
Key decision points where NEPA21 benefits organoid-on-chip labs
# Decision point Decision Why NEPA21 helps Why viral is limiting Advantage

1 Deciding whether a perturbation is
compatible with the chip system

Decision: Can this genetic perturbation be
introduced without disrupting chip architecture,
flow, or viability?

Organoid-on-chip platforms are designed to
interrogate timing, gradients, flow, and cell–cell
interactions. In this context, how genetic
perturbations are introduced is as important as
what is perturbed. NEPA21 enables one-time,
precisely timed genetic modification upstream of
chip integration, preserving chip performance
while enabling biologically meaningful readouts.

Why NEPA21 helps
• No viral exposure in closed
microfluidic systems
• One-time delivery before chip
loading
• Avoids introducing viral particles into
flow channels or recirculation loops

Why viral is limiting
• Viral diffusion and adsorption
in microchannels is
unpredictable
• Continuous exposure can
interfere with chip sterility and
flow dynamics

Advantage:
NEPA21 lets
labs
genetically
perturb first,
then chip,
preserving
system
integrity.

2 Timing-critical perturbation before
or during chip loading

Decision: When should the perturbation occur
relative to chip seeding and perfusion?

Why NEPA21 helps
• Precise timing: electroporate →
recover → load into chip
• Enables defined “time zero”
perturbations
• Ideal for developmental transitions
or acute pathway activation/inhibition

Why viral is limiting
• Expression kinetics and
selection windows blur timing
• Hard to synchronize
perturbation onset with chip
perfusion

Advantage:
NEPA21
preserves
temporal
causality,
which chip
systems are
designed to
measure.

3 Spatially resolved perturbations
within a chip context

Decision: Do we want only some cells perturbed to
observe interactions under flow or gradients?

Why NEPA21 helps
• Mosaic perturbation creates edited
and unedited cells within the same
organoid
• Ideal for studying:
  • boundary formation
  • shear-dependent responses
  • compartmentalized signaling

Why viral is limiting
• Uniform perturbation erases
spatial contrast
• Reduces interpretability of
gradient-based chip designs

Advantage:
NEPA21’s
mosaicism
complements
spatial
readouts,
rather than
fighting them.

4 Rapid iteration during chip-based
assay development

Decision: Does this perturbation meaningfully
change behaviour under flow, stress, or co-culture?

Why NEPA21 helps
• Fast cycles allow perturb → chip →
readout in days
• Supports iterative optimization of
chip conditions and biology in parallel

Why viral is limiting
• Viral timelines slow chip
development
• Forces premature commitment
to perturbations

Advantage:
NEPA21
accelerates co-
development
of biology and
device.
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5 Acute stress and
microenvironment response assays

Decision: How does genetic perturbation alter
response to flow, hypoxia, nutrients, or drugs?

Why NEPA21 helps
• Acute CRISPR RNP KO pairs cleanly
with:
  • shear stress
  • hypoxia gradients
  • drug perfusion
• Mosaic setups reveal relative fitness
under chip-imposed stress

Why viral is limiting
• Chronic perturbation and
adaptation confound acute
responses

Advantage:
NEPA21
captures early,
causal
responses
under
engineered mi
croenvironmen
ts.

6 Minimizing genomic and
transcriptional background in chip
readouts

Decision: Can we attribute observed changes to
biology rather than delivery artifacts?

Why NEPA21 helps
• Non-integrating delivery (RNP,
transient expression)
• No ongoing transgene expression
during long perfusion experiments
• Cleaner baseline for imaging,
secretomics, and single-cell readouts

Why viral is limiting
• Integration and sustained
expression can introduce
background effects
• Harder to separate delivery
effects from chip-induced
phenotypes

Advantage:
NEPA21
supports
cleaner signal
attribution.

7 Throughput across multiple chip
conditions or designs

Decision: Can we test the same perturbation
across many chip configurations efficiently?

Why NEPA21 helps
• One perturbation step → many
downstream chip assays
• Low per-condition cost scales across:
  • flow rates
  • matrix compositions
  • co-culture conditions

Why viral is limiting
• Viral prep becomes a
bottleneck across conditions

Advantage:
NEPA21 aligns
with chip
combinatorics.


