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ABSTRACT

OBJECTIVES: CD14+ macrophages within a tumor or in periph-
eral blood (PB) are cytotoxic during the early stages but support can-
cer cell proliferation in the late stages. We investigated the role of in-
flammatory cells in ascites in patients with colorectal cancer (CRC).

METHODS: We prospectively enrolled 18 consecutive patients
with CRC and 5 patients with inguinal hernia (IH) requiring lapa-
roscopic approach. Inflammatory cells in the peritoneal fluid were
enumerated. To investigate the function of the major fraction, we
collected CD45+ and CD14+ cells (approximately 5 x 10° cells) by
fluorescence-activated cell sorting and analyzed CD14+ cells in as-
cites and PB using M1 (TNFo, iNOS, and CCR2) and M2 markers
(ARG, IL-10, and TGF- B). HCT116 cells (colon cancer) were co-
cultured with CD14+ macrophages from ascites and PB from patients
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to investigate cancer cell proliferation.

RESULTS: There were no significant differences in CD14+ cell
numbers (mean, 5.5 vs. 10.1%) in the peritoneal fluid of the two
groups, but TNFa levels in CRC ascites macrophages were signifi-
cantly higher than those from PB of IH (p < 0.01). CD14+ cells from
ascites of patients with CRC better suppressed cancer cell prolifera-
tion (p < 0.01), but cancer cell proliferation persisted in the presence
of TNFa antibodies (p < 0.01).

CONCLUSIONS: Myeloid-derived CD14+ cells in the environ-
ment of ascites can infiltrate in tumors of patients with CRC; they
appear to be M1 macrophages, and expression of TNFa can suppress
the growth of CRC cells.

Key words: Colorectal cancer; Ascites; Surgery; Tumor necrosis
factor-a; Tumor-associated macrophages
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INTRODUCTION

Inflammatory cells are a key component of the ecological niche of
colorectal cancer (CRC), and an inflammatory microenvironment is
now recognized to be integral to cancer progression. Thus, paradigms
have shifted from a cancer-cell-centric view to one that encompasses
the tumor microenvironment, including inflammatory cells!'.
Monocytes and macrophages are a major component of the leukocyte
infiltrate in all tumors and they work to effectively suppress anti-
cancer immunity and assist cancer promotion by interacting with
lymphocyte subsets. Recently, tumor-associated macrophages
(TAM) have reported to both support and inhibit cancer. Thus, while
bisphosphonate, zoledronic acid, and CCL2 inhibitor have been
shown to deplete macrophages or their migration to breast or prostate
cancer®®, Zhao et al. have reported that, in CRC, myeloid CD11b+
/Grlmid cells were recruited to liver metastases to promote tumor
cell proliferation'*. TAM have been primarily described as having an
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M2-like phenotype but switching to a predominantly M1 phenotype
has been proposed as a key anti-cancer immunotherapeutic treatment
strategy®®. TAMs are known to promote tumor progression and are
associated with poor prognosis”.

Recent data show that myeloid-derived suppressor cells (MDSC;
Lin-/lowHLA-DR-CD11b+ CD33+) are present in the circulation
in CRC, that they inhibit T-cell proliferation, and that, compared to
those from healthy individuals, are closely correlated with clinical
cancer stage and tumor metastasis™.

On the other hand, Foxp3+ CD25+ CD4+ regulatory T-cells,
which suppress aberrant immune response against self-antigens,
also suppress anti-tumor immune response. Additionally, it is now
well substantiated that a large number of these regulatory T-cells
infiltrate the tumor tissues of various cancers and that their abundant
presence is often associated with poor clinical prognosis®”. CD8+
T lymphocytes are a known crucial component of cell-mediated
immunity and Mei et al have demonstrated that greater CD8+ T-cell
numbers in tumor stroma infiltrates indicates good survivall'®,

While previous studies have investigated the roles of MDSC and
regulatory T-cells in cancer tissue and peripheral blood (PB)®*'", little
is known about inflammatory cells in ascites and how they display
immunotolerance toward malignant cells in the ascites. Therefore,
we compared inflammatory myeloid cell fraction in CRC ascites with
normal ascites using markers for macrophages (CD14), in addition to
CD4 T-cells, CD8 T-cells, and CD19 B-cells.

MATERIALS AND METHODS

Patients with clinically confirmed CRC or inguinal hernia (IH),
diagnosed at our hospital between January 2017 and July 2019,
were eligible before inclusion in this study was performed in
accordance with the ethical standards of the Committee on Human
Experimentation of our institution (Institutional Review Board No.18-
257), and we excluded all cases of emergency surgery or multiple
cancers. The following factors were compared between the CRC
group and the non-CRC group (IH group), namely, age, gender, white
blood cell counts, cancer stage, and inflammatory cell population in
ascites. Ascites was aspirated during laparoscopic surgery using the
Opti4 system (Medtronic Inc., Minneapolis, MN). In the absence of
ascites in the peritoneal cavity, ascites was diluted with saline.

Flow cytometry

Ascites were filtered through a cell strainer (Mesh 35um) with
SmL tube, centrifuged at 300 xg for 10 minutes at 4[], and the
supernatant removed. Next, 0.01 mol/L of PBS/FBS was added,
mixed thoroughly, the cells counted, the concentration adjusted
to approximately 1 x 10° cells, and 100 pL of the prepared cell
suspension distributed to test tubes. FC Block (BD/Pharmingen
Franklin Lakes, NJ) was aliquoted into 2.5 pL tubes, allowed to react
for 10 minutes in a cool dark place, the FC Receptor blocked, and
antibody finally added. For cell sorting, leukocyte fractions were
identified by forward scatter (FSC) and side scatter (SSC) analyses,
and dead cells were removed by 4',6-diamidino-2-phenylindole
(DAPI) staining (Vector Laboratories,Burlingame,CA). For staining
of surface antigens, inflammatory cells were stained with CD4-
PE, CD8-FITC, CD14-PE, CD19-APC, and CD45-PerCP (all
from TONBO). Viability was determined via DAPI staining. Flow
cytometry analyses were performed on Fluorescence-activated cell
sorting (FACS) Verse (BD, Immunocytometry Systems, San Jose,
CA). For data analysis, we used CellQuestPro (BD/Pharmingen,
Franklin Lakes, NJ), and FlowJo (Tree Star, Ashland, OR). CD45
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positive and CD14 positive cells were sorted by FACS Aria III (BD
Biosciences Franklin Lakes, NJ) and collected approximately 5 x
10cells (Figure 1A).

After surgical resection of the CRC, all specimens were histo-
pathologically reviewed, and the pathological classification and stage
determined according to the TNM staging system (American Joint
Committee on Cancer, AJCC).

Quantification of Cytokine mRNA Expression in CD14 cells by
Reverse- Transcription Polymerase Chain Reaction

For qPCR, using NucleoSpin RNA Plus (TAKARA Bio, Otsu), we
isolated RNA from macrophages sorted by ARIA I1I (BD Biosciences
Franklin Lakes, NJ). For quantitative real-time PCR, we used RNA-
directTM SYBR GreenTM Real-time PCR Master Mix (TOYOBO,
Osaka) wherein RNA can be directly amplified without generating
cDNA before reaction on 7500 Fast Real-Time PCR system (Thermo
Fisher Scientific, Waltham, MA), according to the manufacturer’s
instructions. Relative mRNA expression was calculated using the
2-AACT method. Each sample was analyzed thrice.

PCR was performed using the following specific forward and
reverse primer pairs, respectively: ACTB: 5-AGAGCTACGAGCT-
GCCTGAC-3' and 5-AGCACTGTGTTGGCGTACAG-3'; TGFBI:
5'-GGCCTTTCCTGCTTCTCATGG-3" and 5'-CCTTGCTGTACT-
GCGTGTCC-3"; IL-10: 5'-GCCTAACATGCTTCGAGATC-3" and
5S'-TGATGTCTGGGTCTTGGTTC-3'; ARG1: 5'-GGCAAGGT-
GATGGAAGAAAC-3" and 5-AGTCCGAAACAAGCCAAGGT-3";
TNFa: 5-CAGAGGGAAGAGTTCCCCAG-3" and 5'-CCTTG-
GTCTGGTAGGAGACG-3"; CCR2: 5'-GACCAGGAAAGAAT-
GTGAAAGTGA-3" and 5'-GCTCTGCCAATTGACTTTCCTT-3";
iNOS: 5-GTTCTCAAGGCACAGGTCTC-3" and 5'-GCAGGT-
CACTTATGTCACTTATC-3'".

Transwell co-cultures
Co-cultures using 0.4p cell culture inserts (Nunc, Thermo Fisher

Scientific, Waltham, MA) were performed in RPMI-1640 (Wako
Pure Chemicals, Tokyo) supplemented with 10% Fatal Bovine Serum
(Biosera, Chile, Osaka) and 1% Penicillin—Streptomycin Solution
(Wako Pure Chemicals, Tokyo). CD14+ macrophages and HCT 116
cells were co-cultured as follows. HCT 116 (ATCC® CCL-247TM)
cells were seeded at a density of 104 cells in the bottom of the plate
while CD 14+ cells from the PB of patients with IH or CRC with or
without TNFa antibody treatment (1.5 ng/ml AF-410; R&D Systems,
Minneapolis, MN) were added to the culture inserts. The cells were
cultured for 48 hours, after which cell numbers were enumerated on
average of 5 fields of view on BZ-X700 microscope and BZ-X ana-
lyzer (KEYENCE, Osaka). Each sample was analyzed thrice.

Statistical analyses

Categorical variables were compared using the chi-square test or
Fisher’s exact test, as appropriate. Continuous variables are presented
as median values and were compared using the Mann—Whitney U-
test. Data were analyzed using JMP 10 software (SAS, Cary, NC).

RESULTS

Fraction of the inflammatory cells in ascites

Table 1 summarizes the clinicopathologic characteristics of the 18
CRC patients and the 5 IH patients who underwent surgical treat-
ment. This study group comprised 16 males and 7 females aged
53-84 years (median 66 years). In the CRC patients, the most fre-
quently encountered tumor location was the Sigmoid colon (S; n =
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Figure 1 CD14+ myeloid cells are a major component of ascites from colorectal cancer (CRC) patients. (A) As shown in the representative data for sorting,
leukocyte fractions were identified by forward scatter (FSC) and side scatter (SSC) analyses, and dead cells were removed by DAPI staining. Finally, CD14+
and CD45+ cells were collected. Representative inflammatory cell analyses of cancer ascites and non-cancer ascites by Fluorescence-activated cell sorting
(FACS). Dot-plots show fluorescence pattern of stained myeloid cells from ascites (CD14-PE and CD45-PerCP) and lymphocytes (CD4-PE, CD8-FITC,
CD19-APC, and CD45-PerCP) from (B) inguinal hernia (IH), (C) colorectal cancer (CRC) patients.

10, 55.6%), followed by the rectum in 8 patients (44.4%). The TNM
stages (7th pathological T category) were pT1 in 2 patients (11.1%),
pT2 in 3 patients (16.7%), pT3 in 10 patients (55.6%), and pT4 in 3
patients (16.7%), while TNM pathological staging revealed 6 patients
(33.4%) as stage 1, 3 patients (16.7%) as stage 11, 5 patients (27.8%)
as stage III, and 4 patients (22.2%) as stage IV.

No significant differences in age, gender, or white blood cell counts
were found between patients undergoing laparoscopic IH repair and
CRC resection. We found 8.7 x 10°cells in the ascites of CRC pa-
tients, of which 10.1% were CD14+ myeloid cells. Representative
histogram of ascites is shown in Figure 1B and C.

There were no differences in the number of peritoneal inflamma-
tory cells in the ascites between the CRC and the IH group after dilu-
tion and FACS did not reveal an increase in the percentage of inflam-
matory cells, viz., CD14+ (mean, 5.5 vs. 10.1%; p = 0.73), CD4+
(mean, 1.0 vs. 2.9 %; p = 0.37), CD8+ (mean, 1.0 vs. 2.9 %; p=0.7),
and CD19+ (mean, 0.04 vs. 0.41 %; p = 0.11). Further, the ratio of
CD14+ /CD45+ cells (mean, 0.39 vs. 0.29; p = 0.23) was also not
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significantly different between the two groups. (Table 2). These data
indicate that CD14+ cells comprise the major fraction of inflamma-
tory cells in ascites from IH and CRC patients.

TNFa was released from peritoneal CD14+ macrophages of
colorectal cancer
We next examined the function of CD14+ cells from CRC patients
and compared it to CD14+ cells derived from the PB of IH; PB was
used as the source for CD14+ macrophages as it was difficult to ob-
tain peritoneal macrophages from IH because of the smaller number
of inflammatory cells in the ascites. We selected the following M1
makers, tumor necrosis factor o (TNFa, inducible nitric oxide syn-
thase (iNOS), C-C chemokine receptor type 2 (CCR2), and the fol-
lowing M2 makers, Arginase-1 (ARG1), Interleukin-10 (IL-10), and
Transforming Growth Factor-f (TGF-p).

We found that while the relative expression of TNFa in macro-
phages from ascites of CRC patients was significantly higher com-
pared to those from PB of TH, expression of CCR2 and iNOS was not



Tsuchiya Y et a/. Tnfa Regulated Colorectal Cancer

A
%
PB of Inguinal hemia
, W s
[ . Ascites of CRC patients
T a0
]
w
@
&
8 2o
o
=
»
@
3
& 1.0
£
]
ra
©
=
= 0
TMF-o INOS CCR2
B

20 4
% re . FB of Inguinal hemia
a
- . Asriles ol CRE palients
o i
B 15
3
£
ol
g 18
o
"
4
3
r 05
3
&
m
& °
= ARG IL-10 TGF-§

Figure 2 Tumor necrosis factor a (TNFa) inhibits colorectal cancer (CRC)
progression. (A) M1 markers in CD14+ myeloid cells, such as TNFa,
inducible nitric oxide synthase (iNOS), and C-C chemokine receptor type 2
(CCR2) were compared between ascites from CRC patients and peripheral
blood (PB) of inguinal hernia (IH). Relative gene expression of TNF a in
sorted CD14+ myeloid cells in CRC ascites was significantly higher than
that from PB of IH (n = 3/group). (B) M2 markers in CD14+ myeloid
cells, such as Arginase-1(ARG1), Interleukin-10 (IL-10), and Transforming
Growth Factor-p (TGF ), were compared between ascites of CRC patients
and PB of IH. n = 5/group. Values represent the means + SEM. **P < 0.01
by two-tailed Student’s t-test.

different (p < 0.01; Figure 2A). On the other hand, ARG1 expression
in the macrophages from ascites of CRC patients was significantly
lower than that seen in macrophages derived from PB of IH; How-
ever, TGF-B, and IL-10 levels were similar (p = 0.04; Figure 2B).
These observations imply that the CD14+ cells from ascites of CRC
patients were M1 type macrophages.

CD14+ macrophages inhibit the proliferation of cancer cells

To investigate the cytokine effects of TNFa, we used a co-culture
system with equal numbers of HCT 116 and CD 14+ cells that that
were sorted from either the PB of IH or from ascites of CRC patients
(Figure 3A). We found that CD14+ macrophages from the PB/ascites
of patients with CRC and the PB of patients with IH suppressed the
proliferation of cancer cells (p < 0.01) (Figure 3B). In contrast, there
was no significant difference when CD14+ from PB of CRC patients
was used with or without anti-TNFa antibody at 48 hours (Figure
4A). Next, we compared HCT 116 cell growth when CD14+ cells
from ascites from CRC patients were co-cultured with and without
anti-TNFa antibody treatment (at 48 hours) and found that antibody
treatment promoted proliferation (Figure 4B). Together, these data
show that CD14+ macrophages in ascites of CRC patients inhibit the
cancer cell proliferation through TNFo.
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Figure 3 The role of CD14+ myeloid cells in ascites of colorectal cancer
(CRC) for cancer cells. (A) Experimental setting: human cancer cell line
(HCT116) and CD14+ cell sorted from ascites and peripheral blood (PB)
of patients with CRC or inguinal hernia (IH) were co-cultured with or
without anti-TNF a antibody for 48 hours and co-cultured in a transwell
chamber system. (B) CD14+ macrophages from the ascites of patients
with CRC suppressed HCT 116 cancer cell proliferation. Values represent
the means + SEM. **P < 0.01, ***P < 0.001 by two-tailed Student’s t-test.
Control: HCT 116 with 104 cells were seeded into the lower chamber and
none into the upper chamber.

DISCUSSION

The data reported herein demonstrate that CD14+ cells are the pre-
dominant fraction of inflammatory cells in ascites of patients with
CRC and IH, and that the expression of TNFa by these peritoneal
CD14+ macrophages can inhibit cancer cell proliferation in vitro
compared with peritoneal CD14+ macrophages. Previous reports
have described the use of TNFa for the regional treatment of locally
advanced soft tissue sarcomas, metastatic melanomas, and other
non-resectable tumors!'?, and exogenous TNFa therapy has been
found be effective for metastatic lesions in CRC!'>'¥, Unfortunately,
systemic TNFo administration is associated with severe toxicity and
the induction of a ‘cytokine storm” with symptoms such as fever and
chills, fatigue, headache, decreased performance status, hypoten-
sion, leukopenia, and thrombocytopenia, which resemble many signs
and symptoms of endotoxic shock!"*. Concurrently, recent studies
have also indicated that TNFa therapy can enhance many processes
of carcinogenesis in ways that are associated with its central role in
inflammation. Thus, TNFa antagonist treatment has been reported to
result in a period of disease stabilization or better in 20% of patients
with advanced cancer!'*'®], To gain a greater understanding of the
roles of malignant and organ specific stromal cell-derived TNFa, data
on its effects on a case-by-case basis and on its relative importance
in early and late cancers are needed!'”. Our data represent a first look
at CD14+ macrophages in ascites of CRC patients and it is notable
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with CD14+ cells. (A)Peripheral blood (PB) of CRC patients were co-
cultured with or without anti-TNFa antibody for 48 hours. n = 5/group.
(B) Ascites of CRC patients were co-cultured with or without anti-TNFa
antibody for 48 hours. n = 5/group. Values represent the means + SEM.
**P < 0.01, **P < 0.001 by two-tailed Student’s t-test. Control: HCT 116
with 10 4 cells were seeded into the lower chamber and none into the
upper chamber.

that studies using ascites are very rare. Nonetheless, previous studies
have shown that ascites from patients with epithelial ovarian cancer
contained CD14+ macrophages, which supports a scenario of a per-
vasive immune suppressive environment?”. Myelomonocytic cells
originally act as resistance against pathogens (the unsung heroes of
immunity) and activate adaptive responses; however, they undergo
reprogramming of their functional properties in response to signals
derived from microbes, damaged tissues, and resting or activated
lymphocytes!®. During the development of peritoneal CRC metas-
tasis, which represents a late stage of CRC, these alterations in the
environment become necessary. Initially, we expected such changes
in peritoneal fluids to occur in late stage of CRC, but interestingly,
we could show that CD14+ myeloid cells inhibited CRC prolifera-
tion even in the late stage, including at stage [/, using TNFa. For
peritoneal metastasis, immunotolerance may be needed to escape the
effect of TNFa. We should have selected patients who had peritoneal
metastasis to investigate the function of CD14+ myeloid cells.
However, patients with ovarian malignancies show elevated serum
concentrations of IL-10 and low serum levels of TNFa?". Further,
survival in patients with tumors expressing high levels of TNFa in
CRC was significantly poorer compared to those with low TNFa
expression!®. It cannot be classified easily by measuring the M1/
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Table 1 Clinical characteristics of 18 CRC patients who underwent
surgery and 5 IH patients.

:zzg;nal hernia Elli(llsl))ahents el

Age (Mean) 66.4+15 63.4+25 0.65
Sex(M/F) 4/1 12/6 0.54
WBC(/pl) (Mean) 5160 + 464 6367 + 444 0.41
Cells in ascites (10°) (Mean)  [10.8 +7.39 8.7 +£2.61 0.47
Tumor location(S/R) 10/8

T1/2/3/4 2/3/10/3

NO0/1/2/3 10/4/3/1

MO/1 15/3

pStage (O,/0/0/0) 6/3/6/3

S, sigmoid colon; R, rectum. CRC, colorectal cancer; IH, inguinal hernia.
Values represent the means + SEM.

Table 2 Ratio of inflammatory cells in the ascites of IH and CRC groups
divided by CD45 cells.

Inflammatory cells in  |Inguinal hernia |CRC patients P-value
peritoneal fluid (n=5) (n=18)

CD4 (%) 1.04 £0.39 2.88 £0.91 0.37
CD8 (%) 1.02+0.35 2.98 +1.03 0.7
CD14 (%) 55+16 10.1£29 0.73
CD19 (%) 0.04+0.13 0.41£0.04 0.11
CD4/CD45 0.089 +0.011 0.21+0.12 041
CD8/CD45 0.12+0.03 0.23+0.12 041
CD14/CD45 0.39+0.07 0.29+0.03 0.23
CD19/CD45 0.0043 £0.0016 0.055 +0.029 0.46

CRGC, colorectal cancer; IH, inguinal hernia. Values represent the means +
SEM.

M2 cytokine level. Thus, it appears that the effects of TNFo can vary
based on patient background, inflammatory state, metastatic location,
and cancer stage.

Our study has several limitations, including the small number of
patients, and further studies are warranted to acquire more data on the
mechanism(s) causing the presence of myeloid cells. We hope that
this study would significantly contribute to our understanding of the
tumor microenvironment and immunomodulation in the peritoneal
fluid.

In conclusion, we show that myeloid-derived CD14+ cells that
express TNFa in the environment of ascites could infiltrate in CRC
patients. It appears that CD14+ macrophages in ascites of CRC pa-
tients are of the M1 type and that TNFa expression by these cells can
suppress the growth of cancer cells.

Abbreviations

Colorectal cancer; CRC, Fluorescence-activated cell sorting; FACS,
Tumor necrosis factor a; TNFa, Inguinal hernia; IH, Peripheral
blood; PB, Tumor-associated macrophage; TAM

Funding

This work was supported in part by a Grant-in-Aid for Scientific Re-
search from the Japan Society for the Promotion of Science Wakate
Grant 19K 18104 (to SM).

Availability of data and materials
The datasets used and/or analyzed during the current study are avail-
able from the corresponding author on reasonable request.

Ethical approval and consent to participate
This study was performed in accordance with the ethical standards of



Tsuchiya Y et a/. Tnfa Regulated Colorectal Cancer

the Committee on Human Experimentation of our institution (Institu-
tional Review Board No.18-257).

Author contributions

Study concept and design (SM); data acquisition (YT, SM, TU, HI,
SI, KS, and HK); analysis and interpretation of data (SM); drafting
of the manuscript (SM); critical revision of the manuscript (SM and
KS).

REFERENCES

1.  Hanahan D and Weinberg RA. Hallmarks of cancer: the
next generation. Cell 2011; 144(5): 646-74. [DOI: 10.1016/
j.cell.2011.02.013]; [PMID: 21376230].

2. Gnant M, Mlineritsch B, Schippinger W, Luschin-Ebengreuth
G, Postlberger S, Menzel C, Jakesz R, Seifert M, Hubalek M,
Pristauz G, Bauernhofer T, Eidtmann H, Eiermann W, Steger G,
Kwasny W, Dubsky P, Hochreiner G, Forsthuber EP, Fesl C and
Greil R, Austrian Breast and Colorectal Cancer Study Group, Vi-
enna, Austria. Endocrine therapy plus zoledronic acid in premeno-
pausal breast cancer. N Engl J Med 2009; 360(7): 679-91. [DOLI:
10.1056/NEJMo0a0806285]; [PMID: 19213681].

3. Nywening TM, Wang-Gillam A, Sanford DE, Belt BA, Panni RZ,
Cusworth BM, Toriola AT, Nieman RK, Worley LA, Yano M,
Fowler KJ, Lockhart AC, Suresh R, Tan BR2, Lim KH, Fields RC,
Strasberg SM, Hawkins WG, DeNardo DG, Goedegebuure SP
and Linehan DC. Targeting tumour-associated macrophages with
CCR2 inhibition in combination with FOLFIRINOX in patients
with borderline resectable and locally advanced pancreatic cancer:
a single-centre, open-label, dose-finding, non-randomised, phase
1b trial. Lancet Oncol 2016; 17(5): 651-62. [DOI: 10.1016/s1470-
2045(16)00078-]

4. Zhao L, Lim SY, Gordon-Weeks AN, Tapmeier TT, Im JH, Cao
Y, Beech J, Allen D, Smart S and Muschel RJ. Recruitment of a
myeloid cell subset (CD11b/Grl mid) via CCL2/CCR2 promotes
the development of colorectal cancer liver metastasis. Hepatol-
ogy 2013; 57(2): 829-39. [DOI: 10.1002/hep.26094]; [PMID:
23081697].

5. Mills CD, Kincaid K, Alt JM, Heilman MJ and Hill AM. M-1/
M-2 macrophages and the Th1/Th2 paradigm. J Immunol 2000;
164(12): 6166-73. [DOI: 10.4049/jimmunol.164.12.6166];
[PMID: 10843666].

6. Biswas SK and Mantovani A. Macrophage plasticity and inter-
action with lymphocyte subsets: cancer as a paradigm. Nat Im-
munol 2010; 11(10): 889-96. [DOI: 10.1038/ni.1937]; [PMID:
20856220].

7. Komohara Y, Jinushi M and Takeya M. Clinical significance of
macrophage heterogeneity in human malignant tumors. Cancer Sci
2014; 105(1): 1-8. [DOI: 10.1111/cas.12314]; [PMID: 24168081].

8. Zhang B, Wang Z, Wu L, Zhang M, Li W, Ding J, Zhu J, Wei H
and Zhao K. Circulating and tumor-infiltrating myeloid-derived
suppressor cells in patients with colorectal carcinoma. PLoS
One 2013; 8(2): e57114. [DOI: 10.1371/journal.pone.0057114];
[PMID: 23437326].

9. Tanaka A and Sakaguchi S. Regulatory T cells in cancer im-
munotherapy. Cell Res 2017; 27(1): 109-18. [DOI: 10.1038/
¢r.2016.151]; [PMID: 27995907].

10. Mei Z, LiuY, Liu C, Cui A, Liang Z, Wang G, Peng H, Cui L and
Li C. Tumour-infiltrating inflammation and prognosis in colorectal
cancer: systematic review and meta-analysis. Br J Cancer 2014;
110(6): 1595-605. [DOI: 10.1038/bjc.2014.46]; [PMID: 24504370].

3640

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

Wolf AM, Wolf D, Steurer M, Gastl G, Gunsilius E and Grubeck-
Loebenstein B. Increase of regulatory T cells in the peripheral
blood of cancer patients. Clin Cancer Res 2003; 9(2): 606-12.
[PMID: 12576425].

Van Horssen R, Ten Hagen TL and Eggermont AM. TNF-alpha
in cancer treatment: molecular insights, antitumor effects, and
clinical utility. Oncologist 2006; 11(4): 397-408. [DOI: 10.1634/
theoncologist.11-4-397]; [PMID: 16614236].

Tomita A, Fuchino Y, Otsuka K, Shinohara T, Tanaka SN, Umeno
T and Ikeda S. Clinical effects of exogenous/endogenous TNF
therapy on metastatic lesions of 34 colorectal cancer patients. 4n-
ticancer Res. 1998; 18(5D): 3937-9. [PMID: 9854507].

van der Schelling GP, JN 1J, Kok TC, Scheringa M, Marquet RL,
Splinter TA and Jeekel J. A phase I study of local treatment of liver
metastases with recombinant tumour necrosis factor. Eur J Cancer
1992; 28A(6-7): 1073-8. [DOI: 10.1016/0959-8049(92)90460-j];
[PMID: 1627378].

Schwartz JE, Scuderi P, Wiggins C, Rudolph A and Hersh EM. A
phase I trial of recombinant tumor necrosis factor (rTNF) admin-
istered by continuous intravenous infusion in patients with dis-
seminated malignancy. Biotherapy. 1989; 1(3): 207-14]; [PMID:
2642024).

Madhusudan S, Muthuramalingam SR, Braybrooke JP, Wilner
S, Kaur K, Han C, Hoare S, Balkwill F and Ganesan TS. Study
of etanercept, a tumor necrosis factor-alpha inhibitor, in recur-
rent ovarian cancer. J Clin Oncol 2005; 23(25): 5950-9. [DOI:
10.1200/1C0O.2005.04.127]; [PMID: 16135466].

Madhusudan S, Foster M, Muthuramalingam SR, Braybrooke JP,
Wilner S, Kaur K, Han C, Hoare S, Balkwill F, Talbot DC, Gane-
san TS and Harris AL. A phase II study of etanercept (Enbrel), a
tumor necrosis factor alpha inhibitor in patients with metastatic
breast cancer. Clin Cancer Res 2004; 10(19): 6528-34. [DOI:
10.1158/1078-0432.CCR-04-0730]; [PMID: 15475440].

Harrison ML, Obermueller E, Maisey NR, Hoare S, Edmonds K,
Li NF, Chao D, Hall K and Lee C, Timotheadou E, Charles K,
Ahern R, King DM, Eisen T, Corringham R, DeWitte M, Balkwill
F, Gore M. Tumor necrosis factor alpha as a new target for renal
cell carcinoma: two sequential phase II trials of infliximab at
standard and high dose. J Clin Oncol 2007; 25(29): 4542-9. [DOI:
10.1200/JC0O.2007.11.2136]; [PMID: 17925549].

Wang X and Lin Y. Tumor necrosis factor and cancer, buddies or
foes?. Acta Pharmacol Sin 2008; 29(11): 1275-88. [DOI: 10.1111/
j-1745-7254.2008.00889.x]; [PMID: 18954521]

Gordon IO and Freedman RS. Defective antitumor function
of monocyte-derived macrophages from epithelial ovarian
cancer patients. Clin Cancer Res 2006; 12(5): 1515-24. [DOLI:
10.1158/1078-0432.CCR-05-2254]; [PMID: 16533776].
Sipak-Szmigiel O, Wlodarski P, Ronin-Walknowska E, Niedziel-
ski A, Karakiewicz B, Sluczanowska-Glabowska S, Laszczynska
M and Malinowski W. Serum and peritoneal fluid concentrations
of soluble human leukocyte antigen, tumor necrosis factor alpha
and interleukin 10 in patients with selected ovarian pathologies. J
Ovarian Res 2017; 10(1): 25. [DOI: 10.1186/s13048-017-0320-9];
[PMID: 28376925]

Grimm M, Lazariotou M, Kircher S, Hofelmayr A, Germer CT,
von Rahden BH, Waaga-Gasser AM and Gasser M. Tumor necro-
sis factor-alpha is associated with positive lymph node status in
patients with recurrence of colorectal cancer--indications for anti-
TNF-alpha agents in cancer treatment. Anal Cell Pathol (Amst)
2010; 33(3): 151-63. [DOI: 10.3233/ACP-CLO-2010-0539];
[PMID: 20978325].



