
II-Development of the therapeutic APOC3 TALEB: A comprehensive 
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I-Gene editing strategy: Permanent inactivation of APOC3 using 

TALEB

Background: Hypertriglyceridemia, APOC3 and therapeutic avenues

Apolipoprotein C-III (ApoC3), encoded by APOC3, is a key regulator of triglyceride-rich lipoprotein metabolism through inhibition of lipoprotein lipase-

mediated hydrolysis and hepatic clearance of remnant particles. Excess ApoC3 contributes to severe hypertriglyceridemia (sHTG) and familial 

chylomicronemia syndrome (FCS) in which impaired clearance of chylomicrons and very low-density lipoprotein remnants drives extreme triglyceride 

accumulation. Human genetics strongly supports APOC3 as a therapeutic target, since carriers of naturally occurring loss-of-function variants show 

reduced triglyceride levels and lower cardiometabolic risk. Several APOC3-targeting approaches, including antisense oligonucleotides (ASO) and 

siRNAs, have demonstrated triglyceride lowering but require repeated administration to maintain effect. Here we report the development of an 

APOC3-specific TALE base editor (TALEB) designed to achieve permanent gene inactivation in vivo using a liver-directed lipid nanoparticle (LNP)-

mRNA delivery strategy.

Conclusions: Liver-directed in vivo editing of APOC3 by TALE base editing transforms a genetically validated target into a potentially one-time treatment for 

hypertriglyceridemia. 
• A comprehensive engineering strategy enabled the development of a highly active and specific APOC3 TALEB candidate exhibiting robust on-target editing and minimal indel formation.
• In vivo delivery of APOC3 TALEB mRNA formulated in liver-targeted LNP achieved efficient editing of human APOC3 in both humanized liver and hypertriglyceridemic transgenic mouse models.
• APOC3 editing translated into substantial reductions in circulating ApoC3 and TGs, with the magnitude of lipid lowering  linked to the editing frequency, confirming the intended mechanism of action.
• LNP APOC3 TALEB activity was restricted primarily to the liver, supporting a favorable liver-targeting profile.
• This proof of concept establishes APOC3 TALEB as a promising one-time in vivo gene editing approach for the treatment of hypertriglyceridemia and related APOC3-driven disorders.

Image Credit: Images of cells were adapted from “Cell Biology”, by BioRender.com (2021); Retrieved from https://app.biorender.com/biorender-templates 

• A comprehensive approach was used to develop the therapeutic lead APOC3 TALEB. Different parameters were evaluated to precisely 

position the TALEB at the intended target site and optimize its base editing activity and specificity. Several constructs were screened to 

identify the final lead APOC3 TALEB candidate.

• The activity of the lead APOC3 TALEB was evaluated in vitro using HepG2 cell lines. mRNA encoding the left and right arms of APOC3 TALEB 

were electroporated in HepG2 and the genomic DNA of treated cells was analyzed by high throughput DNA sequencing of ON site-specific 

PCR amplicon. Results showed a mean frequency of APOC3 base editing of ~90.7% ± 6.0% and 0.9% ± 1.6% of insertion and deletion (Indel) 

events (mean ± SD) .

• The specificity of the lead APOC3 TALEB was evaluated in vitro in HepG2 cell lines using a genome wide and unbiased OFF site identification 

method. This procedure allowed to identify 13 OFF site candidates. The frequency of base editing generated at these OFF sites was then 

quantified by high throughput DNA sequencing of OFF site-specific PCR amplicons. Results confirmed ON site activity without showing 

significant OFF site activity above the threshold set by the values obtained from Mock transfected HepG2 cells. It indicates that the lead 

APOC3 TALEB is highly active and specific toward APOC3 target.

The authors acknowledge Acuitas for providing the lipid nanoparticles (LNP) used in this work. This communication expressly or implicitly contains certain forward-looking statements concerning Cellectis and its business. Cellectis is 

providing this communication as of this date and does not undertake to update any forward-looking statements contained herein as a result of new information, future events or otherwise. This communication contains Cellectis’ proprietary 

information. TALEN® and Cellectis® are trademarks owned by the Cellectis Group. 
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LNP-APOC3 TALEB

• Humanization

• APOC3 editing efficiency
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IV-Activity assessment of LNP APOC3 TALEB mRNA in vivo: 

Hypertriglyceridemic human APOC3 transgenic murine model

•    APOC3 TALEB is composed of a left and a right 

TALEB arm, each consisting of a TALE DNA 

binding domain, a linker, a split dsDNA-specific 

deaminase and a UGI domain. Upon binding to 

adjacent dsDNA sequences separated by a spacer, 

the left and right TALEB arms reconstitute an active 

deaminase that catalyzes the deamination of a 

cytosine (C) to a thymine (T). This cytosine base 

editing, targeted to a precise region of exon 4 of the 

APOC3 gene, is designed to generate a premature 

STOP codon and eventually inactivate the 

corresponding protein. 
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LNP-APOC3 TALEB

• Plasmatic APOC3/Triglycerides (TGs)

at week -1 and week 1 (before and after treatment, respectively)
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• NOG TK mice were humanized with human primary hepatocytes to create a murine model bearing a human/mouse chimeric liver that was 
used to assess the activity of LNP-APOC3 TALEB in vivo.

• Liver humanization rate ranged from 10 to 35 %
• Injection of LNP-APOC3 TALEB led to up to 70 % editing of hAPOC3 (64.6% ± 5.5% mean ± SD) and negligible Indel events (1.3% ± 0.3% 

mean ± SD) in the bulk liver cell population. Since hepatocytes represent about 70% of the total liver cell population, these results suggest 
that most hepatocytes were edited by LNP-APOC3 TALEB. 

V-Tropism of LNP APOC3 TALEB mRNA in vivo: 

Hypertriglyceridemic human APOC3 transgenic murine model

LNP-APOC3 TALEB

• hAPOC3 transgenic mice bearing multiple copies of hAPOC3 gene were used as a model 

to assess the activity of LNP-APOC3 TALEB in vivo in a hypertriglyceridemic context.

• Injection of LNP-APOC3 TALEB led to a decrease of up to 77 % of circulating APOC3 

(67% ± 12%, mean ± SD) and of up to 88% of TGs (75% ± 11%, mean ± SD).

• By design, the concentration of TGs correlates with the concentration of APOC3 

quantified in the plasma of animals used at multiple time points pre and post treatment 

onset.

• These results indicates that LNP-APOC3 TALEB treatment elicits efficient inactivation of 

APOC3 that correlates to a deep decrease of circulating TGs.

• hAPOC3 transgenic mice bearing multiple copies of hAPOC3 gene were used as a model to assess the tropism of LNP-APOC3 
TALEB in vivo in a hypertriglyceridemic context..

• Using hAPOC3 on site editing as a read out of tropism, our results show that LNP-APOC3 TALEB is only active in the liver without 
significant activity in other relevant tissues compared to control (bone marrow, testis, brain, heart, kidney, spleen, lung and whole 
blood). Relative frequency of APOC3 editing obtained after LNP-APOC3 TALEB treatment (+) or after PBS treatment (-) are 
illustrated for all tissues.

• This results indicates that the LNP-APOC3 TALEB specifically targets the liver in this hypertriglyceridemic murine model. 

Evolution of circulating plasmatic APOC3 Evolution of plasmatic TGs
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