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Organoid technology has emerged as an important platform
bridging developmental biology, disease modelling, and regenera-
tive medicine [1,2]. However, current construction strategies rely
largely on a bottom-up cell-engineering approach that involves
organ-like structure reconstruction via single-cell dissociation,
in vitro expansion, directed induction, and subsequent three-
dimensional (3D) reassembly [3]. Although this approach improves
experimental controllability, it substantially compromises the
intrinsic cellular heterogeneity, extracellular matrix (ECM) sup-
port, and spatial topological information of native tissues, thereby
limiting the reconstruction of higher-order tissue functions and
physiologically relevant microenvironments [3,4]. Recently, Huang
et al. [5] proposed a strategy for directly generating multi-lineage
functional organoids from adult adipose tissue. By contrast, reag-
gregated microfat (RMF) uses native microtissue units as the start-
ing material, thereby preserving multicellular interactions,
endogenous ECM components, and pre-existing structural organi-
zation. More importantly, they suggest that the starting point for
organoid construction may shift from cellular component recombi-
nation to niche-preserved engineering (NPE) (Fig. 1), thereby pro-
viding a tissue-level shortcut for organoid construction.

The NPE-driven tissue-to-organoid paradigm treats intrinsic tis-
sue complexities as critical bioengineering resources. Adipose tis-
sue is far more than a passive energy-storage organ; rather, it
constitutes a dynamic microsystem with substantial biological
activity [6]. At the tissue level, adipose tissue exhibits strong phys-
iological functions. Their endogenous lipid stores provide an essen-
tial metabolic reservoir; however, they contain multiple highly
bioactive cellular components that confer considerable potential
for immunomodulation, tissue repair, and secretion [7]. Accord-
ingly, researchers used adult adipose tissue as the starting mate-
rial, and through simplified processing, generated RMF tissues,
which was subsequently induced for multilineage differentiation
while largely preserving the native tissue architecture. They
showed that RMF retained a high proportion of mesenchymal
stem/progenitor cells, pericytes, and endothelial progenitor cells
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(Fig. 2(a)), and formed a laminin- and fibronectin-rich matrix envi-
ronment during culture. Single-cell transcriptomic analysis further
revealed that adipose-derived stem/progenitor cells within RMF
occupied a transitional state between native adipose tissue and
conventionally expanded two-dimensional (2D) cultures, suggest-
ing a unique advantage in maintaining tissue plasticity (Figs. 2(b)
and (c)). Together, these findings indicate that RMF are not merely
tissue fragments, but rather miniature tissue units that preserve
structured niche information and retain the potential for develop-
mental redirection.

Tissue-level microenvironmental preservation is a crucial bio-
logical prerequisite for functional differentiation and endows orga-
noids with cross-germ-layer plasticity. Using this strategy,
researchers successfully derived a mesodermal humanized bone
marrow organoid that recapitulated the marrow-cavity microenvi-
ronment, including the cortical bone, trabecular bone, and vascu-
larized network (Fig. 2(d)). This organoid also robustly supported
long-term homing, self-renewal, and multilineage hematopoietic
reconstitution of exogenous human hematopoietic stem and pro-
genitor cells in vivo (Fig. 2(e)). Beyond lineage constraints, they
also generated endodermal islet organoids that exhibited glu-
cose-responsive insulin secretion (Figs. 2(f) and (g)) and perma-
nently reversed hyperglycemia in a streptozotocin (STZ)-induced
diabetic model (Fig. 2(h)). These findings suggest that, within the
NPE framework, an intact native microarchitecture can serve as
an efficient, self-sustaining endogenous bioreactor, which may be
crucial for enhancing functional organoid maturation.

The core innovation of this study lies in redefining the starting
point for organoid construction, providing a shortcut for organoid
construction, and showing great potential for clinical translation
and complex disease modeling. Organoid engineering has long
assumed that high-purity, low-complexity cell inputs are more
conducive to controlled construction. However, preserving the nat-
ural niche may be more critical for complex tissue function recon-
struction than simply improving the precision of cell-engineering
operations. The NPE manufacturing strategy has broad application
prospects, particularly for two types of scenarios that are the most
challenging for traditional systems: (D niche-function-centered
disease modeling, such as leukemia evolution, bone metastasis,
bone marrow failure, fibrosis, and immune microenvironment
remodeling, and @ regenerative therapy aimed at functional
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Paradigm shift: from cell assembly to niche-preserved engineering

Conventional: “bottom-up” cell assembly New: “tissue-to-organoid” NPE strategy
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Fig. 1. A schematic showing the shift from cellular reassembly to NPE in organoid construction.
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Fig. 2. RMF cellular composition and functional potential. (a) RMF cellular composition, including mesenchymal stem cells (MSCs), pericytes, and endothelial progenitor cells
(EPCs). (b) Pseudotime trajectory of adipose stromal progenitor cell (ASPC) subpopulations in RMF. (c¢) Pseudotime distribution of ASPC subpopulations from different sources.
(d) Histological characterization of RMF-derived humanized bone marrow organoids. Scale bars, 200 pm. (e) Humanized bone marrow organoids supporting long-term
multilineage hematopoietic reconstitution of exogenous human hematopoietic stem/progenitor cells. (f) Glucose-stimulated insulin (INS) secretion by RMF-derived islet
organoids. (g) Ultrastructural features of insulin secretory granules in RMF-derived islet organoids. Scale bars, 500 nm in the low-magnification image and 100 nm in the
higher-magnification insets. (h) Transplanted RMF-derived islet organoids significantly reduce blood glucose levels and maintain durable glycemic control in streptozotocin
(STZ)-induced diabetic mice. Reproduced from Ref. [5] with permission. SVF: stromal vascular fraction; PO ADSC: primary adipose tissue-derived stem cells cultured for 5-7 d
without passaging; UMAP: Uniform Manifold Approximation and Projection; HE: hematoxylin and eosin; OCN: osteocalcin; TRAP: tartrate-resistant acid phosphatase; T:
human T lymphoid cells; B: human B lymphoid cells; My: human myeloid cells; mFemur: mouse femur; hOssicle: humanized ossicle; Txp: transplantation; Nx: nephrectomy.

replacement, such as diabetes, hematopoietic reconstitution, and
endocrine function repair. Furthermore, an NPE organoid construc-
tion strategy can be explored and extended to more complete and
complex systems. For example, in osteoarthritis research, directly
utilizing microtissues containing the synovial-cartilage interface
may provide a high-fidelity model to elucidate osteoarthritis evo-
lution and the joint lubrication mechanism; while in the field of

chronic wound repair, pathological tissue blocks that completely
preserve senescent fibroblasts and their matrix microenvironment
will greatly accelerate our understanding of metabolic healing dis-
order mechanisms.

Broader NPE applicability may extend beyond adipose tissue-
derived systems. Related niche-preserving strategies have been
explored in other organs by incorporating tissue-specific ECM cues
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into organoid cultures. For example, Kim et al. [8] reported that
decellularized ECM hydrogels enhance human kidney organoid
vascularization and maturation, suggesting that organ-specific
ECM can provide biochemical and structural signals that are diffi-
cult to reproduce using generic matrices. Together with the RMF
strategy, these studies indicated that preserving or reintroducing
tissue-specific microenvironmental components may represent a
generalizable route for improving organoid maturation, vascular
development, and functional specialization. Future applications
may include kidney, liver, pancreas, lung, cartilage, and bone mar-
row organoid systems, especially in contexts in which organ-speci-
fic matrix composition, stromal interactions, or spatial
microarchitectures are essential for disease modeling and regener-
ative functions.

Nevertheless, several major bottlenecks must be overcome
before NPE-based organoid manufacturing routes can be broadly
applied. First, the intrinsic donor heterogeneity of adult adipose
tissue is likely to directly affect the cellular composition, tissue
activity, and subsequent RMF differentiation performance, thereby
challenging system stability and batch-to-batch consistency.
Therefore, future studies should establish standardized donor
selection criteria, define anatomical tissue sources and harvesting
procedures, and introduce quantitative quality control metrics for
the RMF composition, matrix integrity, cell viability, secretory
activity, and differentiation potential. Single-cell analysis, spatial
molecular characterization, and functional potency assays may fur-
ther help stratify RMF batches and identify tissue units with suffi-
cient niche activity. Second, compared with pluripotent stem-cell-
based approaches, the differentiation efficiency of current adipose
tissue-derived systems requires further optimization. More impor-
tantly, the mechanisms underlying RMF cross-lineage plasticity
remain poorly understood. It remains unclear whether this prop-
erty primarily depends on the persistence of specific progenitor
subpopulations, dynamic ECM remodeling, or the interplay of both
with spatial signaling cues. Resolving these questions requires
more systematic investigations at the molecular, cellular, and spa-
tial levels. Furthermore, if this platform advances towards transla-
tional applications, a comprehensive standardized framework
must be established to address long-term safety, functional dura-
bility, good manufacturing practice (GMP) -compatible scale-up,
and quality control issues.

In future work, beyond overcoming the bottlenecks outlined
above, it is important to recognize that preserving the organoid
niche does not automatically equate to achieving optimal morpho-
genesis. For example, without quantitative control over tissue-
level stress transmission, boundary relaxation, or spatial con-
straints, the RMF system may still rely predominantly on the host
environment in vivo to achieve higher-order maturation [5,9].
Therefore, the next step for the RMF route may not simply involve
refining induction cocktails but could involve coupling native
microtissues with programmable biomaterials and advanced
manufacturing platforms, thereby moving from passive niche
preservation to active niche regulation. Two primary directions
are worth exploring. First, RMF can be embedded within mechan-
ically programmable stress-relaxing granular matrices to control
tissue-level stress transmission, boundary relaxation, spatial
confinement, and matrix remodeling. Recent matrigel-alginate
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granular-interstitial composite (MAGIC) matrix bioprinting
studies have shown that stress relaxation over long timescales
and large deformation magnitudes are crucial for optimal organoid
morphogenesis, suggesting that dynamic mechanical boundaries
may help guide RMF-derived organoid maturation [9]. Second,
RMF can be integrated with programmable bioprinting, microflu-
idic, or perfusion-based platforms to define the spatial position,
spacing, and geometry of native microtissue units while improving
nutrient exchange, vascular maturation, and dynamic microenvi-
ronmental stimulation [10,11]. These approaches may enable more
reproducible RMF organoid arrays, perfusable microphysiological
systems, and patient-specific platforms for disease modeling and
drug testing.

In summary, the research of Huang et al. [5] marks an important
paradigm shift in organoid bioengineering from cell reassembly to
NPE. If this approach can be validated in more tissue sources and
disease scenarios, the focus of organoid biomanufacturing could
shift towards the inheritance, maintenance, and utilization of the
native microenvironment.
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