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In Vivo CAR-T Cell Engineering Using a Targeted LNP (AERA-109) 

Enables Deep B Cell Depletion Without Conditioning

Joshua Ferrell, Camille Khairallah, Eli Pasackow, Adrianna Graziano, William Brinton, Mansi Deshmukh, Clarissa Halim, Mengmeng Zheng, Jennifer Tian, Daniel Kong, Jamie Yuan, Srujan Gandham, Shreya Mukherji, 

Suzeeta Bhandari, Pavel Makarov, Nikita Prajapati, Aidan O’Willey, Venus Sahu, Sanmit Adhikari, Elizabeth Belcher, Stuart Cole, Allison Jasa, Israel Rivas, Jared Martin, Heather Lopes, Husain Attarwala, Felipe Bendezu, 

Robert Dorkin, Scott Barros, Lukasz Swiech

Abstract

Chimeric antigen receptor T (CAR-T) cell therapies have transformed 

the treatment of B cell driven hematologic malignancies, with several ex 

vivo products now FDA-approved. More recently, ex vivo CAR-T 

approaches have shown promise in autoimmune diseases. However, 

the complexity of their manufacturing, need for lymphodepletion, and 

risk of cytokine release syndrome (CRS) limit application in non-

malignant contexts. To overcome these challenges, we developed a 

targeted lipid nanoparticle (tLNP) platform that delivers mRNA encoding 

a CAR to CD8+ T cells in vivo, enabling CAR-T generation without 

conditioning. Unlike ex vivo products, which induce long-term B cell 

aplasia due to CAR-T persistence, our system enables an “immune 

reset ” via the transient generation of CAR-T cells in vivo.

In vitro delivery of anti-CD19 CAR mRNA via tLNPs efficiently 

generated CAR+ CD8+ T cells with high CAR surface expression and 

specific activity against CD19+ targets. In CD34+ humanized mice, in 

vivo tLNP administration using a two-dose regimen led to dose-

dependent CAR-T generation, phenotypic shifts toward activated and 

memory T cell states, and CAR-T mediated B cell depletion in blood 

and tissues. Robust activity was achieved at 0.1 mg/kg, with 

measurable effects observed at doses as low as 0.03 mg/kg.

In non-human primates (NHPs), tLNP delivery of a surrogate anti-CD20 

CAR at 0.3 mg/kg in a two-dose regimen induced transient CD8+ CAR-T 

cell generation, expansion of CD8+ T cells, and phenotypic shifts 

consistent with activation and memory formation. This results in 

complete B cell elimination from the blood, spleen, and bone marrow. 

The treatment was well-tolerated, with no significant clinical 

observations or changes in hematology or serum chemistry parameters.   

These results suggest that the described system, comprising a tLNP 

delivering an mRNA encoding a B cell-targeting CAR, offers the 

potential for a highly effective, conditioning-free, in vivo treatment of B 

cell-mediated autoimmune diseases. 

Figure 1: Engineering of CD8+ T cells with high specificity 

and efficiency via tLNPs

Human T cells were transfected with CD8-targeted tLNPs carrying CD19 CAR 

mRNA. Efficient CAR expression was observed in resting CD8+ T cells, as well 

as cells transfected before or after activation. CD4+ T cells showed minimal 

expression (A). CAR expression levels were quantified by comparing mean 

fluorescence intensity (MFI) of CAR+ T cells to fluorescent standards (B). 
These results demonstrate efficient and selective engineering of CD8+ T cells, 

with per-cell CAR expression levels that are among the highest reported for 

LNP-based delivery approaches. 

A B

Figure 4: tLNP delivery of CAR cargo in humanized 

mouse model induces dose-dependent B cell depletion

Figure 2: Engineered CAR-T cells have potent activity 

against CD19+ target cells

Resting human T cells were transfected with tLNPs carrying CD19 CAR or GFP 

mRNA and co-cultured with CD19+ NALM6 target cells. Cytotoxic activity was 

monitored by Incucyte live-cell imaging, with T cells re-dosed at 72 hours (A). 

CAR-T cells mediated sustained and cargo-specific killing of CD19+ targets. 

Luciferase-based assays confirmed CD19-specific cytotoxicity, as CAR-T cells 
eliminated CD19+ but not CD19KO NALM6 variants (B).

Figure 3: tLNP delivery of CAR cargo in healthy and 

autoimmune PBMCs drives B cell depletion

Conclusions

Figure 5: tLNP delivery of CAR cargo in an NHP model 

drives robust B cell depletion

PBMCs isolated from healthy (H) or autoimmune (AI) donors (N=2) were 

transfected with tLNPs carrying mRNA encoding either a CD19 CAR or GFP in 

the presence of IL-2 and IL-7, without additional stimulation. CAR expression 

was comparable between autoimmune and healthy PBMCs (A). In both groups, 

generation of CAR-T cells led to a dose-dependent depletion of primary B cells 
(B) and induced T cell activation, as indicated by upregulation of the activation 

marker 4-1BB (C). These results demonstrate consistent CAR activity across 

healthy and autoimmune cells.
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LNPs carrying either a human-specific CD19 CAR mRNA or a simian-specific 

CD20 surrogate CAR (s-CAR) were administered to NHPs in a two-dose 

regimen, given 72 hours apart at the indicated doses (A). Blood samples (B–F) 

were analyzed by flow cytometry for CAR-T cells, CD8 T cells, and B cells. CAR-

T cells were detected in both CD19 CAR and CD20 s-CAR groups, with CAR 
expression appearing after the first dose and peaking after the second (B). CAR 

expression was accompanied by proliferation of CD8+ T cells (C), elevated ICOS 

expression (D), and an increase in central memory T cells (E). B cell frequency in 

the blood declined rapidly in the CD20 s-CAR group (F), with complete 

elimination observed in spleen and bone marrow compartments (G) at Day 8.

B C

D

F G

E

tLNPs carrying a CD19 CAR mRNA were administered to humanized CD34+ 

NSG mice intravenously using a two-dose regimen, given 72 hours apart. 24 

hours after the second dose (Day 4), mice were necropsied (A). Blood (B–F) 

and spleen (G) lymphocytes were analyzed by flow cytometry for CAR-T cells, 

CD8 T cells, and B cells. In the blood, CAR-T cell frequency increased in a 
dose-dependent manner (B), was CD8+ T cell specific (C), accompanied by high 

CAR expression (C), elevated ICOS expression (D) and expansion of central 

memory T cells (E). B cell frequency declined sharply with increasing tLNP dose 

in both the blood (F) and spleen (G).

•Aera’s tLNP platform provides a scalable, non-viral engineering approach for T cells, allowing for the generation of therapeutic T cells in vivo, 

bypassing the need for ex vivo manufacturing.

•Administration of tLNPs carrying a therapeutic CAR cargo enabled specific depletion of CD19+ cells within PBMC samples from autoimmune and 

healthy donors.

•A two-dose regimen administering tLNP in humanized CD34+ mice and in NHPs drove robust in vivo CAR-T engineering, resulted in specific T cell 

activity and depletion of B cells from the blood and lymphoid tissues.

•These data support the advancement of AERA-109 into development for the treatment of autoimmune mediated disease.

Contact: info@aeratx.com
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