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Objective: This study aimed to develop an RNA-binding protein (RBP)-based signature

for risk stratification and guiding clinical therapy in gastric cancer.

Methods: Based on survival-related RBPs, an RBP-based signature was established by

LASSO regression analysis in TCGA dataset. Kaplan–Meier curves were drawn between

high- and low-risk groups. The predictive efficacy of this signature was assessed via

ROCs at 1-, 3-, and 5-year survival. Its generalizability was verified in an external dataset.

Following adjustment with other clinicopathological characteristics, the independency of

survival prediction was evaluated via multivariate Cox regression and subgroup analyses.

GSEA was utilized in identifying activated pathways in two groups. Stromal score,

immune score, tumor purity, and infiltration levels of 22 immune cells were determined

in each sample via the ESTIMATE and CIBERSORT algorithms. The sensitivity to

chemotherapy drugs was assessed through the GDSC database.

Results: Data showed that patients with high risk exhibited unfavorable clinical

outcomes than those with low risk. This signature possessed good performance in

predicting 1-, 3-, and 5-year survival and can be independently predictive of patients’

survival. Calcium, ECM receptor interaction, and focal adhesion were highly enriched in

high-risk samples. High-risk samples presented increased stromal and immune scores

and reduced tumor purity. Moreover, this signature presented close relationships with

immune infiltrations. Low-risk specimens were more sensitive to sorafenib, gefitinib,

vinorelbine, and gemcitabine than high-risk specimens.

Conclusion: This RBP-based signature may be a promising tool for predicting clinical

outcomes and guiding clinical therapy in gastric cancer.
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FIGURE 6 | Association between this signature and tumor microenvironment in the training set. (A) Violin plots for stromal score, immune score, and tumor purity of

high- and low-risk specimens via the ESTIMATE. (B) Kaplan–Meier curves of high- and low-stromal score groups. (C) Kaplan–Meier curves of high- and low-immune

score groups. (D) Kaplan–Meier curves of high- and low-tumor purity groups. (E) Box plots for infiltration levels of immune cells in high- and low-risk samples through

the CIBERSORT. (F) Box plots for expression of immune checkpoints in high- and low-risk samples. Ns, not significant. *p < 0.05; **p < 0.01; ***p < 0.001;

****p < 0.0001.

Immune cell ingredients contribute to gastric cancer initiation
and progression. Moreover, immune escape exerts a critical role
in tumorigenesis. Immune infiltration levels distinctly affect
patients’ survival. Tumor immune microenvironment that
contains stromal and immune cells exhibits an association with
immunotherapy response (5). Immune cells are correlated with
tumor invasion and metastases. Stromal cells present close
relationships with tumor growth, progression, response to

chemotherapy, as well as recurrence. This study demonstrated
that high-risk subjects had increased immune and stromal scores
than those with low risk. Consistently, Mao et al. (33) found
that subjects with high stromal scores presented unfavorable
clinical outcomes. At present, novel immunotherapies like
anti-PD-1 and anti-PD-L1 have been applied in gastric
cancer. Nevertheless, only a minority of subjects benefit
from immunotherapies. The compositions in the immune
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FIGURE 7 | Correlation between this signature and drug sensitivity. Box plots for estimated IC50 of (A) sorafenib, (B) gefitinib, (C) vinorelbine, and (D) gemcitabine

between high- and low-risk gastric cancer specimens.

microenvironment are key determinants for prognoses
and response to immunotherapies (34). Herein, this study
comprehensively analyzed the correlations between immune cell
infiltrations and this signature via the CIBERSORT algorithm.
High-risk subjects presented increased infiltration levels of
T-cell CD4 memory resting, monocytes, macrophage M2,
and mast cells resting, and had reduced infiltration levels
of T-cell CD4 memory activated as well as T-cell follicular
helper than those with low risk. Moreover, we found that high
risk was characterized by increased expression of immune
checkpoints including BTLA that was expressed in B and T
lymphocytes, BTNL2 that was expressed in antigen-processing
and presentation cells, CD200 that was mainly expressed in B
and T lymphocytes, CD200R1 that was expressed in myeloid
lineage cells, CD27 that was expressed in T cells, CD276 that
was expressed in cancer cells, CD28 that was expressed in T
cells, CD40 that was expressed in antigen-presenting cells,
CD40LG that was expressed in T cells, CD44 that was expressed
in T cells, CD48 that was expressed in lymphocytes and
dendritic cells, CD86 that was expressed in antigen-presenting

cells, HAVCR2 that was expressed in T cells, LAIR1 that was
expressed in natural killer cells, T cells, and B cells, NRP1 that
was expressed in cancer cells, PDCD1LG2 that was expressed
in T cells and dendritic cells, TMIGD2 that was expressed
in T cells, TNFSF14 that was expressed in T cells, TNFSF18
that was expressed in T cells, TNFSF4 that was expressed
in T cells, and VSIR that was expressed in T cells. These
data were indicative of this signature being closely related
to immunotherapy.

For advanced subjects, surgical resection followed by
auxiliary chemotherapy is a major therapeutic strategy. In
recent years, a few clinical trials of postoperative chemotherapy
have been launched in gastric cancer (35–37). Miserably,
response to chemotherapy is relatively low on account of
tumor heterogeneity (38). Our data indicated that subjects
with low risk were more sensitive to sorafenib, gefitinib,
vinorelbine, and gemcitabine than those with high risk.
This RBP-based signature seems to be considered as a
classification tool for making individualized therapeutic
decisions. Furthermore, a nomogram was then developed
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FIGURE 8 | Establishment of a nomogram for gastric cancer in the training set. (A) A nomogram integrating age, stage, as well as signature in prediction of 1-, 3-,

and 5-year outcomes in gastric cancer. The calibration curves for the relationships between (B) 1-, (C) 3-, and (D) 5-year survival predicted by this nomogram and

actual clinical outcomes.

for individualized clinical outcome prediction. This model
also showed good predictive performance for 1-, 3-, and
5-year survival.

A few disadvantages of this study need to be pointed
out. First, this was a retrospective study according to public
datasets. In our future studies, we will present prospective
multicenter clinical trials for validation of this RBP signature
in predicting gastric cancer patients’ survival. Second, activated
signal pathways in high- and low-risk subgroups should
be verified in further basic experiments. In future research,
the molecular mechanisms of RBPs will be observed in
gastric cancer. Furthermore, we will further validate the
relationships of RBPs with immune microenvironment of gastric

cancer, which could be used for guiding immunotherapy in
clinical practice.

CONCLUSION

This study developed and externally verified an independent
RBP-based signature in the prediction of gastric cancer
patients’ survival. This signature was closely related
to tumor microenvironment and chemosensitivity,
assisting in the expanding of the applications of
immunotherapy and chemotherapy. A nomogram
integrating this signature, age, and stage could offer
individualized prediction of prognosis. Thus, this RBP

Frontiers in Medicine | www.frontiersin.org 11 July 2021 | Volume 8 | Article 670141

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Qiu et al. RBP Signature in Gastric Cancer

signature may represent a prognostic stratification tool for
gastric cancer.
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