
LILRB2 Promotes CAR T-cell Dysfunction and
Represents a Therapeutic Target in Acute Myeloid
Leukemia
Chiara Magnani 

Department of Medical Oncology and Hematology, University Hospital Zurich and University of Zurich,
Zurich, Switzerland https://orcid.org/0000-0003-2474-2159
Silvan Brunn 

Department of Medical Oncology and Hematology, University Hospital Zurich and University of Zurich,
Zurich, Switzerland
Morgane Chambovey 

Department of Medical Oncology and Hematology, University Hospital Zurich and University of Zurich,
Zurich, Switzerland
Nina Raymann 

Department of Medical Oncology and Hematology, University Hospital Zurich and University of Zurich,
Zurich, Switzerland
Marianna Ponzo 

University Hospital Zurich and University of Zurich
Sarah Alberio 

Department of Medical Oncology and Hematology, University Hospital Zurich and University of Zurich,
Zurich, Switzerland
Artemis Baumann 

Department of Medical Oncology and Hematology, University Hospital Zurich and University of Zurich,
Zurich, Switzerland
Laura Raas 

Department of Medical Oncology and Hematology, University Hospital Zurich and University of Zurich,
Zurich, Switzerland
Christian Pellegrino 

Department of Medical Oncology and Hematology, University Hospital Zurich and University of Zurich,
Zurich, Switzerland
Jana Maria Ellegast 

Department of Medical Oncology and Hematology, University Hospital Zurich and University of Zurich,
Zurich, Switzerland

https://doi.org/10.21203/rs.3.rs-10863478/v1
https://doi.org/10.21203/rs.3.rs-10863478/v1
https://orcid.org/0000-0003-2474-2159


Jeremy Deuel 
University Hospital Zurich

Markus Manz 
University and University Hospital Zurich https://orcid.org/0000-0002-4676-7931

Article

Keywords:

Posted Date: October 1st, 2026

DOI: https://doi.org/10.21203/rs.3.rs-10863478/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: Yes there is potential conflict of interest. CFM is an inventor on a patent related
to non-viral CAR T-cell therapy (European patent application 15801344), filed by the Tettamanti
Foundation, and serves as a mentor, Roche Postdoctoral Fellowship Program (Roche Glycart AG), and a
reviewer, Berlin Institute of Health (BIH) SPARK Gene and Cell Therapies (GCT). The remaining authors
declare no competing interests.

https://orcid.org/0000-0002-4676-7931
https://doi.org/10.21203/rs.3.rs-10863478/v1
https://creativecommons.org/licenses/by/4.0/


1 
 

LILRB2 Promotes CAR T-cell Dysfunction and Represents a Therapeutic Target 1 

in Acute Myeloid Leukemia 2 

 3 

Authors 4 

Silvan Brunn1, Morgane Chambovey1, Nina Raymann1, Marianna Ponzo1, Sarah Alberio1, 5 

Artemis Baumann1, Laura Raas1, Christian Pellegrino1, Jana Maria Ellegast1, Jeremy Deuel1, 6 

Markus G. Manz1, Chiara F. Magnani1 7 

1Department of Medical Oncology and Hematology, University Hospital Zurich and University 8 

of Zurich, Zurich, Switzerland  9 

 10 

Correspondence should be addressed to 11 

Chiara F Magnani,  12 

Department of Medical Oncology and Hematology, University Hospital Zurich and University 13 

of Zurich, Comprehensive Cancer Center Zurich (CCCZ), Rämistrasse 100, 8091 Zürich, 14 

Switzerland 15 

Phone: +41 (0)44 255 53 96 16 

e-mail: Chiara.Magnani@usz.ch 17 

 18 

Running Title: 19 

LILRB2 and CAR T cells in Acute Myeloid Leukemia 20 

  21 



2 
 

Abstract 22 

Acute myeloid leukemia (AML) is an aggressive hematologic malignancy with poor outcomes. 23 

Although chimeric antigen receptor (CAR) T-cell therapies have shown major clinical benefit 24 

in other cancers, their efficacy in AML has been limited by the lack of targets that can be safely 25 

engaged without causing myeloablation, and by an immunosuppressive tumor 26 

microenvironment (TME). Leukocyte immunoglobulin-like receptor-B2 (LILRB2) has emerged 27 

as an immunosuppressive receptor, but its impact on CAR T-cell function and suitability as a 28 

therapeutic target remains unclear. 29 

We found that LILRB2 is overexpressed in 40% of AML blasts, highly expressed on tumor-30 

associated myeloid cells, and largely absent from healthy hematopoietic stem and progenitor 31 

cells.  Using knockout and overexpression models, we showed that LILRB2 impairs anti-CD33 32 

directed CAR T-cell killing, expansion, and cytokine production, and increases exhaustion, 33 

effects which are partially reversible by antibody-mediated LILRB2 blockade. Transcriptomic 34 

analyses revealed suppression of immune-related pathways and induction of T‑cell 35 

senescence. Hence, we designed anti‑LILRB2 CAR T cells, which showed potent cytotoxicity 36 

in vitro and robust antitumor activity in vivo, including tumor eradication in xenograft models 37 

without detectable toxicity in humanized mice. 38 

Collectively, our results identify LILRB2 as a key regulator of CAR T-cell dysfunction and 39 

support LILRB2 targeting as a promising therapeutic strategy warranting further study in AML. 40 

 41 

Funding: Swiss National Science Foundation and the University of Zurich. 42 
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Introduction 44 

Acute myeloid leukemia (AML) is an aggressive hematologic malignancy characterized by the 45 

uncontrolled proliferation of immature myeloid precursors with impaired differentiation and 46 

consecutive failure of healthy hematopoiesis (1). Despite significant advances in our 47 

understanding of AML biology and the approval of novel therapeutics, long-term survival 48 

remains poor, underscoring a critical need for more effective and durable therapies . 49 

CAR T-cell therapies have reshaped the treatment of B- and plasma- cell malignancies. 50 

However, translating this success to AML has proven considerably more challenging, and 51 

clinical responses have remained limited. AML presents a unique set of biological obstacles, 52 

including its origin from HSPCs, which results in a high phenotypic similarity between leukemic 53 

and healthy hematopoietic cells. In AML, engineered T cells can induce remission, but 54 

responses are often not durable. This is largely due to antigen heterogeneity leading to 55 

immune escape, the need for consolidation strategies such as allogeneic hematopoietic stem 56 

cell transplantation (HSCT), and treatment-related toxicities including marrow aplasia (2). 57 

Importantly, emerging evidence indicates that engineered T cells in AML become dysfunctional 58 

even when they expand (3, 4). AML drives T cells into a short-lived, ineffective state, 59 

characterized by loss of persistence and skewing toward terminal or NK-like state, rather than 60 

durable anti-leukemic responses (5). The immunosuppressive TME, generated by AML cells, 61 

plays a central role in this process, and blockade of established immune checkpoints such as 62 

PD-1 or CTLA-4 has thus far yielded only modest clinical benefit, likely reflecting both the low 63 

mutational burden of AML and the involvement of additional immune-evasion pathways (6). 64 

We and others have identified the inhibitory leukocyte immunoglobulin-like receptor B (LILRB) 65 

family as promising alternative checkpoints associated with the myeloid compartment and 66 

important mediators of immune suppression in AML. LILRBs are expressed on AML blasts and 67 

tumor-associated myeloid cells, where they likely contribute to leukemic cell maintenance and 68 

immune evasion (7-11). 69 
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While several approaches targeting LILRB family members have demonstrated promising 70 

activity in AML (12-16), their role in regulating CAR T-cell function remains unknown. In 71 

particular, LILRB2 remains underexplored despite its strong expression on AML blasts and 72 

leukemia initiating and maintaining cells (LIC) (17). We hypothesized that LILRB2 contributes 73 

to CAR T-cell dysfunction in AML and that targeting LILRB2 could enhance CAR T-cell efficacy 74 

without inducing hematologic toxicity. To test this, we pursued two complementary 75 

approaches: investigating the role of LILRB2 in modulating CAR T-cell function and developing 76 

anti-LILRB2 CAR T cells to simultaneously target AML cells and overcome microenvironment-77 

mediated immunosuppression. We further provide evidence that LILRB2 CAR T cells may be 78 

used either as monotherapy or in combination with additional AML-directed CAR constructs, 79 

including our previously developed and validated non-viral anti-CD117 CAR T-cell platform 80 

(18). 81 

 82 

Methods 83 

Patient Samples 84 

AML patient samples at disease onset were obtained from the biobank of the Department of 85 

Medical Oncology and Hematology at the University Hospital Zurich (Switzerland). Written 86 

informed consent was available from all donors, and ethical approval was received from the 87 

Cantonal Ethics Board Zurich (approval number: 2009-0062, Switzerland). The study cohort 88 

comprised 25 patients, including 16 men and 9 women, aged 29-82 years (mean age 58 years) 89 

at diagnosis. Additional patient characteristics are summarized in Table S1. 90 

 91 

Generation of SB LILRB2.CAR Plasmid 92 

LILRB2.EGFRt CAR vectors were generated using the pTMNDU3 plasmid as backbone (58). 93 

The construct incorporates a human EF-1-alpha short promoter, a LILRB2-targeting CAR 94 
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cassette (MK-4830, JTX-8064), and a huEGFRt sequence serving as both a selection marker 95 

and safety switch . The truncated human epidermal growth factor receptor (huEGFRt) 96 

sequence is linked to the CAR construct via a T2A self-cleaving peptide. The CAR construct 97 

consists of a light- and heavy-chain scFv derived from an anti-LILRB2 antibody, connected by 98 

a linker sequence and followed by a CD8 hinge- and transmembrane domain, a 41BB co-99 

stimulatory domain, and a CD3ζ signaling domain. The CAR-EGFRt expression cassette was 100 

synthesized and inserted into the backbone plasmid by restriction enzyme cloning (GenScript, 101 

Piscataway, NJ, USA). 102 

 103 

Statistical Analysis 104 

Statistical analyses and graphical representations were done using GraphPad Prism (Version 105 

10.3.1, GraphPad Software Inc., San Diego, CA, USA). Data is represented as mean ± 106 

standard deviation (SD). Statistical tests used for individual analyses are specified in the 107 

respective figure legends. Statistical significance was defined as follows: n.s. (non-significant) 108 

p > 0.05; * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001. Procedural flowcharts were 109 

designed with BioRender (Toronto, Canada). 110 

Further methodological details are described in the Supplementary Methods. 111 

 112 

Results 113 

AML patient sample and healthy tissue expression profiling identify LILRB2 as a 114 

therapeutically relevant target  115 

Members of the LILRB inhibitory receptor family have been identified as important myeloid 116 

immune checkpoints across multiple cancer types. To evaluate their suitability as CAR T-cell 117 

targets, we first characterized the expression patterns of LILRB family members in AML cell 118 

lines and primary patient samples. Nine AML cell lines were analyzed by flow cytometry for 119 
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LILRB1-4 expression, using healthy donor peripheral blood mononuclear cells (PBMCs) as 120 

control. LILRB1 exhibited broad expression across all cell lines, whereas LILRB2 and LILRB4 121 

displayed more restricted expression patterns. LILRB3 did not show considerable expression 122 

under our conditions (Figure 1A). To assess expression in healthy immune subsets, we 123 

performed detailed analyses in healthy donor PBMCs. LILRB1 showed limited specificity, with 124 

expression on a substantial fraction of B cells, whereas LILRB2–4 expression was largely 125 

restricted to myeloid populations, predominantly monocytes and a subset of granulocytes 126 

showing lower levels (Figure S1A-C). Based on these findings, we next examined the 127 

expression of LILRB1, LILRB2, and LILRB4 in 23 primary AML patient samples at first 128 

diagnosis, in the context of established AML-associated antigens CD33, CLL1, CD123, 129 

CD117, and ADGRE2 (Table S1). LILRB2 was expressed on leukemic blasts (hCD45dim) with 130 

a mean frequency of 39% across the patient cohort, with increased expression detectable in 131 

up to 50% of patient samples when assessed by median fluorescence intensity (MFI), whereas 132 

LILRB1 or LILRB4 expression was observed only in a minority of cases (Figure 1B-C, Figure 133 

S1D). Using an expression threshold of ≥20%, 65% of patients were classified as LILRB2-134 

positive, highlighting substantial patient coverage. Importantly, LILRB2 positivity was 135 

associated with numerically reduced overall survival in this cohort, confirming its association 136 

with adverse clinical outcomes (Figure S1E, (7)). Analysis of AML-infiltrating immune 137 

populations revealed abundant expression of LILRB1, LILRB2, and LILRB4 within myeloid 138 

compartments, suggesting that targeting LILRB2 may simultaneously impact leukemic blasts 139 

and the immunosuppressive microenvironment (Figure 1B). In contrast, LILRB expression 140 

was largely absent from patient-derived T cells, indicating a low risk of fratricide by LILRB-141 

directed CAR T cells. Importantly, healthy donor BM CD34+CD38- hematopoietic stem and 142 

progenitor cells (HSPCs) expressed only minimal levels of LILRB family members, suggesting 143 

a favorable therapeutic window (Figure 1B). LILRB2 expression was further assessed in 144 

leukemic cells recovered from six independent AML patient-derived xenograft (PDX) models, 145 

in which it was detected in 30-85% of leukemic blasts, comparable to CD33 expression levels. 146 

Notably, LILRB2 and CD117 showed distinct expression patterns across samples, with high 147 
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expression of one marker often accompanied by low levels of the other, indicating 148 

complementary target potential to increase coverage of heterogeneous leukemic populations 149 

(Figure 1D). Finally, to evaluate potential off-tumor expression, we analyzed LILRB2 150 

distribution across healthy tissues and cell types using the Tabula Sapiens atlas (19). As 151 

expected, LILRB2 expression was enriched in hematopoietic organs such as blood, BM, 152 

spleen, and liver, while also being present at considerable levels in the lung and skin. However, 153 

cell-type-resolved analysis demonstrated that LILRB2 expression was largely restricted to 154 

myeloid immune cells, particularly monocytes, macrophages, dendritic cells (DC), and 155 

neutrophils, with minimal expression in granulocytes and hematopoietic progenitor cells, and 156 

absent expression in hematopoietic stem cells (HSCs) (Figure 1E-F). Collectively, these 157 

findings identify LILRB2 as a therapeutically relevant target in AML, characterized by 158 

expression on leukemic blasts and tumor-infiltrating myeloid cells, limited expression on 159 

healthy tissues and hematopoietic stem cells, thereby minimizing potential on-target off-tumor 160 

toxicity. 161 

LILRB2 expression by leukemia cells impairs CAR T-cell functionality in vitro and compromises 162 

tumor control in vivo 163 

As LILRB2 represents a myeloid immune checkpoint candidate implicated in AML immune 164 

evasion, we sought to determine whether LILRB2 expression by leukemia cells directly 165 

contributes to CAR T-cell dysfunction. To this end, LILRB2KO and LILRB2high THP1 cell lines 166 

were generated (Figure 2A, S2A) and evaluated alongside THP1 wildtype (wt) in co-culture 167 

assays with anti-CD33 CAR or non-transfected (NT) T cells at different effector-to-target (E:T) 168 

ratios. After one day of co-culture, LILRB2high target cells induced significantly lower TNF-α 169 

and IL-2 concentrations in the supernatant without affecting target-cell killing or CAR T-cell 170 

proliferation (Figure S2B-D). In contrast, prolonged exposure (5 days) revealed a marked 171 

functional divergence, with co-cultures containing LILRB2high cells exhibiting significantly 172 

increased target-cell numbers and reduced effector-cell expansion, particularly at low E:T 173 

ratios (Figure 2B-C). Furthermore, IFN-γ abundance was reduced, while IL-2 levels were 174 
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increased, likely reflecting diminished IL-2 consumption secondary to reduced CAR T-cell 175 

proliferation (Figure 2D).  176 

Repeated stimulation assays of anti-CD33 CAR T cells with THP1 target cell lines confirmed 177 

these findings (Figure S2E), showing that exposure to LILRB2high targets progressively 178 

impaired CAR T-cell cytotoxicity, proliferation, and IFN-γ secretion (Figure S2F-H).  179 

To determine whether these observations translate in vivo, we sub-lethally irradiated and 180 

intravenously (i.v.) transplanted NSG mice with 1*106 THP1 variants transduced to express 181 

green fluorescent protein (GFP) and luciferase. When all the mice had measurable signs of 182 

tumor engraftment, 1*106 CAR+ T cells or NT controls were injected (Figure 2E). Mice bearing 183 

LILRB2high leukemia displayed significantly accelerated disease progression following CAR T-184 

cell treatment, as demonstrated by the flux signal (Figure S3A-B), and reduced survival 185 

compared with mice engrafted with LILRB2KO cells (Figure 2F). According to the mouse study 186 

license defined endpoint for well-being, or at pre-defined study termination on day 50, tumor 187 

burden in CAR T-cell treated mice was significantly increased across BM, peripheral blood 188 

(PB), and spleen in the LILRB2high group, whereas near-complete leukemia control was 189 

achieved in most LILRB2KO-engrafted mice (4 out of 5). Importantly, hCD3+ cells remained 190 

detectable in all treatment groups at endpoint (Figure 2G-H, S3C-F). Moreover, LILRB2 191 

expression was maintained throughout the experiment irrespective of treatment condition 192 

(Figure S3G). Taken together, our data demonstrates that LILRB2 expression by AML cells 193 

directly impairs anti-CD33 CAR T-cell function and limits anti-tumor efficacy in vitro and in vivo.  194 

 195 

Exposure to LILRB2high leukemia cells induces a dysfunctional CAR T-cell state 196 

To gain mechanistic insight into the reduced CAR T-cell functionality observed in response to 197 

LILRB2 expression, we performed complementary in vitro and in vivo analyses (Figure 3A). 198 

T-cell phenotypes were characterized following co-culture with THP1 LILRB2 expressing 199 

variants. While short-term exposure (1 day) did not alter T-cell differentiation or exhaustion 200 
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(Figure S4A-B), prolonged stimulation (5 days) induced a significant increase in terminally 201 

differentiated CAR T cells exposed to LILRB2high targets (Figure 3B). This was accompanied 202 

by elevated expression levels of the exhaustion markers LAG-3 and PD-1 (Figure 3C). The 203 

increase in cell differentiation and exhaustion in CAR T cells exposed to LILRB2high target cells 204 

was confirmed in repeated stimulation assays (Figure S4C-D). Given previous reports linking 205 

LILRB2 signaling to IL-10-mediated immunoregulation (11), we assessed cytokine production 206 

and observed significantly elevated IL-10 levels in co-cultures of either NT or CAR T cells with 207 

THP1 LILRB2high cells compared to co-cultures with THP1 LILRB2KO cells (Figure 3D). In vivo, 208 

CAR T cells recovered from the BM of THP1 LILRB2high engrafted NSG mice treated with anti-209 

CD33 CAR T cells similarly showed increased PD-1 expression and a trend towards elevated 210 

LAG-3 and TIM-3 expression, compared with T cells isolated from THP1 LILRB2KO engrafted 211 

mice. This was accompanied by a more differentiated phenotype, although the difference did 212 

not reach statistical significance (Figure 3E-F). These findings suggest that LILRB2-213 

expression impairs CAR T-cell function by promoting a dysfunctional, exhaustion-prone CAR 214 

T-cell phenotype. 215 

 216 

LILRB2high leukemia induces transcriptional programs related to immune suppression and 217 

CAR T-cell senescence 218 

To further elucidate the mechanisms underlying impaired CAR T-cell function, we performed 219 

bulk RNA sequencing on leukemia and sorted effector cells following repeated stimulation of 220 

anti-CD33 CAR T cells with THP1 LILRB2KO or THP1 LILRB2high cell lines. Over-221 

representation-analyses revealed significant downregulation of multiple immune response-222 

related gene sets in both CAR T cells exposed to LILRB2high leukemia cells and in the leukemia 223 

cells themselves (Figure 4A-B). In CAR T cells, these changes were accompanied by 224 

upregulation of genes associated with senescence, cell cycle arrest, and DNA damage 225 

responses, including CDKN1A (p21/CIP1), CDKN2A (p16INK4A), CDKN2B (p15INK4B), 226 

CHEK1/2, H2AX, and BRCA1/2 (Figure 4C-D). Together, these transcriptional changes 227 
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suggest activation of a DNA damage-associated senescence program as a potential 228 

mechanism underlying CAR T-cell dysfunction (Figure 4E). Consistent with this hypothesis, 229 

CAR T cells exposed to prolonged stimulation with LILRB2high target cells exhibited elevated 230 

senescence-associated beta-galactosidase (SA-β-Gal) expression (Figure 4F). Importantly, 231 

these CAR T cells also displayed significantly reduced killing activity, as observed in our 232 

previous functional assays (Figure S4E). Taken together, these data support a model in which 233 

leukemia-expressed LILRB2 promotes a transcriptional program characterized by impaired 234 

effector function, exhaustion, DNA damage signaling, and premature senescence in CAR T 235 

cells. 236 

 237 

Antibody-mediated LILRB2 blockade partially restores CAR T-cell function 238 

To evaluate whether targeting LILRB2 could reverse the detrimental effects exerted on CAR 239 

T cells by LILRB2high leukemia, THP1 LILRB2high target cells were co-cultured with anti-CD33 240 

CAR- or NT T cells in the presence or absence of two independent LILRB2-blocking 241 

antibodies. Treatment with either antagonistic antibody significantly increased effector-cell 242 

numbers in 1-day- co-cultures, without affecting PD-1, LAG-3 and TIM-3 expression as well 243 

as the memory phenotype (Figure 5A-D and S5A-D). Reduced target-cell numbers were 244 

observed in 5-day co-cultures across multiple E:T ratios, accompanied by decreased 245 

frequency of PD-1+ and terminally differentiated CAR T cells (Figure 5E-H). Comparable 246 

results were obtained using CAR T cells generated from an additional independent donor 247 

(Figure S5E-H). These results indicate that LILRB2-mediated CAR T-cell impairment is at least 248 

partially reversible and therefore therapeutically actionable. 249 

 250 

LILRB2-directed CAR T cells exhibit potent and antigen-specific activity in vitro and in vivo 251 
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Based on the observed overexpression of LILRB2 on primary AML blasts and its role in 252 

immune evasion, we designed three anti-LILRB2 single-chain variable fragments (scFv) by 253 

combining the variable heavy (VH) and variable light (VL) chain sequences of LILRB2 254 

targeting antibodies in either VLVH or VHVL orientations (C1 VHVL, C1 VLVH, C2 VLVH) and 255 

fused in frame to a CD8 hinge and transmembrane domain, a 4-1BB co-stimulatory domain, 256 

and a CD3 ζ signaling domain. The resulting CAR cassette, linked via a T2A peptide to the 257 

truncated human epidermal growth factor receptor (huEGFRt) as a marker to enable CAR T-258 

cell tracking and potential elimination (20), was cloned into our Sleeping Beauty (SB) 259 

transposon vector backbone, which we demonstrated to enable clinically-suitable stable, safe 260 

and cost-effective non-viral gene transfer (Figure 6A, (21, 22)). CAR T cells were generated 261 

by electroporation of healthy donor-derived primary T cells followed by stimulation with anti-262 

CD3/CD28 DynaBeads and IL-2 (Figure 6B). Importantly, CAR transfection, either detected 263 

as EGFR or direct CAR receptor staining using a biotinylated LILRB2 protein, did not 264 

significantly alter CD4/CD8 composition, T-cell differentiation status, or exhaustion profiles 265 

relative to NT controls (Figure S6A-D). 266 

Among constructs tested, the C1 VLVH design showed superior cytotoxicity, specificity and 267 

cytokine production against THP1 variants (Figure S6 E-F), MOLM14 wt cells, which express 268 

low endogenous LILRB2 levels, and a MOLM14 cell line modified to overexpress LILRB2, 269 

GFP and luciferase (MOLM14 LILRB2high, Figure 6C-E) and was selected for further studies. 270 

In vivo, anti-LILRB2 CAR T-cell treatment significantly reduced tumor burden as measured by 271 

bioluminescent imaging, and prolonged overall survival in NSG mice engrafted with MOLM14 272 

LILRB2high (Figure 6F-J). Analysis of BM, spleen, and PB at sacrifice demonstrated complete 273 

disease clearance with persistent CAR T-cell engraftment (Figure 6K-P). Importantly, the 274 

efficacy of anti-LILRB2 CAR T cells was comparable to that achieved with established anti-275 

CD33 CAR T cells. Comparable antitumor activity was observed in THP1 LILRB2high engrafted 276 

mice, while no activity was observed in THP1 LILRB2KO models, confirming antigen specificity 277 
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(Figure S7A-D). These data established LILRB2 as a CAR T-cell target capable of mediating 278 

robust anti-leukemic activity in vitro and in vivo.  279 

 280 

Anti-LILRB2 CAR T cells mediate antitumor activity against primary AML samples and support 281 

combinatorial strategies to overcome heterogeneity 282 

Following the encouraging activity observed in AML cell lines, we next evaluated the efficacy 283 

of anti-LILRB2 CAR T cells against AML patient samples. Anti-LILRB2 CAR T cells mediated 284 

potent cytotoxicity against an AML PDX sample, with similar activity as anti-CD33 CAR T cells 285 

in vitro (Figure 7A), and significantly reduced the leukemic burden in vivo, compared with 286 

control NT T cells (Figure 7B-C). At study termination on day 30, blast counts were markedly 287 

reduced in the BM, spleen, and PB of treated mice, while hCD3+ cells remained detectable in 288 

both treated and control groups (Figure 7D-E).  289 

To further evaluate the clinical applicability of LILRB2-directed CAR T cells, co-cultures with 290 

primary AML patient samples were performed. Combined targeting analyses using an OR-291 

gating strategy in the previously analyzed cohort of 23 AML patient samples revealed that the 292 

expression patterns of LILRB2 and CD117 were largely non-overlapping, indicating 293 

complementary targeting of distinct leukemic compartments. Consequently, combining these 294 

targets substantially increased patient coverage. In contrast, the combination of LILRB2 and 295 

CD33 did not provide any additional increase in coverage (Figure 7F).  Consistent with AML 296 

intra-patient heterogeneity, monotherapy responses varied across primary samples, where 297 

maximal overall killing achieved with individual CAR T-cell products was approximately 50% 298 

for anti-LILRB2 CAR T cells, 55% for anti-CD117 CAR T cells, and 70% for anti-CD33 CAR T 299 

cells. Importantly, combinatorial CAR T-cell approaches significantly improved overall 300 

leukemia clearance compared with single CAR constructs across all three primary patient 301 

samples analyzed (Figure 7G, S8A-E). Within target-positive subsets, all CAR T-cell 302 

constructs achieved highly efficient and selective target-cell elimination, with killing rates 303 
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approaching 90% (Figure 7H-K, S8F-H, S8J-L). Remarkably, anti-LILRB2 and anti-CD117 304 

CAR T cells exhibited minimal overlap in target-cell recognition, with anti-LILRB2 CAR T cells 305 

showing very limited activity against CD117+ blasts and vice versa (Figure S8M).  306 

These results demonstrate the ability of LILRB2-targeted CAR T cells to mediate robust anti-307 

leukemic activity against AML PDX and primary patient samples and highlight combinatorial 308 

CAR T-cell targeting as a strategy to overcome AML heterogeneity and maximize therapeutic 309 

coverage. 310 

 311 

Anti-LILRB2 CAR T cells exhibit limited hematopoietic toxicity  312 

To evaluate potential on-target off-tumor toxicities of anti-LILRB2 CAR T-cell therapy, we co-313 

cultured CAR T cells with healthy donor BM and PBMCs. Treatment resulted in moderate 314 

depletion of monocytes in both tissues, but spared B cells, T cells, NK cells, and granulocytes. 315 

Importantly, treatment did not affect CD34+CD38- HSPCs (Figure 8A-B).  Killing activity toward 316 

monocytes by anti-LILRB2 CAR T cells was comparable to the one observed with established 317 

anti-CD33 CAR T cells (Figure 8C, (4)). In hCD34+ HSPC humanized mice, anti-LILRB2 CAR 318 

T-cell infusion reduced LILRB2+ cells within the BM without affecting CD34+CD38- HSPCs, 319 

CD33+ cells, or CD117+ populations, and without causing systemic toxicity (Figure 8D-E). 320 

Overall, these findings suggest a manageable on-target toxicity profile, with moderate 321 

monocytopenia as the primary predictive effect, while sparing other major hematopoietic 322 

populations, including healthy HSPCs, supporting the clinical feasibility of this approach. 323 

 324 

Discussion 325 

Despite considerable advances in understanding AML biology and the implementation of 326 

engineered cell therapies, their application has not translated into durable clinical responses 327 

as achieved in B- and plasma-cell malignancies (23). This is largely attributable to 328 
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mechanisms of immune evasion that promote premature T-cell dysfunction (24, 25), as well 329 

as extensive antigen heterogeneity and overlap between leukemic and healthy hematopoietic 330 

compartments, which limit the availability of safe and comprehensive antigen-targeting 331 

strategies. In this study, we addressed both challenges by demonstrating that LILRB2 acts as 332 

a mediator of AML-induced CAR T-cell dysfunction and as a potential target for CAR T-cell-333 

based immunotherapy, sparing most healthy immune subsets, including healthy HSPCs. 334 

Our expression analysis identified LILRB2 as the most promising candidate among the LILRB 335 

family members investigated. LILRB2 was overexpressed on leukemic blasts in a substantial 336 

proportion of primary AML samples, supporting its suitability as an AML-directed 337 

immunotherapy target. These findings are consistent with previous studies linking elevated 338 

LILRB2 expression to monocytic AML biology (8, 26). In addition, comprehensive 339 

transcriptomic and proteomic studies have identified LILRB2 among the most enriched AML-340 

associated surface antigens and demonstrated expression within the LIC-enriched population 341 

(17). Although LIC expression was not directly assessed in our study, these observations are 342 

particularly relevant given the central role of LICs in disease propagation, therapeutic 343 

resistance, and relapse. Indeed, reduced expression of established AML targets such as CD33 344 

on LICs has been proposed as one mechanism underlying treatment failure despite efficient 345 

elimination of bulk leukemic blasts (27). Compared with currently established AML targets, 346 

including CD33, CD123 and CD117, which are being evaluated in increasingly sophisticated 347 

CAR T-cell platforms such as adaptor-based or epitope-edited approaches to mitigate on-348 

target hematopoietic toxicity (18, 27-31), we found LILRB2 expression to be largely absent 349 

from healthy HSPC-enriched CD34+CD38- cells, suggesting a more favorable therapeutic 350 

window (17). Likewise, CD371-based approaches, including cytokine-armored CAR platforms, 351 

have demonstrated encouraging preclinical activity but remain limited by severe pancytopenia 352 

and chronic agranulocytosis due to high expression on healthy granulocytes, requiring HSCT 353 

to overcome off-tumor toxicities (3, 32). Unlike several emerging AML targets such as Siglec-354 

6, LILRB2 appears not only to be an AML-associated surface antigen but also to contribute to 355 
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AML pathogenesis through the maintenance of leukemic stemness and activation of pro-356 

survival signaling pathways (8), potentially reducing the likelihood of antigen-loss-mediated 357 

immune escape. While IL1RAP and FLT3 are expressed in LIC-enriched populations and 358 

contribute to AML progression, their expression in healthy HSPCs raises concerns about 359 

hematopoietic toxicity. CD70, despite encouraging preclinical activity and AML-supporting 360 

functions, is generally expressed at relatively low antigen density on AML cells, increasing 361 

reliance on highly sensitive CAR designs for efficient target recognition (33). Collectively, these 362 

features position LILRB2 among a small group of promising AML antigens that combine broad 363 

leukemic expression, limited expression on healthy HSPCs, and functional relevance to 364 

disease maintenance. 365 

Interestingly, we also observed abundant LILRB2 expression on AML-associated myeloid 366 

populations. Together with the reported overexpression of LILRB2 on monocyte-derived 367 

suppressor cells (MDSCs) and M2-like macrophages, these findings suggest that LILRB2-368 

targeted therapies may simultaneously eliminate leukemic cells while modulating the 369 

immunosuppressive TME (34). In cancer, activation of the LILRB2 pathway promotes MDSC- 370 

and M2-like polarization, impairs antigen presentation and T-cell priming, and facilitates Treg 371 

induction (11, 35, 36). Consistent with this, high LILRB2 expression in AML was shown to 372 

correlate with inferior survival and a profoundly immunosuppressive microenvironment 373 

characterized by increased monocytic and M2-like macrophage infiltration and reduced 374 

abundance of effector lymphocytes (7). Early clinical studies of LILRB2-blocking antibodies 375 

have further demonstrated favorable safety profiles and preliminary anti-tumor activity in 376 

patients with advanced solid tumors (37, 38), although expression on normal myeloid cells 377 

underscores the need for careful evaluation of potential on-target off-tumor effects.  378 

Overall, these observations suggest that LILRB2 may represent a promising component of 379 

future combinatorial immunotherapeutic strategies designed to overcome antigen 380 

heterogeneity, target the immunosuppressive TME, and preserve normal hematopoiesis.  381 
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Clinical adoptive T-cell therapies in AML have thus far demonstrated limited and often non-382 

durable anti-leukemic efficacy. While prophylactic WT1 TCR-transgenic T-cell therapy after 383 

HSCT achieved durable disease control, administration of the same product after AML relapse 384 

failed to improve survival and was associated with pronounced terminal differentiation of 385 

transferred T cells, suggesting AML-mediated T-cell dysfunction through largely unknown 386 

mechanisms (5, 39). Our findings identify LILRB2 as a potential contributor to this 387 

phenomenon and further support the concept that AML actively shapes an 388 

immunosuppressive TME capable of impairing therapeutic T-cell products. 389 

Mechanistically, LILRB2 expression on AML cells impaired CAR T-cell functionality 390 

predominantly during prolonged antigen exposure, consistent with progressive loss of T-cell 391 

fitness rather than immediate inhibition of cytotoxicity. Through ITIM-dependent recruitment of 392 

SHP phosphatases (40, 41), LILRB signaling contributes to physiological immune tolerance, 393 

including maternal-fetal tolerance and protection against autoimmunity (42-44). Malignant 394 

cells may hijack this pathway to evade anti-tumor immunity, analogous to mechanisms 395 

employed by certain pathogens (40, 45-47). Consistent with this concept, LILRB4-positive 396 

AML cells suppress T-cell proliferation via a SHP2-uPAR-ARG1-dependent signaling pathway 397 

(9), while LILRB3 impairs T-cell-mediated leukemic control by activating cFLIP and NF-κB and 398 

by promoting metabolic reprogramming (10, 15). Likewise, in our study, CAR T cells exposed 399 

to LILRB2high AML acquired a more terminally differentiated and exhausted state. Given the 400 

well-established association between T-cell differentiation and CAR T-cell efficacy (48), these 401 

changes likely contribute to the impaired antitumor activity observed in our models (49). 402 

Increased IL-10 production further aligns with previous studies (15, 50, 51) and supports the 403 

induction of an immunosuppressive program by LILRB2-expressing AML. 404 

The transcriptional profiling revealed signatures of T-cell dysfunction, DNA damage response, 405 

and senescence following exposure to LILRB2high AML cells. Emerging evidence links AML to 406 

metabolic reprogramming, including fatty acid accumulation, that promotes T-cell dysfunction, 407 

and therapy-resistant LIC populations (52). LILRB2 and its mouse homolog PIRB have 408 
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likewise been implicated in fatty acid synthesis, leading to T-cell senescence potentially 409 

through cAMP-mediated signaling (53). Together with the known suppressive effects of 410 

extracellular adenosine on CAR T cells (54), these observations suggest that LILRB2 411 

contributes to the progressive loss of CAR T-cell fitness through immunoregulatory and 412 

metabolic pathways. While further studies are required to establish causality, our findings 413 

identify LILRB2 as a previously unrecognized mediator of impaired T cell function in AML and 414 

support a model in which LILRB2 promotes progressive CAR T-cell dysfunction associated 415 

with T-cell senescence.  416 

Importantly, antibody-mediated LILRB2 blockade partially restored CAR T-cell function by 417 

reducing exhaustion and terminal differentiation. Although LILRB-blocking antibodies (9, 10, 418 

12) have shown modest clinical activity in AML (55), their combination with MHC-unrestricted 419 

CAR T-cell therapies or T-cell-activating bispecific antibodies may overcome the limited 420 

endogenous antileukemic immunity characteristic of AML. Interestingly, LILRB2-targeted CAR 421 

T cells incorporating an inhibitory antibody-derived scFv exhibited reduced SA-β-Gal levels 422 

compared with anti-CD33 CAR T cells. Whether this reflects concomitant modulation of 423 

LILRB2 signaling in addition to direct cytotoxicity warrants further investigation. 424 

Engineered T-cell approaches targeting other members of the LILRB family have previously 425 

demonstrated promising preclinical activity (14-16, 56). Here, we show that newly designed 426 

anti-LILRB2 CAR T cells exhibit potent antileukemic activity across multiple AML models, 427 

including primary patient samples, both in vitro and in vivo. Benchmarking against 428 

conventional anti-CD33 CAR T cells demonstrated comparable efficacy. Importantly, anti-429 

LILRB2 CAR T cells exhibited limited toxicity toward healthy hematopoietic populations, 430 

preserving HSPCs, despite expected targeting of mature myeloid populations.  431 

Given the marked antigen heterogeneity in AML, combinatorial targeting strategies will likely 432 

be required to maximize blast coverage and prevent the outgrowth of antigen-negative 433 

subclones (31, 57). Consistent with this concept, Perna et al. identified the LILRB2/CLL1 434 

combination among the most promising target pairs for AML (17). Similarly, dual-targeting 435 
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approaches in our study significantly enhanced the elimination of primary AML samples, with 436 

the LILRB2/CD117 combination exhibiting particularly complementary expression patterns, 437 

suggesting improved coverage of distinct leukemic subpopulations. In this context, CD117-438 

directed therapies are currently being translated into the clinic as a strategy that combines 439 

leukemia eradication with non-genotoxic conditioning for HSCT (18). Our findings support 440 

incorporating LILRB2 targeting into this therapeutic concept to improve coverage of 441 

heterogeneous AML while preserving normal hematopoiesis.  442 

In summary, our study identifies LILRB2 as both a mediator of CAR T-cell dysfunction and a 443 

promising therapeutic target in AML. Further studies should define the intracellular signaling 444 

pathways downstream of LILRB2 in AML cells, identify the mediators of leukemia-T-cell 445 

crosstalk responsible for T-cell dysfunction, and evaluate, in vivo, combinatorial strategies, 446 

including CD117/LILRB2-targeted approaches. 447 
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Figure legends 640 

Figure 1: LILRB2 is highly expressed in adult AML patient samples and myeloid cells while 641 

being absent in other healthy cell types and tissues. (A) Histograms showing the fluorescent 642 

intensity of indicated LILRB subtypes on cells analyzed by flow cytometry. Shown are different 643 

AML cell lines (MOLM13, MOLM14, THP1, HL60, KG1, TF1, OCI-AML3, NOMO1, MARIMO) 644 

as well as healthy donor PBMCs as control. (B) Flow cytometry analysis depicting the different 645 

LILRB subtypes (left) and AML-associated markers (right) in healthy donor PBMCs (n=4), 646 

HDBM (n=4), primary patient AML blasts (n=23), AML-associated T cells and CD33+ myeloid 647 

cells (n=23). Every dot represents an individual sample. (C) Histograms showing LILRB 648 

expression in three different patient samples analyzed by flow cytometry. Healthy donor 649 

PBMCs are shown as control. (D) LILRB2, CD33 and CD117 expression of different patient-650 

derived xenograft samples (n=6) as measured by flow cytometry. (E+F) Percentage of LILRB2 651 

positive cells across depicted compartments (E) and immune cell subtypes (F) of healthy 652 

donors. Data are taken from the Tabula Sapiens database. Statistical analysis was performed 653 

via two-way ANOVA with Tukey’s multiple comparison (B); ****p < 0.0001. 654 

 655 

Figure 2: LILRB2 expression by AML impairs CAR T-cell functionality in vitro and in vivo. (A) 656 

Number of LILRB2 molecules on THP1 LILRB2 KO and LILRB2 high AML cells, compared to 657 

wt, measured by quantitative flow cytometry. The NALM6 B-ALL cell line is shown as control. 658 

(B+C) Flow cytometric analysis after a 5-day co-culture of anti-CD33 CAR- or NT T cells with 659 

THP1 wt, THP1 LILRB2 KO or THP1 LILRB2 high cells. Shown are target cell counts (B) and 660 

effector fold changes (C) at different effector-to-target (E:T) ratios. Data illustrate the means ± 661 

SD from four biological replicates with two technical replicates. (D) Analysis of cytokines in the 662 

supernatant of aforementioned co-cultures (E:T ratio 1:15) after 5 days, measured by ELISA. 663 

Mean of three biological replicates with two technical replicates ± SD. (E) NSG mice were sub-664 

lethally irradiated and injected i.v. with 1x106 THP1 wt, LILRB2 KO or LILRB2 high cells. After 665 

9 days, mice were treated with 1x106 anti-CD33 CAR+ T cells i.v. NT T-cell injection served 666 
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as control. (F) Kaplan-Meier survival curves of the depicted treatment groups. (G+H) Total 667 

count of target (G) and hCD3+ (H) cells in the BM at humane endpoint or at the end of the 668 

experiment (day 50), measured by flow cytometry. Every dot represents a mouse (n=3-5). 669 

Data are represented as mean ± SD. Statistical analysis was performed via one-way ANOVA 670 

(D+G+H) or two-way ANOVA with Tukey’s multiple comparison (B+C) or via Mantel-Cox test 671 

(F); *p<0.05; **p<0.01; ***p<0.001; ****p<0.0001. 672 

 673 

Figure 3: LILRB2 expression in AML enhances CAR T-cell differentiation and exhaustion. (A) 674 

Graphical representation of experiments performed for Figure 3 and 4. (B+C) Flow cytometric 675 

analysis after a 5-day co-culture of anti-CD33 CAR T cells with THP1 wt, THP1 LILRB2 KO or 676 

THP1 LILRB2 high cells. Shown are (B) the percentage of naïve and stem cell memory (TN + 677 

TSCM), central memory (TCM), effector memory (TEM) and terminal effector (TTE) hCD3+ cells, 678 

defined by hCD45RA and hCD62L expression, and (C) the percentage of hCD3+ cells 679 

expressing PD-1, LAG-3 and TIM-3. Data illustrates the mean ± SD across four biological 680 

replicates with two technical replicates. (D) Analysis of IL-10 in the supernatant of 681 

aforementioned co-cultures after 5 days (E:T ratio 1:15), measured by ELISA. Mean of three 682 

biological replicates with two technical replicates each. (E+F) NSG mice were sub-lethally 683 

irradiated and injected i.v. with 1x106 THP1 wt, LILRB2 KO or LILRB2 high cells. After 9 days, 684 

mice were treated with 1x106 anti-CD33 CAR+ T cells i.v. NT cell injection served as control. 685 

Flow cytometry analysis of BM samples harvested at humane endpoint or end of the 686 

experiment (day 50). (E) Percentage of naïve and stem cell memory (TN + TSCM), central 687 

memory (TCM), effector memory (TEM) and terminal effector (TTE) hCD3+ cells in anti-CD33 688 

CAR T-cell-treated mice bearing LILRB2 wt, KO, and high tumor cells, as defined by hCD45RA 689 

and hCD62L expression. (F) Percentage of PD-1, LAG-3, and TIM-3 expression on hCD3+ 690 

cells in the BM of anti-CD33 CAR T-cell treated mice (n=4-5). Statistical analysis was 691 

performed via one-way ANOVA (D) or via two-way ANOVA (B+C, E+F) with Tukey’s multiple 692 

comparison; *p<0.05; ***p<0.001. 693 
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 694 

Figure 4: LILRB2 expression in AML leads to downregulation of gene sets linked to immune 695 

response in both CAR T and target cells and increases CAR T-cell DNA damage response 696 

and senescence pathways. (A-D) RNA sequencing data of effector and target cells after re-697 

challenging anti-CD33 CAR T cells four times with THP1 LILRB2 KO or THP1 LILRB2 high 698 

cell lines at an E:T ratio of 1:2.5 and subsequent cell purification by FACS. Re-challenge was 699 

performed in technical triplicates. Top 10 downregulated biological process-related gene sets 700 

in bulk effector (A) or target (B) cells as analyzed by an over-representation analysis. Shown 701 

is the change of gene expression in LILRB2 high compared to LILRB2 KO conditions. Color 702 

indicates p-value while the x-axis shows the total count of downregulated genes per gene set. 703 

(C) Gene ontology (GO)  tile plots of significantly dysregulated genes associated with cellular 704 

senescence (left, GO:0090398), replicative senescence (middle, GO:0090399) and positive 705 

regulation of cellular senescence (right, GO:2000774) in CAR T cells. (D) Significantly 706 

dysregulated genes associated with DNA damage response pathways. (E) Proposed 707 

mechanism of combined downregulation of immune response-related gene sets, DNA 708 

damage induction, and senescence initiation. (F) Presence of ß-Gal in CAR T cells after a 5-709 

day co-culture of anti-CD33 (left) CAR- or anti-LILRB2 (right) CAR T cells with THP1 wt, THP1 710 

LILRB2 KO or THP1 LILRB2 high cells as measured by flow cytometry. Data illustrate the 711 

mean ± SD of two technical replicates. Statistical analysis was performed via kallisto / edgeR 712 

(A-D) or two-way ANOVA with Tukey’s multiple comparison (F); *p<0.05; **p<0.01; 713 

***p<0.001; ****p<0.0001. 714 

 715 

Figure 5: Antibody-mediated LILRB2 blockade partially reverses impaired CAR T-cell 716 

functionality in vitro. Flow cytometric analysis of effector and target cells after a 1-day (A-D) or 717 

5-day (E-H) co-culture of anti-CD33 CAR- or NT T cells with THP1 LILRB2 high cell lines 718 

together with LILRB2 blocking antibodies or isotype control (IgG). The 1-day co-culture was 719 

performed at an effector-to-target (E:T) ratio of 1:1, and the 5-day co-culture at the E:T ratios 720 
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indicated in the graphs. Target (A) and effector (B) cell counts after 1-day co-culture. (C) 721 

Percentage of hCD3+ cells expressing PD-1, LAG-3, and TIM-3 in anti-CD33 CAR T-cell 722 

conditions treated either with IgG or LILRB2 blocking antibodies during co-culture, as indicated 723 

on the Y-axis. (D) Percentage of naïve and stem cell memory (TN), central memory (TCM), 724 

effector memory (TEM), and terminal effector (TTE) hCD3+ cells, as defined by hCD45RA and 725 

hCD62L expression, in the conditions indicated on the X-axis. Target (E) and effector (F) cell 726 

counts at indicated E:T ratios after 5-day co-culture. (G) Percentage of hCD3+ cells 727 

expressing PD-1, LAG-3 and TIM-3 in anti-CD33 CAR T-cell conditions at the indicated E:T 728 

ratios. (H) Percentage of naïve and stem cell memory (TN), central memory (TCM), effector 729 

memory (TEM), and terminal effector (TTE) hCD3+ cells, as defined by hCD45RA and hCD62L 730 

expression, in anti-CD33 CAR T-cell conditions at indicated E:T ratios. The data illustrate one 731 

representative donor with two technical replicates ± SD. Statistical analysis was performed via 732 

one-way ANOVA (A-D) or via two-way ANOVA (E-H) with Tukey’s multiple comparison; 733 

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001. 734 

 735 

Figure 6: Anti-LILRB2 CAR T cells show potent effector function against AML cell lines in vitro 736 

and in vivo. (A) Schematic representation of the anti-LILRB2 CAR cassette, controlled by a 737 

human PGK promoter and linked to a truncated human EGFR (huEGFRt) marker via a T2A 738 

peptide. The entire cassette is flanked by the SB-pT left and right inverted repeats (LIR/RIR). 739 

(B) Representation of the SB-based CAR T-cell production protocol (C) Number of LILRB2 740 

molecules on the AML cell line MOLM14 modified to overexpress (OE) LILRB2, measured by 741 

quantitative flow cytometry. (D) Killing activity of T cells engineered to express different anti-742 

LILRB2 CAR constructs (C1 VHVL, C1 VLVH, C2 VLVH) after a 1-day co-culture with 743 

MOLM14 wt or MOLM14 LILRB2 high cells at the indicated E:T ratios. Analysis was performed 744 

by flow cytometry and NT and anti-CD33 CAR T cells served as negative or positive control 745 

respectively. Data illustrates the mean ± SD across three biological replicates and two 746 

technical replicates. (E) Analysis of cytokines in the supernatant of anti-LILRB2 C1 VLVH CAR 747 
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construct from the aforementioned co-culture at an E:T ratio of 1:1, measured by ELISA. Mean 748 

of three biological replicates with two technical replicates each ± SD.  (F) NSG mice were sub-749 

lethally irradiated and injected with 1x105 MOLM14 LILRB2 high cells. After 10 days, mice 750 

were treated with 2.5x106 anti-LILRB2 CAR+ T cells or controls. (G) Total flux (photons / 751 

second) of depicted treatment groups at different timepoints, as measured by IVIS. (H) Kaplan-752 

Meier survival curves of depicted treatment groups. (J) IVIS images of mice receiving the 753 

indicated treatments. (K-P) Total count of target cells in BM (K), Spleen (M), or PB (O) or 754 

hCD3+CAR+ cells in BM (L), Spleen (N), or PB (P) at humane endpoint or end of the 755 

experiment (day 28), measured by flow cytometry. Every dot represents a mouse (n=2-4). 756 

Data are represented as mean ± SD. Statistical analysis was performed via one-way ANOVA 757 

(E, K-P) or two-way ANOVA with Tukey’s multiple comparison (D, G), or via Mantel-Cox test 758 

(H); *p<0.05; **p<0.01; ***p<0.001 ****p<0.0001. 759 

 760 

Figure 7: Anti-LILRB2 CAR T cells show potent effector functions towards patient samples 761 

and patient-derived xenografts in vitro and in vivo. (A) Killing activity of anti-LILRB2 CAR T 762 

cells after a 1-day co-culture with a patient-derived xenograft sample at the indicated E:T 763 

ratios. Readout was done by flow cytometry and NT and anti-CD33 CAR T cells served as 764 

negative and positive controls, respectively. Data illustrate the mean of one patient-derived 765 

xenograft sample cultured with two to three different T-cell donors with two technical replicates 766 

per donor ± SD. (B) NSG mice were sub-lethally irradiated and injected i.v. with 1x106 patient-767 

derived BM cells. After 9 days, mice were treated with 5x106 anti-LILRB2 CAR+ T cells (n=3) 768 

or NT controls (n=3) i.v. (C) Blast engraftment in PB over time, shown as a fraction of total 769 

cells, as measured by flow cytometry. (D) Total count of AML blasts or (E) hCD3+ cells in BM, 770 

Spleen or PB at humane endpoint or end of the experiment at day 30, measured by flow 771 

cytometry (n=3). (F) Expression of LILRB2, CD117, CD33 and combinations thereof in a total 772 

of 25 AML patient samples as measured by flow cytometry. (G-K) Killing activity of CAR T 773 

cells targeting LILRB2, CD33, CD117, and their combinations after a 1-day co-culture with an 774 
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AML patient BM sample (PID1) at indicated E:T ratios, normalized to NT controls. Depicted 775 

are the total killing activity (G), as well as the specific killing activities against CD33+ (H), 776 

LILRB2+ (J) and CD117+ (K) subpopulations. Two technical replicates were prepared and 777 

analyzed by flow cytometry. Data are represented as mean ± SD. Statistical analysis was 778 

performed via two-way ANOVA (A,C, G-K) or one-way ANOVA (F) with Tukey’s multiple 779 

comparison, or via Welch’s t test (D-E); **p<0.01; ****p<0.0001. 780 

 781 

Figure 8: Anti-LILRB2 CAR T cells spare healthy hematopoietic precursor cells. (A+B) Total 782 

cell numbers of cell types depicted on the y-axis after a 1-day co-culture of PBMCs (A) or 783 

HDBM (B) with the indicated CAR T cells at an E:T ratio of 1:1, normalized to NT controls. (C) 784 

Specific killing activity of anti-LILRB2 and anti-CD33 CAR T cells against monocytes at 785 

indicated E:T ratios after a 1-day co-culture with PBMCs. (D) Humanized NSG mice were 786 

injected with 2.5x106 anti-LILRB2 CAR+ T cells or NT controls upon showing detectable 787 

engraftment in the PB. (E) Fraction of CD34+CD38-, CD33+, C117+ and LILRB2+ cells 788 

normalized to NT control groups in the BM after 25 days. Readout for all experiments was 789 

done by flow cytometry. One biological replicate (HDBM) or two to three biological replicates 790 

(PBMC) with two technical replicates each are pooled for the in vitro data. In vivo, four mice 791 

were used for the NT control groups and five mice for the anti-LILRB2 CAR T group. Data is 792 

represented as mean ± SD. Statistical analysis was performed via two-way ANOVA (C) or 793 

one-way ANOVA (A+B, E) with Tukey’s multiple comparison; *p<0.05; **p<0.01; ***p<0.001; 794 

****p<0.0001. 795 
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