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INTRODUCTION

The delivery of gene editing tools into stem cells is a significant bottleneck in regenerative medicine, limited by the trade-off between editing
efficiency and cellular health. To address this, we developed the CellPore™ Transfection System, a novel mechanoporation platform that
introduces cargo directly into the cytosol by rapidly deforming cells through microfluidic constrictions (Figure 1). This gentle process creates
transient pores for efficient introduction of biomolecules, such as RNA and CRISPR-Cas9 ribonucleoproteins (RNPs), while maintaining the
delicate physiology of sensitive stem cells. In this work, we investigated the utility of CellPore™ in enabling the genetic engineering of human
pluripotent stem cells (hPSCs) and CD34+ hematopoietic stem and progenitor cells (HSPCs).
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METHODS

TABLE 1. CellPore™ Mechanoporation Reaction Conditions for Human Stem Cells.

™ ™
. Delivery CeIIF_’ore Hallpte Cell Number & Culture Time
Cell Type Cell Preparation Cargo Delivery Delivery Culture Medium
Pressure : Reaction Volume Before Analysis
Cartridge Medium

Cas9 RNP: 60 pmol 2-3 days (Cas9 RNP)

Human Clump passaged 7 days prior, _ : 3x10° cells
. : . mRNA: 15 pmol 15 psi mTeSR™ Plus or eTeSR™ 2 days (MRNA)
PSCs dissociated with ACCUTASE® saRNA: 1.5 pmol in 50 pL 2.7 days (saRNA)
Human From umbilical cord blood, Cas9 RNP: 40 pmol 5x10% cells StemSpan™ SFEM Il 4 days (RNP)
: . ™ _ : :
CD34+ HSPCs isolated using EasySep mRNA: 6 pmol 30 psi 300 A in 80 L + CD34 Expansion Supplement 2 days (mMRNA)

CD34 Positive Selection Kit Il saRNA: 1.5 - 3 pmol + 1 uM UM729 2-7 days (saRNA)

ELECTROPORATION: CD34+ HSPCs (5 x 10% cells/10 pL) with 15 pmol Cas9 RNP were electroporated (1600 V, 10 ms, 3 pulses) and
transferred for culture and analysis.

Cas9 RNP PREPARATION: Glycerol-free Cas9 nuclease (IDT) was complexed with sgRNA at a 1:2.5 molar ratio and incubated for 15 minutes
at room temperature (15 - 25°C).

ANALYSIS: Cell viability and cargo delivery were assessed by flow cytometry. CRISPR-Cas9 knockout was assessed by surface marker staining.
For colony-forming unit (CFU) assays, HSPCs were plated in MethoCult™ H4435 Enriched Medium after 1 day of transfection (on SmartDish™
6-well plates at 300 cells/well) and colonies counted after 14 days using a STEMVision™ Instrument.
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FIGURE 2. Gene Knockout Workflow for Human Pluripotent Stem Cells with CellPore™ Transfection System.
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FIGURE 3. CellPore™ Enables Highly Efficient Gene Knockout in Multiple hPSC Lines.

Delivery of B2M RNPs to undifferentiated human induced pluripotent stem (3A: SCTI003-A; 1C: WLS-1C) and embryonic stem cells (H9) resulted in
(A) robust knockout efficiencies of MHC-I surface marker and (B) retention of high cell viability on day 2 (n =8 - 11). (C) MHC-| knockout hPSCs
maintained the ability to expand on day 2 post-mechanoporation, despite the decrease in fold expansion compared to unedited controls (n = 3 - 7).
Consistent viability (dots) and knockout efficiencies (bars) in the SCTIO03-A line were maintained when (D) scaling the reaction volume from 50 pL
to 200 pL with 3.5x10° cells per reaction, and (E) scaling the cell number up to 2x10° cells per 50 pL reaction (n = 3). Data presented as mean + SD.
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FIGURE 4. Mechanoporated hPSCs Maintain Characteristic Morphology and Markers of the Undifferentiated State.

Following transfection, hPSC lines (3A: SCTI003-A, 1C: WLS-1C, and H9) were expanded in mTeSR™ Plus medium, supplemented with
CloneR™2 for the first 24 hours. (A) After 6 days of culture, all lines retained classic undifferentiated morphology, characterized by densely
packed, multilayered colonies. (B) Flow cytometric analysis on day 14 confirmed robust maintenance of an undifferentiated phenotype, with
> 95% of the population expressing TRA-1-60 and OCT4 (n = 3 - 8). Crucially, no abnormalities were detected via single-nucleotide
polymorphism array (SNPa) profiling (data not shown, n = 3). Scale bars = 500 pm. Data presented as mean =+ SD.
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FIGURE 5. Gene Knockout Workflow for Human CD34+ HSPCs with CellPore™ Transfection System.
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FIGURE 7. CellPore™ Enables Robust MHC-I Knockout in HSPCs from Various Sources Across Cell Densities.

Cryopreserved CD34+ HSPCs from (A) cord blood or (B) mobilized peripheral blood were thawed and cultured for 24 hours in StemSpan™ SFEM |,
B2M RNPs were delivered at various cell numbers per reaction. Four days post-transfection, flow cytometry confirmed high viability and MHC-
knockout in CD34+ and CD34+CD45RA-CD90+ populations across all tested ranges. UT = Untreated. Data presented as mean £ SD (n=2 - 5).
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FIGURE 8. RNA Delivery to hPSCs and CD34+ HSPCs via CellPore™ Drives Transient Gene Expression.

(A) eGFP or mCherry mRNA was delivered to the SCTIO03-A hPSC line, resulting in robust expression and high viability. Bars represent

means + SD (n = 3 - 4). (B) eGFP mRNA delivered with CellPore™ to CD34+ HSPCs showed robust expression after a minimal 1 hour
pre-transfection stimulation culture period. (C) A ~10 kb GFP saRNA delivered with CellPore™ to CD34+ HSPCs resulted in successful increase
in GFP expression over 7 days (cultured in the presence of 175 ng/mL B18R and 0.8 ug/mL puromycin). (D) Delivery of a self-replicating RNA
reprogramming vector (ReproRNA-OKSGM) encoding OCT4, KLF-4, SOX2, GLIST, and c-MYC to CD34+ HSPCs resulted in the formation of
several colonies (0.034% efficiency, n = 2) with characteristic hPSC morphology by Day 24.

SUMMARY

e CellPore™ uses gentle mechanoporation to achieve high efficiency in cargo delivery to sensitive stem cells (e.g. hPSCs,
CD34+ HSPCs), while maintaining cell viability, undifferentiated phenotype, and downstream multilineage potential.

e The platform can deliver a variety of cargoes, including CRISPR-Cas9 RNPs, mRNA, and saRNA to provide avenues for gene
editing and cell reprogramming applications.

e CellPore™ enables robust B2M gene knockout across multiple hPSC lines, without impacting their undifferentiated state
post-mechanoporation.

e Gene editing of HSPCs with CellPore™ requires a minimal pre-transfection stimulation period (within 1 hour), allowing
HSPCs to maintain a higher frequency of rare, primitive stem cells.
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