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Many studies have demonstrated an increase of neutrophils in patients with advanced cancer. However, the possible role of
increased neutrophils in various neoplasms studied to date varies considerably. The authors examined the changes in white blood
cell counts in patients with peritoneal carcinomatosis. Malonildialdehyde and nitric oxide (NO) plasma and ascitic fluid levels, phagocitic
activity and the ability of the polymorphonuclear cells (PMNCs) to produce nitric oxide were also measured. An increase in PMNCs and
decrease in lymphocytes was found in cancer patients. Compared with healthy controls, cancer PMNCs showed significant enhancement of
phagocytosis. Similarly, pretreatment of healthy PMNCs with crude supernatants from short-term cultures of the peritoneal cells from
ascitic fluid of patients with peritoneal carcinomatosis caused marked stimulation of PMNC phagocytosis. In addition, plasma and ascitic
fluid nitric oxide levels in cancer patients were significantly higher than those found in control one. Most importantly, it was found
that PMNCs from cancer patients release significantly more nitric oxide than corresponding normal controls. Therefore, considering the
fact that neutrophils make up more than 50% of total leukocytes, these cells can play one of the most important roles in tumor
biology.
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In cancer, numerous cellular and humoral elements of the
immune system are activated and coordinately contribute to
disease pathology. It has been known for a long time that
mononuclear cells infiltrate tumor tissue. Although tumor-
infiltrating mononuclear cells have been extensively studied
over the past two decades, immunologists seeking new ways
to treat cancer progression commonly overlook polymor-
phonuclear cells. However, it has been reported from clinical
trials that an increase of leukocytes, mainly neutrophils, is
noted in patients with advanced cancer (1). Moreover,
some studies have shown that PMNC may infiltrate tumor
tissue (2—4). Yet, neutrophils inhibited growth of one but
stimulated growth of other tumors (5). Thus far, however,
the roles of PMNC in the tumor-bearing host are still
unclear.
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MATERIAL AND METHODS

Patients

We analysed a group of 10 patients with peritoneal
carcinomatosis, none of whom had received any chemo-,
radio-, or endocrine therapy during the last three months.
The control group consists of 10 healthy individuals and 10
stable patients on continuous ambulatory peritoneal dialy-
sis. Abnormal peritoneal situations were excluded by blood
cell count, peritoneal functional data, nocturnal peritoneal
effluent cell population and bacterial culture.

Preparation of PMNC

Polymorphonuclear cells were isolated from heparinized
venous blood using a density gradient (Lymphoprep 1.077,
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NYCOMED PHARMA AS, Oslo, Norway). PMNCs to be
used in a bioassay were resuspended in supplemented
media: RPMI 1640 (GIBCO Europe) contained 5% heat-
inactivated autologous AB serum, 100 U/ml of penicillin
(ICN Galenika, Zemun, Yu), 100 mg/ml streptomycin (ICN
Galenika, Zemun, Yu) and 2 mM L-glutamine (Merck,
Germany). Viability remained > 95% by acridine orange/
etidium bromide exclusion.

Phagocytosis assay

We used an assay developed by Vujanovic & Arsenijevic
with minor modification (6). The isolated PMNCs were
suspended in medium Haemacel (Jugoremedia, Zrenjanin,
Yu) at a concentration of 1 x 10° cells/400 pl. The heat
inactivated yeast particles, labeled with Neutral red (Merck,
Germany) were then added at a 1:12 Effector Target ratio
and cells were centrifuged at room temperature for 5 min at
50 g. Mixed suspension was incubated for 1h at 37°C. Non-
ingested yeast particles were removed by washing twice with
ice cold 0.02% EDTA. At least 300 cells were assessed per
well, and each experiment used duplicate sample wells per
condition. The average number of yeast particles ingested
per one cell was defined as the phagocytic index (PI),
whereas the percentage of cells ingesting at least one yeast
particle was defined as the percent of phagocytosis (PP).
Absolute phagocytic index (API) represents a number of
yeast particles ingested per 100 cells (API = PP x PI).

Nitrite determination

Nitric oxide synthesis was determined as the accumulation
of nitrite. Nitrite concentrations in plasma (PL) and ascitic
fluid (AF) were determined by Griess reaction following a
procedure described by Green (8). Nitrite concentrations in
cell free supernatants were measured by the Griess reaction
according to the protocol of Stuehr & Nathan (7). Briefly,
the isolated PMNC were adhered in 33 mm plastic dishes
(Spectar, Cacak, Yu) at a concentration of 2 x 10° cells/ml.
Cells were then cultured for 24 h at 37°C in 5% CO, in the
supplemented media RPMI 1640. Nitrite concentration was
determined in overnight culture supernatants. Values shown
in the figures represent nanomoles of accumulated nitrite
per 1.0 ml of the medium.

MDA determination

Lipid peroxidation product, malonildialdehyde (MDA),
concentration in plasma and ascitic fluid were determined
by the modified thiobarbituric acid assay of Ohkawa (9).

Cell culture

Peritoneal cells obtained from ascitic fluid of patients with
peritoneal carcinomatosis were seeded in 33 mm plastic
dishes. Cells were then cultured at 37°C in 5% CO, in the
supplemented media RPMI 1640. Supernatants were har-
vested after 24 h, passed through 0.2 um pore size filters
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and kept at — 20°C until use. In some experiments dilutions
of crude supernatants were used for immunomodulation of
PMNCs as described.

Immunomodulation

PMNCs from control individuals were pretreated for 1 h
with different concentrations (1/10, 1/1000, 1/10000) of
crude supernatants from short-term cultures of the perito-
neal cells obtained from a cancer patient with peritoneal
carcinomatosis, and then phagocytosis assay was per-
formed.

Statistics

Statistical analyses were performed using commercially
available software (SPSS version 8.0; SPSS Inc., Chicago,
IL). Data are expressed as mean +SD. The distributions of
data were evaluated for normality using the Kolmogorov-
Smirnov test and than retested with a x> test. Student’s -
test was used for comparisons between two groups, for
normally distributed parameters. For nonparametric vari-
ables, differences between two independent groups were
determined by the Mann-Whitney U-test. Comparison
between three and more groups of nonparametric variables
was evaluated using Kruskal-Wallis test. A p-value < 0.05,
from two-sided tests, was considered statistically significant.

The study was permitted by the Ethics Committee of the
Medical School in Kragujevac.

RESULTS

White blood cell count

We examined the changes in the white blood cell count and
their fractions in patients with peritoneal carcinomatosis.
We found that cancer patients showed a normal count of
total leukocytes, but an increased number of PMNCs
(neutrophilia) (75.10+11.87 vs. 62.70+7.02; p=0.011)
accompanied by a decreased number of lymphocytes
(lymphocytopenia) (17.104+10.28 vs. 29.40+7.66; p=
0.007). The mean number of monocytes was not signifi-
cantly different between the cancer patients and the control
group. The PMNC/MNC ratio was significantly higher in
the cancer patients than in the normal controls (Fig. 1).

Phagocytosis

The phagocytic function of PMNCs was examined in 10
cancer patients. Compared with healthy controls, all tested
parameters of PMNC phagocytosis were significantly en-
hanced in patients with peritoneal carcinomatosis. So,
corresponding to PP (55.43+10.44 vs. 42.86+11.08; p=
0.018) (Fig. 2), PI and API, cancer patients’ PMNCs were
superior to those of control PMNC. According to this
observation, we wanted to investigate whether observed
differences are, in fact, due to tumor-derived products. As
described in Materials and methods, immunomodulatory
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Fig 1. The total and differential cell count. Cancer patients showed
lymphocytopenia (17.10+10.28 vs. 29.40+7.66; p =0.007) and
neutrophilia (75.10+11.87 vs. 62.70+7.02; p=0.011), but normal
counts of monocytes and total leukocytes. Data are expressed as the
mean of 10 different experiments.
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Fig 2. Phagocytic activity and nitric oxide (NO) secretion by
polymorphonuclear phagocytes. Percentage of phagocytosis was
determined using a light microscope. Percentage of polymorpho-
nuclear cells (PMNC) phagocytosis was significantly enhanced in
patients with peritoneal carcinomatosis (55.43 410,44 vs. 42.86+
11.08; p=0.018). NO production was evaluated in cell super-
natants as nitrite by Griss reaction. Cancer patients PMNC release
more NO than corresponding normal controls (16.3843.92 vs.
1.544+0.41; p=0.016). Values represent the mean of duplicate
samples from 10 different experiments.

assay was performed. It was found that only the highest
tested concentration caused marked, statistically significant,
stimulation of PMNC phagocytosis (1.33+0.48 vs. 1.00+
0.00; p=0.004), whereas this effect disappeared in the
presence of a lower dose (Fig. 3).

Free radicals

We measured the intensity of lipid peroxidation (as a
marker of peroxidation status) and nitrate levels (as an
index of in vivo NO production) in plasma and ascitic fluid
of patients with peritoneal carcinomatosis. Fig. 4 shows that
plasma MDA levels in cancer patients were significantly
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Fig 3. Effects of crude supernatants on PMNC phagocytic activity.
Polymorphonuclear phagocytes from healthy volunteers were pre-
treated with different concentrations of crude supernatants (Sn)
from short-term cultures of the ascitic cells from patients with
peritoneal carcinomatosis. Percentage of phagocytosis was evalu-
ated using a light microscope. Highest tested concentration caused
marked, statistically significant, stimulation of polymorphonuclear
cells (PMNC) phagocytosis (1.33+0.48 vs. 1.00+0.00; p = 0.004).
Results obtained were presented as the percentage of control
response. Data are expressed as the mean of 10 experiments.
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Fig 4. Plasma and ascitic fluid malonildialdehyde (MDA) and
nitrite levels. MDA concentrations in plasma (pl) and ascitic fluid
(af) were determined by thiobarbituric acid assay. Nitrite concen-
trations in plasma (pl) and ascitic fluid (af) were determined by
Griess reaction. Elevated plasma MDA (3.85+0.36 vs. 2.03+0.29;
p=0.007) and nitrite (112.004+26.97 vs. 76.83+11.83; p =0.038)
levels were observed among cancer patients with peritoneal
carcinomatosis. Values represent the mean of duplicate samples
from 10 different experiments.

higher than those found in control one (3.85+0.36 vs.
2.0340.29; p = 0.007). However, no difference was found in
the ascitic fluid MDA levels (2.33+0.21 vs 1.98+0.18; p =
0.487). Next, we have found that patients with peritoneal
carcinomatosis have elevated plasma (112.00+26.97 vs.
76.834+11.83; p=0.038), but not ascitic fluid (76.30+
26.97 vs. 75.52+18.10; p = 0.230) nitrate levels (Fig. 4). In
addition, we investigated the potential of polymorpho-
nuclear phagocytes from cancer patients to produce NO.
We have shown that cancer patients’ PMNCs release more
NO than corresponding normal controls (16.38+3.92 vs.
1.54+0.41) and the statistical significance was p =0.016
(see Fig. 2).
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DISCUSSION

Polymorphonuclear neutrophils, as phagocytes, play the
crucial role in the host defense. The first description of
phagocytosis in the late nineteenth century, Metchnikoft’s
classic experiment, established a conceptual link between
the engulfment of senescent or apoptotic cells (as a part of
normal development) and the host defense. This work has
defined macrophages and polymorphonuclear neutrophils
as gatekeepers in the first-line host defense. During past
years the predominant attention has been paid to the role of
phagocytes, especially neutrophils, in the host defense
against infection. Yet, only recently more attention has
been paid to PMNCs and phagocytosis in cancer. Experi-
ments in the 1970s and 1980s, as well as some recent studies,
have shown that most of the functions of PMNC in patients
with advanced cancer were impaired or normal when
compared with healthy individuals (10). These data sup-
ported the hypothesis that depressed granulocyte function
may contribute to an increased susceptibility to infection
and may be considered as an additional factor that favors
tumor dissemination.

In this study, we have found that cancer patients
showed lymphocytopenia and neutrophilia, but normal
count of monocytes and total leukocytes. Similar results
have already been reported from other laboratories (1, 11,
12). Our earlier studies have shown that macrophages and
lymphocytes are the main components of the ascitic fluid.
Polymorphonuclears were rarely seen (13, 14). However,
contrary to most other (15—-17), but not all (18, 19), studies,
we have found that peripheral blood PMNCs from cancer
patients showed significantly higher phagocytic activity and
impressive increase in NO production, compared with the
controls. Moreover, we observed an elevation in plasma
nitrate and MDA levels among cancer patients. Several
papers have also demonstrated that plasma concentration
of nitrate/nitrite was higher in patients with metastatic
cancer compared with normal subjects (20—22).

As a cause for the increased phagocytosis and ability to
produce NO, one may speculate whether the increase of
neutrophils may represent an in vivo antitumor defense
activity. A lot of studies have demonstrated that numerous
PMNCs accumulate in the cancer region (2—4, 23).
Infiltration of tumor by immune cells requires the local
production of chemoattractants. Tumor cells generate some
of the most powerful neutrophil chemoattractants, such as
IL-8 (24). Curiously, many of chemoattractants, such as
LTB4, IL-8, growth-related oncogene alpha (GRO-alpha)
and TGF-beta, can be secreted by activated PMNC in an
autocrine loop. Chemokine (25) and cytokine (26) gene
transfection into tumor cells, as well as intralesional (27)
and systemic (28) cytokine therapy, retard tumor growth.
This growth attenuation was correlated with neutrophil and
monocyte infiltration (29). Moreover, Pericle et al. demon-
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strated direct killing of IL-2 transfected tumor cells by
human neutrophils (30).

There are two possible mechanisms for how activated
PMNC:s can kill neoplastic cells and inhibit tumor growth.
First, PMNC possess a range of potent proteinases and
hydrolases, as well as the ability to generate a series of
reactive oxygen and nitrogen intermediates, all of them
having the potential for inhibiting tumor growth. For
example, Uchida et al. have shown that tumor cell apoptosis
by rIFN-gama activated neutrophils is mediated by L-
arginine-deriveded nitrogen oxidation products (31). In
addition, recombinant, fully human IgAl, Fc alpha RI
or Fc gamma RI-directed antitumor bispecific antibody
mediated specific lysis of appropriate tumor antigen-
expressing target cells with purified PMNCs (32). Consis-
tently with these findings, it should be noted that successful
cytokine immunotherapy is often accompanied by an
increase in the number and function of PMNCs (33).
Similarly, following chemotherapy, both stimulated and
unstimulated PMNCs generate the increased amounts of
superoxide anion and hydrogen peroxide, which are accom-
panied by an increased formation of lipid peroxidation
products, such as MDA. Therefore, many anti-cancer
drugs can, in vivo, augment reactive oxygen/nitrogen
species generation and lipid peroxidation and thus, cause
tumor cell lysis (34). Second, indirect mechanisms may
involve the production of downstream mediators by in-
tratumoral PMNC (e.g. IL-1 beta, IL-12, TNF-alpha)
leading to T-cell and macrophage recruitment and activa-
tion.

In contrast, it has been stated that neutrophils may
promote transformation, growth, progress and metastasis
of cancer. Several papers have demonstrated that nitric
oxide, a small diatomic molecule, in the presence of super-
oxide anion, generates reactive intermediates which may
modify DNA bases, inactivate DNA repair enzymes and
thus contribute to genotoxicity and mutagenesis (35); that
inflammatory neutrophils may represent an important
metabolic source of endogenous NO and carcinogenic
nitrosamines at sites of chronic inflammation (36); that
inducible nitric oxide synthase and reactive nitrogen inter-
mediates, including peroxinitrite, are produced (among
others) specifically by tumor-infiltrating neutrophils
during the tumor promotion (37); and that tumor infiltrat-
ing neutrophils, as a potential source of this genotoxic
species, may be mutagenic and contribute to the burden of
genetic abnormalities associated with tumor progression
(38).

Generally, this evidence indicates that the PMNCs should
not be ignored when considering the molecular and cellular
processes that regulate tumor progression/regression and
should feature in the search for the new diagnostic and
therapeutic procedures in cancer patients’ treatment.
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