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Gastric cancer (GC) might have significantly different outcomes within the same AJCC/UICC-TNM stage. The purpose of this
study is to help predict the different prognosis through the pattern of immune cell infiltration. We retrospectively analyzed
2605 patients who underwent radical gastrectomy in the Harbin Medical University Cancer Hospital between 2002 and 2013.
For stage III with significantly different survival probability, we analyzed the relationship between immune cell surface antigen
and survival in TCGA dataset. Furthermore, 200 cases in stage III GC with different survival outcomes were randomly selected
for immunohistochemical verification. Image Plus software was used to evaluate the area of immune cell infiltration. We found
that patients in stage III had significantly different outcomes. Bioinformatics analysis showed that there was a significant
negative correlation between the expression of immune cell surface antigen and prognosis. In order to investigate whether
immune infiltration can distinguish GC patients in stage III with differences in prognosis, we verified by
immunohistochemistry that CD4" T cells, CD20" B cells, and CD177" neutrophils infiltrated more in group B with better
prognosis; CD8" T cells, CD68" macrophages, and CD117" mast cells infiltrated more in group A with poor prognosis.
CD117" mast cells have the same trend of predicting significance for prognosis in the RNA and protein levels. In conclusion,
patients with GC in northeastern China have significant prognostic differences only in stage III. CD117" mast cells may be
important evaluation factors in further studies of Immunoscore.

1. Introduction

Gastric cancer (GC) is one of the most common malignan-
cies in the world [1]. Since 1968, the traditional AJCC/
UICC-TNM classification (tumor burden, lymph nodes,
and evidence of metastases) has been widely accepted as a
standard of predicting the prognosis and even as a guide

for further treatment for cancer [2-4]. However, with the
progress of research on molecular medicine, patients needed
more prognostic information about predicting the response
to chemotherapy [5, 6]. In 2010, the Gastric Cancer Work-
ing Group first reported that there might be significantly
variable outcomes in GC patients within the same TNM
stage because of different immunotherapy [7].
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This is due to the fact that the traditional TNM staging
system relies entirely on the progression of tumor cells and
fails to consider and incorporate the effects of immune
responses [8], whereas in pathological sections of GC tissues,
many types of immune cells can be identified, such as neutro-
phils, macrophages, mast cells, T cells, B cells, and NK cells,
with their own characteristic infiltration patterns rather than
being randomly distributed [9-12]. Pathological immune
assessment thus may provide more insights on the prognosis
of GC [13-15]. Therefore, a comprehensive assessment of
these immune cells is critical. In 2012, Galon et al. [16] first
proposed the definition of TNM-I (TNM-Immune), which is
also called Immunoscore. In order to define the outcomes of
cancer patients better and improve the quality of life by pre-
dicting patients who will benefit from adjuvant therapies, they
initiated an international task force to incorporate the Immu-
noscore as a new component for the classification of cancer.

Immunoscore seem to be an ideal method [8, 17-20].
However, the limitations that the tumor-infiltrating immune
cells appeared heterogeneously in the center of the tumor,
the invasive margin of tumoral nests or the adjacent lym-
phoid structures, have made it difficult for researchers to
agree on the selection of evaluation area [16]. Therefore, it
is difficult to obtain stable and widely recognized results.
Another technical barrier in studying tumor immunity lies
in the inherent complexity of immunohistochemistry, in
which the relationship between immune cells and cancer
cells is extremely difficult to describe. The established
models based on in vitro cell lines cannot truly reflect the
intricate tumor microenvironment [21]. These pitfalls war-
rant the need to study immune cell infiltration from gene
expression level to show whether it is the different forms of
infiltrated immune cells that reflects the unique potential
biology of tumors [22, 23]. The analysis of transcriptome
sequencing data from real specimens can provide a more
comprehensive background and help us unveil the real rela-
tionship between immune cells and GC. In addition, chang-
ing the validation cohort from consecutive patients to
patients with extremely different outcomes may reduce false
positive outcomes.

In this study, we first retrospectively analyzed the consis-
tency between the prognosis of GC patients and traditional
AJCC/UICC-TNM classification. We found that the progno-
sis of patients with stage III was significantly different, which
was difficult to evaluate uniformly. Based on the tran-
scriptome sequencing data of TCGA database, this study
analyzed the relationship between the expression of com-
mon immune cell surface-specific antigen and the clinical
clinicopathological features and calculated the relationship
between mRNA expression and prognosis in stage III GC.
Considering the clinical practicability, we used immunobhis-
tochemical method to evaluate the difference of immune cell
infiltration in patients with significantly different prognosis
of stage III GC. The expression level of immune cells was
evaluated by Image Plus software calculating the percentage
within the unit field of view. Immunological indicators based
on traditional pathology and transcriptomics can comple-
ment the TNM 8th edition, which had significance for pre-
dicting outcomes of GC patients.
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2. Materials and Methods

2.1. Patients and Tissue Specimens. We retrospective analyzed
GC patients between 2002 and 2013 admitted into the Depart-
ment of Gastrointestinal Surgery of the Harbin Medical Uni-
versity Cancer Hospital in this study. All patients had no
tumor-invading surrounding tissues. The diagnosis was based
on paraffin sections obtained preoperatively by electronic
fiberoptic gastroscope and/or confirmed postoperatively by
an experienced pathologist. All patients were performed
hematology, abdominal ultrasound, electrocardiogram, gastric
computed tomography (CT)/magnetic resonance imaging
(MRI), chest radiograph, and abdominal ultrasound, and
some patients were performed positron emission tomography
(PET) when necessary. Our research center is a Gastric Cancer
Diagnosis and Treatment Center of Heilongjiang Province, in
Northeast China, and all operations were performed by the
chief physician. In order to control the quality of the opera-
tion, photos and tables were recorded for each operation.
The inclusion criteria were as follows: all patients with primary
GC underwent radical gastrectomy and D2 lymph node dis-
section, availability of follow-up data and clinicopathological
characteristics (median follow-up time was 47 months), and
no history of chemotherapy before operation. All patients
signed an informed consent.

We randomly selected 200 patients with significantly dif-
ferent outcomes (survival less than 1 year or more than 5
years) in stage III GC as the validation set, with the same
inclusion criteria as above, from the patients’ datasets for
comparison purpose. Briefly, 100 patients with survival time
less than 1 year were randomly selected as group A and
another 100 patients whose survival time was more than 5
years as group B. This study was approved by the Ethics
Committee of the Harbin Medical University Cancer Hospi-
tal (Ethical Approval number: 2019-57-IIT), and all proce-
dures were carried out in accordance with ethical
principles. All clinical information was retrieved from the
Gastric Cancer Information Management System v1.2 of
the Harbin Medical University Cancer Hospital (Copyright
No. 2013SR087424, http://www.sgihmu.com/) including
sex, age, Borrmann type, pTNM stage, and serum tumor
marker test. The pTNM stage was according to the 8th edi-
tion American Joint Committee on Cancer (AJCC). All
patients were reexamined by ultrasound, CT and gastros-
copy, and tumor markers at least once a year, and PET/CT
was performed as needed.

2.2. Bioinformatics Data Analysis. Gene expression profiling
datasets were obtained from The Cancer Genome Atlas
(TCGA) (https://tcga-data.nci.nih.gov/tcga/) including the
mRNA sequencing of 407 samples (375 tumor tissue sam-
ples and 32 adjacent nontumor tissue samples) in all stages
and 149 samples in stage III. R2 Genomics Analysis and
Visualization Platform (http://r2.amc.nl) was used to ana-
lyze the relationship between mRNA expression of CD4,
CD8, CD20, CD56, CD68, CD117, and CD177 and T, N,
and M stages. The mRNA data of patients in TCGA data-
base were selected and the prognostic correlation was per-
formed by R studio.
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2.3. Immunohistochemistry. Paraffin sections from the 200
cases of GC patients were dewaxed in xylene and ethanol.
After cleaned in distilled water, the paraffin sections were
pretreated with citrate buffer, pH 6.0 (CD177) and EDTA
Antigen Retrieval Solution, pH 8.0 (CD4, CD8, CD20,
CD56, CD68, and CD117) for 3 min at 120°C in a pressure
cooker, and endogenous peroxidase was inhibited with 3%
H,0, in PBS for 10 min. Nonspecific actions in the sections
were also blocked with goat serum (BOSTER, USA) for 1h
at room temperature. The sections were then incubated with
the primary antibody overnight at 4°C, followed by incuba-
tion with the secondary antibody for 30 min at 37°C. Pri-
mary antibodies used were CD4 (ab183685, 1:1000,
Abcam, Cambridge, MA, USA), CD8 (ab4055, 1:100,
Abcam, Cambridge, MA, USA), CD20 (ab9475, 1:50,
Abcam, Cambridge, MA, USA), CD56 (ab75813, 1:100,
Abcam, Cambridge, MA, USA), CD68 (ab213363, 1:4000,
Abcam, Cambridge, MA, USA), CD117 (ab32363, 1:400,
Abcam, Cambridge, MA, USA), and CD177 (ab220279,
1:200, Abcam, Cambridge, MA, USA). Second antibodies
used were goat anti-rabbit IgG (CD4, CD8, CD56, CD68,
CD117, and CD177) and goat anti-mouse IgG (CD20).
The chromogenic reaction was performed via diaminobenzi-
dine (DAB) staining, and the staining intensity was mea-
sured using Image-Pro Plus version 6.2 software (Media
Cybernetics, Rockville, Maryland, USA).

2.4. Evaluation of Immunohistochemical Staining. All speci-
mens were examined blindly by two independent patholo-
gists based on the staining percentage of positive cells. In
order to eliminate the heterogeneity of immune cell distribu-
tion to the greatest extent, a series of optimal experimental
processes was carried out to reduce the deviation. Patholo-
gists without knowing the identity of the patients carefully
examined the H&E staining of multiple wax blocks from
the same patient sample before the experiment. The most
representative blocks, which covered multiple heterogeneous
regions, were selected to prepare tissue sections for experi-
ment with the same criteria [24, 25]. To minimize the
impact of spatial heterogeneity, the image information was
collected from lymphocyte enrichment area, interstitial area,
and tumor cell enrichment area, respectively, and the aver-
age area of results was estimated as relative percentage stain-
ing and intensity staining. Images of three representative
fields at x200 magnification were captured, and the areas
of immunostaining in each image were measured using
Image-Pro Plus version 6.2 software. The results were quan-
tified as immune marker positive area/total area. In addition,
all the selected patients were without preoperative chemo-
therapy and preoperative radiotherapy to eliminate the
effects of chemotherapy drugs and radiation on tumor cells
and immune cells.

2.5. Statistical Analysis. Data were presented as the mean +
standard deviation (SD) of this research and processed using
SPSS 22.0 software (SPSS, Inc., Chicago, Illinois, USA). T
-test was applied to analyze the significance of difference
between groups. The rank sum test was used to analyze the
significance of difference between the immunohistochemical

positive area from groups A and B. The overall survival (OS)
was calculated from the date of surgery to the last follow-up
or date of death from any cause. Survival analysis was tested
using the Kaplan-Meier method with log-rank test. The cor-
relation between variables was tested by calculating Pear-
son’s correlation coeflicient. A two-tailed P <0.05 was
considered statistically significant.

3. Results

3.1. Patient Characteristics. From 2002 to 2013, 2605 patients
including 1934 males and 671 females received radical gastrec-
tomy in our department and received conventional chemo-
therapy after surgery according to the physician’s
assessment. The overall 5-year survival rate was 45.7% (sur-
vival curves of patients in each stage are shown in
Figures 1(a), 1(b), 1(c), and 1(d)). The numbers of patients
in each pathological tumor-node-metastasis (pTNM) stage
were 301 in A, 213 in IB, 235 in IIA, 408 in IIB, 516 in IIIA,
486 in IIIB, and 446 in IIIC. Figure 1(e) shows the number
of deaths in different survival time of patients within 5 years.
We found that the number of deaths in patients reached max-
imum at 8-12 months postsurgery and decreased gradually
afterwards. Figure 1(f) shows the distribution of pTNM stages
in patients who survived more than 5 years including 408
patients in stage III. Figure 1(g) shows the distribution of
pTNM stages in patients died less than 1 year postsurgery
including 353 patients in stage III, accounting for 84.7%. In
the patients survived more than 5 years, although the propor-
tion in stage III decreased to 34.3%, the total number did not
decrease significantly. Therefore, there is a difference in the
survival of patients with stage III GC after radical resection,
and it is obvious that the existing TNM staging system has a
limited value to predict the 1-5-year prognosis of patients with
stage III GC.

In order to evaluate the prognostic effect of different
immune cells more accurately, we selected two groups with
completely different prognostic outcomes from stage III
GC. Immunohistochemistry was used to evaluate the infil-
tration of immune cells in group A (survival time less than
1 year) and group B (survival time more than 5 years). The
clinical characteristics of patients in groups A and B are
shown in Table 1.

3.2. Transcriptome Analysis of GC Patients Based on TCGA
Datasets. Immune cells might be closely related to the prog-
ress of GC. To verify this hypothesis, we divided the patients
into different groups according to T, N, and M stages: T1,
T2, T3, and T4 (Figure 2(a)) and NO, N1, N2, and N3
(Figure 2(b)) and M0 and M1 (Figure 2(c)). We found that
with the increase of T stage, CD4, CD8, CD20, CD56, and
CD117 mRNA expressions were increased. But there was
no significant difference in expression between groups at dif-
ferent N or M stages, which indicated that the local effect of
immune cells had a greater influence on local infiltration of
tumor cells.

Then, we analyzed the relationship between the mRNA
expression level of these immune cell surface antigen and
prognosis in TCGA-GC datasets, but there was no
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Figure 1: Continued.
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FIGURE 1: The relationship between the OS probability and the TNM stage. Kaplan-Meier survival analysis of OS probability according to
the 8" TNM stage of patients with GC (a), in stage I (b), in stage II (c), and in stage IIT (d). (e) Number of GC patients died in each month
during 5 years. (f) Number of patients with different TNM stage GC with a survival time of more than 5 years. (g) Number of patients with
different TNM stage GC with a survival time less than 1 year.

TaBLE 1: Patient characteristics.

Characteristics Group A Group B P value
Sex 0.033
Male 82 69
Female 18 31
Age® 0.161
60.33 +£11.44 58.12 +10.75
CA19-9° <0.001
125.73 +242.39 24.17 £73.37
CEA*® 0.083
19.79£78.18 5.96 + 14.07
Albumin® 0.191
38.92+£5.00 39.77 £4.13
Neutrophil-lymphocyte percentage® 0.044
2.88+£2.40 2.31+1.48
Borrmann type <0.001
I 0 5
II 13 34
I 61 52
v 26 9
AJCC stage” <0.001
IITA 19 51
I11B 34 37
IIc 47 12

*Values are mean + standard deviation. *Tumor staging according to the 8" American Joint Committee on Cancer/International Union Against Cancer

classification.
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patients. *P < 0.05, **P < 0.01, and ***P < 0.001.



Disease Markers

Pathologic stage: All stage

Pathologic stage: All stage

1.0 A #s
iy £ 08 A \
2 3
2 £ 06 5
= [}
a, a k,
E 'T'; 0.4 N
Z E 1
& 021 Overall Survival 3 02 Overall Survival
HR = 1.35 (0.93-1.96) HR = 0.80 (0.57-1.11)
0.0 4 ILog—ralnk = (I).092 i i . 0.0 4 Log-rank P =0.191
o B . 50 e 100125 0 25 50 75 100 125
ime (months) Time (months)
Hightoo 25 5 2 1 0 High128 41 11 5 3 0
CD4 CDSA
Low L
) ow
— High —~ High
(a) (b)
Pathologic stage: All stage Pathologic stage: All stage
1.0 1.0 4
£ 08 £ 08
2 =
2 0.6 2 0.6 -
2 2
[=4 o
E 0.4 E 0.4
5 5
% 02 1 Overall Survival 2 029 Overall Survival
HR =1.20 (0.86-1.68) HR =1.31 (0.94— 181)
0.0 { Log- rankP 029 0.0 {4 Log— rankP 0
T T T T T T T T
0 25 50 75 100 125 0 25 50 75 100 125
Time (months) Time (months)
High 235 57 13 5 3 0 High 187 45 13 4 3 0
MS4A1 NCAMI1
Low Low
—~ High —+~ High
(©) (d)
Pathologic stage: All stage Pathologic stage: All stage
1.0 1.0 4 \&
E 0.8 2 0.8
2 =
2 B
£ 061 £ 06 1
= o
= g,
T 041 F 04 A !
: £
3 024 3 02
. Overall Survival 2 02 1 Overall Survival
HR = 1.23 (0.85-1.78) HR =1.32 (0.95— 1 83)
0.0{ P=0257 0.0 4 Log rankP 0.0
0 25 50 75 100 125 0 25 50 75 100 125
Time (months) Time (months)
High 106 21 3 0 0 0 High 186 44 12 4 3 0
CD68 KIT
Low Low
—~ High — High

(e)

®

FiGure 3: Continued.



Survival probability

Survival probability

Survival probability

Pathologic stage: All stage

1.0
0.8 4
0.6
0.4
02 4 Overall Survival
HR = 1.22 (0.86-1.74)
0.0 { Log-rank P =0.247
0 25 50 75 100 125
Time (months)
High 113 27 9 3 2 0
CD177
Low
— High
®
Pathologic stage: Stage IIT
1.0
0.8 4
0.6 - p
0.4 4 k!
02 1 Overall Survival
HR =0.77 (0.44-1.34)
0.0 4 Log-rank P =0.325
0 25 50 75 100 125
Time (months)
High 111 36 4 2 2 0
CD8A
Low
— High

0.2 1

®

Pathologic stage: Stage IIT

Overall Survival
HR = 1.84 (1.12-3.02)

0.0 - Log-rank P =0.01
T T T T T T
0 25 50 75 100 125
Time (months)
High 68 14 1 0 0 0
NCAM1
Low
— High

(k)

Survival probability

Survival probability

Survival probability

Pathologic stage: Stage 111

1.0
0.8
0.6
0.4
0.2 9 Overall Survival

HR = 1.50 (0.88-2.57,
0.0 4 Log-rank P =0.107

0 25 50 75 100 125

Time (months)
High 43 12 1 1 1 0
CD4
Low
—~ High
(h)
Pathologic stage: Stage IIT

1.0 4
0.8
0.6
0.4 4 Tt
02 Overall Survival

HR = 0.79 (0.45-1.40)
0.0 4 Log-rank P =0.392

0 25 50 75 100 125
Time (months)

High 113 35 5 2 2 0
MS4A1
Low
— High
)
Pathologic stage: Stage IIT
1.0
0.8
0.6
0.4
02 1 Overall Survivat
HR = 1.50 (0.93-2.43)
0.0 4 Log-rank P =0.093

0 25 50 75 100 125
Time (months)

High 69 18 2 1 1 0
CD68
Low
—+ High
®

FiGgure 3: Continued.

Disease Markers



Disease Markers

Pathologic stage: Stage 111

1.0 4 %
z 08
=
2 0.6
2
2.
Ev 0.4
5
@ 02 9 Overall Survival
HR = 1.68 (0.99-2.83)
0.0 { Log-rank P =0.035
0 25 50 75 100 125
Time (months)
High 46 14 1 0 0 0
KIT
Low
—~ High

(m)

Pathologic stage: Stage IIT

o o 4 Iy
X o ®» o
L

:*

o
)

Survival probability

7| Overall Survival
HR =1.70 (1.03-2.82)
4 Log-rank P =0.027

T T T

e
=3

0 25 50 75 100 125
Time (months)

High 54 14 3 2 2 0

CD177
Low

—~ High

(n)

F1GURE 3: Kaplan-Meier analysis of OS probability according to the expression of immune cell surface antigen in transcriptome level from
TCGA datasets. (a—g) Patients in I, IL III, and IV stages. (h-n) Patients in stage III

significant statistical significance (Figures 3(a)-3(g)). Con-
sidering the high tumor heterogeneity of GC, we selected
the data of TCGA patients in stage III for further analysis.
We found that the expressions of CD4 (Figure 3(h)), CD8
(Figure 3(i)), CD20 (Figure 3(j)), and CD68 (Figure 3(1))
were not correlated with survival probability; the expressions
of CD56 (Figure 3(k)), CD117 (Figure 3(m)), and CD177
(Figure 3(n)) were negatively correlated with survival
probability.

Finally, we analyzed the relationship between the mRNA
expression levels of immune checkpoint including CTLA-4,
PD-L1 (CD274), and TIM-3 (HAVCR2) and prognosis in
the TCGA-GC datasets. There was no statistically significant
difference except CTLA-4 in stage III (Figure 4(a)-4(f)).
Figure 4(g) shows the correlation between immune check-
points and immune cell surface antigens; unsurprisingly, T
cells still play a crucial role in cancer immunotherapy.

3.3. Prognostic Value of Immune Cell Infiltration. The tran-
scription level of these immune cell surface antigens in GC
patients could roughly reflect the degree of immune infiltra-
tion in the tumor microenvironment. In order to verify
whether the effects of immunohistochemistry and mRNA
levels on prognosis were consistent, we performed immuno-
histochemical staining in the tissues of patients in group A
(survival time was less than 1 year) and group B (survival
time was more than 5 years). All seven antibodies were spe-
cifically expressed on cell membrane. Different immune cells
had different distribution characteristics in pathological sec-
tion. Most CD20™ B cells (Figure 5(c)) were densely distrib-
uted in the form of cell clusters in central regions of
lymphocytes. The CD4" T cells (Figure 5(a)) scattered
around B cells and then outward CD8" T cells
(Figure 5(b)) always distributed in strips, while CD68" mac-
rophages (Figure 5(e)) were widely distributed in the stroma
of tumors. CD56" NK cells (Figure 5(d)), CD117" mast cells
(Figure 5(f)), and CD177" neutrophils (Figure 5(g)) were
scattered in the stroma of tumors. This situation was repre-
sented in the schematic diagram in Figure 6.

We performed an immunoinfiltration assessment by
analyzing the average positive area of the representative
regions in order to reduce the difference in spatial distribu-
tion of immune cells (Figure 7). Group A was stage III
patients with a survival time of less than one year, and group
B was stage III patients with a survival time of more than 5
years. We found CD4+ T cells (0.95% + 1.44% vs. 1.33% +
0.81%), CD20" B cells (5.78% + 1.90% vs. 8.62% + 3.47%),
and CD177" neutrophils (0.75% * 0.66% vs. 1.37% + 1.24%
) infiltrated more in group B; CD8" T cells (3.95% + 1.88%
vs. 2.07% +1.30%), CD68" macrophages (1.09% + 1.43%
vs. 0.66% + 0.92%), and CD117" mast cells (0.77% + 0.29%
vs. 0.57% +0.21%) infiltrated more in group A. Although
CD58" NK cells had certain significance in predicting prog-
nosis in the mRNA level, no statistical significance was
found at the immunohistochemical level.

4. Discussion

GC is a highly heterogeneous cancer [26, 27]. Although most
patients have the opportunity to receive radical gastrectomy
in early or advanced stages, the clinical outcomes of patients
from the same stage may be significantly different [28]. For
example, although it was rare, some patients with advanced
stage cancer can remain stable for years [29]. In contrast,
more than 10% of stage I and II patients who received radi-
cal surgery died within 1 year without distant metastasis. In
particular, our study showed that GC patients only in stage
III had extremely different prognostic features. And it is dif-
ficult to accurately predict the outcomes of these patients
after radical gastrectomy according to the present AJCC/
UICC-TNM classification. Although the TNM staging sys-
tem is currently the most widely accepted method, it is only
based on tumor cell characteristics. However, there is grow-
ing evidence that tumor progression depends not only on
tumor burden, lymph node, and metastasis but also on dif-
ferent distribution characteristics of immune cells [30]. As
Pages et al. [31] published in Lancet in 2018, the Immuno-
score provided a reliable risk assessment for recurrence in
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surface antigens.

colon cancer patients, and the study supported the use of
Immunoscore as a part of the new TNM-immunization clas-
sification. Therefore, tumor-associated immune cells not
only reflect the tumor local state but also are effective predic-
tors of metastasis, recurrence, and outcomes. It is necessary
to proceed with in-depth study of immune cells in the
stroma of GC tissues and incorporate the immune index into
the GC staging system.

It is generally believed that certain immune cells in
tumor tissues can secrete a large number of inflammatory
factors, reactive oxygen species to destroy the matrix in the
tumor microenvironment [32], kill normal cells, and pro-
mote tumor invasion [33-35]. On the other hand, some
kinds of immune cells can also release immune effector mol-
ecules to target and kill tumor cells. These two-sided func-
tions have also led to the controversy over the net
influence of tumor-associated immune cell on the prognosis
of GC [36-39]. The combination of multiple biomarkers in
the network will significantly improve the prognostic value
instead of a single biomarker. However, due to the insuffi-
cient sample size and limited conventional research
methods, there is still no widely accepted Immunoscore sig-
nature system in the clinical staging of GC.

At present, limited by different incidence and geograph-
ical distribution of GC, the results of individual research
centers were inconsistent, which also leads to the debate on
the influence of tumor-infiltrating immune cells on GC
and makes it difficult to propose a widely accepted evalua-
tion system. On the other hand, due to the complexity of
immune response, it is difficult to demonstrate the interac-
tion between immune cells and GC cells in animal models
or cell culture. Therefore, data from RNA-Seq may provide
a more realistic context for researchers [40]. In this study,
we attempted to explore from the level of mRNA, using pub-
licly available gene sequencing big data.

We extracted GC mRNA expression data from the
TCGA database and analyzed the relationship between

immune cell surface-specific antigen and TNM stage as well
as the prognoses. Coincidentally, the mRNA expression of
these immune cell surface antigens was closely related to
the T stage which was associated with local infiltration. It
is well known that tumor progression relies on a dense net-
work of interactions between cancer cells and the surround-
ing stroma, niche-defining cells, and vasculature. One of the
most important aspects of tumor-microenvironment cross-
talk is the ability of cancer cells to modulate inflammatory
responses through soluble mediators. This may allow us to
see an increase in immune cell infiltration as tumor stage
progresses. This analysis was based on 375 patients with
TCGA mRNA data which had been processed by a unified
standard and makes the result more reliable. Then, we ana-
lyzed the correlation between the expression of immune cell
surface antigen and survival time in stage III GC. It was
found that the high expression of CD56, CDI17, and
CD177 predicted poor prognosis by the Kaplan-Meier anal-
ysis. The effects of cancer cell activity on the innate and
adaptive immune systems are multifaceted. Recent studies
[41] have pointed to abnormal growth and activity of the
microbiota as a cause of increased inflammation and conse-
quent tumor growth. The development of dysbiosis of the
tumor microenvironment appears to be a major contributor
to inflammation-related tumor growth, in which dysregula-
tion and enhanced microbial translocation of the gastric
mucosal barrier are secondary to chronic inflammation or
tumors and promote cancer development.

To be more clinically relevant, we validated the result
from the level of immunohistochemistry. In consideration,
immunohistochemistry has inherent complexity, such as
the difference of organizational selection criteria, experimen-
tal conditions, and quantitative criteria, which might con-
tribute to the variability of the results obtained. A single-
center study could avoid many heterogeneous factors if
robust data can be obtained. Before our research, Jiang
et al. [42] reported that the Immunoscore is expected to be
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FIGURE 5: Expression of CD4, CD8, CD20, CD56, CD68, CD117, and CD177 by immune cells infiltrated tumor tissues of GC patients.
Representative images of immune markers staining in immune cells from GC samples are shown at x200 (100 mm) original
magnification. Positive expression of CD4 (a), CD8 (b), CD20 (c), CD56 (d), CD68 (e), CD117 (f), and CD177 (g) infiltrated in tumor
tissues with a regular distribution. In order to show the distribution from immune cells more clearly, we used computerized imaging
system Image-Pro Plus version 6.2 to highlight positive areas in different colors.

a prognostic and predictive tool in GC. They used the
LASSO model and established an IS GC classifier based on
5 features: CD3 invasive margin (IM), CD3 center of tumor
(CT), CD8 IM, CD45RO CT, and CD66b IM. Wen et al. [24]
pointed out that the immune indicators can guide the sensi-
tivity of postoperative chemotherapy. However, most of the
current studies do not consider the impact of tumor staging
on the immune microenvironment. The tumor immune
microenvironment may change with different stages of the
tumor [43, 44], and this change often leads to different
experimental results, which also leads to the discussion of
the impact of current immune indicators on GC patients
[45, 46]. In 2018, CELL [47] described for the first time in
breast cancer that the distribution of immune cells and

tumor cells exhibited three characteristics: no infiltration at
all, mixed infiltration, and intermittent infiltration. Their
study also found that the prognosis of patients with inter-
mittent infiltration was significantly higher than that of
mixed infiltration. Although our study only focused on
immune cells, we found that the spatial infiltration regularity
of these immune cells was roughly as described in our
results. B cells in the gastric cancer stroma always seem to
be at some distance from the tumor cells and exist in clus-
ters. However, macrophages and neutrophils appear to be
more closely related to tumor cells.

Our initial study through extensive follow-up data found
that the prognosis of stage I and II GC is basically consistent
with the prediction of current TNM stage, but the prognosis
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of patients with stage III GC often has an extreme difference.
This may be because stage III GC is more susceptible to the
immune microenvironment than early stage. Therefore,
studies focusing on the immunology of GC with stage III
may be more likely to be widely accepted. In order to mini-
mize the randomness of pathological materials and the sub-
jective feature in immunohistochemical analysis, we
randomly selected two groups of patients with severe prog-
nosis of stage III GC in a population with large sample size
while strictly controlled the materials and experimental con-
ditions, to screen for immune cells that could represent dif-

ferent prognosis. Considering the applicability and
convenience, an ideal marker should be feasible, inexpen-
sive, repeatable, quantifiable, standardizable, and
uncomplicated.

In our study, T helper cells were marked by CD4, cyto-
toxic T cell by CD8, B cells by CD20, NK cells by CD56,
macrophages by CD68, mast cells by CD117, and neutro-
phils by CD177. We found that these immune cells were

all associated with poor prognosis in addition to CD20" B
cells, CD4" T cells, and CD177" neutrophil (there was no
correlation between the infiltration of CD56" NK cells and
prognosis). Although the number of patients with stage IIIA
GC in group A was more than that in group B, and the num-
ber of patients with stage IIIC GC in group A was less than
that in group B according to the current TNM stage, it was
not enough to explain the significant difference in prognosis
of stage III. Our research confirmed that the degree of infil-
tration of immune cells in the tumor microenvironment is
meaningful in evaluating the patients with stage III GC.
Considering that patients with stage III GC receive chemo-
therapy after surgery, the assessment of immune infiltration
is expected to distinguish those patients who are not sensi-
tive to chemotherapy, which can help them avoid the over-
treatment and the side effects of chemotherapy drugs. The
Cancer Genome Atlas Research Network divided GC into
four subtypes: Epstein-Barr virus- (EBV-) positive, microsat-
ellite instability, genomically stable, and chromosomal
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instability [48]. There was a significant difference in immune
cell infiltration in different GC molecular types determined
by pathologists. For example, Epstein-Barr virus-positive
and microsatellite unstable GC cases had more lymphocytic
infiltration [49]. Therefore, future studies should focus on
the association between immune infiltration and molecular
classification.

With the development of gene sequencing, it is widely
accepted that the data from transcriptome level could bring
us closer to cancer cells without considering their clinical
progression [50-52]. Although traditional pathological
immunohistochemistry has been used for hundreds of years,
its clinical application is still unmatched by any other kind of
detection technology [53, 54]. In this study, we explored the
significance of immune cells in the prognosis of GC tissue
and further incorporated sophisticated gene sequencing
technology and traditional immunohistochemical tech-
niques. Both grading systems had certain significance for
predicting the prognosis of patients with GC. We found that
different infiltration patterns of immune cells can predict the
clinical prognosis of patients with GC in stage III. At the
level of immunohistochemistry, CD8, CD68, and CD117
expressions were associated with poor prognosis; CD4, CD20,
and CD177 expressions were associated with better prognosis.
It pointed that CD117" mast cells have the same trend of pre-
dicting significance for prognosis at the RNA and protein levels
by analyzing the correlation between the two levels of various
types of immune cell surface antigen and prognosis. The myste-
rious role of mast cells in cancer has long been debated. The role
of mast cells in promoting or restricting tumor growth often
varies according to the tumor microenvironment [55]. When
exerting an anticancer effect, mast cells release a variety of
inflammatory mediators that help resolve infection and fight
inflammation but also have potency in promoting or inhibiting
malignancy. In view of this remarkable plasticity of mast cells,
further research was necessary. For CD177, the trend of prog-
nostic significance was opposite at RNA level and protein level.
This may be due to the fact that the mRNA abundance of some
specific genes may not be linearly related to the protein expres-
sion of its translation products. A multicenter study [56] pub-
lished in the Annals of Surgery evaluated the relationship
between neutrophil infiltration and clinical outcomes in gastric
cancer patients receiving adjuvant chemotherapy. The results
showed that patients with high neutrophil infiltration were eas-
ier to have longer OS compared with those with low infiltration,
suggesting that this may be an important predictor of chemo-
therapy efficacy. There are many regulatory levels of gene
expression. Posttranscriptional regulation and translation play
important roles in the final protein expression. Wennemers
et al’s [57] study found that there were significant differences
between mRNA level and protein expression, which could be
related to the regulation of protein degradation rate better than
mRNA. In addition, the degradation of mRNA and the degra-
dation, modification, and folding of protein may lead to the
inconsistency between mRNA abundance and protein
expression.

As a retrospective study, there were several limitations in
our study. First, this study only focused on an Asian popula-
tion in a single center. Whether the results are widely applica-

Disease Markers

ble to white and black populations needs to be further studied
by expanding the sample size. Secondly, our research study
has not yet established an effective prediction model and only
proposed which kind of immune cells are more suitable for the
evaluation of stage III GC, and large-scale data is necessary for
the validation. It is difficult to unify the standard of resection.
Although we have made detailed records for each operation,
this technical problem is inevitable.

5. Conclusions

In conclusion, our study had for the first time pointed out
that patients with GC in northeastern China have significant
prognostic differences only in stage III. This required us to
find a more effective way to predict survival for these
patients. Although our results were different from those of
previous studies, due to the high heterogeneity of GC, future
assessments of GC Immunoscore should take into account
different regions and cancer stages. The CD117" mast cells
may be important evaluation factors in Immunoscore.
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