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Background: Altered lipid metabolism is associated with gastric cancer (GC) progression. Comprehensive analysis to identify critical
lipid metabolic drivers for predicting overall survival (OS) is not fully elucidated in GC. Our study aim to explore a novel lipid
metabolism-related prognostic marker for GC.

Methods: Transcriptional status and clinical features were obtained from the TCGA-STAD database. The differentially expressed
lipid metabolic genes and the risk prognostic model were developed by using bioinformatics and Cox regression analyses. ROC and
Kaplan—Meier analysis were established to assess the performance of the risk predictive score model. GSE84437 dataset was used for
external validation. Immunochemistry (IHC) was used to examine the expression of CYP19A1 in GC patients. Gene Set Enrichment
Analysis (GSEA) was conducted to elucidate the underlying enriched mechanisms. TIMER and CIBERSORT analysis were performed
to explore the relationship between CYP19A1 and immune microenvironment.

Results: A novel lipid metabolic gene signature (including MTTP, CYP19A41, MYB, SERPINE1), and specifically CYP1941, might be
a promising prognostic factor for GC. Using the validation cohort, ROC curves indicate a good showing of our risk model. Based on
the signature yielded a significant difference OS time between the low- and high-risk groups. Cox regression indicates that the
signature is an independent prognostic variable. ROC curves present better and reliability predictive accuracy. The IHC data validate
that high expression of CYP19A1 was found in GC tissues. GSEA analysis reveals that higher expression of CYP19A1 may
significantly up-regulate genes involved in fatty acid metabolism and glycerolipid metabolism. CIBERSORT analysis suggests that
CYPI19A1 is related to the infiltration of multiple immune cells.

Conclusion: CYP19A1 could be an independent prognostic factor and a novel metabolic-targeted treatment strategy for gastric
cancer.
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Introduction
Gastric cancer (GC) is the third leading cause of death globally, which is becoming a major public health crisis. According
to the GLOBOCAN report, approximately one million new GC patients were estimated to be clinically diagnosed in 2018
with greater than 782,685 deaths worldwide." Although the recent diagnostic methods and surgical strategies have yielded
many improvements, the overall 5-year survival rate of patients remains less than 30% in most countries.” Currently,
epidemiological study has shown that the incidence of GC in young people is gradually increasing, and because patients
with early GC are symptom-free and no evident signs.> Therefore, approximately >70% patients present with advanced
stage and poor prognosis.” It is clear that more work is imperative to elucidate the underlying molecular drivers involved in
carcinogenesis of GC. Hence, new specific and sensitive biomarkers and targets are needed to improving GC outcomes.
Abnormal lipid metabolism is a metabolic defect process in which cancer cells meet their high energy demands.
Mounting evidence shows that increased lipid synthesis or absorption strongly contributes to cancer initiation and
progression.>® In addition, previous evidence have discussed the intricate relationship between aberrant lipid metabolism
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and tumorigenesis, including ovarian cancer, breast cancer and pancreatic cancer.” '° Thus, targeting lipid-metabolic
pathways has become a promising anticancer approach for tumor treatment. In recent years, construct a risk model was a
practical strategy to evaluate the patients’ prognostic performance. A recent study has explored the prognostic value of
genes based on lipid metabolism and provided new insights for predicting GC patients outcomes.!' Lipid-metabolic
reprogramming, might occur in tumor cells and tumor microenvironment (TME) and has effect on cell proliferation,
invasion and metastasis of cancer cells.*'> Chen et al revealed that a variety of lipid signatures might act as prognostic
markers in epithelial ovarian cancer.'® Targeting the lipid-metabolic pathway axis could effectively prevent metastasis of
epithelial ovarian cancer.'’> However, the relevant roles of lipid metabolism-related genes and intrinsic landscape
involving the TME in GC have seldom been discussed.

Cytochrome P450 family 19 subfamily A member 1 (CYP19A1), a kind of steroidogenic enzyme, is speculated as a
prognostic promoter, involved in the androstenedione to oestradiol steroidogenesis cascade. The level of CYP19A1 was
significantly increased in the colon epithelial and carcinoma tissues.'* The role of CYP19A1 polymorphisms has been
estimated in breast cancer, endometrial cancer, Alzheimer’s, obesity, and cardiovascular disease.” ™ To sum up,
previous studies have focused on the polymorphism in CYP19A1 of which SNPs might be involved in the development
and outcome of various cancers and diseases. However, some of the results are inconsistent on account of the location of
tumors and survival rate of the patients. With this background, an overall view of the prognostic value of CYP19A1 with
GC is particularly noteworthy.

In the present study, we comprehensively identified four metabolic gene signatures predicting survival of GC.
Univariable and multivariable Cox regression analysis indicated that the lipid metabolism-related genes significantly
predicted survival outcomes in the TCGA-STAD patients. The four lipid metabolism-related gene signature was also
verified to perform well in predicting the survival in patients with GC in an independent cohort (GSE84437). Then, we
measured CYP19AT1 protein expression status in GC tissues, and reconfirming its roles in the progression of GC via
mediating intracellular lipid metabolism. Collectively, the results of our research provided a new lipid metabolism-related
gene and validated its capability for predicting outcomes of gastric cancer.

Materials and Methods

Data Acquisition
The GC mRNA expression and clinical data were obtained from the TCGA data portal (https://portal.gdc.cancer.gov/). There

were 407 patients with mRNA expression and clinical data. After excluding the normal tissues and patients with less than 1-
month follow-up, 334-patient cohort from the TCGA dataset was used in this study. An independent 433-patient cohort from

the GSE84437 dataset was screened as validation cohort. Another validation 132-patient cohort GSE54129 was used for

120

identify the expression of CYP19A1. Lipid metabolism-related genes were obtained from Yang et al™ and their correlation
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with patients’ survival were subjected to univariable Cox regression for risk predictive score model construction. cBioPortal
(https://www.cbioportal.org/) was used to identify CYP19A41 gene mutations in GC patients.”!

Construction of Risk Model Based on Lipid Metabolic Genes

Prognosis-related lipid metabolism genes were extracted based on multivariable Cox regression analysis. Risk predictive
models were established based on the expression of lipid metabolism-related genes and corresponding coefficients.
According to the median risk score, patients were stratified into low-risk and high-risk groups. Kaplan—Meier curves with
the Log rank test were applied to estimate the prognostic ability of the risk signature between the two groups. The ROC
curves for 1-, 3-, and 5-year survival were calculated to assess the performance of model predictions.

Gene-Enrichment and Functional Annotation Analysis
GSEA (http://www.broadinstitute.org/gsea) v.4.0.2 was carried out to identify gene sets enriched in two different

groups.?? The annotated gene set list, c2.cp.kegg.v7.5. symbols.gmt, was used for GSEA analysis. By using a weighting
method, the number permutations set was 1000; the Max and Min number of excluded sets were 500 and 15. The
remaining parameters were set to default. FDR q value and normalized enrichment score (NES) served to sort the
pathway enriched in each phenotype. Gene ontology (GO) function enrichment and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analyses of DEGs were utilized by R package clusterProfiler, org.Hs.eg.db,
enrichplot and ggplot2.*

Tumor Immune Estimation Resource (TIMER)

In order to determine the clinicopathological parameters of GC patients with the risk signature, including (gender, age,
pathological T stage and N stage) and CYP19A1 expression. We generated the Cox regression analysis using TIMER
(https://cistrome.shinyapps.io/timer/) database.”* The outputs of Cox model including hazard ratios and statistical

significance. This model is fitted by function coxph from R package “survival”. The CYP19A1 expression profile was
analyzed and the levels were presented as log, TPM values.

Immunohistochemical (IHC) Analysis

A total of 24 patients were enrolled to assess the expression status of CYP19A1 by IHC. The study design was approved
by the Institutional Review Board of Jiaying University (approve number 20-01) and all patients provided informed
consent. The gastric cancer tissue microarray was performed using formalin-fixed and embedded in paraffin. The tissue
microarray blocks were cut into 4 um before the sections were treated with CYP19A1 (1:50 dilution) primary antibody
according to the usual IHC protocol. After being incubated at 4°C for overnight, the sections were washed and
subsequently incubated with HRP-polymer-conjugated secondary antibody for 2 h at room temperature. Then, the tissue
microarray was stained with 3,3-diaminobenzidine solution and haematoxylin. Images of the staining results were
observed the by Leica microscope.

Tumor-Infiltrating Immune Cell Analysis

CIBERSORT computation was performed to estimate the immune response of 22 tumor infiltration immune cells based
on the gene expression in TCGA-STAD cohort.>® The relative fractions of 22 immune cells’ infiltration status in each
sample of STAD were determined by CIBERSORT R package with standard annotation files. This algorithm used Monte
Carlo sampling to calculate P-value for each sample, and Pearson correlation was calculated between the proportions and
CYP19AL1 expression. P<0.05 was selected for the following analysis.

Statistical Analysis

All statistical analyses were performed with R version 4.4.1.2 or GraphPad Prism software version 8.0. Data were
analyzed with standard statistical tests where appropriate. Log rank test was applied to analyze the differences of
CYP19AI1 on the survival curves of patients with GC. Multiple testing was adjusted by FDR method. P < 0.05 was
defined as statistically significant differences.
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Results

Identification of Lipid Metabolism-Related Genes in GC Sample

Gastric cancer RNA-seq expression data from 1025 samples were extracted from the TCGA cohort. A total of 77 lipid
metabolism-related genes were screened from TCGA-STAD patients. Compared with normal samples, 49 upregulated
genes and 28 downregulated genes were screened according to the criteria as FDR < 0.05 and |[logFC| > 2 (Figure 1A and
B). Scatter plots showed the expression patterns of the differentially expressed genes (Figure 1C). Next, we performed
GO term and KEGG pathway enrichment analysis to understand the function of these genes in lipid metabolism. The GO
term results indicated that lipid catabolic process, protein—lipid complex, lipid transporter activity were enriched in
biological progress (BP), cellular components (CC) and molecular functions (MF), respectively (Figure 1D and E).
KEGG analysis revealed that these lipid metabolism-related genes were involved in fat digestion and absorption,
glycerolipid metabolism and PPAR signaling pathway, which may be involved in the poor prognosis of GC patients

(Figure 1F).

:

IGsanli

Gene expression

.¥|

Rl i g i B

K'\‘W

5

[
I—S

ST R HT TP

By

%o,
°

G0:0006639
o
@0
fesd

e‘m&

%,
% iy
ey, o

o

@

%
S

logFC
© downreguiated ® upregulated

2-score

decreasing

~ '.'J‘ijiiiijfjjj !jijijlééi I} |

Ry
°

"0,
O szanu

G0:0016042
G0:0071827
G0:0071825
G0:0034368
G0:0034369
G0:0034367
G0:0008202
G0:0006639
G0:0006638
G0:0097006

00:09

increasing

Description
lipid catabolic process
plasma lipoprotein particle organization
protein-lipid complex subunit organization
protein-lipid complex remodeling
plasma lipoprotein particle remodeling

protein- ining complex
steroid metabolic process
acylglycerol metabolic process
neutral lipid metabolic process
regulation of plasma lipoprotein particle levels

Type [ 1° Type
| I
0 T

201

—-Logio P

(wrTe]

Cvpioat)

(serpiner)

{mve

total = 871 variables

Not Sig

Log2FC

Pralve.

Pvalue and Log2FC

_'3

lipid catabolic process |

‘steroid metabolic process <

acylglycerol metabolic process

neutrallipid metabolic process |

regulation of plasma lipoprotein particie levels {
plasma lipoprotein particle organization |
protein-iipid complex subunit organization {
protein-lipid complex remodeling <

plasma lipoprotein particle remodeling |
protein-containing complex remodeling |

plasma lipoprotein particie |
ipoprotein particle |
protein-lipid complex |
chylomicron-
Very-low-density lipoprotein particie |
riglyceride-rich plasma lipoprotein particie |
high-density ipoprotein particie
basolateral plasma membrane |
low-densiy lipoprotein particie | ®
‘endocytic vesicle lumen{_®
ipid transporter activity |
carborylic ester hydrolase actity |
ipase actvity |
alconol binding {
ipoprotein particie receptor binding {
lipid ransfer activity{
bile acid transmembrane transporter actvity
cholesterol ransfer activity |
sterol transfer actvity{
iglyceride lipase actvity {

0
Log, fold change

3

1D
hsa04979
hsa04976
hsa04975
hsa03320
hsa00561
hsa00140
hsa00830

02
GeneRatio

Count
@«
®
[

padjust

Description
Cholesterol metabolism
Bile secretion
Fat digestion and absorption
PPAR signaling pathway
Glycerolipid metabolism
Steroid hormone biosynthesis
Retinol metabolism

hsa04066

of ics by
HIF-1 signaling pathway

P450

Drug = P450

Figure | Identification of lipid metabolism-related genes from TCGA-STAD. (A) Heatmap of differentially expressed lipid metabolism-related genes between GC tumor
(n=375) and normal tissues (n=32). (B) Volcano plot of the differentially expressed lipid metabolism-related genes. (C) Scatter plots of mMRNA expression of differentially
expressed lipid metabolism-related genes. (D) The top 30 significant terms of GO function enrichment. (E) GO circle plot of biological process (BP) differentially enriched.
(F) KEGG circle plot of the logFC of the specified gene. The higher Z-score value indicated, the higher expression of the enriched pathway.
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Identification of Prognosis-Related Lipid Metabolism Genes and Establishment of a

Prognostic Model

To further explore the relationship between the 77 candidate lipid metabolism-related genes and GC patients’ overall
survival, univariate Cox regression analysis was conducted. A total of 10 prognosis-related genes, which were revealed to
have significant correlation with patient prognosis (Figure 2A). Subsequent multivariate Cox regression analysis showed
that only 4 lipid metabolism-related genes (MTTP, CYP19A41, MYB, SERPINEI) exhibited significant prognostic value
for GC (Figure 2B). Then, our prognostic risk score model was based on these 4 genes using the following formula:
prognosis index (PI)= (0.902x CYPI19A1) + (0.172xSERPINE1) + (0.194xMTTP) + (—0.150x MYB). In order to
calculate the prognostic risk score for each patient, we then divided TCGA-STAD patients into low- and high-risk groups
by using the median risk value as a cut-off. The high-risk group was associated with shorter survival time and increased
mortality rate (Figure 2C). Consistently, Kaplan—Meier analysis suggested that patients with high-risk scores had a
shorter OS than patients with low-risk scores (Figure 2D). ROC curves were used to confirm the predictive performance
of the 4-gene signature in GC (Figure 2E). Univariate Cox analysis revealed that tumor stage, age and lipid metabolism-
related signature were significantly associated with overall survival of GC patients (Figure 2F). Multivariable Cox
regression analysis proved the risk score model was an independent and statistically significant for GC survival
(Figure 2G). ROC curves were used to verify the predictive probability of the four-gene risk signature (Figure 2H).
These results revealed that our risk model was considered to be robust in predicting the survival of GC patients.

Verification of Lipid Metabolism-Related Prognostic Risk Model via Independent

Cohort

We tested our prognostic risk score model in the validation cohort (GSE84437). Consistent with the findings in the
TCGA-STAD cohort, patients with high-risk scores had significantly shorter OS than that of patients with low-risk scores
(Figure 3A). In addition, we explored the heat map of the four lipid metabolic genes, survival status and risk score
distribution based on the lipid metabolic gene prognosis signature (Figure 3B and C). In the GSE84437 validation cohort,
the ROC also illustrated the outstanding predictive ability of the risk signature (Figure 3D). These results confirmed that
the 4-gene signature can also accurately predict GC patient prognosis in other independent cohort.

CYPI9AI is an Independent Prognostic Factor for GC Patients

We used TIMER database to evaluate the expression of CYP19A1 pan-cancer. As displayed in Figure 4A, CYP19A1 was
highly expressed in a variety of cancers including STAD. Furthermore, a multivariable Cox proportional hazard model
was utilized to explore the associations between clinical factors and CYP19A1 expression to verify the independent
predictive value of CYP19A1 signature for GC OS (Table 1). The results showed that CYP19A1, along with tumor stage
and gender were correlated with the survival of GC patients. In addition, the TCGA and GSE54129 cohorts were utilized
to investigate the expression level of CYP19A1 in gastric cancer, CYP19A1 were highly expressed in GC tissues when
compared with normal tissues (Figure 4B and C). The CYP19A1 expression was strongly related with tumor stage (T,N)
and gender (Table 2). A tissue microarray contain 24-case clinical samples were collected to further confirm the
expression of CYP19A1 in gastric cancer. As shown in Figure 4D and E, IHC results indicated that the expression of
CYP19A1 was statistically up-regulated in GC tissues. Furthermore, CYP19A1 was gradually elevated with the tumor
pathological stage (Figure 4F). Meanwhile, gene alteration of CYP19A1 was analyzed via cBioportal database, and the
results revealed that mutation of CYP19A1 was the most common type of gene alteration, which indicated that the
mutations in CYP19A41 might contribute to its elevated expression in gastric cancer cases (Figure 4G). Thus, the results
confirmed that CYP19A1 could be used as an independent prognostic factor in clinical practice.

CYPI9AI1 Promotes Progression of Gastric Cancer Cells via Mediating Lipids

Metabolism
To further identify pathological process and signaling pathways uniquely activated by CYP19A1, pathway enrichment
analysis was constructed by GSEA in another validation cohort (GSE54129). The mean value of CYP19A1 mRNA
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expression was considered as the cut-off point. GSEA results showed that glycerophospholipid metabolism, glycerolipid
metabolism, drug metabolism cytochrome and ether lipid metabolism pathway were enriched in CYP19A1 high—
expressed group (Figure 5A). Numerous studies have reported that fatty acid metabolism plays a pivotal role in
tumorigenesis of various types of cancer.’®*® The cBioportal database was applied to validate the correlation between
lipid metabolism-related genes and CYP19A1 (Figure 5B). These findings confirmed our speculate that CYP19A1 may
be involved in the initiation and progression of gastric cancer by mediating lipid metabolism reprogramming.

CYPI9AI Expression is Correlated with Immune Signatures in GC

The above results support a prognostic role of CYP19A1 in GC. The function of CYP19A1 and its impact on infiltrated
immune cells were not fully explored. Hence, it would be meaningful to determine whether CYP19A1 expression is
associated with immune infiltration level for GC. As shown in Figure 6A, CYP19A1 expression showed significantly
correlated with the infiltration levels of CD8" T cells, activated CD4" T memory cells, M1 Macrophages, M2
Macrophages and resting Mast cells in GC. Besides, we analyzed the correlations between CYP19A1 and immune
marker genes of various immune cells in GC (Table S1). After adjustment for tumor purity in TIMER database,
CYP19AI1 expression was significantly correlated with most of the immune cell markers of M2 Macrophages and
neutrophils, in addition to several markers of TAM and M1 Macrophages. By contrast, CYP19A1 was not significantly
correlated with the immune markers of CDS" T, T cell, B cell and NK cells in GC. These findings could partly explain
why CYP19AL1 is related to unfavorable prognosis in GC. Hence, these results verified our speculation that CYP19A1 is
related to immune cell infiltration in GC. In addition, we found that CYP19A1 CNV has a significant correlation with the
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Figure 4 Expression level and prognostic value of CYPI9AI in gastric cancer. (A) The expression level of CYPI9AI in STAD cases was higher than that in the adjacent
normal tissues. (B) CYPI9AI mRNA expression were higher in gastric cancer tissues compared with normal tissues in TCGA cohort. (C) CYPI9AI mRNA expression
were significantly higher in gastric cancer tissues compared with normal tissues in GSE54129 cohort. (D) Representative IHC image show CYPI9AI protein level were
higher in GC tumour tissues relative to adjacent normal tissues among 24 patients by immunohistochemistry, scale bar=100 um. (E) Different distribution of CYPI9AI was
statistically analyzed with Chi-square test. (F) The mRNA expression level of CYPI9AI in different tumor stages based on TCGA-STAD. (G) The alteration frequency of
CYPI9AI were determined by cBioportal database. *P<0.05, **P<0.01, ***P<0.001.

infiltration level of each immune subset (Figure 6B). We also tried to assess the differential expression of 22 tumor-
infiltrating immune cells between high- and low-CYP19A1 expression groups in GC. The results showed that the
activated CD4" T memory cells, M2 Macrophages and resting Mast cells are quite different between the two groups
(Figure 6C), indicating that CYP19A1 might influence the carcinogenesis of cancer through regulating various compo-
nents of the TME infiltration. Meanwhile, by combining ESTIMATE (https://bioinformatics.mdanderson.org/estimate/

index.html) analysis, we explored the distribution of ESTIMATE score, stromal score, and immune score between the
high- and low-risk groups. It showed significant differences in ESTIMATE score and stromal score, but not in immune
score between the two groups (Figure 6D-F).
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Table I Cox Proportional Hazard Model

Coef Overall Survival Sig
HR 95% CI_I 95% Cl_u p value

Age 0.029 1.030 1.009 1.050 0.004 o
Gender male 0.138 1.148 0.765 1.724 0.505

Race Black 0317 1.373 0.567 3.327 0.482

Race White 0.145 1.156 0.710 1.882 0.560

Stage2 0.549 1.732 0.803 3.738 0.162

Stage3 0.987 2.682 1.314 5.473 0.007 ok
Stage4 1.415 4.115 1.522 11.127 0.005 ok
Purity —0.416 0.659 0.310 1.405 0.281

CYPI9AI 0.377 1.457 1.005 2.114 0.047 *

Note: P-value Significant Codes: *P<0.05, **P<0.01.
Abbreviation: HR, hazard ratio.

Table 2 Correlations Between CYPI9A| Expression and Clinical Characteristics in
GEO Cohort (GSE84437)

Characteristics CYPI9AI Expression P value
Low Level High Level

Gender
Male 160 136 0.451
Female 68 69

Age
<60 95 99 0.241
>60 133 106

T
| 5 6 0.006
1l 18 20
11l 48 74
1\ 157 105

N
0 37 43 0.029
| 100 88
Il 78 50
1 13 24

Note: Bold value showed significance.

Discussion

In gastric cancer in particular, it has been reported that high levels of immune cell infiltration are associated with
prognosis.** Despite the development of multiple treatment strategies, advanced gastric cancer patients have remained a
median survival of 9-10 months.>® Patients commonly improve drug resistance, no response to immunotherapy and
suffer from serious side effects, which may lead to treatment failure or interruption. Therefore, it is urgent to explore new
effective biomarkers and individual strategies for gastric cancer patients.

Metabolic reprogramming is widely regarded as a hallmark in the development and progression of malignancies.” The
alteration of lipid uptake during tumorigenesis has been shown to be associated with survival and metastasis of carcinoma
cells. Some studies have shown that aberrant lipid metabolism influence tumorigenesis, including gastric cancer.’' Metabolic
disorder, such as cholesterol syndrome, is a risk factor of GC."' Chang et al indicated that lipoprotein or receptor-mediated
cholesterol import and steroidogenesis play crucial roles in gastric cancer progression.>? The development of RNA sequencing
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Figure 6 Comprehensive analysis of immune characteristics. (A) The CYPI9AI expression significantly correlated with infiltration levels of immune cells in GC. The upper
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Abbreviation: ns, not significant.

Journal of Inflammation Research 2022:15 https:

5085

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al Dove

and microarray chips provide a new angle, a number of databases, to estimate gene expression profile and diverse cellular
populations in different stages of tumors. The tumor microenvironment exists a variety of immune cells, inflammatory
mediators, along with stromal cells and so on.>* The tumor mciroenvironment show strong tissue specificity, which may
influences tumor-initiation and development.** However, the crosstalk between the lipid metabolism and/or immune infiltra-
tion in gastric cancer prognosis are still limited. Less reports have given a comprehensive view of the correlation between lipid
metabolism-related genes in gastric cancer and additional experimental studies are encouraged. Hence, we tried to explore and
screen lipid metabolism-related biomarkers for individual strategies of GC patients. We identified 77 differentially expressed
lipid metabolism-related genes based on the TCGA-STAD cohort. GO term and KEGG analysis indicated that DEGs were
mainly enriched in fat digestion and absorption, Glycerolipid metabolism and PPAR signaling pathway. This was consistent
with the previous research that lipogenesis is important for various tumor cell growth.>>*® The above data implied the
molecular mechanism underlying lipid metabolism in GC.

Univariable Cox regression analysis screened that 10 out of the 77 DEGs indicated good clinical outcomes. Of these, four
lipid metabolism-relate genes (CYP1941, MTTP, MYB and SERPINE) were estimated to construct a prognostic model. The
risk score can facilitate the prediction of patients prognosis and guide clinical decision.>’ The survival results showed a
significant and remarkable difference OS time between the low-risk and high-risk groups. Cox regression analysis validated
the independent prognostic value of the risk score and tumor stage in GC. In addition, nomogram analysis was used to predict
the survival probability of the risk score and clinicopathological characteristics. ROC curves further indicated the reliability of
our model. Similar analysis in an independent validation cohort confirmed the feasibility of our prognostic model.

It was reported that MYB and SERPINEI1 are directly or indirectly associate with gastric cancer cell proliferation and
metastasis.***° MTTP is an ER resident protein and its variant is linked to human diseases.*” However, the functions of
CYP19A1 in tumor progression have not been reported in gastric cancer. In this study, CYP19A1, one hub lipid metabolism-
related genes, was assessed as an independent prognostic indicator for GC patients. The expression of CYP19A1 was found to
be elevated both in the mRNA and protein status in GC patients. CYP19A1 is a key enzyme catalyzing the conversion of
androstenedione/testosterone to oestradiol/oestrone and is correlated with lipid metabolism process. Consistently, GSEA
analysis revealed that higher expression of CYP19A1 in GC patients may significantly up-regulate genes involved in
glycerophospholipid metabolism and glycerolipid metabolism. The role of CYP19A1 polymorphisms has been estimated
in some types of cancers and diseases.'>'* Gene mutations are extremely pivotal in tumor initiation and progression.*' We
also explored varying degrees of mutation in CYP19A41 in different GC cohort. The data indicated that the mutations in
CYP19A41 might contribute to their elevated expression in GC patients. The above results suggested that CYP19A1 was an
effective biomarker for the prognosis of patients with gastric cancer. In addition, due to the limitation of human tissue species,
the role of CYP19A1 in GC tumorigenesis needs further experimental verification. We will address this limitation in the
following research and carry out a series of clinical and experimental studies.

In recent years, clinical and pre-clinical studies have emphasized the role of metabolism in the immune responses in several
cancers.”** Accumulating studies have confirmed that the immune elements in tumor microenvironment are extremely
important in the initiation and development of tumors.>* Although gastric cancer is not generally considered as highly
immunogenic carcinoma, there is still abundance of immune tumor infiltrating cells play pivotal roles in tumorigenesis. We
used CIBERSORT to explore the proportion of immune cells in GC and found that CYP19A1 is significantly correlated with
CDS8" T-cells, activated CD4" T memory cells, M1 Macrophages, M2 Macrophages, resting Mast cells. TIMER analysis
indicated that CYP19A1 has a significant correlation with markers of Monocyte (CD115), M1 macrophage (IRF5, COX2), M2
macrophage (CD163, MS4A4A, VSIG4), neutrophil (CD66b, CD111b), dendritic cell (BDCA-1, BDCA-4), TAM (CCLI,
IL10), Th1 (IFNG, TNF), Th2 (IL13, GATA3, STAT5A), Tth (BCL6), Th17 (STAT3, IL17A), Treg (CCR8, STATSB, TGFB1)
and T cell exhaustion (LAG3, TIM-S, GZMB). These results suggest that CYP19A1 acts a pivotal role in regulating GC tumor
immunity. Deeper characterization of the tumor microenvironment of GC needs to be explored. Moreover, it was also found that
CYP19A1 CNV was correlated with B cells, CD8" T-cells, CD4" T-cells, macrophages, neutrophils and dendritic cells. In
addition, we also found that the levels of M2 macrophages and resting Mast cells were increased in the high-risk group, while the
levels of activated memory CD4" T-cells decreased. Of note, the high-risk group reflected an immunosuppressive tumor

microenvironment and M2 macrophages suggested tumor-promoting effects in tumor microenvironment.** Furthermore, fatty
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acids may polarize monocytes into M2-like macrophages with strong immunosuppressive phenotype.** Hence, the lipid
metabolism-related genes represent alterations in the tumor immune microenvironment of GC.

Conclusion

We use comprehensive analysis to explore lipid metabolism-related genes in gastric cancer and establish a 4-gene
signature-based risk model that can accurately predict GC patient survival. Specifically, we identified one lipid
metabolism-related gene CYP19A41 was significantly correlated with GC prognosis. Our findings highlight the value of
CYPI19A1 in gastric cancer initiation, progression and tumor immune infiltration, which was involved in glyceropho-
spholipid metabolism process. Our research provides a strong link between lipid mechanism and GC progression and a
novel metabolic-targeted treatment strategy for gastric cancer.
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