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Abstract: No established method currently exists for evaluating tumor-infiltrating lymphocytes (TILs) in gastric can-
cer (GC), and their clinical significance based on infiltration site in GC remains unclear. In this study, we developed
a method to evaluate TILs according to their infiltration site as a prognostic marker for GC. We retrospectively ana-
lyzed 103 patients with advanced GC who underwent curative resection. TILs located at the invasive margin (TIL,,)
and the center of tumors (TIL) were scored semi-quantitatively using immunohistochemical staining of CD8+ T
cells. The sum of the TIL,, and TIL  scores was defined as the TILs score. Based on this score, patients were clas-
sified into low and high TILs groups. Quantitative TILs were also assessed to validate the semi-quantitative scoring
method. Furthermore, we confirmed a tumor suppressive effect due to CD8+ T cells co-cultured in GC cell lines in
vitro. In the univariate analysis, patients with low TIL, were significantly more likely to be female, younger, and have
undifferentiated histological types and deeper tumor invasion compared to those with high TIL . Similarly, patients
with low TIL . had significantly more positive lymph node metastases than those with high TIL .. In the multivariate
analysis, deeper tumor invasion and positive lymph node metastasis were identified as independent risk factors for
patients with low TIL,, and low TIL_, respectively. According to our semi-quantitative TILs scoring method, the low
TILs group had significantly poorer prognoses compared to the high TILs group. This group had significantly larger
tumor diameters, deeper tumor invasion, and more positive lymph node metastases. Additionally, deeper tumor
invasion was an independent risk factor for the low TILs group. Quantitative TILs analysis revealed that the low TILs
group had significantly lower TIL levels compared to the high TILs group. In vitro, CD8+ T cells induced apoptosis in
GC cells in a concentration-dependent manner. Furthermore, these cells significantly suppressed the proliferative,
migratory, and invasive capacities of GC cells. Our simple and versatile semi-quantitative scoring method for CD8+
TILs indicates that CD8+ TILs are sensitive prognostic markers. The low TILs group accurately reflects the low quan-
titative TIL levels and is associated with poor oncological prognosis.
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Introduction biomarkers that can predict which patients are

most at risk of recurrence and would thus ben-

Gastric cancer (GC) is one of the most common
causes of cancer-related deaths worldwide [1].
Following curative gastrectomy, disease recur-
rence poses a significant risk for all patients
with GC. Indeed, nearly 20% of patients with
advanced GC experience recurrence after sur-
gery [2]. Therefore, it is necessary to explore

efit the most from early treatment of GC.

Tumor-infiltrating lymphocytes (TILs) reflect
local tumor immunity and have been shown to
predict improved prognosis in various cancers
[3-5]. TILs include various types of immune
cells, such as cytotoxic T cells, helper T cells
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and natural killer cells, which contribute to anti-
tumor responses. Conversely, other cells, such
as FOXP3 regulatory T (Treg) cells, have a pro-
tumorigenic effect that promotes cancer growth
and invasion by producing factors that sustain
angiogenesis and promote cancer cell prolifera-
tion [6, 7]. CD8+ T cells, classified as cytotoxic
T cells, release cytokines that promote cytotox-
icity, and directly inhibit tumor growth [7, 8].
Therefore, it is important to evaluate the role of
CD8+ TILs in tumor immunity. However, there is
a crucial issue that must be resolved before
TILs can be clinically applied for the treatment
of GC. The clinical significance of TILs based on
their infiltration site in GC remains unclear.
Furthermore, no standardized method for eval-
uating the role of TILs in GC has been estab-
lished, and there is insufficient robust evidence
regarding the significance of TILs in GC.

In this study, therefore, we investigated a meth-
od to evaluate CD8+ TILs based on their infiltra-
tion site as a prognostic marker for GC, using
clinical GC specimens, and analyzed their clini-
cal significance. Additionally, we confirmed the
tumor-suppressive effect of different concen-
trations of CD8+ T cells by co-culturing them
with GC cell lines in vitro.

Materials and methods
Ethics approval and consent to participate

This study was approved by the institutional
review board of Kyoto Prefectural University of
Medicine (ERB-C-1178) on June 12, 2018. All
experimental methods were carried out in
accordance with relevant guidelines, such as
the Declaration of Helsinki and REMARK guide-
lines. Written informed consent was obtained
from all patients to use their clinical data and
tissue specimens.

Patients and surgical procedures

Paraffin-embedded primary GC tissue sam-
ples were collected from 103 patients with GC
who had undergone curative gastrectomy (RO)
between 2011 and 2014, at the Division of
Digestive Surgery, Kyoto Prefectural University
of Medicine, and whose pathological diagnosis
showed tumors present that were deeper than
the submucosal layer. None of these patients
had received prior treatment such as neoadju-
vant chemotherapy or radiotherapy. Curative
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resection was performed as a distal or total
gastrectomy, depending on the location of the
tumor, to obtain a tumor-free resection margin,
and radical lymphadenectomy was performed
according to the Japanese Gastric Cancer
Treatment Guidelines [9]. Resected specimens
were examined by two or more pathologists
according to the 15th Japanese Classification
of Gastric Carcinomas (JCGC) and the 8th
Tumor-Node-Metastasis (TNM) classifications
[10, 11]. The clinicopathological findings for
these patients were retrospectively determined
from their hospital records.

Postoperative follow-up and treatment

The follow-up program scheduled for all pati-
ents comprised a regular physical examination
and laboratory blood tests, including tests for
the tumor markers CEA and CA19-9, and chest
X-rays every three months in the first postoper-
ative year, every six months in the second post-
operative year and annually thereafter for at
least five years. Computed tomography was
performed annually for patients with tumors of
pathological stage | and every six months for
patients with tumors of pathological stage Il or
greater, for the first five years. Otherwise, com-
puted tomography was performed within one
month if elevated tumor markers or symptoms
were detected by follow-up laboratory blood
tests or during regular physical examinations.
Endoscopy was performed for all patients annu-
ally to screen for cancer in the gastric remnant.
Patients with stage II/lll GC received adjuvant
chemotherapy within 6 weeks of their surgery,
according to the Japanese Gastric Cancer
Treatment Guidelines [9].

Evaluation of TILs in advanced GC by immuno-
histochemistry staining

Paraffin-embedded primary GC tissue sam-
ples were cut into 5-um-thick sections and sub-
jected to immunohistochemical staining for
CD8+ T cells using the avidin-biotin-peroxidase
complex method [12]. The antibodies used
were mouse monoclonal anti-CD8 alpha anti-
bodies (C8/144B; Abcam, Tokyo, Japan). Briefly,
after deparaffinization, endogenous peroxidas-
es were quenched by incubating the sections in
3% H,0, for 30 min. Antigen retrieval was per-
formed by heating the samples in 10 mmol/L
citrate buffer (pH 6.0) at 95°C for 60 min. After
treatment with Block Ace (Vectastain Universal
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Elite ABC kit; Vector Laboratories, Burlingame,
CA) at room temperature for 30 min, the sec-
tions were incubated at room temperature for
60 min and at 4°C overnight with anti-CD8
alpha antibodies (1:200). The avidin-biotin-per-
oxidase complex system (Vectastain Universal
Elite ABC kit; Vector Laboratories, Burlingame,
CA) was used for color development with dia-
minobenzidine tetrahydrochloride. The slides
were counterstained with Mayer’s hematoxylin.

To image the entire GC sample with immunohis-
tochemistry staining of CD8+ T cells, the sec-
tions were imaged under an all-in-one fluores-
cence microscope (BZ-X800; KEYENCE, Osaka,
Japan) equipped with a BZ-X800 Analyzer (BZ-
H4A; KEYENCE, Osaka, Japan). A Plan Fluor
10x% objective (NA0.30, MRH20101; KEYENCE,
Osaka, Japan) was used to capture tiled imag-
es, and the image stitching function in the
BZ-X800 Analyzer software (BZ-H4A; KEYENCE,
Osaka, Japan) was used for image stitching
(Figure 1A) [13, 14].

The tumor area was divided into the invasive
margin (IM) and the center of the tumor (CT)
within the tumor stroma, according to previous-
ly described methods [15-17]. The IM is defined
as a 1-mm-wide zone centered around the bor-
der of the malignant cells with the host tissue,
and the CT is defined as the tumor tissue sur-
rounded by this zone. In some cases, the can-
cer invades the serosa, and the IM is less than
1 mm wide. In such cases, the serosa is defined
as the boundary of the IM. These procedures
follow the standardized method proposed by
the International Immuno-Oncology Biomarkers
Working Group (Figure 1B) [18]. Stromal TILs in
the IM (TIL,,) and TILs in the CT (TIL,,) were
evaluated based on the sites where CD8+ TILs
infiltrate. Additionally, intra-tumoral TILs as
non-stromal TILs within the tumor nests (TIL,)
were assessed in a test-scale group of patients
with advanced GC. Prior to the semi-quantita-
tive evaluation of CD8+ TILs, a quantitative
evaluation was performed for verification using
the Hybrid Cell Count software module of the
BZ-X800 Analyzer software. For each GC sam-
ple, three regions of the IM and CT, where high
densities of CD8+ T cells were observed, were
selected. The number of CD8+ T cells (visual-
ized as red) per field of view was counted, and
the average value was calculated (Figure 1C)
[14, 19]. Areas with lymphoid follicles and
necrosis were excluded, in accordance with
the standardized method proposed by the
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International Immuno-Oncology Biomarkers
Working Group [18]. The value in the IM was
defined as quantitative TIL, ,, whereas the value
in the CT was defined as quantitative TIL .. The
sum of quantitative TIL,, and TIL  in GC was
defined as the total quantitative TILs. The cut-
off of values for quantitative TIL , TIL_, and
TILs were set at their respective medians.

TIL,,, of GC were semi-quantitatively evaluated
per low-power field (x100) and TIL , of GC were
semi-quantitatively evaluated per high-power
field (HPF) (x400). In both cases, this was car-
ried out by an experienced pathologist. TIL,,
were classified from O to 3+, as follows (Figure
1D-G); O, none or very few immunopositive lym-
phocytes; 1+, a few immunopositive lympho-
cytes; 2+, several immunopositive lympho-
cytes, seen to be forming a belt; 3+, many
immunopositive lymphocytes, seen as a thick
belt. TIL, were also classified from O to 3+, as
follows (Figure 1H-K); O, none or very few immu-
nopositive lymphocytes; 1+, a low density of
immunopositive lymphocytes; 2+, an intermedi-
ate density of immunopositive lymphocytes;
3+, a high density of immunopositive lympho-
cytes. Patients with TIL,, scored as 1 or less
were classified as low TIL , while those with
TIL,,, scored as higher than 1 were classified as
high TIL,,. TIL., was classified in the same way.
The sum of each TIL,, and TIL  score was
defined as the TILs score. The median TILs
score was 3, therefore patients with a TILs
score of 3 or less were classified as the low TILs
group, and those with a TILs score higher than
3 were classified as the high TILs group.

Cell lines

Two GC cell lines (HGC27 from metastatic
lymph nodes and MKN45 from poorly differ-
entiated adenocarcinoma) were used in this
study. These cell lines were purchased from
RIKEN Cell Bank (Tsukuba, Japan), the Japan-
ese Collection of Research Bioresources Cell
Bank (Osaka, Japan) and Cell Lines Service
(Eppelheim, Germany). All cell lines were identi-
fied by short tandem repeat profiling. No myco-
plasma contamination was detected in any of
the cultures. HGC27 was cultured in Dulbecco’s
Minimum Essential Medium (Sigma, St. Louis,
MO). MKN45 was cultured in Roswell Park
Memorial Institute 1640 medium (Sigma, St.
Louis, MO). All media were supplemented with
10% fetal bovine serum (Trace Scientific, Mel-
bourne, Australia). The cells were cultured at
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Figure 1. (A) To image the entire gastric cancer (GC) specimen with immunohistochemistry staining of CD8+ T cells,
tiled images captured per low-power field (LPF) (x100) were stitched. (B) Enlarged image of the area inside the
black rectangle shown in (A). The tumor area was divided into the invasive margin (IM) and the center of the tumor
(CT) within the tumor stroma in GC. (C) Representative quantified images of CD8+ tumor-infiltrating lymphocytes
(TILs) in the IM and CT of GC are shown. The upper image is the enlarged image of the area inside the black dashed
rectangle in the CT shown in (B) where TILs with a high density of CD8+ T cells were observed in the CT. The below
image is enlarged image of the area in the IM shown in (B) where TILs with a high density of CD8+ T cells were
observed in the IM. CD8+ T cells are indicated in red, and other areas are indicated in yellow. (D-K) Representative
cases of semi-quantitative evaluation of stromal TILs are shown. CD8+ TILs in the IM of GC were classified as follows
per LPF (x100): O, none or a very few immunopositive lymphocytes (D); 1+, a few immunopositive lymphocytes (E);
2+, several immunopositive lymphocytes, as indicated by the formation of a belt (F); and 3+, many immunopositive
lymphocytes, as indicated by the formation of a thick belt (G). CD8+ TILs in the CT of GC were classified as follows
per high-power field (HPF) (x400): O, none or a very few immunopositive lymphocytes (H); 1+, low density of im-
munopositive lymphocytes (l); 2+, intermediate density of immunopositive lymphocytes (J); and 3+, high density of
immunopositive lymphocytes (K).

37°C in a humidified chamber in a 5% CO2
incubator.

Technologies, Cambridge, UK), according to
the manufacturer’s protocol. The purity of the
CD8+ T cells was confirmed by flow cytometry

Isolation and activation of CD8+ T cells

Human peripheral blood mononuclear cells
(PBMCs) were isolated from healthy donors’
blood using SepMate™-50 (RUO) (STEMCELL
Technologies, Cambridge, UK). CD8+ T cells
were isolated from PBMCs using the EasySep™
Human CD8+ T cell isolation kit (STEMCELL
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before and after isolation. Isolated CD8+ T cells
were propagated in Immunocult™-XF T cell
expansion medium (STEMCELL Technologies,
Cambridge, UK) containing 30-100 IU/mL of
recombinant human IL-2 (Peprotech, NJ) and
25 pyL/mL of Immunocult™ human CD3/CD28
T cell activator (STEMCELL Technologies, Cam-
bridge, UK), which contained anti-CD3 and anti-
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Figure 2. Experimental protocol. Human peripheral blood mononuclear cells (PBMCs) were isolated from healthy
donors’ blood, and CD8+ T cells were isolated from the PBMCs. Isolated CD8+ T cells were propagated in T cell
expansion medium containing 30-100 IU/mL of recombinant human IL-2 and 25 pyL/mL of anti-CD3 and anti-CD28
antibodies, at 37°C in a humidified chamber in a 5% CO, incubator for 2-7 days.

CD28 antibodies, at 37°C in a humidified cham-
ber in a 5% CO, incubator for 2-7 days (Figure
2) [20, 21].

Cell growth assays

HGC27 and MKN45 cells, as target cells, were
seeded into 24-well plates. The activated CD8+
T cells, as effector cells, were co-cultured in
each well with cancer cells at a ratio of 8:1,
0.5:1, and with phosphate-buffered saline
(PBS) as a control. To measure cell growth, the
number of viable cells at various time points
during co-culturing was assessed using a colo-
rimetric water-soluble tetrazolium salt assay
(Cell Counting Kit 8; Dojindo Laboratories,
Kumamoto, Japan). The CD8+ T cells were
washed twice with PBS, and the target cell via-
bility was determined by reading the optical
density at 450 nm (Multiskan Fc; Thermo Fisher
Scientific, MA).

Apoptotic cell assays

HGC27 and MKN45 cells, as target cells, were
seeded into 6-well plates. The activated CD8+

5969

T cells, as effector cells, were co-cultured in
each well with cancer cells at a ratio of 8:1,
0.5:1, and with PBS as a control. After co-cul-
turing for 72 h, the CD8+ T cells were washed
twice with PBS and the target cells (HGC27 or
MKN45) were harvested and stained with fluo-
rescein isothiocyanate-conjugated annexin V
and phosphatidylinositol, using an Annexin V
Kit (Beckman Coulter, Brea, CA). A Becton
Dickinson Accuri™ C6 flow cytometer (Becton
Dickinson, San Jose, CA) was used to analyze
the proportion of apoptotic cells. Early apo-
ptosis was defined as annexin V-positive/
Pl-negative and late apoptosis as annexin V/
Pl-double positive.

Transwell migration and invasion assays

Transwell migration and invasion assays were
conducted in 24-well modified Boyden cham-
bers (Transwell chambers; BD Transduction,
Franklin Lakes, NJ). The upper surface of 6.4-
mm-diameter filters with 8-um pores was pre-
coated with Matrigel (BD Transduction, Franklin
Lakes, NJ) for the invasion assay or without
Matrigel for the migration assay. HGC27 and
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MKN45 cells (2 x 10*and 5 x 10° cells per well,
respectively) and the activated CD8+ T cells at
a ratio of 8:1, 0.5:1, and PBS as a control were
transferred into the upper chamber. Following
incubation for 22 h, all CD8+ T cells were col-
lected and confirmed not to have permeated
the filters. Then, the migrated or invasive cells
on the lower surface of the filters were fixed
and stained with Diff-Quik stain (Sysmex, Kobe,
Japan). Stained cell nuclei were counted direct-
ly on filters in triplicate. We assessed the ability
of the cells to move through extracellular matri-
ces by calculating the ratio of the percentage of
cells that invaded through the Matrigel-coated
filters relative to the cells that migrated through
the uncoated filters of test cells to that in the
control cells.

Enzyme-linked immunosorbent assay

HGC27 and MKN45 cells, as target cells, were
seeded into 6-well plates. Activated CD8+ T
cells, as effector cells, were co-cultured with
the cancer cells at ratios of 8:1, 0.5:1, and with
PBS as a control. After co-culturing for 12 h, the
supernatants from the co-culture were collect-
ed from the 6-well plates. Enzyme-linked immu-
nosorbent assay (ELISA) was performed to
measure the concentration of granzyme B
using the human granzyme B sandwich ELISA
Kit (Proteintech, IL), according to the manufac-
turer’s protocol. Briefly, 100 pL of each stan-
dard granzyme B solution and co-culture super-
natants were added to each well of an
antibody-coated 96-well microplate and incu-
bated for 2 h at 37°C. After incubation, the
plate was washed four times with wash buffer,
and residual buffer was removed. Next, 100 pL
of anti-human granzyme B detection antibody
solution was added to each well and incubated
for 1 h at 37°C. The plate was washed again as
described above. Then, 100 uL of streptavidin-
horseradish peroxidase solution was added to
each well and incubated for 40 min at 37°C.
The plate was washed as before. Protected
from light, 100 pL of tetramethylbenzidine
(TMB) substrate solution was added to each
well and incubated for 20 min at 37°C.
Afterward, 100 uL of stop solution was added
to each well in the same order as the TMB sub-
strate solution. Immediately, absorbance val-
ues were measured at a wavelength of 450 nm
using the Multiskan Fc with Skanlt software
3.1. Based on the absorbance of each stan-
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dard granzyme B, a four-parameter logistic
curve was generated, and the concentration of
granzyme B in the co-culture supernatants was
measured.

Statistical analysis

The chi-square test and Fisher’'s exact pro-
bability test were performed for categorical
variables to compare the clinicopathological
characteristics between groups. A multivariate
analysis was performed using a logistic regres-
sion model. Overall and recurrence-free surviv-
al were estimated using the Kaplan-Meier
method, and the log-rank test was used to
assess differences between TILs. The Mann-
Whitney U-test was used to assess the validity
of the semi-quantitative evaluation. For in vitro
analyses, analysis of variance followed by a
post hoc Bonferroni test was used for the sta-
tistical analysis. A P-value of less than 0.05
was considered significant. Statistical analyses
were performed using JMP Pro version 17.1.0.

Results
Characteristics of patients with advanced GC

Seventy-six of the 103 patients were male
(73.8%), and the median age was 67 years.
Median tumor size was 56 mm, and the num-
ber of patients with undifferentiated histologi-
cal type was 54 (52.4%). The numbers of
patients with venous invasion and lymphatic
invasion were 58 (56.3%) and 71 (68.9%),
respectively. The pathological diagnosis of
tumor depth categories consisted of pT2 (n =
25, 24.3%), pT3 (n = 48, 46.6%) and pT4 (n =
30, 29.1%). The pathological lymph node
metastasis categories consisted of pNO (n =
49, 47.6%), pN1 (n = 17, 16.5%), pN2 (n = 16,
15.5%) and pN3 (n = 21, 20.4%) (Table 1).

Distribution of patients with each score of TIL ,,
and TIL,

The distribution of the numbers of patients with
TIL,, and TIL., scores of O to 3+ is shown in
Figure 3. None of the 103 patients showed no
TILs in both the IM and CT. There were 3
patients each with a score of O in the IM only or
the CT only, and 97 of 103 patients had TILs
with a score of 1+ or higher in either the IM or
the CT. Five of the six patients with a score of
3+ in the CT also had a score of 3+ in the IM.
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Table 1. Clinicopathological characteristics of
the study participants

Variable Number (n = 103)
Sex
Female 27 (26.2%)
Male 76 (73.8%)

Median age® (range)
BMI° (range)
Tumor location®

67 (29-87)
21.7 (14.7-31.2)

u 29 (28.1%)

M 52 (50.5%)

L 22 (21.4%)
Median tumor size® (range) 56 (17-255)
Histological type

Differentiated 49 (47.6%)

Undifferentiated 54 (52.4%)
Venous invasion

Negative 45 (43.7%)

Positive 58 (56.3%)
Lymphatic invasion

Negative 32 (31.1%)

Positive 71 (68.9%)
pT category®

pT2 25 (24.3%)

pT3 48 (46.6%)

pT4 30 (29.1%)
pN category®

pNO 49 (47.6%)

pN1 17 (16.5%)

pN2 16 (15.5%)

pN3 21 (20.4%)
pStage®

| 17 (16.5%)

Il 48 (46.6%)

11} 38 (36.9%)
aAge in years; "Body mass index, kg/m?; °U, upper third
of the stomach; M, middle third of the stomach; L, lower
third of the stomach; ‘mm; ¢The 8th edition of the Inter-
national Union Against Cancer (UICC) TNM classification
for gastric cancer.

The low and high TILs groups were color-coded
white and grey, respectively.

Overall and recurrence-free survival of pa-
tients with advanced GC according to TILs
score

First, we investigated the prognostic impact of

CD8+ TILs infiltrating advanced GC. Survival
curves based on TIL,, and TIL. scores are
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shown in Figure 4A and 4B. We confirmed that
the greater the infiltration by both TIL , and
TIL,,, the better the prognosis in patients with
advanced GC. In contrast, TIL, showed no trend
that could be used to stratify prognoses in a
test-scale group of patients with advanced GC
(Figure 4C). Therefore, to evaluate the potential
of TILs as a prognostic marker, patients with
advanced GC were divided into two groups
based on TIL, and TIL : a low TILs group and a
high TILs group. The low TILs group had a sig-
nificantly poorer prognosis in terms of recur-
rence-free survival compared with the high TILs
group, as shown in Figure 5.

Clinicopathological factors associated with
TIL,, and TIL,

We next investigated clinicopathological fac-
tors associated with CD8+ TILs based on the
sites of their infiltration in advanced GC. First,
we investigated the association between clini-
copathological factors and TIL, in advanced
GC. Our univariate analysis showed that
patients with low TIL,, were more likely to be
female, younger, and have undifferentiated his-
tological types and deeper tumor invasion com-
pared to those with high TIL, . In our multivari-
ate analysis using a logistic regression model,
deeper tumor invasion was identified as an
independent risk factor for patients with low
TIL,, (Table 2). Second, we investigated the
association between clinicopathological fac-
tors and TIL,, in advanced GC. Our univariate
analysis showed that patients with low TIL
had significantly more positive lymph node
metastasis compared to those with high TIL ..
In our multivariate analysis using a logistic
regression model, positive lymph node metas-
tasis was found to be an independent risk-fac-
tor for patients with low TIL . (Table 3).

Association between clinicopathological fac-
tors and TILs score

Finally, we investigated clinicopathological fac-
tors associated with the TILs score in advan-
ced GC. Our univariate analysis showed that
patients in the low TILs group had significantly
larger tumor diameter, deeper tumor invasion,
and more positive lymph node metastasis than
those in the high TILs group. In our multivariate
analysis using a logistic regression model,
deeper tumor invasion was an independent risk
factor for patients in the low TILs group (Table
4).
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Distribution numbers of each score of TILs at the invasive margin (TILy) and the center of the tumor (TlLcT).

TILm
0 1+ 2+ 3+
TlLct
0 0 2 1 0
1+ 3 32 13 1
2+ 0 18 22 5
Low TILs group
3+ 0 0 1 5
[ ] High TiLs group

Figure 3. Distribution of the numbers of patients with each score of TILs in the invasive margin (TIL,) and the
center of the tumor (TIL,,) of gastric cancer (GC). The low and the high TILs groups are color-coded white and grey,

respectively.

Association between quantitative and semi-
quantitative evaluation of TILs

A quantitative evaluation method was used to
verify the validity of the semi-quantitative eval-
uation. Patients with the low semi-quantitative
TIL,, and TIL., had significantly lower quantita-
tive TIL,,, and TIL., compared to those with the
high semi-quantitative TIL,, and TIL . (Figure
6A and 6B). Furthermore, the low semi-quanti-
tative TILs group had significantly lower quanti-
tative TILs than the high semi-quantitative TILs
group (Figure 6C). However, in patients classi-
fied in the high semi-quantitative TIL ,, TIL_,
and TILs groups, some patients had the low
quantitative TIL , TIL., and TILs, respectively
(Figure 6A-C).

m? cT’

Overall and recurrence-free survival according
to quantitative TILs in the high semi-quantita-
tive TILs group, and clinicopathological factors
associated with low quantitative TILs in the
high semi-quantitative TILs group

Patients with low quantitative TILs in the high
semi-quantitative TILs group might be misclas-
sified as having lower malignancy, which could
have a critical impact on the treatment selec-
tion. Therefore, to investigate the prognosis of
patients with differing results between semi-
quantitative and quantitative evaluations of
TILs, we analyzed survival curves based on
quantitative TILs in the high semi-quantitative
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TILs group in advanced GC. We confirmed that
patients with low quantitative TILs tended to
have poorer survival than those with high quan-
titative TILs (Figure 6D). Next, to investigate
why patients classified in the high semi-quanti-
tative TILs group had low quantitative TILs, we
investigated clinicopathological factors associ-
ated with low quantitative TILs in the high semi-
quantitative TILs group in advanced GC. Our
univariate analysis showed that patients with
low quantitative TILs in the high semi-quantita-
tive TILs group had significantly deeper tumor
invasion than those with high quantitative TILs
in the same group (Table 5).

Suppression of cell proliferation by CD8+ T
cells in GC cell lines

The high TILs group showed better oncologic
prognosis than the low TILs group, so we tested
the oncologic effects of the degree of CD8+
TILs infiltration in vitro. We performed a cell
proliferation assay using two different effector
cell:target cell (ET) ratios to investigate whether
a high density of CD8+ T cells could suppress
the proliferation of GC cells. In both HGC27
(derived from lymphatic metastasis adenocar-
cinoma) and MKN45 (derived from poorly dif-
ferentiated adenocarcinoma) cells, the target
cell viability with an ET ratio of 8:1 (high TILs)
was compared with an ET ratio of 0.5:1 (low
TILs) and negative controls. The proliferation of
both cell lines with an ET ratio of 8:1 was signifi-
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for the statistical analysis. P < 0.05 was considered statistically significant.

cantly lower than with an ET ratio of 0.5:1 and
negative controls. However, there was no differ-
ence in the proliferation of either cell line with
an ET ratio of 0.5:1 and negative controls
(Figure 7A).
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Induced apoptosis by CD8+ T cells in GC cell
lines

We next performed an apoptosis assay to
investigate the reasons for the suppression of
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cell proliferation by a high density of CD8+ T
cells. Fluorescence-activated cell sorting analy-
sis demonstrated that the number of cells in
early apoptosis and late apoptosis was signifi-
cantly higher when co-cultured with an ET ratio
of 8:1 compared with an ET ratio of 0.5:1 and
negative controls (PBS). However, there was no
difference in the number of cells in early and
late apoptosis between either cell line with an
ET ratio of 0.5:1 and negative controls (Figure
7B).

Suppression of cell migration and invasion by
CD8+ T cells in GC cell lines

To examine the effect of CD8+ T cells on the
migratory and invasive capacity of cancer cells
in vitro, transwell migration and invasion assays
were performed. We examined the ability of
HGC27 and MKN45 cells co-cultured with
CD8+ T cells to move through pores under dif-
ferent ET ratios. An uncoated membrane was
used for the migration assays, whereas a
Matrigel-coated membrane was used for the
invasion assays. The numbers of HGC27 and
MKN45 cells co-cultured with CD8+ T cells with
an ET ratio of 8:1 that migrated into the lower
chamber were significantly lower than those co-
cultured with an ET ratio of 0.5:1 and negative
controls. However, there was no difference in
the migratory and invasive capacity of either
cell line between those with an ET ratio of 0.5:1
and negative controls (Figure 7C). This result
suggests that CD8+ T cells not only induce
apoptosis of cancer cells but also might influ-
ence their migration and invasion capacity.
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Granzyme B secreted by CD8+ T cells

To clarify the molecular dynamics behind the
apoptosis of cancer cells and the suppression
of cancer cell migration and invasion in co-cul-
ture with CD8+ T cells, we measured the change
in granzyme B concentration in the culture
medium. ELISA demonstrated that the concen-
tration of granzyme B was significantly higher
when co-cultured with an ET ratio of 8:1 com-
pared to an ET ratio of 0.5:1 and negative con-
trols (PBS). However, there was no difference in
the concentration of granzyme B between
either cell line with an ET ratio of 0.5:1 and neg-
ative controls (Figure 7D).

Discussion

In this study, we validated a method for evaluat-
ing TILs based on their infiltration site in GC
and investigated the potential of CD8+ TILs as
a prognostic marker in advanced GC. We clari-
fied the clinicopathological characteristics of
TILs according to their infiltration site in GC.
Furthermore, we demonstrated the usefulness
and limitations of semi-quantitative scoring
methods for CD8+ TILs in GC. Additionally, we
also confirmed the tumor suppressive effect of
CD8+ T cells in a concentration-dependent
manner in GC cell lines in vitro.

A specific recommended evaluation method for
TILs has been determined for various cancers,
including breast cancer, melanoma, colorectal
cancer, non-small cell lung cancer, ovarian can-
cer, head and neck squamous cell cancer and

Am J Cancer Res 2024;14(12):5965-5986



A semi-quantitative scoring method for CD8+ tumor-infiltrating lymphocytes

Table 2. Univariate and multivariate analyses of factors influencing TILs scores in the invasive margin,

using a logistic regression model

N TIL,? Univariate® Multivariate®
Low High P-value OR? 95% Cl°  P-value
Total 103 55 48
Sex
Female 27 19 -35% 8 -17%
Male 76 36 -65% 40 -83% 0.04
Age (years)
<75 84 49 -89% 35 -73%
>75 19 6 -11% 13 -27% 0.035
BMIf (kg/m?)
>18.5 88 46 -84% 42 -88%
<185 15 9 -16% 6 -12% 0.579
Tumor locationg
U 36 16 -29% 20 -42%
M, L 67 39 -11% 28 -58% 0.182
Tumor size (mm)
<50 41 18 -33% 23 -48%
>50 62 37 -67% 25 -52% 0.116
Histological type
Differentiated 49 21 -38% 28 -58%
Undifferentiated 54 34 -62% 20 -42% 0.041
Venous invasion
VO-2 81 46 -84% 35 -13%
V3 22 9 -16% 13 27% 0.185
Lymphatic invasion
LyO-2 57 30 -55% 27 -56%
Ly3 46 25 -45% 21 -44% 0.862
pT category"
pT2-3 73 32 -58% 41 -85%
pT4 30 23 -42% 7 -15% 0.002 413 1.51-11.32 0.004
pN category"
pNO 49 23 -42% 26 -54%
pN1-3 54 32 -58% 22 -46% 0.211
aTIL, ., tumor-infiltrating lymphocytes in the invasive margin; "The chi-square test and Fisher’s exact probability test were per-

M?

formed; “Multivariate analysis was performed using a logistic regression model; “OR, odds ratio; ¢Cl, confidence interval; ‘BMI,
body mass index; &U, upper third of the stomach; M, middle third of the stomach; L, lower third of the stomach; "The 8th edition
of the International Union Against Cancer (UICC) TNM classification for gastric cancer. Values in bold represent P < 0.05.

genitourinary cancer [18]. In particular, in the
field of breast cancer, evaluation methods for
TILs are internationally established and their
importance is widely known [3, 22, 23]. How-
ever, no evaluation methods for TILs in GC have
yet been established, and the importance of
TILs in GC remains unclear. In fact, initial evi-
dence suggests that only stromal TILs should
be evaluated in GC due to the lack of prognos-
tic significance of intra-tumoral TILs; however,
this finding requires further validation [18]. The
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prognostic significance of intra-tumoral TILs
has been clarified in several cancers. Methods
for evaluating TILs in melanoma typically focus
solely on intra-tumoral TILs, which are associ-
ated with favorable outcomes in patients with
melanoma [24, 25]. In ovarian cancer, both
stromal TILs and intra-tumoral TILs are relevant
for prognosis and therefore both are evaluated
[26, 27]. We also retrospectively analyzed intra-
tumoral TILs in this study. However, TILN showed
no trend that could be used to stratify progno-
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Table 3. Univariate and multivariate analyses of factors influencing TILs scores in the center of the

tumor, using a logistic regression model

TIL? Univariate® Multivariate®
" Low High P-value OR¢ 95% Cl®  P-value
Total 103 52 51
Sex
Female 27 15 -29% 12 -24%
Male 76 37 -11% 39 -76% 0.54
Age (years)
<75 84 43 -83% 41 -80%
>75 19 9 -17% 10 -20% 0.764
BMIf (kg/m?)
>18.5 88 43 -83% 45 -88%
<185 15 9 -17% 6 -12% 0.425
Tumor locationg
u 36 18 -35% 18 -35%
M, L 67 34 -65% 33 -65% 0.942
Tumor size (mm)
<50 41 19 -37% 22 -43%
>50 62 33 -63% 29 -57% 0.494
Histological type
Differentiated 49 29 -56% 20 -39%
Undifferentiated 54 23 -44% 31 -61% 0.093
Venous invasion
VO-2 81 39 -75% 42 -82%
V3 22 13 -25% 9 -18% 0.363
Lymphatic invasion
LyO-2 57 26 -50% 31 -61%
Ly3 46 26 -50% 20 -39% 0.271
pT category"
pT2-3 73 33 -63% 40 -718%
pT4 30 19 -37% 11 -22% 0.095
pN category"
pNO 49 19 -37% 30 -59%
pN1-3 54 33 -63% 21 -41% 0.024 248 1.12-549 0.023
aTIL.., tumor-infiltrating lymphocytes in the center of the tumor; “The chi-square test and Fisher’s exact probability test were

cT’

performed; “Multivariate analysis was performed using a logistic regression model; “OR, odds ratio; Cl, confidence interval;
'BMI, body mass index; €U, upper third of the stomach; M, middle third of the stomach; L, lower third of the stomach; "The 8th
edition of the International Union Against Cancer (UICC) TNM classification for gastric cancer. Values in bold represent P <

0.05.

ses in a test-scale number of patients with
advanced GC. Therefore, in this study, we inves-
tigated whether the sum of the scores of stro-
mal TILs in the IM and CT, without using the TILN
score, was a suitable index for the prognostic
stratification of patients with GC.

There are some reasons for why the signifi-
cance of TILs in GC has yet to be determined.
First, there are morphological differences
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between GC and other solid tumors such as
breast cancer. With breast cancer, the per-
centage of stromal TILs inside a tumor can be
evaluated by hematoxylin and eosin (H&E)
staining [22, 23]. However, in GC, which is a
cancer derived from the gastrointestinal epi-
thelium, evaluating the percentage of stromal
TILs inside a tumor alone is insufficient as there
is another important prognostic factor to con-
sider, i.e., the depth of tumor invasion. For this
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Table 4. Univariate and multivariate analyses of factors influencing TILs scores, using a logistic re-

gression model

TILs? score Univariate® Multivariate®
Low TILs group  High TILs group P-value OR¢ 95% Cl®  P-value

Total 103 69 34
Sex

Female 27 22 -32% 5 -15%

Male 76 47 -68% 29 -85% 0.062
Age (years)

<75 84 59 -86% 25 -74%

>75 19 10 -14% 9 -26% 0.141
BMIf (kg/m?)

>18.5 88 57 -83% 31 -91%

<185 15 12 -17% 3 -9% 0.229
Tumor location®

U 36 23 -33% 13 -38%

M, L 67 46 -67% 21 -62% 0.625
Tumor size (mm)

<50 41 22 -32% 19 -56%

>50 62 47 -68% 15 -44% 0.019
Histological type

Differentiated 49 31 -45% 18 -53%

Undifferentiated 54 38 -55% 16 47% 0.444
Venous invasion

VO-2 81 52 -75% 29 -85%

V3 22 17 -25% 5 -15% 0.248
Lymphatic invasion

LyO-2 57 36 -52% 21 -62%

Ly3 46 33 -48% 13 -38% 0.357
pT category”

pT2-3 73 42 -61% 31 -91%

pT4 30 27 -39% 3 -9% 0.001 5.25 1.57-24.11 0.006
pN category”

pNO 49 27 -39% 22 -65%

pN1-3 54 42 -61% 12 -35% 0.015

aTILs, tumor-infiltrating lymphocytes; "The chi-square test and Fisher’s exact probability test were performed; °Multivariate
analysis was performed using a logistic regression model; “OR, odds ratio; ¢Cl, confidence interval; ‘BMI, body mass index; €U,
upper third of the stomach; M, middle third of the stomach; L, lower third of the stomach; "The 8th edition of the International
Union Against Cancer (UICC) TNM classification for gastric cancer. Values in bold represent P < 0.05.

reason, the evaluation of TILs in GC is more
complicated than in other solid tumors such as
breast cancer. Second, previous reports have
evaluated different subtypes of TILs in GC, and
the evaluation methods used were not consis-
tent. There have been some reports of meth-
ods where TILs in GC are simply counted per
HPF [28-30]. No specific objects to be evaluat-
ed were determined, such as Foxp3+, CD3+, or
CD8+ T cells by immunohistochemistry or all
lymphocytes by HE staining [28-31]. Recently, it
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was reported that scoring methods for TILs in
different parts of a tumor may be useful for GC
prognosis [17, 32]. Considering the morphologi-
cal characteristics of GC, we evaluated TILs not
only in the CT but also the IM. Additionally, we
evaluated CD8+ TILs, because GC with TILs of
this subtype has been reported to have a more
favorable prognosis compared with GC with
other TIL subtypes [28, 33]. Few previous stud-
ies have scored CD8+ TILs in the IM and CT in
GC. Therefore, the findings of the present study
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significant.

have clinical relevance for GC treatment and
care. In this study, however, other immune cells
were not evaluated. CD8+ T cells are prone to
becoming dysfunctional and unresponsive to
cancer cells over the course of tumorigenesis.
However, tumor-specific CD4+ T cells prevent
and reverse CD8+ T cell dysfunction [34, 35].
On the other hand, the infiltration of Treg cells
represents immune suppression in tumors.
Whereas dendritic cells are involved in intra-
tumoral CD8+ T cell differentiation and expan-
sion and promote cancer immune control, Treg
cells located near dendritic cells in tumors
suppress tumor antigen presentation and
impede the antitumor CD8+ T cell response
[36, 37]. Tumor-associated macrophages con-
stitute the majority of immune components
infiltrating tumors, and they are further catego-
rized into anti-tumor M1 and pro-tumor M2 sub-
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types [38]. There is a bidirectional interaction
between tumor cells and tumor-infiltrating cells
that determines macrophage polarization and,
ultimately, tumor progression or regression
[39]. In this study, these synergistic or antago-
nistic immune interactions were not investigat-
ed, and caution is required in interpreting the
results.

Furthermore, we used a semi-quantitative
method to evaluate CD8+ TILs because quanti-
tative methods in previous reports using H&E
staining and calculating percentages are com-
plex and lack versatility [17, 32]. When evaluat-
ing TILs by H&E staining, other infiltrating
immune cells, including neutrophils, and any
other cells must be excluded, which requires
a well-trained and experienced pathologist.
Previous reports have used a method of evalu-
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Table 5. Univariate analysis of factors influencing quantitative
TILs in the high TILs group

group classified by the semi-quan-
titative scoring method also had

Quantitative TILs? in IM® and CT®

low quantitative TILs, some pa-

in high TLs group Univariate tients in the high semi-quantita-
Low High Pvalue t!ve TILs grgup had low quantita-
Total 6 8 tlye TILs. It is |mpor_tant to_reoog—
nize that these patients with low
Sex quantitative TILs in the high semi-
Female 0 0% 5 -18% quantitative TILs group tended to
Male 6 -100% 23  -82% 0.146 have poorer survival than those
Age (years) with high quantitative TILs in the
<75 5 -83% 20 -711% high semi-quantitative TILs group.
>75 1 -17% 8 -29% 0.533 Additionally, the characteristic of
BMI® (kg/m?) these patients with low quantita-
>185 6 100% 25 -89% t?ve TILs in the high semi-quantita}-
<185 0 0% 3 11% 0.268 tive TILs group was _that . their
) tumors exhibited deep invasion. It
Tumor locationf

U 3 0% 1 36% was suggesteql tha.t evgq expert
pathologists find it difficult to
M, L 3 50% 18  -64% 0.518 evaluate TILs in clinical GC sam-
Tumor size (mm) ples with deeper tumor invasion.
<50 3 -50% 16 57% This challenge is likely due to the
>50 3 -50% 12 -43% 0.75 difficulty in distinguishing the bor-
Histological type der of the IM when the serosa is

Differentiated 2 33% 16  -57% invaded by cancer.
Undiff.eren'Fiated 4 -67% 12 -43% 0.287 It has been reported that TILs
Venous invasion are associated with microsatellite
V0-2 6 -100% 23 -82% instability-high, chronic inflamma-
V3 0 0% 5 -18% 0.146 tion due to Helicobacter pylori
Lymphatic invasion and Epstein-Barr virus (EBV) infec-
LyO-2 3 -50% 18 -64% tions, and tumor mutation burden
Ly3 3 50% 10 -36% 0.518 in patients with GC [40-46]. In
pT categorye particular,. it. has been .reported
pT2-3 4 67% 97 -96% that stratifying GC. pat!gnts by
oT4 5 339% 1 4% 0.045 molecular.s_ubtypes |dent_|f|es sub-
type-specific TIL dynamics. EBV-
PN category® positive GCs are associated with
pNO 3 50% 19  -68% high infiltration of CD3+ T cells
pN1-3 3 -50% 9 -32% 0.414 and CD8+ T cells in GC patients

aTILs, tumor-infiltrating lymphocytes; °IM, invasive margin; °CT, center
of the tumor; “The chi-square test and Fisher’s exact probability test
were performed; °BMI, body mass index; U, upper third of the stom-
ach; M, middle third of the stomach; L, lower third of the stomach;
€The 8th edition of the International Union Against Cancer (UICC) TNM
classification for gastric cancer. Values in bold represent P < 0.05.

ation by H&E staining based on a value calcu-
lated by multiplying the semi-quantitative eval-
uation value by the qualitative evaluation value,
but this approach is very complicated [17, 32].
Our method addresses this issue, because it
only involves a semi-quantitative evaluation
method for GC. However, it should be noted
that whereas most patients in the low TILs
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[41, 45, 46]. Some studies have
shown that MSI-high is associa-
ted with high levels of CD8+ T
cells and Treg cells, whereas other
reports have shown that it is not
associated with CD3+ TILs in GC
patients [42, 46]. Moreover, TlLs
in GC are associated with favorable oncologi-
cal characteristics, such as a shallow depth of
tumor invasion and limited incidence of lymph
node metastasis [32, 47, 48]. Interestingly, our
analysis by TIL site showed that patients with
low TIL,, were significantly more likely to be
female, younger, and have undifferentiated
histological types and deeper tumor invasion.
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Figure 7. A. Effect of CD8+ T cells on cell proliferation at the indicated times. *P < 0.05, vs. the phosphate-buffered saline (PBS) or effector cell:target cell (ET) ratio
0.5:1. B. Representative results of the apoptosis assay in GC cells at 72 h after co-culture with CD8+ T cells. *P < 0.05, vs. the PBS or ET ratio 0.5:1. C. Migration
and invasion of cells 22 h after co-culture of CD8+ T cells with HGC27 and MKN45 cells. *P < 0.05, vs. the PBS or ET ratio 0.5:1. D. Concentration of granzyme B
in the co-culture supernatants 12 h after co-culturing CD8+ T cells with HGC27 and MKN45 cells. *P < 0.05, vs. the PBS or ET ratio 0.5:1. These results are the
means + standard error (bars) for experiments conducted in duplicate or triplicate. Analysis of variance followed by a post hoc test of Bonferroni was used for the
statistical analysis.
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These clinicopathological characteristics are
commonly observed in scirrhous GC, which is
associated with an extremely poor prognosis
[49-51]. This finding suggests that TIL,, may be
closely related to scirrhous GC, and investigat-
ing TIL,,, in scirrhous GC may provide valuable
insights. Additionally, deeper tumor invasion
was an independent risk factor for low TIL,
whereas lymph node metastasis was an inde-
pendent risk factor for low TIL . There have
been no previous reports showing that differ-
ences in the locations of TILs, such as TIL ,, and
TIL,,, are linked with different oncological char-
acteristics in many cancers, including GC. It has
been suggested that in GC, TILs can enhance
host antitumor immunity and prevent tumor
cells from invading and metastasizing [47, 52].
Therefore, we might interpret the present
results to mean that TILIM and TILCT, limit the
depth of a tumor and lymph node metastasis,
respectively, by enhancing antitumor immunity.
This suggests that TILs in different regions of a
tumor might be important factors involved in
the mechanism of suppressing tumor invasion
and metastasis. In the future, it will be worth
further investigating TILs by site within the
tumor in the tumor microenvironment.

In recent years, there has been increasing
awareness of the role played by T cells in the
tumor microenvironment, and several in vitro
experiments have been conducted involving
co-culture systems of T cells and cancer cells
[53-55]. As we found that CD8+ TILs were relat-
ed to the depth of tumor invasion and resulted
in favorable recurrence-free survival in patients
with GC, we next conducted experiments to
investigate the tumor microenvironment using
a co-culture system of CD8+ T cells and cancer
cells. We verified the tumor suppressive effects
using various ET ratios to simplify the ratio of
CD8+ T cells and cancer cells in the tumor
microenvironment. We confirmed that tumor
growth in GC cell lines was suppressed through
the induction of apoptotic cells in a concentra-
tion-dependent manner by CD8+ T cells. This
indicates that the concentration of CD8+ T
cells is strongly involved in tumor suppression.
Moreover, we confirmed that granzyme B was
secreted by CD8+ T cells in a concentration-
dependent manner during co-culture. In partic-
ular, this raises the interesting possibility that
CD8+ T cells suppress tumor migration and
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invasion through the action of granzyme B.
Granzyme B, which is secreted by T lympho-
cytes, has been reported to induce apoptosis in
tumor cells in the presence of perforin, and it
also plays a role in inhibiting the epithelial-mes-
enchymal transition (EMT) of tumors by cleav-
ing extracellular matrix proteins and altering
the structure of the extracellular matrix [56-
58]. Our results may support these previous
reports, suggesting that granzyme B secreted
by CD8+ T cells suppresses tumor EMT.

There are several limitations to our study.
First, it was a retrospective study, involving an
analysis of a small number of patients with GC,
from a single institute. Therefore, a prospec-
tive, observational study involving several large
cohorts should be conducted to validate the
impact of our semi-quantitative scoring method
for CD8+ TILs in GC. Second, in this study, we
used a mimic of activated CD8+ T cells after
antigen presentation in vivo by activating CD8+
T cells with anti-CD3 and anti-CD28 antibodies.
Therefore, it is important to note that the actual
process of antigen presentation was omitted
and the matching of human leukocyte antigen
types was not clarified. Moreover, we only
investigated TILs that comprised CD8+ T cells.
However, the actual tumor microenvironment
is extremely complex, and further detailed re-
search into the tumor microenvironment is
needed in the future. Finally, GC exhibits con-
siderable intra-tumor heterogeneity, so the
degree of infiltration of TILs might differ in dif-
ferent parts, so this issue should also be con-
sidered in any future evaluations of the role
TILs play in GC.

We have proposed a novel semi-quantitative
scoring method for TILs based on their infiltra-
tion site in GC, using immunostaining of CD8+
T cells. According to our simple and versatile
semi-quantitative scoring method for CD8+
TILs, CD8+ TILs can be sensitive prognostic
markers in GC, suppressing tumor progression.
While the reliability of low TILs determined by
the semi-quantitative scoring method is higher,
we have demonstrated the limitations of evalu-
ating TILs in clinical samples of GC with deeper
tumor invasion, which remains challenging
even for expert pathologists. This evaluation
method represents a highly versatile biomarker
for GC that could be widely used and contribute
to improved prognoses in patients with GC.
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