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Abstract: Objective: Inhibin B (INHB) is one of the TGF-β superfamily member, consisting of α (INHA) and βB (INHBB) 
subunits. Studies have found that TGF-β receptor 3 (TGFBR3) binds to a convex α subunit on the surface of INHB, 
and enhances the binding affinity of activin receptor type-2 (ACVR2A/B) to INHβ subunit. This study tried to evaluate 
the roles of INHB subunits and its receptors (INHA, ACVR2A, ACVR2B, INHBB, TGFBR3) as prognostic biomarkers 
and therapeutic targets for the effective treatment of lung adenocarcinoma (LUAD). Methods: We analyzed INHB 
subunits and its receptors’ expression and the influence of LUAD from Oncomine, GEPIA, HCMDB, CancerSEA, 
TIMER databases and so on. Then, 41 cases of cancer tissue and 41 cases of adjacent epithelium were detected in 
LUAD patients by immunohistochemistry. Results: INHA, ACVR2A, ACVR2B, INHBB were up-regulated while TGFBR3 
was down-regulated in LUAD. INHA, ACVR2A and TGFBR3 were found to be strongly associated with high-grade ma-
lignancies and advanced TNM, only TGFBR3 expression was negatively correlated with LUAD metastasis probably 
mainly through cell adhesion molecules and the PI3K-Akt signaling pathway, univariate and multivariate analysis 
suggested that overall survival was lower in LUAD cases with low TGFBR3 levels. Further analysis revealed that 
low TGFBR3 expression was related to reduced infiltration of immune cells into the LUAD, promoting metastasis of 
LUAD cells. TGFBR3 expression negatively correlates with lymphatic metastasis and clinical stage in patients with 
LUAD. Conclusion: TGFBR3 could be a potential new metastatic biomarker for LUAD, with potential application as a 
prognostic marker and for immunotherapy of LUAD.
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Introduction

Lung cancer is one of the most common can-
cers (11.6%), and has a high associated mor- 
tality rate (18.4%) [1]. At present, 8.2 million 
lung cancer patients die every year globally, 
and it is estimated that by 2030, the number  
of death will rise to 10 million [2, 3]. Non-small 
cell lung cancer (NSCLC) accounts for approxi-
mately 85% of lung cancer incidence, and lung 
adenocarcinoma (LUAD) is the most prevalent 
subtype of NSCLC [4]. The diagnosis of LUAD is 
dependent primarily on imaging and pathologi-
cal examination, and it is challenging to diag-
nose lung cancer at its early stage. Further- 
more, LUAD is characterized by a high muta-
tional burden [5]. As a result, although various 
means have been provided for the treatment  
of LUAD, such as radiotherapy, surgery, chemo-

therapy, immunotherapy, and targeted molecu-
lar drugs, the prognosis is still unsatisfactory 
and the fiveyear survival rate is low [6, 7]. 
Therefore, it is critical to find out helpful prog-
nostic biomarkers and therapeutic targets for 
the effective treatment of LUAD.

Inhibin (INH) is one of the transforming growth 
factor-β (TGF-β) superfamily, consisting of α 
and β (βA and βB) subunits, with isomers of the 
two subunits forming inhibin A (α and βA) and 
inhibin B [α (INHA) and βB (INHBB)], respective-
ly. INHB is mainly secreted by germ cells and 
acts as a negative feedback regulator of Fol- 
licle-stimulating hormone (FSH). Activin (ACT), 
another of the TGF-β superfamily, is a homodi-
mer composed of β subunits with 63% amino 
acid homology to the mature growth factor 
region of the INHβ subunit [8]. INH can antago-
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nize ACT signal transduction for biological func-
tion. INH binds to the activin receptor type-2 
(ACVR2) and competitively inhibits the ACT sig-
naling pathway [9].

Subunit β binds specifically to ACVR2. However, 
it was found that ACVR2 has a 10-fold lower 
INH binding affinity than ACT and fails to stimu-
late intracellular signaling. Therefore, higher 
concentrations of INH are required to inhibit 
ACT activity through theoretical receptor antag-
onism [10, 11]. However, it was found that INH 
can compete with ACT signaling at the same 
concentration of ACT molecules, suggesting 
that INH may have higher affinity for binding 
proteins or co-receptors for cell-specific signal-
ing [10]. Chapman SC et al. found that trans-
forming growth factor β receptor 3 (TGFBR3) 
binds to a convex α subunit on the surface  
of INH and enhances the binding affinity of 
ACVR2A/B to INHβ subunit [12]. So, INH-
ACVR2A/B-TGFBR3 forms a high-affinity terna-
ry complex that antagonizes ACT signal trans- 
duction.

The research of INHB on oncology is limited 
mainly to reproductive system tumors. Our pre-
vious research has found that INH βB inhibited 
invasion and metastasis of nasopharyngeal 
carcinoma cells through the TGF-β/Smads sig-
naling pathway [13]. As to the mechanism, we 
found that INHB subunits and INHB receptors 
are differentially expressed in lung cancer. In 
this study, we intend to analyze the effect of 
INHB on lung cancer through bioinformatics in 
this manuscript.

Materials and methods

Oncomine analysis

The mRNA expression of INHB was analyzed  
in the Oncomine database (http://www.onco-
mine.org) [14], including the transcription le- 
vels of INHB α subunit (INHA) and βB subunit 
(INHBB) and receptors (ACVR2A, ACVR2B and 
TGFBR3) in LUAD were compare with those in 
normal controls. Fold change >1.5 with P val-
ues <0.01 was considered statistically signifi- 
cant.

UALCAN analysis

The UALCAN platform (http://ualcan.path.uab.
edu) was used to depict the expression profile 
for INHB and its receptors (INHA, ACVR2A, 
ACVR2B, INHBB, TGFBR3) in LUAD patients  

and explore expression profile of these pro- 
teins based on clinicopathologic factors [15]. 
The GEPIA platform (http://gepia.cancer-pku.
cn) was performed for analyzing the RNA 
sequencing expression of INHB and its recep-
tors from the TCGA and the GTEx projects with 
a standard processing pipeline, including ac- 
cording to pathological stages [16].

The Kaplan-Meier plotter analysis 

The prognostic significance of INHB (INHA, 
ACVR2A, ACVR2B, INHBB, TGFBR3) in LUAD 
was assessed by the Kaplan-Meier plotter 
(https://kmplot.com/analysis) [17], shortlisted 
patients were carved up high and low groups 
based on expression the gene, we assessed 
the association with overall survival (OS), first 
progression (FP), post progression survival 
(PPS) in LUAD patients at risk values by R soft-
ware package (version 3.6.3) [18], which was 
denoted by log rank P-value and hazarded ratio 
(HR) with 95% confidence intervals.

Cancer SEA analysis

To further understand the function of these 
genes, we used the Cancer SEA, an online  
database comprehensively decoding distinct 
functional states of cancer cells at single-cell 
resolution (http://biocc.hrbmu.edu.cn/Cancer- 
SEA) [19], to analyze the correlations bet- 
ween INHB (INHA, ACVR2A, ACVR2B, INHBB, 
TGFBR3) and functional states in different sin-
gle-cell datasets.

HCMDB analysis 

To understand the relationship between INHB 
and LUAD metastasis, HCMDB, an online data-
base designed to store and analyze the large-
scale expression of cancer metastasis (http://
Human Cancer Metastasis Database) [20], was 
examined the expression of metastasis-associ-
ated genes. We analyzed the expression of 
INHB (INHA, ACVR2A, ACVR2B, INHBB, TGF- 
BR3) in LUAD metastasis samples of GSE1987 
and the co-expression of the genes.

PPI networks analysis 

The STRING database (https://string-db.org, 
version 11.0) was used for analysis of the 
molecular interactions between TGFBR3 and 
co-expression genes from HCMDB database 
(The confidence score >0.4 was considered 
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statistically significant) [21]. Then, we perform- 
ed Cytoscape (version 3.8.2) to visualize the 
molecular interaction networks [22].

GO/KEGG pathway enrichment analysis 

The R software package performed GO/KEGG 
enrichment analyse of TGFBR3 and co-expres-
sion genes (version 3.6.3) [18]. P<0.05 was 
considered statistically significant for GO anno-
tation enrichment analysis and KEGG pathway 
enrichment analysis.

TIMER database analysis 

The correlation of TGFBR3 expression with 
immune infiltration was determined using the 
TIMER (http://timer.cistrome.org/), we ana-
lyzed the abundance of six types of infiltrating 
immune cells (CD8+ T cells, CD4+ T cells, B 
cells, neutrophils, macrophages and myeloid 
dendritic cells), and the correlation between 
TGFBR3 expression and several immune cell 
markers to determine potential immune cell 
subtypes infiltrating patients with LUAD. 

Validation of TGFBR3 function in LUAD metas-
tasis

All the samples were obtained from September 
2019 to January 2021 at the Department of 
Oncology, the Second People’s Hospital of 
Hunan Province (Changsha, China). The study 
was approved by our institution’s ethics com-
mittee, and all participants gave informed con-
sent before inclusion. The patients’ mean age 
was 61 years (range, 48-76 years). The sam- 
ples included 41 cases of cancer and non-can-
cerous tissues of LUAD patients. Immunohis- 
tochemistry was carried out using a standard 
procedure as previously described. The results 
were determined by staining intensity and the 
number of positive cells [13]. The product of 
the two scores was taken as the total score ≥4 
was considered a high expression, while <4 
was considered a low one.

Statistical analysis

Statistical analysis was analysed by SPSS25.0 
software. Relationship between TGFBR3 ex- 
pression and clinicopathology, characteristics 
of LUAD patients were analyzed through 
Pearson χ2 and continuity correction χ2. In the 
data analysis of the database used in this  
manuscript, if homogeneity of variance test, T 
test was used to compare INHB and its recep-

tors transcription levels between lung adeno-
carcinoma and normal tissues, if heterogeneity 
of variance test, Mann-Whitney U test was 
selected. The expression difference of INHB 
and its receptors among different clinical char-
acteristics was tested by One-Way analysis of 
variance (Kruskal-Wallis Test). DeLong’s test  
for the ROC curve of INHB and its receptors for 
LUAD. Kaplan-Meier method was used for sur-
vival analysis in patients with LUAD. Univariate 
and multivariate regression analysis for TG- 
FBR3 and clinicopathologic parameters with 
OS, FP and PPS in LUAD patients. Spearman’s 
correlation analysis for correlations between 
TGFBR3 and gene markers of immune cells.

Results

INHB and its receptors expression in LUAD 
patients

We analyzed the INHB (including INHA and 
INHBB) expressions and its receptors (includ-
ing ACVR2A, ACVR2B, and TGFBR3) in lung  
cancer patients from the Oncomine database. 
Compared with normal lung tissue, there were 
no variation in INHA expression and high 
expression levels of INHBB, ACVR2A and 
ACVR2B compared to normal lung tissues,  
and ACVR2B expression was increased, while 
TGFBR3 expression was decreased in cancer 
tissues compared to lung cancer patients 
(Figure 1A; Table 1). There were eight signifi-
cant datasets for the low expression of TGF- 
BR3 (P<0.001) and one significant dataset for 
the high expression of INHBB (P<0.001) from 
the Oncomine database (Figure 1B-J).

The relationship of INHB and its receptors’ ex-
pression with clinicopathologic characteristics 
in LUAD patients

To improve the reliability of the results of the 
above bioinformatic analysis, we further ana-
lyzed the INHB levels and clinical data in TCGA 
(INHA, ACVR2A, ACVR2B, INHBB, TGFBR3) for 
513 patients with the clinical characteristics 
shown in Table 2; unpaired comparisons tu- 
mors and patients in the INHB and UALCAN 
databases, the expression levels of INHA, 
INHBB and ACVR2B were elevated (P<0.001, 
<0.01, <0.001, respectively), while the expres-
sion levels of ACVR2A and TGFBR3 were down-
regulated (P<0.05, <0.001, respectively) in 
LUAD patients (Figure 2A). Paired comparison 
of INHB and its receptors’ expression in tu- 
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Figure 1. Inhibin B and its receptors expression in LUAD patients (Oncomine). A. Red represents up-regulation and blue represents down-regulation in the tumor 
tissues. The color is determined by the best gene rank percentile for the analyses. The number within cells means the number of datasets. B-I. The expression of 
TGFBR3 in LUSD patients in eight datasets. J. The expression of INHBB in LUSD patients in one datasets. (INHA: Inhibin α subunit; INHBB: Inhibin βB; ACVR2A: 
activin receptor type-2A; ACVR2B: activin receptor type-2B; TGFBR3: transforming growth factor β recetor 3; LUAD: lung adenocarcinoma).
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Table 1. INHBB/TGFBR3 Significant Changes in Transcription Levels in Lung Adenocarcinoma and 
Normal Tissue (Oncomine)

Cancer and Normal Type Fold Change P-value t-Test Reference Data
INHBB Lung Adenocarcinoma 4.896 5.80E-9 6.320 Beer Lung (96)
TGFBR3 Lung Adenocarcinoma -32.278 7.231E-11 -11.303 Bhattacharjee Lung (149)

Lung Adenocarcinoma -5.355 2.25E-34 -18.633 Landi Lung (107)
Lung Adenocarcinoma -4.558 2.62E-14 -10.829 Su Lung (57)
Lung Adenocarcinoma -4.344 4.41E-24 -18.553 Okayama Lung (246)
Lung Adenocarcinoma -4.606 2.16E-37 -19.117 Selamat Lung (116)
Lung Adenocarcinoma -6.808 4.83E-12 -9.541 Beer Lung (96)
Lung Adenocarcinoma -6.330 3.34E-20 -12.985 Hou Lung (110)
Lung Adenocarcinoma -6.154 6.78E-8 -7.451 Stearman Lung (39)

Note: INHBB: inhibin βB subunit; TGFBR3: transforming growth factor β recetor 3.

Table 2. Clinical Characteristics of the Lung Adenocarcinoma 
Patients (TCGA)
Characteristic N %
Gender Female 276 53.8

Male 237 46.2
Age ≤65 238 48.2

>65 256 51.8
Race Asian 7 1.6

Black or African American 54 12.0
White 387 86.4

Pathologic stage Stage I 274 54.3
Stage II 121 24.0
Stage III 84 16.6
Stage IV 26 5.1

T stage T1 168 33.0
T2 276 54.1
T3 47 9.2
T4 19 3.7

N stage N0 330 65.9
N1 95 19.0
N2 74 14.7
N3 2 0.4

M stage M0 344 93.2
M1 25 6.8

Smoker No 74 14.8
Yes 425 85.2

Number pack years smoked <40 174 49.6
≥40 177 50.4

Anatomic neoplasm subdivision Central Lung 62 32.8
Peripheral Lung 127 67.2

Primary therapy outcome PD+SD 105 24.6
PR+CR 321 75.4

Note: PD: progressive disease; SD: stable disease; PR: partial response; CR: com-
plete response.

mors and regular patients 
from the UALCAN database, 
the expression of ACVR2A had 
no difference, the expression 
levels of INHA, INHBB, and 
ACVR2B were up-regulated 
(P<0.001, <0.01, <0.01, res- 
pectively). In contrast, the ex- 
pression TGFBR3 were down-
regulated (P<0.001) in LUAD 
patients (Figure 2B). 

The TCGA database found 
INHB and its receptors to dis-
tinguish LUAD from normal. 
ROC curve analysis showed 
that the area under the  
curve (AUC) of INHA, ACVR2A, 
ACVR2B, INHBB, and TGFBR3 
in diagnosing LUAD were 
0.820, 0.548, 0.724, 0.646, 
and 0.970, respectively. TGF- 
BR3 had higher specificity 
(91.2%), sensitivity (91.5%) 
and diagnostic efficiency (Fig- 
ure 2C; Table 3).

We further found that in LUAD 
patients, INHA, ACVR2A, and 
TGFBR3 were significantly  
correlated with pathological 
stage from the GEPIA data-
base (Figure 2D-H). Also, 
INHA, ACVR2A, and TGFBR3 
were significantly correlated 
with lymphatic metastasis 
from the UALCAN database 
(Figure 2I-M), while ACVR2B 
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Figure 2. Inhibin B and its receptors expression of patients with LUAD according to different clinical characteristics (UALCAN and GEPIA). A. Unpaired comparison 
of INHB and its receptors expression in tumors and normal patients from the UALCAN; B. Paired comparison of INHB and its receptors expression in tumors and 
normal patients from the UALCAN; C. The ROC curve of INHB and its receptors for LUAD. D-H. INHB and its receptors were significantly correlated with pathological 
stage from the GEPIA; I-M. INHB and its receptors were significantly correlated with lymphatic metastasis from the UALCAN.
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and INHBB had did not correlate with patho- 
logical stage and lymphatic metastasis (Figure 
2D-M). 

The association of INHB and the expression of 
its receptors with prognosis in LUAD patients

Since INHB and its receptors were associat- 
ed with pathological stage and lymphatic 
metastasis of LUAD patients, we continued to 
analyze whether these genes were associated 
with prognosis using Kaplan-Meier plots. The 
results demonstrated that the expression of 
INHA, ACVR2A, ACVR2B, and TGFBR3 were sig-
nificantly correlated with OS prognosis, while 
the expression of INHBB was not correlated 
(Figure 3A-E), the LUAD patients with low 
expression of INHA and ACVR2B, High expres-
sion of TGFBR3 and ACVR2A had a better prog-
nosis of OS (P<0.001, 0.014, <0.001, <0.001, 
respectively). The expression of INHA, ACVR2A, 
and TGFBR3 were significantly associated with 
the prognosis of FP. At the same time, ACVR2B 
and INHBB were not associated (Figure 3F-J), 
the LUAD patients with low expression of INHA, 
High expression of TGFBR3 and ACVR2A had a 
better prognosis of FP (P<0.001). Only INHA 
expression was strongly associated with the 
prognosis of PPS, while the expression of the 
other four genes was not associated (Figure 
3K-O), the LUAD patients with low expression  
of INHA had a better prognosis of PPS 
(P=0.0034).

The functional relevance of scRNA-seq of INHB 
and its receptors in LUAD

The above analysis could be concluded that 
among INHB and its receptors, INHA, ACVR2B 
and TGFBR3 were associated with lymphatic 
metastasis and prognosis of LUAD patients.  

We further analyzed the correlation between 
ACVR2A, TGFBR3 and the metastasis of LUAD 
(Figure 5A-E). In the cancer metastasis data-
base, HCMDB, we located the GSE1987 datas-
et about the metastasis of LUAD. Only TGFBR3 
had differential expression (P<0.001). Based 
on the results of above database, we choosing 
TGFBR3 for further bioinformatics analysis.

The major genes co-expressed with the TGF- 
BR3 gene in LUAD were checked using GSE- 
1987, and protein-protein interaction (PPI) net-
works were generated in the STRING protein 
interaction database and imported into the 
Cytoscape bioinformatics software platform 
(Version 3.8.2) for visualization (Figure 5F) and 
further analysis, glypican 3 (GPC3) and fibro-
blast growth factor receptor 1 (FGFR1) were 
considered to be important proteins in contact 
with TGFBR3 molecule in LUAD. The results of 
functional annotation enrichment analysis 
demonstrated that the co-expressed genes 
were considerably enriched in biological pro-
cesses in particular positive regulation of phos-
phatidylinositol 3-kinase signaling, response to 
corticosteroid and muscle organ development, 
molecular functions such as extracellular ma- 
trix structural constituent, glycosaminoglycan 
binding and heparin binding, and cellular com-
ponents such as external side of plasma mem-
brane, cortical cytoskeleton and collagen-con-
taining extracellular matrix. The enriched KEGG 
pathways included PI3K-Akt signaling, regu-
lates lipolysis and cell adhesion molecules in 
adipocytes (Figure 5G).

Lower TGFBR3 mRNA expression showing 
shorter OS and FP in LUAD patients

Next, we probed the potential connection of 
TGFBR3 expression in LUAD. By incorporating 

Table 3. Diagnostic Efficiency of INHB and its receptors for LUAD 
(TCGA)

Predictor Cut-off 
Value Sensitivity Specificity

Positive 
Predictive 

Value

Negative 
Predictive 

Value

Youden 
Index

INHA 0.260 0.607 0.983 0.997 0.216 1.591
ACVR2A 1.431 0.366 0.814 0.947 0.124 1.180
ACVR2B 0.911 0.505 0.864 0.971 0.161 1.369
INHBB 2.651 0.514 0.763 0.952 0.148 1.277
TGFBR3 2.455 0.912 0.915 0.990 0.535 1.827
Note: INHA: inhibin α subunit; ACVR2A: activin receptor type-2A; ACVR2B: activin 
receptor 2B; INHBB: inhibin βB subunit; TGFBR3: transforming growth factor β 
recetor 3.

We investigated further and 
found out the levels of AC- 
VR2A and TGFBR3 expression 
had a significant correlation 
between angiogenesis and 
metastasis among 14 func-
tional states using the single-
cell sequencing database, 
Cancer SEA. In contrast, INHA 
had no functional relevance in 
LUAD (Figure 4). 

Validation of the relationship 
between TGFBR3 and lung 
adenocarcinoma metastasis 
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Figure 3. The association of Inhibin B and its receptors expression with prognosis in LUAD patients (Kaplan-Meier plots). A-E. The expression of INHA, ACVR2A, 
ACVR2B and TGFBR3 were significantly associated with the prognosis of overall survival while INHBB expression was no association. F-J. The expression of INHA, 
ACVR2A and TGFBR3 were significantly connected with the prognosis of first progression while ACVR2B and INHBB were no connection. K-O. Only INHA expression 
was substantially related to the prognosis of post progression survival while the expression of other four genes were no relation. OS: overall survival; FP: first pro-
gression; PPS: post-progressive survival.
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clinical and pathological data into a Kaplan-
Meier plot, we investigated the relationship 
between TGFBR3 expression and clinicopatho-
logical features in LUAD patients. According to 
the univariate Cox model, both low TGFBR3 
expression and high phase were negative pre-
dictive factors for LUAD patients (P<0.001, 
P=0.039, respectively) (Figure 6A). For FP, low 
TGFBR3 expression was a negative predictor  
in LUAD patients (P<0.001) (Figure 6B). Also, 
gender and smoking history correlated with OS 
and FP (P<0.05). In the multivariate Cox model, 
TGFBR3 expression was an independent factor 
correlated with OS (P=0.0232) and FP (P= 
0.0105) (Figure 6D, 6E). TGFBR3 expression 
and clinicopathologic characteristics had no 
correlation with PPS in LUAD patients, both  
univariate and multivariate Cox models (Figure 
6C, 6F).

Correlation of TGFBR3 expression with im-
mune infiltration level in LUAD 

Immune cells in the tumor microenvironment 
influence the survival of cancer patients, and 
previous analysis showed that lower TGFbR3 
expression was suggestive of tumor metasta-
sis in LUAD. TGFBR3 expression is suggestive  
of tumor metastasis in LUAD. Therefore, Ex- 

05) in LUAD, but no association with B cells 
(Rho=0.029, P=0.520) (Figure 7). 

With the purpose of further investigate the 
potential role of TGFBR3 in the infiltration of 
immune cells in LUAD, we performed the cor-
relation between TGFBR3 expression and sev-
eral immune cell markers using the TIMER 
database, such as B cells, CD8+ T cells, T cells, 
M1/M2 macrophages, tumor-associated mac-
rophages (TAM), monocytes, neutrophils, NK 
(natural killer cell) and DC. After adjusting for 
tumor purity, the TGFBR3 expression level was 
significantly correlated with 36 out of 52 im- 
mune cell markers in LUAD. We found a high 
correlation of expression with DC cells, but not 
with CD8+ T cells, T cell depletion and NK cells. 
There was no correlation with CD8+ T-cell mar- 
kers, T-cell depletion and NK cells (Table 4).

Validation of TGFBR3 expression with metasta-
sis in LUAD patients

We performed immunohistochemistry on can-
cer tissues from 41 LUAD patients and 41  
adjacent epithelial tissues and showed that 
TGFBR3 positive signals in pulmonary gland 
epithelial tissues, mainly localized in the cell 
membrane and cytoplasm (Figure 8). TGFBR3 

Figure 4. The functional relevance of INHB and its receptors in LUAD pa-
tients (CancerSEA). INHA had no functional relevance in LUAD patients, 
there were the significant correlation of angiogenesis metastasis in ACVR2A 
and TGFBR3 across 14 functional states. Red represents positive correla-
tion and blue represents negative correlation in the Heat map. The color is 
determined by the rank of relevance.

ploring the immune infiltra- 
tion and TGFBR3 expression 
would be significant. We ana-
lyzed whether TGFBR3 ex- 
pression correlated with the 
infiltrating immune cells and 
markers in LUAD by counting 
the coefficient of TGFBR3 ex- 
pression and infiltrating im- 
mune cells and markers in 
TIMER.  

The results suggested that 
TGFBR3 expression had ne- 
gative connected with tu- 
mor purity in LUAD (Rho= 
-0.239, P=7.38e-08), while 
TGFBR3 expression had posi-
tive correlations with CD8+ T 
cells (Rho=0.169, P=1.64e- 
04), CD4+ T cells (Rho= 
0.205, P=4.25e-06), neutro-
phils (Rho=0.184, P=3.94e- 
05), macrophages (Rho=0.28, 
P=2.49e-10), and dendritic 
cells (Rho=0.176, P=8.35e- 
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Figure 5. The differential expression and co-expression of Inhibin B in metastasis samples of LUAD. A-E. The differential expression of INHB in metastasis samples 
of LUAD (HCMDB). F. The genes co-expressed with TGFBR3 from HCMDB constructed in the STRING database. G. GO/KEGG pathway enrichment analysis of genes 
co-expressed with TGFBR3.
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Figure 6. Univariate and multivariate regression analysis of TGFBR3 and clinicopathologic parameters with OS, FP and PPS in LUAD patients. Red squares represent 
hazard ratio. Short bars appear due to limited sample size for parameters and hazard ratio cannot be calculated. OS: overall survival; FP: first progression; PPS: 
post-progressive survival.

Figure 7. Correlation of TGFBR3 expression with immune infiltration level in LUAD. TGFBR3 expression has significant negative correlation with tumor purity and 
significant positive correlation with infiltrating levels of CD8+ T cell, CD4+ T cell, neutrophil, macrophage and myeloid dendritic cell. 
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Table 4. Correlations between TGFBR3 and Gene Markers of Im-
mune Cells in TIMER

Cell type Gene marker
None Purity

Rho P Rho P
B cell CD19 0.205 *** 0.103 0.023

CD20 (KRT20) 0.140 * 0.124 0.006
CD38 0.132 * 0.053 0.239

CD8+ T cell CD8A 0.105 0.017 0.002 0.958
CD8B 0.054 0.217 -0.036 0.422

Tfh CXCR5 0.303 *** 0.215 ***
BCL6 0.225 *** 0.221 ***
ICOS 0.214 *** 0.102 0.024

Th1 IL12RB2 0.011 0.811 -0.044 0.325
T-bet (TBX21) 0.207 *** 0.121 **

STAT6 0.266 *** 0.287 ***
TNF-α 0.165 ** 0.068 0.129

WSX1 (IL27RA) 0.15 ** 0.102 0.024
Th2 CCR3 0.103 0.020 0.059 0.19

STAT6 0.266 *** 0.287 ***
GATA3 0.328 *** 0.268 ***

Th9 TGFBR2 0.603 *** 0.585 ***
IRF4 0.255 *** 0.165 **

PU.1 (SPI1) 0.275 *** 0.207 ***
Th17 STAT3 0.28 *** 0.292 ***

IL21R 0.201 *** 0.09 0.046
IL23R 0.281 *** 0.238 ***
IL17A -0.020 0.643 -0.085 0.059

Th22 CCR10 -0.007 0.877 -0.021 0.645
AHR 0.312 *** 0.286 ***

Treg FOXP3 0.201 *** 0.105 0.020
CD25 (IL2RA) 0.16 ** 0.076 0.094

CCR8 0.255 *** 0.172 **
T cell exhaustion PD1 (PDCD1) 0.054 0.223 -0.061 0.176

CTLA4 0.131 * 0.018 0.682
LAG3 0.023 0.601 -0.075 0.096

TIM3 (HAVCR2) 0.215 *** 0.134 **
Macrophage CD68 0.296 *** 0.249 ***

CD11b (ITGAM) 0.345 *** 0.294 ***
M1 INOS (NOS2) 0.25 *** 0.217 ***

COX2 (PTGS2) 0.139 * 0.144 **
M2 CD163 0.324 *** 0.274 ***

ARG1 0.214 *** 0.215 ***
MRC1 0.439 *** 0.407 ***

TAM CCL2 0.245 *** 0.18 ***
CD80 0.290 *** 0.213 ***
CD86 0.259 *** 0.185 ***

Monocyte CD14 0.158 ** 0.087 0.053
CD16 (FCGR3B) 0.226 *** 0.186 ***

Neutrophil CD66b (CEACAM8) 0.348 *** 0.359 ***

expression was down-regulat-
ed in LUAD tissue (21 low 
expression cases of 41 cases, 
51.2%) compared with non-
cancerous epithelium (8 of  
41, 19.5%), with statistical  
significance (χ2=9.016, P= 
0.003). Furthermore, TGFBR3 
expression negatively corre-
lates with lymph node metas-
tases and clinical stage in 
patients with LUAD (P=0.019, 
P=0.012, respectively), which 
validated the above database 
analysis that low TGFBR3 was 
associated with LUAD metas-
tasis (Table 5).

Low expression of TGFBR3 
may promote the metastasis 
of LUAD 

After a thorough analysis of 
the above data, we found that 
low TGFBR3 expression in 
LUAD can affect the tu- 
mor microenvironment throu- 
gh PI3K-Akt signaling, regula-
tion of adipocyte lipolysis  
and cell adhesion molecules. 
The microenvironment, which 
regulates adipocyte lipolysis 
and cell adhesion molecules, 
leads to a diminish in macro-
phages and dendritic cells. 
This leads to a reduction of 
macrophages and dendritic 
cells, resulting in immune 
escape or immunodeficiency, 
which promotes distant meta- 
stasis of lung adenocarcino-
ma (Figure 9). 

Discussion

Inhibins have a similar β sub-
unit as activins and usually 
perform biological functions 
by inhibiting activins. INHB is 
produced principally by granu-
losa cells of growing ovarian 
follicles and testicular sertoli 
cells, so related research is 
mainly on reproductive sys-
tem diseases [23]. ACVR2A/B 
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is the receptor of the βB subunit of INHB, and 
TGFBR3 may be the co-receptor of the α sub-
unit of INHB [24]. We have found that INHB was 
differentially expressed in LUAD tissues (data 
not shown). Therefore, we performed bioinfor-
matics to analyze whether INHB and its recep-
tors would influence the progression of LUAD.

We analyzed the role of INHB and its receptor 
expression during tumorigenesis and progres-
sion, as well as metastasis and prognosis of 
LUAD, based on several databases, including 
TCGA, HCMDB, and TIMER. Not surprisingly, 
INHB and its receptors were differentially 
expressed in LUAD, where TGFBR3 was down-
regulated. In addition, INHB and its receptors 
could predict the tumorigenesis of LUAD, and 
TGFBR3 had preferable specificity and sen- 
sitivity (Figure 1; Table 1). Studies showed that 
Ovarian and testicular malignant germ cell 
tumors expressed positive staining for inhibin/
activing α, βA and βB subunits [25]. INHBB  
was strongly enhanced in some hepatocellular 
carcinoma [26]. Pancreatic cancer tissues 
markedly over-expressed the inhi�����������  bin βA sub-
unit, ACVR1 and ACVR2, whereas the βB sub-
unit was only moderately increased compared 
to standard pancreatic samples [27]. INHBA 
mRNA and protein expression were commonly 
elevated in primary human NSCLC. They were a 
critical autocrine factor maintaining mesenchy-
mal properties of cancer-initiating cells to pro-
mote metastasis in NSCLC [28]. Eduardo Listik 
et al. found using bioinformatic analysis lung 
adenocarcinoma and renal clear cell carcino- 
ma with high INHA expression [29]. All of the 
above indicated that INHB and its receptors 
were differentially expressed in tumor tissues.

INHB and its receptors were associated with 
tumor progression and prognosis. The increas- 
ed INHA expression was a separate adverse 
prognostic factor in ovarian clear cell carcino-

sis [32]. Our analysis also showed that INHA, 
ACVR2A, and TGFBR3 were significantly corre-
lated with pathological stage from the GEPIA 
database and had diagnostic values (Table 3), 
and these were significantly correlated with 
lymphatic metastasis from the UALCAN data-
base (Figure 2). Furthermore, the expression of 
INHA, ACVR2A and TGFBR3 were significantly 
associated with the prognosis of OS and FP  
in LUAD patients (Figure 3). Listik et al. also 
found that using bioinformatic analysis INHA 
and TGFBR3 were predictors of survival in lung 
cancers [29]. In the multivariate Cox model, 
TGFBR3 expression was an independent factor 
correlated with OS and FP (Figure 6). 

Furthermore, we confirmed that TGFBR3 and 
ACVR2A expression is associated with LUAD 
metastasis in a single-cell sequencing data-
base (Figure 4). Orthotopic inoculation experi-
ments using immunocompromised mice indi-
cated that low TGFBR3 expression in clear-cell 
renal cell carcinoma (ccRCC) cells enhanced 
primary tumor formation and lung metastasis, 
loss of TGFBR3 endows ccRCC cells with multi-
ple metastatic abilities through TGF-β-depen- 
dent and independent pathways [33]. These 
results suggested that the low expression of 
TGFBR3 was related to the metastasis of the 
tumor. We further validated the results with a 
tumor metastasis database, HCMDB. Only 
TGFBR3 had differential expression in LUAD 
metastasis, TGFBR3 may influence functions  
of extracellular matrix structural constituent, 
glycosaminoglycan binding and heparin-bind-
ing, through PI3K-Akt signaling, regulation of 
lipolysis in adipocytes and cell adhesion mole-
cules pathways, thereby affected the metasta-
sis of LUAD (Figure 5). 

GPC3 and FGFR1 were also identified as the 
critical proteins that interact with TGFBR3 mol-
ecules in LUAD metastasis based on analysis 

CD15 (FUT4) 0.291 *** 0.256 ***
MPO 0.257 *** 0.213 ***

NK CD7 0.008 0.856 -0.088 0.051
XCL1 -0.022 0.616 -0.075 0.095

KIR3DL1 0.068 0.123 0.022 0.63
DC CD1C 0.421 *** 0.383 ***

CD141 (THBD) 0.46 *** 0.442 ***
Note: Tfh, follicular helper T cell; Th, T helper cell; Treg, regulatory T cell; TAM, 
tumor-associated-macrophage; NK, natural killer cell; DC, dendritic cell; None, 
correlation without adjustment; Purity, correlation adjusted for tumor purity; Rho, R 
value of Spearman’s correlation. *P<0.01, **P<0.001, ***P<0.0001.

ma. Loss of ACVR2A plays an 
essential role in cancer pro-
gression and distant metasta-
sis and may be a prognostic 
marker for patients with colon 
cancer [30, 31]. Comparison 
of mRNA from benign neuro-
blastic tumors and neuroblas-
tomas revealed that expres-
sion of TGFBR3 decreased 
with advancing stage of neu- 
roblastoma and this loss cor-
related with a poorer progno-



TGFBR3 for metastasis and immune infiltration in lung adenocarcinoma

5276	 Am J Transl Res 2022;14(8):5263-5279

with STING software. Glypican-3 (GPC3), a pro-
teoglycan bound to the cell membrane by a GPI 
anchor, is involved in the control of proliferation 
and survival. GPC3 could return mesenchymal-
like breast cancer cells to an epithelial pheno-
type, impair in vivo metastasis, and induces 
tumor dormancy through p38 MAPK signaling 
activation [34]. FGFR1 promoted the processes 
of EMT through AKT/MAPK signaling by target-

essential measure to improve anti-metastatic 
immunotherapy. 

Recently, studies have shown that the tumor 
immune microenvironment plays a critical role 
in tumorigenesis and metastasis. Tumor infil-
trating immune cells including tumor biology’s 
primary regulators in the tumor microenviron-
ment. The results shown that TGFBR3 expres-

Figure 8. The expression of TGFBR3 in part of LUAD and non-cancerous tissues was detected by immunohisto-
chemistry (×200). (A-D) is immunohistochemical images of corresponding cancer and non-cancerous tissues in 
4 patients with LUAD. (A1, B1) TGFBR3 was low expression in non-cancerous tissues; (C1, D1) TGFBR3 was high 
expression in non-cancerous tissues; (A2, B2, C2, D2) TGFBR3 was low expression in LUAD.

Table 5. Correlation between TGFBR3 and clinicopathologic param-
eters in patients with LUAD

Characteristics Sample 
(n)

TGFBR3 expression
χ2 P 

valueupregulate downregulate
Tissue
    cancer tissues 41 20 21 9.016 0.003
    non-cancerous tissues 41 33 8
Gender
    Male 24 11 13 0.201 0.654
    Female 17 9 8
Age
    ≤60 15 7 8 0.042 0.837
    >60 26 13 13
Lymphatic metastasis
    Metastasis 20 6 14 5.512 0.019
    No metastasis 21 14 7
Stage
    Stages I+II 27 17 10 6.366 0.012
    Stages III+IV 14 3 11
T stage
    T1+T2 34 16 18 0.005 0.943
    T3+T4 7 4 3

ing CCND1 and prompted 
cell proliferation and me- 
tastasis in lung squamous 
cell cancer [35]. Combin- 
ed with the above results, 
TGFBR3 may regulate the 
metastasis of LUAD th- 
rough the PI3K-Akt path-
way (Figure 9).

Immunotherapy has been 
used clinically against tu- 
mor metastasis, and stud-
ies have shown that me- 
tastasis could be prevent-
ed early by increasing the 
level of immune cells in pri-
mary tumors and circula-
tion. However, due to im- 
mune escape from tumor 
cells, T cells are often 
insufficient for complete 
control of the metastatic 
disease [36, 37]. There- 
fore, overcoming immuno-
suppression may be an 
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sion positively correlated with CD8+ T cells, 
CD4+ T cells, neutrophils, macrophages, and 
dendritic cells in LUAD. The TGFBR3 expres- 
sion level was significantly correlated with Th, 
Macrophage, TAM, DC, and Neutrophil cells 
markers. Further analysis of infiltrating im- 
mune cell markers revealed that M2 macro-
phage markers, such as MRC1, and DC mark-
ers, such as CD141, which are important 
antigen-presenting cells, were moderately cor-
related with TGFBR3 expression. In contrast, 
Th9 genetic markers, such as TGFBR2, were 
strongly correlated with TGFBR3 levels, sug-
gesting that the tumor immune microenviron-
ment in LUAD is regulated by TGFBR3 (Figure 7 
and Table 4), which may ultimately promote  
distant metastasis in LUAD and affect patient 
survival (Figure 9). In the early stages of pro-
gression of many human cancers, TGFBR3 
expression was downregulated [38], and dele-
tion of tumor-expressed TGFBR3 increases 
TGF-β signaling within the local DC population, 
and alterations in these DC populations medi-
ate Treg infiltration and suppression of antitu-
mor immunity, creating a state of immune to- 
lerance that further promotes tumor progres-
sion and metastasis [39]. Finally, we validated 
that TGFBR3 expression was down-regulated 

by examining tissues from 41 LUAD patients 
and that TGFBR3 expression negatively related 
to lymphatic metastasis and clinical staging 
(Figure 8 and Table 5).

This study has improved the comprehension of 
the relationship between TGFBR3 and lung 
adenocarcinoma, but still has some limita- 
tions. Most of these analytical data were 
obtained from the platform database and only 
preliminary in vivo validation has been per-
formed. The mechanism and role of TGFBR3 in 
tumor growth, metastasis and immune infiltra-
tion in vitro needs further investigation.

Conclusions

In conclusion, the expression of TGFBR3 was 
down-regulated, low TGFBR3 expression was 
related to poor prognosis and tumor metasta-
sis, and correlated with decreased immune 
cells infiltration in LUAD. Our results suggested 
that TGFBR3 could serve as a potential novel 
prognostic biomarker for LUAD. The low expres-
sion of TGFBR3 in LUAD may influence the tu- 
mor microenvironment the PI3K-Akt signaling 
pathway, leading to the reduction of macro-
phages and dendritic cells, resulting in immune 
escape or immune deficiency, thus promoting 

Figure 9. Low expression of TGFBR3 may promote the metastasis of LUAD. The low expression of TGFBR3 in LUAD 
may impact the tumor microenvironment through the PI3K-Akt signaling, regulation of lipolysis in adipocytes and 
cell adhesion molecules, leading to the reduction of macrophages and dendritic cells, and further promoting the 
distant metastasis of lung adenocarcinoma cells.



TGFBR3 for metastasis and immune infiltration in lung adenocarcinoma

5278	 Am J Transl Res 2022;14(8):5263-5279

the distant metastasis of LUAD cells and influ-
encing patient survival. These findings will have 
potential value not only for the role of TGFBR3 
but also for its translational application in LUAD 
prognosis and immunotherapy.
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