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reprogramming and suppressing
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Introduction: Tumor resistance to chemotherapy and metastatic relapse account
for more than 90% of cancer specific mortality. Tumor-associated macrophages
(TAMs) can process chemotherapeutic agents and impair their action. Little is
known about the direct effects of chemotherapy on TAMs.

Methods: The effect of chemotherapeutic platinum agent cisplatin was assessed in
the model system of human ex vivo TAMs. Whole-transcriptome sequencing for
paired TAMs stimulated and not stimulated by cisplatin was analysed by NGS.
Endocytic uptake of EGF was quantified by flow cytometry. Confocal microscopy
was used to visualize stabilin-1-mediated internalization and endocytic trafficking
of EGF in CHO cells expressing ectopically recombinant stabilin-1 and in stabilin-1
+ TAMs. In cohort of patients with breast cancer, the effect of platinum therapy on
the transcriptome of TAMs was validated, and differential expression of regulators
of endocytosis was identified.

Results: Here we show that chemotherapeutic agent cisplatin can initiate detrimental
transcriptional and functional programs in TAMs, without significant impairment of
their viability. We focused on the clearance function of TAMs that controls
composition of tumor microenvironment. For the first time we demonstrated that
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TAMs' scavenger receptor stabilin-1 is responsible for the clearance of epidermal
growth factor (EGF), a potent stimulator of tumor growth. Cisplatin suppressed both
overall and EGF-specific endocytosis in TAMs by bidirectional mode: suppression of
positive regulators and stimulation of negative regulators of endocytosis, with
strongest effect on synaptotagmin-11 (SYT11), confirmed in patients with breast
cancer.

Conclusion: Our data demonstrate that synergistic action of cytostatic agents and
innovative immunomodulators is required to overcome cancer therapy resistance.

KEYWORDS

tumor-associated macrophage (TAM), cisplatin, breast cancer, stabilin-1, EGF,

endocytosis, clearance

Introduction

Therapeutic sensitivity of tumors substantially depends on the
complex interaction of transformed cells with various components of
the tumor microenvironment (TME) (1). Tumor is a complex system
of transformed cells interacting with the surrounding heterogeneous
cellular and molecular microenvironment, which affects the key
properties of cancer cells and contribute to the malignance
progression and its response to therapy (2). In turn, malignant cells
alter the phenotype and function of infiltrating cells and stroma to
survive and escape from immune surveillance (3, 4).

Tumor-associated macrophages (TAMs) are the major
component of innate immunity of TME that enhance tumor
growth and angiogenesis, stimulate the invasion of tumor cells and
metastasis, control immunosuppression and response to therapy (5,
6). In major tumor types, TAMs have pro-tumor M2 orientation, and
correlate to poor prognosis and metastasis (7). Data generated in the
international cohorts of breast cancer patients demonstrated the
positive correlation of TAMs with parameters of tumor progression
including lymphatic and hematogenous metastasis, recurrence, and
survival (7, 8).

In breast cancer, TAMs are represented by phenotypes,
expressing the variety of scavenger receptors (CD163, CD204,
CD206 and stabilin-1) (7). Scavenger receptors (SRs) are essential
biomarkers of TAMs (9). Their ligands include modified LDL,
phospholipids, apoptotic cells, amyloid proteins, ferritin,
hyaluronan (HA), heparin, and matricellular protein (SPARC) (9-
11). TAMs internalize different endogenous factors via endocytosis
resulting in altering extracellular landscape of TME and regulating
tumor development (12, 13).

Macrophages induce chemotherapy (CT) resistance and tumor
progression after treatment by activating tumor revascularization,

Abbreviations: acLDL, Acetylated-low-density lipoprotein; BC, Breast cancer; CT,
Chemotherapy; EEA1, Early endosome antigen 1; EGF, Epidermal growth factor;
GSEA, Gene set enrichment analysis; NACT, Neoadjuvant chemotherapy; NES,
Normalized enrichment score; NGS, Next-generation sequencing; LDL, Low-
density lipoprotein; SR, Scavenger receptor; TAM, Tumor-associated

macrophage; TME, Tumor microenvironment.
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suppressing cytotoxic T cell immunity and activating the anti-
apoptotic program in tumor cells (14). The accumulation of TAMs
in breast tumors after CT was identified in both mouse models and
cancer patients (14). While most mouse models demonstrated the
negative role of TAMs in the tumor response to CT, there is still no
consensus about the effect of TAMs on the efficiency of chemotherapy
in patients with breast cancer (7). The mechanisms of the direct
action of chemotherapeutic drugs on TAMs in breast cancer is an
open question.

Understanding the mechanisms of interaction between TAMs
and CT agents is urgently needed to predict the effectiveness of
chemotherapy and to develop therapeutic regimens that enhance the
antitumor activity of TAMs. Markers involved in the tumor response
to chemotherapy can be used as targets for immunomodulation to
increase the effectiveness of the treatment (15).

In our study, we analyzed the response of TAMs to cisplatin, an
antitumor drug that belongs to platinum-based therapy applied in
breast cancer patients (16). The mechanism of its action is related to
the formation of DNA crosslinks both between and within DNA
strands (known as interstrand and intrastrand cross-linkages,
respectively), that is irreversible and leads to cell apoptosis (16). We
made systemic analysis of cisplatin effect on transcriptional profile of
TAMs, identified that cisplatin-treated TAMs activate several
programs that can support tumor progression, and in details
investigated the effect of cisplatin on the mechanism of suppression
of receptor-mediated scavenging function of TAMs.

Materials and methods
Patients

The study included female patients with invasive breast
carcinoma of no special type with morphologically verified
diagnosis, treated in clinics of Cancer Research Institute of Tomsk
National Research Medical Center (Tomsk, Russia). The study was
carried out according to Declaration of Helsinki (from 1964, revised
in 1975 and 1983) and was approved by the local committee of
Medical Ethics of Tomsk Cancer Research Institute; all patients
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signed informed consent for the study. For IHC analysis, patients with
Ia-IITb clinical stages (T1-4N0-1MO) were divided into two groups
according to the neoadjuvant treatment: 1) patients who did not
receive neoadjuvant chemotherapy (NACT) (N=16) and 2) patients
underwent cisplatin-based NACT (N=11). Patients with NACT
received 6-8 courses of chemotherapy in accordance with the
«Primary breast cancer: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-up 2015” (17). Chemotherapeutic
regimens included CP (cisplatin plus cyclophosphamide) and CAP
(cyclophosphamide, adriamycin and platinum). Patients’
characteristics are presented in Supplementary Table S1.

The microarray study included six patients with T1-2N0-1MO0
breast cancer (stage ITA - IIB). The material for the study was paired
samples of biopsy material before treatment and surgical material
after NACT for each of the patients. All patients had a BRCA1 gene
deletion in their tumors and therefore received systemic NACT based
on CP. The luminal B subtype of breast cancer was defined as ER+, PR
+ or -, and Ki67 > 30%, and all patients with the luminal B subtype
had HER2-negative status.

In adjuvant regime, patients underwent radiation therapy and/or
hormone therapy after the surgery. Hormone therapy was prescribed
to all patients with the luminal B subtype. Radiation therapy was
prescribed in the presence of lymphatic metastases.

Cell lines

MCE-7 (breast adenocarcinoma) cells purchased from ATCC
(KCB Cat# KCB 200831YJ, RRID : CVCL_0031) were cultured in
complete DMEM media (Gibco, USA), containing 10% FCS and 1%
penicillin/streptavidin. During the cultivation of tumor cells, the
medium of each cell line was changed to 2% serum containing
medium for 36 hours to minimize the effect of serum on monocyte
differentiation. Supernatants from serum-starved tumor cells were
harvested and filtered through low protein-binding filters (ROTH,
Germany). Fresh supernatants and medium were added to freshly
isolated monocytes in amount of 20%.

Chinese hamster ovary (CHO) cells (KCB Cat# KCB 83004Y],
RRID : CVCL_0213) stably transfected with empty vector (CHO-
V3a) and full-length human stabilin-1 expressed constructs (CHO-
Stabl) were generated as described (18). CHO-V3a and CHO-Stabl
(clone P2F11) cells were propagated in Ham’s F12 medium
supplemented with 10% FBS and 1% penicillin/streptavidin.

Monocytes isolation and generation of
ex vivo TAMs

Human monocytes were obtained from the German Red Cross
Blood Service Baden-Wiirttemberg-Hessen (Mannheim, Germany)
and from Tomsk Regional Blood Center (Tomsk, Russia). German
cohort of donors was used for the real-time PCR and NGS, Russian
cohort - for the flow cytometry, viability assay and confocal
microscopy. Monocytes were isolated from the buffy coats of
healthy donors by density gradients followed by positive magnetic
selection using CD14+ MACS beads (no. 130-050-201, Miltenyi
Biotech, Germany), resulting to 90-98% monocyte purity as

Frontiers in Immunology

10.3389/fimmu.2023.1000497

confirmed by flow cytometry. Monocytes were cultured at the
concentration of 1076 cells/ml in serum-free X-VIVO medium
(Lonza, Germany) supplemented with 10 ng/ml of macrophage
colony-stimulating factor (M-CSF) (no. 300-25, Peprotech,
Germany), 10-8 M of dexamethasone (no. D2915, Sigma-Aldrich,
Germany) and 10 ng/ml of IL-4 (no. 200-04, Peprotech, Germany).
Supernatants from MCF-7 cells were added to freshly isolated human
primary monocytes at a final volume of 20% of a cultivation medium.
Monocytes were differentiated to TAMs for 6 days in the presence of
7.5% CO2.

Cisplatin treatment

Cisplatin (Cisplatin-Teva, Teva Pharmaceutical Industries, Ltd.
LO1XAO!I injection solution) was used for chemotherapeutic
treatment of TAMs in vitro. Cisplatin experimental concentrations
were first chosen based on the half-maximal inhibitory concentration
dose 50 (IC50) for cancer cell line MCE-7. For ex vivo TAMs, cisplatin
was used at the selected concentrations (20 pM, 40 uM, and 80 uM) to
determine the optimal concentration for further analysis. Viability
test and apoptosis assay demonstrated that cisplatin decreased the
survival of macrophages in dose-dependent manner: at concentration
of 80 uM the viability was 10%, at 40 uM - 30%, at 20 uM - 50-80%
(data not shown). The 20 uM concentration of cisplatin was used for
further analysis. It was added on day 6 of macrophages differentiation
and TAMs were incubated with cisplatin for 3 days.

Viability assay

The viability of ex vivo TAMs was analyzed by alamarBlue® Cell
Viability Assay (no. DAL1025, ThermoFisher). We added 10x
alamarBlue cell viability reagent as 10% of the sample volume,
followed by 3 hours’ incubation at 37°C. The resulting fluorescence
was read on CytationTM 1 Cell Imaging Multi-Mode Reader (BioTek).
Color change was detected using absorbance (detected at 570 and
600 nm).

Endocytosis assay

Endocytosis was performed in ex vivo TAMs and in CHO cells.
Ligands, AlexaFluor488-AcLDL (L23380, Low density lipoprotein,
acetylated, AlexaFluor488 conjugate, Life Technologies, USA) and
AlexaFluor488-EGF (no. E13345, Epidermal Growth Factor,
biotinylated, complexed to AlexaFluor 488 Streptavidin, Life
Technologies, USA), were added for 30 min (the concentration for
each ligand is 2 pg/mL). To stop endocytosis cells were placed on ice
and then quickly washed three times with PBS followed by a
quantitative analysis of the ligand internalization by flow cytometry.

Flow cytometry
Quantification of bound/internalized fluorescent ligands was

performed with FACSCanto II flow cytometer (BD Biosciences) for
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CHO cells and CytoFLEX (Beckman Coulter) for TAMs using
standard protocols. The control sample without labeled ligand was
used for each stimulation. To assess EGF and acLDL endocytosis, the
gate was set on the whole population of macrophages excluding
cellular debris, based on FSC/SSC scatter pattern. Data were
visualized and analyzed using FlowJo 7.6.5 software (FlowJo, RRID
: SCR_008520) and CytExpert Software 2.0 (CytExpert Software,
RRID : SCR_017217), respectively.

Cytospin preparation

Macrophages were harvested by scraping on ice and used for
cytospin preparation (2x105 cells per cytospin) using Thermo
Scientific Shandon Cytospin® 4 Cytocentrifuge. Cytospins were
fixed for 10 min in 2% PFA in PBS, permeabilized for 15 min in
0.5% Triton X-100 in PBS, and fixed for 10 min with 4% PFA in PBS,
then washed 3 times in PBS. Cytospins were stored at -80 °C. CHO
cells were cultivated on coverslips to confluence between 70 and 90%.
All fixation and staining procedures were performed at
room temperature.

Quantitative immunohistochemical analysis
of breast cancer samples

Formalin fixed paraffin embedded (FFPE) tissue sections were
obtained from breast cancer patients. The antigen unmasking was
performed using the PT Link module (Dako, Denmark) in T/E buffer
(pH 9.0). Immunohistochemical staining was performed using
monoclonal mouse anti-CD68 (1:100, NBP2-44539, clone KPI,
Novus Biologicals), polyclonal goat anti-CD206 (1:40, AF2534, RD
systems) and polyclonal rabbit anti-stabilin-1 antibodies, generated
by us (19), and visualized using Polymer-HRP detection system
(ab236466, Abcam, USA). The staining results were acquired by
Carl Zeiss Axio Lab.Al light microscope (Jenamed, Carl Zeiss,
Germany). Tissue scanning was performed with Leica Aperio AT2
(Leica, Germany) and ScanScope software (Aperio ScanScope XT
Leica, RRID : SCR_018457). The histoscanning results were processed
using the QuPath 0.2.3 software (RRID : SCR_018257). The intensity
and the proportion of positive cells were estimated and the H-score
was obtained for each slide. H-score parameter was automatically
calculated using intensity thresholds that were set to further
subclassify cells as being negative, weak, moderate or
strongly positive.

Immunofluorescence and confocal
microscopy

For immunofluorescence (IF) staining on cytospins, samples were
blocked with 3% BSA in PBS for 45 min, incubated with a
combination of primary antibodies for 1,5 h; washed, and incubated
with a combination of appropriate secondary antibodies for 45 min.
Anti-stabilin-1 rabbit polyclonal antibody (RS1) (20) was used at
1:800 dilution; anti-EEA1 mouse monoclonal antibody (clone 14/
EEAI, cat #610457, BD bioscience, Germany) was used at 1:500
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dilution; mouse monoclonal antibody anti-Lampl (Novus
Biologicals, NBP-2-52721) was used at 1:200. Following
combinations of secondary antibodies were used: (a) Cy5-
conjugated anti-rabbit and Cy3-conjugated anti-mouse antibodies
for IF staining in ex vivo TAMs; (b) Cy5-conjugated anti-mouse
and Cy3-conjugated anti-rabbit antibodies (all donkey, Dianova,
Germany, dilution 1:400) in CHO cells. Samples were mounted
with Fluoroshield Mounting Medium (ab104135 Abcam, USA) and
analyzed by confocal microscopy. Analysis of EGF/stabilin-1/EEA1
co-localization in TAMs non-treated and treated with cisplatin was
performed using Carl Zeiss LSM 780 NLO laser scanning spectral
confocal microscope (Carl Zeiss, Germany), equipped with a 40x and
63x objectives. 3D reconstruction of the EGF/stabilin-1/EEA1 co-
localization was performed using Z-stack images and Black Zen
software. Images for CHO cells and for EGF/stabilin-1/Lamp1 co-
localization in TAMs were acquired using Leica TCS SP8 laser
scanning spectral confocal microscope (Leica Microsystems,
Germany). A 63x objective lens with a numerical aperture of 1.32
for immersion with oil was used. Data were acquired and analyzed
with Leica confocal software and Black Zen software (RRID :
SCR_018163), respectively. All three-color images were acquired
using a sequential scan mode.

DNA and RNA isolation

RNA isolation was performed with E.ZZN.A. Total RNA Kit
(Omega Bio-Tek, USA) and RNeasy Plus Mini Kit (Qiagen,
Germany). The cells were lysed in Lysis Buffer with beta-
mercaptoethanol, and centrifuged on columns with wash buffers.
RNA was eluted with RN Aase-free DEPC-water. The concentration
of RNA was measured on Qubit 3.0, the quality of RNA was
determined by capillary electrophoresis on TapeStation
(AgilentTechnologies, USA) and using R6K ScreenTape (Agilent
Technologies, USA #5067-5367). RIN was 6,7-9,8.

DNA for microarray analysis was isolated using the QIAamp
DNA Mini Kit (Qiagen, Germany).

Quantitative real-time PCR analysis

RNA was isolated out of TAMs on day 9 of cultivation. The gene
expression was measured by quantitative real-time PCR using the
Tagman technology and was normalized to the expression of
housekeeping gene glyceraldehyde 3-phosphate dehydrogenase
(GAPDH). The amplification of IL-1b, IL-6, IL-8 (CXCL8), TNFa,
TGFb, VEGFA, CHI3L1 (YKL-40), CHI3L2 (YKL-39), STABI,
(MRC1) CD206, CD163, and CD36 was performed with Light
Cycler 480 Real-Time PCR system (Roche, Germany) using
standard conditions. Primer and probed was obtained from Life
Technologies. The amplification of DNM3, STX8, DENNDIA,
SYT11, SCAMP5 and RUBCN was performed using AriaMix Real-
Time PCR system (Agilent Technologies, USA). Primers and probes
(FAM-BHQ1) were selected using Vector NTI Advance 11.5 program
and the NCBI database (http://www.ncbi.nlm.nih.gov/nuccore) and
were synthesized by DNA-synthesis Company (Moscow, Russia). The
self-designed primer sequences are listed in Supplementary Table S2.
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RNA sequencing and data analysis

RNA libraries were prepared with NEXT flex Rapid Directional
qRNA-SeqKit using indexed barcodes NEXTflex-qRNA-8nt-
Barcodes (NOVA-5198-02, Bioo Scientific, PerkinElmer Applied
Genomics, USA) according manufacture's protocols. Ribosomal
RNA depletion was performed with NEBNext® rRNA Depletion
Kit (Human/Mouse/Rat) ((NEB #E7400, New England Biolabs
Inc., USA).

Whole-transcriptome sequencing was performed in
macrophages obtained from 3 donors. Prepared libraries were
then pooled and sequenced on an Illumina NextSeq500
instrument (Illumina, USA) with NextSeq 500/550 High-Output
v2.5 Kit (75 cycles) (cat #20024906). Raw data quality was
obtained using FastQC software (FastQC, RRID : SCR_014583)
(https://www.bioinformatics.babraham.ac.uk/projects/fastqc/).
Data analysis was performed using STAR aligner (STAR, RRID :
SCR_004463) (21), with GRCh38 genome and Gencode
annotations (22). The numbers of reads assigned to features
(exons of coding genes) were calculated using featureCounts
software (featureCounts, RRID : SCR_012919) (23). Subsequent
analysis steps were performed using DESeq2 software (DESeq,
RRID : SCR_000154), part of Bioconductor project (Bioconductor,
RRID : SCR_006442) (24). Differential expression data was
visualized and analyzed with Phantasus software (https://
genome.ifmo.ru/phantasus). Fgsea software (fgsea, RRID :
SCR_020938) (https://www.biorxiv.org/content/early/2016/06/
20/060012) was used for gene set enrichment analysis of
biochemical and regulatory pathways using gene lists ranked by
expression level and p value. Reactome database was used via
reactome.db R package.

Microarray analysis

The presence of CNA (Copy Number Aberrations) before
and after NACT was determined using a CytoScan HD Array
microarray (Affymetrix, USA). Gene expression was evaluated
using a Human Clariom S Assays microarray (Affymetrix,
USA), Chromosome Analysis Suite 4.0 (ChAS, RRID :
SCR_015626, Affymetrix, USA) and Transcriptome Analysis
Console (TAC) 4.0 software (RRID : SCR_018718),
respectively, were used to process the results of microchipping
(bioinformatic analysis).

Statistical analysis

Statistical analysis was performed using STATISTICA 8.0 for
Windows (STATISTICA, RRID : SCR_014213). The Chi-square test
and Manna-Whitney test were implemented. Results of real-time
PCR and flow cytometry analysis were presented using GraphPad
Prism 6 software (GraphPad Prism, RRID : SCR_002798). Results
were considered to be significant with **p<0,001, ** p<0,01 and *
p<0,05. Data with marginal significance (p value <0.1) were
also discussed.
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Results

Cisplatin-based chemotherapy does not
decrease the amount of macrophages in
remaining tumor tissue of patients with
breast cancer

We analyzed whether chemotherapeutic treatment can affect amount
of TAMs in tumor tissue of patients with invasive breast carcinoma.
Patients were divided into two groups according to the treatment: 1)
patients who were not treated with neoadjuvant chemotherapy (NACT);
and 2) patients underwent platinum-based NACT. The information
about all patients is indicated in Supplementary Table SI.
Chemotherapeutic treatment included CP (cisplatin plus
cyclophosphamide) and CAP (cyclophosphamide, adriamycin and
platinum) regimens based on cisplatin. The expression of CD68,
stabilin-1, and CD206 was analyzed by quantitative IHC in these two
groups. No statistically significant decrease in the amount of CD68+ and
CD206+ macrophages was identified in the group of patients who
underwent platinum-based NACT (Figures 1A, B). The same amount
of stabilin-1+ macrophages was revealed in two groups (Figure 1B). We
concluded that cisplatin-based treatment does not affect noticeably the
amount of TAMs in breast cancer.

Cisplatin induces TAM reprogramming

Since TAMs perfectly survive under cisplatin treatment in breast
cancer patients, we raised the question whether cisplatin can affect
TAM:s programming and function. We developed TAM ex vivo model
system where human monocyte-derived macrophages differentiate
under tumor-specific conditions (Figure 1C). Conditioned
supernatants from breast cancer (MCF-7) cells were used as a
source of tumor-specific secreted factors to differentiate CD14+
monocytes into TAMs. IL-4, a known inducer of M2 polarization
in the tumor microenvironment, was used to facilitate differentiation
of monocytes towards tumor-associated phenotype (25).
Differentiation of macrophages into the tumor-associated
phenotype was confirmed by the expression of M2-like markers
CD206 and stabilin-1 (7, 26) (Figure 1D). Confocal microscopy
demonstrated that almost all CD68+ macrophages, differentiated in
the presence of MCF-7 conditioned medium, expressed CD206 and
stabilin-1. After 3 days of cisplatin treatment (at concertation of 20
uM) 57% of TAMs were viable (Figure 1E).

The effect of cisplatin on the expression profile of ex vivo TAMs
was quantified by RT-qPCR using selected biomarkers of TAM
activity. We measured the gene expression levels of the spectrum of
pro-inflammatory cytokines (TNFalpha, IL-1beta, IL-6, IL-8),
scavenger receptors (STAB1, CD36, CD163, CD206), pro-
angiogenic factors (TGFbeta, VEGFA), and chitinase-like proteins
(YKL-39, YKL-40). The most pronounced effects of cisplatin on the
gene expression profile of TAMs are illustrated by Figure 2A. The
main stimulating effect of cisplatin was found for the expression of
pro-inflammatory cytokines TNFa (fold change=3,62, p=0,024) and
IL-8 (FC=5,92, p=0,024), and chitinase-like protein YKL-39, indicator
for metastatic relapse (27) (FC=4,65, p=0,024). Recently in our
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Cisplatin does not affect TAM viability and M2 phenotype. (A) IHC analysis of CD68, stabilin-1 and CD206 expression in human breast cancer tissue
treated and not treated with cisplatin-based therapy. (B) Quantitative analysis of CD68, stabilin-1 and CD206 expression. Tumor tissue was obtained after
surgery for all patients. (C) Schematic description of ex vivo TAM generation which were stimulated with MCF-7 supernatants and treated by cisplatin. (D)
Immunofluorescent staining/confocal microscopy of CD206 and stabilin-1 expression in CD68+ ex vivo TAMs. Scale bars are equal to 11pM. (E) Viability
assay for ex vivo TAMs treated with cisplatin. Viability was estimated on day 6 before cisplatin treatment and day 9 after cisplatin-treatment (n=6
independent experiments). Data information: In (B), the level of protein expression is presented as Me (Q1;Q3). In (E), OD means defined in the
percentage of NS control are presented as mean + SD. The Manna-Whitney test was applied to compare two independent groups.

laboratory, YKL-39 was found to be a novel strong pro-angiogenic
factor (27). The transcription level of STABI statistically significantly
decreased after cisplatin treatment (~1.7 fold, p<0.01). We could see
difference in CD163 mRNA expression in TAMs stimulated with
control culture media (DMEM), but this difference was not
biologically significant. This data indicated that cisplatin does not
eliminate TAMs, but changes their transcriptional program. This
prompted us to perform full transcriptome analysis of TAMs in
response to cisplatin by NGS.

Transcriptome analysis of ex vivo TAMs
induced by cisplatin

Our primary goal was to identify which tumor-supporting and
tumor-inhibiting pathways are activated or suppressed by cisplatin in

Frontiers in Immunology

ex vivo TAMs. We performed whole transcriptome sequencing of 2
groups — ex vivo generated TAMs with and without cisplatin. About
22 million filtered reads were generated for each sample. Totally,
15050 filtered genes were analyzed. Differential expression analysis
was performed by comparing TAMs with and without cisplatin. It
allowed to identify 657 upregulated and 808 downregulated genes in
TAMs under cisplatin (false discovery rate (FDR) <0.1, log2 fold-
change>0.58) (Figure 2B). Representative top 35 most significant
genes are demonstrated in Figure 2B. The volcano plot identified fold
changes and significance for genes differentially expressed between
TAMs with and without cisplatin treatment (Figure 2C).

We performed gene set enrichment analysis (GSEA) for up- and
downregulated genes in cisplatin condition to evaluate pathway
enrichment under cisplatin treatment. Pathways with normalized
enrichment score (NES) > 1.30 and FDR<0.25 were identified. All
genes were distributed in groups according to the biochemical and
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**p < 0.01.

functional pathways using the following databases REACTOM, KEGG,
HALLMARK, GO. The interferon alpha and gamma responses were
the top upregulated pathways, along with p53 pathway, inflammatory
response, IL-6 and TNFa signaling, epithelial-mesenchymal transition,
endocytosis, hypoxia, KRAS signaling, DNA repair (Figure 2D). The
downregulated genes showed significant enrichment for Myc targets,
cholesterol homeostasis, mTORC1 signaling, WNTbeta-catenin
signaling (Figure 2D).

We were interested in endocytic function of TAMs that was
significantly affected by cisplatin. TAMs regulate composition and
tumor-supporting activity of TME by SR-dependent clearance of
extracellular mediators (28). We found that cisplatin affects gene
expression of both stimulators and inhibitors of endocytosis
(Figure 2D). We next focused on the endocytic function of stabilin-1.

Frontiers in Immunology 07

APOPTOSIS:
30 EPITHELIAL MESENCHYMAL TRANSITION

NEGATIVE REGULATION OF ENDOCYTO! 0

DNA REPAIR:
POSITIVE REGULATION OF ENBOCYTOSIS

Transcriptional reprogramming of TAMs by cisplatin. (A) Effect of cisplatin on major inflammatory, scavenging and angiogenic factors analyzed by gPCR
in ex vivo TAMs. Untreated — red, cisplatin-treated — blue (n=12 donors). (B) Results of RNA sequencing of ex vivo TAMs treated by cisplatin. Heatmap on
the left depicts hierarchical clustering of upregulated and downregulated genes in ex vivo TAMs treated by cisplatin (p-value<0,05, log2 fold-
change>0,58). On the right - heatmap with top 20 most DEGs induced by cisplatin. (C) Volcano plot shows significance and log2 fold-change value for
DEGs in cisplatin-treated and untreated TAMs. (D) Bar plot with GSEA results demonstrates representative endocytosis pathways among other valuable
pathways deregulated by cisplatin in ex vivo TAMs. The x-axis indicates NES (FDR<0,25, endocytosis pathways are highlighted in light-red). Data
information: In (A), the level of gene expression is presented as Me (Q1;Q3). The Manna-Whitney test was applied to compare two independent groups.

10.3389/fimmu.2023.1000497

BC994_3
BC995_1
sample

TAMs
TAMs
cisplatin

MYC
LDLRAD3
SLC1AS
LRBA

CCL23
RTN4R

MME
TRANK1
PLXNA2
RGS2
EIF2AK2
STATH

ABCA1
ARHGEF3

€S 22
20S 0t
€iS ¢e
€4S 060
£€2S 60
zIsTie

S0S qol

\TION:
MEMBRANE INVAGINATION:
LEMENT-

STAT5 SIGNALIN!
REGULATION OF ENDOCYTOSIS
HYPOXIA: 2
KRAS SIGNALING DN
UV RESPONSE UP- . 3
OCYTOSIS:
ESTROGEN RESPONSE EARLY

GNALING
UNFOLDED PROTEIN RESPONSE
CHOLESTEROL HOMEOSTASIS
MYC TARGETS V2
MYC TARGETS V1

2

Stabilin-1 is a multifunctional scavenger receptor, which plays
important roles in clearance of “unwanted” self-substances and
remodeling of the TME (28). We previously showed that stabilin-1+
macrophages mediate efficient clearance of matricellular protein
SPARC and contribute to tumor progression (29-31). We questioned
if cisplatin could disturb the stabilin-1-mediated endocytosis in TAMs.

Stabilin-1 mediates uptake of EGF in stably
transfected CHO cells

Stabilin-1, abundantly expressed on TAMs, has been identified by us

as a scavenger receptor for a growth hormone family member placental
lactogen and SPARC (19, 29). Here we examined whether stabilin-1 can
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mediate clearance of EGF, an essential growth factor that promotes breast
cancer progression (32). We have used the model system of CHO cells
ectopically expressing human stabilin-1, where we have previously
identified scavenging function of stabilin-1 using acLDL, a ligand for
stabilin-1 (18). Flow cytometry demonstrated efficient uptake of
Alexa488-labeled EGF in CHO-stabilin-1 cells (approximately 10-fold)
but not in the control CHO-vector cells. The endocytic activity of
stabilin-1 was controlled by the uptake of acLDL-Alexa488 (Figure 3A).

Since flow cytometry signal can be produced not only by the
receptor-mediated ligand internalization, but also by surface bound

10.3389/fimmu.2023.1000497

ligand retention, we examined the ability of stabilin-1 to target EGF to
the endocytic pathway using confocal microscopy (Figure 3B). After
30 min of endocytosis, fluorescently-labeled EGF was detected in CHO-
stabilin-1 cells, but not in CHO-vector control cells. EGF co-localized
with stabilin-1 in EEA1-positive early/sorting endosomes, indicating that
stabilin-1 mediates EGF trafficking to the endosomal pathway. The
colocalization of stabilin-1 and EGF was similar to acLDL, classical
endocytic ligand of stabilin-1 (Figure 3B). Thus, for the first time we
identified that stabilin-1 acts as a scavenger receptor for internalization
and endocytic trafficking of EGF, an essential regulator of tumor growth.

A
EGF-Alexa 488 acLDL-Alexa 488
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-
10004 1 4000+
L
=
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B
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FIGURE 3

Stabilin-1 mediated endocytic uptake of EGF in CHO cells. (A) Flow cytometry analysis of acLDL and EGF uptake in CHO-Stabl and CHO-vector control
cells (CHO-V3a) (n=3). (B) Immunofluorescence/confocal microscopy of EGF-Alexa488 and acLDL-Alexa488 internalization in CHO-stabilin-1 and CHO-
V3a. Yellow indicates co-localization of fluorescently labeled ligands and stabilin-1. White indicates co-localization of EGF-Alexa488 or acLDL-Alexa488,
stabilin-1, and EEA-1. EGF-Alexa488 and acLDL-Alexa488 were internalized only in CHO-stabilin-1 cells. Scale bars: 10 pm. In (A), MFI index is presented

as mean + SD. *** - p<0,001. T-test was applied
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Cisplatin impairs endocytosis of EGF and
acLDL in ex vivo TAMs

We analyzed the effect of cisplatin on scavenging function in ex vivo
TAMs. First, we demonstrated that stabilin-1 is co-localized with EGF-
AlexaFluor488 in EEAl+ endosomes in TAMs that was shown by Z
stack image acquisition and 3D visualization (Figure 4A). We also
demonstrated that part of internalized EGF-AlexaFluor488 is already

EEA1+EGF

EEA1+Stabilin-1

10.3389/fimmu.2023.1000497

transferred to Lamp-1 positive lysosomes after 30 min of endocytosis by
TAMs (Figure 4B). In order to assess the effect of cisplatin on
scavenging function of TAMs, the acLDL was used as a general
ligand of scavenging receptors, and EGF was used as a tumor-specific
ligand. After 30 min exposure, the uptake of acLDL-AlexaFluor488 or
EGF-AlexaFluor488 by TAMs was quantified by flow cytometry
(Figures 4C, D). Cisplatin statistically significantly suppressed uptake
of EGF and classical stabilin-1 ligand acLDL in TAMs (FC=2,25,

EGF+Stabilin-1
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FIGURE 4

Cisplatin inhibits EGF clearance by human TAMs. (A) 3D reconstruction of Z-stack confocal microcopy images for EGF and stabilin-1 co-localization in EEAL+
endosomes in TAMs (B) Confocal microscopy analysis of EGF transfer to Lampl+ lysosomes after 30 min of endocytosis in TAMs. (C) Flow cytometry analysis
of endocytosis of EGF and acLDL in ex vivo TAMs treated with cisplatin (n=4 donors). (D) Representative flow cytometry diagrams of ligand uptake. The
fluorescent intensity is significantly lower in TAMs, treated with cisplatin. (E) Immunofluorescent/confocal analysis of stabilin-1 mediated internalization and
trafficking of EGF and acLDL in TAMs without and with cisplatin treatment. White indicates co-localization of fluorescently labeled ligand, stabilin-1, and EEA-
1 (n=4 donors). Scale bars: 10uM. Data information: In (C), MFI index is presented as Me (Q1;Q3), * - p<0,05, ** - p<0,01. The Manna-Whitney test was

applied to compare two independent groups
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p<0,01, and FC=5,4, p=0,023, correspondingly) (Figure 4C). At the
same time, we found that the expression of stabilin-1 analyzed by real-
time qPCR statistically significant decreased after cisplatin treatment in
ex vivo TAMs (Figure 2A).

We next analyzed stabilin-1-mediated internalization of acLDL
and EGF in ex vivo TAMs after cisplatin treatment. Trafficking of
fluorescently labeled ligands to the EEAl-positive early/sorting
endosomes was visualized by immunofluorescence/confocal
microscopy. In the absence of cisplatin, acLDL and EGF were
efficiently internalized by ex vivo generated TAMs. Both acLDL and
EGF were detected in EEA1+ early endosomes, where they also co-
localized with stabilin-1, confirming its involvement in EGF
endocytosis in macrophages. Treatment with cisplatin resulted in
the decrease of the internalization and delivery of both acLDL and
EGF to the EEA1+ early endosomes (Figure 4E). Our data indicated
that cisplatin interferes with the receptor-mediated ligand delivery to
the endosomal system in TAMs. Confocal microscopy analysis of the
ligand internalization demonstrated that amount of stablin-1 protein
is in excess to the ligand that has to be internalized, and is not limiting
for the endocytic uptake (Figure 4E). Therefore, we have further
searched for the molecular mechanism that restricts endocytic activity
of TAMs after cisplatin treatment.

Cisplatin causes the defects in endocytic
machinery by reducing membrane
biogenesis and vesicular transport

Since we showed that cisplatin decreases the uptake and
endocytic trafficking of both classical ligand LDL and tumor-
specific ligand EGF but does not significantly affect the SR
expression, next we asked which mechanisms are involved in this
process. Using NGS data, we identified that cisplatin treatment leads
to the dysregulation of genes, involved in the following process:
vesicle mediated transport, endosomal sorting complex required for
transport, clathrin-derived vesicle budding, trans-Golgi network
vesicle budding and other related processes. Validation of
sequencing data by real-time qPCR was performed for selected
genes implicated in the endocytic uptake: DNM3, STX8 and
DENNDI1A, which are downregulated by cisplatin and enhance
endocytosis and vesicular transport, and SYT11, SCAMP5 and
RUBCN, which are upregulated by cisplatin and have negative
effect on endocytosis (Figures 5A, B). Statistically significant
downregulation in the gene expression was found for positive
regulators of endocytosis: DNM3, STX8, DENNDIA in ex vivo
TAMs of independent samples (Figure 5C). The most pronounced
decrease in response to cisplatin treatment was detected for DNM3,
GTPase needed for the efficient ligand internalization (FC=-4,34,
p=0,005) (Table 1 and Figure 5C). In contrast, cisplatin treatment
resulted in the elevated expression of negative regulator of
endocytosis: SYT11 (Table 1 and Figure 5C). We did not find
statistically significant differences for RUBCN and SCAMP5
expression. The expression of SYT11, which inhibits endocytosis,
was almost 3 times higher in cisplatin-treated TAMs (FC=2,97,
p=0,037). The detailed mechanism of cisplatin action on TAMs is
illustrated by Figure 6.
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SYT11 expression is enhanced by NACT in
breast cancer patients

To validate the data obtained in ex vivo system we have performed
whole-transcriptome Affimetrix microarray in clinical samples
obtained from breast cancer patients treated with cisplatin-based
NACT. For all patients we compared tumor biopsy specimens
taken before NACT and remaining tumor in post-surgery
specimens after NACT. We found that expression of SYT11 was
elevated in this patients” group after NACT (Figure 5D). The effect of
NACT differed between patients, with the highest increase in patient 5
(almost 3 times). This data provides the validation for the cisplatin
mode of transcriptional program identified in our model system.

Discussion

Despite significant progress in the development of novel
therapeutic methods, successful treatment of cancer still requires
personalized approaches (14). Therapeutic sensitivity of tumors
depends on the intrinsic mechanisms inside tumor cell and their
cross-talk with different components of tumor microenvironment, in
particular TAMs. Our study answers urgent question of the direct
response of TAMs to widely used chemotherapeutic agent cisplatin.

Cisplatin is a platinum-based DN A-intercalating agent that forms
DNA crosslinks (16). Cisplatin therapy has been suggested for triple-
negative BC harboring a BRCA mutation (41). The complete
pathological responses in BC patients was achieved in numerous
clinical studies (41, 42). However, despite an initial response, cisplatin
treatment results in the development of chemoresistance in patients
(43). TAM targeting was proposed as a possible approach to improve
the efficacy of platinum-based therapy (44). Recently, Salvagno and
colleagues showed that CSF-1R blockade stimulates an intratumoral
type I IFN response and enhances cisplatin anti-tumor effect in
transgenic mouse model of BC (44).

We examined clinical samples of patients with breast cancer to
analyze whether NACT results in any significant decrease of the
amount of TAMs. By quantitative immunohistochemistry we found
that cisplatin-based NACT has not resulted in the biologically
significant decrease of total amount of CD68+ TAMs and amount
of CD206+ and stabilin-1+ M2-like TAMs in the remaining tumor
tissue compared to the non-treated tumor. Similarly, in the ex vivo
system of human TAMs, cisplatin treatment did not significantly
affect viability of macrophages. Our initial real-time qPCR analysis of
selected biomarkers of TAM activation revealed that cisplatin can
both stimulate and suppress expression of secreted and
transmembrane factors, showing that TAMs change their program
toward a mixed inflammatory program, and can alter balance in pro-
angiogenic and scavenging programs. Isolated reports previously
noted that there is an effect of cisplatin on the macrophage
polarization. Liu W et al. have detected increasing level of IL-1b in
classically activated THP1 and PBMC-derived human macrophages
(45). However, the authors believed that the effects of cisplatin on
macrophage programming is minor.

In order to identify the full transcriptional program induced by
cisplatin in macrophages, we developed an ex vivo model of human
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FIGURE 5

Cisplatin induces imbalance in the endocytic machinery of TAMs. (A) Gene set from endocytosis pathways (RT-PCR validated genes are highlighted in
light-red). Results are obtained with RNAseq. (B) GSEA enrichment plots illustrating GO endocytosis pathways. The y-axis indicates enrichment score, the
x-axis represents gene ranks (FDR<0,1, FDR<0,25, respectively). (C) Cisplatin suppresses expression of genes, that positively regulate endocytosis and
vesicular transport, and stimulates expression of negative regulator of endocytosis (SYT11). DNM3, DENNDIA, STX8 and SYT11 were analyzed by qPCR in
ex vivo TAMs (n=12). (D) Differential SYT11 and DENNDIA expression in patients breast cancer samples identified by microarray analysis. Breast cancer
tissues before and after cisplatin-based NACT were compared. PR — partial regression, SD — stable disease, FC — Fold Change. FC defines the differences
in the pre- and post-treatment levels of gene expression. Data information: In (C), the level of gene expression is presented as Me (Q1,Q3), * - p<0,05,
**p < 0.01, *** - p<0,001. Untreated — red, cisplatin-treated — blue. Manna-Whitney test was applied to compare two independent groups.

TAMs that resemble phenotypic and functional characteristic of
TAMs in breast cancer. We performed whole-transcriptome
sequencing (NGS) and demonstrated profound changes in the
transcriptional program in macrophages treated by cisplatin.

We decided to focus on the endocytic function of macrophages,
which deserve specific attention in context of cancer.

To perform highly efficient and selective scavenging functions,
macrophages are equipped with the endocytic receptors -
heterogeneous transmembrane proteins with complex extracellular
domains recognizing broad range of non-self and unwanted-self
ligands including apoptotic bodies and modified lipoproteins (9,
46). Expression of endocytic receptors is also indicative for the
functional polarization of macrophages, and in human tumors
stabilin-1, CD163, CD206, CD204, MARCO are most frequently
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used to distinguish diverse functional TAM polarization (7). The
endocytosis of cancer-associated ligand by a scavenger receptor on
macrophages was previously shown by us. We found that
alternatively activated macrophages utilize stabilin-1 for the efficient
clearance of soluble component of tumor extracellular matrix
SPARC (29).

In this study for the first time we show that stabilin-1 is a specific
scavenger receptor for EGF, a growth factor critical for progression of
breast cancer (47, 48). The hypothesis about stabilin-1 involvement in
EGF internalization was based on our previous findings that stabilin-1
performs endocytic clearance of growth hormone family member
placental lactogen and growth/differentiation factor 15 (GDEF-15),
while, to our knowledge no other SRs were reported (19, 46, 49, 50).
In breast cancer stabilin-1 is predominantly expressed on TAMs, and
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TABLE 1 The functions and parameters of differential expression of genes involved in endocytosis affected by cisplatin treatment.

Gene name  FC, padj- FC, p-value Biological function
value (NGS (real-time PCR
data) data)
DNM3 FC=-2,85; FC=-4,344 Dynamin is a multi-domain GTPase. Dynamin interacts with proteins involved in coordination of endocytosis
(dynamin 3) padj=0,263 p=0,005 with motor molecules, and vesicle transport. It is required for efficient ligand internalization supporting actin-
associated proteins (33, 34).
STX8 (syntaxin FC=-2,23; FC=-4,085 STX8 is localized to the trans-Golgi network and to the early and late endosomes. It is involved in the
8) padj=0,000892 p=0,0003 internalization from the plasma membrane and the protein trafficking from early to late endosomes via vesicle
fusion 59 (35).
DENNDIA FC=-2,27; FC=-2,732 DENNDIA functions as guanine nucleotide exchange factors (GEFs) regulating clathrin-mediated endocytosis
(connecden) padj=0,000305 p=0,002 through the early endosomal small GTPase RAB35 and binding to clathrin and clathrin adaptor protein-2 (36).
SYT11 FC=2,77; FC=2,977 Ca2+ sensor for SNARE-dependent vesicle fusion; inhibits clathrin-mediated and bulk endocytosis (37, 38).
(synaptotagmin | padj=1.92e-06 p = 0,037
X)
SCAMP5 FC=4,59; FC=2,330 Regulates endocytosis by recruiting EH-domain proteins to the N-terminal NPF repeats (39).
padj=0,0231 p = 0,565
RUBCN FC=1,46; FC=2,022 A Beclin 1-binding protein, negatively regulates both the autophagic and endocytic pathways by interacting with
padj=0,0538 p=0,141 Rab7 via RH domain (40).

Statistically significant p-values are marked in bold.
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FIGURE 6

Schematic presentation of detrimental effect of cisplatin on TAMs. M2 scavenger receptor stabilin-1 remains to be expressed after cisplatin treatment.
Stabilin-1 is able to clear EGF from breast cancer TME specifically. Cisplatin suppresses endocytic vesicular machinery by dual effect. The first effect is
suppression of the expression of positive regulators of endocytic membrane biogenesis (STX8, DENND1A, DNM3). The second effect is stimulation of the
expression of negative regulator of endocytosis (SYT11). Combination of such cisplatin effects results in significantly impaired receptor-mediated

endocytic clearance of soluble simulators of tumor growth.

not on other cells types (like lymphatic, angiogenic or sinusoidal
endothelial cells) (31, 51-54).

EGF is highly efficiently and specifically endocytosed by stabilin-1
and the efficiency of the internalization was similar to that previously
found for growth hormone family member placental lactogen (PL)
(19). Thereafter, we have demonstrated that the uptake of general
ligand of scavenging receptors acLDL and tumor-specific ligand EGF
in TAMs of breast cancer was significantly decreased in the presence
of cisplatin. EGF is expressed by many types of tumors. The signaling
pathway driven by EGF/EGFR is an important regulator of tumor
growth, invasion and metastasis in epithelial malignancies (47). EGF
was shown to induce epithelial-mesenchymal transition (EMT) in
EGFR-expressing human breast carcinoma cells (47). Since EGF is a
significant positive regulator of tumor growth, the disruption of
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receptor-depending clearance of such tumor-supportive factor by
chemotherapeutic drug may lead to the macrophage-mediated
homeostatic imbalance in TME. One of the possible mechanisms of
drug resistance is a clonal expansion of chemoresistant clones of
tumor due to inability of TAMs to uptake tumor growth factors (55).
Li et al. showed that EGF stimulation of androgen-independent
human prostate cancer cells DU145 and PC-3 exhibited stronger
resistance to cisplatin (56).

The essential finding we made was that cisplatin has bidirectional
mechanism to suppress endocytosis in TAMs. NGS confirmed by RT-
PCR demonstrated that cisplatin suppresses positive regulators of
endocytosis and membrane transport: DNM3, STX8, DENNDIA. At
the same time, cisplatin upregulates the expression of SYT11, that
inhibits endocytosis (Table 1). Cisplatin-mediated suppression of
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positive regulators of endocytosis can inhibit vesicle formation,
impair TAM clearance function in TME and enhance tumor
resistance to chemotherapy. Similarly, Perrotta and co-authors
showed that TAMs are key factors limiting tumor cell sensitivity to
cisplatin. Cisplatin resistance was mediated by the inhibiting STX4,
which plays role in the translocation of tumor suppressive protein A-
SMase to the plasma membrane and its activation (55).

The strongest suppressing effect of cisplatin was found for SYT11,
a non-Ca2+-binding synaptotagmin, that inhibits clathrin-mediated
endocytosis and bulk endocytosis in dorsal root ganglion neurons and
in microglia (57, 58). SYT11 also acts as a negative regulator for
cytokine secretion by affecting SNARE complex in macrophages (59).
We were able to confirm the data obtained in the model TAMs it
tumor samples of patients with breast cancer, and found enhancing
effects of cisplatin on SYT11 expression.

Our data demonstrated that cisplatin affects important elements
of endocytic machinery in TAMs that correlates with impaired
endocytic clearance of tumor supporting factor EGF from TME.
Identified mechanism may be used as a target to enhance efficiency
of chemotherapy. In breast cancer, tumor heterogeneity is an essential
factor that defines tumor development and tumor response to therapy
(2). In future, pivotal progress can be achieved if the interaction of
TAMs with therapeutic agents is examined in the context of
intratumoral heterogeneity, and key localizations where TAMs
define therapy resistance are identified. Understanding the
fundamentally important role of TAMs in the tumor response to
cytostatic therapy will open the prospect of developing new
therapeutic approaches for the treatment of malignant diseases
based on the balanced synergistic action of cytostatic agents and
innovative immunomodulatory approaches.

Data availability statement

The data generated in this study are available within the article
and its supplementary data files. Results of RNAseq analysis are
presented in NCBI data portal (GSE224681): https://www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc=GSE224681.

Ethics statement

The study was carried out according to Declaration of Helsinki
(from 1964, revised in 1975 and 1983) and was approved by the local
committee of Medical Ethics of Tomsk Cancer Research Institute. The

patients/participants provided their written informed consent to
participate in this study.

Author contributions

Conceptualization: IL and JK; data curation: IL and JK; formal
analysis: IL, EK, MP, NL, MT, MI, NC, TL and NB; validation: IL and

Frontiers in Immunology

13

10.3389/fimmu.2023.1000497

EK; investigation: IL, EK, PI, MP, DM, VR, MR, SV, ED, PK, MT, MI
and QL; visualization: EK and PI; methodology: IL, JK and DP;
writing—original draft: IL, EK, MP, PI, and NL; resources: AK, PI and
AS; supervision, funding acquisition, and directed the project: JK. All
authors contributed to the article and approved the
submitted version.

Funding

This work was supported by Russian Science Foundation. All
experiments were performed in the frame of grant RSF 14-15-00350
(to JK). The bioinformatics methods were developed and used in the
frame of grant RSF Ne 19-15-00151 (to JK). The study was supported
by a state contract of the Ministry of Science and Higher Education of
the Russian Federation “Genetic and epigenetic editing of tumor cells
and microenvironment in order to block metastasis” no. 075-15-
2021-1073 (to JK), and by Tomsk State University Development
Programme (Priority-2030).

Acknowledgments

The authors thank Mrs. C. Schmuttermaier at the Institute of
Transfusion Medicine and Immunology, Medical Faculty Mannheim,
Heidelberg University, for technical support. Work was carried out on
equipment of Tomsk regional common use center and The Core
Facility «Medical genomics», Tomsk NRMC.

Conflict of interest

Authors DP and PK were employed by company Genomed.

The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fimmu.2023.1000497/full#supplementary-material

frontiersin.org


https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE224681
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE224681
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1000497/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1000497/full#supplementary-material
https://doi.org/10.3389/fimmu.2023.1000497
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Larionova et al.

References

1. Senthebane DA, Rowe A, Thomford NE, Shipanga H, Munro D, Mazeedi MAMA,
et al. The role of tumor microenvironment in chemoresistance: To survive, keep your
enemies closer. Int ] Mol Sci (2017) 18:1586. doi: 10.3390/IJMS18071586

2. Marusyk A, Janiszewska M, Polyak K. Intratumor heterogeneity: the Rosetta stone
of therapy resistance. Cancer Cell (2020) 37:471. doi: 10.1016/].CCELL.2020.03.007

3. Khalaf K, Hana D, Chou JT-T, Singh C, Mackiewicz A, Kaczmarek M. Aspects of the
tumor microenvironment involved in immune resistance and drug resistance. Front
Immunol (2021) 12:656364. doi: 10.3389/FIMMU.2021.656364

4. Hinshaw DC, Shevde LA. The tumor microenvironment innately modulates cancer
progression. Cancer Res (2019) 79:4557-66. doi: 10.1158/0008-5472.CAN-18-3962

5. Larionova I, Kazakova E, Patysheva M, Kzhyshkowska J. Transcriptional, epigenetic
and metabolic programming of tumor-associated macrophages. Cancers (Basel) (2020)
12:1-40. doi: 10.3390/cancers12061411

6. Larionova I, Kazakova E, Gerashchenko T, Kzhyshkowska ]. New angiogenic
regulators produced by TAMs: Perspective for targeting tumor angiogenesis. (2021)
13:3253. doi: 10.3390/CANCERS13133253

7. Larionova I, Tuguzbaeva G, Ponomaryova A, Stakheyeva M, Cherdyntseva N,
Pavlov V, et al. Tumor-associated macrophages in human breast, colorectal, lung, ovarian
and prostate cancers. Front Oncol (2020) 10:566511. doi: 10.3389/fonc.2020.566511

8. Del Alcazar CRG, Aleckovic M, Polyak K. Immune escape during breast tumor
progression. Cancer Immunol Res (2020) 8:422-7. doi: 10.1158/2326-6066.CIR-19-0786

9. YuX, Guo C, Fisher PB, Subjeck JR, Wang X-Y. Scavenger receptors: Emerging roles
in cancer biology and immunology. Adv Cancer Res (2015) 128:309. doi: 10.1016/
BS.ACR.2015.04.004

10. Cabral F, Al-Rahem M, Skaggs J, Thomas TA, Kumar N, Wu Q, et al. Stabilin
receptors clear LPS and control systemic inflammation. iScience (2021) 24. doi: 10.1016/
J.ISCI.2021.103337

11. Tadayon S, Dunkel ], Takeda A, Eichin D, Virtakoivu R, Elima K, et al. Lymphatic
endothelial cell activation and dendritic cell transmigration is modified by genetic deletion
of clever-1. Front Immunol (2021) 12:602122. doi: 10.3389/FIMMU.2021.602122

12. La X, Zhang L, Li H, Li Z, Song G, Yang P, et al. Ajuba receptor mediates the
internalization of tumor-secreted GRP78 into macrophages through different endocytosis
pathways. Oncotarget (2018) 9:15464. doi: 10.18632/ONCOTARGET.24090

13. Madsen DH, Jiirgensen HJ, Siersbak MS, Kuczek DE, Cloud LG, Liu S, et al.
Tumor-associated macrophages derived from circulating inflammatory monocytes
degrade collagen through cellular uptake. Cell Rep (2017) 21:3662-71. doi: 10.1016/
J.CELREP.2017.12.011

14. Larionova I, Cherdyntseva N, Liu T, Patysheva M, Rakina M, Kzhyshkowska J.
Interaction of tumor-associated macrophages and cancer chemotherapy.
Oncoimmunology (2019) 8:¢1596004. doi: 10.1080/2162402X.2019.1596004

15. Anderson NR, Minutolo NG, Gill S, Klichinsky M. Macrophage-based approaches for
cancer immunotherapy. Cancer Res (2021) 81:1201-8. doi: 10.1158/0008-5472.CAN-20-2990

16. Kuo MT, Fu S, Savaraj N, Chen HHW. Role of the human high-affinity copper
transporter in copper homeostasis regulation and cisplatin sensitivity in cancer
chemotherapy. Cancer Res (2012) 72:4616-21. doi: 10.1158/0008-5472.CAN-12-0888

17. Senkus E, Kyriakides S, Ohno S, Penault-Llorca F, Poortmans P, Rutgers E, et al.
Primary breast cancer: ESMO clinical practice guidelines for diagnosis, treatment and
follow-up. Ann Oncol (2015) 26 Suppl 5:v8-v30. doi: 10.1093/ANNONC/MDV298

18. Kzhyshkowska J, Gratchev A, Brundiers H, Mamidi S, Krusell L, Goerdt S.
Phosphatidylinositide 3-kinase activity is required for stabilin-1-mediated endosomal
transport of acLDL. Immunobiology (2005) 210:161-73. doi: 10.1016/j.imbi0.2005.05.022

19. Kzhyshkowska J, Gratchev A, Schmuttermaier C, Brundiers H, Krusell L, Mamidi
S, et al. Alternatively activated macrophages regulate extracellular levels of the hormone
placental lactogen via receptor-mediated uptake and transcytosis. (2008) 180:3028-37.
doi: 10.4049/JIMMUNOL.180.5.3028

20. Politz O, Gratchev A, McCourt P, Schledzewski K, Guillot P, Johansson S, et al.
Stabilin-1 and -2 constitute a novel family of fasciclin-like hyaluronan receptor
homologues. (2002) 362:155-64. doi: 10.1042/0264-6021:3620155

21. Dobin A, Davis CA, Schlesinger F, Drenkow J, Zaleski C, Jha S, et al. STAR:
ultrafast universal RNA-seq aligner. Bioinformatics (2013) 29:15-21. doi: 10.1093/
BIOINFORMATICS/BTS635

22. Frankish A, Diekhans M, Ferreira A-M, Johnson R, Jungreis I, Loveland J, et al.
GENCODE reference annotation for the human and mouse genomes. Nucleic Acids Res
(2019) 47:D766-73. doi: 10.1093/NAR/GKY955

23. Liao Y, Smyth G, Shi W. featureCounts: an efficient general purpose program for
assigning sequence reads to genomic features. Bioinformatics (2014) 30:923-30.
doi: 10.1093/BIOINFORMATICS/BTT656

24. Love MI, Huber W, Anders S. Moderated estimation of fold change and dispersion

for RNA-seq data with DESeq2. Genome Biol (2014) 15:1-21. doi: 10.1186/S13059-014-
0550-8

25. Cassetta L, Pollard JW. Targeting macrophages: therapeutic approaches in cancer.
Nat Rev Drug Discovery (2018) 17:887-904. doi: 10.1038/nrd.2018.169

26. Martinez-Pomares L. The mannose receptor. | Leukoc Biol (2012) 92:1177-86.
doi: 10.1189/JLB.0512231

Frontiers in Immunology

14

10.3389/fimmu.2023.1000497

27. Liu T, Larionova I, Litviakov N, Riabov V, Zavyalova M, Tsyganov M, et al.
Tumor-associated macrophages in human breast cancer produce new monocyte
attracting and pro-angiogenic factor YKL-39 indicative for increased metastasis after
neoadjuvant chemotherapy. Oncoimmunology (2018) 7:e1436922. doi: 10.1080/
2162402X.2018.1436922

28. Kzhyshkowska J, Krusell L. Cross-talk between endocytic clearance and secretion
in macrophages. Immunobiology (2009) 214:576-93. doi: 10.1016/].IMBIO.2009.03.007

29. Kzhyshkowska J, Workman G, Cardo-Vila M, Arap W, Pasqualini R, Gratchev A,
et al. Novel function of alternatively activated macrophages: Stabilin-1-mediated
clearance of SPARC. ] Immunol (2006) 176:5825-32. doi: 10.4049/jimmunol.176.10.5825

30. Palani S, Elima K, Ekholm E, Jalkanen S, Salmi M. Monocyte stabilin-1 suppresses
the activation of th1 lymphocytes. (2016) 196:115-23. doi: 10.4049/JIMMUNOL.1500257

31. Riabov V, Yin §, Song B, Avdic A, Schledzewski K, Ovsiy I, et al. Stabilin-1 is
expressed in human breast cancer and supports tumor growth in mammary
adenocarcinoma mouse model. Oncotarget (2016) 7:31097-110. doi: 10.18632/
oncotarget.8857

32. Voudouri K, Berdiaki A, Tzardi M, Tzanakakis GN, Nikitovic D. Insulin-like
growth factor and epidermal growth factor signaling in breast cancer cell growth: focus on
endocrine resistant disease. Anal Cell Pathol (2015) 2015:975495. doi: 10.1155/2015/
975495

33. Sever S. Dynamin and endocytosis. Curr Opin Cell Biol (2002) 14:463-7.
doi: 10.1016/50955-0674(02)00347-2

34. Orth JD, McNiven MA. Dynamin at the actin-membrane interface. Curr Opin Cell
Biol (2003) 15:31-9. doi: 10.1016/s0955-0674(02)00010-8

35. Prekeris R, Yang B, Oorschot V, Klumperman J, Scheller RH. Differential roles of
syntaxin 7 and syntaxin 8 in endosomal trafficking. Mol Biol Cell (1999) 10:3891-908.
doi: 10.1091/mbc.10.11.3891

36. Allaire P, Marat A, Dall’Armi C, Di Paolo G, McPherson P, Ritter B. The
connecdenn DENN domain: a GEF for Rab35 mediating cargo-specific exit from early
endosomes. Mol Cell (2010) 37:370-82. doi: 10.1016/].MOLCEL.2009.12.037

37. Shimojo M, Madara J, Pankow S, Liu X, Yates J, Siidhof TC, et al. Synaptotagmin-
11 mediates a vesicle trafficking pathway that is essential for development and synaptic
plasticity. Genes Dev (2019) 33(5-6):365-76. doi: 10.1101/gad.320077.118

38. Dingjan I, Linders P, Verboogen D, Revelo N, Ter Beest M, van den Bogaart G.
Endosomal and phagosomal SNAREs. Physiol Rev (2018) 98:1465-92. doi: 10.1152/
PHYSREV.00037.2017

39. Fernandez-Chacon R, Siidhof TC. Novel SCAMPs lacking npf repeats: ubiquitous
and synaptic vesicle-specific forms implicate scamps in multiple membrane-trafficking
functions. ] Neurosci (2000) 20:7941. doi: 10.1523/J]NEUROSCIL.20-21-07941.2000

40. Tabata K, Matsunaga K, Sakane A, Sasaki T, Noda T, Yoshimori T. Rubicon And
PLEKHMI negatively regulate the endocytic/autophagic pathway via a novel rab7-
binding domain. Mol Biol Cell (2010) 21:4162. doi: 10.1091/MBC.E10-06-0495

41. Goel AK, Nandy M, Sharma G. Cisplatin as neoadjuvant chemotherapy in triple
negative breast cancer: Exciting early results. Indian ] Med Paediatr Oncol (2010) 31:76.
doi: 10.4103/0971-5851.73588

42. Huang M, O’Shaughnessy J, Zhao ], Haiderali A, Cortes J, Ramsey SD, et al.
Association of pathologic complete response with long-term survival outcomes in triple-
negative breast cancer: a meta-analysis. Cancer Res (2020) 80:5427-34. doi: 10.1158/0008-
5472.CAN-20-1792

43. Chen S-H, Chang J-Y. New insights into mechanisms of cisplatin resistance: from
tumor cell to microenvironment. Int ] Mol Sci (2019) 20:4136. doi: 10.3390/IJMS20174136

44. Salvagno C, Ciampricotti M, Tuit S, Hau C, van Weverwijk A, Coffelt S, et al.
Therapeutic targeting of macrophages enhances chemotherapy efficacy by unleashing
type i interferon response. (2019) 21:511-21. doi: 10.1038/S41556-019-0298-1

45. Liu W, Wang W, Wang X, Xu C, Zhang N, Di W. Cisplatin-stimulated
macrophages promote ovarian cancer migration via the CCL20-CCR6 axis. Cancer Lett
(2020) 472:59-69. doi: 10.1016/J.CANLET.2019.12.024

46. Kazakova E, Tamshchikov P, Larionova I, Kzhyshkowska J. Macrophage scavenger
receptors: Tumor support and tumor inhibition. Front Oncol (2023) 12:1096897.
doi: 10.3389/fonc.2022.1096897

47. Lindsey S, Langhans SA. Epidermal growth factor signaling in transformed cells.
Int Rev Cell Mol Biol (2015) 314:1. doi: 10.1016/BS.IRCMB.2014.10.001

48. Ali R, Wendt MK. The paradoxical functions of EGFR during breast cancer
progression. Signal Transduct Target Ther (2017) 2:1-7. doi: 10.1038/sigtrans.2016.42

49. Schledzewski K, Géraud C, Arnold B, Wang S, Grone HJ, Kempf T, et al.
Deficiency of liver sinusoidal scavenger receptors stabilin-1 and -2 in mice causes
glomerulofibrotic nephropathy via impaired hepatic clearance of noxious blood factors.
J Clin Invest (2011) 121(2):703-14. doi: 10.1172/]JCI44740

50. Silva-Bermudez LS, Sevastyanova TN, Schmuttermaier C, de la Torre C,
Schumacher L, Kliter H, et al. Titanium nanoparticles enhance production and
suppress stabilin-1-mediated clearance of gdf-15 in human primary macrophages.
Front Immunol (2021) 12:760577. doi: 10.3389/fimmu.2021.760577

51. Kzhyshkowska J. Multifunctional receptor stabilin-1 in homeostasis and disease.
ScientificWorldJournal (2010) 10:2039-53. doi: 10.1100/tsw.2010.189

frontiersin.org


https://doi.org/10.3390/IJMS18071586
https://doi.org/10.1016/J.CCELL.2020.03.007
https://doi.org/10.3389/FIMMU.2021.656364
https://doi.org/10.1158/0008-5472.CAN-18-3962
https://doi.org/10.3390/cancers12061411
https://doi.org/10.3390/CANCERS13133253
https://doi.org/10.3389/fonc.2020.566511
https://doi.org/10.1158/2326-6066.CIR-19-0786
https://doi.org/10.1016/BS.ACR.2015.04.004
https://doi.org/10.1016/BS.ACR.2015.04.004
https://doi.org/10.1016/J.ISCI.2021.103337
https://doi.org/10.1016/J.ISCI.2021.103337
https://doi.org/10.3389/FIMMU.2021.602122
https://doi.org/10.18632/ONCOTARGET.24090
https://doi.org/10.1016/J.CELREP.2017.12.011
https://doi.org/10.1016/J.CELREP.2017.12.011
https://doi.org/10.1080/2162402X.2019.1596004
https://doi.org/10.1158/0008-5472.CAN-20-2990
https://doi.org/10.1158/0008-5472.CAN-12-0888
https://doi.org/10.1093/ANNONC/MDV298
https://doi.org/10.1016/j.imbio.2005.05.022
https://doi.org/10.4049/JIMMUNOL.180.5.3028
https://doi.org/10.1042/0264-6021:3620155
https://doi.org/10.1093/BIOINFORMATICS/BTS635
https://doi.org/10.1093/BIOINFORMATICS/BTS635
https://doi.org/10.1093/NAR/GKY955
https://doi.org/10.1093/BIOINFORMATICS/BTT656
https://doi.org/10.1186/S13059-014-0550-8
https://doi.org/10.1186/S13059-014-0550-8
https://doi.org/10.1038/nrd.2018.169
https://doi.org/10.1189/JLB.0512231
https://doi.org/10.1080/2162402X.2018.1436922
https://doi.org/10.1080/2162402X.2018.1436922
https://doi.org/10.1016/J.IMBIO.2009.03.007
https://doi.org/10.4049/jimmunol.176.10.5825
https://doi.org/10.4049/JIMMUNOL.1500257
https://doi.org/10.18632/oncotarget.8857
https://doi.org/10.18632/oncotarget.8857
https://doi.org/10.1155/2015/975495
https://doi.org/10.1155/2015/975495
https://doi.org/10.1016/s0955-0674(02)00347-2
https://doi.org/10.1016/s0955-0674(02)00010-8
https://doi.org/10.1091/mbc.10.11.3891
https://doi.org/10.1016/J.MOLCEL.2009.12.037
https://doi.org/10.1101/gad.320077.118
https://doi.org/10.1152/PHYSREV.00037.2017
https://doi.org/10.1152/PHYSREV.00037.2017
https://doi.org/10.1523/JNEUROSCI.20-21-07941.2000
https://doi.org/10.1091/MBC.E10-06-0495
https://doi.org/10.4103/0971-5851.73588
https://doi.org/10.1158/0008-5472.CAN-20-1792
https://doi.org/10.1158/0008-5472.CAN-20-1792
https://doi.org/10.3390/IJMS20174136
https://doi.org/10.1038/S41556-019-0298-1
https://doi.org/10.1016/J.CANLET.2019.12.024
https://doi.org/10.3389/fonc.2022.1096897
https://doi.org/10.1016/BS.IRCMB.2014.10.001
https://doi.org/10.1038/sigtrans.2016.42
https://doi.org/10.1172/JCI44740
https://doi.org/10.3389/fimmu.2021.760577
https://doi.org/10.1100/tsw.2010.189
https://doi.org/10.3389/fimmu.2023.1000497
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Larionova et al.

52. Buldakov M, Zavyalova M, Krakhmal N, Telegina N, Vtorushin S, Mitrofanova I,
et al. CD68+, but not stabilin-1+ tumor associated macrophages in gaps of ductal tumor
structures negatively correlate with the lymphatic metastasis in human breast cancer.
Immunobiology (2017) 1:31-8. doi: 10.1016/j.imbi0.2015.09.011

53. Larionova I, Tuguzbaeva G, Ponomaryova A, Stakheyeva M, Cherdyntseva N,
Pavlov V, et al. Tumor-associated macrophages in human breast, colorectal, lung, ovarian
and prostate cancers. Front Oncol (2020) 10:566511. doi: 10.3389/fonc.2020.566511

54. Madden EC, Gorman AM, Logue SE, Samali A. Tumour cell secretome in
chemoresistance and tumour recurrence. Trends Cancer (2020) 6:489-505.
doi: 10.1016/].TRECAN.2020.02.020

55. Perrotta C, Cervia D, Di Renzo I, Moscheni C, Bassi MT, Campana L, et al. Nitric
oxide generated by tumor-associated macrophages is responsible for cancer resistance to

Frontiers in Immunology

15

10.3389/fimmu.2023.1000497

cisplatin and correlated with syntaxin 4 and acid sphingomyelinase inhibition. Front
Immunol (2018) 9:1186. doi: 10.3389/FIMMU.2018.01186

56. LiY, Chen H, Chen M, Liu H, Dai Y, Lv H, et al. Neuroendocrine differentiation is
involved in chemoresistance induced by EGF in prostate cancer cells. Life Sci (2009)
84:882-7. doi: 10.1016/].LFS.2009.03.021

57. Wang C, Wang Y, Hu M, Chai Z, Wu Q, Huang R, et al. Synaptotagmin-11 inhibits
clathrin-mediated and bulk endocytosis. EMBO Rep (2016) 17:47. doi: 10.15252/EMBR.201540689

58. DuC, Wang Y, Zhang F, Yan S, Guan Y, Gong X, et al. Synaptotagmin-11 inhibits cytokine
secretion and phagocytosis in microglia. Glia (2017) 65:1656-67. doi: 10.1002/GLIA.23186

59. Arango Duque G, Fukuda M, Descoteaux A, Guillermo AD, Mitsunori F, Albert D.
Synaptotagmin XI regulates phagocytosis and cytokine secretion in macrophages. |
Immunol (2013) 190:1737-45. doi: 10.4049/jimmunol.1202500

frontiersin.org


https://doi.org/10.1016/j.imbio.2015.09.011
https://doi.org/10.3389/fonc.2020.566511
https://doi.org/10.1016/J.TRECAN.2020.02.020
https://doi.org/10.3389/FIMMU.2018.01186
https://doi.org/10.1016/J.LFS.2009.03.021
https://doi.org/10.15252/EMBR.201540689
https://doi.org/10.1002/GLIA.23186
https://doi.org/10.4049/jimmunol.1202500
https://doi.org/10.3389/fimmu.2023.1000497
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Tumor-associated macrophages respond to chemotherapy by detrimental transcriptional reprogramming and suppressing stabilin-1 mediated clearance of EGF
	Introduction
	Materials and methods
	Patients
	Cell lines
	Monocytes isolation and generation of ex vivo TAMs
	Cisplatin treatment
	Viability assay
	Endocytosis assay
	Flow cytometry
	Cytospin preparation
	Quantitative immunohistochemical analysis of breast cancer samples
	Immunofluorescence and confocal microscopy
	DNA and RNA isolation
	Quantitative real-time PCR analysis
	RNA sequencing and data analysis
	Microarray analysis
	Statistical analysis

	Results
	Cisplatin-based chemotherapy does not decrease the amount of macrophages in remaining tumor tissue of patients with breast cancer
	&Scy;isplatin induces TAM reprogramming
	Transcriptome analysis of ex vivo TAMs induced by cisplatin
	Stabilin-1 mediates uptake of EGF in stably transfected CHO cells
	Cisplatin impairs endocytosis of EGF and acLDL in ex vivo TAMs
	&Scy;isplatin causes the defects in endocytic machinery by reducing membrane biogenesis and vesicular transport
	SYT11 expression is enhanced by NACT in breast cancer patients

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


