www.aging-us.com AGING 2020Vol. 12, No. 18

ResearchPaper
Prognostic landscape of tumanfiltrating immune cells and immune

related genes in the tumor microenvironment of gastric cancer

Shichao Zharlg, Zhu Zen§*", Yongfen Lit Jiangtao Huarg Jinhua Long Yun Wang Xiaoyan
Pend? Zuquan HU% Yan Oyang

Yimmune Cells and Antibody Engineering Research Center of Guizhou Province, Key Laboratory of Biolog
Medical Engineering, School of Biology and Engineering/School of Basic Medical Sciences, Guizhou Med
University, Guiyan§50025 Guizhou, RR. China

’Key Laboratory of Environmental Pollution Monitoring and Disease Control, Ministry of Education, Guizhc
Medical University, Guiyargb0025 Guizhou, P.R. China

3Affiliated TumorHospital] Guizhou Medical Universit@uiyangs50004 GuizhouP.R. China

*Equal contribution

Correspondenceo: Yan OuyangZuquan Huemail: ouyangyan@gmc.edu.chuzuquan@gmc.edu.cn

Keywords gastric cancer, tumainfiltrating immune cells (TIICs), immunelated genes (IRGs), prognostic value, tumor
microenvironment

ReceivedMarch 24, 2020 Accepted:June 4, 2020 Published:September 23, 2020

Copyright: © 2020 Zhang et al. This is an open access article distributed under thiems of the Creative Commot
Attribution LicensgCC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provi
original author and source are credited.

ABSTRACT

The tumor microenvironmentis closely related to the progressionand immune escapeof tumor cells. Tumor
infiltrating immune cells (TlIICs)and immune-related genes (IRGs)are indispensablecomponents of the tumor
microenvironment and have been demonstratedto be highly valuable in determining the prognosisof multiple
cancers.To elucidate the prognostic value of TlICsand IRGsin gastric cancer,we conducted a comprehensivi
analysisfocusingon the abundancesof 22 types of TIICsand differentially expresse IRGshasedon a datasetfrom
The CancerGenomeAtlas (TCGA)Theresults showedthat great compositiondifferencesin TIICsand immune cell
subfractions were associatedwith survival outcomes in different stages. Additionally, 29 hub genes were
characteized from 345 differentially expressedIRGsand found to be significantly associatedwith surviva
outcomes. Then, an independent prognostic indicator based on ten IRGswas successfullyconstructed after
multivariate adjustmentfor someclinicalparameters Furthervalidation revealedthat these hub IRGscould reflect
the infiltration levels of immune cells. Thus, our results confirmed the clinical significanceof TIICsand IRGsin
gastriccancerand may establisha foundation for further exploringimmune cell and genetargetsfor personalizes
treatment.

INTRODUCTION years due to advancements in treatment techniques and
regimens, the low rate of eartijagnosis means that the

Gastric cancer is one of the most common human best surgical windovws missed irmost patient$l]. For

malignancies of the digestive system and ranks as the advanceestage patients, immunotherapy is considered

third leading cause of canemlated death worldwide, to be one of the most promising treatments.
particularly in East Asidl, 2]. It is heterogeneous, and Unfortunately, immunotherapies based on dendritic
a recent study by The Cancer Genome A{BESGA) cells (DCs), chimeric anten receptor T cells (CAR

developed a robust molecular classificatgystem for cells) and immune checkpoints are not always effective
gastric cancef3]. Although the survival rate of early due to tumor heterogeneity and the complicated tumor

gastric cancer has continuously improved in recent microenvironment (TME). Therefore, it eneficialto
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study the deviations in the immune cell landscape for
designing pesonalized treatment regimens or exploring
new drug targets for gastric cancer.

Innate immunity is an important first line of defense
against infectios agentand tumors and consists of the
immunological barrier, immune cells, and immune
moleculesNatuml killer (NK) cells, macrophages, DCs,
mast cells, eosinophils and neutrophils are the main innate
immune cells. In cancer patients, tumor antigens can
activate the bodyods
primary and decisive force in the elimination ofnturs.
Adaptive immunity is composed of two important
branches: T celnediated cellular immunity and
antibodymediated humoral immunity. Tumanfiltrating
immune cells (TIICs) are indispensable components of the
TME ard play important roles in tumorigerigsand
progression. Thus, TIICs have been widely applied for the
clinical prediction of cancer treatmefti 7]. Previous
studies concerning alterations in the composition of
immune cells in gastric cancer mainly rely on
immunohistochemistry or floveytometry [8 10], which
only detect a few immune cell types at once and are
limited by phenotypic markers and the number of
samplesMoreover,TIICs may have diverse influences on
tumor progression, invasion and metastasis in different
cancer types or even different patient subgroups. Thus,

it is difficult to judge the clinical implications of TIICs
based on limited detection dgid].

In recent years, large amounts of gene expression data
for primary tumors from cancer patients have been
collected. Newman et al. introduced CIBERSORT as an
analytical method for characterizing the abundances of
member cell types in a mixed cell populatioom their

gene expression profile§12]. Subsequently, this
method has been further developed to estimate the
composition of infiltrated immune cells in different
types of cancer, such as breast cancer, lung cancer and
renal cell carcinomg4i 6, 13, 14] In addition recent
studies revealed that immunelated genes (IRGs) are
closely related to TIICs and exhibit considerable
promise in survival prediction for multiple canc§tsi

19]. However, the clinical relevance and prognostic
significance of the immmne cell composition and IRGs

in gastric cancer remain under exploration.

In this study, the aim was to estimate the clinical
implications of the TIC composition and IRGs in
gastric cancer. The transcriptomic RNAq data were
downloaded from the TCGA thkbasg?20, 21] and the
immune cell composition and its prognostic value in
gastric cancer were investigated. Subsequently, the
expression and prognostic landscape of survival
associated IRGs were comprehensively analyzed and a
prognostic signature was sigssfully constructed as an

independent predictor for gastric cancer patieftse
resultsof this study could provide promising insight for
further exploiting biomarkers for the diagnosis and
individualized treatment of gastric cancer based on
TIICs and RGs.

RESULTS

Differences in adaptive immune cells

ada pt iTheefractiomdn plas@a cdllewap lowersiregastiicscandeh e

than in normal tissueP& 0.001, Figure 1D), but there
were no significant differences in the fractions of total
B cells, naive and memory B cel(§igure 1A 1C).
These results suggest that the ability of B cells to
differentiate into plasma cells is inhibited in gastric
cancer, which may affect antitumor immunity. For T
cell subpopulations, the fractions of activated memory
CD4" T cells and Tregsncreased in gastric cancer
compared with normal tissu®<0.01, Figure 2D, 2F),
while the resting memory CD4T cell fraction
decreased in gastric cancer tissBe(.05, Figure 2C).
However, the proportions of total T cells, CDB cells,
CD8 T c el T ells andfollicular helper T (Tfh)
cells showed no great changes (Figure 2A, 2B, 2E, 2G,
2H). Thus, it is unlikely that a T cellmediated
antitumor immune responseccursin gastric cancer
patients.

Differences in innate immune cells

The fractions ototal DCs, resting DCs and monocytes
were lowerin gastric cancerthan in normal tissue
(P<0.05 0orP<0.001 Figure 3B, 3C, 3G). The fractions
of total and resting mast cells were strongly decreased
in gastric cancer compared to normal tisBs€(001,
Figure 4B, 4C), whereas the activated mast cell fraction
increased slightly (P<0.05, Figure 4D). The total
macrophage fraction increased significantly in gastric
cancercompared withnormal tissue F<0.001, Figure
4A), which contributed to thenxcremental inaases in
the MO and M1 macrophage fractionB<0.001, Figure
4E, 4F). The M2 fraction decreased in cancer tissue
(P<0.001, Figure 4G). Correspondingly, the ratio of
M2/M1 was lower in gastric cancer than that in normal
tissue (Figure 4H).In addition resihng NK cells,
activated NK cells, activated DCs, eosinophils and
neutrophils did not differ between tumor and normal
tissues.

Immune cell composition and its prognostic
significance in different stages of gastric cancer

The compsition of TIICs indifferent stages ofjastric
cancer was analyzed and is shown in Figure 5A and
Supplementary Table .2The results illustrated that
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TAMs (31.94%), resting memory CD4T cells

(16.49%), CD8 T cells (13.45%) and Treg cells
(6.81%) wereaburdantin gastric cancer, whereas naive
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Figure 1.Fractions of Bcells and plasma cells in gastiwancerand normal tissue CIBERSORT was applied to analyze the fractions
of TlICsand each dot represents one samplée mearSDfor each cell subtype including total B ceh, (haive B celldBj, memory B cells

(0.34%), monocytes (0.77%) and memory B cells
(1.18%) were sparse. From stage | to IV, the fraction of
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Figure 2.Fractions ofT cells in gastric cancer and normal tiss€@dBERSORV&as appliedo determine the fractions of TIICs
and each dot represents one samplite meanSD for each cell subtype including total T éd/isotal CDAT cells B), resting memory
CD4 T cells @), activated memory CDA cells D), CD8T cellsB), Tregsk = 1 ' GtandT tellsk) was calculated and compared
using oneway ANOVA.P<0.05; **P<0.01.
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Figure 3.Fractions ofNK cells, DCs, eosinophils, neutrophils and monocytes in gastric cancer and normal {HI8ERSORT
was appliedo analyze the fractions of Tll@Gsd each dot represents one sample. The m&iDfor each cell subtype including total NK cells
(A), total DCsR), resting DCdJ, activated DCI), eosinophilsH), neutrophils ), and monocytes@) was calculated andompared using
one-way ANOVA.P<0.05; ***P<0.001.
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Figure 4 Fractions ofmacrophages and mast cells in gastric cancer and normal tisSSIBERSORT was appt@dnalyze the
fractions of TIIGsand each dot represents one sample. The mean+SD for each cell subtype including total macrahages (
total mast cellsB), resting mast cells], activated mast cell®f, MO macrophages], M1 macrophaged, M2 macrophages

(G and for the M2/M1 raib (H) was calculated and compared using amgy ANOVA.P<0.05; **P<0.001.
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continuouslydeclined.In addition the fractions of Tth
cells, Treg cells, resting DCs and resting mast cells
increased in stage Il and thelecreased athe stage
advanced. The proportions of naive CDR cells and
eosinophils suddenly increased in stagelidéase

To further investigate the prognostic value of TIICs,
Cox regression analysis was applied to analyze the
associations between overall surtif@S) and immune
cell subfractions imifferent stages ofastric cancer. As
shown in Figure 5B, a higher proportion ©fh cells
indicated prolonged OS (hazard ratio (HR)=0.61, 95%
confidence interval (Cl) 0.42~0.98<0.05), especially

in stages Il andV, whereas worse OS was associated
with relatively high fractions of M2 macrophages
(HR=1.47, 95% CI 1.12~1.94P<0.05), resting DCs
(HR=1.40, 95% CI 1.06~1.84<0.05) and monocytes
(HR=1.42, 95% CI 1.07~1.87P<0.05). In stage |
tumors, immune celllad little influence on the O3n
stage Il tumorstrelatively poorOS was correlated with
an increased fraction df10 macrophagegHR=2.05,
95% CI 1.12~3.78,P<0.05). In stage Il tumors,
prolonged OS was associated with a relatively high
proportion of Th cells HR=0.62, 95% CI 0.41~0.94,
P<0.09. In stage IV tumorsan increased number of
CD8 T cells was significantly associated with
prolonged OS (HR=0.20, 95% CI 0.09~0.4%;0.01).
Therefore, the correlation between TIICs and OS
displayed great diveitysiamongdifferent stages

Identification of differentially expressed IRGs
As IRGs can reflect the immune status of cancer

patients, we extracted IRGs with differential expression
in gastric cancer patients from transcriptomic RBEY
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data for further aamyses.First, Wilcoxon signedank

test was applied to identify differentially expressed
genes (DEGs) between gastric cancer and normal tissue.
The results showed that a total of 6749 DEGs were
screened, including 5601 upregulated and 1148
downregulated gnes (Figure 6A, 6C). Among these
DEGs, we further identified 345 differentially expressed
IRGs, including 198 upregulated and 147
downregulated IRGs (Figure 6B, 6D).

Characterization of hub IRGs

To create a valuable prognostigysature, univariate
Cox analysis was conducted to screen IRGs associated
with the OS of gastric cancer patients. In total, 100
genes were found to be significantly associated with
clinical outcomesH<0.05). Then, Gene Ontology (GO)
enrichment analysis dahese survivahssociated IRGs
showed thafiposi ti ve regul ation
cascadeo, Apositive
concentrationo and the fi
the three most significant biological process terms; the
filextlrulceerl regiono, t he
Aiintegr al component of
three most significant cellular component terms; and

Agrowth factor bindingo,
Apeptide hor mone bindingo
significant molecular function terms (Table .1)

Cytokinecytokine receptor interaction was found to be
the mostfrequently enriched Kyoto Encyclopedia of

Genes and Genomes (KEGG) pathway (Figure 7).
Furthermore, 29 hub IRGs were ascertained to be
differentially expressed in gastric cancer and closely
related to the OS (Figure 8A). A forest plot of hazard
ratios indicated that most of these hub IRGs were-high
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Figure 5.Composition of TIIC#) and a bubble heat map showing the associations between OS and inuellisabfractionsR) in different
stages of gastric cancer. The red and blue coloutBe heatmap represent negative and positive correlatiorespectivelypetween TIICs

and OS, while bubble sim&licatesthe level of statistical significance.

6660 -&A A2 Y

MT dC H !

DLbD

regul at |

fiext
pl as



risk factors (Figure 8B). Owing to the potential
prognostic significance of these hub IRGs, their
molecular characteristics relateddenomic alterations
were further analyzed. The resukbowedthat these
hub IRGs were unstabla gastric cancer and missense
mutations were the most commonly occurring type
(Figure 9).

Prognostic signature for gastric cancer patients

To develop a prognostic indicator for the prediction of
survival outcomes, LASSO Cox reggsion analysis
was carried out, and ten hub IRGs were screened to
construct a prognostic signature (Figure 10). Kaplan
Meier plots indicated that the prognostic signature
could predict the survival probability of gastric cancer

patients (Figure 11A). Thearea under the receiver
operating characteristic (ROC) curve was 0.786,
indicating the moderate potential for survival
prediction (Figure 11B). Further validation illustrated
that the constructed prognostic model could separate
the survival status of gastrcancer patients into high
and lowrisk groups (Figure 12). The formula was as
follows: [Expression level ofCXCL3 * (-0.0067)] +
[Expression level oNOX4 * 0.5146] + [Expression
level of AEN * (-0.0610)] + [Expression level of
CCL15 * 0.0420] + [Expression level ofCCL21 *
0.0012] + [Expression level cFAM19A4* 0.1248] +
[Expression level oRNASE2* 0.0183] + [Expression
level of IGHD2.15* 0.0956] + [Expression level of
NMB * 0.0432] + [Expression level oTRAJ19* (-
0.1860)].

Figure 6. Differentially expressed IRGs the gastric cancer cohortHeatmap of DEG#) and differentially expressed IR@). (
Volcano plot of DEG€§)(and differentially expressed IRE).(Blueand red dots represent DEGsd black dots represent genes thaere

not differentially expressed.
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