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TALENs delivered as
mRNA cargo in LNPs cause 

LPA gene editing and 
Lp(a) reduction in vivo.
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TALENs: programmable gene editing proteins

TALEN mRNA
Design:

Lipoprotein(a) and
cardiovascular disease

 Lipoprotein(a) molecular structure. Lp(a) is made up of an LDL-like particle with the addition of protein Apolipoprotein(a) 
(Apo(a)) covalently linked to Apolipoprotein B-100 (ApoB-100). The LDL-like particle consists of a collection of phospholipids 
(PLs), free cholesterol (FC), cholesteryl esters (CEs) and triglycerides (TGs), and oxidized phospholipids (oxPLs). Apo(a) 
contains protein domains KIV-1 to KIV-10 that share homology to kringle type IV domains in plasminogen. Apo(a) size 
polymorphisms are present in human populations due to the copy number variation of the KIV-2 domain. Lp(a) functions to 
transport lipids in the circulation and plays a role in thrombosis, endothelial cell function, lipid deposition, inflammation, and 
osteogenic differentiation (from Boffa and Koschinsky 2019 Nat Rev Cardiology).

 Lp(a) level associates with cardiovascular disease risk in humans. The  relationship of Lp(a) 
concentration with risk for major cardiovascular events in white populations (U.K. Biobank). 
Above panel shows the hazard ratio (HR) and 95% confidence interval (95% CI) for lifetime risk 
for major cardiovascular events for a given Lp(a) concentration relative to the median Lp(a) in the 
population (19.7 nmol/L) (from Kronenberg et al 2022 Eur Heart J).  Lower panel shows results 
from a study in >100,000 individuals (U.K. Biobank) that found that one SD genetically lowered 
Lp(a) level was associated with reduced risk of 5 cardiometabolic diseases (from and Emdin et 
al 2016 J Am Coll Cardiol).

Designed TALENs targeting LPA

In vitro screening of TALEN mRNAs

    A) Immunofluorescence microscopy images of RT4 cells 16 hours after transfection with 312 pM TALEN mRNAs.
    B) Dose-responsive reduction of LPA transcripts measured by RT-qPCR 5 days after transfection of TALEN mRNAs in RT4 cells.
    C) Capillary electrophoresis images of Apo(a) protein level in RT4 whole cell lysates following TALEN mRNA transfection.
    D) On-target gene editing analysis of RT4 cells following TALEN mRNA transfection. The frequency of frameshift-causing insertions and 
    deletions (% Editing) was determined by next-generation sequencing (NGS) of PCR amplicons from genomic DNA (gDNA) templates.     
    E) Schematic representation of mRNA sequence optimization. 
    Capillary electrophoresis images of Apo(a) protein level in RT4 whole cell lysates (F) and on-target gene editing analysis (G) following 
    transfection of TALEN-Ex3_v2 mRNA.

Efficacy in Primary Human Hepatocytes

Minimal Off-Target Activity

    A) In-Cell Western quantification of TALEN proteins detected by anti-FLAG primary antibodies 16 hours after TALEN mRNA transfection in primary human 
    hepatocytes. B) Capillary electrophoresis images of Apo(a) protein level in whole cell lysates and (C) on-target gene editing analysis 5 days after TALEN 
    mRNA transfection in primary human hepatocytes. D) Representative frequency distribution of mutations at positions along the LPA reference sequence 
    targeted by TALENs. TALEN binding locations are indicated by the colored rectangles. 
    E) Table of top-ranked TALEN-Ex3 binding sites in the human genome determined bioinformatically using with TALE-NT 2.0 webtool. Loci were ranked by 
    “TAL score,” where a lower score indicates a higher binding affinity between the TALEN repeat variable domain (RVD) and the target sequence. “TALEN 
    Pair” column indicates whether the loci is targeted by homodimeric (L/L) or heterodimeric (R/L) TALEN configuration. 
    F) Amplicon NGS gene editing analysis of the indicated genomic loci following transfection of TALEN mRNA.

TALENs reduce Lp(a) in transgenic mouse model

    A) Schematic representation of the human LPA and human APOB-100 transgenes used to create the double transgenic mouse model expressing human Lp(a). 
    B) Schematic representation of study design. Male and female transgenic mice were injected intravenously – once (1X) or twice (2X) – with 2 mg/kg TALEN-Ex3_v2 mRNA encapsulated in a 
    proprietary LNP formulation. For all groups, plasma was collected at the indicated timepoints and liver tissue was harvested at study termination (7 weeks after the first dose). 
    C) Lp(a) levels in plasma determined by a sandwich ELISA using a capture antibody recognizing ApoB-100 and detection antibody recognizing Apo(a). 
    D) Apo(a) levels in plasma using a commercially available ELISA kit (Abcam). 
    E) Relative expression of LPA transgene in liver tissue determine by RT-qPCR. F) Mouse and human ApoB-100 levels in plasma determined by ELISA. G) ALT levels in plasma at study 
    termination. (TE3_v2, TALEN-Ex3_v2)

TALENs induce gene editing in transgenic mouse model

    A) Schematic representation of human LPA transgene depicting two gene editing sites for TALEN-Ex3. Gene editing analysis (% Editing) at the corresponding target sites as determined by 
    amplicon next-generation sequencing. 
    B) Schematic representation of TALEN-Ex3 editing sites 1 and 2 at the DNA sequence level. Colored triangles indicate approximate locations of double strand breaks caused by the FokI 
    nuclease domain in TALEN-Ex3. Red-shaded squares indicate bases at which there exists a mismatch between the reference sequence and the DNA-binding RVD in TALEN-Ex3. 
    C) Representative subset of reads generated from PacBio long-read sequencing of LPA transgene amplicons. Gray lines represent reads from PBS control mice, and purple lines represent 
    reads from mice treated twice (2X) with TALEN-Ex3_v2 formulations. White gaps within reads represent sequence deletions. Reads are aligned to the LPA transgene schematic above. 
    D) Gene editing analysis generated from bioinformatic analysis of PacBio sequencing reads. % Editing indicates deletion frequency as a percentage of total read coverage at the indicated 
    target site. “Spans across sites 1 and 2” indicates a deletion that spans across both edit sites. E) Cumulative sum of all three types of edits.

SUMMARY

● Achieved proof-of-concept for TALEN-mediated Apo(a) reduction in vitro using TALEN mRNAs
● Demonstrated in vivo efficacy by LNP delivery of TALEN mRNA that led to Lp(a) reduction in a transgenic mouse model
● TALEN-mediated gene editing was dose responsive
● TALEN mRNA-LNP formulations were well-tolerated in vivo
● No detectable off-target activity in vitro
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