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sequencing and RNA-seq analysis
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ensure safety and efficacy.
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SUMMARY

Toward development of an autologous, induced pluripotent stem cell (iPSC)-based cell therapy for Parkin-
son’s disease (PD), we demonstrate successful, reproducible genomic and transcriptomic qualification of
patient-derived dopaminergic neuron precursor cells (DANPCs) across multiple donors. Our analysis in-
cludes whole-genome sequencing data from fibroblasts, iPSCs, and DANPCs and the development of
NeuriTest, an RNAseq-based bioinformatic analysis of DANPCs designed to predict cell quality based
on empirical animal data. Autologous cell therapies are immune matched to the patient, potentially aug-
menting durability of benefit compared to allogeneic cells while negating the need for immunosuppression
and accompanying side effects. Patient-specific iPSCs are an autologous cell source that can be differen-
tiated to dopaminergic neurons, the cell type lost in PD. We report here our preclinical manufacturing strat-
egy and results demonstrating efficacy in a PD rodent model and safety in a 9-month GLP toxi-
cology study.

INTRODUCTION

Parkinson’s disease (PD) is a progressive neurodegenerative
disorder marked by the selective loss of dopaminergic neurons
in the midbrain, leading to hallmark motor symptoms such as
tremor, rigidity, bradykinesia, and postural instability. While
current dopamine (DA)-based pharmacological therapies
temporarily alleviate symptoms, they neither prevent ongoing
neurodegeneration nor restore lost neurons. Cell replacement
therapy, aimed at repopulating dopaminergic neurons, offers
a promising disease-modifying strategy. Studies of cell trans-
plants in animal models suggest that transplanted dopami-
nergic cells may do more than just produce DA; they can
also provide innervation to striatal and extrastriatal DA targets
and partially recreate proper neural networks with synaptic
DA release.’

Early clinical attempts to replace lost dopaminergic neurons
using fetal midbrain tissue yielded variable outcomes, but a
small number of patients experienced sustained clinical

benefit.>* The variability in tissue quality, difficulty sourcing
tissue, and ethical constraints associated with fetal tissue led
to the exploration of human pluripotent stem cells (hPSCs),
including embryonic stem cells (hnESCs) and induced pluripotent
stem cells (iPSCs), as a more scalable and controlled source of
dopaminergic neurons. Multiple differentiation protocols have
been developed to reproducibly yield midbrain dopaminergic
precursors from hPSCs that have demonstrated efficacy in
animal models.>'?

Three first-in-human trials using allogeneic hESC- or iPSC-
derived dopaminergic precursors have recently reported
encouraging outcomes, showing acceptable safety profiles
and signs of clinical improvement within the first 2 years post
transplantation.”™'® However, allogeneic approaches require
immunosuppression, which carries risks such as opportunistic
infection, malignancy, systemic toxicity, and death.'®'*'®

In contrast, dopaminergic neurons derived from autologous
iPSCs are not likely to require immunosuppression, since pa-
tients receive their own cells. Results from a nonhuman primate
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Figure 1. Process workflow schematic for
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Process flow diagram and workflow table sum-
marizing the main unit operations, analytics for in-
process-control (IPC) and QC release testing, and
process durations for the sequential DANPC cell
product manufacturing process stages (skin to
brain). For the creation of fibroblast, iPSC and
DANPC material-generation process stages in the
testing column, the in-process testing is listed
first, with the QC release testing for further
manufacturing and drug product disposition
shown underneath the gap. The release criteria for
the iPSC intermediate and the DANPC drug
product are described in Table 1. For the fibroblast
starting material, the release criteria for further
manufacturing are sterility and mycoplasma
(pass), donor identity matches saliva donor refer-
ence (pass), absence of familial PD driver muta-
tions (pass), visual assessment of fibroblast
morphology (pass) and viability (report results).
See also Table S1.

and differentiation. To address the chal-
lenge of reproducibly qualifying individual
cultures of DANPCs for optimal efficacy,®
we used machine learning (ML) to develop
a transcriptomic assay “NeuriTest” build-
ing on the PluriTest model.”’ NeuriTest
quantifies the similarity of a transcriptome
to profiles that correlate with preclinical ef-
ficacy and guides refinements to the
research-grade differentiation process’
to a clinical-grade differentiation process
that produced similarly efficacious cells.
In contrast to scale-up processes used
for allogeneic products, we employ a
cost-effective  fail-fast manufacturing

(NHP) model of PD revealed more thorough and effective inte-
gration of autologous iPSC-derived dopaminergic precursors
transplanted into the brain compared with transplants of cells
derived from allogeneic iPSCs without immunosuppression.'”
Others have also demonstrated recovery in NHP models of PD
using autologous cells without immunosuppression.’®'® A sin-
gle-patient (N = 1) study reported up to 24-month outcomes
following transplantation of autologous iPSC-derived cells
without immunosuppression, supported by corresponding pre-
clinical data.?® However, these preclinical studies were limited
to cells derived from the same individual, constraining assess-
ment of inter-donor reproducibility. Extending this approach to
multi-patient autologous trials will require robust demonstration
of reproducibility and quality control (QC) across donors to
enable clinical development of patient-specific cell products
without individualized preclinical testing.

In this study, we present preclinical data and our manufacturing
strategy (Figure 1) for developing an autologous iPSC-derived
dopaminergic precursor cell (DANPC) therapy for PD. Our
approach addresses safety concerns by implementing whole-
genome sequencing (WGS) at multiple stages of iPSC derivation
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paradigm that identifies quality control
failures early in the process. The data reported served as the
foundation for the investigational new drug (IND) application
reviewed by the Food and Drug Agency and the launch of
the Autologous-derived Study of a Parkinson’s Investigational
Regenerative therapy in an Open label trial (ASPIRO), the first
multicenter phase 1/2a clinical trial of autologous iPSC-derived
dopaminergic neuron replacement for PD (ClinicalTrials.gov ID:
NCT06344026). Dosing of the first two patient cohorts was
completed in 2024. Here, we describe the scientific rationale,
preclinical data, and QC metrics we developed to support this
personalized therapeutic approach.

RESULTS

Unlike an allogeneic approach that requires qualification of a
master cell bank and a working cell bank for a single-cell line,
autologous cell product generation requires extensive quality
control testing for each patient-specific cell line at intermediate
stages during manufacturing and at product release using
pass-fail criteria established in advance. We report results of
standard attribute (conventional) quality control methods and
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Table 1. Quality control assays

Cell-line lot
Test Method Release criterion 109_Sa03 109_Sai2 425_Sa02b 425_Sal3a 425_Salb5a 457_Sa05 457_Sal8
Standard attribute quality control assays: undifferentiated iPSCs
Sterility United States negative for pass pass pass pass pass pass pass
Pharmacopeia growth
(USP) <71>
Mycoplasma gRT-PCR not detected pass pass pass pass pass pass pass
Endotoxin limulus <5 EU/mL 0.045 0.032 0.031 <0.050 <0.050 <0.050 <0.050
amebocyte
lysate (LAL)
Post-thaw NucleoCounter >80% 99.5% 99.5% 99.7% 99.4% 99.5% 99.0% 99.2%
viability
Identity flow cytometry OCT3/4+ > 80%; OCT3/4+: OCT3/4+: OCT3/4+: OCT3/4+: OCT3/4+: OCT3/4+: OCT3/4+:
TRA-1-81+ > 80% 91.2%; 93.8%; 98.3%; 97.4%; 93.7%; 94.8%; 93.9%;
TRA-1-81+: TRA-1-81+: TRA-1-81+: TRA-1-81+: TRA-1-81+: TRA-1-81+: TRA-1-81+:
92.1% 95.2% 95.3% 95.9% 87.8% 94.1% 97.6%
Residual qRT-PCR <5 copies/100 cells  <0.2 <0.3 <0.3 3.9 <0.3 <0.2 <0.3
Sendai virus
Standard attribute quality control assays: DANPCs
Sterility USP <71> negative for growth  pass pass pass pass pass pass pass
Mycoplasma qRT-PCR not detected pass pass pass pass pass pass pass
Endotoxin LAL <1.0 EU/mL 0.055 <0.050 <0.050 <0.050 <0.050 <0.050 0.058
Post-thaw NucleoCounter >80% viable 81.9% 89.2% 90.5% 89.7% 90.5% 93.3% 92.1%
viability
Identity flow cytometry FOXA2+ > 80% 97.5% 98.3% 98.7% 99.4% 99.4% 90.9% 91.7%
Identity flow cytometry OTX2+ (no release 90.1% 68.3% 95.5% 86.3% 85.4% 89.5% 95.5%
criteria)
Impurity flow cytometry PAX6+ < 5% 0.1% 0.6% 0.1% 0.2% 0.9% 4.7% 3.3%
(multipotent
neural
progenitors)
Residual qRT-PCR POU5F1 < 0.1%, pass pass pass pass pass pass pass
pluripotent cells VRTN < 0.1%
Genomic assays specific for autologous cell therapy: undifferentiated iPSCs
Genomic SNP array no CNV > 30 Mbp pass pass pass pass pass pass pass
structural present
integrity (CNV)
Genomic WGS (NCI no oncogenic not detected not detected not detected not detected not detected not detected not detected
assessment Genomic Data mutations
for oncogenic Commons)

gene mutations
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of genomics-based assays that we developed to ensure
< genomic integrity and appropriate phenotype.
:93 E © iPSCs were generated by reprogramming fibroblasts
E § 8 o P collected under an approved protocol (Scripps Research IRB-
1 s © M S %’ 59 HSC-08-5109) from skin biopsies of subjects with moderate
E; ﬁ 2 § § 2 é g PD. The fibroblasts were reprogrammed using nonintegrating
Sendai virus (CTS Cytotune-iPSC 2.1, ThermoFisher Scientific).
o 3 iPSC colonies were identified by morphology and selected for
0 % g S subculture. Culture medium was exchanged daily and the cells
(;,OU % & gi were passaged when reaching confluency of 60% or greater.
B‘ a 8 2 g 3 % s The iPSCs were harvested and cryopreserved at passage 10,
¥ e = o < zca and at least 2 iPSC clones were selected from each individual
o and analyzed by quality control criteria. The results reported
o D ¢ _ here encompass iPSC clones from six individuals with PD
© B 8 T (Table S1)
© 2 o . © :
2 R © " 3 g % o DANPCs were differentiated from the iPSCs using modifica-
Yo} (0] 12} - . . . .
S 2 g B 258 tions of published protocols.>?'®'*?%?% Briefly, the iPSCs
were neuralized using dual SMAD inhibition,** regionalized to-
- z ward midbrain floorplate, and then cultured with neurotrophic
S *% g b factors to promote a dopaminergic neuron fate.”
(%) 13 D=5
L‘N" § © % g 3 % % Standard attribute quality control assessment of iPSCs
N - = Zca and DANPCs
- The cell lots used in the efficacy and safety studies were
a B o released with certificates of analyses (CoAs) comprising
% 3 3 - S the set of standard attribute QC and genomic QC assays
2 . » S ‘g 59 (Table S2). Seven clones from 3 subjects were used for the pilot
(%] [%] - . . e
L§ 5 2 g 9 2 § § manufacturing runs; results are shown in Table 1. Sterility
testing verified that the cultures were free of mycoplasma
= g and other bacterial contamination, and they were endotoxin
N % g = negative. Viability after thawing was confirmed to be greater
% % A 33 than 80%. Flow cytometry using antibodies to pluripotency-
Il @ © [ o 50 = i -1-
o| @ @ = >0 associated markers (OCT3/4 and TRA-1-81) was used to
S| ®© 2 © o ® 0
—| & = < S e qualify the identity of the cells as iPSCs, with a passing
< threshold of >80% of the cells testing positive. Clearance of
5 3 5 o the Sendai reprogramming vector was confirmed by quantita-
|2 8 S .S tive RT-PCR (QRT-PCR).
= Dl o @ S "g’ 39 Following differentiation to the appropriate stage of neural
= o 0 12} - > 0 .
o] @ 2 < o L0 0o development, DANPCs were cryopreserved and characterized
Ol+~| a o Q c Z c o ’
” using the quality control release criteria (Table 1). DANPCs
e a s were tested for sterility, mycoplasma, endotoxin, and viability
é Z g % post-thaw, with all lots passing release criteria. Cell identity
£ 3 _i_ S % :: é was assessed by flow cytometry using antibodies to the tran-
b A e 2.2 g v o= scription factor Forkhead box protein A2 (FOXA2), with a
§ 2 _§ 2 ‘/fl % § g 3‘§ ‘g £ g pass level of >80%, as well as the transcription factor ortho-
2l g 25|x °of 22% cE denticle homeobox 2 (OTX2). To test for the absence of multi-
b potent neural progenitors, the transcription factor paired box
é © @ 6 (PAX6) was measured by flow cytometry, to ensure less
L ,% - _ 8 than 5% expression in the cell preparations. To detect resid-
< I 3 % g % E % g ual undifferentiated iPSCs, gRT-PCR was performed to detect
212 5|2 & o889 2 expression of pluripotent stem cell-associated genes Pit1/
=S <= la o o s = <
- s|lg€ |81 5 =88 & Oct2/unc-86 (POU) class 5 homeobox 1 (POU5SFT) and verte-
g § _ brae development-associated gene (VRTN, also known as
S 2 g R C140rf115).?° When compared with controls containing
§ § s 58§ spiked-in undifferentiated iPSCs, the proportion of undifferen-
8. B 5 g Z,’ N tiated cells was calculated to be <0.1% (Figure S1A). To
° 3 [2ls €z 8E §6 38 ensure the gRT-PCR conditions were sufficient for detection
5 - ':E, % 2 % > g 8 9 g E of undifferentiated cells, we used a sensitive in vitro assay”°
s cla G383 GE 0 ESE 2 for detection of contamination with undifferentiated cells.
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A Figure 2. Immunocytochemistry and neuro-
transmitter release
2 109_8303 425_3302b 457_3318 v (A) Representative images of further differentiation
é ° Lo " of DANPCs at day 32. Immunocytochemistry
TS 3 performed with antibodies against FOXA2 (red)
u and TH (green). Nuclei stained with Hoescht (blue).
= (B) Quantification of TH* cells for each DANPC Iot.
'u_) (C) Quantification of FOXA2" cells for each
5 DANPC lot.
w (D) Quantification of the neurotransmitters dopa-
g mine (DA) and serotonin (5-HT) released from
unstimulated (NA) or stimulated (30') DANPCs
B ® 109_Sa03 matured for 60 days after differentiation (nM,
°m o 100 | 109_Sa12 normalized to 10° cells).
_g g 80- ® 457_Sa05 Scale bar: 100 pm (A). Data are represented as
? 30 S % 30 B 457_Sal18 mean + SEM (B and C).
o 2’ 60 M:J ® 425 _Sa02b See also Figure S2 and Table S1.
E 20+ X S 20+ B 425 _Sa13a
z g 40 S A 425 Sal5a
c
§ 10 g 20- < 10
04 o, 0 Donor identity
NA ' 30 NA . 30" Single-nucleotide polymorphism (SNP)
DA 5.HT microarray genotyping of oral swabs

Cultures of DANPCs were spiked with undifferentiated iPSCs
at 10%, 1%, 0.05%, and 0.01%, and cultured in iPSC growth
medium for 4 days. Colonies of iPSCs arose in cultures with all
concentrations of spiked cells, while no colonies emerged in
cultures of DANPCs without added undifferentiated cells
(Figure S1B).

Functional confirmation of on-target dopaminergic
lineage cell fate

DANPCs were matured in vitro to assess their purity and func-
tional potential after maturation. After 12 days of maturation,
immunocytochemistry analysis demonstrated that tyrosine hy-
droxylase (TH) was expressed in an average of 26.0% of the
cells (Figures 2A and 2B), and FOXA2 was expressed in an
average of 87.1% of the cells (Figures 2A and 2C). To assess
differentiated neuronal function, DANPCs were matured for a
further 60 days and stimulated with potassium chloride (KCI)
to measure release of DA and serotonin (5-hydroxtryptamine
[5-HT]). All matured DANPCs released neurotransmitters in
response to stimulation, at an average of 16.9 nM DA per
100,000 cells and an average of 1.9 nM 5-HT per 100,000
cells (Figure 2D). Given that noradrenergic neurons can also
synthesize and release DA, RNA-seq analysis confirmed the
absence of noradrenergic gene expression in mature cultures
(Figure S1C). Genes associated with mesoderm, endoderm,
and neural crest were either not detected or expressed at
very low levels (Figure S2).

Genomics-based quality control assays designed for
autologous cell therapy

We developed a comprehensive, multi-step bioinformatics
pipeline to monitor genomic characteristics associated with
the donor identity, efficacy, and safety of autologous cellular
derivatives. This pipeline includes multiple methods, each
designed to address specific aspects of the therapeutic devel-
opment process (Table 1; Figure 3).

obtained at the time of skin biopsy

was matched to cultures of skin fi-
broblasts, iPSCs, and DANPCs across manufacturing stages.
Identity was confirmed using an 81-SNP panel with a stringent
threshold of B-allele frequency (BAF) least-squares regression
coefficient of determination R% > 0.98 (Figure 3A).
Germline and somatic mutation analyses
WGS was performed to assess both inherited and culture-
acquired genomic variants. Germline analysis identifies dis-
ease-associated mutations or variants inherent to the donor.
Donor fibroblasts derived from the skin biopsy were analyzed
by WGS to exclude familial pathogenic or likely pathogenic
PD mutations by comparing to the human reference genome
(Figure 3B; Table S3; https://www.ncbi.nlm.nih.gov/clinvar/).
The cell lines reported here were free of PD-related germline
mutations (Table 1).

Pluripotent stem cells are known to acquire genomic muta-
tions and structural changes as they are expanded in cell cul-
ture, and those aberrations can become dominant in cultures
by positive selection.?’~*° Because each autologous iPSC line
is expanded only to generate product for a single patient, the
risk of mutation acquisition and accumulation is inherently
lower than in large-scale allogeneic production.**' To detect
de novo somatic mutations arising during manufacturing, we
conducted somatic variant analyses by comparing iPSC and
DANPC genome sequences to their donor-specific fibroblast
reference sequences. The somatic test is similar to the tumor-
normal pair comparison approach used in cancer genomics>”
and serves as a proactive monitoring strategy to mitigate
risks associated with genetic alterations. WGS identified no
mutations with established clinical significance, including
oncogenic variants in a curated database (NCI Genomic Data
Commons; https://portal.gdc.cancer.gov/) (Tables 1 and S4;
Figure 3B).*? All cell lines reported here passed this test
(Tables 1 and S4).

Copy-number variant screening for genomic integrity
Genome-wide copy-number variant (CNV) analysis was per-
formed for all samples as part of routine genomic quality control.

Cell Stem Cell 33, 1-15, October 1, 2026 5
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Structural integrity of the genome of the iPSCs and DANPCs
was monitored by CNV screening for deletions, duplications,
and loss of heterozygosity (Figure 3C).%* QC failure was defined
by exceeding predefined thresholds for overall CNV burden or
chromosome-level CNV accumulation. CNVs were detected in
all samples, as reflected by the summed autosomal CNV burden
(Table S5). Large deletions or duplications (>30 megabase pairs
[Mbp]) would exclude a sample from further processing. All
seven of the cell lots used for manufacturing passed CNV QC

(Table 1; Figure S3).

6 Cell Stem Cell 33, 1-15, October 1, 2026

(Table S5).
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Figure 3. Bioinformatic interrogation of
process intermediates and drug substance
(A) Identity test: DNA SNP array of oral DNA. The
oral SNP data are used to ensure that the cells
match the donor at each stage of the
manufacturing process. The B-allele frequencies
(BAFs) of 81 highly-discriminating SNPs were
compared between the oral DNA reference for
the individual (fibroblast, iPSCs, or DANPCs).
Least-squares regressions with a coefficient of
determination (R?) > 0.98 are genetic matches
with identical genotypes at all loci. Any single
genotype mismatch caused the regression to
drop below the cutoff and was considered a
FAIL.

(B) Whole-genome sequencing (WGS) of fibro-
blasts, iPSCs, and DANPCs. The fibroblast
sequence was analyzed for familial PD variants
that would exclude the donor from the eligibility
for the clinical trial. The fibroblast sequence
served as a reference to detect somatic variants
that may have accrued at iPSC and DANPC
stages. Somatic variants were examined for
overlap with known brain cancer-associated
mutations. Single-nucleotide variants (SNVs),
copy-number variants (CNVs), and structural
variants (SVs) in the somatic variant call format
(.vcf) output file were intersected with the
cancer-associated mutations, and the cell line
was disqualified if an intersecting mutation was
detected.

(C) Copy-number variants (CNVs) were pre-
screened on SNP arrays to identify large CNVs
before WGS was performed; samples that
passed the SNP array assay were tested for
somatic CNVs using WGS data.

(D) Two RNA-seqg-based machine learning (ML)
models were used to test for transcriptome
features consistent with known iPSC and
DANPC identities: PluriTest and NeuriTest,
respectively. Novelty score, pluripotency score,
and NeuriScores consistent with target cell
types have been established to guide selection
of clones for further manufacture and clinical
use. All values presented are for illustrative
purposes only and not derived from experi-
mental results.

See also Figures S3 and S4 and Tables S1, S3,
S4, and S5.

Application of the same CNV QC pipe-
line to a broader internal dataset of more
than 500 samples resulted in a CNV QC

failure rate of approximately 14%, typically driven by large cumu-
lative CNV burden or extensive chromosome-level alterations

Pluripotency assay: PluriTest

Prior to differentiation into DANPCs, donor iPSCs were evalu-
ated with PluriTest, a transcriptome-based assay that replaces
in vivo (teratoma) and in vitro (embryoid body) pluripotency
methods,”’ that have been used widely to confirm pluripo-
tency of human cells.®>**° All tested lines passed both the plurip-

otency (similarity to confirmed pluripotent cells) and novelty
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Figure 4. NeuriTest predicts DANPC iden-
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strained and separable region of NeuriTest feature
space (top left quadrant), distinct from a broad
distribution of heterogeneous transcriptomes
(bottom right quadrant).

(D) Independent published dopaminergic differentiation datasets (Hills et al.,” Alekseenko et al.,” and Kim et al.>’) map to a similar region of NeuriTest feature
space as DANPCs generated in this study, supporting biological concordance across protocols and laboratories. NeuriTest was trained exclusively on bio-
logically validated internal datasets and was not trained using ARCHS* or other public data. The vertices of the inset in (C) are (x1, y1), (x2, y2) = (0.02, 1), (0.12, 9).

See also Tables S1 and S6.

(deviation from typical pluripotent profiles due to genetic insta-
bility) thresholds, confirming developmental potential (Table 1;
Figures 3D and S4).
Optimal neural precursor identification assay: NeuriTest
Inter-line variability in iPSC differentiation is a major hurdle in
consistently identifying the optimal stage for transplantation
across autologous cell products. To address this challenge, we
collected gene expression profiles from cultures at multiple
stages of differentiation and paired them with outcomes of
animal efficacy assays to create a reference database of gene
expression profiles. From these data, we developed a predictive
bioinformatic assessment, “NeuriTest,” to identify the optimal
state of differentiation for efficacious engraftment (Figure 3D).
The selection of day 18 as the representative stage for transplan-
tation and for training the NeuriTest model was based on prior
experimental evidence linking differentiation stage to in vivo
functional efficacy.” In that study, iPSC-derived DANPCs from
two cell lines were differentiated for either 18 or 25 days and
transplanted into a rat model of PD. Although cells from both
time points engrafted and generated comparable graft sizes
with similar numbers of TH* neurons, only day 18 cells consis-
tently reversed motor deficits. Day 25 cells failed to restore
behavior, likely due to limited neurite outgrowth and poor inte-
gration into host tissue. Transcriptomic analyses demonstrated
that day 18 gene expression profiles correlated with neurite
extension and functional integration, supporting the designation
of this stage as optimal for transplantation.

For NeuriTest, two quantitative metrics were reported: the
NeuriScore and the novelty score. A sample was considered
to pass if it achieved a NeuriScore > 0 together with a novelty

score < 0.15. The NeuriScore reflects transcriptomic proximity
to an empirically defined optimal differentiation window, derived
from principal-component analysis of reference datasets span-
ning differentiation days 13, 18, and 25, with positive scores indi-
cating similarity to the optimal, efficacious stage. The novelty
score is derived from a correlation-based comparison of the
global transcriptome of a test sample to an idealized DANPC
reference. Lower values indicate greater transcriptomic similar-
ity to the reference, whereas higher values indicate increasing
divergence. The novelty score cutoff of 0.15 was empirically
determined during NeuriTest development based on the distri-
bution of scores observed in samples deemed appropriate or
inappropriate for therapeutic use, including reference DANPC
lots associated with in vivo efficacy and off-target or aberrantly
differentiated cell populations. The 0.15 threshold is a practical
identity classification boundary rather than a statistical hy-
pothesis test; scores below this threshold indicate increasing
confidence that samples are not meaningfully different from
the reference DANPC phenotype at the whole-transcriptome
level. Cell lots meeting both criteria were considered to have
transcriptomic profiles closely matching previously validated
DANPC populations and were therefore candidates suitable
for further characterization studies, including efficacy and safety
assessments. Figures 4A and 4B illustrates how these two
metrics jointly discriminate biologically validated DANPCs from
undifferentiated pluripotent cells and other nontarget cell
types, while also resolving the maturation state within the
DANPC lineage. To assess the ability of NeuriTest to discrimi-
nate cell types, it was used to analyze a large database of pub-
lished gene expression profiles; a subset of the all RNA-seq and
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Figure 5. Engraftment and efficacy of DANPCs in vivo in the 6-OHDA lesioned rat hemiparkinsonian model

Rats were transplanted with DANPCs from four different iPSC lines; 109_626, 111_602, 425_607, and 457_607. The legend at the top shows symbols and colors
that indicate data from each cell line; the legend applies to all behavioral analyses and all bar charts.

(A) Mean net amphetamine-induced rotations per min for rats engrafted with DANPCs derived from four different iPSC lines. From top to bottom as labeled: rats
engrafted with line 109_626 cells rotated significantly less than lesioned-only rats (Sham) at 24 and 28 weeks post-graft (group x time. F(14, 140) = 2.813, p =
0.001; 24 weeks p = 0.008, 28 weeks p = 0.0004). Rats engrafted with line 111_602 cells rotated significantly less than Sham at 24 and 28 weeks post-graft (group
x time. F(14, 168) = 4.477, p < 0.001; 24 weeks p = 0.0007, 28 weeks p < 0.0001). Rats engrafted with the 425_607 line cells rotated significantly less than Sham
between 20 and 28 weeks post-graft (group x time. F(14, 133) = 6.409, p < 0.001; 20 weeks p = 0.004, 24 and 28 weeks p < 0.0001). Rats engrafted with line
457_607 cells rotated significantly less than Sham at 20 and 28 weeks post-graft (group x time. F(14, 168) = 8.802, p < 0.001; 16 weeks p = 0.016, 20-18 weeks
p < 0.0001).

(B) Representative images of a graft immunostained for human cytoplasm marker STEM121 (top), TH (bottom), and higher magnification image of TH* neurons
within the graft (right).

(C) Mean number of TH* neurons within the grafts.

(D) Mean number of HNA* nuclei within the grafts.

(E) Mean density of TH* neurons within the grafts.

(F) Mean volume of grafts (mm?).

(legend continued on next page)
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ChlP-seq sample and signature search (ARCHS*® profiles
(784,581 transcriptomes) using similarly prepared RNA were
used for the analysis. Figure 4C shows that the vast majority of
ARCHS* profiles, as well as undifferentiated iPSC cultures
from this study, did not pass NeuriTest. Figure 4D identifies a
cluster of 14 samples that has higher NeuriScores and lower nov-
elty scores than the other samples that are close to the cutoffs.
This group consists of the 8 samples reported here as well as
2 others from our earlier work.” The others are published data
from several reports of hPSC-derived DANPC products from
other researchers, indicating that NeuriTest could have wider
use as a means to qualify dopaminergic products.””*” The sam-
ples that were close to the NeuriTest cutoffs and displaced from
the core transcriptomic profile satisfied numeric criteria but were
clearly separate from the validated reference DANPCs. Most are
labeled as neuronal cells from diverse experiments (Table S6)
and likely reflect the inherent heterogeneity of cross-laboratory
transcriptomic data, including variability in annotation conven-
tions, mixed or transitional cell states, and partial overlap of
gene expression across related lineages. These observations
underscore the context dependence of threshold-based classi-
fication and highlight the importance of establishing and vali-
dating cutoffs tailored to specific differentiation protocols
and reference datasets. Passing scores for both criteria were
required for a sample to be considered suitable for therapeutic
use. Validation with good laboratory practice (GLP)-grade cells
showed a ~6-day window of optimal maturity (days 17-22),
consistent with efficacy in rodent models (Figure 4; Tables 1
and S2). Further detail of the development of NeuriTest is pro-
vided as a supplemental document (Methods S1).

Efficacy study: DANPCs restored motor behavior in
hemiparkinsonian rat model

DANPCs that were derived from iPSCs from four individuals with
PD (109_626, 111_602, 425_607, and 457_607; Table S1) and
passed all CoA-specified analytical release criteria, including
NeuriTest (Table S2), were transplanted into the right striata
of cyclosporine-treated Lister-hooded rats with a unilateral
6-hydroxydopamine (6-OHDA) lesion of the medial forebrain
bundle.*® A 6-OHDA lesioned control group (“Sham”) received
infusions consisting of vehicle only, and a surgically naive group
was kept as intact controls.

There were nine decedent animals that were treated with cells
during the efficacy study. All macroscopic and microscopic
observations were not test material-related and were considered
incidental or related to cyclosporine immunosuppression treat-
ment. Details are provided in Figure S5A.

Amphetamine-induced rotational asymmetry was used to
assess the DA imbalance between brain hemispheres pre-graft
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and at regular intervals post-graft until 28 weeks post-trans-
plant.®*“° All groups grafted with DANPCs rotated significantly
less than Sham-grafted rats and, by 28 weeks post-graft, they
did not differ from the intact control group (Figure 5A). These
results confirm graft survival, maturation to a dopaminergic
phenotype, and functional efficacy of the human cells in the
grafted groups. In addition, by 28 weeks post transplantation,
two animals were identified as presenting with subtle off-drug
contralateral rotations and/or repetitive movements, which also
serves as a surrogate marker of graft-mediated DA release.”’*

Immunolabeling for human-specific markers, STEM121 for
human cytoplasm and anti-human nuclear antigen (HNA) for
human nuclei, was used to identify transplants in all DANPC-
treated groups. Typical adjacent sections of grafts labeled for
STEM121 and TH are shown in Figure 5B. All grafts contained
TH* dopaminergic neurons, ranging from 500, previously shown
to be sufficient for functional recovery,’ to 30,000 (Figure 5C).
Recovery did not correlate to the number of TH* neurons,
instead, we observed a threshold effect, as previously reported,
indicating that recovery occurred in all rats harboring >500 TH*
neurons.' Grafts contained an average of 200,000 human nuclei
found at the transplant site (Figure 5D). The mean density of TH*
cells in the grafts was 2,000-3,500 cells/mm?® (Figure 5E) and
grafts were ~2 mm? in size (Figure 5F). The ability of transplants
to innervate the host brain has previously been shown to be a
strong predictor of graft efficacy”** and all DANPC batches pro-
duced grafts with dense dopaminergic fiber growth emanating
from the graft core into host striatal tissue (Figure 5G). Human fi-
bers labeled with STEM121 innervated brain regions distal to the
graft implantation site, with some fiber projections extending
approximately 5 mm posterior to the graft and innervating the
host substantia nigra (Figures S5B and S5C).

Immunolabeling for proliferative human cells with Ki-67 within
the transplanted brains revealed low levels for all DANPC lines
(<0.15% of human cells were HNA*/Ki-67", Figure 5H).

Similarly, serotonergic (5-HT) cells were found only rarely in
the transplants (<0.05% of human cells were HNA*/5-HT*,
Figure 5l).

Safety study: Transplants of DANPCs showed no tumor
formation, toxicity, or abnormal biodistribution

To demonstrate the safety of our DANPC products, a 39-week
tumorigenicity, toxicology, and biodistribution study was
conducted with unlesioned naive animals under GLP conditions.
Results are shown in Figures 6 and S6. Two DANPC lines
(109_617 and 425_605) were tested at 2 doses: a low dose of
250,000 cells in 2.5 pL (LD425_605 and LD109_617) and a high
dose of 500,000 cells in 5 pL (HD425_605 and HD109_617) per
hemisphere. A total of 386 immunodeficient athymic nude rats

(G) Histograms of fiber density (arbitrary units) of TH* projections emanating from the medial and lateral edges of the grafts into the host brain. Representative
images of TH* fibers emerging from medial (left) and lateral (right) sides of the graft.
(H) Mean percentage of Ki-67"* proliferative cells within the grafts. Images of immunocytochemical staining of Ki-67* cell in graft showing nuclear localization. Ki-

67 (red), HNA (green), Hoescht (blue).

() Images of immunocytochemical staining of 5-HT (blue) in graft (left, red arrow) and in positive control section of raphe nucleus (right). Mean percentage of 5-HT*
within the grafts (bar graphs, center). Error bars = standard error of the mean. For histograms, data points represent individual grafts from each cell batch.
Symbols (shown at top): black circle = naive control group; black X = Sham (rats that were lesioned but received no transplant); green triangle = cell line 109_626;
lilac circle = cell line 111_602; purple diamond = cell line 425_607; pink square = cell line 457_607. *p < 0.01; *p < 0.001; ***p < 0.0001.

Scale bars: 100 pm (B), 25 pm (H), and 50 pm (1).
See also Figure S5 and Tables S1 and S2.
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Safety Study Design

Figure 6. Safety study
(A) Experimental design indicating the treatment

Week 4 Week 26

groups, time points, and number of animals used

Week 39 for the biodistribution, toxicity, and tumorigenicity

Test sample

M F M F

study.
(B) Representative images of sections through

M F

Vehicle control 5 5

10 10 grafts of cell lines 109_617 and 425_605, labeled

Low dose line 109 5 5

with antibodies to HNA, TH, and Ki-67. Inserts

17 17 show magnification of the Ki-67-positive cells in

High dose line 109 5 5

the sections.

17 (C) Graft sections stained with TH and H&E

17

Low dose line 425 5 5

showing 100% line 425_605 DANPCs (top) and

17 teratoma from 100% undifferentiated line 109_617

17

High dose line 425 5 5

iPSCs (bottom).

17 (D) Table indicating minimal Ki-67 proliferation for

17

10% iPSC 90% DANPC 109 - - - -

both cell lines at low and high doses.
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(E) Table showing incidence of teratomas in

10

10% iPSC 90% DANPC 425 - - - -

groups with undifferentiated iPSCs spiked into the
dosed DANPCs.

10 10

100% iPSC 0% DANPC 109 - - - -

Scale bars: 100 pm (B) and 1 mm (C).
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See also Figure S6 and Tables S1 and S2.
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B HNA
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D Proliferation in grafts E

Incidence of teratomas

C TH, H&E
100% DANPG

Five rats were euthanized early due to
inflammation in the prostate gland, a
soft tissue sarcoma (undifferentiated sar-
coma in the skin), inflammation in the
lung, a keratoacanthoma, and inflamma-
tion in the vaginal submucosa. One
rat was found dead and exhibited chronic
progressive nephropathy upon necropsy.
Another was found dead shortly after sur-
gery and had marked inflammation at the
site of injection; this death was consid-
ered a post-operative complication due
to the presence of bacteria within the
lesion rather than a test material effect.

Ki67/HNA (%) Group

For five other rats, the cause of death

# could not be determined due to the

Mean SD # Vehicle control

0/20 absence of significant macroscopic or

LD109 0.55 0.99 27

100% DANPCs 109, 425

microscopic findings.

0/68 Grafts and injection sites were exam-

10% iPSC 109

HD109 1.15 3.62 29

0/20 ined by immunohistochemistry at three

10% iPSC 425

time points: 4, 26, and 39 weeks. Markers

1120 examined were HNA, TH, 5-HT, and Ki-

LD425 1.86 26

100% iPSC109

1/20 67. Human cells (HNA") were detected

HD425 0.46 0.92 28

100% iPSC 425

along the needle track and in the graft

16/20

(7.5- to 10-week old) were randomly divided into 9 groups and an
equal number of male and female rats were injected bilaterally
into the striatum with vehicle (5% Flexbumin in Plasma-Lyte
148) or DANPCs formulated in vehicle. The groups were distrib-
uted as shown in Figure 6A.

In the 39-week tumorigenicity study, no test material-related
deaths occurred in animals that received DANPC lines
109_617 or 425_605 at either the high or low dose. Sporadic
early death/termination occurred at low incidence in the cell-
treated groups and were unrelated to the treatment (Line
425_605: 4 males, 3 females; Line 109_617: 2 males, 3 females).

10 Cell Stem Cell 33, 1-15, October 1, 2026

region at all time points and both doses
of the two cell lines. Consistent with
the 6-OHDA efficacy study, there was
very little proliferation as detected by Ki-67 antibody (<1.15%
of HNA" cells) (Figures 6B and 6D), while TH-positive cells
were detected in the grafts at all time points (Figure 6B).

For the tumorigenicity study, DANPCs were tested for any re-
sidual undifferentiated iPSCs for their ability to form teratomas,
which is the tumor type commonly derived from pluripotent
stem cells.** Samples of 100% undifferentiated iPSCs were
transplanted to rat brain to serve as a positive control, and a
spike-in study was performed using 10% iPSCs mixed into the
DANPCs to assess the safety margin. Transplantation of undif-
ferentiated iPSCs from the two lines demonstrated that both
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could produce teratoma tumors in the brain location shown in
Figures 6C and 6E. No tumors were observed in animals that
received 100% DANPCs from either of the cell lines at both
high and low doses (Figure 6E). In one animal dosed with 90%
425_605 DANPCs with 10% iPSCs, there were small cellular
structures that resembled a teratoma at the injection site (data
not shown). No macroscopic findings were observed for
109_617 DANPCs with 10% iPSCs.

To evaluate potential toxicity of the transplanted DANPCs, an-
imals injected with the high and low doses were assessed at all
time points. There were no effects observed at any time point on
body weight (Figure S6A), survival, food consumption, ophthal-
mology findings, clinical observations, hematology parameters,
or clinical chemistry in either sex at both dose levels (data not
shown). In addition, there were no reported differences in any
of the neurobehavioral measures tested over the course of the
study (activity, arousal, handling reactivity, posture, rearing,
and vocalization) among the groups (data not shown).

The biodistribution of transplanted cells was examined by
gPCR assay to detect human p-globin genomic DNA in rodent
tissues. The analysis was performed on samples from the
vehicle-treated group, and treated animals with high dose of
line 109_617 (HD109) and high dose of line 425_605 (HD425)
at weeks 26 and 39 (n = 5F + 5M per time point). There
were no detectable copies of human genomic DNA found in
the vehicle-treated group at either time point. For both the
HD109_617- and HD425_605-treated groups at both time
points, the human p-globin DNA was above the level of detection
only within the brain hemispheres that were transplanted,
indicating that DANPCs were confined to the brain post trans-
plantation (Figure SEB).

DISCUSSION

Autologous iPSC-derived DANPCs offer a personalized and
immunologically compatible approach for PD therapy, eliminating
the need for immunosuppression required with allogeneic ap-
proaches. A key practical requirement for autologous therapies
is that preclinical data establish a framework in which new
donor-derived products can advance to clinical use without
requiring animal studies to ensure safety and efficacy of each
product. Our preclinical work with cells from six independent
donors with PD, none of which were used or intended for use in pa-
tients, demonstrated consistent in vitro and in vivo performance
across manufacturing lots. These studies were further supported
by pilot Good Manufacturing Practices (GMP) manufacturing
runs across seven iPSC lines from 3 different PD donors.

Clinical translation was enabled by demonstrating the ability to
successfully generate patient-specific DANPCs that met all
analytical release criteria for each donor and characterization
of clonal differences or repeatability of differentiation from a
particular clone was not a focus of this work. The combination
of conventional flow cytometry and advanced transcriptomic
analyses provides assurance that future clinical-grade lots
meeting these release criteria will be safe and efficacious without
additional animal testing.

In preclinical safety studies, DANPCs transplanted into immu-
nodeficient rats remained localized to the brain without tumori-
genicity or abnormal cell proliferation, unlike undifferentiated
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iPSC-containing samples that consistently formed teratomas,
validating the sensitivity of our QC assays. DANPC grafts
restored motor function to near-intact levels, with robust engraft-
ment, maturation to dopaminergic neurons, and dense dopami-
nergic fiber outgrowth into host striatal tissue across multiple
donor-derived batches. These data were supported by a
recently published study in which we demonstrated the ability
to safety and accurately target human DANPCs to the post-
commissural putamen in cynomolgus macaque brain, a brain
much closer in size and anatomy to humans.*®

Two major quality control challenges for autologous iPSC
therapies are genomic instability and identification of the optimal
differentiation stage. We addressed the genomic instability issue
by performing WGS and copy-number variant mapping at all
stages of the manufacturing process, ensuring that no germline
or acquired genomic mutations compromised product safety.
To predict differentiation potential, we developed NeuriTest, an
ML-based transcriptomic assay modeled after PluriTest. While
in vitro assays such as NeuriTest, TH* cell proportion, and DA
release each provide valuable information about DANPC identity
and function, they capture distinct biological attributes and
therefore do not necessarily rank cell preparations identically.
NeuriTest is designed to assess transcriptomic identity and
developmental maturity relative to DANPC populations previ-
ously shown to be efficacious in vivo, whereas TH expression
and neurotransmitter release reflect marker expression and
functional output under defined in vitro conditions. When viewed
in the context of a broad public RNA-seq background, NeuriTest
highlights similarities among validated DANPCs from published
data. NeuriTest is not intended to be a stand-alone assay but
is more predictive of potency than single markers and provides
context for other complementary in vitro functional assays.

We recently reported that the efficacy of DANPCs derived
from iPSCs from two different individuals and transplanted into
the rat model of PD was critically dependent on the maturity of
the cells. Cultures differentiated for 18 days reversed behavioral
effects of dopaminergic neuron lesions in rats, but cells differ-
entiated for 25 days did not. The day 25 cells engrafted and
expressed markers of dopaminergic neurons, but they did not
innervate the host and were ineffective in the rat model.”
Because of variations in culture conditions and intrinsic genetic
and epigenetic differences among iPSC clones,*® all clones do
not differentiate at the same rate, and choosing a single absolute
culture time point*’ is not sufficient to meet the challenge of
predicting function of each patient-derived cell line. To meet
this challenge, we applied the same principles that we used in
development of PluriTest to create a bioinformatic assay that
would predict the likelihood of a specific culture of DANPCs to
mature into functional DA neurons after transplantation.

If differences between cultures using research-grade and
GMP-grade reagents are not noticed, transplanted clinical-
grade cells can behave very differently than research-grade
cells.”® NeuriTest distinguishes differences in optimal trans-
plantation time points between research-grade and GMP-grade
processes (data not shown), allowing modifications to optimize
transplantation. This demonstrates that an in-depth under-
standing of the transcriptomic trajectory throughout key differ-
entiation time points can be used to guide development of
clinical-grade cells and ensure comparability to those derived
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through research-grade processes prior to initiation of costly
IND-enabling animal studies. We envision further development
of predictive transcriptomic assays as part of a potency
assurance matrix for product release. Using the transcriptome
at the transplantation stage of the product to predict down-
stream potential for engraftment, DA release and innervation
would be invaluable for ensuring product consistency, safety,
and efficacy during clinical development. The integrated use of
predictive bioinformatic QC tools sets a new standard for the
development and validation of autologous regenerative cell ther-
apies, facilitating rapid and individualized cell product release for
clinical applications.

The preclinical data reported here informed dose selection for
the ASPIRO phase 1/2a ftrial (https://clinicaltrials.gov/study/
NCT06344026), in which dosing of the first two cohorts of pa-
tients was completed in 2024. 12-month data from the first eight
patients treated (four low dose and four high dose) in the ongoing
study indicate that predefined safety and tolerability endpoints
have been met, with accompanying signals consistent with pre-
liminary clinical efficacy.*®

The clinical goal for dopaminergic cell therapy is to replace
approximately 100,000 TH* neurons per putamen, based on
post-mortem analyses of brains from PD patients who experi-
enced significant clinical benefit following fetal tissue transplan-
tation.”® In our rodent efficacy studies, the number of surviving
TH* neurons was approximately 1%-2% of the total number of
cells injected. Based on this estimate, a low dose of 5 million
DANPCs per putamen would result in replacement of 50,000-
100,000 TH* neurons, whereas a high dose of 10 million cells
per putamen may yield 100,000-200,000 TH* neurons, thereby
bracketing the therapeutic target of 100,000 TH* neurons de-
pending on engraftment efficiency in humans. Together, with
the 12-month data reported from the ASPIRO clinical trial, these
findings support the feasibility of autologous DANPC therapy
and provide a framework for advancing personalized regenera-
tive treatments for PD and other diseases.

Limitations of the study

Like others in the field, we found that iPSC clones had variable
properties. All of the samples reported here passed all quality con-
trol measures, but other samples failed early in the protocol and
were terminated. The genomic quality control processes were de-
signed to fail fast to save time and cost, but the process can be
made more efficient. Simultaneous genomic analyses of multiple
clones may identify additional criteria that would narrow the
choices and save the costs of following several clones through
all processes. NeuriTest is based on reference data derived from
xenogeneic transplantation of human cells into rodent brains,
which may be limited in their similarity to autologous human trans-
plants. Because of the diversity of the human genome, we antici-
pate that some patient samples will not be amenable to reprog-
ramming or differentiation. We currently use fibroblasts for
reprogramming, but other sources of tissue, such as blood, may
be useful to obtain quality iPSCs from every individual. Due to
the limitations of current preclinical disease models and study
duration, these studies cannot determine whether autologous
iPSC-derived grafts may acquire disease-associated pathological
features over extended periods following transplantation into pa-
tients with PD, including a-synuclein pathology or mitochondrial
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dysfunction. Although the genomic screening performed
here excludes known pathogenic variants, it does not exclude
susceptibility to sporadic disease-associated phenotypes arising
from genetic, epigenetic, environmental, or age-related factors.
Conversely, iPSC reprogramming has been reported to reset
cellular features associated with aging®'*? and PD pathology,**
and the extent to which such disease-associated phenotypes
may re-emerge in differentiated cells or following long-term trans-
plantation remains to be established.
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EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Human subjects

Donation of cellular material: Subjects diagnosed with Parkinson’s disease were enrolled under IRB-approved protocol HSC-08-
5109 (Scripps Research) and provided written informed consent for research and commercial uses of their samples. The IRB
approval was renewed each year. Exclusion criteria included the presence of known pathogenic PD-associated mutations as iden-
tified by genomic screening (Table S3). The donor numbers and genders are listed in Table S1. Donor age and demographic infor-
mation are not disclosed to protect donor privacy.

Animals and housing conditions, efficacy study

Female lister-hooded rats (Crl:LIS) between 8-10 weeks old were purchased from Charles River and housed with ad libitum access to
food/water on a 14-hour (light)/10-hour (dark) photoperiod. Testing was conducted during the light cycle period only. Primary enclo-
sures were as specified in the RSPCA and LASA, 2015, Guiding Principles on Good Practice for Animal Welfare and Ethical Review
Bodies (M. Jennings Ed.). All experiments were conducted in accordance with the requirements of the UK Animal Scientific Proced-
ures Act, 1986, under Home Office PPL P49E8C976 and under local ethics board approval. All surgical procedures were carried out
under induction of surgical plane anesthesia by delivery of 2.5-5% isoflurane in 1L/min O,. Veterinary approved analgesics were
administered, and appropriate post-operative care and checks were performed.

Animals and housing conditions, GLP safety study

The GLP toxicity, tumorigenicity and biodistribution study was performed at Charles River Laboratories. A total of 386 naive athymic
nude rats (Crl:NIH-Fox1rnu strain from Charles River Laboratories, Wilmington, North Carolina) was used with a 1:1 ratio of males and
females. The animals were paired or individually housed in solid bottomed cages with a ventilated micro-isolator filtering system at
68-79°F with a humidity of 30-70% with a 12-hour (light)/12-hour (dark) photoperiod and unrestricted access to sterilized water and
irradiated block PicoLab® Diet food pellets. Each animal was identified using a subcutaneously implanted electronic identification
chip. The animals were approximately 7.5 to 10 weeks old and weighed between 114 and 303 grams at initiation of dosing. Males and
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females were randomized separately and assigned to groups upon receipt. All study animals were subject to weekly assessments of
body weight and food consumption and detailed clinical observations throughout the duration of the study.

METHOD DETAILS

Fibroblast derivation, culture, iPSC generation and maintenance

The fibroblasts were isolated from a skin punch biopsy collected from donors under an IRB-approved protocol as described
previously.7 The frozen fibroblast cells were thawed and seeded into a fibronectin-coated plate with fibroblast medium. For reprog-
ramming, the fibroblast cells were transduced using Sendai virus containing the Yamanaka factors (CTS™ Cytotune™-iPSC 2.1
Sendai Reprogramming kit, ThermoFisher Scientific).

Differentiation of iPSCs to DANPCs

A vial of iPSCs was thawed, cultured on Laminin-511-E8 (Matrixome) coated plates and passaged when reaching the confluency of
60% or greater. Cells may be passaged up to 8 times in mTeSR1 (StemCell Technologies) in preparation for the differentiation and
were seeded at 305,000 cells/cm? with rho kinase inhibitor Y-27632 at a concentration of 10 uM (BioTechne). From day 0 through day
10, cells were cultured in a basal differentiation medium consisting of a 1:1 mix of DMEM/F-12 (Gibco) and Neurobasal (Gibco) me-
dium supplemented with 0.5x N2 (Gibco), 0.5x B27 (Gibco), 1x NEAA (Gibco), 1x GlutaMax (Gibco), insulin (Sigma-Aldrich, 2.5
g/mL), B-mercaptoethanol (Gibco, 50uM), and L-glutamine (Gibco, 1mM). On days 0-1, LDN 193189 (BioTechne, 100nM),
SB431542 (BioTechne, 10mM), and KOSR (Thermo Fisher, 5%) were added to basal neural induction medium and replaced daily.
Beginning on day 1, SHH (BioTechne, 100ng/mL) and Purmorphamine (Sigma-Aldrich, 2uM) were added and maintained through
day 6. KOS was reduced to 2% on day 2 and continued through day 10, LDN was maintained from day 0 through day 10, and SB
was used only through day 4. CHIR99021 (BioTechne, 2 pM) was introduced on day 2 and maintained through day 10. Starting
on day 11, the basal medium was changed to 1X Neurobasal supplemented with 1X B27, 1X N2, 1X NEAA, and 1X GlutaMax.
From days 11-20, BDNF (BioTechne, 20ng/mL), ascorbic acid (Sigma-Aldrich, 0.2mM), GDNF (BioTechne, 20ng/mL), dbcAMP
(Sigma-Aldrich, 0.5mM), TGFB3 (BioTechne, 1ng/mL), and DAPT (BioTechne, 10uM) were added to the basal medium and medium
was changed daily, with the exception of day 18. CHIR (2uM) was continued for days 11-12 and then discontinued. ROCK inhibitor
Y-27632 (10 pM) was added on day 16 when cells were passaged using Accutase (Innovative Cell Technologies) and replated at a 1:2
ratio onto Laminin-511-E8 coated plates. On day 20, the cells were harvested with Accutase, washed and pooled as DANPCs, formu-
lated in CryoStor CS10 (BioLife Solutions), and cryopreserved with a Via Freeze controlled-rate freezer (Cytiva).

Whole-genome sequencing
For PD mutation screening genomic DNA was extracted from subject derived fibroblasts by using the Qiagen DNeasy Blood & Tissue
kits, according to the manufacturer’s instructions. Genomic DNA (gDNA) libraries were prepared by using the ABclonal Rapid Plus
DNA Lib Prep kit. gDNA was sequenced following the manufacturers protocol to produce paired end 2x150 bp reads targeting an
average depth of 30X coverage using lllumina NovasegX. Whole-genome sequencing was performed at an average depth of
~30x coverage. While FDA draft guidance for human allogeneic cell-based products recommends >50x coverage, this recommen-
dation is intended for highly expanded allogeneic cell banks, where extensive proliferation increases the risk of acquiring low-fre-
quency somatic variants. In contrast, the autologous iPSC-derived products described here are manufactured with limited expansion
and are clonally derived, substantially reducing the likelihood of subclonal variant accumulation. In addition, the genomic quality
control framework implemented in this study is designed as a fail-fast system incorporating orthogonal screening layers, including
SNP-based identity confirmation, copy-number variant prescreening, and transcriptome-based functional qualification. Sequencing
at ~30x coverage was therefore considered sufficient and appropriate for detection of clinically relevant single-nucleotide,
structural, and copy-number variants within this manufacturing context, consistent with prior regulatory interactions. Reads were
aligned to the GRCh38 (hg38) reference genome using the DRAGEN system (lllumina) with default parameters (see command below).
Germline variants were called and annotated with ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/). Subjects with pathogenic variants
associated with PD were excluded (Table S3).

The following command was used to process and call variants in the WGS data:

/opt/edico/bin/dragen

-f

-r /staging/human/reference/hg38/dragen_hg38_cnv_rna/

-1 /staging/work/fastq/"$sample$suffix1”

-2 /staging/work/fastq/"$sample$suffix2”

—RGID lllumina_RGID

-RGSM "$sample"

—output-directory "$sample_dir"

—output-file-prefix "$sample”

—enable-duplicate-marking true

—enable-variant-caller true

—enable-map-align-output true
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—enable-cnv true

—cnv-enable-self-normalization true

—intermediate-results-dir /staging/intermediate/

—enable-sv true

—enable-metrics-compression true

—cnv-enable-plots true

—qgc-cross-cont-vcf /opt/edico/config/sample_cross_contamination_resource_hg38.vcf.gz
—qc-coverage-region-1 /regions_repeats_removed_plus_1_right_padding.bed
—qc-coverage-reports-1 cov_report full_res

Genetic identity matching

DNA was obtained from oral swabs at the time of skin biopsy, fibroblast cultures, iPSC clones, and DANPCs. This was followed by
genotyping using Global Screening Array v2 (lllumina, San Diego, US) as per the manufacturer’s protocol. Eighty-one SNPs with high
heterozygosity, low linkage disequilibrium, and a low fixation index®® were used for subject identity confirmation. SNP B-allele fre-
quencies (BAF) were regressed between oral DNA and derivative samples. A match was defined as R? > 0.98. SNP characteristics
were confirmed with ALFRED (https://alfred.med.yale.edu/ALFRED/index.jsp;°°).

Genomic integrity and Copy Number Variant (CNV) screening
CNV analysis was performed on GSA genotyping array data. CNV calling used bcftools cnv with default parameters. An in-house
reference array was used to normalize calls. CNV burdens exceeding 30Mbp on any autosome were flagged as QC failures.

Somatic mutation analysis in iPSCs and DANPCs

Variant annotations used for genomic quality control were derived from curated public databases, including ClinVar and cancer driver
gene resources, and were reviewed at defined clinical and manufacturing milestones. As variant interpretation evolved over time,
updated releases of these databases were periodically reviewed, and newly classified pathogenic or likely pathogenic variants
were evaluated for their potential impact on product safety prior to release of clinical lots. This framework enables incorporation
of newly identified risk variants into the genomic quality control workflow as part of clinical progression, rather than relying on static
variant lists.

Interpretation of genomic variants is inherently constrained by the current state of knowledge and available reference databases.
Many detected variants are classified as variants of unknown significance (VUS), for which pathogenicity may not yet be established
and may evolve over time as additional functional and clinical data become available. As highlighted recently,®’ conclusions
regarding genomic safety must be understood in the context of continuously evolving variant annotation frameworks. In this study,
genomic assessments were designed to identify variants with established clinical relevance; however, it remains possible that var-
iants currently classified as benign or of unknown significance may be reclassified in the future. To mitigate this limitation, our quality
control strategy incorporates periodic re-evaluation of variant interpretation at defined clinical progression milestones, allowing
newly identified or reclassified pathogenic variants to be incorporated into ongoing safety assessments of clinical lots.

De novo somatic mutation screening was performed on WGS data from iPSCs and DANPCs. Oncogenic variants including 22
genes and 2,417 candidate variants were curated from the Genomic Data Commons Data Portal Brain Cancer dataset (https://
portal.gdc.cancer.gov/) deduplicated to 2,329 unique positions (Table S4). Neurology-relevant variants consisted of genes curated
by Gene Ontology terms “brain development” (GO:0007420) and “cellular response to dopamine” (GO:1903351), totaling 862 unique
genes; 410 genes had ClinVar pathogenic entries spanning 20,841 unique positions after deduplication. Overlaps with any known
pathogenic mutation were manually reviewed (Table S3).

Neuronal differentiation and validation using NeuriTest

Total RNA was isolated from DANPC cultures with RNAeasy. cDNA library construction was conducted using the NEBNext UltraTM Il
RNA Library Prep kit (Illumina) with poly A enrichment. The prepared libraries were sequenced on an Novaseg6000 (lllumina) with
paired end 2x150 bp reads (up to 30 million reads).

Document S1 provides a more detailed description of the NeuriTest tool. Reads were aligned to the gencode.v32.transcripts.fa refer-
ence transcriptome with the Salmon pseudoaligner v1.1.0.°” NeuriTest analysis was performed to assess DANPC consistency and matu-
rity, implemented in R v4.3.3. Reference training data was derived from multiple DA differentiation time courses and rodent efficacy
studies. Three analytical steps were performed: Gene set identification of maturity-specific and universal baseline gene sets; Novelty
Score quantifying global similarity to reference DANPCs (pass <0.15); NeuriScore ranking maturity against the optimal timing for trans-
plantable DANPCs (pass >0). Classification required passing both thresholds. Varying DANPC samples with the same maturity consis-
tently passed, while other less mature samples generally failed due to off-target maturity. The application of NeuriScore and Novelty
Score metrics to classify transcriptomic identity and maturation state across differentiation stages and cell types is illustrated in Figure 4.

Flow cytometry
iPSC and DANPC identity were measured by multi-color flow cytometry. 2x10° of either iPSC or DANPC cells in suspension were
treated with the live/dead Zombie Aqua™ fixable viability kit (Biolegend, 423101), then iPSC cell suspensions were stained with Alexa
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Fluor® 647 mouse anti-human TRA-1-81 antibody (BD Biosciences, 560793) followed by fixation and permeabilization using eBio-
science FoxP3/transcription factor staining buffer set (ThermoFisher Scientific, 00-5523-00) iPSC cells were then stained with BV421
mouse anti-OCT-3/4 antibody (BD Bioscience, 565644). DANPC cell suspensions were fixed and permeabilized using eBioscience
FoxP3/transcription factor staining buffer set (ThermoFisher Scientific, 00-5523-00), then stained with PE anti-human FOXA2 anti-
body (Miltenyi, 130-123-779), FITC anti-human OTX2 antibody (Miltenyi, 130-121-186) and PerCP-Cy5.5 mouse anti-human PAX6
antibody (BD Biosciences, 562388). Cells were analyzed with a FACSCanto Il (BD Bioscience) flow cytometer and data was analyzed
with FlowJo software (BD Bioscience). Each time the flow cytometry assay for DANPC identity is performed, 293T control cells with
known PAX6 expression are assayed to ensure accurate measurement of PAX6, along with staining control samples that exclude the
FOXA2 antibody for accurate gating analysis.

Sterility and endotoxin testing

Sterility testing was performed at a contracted testing laboratory (Charles River Laboratories) using the United States Pharmacopeia
(USP) <71> compliant 14-day culture method. Mycoplasma testing was performed at a contracted testing laboratory (Bionique Testing
Laboratories Inc.) using Applied Biosystems MycoSeq PCR Detection kit, preceded by a 6-day broth enrichment to increase assay
sensitivity. The Limulus Amebocyte Lysate (LAL) method was used to detect and/or qualify bacterial endotoxin in samples. 25 plL/
well of samples were added into all four wells of endotoxin cartridge (Charles River Laboratories, PTS20005F), Endosafe® Nexgen-
PTSTM Kinetic Reader (Charles River Laboratories) was used to measure the endotoxin level according to manufacturer’s protocol.

Post-thaw cell concentration and viability

Frozen cells were thawed using ThawSTAR® Automated Cell Thawing System (Astero Bio.), 100 pL of cell suspension was mixed
with 100 pL of reagent A100 lysis buffer (Chemometec) and 100 pL of reagent B stabilizing buffer (Chemometec), the prepared
samples were loaded in Vial-1 cassette™ (Chemometec) and measured by NucleoCounter® NC-200 cell counter according to
the manufacturer’s protocol (Chemometec).

Quantitative Real-Time Polymerase Chain Reaction (QRT-PCR)

Total RNA was extracted from iPSC or DANPC using miRNease Mini kit (Qiagen) and 1 pg of RNA was converted to cDNA using high-
capacity cDNA reverse transcription kit with RNase inhibitor (Applied Biosystems). To quantify the residual Sendai virus in iPSC, Tagman
gRT-PCR was performed on the iPSC cDNA using custom Sendai quantification kit (ThermoFisher Scientific). To quantify residual un-
differentiated iPSC levels, reference samples were prepared by diluting total RNA isolated from iPSCs at 1%, 0.1% and 0.01% into nega-
tive control RNA from fibroblasts. 1 pg of reference sample RNA and DANPC RNA were converted into cDNA, and gRT-PCR was
performed by using two primer/probe sets: POU5F1 and VRTN (ThermoFisher Scientific, 4331182_HS00217248_m1) with beta-Actin
(ActB) (ThermoFisher Scientific, 4448491_HS01060665_g1) as the housekeeping reference gene. The delta Ct (dCt) was calculated
by taking the difference between the Ct of the target gene and the house-keeping gene in each sample. By comparing the dCt value
of the test sample with the reference sample, a higher dCt of the test sample indicates that there were fewer than 0.1% iPSCs present.

In vitro detection of iPSCs spiked into DANPCs

DANPCs spiked with increasing concentrations of iPSCs were cultured at 37°C in iPSC growth culture conditions to confirm qRT-
PCR detection of residual iPSCs. 6-well plates were coated with iMatrix-511e8 (Matrixome) and maintained with mTeSR1 (Gibco)
for four days in culture plates followed by subsequent visual inspection for formation of iPSC colonies.

Immunocytochemistry

DANPCs were thawed and plated in maturation medium supplemented with Y-27632 (BioTechne). Cells were passaged on days 25
and 30 and plated into a 24-well plate with glass coverslips at 200,000 cells/cm? in maturation medium supplemented with Y-27632.
Cells were fixed in 4% Paraformaldehyde (PFA) at room temperature (RT) for 15 minutes, then washed 3 times with 1X DPBS before
being blocked with a solution of 0.1% Triton-X 100, 1% BSA (Fisher), and 2.5% donkey serum (Sigma-Aldrich) in 1X DPBS for 30 mi-
nutes. Cells were incubated with primary antibodies for TH (1:500, Millipore, AB152) and FOXA2 (1:150, SCBT, SC-374376) diluted in
blocking solution at 4°C overnight, then washed 3 times in 1X DPBS before being stained with secondaries the following day. Cells
were incubated in fluorophore conjugated secondary antibodies (1:1000, Invitrogen, A21206 and 1:500, Invitrogen, A31570) diluted
in blocking solution for 2 hours at RT, then washed 2 times with 1X DPBS. Nuclei were labeled with Hoechst (Invitrogen, H3570) at
1:10,000 in PBS for 5 minutes at RT. Cells were washed 1 more time before removing the coverslips from the well and mounting onto
microscope slides (Fisher, 1255015) with ProLong Gold antifade reagent (Invitrogen, P36930).

Slides were imaged at 10x magnification on an Olympus VS200 Slide Scanner microscope with 3 representative fields of view per
coverslip. Nuclear antigen FOXA2 and Hoechst were quantified with CellProfiler using the IdentifyPrimaryObjects module. Cellpose,
a generalist algorithm for cellular segmentation, was trained on >3000 cells for quantifying TH-positive soma. Quantification is shown
as the percentage of TH+Hoechst+ or FOXA2+Hoechst+ over the total number of Hoechst positive cells.

Neurotransmitter release quantification
To evaluate the dopaminergic and serotonergic neurons characteristics in DANPCs, a Xevo TQ-S UPLC-MS/MS assay was qualified
by Pharmaron Inc. to quantify dopamine (DA) and serotonin (5-HT) in supernatant matrices. Samples were collected from DANPCs
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cultured for 60 days and assayed to quantify the neurotransmitters DA and 5-HT secreted into the medium upon stimulation with KCI
in a buffered salt solution (Hanks’ balanced salt solution, HBSS). First, the cell culture medium was discarded, the cells were washed
with HBSS, then fresh HBSS was added, and a sample was collected 30 minutes later as a baseline. Then, fresh HBSS with 56 mM
KCI was added to stimulate the cells, and a sample was collected 30 minutes later. Cells were stored at 37°C during culture and
stimulation.

Surgical procedures, efficacy study

To mimic late-stage PD, dopaminergic cells of the nigro-striatal pathway were unilaterally depleted by 1 pl/min infusion of 18.75 ng
6-hydroxydopamine (6-OHDA; Sigma-Aldirch 162957) with 0.025% ascorbic acid stabilizer, into the median forebrain bundle (MFB)
at stereotaxic coordinates: AP= 4 mm, ML= -1.3 mm (taken from bregma) and DV= -7 mm (from dura), TB set to -3.2. Toxin was
allowed to diffuse for 2 minutes before withdrawal of cannula.

On the day of transplantation, cells were thawed and formulated into a cell suspension of 150,000 cells/ul in Plasmalyte A
(Baxter, JB2544) with 5% human serum albumin (Akron Bio., AK8228- 0100) as vehicle. A trypan blue viability assay was conduct-
ed on all cell suspensions prior to transplantation with a release criterion of >70% viability. Cell suspensions were kept on ice until
time of use and injected unilaterally at 2 depths into the lesioned striatum at coordinates: AP= +0.6, ML= -3 and DV = -4 (depth 1)
and -5 (depth 2). 1.5pL cell suspension was infused at 1pl/min at each depth, to ensure 450,000 cells/transplant, and the suspen-
sion was allowed to diffuse for 2 minutes before withdrawal of delivery cannula. Rejection of grafts was prevented by intraperito-
neal (IP) injection of immunosuppressant cyclosporine A (Sandimmune, Novartis) at 10mg/kg every 24 hours, beginning 2 days
prior to cell transplantation.

Behavioral assessments, efficacy study

Amphetamine-induced rotation bias testing was used post-lesion to confirm success of the unilateral MFB lesion. Rotation bias
testing was conducted with 2.5 mg/kg dopamine agonist methamphetamine (Sigma-Aldrich) and undertaken every four weeks for
the duration of the 28-week post-graft period. An automated rotometer set up was used to assess rotational asymmetry in an un-
biased manner. Animals were required to meet >6 amphetamine-induced rotations per minute for inclusion in the study at baseline
and were group matched according to this score. Off-drug behavior was also video recorded every 4 weeks for the duration of the
28-week post-graft period. Abnormal involuntary movements (AIMs) were scored from 10-minute videos taken at 12-, 20-, 24- and
28-weeks post grafting by an experienced researcher, blinded to group allocation. AIMs scoring consisted of assigning a score
of 1-3 to reflect the amplitude or intensity of the following behaviors: axial twisting, forelimb or hindlimb dyskinesia, orolingual
dyskinesia and contralateral locomotion. Behaviors were assessed in 3, 1-minute slots, over a 10-minute period off drug.

Immunohistochemistry, efficacy study

Animals were sacrificed at 28 weeks post transplantation by IP injection of pentobarbital and transcardially perfused with PBS before
perfusion with 250 ml 4% PFA. Brains were post-fixed for 4 hours in 4% PFA before cryopreservation in 25% sucrose. 30 pm sections
were collected on a freezing sledge microtome in a 1/12 series. For immunolabelling, a 1/12 or 1/6 series of floating sections was
blocked for peroxidase reactivity (by 5 minutes incubation with 3% methanol and 3% H202), and non-specific binding action
(by inclusion of 1-3% goat serum in blocking and antibody solutions). Permeabilization of tissue was achieved by addition of
0.1% Triton X-100 (Sigma-Aldrich) into blocking and primary solutions.

The primary antibodies for staining were human nuclei (1:2,000, Millipore MAB1281), human cytoplasm (STEM121, 1:3000, Ta-
kara Y40410), tyrosine hydroxylase (1:1,000, Millipore YAB152), Ki-67 (1:1,000 Abcam AB15580), and serotonin (5-HT, 1:10,000,
Immunostar 20080). For fluorometric stains, secondary antibodies were tagged with either green (488nm, 1:200, Invitrogen
A110837) or red (594 nm, 1:200, Invitrogen A11029) fluorescent probes. For colorimetric stains, biotinylated secondary antibodies
for mouse (1:200, Vector Labs, BA-2001) or rabbit (1:200, Vector Labs BA-1000) were used and the signal was amplified by
application of avidin-biotin (Vector labs, PK6100) before treatment with DAB (Sigma-Aldrich, D8001-5G). For double labelling,
an alternative blue stain (Vector SG) was used according to manufacturer’s protocol (SK-4700). All fluorometric labels were
co-labelled with Hoechst 33342 (Thermofisher, 62249) to label cell nuclei. Sections were mounted on gelatin-coated slides and
dried at ambient temperature overnight, before being cover-slipped with DPX (Sigma-Aldrich). Whole slides stained with
STEM121, TH, and HNA/5-HT double stain were scanned at 2.5x using a Zeiss Axioscan slide scanner. Zenlite software was
used to generate volume measurements using STEM121-stained sections. Two-dimensional quantification was carried out using
an automated stage and stereology module NEWCAST™ from Visiopharm Integrator System software (Visiopharm, UK) on an
Olympus Bx50 microscope (Olympus Optical Co., Ltd, Japan). A stereological estimate of the total numbers of human cells
was generated using a 1/12 series of HNA-positive cells using an optical fractionator to sample 5% of the region of interest
(the grafted area). The stereological formula C =Zc x (£A/ Za) x f, where Zc= the total numbers of cells counted for each animal,
YA = the sum of all the inclusion areas for each animal, Xa= the sum of all the sample areas for each animal (number of samples
areas x size of sampling frame), and f= frequency of tissue, i.e. 12 for a 1/12 series. The total numbers of TH-positive and 5-HT-
positive cells were estimated by counting all labelled cells within either a 1/6 or 1/12 series and multiplying by 6 or 12, respectively.
Optical density (OD) measures were obtained from 2.5x slide scanned images using Zenlite software and converting the Ol mea-
sure into OD using the formulae OD=Iog10(I0/IT), where I0=optical intensity and IT=transmitted intensity. Using slides stained with
STEM121, a 100 pm? bounding box was placed over the following regions of interest frontal cortex (fCTX), Nucleus Accumbens
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(NAc), Globus Pallidus (GP), Amygdala (Amyg), Subthalamic nucleus/Median forebrain bundle (STN/MFB), Cerebral Peduncle
(CP) and Substantia Nigra (SN). This OD was subtracted from a control region with only background staining, white matter tracts
in the brain hemisphere contralateral to the transplant, to give the relative increase in OD for STEM121 fibers. Using TH immuno-
labelled slides, the OD of TH+ graft projections into the host striatum was evaluated at 500 um, both medially and laterally from the
transplant border.

Analysis of projections into the host striatum was conducted 500 pm from graft edge in both a medial and lateral direction using
TH immunolabelled sections. A 1/12 series, double-stained for fluor-Ki-67/HNA was imaged at 20x magnification using an Opera
Phenix system with Harmony imaging software (both from PerkinElmer). High throughput image analysis using the PhenoLOGIC
machine learning algorithm was used to quantify the percentage of graft-derived proliferative cells (Ki-67-positive/HNA-positive)
after 28 weeks maturation.

Surgical procedures, GLP safety study

Cells were thawed and formulated into a cell suspension of 100,000 cells/pl in Plasma-Lyte 148 (Baxter, JB2544) with 5% Flexbumin
(Takeda, 2G0201) that was used as the vehicle control group. Cell suspensions were kept at 4°C until time of use and administered
via bilateral intrastriatal injection at coordinates relative to bregma: Rostral = +0.6 mm, Lateral=3.0 mm and Dorso-Ventral= -5.0 mm
(site 1) and -4.0 mm (site 2) once on Day 0. Infusion of 1.25 or 2.5 pL injection was at the rate of 0.5 pL/min on each site in both hemi-
spheres. The needle was left in place for approximately 2 minutes before retracting.

Biodistribution testing, GLP safety study

For the high dose (HD) 425, 109, and vehicle groups, tissues, bone marrow and blood were analyzed for biodistribution of human cells
using gPCR at 26- and 39-weeks post-dosing. Validated bioanalysis assay was developed to detect the target human p-globin
sequence. Blood samples were collected in tubes containing K;EDTA from at least 5 animals/sex/group via cardiac puncture
at each scheduled necropsy for gPCR analysis. DNA was extracted from the samples and a gPCR assay was performed to detect
human cells using the forward, reverse and probe primer sequences: 5’-GTCATAGGAAGGGGATAAGTAACAG-3’ and 5’-TGAGACT
TCCACACTGATGCA-3’ and 5°-TCATTCGTCTGTTTCCCATTCT-3’. Duplicate QC samples were prepared at 10* (QC-High), 10°
(QC-Mid), and 10? (QC-Low) copies of iPSC pellet DNA in a background of 1,000 ng rat liver DNA per reaction. When possible,
the tissue and bone marrow DNA samples were tested at 1,000 ng per reaction while the plasma DNA samples were tested at
5 uL per reaction.

Necropsy, histopathology and immunohistochemistry, GLP safety study

Animals were euthanized by carbon dioxide inhalation. Following euthanasia, animals were perfused with 0.9% saline. Representa-
tive samples of the tissues (left brain, heart, left kidney, liver, lung, lymph node [left cervical, left mandibular, and mesenteric], spleen,
ovaries or testes, and cervical spinal cord) were collected from all animals and preserved in 10% neutral buffered formalin. The eyes
(including the optic nerve) were preserved in Davidson’s fixative (Sigma-Aldrich, H0290). The testes and epididymides were pre-
served in Davidson’s fixative. Tissues were embedded in paraffin, sectioned, mounted on glass slides, and stained with hematoxylin
and eosin. Animals were subjected to a complete necropsy examination, which included evaluation of the carcass and musculoskel-
etal system, all external surfaces and orifices, cranial cavity and external surfaces of the brain, and thoracic, abdominal, and pelvic
cavities with their associated organs and tissues. The animals were examined for external abnormalities including palpable masses.
Four 1 mm brain sections, two rostral and two caudal to the rostral cut of the standard CRL brain section 2 (sampling and preparation
according to Bolon et al.®” Both hemispheres of the brain were trimmed for all non-perfused duration of study (DOS) animals; the left
hemisphere was trimmed for the perfused euthanized in extremis and scheduled animals. The striatum was sectioned coronally at
5 pm thickness to generate samples from 2mm rostral and 2mm caudal to the injection tract, and at the plane of the injection tract.
Brain tissue sections were immunolabeled with the following antibodies: anti-HNA (Milipore, MAB1281), STEM121 (Takara, Y40410),
anti-TH (Pel-Freez Biologicals, P40101), anti-Ki-67 (Abcam, Ab-15580), anti-5-HT (Immunostar, 20080). Tissue sections processed
and stained for HNA/Ki-67 multiplex immunofluorescence were scanned to Whole Slide Images (WSI) with a Hamamatsu s60 slide
scanner at 20x magnification and the digital images were imported into Visiopharm for automated image analysis. Cell index HNA/Ki-
67 quantitative analysis was restricted to sections/areas where human cell grafts were manually identified by a trained scientist.
An Analysis Protocol Package (APP) was developed in Visiopharm software to detect individual nuclei and classify/quantify HNA-
positive and HNA/Ki-67-double positive cells present in each graft region. The Ki-67-positive cells were quantified as an index
of the population of HNA-positive cells. Additional adjacent tissue sections were processed and stained for TH and 5-HT. The
TH-positive cells were quantified as an index of the total population of cells. Quantitative analysis of TH-positive cells was restricted
to sections/areas where human cell grafts were previously identified within HNA/Ki-67-stained tissue sections.

QUANTIFICATION AND STATISTICAL ANALYSIS
RNA-seq and WGS quality metrics were summarized using FastQC and samtools stats. Concordance and identity-match statistics

were calculated using R v4.3.2. NeuriTest scoring pipelines were implemented in R v4.3.2 with custom scripts. PCA visualizations
were generated with ggplot2 v3.5.2. No statistical adjustments for multiple testing were applied unless specified
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Statistical Analysis

Statistical analysis was conducted on the data using IBM SPSS statistics software (v25). Repeated measures ANOVA were used
to assess significance of data from rotation bias data (factors= Group [Intact control, Sham-transplant, 109, 111, 425, 457], Time
[Pre-graft baseline, 4-, 8-, 12-, 16-, 20-, 24- and 28 weeks post-grafting]. Bonferroni’s analysis was used as post-hoc analysis for
all statistically significant ANOVA datasets. Group-wise comparisons using ANOVA was performed followed by Tukey’s post-hoc
analysis for fiber density in other brain regions. Statistical analysis for the GLP toxicology study was performed using GraphPad
Prism. Group-wise comparisons using ANOVA was done followed by Dunnett’s post-hoc analysis. All n values and what n represents
are listed in the text and/or figure legends, and all p values obtained are listed in the figure legends. Blinding and randomization for the
efficacy study were performed as described above.
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