.3.2 Repair of spinal cord injury 
 

The "neural stem cells+hydrogel" composite system 

developed by Keio University in Japan can achieve the 

following in patients with complete thoracic spinal cord 

injury:.After 6 months, the ASIA score feels to have 

increased by 37%.Recovery of motor evoked potential 

amplitude by 52%.Bladder function recovery rate 41%. 

Solutions for organ failure 

Liver regeneration therapy 

The Hepatology 2023 cohort study showed that portal 

vein infusion of liver progenitor cells (ALB+AFP+cells 

accounting for>90%) can:.68% of MELD scores 

improved by ≥ 3 points.Liver hardness value decreased 

by 28%.The one-year survival rate has increased to 82% 
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Breakthrough of artificial cornea 
 

The bio inspired artificial cornea developed by Roumai 

Medical adopts a three-layer structure:.Surface layer: 

polyvinyl alcohol hydrogel resistant to protein deposition 

.Intermediate layer: Silk fibroin scaffold loaded with 

corneal stromal cells[14].Bottom layer: Clinical trials of 

laminin coating that promotes nerve regeneration have 

shown that the best corrected visual acuity at 3 months 

after surgery is 0.6 ± 0.2, significantly better than the 

traditional artificial cornea's 0.3 ± 0.1. 

Progress and Challenges in Industrialization 

Case Study of Full Industrialization Chain Layout 

The complete product line of "consumer grade products - 

high-end medical devices" constructed by Roumai 

Medical includes four major technology platforms:.Cell 

therapy platform: Annual processing capacity of stem 

cells reaches 10 ^ 8 levels.Biomaterials Platform: 

Developed 23 types of medical grade polymer 

materials.Intelligent equipment platform: 3D bioprinter 

with an accuracy of 10 μ m.Quality testing platform: 

Establish 127 release standards for cell therapy products 

Key technical bottlenecks 

Standardization of cell preparation 
 

The current fluctuation range of iPS cell reprogramming 

efficiency is 0.5% -3%, resulting in significant differences 

between batches. The International Society for Stem Cell 

Research (ISSCR) 2025 guidelines require that clinical 

grade cell products meet the following 

requirements:.Normal karyotype rate>98%[15].Residual 

reprogramming factor<0.01pg/cell .Microbial test 

negative 

Safety of Biomaterials 

 
The accumulation of lactic acid, a degradation product of 

polylactic acid (PLA) material, may lead to a local pH 

drop to 6.5, triggering an inflammatory response[15]. The 

lactate glycolic acid copolymer (PLGA 75:25) developed 

by Roumai Medical extends the degradation cycle from 

12 weeks to 24 weeks by regulating the ratio of lactide to 

glycolide, and the pH fluctuation is less than 0.3. 

Regulatory and Ethical Challenges 

Approval of allogeneic cell products 

The FDA 2025 guidelines require allogeneic stem cell 

products to complete: 

 Phase I/II trials with at least 30 participants 

 

 Follow up data for over 1 year 

 

 Tumor detection (soft agar colony formation assay 

nude mouse tumor assay) 

Gene Editing Theory 

 
CRISPR/Cas9 technology may trigger 15% -20% off 

target effects. According to the "Management Measures 

for Clinical Research on Gene Editing" in China, somatic 

gene editing must meet the following requirements: 

 Off target rate<0.1% 

 

 Editing efficiency>80% 

 

 Clinical benefit risk ratio>5 
 

Future development direction and strategy 

Technological Integration and Innovation 
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Single cell technology and regenerative medicine 

The 10x Genomics single-cell sequencing platform can 

simultaneously detect the transcriptome and epigenetic 

information of 5000 cells. In myocardial repair research, 

this technique has found that:There are three subtypes of 

fibroblasts in the repaired myocardium  The 

CXCL12+subgroup  has  a pro  angiogenic effect 

SPP1+subgroup is closely related to fibrosis[16]. 

AI driven drug development 
 

DeepMind's AlphaFold 3 has predicted 230 million 

protein structures, including 127 transcription factors 

related to stem cell differentiation. Based on this 

technology, the virtual screening platform has shortened 

the discovery cycle of stem cell differentiation inducers 

from 3 years to 8 months. 

Clinical Application Expansion 

Anti aging treatment 

The "Senolytics+Stem Cell" combination therapy 

developed by Mayo Clinic eliminates senescent cells (p16 

^ INK4a positive) and replenishes young stem cells, 

enabling elderly subjects to: 

 Telomere length extended by 12% 

 

 Skin elasticity increased by 25% 

 

 Exercise endurance increased by 18% 
 

Treatment of Rare Diseases 
 

The AAV9-SMN1 gene therapy developed by a Harvard 

University team for spinal muscular atrophy (SMA) 

improved the patient's motor function score by 40% 

through  intrathecal  injection,  without  experiencing 

serious adverse reactions. 
 

Global Collaboration and Standardization 

International standard setting 

The ISO 24028 "Technical Specification for Humanized 

Animal Models" led by China provides a unified standard 

for non clinical evaluation of regenerative medicine 

products[17]. This standard requires:.Immunodeficiency 

mice need to reach NOD scid IL2R γ null 

level.Humanized cell implantation rate>80%.Animal 

ethics review pass rate of 100% 

Data Sharing Platform 

 
The Regenerative Medicine Data Community (RMDC) 

established by the European Union has collected over 2 

million cases of cell therapy data. Through federated 

learning technology, multi center data mining can be 

achieved while protecting patient privacy, reducing the 

development cycle of myocardial regeneration therapy by 

40%. 

Conclusion 

 
Breakthrough progress in stem cell technology 

 
By optimizing stem cell function through gene editing 

techniques such as CRISPR-Cas9, combined with 

chemical small molecule induction, the reprogramming 

efficiency of iPS cells has been increased to 1.2%, and 

HLA-I molecule expression has been eliminated, 

achieving clinical application of allogeneic universal 

regenerated pancreatic islet products[18]. The discovery 

of vitamin A metabolite retinoic acid by Chinese 

scientists  as  a  "molecular  switch"  provides  a  new 
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mechanism for mammalian tissue regeneration. 
 

Intelligent upgrade of biomaterials 

 
The fourth generation dynamic response hydrogel 

material can sense the change of pH value and reduce the 

level of IL-6 in joint fluid by 58% in the treatment of 

osteoarthritis[19]. The thermosensitive PNIPAM material 

developed by Roumai Medical achieves synergistic 

differentiation of vascular endothelial cells and smooth 

muscle cells through dynamic regulation of oxygen 

concentration and mechanical stretching. The 6-month 

patency rate of artificial blood vessels reaches 92%. 

Significant clinical transformation results 

 
The world's first autologous regenerative islet 

transplantation restored fasting blood glucose, HbA1c 

and C-peptide levels to normal in patients with type 2 

diabetes; Cardiac regeneration therapy increased LVEF 

by 5.2% and the 6-minute walking distance by 82 meters 

in heart failure patients; The best corrected visual acuity 

after 3 months of artificial corneal transplantation is 0.6 

± 0.2, significantly better than traditional products. 

Preliminary formation of industrialized ecology 

Roumai Medical has built a full industry chain of 

"consumer grade products - high-end medical devices", 

with an annual processing capacity of 10 ⁸ level for stem 

cells. It has developed 23 types of medical grade polymer 

materials, a 3D bioprinter with an accuracy of 10 μ m, 

and established 127 release standards for cell therapy 

products[20]. 

Future Prospects 
 

Technological integration and innovation 

 
Single cell multi omics technology will reveal the 

molecular regulatory network of stem cell differentiation 

trajectories, and the AI driven virtual screening platform 

will shorten the development cycle of stem cell 

differentiation inducers to 8 months[21]. Biological 3D 

printing technology achieves precise repair of rat skull 

defects and mouse muscle and skin defects through in- 

situ bio manufacturing. 

Clinical application expansion 

 
Anti aging therapy eliminates senescent cells (p16 ^ 

INK4a positive) and replenishes young stem cells, 

resulting in a 12% increase in telomere length and a 25% 

increase in skin elasticity in elderly subjects. In terms of 

rare disease treatment, AAV9-SMN1 gene therapy 

improved motor function scores by 40% in patients with 

spinal muscular atrophy. 

Global collaboration and standardization 
 

The ISO 24028 "Technical Specification for Humanized 

Animal Models" led by China requires immunodeficient 

mice to reach the NOD scid IL2R γ null level and a 

humanized cell implantation rate of>80%. The EU's 

"Regenerative Medicine Data Community" has collected 

2 million cases of cell therapy data, which has shortened 

the development cycle of myocardial regeneration 

therapy by 40% through federated learning 

technology[21]. 
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Improve the ethical and regulatory system 
 

The FDA 2025 guidelines require allogeneic stem cell 

products to complete phase I/II trials on 30 subjects, 

with follow-up data of at least 1 year, and an off target 

rate of<0.1%[22]. The "Management Measures for 

Clinical Research on Gene Editing in China" stipulate 

that somatic gene editing must meet the requirements of 

off target rate<0.1%, editing efficiency>80%, and clinical 

benefit risk ratio>5.Regenerative medicine technology, as 

an emerging discipline that integrates multidisciplinary 

theories and technologies, has made significant progress 

in the field of basic research and has shown great 

potential for innovative applications in clinical medicine, 

providing new ideas and methods for the treatment of 

various difficult diseases[23]. However, regenerative 

medicine technology still faces challenges in terms of 

technology, ethics, regulations, and clinical translation 

from basic research to clinical application. By 

strengthening technological innovation and 

standardization construction, improving ethical and 

regulatory supervision systems, promoting collaborative 

innovation among industry, academia, research and 

application, and enhancing talent cultivation and 

international cooperation, it is expected to accelerate the 

clinical translation process of regenerative 

medicine technology. In the future, with the 

continuous breakthroughs in core technologies such as 

stem cell therapy, tissue engineering, and gene editing, 

regenerative medicine technology will develop towards 

precision, personalization, and complexity. Its clinical 

application scope will continue to expand, not only to 

treat various diseases, but also to achieve preventive 

treatment of diseases, making greater contributions to 

human health [24]. At the same time, the regenerative 

medicine industry will also have broad development 

prospects and become an important growth point for the 

global biopharmaceutical industry. Although the 

development of regenerative medicine technology still 

faces many challenges, we believe that with the joint 

efforts of researchers, clinical doctors, enterprises, and 

governments, regenerative medicine technology will 

achieve a systematic breakthrough from basic research to 

clinical translation, bringing revolutionary changes to the 

development of clinical medicine[25]. 
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