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Standardizing Organoids: Building Reproducibility into the Future of 3D Biology

Introduction: The Promise and the Problem

Human organoids, miniaturized, lab-grown tissue models that replicate the structure and function
of human organs, are transforming biomedical research. Derived from pluripotent stem cells,
organoids enable researchers to model human physiology and disease with unprecedented
fidelity. They bridge the translational gap between traditional 2D cultures and animal models,
advancing drug discovery, toxicology, regenerative medicine, and personalized therapy.

Yet, despite this immense promise, the field continues to face reproducibility and scalability
challenges. Most organoids are still produced through manual, trial-and-error processes that vary
across labs, cell lines, and materials. These inconsistencies limit their use in large-scale studies
and delay regulatory acceptance.

To truly unlock their potential, the global research community must focus on one key element:
standardization.

Why Standardization Matters

Without consistent protocols and benchmarks, organoid experiments can yield highly variable
results, compromise data reliability and hinder translational impact.

Standardization enables:
o Reproducibility: Reliable comparison across experiments, labs, and time.
e Scalability: Seamless integration into automated, high-throughput workflows.
o Benchmarking: Defined QC metrics for morphology, viability, and function.
¢ Regulatory readiness: Confidence for preclinical testing and FDA validation.

Recognizing this need, the NIH recently launched the Standardization of Organoid Modeling
(SOM) Center as a national effort to harmonize protocols, validation criteria, and data standards.
The SOMC will leverage Al, robotics, and diverse human cell sources to develop reference
organoid models for major organs such as the liver, lung, heart, and intestine. The initiative will
also engage regulatory agencies, including the FDA, to ensure organoid models meet preclinical
standards for widespread use.

Key Factors Influencing Organoid Reproducibility

1. Cell Source and Differentiation Consistency

Organoids’ fidelity depends heavily on the cell source. Variations induced pluripotent stem cells
(iPSCs), genetic background, reprogramming efficiency, and passage number, can yield
differences in organoid structure and function. Standardizing cell sourcing, banking, and validated
differentiation protocols is the first step toward reproducibility.
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2. Matrix and Biophysical Environment

The choice of hydrogel matrix (e.g. Matrigel, alginate, or synthetic ECM substitutes) influences
tissue architecture and morphogenesis. However, batch-to-batch variability in natural hydrogels
can significantly affect results. Synthetic and tunable matrices, combined with controlled stiffness
and defined biochemical cues, can mitigate these variations and support standardization.

3. Media Composition and Handling

Minor deviations in media formulation, oxygenation, or feeding frequency can lead to pronounced
differences in growth and function. Automated and perfused culture systems help stabilize the
biochemical environment, reduce human error, and ensure reproducible outcomes.

4. Dynamic Culture and Fluid Shear

Static cultures often face diffusion limitations, resulting in necrotic cores and metabolic gradients.
Incorporating dynamic perfusion, as in BPL's Pillar/Perfusion Plate, enhances nutrient
exchange, mimics physiological flow, and minimizes well-to-well variability. Controlled shear
stress also promotes more uniform tissue maturation and functionality across large batches.

Cryopreservation: The Missing Link in Organoid Standardization

While much progress has been made in organoid differentiation and maintenance,
cryopreservation remains one of the most critical and underdeveloped aspects of
standardization. The ability to freeze, store, and revive organoids without loss of viability or
function is essential for scalability, commercial availability, and cross-lab reproducibility.

Most current organoid models are generated and maintained manually, limiting throughput and
accessibility. The lack of reliable cryopreservation protocols means that organoids must be freshly
produced for each experiment, a costly and time-consuming process that introduces variation
across batches.

At Bioprinting Laboratories Inc., our NIH Phase | SBIR initiative is focused on overcoming this
challenge through cryopreservation of organoids using our proprietary Pillar/Perfusion
Plate combined with an ultra-vitrification process. This approach allows organoids to be
exposed to cryoprotective agents (CPAs) under dynamic perfusion, ensuring uniform CPA
distribution and minimizing osmotic stress. The ultra-vitrification method employs rapid freezing
and thawing with low CPA concentrations, significantly reducing CPA-induced toxicity while
maintaining structural integrity.

The outcome:
o High post-thaw viability and functional recovery
o Preserved tissue architecture and differentiation markers
o Assay-ready organoid plates for on-demand use

Cryopreserved organoids can be stored long-term and shipped globally, enabling “off-the-
shelf’ access to standardize biological models. This innovation can drastically reduce
experimental variability, accelerate drug screening, and democratize organoid-based testing for
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labs without in-house stem cell expertise. Standardizing cryopreservation thus represents not just
logistical improvement, but a transformational shift toward true organoid commercialization.

The Role of Dynamic Platforms in Enabling Standardization

Technologies such as the Pillar/Perfusion Plate are central to standardization efforts. They
integrate multiple steps, cell loading, differentiation, perfusion culture, and endpoint analysis into
one miniaturized, high-throughput system. By providing controlled dynamic flow and
consistent microenvironments, these platforms ensure:

e Uniform organoid formation across hundreds of samples
e Reduced edge effects and nutrient gradients
o Compatibility with imaging and high-content analysis
o Seamless integration with automation and robotics
Dynamic culture not only enhances physiological relevance but also supports reproducible
cryopreservation workflows by ensuring even CPA exposure and cooling rates during
vitrification.

Challenges and the Path Ahead

Despite significant progress, achieving complete standardization requires global coordination.
Key challenges include:

o Defining universal QC metrics for viability, gene expression, and function

e Developing reference organoid models for benchmarking

o Standardizing data reporting and sharing frameworks

o Integrating Al-based image and omics analyses for unbiased characterization
Initiatives like the NIH SOMC are paving the way by promoting open-access data and
collaboration among academia, industry, and regulators. As these frameworks mature,
cryopreserved, assay-ready organoids will become the new standard for translational research.

Conclusion

Standardization marks the next frontier in organoid technology. By addressing variability in cell
sources, biomaterials, culture conditions, and cryopreservation, the scientific community
can establish organoids as reliable, scalable, and regulatory-grade biological models.

At Bioprinting Laboratories Inc., we are committed to enabling this transformation.
Through innovations in dynamic perfusion culture, ultra-vitrification, and high-throughput
assay design, we aim to deliver assay-ready, reproducible organoid systems that accelerate
discoveries in drug development, toxicity testing, and personalized medicine.

B Explore our SOP library and publications: https://3dbpl.com/resources/

(P Subscribe to our newsletter for the latest updates on organoid standardization and assay
innovations.
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