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Background: The peritoneal cavity contains many site-specific immune cells

which constitute a unique immune microenvironment. However, it is unclear

how the local immune signature is altered in patients with peritoneal

metastases (PM).

Methods: Peritoneal lavage fluid or ascites were obtained from 122 patients

with various stages of gastric cancer (GC). Cells recovered from peritoneal

fluids were immunostained with mAbs for lymphocyte-, macrophage- and

tumor cell-specific antigens and the frequencies of leukocyte subsets and

antigen expression levels were evaluated with multi-color flowcytometry.

Results: The proportions of CD8(+) T cells, CD3(+)CD56(+) NKT-like cells, and

CD3(-)CD56(+) NK cells to CD45(+) leukocytes were significantly reduced in

patients with PM compared to those without PM. In patients with PM, the rates

of CD8 (+) T cells and NKT-like cells correlated inversely with the tumor

leukocyte ratio (TLR), the relative frequency of CD326(+) tumor cells to

CD45(+) leukocytes. In contrast, the proportion of CD19(+) B cells was

significantly increased in patients with PM, and their proportion correlated

positively with the TLR and peritoneal carcinomatosis index (PCI) score. In

patients with PM, CD14(+) macrophages tended to be increased with enhanced

expression of CD14, CD16 and a M2-macrophage marker, CD163. In particular,

macrophages in patients with high TLR contained many granules with high side

scatter and CD14 expression in their flow profile compared to those without PM.

Conclusion: PM are accompanied by a drastic change in phenotypes of

lymphocyte and macrophage in the peritoneal cavity, which might be

involved in the development and progression of intraperitoneal tumor growth.

KEYWORDS

peritoneal metastasis, flowcytometry (FCM), peritoneal macrophage, gastric cancer,
peritoneal immunity, peritoneal lymphocytes
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Introduction

Gastric cancer (GC) is an important cause of cancer

mortality and morbidity, being the fifth most frequently

diagnosed cancer and the fourth leading cause of cancer

death globally (1). Peritoneal metastases (PM) are common

site of recurrence in patients with GC, especially for the

scirrhous type with serosal exposure (2–4). PM are often

associated with intestinal obstruction, hydronephrosis and/or

accumulation of ascites, which significantly reduces the

quality of life and is associated with an extremely poor

prognosis (5–7). Elucidation of the molecular and cellular

mechanisms responsible for tumor progression in the

peritoneal cavity is extremely challenging, and necessary to

develop novel strategies for the prevention and treatment of

this dismal condition.

The development of PM is a multistep process, from the

detachment of malignant cells from the serosal surface of

the primary tumor, survival in the microenvironment of the

abdominal cavity; attachment of free tumor cells to the

peritoneal surface and invasion of the basement membrane;

and tumor growth with the onset of angiogenesis (8, 9). Host

immunity plays crucial roles in the process of metastasis

formation (10, 11). Previous studies have shown that the

peritoneal cavity usually contains many free-floating immune

cells of various phenotypes which sustain peritoneal homeostasis

and prevent local inflammation (12, 13). Since they can mediate

direct contact with tumor cells exfoliated from the serosal

surface of primary tumors, these immune cells in the

peritoneal fluids are thought to play critical roles in the

pathophysiology of PM.

The human peritoneal surface has markedly distinct

immunological features in comparison to systemic

immunity with abundant resident macrophages and B-1

cells, predominantly CD8(+) over CD4(+) T cells, as well as

abundant soluble factors in the peritoneal fluid (14–17).

However , l i t t l e i s known about how the immune

microenvironment in the peritoneal cavity is modified in

the process of the development of PM. In a previous study

(18), we distinguished tumor cells and leukocytes in the

peritoneal fluids of patients with GC using flowcytometry

and calculated the relative frequency of CD326(+) tumor cells

CD45(+) as the tumor leukocyte ratio (TLR). The results

suggest that the TLR is an excellent biomarker to estimate

peritoneal tumor burden and predict the outcome of the

patients with PM. In this study, we used multicolor

flowcytometry and performed a more detailed analysis of

the phenotypes of intraperitoneal immune cells to estimate

the changes in the immune microenvironment associated

with PM.
Frontiers in Immunology 02
Materials and methods

Patient and samples

Peritoneal lavage fluid or ascites was obtained from 122

patients with gastric cancer (GC) patients treated in the

Department of Gastrointestinal Surgery, Jichi Medical

University from April 2016 until January 2022. Among these

patients, 75 underwent radical gastrectomy with curative intent

and 47 patients with PM confirmed by staging laparoscopy

received chemotherapy. For macrophage analyses, 31 patients

with PM and 48 patients without PM were included. No patients

received chemotherapy before surgery. From patients with

substantial volumes of ascites, 10-20 ml of ascites was

withdrawn. In patients without apparent ascites, the peritoneal

cavity was irrigated with 500ml of normal saline and 250 ml of

the fluid was recovered before surgical maneuver. In patients

with PM, the peritoneal carcinomatosis index (PCI) score was

determined after laparoscopic observation based on the original

method (19). The final score was decided by discussion of two

expert surgeons. Written informed consent was obtained from

all patients. This research was conducted in accordance with the

Declaration of Helsinki and was approved by the Ethics

committee of Jichi Medical University (RIN21-HEN005)
Monoclonal antibodies

Fluorescein Isothiocyanate (FITC)-conjugated mAb to CD4,

phycoerythrin (PE)-conjugated mAb to CD16, CD56,

allophycocyanin (APC)-conjugated mAb to CD14, CD8,

BV605-conjugated mAb to CD11b, CD3, BV711-conjugated

mAb to CD163, CD19 were purchased from BioLegend (San

Diego, CA). FITC-conjugated mAb to CD66b was purchased

from BIO-RAD (Hercules, CA). APC-conjugated mAb to

CD326 (EpCAM) was purchased from Miltenyi Biotec

(Auburn, CA). Fc-blocker, FVS780 were purchased from

Becton-Dickinson (San Jose , CA) and DAPI from

ThermoFisher Scientific (Waltham, MA).
Flow cytometry

After centrifugation of ascites or peritoneal lavage fluid at

1500 rpm for 10min, pellets were resuspended and washed twice

with PBS+0.02% EDTA. During this procedure, most of the cell

clusters were dissociated to form single cell suspensions. The

cells (1x105~1x106) were suspended in 100ml of PBS+0.02%

EDTA and incubated with FVS780 for 15 min to label dead

cells. After washing and Fc-blocking, cells were stained with
frontiersin.org
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conjugated mAbs for 30 min. After fixing and permeabilizing

with Cytofix/Cytoperm (Becton-Dickinson, San Jose, CA), cells

were stained with 0.1mg/ml DAPI and applied to BD LSR

Fortessa™X-20 (Becton-Dickinson, San Jose, CA). For

intracellular staining for IFN-g, prepared cells (1 × 106) were

cultured in RPMI-1640 + 10% FCS for 4 hours at 37°C in the

presence of 50 ng/ml PMA (Wako Chemical), 1 mg/ml

ionomycin (Wako Chemical) and 5.0 ml/mL brefeldin A

(BioLegend). The cells were harvested, fixed, permeabilized

using fixation and permeabilization solution (BD Bioscience)

according to the manufacturer’s instructions and stained with

PE-conjugated IFN-g or isotype control rat IgG1 with mAbs to

CD3, CD8, CD56 and FVS780 to exclude dead cells. The ratio of

IFN-g positive cells was calculated in CD3(+)CD8(+), CD3 (-)

CD56 (+) and CD3 (+)CD56 (+) gated areas using LSR

FortessaTM X-20.
Data analyses

Antigen expression and ratios of well-characterized immune

cell populations were analyzed with Flow Jo™ software (Becton-

Dickinson). The proportion of CD326(+) cell counts to CD45(+)

cell counts was calculated and this value was defined as the

tumor-leukocyte ratio (TLR). The flowcytometry data were

also analyzed with dimensionality reduction and clustering

using Cytobank software (Cytobank, Sanka Clara, CA). FCS

file data gated on more than 15000 lymphocytes or CD14(+)

macrophages were imported from 6 selected donors (3 patients
Frontiers in Immunology 03
with PM and 3 without PM) and t-SNE CUDA and FlowSOM

were run with equal numbers of events per sample using

Cytobank default parameters (iterations=750, perplexity=30,

learning rate=200, early exaggeration=12).
Statistical analysis

Statistical analyses were performed using Graph Pad Prism

8. Comparison between groups was evaluated by the Mann-

Whitney U test. Correlation was analyzed using Spearman’s

rank-order correlation. In all analyses, the standard for a

significant difference was set at p < 0.05.
Results

The TLR in peritoneal fluids

In all samples derived from peritoneal fluid, the expression

of CD326 and CD45 was examined as epithelial and

hematopoietic cell markers, respectively, and the ratio of

CD326(+)CD45(-) tumor cells to CD326(-)CD45(+)

leukocytes was calculated as the TLR (Figure 1 upper panel).

The value of the TLR had large variations from 0% to 790.3%. In

23/75 patients without PM, no CD326(+)CD45(-) tumor cells

were counted among more than 10000 live cells whereas a small

number of CD326(+) cells were detected in the other 52 patients

(Figure 2A left panel), and thus their TLRs were calculated as 0-
FIGURE 1

Gating strategy of lymphocytes, myeloid cells and tumor cells in peritoneal fluid. An example of gating method analyzed by Flow Jo software.
Among the DAPI(+) peritoneal free cells, dead cells were excluded with FVS780. Tumor cells and leukocytes were defined as CD45(-)CD326 (+)
and CD45(+)CD326(-) cells, respectively, and tumor leukocyte ratio (TLR) was calculated as described in Material and Methods. Among the
leukocyte populations, lymphocytes and myeloid cells were distinguished as FSC/SCC profile, and expression of antigens was further examined
in each cell population.
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0.22% (median=0.0032%). In all 47 patients with PM, a

significant number of tumor cells were detected in the flow

profiles (Figure 2A right panel) and their TLRs were 0.002-

790.3% (median=0.14%), which was significantly higher than in

patients without PM (p<0.0001). (Figure 2B).
The frequency of lymphocyte subsets in
patients with and without PM

As shown in Figure 1 (middle panel), lymphocyte subsets

were examined in lymphocyte gate and the results were shown in

Figure 3A. The proportion of CD4(+) T cells to CD45 (+)

leukocytes were not significantly different in patients with or
Frontiers in Immunology 04
without PM. However, the ratio of CD8 (+) T cells was

significantly lower in patients with PM than in those without

PM (median=17.8%, 4.6-46.7%, n=47, vs median=27.8%, 8.3-

67.4%, n=75, p<.0001). The proportion of CD3(+)CD56(+)

NKT-l ike ce l l s was reduced in pat ients wi th PM

(median=2.0%, 0.5-8.6%, n=31, vs median=6.6%, 1.1-24.5%,

n=48, p<.0001). Similarly, the percentage of CD3(-)CD56(+)

NK cells tended to be decreased in patients with PM

(median=5.5%, 0.8-28.4%, n=31, vs median=7.6%, 2.5-25.0%,

n=48, p=0.057). When simulated with PMA and ionomycin,

CD8(+) T cells, CD3(+)CD56(+) NKT-like cells and CD3(-)

CD56(+) NK cells produced high amounts of interferon (IFN)-g
which tended to be more than those in peripheral blood from

healthy donor (Supplementary Figure 1).
A B

FIGURE 2

Tumor leukocyte ratio (TLR) in peritoneal fluids of the patients with or without PM. (A) Examples of flowcytometry profile of cells from the
patients with or without peritoneal metastasis (PM). (B) TLR of 47 PM (+) and 75 PM (-) patients. Differences were evaluated using the Mann-
Whitney U test. ****p <. 0001.
A

B

FIGURE 3

Lymphocyte subsets in peritoneal fluids of the patients with or without PM. (A) The proportion of CD4(+) or CD8(+) T cells, CD3(+)CD56(+)
NKT-like cells, CD3(-)CD56(+) NK cells and CD19(+) B cells to CD45 (+) leukocytes were calculated in patients with or without peritoneal
metastases (PM). Differences were evaluated using the Mann-Whitney U test. ****p <.0001, ***p <.001. (B) Clustering of lymphocyte subsets in
representative patients. FCS data on lymphocytes of 3 patients with PM and 3 without PM were exported and dimensionality reduction and
clustering were performed by t-SNE and FlowSOM using Cytobank software and coloring of the subsets determined by manual gating was shown.
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In contrast, the ratio of CD19(+) B cells was significantly

increased in patients with PM, although there were fewer than

the number of T cells (median=2.5%, 0.1-20.9%, n=38, vs

median=0.9%, 0.06-32.0%, n=64, p=0.0007). We also examined

the phenotype analysis using dimensionality reduction and

clustering method. As shown in Figure 3B, lymphocytes from

6 different patients with or without PM showed clearly different

clustering and the frequencies of each subset showed similar

trends with the results obtained with the traditional biaxial

gating strategy.

The correlation between cell frequencies and tumor burden

in the peritoneal cavity in patients with PM was then examined

in patients with PM (Figure 4). The proportion of CD8(+) T cells

correlated inversely with log10 values of the TLR (r=-0.3269,

p=0.025). The TLR also showed a similar correlation with the

ratio of CD3(+)CD56(+) NKT (r=-0.3977, p=0.027), but not

with the ratio of CD3(-)CD56(+) NK cells. In contrast, the ratio

of CD19(+) B cells correlated positively with the TLR (r=0.5320,

p<0.001) and the peritoneal carcinomatosis index (PCI) score

(r=0.3647, p=0.024). However, there was no association between

the PCI score and the ratios of T, NK and NKT-like cells.
Phenotypic changes of macrophages in
patients with and without PM

Macrophage subsets were examined in 31 patients with PM

and 48 patients without PM in myeloid cell gate (Figure 1, lower

panel). The proportion of the total number of CD14(+)

macrophages to CD45(+) leukocytes tended to be higher in

patients with PM compared to those without PM, although the

difference did not reach statistical significance (median=31.9%,
Frontiers in Immunology 05
5.4-79.8%, vs median=20.9%, 0.3-62.2%, p=0.061) (Figure 5A).

However, the expression of surface markers on the macrophages

showed a marked difference in the presence of PM. The ratio of

CD163(+) M2-type macrophages was significantly higher in

patients with PM (median=70.1%, 4.4-97.1% vs median=31.5,

2.9-94.1, p=0.0001) (Figure 5B). The median of mean

fluorescence intensity (MFI) of CD14 in patients with PM was

2817 (956-8304), which was significantly higher than that in

patients without PM (median=1468, 308-5112, p=0.0008)

(Figure 5C). The MFI of CD16 in the macrophages was

increased more prominently in patients with PM compared to

their counterparts (median=1564, 29-6036 vs median=100, 6-

4477, p<0.0001) (Figure 5D). The macrophages in patients with

PM, especially with high TLR cases showed high side scatter

(SCC) in flow profile and contained large number of granules

under microscopic observation as compared to those without

PM (Figure 5E). In dimensional reduction plots with t-SNE

analysis, CD14(+) monocyte populations showed clearly

different distribution between patients with or without PM

(Figure 6). As shown in upper 3 panels, cells with high CD14

and CD16 expressions were scarce in patients without PM. In

contrast, macrophages with CD14highCD16high phenotype

markedly increased in lower 3 patients with PM. In addition,

CD163(+) macrophages were most ly inc luded in

CD14highCD16high cell populations and showed high SCC.

As shown in Figure 7, the SCC of CD14(+) macrophages in

flow profiles correlated positively with log10TLR (r=0.4812,

p=0.006). The the MFI of CD14 also showed positive

correlation with TLR. In contrast, the MFI of CD16 and ratio

of CD163(+) M2-type macrophages did not show an association

with the TLR but correlated inversely with the PCI

score (Figure 7).
FIGURE 4

Correlation between frequencies of lymphocyte subsets and the tumor leukocyte ratio (TLR) or peritoneal carcinomatosis index (PCI) score in
patients with peritoneal metastases. The X axis was plotted as log10 values of the TLR (upper) or PCI score (Lower). The Y axis was proportions
of CD8(+) T cells, CD3(+)CD56(+) NKT-like cells, CD3(-)CD56(+) NK cells and CD19(+) B cells. Correlations were analyzed by Spearman’s rank-
order correlation test. n.s., not significant.
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Impact of the frequency of immune cell
types on patient outcome

Finally, we examined the correlation of the frequency of

these cell types and patient outcome. In patients without PM,

overall survival (OS) and disease-free survival (DFS) tended to

be better in patients with high ratio of CD8(+) T cell or CD3(-)

CD56(+) NK cells compared to those with low ratio of these

cells, although the difference did not reach the statistical

significance (Supplementary Figure 2). On the other hand, OS

and DFS of the patients with low ratio of CD14(+) macrophages

tended to be better than their counterparts.

In patients who received intraperitoneal chemotherapy,

peritoneal cytology (CY) was measured in 31 patients before

treatment. The ratio of NK cells tended to be high in 13 CY (-)

compared to 18 CY(+) patients (p=0.075) (Supplementary

Figure 3A). In patients of the latter group, CY turned to be

negative in 9, while remained positive in 5 patients after one

course of chemotherapy. The proportion of CD3(-)CD56(+) NK

cells was significantly higher in patients with negative CY change

compared to counterparts (p=0.004)(Supplementary Figure 3B).

Ascites was detected with CT image in 37 patients before the

treatment and the change of ascitic volume was evaluated in 26

patients after 3 courses of chemotherapy. In those patients, ascites

was greatly reduced or disappeared in 18 patients while increased

or unchanged in 8 patients. The ratio of NK cells was significantly
Frontiers in Immunology 06
higher in 18 patients who showed good response as compared

with other 8 patients (p=0.041) (Supplementary Figure 3C).

However, the ratios of these immune cells including NK cell

showed no significant correlation with OS or progression free

survival (PFS) of the patients with PM, presumably because the

outcome of these patients is strongly dependent on the

sensitivity of tumor cells to intraperitoneal chemotherapy.
Discussion

The peritoneal cavity is the largest space in the human body

and is lined by peritoneum consisting of a single layer of

mesothelial cells and a sub-mesothelial basement membrane

(20). In physiological conditions, the cavity contains a small

amount of fluid containing various immune cells which are

considered to patrol the peritoneal surface to preserve tissue

homeostasis and secure tissue repair (12, 21). Although these

immune cells are supposed to have a protective role against the

growth of peritoneal tumors, the modifications of peritoneal

immunity in the process of PM is unclear.

In the present study, the phenotypes of lymphocytes and

macrophages in peritoneal fluids were found to be markedly

altered by the presence of PM in patients with GC. First, the

ratios of CD8 (+) T cells, CD3(+)CD56(+) NKT cells and

CD3(-)CD56(+) NK cells, all of which have direct cytotoxic
A
B D

E

C

FIGURE 5

Characteristics of macrophages in the peritoneal fluids of the patients with or without peritoneal metastases (PM). (A) The proportion of CD14(+)
macrophages to CD45 leukocytes. (B) The proportion of CD163(+) M2-type macrophages to CD14(+) total macrophages. Mean fluorescein
intensities (MFI) of CD14 (C) and CD16 (D) in CD14(+) macrophages. (E) Examples of FSC/SCC profile and microscopic features of macrophages
obtained from the patients with or without PM. Scale bar:20µm Differences were examined using Mann-Whitney U test. ***p <.001;
****p<.0001.
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effects against tumor cells, were significantly decreased in

patients with PM. Papadopoulos et al. reported that CD8(+) T

cells and CD56(+) NK cells were depleted in the ascites from

patients with PM of ovarian cancer (22). Yunusova et al. showed
Frontiers in Immunology 07
that NK cells in malignant ascites were decreased compared to

those in ascites with benign ovarian tumors (23). The results in

this study on gastric cancer are consistent with the previous

reports regarding ovarian cancer.

In patients without PM, the ratios of CD8(+) T cells and

CD3(-)CD56(+) NK cells in peritoneal fluids inversely

correlated with the survival. Moreover, T, NK and NKT-like

cells in peritoneal fluids produced high levels of intracellular

IFN-g as compared with circulating cells in healthy donor. This

indicates that these peritoneal cells are not exhausted, but fully

functional and suggest that a reduced number of these effector

cells in the peritoneal cavity may be critical for the

development of PM. In patients with PM, the proportions of

CD8(+) T cells and NKT-like cells correlate inversely with the

TLR, suggesting that the impaired effector functions may

facilitate the rapid growth of free tumor cells in the

peritoneal cavity. However, the frequency of these cells does

not correlate with the PCI score. Since the PCI score reflects the

macroscopic tumor burden in the peritoneum, free effector

cells in peritoneal space may not be directedly related to the

growth of established peritoneal tumors.

Instead, the proportion of B cells correlate positively with

both TLR and PCI score. B cells can exert anti-tumor immunity

through secretion of tumor-specific antibodies, promoting T cell

responses, cytokine production, and a high density of tumor

infiltrating B cells is generally associated with a better prognosis

in patients with most cancers (24, 25). However, further

evidence suggests that B cells can develop into regulatory B

c e l l s (B - r e g s ) wh i ch p roduc e h i gh amoun t s o f

immunosuppressive cytokines leading to tumor progression

(26, 27). From the results of this study, B cells in the

peritoneal cavity are supposed to mostly share the

functionality of B-regs to support the growth of PM.
FIGURE 6

Expression of markers in t-SNE map of macrophages in the
peritoneal fluids of the patients with or without peritoneal
metastases (PM). FCS data on CD14(+) macrophages of 3
patients with (lower 3 panels) and without PM (upper 3 panels)
PM were exported and t-SNE visualizations were produced using
Cytobank software. Antigen expression levels for CD14, CD16,
CD163 and SCC were overlayed as a color dimension on t-SNE
maps.
FIGURE 7

Correlation between macrophage features and the tumor leukocyte ratio (TLR) or peritoneal carcinomatosis index (PCI) score in patients with
peritoneal metastases. The X axis was plotted aslog10 values of the TLR (upper) or PCI score (lower). The Y axis was the mean values of side
scatter, mean fluorescein intensities (MFI) of CD14, CD16, and ratio of CD163(+) M2-type macrophages to CD14(+) total macrophages.
Correlations were analyzed by Spearman’s rank-order correlation test. n.s., not significant.
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Myeloid-derived suppressor cell (MDSC) is another

important component of immune cells in cancer patients. In

CD11b(+) myeloid cells, cells with CD15(+) CD14(-)HLA-

DR(-) and CD14(+) CD15(-) HLA-DR low/(-) phenotype are

considered as PMN-MDSC and M-MDSC in human peripheral

blood, respectively (28). In this study, we separated CD11b(+)

c e l l s in pe r i t onea l flu id in to CD66b(+ )CD14( - )

polymorphonuclear cells (PMN) and CD66b(-)CD14(+)

macrophages. As shown in Supplementary Figure 4, most of

the CD66b(+)CD14(-) PMN were CD15(+) and HLA-DR(-)

and inhibited the proliferation of T cells stimulated with coated

anti-CD3 mAb (Supplementary Figure 4). On the other hand,

CD66b(-)CD14(+) macrophages expressed high levels of HLA-

DR and potently inhibited T cell proliferation. Although their

phenotype was clearly different from M-MDSC in in peripheral

blood, the macrophages might be considered as the M-MDSC in

peritoneal cavity.

Indeed, the number of CD14(+) macrophages tended to be

increased in patients with PM. More impressively, their

phenotypes were drastically changed with enhanced surface

expression of CD14, CD16 and CD163. Blood monocytes have

been reported to be classified into two major types of monocytes,

CD14++ CD16− classical and the CD14+ CD16+ nonclassical

monocytes (29, 30). A recent study showed that peritoneal

macrophages are also classified into 3 phenotypes, CD14++

CD16-, CD14++CD16+ and CD14highCD16high group, although

their expression pattern was different from blood monocytes

(31). In that report, CD14highCD16high macrophages highly

expressed GATA6 as well as activation/maturation markers

such as CD206 and HLA-DR and were considered to be a

mature phenotype of human resident peritoneal macrophages.

Although the expression patterns of CD14 and CD16 in

macrophages in the present study are mostly consistent with

the previous results, the expression levels of CD16 and CD14

were markedly increased in macrophages from the patients with

PM. In particular, macrophages obtained from the patients with

a high TLR showed extremely high expression levels of CD14

with high granularity. Previous studies showed that short-term

incubation with lipopolysaccharide (LPS) decreased mCD14,

whereas long-term treatment with LPS resulted in increased

membranous CD14 expression on monocytes (32) as well as

alveolar macrophages (33). From these data, the increased

numbers of macrophages with the CD14highCD16high

phenotype in patients with PM are thought to be the resident

macrophages chronically stimulated by tumor cells in the

peritoneal cavity.

The CD14highCD16high macrophages in patients with PM also

highly expressedCD163, anothermarker ofM2-typemacrophages.

In solid tumors, tumor associated macrophages (TAM) have been

reported to be largely M2 phenotype macrophages, promoting a

pro-angiogenic and immunosuppressive signal (34, 35). Previous
Frontiers in Immunology 08
studies have shown that macrophages co-cultured with

gastric cancer cells likely differentiate into M2-type TAMs

and have evident immunosuppressive effects on diffuse-type

gastric cancer (36, 37). Moreover, peritoneal macrophages

are shown to be phenotypically and functionally polarized to

the M2 phenotype in patients with PM from gastric (38, 39)

and ovarian (40) cancers. A recent study has demonstrated

that cavity-resident macrophages with high expression of

Tim-4 reduces the numbers of CD8+ T cells in pleural

effusions and peritoneal ascites from patients with cancer

(41). The results of the present study are consistent with

those results and suggest that tumor cells exposed to

peritoneal cavity can increase number of CD14highCD16high

macrophages which may play a pivotal role on the

development of PM in patients with GC.

In conclusion, the number of T NK and NKT-like cells

decreased while B cells and M2-type resident macrophages

increased in the peritoneal cavity of the patients with PM.

This altered immune cell composition can induce local

immunosuppression which may be crucial for the growth of

tumor cells exfoliated from the primary tumor. Further analysis

focused on the function of these intraperitoneal immune cells,

including single cell RNA sequence analyses, is necessary to

define the immune landscape in peritoneal cavity which is

related with the development and progression of PM. The

results would provide useful information to identify novel

clinical biomarkers and therapeutic targets for GC with

possible peritoneal involvement.
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SUPPLEMENTARY FIGURE 1

Cells from peripheral blood and peritoneal fluids were cultured in the

presence of 50 ng/ml PMA and 1 mg/ml ionomycin with 5.0 ml/mL
brefeldin A for 4 hours. The cells were immunestained with mAbs to

IFN-g as well as CD3, CD8 and CD56 and the ratio of cells positive for
intracellular IFN-g in CD3(+)CD8(+) T cell, CD3(-)CD56(+) NK cell, and

CD3(+)CD56(+) NKT-like cell were evaluated with flow cytometry. (A)
Flowcytometry profile of representative cases. (B) The rates of IFN-g (+)
cells in lymphocyte subsets derived from peritoneal fluids of 3 patients

and circulating blood from 3 healthy donors.

SUPPLEMENTARY FIGURE 2

The patients without peritoneal metastasis were divided into two groups

with the mean values of the ratios of CD8(+) T cells or CD3(-)CD56(+) NK
cells and CD14(+) macrophages to CD45(+) leukocytes as the cut off, and

their overall survival (OS) and disease-free survival (DFS) were examined

with Kaplan-Meir method. P values were calculated with log-rank test.

SUPPLEMENTARY FIGURE 3

(A)The proportion of CD3(-)CD56(+) NK cells in positive (CY1) and negative

(CY0) peritoneal cytology in patients with peritoneal metastasis. (B) The
proportion of NK cells in patients with or without negative change of

cytology after one course of intraperitoneal chemotherapy. (C) The

proportion of NK cells in 18 patients with ascites. Ascites was evaluated in
CT image before and after 3 courses of chemotherapy. Differences were

examined using Mann-Whitney U test. *p <.05.

SUPPLEMENTARY FIGURE 4

(A)Flowcytometric profile of CD11b(+) myeloid cells in peritoneal fluid of 2

representative patients. (B) T cell proliferation assessed with standard

CFSE dilution methods. Anti-CD3mAb were incubated in 96 well plates at
a concentration of 5mg/ml overnight. CD66b(+) PMN or CD14(+)

macrophages were purified from the peritoneal fluid of a patient with
positive selection using MACS method. PBMC (2x105) labeled with CFSE

were seeded in the plate with or without the purified the myeloid cells
(5x104). After 4 days culture, cells were harvested and stained with PE-

conjugated anti-CD4mAb and APC-conjugated anti-CD8(+) mAbs and

CFSE signal was analyzed by flow cytometry on gated either CD4(+) or
CD8(+) T lymphocytes.
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49.
doi: 10.3322/caac.21660

2. Yoo CH, Noh SH, Shin DW, Choi SH, Min JS. Recurrence following curative
resection for gastric carcinoma. Br J Surg (2000) 87(2):236–42. doi: 10.1046/j.1365-
2168.2000.01360.x

3. Nashimoto A, Akazawa K, Isobe Y, Miyashiro I, Katai H, Kodera Y, et al.
Gastric cancer treated in 2002 in Japan: 2009 annual report of the JGCA nationwide
registry. Gastric Cancer (2013) 16(1):1–27. doi: 10.1007/s10120-012-0163-4

4. Coccolini F, Cotte E, Glehen O, Lotti M, Poiasina E, Catena F, et al.
Intraperitoneal chemotherapy in advanced gastric cancer. meta-analysis of
randomized trials. Eur J Surg Oncol (2014) 40(1):12–26. doi: 10.1016/
j.ejso.2013.10.019

5. Kitayama J, Ishigami H, Yamaguchi H, Sakuma Y, Horie H, Hosoya Y, et al.
Treatment of patients with peritoneal metastases from gastric cancer. Ann
Gastroenterol Surg (2018) 2(2):116–23. doi: 10.1002/ags3.12060
6. Zheng LN, Wen F, Xu P, Zhang S. Prognostic significance of malignant
ascites in gastric cancer patients with peritoneal metastasis: A systemic review and
meta-analysis. World J Clin cases (2019) 7(20):3247–58. doi: 10.12998/
wjcc.v7.i20.3247

7. Yarema R, Hyrya P, Kovalchuk Y, Safiyan V, Karelin I, Ferneza S, et al.
Gastric cancer with peritoneal metastases: Efficiency of standard treatment
methods. World J Gastrointest Oncol (2020) 12(5):569–81. doi: 10.4251/
wjgo.v12.i5.569

8. Jayne D. Molecular biology of peritoneal carcinomatosis. Cancer Treat Res
(2007) 134:21–33. doi: 10.1007/978-0-387-48993-3_2

9. Yonemura Y, Ishibashi H, Mizumoto A, Tukiyama G, Liu Y, Wakama S, et al.
The development of peritoneal metastasis from gastric cancer and rationale of
treatment according to the mechanism. J Clin Med (2022) 11(2): 414–430.
doi: 10.3390/jcm11020458

10. Lambert AW, Pattabiraman DR, Weinberg RA. Emerging biological
principles of metastasis. Cell (2017) 168(4):670–91. doi: 10.1016/j.cell.
2016.11.037
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2022.969468/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.969468/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.1046/j.1365-2168.2000.01360.x
https://doi.org/10.1046/j.1365-2168.2000.01360.x
https://doi.org/10.1007/s10120-012-0163-4
https://doi.org/10.1016/j.ejso.2013.10.019
https://doi.org/10.1016/j.ejso.2013.10.019
https://doi.org/10.1002/ags3.12060
https://doi.org/10.12998/wjcc.v7.i20.3247
https://doi.org/10.12998/wjcc.v7.i20.3247
https://doi.org/10.4251/wjgo.v12.i5.569
https://doi.org/10.4251/wjgo.v12.i5.569
https://doi.org/10.1007/978-0-387-48993-3_2
https://doi.org/10.3390/jcm11020458
https://doi.org/10.1016/j.cell.2016.11.037
https://doi.org/10.1016/j.cell.2016.11.037
https://doi.org/10.3389/fimmu.2022.969468
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Takahashi et al. 10.3389/fimmu.2022.969468
11. El-Kenawi A, Hanggi K, Ruffell B. The immune microenvironment and
cancer metastasis. Cold Spring Harb Perspect Med (2020) 10(4). doi: 10.1101/
cshperspect.a037424

12. Liu M, Silva-Sanchez A, Randall TD, Meza-Perez S. Specialized immune
responses in the peritoneal cavity and omentum. J Leukoc Biol (2021) 109(4):717–
29. doi: 10.1002/JLB.5MIR0720-271RR

13. Okabe Y. Immune niche within the peritoneal cavity. Curr Top Microbiol
Immunol (2021) 434:123–34. doi: 10.1007/978-3-030-86016-5_6

14. Melichar B, Freedman RS. Immunology of the peritoneal cavity: Relevance
for host-tumor relation. Int J Gynecol Cancer (2002) 12(1):3–17. doi: 10.1046/
j.1525-1438.2002.01093.x

15. Sedlacek AL, Gerber SA, Randall TD, van Rooijen N, Frelinger JG, Lord EM.
Generation of a dual-functioning antitumor immune response in the peritoneal
cavity. Am J Pathol (2013) 183(4):1318–28. doi: 10.1016/j.ajpath.2013.06.030

16. Mikula-Pietrasik J, Uruski P, Tykarski A, Ksiazek K. The peritoneal "soil" for
a cancerous "seed": A comprehensive review of the pathogenesis of intraperitoneal
cancer metastases. Cell Mol Life Sci (2018) 75(3):509–25. doi: 10.1007/s00018-017-
2663-1

17. Cassado Ados A, de Albuquerque JA, Sardinha LR, Buzzo Cde L, Faustino L,
Nascimento R, et al. Cellular renewal and improvement of local cell effector activity
in peritoneal cavity in response to infectious stimuli. PloS One (2011) 6(7):e22141.
doi: 10.1371/journal.pone.0022141

18. Takahashi K, Kurashina K, Saito S, Kanamaru R, Ohzawa H, Yamaguchi H,
et al. Flow cytometry-based analysis of tumor-leukocyte ratios in peritoneal fluid
from patients with advanced gastric cancer. Cytometry B Clin Cytom (2021) 100
(6):666–75. doi: 10.1002/cyto.b.21978

19. Jacquet P, Sugarbaker PH. Clinical research methodologies in diagnosis and
staging of patients with peritoneal carcinomatosis. PH Sugarbaker, editor. Boston
(MA: Kluwer Academic Publishers (1996) p. 359–74.

20. van Baal JO, Van de Vijver KK, Nieuwland R, van Noorden CJ, van Driel
WJ, Sturk A, et al. The histophysiology and pathophysiology of the peritoneum.
Tissue Cell (2017) 49(1):95–105. doi: 10.1016/j.tice.2016.11.004

21. Isaza-Restrepo A, Martin-Saavedra JS, Velez-Leal JL, Vargas-Barato F,
Riveros-Duenas R. The peritoneum: Beyond the tissue - a review. Front Physiol
(2018) 9:738. doi: 10.3389/fphys.2018.00738

22. Papadopoulos N, Kotini A, Cheva A, Jivannakis T, Manavis J, Alexiadis G,
et al. Gains and losses of CD8, CD20 and CD56 expression in tumor stroma-
infiltrating lymphocytes compared with tumor-associated lymphocytes from ascitic
fluid and lymphocytes from tumor draining lymph nodes in serous papillary
ovarian carcinoma patients. Eur J Gynaecol Oncol (2002) 23(6):533–6.

23. Yunusova NV, Stakheyeva MN, Molchanov SV, Afanas'ev SG, Tsydenova
AA, Kolomiets LA, et al. Functional activity of natural killer cells in biological fluids
in patients with colorectal and ovarian cancers. Cent Eur J Immunol (2018) 43
(1):26–32. doi: 10.5114/ceji.2018.74870

24. Wang SS, Liu W, Ly D, Xu H, Qu L, Zhang L. Tumor-infiltrating b cells:
their role and application in anti-tumor immunity in lung cancer. Cell Mol
Immunol (2019) 16(1):6–18. doi: 10.1038/s41423-018-0027-x

25. Laumont CM, Banville AC, Gilardi M, Hollern DP, Nelson BH. Tumour-
infiltrating b cells: immunological mechanisms, clinical impact and therapeutic
opportunities.Nat Rev Cancer (2022) 22(7):414–30. doi: 10.1038/s41568-022-00466-1

26. Rosser EC, Mauri C. Regulatory b cells: origin, phenotype, and function.
Immunity (2015) 42(4):607–12. doi: 10.1016/j.immuni.2015.04.005
Frontiers in Immunology 10
27. Catalan D, Mansilla MA, Ferrier A, Soto L, Oleinika K, Aguillon JC, et al.
Immunosuppressive mechanisms of regulatory b cells. Front Immunol (2021)
12:611795. doi: 10.3389/fimmu.2021.611795

28. Bronte V, Brandau S, Chen SH, Colombo MP, Frey AB, Greten TF, et al.
Recommendations for myeloid-derived suppressor cell nomenclature and
characterization standards. Nat Commun (2016) 7:12150. doi: 10.1038/
ncomms12150

29. Geissmann F, Jung S, Littman DR. Blood monocytes consist of two principal
subsets with distinct migratory properties. Immunity (2003) 19(1):71–82.
doi: 10.1016/s1074-7613(03)00174-2

30. Ziegler-Heitbrock L. The CD14+ CD16+ blood monocytes: their role in
infection and inflammation. J Leukoc Biol (2007) 81(3):584–92. doi: 10.1189/
jlb.0806510

31. Ruiz-Alcaraz AJ, Carmona-Martinez V, Tristan-Manzano M, Machado-
Linde F, Sanchez-Ferrer ML, Garcia-Penarrubia P, et al. Characterization of human
peritoneal monocyte/macrophage subsets in homeostasis: Phenotype, GATA6,
phagocytic/oxidative activities and cytokines expression. Sci Rep (2018) 8
(1):12794. doi: 10.1038/s41598-018-30787-x

32. Landmann R, Knopf HP, Link S, Sansano S, Schumann R, Zimmerli W.
Human monocyte CD14 is upregulated by lipopolysaccharide. Infect Immun
(1996) 64(5):1762–9. doi: 10.1128/iai.64.5.1762-1769.1996

33. Haugen TS, Nakstad B, Skjonsberg OH, Lyberg T. CD14 expression and
binding of lipopolysaccharide to alveolar macrophages and monocytes.
Inflammation (1998) 22(5):521–32. doi: 10.1023/a:1022302228051

34. Mantovani A, Sica A. Macrophages, innate immunity and cancer: balance,
tolerance, and diversity. Curr Opin Immunol (2010) 22(2):231–7. doi: 10.1016/
j.coi.2010.01.009

35. Gambardella V, Castillo J, Tarazona N, Gimeno-Valiente F, Martinez-
Ciarpaglini C, Cabeza-Segura M, et al. The role of tumor-associated
macrophages in gastric cancer development and their potential as a therapeutic
target. Cancer Treat Rev (2020) 86:102015. doi: 10.1016/j.ctrv.2020.102015

36. Tauchi Y, Tanaka H, Kumamoto K, Tokumoto M, Sakimura C, Sakurai K,
et al. Tumor-associated macrophages induce capillary morphogenesis of lymphatic
endothelial cells derived from human gastric cancer. Cancer Sci (2016) 107
(8):1101–9. doi: 10.1111/cas.12977

37. Ge S, Xia X, Ding C, Zhen B, Zhou Q, Feng J, et al. A proteomic landscape of
diffuse-type gastric cancer. Nat Commun (2018) 9(1):1012. doi: 10.1038/s41467-
018-03121-2

38. Yamaguchi T, Fushida S, Yamamoto Y, Tsukada T, Kinoshita J, Oyama K,
et al. Tumor-associated macrophages of the M2 phenotype contribute to
progression in gastric cancer with peritoneal dissemination. Gastric Cancer
(2016) 19(4):1052–65. doi: 10.1007/s10120-015-0579-8

39. Eum HH, Kwon M, Ryu D, Jo A, ChungW, Kim N, et al. Tumor-promoting
macrophages prevail in malignant ascites of advanced gastric cancer. Exp Mol Med
(2020) 52(12):1976–88. doi: 10.1038/s12276-020-00538-y

40. Steitz AM, Steffes A, Finkernagel F, Unger A, Sommerfeld L, Jansen JM,
et al. Tumor-associated macrophages promote ovarian cancer cell migration by
secreting transforming growth factor beta induced (TGFBI) and tenascin c. Cell
Death Dis (2020) 11(4):249. doi: 10.1038/s41419-020-2438-8

41. Chow A, Schad S, Green MD, Hellmann MD, Allaj V, Ceglia N, et al. Tim-4
(+) cavity-resident macrophages impair anti-tumor CD8(+) T cell immunity.
Cancer Cell (2021) 39(7):973–988 e9. doi: 10.1016/j.ccell.2021.05.006
frontiersin.org

https://doi.org/10.1101/cshperspect.a037424
https://doi.org/10.1101/cshperspect.a037424
https://doi.org/10.1002/JLB.5MIR0720-271RR
https://doi.org/10.1007/978-3-030-86016-5_6
https://doi.org/10.1046/j.1525-1438.2002.01093.x
https://doi.org/10.1046/j.1525-1438.2002.01093.x
https://doi.org/10.1016/j.ajpath.2013.06.030
https://doi.org/10.1007/s00018-017-2663-1
https://doi.org/10.1007/s00018-017-2663-1
https://doi.org/10.1371/journal.pone.0022141
https://doi.org/10.1002/cyto.b.21978
https://doi.org/10.1016/j.tice.2016.11.004
https://doi.org/10.3389/fphys.2018.00738
https://doi.org/10.5114/ceji.2018.74870
https://doi.org/10.1038/s41423-018-0027-x
https://doi.org/10.1038/s41568-022-00466-1
https://doi.org/10.1016/j.immuni.2015.04.005
https://doi.org/10.3389/fimmu.2021.611795
https://doi.org/10.1038/ncomms12150
https://doi.org/10.1038/ncomms12150
https://doi.org/10.1016/s1074-7613(03)00174-2
https://doi.org/10.1189/jlb.0806510
https://doi.org/10.1189/jlb.0806510
https://doi.org/10.1038/s41598-018-30787-x
https://doi.org/10.1128/iai.64.5.1762-1769.1996
https://doi.org/10.1023/a:1022302228051
https://doi.org/10.1016/j.coi.2010.01.009
https://doi.org/10.1016/j.coi.2010.01.009
https://doi.org/10.1016/j.ctrv.2020.102015
https://doi.org/10.1111/cas.12977
https://doi.org/10.1038/s41467-018-03121-2
https://doi.org/10.1038/s41467-018-03121-2
https://doi.org/10.1007/s10120-015-0579-8
https://doi.org/10.1038/s12276-020-00538-y
https://doi.org/10.1038/s41419-020-2438-8
https://doi.org/10.1016/j.ccell.2021.05.006
https://doi.org/10.3389/fimmu.2022.969468
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Altered intraperitoneal immune microenvironment in patients with peritoneal metastases from gastric cancer
	Introduction
	Materials and methods
	Patient and samples
	Monoclonal antibodies
	Flow cytometry
	Data analyses
	Statistical analysis

	Results
	The TLR in peritoneal fluids
	The frequency of lymphocyte subsets in patients with and without PM
	Phenotypic changes of macrophages in patients with and without PM
	Impact of the frequency of immune cell types on patient outcome

	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


