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It is possible that tumour-infiltrating granulocytes
promote tumour progression
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Abstract. Several lines of evidence indicate that tumour-
infiltrating granulocytes (TIGs) promote tumour growth and
progression. However, the prognostic significance of TIGs,
the relationship beween TIGs and Fas ligand (FasL) expressed
on tumour cells remains unclear and warrants investigation.
Using immunnostaining, we retrospectively investigated TIGs
and FasL in 130 tissue specimens from gastric carcinoma.
We analyzed the correlation among these markers, their
association with clinicopathologic features and prognosis.
The number of TIGs was significantly associated with FasL-
expression (P=0.002). Further, TIGs were significantly
associated with depth of tumour invasion, lymph node metas-
tasis and tumour stage. Calculating the prognostic relevance,
in multivariate analysis, TIGs [relative risk (RR)=1.014; 95%
CI=1.002-1.027; P=0.015] and tumour stage were statis-
tically significant factors for survival. Our results suggest
that TIGs are conveniently measured by the immunostaining
method, and possibly serve as an independent factor of
prognosis in patients with gastric carcinoma. This is based
on the fact that TIGs were significantly associated with
tumour stage and shorter survival time.

Introduction
In carcinogenesis, cytokines and chemokines from tumour

cells can genetically alter epithelial cells and a variety of
‘normal’ cells, including endothelial cells forming the
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tumour vasculature, fibroblasts and inflammatory cells
(lymphocytes, macrophages, mast cells, granulocytes) thus
building a supporting microenvironment (1,2). In the micro-
environment, cytokines or chemokines from tumour cells can
also induc inflammatory cells and contribute to tumour
growth, progression and metastasis (3-5). Granulocyte effects
on tumour cells represent opposite sides of a double-edged
sword (6). In some experimental tumours, granulocytes are
cytolytic and can eliminate tumour cell populations (7),
whereas in others, granulocytes contribute to the invasive
potential (6,8) and induce tumour growth by direct promotion
of vessel generation under both physiological (wound healing)
and pathological (cancer, psoriasis) conditions (9-13). There-
fore, the presence of tumour-infiltrating granulocytes (TIGs)
might be indicative for a better or worse host antitumoural
response. Recently, we found that the expression of Fas
ligand (FasL) on gliomas or melanomas caused an accumu-
lation of neutrophils in tumour sites, and this was associated
with a reduction in tumourigenesis and metastasis (14-17).

However, granulocytes, which are important inflammatory
cells are believed to be rare in the tumour microenvironment,
and the relationship between TIGs and clinicopathologic
features, tumour associated antigens (such as FasL) hitherto
has received little attention. Therefore, by immunohisto-
chemical methods, we focused on TIGs and their relationship
with clinicopathologic features, and the survival of patients
with gastric carcinoma.

Materials and methods

Patient and tumour specimens. We studied patients (n=130)
who underwent gastrectomy between 1999 and 2003. Patients
lost to follow-up and patients with synchronous or meta-
chronous multiple cancer were excluded. Adenocarcinoma
was confirmed histologically in all patients. Staging of
gastric carcinoma was classified according to the 1997
tumour node metastasis (TNM) classification recommended
by the International Union Against Cancer (5th edition) (18).
None of the patients had received chemotherapy or radio-
therapy prior to surgery. Patients classified as stage III and
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IV had received postoperative adjuvant chemotherapy, there
was no significant difference in outcome among the patients
given various chemotherapeutic agents (data not shown). The
patients were 98 men and 32 women, mean age 69.8+9.4
years. Overall survival was calculated from the date of
diagnosis until the date of death or the last follow-up time.
Patients who died due to causes unrelated to carcinoma with
no evidence of disease were censored at death.

Detection of TIGs. Immunostaining procedures for TIGs
were performed using the Envision+/HRP method (Dako,
Carpinteria, CA, USA) with heat-induced antigen retrieval.
Two representative blocks of tumour tissue were selected
for immunostaining analyses of TIGs. Consecutively, 4 ym
paraffin sections containing the tumour margin were dewaxed
in xylene, then rehydrated in alcohol. For TIG staining, the
sections were heated to 95°C in an oven for 15 min to reacti-
vate the antigen, and the endogenous peroxidase activity
was suppressed by a solution of 0.3% hydrogen peroxide in
methanol for 30 min. After being rinsed three times in
phosphate-buffered saline (PBS), the sections were incubated
overnight at 4°C with mouse anti-granulocyte (clone SPM250;
Spring Bioscience, Fremonet, Germany, 1:50). After washing
in PBS, the sections were treated with goat anti-mouse
immunoglobulins conjugated to peroxidase labeled-dextran
polymer (K4001, Dako) for 40 min at room temperature.
Then the sections were washed in PBS and developed in
0.05 M Tris-HCI buffer (pH 7.5) containing 0.6 mg/ml 3,3'-
diaminobenzidine tetrahydrochloride (DAB) for 9 min at
room temperature. After washing in water, the nuclei were
counterstained with Mayer's hematoxylin. Negative control
sections were stained by omitting the primary antibody. To
evaluate TIG infiltration, the average number of five represen-
tative areas was calculated.

Detection of FasL-expression. FasL-expression in gastric
carcinoma was detected by immunohistochemical staining with
monoclonal mouse antibody against FasL (5D1; Novocastra
Laboratories, Newcastle, UK, 1:50), and treated at 121°C in
an autoclave for 15 min for antigen retrieval. Positive control
sections were prostates and negative control sections were
stained by omitting the primary antibody. We judged speci-
mens to be positive for FasL. when at least 20% of the tumour
cells showed positive immunoreactivity.

Statistical analysis. All data including gender, age, stage of
disease and pathologic factors were obtained from the
clinical and pathology records and included in the univariate
and multivariate analyses. Significant differences were deter-
mined by Kruskal-Wallis and Mann-Whitney test. Univariate
influence of a given parameter on surviaval was assessed
with log-rank test, and the Cox proportional hazard regression
model was used in multivariate analysis. Any p-value below
0.05 was considered significant.

Results

The expression of FasL in gastric carcinoma and its corre-
lation with TIGs. The average number of TIGs was 19.5+15.7,
which were mainly located at the site of the invasion of a
tumour (Fig. 1A). The granulocytes in necrotic regions were

Figure 1. TIG and FasL-expression in gastric carcinoma. (A) and (B) were
from the same specimen. (A) TIGs showed a carved tumour tissue. (B)
FasL-expression was intense at tumour lesions and was detected both at the
cell membrane and in the cytoplasm.
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Figure 2. Correlation between FasL-expression in tumour cells and TIGs.

excluded from calculation. FasL-expression by tumour cells
was detected in 71/130 (54.6%). Positive staining of
malignant tissue varied in intensity and extent both within
individual tumours and between tumours. FasL was located
in both cell membrane and in the cytoplasm (Fig. 1B). There
was significant correlation between FasL-expression and TIGs
(P=0.002, Fig. 2).
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Table I. TIGs and FasL according to tumour features.

FasL
Variable TIGs P-value - + P-value
Age 0.28 0.552
<60 16.05«15.3 7 11
>60 20.1+£15.7 52 60
Gender 0.623 0.837
Male 19.0+15.5 45 53
Female 21.2+16.3 14 18
Histology 0.039 0.775
Well/moderate 16.4x13.5 38 44
Poor/mucinous 24.8.+18.3 21 27
Depth of invasion 0.001 0474
Mucosa/submucosa 10.7+8.5 18 25
Musle layer 20.7+18.3 18 15
Subserosa/serosa exposed 25.9+16.3 23 31
Lymph node metastasis <0.001 0.268
No 12.6x11.0 29 28
Yes 25.0+16.3 30 43
Stage 0.001 0.654
I 511.5«10.0 26 27
11 521.0+16.5 9 9
111 025.1+16.1 19 28
v 130.4+17.7 5 7

TIGs, tumour-infiltrating granulocytes; FasL, Fas ligand.

Table II. Cox regression analysis for survival.

Univariate? Multivariate®
Variable P-value RR (95% CI) P-value
Age 0.179 NS
Gender 0.388 NS
Histology 0.024 NS
Depth of <0.0001 NS
invasion
Lymph node  <0.0001 NS
metastasis
TIGs <0.0001 1.014 (1.002-1.027) 0.015
FasLL 0.221 NS
Stage <0.0001 1.899 (1.578-2.286)  <0.0001

NS, not significant; RR, relative risk; CI, confidence interval; TIGs,
tumour-infiltrating granulocytes; FasL, Fas ligand. *By log-rank
test. "By Cox proportional hazard regression model analysis.

Clinicopathologic factors associated with the TIGs and FasL.
Our analysis revealed TIGs to be significantly associated with
poor differentiation, deeper tumour invasion, lymph node
metastasis and higher tumour stage. FasL-expression was not
significantly associated with the clinicopathologic factors.
There was also no correlation between the frequency of TIGs
with age or gender (Table I).

Analysis of survival. The survival rates of patients with FasL-
expression (-, +) were 55.2 and 43.1% respectively, however,
there was no significant difference in the survival rates
between these (P=0.221). The number of TIGs was
compared in terms of prognostic significance. In univariate
survival analysis, the results revealed TIGs, lymph node
metastasis, depth of invasion, and tumour stage to be
associated with survival. In multivariate survival analysis,
number of TIGs (P=0.015, RR=1.014) and tumour stage
remained statistically significant for survival (Table II). In
multivariate analyses for which tumour stage was excluded,
lymph node metastasis and depth of invasion were also
statistically significant for survival.
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Discussion

We sought to clarify the presence of granulocytes in the
microenvironment of malignant tumours, and to evaluate the
relationships between TIGs and FasL clinicopathological
manifestations. TIGs have previously been investigated, but
results have been unclear because the haematoxylin and
eosin staining for detection of TIGs have seriously mislead
diagnosis (19,20). The inflammatory microenvironment of
tumours is characterized by the presence of host leucocytes,
both in the stroma and in the vicinity of tumours (21). TIGs
potentially can promote tumour progression via stimulation
of angiogenesis and invasion (9-12) or stimulate tumour
growth by releasing growth factors (13). Accordingly, in this
study TIGs were frequently detected in areas of tumour
invasion, and were significantly associated with depth of
tumour invasion, lymph node metastasis, poor differentiation
and TNM stage. We therefore, believe that TIGs are more
likely to contribute to tumour growth, progression and
metastasis.

FasL expressed on gastric carcinoma cells can induce
tumour infiltrating lymphocyte (TIL) apoptosis, thereby
helping tumour cells to evade host immune defense (22-25).
Similarly, FasL expressed on gliomas or melanomas promoted
an accumulation of granulocytes at tumour sites (14-16), and
extensive granulocyte infiltration into tumour tissues are seen
in glioma patients (17). Thus, we analyzed their correlation
in this study, we detected TIGs and FasL-expression in the
same specimens. TIGs showed a significant increase in
tumours expressing FasL. (P=0.002), therefore, we concluded
that FasL can induce granulocytes to infiltrate into the
tumour, increased TIGs were observed which can antagonize
antitumour activities of lymphocytes (26).

In evaluating survival, the number of TIGs was included
in Cox regression model, the results revealed that higher
number of TIGs (RR=1.014) and higher tumour stage
(RR=1.899) were significantly associated with poor
prognosis.

Further, based on our observations, we have the
impression that infiltrating granulocytes promote tumour
progression. However, the possibility that granulocytes are
not simply a marker of or a result of more advanced disease
rather than a cause should be supported by additional
investigations. A similar argument might apply to the associ-
ation of granulocyte infiltration with depth of tumour
invasion, poor degree of differentiation, lymph node
metastases, and tumour stage. Such investigation should
provide a solid basis for granulocyte infiltration as an
independent prognostic factor for patients with gastric cancer
in clinical settings.

In conclusion, our results suggest that the level of TIGs,
which is conveniently measured by the immunostaining
method, might serve as an independent predictor of prognosis
in patients with gastric carcinoma. This is based on the fact
that the TIG level was very significantly associated with
tumour stage and shorter survival time. Further, a significant
correlation between TIGs and FasL-expression suggests that
there are some tumour-associated antigens participating in
the infiltration of granulocytes into the tumour.
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