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Abstract
Purpose: Gastric cancer is a highly malignant and heterogeneous tumour with a poor prognosis and a high recurrence rate.
Overexpressed PDGFRB has a correlation with poor survival outcomes in several malignancies. The objective of our study
was to evaluate the prognostic value of PDGFRB and identify a lncRNA-miRNA-mRNA ceRNA network involved in stomach
adenocarcinoma.

Methods: RNA-sequencing data, miRNA-sequencing data and corresponding patient clinical information were collected from
the TCGA database. All statistical analysis was performed through the edgeR package. ENCORI database was applied to
screen out miRNAs and lncRNAs interacting with the target gene. A lncRNA-miRNA-mRNA ceRNA network was constructed
through Cytoscape. For DEmiRNAs, DElncRNAs and mRNA the differences between the overall survival of high-expression
and low-expression group were evaluated by R language. TIMER 2.0 and GEPIA database were used to evaluate the value of
PDGFRB in immune cell in�ltration and immunotherapy. 

Results: Compared with normal tissue samples, PDGFRB was signi�cantly upregulated in stomach adenocarcinoma. The
upregulated expression of PDGFRB was signi�cantly related to histologic grade, topography and clinical stage. LncRNA
CASC15 and has-miR-30e-5p were identi�ed to have correlations with PDGFRB. Patients with an elevated PDGFRB, lncRNA
CASC15 and a decreased has-miR-30e-5p had a poor prognosis, in which elevated PDGFRB was an independent poor
prognostic factor. In addition, the positive associations among PDGFRB, tumor in�ltrating immune cells and immunotherapy
were also observed.

Conclusions: An increased PDGFRB may serve as a promising and potential independent prognostic biomarker of a poor
survival and therapeutic targets in stomach adenocarcinoma.

Introduction
Gastric cancer is a malignant tumour with aggressiveness as well as a high degree of malignancy and heterogeneity. Gastric
cancer is the leading cause of cancer death, ranking �fth in cancer incidence and third in cancer-related mortality worldwide
(Wang et al. 2020). However, the distribution of the incidence of gastric cancer is uneven. The incidence in Asia is much
higher than that in Western countries. Eastern Asian countries account for approximately half of newly diagnosed gastric
cancer cases worldwide. The occurrence of gastric cancer is closely related to many factors, such as genetic factors,
environmental factors, dietary habits (nitrites and salted foods) and Helicobacter pylori infection (Johnston and Beckman
2019; Machlowska et al. 2020). Due to improved food preservation technology and the eradication of Helicobacter pylori, the
morbidity of gastric cancer has declined. Gastric cancer is divided into three subtypes: adenocarcinoma, undifferentiated
carcinoma and signet ring cell carcinoma (Sitarz et al. 2018). Stomach adenocarcinoma (STAD) represents the vast majority
of gastric malignancies. Surgical treatment is the only measure for early gastric cancer. However, the treatment of advanced
gastric cancer is still challenging, and the prognosis is not ideal (Petryszyn et al. 2020). Patients with stage  disease
undergoing surgical treatment have a dismal 5-year survival rate between 18% and 50% according to the database (Sexton
et al. 2020). Therefore, it is urgent to seek more effective molecular-driven therapeutic strategies and effective prognostic
markers.

The platelet-derived growth factor receptor beta (PDGFRB) gene is located on chromosome 5q31-q32, through which the
receptors for platelet-derived growth factor B (PDGFB) and platelet-derived growth factor D (PDGFD) are encoded (Dachy et
al. 2019; Kim et al. 2008). PDGFRB is highly expressed in neurons, vascular smooth muscle cells, �broblasts and pericytes
(Mathorne et al. 2019). Frequent PDGFRB gene phenotype variants have been identi�ed in several diseases (Hassan et al.
2019; Karasozen et al. 2019; Li et al. 2019; Mathorne et al. 2019). Among patients with head and neck squamous cell
carcinoma, overexpressed PDGFRB had a correlation with poor survival outcomes (Lecerf et al. 2019). Recently, Ning Zhang
et al. reported that the expression level of PDGFRB in tumor tissues was associated with TNM stage and lymph node
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metastasis of Chinese patients with non-small cell lung cancer (NSCLC) patients, which might exert a pivotal role in the
progression of NSCLC (Zhang et al. 2018).

In 2011, Salmena et al. proposed a hypothesis on competing endogenous RNAs (ceRNAs) (Salmena et al. 2011), which
postulated that RNA molecules could communicate with other RNAs through shared microRNA (miRNA) response elements.
message RNAs (mRNAs), long noncoding RNAs (lncRNAs) and RNA transcripts can act as endogenous miRNA sponges to
inhibit functions of miRNAs, thus affecting their expression together with that of downstream target genes (Fan and Liu
2018). A lncRNA is a kind of noncoding RNA, with a length of about 200 nt and no protein coding function, which has
attracted increasing research interest recently (Mendell 2016; Quinn and Chang 2016). These RNAs participate in important
biological processes by regulating gene expression at the transcriptional, post transcriptional and epigenetic level
(Kornienko et al. 2013; Mercer and Mattick 2013; Shi et al. 2013). Recent studies have provided emerging support for the
involvement of the ceRNA activity of lncRNAs in the progression of various types of cancers. For example, in oral cancer,
lncRNA HCG22 has a potential as a diagnostic and prognostic marker, and the low expression of lncRNA HCG22 is
signi�cantly associated with a reduced patient survival rate (Yin et al. 2020). Zhengwei Chen et al. found that lncRNA
DSCR8 could adsorb miR-137 to reduce its inhibitory effect on the expression of CDC42, so as to promote the progression of
gastric cancer cells and regulate cell cycle (Chen et al. 2021). However, in gastric cancer, lncRNA-miRNA-PDGFRB axis, which
regulates the expression of PDGFRB, has not been reported.

Therefore, the purpose of our current research was to explore the correlation between PDGFRB and the clinicopathological
characteristics of STAD, the role and potential prognostic value of PDGFRB based on The Cancer Genome Atlas (TCGA)
database and construct lncRNA-miRNA-mRNA regulatory network. The research is expected to help to further elucidate the
detailed molecular mechanism involved in tumorigenesis and progression of gastric cancer. Finally, we also examined the
correlation between PDGFRB and tumour-in�ltrating immune cells using TIMER.

Results

Clinicopathological characteristics of STAD patients
The clinical characteristics of the STAD patients, including age, sex, histological grade, clinical stage, primary tumour T,
lymph node N, metastasis M, and survival status, were downloaded from the TCGA database (Table 1). The median age at
diagnosis is 67 years. A total of 134 female and 241 male patients were involved in the current study. Tumours were divided
into three grades. G1, G2 and G3 to include 10 (2.73%), 137 (37.43%), and 219 (59.84%) cases, respectively. A total of 352
patients were involved in a clinical stage. Stages , ,  and  were observed in 53 (15.06%), 111 (31.53%), 150 (42.61%), and
38 (10.80%) patients, respectively. Topography contained 26.98% (n = 99) T1-T2 and 73.02% (n = 268) T3-T4. Of 357
patients, 246 (68.91%) had lymph node metastasis, and 25 of 355 patients (7.04%) had distant metastasis. The survival
status of most patients was alive, accounting for 65.07% (n = 244).
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Table 1
Clinical characteristics of STAD patients

Clinical characteristics Total %

Age, median (range) 67 (35–90)  

Gender    

Male 241 64.27%

Female 134 35.73%

Histologic grade    

G1 10 2.73%

G2 137 37.43%

G3 219 59.84%

Clinical stage    

53 15.06%

111 31.53%

150 42.61%

38 10.80%

T    

1 19 5.18%

2 80 21.80%

3 168 45.78%

4 100 27.25%

N    

N0 111 31.09%

N1-N3 246 68.91%

M    

M0 330 92.96%

M1 25 7.04%

Survival status    

Alive 244 65.07%

Dead 131 34.93%

Abbreviation: T: topography; N: lymph node metastasis; M: distant metastasis.

PDGFRB was overexpressed in STAD

An aberrant expression of PDGFRB was observed in severe types of solid tumors. By analyzing data from TCGA, we describe
the characteristics of the expression of PDGFRB in multiple types of solid tumors, including STAD (Fig. 1). In our study, the
Wilcoxon rank sum test was used to compare the expression of PDGFRB in 375 STAD tissues and 32 normal samples.
PDGFRB was signi�cantly upregulated in STAD (P = 5.956e-11) (Fig. 2A). Compared with 27 adjacent normal tissues, the
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expression of PDGFRB was signi�cantly increased in STAD (P = 8.146e 06) based on Wilcoxon signed-rank tests (Fig. 2B). In
addition, we use the GEPIA database (http://gepia.cancer-pku.cn/) containing more normal samples to verify the above
results, as is shown in Fig. 2C, the expression of PDGFRB is signi�cantly higher in tumor tissues than in normal ones in
STAD.

The effect of PDGFRB overexpression on clinicopathological characteristics

As shown in Figs. 3A-E, compared to the histologic grade G1-2, the expression of PDGFRB in G3 patients was signi�cantly
increased (G1-2 vs. G3, P = 4.339e-05). In addition, there was a signi�cant correlation between the increased expression of
PDGFRB and topography (T1-2 vs. T3-4, P = 0.002). With the increase in topography (from T1-T4), the expression of PDGFRB
also increased (P = 8.357e-06). In terms of clinical stage, signi�cant difference was observed (P = 0.007).

Logistic regression was used to analyse the relationship between PDGFRB expression and clinicopathological
characteristics (Table 2). We found that the overexpression of PDGFRB was signi�cantly related to the clinical stage of the
patient (odds ratio (OR) = 2.05 for stage  vs. , P = 0.04; OR = 2.28 for stage  vs. , P = 0.01; OR = 2.18 for stage -  vs. , P = 
0.01), primary tumour topography (OR = 2.01 for with T3-4 vs. T1-2, P = 0.004) and histologic grade (OR = 1.95 for with G3
vs. G1-2, P = 0.002). Taken together, the high expression of PDGFRB is closely related to worse clinicopathological
characteristics than low expression.

Table 2
Relationship between PDGFRB expression and clinicopathologic characteristics by logistic

regression.
Clinical characteristics Total (N) Odds ratio in PDGFRB expression P-value

Age (continuous) 371 1.00 (0.98–1.02) 0.87

Gender (male vs. female) 375 1.14 (0.75–1.74) 0.54

Grade (G3 vs. G1-2) 366 1.95 (1.28–2.99) 0.002

Distant metastasis (Yes vs. No) 355 1.56 (0.69–3.67) 0.30

Lymph nodes (Yes vs. No) 357 1.02 (0.65–1.60) 0.94

Stage ( -  vs. ) 352 2.18 (1.20–4.09) 0.01

Stage (  vs. ) 164 2.05 (1.05–4.11) 0.04

Stage (  vs. ) 203 2.28 (1.20–4.46) 0.01

Stage (  vs. ) 92 2.16 (0.93–5.14) 0.08

Status (Dead vs. Alive) 375 1.51 (0.98–2.31) 0.06

Topography (T3-4 vs. T1-2) 367 2.01 (1.26–3.24) 0.004

Correlation between PDGFRB expression and survival
Kaplan–Meier analysis revealed that increased PDGFRB expression (High vs. Low, P = 0.008 and P = 0.025) was signi�cantly
correlated with worse overall survival (OS) (Fig. 4).

For OS, univariate analysis using the Cox regression model showed that poor OS had a signi�cant correlation with clinical
stage (stage -  vs. - , P = 0.006, HR = 1.738, 95% CI [1.171–2.579]), distant metastasis (Yes vs. No, P = 0.025, HR = 2.048,
95% CI [1.096–3.827]) and PDGFRB expression (High vs. low; P = 0.023, HR = 1.560, 95% CI [1.063–2.290]) (Table 3).
However, in multivariate Cox regression, high PDGFRB expression (High vs. Low; P = 0.043, HR = 1.498, 95% CI [1.013–
2.214]), and distant metastasis (Yes vs. No, P = 0.026, HR = 2.128, 95% CI [1.094–4.140]) and patient age (P = 0.019, HR = 
1.585, 95% CI [1.077–2.333]) independently predicted adverse OS (Table 3, Fig. 5). In addition, this also revealed that STAD
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patients with upregulated PDGFRB had a 1.498-fold higher risk of unfavourable OS than patients with low expression of
PDGFRB.

Table 3
Univariate and multivariate analysis of factors related to patients' overall survival.

Characteristic variable   Univariate analysis     Multivariate analysis  

HR 95% CI p-value HR 95% CI p-value

Age (≥ 70 vs.<70) 1.426 0.980–2.076 0.064 1.585 1.077–2.333 0.019

Gender (Male vs. Female) 1.484 0.980–2.247 0.062 1.462 0.959–2.228 0.077

Grade (G3 vs. G1-2) 1.350 0.910–2.004 0.136      

Stage ( -  vs. - ) 1.738 1.171–2.579 0.006 1.418 0.766–2.627 0.266

Topography (T3-4 vs. T1-2) 1.585 0.990–2.539 0.055 1.178 0.681–2.036 0.558

Distant metastasis (Yes vs. No) 2.048 1.096–3.827 0.025 2.128 1.094–4.140 0.026

Lymph nodes (Yes vs. No) 1.507 0.965–2.354 0.071 1.070 0.570–2.008 0.833

PDGFRB (High vs Low) 1.560 1.063–2.290 0.023 1.498 1.013–2.214 0.043

Abbreviation: HR, hazard ratio; CI, con�dence interval.

PDGFRB-related signalling pathways were analysed using GSEA

We used GSEA to screen for signi�cantly activated signalling pathways between the high expression and low expression
PDGFRB phenotype groups. FDR < 0.05 and NOM P-val < 0.05 indicate signi�cant differences in enrichment of the MSigDB
collection (c2.cp.biocarta.v7 .4.symbols.gmt). We selected the top 5 most highly enriched signalling pathways in high
expression phenotype group and all 9 enriched signalling pathways in low expression phenotype group based on NES, FDR
and NOM P values (Fig. 6 and Table 4).
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Table 4
Gene sets enriched in phenotype high.

MSigDB collection Gene set name NES NOM
p-val

FDR
q-val

c2.cp.biocarta.v7.4.symbols.gmt
(Curated)

KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION 2.505 0.000 0.000

KEGG_FOCAL_ADHESION 2.504 0.000 0.000

KEGG_DILATED_CARDIOMYOPATHY 2.435 0.000 0.000

KEGG_ECM_RECEPTOR_INTERACTION 2.426 0.000 0.000

KEGG_HYPERTROPHIC_CARDIOMYOPATHY_HCM 2.395 0.000 0.000

KEGG_PARKINSONS_DISEASE -2.163 0.000 0.003

KEGG_OXIDATIVE_PHOSPHORYLATION -2.189 0.000 0.003

KEGG_ALZHEIMERS_DISEASE -2.134 0.000 0.003

KEGG_PROTEASOME -2.100 0.000 0.004

KEGG_HUNTINGTONS_DISEASE -2.210 0.000 0.004

KEGG_RIBOSOME -1.980 0.004 0.014

KEGG_TERPENOID_BACKBONE_BIOSYNTHESIS -1.896 0.006 0.026

KEGG_CARDIAC_MUSCLE_CONTRACTION -1.904 0.000 0.028

KEGG_SPLICEOSOME -1.835 0.019 0.042

Abbreviation: FDR, false discovery rate; NES: normalized enrichment score; NOM: nominal. Gene sets with NOM p-
val<0.05 and FDR q-val<0.05 are considered as signi�cant.

Prediction of DEmiRNAs targeted by mRNA

miRNAs interacting with the target gene PDGFRB were predicted through the ENCORI database (https://rna.sysu.edu.cn), as
is shown in Fig. 7. Based on the value of cor, p-value and logFC, hsa-miR-30c-5p, hsa-miR-30e-5p and hsa-miR-486-5p were
selected for the subsequent analysis (Supplementary Table 1). As is shown in Fig. 8, the expression of the above three
miRNAs was negatively correlated with that of PDGFRB, and P<0.05. Kaplan-Meier survival curve and log-rank analysis were
used to evaluate the correlation between the expression of miRNAs and the prognosis of patients with STAD. A low
expression of hsa-mir-30c-5p (P = 0.048) and hsa-mir-30e-5p (P = 0.028) was signi�cantly associated with a worse OS (Fig.
9).

Prediction of DElncRNAs targeted by miRNA

According to the prognostic value of miRNAs, we �nally selected hsa-mir-30e-5p as the target miRNA to predict the lncRNAs
interacting with it through the same method as that used to predict DEmiRNAs. The expression of 4 lncRNAs (NORAD,
CASC15, FTX and FLJ42393) had a negative correlation with that of hsa-miR-30e-5p (P<0.05, Supplementary Table 2, Fig.
10). The correlations between the expression of 4 lncRNAs and target gene PDGFRB were also further evaluated. Except
lncRNA FLJ42393, the other 3 lncRNAs showed positive correlations with the expression of PDGFRB (P<0.05, Fig. 11).
Meanwhile, the expression of the 4 lncRNAs was signi�cantly higher than that under normal control (Fig. 12). However,
through Kaplan-Meier survival curve and log-rank analysis, we found that only lncRNA CASC15 was signi�cantly associated
with OS among the 4 lncRNAs; patients with an elevated expression of lncRNA CASC15 tended to exhibit a poorer OS (P = 
0.013, Fig. 13). Therefore, according to the above results, a lncRNAs-miRNA-mRNA ceRNA network was constructed by using
Cytoscape (Version 3.9.0), which was composed of 4 lncRNA nodes, 1 miRNA node and 1 mRNA node (Fig. 14).
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Relationship between PDGFRB expression and tumor-in�ltrating immune cells

The level of tumor-in�ltrating immune cells plays a key role in the prediction of OS rate and the application of
immunotherapy. To verify the correlation between the expression of PDGFRB and immune in�ltration, we used TIMER 2.0
database to analyze possible relations. As is shown in Fig. 15, we found that level of 5 immune cells (CD8 + T cells, CD4 + T
cells, macrophages, neutrophils and dendritic cells) had positive correlations with the expression of PDGFRB in STAD.
Therefore, we held the view that PDGFRB was signi�cantly associated with the immune in�ltration of several immune cells
indeed.

The value of PDGFRB in immunotherapy

As the expression of PDGFRB was signi�cantly correlated with immune cell in�ltration, we were curious about the function
of PDGFRB in immunotherapy. Therefore, we performed a correlation analysis to investigate the correlation between the
expression of PDGFRB and each immune regulator through TIMER 2.0. Immunotherapy-associated molecules PDCD1,
PDCD1LG2, CTLA4, CD274, ENTPD1 and KLRC1 were regarded to have a strong correlation with the expression of PDGFRB
(Fig. 16A). Besides, to verify the results from TIMER 2.0, we also investigated their association through GEPIA for conform,
which demonstrated that PDGFRB had strong signi�cant relationships with these 6 genes (PDCD1, PDCD1LG2, CTLA4,
CD274, ENTPD1 and KLRC1) (Fig. 16B).

Experimental veri�cation

We used IHC technology to check the expression level of PDGFRB, CD4, CD8, PD-1, PD-L1 and CTLA-4 in normal and
carcinoma tissue. Compared to normal control, it existed a large amount of CD4 + and CD8 + T lymphocytes in�ltration in
tumor microenvironment. The expression of immune checkpoint molecules PD-1, PD-L1 and CTLA-4 also signi�cantly
increased, even though the difference of PD-1 expression between normal and carcinoma tissue did not reach statistical
signi�cance. In carcinoma tissue, the expression of PDGFRB by tumor-associated stromal cells was obviously elevated than
normal tissue (Figs. 17 and 18).

Our study also veri�ed the existence of positive correlations between expression level of PDGFRB and immune checkpoint
molecules (PD-L1 and CTLA-4) in gastric carcinoma, though signi�cant difference was not reached between PDGFRB and
PD-1 (Fig. 19).

Discussion
Gastric cancer is a malignant tumour originating from the epithelium of the gastric mucosa, accompanied by a highly
aggressive and heterogeneous nature. Gastric cancer is also a multifactorial disease. Environmental factors and genetic
factors have an important in�uence on the occurrence and development of gastric cancer. A high-fat, high-salt and high-
nitrogen diet, Helicobacter pylori, Epstein-Barr virus infection history, precancerous gastric lesions and smoking have been
reported as risk factors for gastric tumorigenesis (Yuse� et al. 2018). With the improvement of eating habits and the
development of advanced diagnosis and treatment strategies, the morbidity and mortality of gastric cancer have decreased
signi�cantly in the past few decades. The �ve-year survival rate of early gastric cancer can reach 90%. Due to the very low
early diagnosis rate, many patients miss the best treatment opportunity and progress to advanced disease (Tan 2019).
Advanced gastric cancer tends to have a more severe prognosis, with a median survival period of fewer than 12 months
(Machlowska et al. 2020; Zhang and Zhang 2017). To solve this challenge, �nding effective therapeutic targets and
potential prognostic markers is very important in individualized treatment.

The PDGFRB gene is located on chromosome 5q31-q32, through which tyrosine kinase receptors binding PDGFB and
PDGFD are encoded and highly expressed in �broblasts and pericytes. Recently, it is reported in several researches that
mutations of PDGFRB were identi�ed in a few patients with hereditary and sporadic infantile myo�bromatosis (Arts et al.
2016; Arts et al. 2017; Cheung et al. 2013). Zhaoming Li et al. (Li et al. 2019) found that PDGFRB mutations encoding
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p.Asn666Ser constitutively activated PDGFRB and the mutations might play a critical role in the pathogenesis of unicentric
Castleman disease. Therefore, the gain-of-function mutations of PDGFRB may be sensitive to tyrosine kinase inhibitors. In
addition, a high expression of PDGFRB is related to high grades, tumor progression and poorer clinical outcomes in patients
with human breast cancer (Primac et al. 2019), gastric cancer (Wang et al. 2019; Wang et al. 2017), glioblastoma (Xu and Li
2016) and colorectal cancer (Steller et al. 2013) involving a variety of different signaling pathways. PDGFRB might be a
potential therapeutic target for cancers and other diseases.

In recent years, the emergence of bioinformatics has attracted much attention and created breakthroughs in the search for
protooncogenes. With the help of bioinformatics, various molecular subtypes, biomarkers of prognostic predictions, new
targeted drug development and applications have been identi�ed (Wen et al. 2018; Xu et al. 2016; Zhou et al. 2018). In our
study, according to the analysis of the TCGA data, we found that the expression level of PDGFRB in tumour samples was
signi�cantly higher than that in the normal group. Highly expressed PDGFRB is obviously related to poorly differentiated
histologic grade and high topography. Patients with elevated expression of PDGFRB have signi�cantly worse OS.
Multivariate analysis showed that high PDGFRB expression is an independent prognostic factor for OS, which is consistent
with the study of Uthandaraman Mahalinga Raja (Raja et al. 2017).

Through GSEA, we screened out signalling pathways, such as FOCAL-ADHESION based on NES, FDR and NOM P val were
differentially enriched in the high PDGFRB expression phenotype, and nine signaling pathways such as PARKINSONS-
DISEASE were signi�cantly enriched in the low PDGFRB expression phenotype. Focal adhesion kinase (FAK) is a nonreceptor
tyrosine kinase that plays a key role in the regulation of cell adhesion, migration, proliferation and survival. In cancer, FAK is
a major driver of invasion and metastasis, and its upregulation is associated with poor patient prognosis (Tapial Martínez et
al. 2020). The correlation between PDGFRB and the enriched pathways in the high expression phenotype of PDGFRB remain
unclear in gastric cancer. The interaction between them needs to be further explored and studied in the future.

Recently, emerging evidence has shown that noncoding RNAs, including microRNAs, long noncoding RNAs and circular
RNAs play a key role in various biological processes, such as cell proliferation and apoptosis (Santosh et al. 2015; Zhu et al.
2019). miRNAs function by binding the complementary 3'- untranslated region (UTR) with their target mRNAs, which leads to
either post transcriptional inhibition of the target gene or mRNA degradation. One hypothesis was proposed on ceRNA by
Salmena et al. in 2011 (Salmena et al. 2011). A complicated post transcriptional regulatory network was described, that is,
lncRNAs, circular RNAs, mRNAs and other RNAs competed with miRNAs via serving as natural miRNA sponges by miRNA
response elements (MRE) to regulate the expression level of mRNAs (Long et al. 2019). Recently, it has been veri�ed in an
increasing number of studies that the lncRNA–miRNA–mRNA regulatory network plays a critical role in the progression and
pathogenesis of several tumors, including hepatocarcinogenesis, esophageal cancer, colorectal cancer, and other malignant
tumors (Ghasemi et al. 2020; Liu et al. 2020; Zhang et al. 2020) through multiple levels of regulation, which involve
transcriptional, post transcriptional and epigenetic regulation.

In our study, 1 lncRNA (casc15), 2 miRNAs (has-mir-30c-5p and has-mir-30e-5p) and the mRNA (PDGFRB) were identi�ed as
potential biomarkers for the prognosis of patients with STAD via a survival analysis. It has been reported in several
literatures that overexpressed LncRNA CASC15 was involved in several tumor types. S Shan et al. (Shan et al. 2019) found
that an elevated LncRNA CASC15 was associated with tumor growth and predicted a poorer prognosis in cervical cancer.
Niancai Jing et al. (Jing et al. 2018) found that the knockdown of CASC15 signi�cantly inhibited the proliferation, migration
and invasion of colon cancer cells in vitro and in vivo by inactivating Wnt/β‐catenin signaling pathway in a miR‐4310/LGR5-
dependent manner in colorectal cancer. Zhibin Zuo et al. (Zuo et al. 2018) found that an overexpressed lncRNA CASC15
promoted the progression of tongue squamous cell carcinoma through targeting mir-33a-5p in basic research. Besides, our
study also showed that the expression of lncRNA CASC15 was higher in STAD tissues than in paired non-tumor tissues. An
increased expression of lncRNA CASC15 is associated with a worse prognosis in patients with STAD. We found that lncRNA
CASC15 might compete with one key DEmiRNA (has-miR-30e-5p) to mediate the expression of PDGFRB in gastric cancer
according to bioinformatics analysis. Therefore, the lncRNA CASC15-has-miR-30e-5p-PDGFRB axis may regulate biological
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processes and pathways of STAD and provide potential therapeutic strategies for gastric cancer. However, in ovarian cancer,
Yin Shi (Shi et al. 2019) observed an opposite result that a low expression of CASC15 was closely associated with an
advanced TNM stage, a moderate/poor differentiation, and a larger tumor size. Moreover, Kaplan-Meier survival analysis
showed that patients with a low expression of CASC15 presented poorer overall survival and progression-free survival than
those with a higher expression of CASC15. Thus, comprehensive and systematic genetic-level pro�ling was also vital.

Equally important, as immune cells play a pivotal role in predicting the prognosis of patients in tumor microenvironment
(Huang et al. 2021), we used TIMER 2.0 database to �nd correlations among the expression of PDGFRB, immune in�ltration
and the value of PDGFRB in immunotherapy. We found that the associations of PDGFRB with CD8 + T cells, CD4 + T cells, B
cells, macrophages, neutrophils and dendritic cells were strong. An excess level of PDGFRB in STAD can trigger anti-tumor
immune responses. Together, these �ndings indicate that PDGFRB plays a key role in the recruitment and regulation of
immune in�ltrating cells in STAD. Therefore, we considered PDGFRB as a biomarker of immune in�ltration and further
evaluated its function in immunotherapy. TIMER2.0 database and GEPIA database both showed signi�cant correlations
between an elevated PDGFRB and immunotherapeutic targets PDCD1, PDCD1LG2, CTLA4, CD274, ENTPD1 as well as
KLRC1. In addition, we also proved the positive relationships between the expression of PD-L1, CTLA-4 and PDGFRB through
IHC experiment. Based on the above results, we speculate that through lncRNA CASC15-has-miR-30e-5p-PDGFRB axis-based
treatment strategies combined with immunotherapy, more bene�cial effects may be able to be gained than just using a
single remedy in STAD with an overexpressed PDGFRB.

In conclusion, patients with an elevated PDGFRB and lncRNA CASC15 together with a decreased has-miR-30e-5p have a
poor prognosis, and an increased PDGFRB may serve as a promising and potential independent prognostic biomarker of a
poor survival and therapeutic targets in STAD. We constructed a lncRNA CASC15-has-miR-30e-5p-PDGFRB axis for the �rst
time through bioinformatics methods, which also provided novel insights into the pathogenesis, progression and prognosis
of STAD. The value of PDGFRB in immunotherapy evaluated by GEPIA and TIMER 2.0 database showed that STAD with an
overexpressed PDGFRB might bene�t from immune checkpoint inhibitors. Further experimental research is needed to verify
this underlying biological regulatory mechanism and therapeutic insights.

Methods
Patient information

This study was performed according to institutional review board (IRB) requirement of Mudanjiang Medical University
(2021-MYWZ42). We collected 12 surgical resected gastric adenocarcinoma and 4 normal control samples at Mudanjiang
Medical University a�liated hospital. Formalin-�xed para�n-embedded (FFPE) tissue blocks from patients were obtained.
Informed consent was obtained by the opt-out method. It was approved by the ethics committee of Mudanjiang Medical
University.

RNA-sequencing data, miRNA sequencing data and corresponding patient clinical information were collected from the TCGA
database (https://portal.gdc.cancer.gov/repository), containing 375 STAD samples and 32 normal samples. Work�ow type
was HTSeq-FPKM. The clinical characteristics of the STAD patients, including their age, sex, histologic grade, clinical stage,
primary tumour T, lymph node N, metastasis M, and survival status, were recorded, as shown in Table 1. Some unavailable
or unclear clinical data were deleted. 

MultiGSEA

Gene set enrichment analysis (GSEA) is a computational method to determine whether a previously de�ned genome has
consistent statistically signi�cant differences in two biological states (Jin et al. 2020). GSEA was carried out to elucidate the
signi�cant survival difference observed between the high- and low-PDGFRB groups. The expression level of PDGFRB served
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as a phenotype label. The gene set permutation number was 1000 times for each analysis. The statistical signi�cance of
the pathways depended on a normal P value less than 0.05 and a false discovery rate (FDR) q-val less than 0.05. 

miRNA and lncRNA expression pro�ling

ENCORI database (https://rna.sysu.edu.cn) was applied to screen out miRNAs and lncRNAs interacting with the target gene.
miRNAs identi�ed by at least two out of 7 relevant databases were considered as candidate miRNAs, whose correlations
with the target gene and lncRNAs were analyzed in R language. The differentially expressed miRNAs (DEmiRNAs) and
differentially expressed lncRNAs (DElncRNAs) in gastric cancer and normal tissues were screened out individually through
the edgeR package in the R language.  

Construction of the ceRNA axis

A lncRNA-miRNA-mRNA ceRNA network was constructed dependent on the DEmiRNA- DElncRNA and DEmiRNA-mRNA
interactions. Cytoscape (Version 3.9.0) was utilized to visualize the ceRNA network. 

Survival analysis

For all DEmiRNAs, DElncRNAs and mRNA in the ceRNA network, patients with stomach adenocarcinoma were classi�ed into
high- and low-expression group based on the median value of speci�c RNAs. The differences between the overall survival of
high- and low-expression group were evaluated by using the survival package in R language. A P value  0.05 indicated
statistical signi�cance. 

Tumour-in�ltrating immune cell analysis

The TIMER 2.0 (http://timer.cistrome.org/) was used to access the potential correlation between the expression of PDGFRB
and tumor-in�ltrating immune cells, including CD8+ T cells, CD4+ T cells, B cells, macrophages, neutrophils and dendritic
cells. The relationship among immunotherapy-related targets, such as PDCD1, PDCD1LG2, CTLA4, CD274, ENTPD1,
KLRC1 and the target gene were also evaluated based on both the TIMER 2.0 (http://timer.cistrome.org/) and GEPIA
database (http://gepia.cancer-pku.cn/). 

Immunohistochemistry 

FFPE tissue blocks were cut into 4 μm-thick tissue sections and subjected to both hematoxylin and eosin staining and
immunohistochemical staining. For IHC, an automated Bond-III slide stainer (Leica Biosystems, Wetzlar, Germany) was used
to detect following antibodies against CD8 (clone: C8/144B, 1:200, Nichirei), CD4 (clone: 1F6, 1:50, Nichirei ), PD-1 (clone:
NAT, 1:100, Abcom), PD-L1 (clone SP263; rabbit monoclonal primary anti-PD-L1 antibody, prediluted, Ventana Medical
Systems, Tucson, AZ) , CTLA-4 (clone: F-8, 1:200, Santa Cruz) and PDGFRB (clone: D-6, 1:200 , Santa Cruz) in accordance
with the manufacturer's protocol. Image J was applied for the evaluation of percentage of positive cells or positive regions. 

Statistical analysis

All statistical analyses were performed using R (version 3.6.1, 2019-07-05, R Foundation, Vienna, Austria) and GraphPad
Prism 9. The expression of PDGFRB and lncRNAs were compared between the STAD and normal groups by Wilcoxon rank
sum tests, respectively. The expression of PDGFRB, CD4, CD8, PD-1, PD-L1 and CTLA-4 between STAD and normal control
was compared by the nonpaired Student's t-test. The correlation between PDGFRB expression and clinicopathological
characteristics was performed using the Wilcoxon signed-rank test and logistic regression. In the Cox regression analysis, a
P value  0.05 indicated statistical signi�cance. The median expression value of PDGFRB was considered as a cut-off value.
Spearman rank-based correlation coe�cients were used to estimate the correlation between two continuous variables, and
corresponding P-values were calculated.
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Figures

Figure 1

The expression status at mRNA level of the PDGFRB gene in different cancers. *P < 0.05; **P <0.01; ***P < 0.001.
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Figure 2

The expression of PDGFRB was increased in STAD. (A) PDGFRB showed signi�cantly higher expression in STAD samples
than in normal samples through the Wilcoxon rank sum test. (B) The expression of PDGFRB was signi�cantly increased in
STAD tissues compared with adjacent noncancerous tissues through the Wilcoxon signed rank test. (C) The expression
state of PDGFRB was compared with the corresponding normal tissues based on the GEPIA database including GETx
normal data. * P < 0.05.
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Figure 3

Correlation between PDGFRB expression and clinicopathological features. Increased PDGFRB expression was signi�cantly
correlated with histologic grade (A and B), topology (C and D) and clinical stage (E).

Figure 4

Survival results based on Kaplan-Meier analysis. Kaplan-Meier survival analysis showed that increased PDGFRB expression
were signi�cantly associated with worse OS. (A) the correlation between PDGFRB mRNA expression level and OS based on
data from TCGA; (B) further validation of the correlation by GEPIA.
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Figure 5

Relationship between clinicopathological features and survival results of STAD. Highly expressed PDGFRB, distant
metastasis and age can independently predict unfavourable OS.
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Figure 6

Enrichment plots from gene set enrichment analysis (GSEA). The GSEA results showed that the CYTOKINE-CYTOKINE-
RECEPTOR-INTERACTION, FOCAL-ADHESION, DILATED-CARDIOMYOPATHY, ECM-RECEPTOR-INTERACTION, and
HYPERTROPHIC-CARDIOMYOPATHY-HCM signalling pathways were signi�cantly enriched in the high PDGFRB expression
phenotype and PARKINSONS-DISEASE, OXIDATIVE-PHOSPHORYLATION, ALZHEIMERS-DISEASE, PROTEASOME,
HUNTINGTONS-DISEASE, RIBOSOME, TERPENOID-BACKBONE-BIOSYNTHESIS, CARDIAC-MUSCLE-CONTRACTION and
SPLICEOSOME signaling pathways were signi�cantly enriched in the low PDGFRB expression phenotype.
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Figure 7

miRNAs-mRNA interaction network in gastric cancer. The diamond represents mRNA in red and ellipses represent miRNAs in
green.
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Figure 8

Relationship between PDGFRB expression and miRNAs. (A-C) hsa-miR-486-5p, hsa-miR-30c-5p and hsa-miR-30e-5p were
suggested to have a signi�cant correlation with PDGFRB expression.

Figure 9

Survival results based on Kaplan-Meier analysis. (A) there was no a signi�cant difference being observed between hsa-miR-
486-5p and OS. (B-C) Kaplan-Meier survival analysis showed that increased hsa-miR-30c-5p and hsa-miR-30e-5p expression
were signi�cantly associated with better OS, respectively. 
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Figure 10

Relationship between hsa-miR-30e-5p and lncRNAs. (A-D) lncRNAs NORAD, FTX, FLJ42393 and CASC15 were suggested to
have a signi�cant correlation with hsa-miR-30e-5p expression.
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Figure 11

Relationship between PDGFRB expression and lncRNAs. (A, B and D) lncRNAs NORAD, FTX and CASC15 were suggested to
have a signi�cant correlation with PDGFRB expression. (C) there is no signi�cant relationship between lncRNA FLJ42393
and PDGFRB expression.
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Figure 12

The expression of the four lncRNAs was increased in STAD. (A-D) lncRNAs NORAD, FTX, FLJ42393 and CASC15 all showed
signi�cantly higher expression in STAD samples than in normal samples through the Wilcoxon rank sum test.
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Figure 13

Kaplan-Meier survival curves for the four lncRNAs. (A) lncRNA NORAD (P = 0.229); (B) lncRNA FTX (P = 0.082); (C) lncRNA
FLJ42393 (P = 0.057); (D) lncRNA CASC15 (P = 0.013).
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Figure 14

The lncRNAs-miRNA-target gene axis. 

Figure 15

Correlations between PDGFRB expression and immune in�ltration levels. According to the TIMER database, 5 immune cells
(CD8+ T cells, CD4+ T cells, macrophages, neutrophils and dendritic cells) had signi�cant correlations after the adjustment
of purity.
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Figure 16

Correlations between six biomarkers and PDGFRB. (A) the correlations were veri�ed through TIMER 2.0, which demonstrated
that PDGFRB was signi�cantly correlated with these immunotherapy-associated genes. (B) according to the results from
GEPIA database, PDGFRB also had a signi�cant relationship with these genes.

Figure 17

Immunohistochemical staining of CD4, CD8, PD-1, PD-L1, CTLA-4 and PDGFRB. In carcinoma tissue, the expression level of
all proteins was higher than in normal control.

Figure 18
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The percentage of positive cells or positive regions. Expression difference of all proteins between normal and tumor tissue
all reached statistical signi�cance, except for PD-1.

Figure 19

Correlation analysis. PDGFRB positive expression had signi�cant correlation with the expression of PD-L1 and CTLA-4 (B
and C), but no positive correlation was observed between PDGFRB and PD-1 (A).
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