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一、大会报告摘要
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半克隆技术的建立和应用

李劲松

中国科学院分子细胞科学卓越创新中心研究员

【摘要】通过核移植可以将精子重编程为孤雄单倍体胚胎干细胞系，这些细胞可以替代精子通过卵子

注射高效产生半克隆小鼠（又称为类精子干细胞介导半克隆技术）。该技术为构建复杂遗传改造小鼠

模型提供新的工具，可以用于 ：（1）一步获得携带多基因突变的杂合小鼠模型，用于模拟人类多基

因介导的复杂疾病 ；（2）快速获得携带人类疾病相关点突变小鼠用于研究疾病发生的分子机制 ；（3）

一步获得针对不同基因的突变小鼠，实现小鼠个体水平的遗传筛选 ；（4）一步获得针对编码特定基

因的不同碱基突变的小鼠，实现蛋白质关键氨基酸的在体遗传筛选 ；（5）建立携带蛋白质标签敲入

的类精子干细胞库，进而获得携带蛋白质标签的小鼠库（genome tagging project, GTP），目前已

获得 2500 余株标签细胞系，400 余个小鼠品系，为全球 100 余个实验室提供了服务 ；（6）在类精

子干细胞中靶向着丝粒切割产生了染色体头对头的融合，获得了一系列 19 对染色体的小鼠品系，模

拟了自然界漫长过程形成的染色体融合事件。类精子干细胞介导半克隆技术为发育、疾病和演化研

究提供了新手段。
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细胞纳米技术

顾宁

南京大学教授

【摘要】细胞纳米技术作为生命科学与医学交叉的前沿领域，正在推动医学模式由分子诊断走向细胞

治疗。细胞药物使细胞不仅作为研究对象，更成为治疗工具，已在免疫细胞治疗和干细胞修复等方

面展现应用潜力，而纳米技术则为这一转变提供了关键支撑 ：一方面，纳米成像与操控技术使得研

究者能够在微纳尺度上解析细胞内部结构与动态功能 ；另一方面，纳米材料与生物体系的相互作用

引发了独特的生物效应，为细胞纳米治疗、靶向递送和疾病干预等生物医学应用奠定了基础。例如，

基于铁基磁性纳米材料的细胞治疗策略，已在细胞免疫和抗炎干预等研究中取得进展。在此背景下，

磁性细胞研究拓展了细胞纳米技术的边界。通过磁性纳米颗粒修饰获得的磁性细胞能够实现远程操

控与体内追踪，而天然本征磁性细胞则通过磁性特征反映细胞铁代谢状态，并在免疫调节和能量代

谢等生物学过程中发挥特定功能。这类细胞不仅在成像和靶向迁移方面具有应用价值，还在细胞治

疗的可控释放与免疫调节中展现前景。与此同时，细胞纳米标记与示踪技术的发展，使得细胞的分布、

迁移和功能可视化成为可能，这不仅加深了对细胞行为与机制的理解，也为临床转化提供了重要工具。

总体而言，细胞纳米技术正逐步形成覆盖诊断与治疗的完整链条。在铁基磁性纳米材料和磁性细胞

等研究的推动下，该领域在免疫及再生医学等领域展现出广阔前景，并有望为精准医学和细胞治疗

开辟新的方向。

【关键词】细胞纳米技术 ；细胞诊疗 ；纳米生物 ；磁性细胞 ；细胞纳米标记与示踪
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阿尔茨海默病非人灵长类模型的建立及干细胞治疗探索

景乃禾

广州实验室

【摘要】As an insidious and slowly progressive neurodegenerative disorder, Alzheimer’s disease (AD) 

uniquely develops in humans but fails in other species. Therefore, it has been challenged to rebuild 

human AD in animals, especially in non-human primates. Here, we bilaterally delivered synthetic Aβ 

oligomers (AβOs) into the cerebral parenchyma of old cynomolgus monkeys (>18 years old), which 

rapidly drove the formation of massive Aβ plaques and concomitant neurofibrillary tangles in the 

cynomolgus brain. The amyloid and tau pathology as well as their co-occurrence in AβO-monkeys were 

reminiscent of those in AD patients. When extending the investigation to middle-aged cynomolgus 

monkeys ( ≤ 15 years old) to establish an AD model, we found no detectable AD-related pathology in 

the brains of middle-aged monkeys, even after AβOs injection. In a comprehensive pathological analysis 

of 38 monkeys, we observe that the amyloid-β (Aβ) burden increases significantly with advancing age. 

Furthermore, we demonstrate that tau phosphorylation coincides with the accumulation of extensive Aβ 

plaques and exhibits a positive correlation with Aβ burden in aged monkeys. Collectively, these findings 

underscore the critical role of the aged brain in providing the necessary conditions for AβO-induced AD 

pathologies in cynomolgus monkeys. 

【关键词】Alzheimer's disease; aged brain; amyloid-β oligomers; non-human primate; amyloid-β plaques; 

p-tau
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造血干细胞成药性生物学基础与拓展应用展望

程涛

中国医学科学院血液病医院（中国医学科学院血液学研究所）

【摘要】血液是连接各个脏器组织的纽带，血液生态的稳态维持以及造血再生涉及生命全过程，其异

常关乎众多疾病的发生。作为造血再生的核心，造血干细胞（HSC）可以通过自我更新和多向分化

生成各类血细胞，维持机体稳态。HSC 移植也被认为是目前为止，可以用于治愈血液病和非血液系

统疾病的有效治疗途径之一，在临床上已经应用了近 70 年的历史，引领了干细胞医学的发展。

HSC 的临床应用主要集中于 HSC 移植重建，但其成药性受限于体外扩增效率低、异体移植免疫排

斥等问题。未来的拓展应用主要聚焦于三个方向 ：一是利用基因编辑技术修复遗传性疾病（如地贫）

的致病突变，实现精准基因治疗 ；二是基因修饰降低 HSC 免疫原性，开发无需配型的“现货型”细

胞产品，提升临床可及性 ；三是建立无血清扩增体系，实现 HSC 的体外规模化扩增。系统评估细胞

特性、功能活性及安全性，构建 GMP 标准生产流程推动产业化，保障 HSC 产量与质量。随着多学

科交叉融合的深入，HSC 在再生医学、基因治疗和肿瘤治疗等领域具有广阔的临床转化前景。
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Decoding and Manipulating RNA Pathways in Stem Cells 

and Beyond

汪阳明

北京大学分子医学研究所

【摘要】RNAs are not mere passive templates for protein synthesis; rather, they act as  versatile   regulators 

at the core of cellular information flow.  Elucidating their functions is thus central to advancing both 

fundamental biology and therapeutic innovation. In this talk, I will first discuss our work on decoding 

the roles of microRNAs and long noncoding RNAs in stem cells and cancer. I will then introduce 

two innovative strategies that exploit the cell-type–specific activity and expression of noncoding 

RNAs to define and manipulate cell fate. In addition, I will present two methodological advances for 

systematically interrogating RNA-binding proteins. Finally, I will highlight our pipeline for discovering 

small molecules that selectively target and modulate mRNAs and noncoding RNAs, yielding promising 

functional candidates. Collectively, these studies illustrate the potential of harnessing RNA pathways to 

monitor and control stem cell fate, with implications extending well beyond stem cell biology.
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内皮祖细胞在子宫螺旋动脉重铸中的作用与调控机制

童超

重庆医科大学附属第一医院

【摘要】Placental ischemia, resulting from inadequate remodeling of uterine spiral arteries, is a key factor 

in the development of preeclampsia. This study reveals for the first time that endothelial progenitor 

cells (EPCs) participate in uterine spiral artery remodeling through a specific regulatory axis during 

vascular restructuring. We observed that vascular smooth muscle cells in the uterine spiral arteries 

of preeclampsia patients transition to a synthetic phenotype and further elucidated the regulatory 

mechanisms of EPCs in human decidua basalis. AMPK-deficient EPCs secrete excessive soluble endoglin 

(sEng) via HO-1 inhibition, which not only damages the residual endothelium but also promotes 

aberrant extracellular matrix production by vascular smooth muscle cells during remodeling—a 

finding corroborated by animal models. Collectively, this study elucidates the mechanistic role of stem/

progenitor cells in the pathogenesis of preeclampsia and provides new insights for developing cell-

based therapeutic strategies for the condition.
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Overcoming Epigenetic Barriers for Efficient Somatic Cell 

Nuclear Transfer Reprogramming

陆发隆

中国科学院遗传与发育生物学研究所

【摘要】Mammalian cloning through somatic cell nuclear transfer (SCNT) reprograms terminally differentiated 

cells into totipotent embryos. However, this technology is hindered by low developmental efficiency of 

SCNT embryos. A SCNT embryo harbors complete cytoplasm from matured oocyte and complete DNA 

sequence from the somatic nuclei. The poor developmental outcome of a SCNT embryo is due to the 

epigenetic barriers inherited from the somatic nuclei that prevents proper gene expression. Our earlier 

study together with other studies have identified two primary types of epigenetic barriers in mouse 

SCNT embryos, defective pre-implantation development due to abnormal gene expression around 

zygotic genome activation, associated with aberrant H3K9me3, H3K4me3, and histone acetylation, 

and defective post-implantation development due to loss of H3K27me3-mediated non-canonical 

imprinting. Despite these findings, an effective strategy to overcome both barriers simultaneously has 

remained elusive. In recent studies, we have established a new strategy that successfully overcomes 

both epigenetic barriers, achieving a full-term development rate of approximately 30% in reconstructed 

embryos. This represents the highest SCNT efficiency achieved in mammals and significantly advances 

the feasibility of efficient mammal cloning.
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内源性逆转录病毒调控滋养层干细胞命运的机制

曹彬

厦门大学

【摘要】胎盘直接介导母胎之间的复杂互作及对话，对于妊娠的建立及维持十分关键。滋养层细胞是

胎盘的主要细胞类型，从滋养层干细胞分化成为功能性滋养层细胞的过程是胎盘发育及功能的重要

细胞生物学基础。基因组中大量存在的内源性逆转录病毒（Endogenous retrovirus，ERV）序列在

胎盘发育中扮演重要角色。我们近期围绕 ERV 作为转录本，编码基因及转录调控元件在滋养层细胞

谱系分化中的重要调控作用进行了系统研究。我们研究发现，MER50 序列可以作为一种 ERV 增强子

促进滋养层干细胞分化为多核的合体滋养层细胞（Syncytiotrophoblast，STB），驱动 STB 基因表

达网络的建立 ；阐明了 mTORC1-TFEB-ERVFRD-1 信号轴介导营养缺乏对于 STB 形成的调控作用。

第三，包含 ERV 在内转座元件的转录受到严格的表观沉默机制精确调控，我们从组蛋白修饰及 RNA

编辑的角度探索了避免转座元件活化先天免疫的新机制。
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干细胞衰老的表观遗传机制解析

张维绮

中国科学院北京基因组研究所（国家生物信息中心）

【 摘 要 】Our research is centered on understanding organismal aging as a multi-dimensional network 

event, driven by the dynamic remodeling of the epigenetic landscape and its interplay with immune and 

metabolic systems. To deconstruct this complexity, we established an integrative research framework 

spanning human stem cells, organoids, non-human primates, and human cohorts. Through this 

platform, we have developed a comprehensive multi-organ biomarker atlas, pioneered the non-human 

primate aging clock, and constructed human organ-specific aging clocks for the quantitative evaluation 

of geroprotective interventions. These tools enabled us to elucidate the central role of epigenetic 

regulation in driving aging, leading to the development of novel, targeted intervention strategies with a 

particular focus on the cardiovascular system. To bridge our fundamental discoveries to clinical practice, 

we launched the first biological aging clock calibrated for the Chinese population, providing a powerful 

tool for early risk stratification and the prevention of age-related diseases.
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Next-Generation Humanized Mice: From Stem Cells to 

Functional Human Systems for Therapeutic Discovery

陈清烽

新加坡科技发展局分子与细胞生物学研究所

【 摘 要 】The limited ability of animal models to fully recapitulate human physiology remains a major 

bottleneck in translational research. Humanized mice, generated by engrafting human hematopoietic 

stem cells (HSCs) into immunodeficient mice, offer a powerful alternative by enabling the in vivo study 

of human tissue development and function. However, traditional models often suffer from incomplete 

reconstitution and limited functionality of human systems.

In this presentation, we will discuss our development of next-generation humanized mouse models that 

exhibit significantly enhanced reconstitution of key human systems, including the adaptive and innate 

immune system, and the liver. Through specific genetic modifications of the host mouse strain and 

tailored cytokine support, we have achieved robust human immune cell development, particularly in 

the myeloid and NK cell compartments, and improved human hepatocyte engraftment.

These advanced models serve as a unique developmental platform to study how human stem cells give 

rise to complex functional systems within a living organism. We will demonstrate how this platform 

allows for the direct investigation of human-specific diseases that were previously impossible to model, 

including: Immunology, Metabolic Diseases, Cancer Immunotherapy.

This work establishes a critical bridge between human stem cell biology and clinical application. By 

providing a more accurate in vivo environment for human tissue development and function, our models 

represent a transformative tool for uncovering fundamental biological mechanisms and accelerating 

the development of novel therapeutics for a wide range of human diseases.
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人神经系统的体外类器官重构

向阳飞

上海科技大学

【摘要】神经类器官是体外构建的可模拟人脑或神经系统其它结构的三维培养模型。神经类器官基于

干细胞自发分化或定向分化，及细胞的自组织而形成。我们聚焦于干细胞定向分化的精细调控，实

现了对特定脑区的体外类器官构建。此外，通过整合多脑区、多细胞谱系等，我们探索了对复杂脑

发育、功能及病理过程的体外模拟。作为快速发展的前沿技术，神经类器官依然面临诸多技术挑战。

本报告将介绍我们在体外重构人类神经系统复杂结构的研究，包括对亚脑区、脑环路、神经外周连

接及更多神经结构体外重构的最新进展。
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Potency Dynamics and Molecular Programming in 

Mammalian Pre- to Post-implantation Transition

周帆

清华大学

【摘要】Molecular programming and lineage specification during peri-implantation remodeling orchestrate 

pivotal developmental events preceding gastrulation in mammals. Although low-input omics analyses 

have substantially elucidated gene expression and epigenetic reprogramming landscapes during this 

period, the dynamics of developmental potency in both embryonic and extraembryonic lineages, along 

with the underlying molecular mechanisms, remain poorly understood. In this study, by integrating a 

lineage-specific capture technology with an ultra-low-input developmental potency assessment system 

(down to single-cell resolution), we unexpectedly identified a dynamic and transient potency peak 

in extraembryonic lineages shortly after implantation. Notably, individual cells within these lineages 

exhibited divergent contributions to chimeric extraembryonic tissues (e.g., the mid-gestation placenta), 

indicating the coexistence of distinct cell subpopulations with heterogeneous developmental potentials 

within synchronously staged embryos. The high-potency subpopulation specifically upregulated stem 

cell–associated marker proteins, yet displayed no significant transcriptomic differences, suggesting 

that post-transcriptional regulation may critically govern developmental potency. Our findings provide 

novel insights into early embryonic development and stem cell fate determination based on dynamic 

developmental potency.
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Mapping the Tissue-of-origins of Mesenchymal Stromal 

Cells in Injury Repair

周波

中国科学院分子细胞科学卓越创新中心

【 摘 要 】Culture-expanded mesenchymal stromal cells (MSCs) are capable of fostering tissue regeneration 

after transplantation. However, the behavior and physiological role of endogenous MSCs in distal organ 

repair are undetermined. In this study, we generated a suite of genetic tools to distinguish MSCs between 

tissues, and to map their fate in local, proximate and distal organ repair. By single-cell RNA-sequencing, 

we found that the transcriptomic profiles of most non-bone marrow-derived mesenchymal stromal cells 

(nonBM-MSCs) exhibited high similarities, yet differed from that of bone marrow-derived mesenchymal 

stromal cells (BM-MSCs), especially in their lower abundance of secretome. Fate-mapping experiments 

demonstrated that BM-MSCs never migrated to distal organs to form myofibroblasts during fibrosis or 

cancer-associated fibroblasts during tumorigenesis. In contrast, MSCs from proximate tissues actively 

migrated to the site of bone fracture, where they contributed to the formation of fibrocartilaginous soft 

callus. During injury-associated inflammation, local MSCs modulated the polarization of tissue-resident 

macrophages, whereas BM-MSCs mobilized monocytes to the site of inflammation. Conditional deletion 

of Ccl2 in BM-MSCs, but not in colon-resident MSCs, ameliorated colon inflammation and restored 

body weight after colitis. Thus, injury repair is orchestrated by MSCs from multiple sources, with local, 

proximate and distal MSCs acting through different mechanisms.



14 15

The Non-coding Facets of Pink1 mRNA in Muscle 

Regeneration

胡苹

广州实验室

【 摘 要 】Ten-eleven translocation (TET) DNA dioxygenases catalyze the oxidation of methylated Cytosine, 

playing key roles in regulating various cellular processes through DNA demethylation. In this study, 

we generated muscle stem cell (MuSC) specific Tet2 knockout (KO) mice and observed muscle fatigue 

in Tet2 KO mice. Muscle fatigue in Tet KO mice was primarily attributed to mitochondrial dysfunction 

caused by the down-regulation of Pink1 gene following Tet2 deletion. Tet2 activated Pink1 transcription 

by reducing DNA methylation at the sites approximate to MyoD recognition elements in Pink1 enhancers. 

Re-expression of Pink1 transcript in Tet2 KO MuSCs rescued mitochondria defects. Surprisingly, despite 

the presence of abundant Pink1 mRNA, Pink1 protein was undetectable in both wild type (WT) and 

Pink1 over-expressing Tet2 KO myobalsts, as it was rapidly degraded after translation. Furthermore, 

Pink1 mRNA regulated mitochondria homeostasis independent of its protein coding capacity. These 

findings uncovered the non-coding functions of mRNA, suggesting that non-coding functions could be 

widespread among RNAs with coding potentials, blurring the conventional distinction between coding 

and non-coding RNAs.



16 17

人类性腺发育与男性不育

郭靖涛

中国科学院动物研究所

【摘要】生殖细胞和性腺发育是生殖健康乃至人口安全的基石。我们关注人类生殖发育的分子机制和

生殖障碍的病理机制，致力于研究男性生育力的建立、维持和减退，主要研究成果包括 ：1）研究胚

胎期生育力建立，首次 3D 重构人类原肠胚并重点关注原始生殖细胞的起源，解析胚胎期原始生殖细

胞往后分化的分子路径 ；2）研究出生后生育力维持，揭示了青春期男孩精原干细胞被激活并启动分

化的分子过程，在成年男性体内鉴定出一类全新的精原干细胞，提出人类精原干细胞双向发育模型 ；

3）探究了衰老、遗传与环境等因素引发男性生育力减退的过程。基于上述研究基础，我们希望进一

步结合前沿生物学技术和人工智能算法，对生精障碍病理机制进行精准定位，解决男性不育病因难

以追溯的科学和临床难题，为生精障碍诊治提出全新策略。
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心肌细胞重编程与心脏再生

王丽

武汉大学

【摘要】Direct cardiac reprogramming, which converts fibroblasts into induced cardiomyocytes (iCMs), 

represents a promising approach for heart regeneration. Yet its efficiency remains limited, particularly 

in adult and aged fibroblasts, where molecular barriers suppress cardiac gene activation. To dissect 

these barriers, we combined transcriptional and metabolic analyses of fibroblast reprogramming. Multi-

omics profiling across fibroblasts of advancing ages revealed cellular senescence as a key obstacle 

that restricts plasticity. We identified the nuclear receptor Nr4a3 as a repressor of iCM induction. Nr4a3 

overexpression reinforced senescence and fibrosis, whereas knockdown remodeled chromatin toward 

a regenerative cardiac state, activating cardiogenic programs and repressing fibrosis. Mechanistically, 

Nr4a3 regulated the senescence-associated factor Cxcl14, which blocked reprogramming; inhibition of 

Cxcl14 restored iCM generation from senescent fibroblasts. In parallel, we investigated the metabolic 

demands of reprogramming and identified fatty acid oxidation (FAO) as a determinant of iCM fate. 

Single-cell metabolic flux analysis showed that impaired FAO reduces reprogramming efficiency. Loss 

of stearoyl-CoA desaturase 1 (SCD1) enhanced FAO by activating PGC1α/PPARβ signaling, boosting 

mitochondrial biogenesis and improving iCM induction. Pharmacological modulation of this pathway 

further elevated reprogramming efficiency. Importantly, in vivo Nr4a3 knockdown enhanced iCM 

formation and improved cardiac function after myocardial infarction, underscoring the therapeutic 

relevance of targeting intrinsic barriers.

Together, our findings reveal that senescence-associated transcriptional repressors and metabolic 

switches constrain fibroblast-to-cardiomyocyte conversion. Targeting Nr4a3 and SASP factors, while 

promoting FAO through SCD1 inhibition, offers a synergistic strategy to overcome reprogramming 

barriers and advance direct cardiac reprogramming for regenerative heart repair.



18 19

Unlock the Dormant Regenerative Capacity in Mammals

王伟

北京生命科学研究所

【摘要】解析导致器官再生失败的分子机制、以及如何让哺乳动物重新获得再生能力是再生医学领域

亟待解决的难题。在自然界中，部分低等脊椎生物（例如鱼类、蝾螈等）具有极强的器官再生能力，

他们可以完美地修复受损的心脏、大脑、脊髓及肢体 ；相比之下，哺乳动物（包括人类）却丧失了

这些能力。以哺乳动物耳廓损伤为研究模型，我们率先发现了决定器官再生能力的“分子开关”的

存在，关闭“开关”会导致再生物种丧失再生能力，而重启“开关”可以激活不可再生器官的再生

能力 。这一发现为解析哺乳动物脊髓等其他核心器官再生失败的分子机制提供了新思路。借助具有

显著优势的短寿非洲鳉鱼（Nothobranchius furzeri）模型及具有强大遗传学工具的小鼠模型，王伟

实验室的主要研究兴趣是鉴定赋予器官再生能力的核心分子机制，并以其为靶标通过再生医学手段

探索人类受损器官的重建。
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Inhibition of Lipid Anabolism Promote Alveolar Progenitor 

Cell Activation

隋鹏飞

中国科学院分子细胞科学卓越创新中心

【摘要】In this study, we used integrative multi-omics analyses, genetically engineered mouse models, 

and 2D/3D culture systems to characterize age-associated alterations in AT2 cells. We uncovered 

a central role for lipid metabolism in regulating AT2 cell plasticity during aging and regeneration. 

We found that the number of AT2 cells declined progressively with age, accompanied by a marked 

reduction in their differentiation potential. Single-cell transcriptomic and lipidomic analyses revealed 

that increased lipid anabolic activity is a hallmark of aging AT2 cells. We demonstrated that enhanced 

lipogenesis impairs AT2 cell differentiation, whereas decreasing lipid anabolism significantly enhances 

their differentiation and regenerative capacity, effectively reversing age-related functional decline.



20 21

组织干细胞与衰老研究

岳锐

同济大学

【摘要】组织干细胞功能减退是机体衰老的关键诱因之一，如何利用干细胞在组织和系统水平延缓衰

老已经成为干细胞与衰老领域的研究热点。成体骨骼稳态由多种区域特异性骨骼干细胞（skeletal 

stem cell，SSC）共同维持。髓内 SSC 密切调控成体骨量平衡和造血干细胞微环境，髓外 SSC 在骨

骼发育和损伤修复中发挥关键作用。本人课题组聚焦骨骼与血液系统的干细胞调控机制与衰老相关

疾病研究，解析了介导骨髓衰老的生物力学和生物化学调控机制，发现多种新型髓外 SSC 参与骨骼

发育、衰老和损伤修复，并揭示了骨质疏松等衰老相关重大疾病的潜在治疗靶点。研究结果为深刻

理解骨骼与血液系统衰老的干细胞机制奠定了重要理论基础，并为开发基于干细胞年轻化的抗衰老

新策略提供了关键技术支持。

【摘要】The decline in tissue stem cell function is one of the key factors contributing to organismal aging. 

How to utilize stem cells to delay aging at the tissue and systemic levels has become a research hotspot 

in the field of stem cells and aging. The adult skeleton is maintained by a variety of region-specific 

skeletal stem cells (SSCs). Bone marrow SSCs closely regulate adult bone mass and the hematopoietic 

stem cell niche, while extramedullary SSCs play a crucial role in skeletal development and injury repair. 

My research group focuses on the regulatory mechanisms of stem cells in the skeletal and hematopoietic 

systems and aging-related diseases. We have dissected the biomechanical and biochemical mechanisms 

underlying bone marrow aging, discovered novel extramedullary SSCs involved in skeletal development, 

aging, and injury repair, and revealed potential therapeutic targets for aging-related diseases such 

as osteoporosis. These findings have laid an important theoretical foundation for understanding the 

stem cell mechanisms underlying the aging of the skeletal and hematopoietic systems, and provided 

technical support for the development of new anti-aging strategies based on stem cell rejuvenation.
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Ribosomal RNA Modification in Steady and Malignant 

Hematopoiesis

钱鹏旭

浙江大学

【摘要】核糖体作为细胞内蛋白质的合成机器，其生成和功能受到一系列因素的调控，包括核糖

体 RNA 修饰、核糖体组装、核糖体蛋白翻译后修饰、核糖体相关蛋白等。核糖体蛋白或者相关调

控因子出现突变或者缺失，就会产生核糖体病变，包括先天性纯红细胞再生障碍性贫血等。同时，

这些病人罹患骨髓增生异常综合征和 AML 等恶性血液疾病的风险大大增加。本课题组前期发现，

snoRNA 和核仁蛋白 FBL 等介导的核糖体 RNA 修饰对造血干细胞稳态起重要调控作用，这提示核糖

体功能调控因子紊乱可能是 HSC 损伤耗竭和恶性血液疾病发生的关键调控机制 (Nat Cell Biol 2024, 

Nat Cell Biol 2025)。本课题组将继续围绕 FBL、DKC1、SnoRNA 等核糖体生成相关因子在 HSC 稳

态维持和恶性血液疾病发生中的调控作用和机制开展研究，为促进 HSC 损伤修复和治疗恶性血液系

统疾病提供新思路、新策略以及新靶点。
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Multiscale Dissection of Epicardial Adipose Tissue-

Associated Cardiac Disorders Using Human Pluripotent 

Stem Cell Models

曹楠

中山大学

Lingye Chen1,2,3, 　He Xu1,2,3, 　Zhongyan Chen1,2,3, 　Bin Li1,2,3, 　Nan Cao1,2,3*

1Zhongshan School of Medicine, Sun Yat-Sen University, Guangzhou 510080, China 
2Key Laboratory for Stem Cells and Tissue Engineering (Sun Yat-Sen University), Ministry of Education, 
Guangzhou 510080, China 
3NHC Key Laboratory of Assisted Circulation (Sun Yat-Sen University), Guangzhou 510080, China 

【摘要】Adipose tissue has been widely recognized not only as a lipid storage organ but also as an active 
participant in metabolic and endocrine functions. Epicardial adipose tissue (EAT) possesses a distinct 
anatomical location, directly surrounding the coronary arteries and myocardium. Recent clinical studies 
have demonstrated that EAT thickness and volume are positively associated with the incidence and 
severity of coronary artery disease, arrhythmias, and other cardiovascular diseases (CVDs), suggesting 
that EAT may represent a promising therapeutic target for the development of novel CVD interventions. 
Accumulating evidence indicates that, in contrast to subcutaneous fat, which originates from 
mesenchymal stem cells, epicardial fat arises from the TBX18+ epicardial layer. However, due to the 
absence of EAT in commonly used laboratory animal models such as mice and rats, much of the current 
research on EAT remains observational and correlational, limiting the ability to establish a definitive 
causal relationship between EAT and CVD. Although some studies have utilized primary epicardial 
cells obtained from patients undergoing cardiovascular surgery to induce adipogenic differentiation in 
vitro, such approaches are constrained by limited sample availability and suboptimal differentiation 
efficiency. Therefore, the development of a robust and scalable in vitro system for differentiating 
epicardial cells into adipocytes is a critical need in the field of EAT and cardiovascular research. 

We have, for the first time, utilized human pluripotent stem cells as a foundational cell source to 
establish a novel and highly efficient human epicardial adipocyte (EA) differentiation system through 
high-throughput small molecule screening combined with systematic optimization. We characterized 
the molecular, structural, and functional features of the differentiated EAs using transcriptome 
sequencing, transmission electron microscopy, and a comprehensive set of biochemical assays. Based 
on this model system, we performed single-cell ATAC-seq and RNA-seq to thoroughly investigate 
epigenetic and gene expression dynamics during EA differentiation, thereby systematically mapping 
the molecular trajectory of human EA development and identifying core regulatory networks and 
key transcriptional regulators. Importantly, we generated engineered heart tissues containing EAs 
and observed exacerbated myocardial fibrosis compared to controls. Transplantation of EAs into the 
infarcted mouse heart resulted in an expanded fibrotic scar in the infarct region and impaired cardiac 
function. Furthermore, we successfully identified and validated EAT-specific pro-fibrotic factors. Our 
study not only provides a theoretical foundation and potential therapeutic targets for interventions 
targeting EAT as a novel strategy for CVD treatment but also offers a reliable and scalable source of EAs 
for CVD research and drug discovery. 
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类器官工程化设计与疾病模型构建

张冬卉

湖北大学

【摘要】通过工程化构建具有定向结构的心肌、平滑肌及心脏瓣膜类器官，并结合自主开发的集成力

学拉伸动态培养系统，本研究建立了面向疾病模拟与药物评价的类器官生物力学平台，能够精准量

化类器官收缩力与组织张力变化。该平台通过调控细胞排列模式与力学微环境，成功模拟生理与病

理状态下的应力刺激，系统揭示力学 - 生物学耦合机制对类器官功能的调控作用。基于工程化构建

策略，团队建立了线粒体心肌病、遗传性心律失常、瓣膜钙化及药物性平滑肌损伤等多种疾病模型，

实现了药物干预下功能响应与机制的动态解析。研究还创新提出多组织联合类器官模型，包括心脏

瓣膜联合、心血管复合及肠平滑肌 - 隐窝协同模型，验证了跨组织力学信号传导在疾病模拟中的关键

作用。实验结果表明，该平台可有效解析力学刺激在类器官发育、疾病进展和药物应答中的功能机制，

兼具高仿真度和高通量优势，为心血管疾病机制研究、药物筛选与个体化治疗提供了工程化、仿生

化的新型体外模型体系。
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复杂皮肤类器官构建及其疾病应用

冷泠

中国医学科学院北京协和医院

【摘要】Multiple human pluripotent stem cell (hESC/iPSC) derived organoids have been used to establish in 

vitro infection models to study the interaction mechanism between viruses and hosts for effective drug 

screening; Or simulate the study of the pathogenesis of clinically difficult and rare diseases caused by 

gene mutations. However, so far, there have been few studies using skin organoids to study or analyze 

clinical diseases. This study created various skin organoid models that approximate physiological 

tissues, and utilized these organoids for research and application in disease mechanisms, tissue repair, 

and drug development. The research has overcome the limitations of physiological microenvironments 

in animal models or single cell models, achieving fundamental innovations in the functional recovery 

of skin organoids for repairing tissue damage, and promoting the application of organoids in drug 

screening.
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基于体外扩增成体细胞的器官制造

黄鹏羽

中国医学科学院生物医学工程研究所

【摘要】器官制造技术在药物研发、再生医学领域有广泛的应用前景。近年来，三维培养和细胞自组

装技术的发展推动了从百微米级到毫米级类器官、迷你器官的生成。然而，大尺度血管化生物人工

器官的制造仍面临一系列技术挑战。其中，获取足够数量、安全可靠且具有功能的种子细胞是关键

瓶颈。其次，目前也缺乏能够快速构建血管化生物人工器官的方法。本研究实现了大规模扩增肝、

肺等原代成体细胞，并通过三维培养体外扩增的原代细胞获得了具有功能的肝脏、肺泡、气道等类

器官。针对更大尺度的生物人工器官构建，我们研制了适用于生物打印的生物墨水材料，促进肝细

胞和内皮细胞的快速自组装并维持其长期存活。通过将生物人工肝脏移植至肝损伤小鼠体内，成功

救治了重症肝衰竭小鼠。本研究证明了器官制造技术在移植、疾病建模、机制研究及药物开发方面

的潜在应用价值。
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Unraveling Epithelial-immune Crosstalk in Lung Repair and 

Regeneration

席莹

上海科技大学

【摘要】Severe respiratory viral infections lead to extensive damage to the alveolar epithelium and trigger 

a robust immune response. However, the interactions between immune microenvironment and lung 

stem/progenitor cells remain poorly understood. To address this gap, we employed organoid-immune 

co-cultures, murine respiratory viral infection models, and lineage tracing to dissect the epithelial-

immune crosstalk. Our preliminary findings reveal that the dysplastic repair recruits and retains tissue-

resident lymphocytes in the lung after virus clearance. This immune-cell recruitment impairs alveolar 

regeneration and contributes to the pathogenesis of fibrotic diseases.
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早期胚胎发育与疾病中的细胞命运决定

岳晏竹

吉林大学

【 摘 要 】Cell fate decision is a fundamental process governing both normal embryonic development 

and pathogenesis. Understanding its regulatory mechanisms requires approaches that capture both 

dynamic cellular behaviors and underlying molecular states. 

In studying pre-implantation embryogenesis, we demonstrated that mechanical forces play a pivotal 

role in cell fate specification. The existence of fluid flow pressure within the mouse blastocyst cavity was 

identified, with Klf2 emerging as a key mechanosensitive reporter. Lineage reconstruction revealed that 

blastomeres experiencing higher fluid forces preferentially adopt the inner cell mass fate. Additionally, 

we developed TACIT (target chromatin indexing and tagmentation), enabling simultaneous profiling of 

multiple histone modifications in individual embryonic cells. Integration of these single-cell epigenomic 

profiles with transcriptomic data revealed a multimodal landscape of cell fate priming and identified 

earliest regulators of lineage bifurcation.

For heart development and disease modeling, we established a live-imaging system featuring a 

customized heartbeat-gated light-sheet microscope, achieving continuous volumetric imaging of murine 

heart development at single-cell resolution. This enabled reconstruction of cellular dynamics during 

ventricular chamber formation, revealing mechanisms including biased cardiomyocyte migration, 

oriented cell division, and cell intercalation. Application to ErbB2 mutant models of congenital heart 

disease revealed a dual pathogenesis mechanism: reduced trabecular cardiomyocyte proliferation 

from early fate mis-specification, coupled with impaired oriented cell division and migration, operating 

through cell-autonomous mechanisms.

Together, these findings provide comprehensive insights into cell fate regulation, from mechanical 

sensing to epigenetic programming, during normal development and disease states. The established 

technological frameworks offer transformative approaches for deciphering mammalian development 

and pathogenesis through multimodal integration of dynamic imaging and molecular profiling.
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Immune Dynamics in Tissue Regeneration and Repair

时玉舫

苏州大学特聘教授、转化医学研究院院长

【摘要】The immune response plays a dual role in tissue defense and regeneration, with its dysregulation 

potentially triggering diseases or influencing disease progression. Mesenchymal stem cells (MSCs), 

though limited in number, exhibit remarkable sensitivity and specificity to inflammatory signals as 

key stromal cells. Distinct inflammatory factors induce MSCs to secrete specific cytokines, precisely 

modulating immune responses and the tissue microenvironment, forming a complex and intricate 

regulatory network that promotes tissue regeneration, repair, and microenvironmental homeostasis. 

Studies demonstrate that MSCs differentially secrete chemokines and growth factors in varied immune 

microenvironments, recruiting and activating specific immune and tissue stem cells to collaboratively 

establish a regenerative microenvironment. We propose that MSCs possess microenvironment-

responsive “plasticity” and the ability to “empower” surrounding cells. This mechanism deepens 

the understanding of regenerative medicine and offers novel therapeutic strategies for tumor 

microenvironments, fibrotic diseases, autoimmune disorders, and scar formation.
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干细胞临床研究双轨制与转化路径

彭耀进

北京干细胞与再生医学研究院

【摘要】自 2015 年以来，中国在干细胞临床研究领域逐步形成了独特的双轨制监管格局 ：由国家卫

健委主管的研究者发起临床试验（IIT）与由国家药监局主管的药物临床试验申请（IND）并行运行。

对 213 项注册试验（146 项 IIT、67 项 IND）的系统分析表明，IIT 在塑造 IND 路径中发挥了关键作

用，一些重要的 IND 直接或间接受益于前期 IIT 的探索。然而，制度运行中仍显露出若干结构性问题，

部分干细胞类型研究高度重复，转化能力过度集中于一线城市，双轨之间缺乏有效反馈机制。进一

步分析发现，多中心 IIT 与企业主导项目的转化率相对较高，而以多能干细胞为基础的研究虽数量

有限，却展现出更强的转化潜力。基于此，我们提出 IIT 应当被重新定位为面向 IND 的结构化桥梁，

通过跨轨道数据整合与反馈机制，打破制度间的孤岛效应，并强化产业与学术的协同互动，以提升

临床研究的整体转化效率。可以说，中国的干细胞临床研究双轨制实践不仅折射出自身制度演进的

张力，也为全球再生医学治理提供了值得反思的经验样本。
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人胚干细胞来源的多巴胺能神经前体细胞治疗帕金森病

王昱凯

中国科学院动物研究所

【摘要】中脑黑质多巴胺能神经元缺失是帕金森病的典型病理，外源细胞移植替代是理想的治疗策略。

我们使用人胚干细胞建立了高效的中脑多巴胺能神经前体细胞定向分化技术和质量控制标准，在小

鼠和猴帕金森病模型中确认了移植治疗的长期安全性、有效性，并在此基础上开展了备案临床研究。

截止目前，共完成 3 个剂量组 20 余例受试者的脑内细胞移植，部分完成 1 年随访。数据显示，细胞

移植后脑部无明显结构改变，未见出血、肿瘤等，未发生与细胞产品相关的严重不良事件 ；PET-CT

成像证据表明，移植后壳核部位信号增强，表明移植细胞存活和多巴胺转运体活性增加；与术前相比，

大部分受试者的运动量表（MDS-UPDRS III）评分显示出不同程度的运动改善。
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诱导多能干细胞治疗视网膜疾病研究进展

金子兵

首都医科大学附属北京同仁医院

【摘要】人诱导多能干细胞技术发明于 2007 年，三年后启动首项临床试验。与 hESC 一样，First-in-

human 选择在眼科的视网膜疾病。本次报告将聚焦于视网膜疾病的 iPS 细胞治疗方面，概述全球相

关主要进展，并结合课题组自身研究结果展开。
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细胞治疗产品的通用名称探讨

郭中平

国家药典委员会

【摘要】细胞及基于细胞的基因治疗产品是近年来生物医学领域最具突破性进展的领域之一，迄今已

完成了从基础研究到产业化和临床应用的快速跨越。细胞治疗药物作为一种活细胞产品，其通用名

称命名的复杂性超越了既往国际非专利药命名原则所涵盖的范围。在细胞及基于细胞的基因治疗产

品创新研发和产业化过程中，及时了解相关技术原则和监管要求，为产品指定一个适合的通用名称，

不仅有利于产品的注册申报、上市后管理，也为产品的临床应用、商业推广和全球化带来裨益。
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关于间充质干细胞来源的细胞外囊泡治疗产品质量研究的关键问题

和考量因素

赵立波

北京恩泽康泰生物科技有限公司

【摘要】细胞外囊泡（Extracellular vesicles，EVs）是细胞主动向胞外释放的，由脂质双分子层包裹，

且不具备自我复制能力的颗粒。其内携带了大量来自于亲本细胞的蛋白质、核酸，以及脂质等生物

分子，是细胞与细胞间通讯的重要媒介。间充质干细胞来源的细胞外囊泡治疗产品（MSC-EVs）也

已从“概念验证”快速迈向“早期临床”。截至 2024 年全球可查的 MSC-EVs 临床研究已超过 40 项，

覆盖二十余种适应症。然而，由于 MSC-EVs 复杂的组成、显著的异质性，及其独特的理化性质，“如

何打造一套行之有效的质量控制体系？”成为了 MSC-EVs 疗法走向临床前不得不回答的一个关键问

题。本报告从 MSC-EVs 治疗研究的最新进展出发，结合内部研究结果，就 MSC-EVs 质量产品质量

研究的关键问题和需要重点考量的因素展开讨论，和与会专家一同探讨 MSC-EVs 质量控制体系的发

展趋势和未来方向。
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快速微生物方法在创新生物制品中的应用

厉高慜

上海食品药品检定研究院

【摘要】细胞药物等创新生物制品具有特殊的生产工艺、质量属性和临床需求，经典微生物方法及传

统质控理念已无法灵活适应这类高风险制剂的质控放行需求，需要在基于风险的基础上采用快速微

生物替代方法参与放行决策。本报告将结合国内外技术指南的制修订情况，快速微生物方法选择、

引入，验证和应用流程中的考虑点 ；探讨立足工艺、基于风险、有条件应用快速方法时的规范。
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Applications of Extended Pluripotent Stem Cells in 

Constructing Embryo Models

徐君

北京大学

【摘要】The use of early stem cell types to construct in vitro embryo models has opened new avenues 

for investigating embryonic development. Embryo-like structures can be generated through the 

self-organization of pluripotent stem cells or by combining them with extraembryonic stem cells. 

Beyond conventional pluripotent stem cells, an alternative strategy involves the use of stem cells with 

expanded developmental potential. In 2017, we established a chemical reprogramming approach to 

generate extended pluripotent stem (EPS) cells in both mouse and human systems. These cells are 

capable of contributing to both embryonic and extraembryonic lineages. In recent years, EPS cells have 

been employed to construct a variety of pre- and post-implantation in vitro embryo models. In my 

presentation, I will highlight our recent efforts to apply EPS cells in constructing embryo models in vitro. 

These EPS cell-based systems offer novel platforms for modeling early development and disease, and 

for gaining deeper insights into the molecular mechanisms governing embryogenesis.
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脐带血 CD34+HSPCs 诱导再生 iNK 及 CAR-iNK 细胞研究

胡房晓

北京干细胞与再生医学研究院

【摘要】CAR-NK 细胞可以异体输注，并且输注后无明显毒副作用，有望在肿瘤治疗中推广应用。临

床试验表明，维持疗效需进行高剂量、多次 CAR-NK 细胞输注。因此，需要建立高效方法实现 CAR-

NK 细胞的大规模制备和降低 CAR 工程化成本。本研究开发了三步法策略，可从人脐带血造血干祖

细胞（CD34+ HSPCs）高效诱导产生 NK（iNK）细胞及 CAR-iNK 细胞。实现了单个 CD34+ HSPCs

可以诱导产生 1,400-8,300 万个成熟 iNK 细胞或 700-3,200 万个 CAR iNK 细胞。CD56 阳性细胞比

例接近 100%，CD16 在 iNK 细胞和 CAR-iNK 细胞中高表达，且无 T 细胞产生。经过计算，相较于

利用脐血成熟 NK 细胞制备 CAR-NK 细胞的工程化方案，逆转录病毒载体用量减少至 1/14 万 -1/60 万。

进一步的功能实验表明，无论是新鲜制备还是冻存复苏的 iNK 细胞与 CAR-iNK 细胞，均表现出对多

种人源肿瘤细胞的显著杀伤活性，并能显著延长人源肿瘤荷瘤动物的生存期。综上，本诱导方法实

现了高效制备 CAR-NK 细胞，并显著性的降低了 CAR 工程化使用成本，为 CAR-NK 细胞在肿瘤患者

中的广泛应用提供了有力支持。
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再生胰岛移植治疗胰岛素依赖型糖尿病

程新

中国科学院分子细胞科学卓越创新中心

【摘要】胰岛组织替代治疗是胰岛素依赖型糖尿病的治愈性手段。供体胰岛移植受制于供体严重匮乏、

分离技术复杂以及患者需长期使用免疫抑制剂等因素，而难以推广。利用干细胞在体外再造组织用

于替代供体胰岛，是过去 30 年中再生医学领域取得的重大突破。近期开展的一系列临床研究表明，

利用干细胞来源的再生胰岛组织移植治疗糖尿病具有广阔前景。我们建立了利用新型人内胚层干细

胞 EnSC 在体外规模化制备再生胰岛组织（E-islet）的技术体系，并从 2021 年 7 月开始先后开展了

4 例研究者发起的临床研究，利用自体 / 异体 E-islet 移植治疗胰岛素依赖型糖尿病（包括 1 例 2 型

糖尿病肾移植后患者，4 例脆性 1 型糖尿病患者），均取得了治愈或接近治愈的疗效，患者耐受良好。

在上述探索性临床研究的基础上，我们正在开展正式临床（IND-enabled）研究，进一步探索 E-islet

治疗糖尿病的安全性及有效性。
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人脐带间充质干细胞治疗激素耐药急性 GVHD 上市前研究

刘代红

中国人民解放军总医院

【摘要】异基因造血干细胞移植是治疗恶性血液淋巴系统肿瘤、造血衰竭等的重要乃至唯一的治愈手

段。GVHD 是影响移植后患者长期存活的重要合并症，其一线治疗 - 皮质醇激素疗效有限，四年前所

有二线治疗药物均为强免疫抑制剂，具有较强的感染风险，并且其说明书均无治疗适应征。人间充

质干细胞（MSC）治疗 GVHD 为这一领域提供了组织修复的新方向。

2006 年始吴祖泽院士国内率先开展 MSC 基础研究，2010 年始原 307 医院陈虎教授开展 MSC 备案

临床研究治疗肠道重度移植物抗宿主病（GVHD）。2020 年 6 月 -2022 年 9 月，解放军总医院牵头完

成国内多中心前瞻、双盲、随机对照研究，研究由铂生卓越公司发起。适应征为激素治疗失败的 II

度以上急性 GVHD。试验组患者接受一种传统二线药物加 1.0x10^6/kg MSC, 每周 2 次连续 4 周，如

达到完全缓解（CR）则停药，如达到部分缓解（PR）则继续用药 4 周。用药第 28 天的总反应率（ORR，

CR+PR）即主要评估终点为 71.9% 比 46.7%，累及胃肠道者为 66.7% 比 33.3%， P 值均小于 0.05。

据此，国家药审中心批准在胃肠道受累的 II 度以上急性 GVHD 患者中进行单臂研究。2023 年 2 月 -2024

年 6 月期间，解放军总医院牵头，国内医科院血液病医院、北京大学人民医院等单位参加的 III 期全

国多中心研究完成。研究组患者用药第 28 天 ORR 为 64.8%。两项研究中 MSC 表现出良好的耐受性

与安全性，据此国家药审中心于 2025 年 1 月批准人脐带 MSC 治疗 14 岁以上激素治疗失败胃肠道

受累的急性 GVHD 患者附条件上市。后续全国多中心上市后研究将继续追踪这一适应征的上市后疗

效与长期安全性。
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Recreating Embryo Development in the Lab Using Embryo 

Founder-like Cells

José Silva

广州实验室

【摘要】Embryo models offer new opportunities to study development and advance medicine, but current 

approaches often rely on complex procedures and are limited in efficiency and developmental fidelity. 

Our laboratory has developed simple and robust methods to reprogram mouse and human pluripotent 

stem cells into “embryo founder-like cells.” In 3D culture, these cells self-organize into embryo-like 

structures that closely recapitulate natural development, achieving key milestones, gastrulation in 

humans and organogenesis in mice. Single-cell analysis revealed a rich diversity of cell types, including 

many never before generated in vitro. By faithfully recapitulating development, our embryo models 

provide powerful platforms to dissect the fundamental principles of human development and open new 

avenues for regenerative medicine.

【关键词】Embryo model, Totipotency, Embryonic stem cells, Development, Reprogramming
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Hierarchical Tissue Biofabrication and Cellular Behavior 

Regulation

顾奇

中国科学院动物研究所

【 摘 要 】Replicating the structural and functional complexity of human tissues requires more than spatial 

patterning; it demands a mechanistic understanding of how cellular behavior is orchestrated during 

development. In this work, we integrate principles from developmental biology with hierarchical 

biofabrication strategies to construct engineered tissues that approximate both the organization and 

emergent dynamics of native systems. Through the use of stimuli-responsive bioinks and anisotropic 

biomaterials, combined with spatiotemporally modulated 3D and 4D printing techniques, we 

establish environments that support context-dependent cell migration, self-organization, and lineage 

specification. By systematically varying mechanical constraints, biochemical gradients, and spatial 

confinement, we induce morphogenetic events that result in vascularized and innervated constructs, 

including liver-like tissues with perfusable architectures and aligned neuromuscular interfaces. 

Rather than imposing structure through static design, this approach emphasizes the modulation of 

developmental cues to guide the autonomous formation of functional architectures. The resulting 

platforms serve as advanced tissue models and experimental systems for investigating how multiscale 

interactions contribute to organ-level physiology.
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In Toto Imaging and Lineage Reconstructions of Mouse 

Embryo Development

何爱彬

北京大学

【摘要】活体成像是发育生物学研究器官形成与谱系建立的利器。本报告首先介绍实验室开发的适应

小鼠胚胎连续活成成像平台与数字谱系重构技术。我们围绕胚胎发育从受精卵到第一个形成的器官—

心脏，利用数字细胞谱系技术，揭示了力对早期胚胎细胞谱系的塑造和调控，心脏心室心态建成的

细胞学动力机制。报告还将展现利用平均胚胎和谱系技术研究原肠运动细胞起源与分配时空规律。
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Dynamic Imaging and Molecular Profiling of Spatiotemporal 

Gene Regulation

陈宝惠

浙江大学

【摘要】Understanding transcriptional regulation in living cells is essential for deciphering the complex 

molecular mechanisms that control gene expression and cell fate. To address this, we developed tools 

for real-time monitoring and manipulation of transcriptional dynamics. TriTag, a novel gene tagging 

system, enables simultaneous visualization of chromatin, nascent RNA, and proteins of single genes in 

individual cells. Building on this technology, the MONITTR platform supports real-time analysis of stress-

induced transcriptional responses in live animals and identifies key regulatory transcription factors. To 

further investigate gene regulation, we created SelectID, a dCas9-based system that captures proteins 

associated with 5-methylcytosine (5mC)-marked genomic elements. Using SelectID, we identified CHD4 

as a repressor of LINE-1 retrotransposons through direct binding to their 5’ untranslated region. We 

are now expanding this approach to map the proteome of transcription hubs, aiming to reconstruct 

molecular networks that govern gene regulation. These methodologies expand the research toolkit for 

investigating the dynamic regulation of chromatin and would shed light on the molecular mechanisms 

governing gene regulation in development and disease.
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RNA-dependent Regulatory Functions of Transposable 

Elements in Development and Disease

刘念

清华大学

【摘要】转座子是可移动的 DNA 序列，占人类基因组的 50%，被称为 " 基因组暗物质 "。它们与胚胎发育、

神经发育及多种疾病相关，但调控机制尚不完全清楚。我们最新研究发现，转座子可作为 RNA 依赖

的顺式调控元件，通过以下机制参与发育调控 ：1）SVA 转座子通过转录调控髓系分化和造血衰老 ；

2）L1 转座子转录激活驱动合子基因组激活 ；3）L1 转座子协同 SAFB 和 Pol II 形成染色质拓扑边界。

这些突破揭示了转座子在发育调控中的核心作用，为相关疾病研究提供了新思路。
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胶质瘤干细胞与治疗抵抗

平轶芳

陆军军医大学

【摘要】恶性胶质瘤是中枢神经系统最常见的原发恶性肿瘤，患者预后差。放疗是恶性胶质瘤经典的

治疗策略，然而患者复发率高。胶质瘤干细胞是胶质瘤中独具自我更新能力、多向分化潜能和重建

肿瘤能力的肿瘤细胞亚群，是肿瘤发生和复发的关键细胞，且抵抗放化疗。我们对比分析了恶性胶

质瘤放疗处理后复发过程中肿瘤细胞亚群的变化，找到了放疗抵抗的关键细胞亚群，阐明了该亚群

在放疗处理过程中发生表型重塑并导致放疗抵抗的机制，明确了靶向该亚群的治疗学意义。

本报告将涵盖胶质瘤干细胞维持机制、在放疗抵抗中的作用与机制、靶向胶质瘤干细胞的治疗策略

等方面的内容。
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组织光透明引导的空间蛋白组开启靶点挖掘新范式

麦鸿成

中山大学

【摘要】组织透明化方法代表了三维成像领域的一次重大突破，全鼠标记以及组织光透明为科学家提

供了一种能够深入观察内部结构而不破坏组织完整性的手段。本讲座旨在深入探讨组织透明化技术

的基础原理和实际应用，尤其是着重介绍 wildDISCO 全鼠组织光透明技术及其在多个生物医学研究

领域的重要作用。
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胰岛器官发育和再生

徐成冉

北京大学

【摘要】胰腺发育轨迹的解析与体外再生研究为阐明糖尿病机制和推动干细胞治疗奠定了重要基础。

我们结合遗传谱系追踪与单细胞多组学，系统重建了哺乳动物胰腺的分化过程，揭示背腹源性前体

的共同起源及其分化路径，明确了内分泌与外分泌分支的关键节点及转录调控网络。在此基础上，

进一步利用人类胚胎单细胞数据解析跨物种差异，构建基因共表达网络，并开发优化的诱导方案，

在体外重现体内分化的调控模块，显著提升干细胞向功能性 β 细胞的分化效率和移植效果。这些研

究不仅深化了对胰腺发育机制的理解，也为实现胰岛再生治疗提供了新的理论框架与实践路径。
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利用时空转录组探索人脑发育的调控机制

李妍昕

中国医学科学院基础医学研究所

【摘要】脑是人类最复杂的器官，在解剖学上被划分为不同的区域，这些不同脑区具有特殊的输入输

出连接，发挥各种重要的功能。在人脑发育过程中，通过内在基因程序产生了复杂的细胞类型。在

这些细胞类型中，有些已经有了明确的特征，但还有许多尚待清晰描述。因此，在人类脑区逐渐特

化的发育过程中，脑细胞类型的变化特征和空间分布特点需要进行全面、系统的研究。另外，脑发

育过程也是伴随着血管化的脑屏障构建的过程，在中枢神经系统中存在着三种脑屏障，包括血脑屏障、

脑膜屏障以及血 - 脑脊液屏障。这些脑屏障对维持中枢神经系统稳态至关重要，其功能障碍可能导致

严重后果。本次报告将围绕利用高分辨率的时空多组学技术探索脑发育的调控机制、脑屏障构建调

控机制以及神经免疫交互作用对脑发育的影响展开，为治疗神经系统疾病提供新的理论基础。
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节律紊乱的代谢感知与肿瘤干性调控

彭飞

大连医科大学

【摘要】昼夜节律紊乱与癌症不良预后密切相关，然而节律紊乱在睡眠不足（sleep deficiency，

SD）引发的肿瘤发生发展和干性调控中的感知与调控机制尚不明确。本研究发现脂肪酸氧化（fatty 

acid oxidation，FAO）感受节律紊乱，在 SD 促进肺癌发生发展的过程中传节律紊乱的致癌代谢信

号。通过无偏转录组学和代谢组学分析发现，FAO 能够感知 SD 引起的的昼夜节律紊乱，主要表现

为长链脂肪酰基辅酶 A 合成酶 1（ACSL1）催化生成的棕榈酰辅酶 A（PA-CoA）持续升高。机制研

究表明，SD 破坏 CLOCK 蛋白的节律振荡，通过过度激活 ACSL1 表达促进 PA-CoA 生成，后者以

ZDHHC5 依赖方式介导 CLOCK-Cys194 位点的 S- 棕榈酰化修饰。这一转录 - 棕榈酰化正反馈环路可

阻止 CLOCK 的泛素 - 蛋白酶体降解，维持了 SD 对节律性 FAO 的破坏，从而增强的肿瘤干细胞特性。

定时进行 β- 内啡肽给药可重置 CLOCK 和 ACSL1 的节律性表达，有效缓解 SD 促进的肿瘤发生发展。

临床癌症患者的睡眠质量、血清 β- 内啡肽水平与肿瘤进展及 CLOCK/ACSL1 表达呈负相关，提示在

黎明时补充 β- 内啡肽可能为伴有睡眠不足的癌症患者提供潜在时序治疗策略。
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线粒体 DNA 突变通过 NAD+ 依赖的线粒体未折叠蛋白反应激活驱

动小肠衰老

杨亮

中国科学院广州生物医药与健康研究院

【摘要】哺乳动物衰老伴随着肠道稳态失衡和线粒体 DNA（mtDNA）突变的积累。然而，衰老积

累的 mtDNA 突变如何调节肠道稳态尚不清楚。我们观察到老年雄性小鼠小肠中 mtDNA 突变积

累，表明其与生理性肠道衰老相关。通过使用聚合酶 γ（POLG）突变小鼠和野生型小鼠，我们获

得了 mtDNA 突变负担逐渐增加的雄性小鼠。利用类器官技术和体内肠干细胞标记的研究表明，当

mtDNA 突变负担达到一定程度时，肠隐窝和 LGR5 阳性小肠干细胞的再生能力会减弱。机制上，增

加的 mtDNA 突变负担通过 ATF5 依赖的线粒体未折叠蛋白反应（UPRmt）激活，加剧了小肠的衰

老表型。这种衰老表型可以通过补充 NAD+ 前体 NMN 得以逆转。因此，我们发现了一种由 mtDNA

突变驱动的 NAD+ 依赖的 UPRmt 激活，调控小肠衰老。
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基于干细胞和功能基因组学的代谢性疾病机制与药物响应研究

胡文祥

广州实验室

【摘要】本研究旨在深入探索代谢性疾病（如糖尿病、非酒精性脂肪肝等）的发病机理及个体化药

物治疗策略。研究结合多能干细胞技术，通过体外定向分化建立疾病模型，模拟患者特异性代谢

细胞表型，从而揭示疾病相关的分子通路异常和细胞功能紊乱。同时，利用功能基因组学方法（如

CRISPR 筛选、单细胞测序等）系统性解析遗传变异与代谢表型间的因果关系，识别关键致病基因及

信号网络。在此基础上，研究进一步评估不同药物在患者来源模型中的响应差异，旨在发现新型生

物标志物和潜在治疗靶点，为开发精准干预手段提供理论依据和实验支持。
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应用类器官芯片解析胆汁淤积性肝病机理

杜宇

中国科学院力学研究所

杜宇 1,2，　龙勉 1,2*

1. 中国科学院力学研究所，北京，中国，100190
2. 中国科学院大学，北京，中国，100049

龙勉 ：mlong@imech.ac.cn

【摘要】胆汁淤积性肝病（如原发性硬化性胆管炎和胆道闭锁）的病理机制复杂，传统模型难以模拟

胆管的生理结构、功能与力学微环境。本研究旨在整合类器官与器官芯片技术开发新型胆管芯片模型，

为胆汁淤积性肝病的治疗提供新平台。 

利用微流控技术构建三维仿生胆管，通过胶原凝胶包埋胆管细胞，模拟胆管管腔结构。整合胆管类

器官、血管内皮细胞与成纤维细胞，构建含血管通道、间质微环境的微流控装置。通过透射电镜、

免疫染色等技术，分析胆管的结构差异与胆汁酸毒性。

芯片内胆管细胞形成极化单层与良好屏障功能。顶端糖萼可保护细胞免受胆酸毒性，机械剪切力诱

导钙信号响应。新生小鼠胆管糖萼稀疏且不连续，紧密连接间隙较大，通透性更高 ；间质层胶原含

量低且富含透明质酸，胆管上皮细胞呈高增殖状态，可能造成管腔阻塞。构建人源化胆管 - 血管界面，

患者来源的胆管细胞表现出促炎因子高分泌，免疫细胞跨血管迁移增强。

新型胆管芯片模型成功模拟了胆管的生理功能与病理过程，揭示了胆管发育与疾病易感性的关联 ；

为研究胆汁淤积性肝病的免疫微环境提供了新型仿生平台，为干预新生儿胆道闭锁、原发性硬化性

胆管炎等胆汁淤积性肝病病提供了新线索，有望加速药物筛选与再生医学策略的开发。

【关键词】胆汁淤积性肝病，类器官，器官芯片，力学微环境

基金与编号 ：国家自然科学基金资助项目（T2394514，12372320）
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衰老调控组织损伤修复的机制解析

蔡雨生

北京干细胞与再生医学研究院

【摘要】“再生”是个体应对损伤刺激，进行组织修复及重塑的过程，其在机体损伤修复以及稳态的

维持中发挥重要作用。不同组织的再生能力具有差异，在衰老过程中，组织的再生能力也会下降。

系统解析组织再生的细胞分子调控机制，以及衰老对损伤修复的影响具有重要的科学意义和应用价

值。

本研究通过在年轻和年老小鼠中构建八种组织器官损伤后再生修复模型，首次在单细胞分辨率系统

比较了不同组织中参与再生修复过程的分子动态变化规律，揭示了干细胞响应和血管生成能力降低

是年老组织再生功能障碍的关键因素，并鉴定出年轻器官强再生能力相关的巨噬细胞新亚群。该研

究有助于增加人们对增龄伴随的再生异常及器官退行规律的认知，为发展促进组织再生、延缓衰老

的干预策略提供了新的线索和思路。



52 53

A Proteostatic State Defines Functional Heterogeneity of 

Hematopoietic Stem Cells

刘禄

湖南大学

【摘要】Hematopoietic stem cells (HSCs) are the most potent cells in the blood system, and tight regulation 

of proteostasis is essential for their self-renewal and long-term hematopoietic output. Our previous 

work, along with studies from others, has underscored the importance of protein quality control 

mechanisms within the endoplasmic reticulum (ER) in maintaining HSC function. However, it remains 

unclear whether ER proteostatic states are altered during functional changes in HSCs, and whether such 

states can prospectively define functional heterogeneity among HSCs.

Here, we report the development of an in vivo reporter system that sensitively detects low-threshold 

ER perturbations by monitoring endoplasmic-reticulum–associated degradation (ERAD) activity. Using 

this tool, we demonstrate that ERAD activity prospectively distinguishes HSC subsets with differential 

hematopoietic reconstitution capacity. Single-cell transcriptomic analyses identified cell-surface 

markers closely correlated with ERAD activity, while mechanistic studies revealed that ERAD function is 

regulated by the cytokine-responsive SOCS2–JAK2 signaling axis.

In summary, we establish ERAD activity as a defining proteostatic feature that demarcates functional 

subsets of HSCs, providing novel insight into how protein homeostasis governs stem cell heterogeneity.

【关键词】 Hematopoietic stem cells; Functional Heterogeneity; Proteostasis



54 55

心脏再生的代谢调控

纪晓倩

中山大学

【摘要】近年研究表明新生期哺乳动物具有短暂的心脏再生能力，其主要是通过内源心肌细胞（CMs）

增殖实现的。由于哺乳动物出生后经历了低氧到富氧的环境变化，其能量代谢模式因而经历了剧烈

的变化。CMs 迅速由通过糖酵解途径依靠糖类来产生能量，转为使用脂肪酸作为主要能源进行有氧

代谢。这一代谢重塑过程限制了 CMs 的增殖，与心脏再生能力丧失密切相关。然而上述研究只揭开

了代谢重塑导致心脏再生能力丧失之谜的冰山一角。我们通过单细胞多组学测序和代谢组学发现了

与心脏再生修复密切相关的多个代谢物及其相关代谢途径。通过基因操作，我们证实了这些代谢信

号通路的关闭是心脏再生能力丧失的重要原因 ；在成年小鼠心脏中补充这些代谢物或激活相关代谢

途径可显著改善心梗后心脏再生修复能力。进一步机制研究显示上述代谢物可通过影响特定组蛋白

修饰水平调控关键再生基因表达，进而维持心脏再生能力。该研究丰富了我们对心脏再生代谢调控

的认识，为心梗治疗提供了新策略和新靶点。



54 55

Unlocking Early Human Development: Insights from Stem-

Cell-Based Embryo Models and Spatiotemporal Atlases

刘立中

西湖大学

【摘要】Human gastrulation and organogenesis proceed through coordinated waves of gene regulation, 

cell fate allocation, and morphogenesis, yet the spatiotemporal logic that governs these events 

remains obscure. Here, we explore the molecular and cellular mechanisms underlying gastrulation and 

early organogenesis using stem-cell-based embryo models, such as gastruloids and peri-gastruloids. 

Additionally, we introduce a high-resolution, spatially resolved atlas of early human development, 

generated by integrating imaging- and sequencing-based spatial transcriptomics. This atlas maps the 

molecular, cellular, and architectural features of emerging organ primordia, with detailed emphasis on 

the somite and heart. We further examine morphogen signaling pathways that drive cell fate patterning, 

focusing on the crosstalk between Wnt and Nodal signaling. Our findings uncover a potential synergistic 

effect between these pathways, elucidating the dynamics of the effect and its important role in guiding 

cell fate decisions. Collectively, our work provides comprehensive insights into the molecular and 

cellular logic that orchestrates cell fate decisions and morphogenesis during human post-implantation 

development.
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Metabolic Imprinting in Immune Cell Development Sets 

Anti-Inflammatory Fate

林良宇

中国科学院营养健康所

【摘要】Immune cell development is a stepwise program of lineage specification culminating in irreversible 

commitment. Mature immune cells, however, retain functional plasticity, adopting pro- or anti-

inflammatory programs with context. This fixed-versus-flexible contrast motivates a central question: 

can developmental cues predetermine the functional programs of mature immune cells? Here, we show 

that metabolic cues encountered during immune development can install durable anti-inflammatory 

capacity in T cells and macrophages. Specifically, T cells that develop in an oleic-acid–deficient thymus 

acquire a strong propensity for regulatory T cell (Treg) differentiation, while monocyte–macrophage 

precursors exposed to insulin like growth factor 2 (IGF-2) during development adopt an M2 program. 

Importantly, T cells and macrophages bearing these developmental metabolic imprinting are refractory 

to pro-inflammatory reprogramming and sustain robust anti-inflammatory activity even within the 

inflammatory milieu of autoimmune disease, thus conferring these cell potent capabilities to treat 

autoimmune diseases. The persistent anti-inflammatory capacity of these cells arises from irreversible 

epigenetic modifications acquired during discrete developmental windows. In T cells, a paucity of oleic 

acid increases H3K79 methylation, biasing the activation program toward Treg differentiation through 

ATP2A2-Calcium signaling axis; in macrophages, IGF-2 exposure rewires DNA methylation to impose 

an irreversible, OXPHOS-dominant metabolic program. Taken together, these conserved observations 

across T cells and macrophages establish developmental imprinting as an additional layer of immune 

regulation and open new avenues for the treatment of autoimmune disorders.
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I 型干扰素信号的时空特异性调控：

从造血干细胞发育到白血病起源

李延安

中国科学院深圳先进技术研究院

【摘要】个体年龄调控造血干细胞（HSC）发育，干细胞发育调控异常会导致白血病，但其机制尚未

完全阐明。为探究年龄依赖的 HSC 发育分化及恶性转化的分子机制，我们整合小鼠模型与多学科方

法，发现胚胎晚期皮肤来源的 I 型干扰素（IFN-I）可促进造血干 / 祖细胞向成年转录状态转变和造

血祖细胞扩张，增强 MHC-I 表达，并推动与年龄匹配的转录重编程。这一生理性 IFN-I 信号可被白

血病常见突变 Flt3-ITD 劫持，介导造血祖细胞（HPC）异常扩增，并使其敏感化突变诱导的肿瘤程序。

进一步研究发现特定基因突变诱导造血干 / 祖细胞 IFN-I 信号激活，含有突变干细胞群体劫持正常的

自我更新机制并阻断分化途径，推动 HSC 经白血病前体干细胞（Pre-LSC）向 LSC 转变，进而诱导

白血病起始。抑制 IFN-I 受体信号转导可降低 LSC 干细胞特性基因表达、减少 LSC 数量，并延长白

血病模型小鼠的生存时间。 
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血管内皮干祖细胞的肺器官特异性分化

陈奇

中国科学院广州健康与医药研究院

【摘要】内皮细胞是脊椎动物循环系统的重要组成部分，但内皮细胞如何获得器官特异性转录组异质

性的过程和机制尚不清楚。本工作通过构建一个时间序列内皮细胞资源库，发现人类与小鼠的肺内

皮细胞在细胞谱系转变上的异同。内皮细胞特异性敲除肺内皮富集的转录因子 Casz1，会导致肺内

血管生长受损、肺内皮器官特异性分化紊乱以及肺上皮 - 内皮细胞互作缺陷。
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Scenario-based design and applications of vascular 

microphysiological systems

周航

中科院动物研究所

【 摘 要 】Vascular microphysiological systems (MPSs) are emerging as pivotal platforms in biomedical 

engineering, driven by advances in micropatterning, three-dimensional tissue architecture, and the 

integration of cells with functional biomaterials. These technological innovations have substantially 

improved the physiological relevance of vascular MPSs, enabling precise regulation of key parameters 

such as microfluidic flow, biomechanical forces, and barrier functionality. Consequently, vascular 

MPSs now serve as versatile and robust models for dissecting fundamental vascular biology under 

controlled experimental conditions. In parallel, the translational relevance of vascular MPSs has 

been increasingly recognized across wide applications, ranging from disease modeling and immune 

response studies to preclinical drug testing and safety evaluation. As such, vascular MPSs are evolving 

into highly adaptable tools that bridge the gap between fundamental biological research and clinical 

innovation. This presentation outlines the development and application of scenario-based vascular 

MPSs to recapitulate dynamic pathophysiological microenvironments. Furthermore, we discuss the 

emerging paradigm of integrating vascularized MPSs with artificial intelligence, aiming to accelerate the 

automation, standardization, and predictive power of MPS-based evaluation systems. In the future, the 

convergence of vascular MPS technology with artificial intelligence holds the potential to revolutionize 

tissue engineering, disease modeling, and drug discovery, paving the way for next-generation precision 

medicine platforms.
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New Insights into the Regulation of Hematopoietic Stem 

Cell Maintenance after Stress

胡梦佳

解放军疾病预防控制中心

【 摘 要 】Hematopoietic stem cells (HSCs) employ a very unique property to maintain themselves under stress 

conditions such as irradiation and chemotherapy, while the underlying mechanisms are still not 

fully understood. Here, we show that mitochondria play a crucial role in the regulation of HSC fate 

determination after stress. Excessive increase in mitochondrial metabolism leads to the accumulation 

of metabolic by-products, which impair the quiescence and self-renewal ability of HSCs. Further 

investigations indicate that Nkx2-3/ULK1-dependent mitophagy is a critical mechanism for the 

clearance of the activated mitochondria, therefore promoting HSC maintenance following stress. In 

addition, we find that the activation of mitochondrial antiviral-signaling protein (MAVS)-mediated innate 

immune pathway contributes to HSC damage following stress by triggering inflammatory response. 

Importantly, we discovery an E3 ubiquitin ligase tripartite motif-containing 47 (Trim47) that facilitates 

the degradation of MAVS via K48-linked ubiquitination, which protects HSCs from stress injury. These 

findings not only shed new insights into HSC maintenance, but also provide promising targets for 

mitigating stress-induced hematopoietic failure.
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Roles of Mitochondrial ETC in Liver Regeneration

王逊

苏州系统医学研究所

【摘要】Mitochondria are critical for proper organ function and mechanisms to promote mitochondrial 

health during regeneration would benefit tissue homeostasis. In liver regeneration, we find that 

proliferation is suppressed in electron transport chain (ETC)–dysfunctional hepatocytes due to an 

inability to generate acetyl-CoA from peripheral fatty acids, and alternative modes for acetyl-CoA 

production from pyruvate or acetate are suppressed in the setting of ETC dysfunction. We propose 

that metabolic inflexibility within hepatocytes can be advantageous by limiting the expansion of ETC-

dysfunctional cells.
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单细胞多组学测序解析心脏发育和心肌再生调控机制

艾珊珊

南方医科大学

【摘要】哺乳动物心脏发育是多阶段、多谱系协同调控的复杂过程，受表观遗传机制的动态调控，而

该调控网络的扰动是先天性心脏病发生的重要诱因。此外，心脏发育过程伴随心肌再生能力的丧失，

这与发育进程中表观遗传调控状态的全局性重塑密切相关。尽管目前大量研究已深入解析了活性调

控元件在心脏发育中的功能，但对于非激活性调控元件（如抑制性、二价态调控元件）的作用仍缺

乏系统性研究，这极大限制了对心脏疾病发生机制的全面阐释。相关研究的滞后主要受限于实验技

术瓶颈 ：其一，心脏发育与再生涉及多种细胞谱系的动态变化，需依托单细胞研究手段，然而传统

单细胞分析多聚焦于通过 ATAC-seq 捕获开放性染色质信息，难以覆盖基因组中其他组蛋白修饰标记

的功能区域 ；其二，抑制性、二价态等非激活性调控元件与基因表达不存在直接关联，导致无法通

过检测此类调控元件实现基因表达状态的有效预测。基于上述科学问题，本研究采用新开发的单细

胞多组学技术，聚焦顺式调控元件的功能解析，一方面系统探究非激活性调控元件区域新型非编码

突变与先天性心脏病的关联机制，另一方面深入挖掘促进心肌再生的免疫调控机制，为心脏疾病的

致病机制研究与心肌再生干预提供新的理论依据。
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二、大会投稿摘要
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基于大熊猫干细胞的药物评价模型展望

梁小星＊，李德生，李仁贵，邓雯文

中国大熊猫保护研究中心，成都 610057

【摘要】大熊猫（Ailuropoda melanoleuca）是我国特有的珍稀物种，是世界生物多样性保护的旗

舰物种与伞护物种。大熊猫保护在过去几十年中取得了丰硕成果，一方面野生种群和自然栖息地数

量有明显回升和增长，但另一方面圈养条件下的老年大熊猫数目激增，开始出现慢性疾病和一些突

发情况，例如高血压、白内障、癌症等，疾病研究工作亟待开展。然而，大熊猫与模式动物有本质

区别，现有啮齿类实验动物等模型在大熊猫药物疗效及毒性评估时存在偏差，且无法满足高通量筛

查要求。干细胞具有自我更新和分化的能力，人多能干细胞模型已在发育生物学、再生医学与细胞

治疗等领域有坚实的理论与实践基础，这意味着基于大熊猫干细胞的实验模型能满足现有药物毒性

评估的要求，并且由于其多向分化特点可经诱导产生各种组织细胞或生成类器官，为大熊猫疾病的

用药治疗与毒副作用提供剂量范围、用药频次以及药物相互作用等临床前使用数据，且可避免活体

动物实验、缩短实验周期、减少个体差异带来的误差。研究着眼于大熊猫干细胞实验模型的基础平

台建设，以期利用有限的样品资源，结合干细胞生物学、组学等新兴发展学科，建立大熊猫干细胞、

重编程细胞等不同熊猫个体来源的多种细胞谱系，目的导向性建立药物基础毒性研究模型、药物发

育毒性研究模型、器官功能毒性与类器官研究模型，为大熊猫药物使用与疾病防控等薄弱研究环节

提供细胞模型、研究切入点等基础支持，助力大熊猫基础研究与应用转化，提高大熊猫生存质量与

动物福利。

【关键词】：大熊猫，干细胞，疾病模型，药物评价
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自噬激活增强间充质干细胞源细胞外囊泡对

系统性红斑狼疮的免疫治疗作用

杨婷婷 1, 肖增智 1,  马青青 1, 唐冰冰 1, 潘权任 1, 廖淑珍 1, 刘华锋 1, 
潘庆军 1, 2*, 郭丰彪 1*

1 广东省湛江市广东医科大学附属医院省市共建细胞自噬与重大慢性非传染性疾病研究广东省重点实
验室。 

2 广东省广州市广州医科大学附属第一医院临床检验中心。
＊通讯作者：
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非传染性疾病研究广东省重点实验室。
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【摘要】
背景 ： 开发增强间充质干细胞（MSC）来源的细胞外囊泡（EVs）在系统性红斑狼疮（SLE）治疗中
疗效的策略日益受到关注。因此，本研究旨在评估在 SLE 炎症微环境中，雷帕霉素诱导的自噬激活
能否增强 MSC 来源 EVs 对 SLE 的治疗效果。

方法 ： 将来源于雷帕霉素处理且暴露于 SLE 患者血清 MSC 的 EVs（Rapa-SLE-EV 组）与以下三组外
泌体进行比较，评估其在 MRL/lpr 小鼠模型中的治疗潜力：来源于在去除 EVs 的胎牛血清（FBS-EV）
中培养的 MSC 的 EVs（FBS-EV 组）、来源于在含雷帕霉素的胎牛血清中培养的 MSC 的 EVs（Rapa-
FBS-EV 组），以及来源于未经雷帕霉素处理但暴露于 SLE 血清的 MSC 的 EVs（SLE-EV 组）。对各组
小鼠的自身免疫反应、肾功能和病理损伤进行评估。此外，探究了 EVs 中抗炎蛋白 IDO1 的作用机制。

结果 ： 与 SLE 炎症微环境的相互作用触发了 MSC 的自噬，而雷帕霉素处理进一步增强了该过程。
Rapa-SLE-EV 给药显著改善了 MRL/lpr 小鼠的自身免疫反应和肾损伤，其疗效优于其他 MSC-EV 组。
该治疗减轻了 SLE 的关键表现，包括降低自身抗体水平、缓解脾肿大和淋巴结病。此外，Rapa-
SLE-EV 对血浆炎性细胞因子展现出更强的抑制作用，保护了肾功能，减轻了病理损伤，并减少了肾
小球免疫复合物沉积。从机制上讲，Rapa-SLE-EV 对 SLE B 细胞功能具有更卓越的抑制作用，这归
因于其高表达的抗炎蛋白吲哚胺 2,3- 双加氧酶 1（IDO1），该蛋白被证实能经 EVs 递送至 SLE B 细
胞内。

结论 ： 本研究开发了一种提高 MSC-EVs 治疗 SLE 疗效的新策略，并证实通过与 SLE 血清微环境相
互作用并结合自噬激活，可增强 MSC-EVs 的免疫调节功能，此过程可能归因于 IDO1 的高表达。
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【 摘 要 】Retinoblastoma (RB) and glioblastoma, as aggressive central nervous system (CNS) solid malignancy, 

lack of effective treatment. Chimeric antigen receptor (CAR) immune cell therapies opened a door to 

treat tumors. However, whether microglia, the resident macrophages in central nervous system (CNS), 

could be engineered to treat CNS tumors remains unknown. Here, we developed human CAR-microglia 

and found CAR-microglia generated from induced pluripotent stem cells (iPSCs) exhibited remarkable 

phagocytic effect against retinoblastoma cells, glioblastoma cells as well as retinoblastoma organoids 

by live imaging. Furthermore, CAR-microglia administration to immunodeficiency mice carrying 

retinoblastoma and glioblastoma xenograft resulted in significant reduction in tumor growth and 

prolonged survival. Moreover, the anti-tumor effect of CAR-microglia could be enhanced in combination 

of T cells activation. Together, our findings showed the significant anti-tumor effect of CAR-microglia in 

retinoblastoma and glioblastoma, therefore providing the convincing evidence that encourages further 

development of CAR-microglia for treatment of CNS malignancies with specific antigens.

【 关 键 词 】 Retinoblastoma, Glioblastoma, Chimeric antigen receptor (CAR), Microglia, Induced 

pluripotent stem cells (iPSC)
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【 摘 要 】Melanoma is a highly aggressive skin malignancy with poor prognosis, high metastatic potential, 
and limited treatment options in advanced stages. Recent evidence suggests that lifestyle interventions 
such as aerobic exercise can act as potent modulators of the tumor microenvironment (TME), 
influencing immune cell composition, phenotype, and function. However, the cellular and molecular 
mechanisms underlying these effects remain largely unresolved. In this study, we explored how 
aerobic exercise alters hematopoietic stem cell (HSC) fate decisions, macrophage differentiation, and 
immune activation in a murine melanoma model, with a particular focus on the role of the cholesterol 
transporter Abca1.
Female C57BL/6J mice were subcutaneously inoculated with B16F10 melanoma cells and randomly 
allocated to either a sedentary control group or an exercise intervention group. The exercise regimen 
consisted of treadmill running at 9 m/min for 30 minutes per day, 5 days per week, over three weeks, 
following a short adaptation phase. Tumor growth was monitored longitudinally, and histopathological 
changes were assessed by hematoxylin–eosin staining. Single-cell RNA sequencing (scRNA-seq) was 
employed to characterize the TME at single-cell resolution, followed by pseudotime trajectory analysis 
to map immune cell differentiation dynamics and cell–cell communication analysis to identify key 
regulatory signaling pathways.
Aerobic exercise significantly inhibited tumor growth, reduced malignant histological features such 
as nuclear atypia, necrosis, and aberrant vascularization, and prolonged survival compared with 
sedentary controls. scRNA-seq profiling identified seven major cell populations, including melanoma 
cells, endothelial cells, fibroblasts, epithelial cells, cycling basal cells, HSCs, and macrophages. Exercise 
reduced the proportion of melanoma and epithelial-like cells while markedly increasing endothelial 
cell abundance, suggesting enhanced vascular remodeling. Pseudotime analysis revealed a clear 
developmental trajectory from HSCs toward macrophages, with exercised mice exhibiting accelerated 
differentiation. Gene expression analysis highlighted robust upregulation of Abca1, Adgre1 (F4/80), and 
Adam8 in macrophages from the exercise group, implicating these genes in cholesterol efflux, immune 
activation, and inflammatory regulation.
Functional enrichment analyses using GO and KEGG revealed significant activation of ribosomal 
biogenesis, lysosomal pathways, mitochondrial oxidative phosphorylation, and immune-related 
processes, consistent with a metabolic and functional reprogramming toward pro-inflammatory M1 
macrophage phenotypes. Importantly, intercellular communication analysis showed that exercise 
selectively enhanced Notch signaling to HSCs, a pathway known to regulate self-renewal and lineage 
specification. The presence of Notch pathway–associated genes within pseudotime trajectory–linked 
modules further supports its role as a driver of exercise-induced HSC-to-macrophage commitment.
Collectively, these findings demonstrate that aerobic exercise exerts a multi-level reprogramming 
effect on the melanoma TME by promoting Abca1-mediated differentiation of HSCs into functionally 
activated M1-like macrophages, driven in part by augmented Notch signaling. This immunomodulatory 
mechanism may underlie the observed tumor suppression and improved host survival, providing novel 
insights into the integration of structured exercise into melanoma management strategies.
Keywords:aerobic exercise, melanoma, Abca1, macrophage
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【摘要】Feeder cells play an important role in the culture of human pluripotent stem cells (hPSCs) in vitro. 

Previously, we used methanol as a fixative to prepare feeder cells for the cultivation of pluripotent stem cells (PSCs), 

and this method could maintain the self-renewal and pluripotency of PSCs. However, methanol is toxic, and so 

here we examined whether ethanol

could be used to prepare feeder cells as a fixative for hPSC culturing. Primed, naive, and extended human 

embryonic stem cells and induced pluripotent stem cells can maintain self-renewal and undifferentiated 

potential on feeder cells treated with ethanol for an extended period. RNA sequencing analysis showed that the 

expression of collagen-related genes in hPSCs cultured on feeder cells treated with ethanol was significantly 

lower as compared with hPSCs cultured on feeder cells treated with mitomycin C. Therefore, we speculate that 

the signaling pathway mediated by collagen-related genes may, at least in part, contribute to the maintenance of 

self-renewal and pluripotency of PSCs induced by feeder cells treated with chemicals.

【关键词】ethanol; feeder cells; human embryonic stem cells; human pluripotent stem cells;

self-renewal
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【摘要】The selection of suitable culture medium is critical for achieving good clinical outcomes 

in cell therapy. To support the commercial application of stem cell therapy, customized culture 
media not only need to promote stem cell proliferation, but also need to save costs and meet 
industrial requirements for inter-batch consistency, efficacy, and biosafety. In this study, we 
developed a series of serum-free media (SFM) and elucidated the effects between different 
SFM, as well as between SFM and serum-containing media (SCM), on human umbilical cord 
mesenchymal stem cells (hUC-MSCs) phenotype and function. We analyze and emphasize from 
the perspectives of clinical and commercial application why research on customized culture 
media is critical for the success of enterprises developing novel cellular therapeutics. 
METHODS: We cultured hUC-MSCs with identical cell seeding densities in different 
formulations of SFM and SCM until passage 10 and examined the changes in cell phenotype 
and function. We analyzed the results with the commercial application requirments of the 
cellular therapy industry to assess the potential impact of customized culture media on inter-
batch consistency, efficacy, stability, biosafety, and cost-effectiveness of industrial-scale cell 
production. 
RESULTS: hUC-MSCs cultured in SCM and SFM exhibit consistent cell morphology and surface 
molecule expression, but hUC-MSCs cultured in SFM demonstrate higher activity, superior 
proliferative capacity, and greater stability. Furthermore, hUC-MSCs cultured in different SFM 
exhibit differences in cell activity, proliferative capacity, senescent rate, and S/M ratio of cell 
cycle, while maintaining a normal karyotype after long-term in vitro cultivation. Moreover, we 
found that hUC-MSCs cultured in different media exhibit variations in paracrine capacity and in 
their support of hematopoietic stem cell (HSC) self-renewal. 
CONCLUSION: Considering the substantial funding and time required for cell-based drug 
development, our results underscore the importances of comprehensively optimizing the 
composition of medium for the specific disease prior to conducting clinical trials of cell-based 
therapies. The criteria for selecting culture medium should be based on the requirements of 
the target disease for cellular function. In addition, we provide a way to formulate different 
customized SFM, which is beneficial for the development of cell therapy industry.
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运动协同 iPSC 细胞对帕金森小鼠治疗评价及其机制的研究

刘晶晶

【目的】：帕金森病（PD）是常见的神经退行性疾病，现有药物治疗副作用明显，手术治疗成本高且

效果不稳定。诱导多能干细胞（iPSC）疗法具有潜在治疗价值，但其在体内转化效率及与运动协同

作用的机制尚不明确。本研究旨在评估运动联合 iPSC 移植对 PD 模型小鼠行为改善及分子机制的影

响，为临床联合治疗提供依据。

【方法】：将 40 只 MPTP 诱导的 PD 模型小鼠分为安静组（St）、运动组（E）、iPSC 治疗组（T）、联

合治疗组（ET），并设正常对照组（Ctrl）。T 组和 ET 组通过尾静脉注射 iPSC，E 组和 ET 组进行 8

周跑台训练。通过旋转杆实验评估运动功能，免疫组化检测黑质区酪氨酸羟化酶（TH），空间转录

组分析差异基因，ELISA 检测血清肾上腺素（EPI）和神经生长因子（NGF），Western Blot 和 qPCR

检测中脑 Wnt1、Lmx1a 等因子表达。

【结果】：PD 模型成功建立，St 组运动能力显著下降，TH 表达降低 ；空间转录组显示 St 组差异基因

65 个，涉及 ErbB、Wnt 和 HIF-1 信号通路 ；T 组运动能力有所提升但无显著差异，Wnt1、Lmx1a、

Neurog2 和 TH 表达显著高于 St 组 ；E 组运动能力显著优于 T 组，Wnt1 基因表达上升，EPI 和

NGF 水平提高，但 TH 蛋白无显著变化 ； ET 组在行为学和中脑 Wnt1、Lmx1a、Neurog2 的表达上

均显著优于 E 组和 T 组。

【结论】：运动联合 iPSC 治疗显著改善 PD 小鼠运动功能，效果优于单一干预。其机制可能与运动提

升肾上腺素和 NGF 水平、激活 Wnt 信号通路、增强 Wnt1-Lmx1a 调控环，促进 iPSC 向多巴胺能神

经元分化有关。该研究为运动协同细胞治疗 PD 提供了实验依据。
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【 摘 要 】Research Objectives: Parkinson's disease (PD), the second most common neurodegenerative disease 
worldwide, has a pathological process closely related to the ferroptosis of dopaminergic (DA) neurons. Compared 
to traditional treatments, exercise has demonstrated significant potential in the management of PD by 
modulating DA levels and synaptogenesis in PD patients. However, the specific mechanisms by which exercise 
inhibits the ferroptosis of PD neurons remain unclear. Therefore, this study focuses on ferroptosis and explores 
how exercise influences this process at the molecular level to improve PD, thereby providing insights into the 
mechanisms underlying exercise therapy for PD.Research Methods: A total of 34 SPF-grade male C57BL/6J 
mice were randomly divided into a control group and a PD group. The groups were injected with saline or 
MPTP for 14 days, respectively. Following the injections, behavioral assessments were performed, along with 
the exploration of the immune transition mechanisms in PD mice through TH immunohistochemistry, single-
cell nuclear sequencing, and spatial transcriptomics. Subsequently, the PD group was further divided into 
an exercise group and a sedentary group for an 8-week aerobic exercise intervention on a treadmill. After the 
intervention, comprehensive transcriptomic sequencing and related assays (including measurements of calcium 
ion content, iron content, glutathione levels, superoxide dismutase activity, and malondialdehyde levels), as well 
as qRT-PCR and Western blot analyses, were conducted to investigate the mechanisms of exercise intervention 
in PD. Research Results: (1) In the PD group, the quantity of astrocytes and microglia increased significantly, 
exhibiting marked co-localization. Genes Atp1a2, Ptgds, Trpm3, and Slc1a2 were notably downregulated in 
the midbrain tissues of PD mice, indicating involvement in inflammation activation and the activation of NRF2-
related ferroptosis processes. (2) Eight weeks of treadmill exercise significantly upregulated the expression of 
Atp1a2 and Slc1a2 genes in the midbrains of exercise group mice, further inhibiting the ferroptosis of DA neurons. 
Additionally, iron content and malondialdehyde levels in the midbrain of exercise group mice significantly 
decreased, while levels of glutathione (GSH), total superoxide dismutase (SOD) activity, NRF2, SLC7A11, and 
GPX4 significantly increased.Research Conclusion: (1) The crosstalk between astrocytes and microglia in the 
midbrain of PD mice may activate the ferroptosis of dopaminergic neurons in the substantia nigra by significantly 
downregulating genes Atp1a2, Ptgds, Trpm3, and Slc1a2. (2) Moderate-intensity treadmill exercise for 8 weeks 
may inhibit ferroptosis of DA neurons by upregulating Atp1a2 and Slc1a2, and the specific mechanism involves 
the NRF2-SLC7A11-GPX4 pathway.

【关键词】Parkinson's disease; ferroptosis; immune cells; calcium ions; dopaminergic neurons.
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【摘要】造血干细胞（hematopoietic stem cells, HSCs）在维持免疫稳态和组织修复中发挥着核心

作用，其移植已成为治疗血液系统疾病及部分免疫相关疾病的重要手段。然而，HSC 移植过程中普

遍存在免疫排斥和细胞凋亡等问题，严重制约了移植效率和临床应用。如何在有效调控免疫应答与

维持免疫耐受之间取得平衡，并同时改善移植微环境，已成为造血干细胞治疗亟需突破的关键科学

问题。

本课题组长期聚焦免疫相关疾病治疗中“有效且适度的免疫调控”这一瓶颈问题，探索利用功能化

生物医用高分子材料，实现空间、时间和剂量多维度可控递送免疫调节剂的策略，从而提升造血干

细胞治疗的有效性与安全性。近年来，我们主要开展了以下两方面的工作 ：

1）发展高效向造血干细胞递送 siCD40 的药物载体。通过设计新型阳离子高分子纳米颗粒，我们实

现了对 HSC 及其分化后树突状细胞和巨噬细胞的靶向递送 siCD40。该策略不仅有效抑制了树突状

细胞与巨噬细胞的过度成熟与活化，还间接调控了 T 细胞的分化和免疫效应功能，显著增强了外周

免疫耐受的诱导效率。这一工作为利用药物载体介导的基因沉默实现 HSC 免疫耐受调控提供了新思

路。

2）利用纳米材料调控骨髓微环境，提高 HSC 移植成功率。我们构建了可响应骨髓微环境的智能化

纳米材料，通过调节纳米材料与细胞外基质相互作用，有效抑制了移植 HSC 的早期凋亡。同时，该

体系改善了骨髓微环境的免疫稳态，有助于营造支持 HSC 归巢与长期存活的局部“耐受性生态位”。

这一策略显著提高了小鼠模型中 HSC 移植的成功率，并为未来临床转化奠定了基础。

综上，本研究揭示了功能化生物医用材料在 HSC 功能调控和移植免疫耐受中的重要作用，提出了基

于纳米材料的多维度免疫调节与微环境优化的新策略。该系列工作不仅为提高造血干细胞移植的成

功率提供了新的技术路径，也为干细胞治疗及器官移植等临床难题的解决开辟了新的研究方向。
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CXCR4 S338X 过表达增强骨髓中 CAR-T 干样细胞的分化与功能
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【目的】急性 B 淋巴细胞白血病（B-ALL）患者的 CD19⁺  肿瘤的复发，常由骨髓内残留白血病细胞导

致，而 CAR-T 细胞在骨髓的归巢和滞留能力有限，且在骨髓中的持久性较差。本研究旨在评估在抗

人 CD19 CAR-T（CAR19-T）细胞中表达功能增强型 CXCR4 S338X 突变体是否可改善骨髓归巢、促

进干细胞样记忆 CAR-T 细胞生成，并增强抗白血病疗效。

【方法】通过慢病毒的转导方式，我们构建了 CAR19-T 细胞对照、CAR19-T 细胞过表达野生型 

CXCR4（CAR19/CXCR4WT-T）或 CXCR4 S338X（CAR19/CXCR4S338X-T）。检测细胞表面 CXCR4 

表达、CXCL12 刺激下的 ERK1/2 与 AKT 信号通路激活。本研究通过 NCG 小鼠 CDX 和 PDX 模型，

评估 CAR-T 细胞的骨髓归巢能力、记忆表型分化及体内抗白血病疗效。

【结果】CAR19/CXCR4S338X-T 细胞表面 CXCR4 表达显著高于 CAR19/CXCR4WT-T 及对照 CAR19-T 

细胞，并对抗原或 CXCL12 诱导下的下调更不敏感。CXCL12 刺激下，CXCR4S338X 过表达细胞 

ERK1/2 与 AKT 磷酸化增强，而 CAR19/CXCR4WT-T 及对照 CAR19-T 细胞均没有统计学差异。体内

实验显示，CAR19/CXCR4S338X-T 细胞骨髓归巢和滞留显著增加，分化为 CCR7+CD45RA+ 干细胞

样长期记忆 T 细胞表型，清除白血病效率高于 CAR19/CXCR4WT-T 及 CAR19-T 组，并显著改善长期

无白血病生存率。

【结论】在 CAR19-T 细胞中表达 CXCR4 S338X 可显著增强骨髓归巢能力，促进干细胞样记忆 T 细

胞分化，提高抗白血病疗效。本研究提示增强的 CXCR4/CXCL12 信号通路为优化血液系统恶性肿瘤 

CAR-T 细胞治疗和预防抗原阳性复发提供策略。

【关键词】骨髓、嵌合抗原受体 T 细胞、CXCR4 S338X、CXCL12、B 细胞急性淋巴细胞白血病、微

小残留白血病
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【 摘 要 】Background/Objective: Systemic lupus erythematosus (SLE) is a chronic and systemic autoimmune disease with unclear 
pathogenesis. Increasing evidence has emphasized the application of tissue engineering strategies to optimize the therapeutic 
outcomes of mesenchymal stem cells (MSCs)-based regenerative and immunomodulatory strategies in autoimmune 
disorders. Herein, we present a promising strategy based on circRNA_17725-engineered MSCs for SLE treatment by reshaping 
inflammation and immunometabolism. 
Methods: Firstly, we performed the single-cell RNA sequencing (scRNA-seq) to elucidate the heterogeneity of peripheral blood 
immune cells in SLE. The proliferation, apoptosis, polarization and glucometabolism of macrophages were estimated. The 
potential effects and molecular mechanisms of circRNA_17725 in regulating MSCs were assessed in vitro and in vivo. CUT & 
Tag, dual luciferase reporter gene assay and other molecular biological techniques were applied to illustrate the regulatory 
mechanism of circRNA_17725. The therapeutic effect of circRNA_17725-engineered MSCs was investigated using MRL/lpr 
mouse lupus model.
Results: The scRNA-seq analysis revealed a SLE-specific upregulated CD14+CD300E+ monocyte subset in the peripheral blood 
of SLE patients, which potentially contributed to SLE pathogenesis. Besides, the expression of CD300E at the mRNA level 
was positively associated with M1-type markers (HLA-DRA, CD11c and CD68) but negatively associated with M2-type marker 
(CD206) in SLE, implicating the altering effect of CD300E on macrophage polarization in SLE. As demonstrated by in vitro 
experiments using macrophage model, CD300E promoted the proliferation and M1 polarization through JAK1/STAT1 signaling 
pathway, thereby aggravating inflammatory and immune responses. Nonetheless, the administration of CD300E-knockdown 
Raw264.7 macrophages through the mouse tail vein significantly alleviated lupus nephritis and systemic inflammation of 
MRL/lpr mice by inducing M2 polarization and the regulatory T cells (Tregs). Mechanically, the CUT & Tag analysis and dual 
luciferase reporter gene assay had demonstrated circRNA_17725 inhibited the expressions of CD300E and HIF1A, while HIF1A 
could transcriptionally activate CD300E and circRNA-17725. Furthermore, circRNA_17725 enhanced the polarization of anti-
inflammatory M2 macrophages and suppressed inflammation and glucose metabolism reprogramming in macrophages 
in vitro through CD300E-HIF1A-JAK1/STAT1 signaling axis. The administration of circRNA_17725-overexpressed Raw264.7 
macrophages significantly alleviated lupus nephritis of MRL/lpr mice by expanding M2 polarization and Tregs. Additionally, 
circRNA_17725-engineered MSCs exhibited therapeutic effects in MRL/lpr mice.
Conclusion: This study introduces an engineered MSC-based approach that combines anti-inflammation, 
immunosuppression, and immunometabolism reshape, for effectively alleviating nephritis via the circRNA_17725-CD300E-
HIF1A axis.

【关键词】 Systemic lupus erythematosus; Mesenchymal stem cells; CD300E; HIF1A; Metabolic reprogramming
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利用脐带血体外扩增单核细胞（CB-RE-01）开发同种异体血管

再生疗法

张 琬琪 ¹，古川 圣美 ¹，菅原 亜衣 ¹³，溝渕 亮 ¹²，田中 里佳 ¹²³

1. 顺天堂大学 医学研究科 再生医学
2. 顺天堂大学 医学部 研究生院 形成外科学讲座

3. 顺天堂大学 难治性疾病的诊断与治疗研究中心

【背景与目的】重度慢性下肢缺血（CLTI）患者在现有标准治疗下仍存在较高截肢风险，紧需更安全

有效的细胞治疗策略。我们团队此前开发的 RE-01 培养法可增强外周血单核细胞（PBMNC）的血管

新生与组织修复能力，并已推进自体细胞治疗研究。为实现更广泛的应用，本研究聚焦免疫原性低

的脐带血单核细胞（CBMNC），开发可同种异体使用的 CB-RE01 细胞，并评估其体外功能。

【方法】从顺天堂医院采集脐带血，分离 CBMNC 并经 RE-01 法培养 5 天，获得 CB-RE-01 细胞。通

过流式细胞术分析其亚群组成，并进行 HUVEC 共培养实验评估血管形成与增殖能力，同时以成纤维

细胞划痕实验分析修复效果。

【结果】RE-01 培养显著上调 CD34⁺ 细胞与 M2 型巨噬细胞（CD206⁺ ）比例。CB-RE01 细胞可有效促

进 HUVEC 增殖与管腔形成，血管新生能力优于 CBMNC。成纤维细胞迁移亦显著增强，提示具有较

强的创伤修复潜力。

【结论】CB-RE01 细胞在体外显示出良好的血管新生与组织修复功能，具备作为即用型同种异体细胞

制剂的临床应用前景。今后将进一步验证其体内疗效与免疫调控机制，推进其临床转化。
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CD33KO-CD33-mesothelin loop CAR design avoids fratricide 

and improves efficacy of iNK cells against acute myeloid 
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【摘要】Background Acute myeloid leukemia (AML) patients are often older, which brings challenges 
of endurance and persistent efficacy of autologous CAR-T cell therapies. Allogenic CAR-NK cell therapies 
may offer reduced toxicities and enhanced anti-leukemic potential against AML. CD33 CAR-NK cells have 
been investigated for AML therapy. However, the fratricide-mediated lysis of CD33-expressing NK cells by 
CD33 CAR-NK cells limits the expansion and efficacy of CD33 CAR-NK cells. Mesothelin (MSLN), a tumor 
differentiation antigen, is highly expressed in a fraction of AML patients, making it a promising target for AML 
therapy.
Methods We designed a novel CD33-MSLN loop CAR (Loop CAR) and evaluated its anti-tumor efficacy in 
human umbilical cord blood-derived NK (UCB-NK) cells and human pluripotent stem cell-derived NK (hPSC-
iNK) cells. To further avoid fratricide caused by endogenous CD33 expression in NK cells, we established 
a hPSC-derived cell line via knockout of CD33 gene (CD33KO) and engineered Loop CAR. We generated 
CD33KO-Loop CAR-iNK cells using an organoid induction approach. The efficacy of CD33KO-Loop CAR-iNK 
cells against tumor cells expressing CD33 and MSLN was investigated both in vitro and in AML xenograft 
mice.
Results Loop CAR-NK cells exhibited superior cytotoxicity against dual-antigen-positive tumor cell lines 
and primary AML cells compared with CD33 CAR-NK and MSLN CAR-NK cells. Moreover, Loop CAR-NK cells 
showed upregulated signaling pathways related to NK cell activation and cytotoxic function. The loss of 
CD33 in iNK cells effectively avoided fratricide, improved expansion ability, and significantly enhanced CD33 
and MSLN-mediated specific cytotoxicity of Loop CAR-iNK cells. Moreover, the CD33KO-Loop CAR-iNK cells 
demonstrated superior tumor-killing activity in AML xenograft mice and significantly prolonged survival.
Conclusion Loop CAR empowered both UCB-NK cells and hPSC-iNK cells with superior cytotoxicity against 
CD33+MSLN+ tumor cells. Genetic disruption of CD33 avoided fratricide and improved efficacy of Loop CAR-
iNK cells against AML. This innovative strategy possesses unique advantages and translational potential for 
treating AML.

【关键词】Bivalent CAR-NK; CD33 knockout; acute myeloid leukemia; hPSC; fratricide
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【摘要】CAR-NK cell therapy targeting CD7 has emerged as a promising approach for treating T-cell malignancies. 
However, conventional CAR-NK cell therapy faces the challenges of cell fratricide due to CD7 expression 
on both malignant cells and normal NK cells. The human pluripotent stem cells (hPSCs) were genetically 
modified by knocking out the CD7 gene and introducing the CD7 CAR expression cassette to generate 
CD7 KO-CD7 CAR-hPSCs. The CD7 KO-CD7 CAR-iNK cells derived from CD7 KO-CD7 CAR-hPSCs using an 
efficient organoid induction method could effectively avoid fratricide, demonstrated normal expansion, 
and exhibited potent and specific anti-tumor activity against CD7+ T-cell tumor cell lines and primary 
T-ALL cells. CXCR4 overexpression in CRO-CD7 CAR-iNK cells improved their homing capacity and 
extended their persistence in vivo. The CRO-CD7 CAR iNK cells significantly suppressed tumor growth 
and prolonged the survival of T-ALL tumor-bearing mice. Our study provides a reliable strategy for 
the large-scale generation of fratricideresistant CD7 CAR-iNK cells with robust anti-tumor effects from 
hPSCs, offering a promising cell product to treat T-cell malignancies.

【关键词】 hPSCs; CD7 CAR-NK; T-ALL; Fratricide-resistance; CXCR4; Persistence
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Pluripotent stem cell-derived iTNK cells acquired 

intracellular antigen-targeting capability via a synthetic 

CD8-CD28-TCR complex

Xiujuan Zheng

【 摘 要 】Tumor-associated antigen-specific T cell receptor (TCR)-engineered T cells offer a promising 

strategy for cancer therapy. However, the mispairing of endogenous and genetically transferred TCR 

subunits, and the downregulation of HLA-I molecule expression on tumor cells have impeded the 

advancement of TCR-T cell therapy. Natural killer (NK) cells exhibit broad anti-tumor activity with low 

side effects but lack the capability to recognize intracellular antigens. Here, we found that the human 

pluripotent stem cell (hPSC)-derived iNK cells, unlike tissue-isolated NK cells, expressed all four CD3 

subunits at the transcriptome level. We introduced a synthetic gene-expressing complex (SCOTR), 

encoding a tumor antigen-specific TCR, CD8 coreceptor, and CD28 costimulatory molecule, into hPSCs 

to generate SCOTR-hPSCs. The SCOTR-hPSCs gave rise to abundant synthetic TCR complex-expressing 

iNK (siTNK) cells via an organoid induction method. These siTNK cells showed HLA-dependent, antigen-

specific cytotoxicity against tumor cells and significantly suppressed tumor growth in tumor xenograft 

animal models, while also preserving universal non-specific tumor-killing activity. Collectively, siTNK 

cells, as hPSC-derived hybrid cells with dual features of adaptive T and inherent NK cells, offer an 

artificial cell source for human immunotherapies.
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三维凝聚调控细胞外基质重塑增强颌骨骨膜干细胞聚合体的

骨向发育潜能

何方，陈家雄，李祥伟

中山大学附属第五医院，珠海

【摘要】间充质干细胞聚合体技术通过仿生模拟胚胎发育过程中的间充质凝聚，为骨组织再生提供了

新策略。本研究旨在解析三维（3D）凝聚相较于传统二维（2D）凝聚对颌骨骨膜来源间充质干细胞

聚合体（JPCA）生物学功能的影响。我们成功构建了 2DJPCA 与 3DJPCA，并整合转录组测序、组

织学分析及大鼠颅骨缺损修复模型进行系统评价。转录组分析显示，3DJPCA 显著富集于细胞外基

质组织重塑和骨骼系统发育等生物学现象。组织学检测（H&E、MASSON、天狼星红染色）观察到

3DJPCA 内存在活跃的胶原合成与基质代谢，与转录组数据高度吻合。在大鼠颅骨缺损模型中，移植

3DJPCA 组显示出活跃的新骨形成，并在骨修复前沿观察到大量 JPCA 来源的细胞成分，提示其直接

参与了原位骨组织再生。综上所述，3D 间充质干细胞凝聚能显著增强 JPCA 的骨发育相关生物学活动，

其作用机制与主动调控细胞外基质重塑密切相关，在骨组织再生领域展现出较强的应用潜力。

【关键词】颌骨骨膜间充质干细胞，骨发育，干细胞聚合体

通讯作者联系方式 ：lixiangwei@126.com
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基于单细胞多组学解析免疫微环境调控细胞衰老促进骨关节炎

进展的机制及其干预策略研究

李佩霖，汤杰、李晓彤、赵世荣、李志凌，尹博丰，
虞富豪，吴祖泽，朱恒

北京辐射医学研究所

【摘要】骨关节炎（OA）是一种以疼痛和功能障碍为主要临床表现的退行性关节疾病。软骨下骨区

域的骨重塑异常是 OA 发生发展的重要病理事件。有研究表明，骨关节炎的免疫微环境常通过诱发

细胞衰老而影响骨重塑。骨骼干细胞（SSC）参骨软骨组织发育，稳态维持和再生修复。然而，SSC

在 OA 免疫微环境中的生物学特性及其关键调控因素有待全面解析。我们通过对 OA 患者和创伤性

OA（PTOA）小鼠的关节样本进行组织病理学评估及单细胞测序分析，发现表皮生长因子受体阳性

（EGFR+）衰老 SSC 与衰老巨噬细胞来源表皮调节素（EREG）分子共同促进了 OA 关节软骨下骨病

理进展。体内外实验结果表明，EREG 能促进 EGFR+ SSC 发生细胞衰老并导致成骨亢进，进而影

响软骨下骨区域骨重塑。采用腺相关病毒介导的 Ereg 基因敲低技术或使用 Ereg 基因敲除小鼠抑制

EREG 表达，可显著抑制软骨下骨中 EGFR+ SSC 发生细胞衰老，并能有效缓解 PTOA 小鼠的膝关节

软骨下骨区域病理性骨硬化及疼痛症状。本研究发现 OA 免疫微环境中的衰老巨噬细胞来源 EREG 分

子是诱导 EGFR+ SSC 发生细胞衰老的关键因素，二者的这种调控机制促进了 OA 软骨下骨病理损害，

这一发现为开发基于衰老 SSC 的 OA 治疗策略提供了实验依据。

【关键词】骨关节炎，骨骼干细胞，巨噬细胞，细胞衰老，单细胞多组学

通讯作者联系方式 ：zhudingdingabc@163.com 朱恒
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Enhancing Wound Healing with Perinatal Mesenchymal 

Stem Cells and Optimized Hydrogel Formulations

Xiujuan Zheng

【摘要】Chronic and diabetic wounds, including diabetic foot ulcers (DFUs), present significant clinical 

challenges due to poor healing outcomes with conventional therapies. Mesenchymal stem cells (MSCs), 

particularly those derived from perinatal tissues, hold promise for advancing wound care by promoting 

tissue repair through direct cellular replacement and paracrine signaling. This study investigates the 

therapeutic potential of human chorionic villus MSCs (hCVMSCs) and human umbilical cord MSCs 

(hUCMSCs), delivered via a polyethylene glycol diacrylate (PEGDA) and sodium alginate (SA) hydrogel 

scaffold with collagen I (Col-I), in accelerating wound healing.

In vivo studies demonstrated that hCVMSC- and hUCMSC-laden hydrogels significantly enhanced 

wound closure, re-epithelialization, angiogenesis, and collagen deposition compared to controls, with 

hCVMSCs showing particularly robust effects. Histological analyses revealed increased keratinocyte 

maturation (elevated KRT10/KRT14 ratio), keratinocyte proliferation (KRT14+/Ki67+ cells), and higher 

density of CD31+ blood vessels. Mass spectrometry analysis of MSC-derived secretomes identified 

conserved proteins, including THBS1, SERPINE1, ANXA1, LOX, and ITGB1, enriched in pathways related 

to extracellular matrix (ECM) organization, cell adhesion, and immune modulation. Notably, the PI3K/

AKT signaling pathway emerged as a central mediator of MSC-induced wound repair.

The PEGDA/SA/Col-I hydrogel provided an optimal microenvironment for MSC viability and function, 

balancing mechanical support with bioactivity. Combination therapy using MSCs and their secretome 

further enhanced wound healing outcomes, highlighting the complementary roles of cellular and cell-

free therapies.

These findings underscore the potential of perinatal MSCs, particularly hCVMSCs and hUCMSCs, 

combined with optimized hydrogel scaffolds, in accelerating cutaneous and diabetic wound healing. 

This approach offers a promising avenue for developing advanced regenerative therapies for chronic 

wounds.
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【 摘 要 】  Objective Three-dimensional neural models derived from human-induced pluripotent stem 

cells (hiPSCs), including organoids and assembloids, have emerged as indispensable systems for 

recapitulating fundamental aspects of human brain development. These models have proven critical 

for studying neurological disorders like Alzheimer's and Parkinson's disease. To fully understand 

the intricate dynamics of the neural networks within these self-organizing in-vitro cellular models, 

there is a need for real-time and label-free electrical activity measurement. Methods In this study, we 

utilized the MaxOne and MaxTwo HD-MEA platforms, each equipped with 26,400 electrodes per well, 

to record extracellular action potentials from various 3D neural models at multiple scales, ranging 

from network-level activity to single-cell and subcellular analyses. Results We demonstrated the 

flexible electrode selection for recording neural activity and how it improves the collected data's 

statistical power and reproducibility. Key parameters like firing rate, spike amplitude, and network 

burst profile were extrapolated. We used the AxonTracking Assay to trace action potential propagation 

along axonal branches, enabling a detailed examination of axon morphology and function, including 

conduction velocity, latency, axonal length, and branching patterns. This breakthrough assay allows 

for high-resolution investigation of disease models targeting axon initial segments, axonal branching, 

development, and conduction. Conclusion The HD-MEA platforms’ capability for targeted electrode 

selection improves data consistency and enables more comprehensive statistical insights. Furthermore, 

automated data visualization and metric extraction make these systems a robust and user-friendly 

choice for in-vitro disease modeling and drug testing in both acute and longitudinal studies.

【关键词】Organoids; high-density microelectrode arrays; in-vitro; electrophysiology
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【摘要】Cellular senescence is responsible for multifaceted senescence-associated pathologies including aging 
phenotypes and aging-related decreases. The aging of organisms contributes to the senescence of stem cells and 
the deterioration of their functional capacities, which in turn further exacerbates the aging process. Eliminating or 
preventing senescent cells has emerged as a vital strategy for anti-aging therapy. The absence of universal markers 
and modulators significantly limits the identification and targeting of senescent cells. Our research characterizes 
ALKBH5 aggregation in the cytoplasm of mesenchymal stem cells (MSCs), as a novel biomarker and therapeutic 
target for senescence and aging. ALKBH5 aggregation causes cytosolic retention and m6A dysregulation in a 
feedback loop. Moreover, ALKBH5 aggregates can be reversed by m6A-modified RNA probes to alleviate senescence 
phenotypes. Our study establishes a conceptual advance by revealing a targetable senescence hallmark that is 
never been reported before. This discovery opens new avenues for developing treatments for improving the efficacy 
of anti-aging therapy.
Mechanically, we identify a new ALKBH5-Cdk2 mechanistic axis regulating senescence. In this study, we highlight 
that senescent cells are featured with enhanced Cdk2 m6A modification. The hypermethylation of Cdk2 accounts 
for its RNA degradation and subsequently reduces the protein level, thereby accelerating cellular senescence. 
Moreover, we identify Cdk2 as a new m6A target of ALKBH5 demethylase. ALKBH5 mislocalization impacts cellular 
senescence by promoting Cdk2 hypermethylation and mRNA instability. Consequently, nuclear-localized ALKBH5-
NLS results in a reduction in m6A modification levels on Cdk2 and counteracts senescence in vitro and in vivo. Our 
study elucidates the mechanistic advance by which the cytoplasmic retention of ALKBH5 results in diminished Cdk2 
demethylation, thereby driving Cdk2 degradation and subsequently promoting the cellular senescence process. 
We further reveal a new ALKBH5 nuclear transportation mechanism. We elucidate that the nucleoporin Nup62 
functions as a mediator for the nuclear translocation of ALKBH5. We also emphasize that the proper phase state 
of ALKBH5 is essential for its nuclear entry. ALKBH5 in the state of droplet phase binds to Nup62 which facilitates 
ALKBH5 crossing the nuclear membrane. On the contrary, ALKBH5 aggregation traps Nup62 in the cytoplasm, 
impeding the nuclear importation of both ALKBH5 and Nup62 concurrently, leading to accelerated cellular 
senescence.
Our findings firstly uncover the regulatory mechanism of ALKBH5 nuclear transport in the Nup62 and protein phase-
dependent manners. We provide a compelling notion that ALKBH5 aggregation together with defective nuclear 
transport drives cellular senescence. The translational potential of our work is significant, presenting promising 
new strategies for therapeutic intervention. This work not only advances our understanding of the biological 
foundations of senescence but also guides us in formulating practical stem cell anti-aging treatment strategies.

【关键词】Mesenchymal stem cells (MSCs), ALKBH5; Cdk2; cytosolic aggregate; m6A; cellular senescence
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【摘要】 Background
Articular cartilage lacks vascular supply, making spontaneous repair difficult following injury. Stem 
cells have been applied in the treatment of cartilage injuries, including knee osteoarthritis, cartilage 
defects, etc.; however, they inherently consist of heterogeneous subpopulations with functional 
diversity, leading to inconsistent clinical efficacy, treatment failure in some patients, and even varying 
degrees of complications. Identifying the superior functional subpopulation of stem cells for cartilage 
repair is crucial for more effectively promoting cartilage regeneration, enhancing therapeutic outcomes, 
reducing complications, and achieving precision stem cell therapy. This study addresses the challenges 
in cartilage injury repair and stem cell functional heterogeneity by identifying the superior functional 
subpopulation of stem cells for cartilage regeneration and repair. Its efficacy was validated through in 
vivo and in vitro experiments, and the underlying mechanisms were investigated.
Methods and Results

Conclusion
This study is the first to propose that Sox9/Col2a1+ hucMSCs represent the superior functional 
subpopulation of stem cells for cartilage regeneration and repair. Compared with conventionally used 
unsorted hucMSCs, they possess superior cartilage regenerative capacity and demonstrate enhanced 
repair effects on cartilage injuries. These findings provide a novel strategy for precision stem cell therapy 
in KOA and acute/chronic cartilage injuries, while opening new avenues for stem cell-based drug 
development.
Keywords: Stem Cells; Stem Cell Subpopulation; Precise Treatment; Knee Osteoarthritis; Cartilage 
Defect; Cartilage Regeneration
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原位敲除食蟹猴视网膜 OPA1 基因构建非人灵长类 ADOA 模型
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【摘要】常染色体显性视神经萎缩（autosomal dominant optic atrophy, ADOA）是最常见的遗传

性视神经病变之一，其核心病理特征为视网膜神经节细胞（RGC）的死亡和视神经的轴突变性。线

粒体内膜融合蛋白 OPA1 突变是 ADOA 的主要致病原因。尽管已有 Opa1 基因敲除的小鼠、线虫等

模式动物在一定程度上模拟了临床表型，但由于与灵长类在视神经解剖、神经元亚型以及 OPA1 蛋

白表达等方面仍存在显著差异，亟需建立更接近人类的 ADOA 模型，以推动机制研究与和转化应用。

在本研究中，我们通过玻璃体腔注射腺相关病毒（rAAV）递送 CRISPR/Cas9 系统，实现对成年食蟹

猴视网膜 OPA1 基因的原位编辑敲除。我们在体外利用多种 Cas9 蛋白优化并筛选编辑系统，靶向效

率最高达 54% ；在体内检测编辑效率最高可达 8%。长期随访显示，造模动物出现神经纤维层轻微

变薄和视网膜电图功能下降等早期疾病表现。组织病理学分析进一步证实部分神经元细胞 OPA1 蛋

白表达下降 ；电镜观察发现明显的视神经轴突脱髓鞘和胶质增生等病理改变。此外，在心脏、肝脏、

脾脏、肾脏、大脑、睾丸或血液等眼外组织中未检测 Cas9 基因组残留，说明眼局部编辑的特异性。

综上所述，我们首次在成年食蟹猴动物视网膜实现原位 OPA1 基因敲降，建立了具有早期视神经功

能障碍特征的非人灵长类模型，该模型不仅为阐明 ADOA 的致病机制提供了关键平台，也为干细胞

移植和基因治疗等新兴疗法的临床转化奠定了重要基础。

【关键词】原位敲除，OPA1，非人灵长类，ADOA
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Hedgehog 信号挽救缺氧诱导的人脑类器官铁死亡

谢皇帆

【摘要】胎儿缺氧会破坏神经发育。尤其发育中的大脑对缺氧损伤极为敏感，然而其具体易损细胞类

型及潜在分子机制仍待深入探索。本研究建立了人脑类器官模型，成功模拟了妊娠早中期胎儿缺氧

的病理生理过程。通过单细胞转录组技术，我们在类器官中鉴定出包括皮质祖细胞和神经元在内的

七种神经谱系。进一步分析揭示了不同细胞类型对缺氧的特异性反应，涉及雷帕霉素机制靶点复合

物 1（mTORC1）信号通路、脂肪酸合成、未折叠蛋白反应及先天免疫反应等方面。在发育层面，缺

氧后谷氨酸能神经元和 γ- 氨基丁酸（GABA）能神经元的成熟进程显著延迟，而祖细胞受影响较小。

在功能层面，我们发现两种对缺氧敏感性不同的 GABA 能神经元亚型 ：更成熟的 2 型神经元对缺氧

最为敏感，表现为铁死亡激活和神经突蛋白（如微管相关蛋白 2[MAP2]）表达受损 ；而成熟度较低

的 1 型神经元则表现出一定耐受性。机制研究表明，药理激活 Hedgehog 通路可抑制缺氧条件下 2

型 GABA 能神经元的铁死亡，并恢复 MAP2 蛋白表达。这些发现揭示了缺氧易损性的谱系特异性规律，

并确立了 Hedgehog 通路调控作为胎儿脑缺氧损伤神经保护策略的潜在靶点。
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【 摘 要 】Retinal degenerative diseases (RDDs), including age-related macular degeneration (AMD) and 
retinitis pigmentosa (RP), are leading causes of blindness as well as are characterized by progress 
atrophy of photoreceptors and retinal pigment epithelium (RPE), where innate immune dysfunction 
plays critical role in RDD pathogenesis. Microglia are central regulators of retinal immune homeostasis, 
but whether and how they acquire a senescent phenotype and contribute to neurodegeneration in 
RDDs remains unknown. In this study, we utilized single-cell RNA sequencing to identify a previously 
unrecognized population of senescent microglia in AMD patients. Subsequently, we demonstrated that 
senescent microglia was predominantly localized to the subretinal space (SRS) in light-induced retinal 
degeneration (LD) mice. In both patients and mouse models, these senescent microglia exhibited 
hallmark features of senescence, alongside a significant enrichment for Trem2 expression. Trem2 
knockout markedly reduced microglial senescence and mitigates photoreceptor loss, implicating Trem2 
as a critical driver of microglial senescence and retinal injury. Mechanistically, we uncovered that A2E, 
a lipofuscin bisretinoid that accumulates in the aging retina, directly bound to Trem2 and thereby 
activated Syk signaling, which finally induced inducing microglial senescence. Indeed, pharmacological 
inhibition of Syk suppresseed the accumulation of senescent microglia and conferred neuroprotection. 
Notably, we identified soluble TREM2 (sTREM2) not only as a potential biomarker for microglial 
activation and senescence but also as a potential predictor of disease severity and progression in AMD 
patients as well as AMD incidence risk in the general population. Collectively, our findings define a 
novel A2E-Trem2-Syk-senescence axis in retinal degeneration and highlight microglial senescence as a 
promising therapeutic target for neuroinflammatory retinal diseases.

【 关 键 词 】Retinal degenerative diseases, Microglial senescence, Trem2, Syk signaling, A2E, Single-cell 
RNA sequencing
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of LTR and Restrains the Rolling Back to Totipotent State in 

Naïve Human Embryonic Stem Cells
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【 摘 要 】Transposable elements (TEs) constitute nearly half of genome, exhibit significant diversity across 
species and participate in regulatory evolution and genetic novelties in mammalian physiology and 
development. In human and mouse development, the extensive silencing of TEs, especially LTRs, is 
essential for normal developmental processes, yet the underlying pathway and mechanisms remain 
unclear. We report here that METTL3 inhibition in naïve hESCs upregulates 8C-associated transcripts, 
including LTRs, promoting chromatin opening and a rollback to totipotency. Interestingly, reducing m6A 
on primate-specific L1PA mimics this transcriptome transition to 8C-like states, particularly affecting 
ERV1 and ERVL-MaLR. We further demonstrate that m6A on L1PA influences protein preferences for L1-
mediated chromatin recruitment, inhibits EP300 binding at ERV1, and promotes KAP1 binding at ERVL-
MaLR, thus restricting LTR transcriptional activity and facilitates chromatin compaction necessary 
for differentiation. Additionally, the occupancy of EP300 and H3K27ac at 8C enhancers may be 
influenced by both cis-regulatory m6A modifications on eRNAs and trans-acting interactions mediated 
by L1 RNA, thereby elucidating diverse regulatory mechanisms across distinct genomic regions. Our 
research uncovers the evolutionarily conserved yet species-specific m6A-L1-LTR trans-regulation axis 
for suppressing LTRs in naïve hESCs, underscoring the conserved and critical role of carRNAs m6A in 
mediating chromatin regulation during cell fate transition in both humans and mice.

【关键词】m6A，naïve hESCs，totipotency，LINE1，LTR
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Enhanced regenerative and developmental potential of 
embryonal and stem cell-derived platelets compared to 

adult platelets

Baiming Huang1,2,5, Le Li 1,2,5, Shun Yao1,2, Yue Feng1,2, Runqing Zhang1,2, Wei Liang1,2, Yuting Wu1,2, Pei Su1,2, 
Fei Wang3, Wen Zhou4, Hongtao Wang1,2,3,*, Cuicui Liu1,2,3,*, Jiaxi Zhou1,2,6,*

1 State Key Laboratory of Experimental Hematology, National Clinical Research Center for Blood Diseases, Haihe 
Laboratory of Cell Ecosystem, Institute of Hematology & Blood Diseases Hospital, Chinese Academy of Medical 
Sciences & Peking Union Medical College, Tianjin 300020,China.
2 Tianjin Institutes of Health Science, Tianjin 301600, China. 
3 HaemoCure, Inc, Tianjin 300459, China.
4Cancer Research Institute, School of Basic Medical Science, Central South University, Changsha, Hunan 410078, 
China
5These authors contributed equally
6Lead contact
Correspondence: wanghongtao@ihcams.ac.cn (H.W.), liucuicui@ihcams.ac.cn (C.L.), zhoujx@ihcams.ac.cn (J.Z.)

【 摘 要 】Keywords: CD59a; development-supporting characteristic; embryonal platelet; fibroblasts; hiPSC-
derived platelet; multi-omics analyses.
Background: The molecular characteristics and diverse functions of platelets have been extensively studied 
in adult mammals; however, platelets derived from stem cells—as well as those from early developmental 
stages—remain poorly understood. To address this gap, we performed transcriptomic and proteomic 
analyses of stem cell-derived platelets and embryonic platelets in mice, in comparison with adult platelets.
Methods: Platelets enriched from the peripheral blood of mice at embryonic and adult stages were sorted 
using flow cytometry. The molecular characteristics were revealed by the use of RNA sequencing, protein 
mass spectrometry and bioinformatics analysis. The regenerative function was validated through fibroblast 
co-culture and wound healing models.
Results:  Compared to adult platelets, embryonic platelets exhibit reduced classic immune-regulatory and 
procoagulant features but enhanced development-supporting traits, as revealed by multi-omics profiling. 
Notably, human induced pluripotent stem cell (hiPSC)-derived platelets closely mirror these embryonic 
characteristics. Transcriptomically, hiPSC-derived platelets share 77.5% of differential gene expression 
trends with embryonic platelets, enriched in developmental pathways and depleted in hemostatic and 
immune-related gene. Functionally, hiPSC-derived platelets, like their embryonic counterparts, interact 
robustly with diverse cell types—particularly fibroblasts. In vitro scratch assays demonstrate that embryonic 
platelets significantly accelerate fibroblast proliferation and migration, a effect primarily mediated by 
elevated secretion of IGF2, which can be abrogated by the IGF2 receptor inhibitor linsitinib. This mechanism 
underpins their superior capacity to promote tissue repair. In vivo, hiPSC-derived platelets outperform 
adult platelets in healing refractory wounds, such as those in diabetic mouse models. They expedite re-
epithelialization, enhance granulation tissue formation and resolution, and boost collagen deposition, 
leading to faster wound closure.Critical to their efficacy, hiPSC-derived platelets contain a significantly higher 
proportion of CD59+ subpopulations—mirroring the embryonic-like CD59(a)+ subset identified in adult mice 
and humans—that retains key developmental and repair-associated molecular signatures, including high 
IGF2 expression. 
Conclusions: Our findings highlight the unique multi-omics signatures and superior regenerative potential of 
embryonic and human induced pluripotent stem cell (hiPSC)-derived platelets, offering promising directions 
for tailoring platelet-based therapies to specific clinical needs.
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【 摘 要 】Two-cell (2C)-specific transcripts important for maternal zygotic transition, such as Zscan4 and endogenous 
retrovirus (MERVL), are sporadically expressed in approximately 1–5% of an embryonic stem cell (ESC) 
population to maintain ESC and telomere homeostasis. However, the molecular mechanisms regulating 
the 2-cell-like state in ESCs are not fully understood. Here, we revealed that Shugoshin 2A (Sgo2a), a protein 
important for cohesion and centromere function during mitosis and meiosis, suppresses the 2-cell-like state 
and telomere length through heterochromatin stabilization to maintain ESC and telomere homeostasis and 
genome stability. 
Transcription of Sgo2a decreased rapidly at the 2-cell stage, especially at the early 2-cell stage, and Minor 
ZGA precisely occurs from the S phase of the zygote to the G1 phase of the 2C-embryos. Dynamic expression 
of Sgo2a protein negatively correlated with Zscan4 protein levels in Zscan4-marked ESCs, suggesting 
that Sgo2a may be related to the regulation of the 2C-genes. We knocked out Sgo2a in mouse ESCs, and 
demonstrated that the knockout of Sgo2a leads to an increase in the transcriptional level of the 2C genes and 
the proportion of 2-cell-like cells, leading to telomere elongation. Meanwhile, heterochromatic H3K9me3 
was significantly reduced in the ESCs lacking Sgo2a. Further CUT&Tag experiments revealed that loss of 
Sgo2a decreases the enrichment of heterochromatic H3K9me3 on 2C genes, including Zscan4 gene clusters 
and downstream enhancers, resulting in activation of a 2-cell-like state. 
Then, the transcriptome of the H3K9 methylation complex or modifiers was analyzed via RNA-seq to explore 
whether Sgo2a regulates H3K9me3, but showed no noticeable changes without Sgo2a. However, the protein 
level of Kap1, which maintains the H3K9 methylation complex, was decreased in Sgo2a knockout ESCs. 
Overexpression of Kap1 in Sgo2a knockout ESCs rescued the loss of H3K9me3 and abrogated the increased 
expression of 2C genes-induced by Sgo2a knockout. These results show that Sgo2a regulates the 2C-state 
through Kap1-facilitated heterochromatic assembly of H3K9me3. 
Further research on the mechanism has revealed that Sgo2a can enhance the interaction between Rif1 and 
Kap1, thereby providing better protection for Kap1 and preventing its degradation. Loss of Sgo2a leads to 
Kap1 degradation and thus reduces the deposition of H3K9me3 on 2C genes, including Zscan4 gene clusters 
and downstream enhancers, resulting in the activation of a 2-cell-like state. These results reveal a critical role 
for Sgo2a in suppressing the 2C-like state to maintain the homeostasis and genome stability of ESCs.

【关键词】 Sgo2a; H3K9me3; Kap1; Rif1; ESCs
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【摘要】Zygotic genome activation (ZGA) is the first transcriptional event following fertilization, and it is an important 
driving force for the initiation of embryonic programs and the transformation from the maternal source to the zygote. 
Abnormalities in ZGA can lead to embryonic developmental defects or even stasis. In mammals, there are two rounds 
of ZGA: the minor ZGA and the major ZGA. In mice, the minor ZGA occurs from the late 1-cell stage to the early 2-cell 
stage, and it is crucial for the initiation of major ZGA and embryonic development. The minor ZGA activates the 
expression of dozens of genes (minor ZGA genes, also known as "2C genes"). In embryonic stem cells, there is a very 
low proportion (1-5%) of cells that also express minor ZGA genes, and some of them have chromatin open states and 
gene regulatory networks similar to those of 2-cell embryos, and these cells are called 2-cell-like cells (2CLCs). So far, 
the functions of minor ZGA genes in embryos and 2-cell-like cells, as well as the mechanism by which Usp17l regulates 
the 2-cell program, are not fully understood in the field. Here, we have revealed that Usp17l, a minor ZGA gene family, 
regulates the 2-cell-like state of mouse embryonic stem cells at the transcriptional and post- translational levels. In 
mouse embryos, Usp17l may also have a significant promoting effect on the activation of Dux and 2C genes and 
retrotransposons.
Specifically, knockdown or overexpression of Usp17l in mouse embryonic stem cells can significantly inhibit or 
promote the transcription of 2C genes. When Dux is knocked down in cells with overexpressed Usp17l, the previously 
upregulated 2C genes show a partial downward trend, indicating that Usp17l may activate 2C genes through Dux-
dependent and Dux-independent pathways. Furthermore, the Dux gene locus is enriched with inhibitory histone 
modifications H2AK119ub1. As a deubiquitinating enzyme, USP17L (mainly USP17LE) can reduce the enrichment 
of H2AK119ub1 on Dux, thereby activating the expression of Dux and downstream 2C genes. Interestingly, previous 
studies have shown that Usp17l is also a target gene of DUX, so the mutual regulation between DUX and USP17L may 
form a positive feedback loop, helping to rapidly induce the expression of 2C genes. Additionally, overexpression of 
Usp17le increased the level of ZSCAN4 protein, and the proportion of Zscan4+ cells (2-cell-like cells) in embryonic stem 
cells also increased. USP17LE could directly bind to ZSCAN4, remove the ubiquitination modification on ZSCAN4, and 
thereby inhibit its degradation by the proteasome. We further explored the function of Usp17l in mouse embryos and 
found that during the pre-implantation embryonic development stage of mice, the enrichment of H2AK119ub1 on 
Dux showed a significant negative correlation with the expression of Dux: the enrichment level was higher in oocytes, 
decreased in the early stages of 1-cell and 2-cell (minor ZGA) when Dux was activated, and increased from the late 
2-cell stage to the blastocyst stage and remained at a high level. Overexpression of Usp17le in mouse zygotes would 
reduce the overall and H2AK119ub1 levels at Dux loci, thereby causing excessive activation of Dux and 2C genes and 
developmental defects in pre-implantation embryos. 
In conclusion, the study uncovered that USP17L promotes the 2-cell-like program through deubiquitination of 
H2AK119ub1 and ZSCAN4. Which provides insights and references for the study of zygotic genome activation, 2C 
program regulation, and cell totipotency.

【关键词】Zygotic genome activation; 2-cell; ESCs; Usp17l; deubiquitination; ZSCAN4; H2AK119ub1.
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【摘要】Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is a curative therapy for various 

hematological and immunologic diseases, but acute graft-versus-host disease (aGVHD) remains a major 

cause of morbidity and mortality. We previously discovered in patients and murine models that higher 

levels of pro-inflammatory singals before stem cell infusion are associated with the severity of aGVHD. 

Here, we show that extracellular vesicles (EVs) mediate the intracellular delivery of SOCS3 (suppressor 

of cytokine signaling 3), resulting in reduced inflammatory signaling and macrophage/DC activation. 

Furthermore, single-dose treatment with bioengineered SOCS3-loaded EVs (eEVs) significantly 

prevented aGVHD and increased survival in multiple murine models without compromising graft-versus-

leukemia activity. Mechanistically, single-cell transcriptomics suggested that eEVs induced a tolerogenic 

immune milieu in recipients before allo-HSCT and then suppressed excessive immune responses 

leading to aGVHD alleviation. In summary, targeted delivery of SOCS3 via EVs represents a promising 

avenue for aGVHD prophylaxis, with great potential to improve allo-HSCT outcomes.

【关键词】Acute graft-versus-host disease, Extracellular vesicles , Suppressor of cytokine signaling 3 
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【摘要】造血干细胞（HSC）是研究干细胞稳态维持的经典体系。尽管已有研究报道 HSC 中存在多

种 RNA 调控因子，但对其系统性表征及其决定转录本命运和基因表达的机制尚不明确。本研究系统

解析了 HSC 功能基因的转录本特征，并发现它们具有更长的 3'UTR，且特异性富集 ARE 元件。这些

ARE 元件对维持 HSC 的稳态至关重要，主要由 NAT10 蛋白识别并稳定 HSC 功能基因的转录本来实现。

值得注意的是，NAT10 缺失会显著破坏 HSC 的自我更新和体内外长期重建能力。在机制上，NAT10

将核糖体招募到 3'UTR 的 AREs 元件内，使 mRNA 免受 ZFP36-CNOT1 RNA 降解复合物的破坏——

该功能不依赖 NAT10 的 ac4C 催化活性。此外，对富含 ARE 转录本的全基因组分析显示，ARE 介导

的 RNA 调控是多种发育过程中的通用范式。综上，我们的研究结果揭示了由特定 ARE 元件介导的

RNA 转录后调控新机制，并发现了 NAT10 在维持干细胞稳态中的非 ac4C 催化作用。



94

Recapitulating Dengue Virus Infection with Human 
Pluripotent Stem Cell-Derived Liver Organoids for Antiviral 

Screening 

Meng-Qi Li1†, Yan-Peng Xu2†, Kai Li1, Chao Zhou1, Xiao-Xuan Fan1, Hui Wang1, Pan-Deng Shi1, Rui-Ting Li1, 
Zu-Xin Wang1, Tian-Shu Cao1, Qi Chen1, Yu-Jun Cui1, Yong-Qiang Deng1, Xiao-Yan Wu1, Hui Zhao1*, Cheng-
Feng Qin1,3*

1State Key Laboratory of Pathogen and Biosecurity, Academy of Military Medical Sciences, Beijing, China
2Laboratory of Virology, Capital Center for Children's Health, Capital Medical University; Capital Institute of 
Pediatrics, Beijing, China
3Research Unit of Discovery and Tracing of Natural Focus Diseases, Chinese Academy of Medical Sciences, Beijing, 
China
†These authors contributed equally
*Corresponding authors: Hui Zhao (shuishu2002@126.com), Cheng-Feng Qin (qincf@bmi.ac.cn).

【 摘 要 】Dengue virus (DENV) infection is the most rapidly spreading mosquito-borne viral disease, posing a significant 
global health threat. About half of the world's population is currently at risk of dengue, with an estimated 100 to 400 
million infections and approximately 10,000 deaths annually, according to the World Health Organization (WHO). 
The WHO has recognized DENV as one of over 30 pathogens with the potential to cause the next pandemic, yet highly 
effective vaccines and antiviral drugs for its treatment remain unavailable. Consequently, there is an urgent imperative 
to develop effective treatments for DENV infection.
DENV infection and pathogenesis remain incompletely understood. In humans, DENV affects multiple organ systems, 
with viral nucleic acids and antigens detected in diverse tissues. Clinical manifestations range from self-limiting dengue 
fever (DF) to severe complications including acute liver failure, hepatic dysfunction, hematopoietic impairment, and 
coagulopathy. Given that DENV is a human pathogen transmitted between humans by Aedes mosquitoes, animal models 
often fail to accurately replicate the full spectrum of human disease symptoms. In vitro DENV studies normally use 
immortalized cell lines, which, being either cancerous or genetically modified to divide indefinitely, lack physiological 
relevance and fail to capture critical host-virus interactions. Although primary hepatocytes provide a more authentic 
model for DENV infection their limited availability and viability in long-term culture pose significant challenges for 
studying infection dynamics and screening anti-DENV drugs. Currently, supportive care remains the cornerstone of 
clinical management for DENV.
Organoids are three-dimensional, self-organizing structures derived from stem cells that recapitulate key structural 
and functional features of native organs. These models provide physiologically relevant platforms for studying organ 
development, disease pathogenesis, drug screening, and regenerative medicine. Unlike traditional monolayer cell 
cultures, organoids capture the cellular heterogeneity, spatial architecture, and microenvironmental cues found in vivo, 
thereby offering superior biological relevance. Organoids can be derived from two main sources: adult stem cells, which 
yield tissue-specific models, and pluripotent stem cells, which enable the generation of diverse organ-specific models. 
Human pluripotent stem cell (hPSC)-derived organoids, which model the early development of specific human organs, 
have emerged as a powerful tool for studying disease pathogenesis. For example, human brain organoids and placental 
trophoblast organoids have been used to study Zika virus (ZIKV), and human airway organoids for influenza A virus and 
SARS-CoV-2. Recently, human skin organoids were established for manipulating Mpox virus and antiviral drug screening. 
Therefore, human organoids offer a unique advantage by bridging the gap between immortalized cell lines, which 
cannot fully replicate the physiological niche or disease progression, and animal models, which may not accurately 
reflect human host-pathogen interactions due to species-specific differences.
In this study, we developed a platform for the efficient production of functional and expandable hPSC-derived liver 
organoid (hPLO) containing various liver cell types, including hepatocyte-like cells, proliferating hepatocyte-like cells, 
intrahepatic cholangiocyte-like cells, and hepatic stellate-like cells. DENV efficiently infects and replicates in hPLOs, 
leading to severe morphological and constitutive changes, liver functional disability as well as dramatic transcriptomic 
response. Single-cell RNA sequencing (scRNA-seq) of DENV infected hPLOs reveals that proliferating hepatocyte-like cells 
are the primary target cells of DENV, with significant mitochondrial damage and alterations in cell-type composition. 
Further drug screening in hPLOs identifies oxyresveratrol (ORES) and omaveloxolone (RTA 408) as potent anti-DENV 
candidates. These compounds enhance resistance to DENV infection by activating the NRF2 pathway, reducing oxidative 
stress, and preserving mitochondrial function. The efficacy of ORES and RTA 408 is further validated in the established 
AG6 mouse model. Our study not only establishes hPLOs as a valuable platform for studying DENV infection and 
pathogenesis, but also highlights the vital role of NRF2-mediated mitochondrial function for antiviral development.
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【摘要】Mammalian early embryonic development is a highly dynamic and complex process. During this period, the 

embryonic epiblast undergoes precisely orchestrated molecular transitions in peri-implantation development, 

where pluripotency progression intersects with lineage specification. While current pluripotency models capture 

discrete embryonic stages, they inadequately resolve transitional states during peri-implantation development. 

Here, we establish rosette-formative intermediate stem cells (rfISCs) from mouse embryonic stem cells using 

MEK inhibitor PD0325901, Wnt inhibitor IWR1, and PKA activator Forskolin. These cells exhibit transcriptomic/

epigenetic profiles mirroring E5.0‒5.5 epiblasts, bridging rosette-stage and formative pluripotency. rfISCs 

demonstrate developmental bipotency, retaining in vitro germline differentiation capacity while generating 

germline-competent chimeras in vivo. Mechanistically, we identify opposing signaling axes governing rfISC 

identify by regulating lineage priming: IWR1 stabilizes Tcf7l1 to drive Otx2-mediated rfISC specification and 

neural priming, while Forskolin activates PKA to induce Id1-dependent neural suppression. This creates a bistable 

regulatory circuit where Otx2/Id1 synergy maintains pluripotency plasticity under MEK inhibition. Notably, rfISCs 

can be directly derived from E5.25 epiblasts, confirming physiological relevance. Our work bridges a fundamental 

gap in pluripotency modeling by capturing the RSC‒to‒FSC transition through dynamic signaling equilibria rather 

than static culture conditions.

【关键词】Pluripotency, IWR1, Forskolin, Otx2, Id1 
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megakaryocyte and platelet production

Xiaoli Wanga, b, c, d, 1, Meijuan Xiab, c, 1, Yifei Caib, c, 1, Ziqi Huob, c, 1, Yao Zhongb, c, 
Pei Sub, c, Cuicui Liub, c, Hongtao Wangb, c, Xiangchun Shena, 

Jianwei Xua, d*, Fei Wange, *, Jiaxi Zhoua, b,c, *

aSchool of Pharmacy, Guizhou Medical University, Guiyang 550025, China
bState Key Laboratory of Experimental Hematology, National Clinical Research Center for Blood 
Diseases, Haihe Laboratory of Cell Ecosystem, Institute of Hematology & Blood Diseases Hospital, 
Chinese Academy of Medical Sciences & Peking Union Medical College, Tianjin 300020, China
cTianjin Institutes of Health Science, Tianjin 300020, China
dCenter for Tissue Engineering and Stem Cell Research,Guizhou Medical University, Guiyang 551113, 
China. 
eHaemoCure Inc, Tianjin 300459, China

1 These authors contributed equally to this work
* Corresponding authors:   363912577@qq.com, feiwang975@gmail.com, zhoujx@ihcams.ac.cn

【摘要】Thrombocytopenia is a common complication of various clinical conditions, 

resulting from impaired megakaryocyte function, reduced platelet production, orexcessive platelet 

destruction. Current treatments, including platelet transfusions and thrombopoietin (TPO) receptor agonists, 

are limited by platelet supply constraints and risks such as thrombotic complications. Emerging research 

highlights the role of mitochondrial metabolism in thrombopoiesis, yet targeted therapeutics remain 

scarce. In this study, we investigated mitochondria-targeted compounds for their potential to enhance 

megakaryocyte and platelet production. Our findings identify PTC299, a dihydroorotate dehydrogenase 

(DHODH) and VEGFA mRNA translation inhibitor, as a promising pro-plateletogenic agent. PTC299 not 

only enhances megakaryocyte and platelet production in vitro but also accelerates their recovery in a 

mouse model of radiation-induced thrombocytopenia. Additionally, PTC299 alleviates irradiation-induced 

splenomegaly. Overall, PTC299 demonstrates potential clinical value for thrombocytopenia treatment and 

platelet regeneration.

【关键词】 PTC299; Megakaryocyte; Platelets; thrombocytopenia; Ionizing radiation; Mitochondria
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residual disease
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【摘要】The lack of persistence and short-term efficacy presents a major challenge for CAR-NK cell therapy. 

Here, we addressed this issue by developing pluripotent stem cell-derived NK lineage-committed progenitor 

(iNKP) cell therapy. For the first time, we generated abundant iNKP cells via an organoid culture system. 

The iNKP cells, engineered to express CXCR4 and chimeric antigen receptors (CAR), efficiently migrated to 

the bone marrow and generated CAR-iNK cells persisting in peripheral blood (PB) for over 80 days. Notably, 

CAR-iNKP cell therapy durably protected animals from tumour occurrence. Furthermore, a single low-dose 

infusion of CAR-iNKP cells following conventional chemotherapy eradicated minimal residual disease (MRD), 

leading to long-term complete remission. Our findings present a novel strategy to overcome the limitations 

of traditional CAR-NK cell therapy and offer dual breakthroughs for the prevention of tumour occurrence and 

relapse.

【关键词】pluripotent stem cell; CAR-iNKP therapy; tumour prevention; MRD eradication
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【摘要】β2-microglobulin (B2M) is a crucial component of type I human leukocyte antigen complexes, essential 

for the immune system. The genetic knockout (KO) of B2M in human pluripotent stem cells (hPSCs) has 

become a key strategy for creating hypo-immunogenic, universal stem cells for allogeneic transplantation, 

aiming to avoid immune rejection. However, this approach assumes B2M is non-essential for stem cell 

differentiation and therapy, a claim lacking thorough evaluation. In this study, we performed genome-wide 

analyses on isogenic pairs of wild-type (WT) and B2M-KO human embryonic stem cells (hESCs) and their 

derived mesenchymal stem cells (E-MSCs). Our findings revealed proteomic and transcriptomic alterations 

due to the KO, with over 200 proteins mistargeted from the plasma membranes of B2M-KO hESCs and E-MSCs. 

This indicates B2M's critical role in protein trafficking within subcellular organelles. B2M KO led to the 

retention of BAP31 in the endoplasmic reticulum (ER), causing ER stress and an unfolded protein response. 

Consequently, B2M KO inhibited osteogenesis, enhanced chondrogenesis, and reduced inflammation-

related cytokine secretion in E-MSCs through transcriptional changes. Additionally, B2M KO impaired the 

wound-healing efficacy of B2M-KO E-MSC spheroids. This study uncovers previously unrecognized functions 

of B2M, highlighting the need for caution when using B2M-KO cells in therapeutic applications.
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Abstract:

Liposarcoma, the most common adult soft tissue sarcomas, compromises approximately 20% of cases, with 

well-differentiated liposarcoma (WDLPS) and dedifferentiated liposarcoma (DDLPS) being the predominant 

subtypes. The frequent coexistence of well-differentiated and dedifferentiated components within individual 

tumors, along with shared molecular features such as MDM2 amplification, supports the model that DDLPS 

arises from WDLPS as an intermediate state towards undifferentiated sarcoma, often with heterologous 

differentiation. However, the cellular origin of this progression remains poorly understood. Using single-

cell RNA sequencing, in situ immunofluorescence, and complementary experimental approaches, we 

demonstrate that both WDLPS and DDLPS originate from a common ancestral cell population—dysfunctional 

adipose tissue-derived stem cells (ADSCs). Our analysis further reveals substantial heterogeneity within the 

tumor microenvironment and underscores a critical role for immune cells in liposarcoma pathogenesis. 

These findings provide new mechanistic insights into liposarcoma development and identify potential 

translational avenues for improved diagnostics and therapeutic strategies.
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【摘要】Mouse embryonic stem cells (ESCs) cycle in and out of 2-cell-like (2C-like) state in culture. The molecular 

mechanism governing the exit of 2C-like state remains obscure, partly due to the lack of a reporter system that 

can genetically mark intermediate states during this transition process. Here, we identify an intermediate state 

that is marked by the co-expression of MERVL::tdTomato and OCT4-GFP (MERLOT) during 2C-like-to-pluripotent 

state transition (2CLPT). Transcriptome and epigenome analyses demonstrate that MERLOT cells cluster closely 

with 8-16 cell stage mouse embryos, suggesting that 2CLPT partly mimics early preimplantation development. 

We further exploited this dual reporter system to reveal several key regulators by integrating ATAC-seq 

footprinting analysis, and we  found the “stripe factors” as essential transcription factors in regulating totipotent 

state to pluripotent state transition. Knocking down many of these factors dampened the early mouse embryo 

development. Together, our study identifies a genetically traceable intermediate state during 2CLPT and provides 

a valuable tool to study molecular mechanisms regulating this process.

【关键词】 ATAC-seq, transcription factor, cell fate transition, totipotency, pluripotency
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NeuralandGermlineContribution-FreeHuman-MouseChime

rismforHumanOrganogenesis

凯丽比努尔·喀迪尔

【 摘 要 】Human pluripotent cells, including embryonic stem cells (ESCs), have been used for interspecies blastocyst 

complementation, with the potential to generate human organs in animals for clinical applications. 

However, ethical concerns exist as human cells may contribute to the germline and central nervous system 

(CNS) in chimeric animals. To prevent such concerns, here we generated BLIMP1 and PAX6 knockout 

human ESCs (hESCs) that are capable of contributing to all cell- and tissue-types, except the germline and 

CNS in human-mouse chimeras. To overcome the low chimerism efficiency of hESCs, we also engineered 

BLIMP1-/-/PAX6-/- hESCs with a doxycycline-inducible system to express the anti-apoptotic gene BCL2 (iBCL2) 

and injected them into Igf1r-/- mouse blastocysts, which remarkably enhanced the chimerism efficiency. 

To test organogenesis potential, mesenchymal stem cells were generated from BLIMP1-/-/PAX6-/-/iBCL2+ 

hESCs injected into Sox9+/- mouse blastocysts, which rescued Sox9 haploinsufficiency skeletal defects and 

contributed to mesenchymal tissues of the chimeric fetuses and neonates. Thus, we provide a simple and 

effective approach to generating human-animal chimeras that are free of ethical concerns.
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睾丸间质细胞酮体代谢受损驱动睾丸衰老

刘淙源 1,2,#, 彭浩 1,2,#, 余嘉劼 3,#, 罗鹏 4,#, 熊传锋 1,2, 陈洪 5,6, 范航 1,2, 马远尘 1,2, 欧
旺盛 7, 张素远 1,2, 杨翠凤 3, 赵乐容 1,2, 张雨晨 1,2, 郭晓璐 5,6, 柯琼 1,2, 王涛 1,2, 邓
春华 3, 李伟强 1,2, 项鹏 1,2,*, 夏凯 1,2,*

1 中山大学干细胞与组织工程教育部重点实验室，干细胞生物学与组织工程中心，广东广州
2 中山大学中山医学院国家地方干细胞与再生医学联合工程研究中心，广东广州
3 中山大学附属第一医院泌尿男科，广东广州
4 中山大学附属第一医院生殖医学中心，广东省生殖医学重点实验室，广东省广州市
5 中国广东省深圳市前海蛇口保税区医院干细胞转化医学中心
6 中国科学院深圳先进技术研究院脑认知与脑疾病研究所，中国广东省深圳市 7 中山大学中山眼科中
心眼科国家重点实验室，广东广州
# 共同第一作者
* 通讯作者 Email: xiangp@mail.sysu.edu.cn; xiak7@mail.sysu.edu.cn

【摘要】睾丸衰老通常会导致睾酮不足与生精功能障碍，但相关发病机制仍不清楚。本研究通过检测

不同月龄小鼠睾丸中的衰老标志物，发现 LC 是睾丸中最先衰老的细胞群，提示 LC 衰老可能是睾丸

衰老的重要原因。单细胞测序结果发现，年老小鼠 LC 中酮体合成限速酶的编码基因 Hmgcs2 表达显

著下调，提示衰老 LC 酮体合成障碍。通过检测酮体产物发现，睾丸内酮体浓度为血清中的 10 倍左右，

且老年小鼠睾丸中酮体浓度显著降低，提示 LC 中酮体合成障碍可能对睾丸衰老具有重要影响。进一

步地，研究者通过体内外实验，发现 Hmgcs2 缺失直接导致 LC 衰老，并损害睾丸内分泌及生精功能，

上述结果证实 LC 中 Hmgcs2 降低会导致睾丸衰老。酮体产物主要包括 β 羟基丁酸（BHB）与乙酰

乙酸（AcAc）；通过回补实验，作者证明 Hmgcs2 缺失导致的 LC 衰老由 BHB 介导 ；机制探究发现，

睾丸中 BHB 作为组蛋白去乙酰化酶 1（HDAC1）抑制剂，通过促进组蛋白乙酰化上调 Foxo3a 表达，

缓解 LC 衰老。进一步地，研究者通过腺相关病毒（AAV）在 LC 中过表达 Hmgcs2 增强酮体合成，

增加睾丸内酮体浓度，可有效缓解 LC 衰老并改善睾丸功能 ；此外，老年小鼠通过饮水补充 BHB 同

样能够部分缓解 LC 衰老及睾丸衰老表型。

综上所述，本研究发现酮体合成障碍是睾丸间质细胞及睾丸衰老的重要驱动因素 ；机制上讲，酮体

BHB 通过促进组蛋白乙酰化缓解衰老 ；通过靶向睾丸间质细胞增强其酮体合成口服补充酮体，可有

效改善睾丸功能，为防治增龄相关睾丸功能减退提供了新思路。

【关键词】睾丸、增龄、衰老、睾丸间质细胞、酮体、β- 羟基丁酸
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左归丸调控人脐带间充质干细胞归巢治疗卵巢早衰大鼠的实验研究

芦现杰

【摘要】背景  干细胞移植治疗效果取决于体内靶向归巢至损伤组织和存活的能力，但静脉注射的干

细胞归巢率很低，促进干细胞归巢策略的研究正成为热点。目的  探讨左归丸通过基质细胞衍生因子 -1

（SDF-1）/ C-X-C 趋化因子受体 4（CXCR4）轴调控人脐带间充质干细胞（hUC-MSCs）体内归巢对

卵巢早衰大鼠的影响。方法  利用流式细胞术、体外多向分化和 ELISA 鉴定分离培养的 hUC-MSCs。

使用 GFP-Luc-Puro 慢病毒感染对数期 hUC-MSCs，嘌呤霉素筛选。腹腔注射环磷酰胺建立卵巢早

衰大鼠模型。SD 大鼠随机分为对照组、模型组、干细胞组、左归丸组和干细胞 + 左归丸组。利用免

疫荧光染色分析卵巢组织 SDF-1 表达，通过小动物活体成像和免疫荧光染色观察尾静脉移植的 hUC-

MSCs 体内归巢情况，分析左归丸对 hUC-MSCs 体内归巢的影响。结果  hUC-MSCs 高表达 CD73 和

CD90，不表达 CD34 和 CD45 ；体外具有成骨、成脂和成软骨能力 ；可分泌肝细胞生长因子（HGF）

和血管内皮细胞生长因子 A（VEGFA）。GFP-Luc-Puro 慢病毒感染并筛选 hUC-MSCs，用于后续体

内示踪实验。模型组大鼠卵巢组织 SDF-1 表达升高，左归丸通过上调 CXCR4 表达促进 hUC-MSCs

归巢。移植的 hUC-MSCs 可在卵巢内存活，且干细胞 + 左归丸组细胞数量明显多于干细胞组。结论  

分离培养的细胞符合 hUC-MSCs 的特征。左归丸可能通过调控 SDF-1/CXCR4 轴，促进 hUC-MSCs

中 CXCR4 表达并归巢至受损卵巢，从而改善卵巢早衰大鼠的卵巢功能。基金项目 ：国家自然科学基

金项目（82004402）；山东省中医药科技发展计划项目（2019-0893）。
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胶质母细胞瘤 MES1 型肿瘤干细胞通过构造多细胞空间龛位促进肿

瘤侵袭

时雨，李天然
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【目的】胶质母细胞瘤临床预后极差，目前针对该疾病的治疗手段仍较为有限。常规方案包括手术切

除和术后放化疗，疗效十分有限。重要原因之一在于，胶质母细胞瘤的侵袭前沿呈现弥漫性浸润生

长模式，缺乏明确边界，致使手术彻底切除，术后复发风险高。因此，系统解析胶质瘤侵袭前沿的

细胞组成及其空间分布特征，识别其中关键的功能亚群及其分子表型，并进一步鉴定驱动肿瘤侵袭

性生长的核心细胞组分和信号机制，对改善其治疗策略具有重要意义。

【方法】本研究采用高分辨率空间转录组技术，结合自主研发的分析算法，实现了单细胞分辨率水平

的细胞亚群精准注释。通过基于恶性细胞核分割的算法，精确界定胶质瘤侵袭前沿的范围。进一步，

我们整合细胞互作、空间距离信息及滑窗分割策略，构建了一套适用于高分辨率空间转录组的空间

龛位表型分析系统，并借助该系统成功鉴定了胶质母细胞瘤的多种侵袭模式。此外，基于细胞核梯

度推断肿瘤细胞的侵袭方向，通过其空间分布比例、侵袭距离、转录表型构建了恶性细胞侵袭评分

体系，从而评估不同侵袭模式的侵袭能力及其临床预后意义。

【结果】本研究将胶质母细胞瘤侵袭前沿划分为 MES1 型、MES2 型、NPC 型、OPC 型和 AC 型等多

种侵袭模式。其中，MES1 型侵袭模式主要由 MES1 型肿瘤干细胞、活化小胶质细胞及血管细胞构成。

该模式在胶质母细胞瘤中占比最高，侵袭距离最远，表现出最强的侵袭能力。基于同一患者影像学

数据的回归分析显示，MES1 型侵袭模式的比例与胶质瘤侵袭前沿的面积呈正相关。此外，通过对公

共数据库的挖掘分析进一步表明，MES1 型侵袭模式与胶质母细胞瘤患者的不良预后密切相关。

【结论】

1. 胶质母细胞瘤侵袭前沿内部存在显著的异质性。

2. 胶质母细胞瘤可划分为五种不同的侵袭模式，分别为 MES1 型、MES2 型、NPC 型、OPC 型及 AC 型。

3. 不同侵袭模式具有差异化的核心细胞组成，其恶性表型由不同转录亚型的肿瘤干细胞驱动。

4. 以 MES1 型肿瘤干细胞为主导的侵袭模式在胶质母细胞瘤中占比最高、侵袭能力最强、患者预后

最差，具备重要的靶向治疗研究价值。

5. 多种模式的协同作用共同塑造了肿瘤的侵袭行为。
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Accelerate Diploidization Evolution in Mouse Haploid 

Stem Cells

Yi Fu, and Ling Shuai*
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【 摘 要 】Mouse haploid embryonic stem cells (haESCs) are prestigious tools in functional genetics for their 

ability to self-renew in a single genome. However, the self-diploidization limits their application a lot. 

Although numerous attempts to prevent diploidization have been made, the most effective strategy is still in 

need. Here, we conduct a comparative analysis between haESCs and diploidized-haESCs with muti-omics 

profiles, finding that metabolic remodeling is essential in diploidization. Notably, haESCs show attenuated 

mitochondrial bioenergetics and compromised antioxidant defense, making them vulnerable to death, 

which drives progressive emergence of diploid cells in culture. We observe significant changes in the balance 

between lactate and pyruvate, resulting a fluctuation in TCA cycle activity throughout this process. Besides, 

depletion of Ldha gene elevated the level of TCA cycle, leading to diploidization. Finally, a specific inhibitor of 

TCA cycle is validated to sustain the haploidy of haESCs effectively. Thus, we offer an optimized medium for 

haploidy maintaining based on metabolic modulating. These findings provide a reliable haploidy guarantee 

for genetic screening, facilitating a better understanding of mitochondrial function on haploid biology.

【关键词】Mouse, haESCs, diploidization, TCA cycle, mitochondria, optimized medium.
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【摘要】Totipotency is the highest but transient developmental potential to yield an entire individual alongside 

its associate extra-embryonic tissues. Nevertheless, achieving sustainable totipotent stem cells remains 

an intriguing yet challenging endeavor. Here, we show that Sorcs3-depletion in murine embryonic stem 

cells (ESCs) enables robust differentiation into both embryonic and extra-embryonic lineages, exhibiting 

a totipotent-like state. Notably, Sorcs3 knockout (SKO)-ESCs can efficiently self-assemble into typical 

blastocyst-like structures, offering a versatile model for studying early embryo development. Comprehensive 

analyses reveal that totipotency in SKO-ESCs is related to Tfap2c gene-activation. The deletion of Tfap2c 

significantly reduces developmental potential of them across all examined phenotypes, underscoring its 

critical role. Furthermore, single-cell transcriptome analysis of SKO-ESCs indicates that inhibition of the 

TGF-β, PI3K-AKT, and lysosome pathways drives the totipotency-activation, which is further validated 

by introducing respective inhibitors into wild-type ESC cultures. Together, our findings facilitate the 

establishment of totipotent stem cells in a defined medium and provide a universal platform for studying 

totipotency.

【关键词】Sorcs3, ESCs, totipotency, Tfap2c, signaling pathway
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A schematic diagram illustrating the manipulation of endogenous exosomes by PH@MOF-AptemerCD63 to 
regulate mitochondrial division in QECs and promote the rapid endothelialization of TEBVs.

【 关 键 词 】 Vascular graft; Endothelialization; Endogenous exosomes; Phenotypic transformation; Quiescent 
endothelial cells.

【 摘 要 】Cardiovascular diseases are the leading cause of death worldwide,vascular transplantation surgery 
is the preferred treatment for cardiovascular diseases. Tissue-engineered blood vessels (TEBVs) are expected to 
become a breakthrough in vascular substitutes in the 21st century. The clinical demand for TEBVs is significant, 
but they face the challenge of endothelial reconstruction, which severely restricts their clinical application. How to 
achieve rapid endothelialization after TEBV implantation is a key issue that needs to be urgently addressed.
This study found that after mechanical injury to the carotid artery, QECs adjacent to the injury boundary 
transformed into ABCECs. ABCECs migrated from the side of endothelial injury to the area of endothelial loss 
and proliferated into ECs, promoting endothelial repair. The transformation of QECs into ABCECs is also an 
important source of endothelial regeneration during TEBV endothelial regeneration. It was further discovered 
that endogenous exosomes are important upstream regulatory factors that inhibit the expression of YY2 in QECs, 
activate Drp1-mediated mitochondrial division, drive the transformation and proliferation of QECs into the 
ABCECs phenotype. To improve the efficiency of driving phenotypic switching by endogenous exosomes, this 
study constructed a system for manipulating endogenous exosomes, PH@MOF-AptamerCD63, to manipulate 
endogenous exosomes in vivo and regulate their biological distribution. Targeting TEBVs and releasing heparin 
and exosomes to increase the efficiency of QECs transforming into the ABCECs phenotype and promoting 
rapid endothelialization of TEBVs. Experimental results showed that PH@MOF-AptamerCD63 significantly 
increased the enrichment of endogenous exosomes in TEBVs, as well as the speed and coverage of endothelial 
regeneration. This study not only provides a solution for the rapid endothelialization of TEBVs, but also offers new 
ideas for other endothelial regeneration-related problems in clinical practice, and has important practical clinical 
application value.
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【关键词】 Mesenchymal stem cell spheroids; GelMA; polydopamine nanoparticles; diabetes; skin wound.

【 摘 要 】Mesenchymal stromal cell (MSC)-based wound dressings hold promise for treating diabetic foot ulcers. 

However, the hostile microenvironment of these ulcers—characterized by hyperglycemia, poor vascularization, 

hypoxia, oxidative stress, infection, and chronic inflammation—impairs the survival and efficacy of transplanted 

MSCs. Previously, we demonstrated that spheroids (Sp) formed from MSCs derived from human embryonic 

stem cells via trophoblast intermediates (T-MSCs) enhanced healing in nondiabetic wounds. However, the 

efficacy was absent in diabetic (Db) models, consistent with the transcriptomic differences observed in the Db 

wound tissues. To address this limitation, we developed a composite bio-ointment by integrating T-MSC Sp with 

gelatin methacryloyl hydrogel (Gm) and polydopamine nanoparticles (Pn). The GmPn matrix exhibited excellent 

adaptability, adhesion, porosity, biodegradability, and biocompatibility. Compared to monolayer-cultured 

T-MSCs, T-MSC Sp demonstrated greater resilience to hypoxia and enhanced the migration and tube formation 

of vascular endothelial cells by secreting higher levels of chemokines and regenerative factors. Furthermore, the 

combination of T-MSC Sp with Pn provided superior antioxidant, cell protection, and inflammation-regulatory 

effects compared to either component alone. The integration of T-MSC Sp, Gm, and Pn resulted in a bio-ointment 

termed SpGmPn. Upon UV-induced crosslinking, SpGmPn adhered tightly to surfaces of various materials 

without compromising the cell viability. This formulation significantly accelerated wound healing compared to Sp 

alone, owing to the synergistic effects of its components in stage-dependent immunomodulation and enhanced 

tissue regeneration. Thus, SpGmPn represents a promising therapeutic strategy for enhancing diabetic wound 

repair beyond the capabilities of T-MSC Sp alone.
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Lgr5+ Intestinal Stem Cells Modulate the Immune 

Microenvironment during Colorectal Cancer Progression

Benming Liu
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【摘要】Colorectal cancer (CRC), the third most prevalent malignancy globally, is responsible for over 

900,000 deaths annually, primarily due to the complex interplay of genetic mutations, dysregulation of gut 

microbiota, and sustained chronic inflammatory responses. Intestinal stem cells (ISCs), which are essential 

for intestinal epithelial homeostasis, play a critical role in the initiation of CRC through mechanism involving 

dysregulated Wnt/β-catenin signaling, aberrant proliferation, and the accumulation of oncogenic mutations. 

Although intestinal organoids can recapitulate CRC microenvironment and tumor heterogeneity in vitro, 

the role of ISCs in shaping the immune microenvironment during CRC progression remains elusive. Here, 

we integrate single-cell RNA sequencing (scRNA-seq) and bulk RNA-seq in AOM/DSS-induced mouse CRC 

models to dissect the transcriptional dynamics of Lgr5+ ISCs during CRC early tumorigenesis. Pseudotime 

analysis confirmed Lgr5+ ISCs as the cellular origin of CRC. These ISCs exhibited significant upregulation 

of transcription factors Sox4 and Sox17. Among them, Sox4 is associated with Lgr5+ ISC differentiation and 

CRC stem cell proliferation, whereas SOX17 shows the correlation with the inflammatory responses at the 

stage of inflammation-to-cancer transition. ISCs with Sox17 suppression can improve immune surveillance 

and suppress early CRC progression. This study highlights the central role of ISCs in shaping tumor immune 

microenvironment during CRC pathogenesis.  

【关键词】 Lgr5+ intestinal stem cells, inflammation-to-cancer transition, immune regulation 
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通过双向多潜能干细胞模拟原肠后发育

刘奎升

【摘要】通过高内涵化学筛选，我们建立了一种 AL 培养基，用于生成具有 OCT4 和 CDX2 同时表达

特征的小鼠双向多能干细胞（BPSCs）。小鼠 BPSCs 在体外无需外源诱导因子即可在 48 小时内高效

分化为滋养层、上胚层和原始内胚层（PrE）谱系，并且在体内能够有效贡献于胚胎和胚外组织。值

得注意的是，将 BPSCs 与 PrE 诱导系统相结合，能够高效生成 E8.5 阶段的胚胎模型。这些模型完

成了原肠胚形成，并重现了包括大脑形态发生、神经管闭合、心脏收缩、体节模式形成和原始生殖

细胞决定在内的发育过程。
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Identificationofasmall-moleculeYTHDF2inhibitortoexpand

hematopoieticstemcells

钱心玥

【摘要】 Hematopoietic stem cell (HSC) transplantation is a cornerstone therapy for end-stage hematological 

malignancies, yet the limited availability of suitable HSCs remains a significant challenge. Recent 

research has identified YTHDF2, a key m6A reader that regulates mRNA decay, to promote the self-

renewal of HSCs. Conditional knockout of Ythdf2 in mice results in the expansion of functional HSCs, 

suggesting that YTHDF2 inhibition could enhance stem cell availability for therapeutic applications. 

In this study, we developed a small-molecule inhibitor that targets the YTHDF2 binding site to 

m6A-modified RNA. We show that it prolongs the half-life of YTHDF2-targeted mRNAs involved in 

hematopoiesis and boosts the expansion of HSCs in vitro. These expanded HSCs also demonstrate 

enhanced repopulation capacity in mouse in vivo. Additionally, we identified Hoxa7 as a novel 

downstream target of Ythdf2 and a critical regulator of HSC expansion. Our findings provide compelling 

evidence that inhibiting YTHDF2 promotes HSC expansion and may offer a promising strategy for 

enhancing HSC-based therapies.
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Melanocyte Transplantation for Vitiligo Treatment

Binghao Jia1,2, Hanbo Chen2, Chen Zhang2, Dongsheng Xu2, Shuai 
Zhang2, Xiuhui Zhang2, Licheng Ren1, Yan Liu2*

1. Hainan Medical University 
2. Henan Huazhiyuan Health Management Co., Ltd

【 摘 要 】Vitiligo is a skin depigmentation disorder mediated by multiple factors including genetics, 

autoimmunity, and oxidative stress. For patients in the stable phase, autologous melanocyte 

transplantation serves as a crucial surgical approach for repigmentation. This paper systematically 

reviews the evolution of this technique, tracing its progression from epidermal grafting to non-cultured 

suspension transplantation and ex vivo cultured cell transplantation. It focuses on analyzing key cell 

culture techniques, including sampling methods (blistering, skin biopsy), enzymatic digestion (trypsin/

disperse enzyme), medium formulations (e.g., TPA and its substitutes), and cell purification strategies, 

comparing differences in amplification efficiency, safety, and compliance across various systems. The 

article contrasts the clinical applications of two mainstream techniques: non-cultured suspension 

transplantation offers simplicity and short cycles but is limited by cell density and viability; cultured 

cell transplantation addresses donor site insufficiency but demands higher laboratory standards, 

quality control, and biosafety protocols. Emerging technologies like tissue-engineered skin grafts are 

also briefly discussed. Despite advancing techniques, challenges persist. Efficacy varies due to lesion 

location, disease duration, stability, and postoperative phototherapy. Safety concerns include risks 

from growth factors in culture, potential genetic mutations, and post-transplant hyperpigmentation 

or scarring. Standardization and accessibility remain barriers, encompassing quality control in culture 

processes, cost management, and grassroots healthcare implementation. The conclusion affirms that 

autologous melanocyte transplantation is an effective treatment for stable vitiligo. Future efforts should 

focus on: establishing standardized cultivation and preparation protocols; conducting multicenter long-

term follow-up studies; developing serum-free, xenogeneic-free culture systems; and integrating gene 

editing and biomaterial technologies to develop personalized strategies. Multidisciplinary collaboration 

will drive the optimization and widespread adoption of this technique.

【关键词】Vitiligo; Cell Transplantation; Melanocytes; Tissue Engineering; Therapeutic Advances; Clinical 

Challenges
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【摘要】Muscle stem cells, named satellite cell, reside in a special anatomical microenviroment between 

basal laminin and sarcolemma in a quiescent state with extremely low metabolism rate and low 

percentage around 4% relative to total muscle nuclear. In response to intrinsic or extrinsic stimulus, 

quiescent satellite cells are initially activated to reentry into cell cycle to undergo numerous expansions, 

and eventually differentiate to form new myofibers. To sustain long-term skeletal muscle homeostasis, a 

small population of satellite cells self-renew to maintain satellite stem cell pool. The imbalance between 

self-renewal and differentiation, or other biological or pathological disruptions-caused alternative cell 

fate decision of satellite cells, lead to severe skeletal muscle bad performance. Duchenne muscular 

dystrophy affects 1 in 3600 male newborns whose myofibers are extremely susceptible to injury, leads 

to consecutive degeneration and regeneration, with eventual SC exhaustion and loss of muscle mass 

and function. Cues trying to reserve satellite stem cell pool in DMD patients are recognized to be an 

effective treatment to improve skeletal muscle function. We recently uncover a regulatory mechanism 

that disruption of IL34 or AKT activity in SC promotes cell expansion resulting in long-term stem cell pool 

maintenance. We genetically inactivation of IL34 in SC of MDX mice leads to improve the skeletal muscle 

performance. Cellular investigations reveal that IL34 or AKT activity intervention in skeletal muscle of 

MDX mice cause to Pax7+ stem cell pool maintenance instead of prematurely eventual differentiation, 

indicating that the uptake of IL34 or AKT inhibitor by SCs could enhance cellular function via directing 

muscle stem cell fate decision. We propose that targeting IL34 or AKT activity could be a therapeutic 

approach for ameliorating muscle-wasting diseases. 
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【 摘 要 】Adipose-derived stem cells (ADSCs) hold significant potential in regenerative medicine, yet 

their therapeutic efficacy is often limited by low survival rates in the presence of oxidative stress. While 

mechanical cues regulate cytoskeletal dynamics, their roles in modulating cellular metabolism and 

mitochondrial adaptation remain unexplored. This study aimed to elucidate how physiological-range 

cyclic mechanical stretching (CMS) enhances ADSCs resistance to oxidative stress through the Piezo1/

ATP signaling axis, thereby establishing an innovative strategy for developing antioxidant-functionalized 

stem cell therapies.

Methods

To examine the impact of CMS on oxidative stress resistance, ADSCs were exposed to CMS (8% strain, 

0.5 Hz, 24 h) using the Flexcell FX-6000 system. Oxidative stress models employed H₂O₂   (200 μM), with 

apoptosis, mitochondrial function, and metabolic flux analyzed in vitro. A murine full-thickness wound 

model was used to assess in vivo survival and regenerative outcomes.

Results

CMS activated Piezo1 channels, resulting in enhanced ATP synthesis and remodeling of the tricarboxylic 

acid cycle. This improved the effectiveness of mitochondrial oxidative phosphorylation. Mechanically 

preconditioned ADSCs exhibited reduced apoptosis, enhanced oxidation resistance, stabilized 

mitochondrial membrane potential, and upregulated mitophagy. In vivo, these cells demonstrated 

superior healing capacity and accelerated wound closure.

Conclusion

CMS orchestrated the Piezo1/ATP-driven metabolic-mitochondrial axis to enhance ADSCs oxidative stress 

resistance by coupling metabolic reprogramming with mitophagy activation. This mechanometabolic 

interaction identifies mechanical signaling as a direct regulator of cellular bioenergetics, offering a 

translatable strategy to engineer antioxidant-functionalized stem cells for regenerative therapies.

【关键词】 adipose-derived stem cells, cyclic mechanical stretch, Piezo1, mitophagy, oxidative stress
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随机筛选更短更有效更红系特异的 LCR 的研究
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【摘要】背景 ：对于最常用的 b- 地中海贫血（简称，地贫）基因治疗载体，BB305 或者 Globe，它

们都含包含了大约 3kb 左右的基因座控制区（Locus control region, LCR）元件，占据了大部分的 b-

珠蛋白表达盒插入子的空间。这样的安排，在有效地表达了 b- 珠蛋白基因的同时，却也限制了其载

体的进一步地优化，因为慢病毒载体的克隆空间是有限的。

目的 ：	 为了进一步优化 b- 地贫表达载体，我们拟采用随机筛选的方法，进一步筛选出更短更有效更

红系特异地增强 b- 珠蛋白基因表达的 LCR 片段。

方法 ：为此，我们用部分酶切法，随机打断人的 LCR 至各不同的长度，进而构建出 LCR 文库。通过

在红系细胞，利用该 LCR 文库参与驱动红系表达 GFP 报告基因。最终通过流式细胞术等方法，筛选

更短更出有效更红系特异的 LCR。

结果 ：通过在红系、淋系等细胞比较和筛选出了才几百 bp 的更短更有效增强和更红系特异参与驱动

的 b- 珠蛋白基因表达的 LCR 片段，进而为进一步优化原创的 b- 地贫基因治疗载体打下基础。

【关键词】基因座控制区（Locus control region, LCR），慢病毒载体，b- 地中海贫血的基因治疗 ；
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【摘要】Cardiovascular diseases pose a serious threat to human health. Vascular remodeling is a severe 

pathological feature following vascular injury and is a key pathological process in cardiovascular 

diseases such as restenosis after vascular stent implantation, aortic aneurysm and dissection, and 

myocardial infarction. Silicon is an essential trace element for the aorta, and its accumulation in 

the aorta gradually decreases with age. Previous studies have shown that silicon participates in the 

synthesis of collagen and glycosaminoglycan hydroxylases and enhances the elasticity of the vascular 

system. Here, an “ion cocktail therapy” is proposed as an effective new method for repairing vascular 

injury. The research indicates that silicate ions inhibition progression of the aortic aneurysm and 

dissection  through regulating the local vascular microenvironment of aorta systematically in a multi-

functional way. In vitro experiment demonstrated that silicate ion up-regulated the expression of SIRT1 

in smooth muscle cells, and protein interaction studies show that SIRT1 and NcoR1 interact and jointly 

regulated the phenotypic transformation of smooth muscle cells. Meanwhile, In vivo experiment showed 

that silicate ions effectively inhibited the apoptosis of smooth muscle cells. Intravenous injection of 

silicate ions inhibited the formation and development of Ang II-induced aortic aneurysms and β-BAPN-

induced aortic dissections. This “silicate ion therapy” in this study revealed a new approach and 

perspective for overcoming the problem of pathological remodeling under vascular injury conditions, 

offer a new strategy for vascular injury repair, and holds a great clinical translation potential.

【关键词】Vascular remodeling, Silicate ion therapy, Aortic aneurysm and dissection, Smooth muscle cells
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【 摘 要 】The establishment and maintenance of pluripotency in human embryonic stem cells (hESCs) are 

governed by distinct signaling pathways. Currently, endogenous signaling pathways required for hESCs 

remain largely unexplored, despite of extensive studies for exogenous signaling. We here report a previously 

unrecognized endogenous tyrosine kinase signaling critical in hESC fate decisions. The inhibition of this 

tyrosine kinase signaling disrupts hESC pluripotency and triggers trophoblastic differentiation by repressing 

the BMP pathway and activating NANOG. In conclusion, this study unveils a key endogenous signaling 

pathway governing early human pluripotent cell fate and provides new insights into the interplay between 

signaling pathways and transcription factors in pluripotency regulation.
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载干细胞的复合工程化 Needlepatch 用于急性肾损伤的原位治疗

赵星力

单位：陆军军医大学细胞生物学教研室
所在城市：重庆市
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【摘要】急性肾损伤（AKI）以微血管稀疏、炎症微环境为特征，而传统的干细胞治疗因移植效率低、

炎症环境恶劣，导致疗效受限。本研究构建 Needlepatch 工程贴片，整合含靶向纳米酶 GTFG@

Fe3O4 的微针与 3D 打印图案化人诱导多能干细胞（hiPSCs）水凝胶，实现对 AKI 的原位移植与程

序化治疗。hiPSCs 经诱导分化为两类功能细胞 ：一是 hiPSCs - 足细胞，以分泌 VEGF、HGF 等因子

促血管增殖，其功能同原代足细胞相似 ；二是 hiPSCs - 内皮细胞，用于构建图案化内皮管状网络。

hiPSCs - 足细胞以纤维蛋白原 - 凝血酶 - 肾细胞外基质水凝胶为支架，通过在其中包埋由 3D 打印构

建的可溶性碳水化合物网格在水凝胶中形成通道以负载 hiPSCs- 内皮细胞，以此保障干细胞定植效

率与对宿主肾脏血管的指导作用。AKI 早期，微针释放纳米酶靶向 ATG4B 蛋白，清除 ROS、抑制

NLRP3 炎症小体，改善移植微环境 ；后续干细胞贴片引导移植物 - 宿主双向整合，hiPSCs 诱导的

细胞迁移至肾间质，存活率良好且在界面形成丰富血管网络。动物实验显示 ：移植后 3 天，肾组织

ROS 下降了 50%，有效维持了肾功能、减轻细胞损伤 ；4 周时，肾胶原沉积下降了 50%，微血管密

度恢复正常，并避免细胞的进一步分化。该系统以 hiPSCs 为核心，协同纳米酶优化微环境、促血管

再生，解决了 AKI 引发的炎症与血管丧失难题，为临床提供了干细胞精准治疗的新方案。
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基于时空和单细胞分析的小直径血管移植物内膜的长期功能重塑

赵钐岚

【摘要】小直径血管移植物（SDVG）在血管疾病中的临床应用长期受限于顽固性内膜增生，这源于

对相关细胞与分子功能障碍机制的全面认知不足。本研究通过对比两种组织工程化 SDVG（聚（ε- 己

内酯）和脱细胞移植物）在大鼠体内植入后的随访观察，发现移植后第 28 天近端血管段出现最严重

的内膜增生。空间单细胞转录组分析显示，增生段 Lrg1 高表达的静脉样内皮细胞（ECs）与 Runx2

高表达的间质样平滑肌细胞（SMCs）显著增加，并与巨噬细胞形成独特相互作用网络。进一步研究

发现，巨噬细胞特异性表达的生长分化因子 15（GDF15）可在体外促进内皮 - 间质转化及 SMC 表型

转换。体内实验表明，抑制 GDF15 可缓解内膜增生，降低 Lrg1 高表达 ECs 和 Runx2 高表达 SMCs

的丰度，使大鼠血管功能维持长达 48 周。值得注意的是，人类血管内膜增生中也观察到 GDF15 高

表达。最终，GDF15 干预通过减少微型猪体内内膜增生，成功恢复了血管通畅性。总之，我们的研

究为血管移植的功能重塑提供了宝贵的见解，并提出了一个有希望的治疗血管疾病的目标。
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FBL deficiency disrupts ribosome function and DNA repair 

leading to hematopoietic stem cell failure

张召茹

【摘要】Key word: FBL，2′ -O-methylation，DNA repair，hematopoietic failure

Hematopoietic stem cells (HSCs) must balance self-renewal, quiescence, and differentiation while 

preserving genomic integrity under homeostatic and stress conditions, yet how ribosomal function 

integrates with DNA damage response in HSC regulation remains poorly understood. Here, we identify 

Fibrillarin (FBL), a conserved methyltransferase essential for ribosomal RNA 2 ′ -O-methylation (2 ′ -

O-Me), as a critical regulator of HSC function and stress resilience. Conditional ablation of Fbl in 

the murine hematopoietic system disrupts HSC self-renewal and long-term reconstitution capacity. 

Mechanistically, FBL loss impairs ribosomal RNA modification and disrupts translational efficiency, 

particularly affecting the synthesis of proteins involved in DNA damage repair pathways. Fbl-deficient 

mice exhibit hypersensitivity to genotoxic stress,with exacerbated hematopoietic failure and reduced 

survival following irradiation or mitomycin C challenge. Notably, FBL expression is markedly reduced in 

patients with Fanconi anemia, a disorder characterized by defective DNA repair and progressive bone 

marrow failure. Our findings uncover a pivotal role for FBL in coupling ribosome function to genome 

maintenance in HSCs, where it ensures efficient translation of DNA repair factors essential for stress 

adaptation. These results highlight ribosomal regulation as a key layer in HSC homeostasis and suggest 

that FBL deficiency may contribute to the pathogenesis of bone marrow failure disorders.
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CRISPR/Cas9 Screening for Novel Regulators of Totipotency 

in Mouse Embryonic Stem Cells

任廷林

【摘要】Zygotic genome activation (ZGA) facilitates the transition from totipotency to pluripotency 

and represents a critical event during early mammalian embryonic development. During the zygotic 

phase, alterations in epigenetic modifications and transcriptional regulation lead to the silencing of 

totipotency-associated genes and induce the expression of pluripotency-associated genes. However, the 

key regulatory mechanisms governing the pluripotency-to-totipotency transition in mouse embryonic 

stem cells (mESCs) remain incompletely understood. To address this, we constructed a CRISPR-based 

loss-of-function library targeting mouse genes encoding transcription factors and epigenetic regulators. 

Through this screen, 22 novel genes implicated in regulating the totipotency transition in mESCs were 

identified and preliminarily validated. These genes are involved in known regulatory processes such as 

alternative splicing and DNA methylation. Interestingly, we found that perturbations in genes associated 

with transcriptional regulation, pre-mRNA processing, and E3 ubiquitin ligase-mediated protein 

degradation also led to the transition from pluripotency to totipotency in mESCs. Based on these 

findings, we further investigated the functions of selected genes to explore new mechanisms underlying 

the pluripotency-to-totipotency transition. This study provides valuable insights into the regulatory 

network of early embryonic development.
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Ultrasound-responsive theranostic platformfor the timely 

monitoring and efficient thrombolysis in thrombi of tPA 

resistance

Lin Lin (Presenter)1, Zhaojing Ba1, Hao Tian1, WenZeng1,‡

Department of Cell Biology, Army Medical University, Chongqing, China
Correspondence Email(s): esperanza08@163.com

【摘要】Keywords: theranostic, thrombolysis,  tPA resistance, noninvasive
Abstract text should contain the following content:

•	There is no effective and noninvasive solution for thrombolysis because the mechanism by 
which certain thrombi become tissue plasminogen activator (tPA)-resistant remains obscure. 
Endovascular thrombectomy is the last option for these tPA-resistant thrombi, thus a new 
noninvasive strategy is urgently needed.

•	A detailed analysis of the composition of these thrombi may contribute to the design of more 
effective thrombolytics.

•	Through an examination of thrombi retrieved from stroke patients, we found that neutrophil 
extracellular traps (NETs), ε-(γ-glutamyl) lysine isopeptide bonds and fibrin scaffolds jointly 
comprise the key chain in tPA resistance. A theranostic platform is designed to combine 
sonodynamic and mechanical thrombolysis under the guidance of ultrasonic imaging.

•	Breakdown of the key chain leads to a recanalization rate of more than 90% in male rat tPA-
resistant occlusion model. The system also demonstrates noninvasive theranostic capabilities 
in managing pigs’ long thrombi (>8mm) and in revascularizing thrombosis susceptible tissue-
engineered vascular grafts, indicating its potential for clinical application. 

•	Overall, this noninvasive theranostic platform provides a new strategy for treating tPA-resistant 
thrombi.
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三维培养下皮质肌动蛋白解聚促进间充质干细胞外泌体分泌及治疗

效能提升

杨振 1,2，林启元 1,2，邢丹 1,2，林剑浩 1,2

1 北京大学人民医院关节炎临床与研究中心，北京，中国
² 北京大学关节炎研究所，北京，中国

【摘要】背景与目的 ：小外泌体（sEVs）被视为间充质干细胞（MSCs）替代疗法的重要载体，但其

产量及功能在二维（2D）培养条件下受限。本研究探讨三维（3D）培养下 MSC 分泌 sEV 的分子机

制及其治疗效能。

方法 ：利用微载体和旋转瓶生物反应器建立 MSC 3D 培养模型，并通过 NTA、WB、TEM 等检测 sEV

产量和表型 ；结合 RNA 测序、免疫荧光和蛋白分析，探讨 Rab27A/B、ITGA1-RhoA-Cofilin 等通路

在皮质肌动蛋白解聚及 sEV 分泌中的作用 ；同时在软骨细胞、皮肤成纤维细胞、巨噬细胞及大鼠骨

关节炎（OA）和创面愈合模型中验证其功能。

结果 ：与 2D 相比，3D 培养显著提高 MSC 增殖能力并降低衰老 / 凋亡水平，sEV 产量提升约 2.5 倍。

Rab27A/B 敲降可减少 sEV 分泌，但其表达在 2D 与 3D 间无显著差异。3D 培养及 ITGA1 阻断均可

下调 RhoA/Cofilin 通路活性并促进皮质肌动蛋白解聚，增强多泡体（MVB）向膜融合与 sEV 分泌。

MSC-3D 来源 sEV 在体外可显著促进软骨细胞与成纤维细胞的增殖、迁移及抗衰老，并诱导巨噬细

胞向 M2 型极化 ；在大鼠 OA 与创面模型中可改善关节结构和功能并加速创面修复。

结论 ：3D 培养通过 ITGA1/RhoA/Cofilin 介导的皮质肌动蛋白解聚独立于 Rab27A/B 途径显著提高

MSC sEV 产量及治疗效能，为干细胞外泌体规模化制备及转化应用提供新策略。

【关键词】三维培养 ；皮质肌动蛋白 ；间充质干细胞 ；外泌体 ；再生治疗

通讯作者

林剑浩 linjianhao@pkuph.edu.cn

邢丹 xingdan@bjmu.edu.cn
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Evaluation of Cell Type Annotation Reliability Using a Large 
Language Model-based Identifier

Wenjin Ye1†, Yuanchen Ma1,2† , Hongjie Liang1, Tao Wang1 , Wu Song2*, Weiqiang Li1*, Weijun Huang1*
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Ministry of Education, Sun Yat-Sen University, Guangzhou, Guangdong, 510080, China.
2. Department of Gastrointestinal Surgery, The First Affiliated Hospital, Sun Yat-sen University, Guangzhou, 
Guangdong, 510080, China.

*These authors jointly supervised this work: 
Wu Song, Email: songwu@mail.sysu.edu.cn;
Weiqiang Li, Email: liweiq6@mail.sysu.edu.cn; 
Weijun Huang, Email: hweijun@mail.sysu.edu.cn.

【 摘 要 】Single-cell RNA sequencing (scRNA-seq) has become a cornerstone technology for dissecting cellular 
heterogeneity and function, with cell type annotation representing a critical step in data analysis. Traditionally, this 
annotation is performed either manually or using automated tools. Manual approaches rely on expert knowledge but 
are inherently subjective and prone to variability based on annotator experience. In contrast, automated methods offer 
greater objectivity but often suffer from limited generalizability and accuracy due to their reliance on the quality and 
representativeness of reference datasets. Inaccurate annotations can propagate biases into downstream analyses and 
experimental designs, thereby increasing the cost and complexity of correction. Consequently, enhancing the reliability 
of cell type annotation remains a major challenge in current scRNA-seq data analysis.

GPTCelltype represents the first cell type annotation tool built upon large language models (LLMs), demonstrating that 
LLMs can autonomously perform cell type annotation without the need for extensive domain knowledge or reference 
datasets. This innovation offers a novel strategy for improving annotation reliability. However, LLMs were not originally 
designed for this purpose; only a limited number of models are currently suitable for cell type annotation, and none can 
consistently achieve high accuracy across all cell types. Therefore, targeted optimization strategies are urgently needed 
to enhance LLM performance and further improve the reliability of cell type annotation.

High-Performance Model Screening: We evaluated 77 large language models (LLMs) and identified five high-performing 
candidates—GPT-4, LLaMA-3, Claude 3, Gemini, and ERNIE 4.0—well-suited for cell type annotation tasks.

Multi-Model Integration Strategy: By integrating multiple LLMs, we annotated scRNA-seq datasets from human 
peripheral blood mononuclear cell (PBMC), gastric cancer tissues, human embryos, and mouse stromal cells. Compared 
to GPTCelltype, the multi-model ensemble strategy increased complete consistency with expert annotations by 1.41- to 
10-fold, significantly enhancing performance.

“Talk-to-Machine” Strategy: A data-driven human–machine interaction approach enabled LLMs to acquire more effective 
contextual information, further improving annotation accuracy. This strategy outperformed GPTCelltype, increasing 
complete consistency with expert annotations by 1.47- to 14.56-fold, confirming its effectiveness.

Objective Credibility Evaluation: For annotations that diverged from expert labels, we implemented a data-driven 
credibility assessment framework. Results showed that 28.5% to 100% of these annotations were objectively reliable; 
notably, 14.3% of embryo cell annotations were concurrently validated by both our framework and human experts. This 
approach supports multidimensional characterization of cell states, substantially enhancing LICT’s interpretability in 
complex biological contexts.

Performance Benchmarking: We compared LICT with 12 supervised machine learning-based cell annotation tools, 
evaluating usability, efficiency, consistency, accuracy, and reliability. LICT consistently outperformed all benchmarks 
across these metrics.

Generalizability of the Optimization Strategy: We extended the multi-model ensemble and iterative optimization 
framework to an additional 27 LLMs. Among them, 25 exhibited significantly improved annotation validity, with 
performance gains ranging from 3.2% to 41.9%, demonstrating the broad applicability of our optimization strategy.

These findings demonstrate that LICT, an LLM-based cell type annotation tool, delivers precise and detailed annotations 
without relying on reference datasets, ensuring consistent and reliable results for users across varying levels of 
expertise. Notably, LICT’s objective reliability assessment framework enables the identification of multiple cellular 
features within a single population, offering novel insights into the underlying biological significance. In addition, its 
strong generalizability positions LICT as a robust and versatile tool for a wide range of applications. Most importantly, 
the success of LICT highlights the potential of optimizing publicly available LLMs to develop high-quality, user-friendly 
bioinformatics tools.
Keywords: Large language model, Cell type annotation, Annotation reliability, Multi-model integration, Talk-to-machine
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ID2 Drives Stem-Like Phenotypes and Docetaxel Resistance 

in CRPC: A Potential Therapeutic Target
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【 摘 要 】Background: Castration-resistant prostate cancer (CRPC) poses a major clinical challenge due 
to its aggressive progression and resistance to chemotherapy. Cancer stem-like cells (CSCs), characterized 
by their self-renewal and phenotypic plasticity, have been increasingly implicated in therapeutic resistance. 
However, the molecular determinants that govern CSC maintenance in CRPC remain poorly defined. This 
study identifies the transcriptional regulator ID2 as a critical driver of stemness and chemoresistance in 
CRPC.
Methods:ID2 expression was assessed in public clinical datasets, prostate cancer tissue microarrays, and 
cell lines via immunohistochemistry (IHC), qRT-PCR, and Western blotting. Functional roles of ID2 in CRPC 
were investigated through in vitro assays including CCK-8, EdU incorporation, colony formation, transwell 
migration/invasion, cell cycle analysis, apoptosis detection, and 3D sphere formation. In vivo effects were 
evaluated using subcutaneous xenograft models in NOD/SCID mice. Single-cell RNA sequencing (scRNA-
seq) integration from five public datasets was performed to explore ID2-associated transcriptional states. 
Mechanistic studies employed transcriptome sequencing, GSEA, and Western blotting to probe PI3K/AKT 
signaling. Finally, Helichrysetin, a small-molecule ID2 inhibitor, was tested alone or in combination with 
docetaxel to assess therapeutic synergy.
Results:ID2 was significantly upregulated in CRPC tissues and cell lines and correlated with poor clinical 
prognosis, including reduced biochemical recurrence and overall survival. Functional studies revealed that 
ID2 promoted proliferation, invasion, stemness, and docetaxel resistance in CRPC cells while inhibiting 
apoptosis. Knockdown of ID2 suppressed tumor growth in vivo and reduced the expression of CSC and 
EMT markers. Integrated scRNA-seq analysis identified high ID2 expression in cancer epithelial clusters 
with enriched stemness and mesenchymal features, while negatively correlating with AR pathway activity. 
Mechanistically, ID2 activated PI3K/AKT signaling to maintain stemness-related gene expression. Notably, 
Helichrysetin suppressed CSC features and synergized with docetaxel to inhibit CRPC growth in vitro, 
providing a promising therapeutic strategy.
Conclusions:ID2 functions as a key regulator of cancer stemness and chemoresistance in CRPC by activating 
the PI3K/AKT pathway and promoting dedifferentiation. Targeting ID2 with Helichrysetin represents a novel 
therapeutic strategy to enhance docetaxel efficacy and overcome treatment resistance in CRPC.
Keywords: ID2; prostate cancer stem cells; cancer stemness ；CRPC; PI3K/AKT signaling; Helichrysetin; 
docetaxel resistance
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Wnt 激动剂预处理干细胞外泌体对皮肤光老化的调控及机制研究

王兴旻

山东大学齐鲁医院

【摘要】皮肤光老化是由紫外线（UVB）反复暴露引起的皮肤损伤现象，临床表现为皱纹形成、胶

原降解及组织修复功能障碍。目前治疗方法效果有限且存在安全性问题。本研究探讨了经 Wnt/

β-catenin 通路激动剂 CHIR99021 预处理的脐带间充质干细胞来源外泌体（CHIR-Exos）在 UVB 诱

导的光老化模型中的治疗潜力及作用机制。

通过体外实验发现，CHIR-Exos 可显著促进成纤维细胞增殖与迁移，抑制 UVB 诱导的细胞凋亡和氧

化应激，同时提高Ⅰ型及Ⅲ型胶原蛋白合成，降低基质金属蛋白酶（MMPs）表达。在动物模型中，

CHIR-Exos 有效减轻皮肤皱纹、逆转表皮增厚及胶原断裂，增强胶原沉积并缓解局部氧化应激。进

一步机制研究表明，在 UVB 造成的高乳酸微环境中，CHIR-Exos 通过其携带的 TGF-β1 调控乳酰化

修饰关键因子 SIRT2，进而影响 HIF-1α 蛋白的乳酰化水平，最终改善成纤维细胞功能。

与未经处理的外泌体相比，CHIR-Exos 具有产量高、成分明确、疗效显著等优势。本研究为外泌体

治疗皮肤光老化提供了新的策略和实验依据，显示出良好的临床应用前景。

【关键词】间充质干细胞 ；外泌体 ；皮肤光老化 ；CHIR99021 ；Wnt/β-catenin 通路 ；乳酰化修饰

通讯作者 : 王令舒，Email :wanglingshu@qiluhospital.com
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脐带间充质干细胞复合水凝胶治疗压疮的临床前研究

张青 1，余国攀 1，朱阳敏 1，阴钊 1，林姣 2，潘瑶 2，刘爽 1*

【摘要】压疮是老年、截瘫及瘫痪患者常见的并发症，不仅给国际医疗经济带来沉重负担，且现有治

疗方案仍对其无明显疗效。干细胞凭借其优异的生物学功能为压疮提供了新的治疗选择。本研究采

用人脐带来源间充质干细胞（MSC）复合水凝胶局部涂抹方式治疗压疮，通过体内外实验验证其治

疗压疮的安全性及有效性，并初步探索潜在机制。体外将 MSC 与皮肤相关细胞如成纤维细胞、人永

生化角质形成细胞及人脐静脉内皮细胞共培养后，MSC 显著促进皮肤相关细胞增殖、迁移，降低氧

化应激水平，并促进血管生成。体内实验使用 MSC、海藻酸钠水凝胶、海藻酸钠 -MSC 水凝胶、表

皮生长因子及海藻酸钠 - 表皮生长因子水凝胶对压疮动物模型进行治疗，通过在不同时间点对创面愈

合测定、皮肤组织结构改善情况、MSC 局部定植存活、炎症情况、氧化应激水平以及血管生成综合

评估压疮模型的恢复情况，并分析疗效差异。结果表明，海藻酸钠 -MSC 水凝胶体系通过改善体内炎症、

促血管生成以及改善氧化应激的方式，促进大鼠压疮模型创面愈合，模型动物皮肤全层结构恢复更快，

胶原形成、血管新生和周围神经再生更多，瘢痕形成减少。实验周期内模型动物无给药相关不良反应，

证明了 MSC 复合水凝胶对压疮治疗的安全性和有效性。

【关键词】间充质干细胞，海藻酸钠水凝胶，压疮
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兼具理想力学性能与神经再生特性的细胞外基质修饰的螺旋纹柔性

神经导管

谭一啸，易佳锋，全琦，王玉，柴伟

【目的】周围神经缺损修复中，自体神经移植面临来源有限和供体损伤等限制。柔性螺旋神经导管虽

具备优良力学性能，适用于关节周围区域，但仍存在异物反应及再生微环境不佳等问题。人脐带间

充质干细胞（hUMSC）来源的细胞外基质（ECM）具有低免疫原性、动态调控细胞行为及显著促再

生能力，可有效改善材料生物相容性，并提供活性信号引导神经修复。本研究将 hUMSC-ECM 与柔

性螺旋神经导管结合 , 旨在构建仿生神经再生微环境 , 增强关节周围长节段神经缺损的修复效果。

【方法】采用静电纺丝制备螺旋神经导管（HNC），并利用 hUMSC 来源 ECM 进行修饰，构建 ECM

修饰导管（EHNC）。通过扫描电镜、免疫荧光及组织学方法分析材料结构及 ECM 成分保留情况 ；开

展体外细胞实验评估其细胞相容性及对雪旺细胞增殖的促进作用 ；在大鼠坐骨神经 10 mm 缺损和比

格犬胫前神经 25 mm 缺损模型中，通过组织形态学、电生理学及行为学评价系统评估修复效能。

【结果】成功构建 hUMSC-ECM 修饰的螺旋神经导管（EHNC）。ECM 中纤维连接蛋白、层粘连蛋白

和 I 型胶原等关键成分经脱细胞处理后仍稳定保留。体外实验显示，EHNC 可显著促进雪旺细胞增殖；

动物实验中，EHNC 组在轴突再生、血管生成和功能恢复等方面表现优异，修复效果接近自体神经

移植水平。

【结论】hUMSC 来源 ECM 修饰的螺旋神经导管有效结合了人工材料的力学优势与干细胞 ECM 的生

物活性，模拟出适于周围神经再生的生态位，显著促进长节段缺损修复。该策略凸显了干细胞衍生

基质在神经组织工程中的关键作用，为关节周围神经损伤的修复提供了新方法。

【关键词】脐带间充质干细胞 ；细胞外基质 ；螺旋结构 ；防扭结 ；神经导管 ；周围神经再生 ；跨关节

神经损伤 ；组织工程

通讯作者 ：柴伟 邮箱 ：chaiweiguanjie@sina.com

解放军总医院第四医学中心
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Epigenetic Control of Adult Stem Cells and Its Implication in 

Aging: Exploring the Multifaceted Regulatory Role of KDM3A

Zhang Huan, U Kin Pong, Gao Lin, Jiang Xiaohua*
School of Biomedical Sciences, Faculty of Medicine, The Chinese University of Hong Kong

【 摘 要 】Adult stem cells, including MSCs and NSCs, play pivotal roles in maintaining homeostasis 

within our bodies. However, the functional decline of adult stem cells has been observed in various 

tissues, marked by reduced responsiveness to tissue injury, disturbed proliferative activities, and 

diminished functional capacities during the aging process. These alterations ultimately lead to reduced 

efficacy in cell replacement and tissue regeneration in older organisms. Here we report that two H3K9 

demethylases, KDM3A and KDM4C, regulate heterochromatin reorganization via transcriptionally 

activating condensin components NCAPD2 and NCAPG2 during MSC senescence. MSCs derived from 

Kdm3a-/- mice exhibit defective chromosome organization and exacerbated DNA damage response, 

which are associated with accelerated bone aging. In addition, our recent findings demonstrate how 

the loss of Kdm3a, either globally or specifically in NSCs, in mice leads to impaired hippocampal 

neurogenesis and persistent deficits in learning and memory throughout adulthood. Moreover, 

depletion of Kdm3a has been shown to decrease proliferation and neuronal differentiation while 

promoting glial differentiation in vitro. Notably, KDM3A exhibits localization in both the nucleus and 

cytoplasm of NSCs, regulating the Wnt/β-Catenin signaling pathway through dual mechanisms.  

Correspondence: Jiang Xiaohua

xjiang@cuhk.edu.hk 
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Rbm5 is required for sustaining leukemia stem cells 

by modulating a leukemic transcriptional program in 

concert with the Myc network

Mengli Zhang1, Shaela Fields2, Qiong Zhang3, Yuxin Ouyang1, Ye Xin1, Jianxiang Zhang1, Hong 
Liu4, Jianfeng Shen5, Beisi Xu3, Depei Wu4, #, Chunliang Li2, #, and Peng Xu1, 4, #, *

1Cyrus Tang Medical Institute, National Clinical Research Center for Hematologic Diseases, State Key 
Laboratory of Radiation Medicine and Protection, Collaborative Innovation Center of Hematology, 
Suzhou Medical College, Soochow University, Suzhou, Jiangsu 215123, PR China.
2Department of Tumor Cell Biology, St. Jude Children's Research Hospital, 262 Danny Thomas Place, 
Memphis, TN 38105, USA.
3Center for Applied Bioinformatics, St. Jude Children's Research Hospital, 262 Danny Thomas Place, 
Memphis, TN 38105, USA.
4National Clinical Research Center for Hematologic Diseases, Jiangsu Institute of Hematology, The First 
Affiliated Hospital of Soochow University, Suzhou, 215123, Jiangsu, China.
5Department of Ophthalmology, Ninth People's Hospital, Shanghai Jiao Tong University School of 
Medicine, Shanghai, China.

#Correspondence should be addressed to Dr. Peng Xu (pengxu@suda.edu.cn), Dr. Chunliang Li 
(chunliang.li@stjude.org), or Dr. Depei Wu (wudepei@suda.edu.cn).   
*Lead contact: Dr. Peng Xu (pengxu@suda.edu.cn) 

【摘要】Acute myeloid leukemia (AML) represents a type of malignant hematological disease that 
is caused by the dysregulated developmental program of leukemia stem cells (LSCs). Compared to other 
hematological malignancies, AML often predicts poor prognosis and unfavorable treatment outcomes in 
the clinic, urging the need for complex mechanism studies. Rbm5 was recently reported as a key regulator 
in maintaining the survival of human AML cell lines via non-canonical transcriptional activation of Hoxa9. 
However, its function in LSCs and the broad genome-wide transcriptional targets remain elusive. Here, 
using genetic mouse models, ex vivo AML culture, and patient-derived xenografts, we report that Rbm5 
is required for murine leukemogenesis and maintains self-renewal of LSCs in vivo and is dispensable for 
normal hematopoiesis. Rbm5 is highly expressed in LSCs, and its deficiency results in specifically defective 
LSC function, along with the inhibition of self-renewal gene expression and the induction of a myeloid 
differentiation program. Multi-disciplinary mechanistic investigations targeting gene expression at both 
the single-cell level and in bulk populations, together with an acute RBM5 degradation system, further 
identified the direct transcriptional targets of Rbm5 in primary leukemia cells, including stemness gene Myc. 
Moreover, RBM5 not only interacts with MYC but also maintains its protein levels, thereby sustaining the 
Myc downstream transcriptional network through its proper genome-wide occupancy. Forced expression of 
Myc sufficiently rescued the Rbm5-depleted defects both in vitro and in vivo. Thus, our study demonstrates 
that Rbm5 regulates the AML LSC program through non-canonical transcriptional mechanisms, providing a 
strong rationale for therapeutically targeting Rbm5 in the treatment of myeloid leukemia.       

【关键词】Rbm5, AML, leukemia stem cells, Myc
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核 MTHFD2 结合磷酸化 STAT3 增强肺癌干性及骨转移

王画妮

【摘要】在肺癌患者中约有 40% 会发生骨转移，肺癌干细胞（LCSCs）是导致骨转移的关键因素。

本研究通过对 90 例肺癌组织芯片分析，发现线粒体一碳代谢关键酶 MTHFD2 在肺癌细胞核中显著

高表达，且其表达水平与骨转移发生及患者总生存期缩短呈正相关。进一步利用 42 例伴骨转移肺癌

患者的配对原发灶和骨转移样本进行 scRNA-Seq 分析，结果显示骨转移微环境中以 CD133+/CD44+

为标志的干上皮细胞亚群比例显著上升，且该亚群中 MTHFD2 表达明显高于其他恶性细胞。

本研究通过左心室注射荧光酶素标记的 A549 细胞构建裸鼠多器官转移模型，并分离骨定向转移

（BoM）细胞。RNA-Seq 提示，与原 A549 细胞相比，BoM 细胞中 MTHFD2 及多个干性因子表达增

高，但非靶向代谢组学显示 BoM 细胞一碳代谢水平未发生明显变化。体内外实验表明，敲除回补野

生型或代谢酶活缺失突变型 MTHFD2 均可恢复 MTHFD2 敲除细胞的成球、迁移、侵袭及体内骨转移

能力，表明 MTHFD2 可通过“Moonlighting”功能促进肺癌细胞干性及转移能力。进一步由 IP-MS

结合 Co-IP、GST Pull-Down、免疫荧光和电泳迁移率变动分析 （EMSA）/ 凝胶阻滞实验验证，核

MTHFD2 通过招募磷酸化 STAT3 结合 DNA，进而激活 OCT4、SOX2、NANOG 等干性因子转录。使

用靶向核 MTHFD2 的小分子抑制剂 TH9616 处理，可有效抑制肺癌干性及骨转移能力。

本研究揭示了核 MTHFD2 结合磷酸化 STAT3 以增强干性转录程序，从而驱动肺癌干细胞特性及骨转

移进程的新分子机制，为肺癌精准治疗提供了新靶点与策略。

【关键词】肺癌 ；细胞干性 ；骨转移 ；MTHFD2

金凤实验室
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希望之翼：罕见病的抗争与生命礼赞

王宁宁  孙耀庭

【题记】在生命的长河中，有些瞬间如同流星划过夜空，短暂却夺目。它们是抗争的痕迹，是希望的火种，
是不屈的证明。这是一个关于勇气、爱与重生的故事，即使在至暗时刻，希望的力量也能带领我们
飞越困境，探索未知，迎接新生。

【正文】2018 年 8 月 31 日，当我掀开 65 床的床单，一股刺鼻的恶臭和眼前大片令人心痛的黑色焦痂，
无情地宣告着罕见疾病——钙化防御病的侵袭。躺在那里的，是一位 34 岁女性钱晓莺，她的眼神中
既饱含对生命的渴望，也充满对未知命运的恐惧。晓莺的双下肢和臀部，被侵蚀得面目全非，如同
死神的印记，已进行常规多学科治疗，病情仍迅速进展。我们面临着一场与时间赛跑的斗争。
翌日，医院的干细胞会议如火如荼展开，一幅幅坏死创面修复的图片如同希望之光悄然照进我的视
野 ：晓莺是否也能从人羊膜间充质干细胞中获益？会议一结束，我便急切地向院干细胞项目负责人
刘嘉茵教授咨询，她毫不犹豫地表示支持 ：“立刻去看望病人！”随即，我向邢主任报告了这一创新
想法，并迅速联合医院干细胞平台覃老师、组里刘医生、许医生以及研究生团队，投入到资料准备
和文献研究中。干细胞在促进组织再生、抑制血管钙化、抗感染方面具有潜在疗效，这对于钙化防
御病无疑是一线生机。然而，治疗方案的制定、剂量与疗程的规划、不良反应的预防、应急预案的
设置，以及疗效与安全性的评估，都是我们必须谨慎考虑的问题。在这一领域，我们缺乏先例和动
物模型的指导，每一步都充满未知，是对勇气和智慧的考验。
迅速组织全院会诊，包括医务处、科技处、伦理委员会、干细胞平台、皮肤科、病理科、疼痛管理科、
医学影像中心、感染科、烧伤整形科、门诊创面修复小组等。会后我们把多学科意见告诉晓莺母亲 ：

“钙化防御病一年死亡率 80%，是临床棘手难题。作为免费的同情救治尝试，干细胞可能有一线希望，
但不良反应和疗效未知”。她无力地点点头 ：“我理解，晓莺交给你们了”。
2018 年 9 月 17 日，晓莺在首次接受静脉注射干细胞治疗时，未出现任何不良反应。一周后，第二
次治疗时值中秋佳节，我们在她左侧髂前上棘的创面上，小心翼翼地进行了小范围的干细胞皮下注
射。仅仅两天后，我们便惊喜地观察到，在那些曾经坏死的边缘，淡粉色的新生肉芽如同雨后的彩虹，
带着生命的希望和活力萌发而出。第三周治疗，恰逢国庆，我们的医护团队、干细胞平台继续尝试……
尽管细胞治疗已初见成效，但体位调整和注射过程带来的剧烈疼痛，仍让晓莺情绪焦躁不安。医护
团队以极大的耐心和细致入微的关怀，一步步引导她克服困难。护士姐妹们坚持精心换药、细致清创—
创面伴有恶臭，每次操作常持续一小时以上。她们以专业守护健康，用温情点亮希望，默默陪伴她
走过每一个艰难时刻。晓莺长胖了，病房少了嘶声力竭的叫喊，病友和医患间轻松愉快的聊天在静
静流淌。
2019 年 1 月下旬，晓莺母亲对我们说：“快过年了，准备回家了”。“好的，什么时候再来？”“不来了，
晓莺父亲中风，请人在家照顾他的。我们都退休了，经费负担不起了”。我忍不住劝道 ：“中途放弃
太可惜了，那么难大家都挺过来了，您再考虑一下吧”。春节，收到晓莺的问候，“我节后来继续治疗，
出院时 66 床的陪护王老师给了我们 1 万元 ......”  
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时光流转，2019 年 9 月晓莺的皮肤创面大都修复。12 月初我来到晓莺家，简朴的家具和陈设，崭
新的冰箱用于存放外敷的干细胞上清液。晓莺开心地向我展示她再生修复的创面 ：“出院后妈妈护理
我，带我到商场，恍若隔世。住院期间的痛苦、我对妈妈和大家伙发的脾气，都记不清了。我妈当
过兵，最大的特点就是纯粹和信任，从不把难事放心上！”

图 1. 患者经人羊膜间充质干细胞救治后皮肤再生修复

2020 年初新冠疫情爆发，晓莺的干细胞治疗随之终止。5 月中旬接到钱父电话：“晓莺脑梗后脑出血，
情况不好，我们想到南京”。“现在疫情期间，途中有风险，来了也可能效果不理想，如果有意外你
们能理解吗？”“我们能接受，晓莺自己已办了遗体捐献手续”。我心头一怔。在 KCU 重症病房曾主
任等精心治疗下，晓莺有所好转。5 月 30 日下午，我突然接到值班医生电话 ：“晓莺神志不清，生
命体征不稳定，考虑脑出血加重，预后很差，我们已向她母亲交代病情。”我立刻给晓莺父亲打电话，

“您女儿病情变化，我们在抢救”。钱父哽咽着 ：“晓莺妈妈告诉我了，你们再想想办法，如果实在不
行我们就出院，女儿在无锡已办了遗体捐献手续”。“我们尽力，但如果无法挽回，您女儿的遗体可
以捐献给南京医科大学吗？”我鼓起勇气不安地问。“当然，王医生，您帮助安排对接好就可以……”
晚上 9 点，我们领着监护病房外哀伤而安静的晓莺母亲，带她见了女儿最后一面，签署相关材料后，
晓莺的遗体被运往南京医科大学江宁校区，她的最后一份礼物，是对医学研究的贡献，对未来生命
的希望。

“等会我和袁主任、晓莺母亲去学校。遗体捐献的现场我没有经历过，你们如果有顾虑，就别去”，
我对两位在读研究生说，“王老师，我们一起走”。一路上不断的电话联络与讨论，到学校已是夜间
11 点，拎着满满两袋食品，我才想到刚刚坐在车后排一言未发的晓莺母亲 ：“下午到现在，您吃了
吗？”“没有。”“抱歉抱歉，赶紧吃点”，我急忙敞开食品袋，晓莺母亲拿了瓶酸奶，默默走向校门口。
办公室里坐着满屋的老师和学生，我们再次拨通晓莺父亲的电话，与晓莺母亲一起，介绍并完善遗
体捐献的所有事项。电话里传来钱父难以抑制的哀伤却坚定的话语，我鼻子一酸，多少素不相识的
人汇聚到一起，面对生命的脆弱与无常，在场或不在场。感激晓莺父母用最深沉无言的爱，感恩医
院和学校最快速的通力协作，感谢解剖和法医教研室深夜还在等待的师生们，引领我们经历了毕生
难忘的学习历程。那些平素观察到的临床现象，此刻有了最直观生动的呈现。凌晨 4 点，我们怀着
深切的敬畏，走出了校园。
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图 2. 患者生病前的全家福

图 3. 患者生前照片

不久晓莺父亲发来一张 2013 年泰国旅游的合影，全家戴着花环、满面春风，晓莺挽着父亲的臂膀美
丽羞涩。他说，这是女儿生病前拍摄的，也是最后一张全家福。2020 年 7 月，我和覃老师、许护士
长来到晓莺家中，二老看不出悲伤的痕迹，“女儿的遗体捐献供医学研究，唯一的希望就是你们把发
现告诉我们。这个病太痛苦了，感谢江苏省人民医院为女儿延长了 2 年的生命。晓莺是钱钟书家族
的一员，已被写入家谱……”

2021 年端午前夕，我接到钱父的电话，“晓莺母亲被确诊乳腺癌，刚刚做完手术”。一年后，我们关
于干细胞治疗钙化防御病的英文论文在线发表，我发给晓莺父亲，他回复道 ：“谢谢王医生，这天是
晓莺的生日！”2023 年 4 月，我们在泰国曼谷举行的世界肾脏病年会（WCN）介绍团队的工作，临
行前我问钱父亲，“可以给我一张晓莺的照片吗？最后致谢用”。“用这张在香港公园的吧，背景的火
烈鸟，像晓莺的性格……”

2023 年 11 月，我收到钱母的短信 ：“晓莺父亲昨晚走了，也捐献了遗体。”在生命的最后时刻，晓
莺和钱父用爱、信任与勇气，穿越疾病的冰冷和无情，温暖了每一位医者、患者和家属的心灵，照
亮探索未知的道路。晓莺短暂的生命如同火烈鸟，美丽、自由、充满希望，永远飞舞在拂晓的晨曦中……

（为真实故事，获得人物授权发表许可）
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Anti-VEGFR2 F(ab′ )2 drug conjugate promotes renal 

accumulation and glomerular repair in diabetic nephropathy
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【摘要】Poor renal distribution of antibody-based drugs is the key factor contributing to low treatment 
efficiency for renal diseases and side effects. Here, we prepare F(ab′ )2 fragmented vascular endothelial 
growth factor receptor 2 antibody (anti-VEGFR2 (F(ab ′ )2) to block VEGFR2 overactivation in diabetic 
nephropathy (DN). We find that the anti-VEGFR2 F(ab ′ )2 has a higher accumulation in DN male mice 
kidneys than the intact VEGFR2 antibody, and simultaneously preserves the binding ability to VEGFR2. 
Furthermore, we develop an antibody fragment drug conjugate, anti-VEGFR2 F(ab′ )2-SS31, comprising 
the anti-VEGFR2 F(ab ′ )2 fragment linked to the mitochondria targeted antioxidant peptide SS31. We 
find that introduction of SS31 potentiates the efficacy of anti-VEGFR2 F(ab ′ )2. These findings provide 
proof of concept for the premise that antibody fragment drug conjugate improves renal distribution and 
merits drug validation in renal disease therapy.

*Note:
1. ‡: Corresponding author(s)Figure legends. A. 
SDS-PAGE gel of anti-VEGFR2 and anti-VEGFR2 
F(ab ′ )2. B. Fluorescent images of the main organs 
(heart, lung, liver, spleen, and kidney) of mice at 4 
h after intravenous injection of anti-VEGFR2-Cy5, 
anti-VEGFR2 F(ab ′ )2-Cy5. C. The construction and 
synthesis of anti-VEGFR2 F(ab ′ )2-SS31. D. Urinary 
albumin/creatinine ratios assessing albuminuria in 
different groups after different treatments.
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基于人多能干细胞来源的体外神经系统评价新型乙脑疫苗

贺旸知歌 1†，施攀登 2†，徐炎鹏 3†*，秦成峰 2*

1. 中国医学科学院北京协和医院转化医学国家重大科技基础设施 北京 100730；
2. 中国人民解放军军事科学院军事医学研究院病原微生物生物安全全国重点实验室 北京 100071；

3. 首都儿科研究所病毒研究室儿童病毒病病原学北京市重点实验室 北京 100020；

【摘要】研究目的 ：基于仿生锰矿化技术制备新型锰矿化乙脑疫苗（JEV@Mn），并利用人多能干细

胞分化的神经前体细胞及神经元（hPSC-NPCs/Ns）这一高度人源性的体外模型，精准评估其神经毒

力与感染特性，以验证其临床前应用潜力。

方法 ：通过原位矿化法制备 JEV@Mn，采用透射电镜观察其形貌并检测粒径及 Zeta 电位变化。在

BHK-21 细胞及人多能干细胞来源的神经前体细胞和神经元（hPSC-NPCs/Ns）上评价其复制能力。

通过乳鼠神经毒力实验验证其体内神经侵袭性 ；通过皮下及腹腔注射免疫小鼠，评价其免疫原性，

并进行攻毒挑战以评估其免疫保护效果。

结果：JEV@Mn 成功包覆形成高衬度的核壳结构，病毒直径从 37 nm 增加至 50 nm，Zeta 电位从 -36.21 

mV 升高至 -22.69 mV。JEV@Mn 与 JEV 在 BHK-21 细胞上的增殖动力学相似 ；然而，在 hPSC-

NPCs/Ns 模型中，JEV@Mn 的复制水平显著低于野生型 JEV，表明其神经细胞感染能力被有效削弱。 

体内实验进一步证实，25 PFU 的 JEV 颅内注射导致 83.33% 的乳鼠死亡，而 JEV@Mn 组小鼠全部存活。

免疫原性研究表明，皮下和腹腔注射 JEV@Mn 均能诱导高水平的 IgG 抗体和中和抗体。两种免疫途

径均能完全保护小鼠抵御致死剂量乙脑病毒的攻击。

结论 ：JEV@Mn 具备独特的物理化学特性，在保留免疫原性的同时，基于 hPSC-NPCs/Ns 模型的评

价证实其神经致病性显著降低。该疫苗能激发强大的体液与细胞免疫，通过皮下或腹腔注射均可提

供完全免疫保护。仿生锰矿化技术作为优化减毒活疫苗的新策略具有极强的应用潜力，也凸显了人

多能干细胞分化神经模型在疫苗神经安全性评价中的关键价值。

【关键词】 人多能干细胞 ；神经前体细胞 ；乙型脑炎病毒 ；疫苗
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【摘要】Human pluripotent cells, including embryonic stem cells (ESCs), have been used for interspecies 

blastocyst complementation, with the potential to generate human organs in animals for clinical 

applications. However, ethical concerns exist as human cells may contribute to the germline and central 

nervous system (CNS) in chimeric animals. To prevent such concerns, here we generated BLIMP1 and 

PAX6 knockout human ESCs (hESCs) that are capable of contributing to all cell- and tissue-types, except 

the germline and CNS in human-mouse chimeras. To overcome the low chimerism efficiency of hESCs, 

we also engineered BLIMP1-/-/PAX6-/- hESCs with a doxycycline-inducible system to express the anti-

apoptotic gene BCL2 (iBCL2) and injected them into Igf1r-/- mouse blastocysts, which remarkably 

enhanced the chimerism efficiency. To test organogenesis potential, mesenchymal stem cells were 

generated from BLIMP1-/-/PAX6-/-/iBCL2+ hESCs injected into Sox9+/- mouse blastocysts, which rescued 

Sox9 haploinsufficiency skeletal defects and contributed to mesenchymal tissues of the chimeric fetuses 

and neonates. Thus, we provide a simple and effective approach to generating human-animal chimeras 

that are free of ethical concerns.
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