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Background: Stomach adenocarcinoma (STAD) is a major type of gastric cancer with high morbidity and
mortality. NPRL2, a candidate cancer suppressor gene, has been shown to have anti-cancer effects in various
types of cancers. Therefore, comprehensive analyses of NPRL2 in STAD may provide a potential prognostic
marker and clinical target for the management of gastric cancer.

Methods: Genomic expression and methylation were analysed based on data from the Human Protein
Atlas, Gene Expression Omnibus and Oncomine database. Survival analyses were conducted with the
Kaplan-Meier method, using data from The Cancer Genome Atlas database. Immune correlation analyses
and prediction of response to immunotherapy were performed using the online Immune Cell Abundance
Identifier. Co-expression analyses, functional clustering analyses and construction of a prognostic risk model
were conducted in R, with the clinical covariates balanced by the inverse probability treatment weighting
method.

Results: NPRL2 was abnormally downregulated in STAD (P<0.05). Survival analysis highlighted a
positive association between the expression of NPRL2 and clinical outcomes for patients (P<0.05). Based
on co-expression analyses, we found that NPRL2 may be involved in epithelial-mesenchymal transition,
gastric cancer stem cells, and responsiveness to chemotherapeutic agents in STAD (P<0.05). Furthermore,
functional clustering analysis revealed that NPRL2 was involved in the mT'OR signalling pathway, autophagy,
and the amino acid starvation response (adjust P<0.05). In addition, NPRL2 was negatively associated with
tumour-infiltrating immune cells while positively associated with immunotherapeutic biomarkers in STAD
(P<0.05). Meanwhile, patients with high NPRL2 expression were predicted to have a better response to
immunotherapy (P<0.05). Finally, a prognostic model constructed based on NPRL2-related genes could
predict the prognosis of STAD patients (AUC =0.641), and the risk score was an independent prognostic
factor for STAD patients (HR =4.855, 95% CI: 2.683-8.785, P<0.001).

Conclusions: The present study provided a comprehensive analysis of the role and potential mechanisms
of NPRL2 in STAD, suggesting that NPRL2 is a potential biomarker for the survival and prediction of

immunotherapy response in STAD.
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Introduction

Stomach adenocarcinoma (STAD) is the most predominant
type of gastric malignancy. Over the past few decades,
adjuvant chemotherapy and surgery have improved the
survival of patients with early gastric cancer. However,
gastric cancer is still the fourth leading contributor to
cancer mortality (1). The development of comprehensive
management involving radiotherapy, combinations of
chemotherapy, targeted therapy, and immunotherapy has
significantly improved the survival and quality of life of
patients with advanced gastric cancer (2). Research on
biomarkers, such as HER2, tumour-infiltrating immune
cells (TICS), and microsatellite instability (MSI), has not
only provided predictors for the prognosis of advanced
gastric cancer but also identified biological targets for
individualized treatments (3). However, it is common for
HER-2-positive patients to turn negative after trastuzumab
treatment, often leading to treatment failure, while
anti-HER-2 therapy does not benefit HER-2-negative
patients or those with HER-2 gene amplification (2).
Patients with high MSI are thought to be well responded
to immunotherapy; however, the incidence of MSI in
gastric cancer is low and the number of analyses of MSI
gastric cancers remains limited (3). In addition, due to the
heterogeneity of cancer, changes in different markers can
occur in different subsets of patients (2). Since individual
cancer marker lacks the sensitivity or specificity for broad
application (4), further exploration of other markers is
needed for better combinatorial detection and individualised
treatment.

GATOR complex protein NPRL2, also known as
TUSCH4, is a 380aa highly conserved protein containing
a nitrogen permease regulator 2 domain (5). NPRL2 is
an important component in the mechanistic target of the
rapamycin (mTOR) signalling pathway. NPRL2 interacts
with DEPDCS and NPRL3 to form the GATORI complex,
which acts as a negative regulator of mMTOR complex 1
and participates in the regulation of various downstream
cellular functions, including cell growth, proliferation,
and metabolism (6). In recent years, the role of NPRL2
in human diseases, especially in cancers, has been
characterised (7). NPRL2 expression is down-regulated and
acts as a tumour suppressor gene in a variety of cancers,
including lung, renal, breast and colorectal cancers (8-11).
NPRL2 overexpression in non-small cell lung cancer cells
can inhibit tumour growth and metastasis and induce
apoptosis (8). In addition, upregulation of NPRL2 can
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reverse cisplatin resistance and increase chemosensitivity by
promoting apoptosis, increasing the kinase activity of CHK1
and CHK2, and activating the DNA damage checkpoint
pathway (12). In digestive cancers, NPRL2 also exerts
a potential anti-cancer role. NPRL2 was found to be an
independent prognostic factor in patients with liver cancer,
and high expression of NPRL2 was found significantly
associated with higher survival rates of patients (13).
By contrast, in colon cancers, reduced expression of
NPRL2 in the blood was strongly associated with poor
prognosis, and thus, NPRL2 could be a biomarker for the
early diagnosis of colon cancer (14). Liu et 4/. revealed that
NPRL2 can regulate the PI3K/AKT/mTOR signalling and
enhance the sensitivity of colon cancer cells to 5-fluorouracil
treatment (10). Given the importance of NPRL2 in various
cancer types, a comprehensive analysis of NPRL2 in gastric
adenocarcinoma may provide insights into the identification
of new markers for gastric adenocarcinoma.

In this study, we applied various bioinformatic methods
to comprehensively analyse the expression of NPRL2
and its role in STAD from the perspective of associations
to patient prognosis, genomic methylation, functional
enrichment, drug resistance, immunity, and survival risk
models. We found that NPRL2 and its related genes could
be new prognostic and immunotherapeutic biomarkers for
gastric cancer and provided insights for risk assessment and
the development of individualized therapeutic targets for
gastric cancer patients. We present the following article in
accordance with the TRIPOD reporting checklist (available
at https://jgo.amegroups.com/article/view/10.21037/jgo-
22-115/rc).

Methods
Study design

This is a bioinformatics analysis study based on publicly
available databases of gastric adenocarcinoma transcriptomic
data and clinical information. This study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The research process was presented as a flow chart in
Figure 1.

Data acquisition and corvelation analysis

The expression profile of NPRL2 in pan-cancer and
immunohistochemical staining of NPRL2 protein in
gastric cancer were obtained on the Human Protein Atlas
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Construction of prognostic risk model

Figure 1 The research process was presented as a flow chart.

(https://www.proteinatlas.org/) (15). The differential
expression of NPRL2 in STAD compared with normal
tissue across different studies was presented with the
Oncomine database (https://www.oncomine.org/) (16).
Transcriptome expression, survival prognosis and other
clinical covariates (age, gender, tumour grade and tumour
stage) of 407 samples (375 STAD and 32 normal tissues)
were downloaded from The Cancer Genome Atlas (TCGA,
https://portal.gdc.cancer.gov/). The gene expression and
clinical data of the Gene Expression Omnibus (GEO)
validation cohort were acquired from the GSE84437
dataset (17). Samples without complete survival information
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or target gene expression data were discarded.

Prognostic value analysis

Patients in TCGA cohort were divided into 2 groups
based on the optimal cut-off value generated by the “surv_
cutpoint” function of the “survminer” R package (18).
Kaplan-Meier method and log-rank test were used in R 3.6.3
(RRID: SCR_001905) to assess the effect of factors on the
survival of patients. The Kaplan-Meier Plotter (KM plotter,
https://kmplot.com/analysis/) (19) was employed to validate
the impact of NPRL2 on the clinical outcomes of patients.
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The correlations between NPRL2 and tumour stage or
grade were estimated on TISIDB (20). The expression of
NPRL? in patients with different stage cancers in TCGA
was compared with one way ANOVA on GEPIA2 (https://
gepia2.cancer-pku.cn/#index) (21).

Genomic methylation analysis

Methylation raw data of STAD in the GSE30601
dataset (22) were imported and normalized with the “minfi”
R package (23). The methylation profile of NPRL2 were
downloaded from UALCAN (https://ualcan.path.uab.
edu/) (24) and DiseaseMeth 2.0 (https://bio-bigdata.hrbmu.
edu.cn/diseasemeth/) (25). Finally, the correlations among
gene expression, methylation value and clinical data were

analysed in MEXPRESS (26).

Drug-protein interaction analysis

The drug-protein docking model was constructed with
the Dock module in the molecular operating environment
(MOE 4.5.0) (Chemical Computing Group, Montreal,
QC, Canada). The molecular structures of paclitaxel and
GATORI1 were first obtained from PubChem (https://
pubchem.ncbi.nlm.nih.gov) and the Protein Data Bank
database (https://www.rcsb.org/), respectively. The energy
of drug molecules and protein crystal structures was
minimized by using the Energy minimize and Protonate 3D
modules with the default settings, while the Ramachandran
diagrams were generated with the “Phi-Psi plot” module in

MOE.

NPRL2-related gene and functional analysis

The protein-protein interaction (PPI) network for NPRL2
was constructed in STRING (https://string-db.org/) (27)
with the following parameters: active interaction sources-
Experiments, minimum required interaction score-low
confidence (0.150). The interaction between proteins in the
PPI network was quantified as degree and binding scores
using cytoHubba in CytoScape (3.8.2). Genes co-expressed
with the NPRL2 gene were analysed in the “Similar
Genes Detection” module of GEPIA 2 (21). Functional
enrichment analysis including Kyoto Encyclopedia of
Genes and Genomes (KEGG) analysis and gene ontology
(GO) analysis was performed with the “clusterProfiler”
package in R (28).
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Immune infiltration and immunotherapy analysis

The ImmuneScore, StromalScore and ESTIMATEScore
of STAD were calculated using the “ESTIMATE” R
package (29) based on the transcriptomic data from
the TCGA cohort. The responsiveness of each sample
to immunotherapy was predicted using Immune Cell
Abundance Identifier (ImmuCellAl, https://bioinfo.life.
hust.edu.cn/ImmuCellAT#!/) (30). The relationship between
NPRL2 and 28 types of immune cells was estimated on
TISIDB (20). In addition, the sensitivity of STAD samples
to immunotherapy was predicted by Tumour Immune
Dysfunction and Exclusion (TIDE, https://tide.dfci.harvard.
edu/) (31) based on multiple published transcriptomic
biomarkers and the expression profile of the tumour and
presented as TIDE Score. The SangerBox online tool
(https://sangerbox.com/Tool) was employed to perform
the correlation analysis of NPRL2 with immunotherapeutic
markers.

Construction of prognostic risk model

The expression data of NPRL2-related genes and clinical
data of STAD in the TCGA cohort and GEO validation
cohort were used to construct the prognostic risk model.
Transcription data were normalized and batch effects in
different cohorts were eliminated in R program. Genes
that had significant effects (P<0.05) on the prognosis were
identified using the univariate Cox analysis and further
screened using the least absolute shrinkage and selection
operator (LASSO). The prognosis-related genes obtained
were used to construct Cox regression prognostic risk
models and to generate risk scores for each sample. High
and low-risk groups were distinguished based on the risk
score of each sample. Risk score = ). (gene expression x
coefficient). The impact of risk scores on patient prognosis
was analysed with the Kaplan-Meier curve and univariate
and multivariate Cox regression analyses. And the predictive
performance of the risk model was assessed by generating
nomograms for the prediction of survival probabilities
and plotting the receiver operating characteristic (ROC)
curves and calibration curves using the clinical information
and risk scores. Area under ROC curve (AUC) value >0.5
indicates that the prognostic model has a predictive effect.

Statistical analysis

Propensity score matching by inverse probability of
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treatment weighting (IPTW) was performed to reduce
selection bias and balance covariates between patients
predicted to respond to immunotherapy and those who did
not (32,33). Characteristics matched by propensity score
included age, gender, tumour grade and tumour stage.
Differential analyses between two groups of data were
performed by the #-test. The correlation analyses were
performed with Spearman’s rank correlation. All statistical
tests were two-sided and P<0.05 was considered to be
statistically significant.

Results

The expression of NPRL2 was downvegulated in human
STAD and associated with methylation.

RINA sequencing data on the Human Protein Atlas revealed
that NPRL?2 had a relatively low expression in STAD among
pan-cancer (Figure 24) (15). Analysis of several RNA
sequencing studies in the Oncomine database suggested
that NPRL2 mRNAs were significantly downregulated
in different subtypes of STAD, including intestinal type,
diffuse and mixed STAD (Figure 2B,2C), compared to
normal gastric tissue. Immunohistochemistry images from
the Human Protein Atlas also confirmed the downregulation
of NPRL2 expression at the protein level in gastric cancer
(Figure 2D) (15). The occurrence and development of
gastric cancer were associated with abnormal methylation
of tumour suppressor genes (34). Methylation data of
297 samples from the GSE30601 dataset (22) (including
203 STAD samples and 94 normal samples) were used
to further verify differential methylation between STAD
and normal tissue (Figure S1A). The average methylation
level of NPRL2 in STAD was much higher than that
in normal tissues (Figure 34, P<0.001), consistent with
the methylation data of ¢g16470957 and ¢g27239147
probes (Figure S1B). The data from the DiseaseMeth
database also verified that the methylation level of NPRL2
was relatively low in normal samples (Figure 3B,3C).
Using the UALCAN database (24), we found that patients
with Grade 3 STAD had significantly higher levels of
methylation at the NPRL2 promoter than patients with
Grade 2 STAD (Figure 3D). We also observed that the high
level of methylation of NPRL2 in STAD was correlated with
the low expression of the gene, as shown in Figure S1C, and
that most methylation of probes was negatively correlated
with the expression of NPRL2. These results suggested that
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the abnormal methylation of the NPRL2 gene might be
contributory to the low expression of NPRL2 in STAD.

NPRL?2 expression in STAD was positively associated with
prognosis

In pan-cancer from TCGA, NPRL?2 expression was found
to be negatively correlated with grade and stage in STAD
patients (Figure 44,4B), and ANOVA analysis also showed
that NPRL2 was differentially expressed in different cancer
stages in the GEPIA database (21) (Figure 4C, P=0.0334). To
determine the association between the expression of NPRL2
and the prognosis of STAD patients, survival analysis was
conducted using the gene expression data and clinical
information of STAD patients from TCGA. Patients with
high expression of NPRL2 had significantly longer overall
survival (OS, P=0.0225), progression-free interval (PFI,
P=0.004), and disease-specific survival (DSS, P=0.005)
than those with lower expression of NPRL2, though no
difference was found between the two groups in the disease-
free interval (DFI, P=0.113) (Figure 4D). A similar positive
association was also found between NPRL2 expression
and prognosis based on OS data from the Human Protein
Atlas database (Figure 4E, P=0.046). In addition, using data
accessed from the KM plotter (19), we found that STAD
patients with low expression of NPRL2 had poorer OS
(P=0.021) and first progression (FP, P=0.021) than patients
high NPRL2 expression with (Figure 4F). Furthermore,
the meta-analysis of survival data in gastric cancer cases
based on the expression level of the NPRL2 suggested that
NPRL?2 was an important protective factor for gastric cancer
(Figure S2, HR =0.78, 95% CI: 0.69-0.87, P<0.01). Next,
clinical information of patients with different pathological
characteristics accessed from the KM plotter was used for
further survival analysis (Table S1), NPRL2 was found to
be potentially beneficial for patients of different tumour-
node-metastasis (I'NM) stages and sexes, while for Lauren
classification, NPRL2 could affect the prognosis of patients
with diffuse STAD. Interestingly, NPRL2 might have a
beneficial effect on patients treated with surgery alone
and adjuvant chemotherapy other than 5-fluorouracil-
based therapies. Notably, NPRL2 was a protective factor in
patients with HER2 negative but had no significant effect
on HER2-positive patients. The evidence above suggested
that NPRL2 might be an inhibitory factor of STAD, and
the high expression of NPRL2 was associated with a better
prognosis in STAD patients.
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Figure 2 Differential expression of NPRL2 in gastric cancer compared to normal tissue. (A) It shows mRNA Expression of NPRL2
detected in different cancers based on data from the Human Protein Atlas. Data were shown in fragments per kilobase of transcript per
million mapped reads (FPKM). (B) Comparison of NPRL2 expression in STAD in different datasets. The table shows the median rank of
NPRL?2 and the P value of the median-ranked analysis. The heatmap shows the median rank of NPRL2 among the downregulated genes
in each dataset, with the asterisks indicating P values of #-test comparing the expression of NPRL?2 in the cancerous and normal group. (C)
Differential expression of NPRL2 mRNA between STAD and normal stomach tissues across datasets in Oncomine database. Differences
across groups were analyzed by one-way ANOVA, and differences between GA and normal stomach were tested by #-test. (D) It shows
immunohistochemical staining of NPRL2 protein in gastric cancer and normal tissues presented on the Human Protein Atlas. Glandular
cells were predominant in normal tissue whereas tumor cells in cancer. Antibody id against NPRL2: HPA038196. Patient age is indicated in
brackets. *P<0.05, **P<0.01, ***P<0.001. F, female; M, male; STAD, stomach adenocarcinoma; GA, gastric adenocarcinoma.

NPRL2 regulated the epithelial-mesenchymal transition NPRL?2 was positively correlated with the expression of
(EMT) and stemness of STAD epithelial marker CDH1, while negatively correlated with

Considering the effect of NPRL2 on the prognosis of the expression of mesenchymal markers VIM and EMT

STAD, we next investigated the relationship between regulators, ZEBI and SNAI2 (Figure 5A4,5B, Figure S3A),
NPRL?2 and the malignant behaviour of cancer. In STAD, which were hallmarks for distal tumour metastasis (35-37).
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Figure 3 Methylation of NPRL2 in STAD and normal tissues. (A) Differential methylation of NPRL2 between STAD and normal tissues
(t=12.145, P<0.001). (B) Comparison of methylation levels of the cpG island shores of NPRL2 in STAD and normal tissues (t=8.89, P<0.001).
(C) Methylation profile of 2 transcripts of NPRL2 from 543 STAD samples in the Illumina 450k BeadChip. (D) Promoter methylation level
of NPRL? in different grades of STAD (Grade 2 vs. Grade 3, t-test, P=1.56E-04). ***P<0.001. STAD, stomach adenocarcinoma.

We found a negative correlation between NPRL2 and CD44
expression (Figure 5B), a marker for gastric cancer stem
cells (38), implicating the potential role of NPRL?2 in the
regulation of EMT and stemness of STAD cells.

To further clarify the mechanism underlying the role
of NPRL2 in the malignant behaviour of cancer, the PPI
network of NPRL2 was constructed on STRING (27)
to identify proteins that interacted with NPRL2. The
PPI network of NPRL2 found 48 proteins that had
been experimentally confirmed to interact with NPRL2
(Figure S3B). Additionally, the top 100 genes co-expressed
with NPRL2 in STAD were also identified using GEPIA
2 (21) (P<0.001) (Figure S3C, Table S2). These genes
represented a subset of genes whose function and regulation
were closely related to NPRL2. We explored this gene set
with gene enrichment analysis for KEGG terms and GO
terms. Gene enrichment analysis found that NPRL2 and
NPRL2-related genes were mainly involved in the mTOR
signalling pathways, autophagy, cellular response to amino
acid starvation, and RNA transport (Figure S3D,S3E).
At the molecular level, these genes were mainly located
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in the vacuolar membrane, lysosome membrane, lytic
vacuole membrane, and GATOR2 complex, performing
the molecular function of basic amino acid transmembrane
transporter activity, and protein serine/threonine kinase
activity (Figure S3E). The mTOR signalling pathway was
a key pathway that regulated EM'T and cancer stem cells
(39,40). These findings suggested that NPRL2 might
influence EMT, and stemness of STAD cells by regulating
mTOR signalling.

NPRL?2 regulated the sensitivity of STAD cells to
chemotberapy drugs

Chemotherapy resistance is still the main cause of poor
prognosis in STAD patients (41). Previous studies have
shown that NPRL2 can overcome chemotherapy resistance
to prostate, and colon cancer to a certain extent (10,42).
To explore whether NPRL2 had a similar effect in STAD,
the correlation between the expression of NPRL2 and
chemotherapeutic sensitivity was analysed in STAD cell
lines. Based on pharmacogenomic data from the GDSC
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Figure 4 Analysis of the relationship between NPRL?2 expression and the prognosis of patients with STAD. (A,B) Spearman correlation
analysis of NPRL2 expression and stage or grade of STAD depicted on TISIDB. Red indicated that NPRL2 expression was associated
with lower tumor stage or grade, while dark blue indicated the opposite and light blue indicated no significance. The y axis is presented on
logarithmic scale, whereas the number represents the actual P value. (C) Expression of NPRL?2 in different STAD stages. Differences across
groups were analyzed by one way ANOVA (F=2.93, P=0.0334). (D-F) Survival analysis of gastric cancer patients based on data from the
Human Protein Atlas and data accessed with Kaplan-Meier plotter. ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma;
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carcinoma; UCS, uterine carcinosarcoma; UVM, uveal melanoma.

database (43), mRNA expression of NPRL2 was found
significantly negatively correlated with IC50 values for
paclitaxel (p=-0.94, P=0.0167) and moderately negatively
correlated with 5-fluorouracil (p=-0.44, P=0.037)
(Figure 5C), indicating that STAD cells with a high
expression of NPRL2 were more sensitive to paclitaxel
and S-fluorouracil. We hypothesized that paclitaxel could

© Journal of Gastrointestinal Oncology. All rights reserved.

interact with NPRL2 to enhance chemotherapeutic
sensitivity. In silico validation using a MOE-constructed
drug-protein docking model suggested that paclitaxel was
able to steadily bind to the GATORI protein complex,
which is formed by NPRL2, NPRL3, and DEPDCS,
at Arg202, Ser417, and Glu419 residues of NPRL3
(S=-8.3761, RMSD =1.924) (Figure 5D,5F). Therefore,
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GATORI might act to reverse drug resistance through the
direct binding to paclitaxel.

NPRL2 affected immune infiltration and immunotherapy
in STAD

The tumour microenvironment (TME) is composed of
matrix cells, fibroblasts, endothelial cells and immune cells
and is very important to the occurrence and development
of tumours. The interaction between tumour cells and
TME affects tumour growth, progression, invasion and
metastasis (44). The mutual regulation and dynamic balance
of tumour cells and immune cells are closely related to
the prognosis of patients (45). To explore the correlation
between NPRL2 and non-tumour cells, the tumour purity
and proportion of immune and stromal cells of the STAD
samples were estimated using the ESTIMATE package (29).
The expression of NPRL2 was negatively correlated with
the ImmuneScore, StromalScore and ESTIMATEScore of
STAD, indicating a high proportion of immune cells and
stromal cells in STAD tissue with low expression of NPRL2
(Figure 64). As Figure S4 showed, NPRL2 was negatively
correlated with the infiltration levels of most types of TICS
(Table S3). We then estimated the immune infiltration
scores of the STAD sample using ImmuCellAlI (30) and
found that NPRL?2 showed a significant negative correlation
with the immune infiltration score (Figure 6B, p=-0.27,
P=1.59¢-07), and patients with higher immune infiltration
had a poorer prognosis (Figure 6C, P=0.011). In addition,
the immunotherapy-responsive group (n=122) had a much
lower infiltration score (Figure 6D, P<0.001) but a higher
NPRL?2 expression (Figure 6E, P<0.001) and a better survival
probability (Figure 6F, P=0.038) than the non-responsive
group (n=253), suggesting a potential link between NPRL2,
immune infiltration and responsiveness to immunotherapy.
One of the most important reasons for the deficiency
of anti-tumour capacity in tumour-infiltrating immune
cells is that the immune checkpoints signalling pathway,
represented by PD-1 and CTLA-4, can suppress anti-
tumour immunity and create a microenvironment conducive
to tumour growth (46). Immune checkpoint inhibitor
(ICI) targeting immune checkpoint is currently one of the
predominant immunotherapy methods for multiple cancers
and the role of ICIs in gastric cancer has been tentatively
confirmed (2,47). ICIs could improve the survival of patients
with chemo-refractory gastric cancer and were more
effective when used in combination with chemotherapy
than chemotherapy alone (3). TIDE prediction found

© Journal of Gastrointestinal Oncology. All rights reserved.

that patients with lower expression of NPRL2 had higher
TIDE scores (Figure 6G, high: 105, low: 270, P<0.001),
indicating an unfavourable response to ICIs in these
patients (31). Co-expression analysis found that NPRL2
had a negative relationship with the expression of co-
inhibitory immune checkpoints in gastrointestinal tumours,
such as PDCDILG2, LAIRI, and BTLA. Moreover,
NPRL?2 was also positively correlated with co-stimulatory
immune checkpoints TNFSF9 and TNFRSFI14 (48),
suggesting a potential association between NPRL2 and
immune signalling pathways (Figure 6H). Notably, NPRL2
was significantly positively correlated with immunotherapy
prognostic markers, such as MSI, tumour mutation burden
(TMB), and neo-antigen in STAD, but not in other
gastrointestinal tumours (Figure 61). These results suggested
that NPRL2 might affect the infiltration levels of immune
cells and be a potential immunotherapy marker for STAD.

The construction of the NPRL2-related gene prognostic
risk model

To further evaluate the prognostic value of NPRL2-
related genes, cox regression of the 148 NPRL2-related
genes obtained from the PPI network and GEPIA 2 was
conducted to obtain genes associated with STAD prognosis
(Figure S5A), 9 of which were screened out with the LASSO
algorithm (Figure 7A). In the risk model constructed with
Cox regression, STAD patients were divided into high-
and low-risk groups based on risk scores. SLC7A1, RTN3,
TMEMI15, Clorfl09, SHQI, and RPP14 were enriched
as beneficial genes in the low-risk group of patients with
better clinical outcomes, while SLC7A43, NPR3, and LRCH?2
were enriched in the high-risk group as unfavourable
factors (Figure 7B). Univariate Cox regression and survival
analysis suggested that the risk score was strongly associated
with the worse prognosis of STAD patients (HR =4.545,
95% CI: 2.589-7.981, P<0.001), and multivariate Cox
risk regression analysis showed that the risk score was an
independent prognostic factor for STAD patients (HR
=4.855, 95% CI: 2.683-8.785, P<0.001) (Figure 7C-7E). 'To
validate the applicability of the risk model, we constructed
a Nomogram based on the patients’ clinical information
and risk scores to predict patients’ survival probability
(Figure 7F). In the risk model, the risk scores had an AUC
value of 0.641 (cut value =-0.263), which was better than
other clinical characteristics (Figure 7G). In addition,
calibration curves demonstrated that the prognostic model
could effectively predict the probability of patient survival
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Figure 7 The construction of the NPRL2-related gene prognostic risk model. (A) Nine genes associated with STAD prognosis were

screened out with the LASSO algorithm. (B) It shows the distribution of the risk scores, survival status, and gene expression profiles of

TCGA samples in high- and low-risk groups. (C,D) They respectively show the univariate and multivariate cox regression analysis of risk
scores and other clinical characters for STAD patients in the TCGA cohort (*P<0.05, **P<0.01, ***P<0.001). (E) It shows the survival
analysis of STAD patients with different risk score. (F) It shows the Nomogram constructed based on STAD clinicopathological features and

risk score. (G) It shows the ROC curves for the clinicopathological features and risk score. (H,I) They show the calibration curves predicting

the survival probability in STAD patients at 3 and 5 years. STAD, stomach adenocarcinoma.

at 3 and 5 years (Figure 7H,7I). Additional cohort using data
of patients with STAD in the GSE84437 dataset validated
the constructed prognostic model (Figure S5B), where the

high risk score was a risk factor for patients’ prognosis,

© Journal of Gastrointestinal Oncology. All rights reserved.

with an AUC value of 0.605 for the Nomogram (cut value
=-0.317), and predicted survival at 3 and 5 years of patients
was highly consistent with actual results (Figure S5C-S5I).
Given these findings, NPRL2-associated genes would be
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useful in prognosis prediction for STAD.

Discussion

The present study highlighted the candidate tumour
suppressor gene NPRL2 was a potential prognostic
predictive molecule in gastric adenocarcinoma and might
serve as a new immunotherapeutic biomarker. Specifically,
NPRL2 expression was lower in STAD than in normal
tissue, and NPRL?2 expression was associated with better
overall survival, progression-free interval, and disease-
specific survival in patients. NPRL2 negatively correlated
with the expression of the cancer invasion, stemness,
immune cell infiltration, and sensitivity to chemotherapeutic
agents in gastric cancer cells, while positively correlated
with immunotherapy biomarkers.

In previous studies, NPRL2 was found to be under-
expressed in a variety of cancers and acts as a tumour
suppressor gene, including lung, kidney, breast, colorectal
cancer and glioma, which was consistent with our study, but
the opposite in prostate cancer (8-11,49,50). In comparison,
our study provided a more comprehensive analysis of the
differential expression and prognostic value of NPRL2 in
STAD based on a large number of samples from multiple
databases and multiple survival outcome indicators.

EMT and gastric cancer stem cells underlie the
development of metastasis in gastric cancer and are
important causes of refractory and recurrent gastric cancer
(37,51). Our study revealed that NPRL2 might regulate
the malignant biological behaviour of gastric cancer by
affecting the EM'T regulators and stemness of cells, which
was consistent with Ji et 2L’ study in lung cancer (8), where
NPRL?2 was able to inhibit the growth and metastasis of
cancer cells. Functional enrichment analysis indicated
that NPRL2-related genes were associated with mTOR
signalling, which was considered a potential target to inhibit
the invasive metastasis of many cancer cells (39). The
mTOR signalling pathway was also involved in cancer cell
proliferation and EMT, promoted cancer stem cell survival,
stemness maintenance and tumorigenic capacity, and was
associated with the metabolism of cancer stem cells (40).
Bar-Peled et al. (6) have revealed that NPRL2 was an
inhibitor of mTOR signalling and that cells with NPRL2
mutation were sensitive to rapamycin treatment. Based on
the evidence above, we cautiously proposed that NPRL2
might inhibit EMT and stemness in gastric adenocarcinoma
through the inhibition of the mTOR signalling pathway.

In addition, our study found that in STAD cells,

© Journal of Gastrointestinal Oncology. All rights reserved.

1601

NPRL?2 expression was positively associated with the drug
sensitivity of 5-fluorouracil and Paclitaxel, chemotherapy
drugs commonly used in STAD, consistent with Liu
et al’s study where NPRL2 was able to enhance colon cancer
cells sensitivity to S-fluorouracil (10). Kurata er al. (52)
also found that the high expression of NPRL?2 indirectly
enhanced the sensitivity of cancer cells to anti-cancer drugs,
including cisplatin, doxorubicin, paclitaxel, VP-16, and 17-
AAG. Unfortunately, our study did not yield positive results
in docetaxel, irinotecan, oxaliplatin, and cisplatin due to
the small sample size. Previous studies have reported some
mechanisms by which NPRL2 affected drug sensitivity
(10,12,52-53). The overexpression of NPRL2 activated
the DNA damage checkpoint pathway to resensitise drug-
resistant cells to cisplatin treatment (12). NPRL2 inhibited
PDKI activation through binding to PDKI and affected
downstream molecules to enhance the sensitivity of cancer
cells to anticancer drugs (52). NPRL2 also affected the
PI3K/Akt/mTOR signalling and inhibited the activation
of the multidrug resistance transporter proteins P-gp and
MRP1 to reverse 5-fluorouracil resistance in colorectal
cancer (10,53). In our study, KEGG analysis also suggested
that genes co-expressed with NPRL2 were significantly
enriched for genes regulating autophagy, which were
essential for the regulation of gastric cancer chemotherapy
resistance (41). Autophagy cut both ways in disease
according to the different types and stages. For instance,
Chen et al. (54) found that abnormally upregulated NPRL2
in castration-resistant prostate cancer inhibited the mTOR
signalling pathway, induced autophagy, and ultimately
led to the development of chemotherapy drug resistance.
On the contrary, in anaplastic thyroid carcinoma, mTOR
inhibitors promoted autophagy to sensitize cancer cells to
paclitaxel (55). We also found that NPRL2 might have
an indirect interaction with paclitaxel via NPRL3 and the
effect of the interaction on the sensitivity of cancer cells to
drugs needed to be confirmed by experiments. Whether
NPRL?2 regulated the sensitivity of chemotherapeutic
agents for gastric adenocarcinoma through autophagy and
mTOR signalling pathways or other mechanisms reported
warrants further investigation.

Immunotherapy is a promising treatment for
chemotherapy-resistant cancers and clinical trials by Kang
et al. (56) have confirmed the survival benefits of ICIs for
patients with refractory gastric cancer. Immune cells in the
TME are the basis of immunotherapy, and the infiltration
abundance of tumour immune cells may be a predictor
of prognosis and response to immunotherapy in cancer
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patients (57). In our study, we found that NPRL2 was
negatively correlated with infiltration score and patients
with high infiltration scores had a worse prognosis using the
ESTIMATE algorithm and ImmuCellAl and Li ez al. (58)
also proved a high immune score predicted a poorer
outcome in gastric cancer based on the CIBERSORT
algorithm and the Cox model. Furthermore, the predictive
value of MSI, TMB and neo-antigen for immunotherapy
has been demonstrated in a variety of cancers (59-61). In
the present study, these immunomarkers were positively
correlated with the expression of NPRL2 in STAD, and
TIDE score prediction also indicated that patients with
high expression of NPRL2 were more responsive to
immunotherapy. Altogether, NPRL?2 is expected to become
a new immunotherapy marker for STAD. Furthermore,
considering individual differences and high heterogeneity
of tumours, future large-scale immunotherapy cohort data
may help to elucidate the predictive value of NPRL?2 in the
immunotherapy of gastric adenocarcinoma.
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Supplementary

Table S1 Survival analysis on the correlation of NPRL2 expression and prognosis of STAD patients with different pathological features accessed
from KM plotter

0os FP PPS
Factor Subgroup Sample size
HR P HR P HR P
Stage Stage 1 69 0.61 0.33 0.49 0.21 6.50E+10  3.40E-05
Stage 2 145 0.4 0.0059 0.4 0.0063 0.51 0.068
Stage 3 319 1.63 0.0016 0.79 0.23 1.25 0.3
Stage 4 152 0.59 0.01 0.57 0.0048 0.78 0.27
Stage T T2 253 0.42 0.0014 0.45 0.0016 0.66 0.16
T3 208 0.83 0.3 0.78 0.16 1.24 0.28
T4 39 2.2 0.15 1.89 0.2 1.51 0.42
Stage N NO 76 0.14 0.027 0.12 0.013 2.32 0.19
N1 232 0.6 0.019 0.64 0.031 0.65 0.073
N2 129 0.73 0.18 0.81 0.36 1.43 0.17
N3 76 0.52 0.021 0.48 0.0086 0.63 0.11
Stage M MO 459 0.61 0.00084 0.59 0.00018 0.82 0.22
M1 58 0.5 0.026 0.45 0.01 1.34 0.44
Lauren classification Intestinal 336 1.33 0.094 0.71 0.066 1.31 0.21
Diffuse 248 0.67 0.028 0.53 0.00094 0.66 0.032
Mixed 33 0.47 0.14 1.85 0.25 NA NA
Differentiation Poorly 166 0.83 0.45 1.39 0.2 0.55 0.11
Moderately 67 0.7 0.28 0.59 0.1 3.06 0.025
Well 32 0.54 0.16 NA NA NA NA
Gender Female 244 0.66 0.021 0.52 0.00086 0.76 0.2
Male 566 0.78 0.023 0.71 0.0051 0.8 0.086
Perforation No 169 0.62 0.03 0.58 0.011 1.6 0.086
Treatment Surgery alone 393 0.58 5.00E-04 0.554 2.00E-04 0.77 0.16
5-Fu based adjuvant 157 1.4 0.09 1.34 0.13 1.61 0.013
Other adjuvant 80 0.34 0.012 0.46 0.051 0.25 0.0021
HER2 Negative 641 0.7 0.0022 0.52 1.30E-05 0.65 0.003
Positive 425 0.85 0.24 0.77 0.17 1.48 0.032
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Table S2 The top 100 gene co-expressed with NPRL2 acquired

from GEPIA 2

Gene symbol Gene ID PCC
APEH ENSG00000164062.12 0.63
NME6 ENSG00000172113.8 0.63
NCKIPSD ENSG00000213672.7 0.6

RHOA ENSG00000067560.10 0.59
ATRIP ENSG00000164053.17 0.58
QARS ENSG00000172053.14 0.58
OXSM ENSG00000151093.7 0.58
EAF1 ENSG00000144597.13 0.57
UQCRC1 ENSG00000010256.10 0.57
CYB561D2 ENSGO00000114395.10 0.57
IMPDH2 ENSG00000178035.11 0.56
CCDC51 ENSG00000164051.13 0.56
DALRD3 ENSG00000178149.16 0.56
LZTFL1 ENSG00000163818.16 0.55
RASSF1 ENSG00000068028.17 0.55
IFRD2 ENSG00000214706.10 0.55
CHCHD4 ENSG00000163528.12 0.55
TEX264 ENSG00000164081.12 0.55
RFT1 ENSG00000163933.9 0.55
POC1A ENSG00000164087.7 0.55
ELP6 ENSG00000163832.15 0.54
GNL3 ENSG00000163938.16 0.53
TRAIP ENSG00000183763.8 0.53
HEMK1 ENSG00000114735.9 0.52
RPP14 ENSG00000255154.7 0.52
POMGNT2 ENSG00000144647.5 0.52
TADA1 ENSG00000152382.5 0.51
P4HTM ENSG00000178467.17 0.51
NARF ENSG00000141562.17 0.51
XRCC6 ENSG00000196419.12 0.51
TUSC2 ENSG00000114383.9 0.51
QRICH1 ENSG00000198218.10 0.51
WDR82 ENSG00000164091.11 0.5

TIPRL ENSG00000143155.12 0.5

Table S2 (continued)

Table S2 (continued)

Table S2 (continued)

Gene symbol Gene ID PCC Gene symbol Gene ID PCC
TMEM115 ENSG00000126062.3 0.5 PHF7 ENSG00000010318.19 0.47
EIF3I ENSG00000084623.11 0.5 Clorf174 ENSG00000198912.10 0.47
SHQ1 ENSG00000144736.13 0.5 ARIH2 ENSG00000177479.19 0.47
PDHB ENSG00000168291.12 0.5 RRP9 ENSGO00000114767.6 0.47
MKRN2 ENSGO00000075975.15 0.5 PGM3 ENSG00000013375.15 0.47
PRMT5 ENSG00000100462.15 0.5 LARP4 ENSG00000161813.20 0.47
XYLB ENSG00000093217.9 0.49 NUP43 ENSG00000120253.13 0.47
CCT3 ENSGO00000163468.14 0.49 THUMPD3 ENSG00000134077.15 0.47
SEC13 ENSG00000157020.17 0.49 WDR3 ENSG00000065183.15 0.47
KIAA1143 ENSG00000163807.5 0.49 ACTRS ENSG00000113812.13 0.47
C1orf109 ENSGO00000116922.14 0.49 L2HGDH ENSG00000087299.11 0.47
TOMM22 ENSG00000100216.5 0.49 ACAT2 ENSGO00000120437.8 0.47
DHX30 ENSG00000132153.14 0.49 NGLY1 ENSG00000151092.16 0.47
ORC4 ENSGO00000115947.13 0.49 CCDC47 ENSG00000108588.13 0.47
ZNF35 ENSG00000169981.10 0.49 NDC1 ENSG00000058804.11 0.47
AZI2 ENSG00000163512.13 0.49 GLB1 ENSG00000170266.15 0.47
MAPKAPK3 ENSG00000114738.10 0.49 STIP1 ENSG00000168439.16 0.47
PDE12 ENSG00000174840.8 0.49 SACM1L ENSG00000211456.10 0.47
RADS51 ENSG00000051180.16 0.49 UBQLN4 ENSG00000160803.7 0.47
METTL6 ENSG00000206562.11 0.48 LARS2 ENSGO00000011376.9 0.47
VPRBP ENSGO00000145041.15 0.48 RP11-651P23.4 ENSG00000224831.3 0.47
RTN3 ENSGO00000133318.13 0.48 NSUN4 ENSG00000117481.10 0.46
HSPAS8 ENSG00000109971.13 0.48 TCTA ENSG00000145022.4 0.46
TCAIM ENSGO00000179152.18 0.48 TCP1 ENSG00000120438.11 0.46
EIF3D ENSG00000100353.17 0.48 PRPSAP1 ENSG00000161542.16 0.46
TMEM183A ENSG00000163444.11 0.48 SSRP1 ENSGO00000149136.7 0.46
BUBS3 ENSG00000154473.17 0.48 BAP1 ENSG00000163930.9 0.46
CACYBP ENSG00000116161.17 0.48 TKT ENSG00000163931.15 0.46
NIF3L1 ENSG00000196290.14 0.48 USP19 ENSG00000172046.18 0.46
NEK4 ENSG00000114904.12 0.48 PRDX3 ENSGO00000165672.6 0.46
NOLC1 ENSG00000166197.16 0.48 Ctorf43 ENSG00000143612.18 0.46
TMED10 ENSG00000170348.8 0.48 NMD3 ENSG00000169251.12 0.46
SRP72 ENSGO00000174780.15 0.48

DEPDCT1 ENSG00000024526.16 0.47

Table S2 (continued)
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Table S3 Correlation of NPRL2 with different TICS in STAD analyzed with TISIDB

STAD
TICS
R P

Activated CD8 T cell (Act_CD8) 0.055 2.65E-01
Central memory CD8 T cell (Tcm_CD8) 0.015 7.67E-01
Effector memeory CD8 T cell (Tem_CD8) -0.239 9.04E-07
Activated CD4 T cell (Act_CD4) 0.054 2.76E-01
Central memory CD4 T cell (Tcm_CD4) -0.072 1.40E-01
Effector memeory CD4 T cell (Tem_CD4) -0.316 5.97E-11
T follicular helper cell (Tfh) -0.244 5.54E-07
Gamma delta T cell (Tgd) 0.01 8.42E-01
Type 1 T helper cell (Th1) -0.259 1.01E-07
Type 17 T helper cell (Th17) 0.001 9.87E-01
Type 2 T helper cell (Th2) -0.27 2.47E-08
Regulatory T cell (Treg) -0.236 1.27E-06
Activated B cell (Act_B) -0.261 7.48E-08
Immature B cell (Imm_B) -0.256 1.33E-07
Memory B cell (Mem_B) -0.275 1.41E-08
Natural killer cell (NK) -0.252 2.17E-07
CD56bright natural killer cell (CD56bright) 0.07 1.55E-01
CD56dim natural killer cell (CD56dim) 0.206 2.40E-05
Myeloid derived suppressor cell (MDSC) -0.157 1.31E-03
Natural killer T cell (NKT) -0.288 2.84E-09
Activated dendritic cell (Act_DC) 0.126 1.03E-02
Plasmacytoid dendritic cell (pDC) -0.102 3.84E-02
Immature dendritic cell (iDC) 0.1 4.14E-02
Macrophage (macrophage) -0.21 1.65E-05
Eosinophil (eosinophil) -0.273 1.89E-08
Mast cell (Mast) -0.31 1.33E-10
Monocyte (monocyte) 0.227 3.29E-06
Neutrophil (neutrophil) -0.102 3.80E-02
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Figure S1 Methylation of NPRL2 in STAD. (A) It presented the row and normalized methylation data in STAD from the GSE30601
dataset. (B) It shows the methylation data of cg16470957 and ¢g27239147 probes of NPRL2 in STAD and normal tissues analyzed by 7-test
(**P<0.001). (C) MEXPRESS assessed the relationship between NPRL?2 expression, methylation probes and clinical data in STAD. STAD,

stomach adenocarcinoma.
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Figure S2 Meta-analysis of survival data based on the expression of the NPRL2 (HR
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https://dx.doi.org/10.21037/jgo-22-115



g ©p=-0071 g - e =1-)9296587 . o3 © 123 e O Ugesans
=10 o <
Ll w p : .t i Ll SLC7A2 UBE2Q2
NI = (\II © NI < P Nll"i $ZT2 ENSG00000273637
| - | |
g. o g N : g o~ g o - LN pEFORE ENSG00000261740 5 <
2 2 - 2 2 - HERC2 BOLA2B PRKDC RPS6KB2
ol o o LRCH2 UBE2Q1
NPRL3 RRAGA
2 3 4 2 3 4 2 3 4 2 3 4
SGK2 SEH1L
CDH2_Exp SNAI1_Exp PROM1_Exp POUSF1_Exp D o NPRL2 .
o ©lP= -0.076 o oP= -0.046 o w|P= 0.09 a©lP= 0.087 RRAGB WDR59
X ~lp=0.143, X Slp=0375 X ~1p=0.0831 X |p=0092 T 5@ o
| o N | wl | o < . SLC7A14 IL4 SLCTA1
Y 1. N ~]. Nw . N RRAGC svG1
g:. : g 8 . 8:. 2 i 8:_ Ny Lauvpszssmwmw O N> SLC7A4
2 . = 2 0 2 } 2 SESN2 RPSGEKB1
g ke Wi, . o : L. g AR of - . TOP1 & SLC7A3
2 3 4 2 3 4 2 3 4 2 3 4 SLesA1 NPR3
SOX2_Exp ALDH1A1_Exp AQP5_Exp LGR5 Exp W
~ [pvalue <o — [ p-value <0.001 S [ p-value <0.00% TOR signalin
=~{R=063 Z |R=058 ‘ Ew{R=06 gnaiing o
; E @ a cellular response to starvation .
'ff © E % ¥ response to starvation .
< N SN
Do S § cellular response to nutrient levels .
K] K] )] w
—— r - — v ° T v v response to amino acid starvation . o
3 4 5 3 4 5 3 4 5
log2(NPRL2 TPM) log2(NPRL2 TPM) log2(NPRL2 TPM) regulation of TOR signaling [ )
[ p~value <0.007- — ] pvalue <0.001. - < p-value < 0.001 - TORCH1 signaling (]
E w{R=063 .- E R=0.58 & @ : : regulation of TORC1 signaling o
u"j < @ ~ g positive regulation of TOR signaling .
E ©
s 3 &
o o1 ~ vacuolar membrane .
2 =3 o~
L o ° lysosomal membrane .
3 4 5 3 4 5 3 4 5 lytic vacuole membrane .
log2(NPRL2 TPM) log2(NPRL2 TPM) log2(NPRL2 TPM) Seh1-associated complex . "
D o GATOR?2 complex ® (%)
KEGG p.adjus o
00025 ficolin—1-rich granule [ )
chaperone complex
mTOR signaling pathway . I P P @
0.0005 nuclear pore outer ring { ®
Autophagy - animal|-e Count protein serine/threonine .
® 10 kinase activity =
RNA transport; e @ 15 basic amino acid transmembrane | o i
@ 18 transporter activity
0.15 0.20 0.025 0.050 0.075 0.100 0.125
Gene Ratio Gene Ratio

2ZNF414

Combined score

48.00

Degree

1.00

p.adjust

0.0075
0.0050
0.0025

Count

Figure S3 Functional analysis of NPRL2-related genes. (A) Scatter plot shows the correlation between NPRL2 and biomarkers of EMT and
stem cells in STAD tested by Spearman’s rank correlation. (B) It presents the PPI network constructed by NPRL2-interacting proteins. The
color and size of each node varies according to degree score. (C) It shows the correlation of NPRL2 with the co-expressed genes of NPRL2
screened by GEPIA 2 (Spearman’s rank correlation, P<0.001). (D,E) They show the enrichment analysis of NPRL2-related genes. STAD,

stomach adenocarcinoma; KEGG, Kyoto Encyclopedia of Genes and Genomes pathways; BP, biological process; CC, cellular component;

MEF, molecular function.
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Figure S5 Validation of a prognostic risk model based on NPRL2-related genes in the GEO cohort. (A) It shows prognosis-related genes
screened out by univariate cox regression analysis of the 148 NPRL2-related genes obtained from the PPI network and GEPIA 2 (*P<0.05,
**P<0.01). (B) It shows the distribution of the risk scores, survival status, and gene expression profiles of samples from GSE84437 dataset in
high- and low-risk groups. (C) It shows the survival analysis of overall survival for STAD patients with different risk score. (D,E) They show
univariate and multivariate cox regression analysis of risk scores and other clinical characters for STAD patients in the GEO cohort (**P<0.01,
***P<0.001). (F) It shows the ROC curves for the clinicopathological features and risk score. (G) It shows the Nomogram constructed
based on STAD clinicopathological features and risk score. (H,I) the Calibration curves show the risk model could effectively predict the
probability of patient survival at 3 and 5 years.
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