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F.  Anti-PSGL-1 

increased pro-

inflammatory 

signal in serum
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Anti-PSGL-1 induces inflammatory TME in ex vivo patient-derived tumor culturesBackground

Targeting PSGL-1, a novel macrophage checkpoint, repolarizes suppressive macrophages, 

induces an inflammatory tumor microenvironment, and suppresses tumor growth

Phuong A. Nguyen1*, Kevin Kauffman1*, Dominika Nowakowska1*, Mohammad Zafari1*, Ryan Phennicie1,  Veronica Komoroski1, 

Steve Sazinsky1, Joe Wahle1,  Denise Manfra1,  Shantashri Vaidya2,  Michael Brehm2, Igor Feldman1#, Tatiana Novobrantseva1#

1 Verseau Therapeutics, Bedford, MA; 2 Diabetes Center of Excellence, UMass Medical School, Worcester, MA; * or # Equal contribution

KK, DN, RP and JW contributed to this work as employees of  Verseau Therapeutics and have changed affiliation since.
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Figure 3. Mixed Lymphocyte 

Reaction (MLR) assay.

Anti-PSGL-1 drove M-CSF-

differentiated suppressive 

macrophages (M0) to an M1-like 

state in an allogeneic 

macrophage MLR assay.  

Anti-PSGL-1 mAb was only 

present during macrophage 

differentiation and was washed 

out prior to co-culture with T 

cells.  Line represents mean of 

n = 8 independent 

macrophage/T cell donor pairs; 

each dot = 1 donor pair.M
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Anti-PSGL-1 suppresses tumor growth in a humanized mouse model of melanoma

Conclusions

Anti-PSGL-1 enhances the inflammatory response in complex multi-cellular assays 

Anti-PSGL-1 repolarizes M2 macrophages towards a pro-inflammatory phenotype

• Targeting PSGL-1 via an antagonistic antibody repolarized human M2 macrophages to a more M1-like state both phenotypically and 

functionally in primary in vitro macrophage assays.  Repolarization of macrophages by anti-PSGL-1 enhanced the inflammatory response in 

complex multi-cellular assays, including SEB-stimulated PBMC assays and mixed-lymphocyte reactions.

• Ex vivo human tumor cultures treated with anti-PD-1 antibody recapitulate TME changes in patients treated with systemic anti-PD-1 therapy, 

including a strong T-cell IFN- signature and a reduction in oncogenic pathway activation.  This supports ex vivo tumor cultures as a 

translatable pre-clinical model system for demonstrating efficacy of immuno-oncology agents.

• In ex vivo human tumor cultures, blocking PSGL-1 resulted in a robust pro-inflammatory signature driven by TNF-/NF-B and chemokine-

mediated signaling.  The increase in TNF- signaling was accompanied by reduction in oxidative phosphorylation and fatty acid metabolism 

that are known to be associated with metabolic programs of M2-like macrophages.  Secreted inflammatory cytokines showed that PSGL-1 

inhibition compared favorably to PD-1 inhibition.  A cohort of tumors with no response to PD-1 inhibition in our cultures showed a 

significant inflammatory response to anti-PSGL-1 mAb.

• Anti-PSGL-1 re-polarizes M2 macrophages and activates T cells in a humanized mouse model of melanoma, suppressing tumor growth.

• Our data support anti-PSGL-1 as a macrophage repolarizing agent and an effective macrophage-targeted therapy for Immuno-Oncology.

Acknowledgement:  We acknowledge the UMMS Humanized Mouse Core for their expert work with humanized mice.

Figure 1. Repolarization in a 

primary human macrophage assay.

Monocytes were differentiated into M2c 

macrophages.  M2 to M1 repolarization 

was assessed by cell surface markers and 

secreted cytokines.  Anti-PSGL-1 

lowered expression of M2 markers 

CD163, CD16 and CD206, and 

increased production of pro-

inflammatory cytokines IL-6, TNF- and 

GM-CSF.  Data are representative of at 

least 4 healthy donors. 
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Figure 2. Staphylococcal 

enterotoxin B (SEB) assay.

Anti-PSGL-1 upregulated pro-

inflammatory cytokines IL-2, IFN-

and TNF-, and downregulated 

the anti-inflammatory cytokine 

IL-10 in SEB-stimulated PBMCs.

Data are representative of at least 

4 healthy donors. 

Figure 4. Ex vivo human tumor cultures recapitulate response to checkpoint inhibitors within the tumor 

microenvironment (TME) and provide pre-clinical support for targeting PSGL-1
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Figure 5.  Anti-PSGL-1 increases secretion of cytokines and chemokines involved in TME activation, immune cell 

recruitment and T cell activation in ex vivo dissociated tumor cultures

Top upregulated biological pathways are highly similar between tumor cultures and patients

Top downregulated biological pathways are highly similar between tumor cultures and patients, except cell proliferation

Figure 6. PSGL-1 and PD-1 treatment of humanized NSG-SGM3-BLT mice inoculated with a melanoma PDX tumor
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Increased T cell infiltration

and activation of CD8+ T cells in tumors

• Tumor associated macrophages (TAMs) are the most prominent non-tumor cell 

type in all cancers; they display properties of M2-like suppressive macrophages.

• Presence of  TAMs correlates with poor patient prognosis in multiple tumor 

types.  TAMs promote cancer by supporting immune suppression and tumor 

growth, enabling metastasis, and supporting neo-angiogenesis

(Aras & Zaidi, 2017; Cassetta & Pollard, 2018).

• Presence of M1-like pro-inflammatory macrophages correlates with better 

patient outcomes and response to T cell checkpoint inhibitors.  M1-like 

macrophages facilitate tumor destruction by immune cell recruitment and 

macrophage and cytotoxic T cell activation

(Ayers et al, 2017; Riaz et al, 2017; Dangaj et al, 2019).

• Macrophage modulators driving macrophage repolarization from an 

M2-like to an M1-like phenotype are an attractive novel class of therapies 

for the field of immune-oncology.

• Here we present pre-clinical validation of a novel macrophage checkpoint 

PSGL-1, which was identified via computational analysis of molecular profiling 

data of human tumors and modulates macrophage polarization.
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Increased antigen presentation (MHCII)

and M2-to-M1 re-polarization of TAMs

(E) Tumors harvested when 

the animals were sacrificed 

were immunophenotyped 

for T cell infiltration and 

CD8+ T cell activation, and 

macrophage re-polarization 

(reduced ratio of CD163 

[M2 marker] to HLA-DR 

[MHCII; M1 marker]).

(F) Mice were bled mid-study to quantify 

chemokines/cytokines in the serum.  

Anti-PSGL-1 leads to increased 

systemic levels of pro-inflammatory 

mediators TNF-, IFN-, and CCL3, and 

decreased levels of CCL2, a chemokine 

associated with the pro-tumorigenic 

role of macrophages in the TME.

50-150mm3

(A) For the study we utilized mice 

with improved engraftment and 

function of human CD33+ 

myeloid cells: NSG-SGM3-BLT 

(Jangalwe et al, 2016).

A PDX melanoma cell line was 

selected for its ability to give 

rise to tumors rich in human 

inhibitory macrophages.

Mice were randomized into 

treatment groups when tumor 

size reached 50-150mm3.

(B) Mean tumor volume  SEM 

from n=8-9 mice per group.

(C) Progression-free survival (PFS) 

is defined as time when tumors 

are projected to reach 

2000mm3.  Individual tumor 

growth curves were fit to a 

Gompertz function.  Mice that 

died before 30 days post 

treatment start, independent of 

tumor size, were excluded from 

survival analysis (2 mice per 

group).

(D) Individual mouse tumor 

volumes post treatment start.

B.

A.

C.

D.

E.

Each patient tumor is dissociated and treated in both arms of the 

study allowing for a direct comparison across each tumor
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Patient tumors are ranked 

by treatment effect.
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brain, colon, liver
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A subset of patient tumors with no response to PD-1 inhibition (n=19) 

shows significant inflammatory response to anti-PSGL-1

100 200 300 4000 100 200 300 4000

Keytruda 
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Patient tumors not 

responding to Keytruda 

(n=19) are ranked by 

treatment effect and 

color-coded by patient ID.

Total Tumor Inflammation Signature is defined as the average of secreted cytokines/chemokines important for TME activation (GM-CSF, IL-1, TNF-), immune 

cell recruitment (CCL3, CCL4, CCL5, CXCL9, CXCL10), and T cell activation (IFN-).
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