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Entinostat’s modulation of myeloid derived suppressor cells through the 
STAT3-NFκB-AP-1 axis decreases suppressive signaling

Metastatic breast cancer remains one of the leading causes of global cancer
incidence in women, despite the benefit of immune checkpoint inhibitors (ICIs)
in managing various cancers and improving patient quality of life. Metastatic
breast cancer is characterized by extensive infiltration of the tumor
microenvironment (TME) with immunosuppressive cells, such as myeloid
derived suppressor cells (MDSCs), that inhibit anti-tumoral immune cells and
prevent effective activation of the adaptive immune system by ICIs. Previously,
our group has shown in the breast TME that epigenetic reprogramming of
MDSCs by entinostat, a histone deacetylase inhibitor, decreases MDSC
immunosuppressive function and contributes to response to ICIs, in part
mediated by altered signaling within the Signal transducer and activator of
transcription 3 (STAT3) and Nuclear factor kappa B (NFκB) axis1,2. Here, we
sought to examine the effects of entinostat on MDSC reprogramming in a
distant metastatic TME, with a focus on the STAT3-NFκB axis.

CONCLUSIONS

Using the syngeneic NT2.5LM NeuN mouse model of metastatic breast cancer,
we established spontaneous lung metastases and treated with either vehicle or
entinostat (5 mg/kg by oral gavage, 5x /week) for 3 weeks. Single cell RNA
sequencing (scRNAseq) was performed on macro-dissected lung metastases.

Crosstalk among the STAT3, NFκB, and AP-1 signaling pathways has been
reported to regulate inflammation in breast cancer4. Our findings provide new
evidence in the breast-to-lung metastatic tumor microenvironment (TME) that
implicates a STAT3-NFκB-AP-1 mediated mechanism leading to decreased
MDSC suppressive signaling upon entinostat treatment. Evaluating this
mechanism in MDSCs taken directly from treated lung metastases represents
one of the most biologically relevant mechanistic studies to date, and
preliminary translation of findings in patients suggests that planned studies will
lead to identification of a mechanism driving response to combination therapy
of entinostat + ICIs.

Using tumor biopsies from selected patients with metastatic breast cancer
treated with entinostat (5 mg/week, 2-week run-in) during the clinical trial NCI-
98443, we performed imaging mass cytometry (IMC) to identify and
characterize immune cell populations.
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Using J774M cells, an MDSC-like cell line, and bead-isolated intratumoral
granulocytic-MDSCs (G-MDSCs) from lung metastases, we performed western
blot to probe for protein expression levels.

Fig. 1: ScRNAseq shows up-regulation of STAT3 and NFκB pathways in MDSCs upon entinostat
treatment. 24 sets of NT2.5LM macro-dissected breast-to-lung metastases were sequenced using
10x Genomics Chromium Single Cell and processed using CellRanger v4.0.0. A. UMAP of identified
cells using Louvain clustering, resolution parameter of 0.1, shows a large MDSC population (purple).
Cell type identities were assigned using curated gene lists from previous work1,2 and literature. B.
Dotplot shows two representative gene markers for each cell cluster. C. Unsupervised pathway
analysis of the MDSC cluster reveals significantly up-regulated STAT3 and NFκB signaling pathways
with entinostat treatment. Transcription factors from the Activator protein 1 (AP-1) family in red.
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Fig. 2: Western blots of MDSCs show decreased expression/phosphorylation of transcription
factors in the STAT3-NfκB-AP-1 axis upon entinostat treatment. A. Western blots of J774M, an
MDSC-like cell line, treated with entinostat overnight and stimulated with LPS (1 ug/mL) for 2 hours
reveal decreased AP-1 subunit Fra-1 expression, JunB expression, and JunB phosphorylation
(pJunB). DMSO is vehicle control. B. Western blots of isolated G-MDSCs from breast-to-lung
metastases in 5 mice treated with vehicle or entinostat (5 mg/kg) reveal decreased STAT3
phosphorylation (pSTAT3) with entinostat treatment. Each column is one mouse. C. Quantification
of western blots in B., with adjusted density normalized to beta-actin. **p<0.01.
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Fig. 3: IMC of tumor biopsies show decreased pSTAT3 in MDSCs in patients
treated with entinostat. A. Representative IMC image of a tumor biopsy from a
triple negative breast cancer patient responder from NCI-9844. Phosphorylated
STAT3 (pSTAT3) is shown in pink. B. pSTAT3 is quantified at two timepoints:
baseline and 2-week entinostat run-in (C1D1). IMC reveals a decrease in pSTAT3
in MDSCs upon entinostat treatment. C. IMC target antibody list that identifies
the monocytic-MDSC (M-MDSC) and granulocytic-MDSC (G-MDSC) cells.
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