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Abstract 

Background: Inositol Polyphosphate‑5‑Phosphatase B (INPP5B), a inositol 5‑phosphatase, plays an important role in 
many biological processes through phosphorylating PI(4,5)P2 and/or PI(3,4,5)P3 at the 5‑position. Nevertheless, little is 
known about its function and cellular pathways in tumors. This study aims to investigate the potential role of INPP5B 
as a diagnostic and prognostic biomarker for lung adenocarcinoma (LUAD), as well as its biological functions and 
molecular mechanisms in LUAD.

Methods: TCGA, GEO, CTPAC, and HPA datasets were used for differential expression analysis and pathological strati‑
fication comparison. The prognostic and diagnostic role of INPP5B was determined by Kaplan–Meier curves, univari‑
ate and multivariate Cox regression analysis, and receiver operating characteristics (ROC) curve analyses. The potential 
mechanism of INPP5B was explored through GO, KEGG, and GSEA enrichment analysis, as well as GeneMANIA and 
STRING protein–protein interaction (PPI) network. PicTar, PITA, and miRmap databases were used for exploring miRNA 
targeting INPP5B. In molecular biology experiments, immunohistochemical analyses and Western blot analyses were 
used to determine protein expression. Co‑immunoprecipitation assay was used to detect protein–protein interac‑
tions. CCK8 assays and colony formation assays were used for the measurement of cell proliferation. Cell cycle was 
assessed by PI staining with flow cytometry. Cell migration was performed by Transwell assays and wound healing 
assays.

Result: INPP5B was decreased in LUAD tissues compared with normal adjacent tissues. And the low expression of 
INPP5B was associated with late‑stage pathological features. In addition, INPP5B was found to be a significant inde‑
pendent prognostic and diagnostic factor for LUAD patients. Hsa‑miR‑582‑5p was predicted as a negative regulator of 
INPP5B mRNA expression. INPP5B was significantly correlated with the expression of PTEN and the activity of PI3K/AKT 
signaling pathways, as determined by enrichment analysis and PPI network. In vitro experiments partially confirmed 
the aforementioned findings. INPP5B could interact directly with PTEN. INPP5B overexpression inhibited LUAD cell 
proliferation and migration while downregulating the AKT pathway.
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Introduction
Lung cancer is the leading cause of cancer-related death 
worldwide, with a disproportionately high incidence 
in Asia [1]. Lung adenocarcinoma (LUAD) remains 
the most prevalent type of lung cancer among all his-
tological subtypes, accounting for more than 40% of 
lung cancer cases [2]. Based on large-scale multi-omics 
studies of TCGA, LUAD could be further divided into 
three subtypes: terminal respiratory unit (TRU), proxi-
mal-proliferative (PP), and proximal-inflammatory (PI). 
The TRU subtype is characterized by lower tumor stage 
and proliferation, as well as better survival outcomes 
than the other two, while the PP subtype is the most 
malignant and characterized by rapid cell proliferation. 
Although there are several therapeutic options for lung 
cancer, including surgery, chemotherapy, radiotherapy 
and targeted therapy, the overall prognosis is still far 
from satisfactory, with a 5-year survival rate about 19% 
[3–5]. The difficulty in treating LUAD is mostly due to 
the high heterogeneity of LUAD [6]. Therefore, explor-
ing more efficient biomarkers is crucial for diagnosis, 
prognosis, and risk assessment of LUAD.

The PI3K/AKT signalling pathway plays a crucial role 
in LUAD pathogenesis. PI3K mediates AKT activation 
and modulates its downstream cellular functions via 
phosphorylating PI(4,5)P2 to PI(3,4,5)P3 [7]. This pro-
cess can be reversed by multiple phosphatase through 
the dephosphorylation at the 3-, 4-, and 5- positions [8]. 
For instance, PTEN, a well-characterized tumor sup-
pressor gene, is a 3-phosphoinositide phosphatase that 
dephosphorylates PI(3,4,5)P3 to PI(4,5)P2 and thus acts 
as an AKT suppressor [9]. Similarly, 5-phosphatases 
can dephosphorylate PI(4,5)P2 and/or PI(3,4,5)P3 at the 
5-position except for inositol polyphosphate 5-phos-
phatase A (INPP5A), suggesting their tumor sup-
pressive functionalities [10]. INPP5D was reported to 
negatively regulate PI3K-generated signals, and dele-
tion of INPP5D might lead to the disease progression of 
spontaneous B cell lymphomas [11, 12]. In addition, the 
down-regulation of INPP5E, INPP5J, and INPP5K was 
also observed in various cancers, such as gastric cancer, 
lung adenocarcinoma, and hepatocellular carcinoma 
[13–16]. Notably, there have been relatively few studies 

on the role of INPP5B compared with the other 5-phos-
phatases family members.

INPP5B belongs to the 5-phosphatases type II family 
and shares a conserved 5-phosphatase central domain 
with other family members, implying that it may have 
similar functions as other members [17]. INPP5B-
deficient mice did not show the characteristics of Lowe 
syndrome, while double-knockout mice for INPP5F 
and INPP5B were embryonically lethal, indicating that 
they possessed functional redundancy and were capa-
ble of substituting for one another in a particular activ-
ity [18]. On the one hand, INPP5B can directly hydrolyze 
PI(3,4,5)P3 at an early stages; on the other hand, it can 
dephosphorylate PI(4,5)P2, and hinder the formation of 
PI(3,4,5)P3 [19–21]. However, the functions and regula-
tory mechanisms of INPP5B in the field of oncology have 
never been reported.

The purpose of this study is to determine the diag-
nostic and prognostic role of INPP5B in LUAD, as well 
as its biological functions and the regulatory activity on 
the PI3K/AKT signaling pathway via combining bioin-
formatics and experimentation. Therefore, our results 
would shed light on a novel functionality of INPP5B in 
the development and progression of LUAD.

Materials and methods
Data acquisition/processing
The UCSC Xena browser (https:// xenab rowser. net/) was 
used to download Level 3 RNA-sequencing data from 
LUAD patients, which contains gene expression data 
and corresponding clinical information from The Can-
cer Genome Atlas (TCGA, v29.0) and Genotype-Tissue 
Expression Project (GTEx).

GeneChip data of 33 paired samples were downloaded 
from GSE10072 in the Gene Expression Omnibus (GEO) 
database (https:// www. ncbi. nlm. nih. gov/ geo/). This data-
set was used to validate the relationship between INPP5B 
expression and prognosis. Detailed methods were avail-
able in Additional file  1:  Supplementary Materials and 
Methods. The statistical data and information were pro-
vided in Additional file  2: Source data and  Additional 
file 3: Table S1.

Conclusion: Our results demonstrated that INPP5B could inhibit the proliferation and metastasis of LUAD cells. It 
could serve as a novel diagnostic and prognostic biomarker for LUAD patients.

Trial registration LUAD tissues and corresponding para‑cancerous tissues were collected from 10 different LUAD 
patients at Hangzhou First People’s Hospital. The Ethics Committee of Hangzhou First People’s Hospital has approved 
this study. (registration number: IIT‑20210907‑0031‑01; registration date: 2021.09.13)
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Patients and clinical samples
LUAD tissues and corresponding para-cancerous tis-
sues were collected from 10 different LUAD patients at 
Hangzhou First People’s Hospital. The Ethics Committee 
of Hangzhou First People’s Hospital has approved this 
study.  The statistics and details were  provided in Addi-
tional file 3: Table S2.

Cell culture
Human lung carcinoma cells (A549, H358, H838, PC9) 
were cultured in 90% RPMI-1640 medium (HyClone, 
USA) with 10% with 10% (v/v) fetal bovine serum 
(HyClone, USA). Human lung bronchus epithelial 
cells (BEAS-2B) and HEK293 cells were cultured in a 
medium containing 90% DMEM (HyClone, USA) and 
10% fetal bovine serum. The cells were cultured at 37 °C 
in a humidified atmosphere composed of 95% air and 5% 
 CO2. All cell lines were obtained from the Shanghai Insti-
tute of biochemistry and cell biology (Shanghai, China) 
and were validated using short ta Indem repeat DNA 
profiling and mycoplasma testing.

Transfection
The full-length human INPP5B gene was cloned using 
BamHI–EcoRI restriction sites into the eukaryotic HA-
tag fusion expression vector pcDNA3.1(-)-HA-tag. Simi-
larly, Flag-N-PTEN was generated by putting the Flag-tag 
at the N terminus of PTEN. Following that, the recom-
binant plasmids were extracted from Escherichia coli 
DH-5α. Transient transfection was performed according 
to the manufacturer’s instructions using jetPRIME (Poly-
plus, NY, USA). The empty vector was used as a negative 
control. The transfection efficiency was tested by West-
ern blotting.

Western blot analysis
Western blot analysis was performed in accordance 
with earlier published methods [22]. Briefly, protein was 
extracted from the cells, and concentration was meas-
ured with the Bicinchoninic Acid (BCA) protein assay 
kit (Beyotime). SDS-PAGE was used to separate samples, 
and they were electrophoretically transferred to PVDF 
membranes (BioRad, Hercules, CA, USA). After blocking 
with 5% BSA in TBST, membranes were incubated over-
night at 4 °C with primary antibodies, followed by 1 h at 
room temperature with secondary antibodies. Prior to 
chemiluminescence visualization of samples, membranes 
were washed with TBST.

The primary antibodies were as follows: INPP5B (pro-
teintech, 15141-1-AP, 1:1000), p-AKT(Ser473) (CST, 4060S, 

1:1000), Wee1 (CST, 13084S, 1:1000), CDK1 (CST, 
9116S, 1:1000), Cyclin B1 (CST, 12231S, 1:1000), p-S6 
(Ser240/244)(CST, 5364S, 1:1000), β-Actin (Santa Cruz, 
sc-47778, 1:1000), PTEN (CST, 9188s, 1:1000 for Western 
blot; 1:50 for IP).

Statistical analysis
The Wilcoxon signed-rank test was used to determine 
the expression of INPP5B. The associations between 
INPP5B expression and the clinicopathological param-
eters of the LUAD patients were evaluated using the 
Wilcoxon signed-rank test or the Kruskal–Wallis test. 
Paired t-test was used to compare two paired groups, 
while a two-sample t-test was used for non-paired data. 
The R programming language (version 3.6.3), GraphPad 
8.0, ImageJ 1.48, and Adobe Illustrator CS6 were used 
to conduct all data analyses. (*p < 0.05, **p < 0.01, and 
***p < 0.001).

Results
INPP5B was down‑regulated in LUAD
Currently, the relationship between INPP5B and onco-
genesis is poorly understood. To address this question, 
we conducted a comprehensive analysis of 22 different 
types of tumors from TCGA. As a result, the expres-
sion of INPP5B was decreased in 17 different types of 
solid tumors (Fig. 1a). We further assessed the expres-
sion of INPP5B in the LUAD samples of TCGA com-
pared with normal controls of TCGA and GTEx. We 
found that the expression level of INPP5B mRNA 
was significantly decreased in LUAD tissues (Fig.  1b). 
This result was further validated in paired samples of 
GSE10072 (Fig.  1c). The CPTAC database analysis 
revealed that the INPP5B protein expression was signif-
icantly reduced in LUAD tissues compared to normal 
lung tissues (Fig. 1d). Likewise, IHC on tissue microar-
ray from the HPA database indicated that LUAD tissues 
had significantly lower levels of INPP5B than normal 
lung tissues (Fig. 1e). Our experimental data were con-
sistent with the results of bioinformatics analysis. The 
expression of INPP5B was significantly downregulated 
in LUAD tissues compared with paired para-cancerous 
tissues, as determined by IHC (Fig.  1f ). Western blot 
analysis confirmed that INPP5B protein levels were 
dramatically decreased in LUAD cells (Fig. 1g). In addi-
tion, the potential for INPP5B to serve as a diagnostic 
biomarker for LUAD patients was investigated using 
Receiver operating characteristic (ROC) curve analy-
sis. ROC curve analysis based on the TCGA database 
showed that INPP5B appeared to be a promising diag-
nostic biomarker for patients with the value of area the 
under curve (AUC) equals to 0.90 (Fig. 1h). ROC curve 
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analysis in GSE10072 data revealed similar results 
with the AUC value equal to 0.80 (Additional file  4: 
Fig. S1a). Taken together, these findings indicated that 
the expression of INPP5B was significantly higher in 

normal lung tissues than LUAD tissues at both tran-
scriptional and proteomic levels.

Fig. 1 INPP5B expression in LUAD tissues at the mRNA and protein levels. a Differential expression of INPP5B in pan‑cancer by RNASeq obtained 
from the TNMplot. Siginificant differences by Mann–Whitney U test marked with red*; black indicated no difference. b Expression of INPP5B in 
LUAD tissues (TCGA, n = 374) and healthy lung tissues (TCGA and GTEx, n = 515) by RNASeq. c Paired expression data for LUAD and adjacent normal 
tissues by RNASeq in GSE10072 dataset (n = 33). d The expression level of INPP5B total protein between normal tissue and primary tissue of LUAD 
based on the CPTAC dataset (n = 111). e Immunohistochemistry tissue microarray images of proteins INPP5B obtained from the HPA database. 
f Immunohistochemistry images of proteins INPP5B for LUAD tissue samples and tumor adjacent tissue (TAT). g Western blot analysis of INPP5B 
expression in BEAS‑2B cells and four LUAD cell lines. *p < 0.05, **p < 0.01, ***p < 0.001. h ROC (Receiver operator characteristic curve) analysis of 
INPP5B in LUAD patients based on TCGA and GTEX data. AUC area under the curve
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Low expression of INPP5B was associated with late‑stage 
pathological features
The TNM staging system is the most common interna-
tional staging system for malignant tumors. The T-stage 
refers to the size and metastasis of the primary tumor. 
The N-stage score is based upon the extent of lymph 

node involvement, and The M-stage score indicates the 
extent of distant metastasis [23]. Given the differences 
in expression of INPP5B between LUAD tissues and 
adjacent normal tissue, we sought to determine whether 
the expression of INPP5B was correlated with clinical-
pathological parameters of LUAD patients. As shown in 

Fig. 2 The correlation of INPP5B mRNA expression with risk factors of LUAD patients in TCGA database. a Pathologic stage (Stage I & Stage II = 417; 
Stage III & Stage IV = 110) b T stage (T1 & T2 = 464; T3 & T4 = 68) c N stage (N0 & N1 = 443, N2 & N3 = 76) d Cancer cell stemness (High = 127; 
Low = 126). e LUAD gene expression subtypes included terminal respiratory unit (TRU), proximal proliferative (PP), and proximal Inflammatory 
(PI). The data were collected from TCGA Portal (http:// www. tcgap ortal. org/ TCGA/ Lung_ TCGA_ LUAD/ index. html). f Compare Tumor, Normal and 
Metastasis. The data were collected from Tnmplot (https:// tnmpl ot. com/ analy sis/). *p < 0.05, **p < 0.01, ***p < 0.001

http://www.tcgaportal.org/TCGA/Lung_TCGA_LUAD/index.html
https://tnmplot.com/analysis/
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Fig.  2, INPP5B mRNA levels was negatively related to 
the pathological stage (a), T stage (b), and N stage (c) of 
LUAD patients. Namely, INPP5B expression was down-
regulated in advanced stages LUAD compared with early 
stages LUAD. Meanwhile, LUAD tissues with lower 
INPP5B expression exhibited higher cancer stemness 
properties (Fig.  2d; Additional file  1). And the expres-
sion of INPP5B in the proximal proliferative (PP) and 
proximal inflammatory (PI) subtypes were lower than 
in the terminal respiratory unit (TRU) subtype (Fig. 2e). 
Furthermore, the metastatic tumor expressed lower lev-
els of INPP5B than the non-metastatic primary tumor or 
normal lung tissues (Fig. 2f ). These results suggested low 
INPP5B levels might be an unfavorable prognostic factor 
for LUAD patients.

Low expression of INPP5B was associated with poor 
survival of LUAD patients
To determine the effect of INPP5B expression on survival 
rate of LUAD patients, we analyzed the prognostic value 
of INPP5B expression using TCGA data and GEO data. 
As demonstrated by the KM curve, there was a strong 
positive correlation between INPP5B expression and 
overall survival (OS) period and progression-free interval 
(PFI) of LUAD patients (Fig. 3a, b). In terms of treatment-
related prognosis, LUAD patients with higher expression 
of INPP5B had a higher clinical benefit rate (Fig.  3c). 
Besides, LUAD patients with higher INPP5B expression 
had a higher overall survival rate after surgery (Fig. 3d), 
chemotherapy (Fig.  3e), or radiotherapy (Fig.  3f ). The 
Univariate Cox analysis revealed that pathologic stage, T 
stage, M stage, and N stage were all risk factors, whereas 
INPP5B was a protective factor (HR = 0.589; 95% CI 
0.446–0.779; p < 0.001) (Fig. 3g). Multivariate Cox analy-
sis showed that INPP5B might be an independent factor 
of beneficial prognosis of LUAD patients (HR = 0.688; 
95% CI 0.478–0.972; p = 0.012) (Fig. 3h).

Enrichment analysis explored INPP5B‑related signaling 
pathways in LUAD
To investigate the potential biological functions and 
molecular mechanisms of INPP5B in regulating LUAD, 
enrichment analysis was performed by GSEA and GO/
KEGG analyses. The GSEA analysis revealed that the 
terms “phosphoinositol signaling system” and “cell adhe-
sion molecules CAMs” were differentially enriched in 
LUAD samples expressing high levels of INPP5B. The 
terms “cell cycle” and “oxidative phosphorylation”, on 
the other hand, had a strong negative correlation with 
INPP5B expression (Fig.  4a). In line with GSEA results, 
the outcomes of GO and KEGG analyses revealed that 
the co-expressed genes of INPP5B were mainly associ-
ated with “positive regulation of cell adhesion”, “cell–cell 

junction” (Fig.  4c), and “PI3K/AKT signaling pathway” 
(Fig. 4b). All of these terms indicated that INPP5B exerted 
a significant effect on tumor proliferation and metastasis, 
which were consistent with results from Fig. 2. To eluci-
date this finding, we used GEPIA database to analyze the 
association between INPP5B expression and various cell 
cycle-related genes. The results showed that INPP5B was 
significantly positively correlated with the expression of 
Wee1, while negatively correlated with CyclinB1, CDK1, 
and PCNA (Fig. 4d). Combining these results, we specu-
lated that INPP5B might play a role in PI3K/AKT sign-
aling pathway. In our experimental studies, the western 
blot analysis showed that the overexpression of INPP5B 
inhibited the activation of AKT signaling pathway, which 
in turn increased Wee1 protein expression, whereas 
reduced CDK1 and Cyclin B1 protein levels (Fig.  4e). 
Taken together, these data indicated that INPP5B might 
modulate the AKT signaling pathways to influence cell 
proliferation and migration, thereby limiting the occur-
rence and progression of LUAD.

INPP5B interacted with PTEN in LUAD
In order to investigate the molecular mechanism of 
INPP5B, we constructed INPP5B-involved PPI networks 
using GeneMANIA and STRING databases, respectively 
(Fig.  5a, b). By taking the intersection of results from 
GeneMANIA (a) and STRING (b), the two most rele-
vant genes were identified as PTEN. We then examined 
the expression correlations between INPP5B and PTEN 
using the TCGA database. The results revealed that 
INPP5B expression was statistically positively associated 
with PTEN (R = 0.306, p < 0.001) (Fig.  5c). The results 
of the TCGA and GTEx datasets showed lower expres-
sion of PTEN in LUAD tissues than that in normal tis-
sues (Fig. 5d). And Kaplan–Meier plotter overall survival 
(OS) analysis revealed that lower PTEN expression was 
associated with worse OS in LUAD patients (Fig.  5e). 
Subsequently, The interactions between both exogenous 
(Fig.  5g) and endogenous (Fig.  5h) INPP5B with PTEN 
were confirmed by co-immunoprecipitation (co-IP) in 
HEK293 and A549 cells.

Hsa‑miR‑582‑5p upregulation might be responsible 
for the loss of INPP5B in LUAD patients
There are multiple causes for the loss of tumor suppres-
sor genes, the most common of which include genetic 
mutations and epigenetic alterations [24]. By searching 
the TCGA and cbioportal databases, we found that the 
expression of INPP5B was not related to typical driver-
gene mutations of LUAD, such as EGFR mutation 
(Fig. 6a), KRAS mutation (Fig. 6b), and ALK mutation 
(Fig. 6c). And INPP5B exhibited a low mutation rate in 
LUAD tissues (2.5%, 14/566) (Fig.  6d). In addition, we 
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found that the expression of INPP5B did not correlate 
with methylation levels (Fig.  6e, f ). microRNAs can 
be combined with the 3′ untranslated region (UTR) of 
the target gene to down-regulate the expression level 
of their target gene. We identified miRNAs that target 

INPP5B by taking the intersection of results from the 
PicTar, PITA, and miRmap databases (Fig.  6g). We 
got hsa-miR-582-5p and predicted its binding site to 
INPP5B (chr1:38,326,429–38,326,435) (Fig.  6h). The 
correlation analysis results revealed that the expression 

Fig. 3 Prognostic role of INPP5B in lung adenocarcinoma. a, b KM survival curves for overall survival (a) and progression free interval (b) in LUAD 
patients from the Kaplan–Meier plotter online database or TCGA database. Grouping by “auto select best cutoff”. c Primary therapy outcome 
included complete response (CR), partial response (PR), stable disease (SD), progressive disease (PD). Clinical benefit rate (CBR) = CR + PR + SD 
(PR&CR&SD = 375, PD = 71). d–f Overall survival of patients with lung adenocarcinoma after successful surgery (d), Chemotherapy (e) and 
Radiotherapy (f), respectively. The data were collected from the Kaplan–Meier plotter online database. Grouping by “auto select best cutoff”. g, h 
Univariate analysis (g) and Multivariate analysis (h) of TCGA database. HR > 1 indicates poorly prognostic; HR < 1 indicates improved OS and any 
characteristic crossing the line at 1 is not significant
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of INPP5B and hsa-miR-582-5p was negatively corre-
lated (p < 0.001) (Fig.  6i). The result from TCGA indi-
cated that the expression level of hsa-miR-582-5p was 

increased in LUAD patients (Fig.  6j). And higher hsa-
miR-582-5p expression was associated with worse OS 
(Fig. 6k). Together, these results implied that increased 

Fig. 4 Pathway enrichment analysis of INPP5B. a Enrichment plots from GSEA. NES, normalized enrichment score of GSEA. p < 0.05 and FDR < 0.25 
were considered statistically significant for GSEA. b KEGG signaling pathway enrichment analysis. c Gene ontology analysis included biological 
process (BP), molecular function (MF), and cellular component (CC). d The expression relationship between INPP5B expression and cell cycle‑related 
genes. e Western blot analysis validation of AKT signaling pathway in LUAD cell lines. Experiments were repeated three times, and data from a 
representative experiment are shown
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Fig. 5 INPP5B‑involved protein–protein interaction network. a–c The INPP5B‑involved protein–protein interaction network constructed 
by STRING database (a) and GeneMANIA database (b), respectively. The intersections of above datasets identified as key genes (c). d The 
expression relationship between INPP5B and PTEN in lung adenocarcinoma from TCGA database. e Expression of PTEN in LUAD tissues (TCGA) 
and healthy lung tissues (TCGA and GTEx) by RNASeq. f Survival analysis of PTEN in LUAD determined by Kaplan–Meier plotter database. g 
Co‑immunoprecipitation of exogenous INPP5B with exogenous PTEN in HEK293 cells. h Co‑immunoprecipitation of endogenous PTEN with 
endogenous INPP5B in A549 cells
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hsa-miR-582-5p might account for the loss of INPP5B 
rather than genomic alterations or DNA methylation in 
LUAD patients.

INPP5B inhibited both proliferation and migration of LUAD 
cells in vitro
Given that the results of bioinformatics analysis sug-
gested that INPP5B was associated with proliferation 
and metastasis of LUAD cells, we further verified its bio-
logical functions by in  vitro experiments. CCK8 assay 
revealed that the overexpression of INPP5B noticeably 
inhibited the proliferation of LUAD cells after 48 or 72 h 
transfection (p < 0.01) (Fig.  7a). Colony formation assay 
revealed a marked reduction of colonies formed by 
INPP5B overexpressing cells (p < 0.001) (Fig.  7b). Flow 
cytometry analysis demonstrated that the overexpression 
of INPP5B caused 28.46 ± 1.51% or 30.16 ± 2.53% cells 
arrested in G2/M phase in A549 and H358 cells, respec-
tively (Fig.  7c). Additionally, INPP5B overexpression 
significantly impaired both the vertical and horizontal 
migration abilities of LUAD cells (p < 0.01) (Fig. 7d, e). As 
a result of our findings, INPP5B could inhibit the prolif-
eration and migration of LUAD cells in vitro.

Discussion
Despite great strides have been made in the understand-
ing of fundamental molecular mechanisms of INPP5B, 
little is known about its function and cellular pathways in 
tumors [20]. Here, we demonstrated a causal relationship 
between decreased INPP5B expression and the develop-
ment of lung adenocarcinoma (LUAD) by using combi-
natorial tools consisting of both bioinformatics analysis 
and experimental studies. In the first place, we discov-
ered that INPP5B expression was decreased in a variety 
of solid tumors, especially LUAD. And the low expres-
sion of INPP5B was associated with late-stage pathologi-
cal features and poor prognosis in LUAD. These results 
were consistent with a recent study in which a high muta-
tion rate of INPP5B was observed in the genome-wide 
mapping of melanocytic neoplasms [25]. Furthermore, 
changes in the expression of INPP5B have also been 
found in the metabolomic data of hepatocellular carci-
noma [26]. These findings suggested that loss of function 
or lower functioning of INPP5B might be related to the 
initiation and progression of tumors.

In view of the differential expression of INPP5B 
between LUAD and adjacent normal tissue, INPP5B 
might serve as a potential diagnostic and prognostic 
indicator in LUAD. This was partially supported by a 
recent study that was published when we were prepar-
ing the current manuscript. Han et  al. [27] developed a 
four-gene signature including INPP5B which could effec-
tively predict the recurrence of early lung cancer patients 
and associated survival chances following surgery. How-
ever, their study was based on a model of multi-gene 
signatures. And it remained unknown whether INPP5B 
could be used as an independent diagnostic or prognos-
tic biomarker of LUAD. Besides, their study emphati-
cally demonstrated the post-operative survival impact of 
the model, but not its role in the development of LUAD. 
Therefore, the biological function of INPP5B in LUAD 
even in tumors has not been reported so far. Our study 
further supplemented the biological function of INPP5B 
in LUAD. We found that low INPP5B expression was 
associated with advanced pathological stage and malig-
nant progression in LUAD patients. Interestingly, the 
differential expression of INPP5B in TMN staging and 
proliferative subtypes of LUAD, to some extent, reflected 
that INPP5B might affect tumor proliferation and metas-
tasis. These parts of results were consistent with enrich-
ment analysis data which showed that INPP5B was 
associated with terms of “molecular adhesion” and “cell 
cycle functions”. We further validated this hypothesis 
in vitro. Overexpression of INPP5B significantly inhibited 
the proliferation and migration of LUAD cells, blocking 
the cells in G2/M phase. Certainly, further work in vivo 
was necessary to confirm the anti-proliferation and anti-
metastasis functions of INPP5B in LUAD.

Although several inositol phosphatases have been 
shown to suppress AKT signaling through dephospho-
rylating phosphoinositides, the function of INPP5B 
in regulating AKT signaling in tumors has not been 
directly tested so far. Oomset et  al. [28] observed that 
loss of INPP5J in breast cancer promotes AKT activa-
tion, leading to the promotion of tumor growth. Simi-
larly, Bohdanowicz et al. [29] found that APPL1 recruited 
INPP5F and INPP5B, effectively terminating PI(3,4,5)
P3 synthesis via substrate depletion and direct dephos-
phorylation, thereby limiting the duration of AKT acti-
vation. Our findings were consistent with the previous 

(See figure on next page.)
Fig. 6 Reasons for the decreased expression of INPP5B in LUAD patients. a Correlation of EGFR mutations and INPP5B expression in LUAD tissues. 
b Correlation of KRAS mutations and INPP5B expression in LUAD tissues. c Correlation of ALK mutations and INPP5B expression in LUAD tissues. 
d Mutation rate of INPP5B in LUAD patients from the TCGA dataset, n = 566 e Correlation of INPP5B expression and INPP5B methylation level 
in LUAD. f Survival analysis of INPP5B methylation level in LUAD patients. g The intersection results of PicTar, PITA, and miRmap databases for 
microRNA targeting INPP5B prediction. h Possible binding sites between hsa‑miR‑582‑5p and INPP5B. i Correlation between INPP5B expression and 
hsa‑miR‑582‑5p expression in LUAD tissues. j Expression of hsa‑miR‑582‑5p in LUAD patients. k Survival analysis of hsa‑miR‑582‑5p in LUAD patients
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Fig. 6 (See legend on previous page.)
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Fig. 7 Validation of overexpressed INPP5B as a tumor suppressor in vitro. a The CCK‑8 assay showed the overexpression of INPP5B inhibited 
proliferation of lung adenocarcinoma cells. b The colony formation assay showed INPP5B overexpression suppressed the proliferation abilities of 
lung adenocarcinoma cells. c Cell cycle and statistical analysis showed significant G2 arrest after INPP5B overexpression. d Results of wound healing 
assay showed that INPP5B overexpression inhibited the migration ability of lung adenocarcinoma cells. Scale bar: 50 μm. e Results of transwell 
assay showed significant decrease in the migration ability of lung adenocarcinoma cells after INPP5B overexpression. Scale bar: 50 μm. *p < 0.05, 
**p < 0.01, ***p < 0.001
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studies. GSEA enrichment analysis showed that INPP5B 
was significantly enriched in PI3K/AKT pathway. West-
ern blot analysis revealed that INPP5B increased the 
expression of Wee1 by dephosphorylating AKT, inhib-
iting the formation of CyclinB1-CDK1 complexes, and 
thereby arresting the cells in the G2/M phase. PTEN is 
known to be a tumor suppressor by inhibiting the acti-
vation of PI3K/AKT pathway [30]. PPI analyses indicated 
that INPP5B and PTEN might interact. We confirmed 
this finding through both endogenous and exogenous 
co-immunoprecipitation experiments. Surprisingly, 
although INPP5B could interact with PTEN, our experi-
mental results indicated that overexpression of INPP5B 
had no effect on PTEN expression (Additional file  4: 
Fig. S1b). We speculated that the interaction between 
INPP5B and PTEN may be functionally or structurally 
complementary. Other researchers also shared simi-
lar interpretations. Kofuji et  al. [31] observed that the 
dephosphorylation function of INPP4B could act as a 
“backup” mechanism when PTEN is deficient. It will be 
of great interest to explore whether INPP5B can also 
exert its dephosphorylation effect through interacting 
with PTEN. The investigation now in progress in our lab-
oratory may clarify this question.

After identifying the anti-tumor properties and mech-
anism of INPP5B, we wanted to explore the underly-
ing cause of the down-expression of INPP5B in LUAD 
patients. microRNAs (miRNA) are endogenous non-
coding RNA that can bind to the target 3′-UTR to inhibit 
translation or promote transcription degradation of the 
target gene [32]. Since miRNAs play key roles in tumor 
development and have a high specificity and low immu-
nogenicity, miRNA-target delivery strategies have shown 
promise for anti-tumor therapy. Chen et al. [33] showed 
that reconstituted high-density lipoprotein-nanoparticles 
(rHDL-NPs) could effectively deliver miR-204-5p inhibi-
tor (miR-204-5p-inh) to tumor sites and inhibit tumor 
growth by upregulating the expression of THBS1. Our 
results showed that miR-582-5p might account for the 
loss of INPP5B in LUAD patients. In light of this finding, 
there is a promising possibility of managing LUAD by 
modulating miR-582-5p/INPP5B/AKT axis.

Conclusions
In conclusion, INPP5B, as a tumor suppressor gene, has 
the potential to be used as a novel biomarker in LUAD 
patients, which may shed new light on LUAD prevention 
and treatment in the future.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12935‑ 022‑ 02609‑8.

Additional file 1: Supplementary Materials and Methods.

Additional file 2: Source data.

Additional file 3: Table S1. The statistics of patient information in the 
TCGA database. Table S2. The statistics of patient information in the 
immunohistochemistry slides.

Additional file 4: Figure S1.

Acknowledgements
Thanks to Dr. Dian Wu of the Children’s Hospital affiliated to Zhejiang Univer‑
sity School of Medicine for his technical support on the topic selection.

Author contributions
JD made substantial contributions to conception and design, acquisition 
of data, and analysis and interpretation of data. XL performed the experi‑
ments and wrote the main manuscript text. QL, LW and XC was involved in 
performing the experiments. BZ, YL and JH revised the article critically for 
important intellectual content; NL had given final approval of the version to 
be published. All authors read and approved the final manuscript.

Funding
This study was funded by National Natural Science Foundation of China 
(81702887), Key Laboratory of Clinical Cancer Pharmacology and Toxicology 
Research of Zhejiang Province (2020E10021), Zhejiang Provincial Natural 
Science Foundation (LY19H310004, LTY21H160001), Scientific and Technologi‑
cal Developing Scheme of Hangzhou City (20191203B49), Science Research 
Foundation of Zhejiang Health Bureau (2020RC026).

Availability of data and materials
The datasets generated and/or analyzed during the current study are available 
in the (TCGA) repository (https:// tcgad ata. nci. nih. gov/ tcga/) [34] and (GEO) 
repository (http:// www. ncbi. nlm. nih. gov/ geo) [35]. The datasets used and/
or analyzed during the current study are available from the corresponding 
author on reasonable request.

Declarations

Ethics approval and consent to participate
The Ethics Committee of Hangzhou First People’s Hospital have approved 
this study. (registration number: IIT‑20210907‑0031‑01; registration date: 
2021.09.13).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Key Laboratory of Clinical Cancer Pharmacology and Toxicology Research 
of Zhejiang Province, Affiliated Hangzhou First People’s Hospital, Zhejiang Uni‑
versity School of Medicine, Hangzhou 310006, China. 2 Department of Thoracic 
Surgery, The First Affiliated Hospital, Zhejiang University School of Medicine, 
Hangzhou 310003, China. 3 Department of Clinical Pharmacy, Affiliated 
Hangzhou First People’s Hospital, Zhejiang University School of Medicine, 
Hangzhou 310006, China. 4 Department of Pathology, Affiliated Hangzhou First 
People’s Hospital, Zhejiang University School of Medicine, Hangzhou 310006, 
China. 5 Westlake Laboratory of Life Sciences and Biomedicine of Zhejiang 
Province, Hangzhou 310024, China. 6 Cancer Center, Zhejiang University, 
Hangzhou 310058, China. 

Received: 20 December 2021   Accepted: 6 May 2022

https://doi.org/10.1186/s12935-022-02609-8
https://doi.org/10.1186/s12935-022-02609-8
https://tcgadata.nci.nih.gov/tcga/
http://www.ncbi.nlm.nih.gov/geo


Page 14 of 14Deng et al. Cancer Cell International          (2022) 22:189 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

References
 1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer 

J Clin. 2021;71(1):7–33.
 2. Testa U, Castelli G, Pelosi E. Lung cancers: molecular characterization, 

clonal heterogeneity and evolution, and cancer stem cells. Cancers. 
2018;10(8):248.

 3. Osmani L, Askin F, Gabrielson E, Li QK. Current WHO guidelines and the 
critical role of immunohistochemical markers in the subclassification of 
non‑small cell lung carcinoma (NSCLC): moving from targeted therapy to 
immunotherapy. Semin Cancer Biol. 2018;52(Pt 1):103–9.

 4. Cho JH. Immunotherapy for non‑small‑cell lung cancer: current status 
and future obstacles. Immune Netw. 2017;17(6):378–91.

 5. Chen Z, Fillmore CM, Hammerman PS, Kim CF, Wong KK. Non‑small‑
cell lung cancers: a heterogeneous set of diseases. Nat Rev Cancer. 
2014;14(8):535–46.

 6. Seguin L, Durandy M, Feral CC. Lung adenocarcinoma tumor origin: a 
guide for personalized medicine. Cancers. 2022;14(7):1759.

 7. Comer FI, Parent CA. PI 3‑kinases and PTEN: how opposites chemoattract. 
Cell. 2002;109(5):541–4.

 8. Hakim S, Bertucci MC, Conduit SE, Vuong DL, Mitchell CA. Inositol 
polyphosphate phosphatases in human disease. Curr Top Microbiol 
Immunol. 2012;362:247–314.

 9. Leslie NR, Downes CP. PTEN: the down side of PI 3‑kinase signalling. Cell 
Signal. 2002;14(4):285–95.

 10. Ramos AR, Ghosh S, Erneux C. The impact of phosphoinositide 5‑phos‑
phatases on phosphoinositides in cell function and human disease. J 
Lipid Res. 2019;60(2):276–86.

 11. Miletic AV, Anzelon‑Mills AN, Mills DM, Omori SA, Pedersen IM, Shin 
DM, Ravetch JV, Bolland S, Morse HR, Rickert RC. Coordinate suppres‑
sion of B cell lymphoma by PTEN and SHIP phosphatases. J Exp Med. 
2010;207(11):2407–20.

 12. Li H, Wu X, Hou S, Malek M, Kielkowska A, Noh E, Makondo KJ, Du Q, 
Wilkins JA, Johnston JB, et al. Phosphatidylinositol‑3,4‑bisphosphate and 
its binding protein lamellipodin regulate chemotaxis of malignant B 
lymphocytes. J Immunol. 2016;196(2):586–95.

 13. Kim B, Bang S, Lee S, Kim S, Jung Y, Lee C, Choi K, Lee SG, Lee K, Lee Y, 
et al. Expression profiling and subtype‑specific expression of stomach 
cancer. Cancer Res. 2003;63(23):8248–55.

 14. Ramaswamy S, Ross KN, Lander ES, Golub TR. A molecular signature of 
metastasis in primary solid tumors. Nat Genet. 2003;33(1):49–54.

 15. Konishi H, Takahashi T, Kozaki K, Yatabe Y, Mitsudomi T, Fujii Y, Sugiura T, 
Matsuda H, Takahashi T, Takahashi T. Detailed deletion mapping suggests 
the involvement of a tumor suppressor gene at 17p13.3, distal to p53, in 
the pathogenesis of lung cancers. Oncogene. 1998;17(16):2095–100.

 16. Stearman RS, Dwyer‑Nield L, Zerbe L, Blaine SA, Chan Z, Bunn PJ, Johnson 
GL, Hirsch FR, Merrick DT, Franklin WA, et al. Analysis of orthologous 
gene expression between human pulmonary adenocarcinoma and a 
carcinogen‑induced murine model. Am J Pathol. 2005;167(6):1763–75.

 17. Tresaugues L, Silvander C, Flodin S, Welin M, Nyman T, Graslund S, 
Hammarstrom M, Berglund H, Nordlund P. Structural basis for phos‑
phoinositide substrate recognition, catalysis, and membrane interac‑
tions in human inositol polyphosphate 5‑phosphatases. Structure. 
2014;22(5):744–55.

 18. Janne PA, Suchy SF, Bernard D, MacDonald M, Crawley J, Grinberg A, Wyn‑
shaw‑Boris A, Westphal H, Nussbaum RL. Functional overlap between 
murine Inpp5b and Ocrl1 may explain why deficiency of the murine 
ortholog for OCRL1 does not cause Lowe syndrome in mice. J Clin Invest. 
1998;101(10):2042–53.

 19. Pirruccello M, Nandez R, Idevall‑Hagren O, Alcazar‑Roman A, Abriola L, 
Berwick SA, Lucast L, Morel D, De Camilli P. Identification of inhibitors 
of inositol 5‑phosphatases through multiple screening strategies. ACS 
Chem Biol. 2014;9(6):1359–68.

 20. Williams C, Choudhury R, McKenzie E, Lowe M. Targeting of the type II 
inositol polyphosphate 5‑phosphatase INPP5B to the early secretory 
pathway. J Cell Sci. 2007;120(Pt 22):3941–51.

 21. Bohdanowicz M, Cosio G, Backer JM, Grinstein S. Class I and class III phos‑
phoinositide 3‑kinases are required for actin polymerization that propels 
phagosomes. J Cell Biol. 2010;191(5):999–1012.

 22. Deng J, Qin J, Cai Y, Zhong X, Zhang X, Yu S. Rutaecarpine suppresses 
proliferation and promotes apoptosis of human pulmonary artery 

smooth muscle cells in hypoxia possibly through HIF‑1alpha‑dependent 
pathways. J Cardiovasc Pharmacol. 2018;71(5):293–302.

 23. Nicholson AG, Tsao MS, Beasley MB, Borczuk AC, Brambilla E, Cooper WA, 
Dacic S, Jain D, Kerr KM, Lantuejoul S, et al. The 2021 WHO classifica‑
tion of lung tumors: impact of advances since 2015. J Thorac Oncol. 
2022;17(3):362–87.

 24. Dawson MA, Kouzarides T. Cancer epigenetics: from mechanism to 
therapy. Cell. 2012;150(1):12–27.

 25. Perez‑Alea M, Vivancos A, Caratu G, Matito J, Ferrer B, Hernandez‑
Losa J, Cortes J, Munoz E, Garcia‑Patos V, Recio JA. Genetic profile of 
GNAQ‑mutated blue melanocytic neoplasms reveals mutations in 
genes linked to genomic instability and the PI3K pathway. Oncotarget. 
2016;7(19):28086–95.

 26. Zhang R, Mo WJ, Huang LS, Chen JT, Wu WZ, He WY, Feng ZB. Identify‑
ing the prognostic risk factors of synaptojanin 2 and its underlying 
perturbations pathways in hepatocellular carcinoma. Bioengineered. 
2021;12(1):855–74.

 27. Han P, Yue J, Kong K, Hu S, Cao P, Deng Y, Li F, Zhao B. Signature identifica‑
tion of relapse‑related overall survival of early lung adenocarcinoma after 
radical surgery. PeerJ. 2021;9: e11923.

 28. Ooms LM, Binge LC, Davies EM, Rahman P, Conway JR, Gurung R, Fergu‑
son DT, Papa A, Fedele CG, Vieusseux JL, et al. The Inositol polyphosphate 
5‑phosphatase PIPP regulates AKT1‑dependent breast cancer growth 
and metastasis. Cancer Cell. 2015;28(2):155–69.

 29. Bohdanowicz M, Balkin DM, De Camilli P, Grinstein S. Recruitment of 
OCRL and Inpp5B to phagosomes by Rab5 and APPL1 depletes phospho‑
inositides and attenuates AKT signaling. Mol Biol Cell. 2012;23(1):176–87.

 30. Gray JW. PI3 kinase pathway mutations in human cancers. JAMA Oncol. 
2016;2(12):1543–4.

 31. Kofuji S, Kimura H, Nakanishi H, Nanjo H, Takasuga S, Liu H, Eguchi S, 
Nakamura R, Itoh R, Ueno N, et al. INPP4B is a PtdIns(3,4,5)P3 phosphatase 
that can act as a tumor suppressor. Cancer Discov. 2015;5(7):730–9.

 32. Tran N, Abhyankar V, Nguyen K, Weidanz J, Gao J. MicroRNA dysregu‑
lational synergistic network: discovering microRNA dysregulatory 
modules across subtypes in non‑small cell lung cancers. BMC Bioinform. 
2018;19(Suppl 20):504.

 33. Chen X, Mangala LS, Mooberry L, BayrAKTar E, Dasari SK, Ma S, Ivan 
C, Court KA, Rodriguez‑Aguayo C, BayrAKTar R, et al. Identifying and 
targeting angiogenesis‑related microRNAs in ovarian cancer. Oncogene. 
2019;38(33):6095–108.

 34. The cancer genome atlas database. https:// tcgad ata. nci. nih. gov/ tcga/. 
Accessed 11 Apr 2021.

 35. The gene expression omnibus database. http:// www. ncbi. nlm. nih. gov/ 
geo. Accessed 1 Apr 2021.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://tcgadata.nci.nih.gov/tcga/
http://www.ncbi.nlm.nih.gov/geo
http://www.ncbi.nlm.nih.gov/geo

	Decreased INPP5B expression predicts poor prognosis in lung adenocarcinoma
	Abstract 
	Background: 
	Methods: 
	Result: 
	Conclusion: 

	Introduction
	Materials and methods
	Data acquisitionprocessing
	Patients and clinical samples
	Cell culture
	Transfection
	Western blot analysis
	Statistical analysis

	Results
	INPP5B was down-regulated in LUAD
	Low expression of INPP5B was associated with late-stage pathological features
	Low expression of INPP5B was associated with poor survival of LUAD patients
	Enrichment analysis explored INPP5B-related signaling pathways in LUAD
	INPP5B interacted with PTEN in LUAD
	Hsa-miR-582-5p upregulation might be responsible for the loss of INPP5B in LUAD patients
	INPP5B inhibited both proliferation and migration of LUAD cells in vitro

	Discussion
	Conclusions
	Acknowledgements
	References




