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Abstract
HtrA serine peptidase 4 (HTRA4), which belongs to the AB family of proteases/chapterones, participates
in multiple signal pathways and plays an important regulatory role in some malignancies; however, its
role in the prognosis and immune in�ltrates of gastric cancer (GC) remains unclear. HTRA4 expression
was thus investigated in tumor tissues, and its association with immune in�ltrates was assessed, to
determine its prognostic roles in GC patients. Data for patients with GC was collected from three GEO
datasets. This study has investigated if high expression levels of HTRA4 are associated with a poor
prognosis in GC patients, especially in T2,T3,N1,NI&N2&N3,M1,stage3 and HER2+ subgroups. HTRA4
was positively correlated with CD8+ T cells, CD4+ memory activated T cells, gamma delta T cells, and M2
macrophages in the GC microenvironment. Gene Ontology and Gene set Enrichment Analysis showed
that HTRA4 was enriched in some immune-related pathways. High expression levels of HTRA4 were
signi�cantly correlated with tumors in the T stage, N stage, and clinical stage, as well as those of
histological grade. In summary, HTRA4 was found to play a vital role in the progression of GC and may
be a predictive biomarker for the survival of GC patients.

Introduction
Gastric cancer (GC) is characterized by aggressively invasive tumors. Despite the considerable decreases
in the mortality and incidence of GC during the last decade, it remains the third leading cause of cancer-
related death, especially in China [1]. Most GC patients are diagnosed when the disease is at an advanced
stage. Although there have been signi�cant developments in multiple therapy strategies, almost 50% of
GC patients will have metastases during their treatment [2], and the �ve-year survival rates for patients
with stage II and stage IIIA is approximately 34% and 20%, respectively [3]. GC is a heterogeneous
disease. To date, there are two widely applicable histological classi�cation methods for GC: Lauren’s
classi�cation and the World Health Organization (WHO) classi�cation [4]. These two classi�cations are
unable to satisfy the speci�c therapeutic methods for GC. The existing high level of microsatellite
instability (MSI), de�cient mismatch repair (dMMR), HER2 mutation, and gene ampli�cation cannot
completely explain the responses of GC to the different therapeutic treatments [5, 6]. At present, the GC
patients who are insensitive to chemotherapy with MSI-high/dMMR are recommended to use
immunotherapeutics. Of note, lung cancer and melanoma appear to markedly bene�t from
immunotherapies, such as with programmed death-1 (PD-1), programmed death ligand-1 (PD-L1)
inhibitors, and cytotoxic T lymphocyte associated antigen-4 (CTLA4) inhibitors [7]. Thus, there is an
urgent need to illuminate the immunophenotypes of tumor–immune interactions and identify the novel
immune-related prognostic biomarkers in GC.

HtrA serine peptidase (HTRA) is a family of serine proteases, which includes four HTRA homologs
(HTRA1- 4) [8–10]. In humans, these proteases are involved in numerous cellular processes including the
maintenance of mitochondrial homeostasis and cell death. Among these proteases, HTRA4 is the least
characterized human HTRA protease, both for structure and function. A previous study showed that the
short N-terminal region of HTRA4 maintained its stability and oligomerization. Also, the PDZ domain
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positively in�uenced the protease activity, which suggests that there is a requirement for allosteric and
inter-molecular interaction network for HTRA4 functions [11]. HTRA4 has been found to be overexpressed
in pre-eclampsia (PE), to and directly interact with HTRA1 and HTRA3, and to participate in the process of
embryo implantation and decidualization [3, 6, 12, 13, 14]. In addition, HTRA4 can interact with anti-
apoptotic XIAP, caspase 9, and executioner caspase 7 to in�uence apoptotic cell death by affecting
cytoskeleton homeostasis. However, only some meta-analyses of available microarray data have shown
that HTRA4 is upregulated in glioblastoma multiforme and breast cancer, and downregulated in
metastatic prostate cancer, which suggests an association between HTRA4 and tumorigenesis [15, 16].
Recently, the role of HTRA4 in cell proliferation and cell cycle modulation was demonstrated [17], and
HTRA4 was �rst reported to promote the death of cancer cells treated with chemotherapeutic drugs by
reducing the survival, clonogenic potential, and motility of cancer cells [18]. Although HTRA4 is involved
in important physiological, pathological, and cellular processes, its roles in different cancers are poorly
understood.

In this study, we selected three GEO datasets for GC (GSE19826, GSE30727, and GSE79973) to identify
differentially expressed genes (DEGs) in the GC tissues, when compared with normal gastric tissues. The
HTRA4 was found to be extremely overexpressed in the intersections of the three GC datasets. RNA
sequence data were downloaded from the Cancer Genome Atlas (TCGA) database to verify the high
expression of HTRA4 in the GC tissues. Then the signi�cance of HTRA4 in the GC was systematically
analyzed using bioinformatical and statistical methods, including differentially expressed gene (DEG)
analysis, Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway, Gene set
Enrichment Analysis (GSEA), CIBERSORT analysis, logistic regression, and Kaplan-Meier survival
analysis.

The results suggested that HTRA4 was upregulated and associated with a poor GC prognosis, and could
thus be considered a predictive biomarker for GC. GSEA analyses showed that HTRA4 expression was
enriched in numerous immune-related pathways. Logistical regression analysis showed high HTRA4
expression was signi�cantly correlated to tumors in the T stage, N stage (lymph node status), and clinical
stage as well as those of histological grade. CIBERSORT analysis showed that high expression level of
HTRA4 were positively in�ltrated with different kinds of T cells. In summary, HTRA4 is important in the
progression of GC and could be an ideal immune-related predictive biomarker for the survival for GC
patients in the treatment process.

Methods
Data source and preprocessing

The Gene Expression Omnibus of National Coalition Building Institute (NCBI-GEO) is a free public
database for microarray/gene pro�les, and it was used to source the gene expression datasets analyzed
in this study. They included three independent GC gene expression pro�les (GSE19826, GSE30727, and
GSE79973) that were screened and downloaded from the GEO as discovery datasets to identify the
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DEGs. Gene expression data with clinical information from the STAD datasets (including 375 GC tumor
tissues and 32 normal tissues, work�ow type: HTSeq-FPKM) were downloaded from TCGA. Level 3
HTSeq-FPKM data were transformed into TPM (transcripts per million reads) for further analysis.

Analysis of DEGs

DEGs between the TCGA GC samples and normal samples were identi�ed using the unpaired Student’s t-
test, with the DESeq2 package. Statistical ranking for HTRA4 expression above and below the median
was de�ned as HTRA4-high and HTRA4-low groups. Futhermore, the DEGs between the HTRA4-high
and HTRA4-low groups were also identi�ed using the unpaired Student’s t-test with the DESeq2 package.
Genes with an adjusted P value < 0.05 and |log FC| > 2 were thought to be statistically signi�cant. These
�ndings and the values for the DEGs were plotted in volcano plots and on a heatmap (“limma” R
package)

Gene set enrichment analysis

GO analysis is a commonly used method to de�ne genes and the RNA or protein products that are used
to identify the unique biological properties of high-throughput transcriptome or genome data, including
Biological Processes (BP), Cellular Components (CC), and Molecular Functions (MF). The KEGG pathway
analysis is a widely used database which stores large amount of genomic, biological pathway, disease,
chemical substance, and drug data. The GO annotation and KEGG pathway enrichment analysis were
performed using the Metascape online tool. We chose the top eight pathways according to the
enrichment score in every analysis (P < 0.01). 

GSEA (JAVA program gsea-3.0.jar and “ggplot2” R package) starts with the HTRA4 matrix that is
differentially expressed and investigates the signal pathway variances among the low and
high HTRA4 groups to estimate the signal pathways and associated phenotype. A permutation test was
performed 1000 times to determine the altered pathways. Genes were regarded as related for FDR < 0.25
and p < 0.01. Statistical analysis was performed using R. To obtain the interactions of HTRA4 and
immune cells and the relevance of this in�ltration with various expression groups of HTRA4, Spearman
correlation and Wilcoxon rank sum tests were applied. R package “ggplot2” was used for the lollipop
graph, “corrplot” was used for the correlation analysis, and “vioplot” was used for the plot violin graphs.

To construct the protein-protein interaction (PPI) network, we used Search Tool for the Retrieval of
Interacting Genes (STRING) database to integrate all DEGs. The PPI networks were extracted with a
combined score > 0.4, and visualized by Cytoscape. CytoHubba is a plugin in Cytoscape, which can be
used to measure the degree of each protein node. The nodes with higher degrees of connectivity tend to
have more potential for maintaining the stability of the entire network, and we chose the top ten genes as
hub genes.

Clinicopathological analysis and prognosis analysis
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The association of the clinical pathologic parameters and HTRA4 were assessed with a regression
analysis and displayed.The R package “tableone” was utilized for the clinical table. The cut off for the
expression of HTRA4 was de�ned by the median value. In all analyses, a p value < 0.05 indicated
statistical signi�cance. The distinction in survival between the high HTRA4 groups and
low HTRA4 groups was determined using the Kaplan-Meier online website (https://kmplot.com/).

Tumor in�ltrating immune cells (TICs) analysis

To explore the correlation between HTRA4 and the in�ltration levels of 22 immune cells, the R package:
“Cibersort” (CIBERSORT) was applied to estimate the of TICs in GC patients. The signatures we used
included a diverse set of adaptive and innate immune cell types. Only cases where p ≤ 0.05 were used for
further analysis. The R package “ggstatsplot” was used to construct the scatter plots.

Results
Identi�cation of DEGs in GC

Three gene expression pro�les (GSE19826, GSE30727, and GSE79973) were selected for use in this study
(Fig. 1A, 1B, and 1C). Based on the criteria of adj P < 0.05 and |log FC| > 2, 178 DEGs were identi�ed after
the intersection of the three datasets (Fig. 1D; Supplemental table 1). To predict the functional enrichment
information for these DEGs, GO function enrichment analysis was performed. The enriched GO terms
were divided into BP, CC, and MF ontologies. These DEGs were involved in extracellular structure
organization, collagen-containing extracellular matrix, and extracellular structural constituents. Moreover,
extracellular matrix organization, endoplasmic reticulum lumen, and glycosaminoglycan binding were
also involved in the GC progression (Fig. 1E). Detailed DEG volcano maps for each dataset are shown in
Figs. 1F, 1G, and 1H.

Veri�cation of the abnormally high expression of HTRA4 in GC

To identify an immune prognostic signature of GC, we analyzed three GEO datasets, and identi�ed 178
differentially expressed genes (DEGs). HTRA4 was among the 178 DEGs and was found to play an
important role in GC immune progression through a series of analysis. First, the pan-cancer analyses
compared the expression of HTRA4 in different tumor samples of the TCGA and normal samples of GTEx
using the Wilcoxon rank sum test statistical method (Fig. 2A). Second, the pan-cancer analyses of HTRA4
expression were also displayed in the TCGA tumor tissues and corresponding normal tissues (Fig. 2B).
HTRA4 was upregulated in colon adenocarcinoma (COAD), glioblastoma multiforme (GBM), head and
neck squamous cell carcinoma (HNSC), kidney chromophobe (KICH), kidney renal papillary cell
carcinoma (KIRP), liver hepatocellular carcinoma (LIHC), and stomach adenocarcinoma (STAD) (P < 
0.0001). Third, the high expression of HTRA4 was veri�ed in 375 GC tissues and 32 normal tissues in the
TCGA STAD dataset (Fig. 2C). The expression of HTRA4 between the 27 GC samples and matched para-
cancerous samples was signi�cantly different (Fig. 2D).



Page 6/23

Functional enrichment and analyses of HTRA4 related genes in GC

We compared 187 HTRA4-high GC samples with 188 HTRA4-low GC samples and identi�ed 178 HTRA4-
related DEGs, including 177 upregulated genes and 1 downregulated gene (adjusted p < 0.01, |log FC| > 2).
The DEGs were then further analyzed using the DESeq2 package. Volcano and heat maps for the DEGs
between the two cohorts are presented in Fig. 3A and Fig. 3B, respectively. GO enrichment analysis was
used to show that HTRA4-related genes were involved in many immune-related BPs, CCs, and MFs, such
as humoral immune response mediated by circulating immunoglobulin, immunoglobulin complex, and
antigen binding (Fig. 3C). To determine the interactions between the 178 HTRA4-related DEGs in the GC
samples, we analyzed the protein-protein interactions (PPIs) using the STRING database (Supplement
Fig. 2A). We selected 100 proteins and 18 edges from the PPI network (Supplement Fig. 2B), and the top
ten hub genes COL4A2, COL1A2, COL5A2, COL4A1, COL5A1, COL1A1, COL6A3, COL6A1, BGN and FN1
(Supplement Fig. 2C, Supplement table 2). GSEA identi�ed signi�cant pathways (adj P < 0.05) in the
enrichment of the MSigDB collection (Supplement table 3). Six of the signi�cantly enriched immune-
related signaling pathways were selected based on their normalized enrichment score (HES), including
antigen processing and presentation, toll-like receptor signaling pathway, intestinal immune network for
IgA production, natural killer cell mediated cytotoxicity, T-cell receptor signaling pathway and primary
immunode�ciency (Fig. 4A and 4B).

The correlation between HTRA4 expression and clinicopathological characteristics in the GC patients
from TCGA with complete clinical information were analyzed to clarify the signi�cance and roles of
HTRA4 expression. The expression of HTRA4 was positively correlated with tumors in T stage (T1 vs T2,
P = 0.0049; T1 vs T3, P = 0.0052; T1 vs T4, P = 0.00099), N stage (N1 vs N2, P = 0.04), clinical stage (stage
I vs stage II, P = 0.004; stage I vs stage III, P = 0.047), and clinical grade (G1 vs G3, P = 0.012; G2 vs G3, P = 
1.1e-09) (Fig. 5A–D). The univariate analysis with logistic regression demonstrated that HTRA4
expression was a dependent factor related to poor prognostic clinicopathological variables (Table 1).
Increased HTRA4 expression in GC was positively associated with pathological T (P = 0.025),
pathological N (P = 0.045), neoplasm histological grade (P < 0.001), and helicobacter pylori infection (P = 
0.033). The results showed that higher HTRA4 expression levels were associated with more serious and
advantaged stage in GC.

The association between HTRA4 expression and immune in�ltration in GC

The correlation between the expression level (TPM) of the HTRA4 and the relative abundance of 24
immune cells and their in�ltration levels was quanti�ed by CIBERSORT and analyzed with the spearmen
correlation (Fig. 6A, Supplement table 4). The expression of HTRA4 was positively correlated with the
abundance of the top four immune cells, CD8 + T cells (P = 0.01), CD4 + memory activated T cells (P = 
0.00), gamma delta T cells (P = 0.00) and M2 macrophages (P = 0.00) (Fig. 6B–E).

Overexpression of HTRA4 was strongly associated with a poor GC prognosis
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The overall survival (OS) rates were extremely high among GC patients with low HTRA4 expression levels,
when compared with those with high HTRA4 expression (HR = 1.43, P = 0.0011) (Fig. 7A), and
progression-free survival (PFS) rates were also signi�cantly higher in the low HTRA4 expression groups
than the HTRA4 high groups (HR = 1.38, P = 0.013) (Supplement Fig. 2A).

The subgroup survival analyses of the OS and PFS, suggested that the prognosis of patients with HTRA4-
high was poorer in T2, T3, N1, N1&2&3, M1, stage 3 and HER2 + subgroups of OS (Fig. 7B-H). Among
these subgroups, the survival time of the patients with HTRA4-high was also shorter in stage 3, T3,
N1&2&3, and HER2 + subgroups of PFS (Supplement Fig. 2B-E). In conclusion, the survival data
suggested that the high expression of HTRA4 in GC patients was associated with a worse prognosis and
shorter survival time, and may accelerate disease progression.

Discussion
Gastric cancer is the leading cause of cancer-related mortality worldwide, and its rapid progression and
invasive metastasis often contributes to its poor prognosis. Both Lauren’s classi�cation and the World
Health Organizations (WHO) classi�cation [19, 20] recommend surgical resection, neoadjuvant, and
adjuvant therapies as the primary treatment options for GC, but these have unfavorable prognosis. In
recent years, cancer immunotherapies have received considerable attention for the treatment of various
tumor types. Consequently, studies into the immunological regulation of GC have been increasing [21, 22,
23]. Among these immunotherapies, the blocking of immune checkpoints to target PD-L1 and CTLA4, has
shown promising inhibitory effects. Whereas, in GC patients, the anti-CTLA4 drug tremelimumab has had
insu�cient therapeutic e�cacy in clinical treatments [24], and PD-1 and PD-L1 inhibitors have had
incomplete responses in most advanced GC patients [25, 26, 27]. Despite the substantial improvement in
the survival of GC patients, identifying the population who can bene�t from immunotherapy is still a
challenge. Thus, there is an urgent need to identify more immune-related prognostic biomarkers for GC
treatments.

The HTRA4 proteins are important members a of complicated protein network designed to promote
cellular processes in stressful environments, and they are well conserved in the evolution of the HTRA
(High-temperature requirement A) family of serine proteases [28, 29, 30]. There are four human HtrA
proteins (HTRA1, HTRA2, HTRA3, and HTRA4), and of these, HTRA1, HTRA3, and HTRA4 have similar
domain organizations. The HTRA 1, 2, and 3 proteases have been widely reported to function in many
processes, such as extracellular matrix proteins, the protection of mitochondrial homeostasis, and cell
apoptosis to promote cell death [31, 32, 33]. Moreover, HTRA1, HTRA2, and HTRA3 proteins are involved
in neurodegenerative disorders and cancers. HTRA1 was the �rst sequenced protein of the human AB
family [34], and its expression is regulated during the proliferation of the endometrium during pregnancy
[35]. HTRA2 is expressed ubiquitously in human tissue, and its expression is extremely variable according
to the type of tumor [36, 37, 38]. Like HTRA2, the expression of HTRA3 is also different according to the
type of tumor [39], and previous research has described the functional mechanisms and role of HTRA1–3
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proteins. However, the cellular functions of the HTRA4 protease are still poorly understood, especially in
cancers.

HTRA4 can be secreted into the extracellular matrix to act as a similar signal secretory peptide as HTRA1
and HTRA3 [40.41]. It was previously suggested that HTRA4 plays an important role in the implantation
of the embryo and could a biomarker with which to predict pre-eclampsia [6, 42, 43, 44]. In some
malignancies, HTRA4 has been found to promote tumor progression. Analysis of microarray studies
shows that HTRA4 is upregulated in glioblastoma multiforme, when compared to brain tissues in
epilepsy patients [45]. Similarly, it has been indicated that HTRA4 is overexpressed in breast cancer
tissues, when compared to normal breast tissues [46]. Conversely, HTRA4 has been found to have anti-
tumor effects in other malignancies. HTRA4 is downregulated in hormone refractory metastatic prostate
cancer when compared to primary prostate cancer [47]. Maser et al. indicated that the allelic ratio of
HTRA4 is lower in glioblastoma and pancreatic cancer, when compared to normal DNA [48]. Recently,
Wenta et al. suggested that HTRA4 stimulates the drug-induced death of cancer cells, and that this
protease is a promising anti-cancer therapeutic target [18]. Nevertheless, knowledge regarding the HTRA4
biological features and its roles in cancers is currently limited. At present, there have been no previous
studies on the role of HTRA4 in GC, and consequently this was the focus of this investigation.

Bioinformatics analysis using high throughput RNA-sequence data from the GEO and TCGA database
shows obvious individual heterogeneity in the RNA data, and HTRA4 may be a potential identi�cation
biomarker for GC tissues. Increased expression of HTRA4 in GC tissues was accompanied by advanced
clinical pathological characteristics, shorter survival time, poor prognosis, and more powerful T cell
immune levels. To further investigate the functions of HTRA4 in GC prognosis, we conducted GO, KEGG,
and GSEA analyses using the TCGA data. The results revealed that most immune-related pathways,
including antigen processing and presentation, toll-like receptor signaling pathway, intestinal immune
network for IgA production, natural killer cell mediated cytotoxicity, T-cell receptor signaling pathway, and
primary immunode�ciency were differentially enriched in the HTRA4 high expression phenotype.
CIBERSORT analysis shows that high HTRA4 expression levels are associated with higher in�ltration
levels of various T cells and macrophages. Therefore, these data suggested that HTRA4 might act as
potential prognostic marker and immune-related therapeutic target in GC.

Tumor-in�ltration lymphocytes (TILs) among stromal cells in the tumor microenvironment play an
important role in the occurrence and development of tumors, which can in�uence the carcinogenic
characteristics of adjacent tumor cells [49, 50]. TILs establish a complex interaction network, helping to
improve and maintain the immune microenvironment, to promote immune effects, and thus promote
tumor progression [51]. Immune in�ltrates in tumors like tumor associated macrophages, tumor-
in�ltrating neutrophils, and various kinds of T cells are signi�cantly relevant to patient prognosis and the
e�cacy of therapeutics [52, 53]. Our results demonstrated that there were four kinds of T cells in the
HTRA4-high GC group than in the HTRA4-low GC group, suggesting that high expression of HTRA4 is
associated with high immune cell levels. The CD8 + and CD4 + T cells in the tumor microenvironment
have strong immunoenhancement activity. Therefore, our data elucidated that the immune effects
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induced by the T cells in the primary tumor microenvironment might result in a lower overall survival rate
in HTRA4-high GC patients.

High HTRA4 expression levels were shown to correlate to the poor prognosis of GC in T2, T3, N1, N1&2&3,
M1, stage 3 and HER2 + subgroups when HTRA4 was highly expressed in the GC tissues. The expression
of HTRA4 remains a powerful forecaster of the prognosis within these subgroups, showing that HTRA4
was independent of these important clinicopathological parameters.

These results have improved our understanding of the relationship between HTRA4 and GC, but the study
had some limitations. First, to discover the speci�c role of HTRA4 in the development of GC
comprehensively and completely, all clinical information should be included, such as the details on the
treatment methods received by the patients and successive survival follow-up times, but the information
for the treatments and follow-up times was lacking or inconsistent as the public database experiments
were performed in different cancer centers. Second, the number of normal gastric tissue samples in the
current study was too small, and this should be improved in the future to ensure balanced sample sizes.
Third, retrospective studies overall have their own limits, and thus a prospective study should be
conducted in the future to avoid analysis bias. Fourth, the data from the current study were analyzed
using the sequencing data from the GEO and TCGA databases only, it is necessary to conduct further
research to prove the direct mechanisms and role of HTRA4 in GC.

In the current study, we have reported that high HTRA4 expression levels were signi�cantly related to the
progression, poor survival, and immune in�ltration of GC. HTRA4 may promote tumorigenesis through
abnormal in�ammation and immune responses and may have the potential to become a new immune
biomarker of GC. Thus, HTRA4 was identi�ed as a reliable predictor of GC prognosis. The mechanisms by
which HTRA4 accelerates the progression and metastasis of GC will be investigated further. This study
provides a new and promising immunotherapeutic target, HTRA4, that has clinicopathological
signi�cance and will improve molecular pathogenesis assessments.
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Tables
Table 1: The association between HTRA4 expression and clinicopathological variables.
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Figure 1

HTRA4 up-regulated in GC tissues in GEO datasets. (A-C) GC tissues and normal gastric tissues
information from three GEO datasets GSE19826, GSE30727, and GSE79973. (D) 178 DEGs from three
GEO datasets intersection between GC samples and normal tissues. (E). Top 11 of biological processes,
molecular functions and cellular components enrichment related to 178 DEGs with bar graph. (F-H)
Volcano ploys of the DEGs for three GEO datasets.
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Figure 2

Veri�cation the high expression of HTRA4 in TCGA-STAD. (A) The expression of HTRA4 of different
cancers in TCGA cancer samples compared with normal samples in GTEx database. (B) The expression
of HTRA4 of different cancers samples compared with normal samples in TCGA database. (C)
Differentially expression level of HTRA4 in GC tissues and normal gastric tissues. (D) Differentially
expression level of HTRA4 in paired GC tissues and normal gastric tissues.
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Figure 3

Enriched pathways of HTRA4 related genes in GC. (A) The volcano plot of HTRA4-related DEGs in GC. (B)
The heat map of HTRA4-related DEGs in GC. (C) The molecular functions, cellular components, biological
processes enrichment related to HTRA4 related genes with bar graph.
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Figure 4

Signi�cantly enriched GSEA pathways of HTRA4 related genes in GC. (A) Multiple 6 immune related
GSEA pathways with line graph. (B) 6 immune related pathways enriched in HTRA4 related GC, including
Antigen processing and presentation, intestinal immune network for IgA production, natural killer cell
mediated cytotoxicity, T-cell receptor signaling pathway, primary immunode�ciency and Toll-like receptor
signaling pathway.
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Figure 5

Relationship with HTRA4 expression and clinicopathological characteristics of GC patients. (A)
Relationship between expression of HTRA4 and clinical T stage. (B) Relationship between expression of
HTRA4 and clinical N stage. (C) Relationship between expression of HTRA4 and clinical pathological
stage. (D) Relationship between expression of HTRA4 and clinical histological grade.
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Figure 6

The expression level of HTRA4 correlated with the immune cells’ in�ltration in GC microenvironment. (A)
Correlation between the relative abundances of 24 immune cells in GC microenvironment and HTRA4
expression level. The size of dots shows the absolute value of Spearman R. The color of dots shows the
P values. (B-E) Scatter plots and correlation diagrams shows the association between expression of
HTRA4 and CD8+ T cells, CD4+ memory activated T cells, gamma delta T cells and M2 macrophages.
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Figure 7

Kaplan-Meier survival curves suggesting the prognosis value of HTRA4 in GC. (A) Survival curves of OS
between HTRA4-high and HTRA4-low patients in GC. (B-H) OS survival curves of
T2,T3,N1,NI&N2&N3,M1,stage3 and HER2+ subgroups between HTRA4-high and HTRA4-low patients in
GC.
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