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Intelligent biomimetic nanocomposites for bone regeneration

Abstract: Bone has stress growth characteristic and its mechanism is closely related to electric/magnetic signal. Thus, a series
of multi-functional composites were developed through the design and synthsis of biodegradable conductive polymers and
gadlium doped magnetic or piezoelectric nanomaterial, and mixing with PLGA. In vitro and in vivo experiments were em-
ployed to observe their biodegradation, the growth and differentiation of osteoblasts, as well as the effects of bone repair.
These intelligent nanomaterials show a wide applicatioin in bone regeneration.
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In vitro cartilage regeneration and its clinical translation

Abstract: Cartilage regeneration and its functional reconstruction is always a great challenge in clinic. Tissue engineering
provides a new strategy for solving this challenge. During the past ten years, our group performed a series of researches and
realized clinical translation of multiple cartilage regeneration technologies. The main advances includes: 1) To establish a
novel chondrogenic induction system, which efficiently regulates cartilage regeneration of stem cells and dedifferentiated
chondrocytes; 2) To establish a series of technological system of in vitro 3D cartilage regeneration and to realize accurate
control of 3D shape and mechanical strength by means of 3D printing and bioreactors; 3) To repair successfully various car-
tilage defect models in large animals; 4) To successfully perform multiple clinical trials of cartilage regeneration and its func-
tional reconstruction, including reconstruction of external ear, repair and reconstruction of nasal cartilage defects, repair of
tarsal plate defects, repair of articular cartilage defects as well as repair of articular osteochondral defects.
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Multimodal mechano-modulation and layer-by-layer assembly toward
annulus fibrosus regeneration of the intervertebral disc

Abstract: Degenerative disc disease (DDD) is the leading cause of low back pain, a serious global health problem which
contributes to healthcare costs significantly. While it is promising to repair degenerated intervertebral discs (IVDs) using tis-
sue engineering techniques, such an approach largely relies on the effective construction of annulus fibrosus (AF), a major
load-bearing component of IVD. However, because of the tremendous cellular, biochemical, microstructural, and biome-
chanical heterogeneity of AF tissue, it remains challenging to fabricate AF replacements that are biologically and function-
ally comparable to native AF tissue. Recently, we started to employ a tissue engineering strategy based upon layer-by-layer
assembly and multimodal mechano-modulation in order to mimic the layered structure and to address the heterogeneity
feature of AF tissue as well. In brief, we isolated multipotent AF-derived stem cells (AFSCs) for AF tissue engineering. We then
synthesized a series of biodegradable polyurethanes and hydrogels with similar elastic modulus as AF tissue. We found that
the biochemical and biomechanical profiles of AFSCs were markedly affected by the elastic modulus of scaffolds, implying
the feasibility to induce differentiation of AFSCs into cells at different regions of native AF tissue. We also obtained AFSC
sheets, i.e., cell monolayers together with the underlying matrix, using novel cell sheet culture techniques. Further, we ap-
plied dynamic mechanical stimulation to AFSCs and found that their anabolic and catabolic metabolisms were significantly
dependent on the magnitude, frequency and duration of mechanical stimulation. Following these, we will assembly engi-
neered AF tissue, through a layer-by-layer approach, using AFSC sheets primed with substrates of various elasticity and con-
ditioned with appropriate mechanical stimulation. Findings from these studies may provide new insights toward developing
engineered AFs whose biological features and mechanical functions approximate those of native AF tissue.
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Single-Cell RNA-Seq Reveals Novel Mitochondria-related
Musculoskeletal Cell Populations during Adult Axolotl Limb
Regeneration Process
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Single-Cell RNA-Seq Reveals Novel Mitochondria-related
Musculoskeletal Cell Populations during Adult Axolotl Limb
Regeneration Process

Abstract: While the capacity to regenerate tissues or limbs is limited in mammals, including humans, axolotls are able to
regrow entire limbs and major organs after incurring a wound. The wound blastema has been extensively studied in limb
regeneration. However, due to the inadequate characterization of ECM and cell subpopulations involved in the regeneration
process, the discovery of the key drivers for human limb regeneration remains unknown. In this study, we applied large-
scale single-cell RNA sequencing to classify cells throughout the adult axolotl limb regeneration process, uncovering a novel
regeneration-specific mitochondria-related cluster supporting regeneration through energy providing and the ECM secre-
tion cluster contributing to regeneration through cell-cell interactions signals. We also discovered the dedifferentiation and
re-differentiation of the COL1+/COL2+ cellular subpopulation and exposed a COL2-mitochondria sub-cluster supporting
the musculoskeletal system regeneration. On the basis of these findings, we reconstructed the dynamic single-cell transcrip-
tome of adult axolotl limb regenerative process, and identified the novel regenerative mitochondria-related musculoskeletal
populations, which yielded deeper insights into the crucial interactions between cell clusters within the regenerative micro-

environment.



