Overlapping and Distinct Patterns of LILRB Receptors Support Complementary Targeting Approach in Cancer
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LILRB4 is expressed on dendritic cell subsets in the tumor and
peripheral blood of cancer patients
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Figure 4. LILRB2 is highly expressed on CD163+ CD11b cells in the tumor and intermediate
monocytes in the blood of cancer patients. High numbers of immunosuppressive TAMs, characterized
by CD163 expression, is an indicator of poor prognosis in clear cell renal cell carcinoma [Ref 3],
ovarian cancer [Ref 4], head and neck squamous cell carcinoma [Ref 5] and other tumor types. While
the function of intermediate monocytes in cancer is not entirely known, reports indicate that high
levels of these monocytes in cancer patient blood is indicative of poor prognosis [Ref 6] and
associated with high tumor burden [Ref 7]. A) Flow cytometry analysis of PBMC from 30 cancer
patients show over 2-fold higher LILRB2 expression on intermediate monocytes compared with other
subsets. B) Flow cytometry analysis of tumor infiltrating immune cells shows CD11b+ myeloid cells to
have high expression of LILRB2 when co-expressing CD163—a marker for immunosuppressive
macrophages. C) RNA analysis of CD163 and LILRB2 on fresh tumor tissue samples shows strong
correlation between the two genes.

Pseudotime analysis shows distinct expression patterns of
LILRB2 and LILRB4 throughout differentiation of myeloid cells
LILRB2

SUMMARY
•

LILRB1, LILRB2, and LILRB4 have distinct patterns of expression
across immune cells in the tumor and periphery

•

LILRB1 is uniquely expressed on B, NK, and T cells

•

While both LILRB1 and LILRB2 are expressed on pDCs and cDC2s,
these DC subsets are where LILRB4 is expressed highest

•

LILRB2 expression is highest on intermediate monocytes in the
blood, and CD163+ macrophages in the tumor—both cell types have
been associated with poor prognosis in cancer

•

LILRB2 and LILRB4 have unique patterns of expression throughout
myeloid cell differentiation with LILRB2 most highly expressed on
undifferentiated monocytes and LILRB4 on DCs and macrophages

•

Distinct patterns of response in anti-LILRB treated histoculture
suggest non-redundant function of LILRB1, 2, and 4 blockade
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Figure 6. Tumor slices from 43 unique
tumors (head and neck, kidney, ovarian,
and lung) were treated with anti-LILRB1,
anti-LILRB2, anti-LILRB4 or hIgG4
Isotype control for 24 hours and
pharmacodynamic (PD) responses were
assessed by changes in gene signature
scores such as downregulation of the
MDSC signature associated with myeloid
driven
immunosuppression
or
upregulation of the IFNγ signature
associated with inflammatory response.
A. Heatmap of PD response across
tumors, restricted to tumors with any
response across the treatments.
Some overlap of PD responses was observed in a subset of matched tumors with all three
anti-LILRB treatments. However, the overall PD response rate defined by downregulation
of MDSC signature was higher for anti-LILRB4 treatment while PD response rates defined
by upregulation of IFNγ signature were higher for anti-LILRB1 and anti-LILRB2,
suggesting potential non-overlapping effects of anti-LILRB treatments.
B. Venn diagram showing the number of differentially expressed genes in anti-LILRB1,
anti-LILRB2, and anti-LILRB4 treatment compared to isotype control treatments (p-value
<0.05) in CD45 high tumors (greater than median CD45 expression across isotype control
samples). Examples of upregulated genes are shown in red and downregulated genes are
shown in blue. The mRNA expression levels of a total of 633 genes were measured using
the nCounter® Human Immunology V2 panel with custom spike-ins (NanoString).
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Figure 1. A) LILRB1, LILRB2, and LILRB4 are ITIM-containing receptors that negatively regulate
immune activation through binding to their respective ligands on a diverse array of cell types [Ref 1].
Highly selective investigational antibodies against these receptors have been developed by Jounce
Therapeutics. (Figure created with BioRender.com) B) Co-expression patterns of LILRB1, LILRB2,
LILRB4 from a single-cell RNAseq dataset from metastatic lung adenocarcinoma patients [Ref 2].
LILRB1, LILRB2, and LILRB4 are all co-expressed in myeloid cell populations within the tumor
microenvironment, but LILRB1 is uniquely expressed in a subset of B cells, NK cells, and T Cells. C)
Relative expression levels show high expression of LILRB4 on plasmacytoid dendritic cells compared
to LILRB1 and LILRB2.
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Conclusions: LILRB1, LILRB2 and LILRB4 each display unique cellspecific expression patterns and blocking their ligand binding activity
in ex vivo systems suggests that they have non-redundant functions.
Thus, strategic inhibition of one or more of these molecules can
contribute to the optimal activation of anti-tumor immunity.
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Figure 2. A) Flow cytometry analysis of 29 dissociated kidney, ovarian, head and neck, lung and
endometrium tumor samples show LILRB1 expression on subsets of T, NK, and NKT cells; as well as
on the majority of B cells. B) Representative images of a lung tumor FFPE tissue section stained with
anti-CD3 and anti-LILRB1 antibodies. Arrows point toward CD3+ LILRB1+ T cells. C) Representative
images of a head & neck tumor FFPE tissue section stained with anti-CD20 and anti-LILRB1
antibodies. Arrow heads point toward CD20+ LILRB1+ B cells.
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Blocking LILRB molecules induces overlapping and distinct
patterns of gene expression changes in human tumor
histoculture
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Results: LILRB1, LILRB2, and LILRB4 are expressed on myeloid cells but
distinct expression patterns also emerge. LILRB1 is expressed by T, B
and NK cells; LILRB4 is highly expressed on plasmacytoid dendritic
cells (pDCs) and a subset of conventional DCs (cDC2); LILRB2 is
prominently expressed on immunosuppressive macrophages as well
as monocytes, and within that population, intermediate monocytes
display higher levels of LILRB2 than classical monocytes. In complex ex
vivo systems, blocking anti-LILRB molecules induced both overlapping
and distinct patterns of gene expression changes.
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LILRB2 is most highly expressed on monocyte and macrophage
subsets which are associated with poor prognosis in cancer

LILRB1 is expressed on T cells, B cells, and NK cells,
unlike LILRB2 and LILRB4
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Methods: Cell-specific anchoring across multiple single cell RNAseq
data sets was performed to characterize temporal and spatial LILRB
gene expression on individual cells. Proteins were detected on
human tumor specimens using ligand, cell type and LILRB specific IHC
antibodies. LILRB protein levels on immune cells from dissociated
human tumors and peripheral blood mononuclear cells (PBMCs) were
quantified using flow cytometry. Fresh treatment-naïve human tumor
samples were treated with anti-LILRB1, anti-LILRB2, anti-LILRB4 or
isotype control antibodies and gene expression analysis was
performed on treated samples.

LILRB1, LILRB2, and LILRB4 have unique patterns of expression
across immune cell subsets in the tumor
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Background: Leukocyte immunoglobulin-like receptors (LILRBs) are
cell surface immunoinhibitory proteins that were recently recognized
as therapeutic targets of interest in immuno-oncology. Jounce
Therapeutics has developed highly selective investigational antibodies
against LILRB1, LILRB2, and LILRB4 that are in various stages of
development. LILRB1, LILRB2 and LILRB4 are all broadly expressed on
myeloid cells; however, their individual expression patterns have been
difficult to define due to high sequence homology. To devise rational
treatment options, it is it important to develop a better understanding
of LILRB1, LILRB2 and LILRB4 specific expression patterns as well as
their functional overlaps and differences as suggested by their diverse
ligand binding partners. Here we characterize expression of these
receptors on human immune cells in tumor and blood samples across
different cancer indications. In addition, we perform
pharmacodynamic analysis and unbiased clustering after individual
LILRBs are blocked by investigational antibodies in a human tumor ex
vivo system to understand the roles of these receptors in complex
cellular environments.
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Figure 3. The highest expression of LILRB4 is on pDC and cDC2 dendritic cell subsets, unlike
LILRB1 and LILRB2, where highest expression is seen on monocytes. A) Single-cell RNAseq data
from a lung cancer dataset [Ref 2] show higher expression of LILRB4 on DC subsets compared to
LILRB1 and LILRB2, and higher expression of LILRB2 on monocytes compared to DC subsets. B)
Flow cytometry analysis of PBMC from 30 cancer patients show highest expression LILRB1 and
LILRB2 on monocytes, whereas LILRB4 is most highly expressed on pDCs and cDC2s. C) Flow
cytometry analysis of tumor infiltrating immune cells from four dissociated kidney tumors show high
expression of LILRB4 on pDCs and cDC2s in the tumor, repeating trend seen in PBMC samples.

Figure 5. Pseudotime analysis was performed across myeloid cell subtypes from a lung cancer
single-cell RNAseq dataset [Ref 2]. The pseudotime trajectory reveals changes in transcriptomic gene
expression patterns in line with myeloid cell differentiation from monocytes to dendritic cells or
monocytes to macrophages. LILRB2 is expressed more highly earlier in pseudotime within
monocytes. LILRB4 is expressed more highly later in pseudotime within dendritic cells and
macrophages.
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