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Abstract

Background: Lung adenocarcinoma (LUAD) is the most common 
type of lung cancer and a leading cause of death worldwide. Vascu-
lar endothelial growth factor C (VEGF-C) has been identified as a 
prognosis prediction marker for LUAD. However, VEGF-C protein 
expression does not appear to significantly relate to LUAD patient 
survival in several studies.

Methods: We carried out a bioinformatic analysis to review the effect 
of VEGF-C mRNA expression on LUAD patient outcomes. GEPIA, 
UALCAN, TCGAportal, OncoLnc, LCE, GeneMANIA, Metascape, 
ImmuCellAI, and GSCA online databases were utilized. The expres-
sion levels of VEGF-C mRNA between normal tissue and LUAD tis-
sue, overall survival (OS) analysis, function analysis, tumor microen-
vironment and drug sensitivity were conducted in the current study.

Results: We found that the expression level of VEGF-C mRNA was sig-
nificantly lower in LUAD than normal tissue. Low expression of VEGF-
C mRNA was also associated with better OS. VEGF-C expression was 
correlated with both NF1 and TP53 mutation status. No relationship 
was observed between VEGF-C and Tr1 or CD4 T-cell infiltrate scores. 
Additionally, VEGF-C was associated with epidermal growth factor re-
ceptor (EGFR) tyrosine kinase inhibitor resistance. The sensitivity of 
5-fluorouracil was positively correlated with VEGF-C, and the sensitiv-
ity of TGX221 was negatively correlated with VEGF-C. The activity of 
BI-2536 and BRD-A94377914 was positively correlated with VEGF-C.

Conclusion: Novel LUAD prognostic biomarkers such as VEGF-C 
mRNA may aid diagnosis and treatment, and may help identify opti-
mal LUAD populations for therapeutic treatments.
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Introduction

Lung adenocarcinoma (LUAD) is the most common type of 
lung cancer, comprising around 40% of all lung cancer cases, 
and it is a leading cause of death worldwide [1, 2]. Most LUAD 
patients are unfortunately diagnosed at an advanced stage 
and consequently miss the best treatment time. Conventional 
LUAD treatments involving surgical resection, radiotherapy, 
and chemotherapy often have a poor prognosis, with a 5-year 
survival rate ranging between 5% and 16% [3]. Newer treat-
ments such as molecular targeted therapy and immunotherapy, 
however, generate long-lasting responses and improved sur-
vival rates [4].

Predicting LUAD prognosis is needed to develop a rea-
sonable follow-up treatment plan and to calibrate treatment. 
Vascular endothelial growth factor C (VEGF-C) has been 
identified as a prognosis prediction marker for LUAD in sev-
eral studies [5, 6]. However, VEGF-C protein expression does 
not appear to significantly relate to LUAD patient survival. 
Yang et al found that VEGF-C mRNA expression correlated 
with survival of the patients with lung cancer [7]. The bio-
logical functions of VEGF-C may be analyzed as a potential 
prognosis factor in LUAD.

Newly developed sequencing technologies can detect 
large-scale tumor-related genes. We therefore carried out 
a bioinformatic analysis to review the effect of VEGF-C 
mRNA expression on survival in patients with LUAD. We 
used several online databases including GEPIA, UALCAN, 
TCGAportal, OncoLnc, LCE, GeneMANIA, Metascape, 
ImmuCellAI, and GSCA to explore the expression level of 
VEGF-C mRNA between normal tissue and LUAD tissue. 
Overall survival (OS) analysis, function analysis, tumor mi-
croenvironment and drug sensitivity were also conducted in 
the current study.

Materials and Methods

Expression level of VEGF-C mRNA in LUAD

GEPIA [8], Ualcan [9] and TCGAportal [10] were applied 
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to evaluate the expression of VEGF-C in LUAD. Forms of 
VEGF-C mRNA expression in subgroups of LUAD were sub-
divided based on stage and gene mutation status.

OS analysis

GEPIA [8], Ualcan [9], OncoLnc [11], and TCGAportal [10] 
were used to evaluate the impact of expression levels of 
VEGF-C mRNA on OS in LUAD patients. OS curves were 
plotted using Kaplan-Meier and log-rank tests. LCE was 
used to combine multiple datasets to evaluate the prognos-
tic precision of VEGF-C [12]. Different cut-off values were 
used to divide the high and low expression levels of VEGF-
C mRNA. Samples were considered “high expression” when 
samples with gene expression values equal to or more than 
the third quartile value; otherwise, samples were considered 
“low/medium expression” (Fig. 1a) [13]. The median of ex-
pression levels of VEGF-C mRNA is the cut-off value for 
dividing high and low expression groups (Fig. 1b-d) [14].

Function analysis of VEGF-C

GeneMANIA was used to generate hypotheses about gene 
function of VEGF-C [15]. Gene Ontology (GO) categoriza-
tion and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway enrichment analyses were conducted to understand 
the functions of VEGF-C by using Metascape [16].

Tumor microenvironment and VEGF-C

ImmuCellAI was used to estimate the impact of 24 immune 
cells on the OS of LUAD patients [17]. GSCA was used to 
detect the relationship between VEGF-C and immune micro-
environment in LUAD [18].

Prediction of drug sensitivity based on VEGF-C

GSCA was used to detect correlation between VEGF-C ex-
pression and small molecule drug sensitivity of GDSC and 
CTRP [18].

Results

Expression level of VEGF-C mRNA in LUAD

We compared the expression level of VEGF-C mRNA be-
tween 59 normal lung tissue and 515 LUAD tissue, 483 nor-
mal lung tissue and 347 LUAD tissue, respectively. The ex-
pression level of VEGF-C mRNA was significantly higher in 
normal lung tissue than in LUAD tissue (Fig. 2a, b). Patients 
with LUAD patients were divided into four stages. Different 
stages of LUAD patients had significantly different levels of 
VEGF-C mRNA expression (Fig. 2c). Of 111 normal lung tis-

sue and 111 LUAD tissue, no significant difference was ob-
served in VEGF-C protein levels (Fig. 2d). Among genes of 
TP53, KRAS, KEAP1, STK11, EGFR, NF1 and BRAF, only 
the mutation status of TP53 and NF1 was correlated with the 
expression level of VEGF-C (Fig. 2e).

VEGF-C mRNA expression predicts OS

OS analyses were conducted on 123 samples with high ex-
pression levels of VEGF-C mRNA and 379 samples with 
low/medium levels of VEGF-C mRNA, 238 samples with 
high expression levels of VEGF-C mRNA and 237 samples 
with low levels of VEGF-C mRNA, 246 samples with high 
expression levels of VEGF-C mRNA and 246 samples with 
low levels of VEGF-C mRNA, 266 samples with high ex-
pression levels of VEGF-C mRNA and 267 samples with low 
levels of VEGF-C mRNA, respectively. OS of LUAD with 
low VEGF-C mRNA expression was significantly increased 
compared to LUAD with high VEGF-C mRNA expression 
(Fig. 1a-d). Twenty-one studies were included in meta-anal-
ysis. Figure 1e shows that high VEGF-C mRNA expression 
was associated with inferior LUAD OS (hazard ratio (HR) 
= 1.23, 95% confidence interval (CI), 1.15 - 1.32, Fig. 1e). 
These results revealed that VEGF-C mRNA is a valuable 
prognostic biomarker in LUAD.

Functional analysis of VEGF-C

GeneMANIA database analysis showed that VEGF-C in-
teracted with genes including FLT4, VEGFD, KDR, NRP2, 
EPAS1, VEGFA, FLT1, PDGFRA, PDGFA, VEGFB, PGF, 
LOXL2, IGF1R, ITGA9, PDGFB, NRP1, HHEX, ERBB2, 
NID2, and MET (Fig. 3a). The GO analysis showed that the 
differentially expressed genes were mainly related to VEGF, 
platelet-derived growth factor and endothelial cell (Fig. 3b). 
In the KEGG signal pathway, LUAD mostly involved in the 
focal adhesion signaling pathway, pathways in EGFR tyrosine 
kinase inhibitor (TKI) resistance and transcriptional misregu-
lation in cancer signaling pathway (Fig. 3c).

Tumor microenvironment and VEGF-C

The comparison OS between low and high numbers of Tr1 and 
CD4 T cells showed that the levels of Tr1 and CD4 T cells had 
an observable impact on OS of LUAD patients (Fig. 4a, b). 
However, no correlation between Tr1 or CD4 cells and VEGF-
C was found in Figure 4c, d.

VEGF-C expression and predicted drug response for 
LUAD

To identify effective anti-cancer drugs in LUAD, we used a 
GSCA server to predict drug responses based on VEGF-C 
mRNA expression (Fig. 5a, b). Pifithrin-mu showed potential 



Articles © The authors   |   Journal compilation © World J Oncol and Elmer Press Inc™   |   www.wjon.org 53

Chen et al World J Oncol. 2023;14(1):51-59

Figure 1. Overall survival curves of VEGF-C in LUAD from different database (a) Ualcan. (b) GEPIA. (c) OncoLnc. (d) TCGA 
portal. (e) Results of meta-analysis from LCE. LUAD: lung adenocarcinoma; VEGF-C: vascular endothelial growth factor C.
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antitumor activity in LUAD (Fig. 5b). As shown in Figure 5a, 
VEGF-C was positively or negatively correlated with the sen-
sitivity to several chemotherapeutic drugs commonly used in 

LUAD, like 5-fluorouracil and TGX221. As shown in Figure 
5b, VEGF-C was positively correlated with the activity of sev-
eral chemotherapeutic drugs commonly used in LUAD, such 

Figure 2. (a) VEGF-C mRNA expression in LUAD (Ualcan, P = 7.41 × 10-3). (b) VEGF-C mRNA expression in LUAD (GEPIA, P 
< 0.05). (c) VEGF-C mRNA expression in LUAD based on stage (GEPIA, P = 0.0241). (d) VEGF-C protein expression in LUAD 
(Ualcan, P = 0.195). (e) VEGF-C mRNA expression between driver mutated (red) and not-mutated (gray) samples (TCGA por-
tals). LUAD: lung adenocarcinoma; VEGF-C: vascular endothelial growth factor C.
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Figure 3. (a) A composite gene-gene functional interaction network. (b) GO of VEGF-C in LUAD. (c) KEGG pathway of VEGF-C 
in LUAD. LUAD: lung adenocarcinoma; VEGF-C: vascular endothelial growth factor C.
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as BI-2536 and BRD-A94377914.

Discussion

The application of biomarkers can improve the accuracy of 
LUAD screening and diagnosis, a vital asset for clinical prac-
tice [19]. VEGF-C is particularly important for understanding 
LUAD because of its angiogenic and lymphangiogenic ability 
to mediate tumor cell dissemination [20]. GEPIA, UALCAN, 
TCGAportal, OncoLnc, LCE, GeneMANIA, Metascape, Im-
muCellAI, and GSCA online databases were utilized to explore 
the association of the levels of VEGF-C mRNA expression and 
outcomes in patients with LUAD. Our study demonstrated that 
VEGF-C was involved in prognostic related molecular mecha-
nisms in LUAD.

In our analysis, the expression level of VEGF-C mRNA 
was significantly higher in normal lung tissue than in LUAD 
tissue and different stages of LUAD patients had significantly 
different levels of VEGF-C mRNA expression. What’s more, 
OS of LUAD with low VEGF-C mRNA expression was sig-
nificantly increased compared to LUAD with high VEGF-C 
mRNA expression. A meta-analysis conducted among 21 stud-

ies also showed that high VEGF-C mRNA expression was as-
sociated with inferior LUAD OS (HR = 1.23, 95% CI, 1.15 
- 1.32). These results revealed that the expression levels of 
VEGF-C mRNA might be a valuable prognostic biomarker in 
LUAD.

VEGF-C can affect the immune system such that tumor 
cells may escape and stimulate uncontrolled cell proliferation 
and tumor formation [21]. However, although survival signifi-
cance of Tr1 cells and CD4 cell infiltrations were observed in 
this study, our analysis does not find any correlation between 
CD4+ T cells and Tr1 cells and VEGF-C. Similar findings with 
our study, Wakabayashi et al have found that CD4+ T cells in 
cancer stroma were associated with a favorable prognosis in 
human non-small cell lung cancer (NSCLC) [22]. Similarly, 
another study has observed that CD4+ T-cell infiltration corre-
lated with a favorable prognosis was observed in sarcoma [23], 
although this phenomenon was correlated with poor survival in 
breast cancers [24]. Bonnal et al found that the EOMES+ Tr1-
like cells not only correlate with the progression of NSCLC 
but are also associated with response to programmed death-1 
(PD-1) immunotherapy [25].

There was a significant association between VEGF-C 
expression and mutant TP53 and NF1. Fukuyama et al also 

Figure 4. Tr1 cells (a) and CD4 T cells (b) were correlated with OS in LUAD. Tr1 cells (c) and CD4 T cells (d) were not correlated 
with VEGF-C expression in LUAD. LUAD: lung adenocarcinoma; VEGF-C: vascular endothelial growth factor C.
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observed that TP53 has been shown to be a negative prog-
nostic marker for LUAD [26]. Missense mutant in the TP53 
tumor-suppressor gene might drive programmed death li-
gand-1 (PD-L1) expression through BCL2L1/JAK3/STAT1 

pathway [27]. In advanced LUAD patients, TMB was higher 
in patients with TP53-mutant group than TP53 wild group 
[27]. TMB is a predictive biomarker in patients with LUAD 
treated with anti-PD-1/CTLA-4 combination immunotherapy 

Figure 5. Correlation between VEGF-C expression and drugs sensitivity from GDSC (a) and CTRP (b). VEGF-C: vascular en-
dothelial growth factor C.
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[28]. TP53 was the most frequently mutated gene in NSCLCs 
harboring NF1 mutation [29]. Inhibition of vascular en-
dothelial growth factor receptor 3 (VEGFR3), a receptor of 
VEGF-C, could upregulate p53 protein expression in A549 
cells. Upregulation of p53 protein expression after VEGFR3 
inhibition decreased chemotherapy resistance and improved 
chemosensitivity [30].

Furthermore, GeneMANIA database analysis showed that 
VEGF-C interacted with genes including FLT4, VEGFD, KDR, 
and others. VEGF was the mainly differentially expressed 
gene by GO analysis, and focal adhesion signaling pathway 
was mostly involved in the LUAD by KEGG analysis. Func-
tion analysis showed that VEGF-C was associated with EGFR 
TKI resistance. Moehler et al conducted a phase I study to test 
the efficacy of afatinib, an EGFR TKI, in chemotherapy naive 
patients with advanced cholangiocarcinoma [31]. Before ad-
ministration of afatinib, responders had a lower serum level of 
VEGF-C than non-responders; after therapy, responders dem-
onstrated a decrease of VEGF-C compared to non-responders 
[31]. Apatinib, a highly selective VEGFR2 inhibitor, signifi-
cantly potentiated the antitumor effect of gefitinib in NSCLC 
with T790M-related EGFR TKI resistance [32]. VEGF-C may 
activate autocrine VEGFR2 signaling to promote cell survival 
in glioblastoma [33]. What’s more, we observed that the sensi-
tivity of 5-fluorouracil was positively correlated with VEGF-
C, and the sensitivity of TGX221 was negatively correlated 
with VEGF-C. The activity of BI-2536 and BRD-A94377914 
was positively correlated with VEGF-C. These findings may 
need to be validated in further studies with larger sample sizes 
and prospective study designs.

Our study also has several limitations that need to be con-
sidered. First, it was a retrospective study to evaluate the im-
pact of VEGF-C mRNA on outcome of LUAD patients, and 
further prospective studies are needed to confirm its prognos-
tic role. Second, due to lack of detailed information, some clin-
icopathological features (such as smoking and drinking status, 
family history, lymphovascular invasion, tumor size, and so 
on) may have had an impact on VEGF-C expression. Third, 
molecular functions and biological effects of VEGF-C in 
LUAD should be intensively studied in future investigations.

In conclusion, high VEGF-C mRNA expression predicts 
poor LUAD prognosis. VEGF-C may also be used as a bio-
marker for immunotherapy. In addition, our study shows that it 
is possible to identify the optimal LUAD population for anti-
VEGF-C therapy.
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