
NRP2 is expressed on circulating monocytes and macrophages 

in pulmonary sarcoidosis granulomas

Figure 4. High levels of NRP2 are expressed on circulating monocytes in pulmonary sarcoidosis patients and concentrated within myeloid

cells of pulmonary granulomas. (A) NRP2 cell surface expression in circulating CD14+ monocytes from healthy donors and pulmonary

sarcoidosis patients. (B) NRP2 (brown) is concentrated in granulomas from pulmonary sarcoidosis patients.4 (C) NRP2 RNA (white dots) is

colocalized with macrophage markers CD68 (green) and CD163 (orange) in granulomas from pulmonary sarcoidosis patients.

(A)   NRP2 on circulating monocytes (C) Immunofluorescence
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Efzofitimod, A Novel Immunomodulator for Pulmonary Sarcoidosis, modulates Patient Inflammatory Responses Through Myeloid Cells
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Figure 1. Extracullular tRNA synthetases have non-canonical immuno-modulating properties. The canonical role of tRNA synthetases is to

catalyze protein synthesis within the cell. Splice variants and proteolytic fragments of tRNA synthetases have been identified in extracellular

spaces, where they have novel functions. aTyr Pharma is engaged in the discovery and development of potential first-in-class medicines

based on newly discovered pathways effected by extracellular tRNA synthetases.

Pulmonary sarcoidosis is a complex immune disease characterized by the recruitment and accumulation of

circulating monocytes to the lung, where they differentiate into macrophages and co-localize with activated T cells to

form granulomas.1 Steroid therapy is the standard of care to control inflammation. However, chronic steroid use results in

serious side effects, and safer, more effective immunomodulatory therapies are needed. Efzofitimod is a novel

immunomodulator that selectively binds neuropilin-2 (NRP2), a pleiotropic membrane protein highly expressed on

immune cells during lung inflammation and on circulating monocytes and macrophages within granulomas. In a phase

1b/2a clinical trial in pulmonary sarcoidosis patients, efzofitimod demonstrated dose dependent trends of improvement

compared to placebo on key efficacy endpoints, including steroid reduction, lung function and patient symptom

measures.2 Efzofitimod also demonstrated dose dependent control of inflammatory biomarkers.3 We hypothesize that

efzofitimod modulates monocyte/macrophage function in pulmonary sarcoidosis patients as a mechanism to reduce

inflammation and improve lung function.

To investigate immunomodulatory functions of efzofitimod on monocytes, peripheral blood mononuclear cells

(PBMC) from pulmonary sarcoidosis patients or healthy donors were evaluated for surface marker expression by flow

cytometry and cytokine/chemokine secretion by immunoassay. CD14+ monocytes from healthy donors were

differentiated into macrophages in the presence of efzofitimod and evaluated for surface marker expression, as well as

cytokine/chemokine expression and secretion. We found that NRP2, the binding partner to efzofitimod, is highly

expressed in lung granulomas from pulmonary sarcoidosis patients and colocalizes with the macrophage markers CD68

and CD163. Circulating monocytes from pulmonary sarcoidosis patients have elevated NRP2 compared to those from

healthy donors, and exhibit a more inflammatory phenotype. For example, pulmonary sarcoidosis patient monocytes

secrete a greater amount of pro-inflammatory cytokines/chemokines including TNFα, IL-6, MIP-1α, and MCP-1. They

produce less activation marker CD80 upon LPS stimulation compared to healthy donors and show dysregulation of the

MCP-1/CCR2 signaling axis. In primary monocyte-derived macrophages, efzofitimod affects macrophage morphology

and reduces proinflammatory gene expression and CCR2, the receptor for MCP-1.

These results demonstrate that efzofitimod modulates expression of surface receptors and pro-inflammatory

cytokines/chemokines in myeloid cells, expanding our understanding of efzofitimod’s mechanism of action.

Efzofitimod Modulates Immune responses in Myeloid Cells
Monocytes from Pulmonary Sarcoidosis Patients 

Are Phenotypically and Functionally Distinct

Figure 2. Efzofitimod binds to NRP2 with nanomolar affinity and does not impact VEGF/SEMA interactions with NRP2 and co-receptors.

(A) Efzofitimod is a fusion protein consisting of amino acids 2-60 of Histidyl-tRNA synthetase (HARS) and human IgG1 Fc. (B) Efzofitimod

binds to human NRP2 with nanomolar affinity. Efzofitimod binding to NRP2 does not impact VEGF-induced (C) or SEMA-induced (D)

interactions of NRP2 with co-receptors.

Conclusions

Figure 7. (A) Schematic showing generation of M0 macrophages from primary human monocytes in the presence of 1µM N15 control or 1µM

efzofitimod. (B) Morphology change was monitored by images captured every 3 hours by Incucyte (Sartorius). NRP2 expression was

measured by flow cytometry at day of seeding (day 0), day 4, day 6, and day 8. (C) RNAseq analysis showing inflammatory pathways

downregulated by efzofitimod in monocyte-derived M0 macrophages.

• Efzotifimod is a novel immunomodulator that has

demonstrated clinical proof of concept in a Phase 2a

pulmonary sarcoidosis trial

• NRP2, the sole binding partner to efzofitimod, is

highly expressed in circulating monocytes and

granulomas of sarcoidosis patients

• Efzofitimod promotes macrophage-like morphology

of myeloid cells and downregulates inflammatory

cytokines and receptors that are dysregulated in

sarcoidosis

• Efzofitimod’s immunomodulatory effects may apply to

other ILDs which share common immune pathologies

to sarcoidosis

Efzofitimod effects morphology and downregulates pro-inflammatory pathways 

Figure 5. PBMC from healthy donors and pulmonary sarcoidosis patients were cultured overnight and supernatants were evaluated for

secreted cytokines by immunoassay (MesoScale Discovery).

PBMC from pulmonary sarcoidosis patients are highly inflammatory at baseline
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Pulmonary sarcoidosis patients have a dysregulated response to inflammatory stimuli

Figure 6. PBMC from healthy donors and pulmonary sarcoidosis patients were cultured overnight with or without 100ng/ml LPS.

Supernatants were evaluated for MCP-1 secretion by immunoassay (MesoScale Discovery). CCR2 and CD80 expression on CD14+

monocytes were evaluated by flow cytometry.
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NRP2 is expressed on monocyte-derived macrophages and dendritic cells 

Figure 3. (A) Schematic showing generation of M1 macrophages and mature dendritic cells from primary human monocytes (B) NRP2

expression by flow cytometry on M1 macrophages. (C) NRP2 expression by flow cytometry on mature dendritic cells.

(C)  NRP2 on mature dendritic cells(B)   NRP2 on M1 macrophages(A)   Monocyte-derived macrophages and dendritic cells
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Figure 8. Efzofitimod downregulates the chemokine (MCP-1) and receptor (CCR2) involved in monocyte recruitment to sites of

inflammation. (A) Relative quantity of CCL2 (MCP-1) and TNFa RNA transcripts in monocyte-derived macrophages. (B) CD14 and CCR2

surface expression on monocyte-derived macrophages.

Efzofitimod regulates the MCP-1 (CCL2) / CCR2 monocyte chemotaxis pathway

(C)  Surface expression on macrophages

(B) Gene Expression in macrophages
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