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Abstract

Introduction

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

demonstrated remarkable efficacy in B cell malignancies 

and, more recently, in autoimmune diseases. However, the 

manufacturing complexity and cost of ex vivo CAR-T 

therapies, together with the need for lymphodepleting 

conditioning and prolonged B cell aplasia, limit their 

scalability and tolerability in non-malignant indications. To 

address these challenges, we have developed a CD8-

targeted lipid nanoparticle (tLNP) that enables in vivo 

generation of CAR-T cells through selective delivery of 

mRNA cargos to CD8⁺ T cells.

Methods

Our drug candidate (AERA-109) is a CD8-targeted LNP that 

transiently engineers CD8⁺ T cells with an anti-CD19 CAR 

mRNA. Human T cells were transfected with the tLNP, and 

CAR expression and cytotoxic activity against human CD19-

expressing B cells were evaluated in vitro. In vivo activity 

was assessed in CD34⁺ humanized NSG mice following 

administration in a 2-dose regimen, with lymphocyte 

phenotyping and B cell depletion measured by flow 

cytometry in blood and tissues. Because the anti-CD19 CAR 

is human-specific, non-human primate (NHP) studies were 

conducted using a cross-reactive anti-CD20 surrogate CAR 

delivered by the same tLNP (AERA-109-S), administered in 

2-dose and 3-dose regimens at 72-hr intervals. B cell 

depletion and reconstitution dynamics were evaluated in 

peripheral blood and lymphoid tissues by flow cytometry.

Results

Our drug candidate (AERA-109) efficiently engineered CD8⁺ 

T cells, resulting in high CAR surface expression and potent, 

specific cytotoxic activity against human CD19-expressing B 

cells in vitro. In CD34⁺ humanized mice, administration of 

our drug candidate produced robust B cell depletion 

associated with transient CAR expression and CD8⁺ T cell 

activation, at doses as low as 0.1 mg/kg (mpk).

In non-human primates (NHPs), administration of our NHP 

surrogate (AERA-109-S) resulted in deep B cell depletion 

from the blood, spleen, and bone marrow at doses as low as 

0.3 mpk. Complete elimination of B cells from lymph nodes 

was observed at higher cumulative exposures, consistent 

with deep systemic depletion likely required for sustained 

therapeutic benefit. In animals followed longitudinally, B cell 

reconstitution occurred across peripheral and tissue B cell 

compartments, with a naïve-predominant phenotype in the 

blood indicating de novo B cell production.

CD34⁺ humanized NSG mice received two intravenous doses of AERA-109 (Days 1, 4) at 0.03, 0.1, 0.3, or 1.0 mpk, or 

TBS control; blood and spleen collected Day 5. (A) Study design. (B) Peripheral blood and (C) splenic CD19⁺ B cell 

frequencies showing dose-dependent depletion, with near-complete elimination at ≥0.3 mpk. (D) ICOS gMFI on CD8⁺ T 

cells, indicating dose-dependent activation. (E) Central memory CD8⁺ frequency (CD45RA⁻CD27⁺), increasing with 

dose. CD8⁺ T cells defined as CD3⁺CD4⁻. n=3; bars represent mean ± SD with individual animals shown.

Cynomolgus macaques received AERA-109-S at 72 hr intervals in 2-dose (Days 1, 4) or 3-dose (Days 1, 4, 7) 

regimens spanning cumulative exposures of 0.2–4.0 mpk. Terminal tissue sampling 48–96 hr post final dose. (A) 

Study design schematic; 3-dose regimen adds Day 7 administration (dashed line). (B) Peripheral CD20⁺ (of 

CD45hi) B cell kinetics normalized to each animal's pre-dose baseline; dotted vertical lines indicate dose 

administrations. (C) Bone marrow, (D) spleen, and (E) lymph node (LN) CD20⁺ B cell frequencies (of CD45hi) at 

terminal sampling. Panel E: four LN sites (mandibular, axillary, mesenteric, inguinal) assessed only at 2× 0.3, 3× 

0.3, 3× 1.0, and 2× 2.0 mpk regimens. (F) Representative anti-CD20 IHC of spleen (top; PBS, 0.3, 1.0 mpk per 

dose) and mesenteric LN (bottom; PBS, 0.3, 2.0 mpk per dose). Control group pooled from vehicle-treated and 

untreated animals across studies (n=5); groups ordered by cumulative dose. Panel B: symbols represent mean ± 

SD. Panels C, D, E: individual animals shown as dots; bars represent mean ± SD.
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Pan-T cells or PBMCs isolated from healthy donors were transfected with AERA-109 in 

96-well format in the presence of IL-2 and IL-7 (cytokines removed at 24 hr). (A) CAR⁺ T 

cell frequency (% of CD8⁺) and (B) surface CAR molecules per cell in pan-T cell cultures, 

measured by flow cytometry at 24 hr across a dose range of AERA-109 (ng mRNA / 

25,000 T cells). (C) CAR⁺ T cell frequency (% of CD8⁺) in PBMC cultures at 48 hr across 

the same dose range. (D) CD19⁺ B cell killing in PBMC cultures at 48 hr, measured as 

CD19⁺ frequency of viable cells normalized to untreated wells (% of baseline). CD8⁺ T 

cells defined as CD3⁺CD4⁻. n=3 donors; symbols represent mean ± SD.

C D

F

Cynomolgus macaques receiving the 3× 1.0 mpk AERA-109-S regimen (3.0 mpk cumulative; 

see Figure 4A) were assessed for long-term B cell reconstitution kinetics across blood, bone 

marrow, and lymph node compartments. Six animals received the regimen; through Day 9, all 

six were sampled for blood and bone marrow. At Day 9, three animals were taken down for 

tissue analysis, and three were maintained on study through Day 107 to assess 

reconstitution. (A) Peripheral CD20⁺ B cell recovery normalized to each animal's pre-dose 

baseline; n=6 through Day 9, n=3 from Day 16 onward; symbols represent mean ± SD. (B) 

Blood B cell composition over time in the recovery cohort (n=3), showing mean absolute 

counts of naïve (IgD⁺CD21⁺CD27⁻), unswitched memory (IgD⁺CD21⁻CD27⁺), activated 

memory (IgD⁻CD21⁻CD27⁺), and resting memory (IgD⁻CD21⁺CD27⁺) B cells per animal. 

Naïve B cells dominate reconstitution from Day 16 onward, indicating recovery from de novo 

B cell production. (C) Bone marrow CD20⁺ B cell frequencies normalized to concurrent PBS 

controls (n=2); sampling at Days 2, 5, and 9 (n=6) and Day 107 (n=3); symbols represent 

mean ± SEM due to small PBS group size. (D) Inguinal lymph node CD20⁺ B cell frequencies 

from untreated controls (n=3), Day 9 terminal (necropsy, Nx) sampling (n=3, depleted), and 

Day 107 biopsy (n=3, recovery); individual animals shown, bars represent mean ± SD.
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A single intravenous dose of AERA-109 was administered to CD34⁺ humanized NSG 

mice (1 mpk) or cynomolgus macaques (0.5 mpk) to assess anti-CD19 CAR expression 

kinetics. CD8⁺ T cells were defined as CD3⁺CD4⁻ within the lymphocyte gate. (A) 

Humanized mouse schematic; terminal sampling (necropsy, Nx) at 6, 24, 48, 72 hr post-

dose. (B) CAR⁺ T cell frequency in blood and (C) spleen within the CD8⁺ gate. (D) 

Cynomolgus macaque schematic; longitudinal blood sampling. (E) Peripheral CAR⁺ T 

cell frequency within the CD8⁺ gate. n=3 per timepoint (mouse) or per group (NHP); bars 

and symbols represent mean ± SD.

Conclusions

• AERA-109 enables transient CD8⁺ T cell engineering, with high CAR surface 

expression and potent CD19⁺ B cell killing 

• AERA-109 generates CAR⁺ CD8⁺ T cells in vivo in CD34⁺ humanized mice and 

NHPs

• AERA-109 drives dose-dependent B cell depletion in CD34⁺ humanized mice, 

accompanied by CD8⁺ T cell activation

• AERA-109-S drives dose-dependent, deep B cell depletion in NHPs, across 

multiple dosing regimens, with complete elimination from blood, bone marrow, 

spleen, and lymph nodes at higher cumulative exposures

• B cell depletion is transient, avoiding prolonged B cell aplasia with naïve-

predominant reconstitution indicating recovery via de novo B cell production

• Together, these data demonstrate potent, transient, and controllable in vivo CAR-T 

activity, supporting clinical development of AERA-109 for autoimmune disease

Figure 1: In vitro engineering of CD8⁺ T cells with high 

CAR expression and CD19 cytotoxic activity

Figure 3: AERA-109 mediates dose-dependent B cell depletion and T cell 

activation in CD34⁺ humanized mice

Figure 5: Transient B cell depletion followed by reconstitution 

with naïve-predominant phenotype in cynomolgus macaques.

Figure 2: AERA-109 efficiently and transiently 

engineers CD8+ T cells in vivo across species

Figure 4: AERA-109-S mediates deep B cell depletion across lymphoid 

compartments in cynomolgus macaques
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