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Abstract

Tumor-associated macrophages (TAM) are heterogeneous in nature and comprise anti-tumor M1-
like (M1-TAMSs) or pro-tumor M2-like (M2-TAMs) TAMs. M2-TAMs are a major component of
stroma in breast tumors and enhance metastasis by reducing their phagocytic ability and increasing
tumor fibrosis. However, the molecular mechanisms that regulate phenotypic plasticity of TAMs
are not well known. Here we report that a novel tumor suppressor Slit2 in breast cancer by
regulating TAMs in the tumor microenvironment. Slit2 reduced the in vivo growth and metastasis
of spontaneous and syngeneic mammary tumor and xenograft breast tumor models. Slit2 increased
recruitment of M1-TAMs to the tumor and enhanced the ability of M1-TAMs to phagocytose
tumor cells in vitro and in vivo. This Slit2-mediated increase in M1-TAM phagocytosis occurred
via suppression of IL6. Slit2 was also shown to diminish fibrosis in breast cancer mouse models
by increasing the expression of matrix metalloproteinase 13 in M1-TAMs. Analysis of patient
samples showed high Slit2 expression strongly associated with better patient survival and inversely
correlated with the abundance of CD163+ TAMs. Overall, these studies define the role of Slit2

in inhibiting metastasis by activating M1-TAMs and depleting tumor fibrosis. Furthermore, these
findings suggest that Slit2 can be a promising immunotherapeutic agent to redirect TAMS to serve
as tumor Killers for aggressive and metastatic breast cancers. In addition, Slit2 expression along
with CD163+ TAMs could be used as an improved prognostic biomarker in breast cancer patients.

INTRODUCTION

Macrophages are bona fide phagocytic cells of the body and play crucial roles in tissue
homeostasis by removing dead cells and immune surveillance by clearing pathogenic
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organisms. Depending upon the stimuli linked to tissue injury and pathogens, macrophages
can polarize into different subtypes. Classically activated or M1 type macrophages

are inflammatory and anti-tumor in nature, while alternatively activated or M2 type
macrophages are anti-inflammatory and pro-tumor. Among various types of cells present in
the tumor microenvironment, M2 type tumor-associated macrophages (TAMSs) are the most
abundant cell type in most of the tumors and play multifaceted roles in regulating tumor
progression and metastasis. The signals from progressing tumor dampen the phagocytic
ability of TAMs and polarize them towards M2-type to support migration and invasion

of tumor cells and help in blood vasculature intravasation (1-3). Furthermore, abundance
of TAMs correlates with fibrogenesis and reduced anti-tumor immunity, which are known
contributors to metastasis (4,5). Therefore, activating M2-type TAMs to M1-type phagocytic
macrophages might be a prominent strategy to inhibit tumor growth and metastasis.

Here, we analyze the role of Slit2 protein in regulating immune responses against breast
cancer by activating M2-TAMs to M1-type macrophages. Slit2 is a secreted protein

and preferentially binds to Roundabout receptor 1 (Robol) (6). Initially identified as an
axon guidance cue, Slit2 has also been shown to regulate mammary gland growth and
development (6). Furthermore, the loss of Slit2 functions by gene deletion, epigenetic
inactivation, and mutations have been reported in a variety of cancers, including breast
cancer (7,8). We and others have shown that overexpression of full-length Slit2 inhibits
breast tumor growth /in vivo (9,10). Specifically, fibroblasts and cancer cells-secreted Slit2
has been shown to reduce tumor growth and metastasis through Robo1l in breast cancer
mouse models (10,11). However, its role in regulating tumor immunity is not known.
Although a recent study has shown that Slit2 regulates functions of normal macrophage
(12), not much is known about its role in regulating TAMs functions, especially tumor
phagocytosis.

Here, we show that Slit2 possesses strong anti-fibrotic and anti-metastatic activity. The
mechanistic studies revealed that Slit2 activated macrophages are highly phagocytic,
polarized towards anti-tumor M1 phenotype, and secrete fibrosis-degrading MMP13.
Analysis of breast cancer patient samples also showed a positive association of Slit2
levels with improved patient survival, reduced number of TAMs, and decreased level of
tumor-induced fibrosis.

MATERIALS AND METHODS

Animal studies

Animal studies were approved by institutional review board. The FVB/N and NOD-scid
IL2Rgamma!! (NSG) female mice of 6 weeks were used for orthotopic syngeneic and
xenograft tumor growth and metastases studies. MMTV-PyMT male mice were purchased
from Jackson laboratories, USA. For orthotopic tumor implantation, a total of 1 x 10°
murine MVT1 cells in 100 pL of sterile saline were injected into the mammary fat pad

(#4) of FVB/N mice. Similarly, 1 x 108 human MDA-MB-231 cells, or MDA-MB-231 cells
overexpressing human Slit2 or vector control in NSG mice.
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The tumor bearing mice were randomly divided into different groups and treated with
human or mouse rSlit2-N (R&D systems, USA) in 100 ul of PBS (0.2 mg/kg body weight)
or PBS alone as control, intra-peritoneally every alternate day for 3 weeks. Tumors volume
was calculated according to the formula /= 0.52 x & x b, where ais the smallest
superficial diameter and b is the largest superficial diameter. For MMTV-PyMT model, each
mammary tumor was measured and total tumor volume was calculated as sum of all the
tumors present in a mouse. Average tumor volume was calculated by adding total tumor
volume from all the mice in a group divided by number of mice in the group. Different
stages of tumor progression were analyzed in accordance with the guidelines put forth by the
mouse mammary gland pathology consensus meeting in Annapolis (13).

Cell lines and culture

MVT1 cells (VEGF and c-MYC oncogenes overexpressing mouse mammary tumor cell
line) (14) and MDA-MB-231 cells overexpressing Slit2 (231-Slit2) or vector control (231-
Vec) were a generous gift from Dr. Ostrowski (The Ohio State University) and Dr. Hinck
(University of California, Santa Cruze) respectively. RAW264.7 and MDA-MB-231 cells
were purchased from ATCC, USA. All the cells cultured in Dulbecco’s modified eagle
media (DMEM) (Lonza, USA) supplemented with 10% fetal bovine serum (Sigma-Aldrich,
USA) and 1% Penicillin/ Streptomycin (Lonza, USA).

Gene knockdown and Western blot analysis

Human Robol was knockdown in MDA-MB-231 cells as described earlier (15) using
siRNA targeting human Robol (Dharmacon). Western blot analysis of lysates was done as
described before (16).

Genomic analysis

Total RNA was collected from 231-Slit2 or 231-Vec or whole tumor single cells or

sorted cells using RNeasy Plus mini kit (Qiagen, USA). RNA quantity and quality was
analyzed using Bioanalyzer 2100 (Agilent, USA) and Qubit Fluorimeter (Invitrogen, USA).
Microarray, RNASeq, and Nanostring analysis were done at the Ohio State University
(Columbus, OH) core facility. nCounter® Mouse Myeloid Innate Immunity Panel v2 was
used for Nanostring analysis. Microarray was performed using an Affymetrix Microarray
gene U133 chip containing 40,000 human genes.

Analysis performed with in-house pipeline BISR-RNAseq (17). Gene wise counts were
generated with featureCounts from the subread package v1.5.1 (18) for genes annotated by
Mus_musculus.GRCm38.95, counting the primary alignment in the case of multimapped
reads. Raw counts were normalized by voom and differential expression was performed
with limma (19,20). Genes were tested if at least 66% of the samples had an expression

of 2 CPM. Two comparisons were made to assess differential expression between groups:
PBS_p vs ps_rslit2. Significant genes had FDR<0.05 and logFC>1 or <-1. Heatmaps were
generated using ComplexHeatmap. Pathway analysis was performed as a Core Analysis by
Ingenuity Pathway Analysis using significant genes. Expression was analyzed by GSEA
(21) to identify gene sets enriched in pairwise comparison of sample groups. Permuting
was performed by gene set due to small sample size. GSEA was used to compare
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PBS_p_CD3 vs rslit2_ps_CD3 and PBS_p vs ps_rslit2 for hallmark h.all.v6.2.symbols and
GO c5.all.v6.2.symbols.

Flow cytometry

Single-cell suspension from tumors were analyzed by flow cytometry as described earlier
(15). Briefly, cells were incubated with Fc receptor blocker followed by staining with
anti-F4/80 PE, anti-CD11b APC, anti-CD206 Alexa Flour 488 (AF-488), anti-CD49b PE,
anti-CD4 AF-488 and anti-CD8 PE (Biolegend, USA). Roundabout 1 (Robol) receptor
expression was analyzed by staining with rabbit anti-mouse Robol antibody (Abcam)
followed by anti-rabbit AF-488 secondary antibody. For staining intracellular targets, cells
were fixed and permeablized for 30 minutes at room temperature (Fixation/Permeablization
Diluent, eBioscience). Cells were stained with anti-EpCAM-AF-488 (Biolegend). 10—
20X106 cells were recorded on FACS fortessa (BD Biosciences) and analyzed using flowJo
software.

Immunohistochemistry

Tumor sections (4um) were analyzed using standard immunohistochemical techniques as per
manufacturer’s recommendations (MVector Laboratories) using anti-mouse antibodies against
Ki67 (Invitrogen, 1:100), CD31 (Santa Cruz 1:100), F4/80 (AbD Serotec, 1:150), MMP13
(Novus; 1:300), CD206 (AbCam 1:200), cleaved caspase 3 (Cell Signaling technology;
1:1000), FAP (Abcam; and Slit2 (abcam; 1:100) at 4°C for overnight. Followed by
incubating with appropriate anti-rat or mouse or rabbit InmPRESS polymer reagent tagged
with horseradish peroxidase or alkaline phosphatase (Vector Laboratories). Enzyme-specific
chromogen color development was performed using ImmPACT-DAB or ImmPACT-red

to detection the bound primary antibodies. The cell nucleus were counterstained with
Hematoxylin (blue) (Vector Laboratories). The images were acquired using light microscope
(Lieca or Keyence).

Immunofluorescence

The standard immunofluorescence procedure was followed. Briefly, cells were fixed with
4% paraformaldehyde at room temperature for 20 min. Cells were washed with PBS,
blocked with 5 % goat serum in TBST buffer for 60 min and incubated primary antibodies
overnight at 4°C followed by incubation with secondary antibody conjugated with Alexa
Flour 568 for 60 min. Cells were washed with TBST and mounted using vectashield
mounting medium with DAPI and examined under Olympus FV1000 Filter confocal
microscope.

In vitro MMP expression analysis

Mouse bone marrow-derived cells were obtained from femurs of FVB mice and converted
to mouse bone-marrow derived macrophages (BMDMs) by culturing with M-CSF enriched
L 929 cell condition media for 5 days. The BMDMs were cultured with DMEM complete
growth media for 24 hours to bring them in resting phase. Next, BMDMs were stimulated
with rSlit2-N or PBS for 24 hours and transferred in plates containing type | collagen
matrix with or without MDA-MB-231 cells. After 24 hours, the cells were harvested and
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total RNA was isolated. mRNA level of murine specific different MMPs were identified by
RT-PCR. The co-culture of murine BMDMs with human MDA-MB-231 allowed us to detect
macrophages-derived MMPs based on mmp gene sequence variations observed between
species. Murine-specific primer sequences are presented in Table S1. RNA from BMDMs or
MDA-MB-231 growing alone in matrix was used as species specific controls.

Phagocytosis analysis by immunofluorescence

CD11b+ monocytes were sorted from tumor single cell suspension using MACS Miltenyi.
The sorted cells (1 X 103) were smeared on glass slides using cytospin. The cells were fixed,
permeabilized and stained with F4/80 antibody (Bio-Red), Epcam antibody (Biolegend)
followed by proper Alexa-floor tagged secondary antibody. The F4/80+ macrophages double
positive for Epcam were identified as phagocytic macrophages using confocal microscope
(Zeiss LCM 7100). The number of macrophages per smear was counted manually.

Bacterial phagocytosis assay

The BMDMs (1X10° cells) were cultured in 96 well plate overnight. The cells were pre-
treated with mouse rSlit2-N (100ng/ml) or IL6 neutralization antibody (BioXCell# BE0046)
for 2 hours. The culture media was replaced by live cell imaging media (Invitrogen#
A14291DJ) with pH-Rhodo S. Aureus bacteria as per manufacturer’s instructions
(ThermoFisher# P35367). The cells were incubated with 231-Slit2 or 231-Vec conditioned
media in the presence or absence of recombinant mouse IL6 (PeproTech#216-16). The plate
was incubated at 37°C in a fluorescence plate reader (Synergy 2, BioTek, USA) and the
fluorescence was measured at different time points. Bacteria without BMDMs was also
included as control.

TAMs-mediated Tumor cell lysis assay

The MMTV-PyMT tumors were digested and filtered to generate single cells. The

F4/80+ TAMs were sorted using Biotin labelled anti-F4/80 antibody and magnetic beads
conjugated anti-biotin secondary antibody and MACS cell separation system (Miltenyi
Biotec, Germany). These TAMs were pretreated with rSlit2-N or PBS for 24 hour followed
by co-culture with MV T1 tumor cells for additional 2 days. Tumor cells alone and TAMs
alone treated with rSlit2-N were included as controls. At the end, cells were collected and
stained with 7AAD for 30 minutes on ice. The 7AAD-positive lysed cells were identified
using flow cytometry.

Macrophage labelling and recruitment study

The macrophages were labeled as described before (22). The tumor bearing MMTV-PyMT
mice were injected with 10KD Alexa-floor 555-labelled Dextran at 10 mg/kg body weight
dose. The dextran is easily engulfed by macrophages. Next day, mice were treated with
rSlit2-N or PBS every day for 5 consecutive days. Next day, the animals were injected
with 10KD Alexa-floor 680-labelled Dextran at 10 mg/kg body weight dose. After 2 hours,
animals were euthanized, tumor harvested and digested and analyzed by flow cytometry.
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Reverse transcriptase and real-time PCR

RNA was isolated from cells using TRIzol reagent. Reverse transcriptase PCR (RT-PCR)
reaction was carried out using RT-PCR kits (Applied Biosystem). Expression of genes

analyzed by quantitative PCR (qPCR) using specific primers and normalized to 18SRNA
using the 2(-2CY method (23). Primers used for RT-PCR and qPCR are listed in Table S1.

Human samples

To analyze Slit2 expression in human samples, we purchased two tissue microarrays

(TMA) having normal, invasive and lymph node metastatic primary tumors from Imgenex
(IMH-364 and BR1008). To study the correlation of Slit2 expression with macrophage
abundance in tumors we used TMA generated by Department of Pathology at The Ohio
State University. The TMA possess 318 well defined human breast cancer samples. Multiple
sections of TMA were stained with Slit2 (1:300) and CD163, CD31 (1:100), CD68 (1:3000)
antibodies. All the immunostained slides were analyzed and scored in a blinded manner by
highly trained pathologist. The TMA cores with <5 macrophages were considered as none,
the cores with >5 and <30 macrophages were considered as low score and =30 considered
as high score. Slit2 mMRNA expression and copy number analysis in human breast tissue
samples was done using publically available UALCAN and Oncomine databases (24,25).

All the information about used reagents and resources, including, kits, proteins and
antibodies have been provided in Table S2.

Statistical analysis

For the experiments using different mouse models to investigate the tumor growth,
metastasis, and stromal cell populations, n=5 mice per group provides 80% power to detect
a 2-fold difference between groups in endpoints (CV=0.6 and a=0.05). The percentage of
macrophage distribution among various groups according to Slit2 expression was calculated
by SPSS software version 15. Chi square test or student’s t-testwas used to compare the
groups. Kaplan-Meier log rank t-test was used to analyze the association of Slit2 levels with
patient survival.

RESULTS

Slit2 inhibits breast cancer growth and metastases.

We first analyzed if Slit2 protein expression changes during different stages of tumor
progression in an autochthonous mouse model of breast cancer, mouse mammary tumor
virus-polyoma middle tumor-antigen (MMTV-PyMT) (26). In this study, we found that
normal mammary gland expresses high amount of Slit2, which decreased with advancing
stages of tumor progression (Fig. 1A and Fig. S1A). Slit2 protein possesses an intrinsic
proteolytic cleavage site which results in biologically active N-terminus of Slit2 (Slit2-N)
and C-terminus Slit2 (6). Next, we tested if recombinant Slit2-N (rSlit2-N) treatment can
delay tumor growth and inhibit metastases in MMTV-PyMT and MVT1 cell line-derived
orthotopic syngeneic tumor models. Tumor-bearing mice were treated with rSlit2-N or PBS
and over next 4 weeks, treatment significantly delayed the rate of tumor growth, which
correlated with a decrease in pulmonary metastases (Fig. 1B-I and fig. S1B-D, S2A-C). A
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marked reduction in number of Ki67+ proliferating cancer cells and CD31+ blood vessels
was observed in rSlit2-N treated MMTV-PyMT and MV T1 tumor models (fig. S3A-J). To
avoid the confounding effect of tumor size on observed reduced lung metastasis in rSlit2-N
treated mice, we performed another study where we allowed rSlit2-N treated tumors to
grow in size similar to PBS tumors. Interestingly, the evaluation of lungs still showed
reduced lung metastases in rSlit2-N treated animals, suggesting the anti-metastatic potential
of rSlit2-N is not affected by tumor size (Fig. 1J-M).

We further tested the anti-metastatic potential of Slit2 by injecting an aggressive human
MDA-MB-231 cell line overexpressing human Slit2 (231-Slit2) or vector control (231-Vec)
into the mammary fat pad of immunocompromised NOD-SCID IL2Rgamma!! (NSG)
mice. We observed a reduced rate of 231-Slit2 tumor growth and lung metastases compared
to 231-Vec (Fig. IN-Q and fig. S4A). In addition, MDA-MB-231 cells orthotopic xenograft
tumors bearing NSG mice treated with adenovirus expressing human Slit2 (Ad-Slit2)
showed reduced tumor growth and metastases to the lungs compared to vector control (Ad-
Null) (Fig. 1R-U and fig. S4B, C). To analyze if Slit2 targets tumor cells, we performed cell
apoptosis analysis by flow cytometry. The treatment of MDA-MB-231 cells with different
concentrations of rSlit2-N did not induce apoptosis (Suppl. Fig. S4 D, E)

rSlit2-N treatment depletes fibrosis and activates TAMSs.

To identify the rSlit2-N-mediated molecular mechanisms, we performed whole tumor
RNAseq analysis on rSlit2-N or PBS treated MMTV-PyMT tumors. Ingenuity pathway
analysis on differentially expressed genes identified various extracellular matrix (ECM)
related genes linked to the osteoarthritis pathway (Fig. 2A and fig. S5A). We further
performed a focused analysis of genes associated with ECM remodeling and observed a
significantly increased expression of ECM degrading Matrix metalloproteinase 10 (MMP10)
and MMP13 in rSlit2-N treated tumors (fig. S5B-D). In addition, analysis of mMRNA isolated
from MMTV-PyMT tumors by RNA hybridization-based Nanostring technology and a
panel of genes focused on ECM and innate immunity validated the increased expression

of MMP10 and MMP13 genes in rSlit2-N treated tumors compared to PBS. (Fig. 2B).

We further confirmed the MMP13-mediated anti-metastatic effects of Slit2 by treating
MDA-MB-231 xenografts bearing NSG mice with rSlit2-N, in the presence or absence of
MMP13 inhibitor (MMP13i) (Fig. 2 C, D and fig. S5E). In support to the inhibitory effect of
Slit2 on Ki67+ proliferative cells and CD31+ vessels density observed in MMTV-PyMT and
MVT1 tumors, we observed that Slit2 treated MDA-MB-231 xenografts also show reduced
number of Ki67+ proliferative cells and CD31+ blood vessels (fig. S6 A-D).

Accumulation of ECM resulting in dense fibrosis is often observed in tumors (27,28). As
we observed increased level of ECM-degrading MMPs in Slit2 treated tumors, we analyzed
the level of ECM by trichrome staining, total collagens by Picrosirius Red staining, and
Collagen-1 by specific antibody immunofluorescence. MMTV-PyMT tumors showed a high
level of fibrosis compared to normal glands, which was significantly depleted by rSlit2-N
treatment (Fig. 2E, F). We did not see a difference in the expression of other ECM proteins
such as tenascin c, periostin or hyaluronan between normal gland, tumor treated with PBS
or rSlit2-N (fig. S6E). Similar analysis in MDA-MB-231 xenografts treated with rSlit2-N
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or PBS validated the ability of Slit2 to deplete fibrosis (Fig. 2G, H). Cancer-associated
fibroblasts (CAFs) are known to produce ECM in the TME (29). However, we did not

see any change in the number of total fibroblasts activating protein (FAP)+ CAFs or Ki67+/
FAP+ proliferative CAFs present in rSlit2-N or PBS treated tumors (Fig. 2 I, J), suggesting
ECM production is not affected by rSlit2-N treatment.

Macrophage-derived MMPs have been shown to resolve fibrosis in nonmalignant disorders
(30). CD11b+ TAMSs harvested from rSlit2-N treated tumors showed increased expression
of MMP13 mRNA (Fig. 2K). We also observed a 5 fold increase in the number of
MMP13+/F4/80+ TAMs in rSlit2-N treated tumors (Fig. 2L, M, and fig. S6F). /n vitro,

we observed a marked reduction in the expression of BMDM-derived MMP10 and MMP13
upon co-culture with human breast cancer cells (Fig. 2N and fig. S6G). Pretreatment of
BMDM with rSlit2-N attenuated the inhibitory effects of tumor cells on the expression of
BMDM-derived MMP10 and MMP13 (Fig. 2N). In addition, BMDMs treated with rSlit2
showed increased expression of MMP13 protein (fig. S6H). The ability of rSlit2-N to target
TAMs is further supported by the observation that the majority of Robol-expressing cells
in the MMTV-PyMT tumors are macrophages (fig. S61). In addition, western blot analysis
showed that Robol is expressed on human normal breast, breast cancer, and macrophage
cell lines (fig. S6J)

Slit2 activated TAMs are skewed towards the anti-tumor phenotype.—TAMs are
skewed towards alternatively activated M2 macrophages in tumors (2). In breast, lung, and
colon cancer mouse models, tumor recruited macrophages have broadly been classified into
CD11b+/ MHCII+/CD206- anti-tumor M1-TAMs or CD11b+/MHCII-/CD206+ pro-tumor
M2-TAMs (31-33). The number of M1-TAMs increased, and M2-TAMs decreased in rSlit2-
N treated MMTV-PyMT tumors (Fig. 3A and fig. S7A, B). The decreased number of
CD206+ TAMs in rSlit2-N treated MMTV-PYMT tumors was also confirmed by IHC (Fig.
3B, C). We further analyzed the M1/M2 macrophage markers in CD11b+ TAMs sorted
from MMTV-PyMT tumors and identified the upregulation of M1 markers and suppression
of M2 markers by rSlit2-N treatment (Fig. 3D). A longitudinal study demonstrated that

the majority of new macrophages recruited after rSlit2-N treatment were M1-TAMs (Fig.
3E, F). Looking at the pre-existing macrophages, M2-TAMs were significantly low in the
rSlit2-N treated tumors (fig. S8). Ex-vivorSlit2-N treatment of CD45+ lymphocytes sorted
from MMTV-PyMT tumors increased the number of MHCII1+/CD80+ double positive M1-
TAMs in a dose-dependent manner (Fig. 3 G-I). Similarly, rSlit2-N treatment reduced the
abundance of CD206+ TAMs in MVT1 tumors (fig. SOA-D). Although we did not see any
changes in the CD11b+/F4/80+ macrophages in the tumors (fig. S10A-D), the spleens of
rSlit2-N treated MMTV-PYMT mice had a reduced number of CD11b+/F4/80+ macrophages
(fig. S10 E&F). It is possible that Slit2 induces death in macrophages that results in reduced
number of macrophages in spleen. However, we did not observe any apoptotic or cell death
activity of Slit2 in primary macrophages (Fig S10G, H).

To verify the Slit2-mediated anti-tumor effects are macrophage dependent, we depleted
macrophages /7 vivo using clodronate liposomes as described in our previous study (34),
which showed efficient macrophage depletion (fig S101). Macrophage depletion in MDA-
MB-231 xenograft model showed that macrophage depletion and Slit2 treatment both
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reduces tumor growth (fig. S10J). The tumor growth was not different between Slit2
treatment and macrophage depletion in combination with Slit2 treatment groups (fig. S10J).

rSlit2-N treated TAMs are highly phagocytic.—Therapeutically reprogrammed TAMs
can be detrimental to the tumor cells via enhanced phagocytic activity (31,35,36). We

found a significantly increased number of phagocytic macrophages in rSlit2-N treated
MMTV-PyMT tumors identified by immunofluorescence, flow cytometry, and dual-color
IHC (Fig. 4 A-F and fig. S11A, B and fig. S12 A, B). We also observed increased
phagocytic macrophages in MDA-MB-231 xenografts treated with rSlit2-N compared to
PBS using flow cytometry analysis (fig. S13A, B). Ex-vivo, rSlit2-N pre-treated MMTV-
PyMT TAMs efficiently lysed tumor cells compared to PBS (Fig. 4G and fig. S13C). /n vitro
analysis demonstrated that rSlit2-N treated primary mouse macrophages show increased
bacterial phagocytic ability in a dose and time-dependent manner (Fig. 4H and fig. S14A,
B). Altogether, these studies establish that rSlit2-N can increase the ability of TAMs to
phagocytose tumor cells.

Slit2 suppresses IL6 expression to inhibit pro-tumor M2-TAMs activities.—To
decipher the underlying molecular mechanism of Slit2 anti-tumor activity, we reanalyzed
MRNA expression data from CD11b+ macrophages sorted from rSlit2-N or PBS treated
MMTV-PyMT tumors and 231-Slit2 and 231-Vec cells. Differentially expressed genes
analysis identified I1L6 as the top gene suppressed by rSlit2-N treatment (Fig. 5A, B, and
Table S3). We further confirm the reduced expression of IL6 protein in 231-Slit2 cells by
cytokine array and ELISA (Fig. 5C, D). Next, we analyzed Slit2-mediated transcriptional
regulation of IL6 expression. Transcription factor NF-xB is known to regulate IL6 gene
expression (37). We found that Slit2 inhibits IL6 in MDA-MB-231 cells by targeting the
activation of NF-xB in Robo1l receptor dependent manner (Fig. 5 E-G).

IL6 has been shown to induce alternatively activated M2-TAMs, increase fibrosis and
reduce phagocytosis (38,39). Next, we examined the effect of Slit2 and IL6 crosstalk on
macrophage phagocytic ability. The ability of BMDMs to phagocytose pH-Rhodo tagged
S. Aureus particles was reduced significantly in the presence of 231-Vec conditioned
medium (CM) compared to control media, which was restored by neutralizing IL6 (Fig.
5H). Furthermore, 231-Slit2 CM did not reduce the phagocytic ability and the addition

of recombinant mouse IL6 (rIL6) in 231-Slit2 CM significantly decreased the phagocytic
ability of BMDMs (Fig. 5H). Recombinant IL6 also induced expression of M2 macrophage
markers in human THP1 monocyte cell line differentiated to macrophages and BMDMs,
(fig. S15 A-C). In addition, 231-Vec CM enhanced the expression of M2 macrophage
marker CD206 in THP1-macrophages, while 231-Slit2 CM did not induce the expression
of CD206 (fig. S15A, B). Furthermore, addition of I1L6 to 231-Vec CM enhanced

CD206 expression marginally, but had no effect on 231-Slit2 CM (fig. S15A, B). These
observations suggest that suppression of IL6 by Slit2 prevents tumor-induced polarization of
macrophages towards M2 TAMs phenotype and enhances their phagocytic activity.

Slit2 positively correlates with improved overall patient survival.—To identify

the clinical relevance of Slit2, we used human tissue microarrays containing normal breast
and different types of breast cancer tumors. We observed lower Slit2 expression levels
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in invasive and metastatic tissue samples compared to normal breast (Fig. 6A, B). Using
publicly available ULCAN and Oncomine databases, we validated reduced levels of Slit2
mMRNA and gene copy number in a large cohort of breast cancer patients as compared to
healthy individuals (Fig. 6C, D). We further evaluated the association of Slit2 mRNA and
protein expression with various prognostic markers and observed a significant reduction of
Slit2 in high grade, Estrogen Receptor (ER) negative, Progesterone Receptor (PR) negative,
and triple-negative breast cancer (TNBC) patients (Fig. 6C and S16A and Table S4). The
selected patient cohort showed a negative association of patient survival with high tumor
stage and high blood vessel density, suggesting an unbiased cohort of the patient (fig. S16 B,
C).

We next explored if Slit2 protein expression also correlates with patient overall survival
and observed that patients expressing Slit2 protein showed a significantly better survival
as compared to patients not expressing Slit2 (n=242) (Fig. 6E). Furthermore, the mining
of publically available datasets confirmed the positive association of Slit2 expression with
better overall and lymph node metastases positive survival (Fig. 6F, G and fig. S16 D-F).

Based on our results showing the role of Slit2 in inhibiting fibrosis and M2-TAMs, an
inverse correlation of Slit2 expression with the level of fibrosis and number of CD163+
M2-TAMs was observed in these patient samples (Fig. 7A, B and Table S5). In addition,

we stained experimental TMA with CD68 antibody to detect total macrophages. Although
no association between Slit2 and macrophages was observed (Table S5), the patients with
tumors positive for macrophages and Slit2 showed better survival as compared to patients
devoid of macrophages and expressing Slit2 or patients with macrophages but not expressing
Slit2 (Fig. 7C, D). These observations suggest a strong association of Slit2 levels with better
survival in breast cancer patients, especially those who harbor macrophages.

DISCUSSION

We and others have shown that ectopic expression of Slit2 in human breast cancer cells
reduces the rate of tumor growth(9,10). Full-length Slit2 is a large protein of ~200KD size.
Slit2-N is a shorter and biologically active ~120KD fragment of Slit2 and therefore, the
recombinant form of Slit2-N is a more suitable candidate to test for therapeutic implications.
We have also developed novel Slit2-N expressing Adenovirus to evaluate the pre-clinical
potential of Slit2-N as a gene therapy. Here, we show that rSlit2-N or Ad-Slit2 treatment
inhibits the growth of established tumors, blocks tumor progression, and regress fibrosis in
various mouse models of breast cancer. In addition, for the first time, we show that rSlit2-N
or Ad-Slit2 treatment markedly reduces metastases to the lungs in various pre-clinical
breast cancer mouse models, including spontaneous transgenic MMTV-PyMT, orthotopic
and human cell line-derived xenograft tumor mouse models.

The whole tumor RNASeq performed to identify the rSlit2-N-mediated mechanisms
revealed various ECM related genes. Increased deposition of fibroblasts-secreted ECM
leads to the fibrotic stroma, which negatively correlates with patient survival (40). We
found that rSlit2-N treatment can regress tumor-associated fibrosis and these anti-fibrotic
mechanisms are linked with the upregulation of macrophage-secreted MMP13. The

Cancer Res. Author manuscript; available in PMC 2022 April 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ahirwar et al.

Page 11

infiltrative macrophages upregulate MMP13 to degrade ECM and resolve kidney fibrosis
(41). Macrophages-derived MMP13 has been recently reported to increase during the
resolution of liver and pancreatic cancer fibrosis (42,43). In addition, Slit2 has been reported
to resolve fibrosis in non-malignant kidney and lungs (44,45). These studies suggest that
rSlit2-N resolves fibrosis in malignant tissues by educating TAMs to degrade ECM.

We did not see a reduction in the number of macrophages recruited to the tumors treated
with rSlit2-N. However, macrophages were reduced in the spleen of rSlit2-N treated tumor-
bearing mice. These results suggest that tumor-derived factors overcome the macrophage
migration inhibitory effects of rSlit2-N, whereas spleen, that is not exposed to these signals
and is thus depleted for macrophages. Given that the rate of macrophage infiltration

in the tumors was not changed, we asked whether TAMSs functions were altered by

Slit2. Indeed, macrophages present in the rSlit2-N treated tumors were polarized towards
anti-tumor M1-type and possessed enhanced phagocytic activity against tumor cells. Cell-
based assays established the ability of rSlit2-N to decrease alternatively activated M2
macrophage markers and enhance the phagocytic activity, which is consistent with blunted
tumor-promoting functions. CD206+ TAMs have been shown to escort tumors cells to
intravasate into the blood vessels (46). A recent study suggests that CD206+ M2-type
TAMs orchestrate early dissemination and metastases of Her2+ mammary tumor cells (47).
Inhibition of CD206+ TAMs may explain the reduced metastases observed in Slit2-N treated
animals. Molecular targeting strategies against M2-type TAMs show therapeutic benefits
(35,48). In addition, the M2-type TAMs are less phagocytic and therapeutically enhancing
the phagocytic activity of these TAMSs can regress colorectal tumors (31). Depletion of
CD206+ TAMs in mammary tumors by rSlit2-N suggests that it can be used as an agent to
specifically deplete harmful subtype of TAMs without depleting anti-tumor macrophages.

Our genomics and protein array analysis identified IL6 as a top molecule suppressed by Slit2
in TAMs, as well as in tumor cells. Cell-based /in vitro assays allowed us to establish the role
of tumor-derived IL6 in promoting M2 polarization and decreasing the phagocytic ability of
normal macrophages. Previous reports have also suggested a crucial role of IL6 in polarizing
macrophages towards M2 phenotype (38,39). The ability of rSlit2-N to inhibit M2-TAMs
polarization and increase phagocytic activity by suppressing L6 suggests that Slit2 could
successfully be used as an agent to activate macrophages against breast cancer. We have also
shown that Slit2-N treatment reduces tumor angiogenesis. These results suggest that Slit2
may regulate tumor growth and metastasis by blocking the expansion of tumor vasculature.

We have also analyzed the expression of Slit2 in normal and malignant breast cancer
samples and correlated its expression with various prognostic factors. Using publically
available datasets, we found that higher Slit2 mRNA expression correlates with better
overall survival, lymph node-positive, and distant metastases free survival. We further
confirmed the reduced expression of Slit2 protein in invasive and lymph node metastatic
primary tumor tissue compared to normal tissue using tissue microarrays. We also showed
that patients expressing high Slit2 contain a reduced number of CD163+ M2-TAMs and less
tumor fibrosis. It has been shown that fibroblasts-derived Slit2 mRNA in metastatic breast
cancer samples is significantly reduced as compared to non-metastatic patient samples (10).
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In addition, Yu et. al. observed better overall survival with higher Slit2 mRNA expression in
prostate cancer patients (49).

Our present study provides strong evidences for the anti-metastatic activity of the N-terminal
Slit2 fragment. The mechanistic studies revealed novel functions of Slit2 in activating
M2-TAMs into M1-type phagocytic macrophages and thus, exhibit antitumoral activity.

We have also shown that Slit2 inhibits tumor fibrosis by activating ECM degrading

MMP13 secretion from macrophages. The analysis of clinical samples demonstrates that
Slit2 expression is significantly reduced in breast cancer, including high-grade tumors and
TNBC. Furthermore, the presence of Slit2 is positively associated with improved patient
survival. In addition, we showed Slit2 expression negatively correlates with fibrosis and
CD163+ TAMs. These studies suggest that Slit2 possesses several clinical implications.
The ability of Slit2-N to resolve tumor fibrosis is novel and can be utilized to prime the
fibrotic tumors for chemotherapies and immunotherapies. Furthermore, Slit2 has the ability
to re-educating M2-type TAMs to M1 type macrophages. These M1 macrophages were
shown to possess phagocytic capabilities against tumor cells. Slit2-mediated effects against
TAMSs may represent a better approach to improve the anti-tumor functions of macrophages
rather deleting them. In addition, Slit2 expression along with CD163+ TAMs could be

used as better prognostic biomarkers in breast cancer patients. Overall, our comprehensive
studies using /n vitro assays, /n vivo mouse models and patient samples suggests novel
roles of Slit2 in regulating anti-tumor immune responses, especially macrophage-mediated
innate immune responses (Fig. 8). Furthermore, soluble Slit2-N could be used as a novel
therapeutic strategy to inhibit aggressive and metastatic breast cancers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SIGNIFICANCE

This study provides evidence that the antitumor effect of Slit2 in breast cancer occurs
by activating the phagocytic activity of M1-like tumor-associated macrophages against
tumor cells and diminishing fibrosis.
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Figure 1: rSlit-N treatment inhibits breast cancer growth and metastases.
(A) Mammary glands were isolated from MMTV-PyMT at different stages of tumor

progression and tissue sections were stained with H&E stain or immunostained with Slit2
antibody using the IHC technique.

B-E. (B) Eight weeks old MMTV-PyMT mice bearing spontaneous mammary tumors were
treated with rSlit2-N or PBS for four weeks. (C) Tumor volume was measured every week
up to 12 weeks of age. (D) Representative pictures of the lungs harvested from (B). (E) The
number of metastatic nodules in the lungs.

F-M. MVT1 cells were orthotopically implanted into the six weeks old FVB wild type mice.
(F) Schematics of mice treatment with rSlit2-N or PBS. N=6 mice in each group. (G) Tumor
volume was measured every week. (H) Representative pictures of the lungs harvested from
(F). (1) The number of metastatic nodules in the lungs. (J) Schematics of mice treatment
with rSlit2-N or PBS, showing Slit2 treated tumors were allowed to grow for additional two
weeks. N=5 mice in each group. (K) At the end, tumors were harvested and weight was
measured. (L) Representative pictures of the lungs harvested from (J). (M) The number of
metastatic nodules in the lungs.

N-Q. (N) Human breast cancer cell line MDA-MB-231 overexpressing Slit2 (231-Slit2) or
vector control (231-Vec) implanted orthotopically into the NSG mice. (O) After two weeks
of tumor injection, tumor volume was measured every week up to the age of 12 weeks. (P)
The images of lungs harvested from (N). (Q) The harvested lungs were analyzed for the
number of metastatic nodules using a dissection microscope.

R-U. NSG females were injected with MDA-MB-231 cells and treated with Adeno-Slit2 or
Adeno-Null. (R) Schematics of mice treatment with Adeno-Slit2 or Adeno-Null. (S) Starting
from 8 weeks of age, tumor volume was measured every week. (T) Representative pictures
of the lungs harvested from (R). (U) The number of metastatic nodules in the lungs. * is
p<0.05, ** is p<0.01, *** is p<0.001, NS is P value not significant using student’s t-test.
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Figure 2. rSlit2-N treatment depletes tumor fibrosis and enhances MM P13 expression.
(A) The tumors isolated from MMTV-PyMT mice treated with rSlit2-N or PBS were lysed

and total RNA was sequenced for gene expression levels. Ingenuity pathway analysis on
differentially expressed genes showing molecular pathways altered by rSlit2-N treatment.
(B) The RNA samples from (A) were analyzed using Nanostring technology for gene
expression levels. The heat map diagram shows expression of different ECM related genes.
C-D. The MDA-MB-231 xenografts bearing mice were treated with PBS or rSlit2-N in the
presence or absence of MMP13 inhibitor (MMP13i) and tumor growth and metastasis were
analyzed. (C) Graph showing tumor volume of different groups. (D) The area of metastasis
in digital images of lungs from (C) was quantified (n=5 each group).

(E) The rSlit2-N or PBS treated MMTV-PyMT tumor or normal mammary gland tissue
sections were stained with trichrome stain or picrus red stain or immunostained with
collagen 1 antibody.

(F) The graphs show quantification of the staining level in tissue sections from (E) (n=5
microscopic fields per sample, 25 fields per study group).

(G) The MDA-MB-231 xenografts treated with rSlit2-N or PBS were processed and stained
with trichrome stain or picrus red stain or immunostained with collagen 1 antibody.

(H) The graphs show quantification of the staining level in tissue sections from (G), (n=5
microscopic fields per sample, 25 fields per group).

(I The tumor sections from (A) were immunostained with FAP and Ki67 antibodies and
analyzed by dual-color IHC. The arrowhead points to only FAP+ cell and the arrow points to
Ki67+/FAP+ cell.

(J) The graph depicts quantification of FAP+ total CAFs or Ki67+/FAP+ proliferative CAFs
in the tumor sections from (1), (n=5 microscopic fields per sample, 25 fields per group).
(K) Total RNA was isolated from CD11b+ cells sorted from rSlit-N or PBS treated MMTV-
PyMT tumors using magnetic beads technology. The RNA was analyzed for gene expression
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levels using Nanostring technology. The heat map shows expression levels of different MMP
genes.

(L) The rSlit2-N or PBS treated MMTV-PyMT tumors were processed and sections were
immunostained with F4/80 and MMP13 antibodies. Primary antibodies were detected using
peroxidase-DAB and alkaline phosphatase-Red substrate respectively.

(M) Quantification of F4/80+/MMP13+ macrophages per field as identified by IHC in (L).
N= 5 mice in each group. Randomly selected 5 different areas from each tumor were
analyzed.

(N) Total RNA was isolated from macrophage-tumor cell co-culture and expression of
mouse-specific MMPs was analyzed by quantitative real-time PCR. * is p<0.05, ** is
p<0.01, *** is p<0.001using student’s t-test.
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Figure 3: rSlit2-N treatment inhibits M2-TAM s polarization.
(A) The whole tumors harvested from MMTV-PyMT mice treated with rSlit2-N or PBS

were processed into single cells and flow cytometry was performed. Graphs show the
distribution of MHCII+ M1-TAMs and CD206+ M2-TAMs. N=5 mice per group.

(B) The representative pictures of rSlit2-N or PBS treated MMTV-PyMT tumors
immunostained with CD206 antibody.

(C) The number of CD206+ cells per field was calculated.

(D) CD11b+ cells sorted from rSlit-N or PBS treated MMTV-PyMT tumors were analyzed
for gene expression levels using Nanostring technology. The heat maps show expression
levels of different M1 or M2 macrophage markers.

(E) To identify new and pre-existing macrophages, mice were pretreated with Alexa555
labeled dextran. The next day, mice were treated with rSlit2-N or PBS every day for 5 days.
Mice were injected with Alexa680 labeled dextran two hours before euthanasia. The whole
tumors were processed into single cells and flow cytometry was performed.

(F) The graph depicts the percentage of M2-TAMs and M1-TAMs present in rSlit2-N or
PBS treated tumors. N=5 mice per group.

G-1. The whole tumors harvested from MMTV-PyMT mice were processed into single
cells. Next, CD45+ leukocytes were sorted using magnetic beads technology. These cells
were treated with 50 ng/ml rSlit2-N (Slit2 50) or 100 ng/ml rSlit2-N (Slit2 100) or PBS
for 2 days. The cells were analyzed for MHCII+/CD80+ M1 type macrophages by flow
cytometry. (H) Flow cytometry plots showing identification of CD80 and MHCII double
positive (CD80+/MHCII+) macrophages. (I) Quantification of CD80+/MHCII+ cells in
CD11b+/F4/80+ gated cells from (H), n=3 each group. * is p<0.05, ** is p<0.01, *** is
p<0.001 using student’s t-test.
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Figure 4: rSlit2-N enhances the phagocytic ability of TAMs.
(A) Whole tumors obtained from MMTV-PyMT mice treated with rSlit2-N or PBS were

digested into single cells and CD11b+ cells were sorted. The cell aliquots were smeared
onto a glass slide using cytospin, permeabilized, and stained with F4/80 and Epcam specific
antibodies. The representative images showing phagocytic macrophages as F4/80+ cells that
contain intracellular EpCAM, a marker of tumor cell.

(B) Quantification of phagocytic macrophages per smear as identified in (A).

(C) Single-cell preparations from rSlit2-N or PBS treated MMTV-PyMT tumors were also
analyzed for phagocytic macrophages using intracellular flow cytometry. The cytometry
plots are showing intracellular EpCAM signal inside CD45+/CD11b+/F4/80+ macrophages.
(D) The graph shows the percentage of EpCAM+ macrophages out of total macrophages in
PBS or rSlit2-N treated tumors as identified in (C).

(E) Representative image of PBS or rSlit2-N treated MMTV-PyMT tumor sections
immunostained with F4/80 and cleaved caspase 3 (CC3) antibodies and detected using
peroxidase-DAB and alkaline phosphatase-Red substrate respectively to identify CC3-
positive apoptotic bodies within macrophages.

(F) Quantification of F4/80+/CC3+ double-positive phagocytic macrophages per field as
identified by IHC in (E). N=5 mice in each group. Randomly selected 5 different areas from
each tumor were analyzed.

(G) F4/80+ TAMs were sorted from tumors harvested from MMTV-PyMT mice. The TAMs
were treated with rSlit2 or PBS overnight, followed by co-culture with tumor cells for

24 hours. Tumor cell death in vitro was analyzed by 7-aminoactinomycin D (7-AAD)
labeling and flow cytometry. The graph shows a representative assay from two independent
experiments, each performed in triplicate.

(H) The rSlit2-N or PBS pre-treated BMDMSs were incubated with pHRhodo tagged S.
Aureus bacteria at 37° C in a fluorescence plate reader and kinetics of bacterial phagocytosis
was analyzed up to 4 hours. The graph represents fluorescence intensity generated by
phagocytosis of bacterial particles. ** is p<0.01, *** is p<0.001 using student’s t-test.
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Figure5. Slit2 reducesthe expression of interleukin-6, thereby inhibiting TAM s activity.
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(A) Total RNA of CD11b+ cells sorted from rSlit2-N PBS treated MMTV-PyMT tumors
was subjected to gene expression analysis using Nanostring technology. The heat map shows
differentially expressed top genes.
(B) Total RNA was isolated from MDA-MB-231 cells overexpressing Slit2 (231-Slit2) or
vector control (231-vec) and analyzed for gene expression using microarray technology. The
heat map shows differentially expressed top genes.
(C) 231-Slit2 or 231-Vec cells conditioned media (CM) was subjected to cytokine array
analysis. The representative image shows differentially expressed molecules.
(D) The graph shows levels of IL6 in CM derived from 231-Sli2 or Vec CM detected by

ELISA.

(E) Expression of Robol in MDA-MB-231 cells transduced with lentivirus expressing
SiRNA specific to Robol (si-Robol) or control (si-ctrl) by western blot.
(F) B-actin was used as loading control. MDA-MB-231 parental control, si-Robo1l or si-ctrl
from (E) were treated with rSlit2-N or PBS and phosphorylation at p65 of NF-xB (p-NF-
xB) or total NF-xB (t-NF-xB) was analyzed.
(G) Graph showing levels of IL6 in si-Robol or si-ctrl MDA-MB-231 cells treated with
rSlit2-N or PBS detected by ELISA (n=3 each group).
(H) BMDMs were pre-treated with serum-free Conditioned Media (CM) (CTRL), or 231-
Slit2 CM or 231-Vec CM or 231-Vec CM pre-incubated with IL6 nAb (231-Vec + IL6nAb)
or IL6 nAb. After 2 hours, pH-Rhodo labeled S. Aureus particles were added to the cells and
recombinant IL6 was added to the 231-Slit2 CM cells (231-Slit2-rIL6). The kinetics of S.
Aureus phagocytosis was analyzed using a fluorescence plate reader at every 15 minutes up

to 4 hours.

*is p<0.05; ** is p <0.01; *** is p <0.001 using Student’s t-test.
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Figure 6. Slit2 expression levels predict breast cancer patient survival.
(A) Human breast tissue microarray (pilot TMA) was immunostained with Slit2 antibody

using IHC. Representative images showing Slit2 expression levels in normal (n=10),
infiltrative ductal carcinoma (IDC) (n=50) and lymph node-positive metastatic (LN+
metastatic) (n=40) breast tissues.

(B) The graph depicts the percentage of human breast samples expressing different levels of
Slit2.

(C) The expression level of Slit2 in human breast tissues using UALCAN database.

BL1, basal-like 1; BL2, basal-like 2; IM, immunomodulatory; M, mesenchymal; MSL,
mesenchymal stem-like; LAR, luminal androgen receptor; UNS, unspecified.

(D) Analysis of Slit2 gene copy number in TCGA dataset using Oncomine. N, normal
breast (n-111); DC, ductal carcinoma (n-5); IDC & ILC, invasive ductal and invasive lobular
carcinoma (n-5); IDC & LC, invasive ductal and lobular carcinoma (n-14); IDC, invasive
ductal carcinoma (n-639).

(E) Using experimental TMA, the association of Slit2 protein expression levels with patient
survival was analyzed. The Kaplan-Meier graph demonstrating the association of Slit2
expression level with patient survival.

(F) Analysis of breast cancer patient overall survival based on expression levels of Slit2
mMRNA in the KM-plotter database (n=1115).

(G) Analysis of breast cancer lymph node-positive (LN+) metastases patient survival based
on expression levels of Slit2 in the KM-plotter database (n=936).
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Figure 7. Slit2 expression inversely correlateswith TAM s and fibrosisin the breast cancer

patient.

(A) The images showing the detection of fibrosis in patient samples by Trichrome staining.
(B) The representative images of breast cancer patient sample immunostained using
antibodies specific for Slit2 and CD163 and double color IHC.
C-D. The TMA was stained with macrophage-specific CD68 antibody and patients were
divided into macrophage present or macrophage absent groups. (C) The graph showing the
survival analysis of patients with macrophages based on Slit2 expression present or absent.
(D) The graph showing the survival analysis of patients without macrophages based on Slit2

expression present or absent.
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Figure 8. Schematic diagram of anti-tumor effects of r Slit2-N.
The diagram showing different roles of Slit2 in depleting fibrosis, suppressing TAMs, and

enhancing phagocytic activity of macrophages that leads to inhibition of tumor growth and
metastasis.
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