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VB-204 Discovery Dossier

Engineered Cardiomyocyte Graft | Discovery

Program inception: 2025 | Current stage: Discovery | Evidence status: literature-derived + proposed

PROGRAM POSITIONING

VB-204 is a proposed discovery program for an engineered, stem cell-derived cardiomyocyte graft intended
to restore lost myocardial mass and improve regional cardiac function through structural incorporation and
electromechanical coupling. No VB-204 cell product, engineered graft, animal experiment, manufacturing

run, or efficacy dataset is claimed to exist at this stage.

1. Executive scientific thesis

The central hypothesis is that a sufficiently mature, ventricular-enriched human pluripotent stem cell-derived
cardiomyocyte (hPSC-CM) graft, organized within an engineered tissue context and designed for rapid host-graft
vascular and electrical integration, can provide clinically meaningful remuscularization without unacceptable
arrhythmia, uncontrolled growth, or graft failure. The program is deliberately built around the dominant
translational bottlenecks identified by the field: retention/survival, cellular maturity, vascularization,
electromechanical integration, arrhythmogenicity, immunologic compatibility, and manufacturing consistency

[1-11].

2. Target Product Profile (TPP)

Attribute

Therapeutic concept

VB-204 discovery target

Engineered cardiomyocyte graft for
myocardial remuscularization after
ischemic injury or advanced ischemic
cardiomyopathy.

Confidence / status

Proposed

Primary cell type

Human pluripotent stem cell-derived
cardiomyocytes, preferentially
ventricular-like and functionally
mature.

Literature-grounded target

Tissue format

Candidate formats: cell suspension,
injectable matrix-supported
microtissue, or epicardial engineered
heart-muscle patch. Initial program
emphasis: tissue-engineered format
because it directly addresses retention
and organization.

Proposed; comparative

Functional objectives

Add force-generating myocardium;

Proposed
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Attribute VB-204 discovery target Confidence / status

improve regional wall motion/strain;
establish host-graft electrical
conduction; reduce maladaptive
remodeling.

Safety objectives Minimize graft-driven ventricular Required
arrhythmia, residual undifferentiated
cells/tumor risk, ectopic tissue,
immune-mediated graft loss, and
uncontrolled growth.

Delivery concept Epicardial placement or Proposed
image-guided/intraoperative
implantation depending final product
geometry and target clinical context.

Allogeneic strategy Off-the-shelf allogeneic source is Open decision
attractive for scalability, but immune
compatibility must be
engineered/managed and justified

experimentally.
Clinical positioning Structural and functional repair in Long-term target; not a current
severe ischemic myocardial injury / indication claim

heart failure after conventional
revascularization and guideline-
directed therapy are optimized.

Stage Discovery Current status

3. What “engineered” should mean for VB-204

VB-204 should not be defined merely as “hiPSC-cardiomyocytes injected into a heart.” The engineering thesis is
that cell state, tissue architecture, extracellular environment, and interface with host myocardium should be co-
designed. The product concept therefore has four coupled design layers:

Cell state: Ventricular-enriched, maturation-oriented cardiomyocytes with improved sarcomeric organization,
calcium handling, metabolic phenotype, and electrophysiological stability.

Tissue architecture: A geometry that preserves cell-cell contacts, supports force transmission, and promotes
alignment rather than a dispersed cell population.

Interface engineering: A permissive extracellular matrix / biomaterial interface to improve retention, vascular
access and host-graft electromechanical continuity.

Safety-by-design: Release and development criteria that treat arrhythmogenicity, residual pluripotency,
genomic stability, ectopic tissue formation, and immunogenicity as first-class product attributes.

4. Literature-grounded rationale

Human and large-animal evidence now supports the basic premise that transplanted hPSC/hESC-derived
cardiomyocytes can survive, form human myocardial grafts and improve cardiac performance in some settings.
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In macaque studies, hPSC-derived cardiomyocyte grafts have produced substantial remuscularization and
functional benefit, but graft-associated ventricular arrhythmias remain an important limitation [7]. The 2025
review of the field emphasizes that stable engraftment and partial remuscularization are reproducible, while
retention/survival and mechanistic understanding of functional improvement remain areas requiring further
development [8].

The clinical picture has become materially more informative in 2026. In HEAL-CHF, 10 patients received
allogeneic hiPSC-cardiomyocyte therapy during CABG; no sustained ventricular tachycardia or tumorigenicity
occurred during the prespecified safety windows, but early ventricular arrhythmias occurred in the treated
group and two patients developed clinically significant ventricular tachycardia. Efficacy signals included
improvements in walking distance, perfusion, and relative wall thickening, while several conventional heart-
failure endpoints did not differ significantly at 12 months [1].

BioVAT-HF provides a complementary tissue-engineering model. Its engineered heart muscle combines iPSC-
derived cardiomyocytes and stromal cells in a collagen-based construct, and the 2026 phase 1-2 interim report
described increased target-wall thickness and modest improvement in LVEF at 3 months, while also
documenting substantial clinical adverse-event burden and the need for longer follow-up [2]. These data
strengthen the case for a VB-204 tissue-engineering program but make clear that “remuscularization” alone is
not enough; safety, dose, delivery, immune management and durable functional integration must be co-
optimized.

Recent engineering literature points toward further opportunities: biomaterial interfaces can jointly address
mechanics and remuscularization [9], vascular support can improve graft performance in more complex disease
models [10], and RADA16-based co-transplantation has been reported to improve maturation, vascular
interaction and reduce arrhythmogenic automaticity in preclinical work [4]. These are promising design cues,
not yet VB-204-validated components.

5. Core design hypotheses

How it would eventually Current evidence

Hypothesis Prediction

be tested
H1 - Maturity More adult-like CM state Benchmark molecular, Strong rationale; not VB-204
improves contractile and structural, tested
electrophysiological calcium/electrophysiology
compatibility. and force phenotypes versus
reference immature hPSC-
CMs.
H2 - Tissue organization Organized 3D tissue Compare retention, Supported by EHM literature
improves retention and force | architecture, strain and [3,9]
transfer versus dispersed graft-host coupling across
cells. formats.
H3 - Interface engineering A defined ECM/biomaterial Compare tissue formats with | Emerging evidence [4,9,10]
interface improves survival, | orthogonal structural and
vascularization and functional endpoints.
integration.
H4 - Electrical integration Reducing cellular High-resolution mapping + Strong rationale [5-7]
heterogeneity and promoting | telemetry/ECG in preclinical
synchronized host-graft models.
conduction lowers
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Hypothesis

Prediction

How it would eventually
be tested

Current evidence

arrhythmogenic risk.

H5 - Safety by composition

Higher purity and controlled
cell-state heterogeneity
reduce tumor/ectopic tissue
risk.

Identity/purity, residual
pluripotency, genomic
stability and long-term
histology.

Required translational
principle [8,12]

6. Candidate product architectures

Architecture

Strengths

Key liabilities

VB-204 position

A. Cell suspension

Simplest cell product
concept; scalable delivery
logic.

Poor retention,
heterogeneous spatial
distribution, limited force
transmission.

Reference comparator

B. Matrix-supported
microtissue

Improves local organization
and potentially retention;

Material-cell interactions
and dose definition need

High-priority discovery path

intermediate manufacturing | optimization.
complexity.
C. Epicardial engineered Directly addresses structural | Surgical delivery; Lead strategic architecture

heart muscle patch

integration, retention and
organized force generation;
aligned with leading
translational programs.

vascularization, thickness,
immunology and
manufacturing complexity.

D. Composite mechanically
reinforcing graft

Adds passive mechanical
support to active
remuscularization.

More complex product; long-
term material fate and
regulatory burden.

Second-generation option [9]

7. Candidate cell-state strategy

VB-204 should start with a ventricular-enriched hPSC-CM state rather than assuming generic “cardiomyocytes”
are therapeutically interchangeable. The selection framework should prioritize a multi-axis phenotype:

contractile apparatus organization; ventricular identity; calcium handling; action-potential stability; metabolic

maturity; stress resistance; and low proliferative/pluripotent contamination. Maturation should be treated as a

graded product-quality dimension rather than a single marker.

Important boundary

This dossier intentionally does not specify gene-editing sequences, exact culture recipes, release thresholds,
cell doses, surgical instructions, or other wet-lab execution parameters. Those require an appropriately
equipped and supervised laboratory, institutional approvals, and product-specific experimental validation.
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8. Discovery-phase workstreams

Workstream

WS1 - Product definition

Question

What exact graft is VB-204?

Primary outputs

Locked TPP; candidate
architecture decision;
comparator definitions.

Dependency

Program governance

WS2 - Cell-state
benchmarking

What CM phenotype is
acceptable for a regenerative
graft?

Maturation/identity

scorecard; reference dataset.

Access to validated hPSC-CM
platform

WS3 - Tissue engineering

What format best balances
retention, mechanics,
vascular access and
handling?

Candidate tissue
architectures; qualitative
down-selection.

Cardiac tissue-engineering
collaborator

WS4 - Electrophysiology

What predicts graft-driven
arrhythmia versus
productive coupling?

Host-graft conduction
framework; arrhythmia risk
model.

High-resolution
electrophysiology expertise

WSS - Vascular integration

How can tissue thickness
and viability be reconciled
with rapid perfusion?

Vascularization strategy and
feasibility criteria.

Biomaterials/vascular
biology partner

WS6 - Immunology

What allogeneic strategy is
realistic?

Immunologic risk map;
allo-/hypoimmune options.

Immunology / translational
partner

WS?7 - Translational package | What evidence would justify | Stage-gate package, All workstreams
progression to animal and CMC/regulatory questions,
then clinical development? partner data request.
9. 12-month discovery roadmap
Period Milestone Evidence generated Decision
Months 0-2 TPP freeze + competitive Evidence matrix; unmet- GO/NO-GO: product concept
landscape need definition; comparator
map.
Months 2-4 Cell-state scorecard Literature-derived GO/NO-GO: phenotype target
maturity/identity/quality
rubric; public-data
benchmarking.
Months 3-6 Tissue architecture down- Partner-led concept testing; Select lead architecture
selection mechanical/electrical/handli
ng criteria.
Months 5-8 Integration risk model Arrhythmia, retention, Lock preclinical questions
vascularization and
immunology risk ranking.
Months 7-10 Preclinical study blueprint Model hierarchy, endpoints, | GO/NO-GO: first in vivo study
controls and stage gates.
Months 9-12 Translation package Partner dossier, CMC Decision to initiate

questions, regulatory gap
analysis, funding package.

experimental program
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10. Preclinical model hierarchy - blueprint

The model strategy should deliberately escalate from mechanistic systems to physiologically relevant large-

animal models rather than jumping directly to an efficacy claim. The key issue is that small-animal xenografts

may demonstrate engraftment and function while underrepresenting human-scale conduction, tissue mechanics

and immune constraints [3,8].

Stage A - in vitro: Cell identity/maturity; tissue architecture; force; calcium/electrophysiology; stability and

stress response.

Stage B - small-animal proof of mechanism: Retention, graft-host coupling, arrhythmia surveillance,
remodeling and local function.

Stage C - large-animal translational study: Human-scale delivery/geometry, electrophysiology, ventricular
mechanics, graft retention and clinically relevant safety.

Stage D - regulatory-enabling program: Long-term tumorigenicity/ectopic-tissue evaluation,
biodistribution/identity as appropriate, CMC consistency and formal safety package under the applicable

regulatory pathway [12].

11. Critical risk register

Severity

Likelihood at
discovery

Mitigation direction

strategy, perfusion-

Graft-driven Very high High Cell-state uniformity, Must fall below
ventricular electrical integration predefined acceptable
arrhythmia strategy, architecture | threshold

optimization, rigorous

mapping and

monitoring.

Poor graft High High Tissue architecture, Demonstrate durable

retention/survival matrix/interface retention
optimization, vascular
support, implantation
strategy.

Immature CM High High Multi-axis maturation | Phenotype sufficiently

phenotype program; close to target state
standardized release-
like characterization.

Residual Very high Low-moderate but Purity controls, Hard safety gate

pluripotent/undesired unacceptable identity testing, long-

cells term safety
evaluation.

Immune rejection High High for allogeneic Cell-bank strategy, Feasibility
immunologic demonstrated
characterization,
appropriate immune
management concept.

Insufficient High High in thick grafts Geometry constraints, | Viability/integration

vascularization vascularization gate
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Likelihood at

. Mitigation direction
discovery

Severity

focused engineering.

Manufacturing High Moderate Defined starting Reproducibility gate
variability material, lot
consistency, potency
concept, process

controls.
Clinical benefit too High Unknown Tie development to Meaningful effect-size
small regional mechanics + target

tissue replacement,

not just global EF.

12. Go / no-go criteria

e GO if the program can define a reproducible cardiomyocyte phenotype that is materially more suitable for
implantation than generic immature hPSC-CMs.

¢ GO if one graft architecture demonstrates a credible path to retention, vascular access and coordinated
electromechanical function simultaneously.

¢ GO if the arrhythmia risk mechanism can be measured and actively engineered rather than treated as an
unavoidable adverse effect.

¢ NO-GO if the lead concept improves graft mass but produces persistent electrical instability, uncontrolled
growth risk, or poor long-term retention.

¢ NO-GO if product complexity exceeds what can reasonably be manufactured, characterized and quality-
controlled for a future translational program.

13. What Virelion has actually achieved vs what remains

State Meaning

Achieved now VB-204 has a defined discovery-stage scientific premise,
product concept, literature rationale, decision framework
and proposed development roadmap.

Not yet achieved No VB-204 cell line, graft construct, differentiation batch,
engineered tissue, animal study, clinical study, efficacy
result, manufacturing process, or validated safety dataset is
claimed.

Evidence source Published literature and publicly available
clinical/regulatory information are being used to define
hypotheses and development criteria.

Next real milestone Secure an academic/industrial cell-therapy/tissue-
engineering collaboration capable of generating
reproducible wet-lab evidence.
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14. Recommended external collaboration profile

The ideal VB-204 collaborator is not simply a stem-cell lab. The program needs a team spanning at least two of:
cardiac tissue engineering, hPSC-CM maturation, cardiac electrophysiology, biomaterials/vascularization,
immunology, and translational/regulatory cell therapy. The strongest collaboration proposal is therefore framed
around a shared question - how to create a graft that is simultaneously contractile, electrically integrated,
vascularized, retained and safe - rather than asking a laboratory merely to “make cardiomyocytes.”

15. Regulatory and translational framing

In the United States, FDA guidance for cellular therapy for cardiac disease addresses preclinical/clinical
development, CMC information and delivery considerations [12]. More broadly, cell and tissue products
intended to treat disease require product-specific regulatory assessment. VB-204 should therefore be developed
from the beginning as a defined biological product with traceability, identity, purity, potency, safety and
manufacturing questions, not as an improvised experimental cell injection.

16. Scientific status statement for the website
Suggested public language:

Website-ready

VB-204 is Virelion Biotech’s discovery-stage engineered cardiomyocyte graft program. We are developing a
literature-grounded strategy for stem cell-derived myocardial replacement focused on ventricular cell
maturity, tissue organization, structural remuscularization, vascular integration and host-graft electrical
coupling. The program is currently in the blueprint and partnership phase; no VB-204 clinical or preclinical
efficacy claims are made.
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