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Abstract Gastric carcinomas (GCs) with high microsatel-
lite instability (MSI) or an Epstein–Barr virus (EBV)
infection are prevalently poorly differentiated adenocarci-
nomas with abundant lymphoid infiltration. The aims of
the study were to clarify (1) if tumour-infiltrating lympho-
cytes (TILs) and cytotoxic-activated TILs are associated
with a better clinical outcome in patients with GCs char-
acterised for the presence of MSI and EBV; (2) if the nature
and the activation status of TILs are involved in tumour cell
apoptosis, evaluated using the M30 antibody, directed
against a fragment of cytokeratin-18 caspase-cleaved during
early steps of epithelial cell apoptosis. The immunophe-
notype of TILs and the tumour cell apoptosis were
analysed with immunohistochemistry in 96 GCs, including
35 MSI GCs, and 61 GCs without MSI [microsatellite
stable (MSS)], 17 of which were EBV+. MSI and MSS/
EBV+ GCs displayed a significantly higher mean number
of cytotoxic-activated TILs and apoptotic tumour cells than
MSS/EBV− GCs (CD8+ TILs/HPF, 21.7 and 69.6 vs 6.4;
T-cell intracellular antigen (TIA)-1+ TILs/HPF, 16.7 and
32.05 vs 5.2; granzyme B+ TILs/HPF, 7.5 and 8.6 vs 0.8;
perforin+ TILs/HPF, 5.9 and 9.2 vs 0.9; and M30 IR

tumour cells, 5.9 and 2.9 vs 2.3%). In addition to the most
reliable clinico-pathological parameters (lymph node sta-
tus, depth of tumour invasion and tumour stage), a uni-
variate analysis showed that the presence of CD3+ TILs
higher than 14.9 (p=0.01), CD8+ TILs higher than 9.5
(p<0.05) and MSI (p=0.02) were associated with better
overall patient survival. Using a Cox regression model,
only a high number of CD3+ TILs (p=0.02) and a low
tumour stage (p=0.00001) were identified as independent
prognostic factors. In conclusion, our study demonstrates
that a high number of CD3+ and CD8+ TILs is a char-
acteristic of MSI- and EBV-associated GCs and represents
a favourable prognostic factor, independently of the path-
ogenesis of GCs.
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Introduction

Over the past 10 years, accumulating evidence has indi-
cated that a pronounced intratumour inflammatory reaction
plays a crucial role in host response to cancer. Various
inflammatory elements (dendritic cells, macrophages, gran-
ulocytes and lymphocytes) have been found in the tumour
micro-environment, both in supporting stroma and among
epithelial cells in tumour nests.

The presence of tumour-infiltrating lymphocytes (TILs)
has been shown to correlate with a favourable prognosis in
several human malignancies such as melanoma and ovar-
ian, prostatic, renal-cell, breast and colorectal carcinomas
[12, 25, 27, 38, 42]. The presence of abundant lymphocytic
tumour infiltration is a peculiar histological feature com-
mon to gastric carcinomas (GCs), both with Epstein–Barr
virus (EBV) infection [4, 28, 37] and with a high level of
microsatellite instability (MSI) [4, 34].

The immune response to cancer cells may be mediated
by non-specific natural killer (NK) cells [30] or by cancer-
specific lymphocytes, which are usually CD8-positive [2, 31].
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In GCs, a high level of NK infiltration was significantly
associated with a better prognosis of disease [14].

In MSI colorectal carcinomas, the intratumour lympho-
cytes have been demonstrated to be prevalently cytotoxic-
activated T cells [7]. Their presence could be responsible
for the increased apoptosis of tumour cells observed in
these tumours, although Michael-Robinson et al. [23]
demonstrated that TILs and apoptosis are independent
characteristics of MSI tumours.

In the present investigation, we studied a series of GCs
characterised for MSI status and EBV infection with the

aims of clarifying whether TILs are associated with a better
clinical outcome in GC patients and of defining the nature
and the activation status of TILs in the different subtypes of
GCs.

Materials and methods

Case selection The study included 96 cases of sporadic
advanced GCs (Table 1) operated on at the University
Hospital of Varese between January 1980 and June 1999.

Table 1 Clinico-pathological data of 96 gastric carcinomas

Feature MSI [number
of cases (%)]

MSS/EBV− [number
of cases (%)]

MSS/EBV+ [number
of cases (%)]

Total [number
of cases (%)]

Number of cases 35 (36) 44 (46) 17 (18) 96
Male/female 21/14 (1.5) 24/20 (1.2) 12/5 (2.4) 57/39 (1.5)
Mean age (range), years 68.5 (49–82) 64.4 (43–84) 64.7 (42–86) 66.4 (42–86)
Tumour location
Cardias 2 (6) 2 (4.5) 3 (18) 7 (7.5)
Body/fundus 6 (17) 9 (20) 8 (47) 23 (24)
Antrum/body antrum 27 (77) 30 (68) 1 (6) 58 (60.5)
Stump 0 1 (2) 5 (29) 6 (6)
Unknown 2 (4.5) 2 (2)
Diameter (range), mm 58.6 (30–100) 39.7 (20–70) 60.3 (40–90) 50 (20–100)
Histology
Carneiro classification
Glandular 23 (66) 31 (70) 7 (41) 61 (64)
Solid 5 (14) 2 (5) 5 (29.5) 12 (12)
Mixed 7 (20) 11 (25) 5 (29.5) 23 (24)
Lauren classification
Intestinal 28 (80) 37 (84) 11 (65) 76 (80)
Diffuse 2 (6) 1 (2) 1 (6) 4 (4)
Unclassified 5 (14) 6 (14) 5 (29) 16 (16)

Grading
G1 1 (3) 3 (7) 0 4 (4.2)
G2 8 (23) 27 (61) 0 35 (36.5)
G3 26 (74) 14 (32) 17 (100) 57 (59.3)
Node metastases
Yes 18 (51) 31/43 (72) 14 (82) 63/95 (66)
No 17 (49) 12/43 (28) 3 (18) 32/95 (34)
Stage
I 15 9 3 27
II 10 13 8 31
III 9 18 3 30
IV 1 4 3 8
Follow-up
Alive 7 (20) 4 (9) 5 (29) 16 (17)
Alive (60 months) 21 (59) 8 (46) 14 (32) 43 (45)
Dead because of disease 14 (40) 27 (62) 9 (53) 50 (52)
Dead because of other causes 14 (40) 13 (29) 3 (18) 30 (31)
CD3+ TILs
Mean value 30.7 6.58 100.04 31.6
Median value 27.7 2.5 85.7 14.9
Range (1.6–77) (0–30.4) (43.3–254) (0–254)
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The majority of the tumours were from a series of 185
cases which had previously been examined for the pre-
sence of high MSI, expression of hMSH2 and hMLH1
proteins and EBV infection with in situ hybridisation for
EBER-1 [4]. In particular, 35 MSI and 31 microsatellite
stable (MSS) GCs were selected for the presence of abun-
dant lymphoid infiltration, while 20 cases, showing a less
abundant lymphoid infiltrate, were selected from the re-
maining consecutive MSS glandular carcinomas. Ten
other cases were added to the series because they were
known to be EBV-positive. Altogether, 35 cases were MSI,
and 61 were MSS carcinomas, 17 of which were positive
for EBV.

The tumours were classified, according to the criteria
outlined by Carneiro et al. [3], as glandular, solid or mixed
types and according to the Lauren criteria [19]. The tu-
mour stage was assessed using the tumour node metastases
(TNM) system defined by the International Union Against
Cancer [35]. The clinico-pathological data of the GCs, char-
acterised for MSI status and EBV infection, are summarised
in Table 1.

All patients were followed-up either until death or for a
median period of 150 months (range 42–238 months);
information was obtained from the Lombardy Tumour
Register and from the record offices of local authorities.
The mean overall follow-up was 64.3 months (range 0–238).

Immunohistochemical study The characterisation of TILs
was performed on formalin-fixed, paraffin-embedded
materials using the avidin–biotin–peroxidase complex
(ABC) methods. Briefly, sections were deparaffinised, re-
hydrated and, for selected antigens, pre-treated with dif-
ferent antigen-retrieval solutions in a domestic 750-kW
microwave oven (see Table 2). Endogenous peroxidase
activity was quenched in 3% H2O2 in water for 10 min.

Primary antibodies (listed in Table 2) were applied over-
night at 4°C. Sections were then incubated with biotinyla-
ted anti-mouse immunoglobulins and with ABC peroxidase
complex, each for 1 h at room temperature.

Immunoreactive intraepithelial lymphocytes were coun-
ted at 400× (Leitz, Laborlux K; field area 0.173 mm2) in
ten consecutive fields, selecting areas containing the max-
imal number of neoplastic cells with minimal reactive
stroma and necrosis. The mean value of immunoreactive
TILs per high-power field was reported. Only the immu-
noreactive lymphocytes in direct contact with tumour cells
were included in the count.

The apoptotic index was expressed as the percentage of
M30 immunoreactive cells per 2,000 tumour cells counted
in the ten most positive fields at 200×. Areas of intra-
glandular or superficial necrosis were not considered for
the evaluation of the apoptotic index.

Statistical analysis The statistical significance of the
results was evaluated using the Wilcoxon rank-sum test
for unpaired data, chi-square test and Fisher’s Exact Test.
The correlation of patient survival with the immunohisto-
chemical and clinico-pathological data was estimated
using the Kaplan–Meier product limit method, and statis-
tical differences were tested using the log-rank test. A
multivariate analysis was performed with the Cox
proportional-hazard regression model.

Results

Clinical and pathological features

The clinico-pathological data of the GCs are summarised in
Table 1. There were slightly more males (male to female

Table 2 List of primary antibodies used

Mouse monoclonal
antibody

Clone Specificity Working
dilution

Treatment Manufacturer

CD3 PS1 ɛ chain of T-cell receptor 1/100 MW 5 min ×2 EDTA,
pH 10

Biogenex (San Ramon,
CA, USA)

CD8 4B11 Membrane glycoprotein
of CTLs

1/20 MW 5 min ×4 EDTA,
pH 8

Novocastra (Newcastle,
UK)

Granzyme B GrB-7 Serine protease of NK cells
and CTLs

1/20 MW 5 min ×2 CB,
pH 6

Monosan (Uden,
Netherlands)

CD57 HNK-1 Membrane glycoprotein
of NK cells
and T-cell subset

1/20 Becton-Dickinson
(San Jose, CA, USA)

Perforin KM585
(P1-8)

Pore-forming protein of NK
cells and CTLs

1/1,000 MW 5 min ×4 EDTA,
pH 8

Kamiya (Seattle, WA, USA)

TIA-1 26gA10F5
(TIA-1)

T-cell intracellular antigen
also present in NK cells

1/1,000 MW 5 min ×2 EDTA,
pH 8

Immunotech (Marseilles,
France)

M30 CytoDEATH M30 Caspase-derived CK18 fragment 1/100 MW 5 min ×2 CB, pH 6 Roche (Mannheim,
Germany)

MW Microwave, CB citrate buffer, CTLs cytotoxic T-lymphocytes
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ratio 2.4:1) with MSS/EBV+ cancers compared to MSI and
MSS/EBV− cancers (male to female ratios 1.5:1 and 1.2:1,
respectively).

Both MSI and MSS/EBV− carcinomas were more
frequent in the antrum (77 and 68%, respectively), whereas
MSS/EBV+ carcinomas were prevalently located in the
gastric fundus (47%) and in the gastric stump (29%)
(p<0.001).

Tumour size varied in diameter from 20 to 100 mm. The
mean diameters were 58.6, 60.3 and 39.7 mm for MSI,
MSS/EBV+ and MSS/EBV− carcinomas, respectively.

Histologically, 64% of all tumours were glandular carci-
nomas. In particular, 74% of MSI and all the MSS/EBV+
cases were poorly differentiated, whereas 61% of MSS/
EBV− were moderately differentiated carcinomas (Fig. 1).
According to Lauren’s criteria [19], 80% of tumours were
intestinal, and only 4% were diffuse GCs; 16% of cases
were unclassified. At diagnosis, MSS/EBV− and MSS/EBV+ carcinomas

showed lymph node metastases in 31 of 43 (72%) and 14 of
17 (82%) cases, whereas they were present in only 18 of 35
(51%) MSI carcinomas (p<0.05).

Fifty (52%) patients died of disease after an average time
of 32.5 months (range 2–181), including 14 (40%) patients
with MSI, 27 (62%) with MSS/EBV− and 9 (53%) with
MSS/EBV+ carcinomas.

Thirty (31%) patients died of other causes (mean follow
up 46.5 months, range 0–212), and only 16 patients (17%)
were still alive at the last follow-up after a mean time of
150 months (range 42–238).
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Fig. 2 Failure time according to MSI and EBV status [log-rank chi-
square 6.35 (p=0.0417)]

Fig. 3 CD3 immunoreactive tumour-infiltrating lymphocytes in
MSI (a) and MSS/EBV− (b) gastric carcinomas (immunoperoxi-
dase; original magnification ×200)

Fig. 1 Gastric carcinoma with microsatellite instability (a), EBV
infection (b) and without microsatellite instability and EBV infec-
tion (c) (haematoxylin and eosin stain, original magnification ×200)
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The survival curves (Fig. 2) showed a significantly
different prognosis in the three groups (p<0.05). In par-
ticular, the overall survival was significantly higher for
patients with MSI than with MSS/EBV− GCs (p=0.01).
The mean 5-year survival was 59, 46 and 32% for MSI,
MSS/EBV+ and MSS EBV− GCs, respectively.

Characterisation of lymphoid infiltration

Lymphocytes were present both within tumour-cell nests
and in peritumoural stroma. CD3+ intraepithelial TILs
varied in number from 0 to 254 in a high-power micros-
copic field (mean value 31.6, median value 14.9).

The mean number of CD3+ TILs was 30.7 (range 1.6–
77), 6.6 (range 0–30.4) and 100 (range 43.3–254) in MSI,
MSS/EBV− and MSS/EBV+, respectively, and the differ-
ences were statistically significant (p<0.001; Fig. 3).

The nature and the activation status of TILs were an-
alysed in a subset of GCs, selected because sufficient
material was available for study, and the immunohisto-
chemical results are summarised in Table 3. The majority
of TILs showed an intense CD8 immunoreactivity. CD8+
TILs varied from 0.3 to 118.7 cells per field, the mean

value being 25.5 and the median value being 14.6. The
mean numbers of CD8+ TILs in MSI (21.7; range 2.1–56)
and in MSS/EBV+ (69.6; range 26–118.7) GCs were sig-
nificantly higher (p<0.001) than those found in MSS/EBV−
cases (6.4; range 0.3–23.7).

A minimal number of TILs was composed of NK cells.
The number of CD57+ TILs was significantly higher
(p<0.01) in MSS/EBV+ (mean value 4.2) than in MSS/
EBV− (mean value 0.8) or in MSI (mean value 3.1) GCs.

The presence of cytotoxic cells was confirmed by the
expression of T-cell intracellular antigen (TIA-1) in the
cytoplasmic granules in a considerable proportion of TILs.
The mean number of TIA-1+ TILs was significantly higher
in MSS/EBV+ (32.05; range 3–84.6) than that observed in
MSS/EBV− (5.2; range 0–29.1; p<0.001) and MSI (16.7;
range 0.4–59.5; p<0.05) GCs.

The activation status of TILs was assessed on the basis
of immunoreactivity for granzyme B and perforin. The
number of granzyme B+ TILs (Fig. 4) was significantly
higher (p<0.001) in MSI and in MSS/EBV+ than in MSS/
EBV− GCs (mean values 7.5 and 8.6, respectively, vs 0.8).
Perforin+ TILs were also significantly more numerous in
MSI GCs and in MSS/EBV+ than in MSS/EBV− tumours
(mean values 5.9 and 9.2, respectively, vs 0.9; p<0.001 and
p<0.05).

Table 3 Immunophenotype of TILs and apoptosis of tumour cells in 72 gastric carcinomas

MSI MSS/EBV− MSS/EBV+ p value
Number of cases 35 24 13

CD3a,b 30.7$# (1.6–77) 6.6$° (0–30.4) 100°# (43.3–254) p<0.001$°#

CD8a 21.7$# (2.1–56) 6.4$° (0.3–23.7) 69.6°# (26–118.7) p<0.001$°#

TIA-1a 16.7$# (0.4–59.5) 5.2$° (0–29.1) 32.05°# (3–84.6) p<0.001$° p<0.05#

Granzyme Ba 7.5$ (0–27.3) 0.8$° (0–5.1) 8.6° (0.3–27.5) p<0.001$°
Perforina 5.9$ (0–25.1) 0.9$° (0–5.4) 9.2° (0–18.7) p<0.05° p<0.001$

CD57a 3.1$# (0–31.4) 0.8$° (0.1–22.2) 4.20°# (1–13.9) p<0.01$°#

M30c 5.9$ (0.05–19.5)% 2.3$° (0.05–29.2)% 2.9° (0.05–17.95)% p<0.01$°
aMean value and range of immunoreactive TILs
bCD3 was counted on 96 gastric carcinomas
cMean percentage and range of tumour immunoreactive cells
$,#,°Indicators for statistical evaluation

Fig. 4 Granzyme B immunoreactive tumour-infiltrating lympho-
cytes in EBV+ gastric carcinoma (immunoperoxidase, original
magnification ×400)

Fig. 5 Apoptotic cells immunoreactive for M30 CytoDEATH
antibody in a microsatellite-instable gastric carcinoma (immunoper-
oxidase, original magnification ×400)
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Apoptosis of tumour cells

To assess the apoptotic index of tumour cells, GCs were
immunostained with the M30 CytoDEATH antibody that
recognises a fragment of cytokeratin-18 cleaved by a
caspase at the beginning of the apoptotic process. Tumour
cells showed an intense and variable cytoplasmic M30
immunoreactivity in relation to the apoptotic stage of the

cell (Fig. 5). At the beginning of the apoptotic process, in
cells which were still histologically normal, the immuno-
reactivity was distributed throughout the cytoplasm, where-
as in damaged cells, the immunoreactivity was localised
in granules, which varied in size and number, within the
cytoplasm.

The distribution of M30 immunoreactive tumour cells
differed among the various tumours; in some cases, M30+

Table 4 Relationships of age,
sex, Carneiro and Lauren clas-
sification, tumour site, pT, pN,
stage, EBV status, MSI status,
diameter, CD3+ TILs and CD8+
TILs with survival

Feature Number of cases (%) Relative risk (95% CI) p value

Age (years)
≤66 44 (46) 1.06 0.8356
>66 52 (54)
Sex
Male 57 (59) 1.14 0.6510
Female 39 (41)
Histology
Carneiro classification
Glandular/solid 73 (76) 1.73 0.0689
Mixed 23 (24)
Lauren classification
Intestinal 76 (80) 1.05 0.04
Diffuse 4 (4)
Unclassified 16 (16)

Tumour site
Cardias 7 (8) 1.07 0.0859
Corpus/fundus 23 (24)
Antrum/corpus antrum 58 (60)
Stump 6 (6)
Unknown 2 (2)
pT
pT2 69 (72) 2.70 0.0003
pT3/pT4 27 (28)
pN
pN0 32/95 (34) 4.21 <0.0001
pN1/pN2 63/95 (66)
Stage
I 27 (28) 2.43 <0.0001
II 31 (33)
III 30 (31)
IV 8 (8)
EBV status
Negative 78 (81) 1.25 0.5379
Positive 18 (19)
MSI status
Negative 61 (64) 1.94 0.0290
Positive 35 (36)
Diameter, mm
≤50 58 (66) 1.54 0.1381
>50 29 (34)
CD3+ TILs
≤14.9 48 (50) 2.03 0.0115
>14.9 48 (50)
CD8+ TILs
≤9.5 31 (44) 2.09 0.0265
>9.5 40 (56)
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cells were dispersed throughout the tumour, while in other
cases, they were localised near necrotic areas or within the
glandular lumens. The mean percentage of M30+ cells
varied from 0.05 to 29.2% (Table 3). M30+ cells were more
frequent in MSI and in MSS/EBV+ than in MSS/EBV−
GCs (mean percentages 5.9 and 2.9, respectively, vs 2.3;
p<0.01).

Necrotic areas and intraglandular abscesses, frequently
observed in MSS/EBV+ GCs, were always M30-negative.

Correlation with survival

A univariate analysis (Table 4) revealed that the low-
tumour stage (p<0.0001), the absence of node metastases
(pN, p<0.0001), the low depth of tumour invasion (pT,
p<0.0003), the intestinal type (p=0.04), the presence of
MSI (p=0.02) and high numbers of CD3+ TILs and CD8+
TILs correlated with survival. In particular, carcinomas
with CD3+ TILs higher than 14.9 (Fig. 6) and CD8+ TILs

higher than 9.5 (Fig. 7) were associated with a significantly
improved survival (p=0.01 and p<0.05, respectively).

The presence of intratumoural CD8+-activated lympho-
cytes (perforin >1.5 and granzyme B >1.75) was also
statistically significant (p<0.01).

On the basis of a Cox regression analysis, only a low
tumour stage (p<0.00001) and a high number of CD3+
TILs (p=0.02) were identified as independent prognostic
factors (Table 5).

Discussion

Abundant TILs seem to be associated with a more favour-
able prognosis in various malignancies, including melano-
mas and breast, renal, colorectal and GCs [12, 25, 27, 38,
42]. Tumour-associated lymphocytes show oligoclonal ex-
pansion [13], exhibit tumour-specific cytotoxic activity in
vitro [32] and recognise tumour-specific antigens [17, 29, 33].

The prognostic significance of lymphocytic infiltration
in gastric cancer was first emphasised by MacCarty and
Mahle [21]. In 1976 Watanabe and colleagues [39] ob-
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served a high survival rate among patients with GCs with
lymphoid stroma. With the aim of evaluating the prognos-
tic significance of TILs, we selected, from a series of
consecutive GCs, those showing abundant lymphoid infil-
tration. The MSS/EBV− and MSS/EBV+ groups were en-
riched in number to be better comparable. Our study, with
the limit that our cases were partly selected, seems to in-
dicate that the presence of intratumoural T cells correlates
with the clinical outcome of advanced gastric cancer after
apparently radical surgery. In a series of 96 patients with
advanced GCs, cancer-specific survival of patients ap-
peared to be increased by a factor of approximately 2 if
more than 14.9 CD3+ TILs or more than 9.5 CD8+ TILs
were present per high-power microscopic field. A uni-
variate analysis showed that, in addition to clinico-patho-
logical parameters including stage, lymph node status,
depth of tumour invasion, histological type and MSI status,
TIL count was significantly correlated with patient sur-
vival. A Cox regression analysis confirmed TILs as an
independent prognostic factor together with stage.

Two types of GCs are characterised by a large number of
TILs: the MSI- and the EBV-associated GCs [16, 28, 34, 37].

Like patients with sporadic MSI colorectal cancers [8,
11, 40], patients with sporadic MSI GCs apparently have a
better survival rate than patients with MSS tumours [34,
41]. EBV-positive GCs have sometimes been associated
with a survival advantage [5, 16, 36]. However, in 1994,
Nakamura et al. [26] observed that, among GCs with
lymphoid stroma, there was no significant difference in the
5-year survival rate between cases with EBV-positive and
EBV-negative GCs.

The molecular characteristics of tumours that elicit an
enhanced immune response are unclear, but the increased
production of abnormal peptides seems to be the more
probable hypothesis to explain this phenomenon. In
patients with MSI colorectal carcinomas with abundant
T-cell infiltration, Ishikawa et al. [15] demonstrated the
production of specific antibodies against an abnormal
fragment of CDX2 protein found in tumour tissue. The
aberrant protein is produced by a frameshift mutation in the
microsatellite sequence of the CDX2 coding region. This
study seems to support the hypothesis that, in MSI
tumours, the alteration of the mismatch repair system is
responsible for the production, by tumour cells, of
abnormal tumour-specific peptides which recruit lympho-
cytes in the tumour and induce an immune response.

A similar mechanism can operate in EBV-positive
tumours, where the recruitment of TILs could be the
consequence of the production by a virus, via tumour cells,
of abnormal peptides, although this hypothesis has not

been demonstrated yet. As a matter of fact, in their paper,
Kuzushima and colleagues [18] observed that CD8-
infiltrating lymphocytes did not recognise EBNA−1 and
BRAF antigens produced by tumour cells.

The nature and the activation status of TILs in our cases
of GCs seem to be similar to that observed by Dolcetti et al.
[7] in MSI colorectal carcinomas. In both MSS/EBV+ and
MSI GCs, the majority of TILs was represented by
cytotoxic CD8+ cells. A minor component of TILs was
represented by NK CD57+ cells. Cytotoxic effector CD8+
and NK cells are characterised by the presence of TIA-1
immunoreactive granules in their cytoplasms, independ-
ently of their activation status. TIA-1 protein is crucial for
DNA fragmentation and the apoptotic process [1]. In our
study, the mean value was significantly higher in MSS/
EBV+ and MSI than in MSS/EBV− GCs.

The production and secretion of granzyme B and
perforin are indispensable for the activation of cytotoxic
and NK lymphocytes. In the presence of Ca ++, the
monomers of perforin are released by the killer lympho-
cytes and inserted into the membrane of target cells, where
they form membrane pores which promote the entry of
cytolytic enzymes, in particular, TIA-1 and granzyme B
[20].Granzyme B is a granule-associated serine protease
that triggers the apoptotic cascade, probably by activating
caspases 10, 3 and 7 [9].

Both perforin+ and granzyme B+ TILs were signifi-
cantly more numerous in MSS/EBV+ and MSI than in
MSS/EBV− GCs, suggesting that the activation of cyto-
toxic cells is a specific event priming the apoptotic process
in MSS/EBV+ and MSI GCs.

The M30 monoclonal antibody identifies epithelial
apoptotic cells and has been previously used by Michael-
Robinson et al. [24] to evaluate the apoptotic index in MSI
colorectal carcinomas. This antibody binds to the caspase-
cleaved fragment of cytokeratin-18 during the early steps
of epithelial cell apoptosis. The demonstration that apop-
tosis of neoplastic cells was significantly more frequent in
MSI (5.87%) and in MSS/EBV+ (2.95%) than in MSS/
EBV− (2.26%) GCs supports the hypothesis that, in these
tumours, TILs play a crucial role in the increased apoptotic
cell death of neoplastic cells.

As for the difference between MSI and MSS/EBV+
GCs, it is worth noting that, although CD3+, CD8+ and
TIA-1+ TILs were significantly higher in MSS/EBV+ than
in MSI GCs, the percentage of activated TILs, as well as
the apoptotic index of tumour cells, were not significantly
different between the two subsets of GCs. These data might
explain the absence of a significant difference in prognosis
between patients with MSS/EBV+ and MSI GCs.

Table 5 Multivariate Cox proportional-hazard analysis of overall survival

Feature Beta Standard error Z value p value EXP (beta) Partial first derivate

Stage 0.7538 0.1544 4.881 0.00001 2.1251 1.53E-05
MSI status 0.2789 0.3454 0.8077 0.2096 1.321 4.77E-06
CD3+ TILs 0.805 0.4245 1.8936 0.029 2.2367 5.72E-06
CD8+ TILs 0.1326 0.4538 0.2923 0.385 1.1418 6.68E-06
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In our study, the prognosis of MSS/EBV+ cases appears
to be better than that of MSS/EBV− cases, although the
difference is not statistically significant. In addition, the
prognosis of patients with MSI+ GCs appears to be better
than that of patients with MSS/EBV+ GCs. Previous stud-
ies examining the correlation between survival and EBV
infection in GCs did not consider the MSI status [5, 16, 22]
with the exception of that of Grogg et al. [10]. In this
context, it is important to underline that in our study, all the
MSI GCs are EBV-negative, in agreement with the findings
of previous investigations [6, 10]. In addition, our results
confirm that MSI GCs are associated with a significantly
better prognosis than that of the MSS GCs, and particularly,
of MSS/EBV− GCs.

In conclusion, our study demonstrates that the presence
of a high number of CD3+ TILs is a favourable prognostic
factor, independently of the pathogenesis of GCs. EBV-
positive and MSI GCs are two subsets of tumours charac-
terised by a similar intratumour lymphocytic infiltration
prevalently composed of activated cytotoxic CD8+ cells.
The relatively better prognosis of these subsets of GCs
seems to be related to the increased host immune response
against abnormal peptides, probably produced by the virus
infection or by the presence of an altered mismatch repair
system.
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