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This Week in 90 Seconds EXECUTIVE SUMMARY

Cell Culture Technology: the boundary moved
from isolated claims to qualification evidence

8 English articles were reviewed independently from the Japanese edition. Ten themes are retained for management

decisions.
SIGNAL 01 | SYSTEM / ADOPTION SIGNAL 02 | SYSTEM / ADOPTION
UDC-NK Cells: iPSC-Derived Universal Botanical EVs: Scaling Commercial
Donor Platform for Cancer Therapy Production via World Exosome Center
Primary-source report: Researchers have developed a Primary-source report: The World Exosome Center provides
multi-gene-edited universal donor iPSC-derived NK cell an industrial infrastructure to transition botanical
(UDC-NK) platform that enables off-the-shelf cancer extracellular vesicles (EVs) from laboratory isolation to
immunotherapy. repeatable B2B supply.
SIGNAL 03 | SYSTEM / ADOPTION SIGNAL 04 | SYSTEM / ADOPTION
ATF Perfusion: Real-Time Metabolic Bioreactor Process Control: Al and Digital
Control for Cell Production Twin Integration 2026
Collected report (not independently verified): Integrating Collected report (not independently verified): Al-powered
real-time glucose and lactate monitoring with automated operating systems and digital twins are reducing process
ATF perfusion can achieve more than three times the viable variability and increasing protein output in biomanufacturing.
cell density of fed-batch processes.
DECISION
Focus this week's management attention on cell quality, process control, scale-up and
release evidence. Move only when the linked evidence can be reproduced under your own
operating conditions.

THREE MANAGEMENT MOVES
1. Buyers: define critical quality attributes and comparability before changing media, vessels or automation.

2. Suppliers: link media, sensors and equipment to yield, phenotype, contamination control and traceability.
3. Executives: track scale effects, variability, sterility, analytics, cost and regulatory comparability.

EVIDENCE DISCIPLINE
FACT states what the collected English source reports. BUSINESS READ and ACTION are editorial interpretations. UNKNOWN lists

information that the source file does not establish. A linked article is not treated as independent confirmation of every claim.
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Five Evidence Anchors SOURCE-BOUND METRICS

Five numbers or evidence anchors that require conditions

SOURCE-BOUND CONDITION
Botanical EV selected-preparation projection

SOURCE-BOUND CONDITION
Botanical EV quality-control size condition

S SOURCE-BOUND CONDITION
3X ATF viable-cell density vs fed-batch; reported

900/ SOURCE-BOUND CONDITION
0 Cellcraft I1Q overshoot reduction; reported
AO

1

P E N SOURCE-BOUND CONDITION
O Application-specific immune safety and reproducibility, reproducibility and deployment
A0S terms remain unproven. Published claims are not customer-qualified performance.

HOW TO USE THESE NUMBERS
Each value is shown with the condition stated in the collected English article. Do not compare values across

different test methods, device sizes, operating temperatures or commercial stages without normalizing those
conditions.
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Where the Value Chain Moved

Where the value chain moved

VALUE CHAIN / EVIDENCE

Each stage combines one leading theme and one supporting theme. The report treats handoffs as evidence transfers,

not decorative arrows.

Cell line

P01/P06

Researchers have
developed a multi-gen
e-edited universal
donor iPSC-derived
NK cell (UDC-NK)
platform that enables
off-the-shelf cancer
immunotherapy.

Primary-source report:

Media &
materials

P02/PO7

Primary-source report:
The World Exosome
Center provides an
industrial infrastructur
e to transition
botanical extracellular
vesicles (EVs) from
laboratory isolation to

repeatable B2B supply.

Bioprocess
P03/P08

Collected report (not
independently
verified): Integrating
real-time glucose and
lactate monitoring
with automated ATF
perfusion can achieve
more than three times
the viable cell density

of fed-batch processes.

Analytics &
release
P04/P01

Collected report (not
independently
verified): Al-powered
operating systems and
digital twins are
reducing process
variability and
increasing protein
output in biomanufact
uring.

Manufacturin

g scale
P05/P02

Collected report (not
independently
verified): Bayesian
optimization (BO)
reduces the number of
experiments required
to optimize bioprocess
es by 3-30X

compared to standard
Design of Experiments
(DOE).

EVIDENCE REQUIRED AT EACH HANDOFF

Cell line to Media & materials Transfer test conditions, acceptance criteria, failure data, owner and decision date.

Recheck scale effects, variability, sterility, analytics, cost and regulatory comparability.

Media & materials to Bioprocess Transfer test conditions, acceptance criteria, failure data, owner and decision date.

Recheck scale effects, variability, sterility, analytics, cost and regulatory comparability.

Bioprocess to Analytics & release Transfer test conditions, acceptance criteria, failure data, owner and decision date.

Recheck scale effects, variability, sterility, analytics, cost and regulatory comparability.

Analytics & release to Transfer test conditions, acceptance criteria, failure data, owner and decision date.

Manufacturing scale Recheck scale effects, variability, sterility, analytics, cost and regulatory comparability.

COMMON CONTROL POINT
No theme moves to a commercial commitment until a named owner has reproduced the

relevant evidence and documented scale effects, variability, sterility, analytics, cost and
regulatory comparability.
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Priority Map MATURITY / NEXT DECISION LOCUS

Priority map: maturity and next decision locus

UDC-NK Cells: iPSC-Derived

Next decision locus (categories) Universal Donor Platform for Cancer
Therapy

System / adoption | cue: Platform

Botanical EVs: Scaling Commercial
Production via World Exosome
Center

System / adoption | cue:

Busi L @ Commercial
usiness / rules @

ATF Perfusion: Real-Time Metabolic

P02

P03
Control for Cell Production
System / adoption | cue: Integrating
P04 Bioreactor Process Control: Al and
Digital Twin Integration 2026
System / adoption | cue: Integration
PO5 Bayesian Optimization in

Bioprocess: Efficiency vs Traditional

DOE
System / adoption @ @@ @ Business / rules | cue: standard

Cultivated Meat Approval: APAC
Forum's Lab-Based Safety Roadmap
Business / rules | cue: Regulatory

Graphene Oxide: Boosting Stem Cell
Exosome Yield for Wound Healing
Tech / process | cue: no
system/business cue

PO7

iPSC Parkinson's Therapy: Japan's
2026 Regulatory Approval

Tech / process @ Business / rules | cue: Regulatory

P08

Research Prototype  Jointeval. Adoption Scale

Deployment maturity —

REPRODUCIBLE POSITIONING RULE
Horizontal position uses five discrete stages: Research, Prototype, Joint evaluation, Product adoption and Scale. The vertical

bands classify the next decision locus: Tech / process, System / adoption, or Business / rules (including supply systems).
Article-title cues take precedence; the overview is used only when the title is silent. These are categories, not impact ranks. Bubble
diameter reflects the editorial score.

For legibility, scores of 18 or below use an 18-pt bubble diameter; underlying scores are unchanged.
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Priority Themes 01-02

FACT / READ / ACTION / UNKNOWN

FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

P01

AO05 | System / adoption | Prototype

FACT
Primary-source report: Researchers have developed a

multi-gene-edited universal donor iPSC-derived NK
cell (UDC-NK) platform that enables off-the-shelf
cancer immunotherapy. The cells demonstrate
robust cytotoxicity against CD20+ lymphoma and
immune evasion from allogeneic responses,
significantly prolonging survival in disseminated
B-cell ymphoma models.

WHY IT MATTERS

In practical terms, UDC-NK Cells needs separate tests
of cell quality and mechanism and immune safety
and reproducibility before the result becomes an
adoption case.

UDC-NK Cells: iPSC-Derived Universal Donor Platform for Cancer Therapy

2026-10-12

BUSINESS READ
For UDC-NK Cells, compare cell quality and

mechanism and immune safety and reproducibility
under the same application conditions. Request
source protocols before extrapolating to customer
use. This is an editorial inference.

ACTION

Within 30 days, R&D and quality should compare
UDC-NK Cells on cell quality and mechanism against
a baseline; deliver an acceptance and stop-rule sheet.
UNKNOWN

Application-specificimmune safety and
reproducibility, reproducibility and deployment
terms remain unproven. Published claims are not
customer-qualified performance.

EDITORIAL SCORE 17/25 | MATURITY 2/5 | DECISION LOCUS: SYSTEM / ADOPTION

P02

A06 | System / adoption | Joint evaluation

FACT
Primary-source report: The World Exosome Center

provides an industrial infrastructure to transition
botanical extracellular vesicles (EVs) from laboratory
isolation to repeatable B2B supply. By implementing
stabilization workflows and standardized quality
controls, the facility enables room-temperature shelf
life of up to 24 months for selected preparations.

WHY IT MATTERS

In practical terms, Botanical EVs needs separate tests
of particle identity and storage stability and lot

variation before the result becomes an adoption case.

Botanical EVs: Scaling Commercial Production via World Exosome Center

2026-10-08

BUSINESS READ
For Botanical EVs, compare particle identity and

storage stability and lot variation under the same
application conditions. Request source protocols
before extrapolating to customer use. This is an
editorial inference.

ACTION

Within 30 days, R&D and quality should compare
Botanical EVs on particle identity against a baseline;
deliver an acceptance and stop-rule sheet.
UNKNOWN

Application-specific storage stability and lot
variation, reproducibility and deployment terms
remain unproven. Published claims are not
customer-qualified performance.

EDITORIAL SCORE 18/25 | MATURITY 3/5 | DECISION LOCUS: SYSTEM / ADOPTION
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Priority Themes 03-04

FACT / READ / ACTION / UNKNOWN

FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

A08 | System / adoption | Prototype

FACT
Collected report (not independently verified):

Integrating real-time glucose and lactate monitoring
with automated ATF perfusion can achieve more than
three times the viable cell density of fed-batch
processes. A TU Wien case study on NK cell
production demonstrates that adaptive control of
feed and permeate rates maintains high viability
within small working volumes.

WHY IT MATTERS

In practical terms, ATF Perfusion needs separate tests
of interface function and aging and process window
before the result becomes an adoption case.

ATF Perfusion: Real-Time Metabolic Control for Cell Production

2026-10-14

BUSINESS READ
For ATF Perfusion, compare interface function and

aging and process window under the same
application conditions. Request source protocols
before extrapolating to customer use. This is an
editorial inference.

ACTION

Within 30 days, R&D and quality should compare ATF
Perfusion on interface function against a baseline;
deliver an acceptance and stop-rule sheet.
UNKNOWN

Application-specific aging and process window,
reproducibility and deployment terms remain
unproven. Confirm the original primary record.

EDITORIAL SCORE 15/25 | MATURITY 2/5 | DECISION LOCUS: SYSTEM / ADOPTION

A01 | System / adoption | Research

FACT
Collected report (not independently verified):

Al-powered operating systems and digital twins are
reducing process variability and increasing protein
output in biomanufacturing. Cellcraft I1Q has
demonstrated a 90% reduction in overshoot, while
Pow.Bio's continuous fermentation platform
achieved three times the protein output of fed-batch
processes.

WHY IT MATTERS

In practical terms, Bioreactor Process Control needs
separate tests of cell identity and sterility before the
result becomes an adoption case.

m Bioreactor Process Control: Al and Digital Twin Integration 2026

2026-10-08

BUSINESS READ
For Bioreactor Process Control, compare cell identity

and sterility under the same application conditions.
Request source protocols before extrapolating to
customer use. This is an editorial inference.

ACTION

Within 30 days, R&D and quality should compare
Bioreactor Process Control on cell identity against a
baseline; deliver an acceptance and stop-rule sheet.
UNKNOWN

Application-specific sterility, reproducibility and
deployment terms remain unproven. Confirm the
original primary record.

EDITORIAL SCORE 15/25 | MATURITY 1/5 | DECISION LOCUS: SYSTEM / ADOPTION
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Priority Themes 05-06

FACT / READ / ACTION / UNKNOWN

FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

P05

A02 | Business / rules | Product adoption

FACT
Collected report (not independently verified):

Bayesian optimization (BO) reduces the number of
experiments required to optimize bioprocesses by
3-30 X compared to standard Design of Experiments
(DOE). By utilizing a sequential loop of surrogate
modeling and acquisition functions, it identifies
optimal operating points with significantly fewer
bioreactor runs.

WHY IT MATTERS

In practical terms, Bayesian Optimization in
Bioprocess needs separate tests of interface function
and aging and process window before the result
becomes an adoption case.

Bayesian Optimization in Bioprocess: Efficiency vs Traditional DOE

2026-10-15

BUSINESS READ
For Bayesian Optimization in Bioprocess, compare

interface function and aging and process window
under the same application conditions. Request
source protocols before extrapolating to customer
use. This is an editorial inference.

ACTION

Within 30 days, R&D and quality should compare
Bayesian Optimization in Bioprocess on interface
function against a baseline; deliver an acceptance
and stop-rule sheet.

UNKNOWN

Application-specific aging and process window,
reproducibility and deployment terms remain
unproven. Confirm the original primary record.

EDITORIAL SCORE 17/25 | MATURITY 4/5 | DECISION LOCUS: BUSINESS / RULES

A03 | Business / rules | Research

FACT
Collected report (not independently verified): The

APAC Regulatory Coordination Forum has proposed a
safety assessment framework for cultivated meat and
seafood based on lab analysis and existing food
safety data. This method aims to reduce costs and
timelines compared to the long-term feeding studies
currently required in markets like South Korea and
Thailand.

WHY IT MATTERS

In practical terms, Cultivated Meat Approval needs
separate tests of cell identity and sterility before the
result becomes an adoption case.

m Cultivated Meat Approval: APAC Forum's Lab-Based Safety Roadmap

2026-10-12

BUSINESS READ
For Cultivated Meat Approval, compare cell identity

and sterility under the same application conditions.
Request source protocols before extrapolating to
customer use. This is an editorial inference.

ACTION

Within 30 days, R&D and quality should compare
Cultivated Meat Approval on cell identity against a
baseline; deliver an acceptance and stop-rule sheet.
UNKNOWN

Application-specific sterility, reproducibility and
deployment terms remain unproven. Confirm the
original primary record.

EDITORIAL SCORE 15/25 | MATURITY 1/5 | DECISION LOCUS: BUSINESS / RULES
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Priority Themes 07-08

FACT / READ / ACTION / UNKNOWN

FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

AO0T | Tech / process | Prototype

FACT
Collected report (not independently verified):

Researchers have developed a method using
graphene oxide to transform induced pluripotent
stem cell spheroids into high-output "exosome
factories," nearly doubling exosome production.
These engineered exosomes (GO-M-Exo) significantly
accelerate blood vessel growth and skin wound
closure in rat models.

WHY IT MATTERS

In practical terms, Graphene Oxide needs separate
tests of particle identity and storage stability and lot

variation before the result becomes an adoption case.

Graphene Oxide: Boosting Stem Cell Exosome Yield for Wound Healing

2026-10-13

BUSINESS READ
For Graphene Oxide, compare particle identity and

storage stability and lot variation under the same
application conditions. Request source protocols
before extrapolating to customer use. This is an
editorial inference.

ACTION

Within 30 days, R&D and quality should compare
Graphene Oxide on particle identity against a
baseline; deliver an acceptance and stop-rule sheet.
UNKNOWN

Application-specific storage stability and lot
variation, reproducibility and deployment terms
remain unproven. Confirm the original primary
record.

EDITORIAL SCORE 14/25 | MATURITY 2/5 | DECISION LOCUS: TECH / PROCESS

P08

A04 | Business / rules | Research

FACT
A04 reports iPSC Parkinson's Therapy: Japan's 2026

Regulatory Approval. The key approval or
performance claim is not established by the source
check; it remains a verification target, not an
adoption fact.

WHY IT MATTERS

In practical terms, iPSC Parkinson's Therapy needs
separate tests of cell identity and sterility before the
result becomes an adoption case.

iPSC Parkinson's Therapy: Japan's 2026 Regulatory Approval

2026-10-14

BUSINESS READ
For iPSC Parkinson's Therapy, compare cell identity

and sterility under the same application conditions.
Request source protocols before extrapolating to
customer use. This is an editorial inference.

ACTION

Within 30 days, R&D and quality should compare iPSC
Parkinson's Therapy on cell identity against a
baseline; deliver an acceptance and stop-rule sheet.
UNKNOWN

Application-specific sterility, reproducibility and
deployment terms remain unproven. Confirm the
original primary record.

EDITORIAL SCORE 14/25 | MATURITY 1/5 | DECISION LOCUS: BUSINESS / RULES
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OWNERS / GATES / DELIVERABLES

Playbook and Roadmap

Playbook and 0-5 year roadmap

STAKEHOLDER NOW | 0-30 DAYS NEXT | 1-12 MONTHS LATER | 1-5 YEARS

Build a portfolio and

Operating companies define critical quality Run production-like

attributes and qualification with explicit architecture that can

comparability before acceptance and stop absorb technology and

changing media, vessels criteria. supplier changes.

or automation

Materials, equipment and link media, sensors and Create shared reliability, Standardize interfaces,

technology suppliers equipment to yield, process-window and traceability, lifecycle

phenotype, contamination failure-analysis data with support and recovery

control and traceability customers. services.

Trading, investment and Map scale effects, Contract for capacity, Diversify regional,

legal teams

analytics, cost and
regulatory comparability.

ROADMAP

variability, sterility,

quality, change notice,

exit.

liability, alternatives and

technical and customer
concentration risk.

NOW | 0-30 DAYS

Evidence ledger
Owner: Strategy + quality
Deliverable: claim, source, condition,

owner

NOW | 0-30 DAYS
Risk screen

Owner: Procurement + legal
Deliverable: unknowns, alternatives,

stop

NEXT | 1-12 MONTHS

Joint qualification
Owner: R&D + supplier
Deliverable: process window and

failure data

NEXT | 1-12 MONTHS
Commercial gate

Owner: Business + finance
Deliverable: unit economics and

capacity

LATER | 1-5 YEARS
Platform strategy

Owner: Executive team
Deliverable: portfolio and interface

roadmap

LATER | 1-5 YEARS
Service layer

Owner: Operations + channel
Deliverable: monitoring, maintenance

and recovery

GO /NO-GO GATES

GATE OWNER REQUIRED EVIDENCE NO-GO CONDITION

G1 Evidence Quality

G2 Integration R&D

G3 Commercial Business
G4 Lifecycle Operations

Source, test conditions and reproducibility

Interface, process window and failure analysis

Capacity, total cost, contract and alternatives

Monitoring, maintenance, change notice and exit

Troy Technical | Cell Culture Technology | cutoff 2026-10-16
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Economics or supply cannot
be supported

No accountable operating
plan

10



Analyzed Articles 1/1 FULL TITLES / FULL SOURCE URLS

ANALYZED ARTICLES | ITEMS 01-08

Every title and URL is displayed in full. URLs wrap without shortening and remain clickable. A verified-reference label means the

translated HTML did not retain its original source URL.

“ FULL ARTICLE TITLE FULL SOURCE / VERIFIED REFERENCE URL - CLICKABLE

AO1 Bioreactor Process Control: Al and Digital Twin Integration https://www.proteinproductiontechnology.com/post/who-controls-the-
2026 bioreactor

AO2 Bayesian Optimization in Bioprocess: Efficiency vs Traditional  https://bioprocesstools.com/blog/bayesian-optimization-bioprocess/
DOE

AO3 Cultivated Meat Approval: APAC Forum's Lab-Based Safety https://cultivated-x.com/science/apac-forum-sets-out-lab-based-path-c
Roadmap ultivated-meat-approval-asian-rules-diverge/

AO4 iPSC Parkinson's Therapy: Japan's 2026 Regulatory Approval https://testbook.com/question-answer/which-of-the-following-countries

-approved-the-worl--6aa40cb44c4bbdadal305646/amp

AO5 UDC-NK Cells: iPSC-Derived Universal Donor Platform for https://www.frontiersin.org/journals/immunology/articles/10.3389/fimm
Cancer Therapy u.2026.1938206/full

A06 Botanical EVs: Scaling Commercial Production via World https://www.worldexosome.com/post/from-laboratory-to-commercial-s
Exosome Center upply-scaling-botanical-evs

AO7 Graphene Oxide: Boosting Stem Cell Exosome Yield for Wound  https://bioengineer.org/graphene-oxide-turns-stem-cell-spheroids-into-
Healing exosome-factories-that-heal-wounds-faster/

AO8 ATF Perfusion: Real-Time Metabolic Control for Cell Production https://www.bioprocessonline.com/doc/intensifying-cell-production-pro

cesses-through-real-time-metabolic-control-of-automated-atf-perfusion
-0001

Scope: retrieving a source does not independently validate performance, cost or clinical utility. The claim ledger distinguishes announcements, papers
and secondary reporting. Material published before the reporting week is continuing context, not a new event. Editorial inferences and actions are not
investment or medical advice.
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#01 Bioreactor Process Control: Al and Digital Twin
Integration 2026

Published October 08, 2026

PPTI News - Protein Production Technology International USA

| oveERVIEW

Al-powered operating systems and digital twins are reducing process variability and
increasing protein output in biomanufacturing. Cellcraft IQ has demonstrated a 90%
reduction in overshoot, while Pow.Bio's continuous fermentation platform achieved

three times the protein output of fed-batch processes. These advancements enable

higher utilization of existing fermentation infrastructure and improved scalability.



| IN DEPTH

Key Findings

Al-driven adaptive control is significantly improving bioreactor performance by
addressing the gap between static process parameters and real-time cellular needs.
Cellcraft reported that its Al-powered operating system, Cellcraft 1Q, achieved a 90%
reduction in overshoot, a 45% reduction in settling time, and a reduction in steady-state
error of more than 99% compared to conventional control methods. In separate
continuous fermentation trials, Pow.Bio and Buhler reported protein output three times
higher than equivalent fed-batch processes, with a projected reduction in cost of goods

sold exceeding 50%.

Technical Details

Current advancements focus on integrating multi-sensor data to eliminate "black box"

operations:

o Adaptive Control: Cellcraft IQ utilizes real-time measurements of pH, dissolved
oxygen, temperature, agitation, and gas flow to adjust processes dynamically. It
includes an advisory mode allowing operators to approve software-recommended

changes.

+ Advanced Monitoring: The University of Nottingham is developing BioSee Al, a
platform combining machine learning with ultrasonic and optical measurements to

detect cell aggregation, contamination, and process drift.

o Digital Twins: Pow.Bio utilizes a digital twin to account for site-specific differences in
oxygen transfer and evaporation, allowing the Al layer to apply real-time feed

strategies and operational adjustments.

Background & Context

Traditional control systems often treat sensor signals in isolation to maintain setpoints,
which can lead to batch failure as cells shift metabolic activity during a run or when
scaling from laboratory to industrial production. Process Analytical Technology (PAT) is
being employed to provide deeper visibility into the vessel, as biological failures can

occur even when pH and temperature remain within specified ranges.



Significance & Outlook

The shift toward autonomous and continuous biomanufacturing allows for higher
equipment utilization without significant CapEx increases. Pow.Bio estimates that at
least 70% of existing fermentation infrastructure could be reused. Further industry
collaboration is evident in the Dutch ECOFERM consortium, which is investigating

continuous precision fermentation with in-situ biomass retention.

Reference technology guide: Scale-Up: https://troy-technical.com/cell-culture-

technology-term-scale-up/

Source: https://www.proteinproductiontechnology.com/post/who-controls-the-bioreactor

Collected: October 17, 2026 | Automated Research System (Al)
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#02 Bayesian Optimization in Bioprocess: Efficiency
vs Traditional DOE

Published October 15, 2026  Bioprocess Online USA

| oveERVIEW

Bayesian optimization (BO) reduces the number of experiments required to optimize
bioprocesses by 3—30x compared to standard Design of Experiments (DOE). By
utilizing a sequential loop of surrogate modeling and acquisition functions, it identifies

optimal operating points with significantly fewer bioreactor runs.



| IN DEPTH

Key Findings

Bayesian optimization (BO) enables bioprocess development teams to find optimal
operating points in a fraction of the runs required by grid or response surface designs. In
specific applications, such as recombinant protein production in Komagataella phaffii
and cell culture media for peripheral blood mononuclear cells, BO reached comparable

or better outcomes using 3—30x% fewer experiments than standard DOE.

Technical Details

BO is a sequential strategy for optimizing expensive black-box functions where
responses are noisy and mechanistic models are unavailable. The process consists of
two main components: a surrogate model, typically a Gaussian process (GP), which
predicts responses and uncertainty, and an acquisition function, such as Expected

Improvement (El), which scores the value of candidate conditions.

The operational loop follows four steps:

Prior model: Fitting the GP to 5-10 initial space-filling experiments or historical data.

Acquisition: Maximizing El to select the next experiment.

Experiment: Measuring responses such as titer or viability.

Update: Adding results to the dataset and refitting the GP until convergence.

A typical campaign requires 15-30 experiments: 5-10 initial points followed by 10-20

sequential evaluations.

Background & Context

Unlike traditional DOE, which uses a fixed matrix to quantify main effects and
interactions, BO is an adaptive approach. DOE is preferred for screening long factor
lists, small factor spaces (2—-3 factors), or regulatory filings under ICH Q8. BO is most
effective when the list of influential factors has already been narrowed and the goal is
maximizing titer rather than mapping the entire space. A recommended sequential
workflow involves using a screening design to identify critical factors, BO to refine them,

and a final confirmatory DOE around the optimum.



Significance & Outlook

BO addresses constraints in bioreactor time, media components, and analytical capacity.
By concentrating experiments in promising regions and abandoning poor regions quickly,
it accelerates the path to peak yield. For example, in a simulated three-factor media
problem, BO reached 90% of its final value by run 7, whereas full factorial designs

require the completion of the entire matrix before providing an answer.

Source: https://bioprocesstools.com/blog/bayesian-optimization-bioprocess/

Collected: October 17, 2026 | Automated Research System (Al)
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#03 Cultivated Meat Approval: APAC Forum's Lab-
Based Safety Roadmap

Published October 12, 2026 vegconomist - the vegan business magazine International

| oveERVIEW

The APAC Regulatory Coordination Forum has proposed a safety assessment
framework for cultivated meat and seafood based on lab analysis and existing food
safety data. This method aims to reduce costs and timelines compared to the long-

term feeding studies currently required in markets like South Korea and Thailand.



| IN DEPTH

Key Findings

The APAC Regulatory Coordination Forum has proposed a streamlined regulatory path
for the approval of cultivated meat and seafood. The framework advocates for the use of
lab-based analysis and existing food safety data to assess safety, arguing that this
approach is faster and more cost-effective than current requirements in certain Asian

markets without lowering safety standards.

Technical Details

The proposed assessment method follows a structured verification process:

o Comparative Analysis: Cultivated products are compared against conventional

equivalents regarding proteins, fats, vitamins, and minerals.

« Input Screening: Regulators examine all production inputs—including scaffolds,
processing aids, and growth media—to ensure residues remain at safe levels for

consumers.

o Stability and Contamination: Checks are conducted on cell line stability, potential

allergens, and contaminants such as heavy metals.

The authors assert that because cultivated products are manufactured in controlled
facilities with known inputs, hazards can be measured directly via computer modelling
and established lab tests, similar to the methods used for precision fermentation

ingredients.

Background and Context

The paper, which first appeared as a preprint in late 2025, was announced by Peter Yu,
Program Director at the APAC Society for Cellular Agriculture (APAC-SCA). The work
involved over 30 contributors from academia, industry, and regulatory science. The
Forum is operated by APAC-SCA and the Good Food Institute APAC (GFI APAC), who

have previously issued guidance on growth media and cell lines.



Significance and Outlook

Regulatory divergence currently creates significant financial and temporal hurdles for
startups. While the US, Israel, Singapore, and Australia/New Zealand have cleared
products using lab-based assessments, South Korea and Thailand have required long-
term feeding studies. According to a US EPA estimate cited in the paper, a single feeding
study can cost approximately $213,400 and take over a year. The proposed lab-based
method would allow companies to reassess a single production input independently

without repeating a full study.

Source: https://cultivated-x.com/science/apac-forum-sets-out-lab-based-path-cultivated-meat-approval-

asian-rules-diverge/
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#04 iPSC Parkinson's Therapy: Japan's 2026
Regulatory Approval

Published October 14, 2026 Testbook India

Q

| OVERVIEW

Japan became the first country to grant regulatory approval for an induced Pluripotent
Stem Cell (iPSC) therapy for Parkinson's disease in March 2026. The treatment
replaces lost neurons via dopaminergic progenitor transplantation, offering a potential

long-term alternative to symptom-managing drugs like Levodopa.



| IN DEPTH

Key Findings

In March 2026, Japan's Pharmaceuticals and Medical Devices Agency (PMDA) granted
the world's first regulatory approval for a therapy derived from induced Pluripotent Stem
Cells (iPSCs) specifically for the treatment of Parkinson’s disease. This approval follows
successful clinical trials led by researchers at Kyoto University, which demonstrated the

treatment's efficacy and safety in improving motor functions for patients.

Technical Details

The therapy targets Parkinson’s disease, a progressive neurological disorder caused by
the loss of dopamine-producing neurons, resulting in bradykinesia, stiffness, and

tremors. The technical approach involves the following:

o Mechanism: Transplantation of dopaminergic progenitors derived from iPSCs.

o Target Area: The progenitors are transplanted into the striatum of the brain to

replace neurons lost to the disease.

o Cell Source: iPSCs are generated by reprogramming somatic cells, such as blood or

skin cells, back into an embryonic-like pluripotent state.

Background and Context

The foundation of this therapy lies in the discovery of iPSCs by Shinya Yamanaka in
2006, a breakthrough that earned the 2012 Nobel Prize in Physiology or Medicine.
Unlike embryonic stem cells, iPSCs can be generated from adult cells, which bypasses
associated ethical concerns. While China and Germany have invested heavily in stem
cell research, Japan has implemented a specialized fast-track regulatory framework for

regenerative medicine products to accelerate the delivery of such therapies.



Significance and Outlook

This regulatory milestone represents a significant shift in the treatment of Parkinson's
disease. Traditional treatments, such as Levodopa, are limited to managing symptoms
and often decrease in effectiveness over time. By replacing the damaged neurons, this
iIPSC-derived therapy offers a potential long-term solution. Furthermore, the ability of
iPSCs to differentiate into any human cell type provides broader value for disease

modeling and personalized medicine.

Source: https://testbook.com/question-answer/which-of-the-following-countries-approved-the-worl-

-6aa40cb44c4bbdada1305646/amp

Collected: October 17, 2026 | Automated Research System (Al)


https://testbook.com/question-answer/which-of-the-following-countries-approved-the-worl--6aa40cb44c4bbdada1305646/amp
https://testbook.com/question-answer/which-of-the-following-countries-approved-the-worl--6aa40cb44c4bbdada1305646/amp

#05 UDC-NK Cells: iPSC-Derived Universal Donor
Platform for Cancer Therapy

Published October 12, 2026 Frontiers USA

| OVERVIEW

Researchers have developed a multi-gene-edited universal donor iPSC-derived NK
cell (UDC-NK) platform that enables off-the-shelf cancer immunotherapy. The cells
demonstrate robust cytotoxicity against CD20* lymphoma and immune evasion from
allogeneic responses, significantly prolonging survival in disseminated B-cell

lymphoma models.



| IN DEPTH

Key Findings

UDC-NK cells demonstrated near-complete tumor growth inhibition and significantly
prolonged survival in disseminated B-cell ymphoma models when used in combination
with Rituximab. In vitro tests showed robust cytotoxicity and cytokine production against
CD20* lymphoma cell lines, with efficacy further enhanced by the addition of Rituximab.
Additionally, the cells successfully evaded immune responses mediated by allogeneic T

cells and NK cells.

Technical Details

The UDC-NK platform utilizes a multi-gene-edited induced pluripotent stem cell (iPSC)
line. To achieve immune evasion, the researchers disrupted B2M and RFXANK to
eliminate HLA class | and |l molecules and introduced a single-chain HLA-E. For safety
and controllability, a herpes simplex virus thymidine kinase—based safety switch was
incorporated, allowing for the selective elimination of UDC-NK cells via ganciclovir

treatment in vitro.
The manufacturing process is characterized by:

* Anovel feeder-free, scalable process.
¢ Production of cryopreserved UDC-NK cells for off-the-shelf application.

» Generation of large quantities of cells exhibiting an activated phenotype.

Background & Context

Natural killer (NK) cells are valued in cancer immunotherapy for their intrinsic ability to
eliminate malignant cells and their safety profile. However, clinical application has
historically been hindered by donor variability, the risk of immune rejection, and

difficulties associated with large-scale manufacturing.



Significance & Outlook

The development of the UDC-NK platform addresses the primary bottlenecks of donor

dependency and scalability. By combining immune-evading genetic edits with a scalable
manufacturing process and a built-in safety switch, this platform establishes a foundation
for off-the-shelf cellular therapies. The results support the potential clinical application of

these cells, particularly when used in combination with antibody-based cancer therapies.

Source: https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2026.1938206/full
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#06 Botanical EVs: Scaling Commercial Production via
World Exosome Center

Published October 08, 2026 WEC USA

| oveERVIEW

The World Exosome Center provides an industrial infrastructure to transition
botanical extracellular vesicles (EVs) from laboratory isolation to repeatable B2B
supply. By implementing stabilization workflows and standardized quality controls, the
facility enables room-temperature shelf life of up to 24 months for selected

preparations.



| IN DEPTH

Key Findings

The World Exosome Center has established an industrial production and scale-up
infrastructure designed to bridge the gap between laboratory-scale isolation and
commercial B2B ingredient production. A primary achievement of this platform is the
development of stabilization workflows by AYE Exocure, which allow selected

preparations to maintain a projected room-temperature shelf life of up to 24 months.

Technical Details

To ensure commercial viability and reproducibility across batches, the production

process adheres to strict technical specifications and quality frameworks:

o Particle Size Control: Critical quality attributes are monitored to maintain particles

within a defined nanoscale range below 200 nm.

» Stabilization: Source- and application-specific stabilization workflows are utilized to

reduce dependence on highly regulated cold-chain logistics.

o Compliance Standards: All production is backed by ISO 9001:2015, ISO 22716
GMP, Vegan Certification, and FDA compliance.

Background & Context

A recurring bottleneck in advanced biotechnology is the transition of innovations from
controlled laboratory environments to scalable commercial production. While laboratory
settings often produce only milligrams of experimental EV ingredients, the World

Exosome Center is built as a reproducible botanical platform intended for industrial-scale

supply.

Significance & Outlook

The ability to maintain stability at room temperature significantly improves logistical
efficiency by minimizing the need for specialized cold-chain infrastructure. By combining
standardized production with a robust quality framework, the facility provides a scalable

pathway for the B2B assessment, qualification, and supply of botanical EVs.

Reference technology guide: Scale-Up: https://troy-technical.com/cell-culture-

technology-term-scale-up/



https://troy-technical.com/cell-culture-technology-term-scale-up/
https://troy-technical.com/cell-culture-technology-term-scale-up/

Reference technology guide: GMP: https://troy-technical.com/cell-culture-technology-

term-gmp/

Source: https://www.worldexosome.com/post/from-laboratory-to-commercial-supply-scaling-botanical-evs
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#07 Graphene Oxide: Boosting Stem Cell Exosome
Yield for Wound Healing

Published October 13, 2026 (Scientific publication or industry news, likely based on Materials
Today Bio) South Korea

| OVERVIEW

Researchers have developed a method using graphene oxide to transform induced
pluripotent stem cell spheroids into high-output "exosome factories," nearly doubling
exosome production. These engineered exosomes (GO-M-Exo) significantly
accelerate blood vessel growth and skin wound closure in rat models. This approach
offers a cell-free therapeutic alternative that avoids the safety risks associated with

direct stem cell transplantation.



| IN DEPTH

Key Findings

The addition of graphene oxide to culture media increases exosome yield from 1.4 billion
to 2.75 billion particles per million cells. In rat models of full-thickness skin wounds, local
administration of these engineered exosomes (GO-M-Exo) resulted in 97 percent wound
closure by day 14, compared to 91 percent in untreated controls. Functional assays
confirmed that GO-M-Exo enhances the expression of angiogenic factors including
VEGF, bFGF, HGF, ANG-1, and ANG-2.

Technical Details

The team utilized graphene oxide nanosheets measuring 300 to 400 nanometers in
width and 1.7 nanometers in thickness. When human induced pluripotent stem cells
were cultured with graphene oxide at concentrations up to 20 micrograms per milliliter,
the cells formed multiple small spheroids rather than a single large aggregate. This
structural shift reduced hypoxic stress, evidenced by reduced HIF-1alpha signaling and
altered expression of CDH1, ITGB1, and YAP1.

MicroRNA sequencing revealed that GO-M-Exo carries a distinct cargo profile,
specifically altering levels of miR-126-3p, miR-130a-3p, and miR-210-5p. The
therapeutic effect was proven to be VEGFR2-dependent, as the addition of the inhibitor
SU5416 collapsed the enhanced network formation in Matrigel tube assays. Raman
spectroscopy confirmed that the final exosome preparations were not contaminated by

the graphene oxide nanomaterial.

Background & Context

Regenerative medicine is shifting toward cell-free therapies to avoid tumor risks, immune
rejection, and genomic instability linked to living stem cell transplants. Exosomes—
nanoscale vesicles released by cells—can deliver regenerative proteins and genetic
instructions. However, clinical application has been hindered by the difficulty of

producing sufficient quantities of therapeutically potent exosomes.



Significance & Outlook

The platform is extensible to lineage-specific production. When applied to vascular
endothelial cells (GO-MV), the graphene oxide induced the formation of smaller
aggregates that yielded 2.82 billion exosome particles per million cells, compared to 1.6
billion in conventional endothelial spheroids. This suggests a scalable method for

producing specialized, high-potency vesicles for targeted tissue repair.

Source: https://bioengineer.org/graphene-oxide-turns-stem-cell-spheroids-into-exosome-factories-that-

heal-wounds-faster/
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#08 ATF Perfusion: Real-Time Metabolic Control for
Cell Production

Published October 14, 2026  Bioprocess Online USA

| oveERVIEW

Integrating real-time glucose and lactate monitoring with automated ATF perfusion
can achieve more than three times the viable cell density of fed-batch processes. A
TU Wien case study on NK cell production demonstrates that adaptive control of feed

and permeate rates maintains high viability within small working volumes.



| IN DEPTH

Key Findings

Automated ATF perfusion guided by real-time metabolic control significantly intensifies
cell production compared to traditional methods. In a case study involving NK cell
production at TU Wien, this approach achieved a viable cell density more than three
times higher than that of fed-batch processes while maintaining high viability and utilizing

a small working volume.

Technical Details

The system replaces periodic sampling with continuous, real-time measurements of
glucose and lactate. These metabolic data points are used to automatically adjust
perfusion parameters throughout the expansion phase. Specifically, the current
metabolic conditions dictate the feed and permeate rates, allowing the system to

respond immediately to metabolic shifts.

Background & Context

Standard batch and fed-batch processes often limit the maximum achievable viable cell
density. Furthermore, reliance on periodic sampling creates a time lag that may prevent
operators from detecting metabolic shifts quickly enough to implement meaningful
interventions. The integration of real-time monitoring with ATF perfusion addresses these

limitations by creating a more responsive and adaptive culture environment.

Significance & Outlook

The ability to compare batch, fed-batch, and controlled perfusion performance side-by-
side highlights the advantages of adaptive cell culture control. By utilizing real-time
metabolic monitoring to guide automated hardware, producers can intensify processes

and optimize cell density without sacrificing viability.

Source: https://www.bioprocessonline.com/doc/intensifying-cell-production-processes-through-real-time-

metabolic-control-of-automated-atf-perfusion-0001
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