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Background: Inositol polyphosphate 4-phosphatase type II (INPP4B), a member of the

PI3K/Akt signaling pathway, plays a vital role in the initiation and progression of cancers.

However, its biological role in pancreatic cancer remains largely undiscovered. Our study

aimed to investigate the effects of INPP4B on proliferation in pancreatic cancer and its

clinical relevance.

Materials and methods: INPP4B expression data were obtained from The Cancer Genome

Atlas (TCGA) and Gene Expression Omnibus (GEO) databases. Clinicopathological and survi-

val data were retrieved from the TCGA database. CCK8 and colony formation assays were

performed to measure the proliferative capacity of pancreatic cancer. Tumor xenograft models

were established to measure cancer proliferative abilities in vivo.

Results: INPP4B was upregulated in pancreatic cancer tissue compared with normal tissue.

INPP4B knockdown inhibited cell proliferation and promoted apoptosis in pancreatic cancer

in vitro and in vivo. INPP4B knockdown also reduced AKT phosphorylation. Moreover,

INPP4B was associated with poor overall and disease-free survival, with Cox regression

analysis showing that INPP4B could serve as an independent prognostic marker. ROC curve

analysis showed that INPP4B possessed moderate diagnostic value.

Conclusion: Collectively, INPP4B is an oncogenic gene in pancreatic cancer and could

serve as a potential diagnostic marker and an independent prognostic marker, suggesting that

it could be a novel therapeutic target for pancreatic cancer.
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Introduction
Pancreatic cancer is one of the most lethal tumors characterized by late diagnosis and

poor prognosis, with a 5-year survival less than 5%.1 Chemotherapy is not always

effective for patients with pancreatic cancer due to profound drug resistance.2–4

Therefore, it is imperative to discover novel targets to increase the early diagnostic

rate and improve the prognosis of pancreatic cancer patients.

Precision medicine and target therapy are currently gaining more interest.5

Extensive research has been focused on the identification of clinically useful

markers for pancreatic cancer. In addition to CA19-9 and CA125, which have

been well-demonstrated as diagnostic and prognostic markers for pancreatic

cancer,6,7 MIC-1, PAM4, S100A6 and OPN are newly discovered diagnostic

markers, while SPARC, CISD2 and SMAD4 have been identified as promising

prognostic markers.8–14
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INPP4B, inositol polyphosphate 4-phosphatase type II, is a

phosphoinositide phosphatase that hydrolyzes PI(3,4,5)P2 to

PI(3,4)P and can interact with the AKT pleckstrin homology

domain to induce full activation of AKT.15 Previous studies

have proven that INPP4B expression was inhibited in thyroid

cancer, melanoma, prostate cancer and breast cancer. Reduced

INPP4B could enhance cell proliferation and migration

by deactivating AKT, suggesting its tumor suppressor role in

these cancer cells.16–19However, some research has oppositely

reported that INPP4B could serve as an oncogenic factor

in colon cancer, acute myeloid leukemia and in a subset

of melanomas.20–22 Briefly, the role of INPP4B in carcinogen-

esis and cancer progression still remains controversial. Recent

evidence has demonstrated that increased INPP4B expression

is associated with poor clinical outcomes in pancreatic

cancer.23 Interestingly, another study has suggested that

INPP4B could inhibit the epithelial-mesenchymal transition

and invasive capacity of pancreatic cancer via inactivating

AKT.24 In our study, however, we indicated an opposite role

of INPP4B in pancreatic cancer.

In this study, we downloaded and analyzed expression

and clinicopathological data from the TCGA and GEO

databases. Combined with biological validation, we

proved that INPP4B was significantly upregulated in pan-

creatic cancer. INPP4B knockdown inhibited cell prolif-

eration and promoted apoptosis of pancreatic cancer both

in vitro and in vivo. Moreover, INPP4B knockdown inhib-

ited AKT phosphorylation. This was the first time that we

reported that INPP4B possessed a moderate diagnostic

value and that INPP4B overexpression was associated

with poor patient survival, suggesting that INPP4B could

be an oncogene and potentially serve as a diagnostic and

prognostic marker for pancreatic cancer.

Materials And Methods
Bioinformatics Analysis
Expression And Survival Data Extraction

INPP4B expression data from pancreatic cancer and nor-

mal tissues were obtained and analyzed using the Gene

Expression Profiling Interactive Analysis (GEPIA) server

(http://gepia.cancer-pku.cn/index.html),25 which is based

on the Cancer Genome Atlas (TCGA) and Genotype-

Tissue Expression (GTEx) project, including 179 cancer

and 171 normal samples. We also downloaded and

extracted the expression data from four GEO datasets

(GSE16515, GSE15471, GSE28735 and GSE62452) that

compare mRNA expression between normal and

pancreatic cancer tissues; three GEO datasets

(GSE101462, GSE91035 and GSE77858) that compare

the expression among normal, pancreatitis and pancreatic

cancer tissues; and one dataset from Oncomine uploaded

by Logsdon. GSE16515 contains 36 pancreatic cancer

samples and 16 normal samples. GSE15471 contains 36

cancer tissues and 36 normal tissues. GSE28735 includes

45 cancer tissues and 45 normal tissues. GSE62452

includes 69 cancer samples and 61 normal samples.

GSE101462 contains 4 normal tissues, 10 pancreatitis

tissues and 6 tumor tissues. GSE91035 includes 8 normal

samples, 17 pancreatitis and benign pancreatic tissues, and

25 tumor samples. GSE77858 contains 3 normal tissues, 5

pancreatitis tissues and 77 tumor tissues. The dataset from

Oncomine includes 5 normal and pancreatitis tissues, and

17 tumor tissues. Clinicopathological and survival data of

183 patients from the TCGA datasets were downloaded

and analyzed. Excluding patients with incomplete INPP4B

expression data or clinicopathological data, a total of 176

patients were included to perform survival analysis and

divided into two groups (88 patients with high INPP4B

expression levels and 88 with low expression levels);

moreover, a total of 162 patients were included in the

clinicopathological correlation analysis. To determine the

diagnostic value, we analyzed two other GEO datasets

(GSE1542 and GSE71729). GSE1542 contains 24 pan-

creatic cancer samples and 25 normal samples, while

GSE71729 includes 145 cancer tissues and 46 normal

tissues.

KEGG Pathway Enrichment Analysis

The Kyoto Encyclopedia of Genes and Genomes (KEGG)

is a database that contains various kinds of data from large

molecular datasets generated using high-throughput experi-

mental technologies.26 The top 100 coexpressed genes tar-

geted by INPP4B in pancreatic cancer were screened using

the cBioPortal (http://www.cbioportal.org).27 KEGG path-

way enrichment analysis of these 100 genes was performed

using the clusterProfiler package in R (http://bioconductor.

org/packages/release/bioc/html/clusterProfiler.html).28 The

results were visualized using GraphPad Prism 7.

Clinical Samples
Written informed consents were obtained from all the

participating patients and the experiments involving in

human specimens were conducted in compliance with the

Ethics Committee of Human Experimentation and with the

Declaration of Helsinki as revised in 2013. The study
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protocol was approved by the Ethics Committee of

Shanghai Ruijin Hospital (No. 121 in 2017) for scientific

research on these clinical materials. Twenty-two surgical

specimens (eleven tumor tissues and paired adjacent tumor

tissues) were obtained from patients treated at Ruijin

Hospital. The tumor samples used in this study were all

derived from pancreatic ductal adenocarcinomas that were

independently identified by two expert pathologists.

Cell Culture
Six cell lines derived from pancreatic tumors (Bxpc3,

Sw1990, Panc-1, Patu8988 and Capan1) and the human

pancreatic ductal epithelial (HPDE) cell line were purchased

from the Cell bank of the Chinese Academy of Sciences and

were cultured in RPMI 1640, DMEM, and IMDM supple-

mented with 10% fetal bovine serum and antibiotics.

Quantitative Real-Time PCR
Total RNAs from the cultured cell lines were extracted using

the Trizol reagent (Invitrogen, Carlsbad, CA, USA) and

reverse transcription reactions were performed using random

primers and an M-MLV Reverse Transcriptase kit

(Invitrogen). Quantitative real-time PCR was then performed

to amplify the cDNAs with the SYBR Green PCR kit

(Toyobo, Osaka, Japan) on a Rotor-Gene RG-3000A

(Corbett Life Science, Sydney, NSW, Australia). INPP4B

expression levels were quantified using the 2−ΔΔCt method.

GAPDH was used as the internal control. The primers for

INPP4B were 5′-GCCGACCACATCACCACAG-3′ (for-

ward) and 5′-TTTCCGCTCACACTTTCCG-3′ (reverse) and

the primers for GAPDH were 5′-TCAGCCGCATCTTCTTT

TGC-3′ (forward) and 5′-GCGCCCAATACGACCAAATC-3′

(reverse).

Western Blotting
The cell samples were lysed using RIPA buffer (Sigma-

Aldrich; R0278) supplemented with protease and phospha-

tase inhibitor cocktails (Sigma-Aldrich; P8340). The protein

samples were separated by 7.5% SDS-PAGE gel and then

were transferred onto PVDF membranes. Primary antibodies

and corresponding secondary antibodies were used to bind

the corresponding proteins. Primary antibodies included

INPP4B (Rabbit mAb, 14543S, 1:1000 for Western blotting

and 1:800 for IHC; CST, USA), GAPDH (Mouse mAb,

60004-1-Ig, 1:5000; Proteintech, USA), cleaved-PARP

(Rabbit mAb, 5625T, 1:1000; CST, USA), cleaved-Caspase

3 (Rabbit mAb, 9664T, 1:1000; CST, USA), Bax (Rabbit

mAb, 5023T, 1:1000; CST, USA), p-PI3K (Rabbit mAb,

17366S, 1:1000; CST, USA) and p-AKT (Rabbit mAb,

4060T, 1:1000; CST, USA). Protein binding was quantified

using the ImageJ software.

Stable Knockdown Of INPP4B
The shRNA sequences for INPP4B was designed by Jiman

Gene (Shanghai, China). The lentiviral vectors carrying

INPP4B shRNA were added to patu8988 cultured cell lines

for 24 h. Subsequently, puromycin (5.0 μg/mL, Sigma) was

added to select for resistant colonies for 2–3 weeks. INPP4B

expression levels in the selected cells were detected by qRT-

PCR assay and/or Western blot assay.

Stable Overexpression Of INPP4B
The full-length human INPP4B cDNA, generated from

Jiman Gene (Shanghai, China), was cloned into the pSuper-

flag-puro vector. Cancer cells were transfected with 2 μg/mL

INPP4B or vector control DNA with Lipofectamine 2000

(Invitrogen, Shanghai, China). Puromycin (5.0 μg/mL,

Sigma) was used to select the stable overexpression colonies

for further studies.

siRNA Knockdown Of INPP4B
Three siRNA sequences for INPP4B were obtained from

Jima Gene. Transfection of INPP4B siRNA was mediated

by Lipofectamine 2000 (Invitrogen, Shanghai, China)

according to the distributor’s instructions.

Cell Proliferation Assay
Cell counting kit 8 (CCK8, Dojindo, Japan) was used to

measure the cell proliferation capacity. Cells were seeded

in 96-well plates at approximately 4000 cells per well and

cultured in the appropriate medium. The number of viable

cells was quantified by measuring the OD450 at each 24 h

interval using a microplate reader (Epoch; BioTek,

Winooski, VT). Colony formation assay was performed

to confirm the proliferative ability of the pancreatic cancer

cells. Cells were seeded into six-well plates with 1000

cells/well in 2 mL culture medium, incubated for 14

days, and stained with 0.1% crystal violet solution. The

experiments were performed in triplicate independently.

Tumor Xenograft Assay
Nude BALB/c mice (male, 4–6 weeks old) were purchased

from the Chinese Academy of Sciences (Shanghai, China) and

were maintained in a specific pathogen-free facility. Patu8988

cells carrying vectors stably inhibiting INPP4B and the normal

control were subcutaneously injected into nude mice (5×106
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cells/site). Tumor volumes were measured every 4 days to 36

days from the first injection using the following formula:

tumor volume (mm3) = 1/2 (a×b2), where “a” represents the

longest longitudinal diameter and “b” is the longest transverse

diameter. After that, the mice were sacrificed and the tumors

were excised. The tumor weights were measured before they

were sliced and embedded for immunohistochemistry analy-

sis. All animal experimental procedures were performed in

compliance with the institutional ethical requirements and

were approved by the Shanghai Jiao Tong University School

of Medicine Committee for the Use and Care of Animals.

Immunohistochemical Analysis
The samples were fixed in formalin, embedded and cut into

4-μm sections. The sections were incubated with primary

antibody against INPP4B (rabbit monoclonal; ab81269,

1:500; Abcam, USA). Negative controls were incubated

without primary antibody. After the slides were stained

with DAB and counterstained with hematoxylin, INPP4B

staining was examined using ImageJ. The specimens with

negative or weak (-/+) INPP4B staining intensity were con-

sidered as low INPP4B expression, while those with moder-

ate or strong (++/+++) INPP4B staining intensity were

regarded as high INPP4B expression.

Statistical Analysis
SPSS version 20.0 (SPSS Inc., Chicago, IL, USA) was used

to perform the statistical analysis. The Pearson χ2 test was

used to assess INPP4B expression and its association with

clinicopathological characteristics in pancreatic cancer

patients. The Student’s t test was used to compare the differ-

ences between two groups. Overall and disease-free survival

were evaluated using Kaplan-Meier curve analysis by the log

rank test. Cox regression analysis was used to assess the 95%

confidence intervals (CI) and hazard ratio (HR). The ROC

curve was plotted to determine the diagnostic value of

INPP4B. The area under the ROC curve (AUC) was used

to assess the diagnostic power. A graded AUC value of 0.5–

0.7, 0.7–0.9 or 0.9–1.0 represented a poor, moderate or high

diagnostic value, respectively. A value of P < 0.05 was

considered to denote statistical significance.

Results
INPP4B Was Upregulated In Pancreatic

Cancer Tissue
By analyzing the expression data downloaded from the

TCGA database and six GEO datasets, we found that

INPP4B was significantly upregulated in pancreatic cancer

tissue compared with normal tissue (Figure 1A and B).

More precisely, through analyzing the expression data of

three GEO datasets and one Oncomine dataset, we

observed that INPP4B was significantly upregulated in

pancreatic cancer tissue compared with pancreatitis or

normal tissue (Figure 1C–F). As is shown in Table 1 by

immunohistochemistry analysis of 11 pairs of patient sam-

ples, we found that moderate or strong staining intensity

was found in most pancreatic cancer tissues (8/11), while

no or low intensity was detected primarily in normal

tissues (9/11), with a significant difference between the

two groups (X2=6.6000, P=0.0102). The representative

images are displayed in Figure 1G. INPP4B mRNA and

protein expression in pancreatic cell lines are shown in

Figure 1H and I, respectively.

INPP4B Knockdown Inhibited Cell

Proliferation In Pancreatic Cancer
To measure the effect of INPP4B on the proliferation

capacity of pancreatic cancer, we divided the patu8988

and capan1 cell lines into three groups that were treated

with empty vector, siINPP4B or siINPP4B plus INPP4B

plasmid (Figure 2A and B). The colony formation

assays showed that INPP4B knockdown could reduce

colony formation in patu8988 and capan1 cells, while

overexpression of INPP4B could reverse the inhibition

of colony formation (Figure 2C). Additionally, CCK8

assay confirmed that reducing INPP4B levels could

undermine cell viability in patu8988 and capan1 cells

(Figure 2D and E).

INPP4B Knockdown Promoted

Apoptosis In Pancreatic Cancer
To investigate the effect of INPP4B on apoptosis in pan-

creatic cancer, we detected the expression of apoptosis-

associated proteins by Western blot. The results showed

that the apoptosis-associated proteins cleaved PARP,

Caspase-3 and Bax were significantly upregulated in

patu8988 cells transfected with siINPP4B (Figure 3A

and B).

INPP4B Knockdown Inhibited AKT

Phosphorylation
To explore the underlying molecular mechanism through

which INPP4B exerts its biological function, KEGG

pathway enrichment analysis was performed using the
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top 100 coexpressed INPP4B genes generated from the

cBioPortal. The results were mainly enriched for focal

adhesion, cancer pathways and the PI3K-AKT signaling

pathway (Figure 4A). To further validate the above

results, we detected the expression of phosphorylated

PI3K (p-PI3K) and phosphorylated AKT (p-AKT) in

Figure 1 INPP4B expression in pancreatic cancer.

Notes: (A) INPP4BmRNA expression in pancreatic cancer and normal tissues obtained from theGEPIA database, which is based on the TCGA andGTEx project. (B) INPP4BmRNA

expression between tumor and normal tissues using data from four GEO datasets. (C–E) INPP4B mRNA expression among normal, pancreatitis and cancer tissues using data from

three GEO datasets. (F) INPP4B mRNA expression among normal, pancreatitis and cancer tissues using data from Oncomine. (G) Immunohistochemistry analysis of INPP4B

expression in pancreatic cancer and adjacent tissues. INPP4B (H) mRNA and (I) protein expression in various pancreatic cancer cell lines. *P<0.05, **P<0.01, and ****P<0.0001.
Abbreviations: N, normal; T, tumor; Ns, not significant; FPKM, fragments per kilobase million.
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patu8988 cells with empty control or siINPP4B. The

results showed that p-AKT was significantly reduced in

pancreatic cancer cells with siINPP4B, while p-PI3K

showed no obvious alterations (Figure 4B). The expres-

sion of the above proteins was quantified and is shown

in Figure 4C.

Table 1 INPP4B Expression In Pancreatic Cancer And Paired Adjacent Tissues By Immunohistochemical Analysis (n=22)

Number Of Cases INPP4B Expression x2 P value

-/+ ++/+++

Pancreatic cancer tissue 11 3 (27.27%) 8 (72.73%) 6.6000 0.0102

Adjacent tissue 11 9 (81.82%) 2 (18.18%)

Note: *P<0.05 was considered to denote statistical significance.

Figure 2 INPP4B knockdown inhibited cell proliferation in pancreatic cancer.

Notes: INPP4B (A) protein and (B) mRNA expression in patu8988 and capan1 cells treated with siINPP4B or INPP4B plasmid. (C) Left panel: Colony formation assay using

patu8988 and capan1 cells treated with siINPP4B or INPP4B plasmid. Right panel: The colony number of each group measured by ImageJ. CCK8 assay measured (D)

patu8988 and (E) capan1 cell viability. *P<0.05, **P<0.01.
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AKT Activation Was Necessary For

INPP4B-Induced Colony Formation
To investigate the necessity of AKT in INPP4B signal trans-

duction, we compared patu8988 cells with siINPP4B and

patu8988 cells with both siINPP4B and the AKT activator

SC79. We found that INPP4B knockdown-induced inhibition

of colony formation was reversed by AKT activation

(Figure 5A). However, the decreased cell viability induced

by INPP4B silencing detected by CCK8 was not fully rescued

by AKT activation (Figure 5B). Moreover, INPP4B knock-

down-induced enhanced apoptosis was also reversed by AKT

activation (Figure 5C).

INPP4B Knockdown Inhibited Cell

Proliferation And Enhanced Apoptosis In

Vivo
To further validate the vitro analysis results, we established a

xenograft model using BALB/c nude mice. Patu8988 cells

transfected with vector or shINPP4B were subcutaneously

injected into two groups of nude mice. After 36 days, the

tumors were presented in Figure 6A. The tumor volumes and

weights showed a significant decrease in the shINPP4B

group compared with the vector group (Figure 6B and C).

Immunohistochemistry analysis of excised tumor tissues

showed that the signal intensity of Caspase-3 and Bax in

the shINPP4B group was significantly stronger than in the

vector group (Figure 6D and E).

INPP4B Could Be A Potential Prognostic

And Diagnostic Marker For Pancreatic

Cancer
To determine the clinical relevance and prognostic value of

INPP4B, we obtained and analyzed clinical data from pan-

creatic cancer patients from the TCGA database. As is shown

in Table 2, high INPP4B expression was correlated with a

positive resection margin (R1 or R2, P = 0.008).With respect

to its prognostic value, the Kaplan-Meier curve showed that

high INPP4B expression in pancreatic cancer patients was

associated with poor overall survival (P = 0.0011) and dis-

ease-free survival (P = 0.025) (Figure 7A and B). Moreover,

as is shown in Table 3, univariate cox regression analysis

showed that the T stage (P = 0.049), N stage (P = 0.003), R

status (P = 0.009) and INPP4B expression levels (P = 0.003)

were closely related to patient survival, while multivariate

analysis showed that N stage (P = 0.024) and INPP4B

expression levels (P = 0.008) were significantly associated

with patient survival, suggesting that INPP4B expression

Figure 3 INPP4B knockdown promoted apoptosis in pancreatic cancer.

Notes: (A) Apoptosis-associated proteins detected by Western blot in patu8988

cells transfected with siINPP4B or INPP4B plasmid. (B) The expression levels were

quantified by ImageJ. *P<0.05.

Figure 4 INPP4B knockdown inhibited AKT phosphorylation.

Notes: (A) KEGG pathway enrichment analysis using the top 100 coexpressed genes of INPP4B. (B) The expression of p-PI3K and p-AKT measured by Western blot. (C)

The Western blot results were quantified by ImageJ. *P<0.05.
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could be an independent prognostic factor for pancreatic

cancer. Finally, we evaluated the diagnostic value of

INPP4B from the ROC curve using data from six GEO

datasets (GSE62452, GSE28735, GSE15471, GSE16515,

GSE71729 and GSE1542). The AUC of INPP4B in each

dataset was 0.866, 0.878, 0.911, 0.858, 0.779 and 0.642,

respectively, which was almost equal to or greater than that

of other established diagnostic markers, such as CA125, AFP

and CEA (Figure 8A–F), suggesting that INPP4B could be a

potential diagnostic marker for pancreatic cancer.

Discussion
Through bioinformatics analysis followed by biological

validation, we found that INPP4B was significantly upre-

gulated in pancreatic cancer tissue compared with normal

tissue. INPP4B knockdown could reduce the proliferation

capacity while promoting the apoptosis of pancreatic can-

cer cells measured by both in vitro and in vivo analysis.

KEGG pathway enrichment analysis using the top 100

coexpressed INPP4B genes showed that the main enriched

pathways included the PI3K-AKT signaling pathway. The

Western blot results showed that INPP4B knockdown

resulted in less phosphorylated AKT, and AKT activation

was necessary when INPP4B exerted its oncogenic func-

tions. Furthermore, we identified INPP4B as a potential

prognostic and diagnostic marker for pancreatic cancer

using data from the TCGA and GEO databases.

In this study, we reported that INPP4B served as an

oncogene via AKT activation in pancreatic cancer con-

firmed by in vitro and in vivo analysis. These results are

in contrast to previously published studies suggesting that

INPP4B emerged as a tumor suppressor by inactivating

AKT in various kind of cancers, such as prostate and

basal-like breast cancer.18,19 It has been well-established

that INPP4B hydrolyzes PI(3,4)P2, leading to PI3K sig-

naling termination.29 However, the results in our study

showed that INPP4B knockdown inhibited and INPP4B

overexpression promoted AKT phosphorylation, suggest-

ing that INPP4B promotes AKT activation through upre-

gulation of cellular levels of PI(3,4,5)P3 and PI(3,4)P2.

We speculated that the possible mechanism is that while

INPP4B hydrolyzes PI(3,4,5)P2 to PI(3,4)P, more PI

Figure 5 AKT activation was necessary for INPP4B to exert its oncogenic functions.

Notes: (A) Left panel: Colony formation assay using patu8988 cells treated with siINPP4B and the AKT activator SC79. Right panel: The colony number of each group

counted by ImageJ. (B) CCK8 assay to detect cell growth. (C) Apoptosis-associated proteins detected by Western blot. *P<0.05
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(3,4,5)P2 molecules are generated through the depho-

sphorylation of increased PI(3,4)P3 by 5-phosphatases

such as PIB5PA and SHIP2.15,30 According to our results,

it was confusing that AKT activation could only rescue the

inhibition of colony formation induced by INPP4B knock-

down, but not the cell viability measured by CCK8, which

may result from the inhibition of multiple carcinogenesis

signaling pathways by INPP4B silencing, with only the

AKT pathway being rescued. However, how AKT activa-

tion reversed the inhibition of colony formation induced

by INPP4B silencing remains unclear. Therefore, more

biological tests should be performed to validate the results

using various cell lines.

There are already many molecules that have been

identified as reliable diagnostic markers for pancreatic

cancer, such as CA19-9, IGF-I and VEGFR2.31 In our

study, INPP4B expression in patient samples and cell

lines appears to vary widely, perhaps due to the hetero-

geneous pathophysiological features of patients and pan-

creatic cancer cell lines that are derived from different

cancer locations (primary tumor, liver metastasis or spleen

metastasis) in various individuals. In addition, the physio-

logical conditions of cancer cells during cell culture could

be affected by many factors such as culture medium or cell

generation. Here, we detected the expression of INPP4B in

cell lines to select appropriate cell lines with relatively

Figure 6 INPP4B knockdown inhibited cell proliferation and enhanced apoptosis in vivo.

Notes: (A) Xenograft models injected with patu8988 cells with the empty vector or shINPP4B. (B) The tumor volume of each group measured every 4 days to 36 days

after injection. (C) The excised tumor weights of each group. (D) Representative images of Immunohistochemistry analysis for Caspase-3 and Bax. (E) The percentage of

Caspase-3- and Bax-positive cells were quantified by ImageJ. *P<0.05 and **P<0.01.
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high INPP4B expression level to create knockdown cell

models. Importantly, using expression and clinical data

from six GEO datasets, we performed ROC analysis to

evaluate the diagnostic value of INPP4B. The AUC values

were 0.866, 0.878, 0.911, 0.858, 0.779 and 0.642, which

were approximately greater than or equal to that of other

Table 2 The Correlation Between INPP4B Expression And The Clinicopathological Features Of Patients With Pancreatic Cancer

Characteristics n=162 INPP4B Expression P value

Low Expression High Expression

Gender Male 89 (54.9%) 41 (46.1%) 48 (53.9%) 0.558

Female 73 (45.1%) 37 (50.7%) 36 (49.3%)

Age(years) ≥60 112 (69.1%) 57(50.9%) 55 (49.1%) 0.295

<60 50 (30.9%) 21(42.0%) 29 (58.0%)

Pathologic stage I + II 154 (95.1%) 74 (48.1%) 80 (51.9%) 0.914

III + IV 8 (4.9%) 4 (50.0%) 4 (50.0%)

T stage T1 + T2 30 (18.5%) 18 (60.0%) 12 (40.0%) 0.150

T3 + T4 132 (81.5%) 60 (45.5%) 72 (54.5%)

N stage N0 47 (29.0%) 27 (57.4%) 20 (42.6%) 0.148

N1 66 (40.7%) 26 (39.4%) 40 (60.6%)

N2 49 (30.2%) 25 (51.0%) 24 (49.0%)

M stage M0 78 (48.1%) 34 (43.6%) 44 (56.4%) 0.454

M1 5 (3.1%) 2 (40.0%) 3 (60.0%)

Mx 79 (48.8%) 42 (53.2%) 37 (46.8%)

R status R0 106 (65.4%) 59 (55.7%) 47 (44.3%) 0.008*

R1 +R2 56 (34.6%) 19 (33.9%) 37 (66.1%)

Note: *P<0.05 was considered to denote statistical significance.

Figure 7 Kaplan-Meier curve analysis of INPP4B in pancreatic cancer patients.

Notes: The association between INPP4B expression and (A) overall survival or (B) disease-free survival of pancreatic cancer patients. The patients were stratified based on

high and low INPP4B expression. P<0.05 was considered to denote statistical significance.
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established markers including CA125, AFP and CEA,

suggesting that INPP4B had potential diagnostic value.

However, more patient samples are required to validate

these results. The identification of novel diagnostic mar-

kers may contribute to individualized therapy. We spec-

ulate that combination of INPP4B with CA19-9 or another

well-established diagnostic marker could improve the sen-

sitivity and specificity of pancreatic cancer detection.

However, this requires further investigation to validate

with a large patient cohort.

Pancreatic cancer is characterized by its poor prog-

nosis, with a 5-year survival less than 5% for decades.

Improving the prognosis of pancreatic cancer patients is

difficult for pancreatic surgeons.32 Many prognostic mar-

kers in pancreatic cancer have been recognized, such as

TRPM8, CD74 and LKB1.33–35 Here, we obtained and

analyzed survival data from the GEPIA database, which

is based on TCGA and the GTEx project. The results

showed that INPP4B was significantly associated with

the R status of pancreatic cancer. Additionally, INPP4B

Table 3 Univariate And Multivariate Analysis Of Clinicopathological Parameters Of Patients With Pancreatic Cancer In The TCGA

Database By Cox Regression

Univariate Analysis Multivariate Analysis

Characteristics P Value HR CI95 P Value HR CI95

T stage 0.049* 1.904 1.003–3.613 0.411 1.327 0.676–2.605

N stage 0.003* 1.520 1.149–2.010 0.024* 1.423 1.048–1.933

R status 0.009* 1.806 1.157–2.819 0.060 1.541 0.982–2.420

INPP4B Expression 0.003* 1.952 1.249–3.052 0.008* 1.841 1.171–2.894

Notes: *P<0.05 was considered to denote statistical significance.

Abbreviations: TCGA, the cancer genome atlas; HR, hazard ratio; CI, confidence interval.

Figure 8 Diagnostic value assessment of INPP4B by ROC method using GEO datasets.

Notes: The discriminative capacity of INPP4B was evaluated using data from the following six GEO datasets: (A) GSE62452, (B) GSE28735, (C) GSE15471, (D) GSE16515,

(E) GSE71729 and (F) GSE1542. A graded AUC value of 0.5–0.7, 0.7–0.9 or 0.9–1.0 indicated a poor, moderate or high diagnostic value, respectively.

Abbreviations: ROC, receiver operating characteristic; GEO, the gene expression omnibus; AUC, area under the ROC curve.
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overexpression was associated with poor overall and dis-

ease-free survival of pancreatic cancer patients, which is in

accordance with a previously published research using

another analysis tool, suggesting that elevated INPP4B

expression was correlated with poor outcomes in pancrea-

tic cancer patients.23 Moreover, multivariate cox regres-

sion analysis showed that INPP4B expression and N stage

were significantly related to patient survival, indicating

that INPP4B could serve as an independent prognostic

marker for pancreatic cancer. Taken together, our study

suggested that INPP4B could be a potential diagnostic and

prognostic marker for pancreatic cancer. However, these

results require further studies with a larger patient cohort

for validation.

There are some limitations in this study that cannot be

neglected. First, the specific molecular mechanisms

through which INPP4B promotes rather than inhibits

AKT phosphorylation require further elucidation. Second,

due to limited number of enrolled patients in the TCGA

(176 pancreatic cancer patients) and GEO (patient num-

bers ranging from 49 to 191) databases, the diagnostic and

prognostic potential, as well as the clinical relevance, of

INPP4B need to be further evaluated with more patient

samples. Moreover, more pancreatitis or benign pancreatic

samples are required when comparing with normal and

pancreatic cancer samples to detect the specificity of

INPP4B as a diagnostic marker. Third, apoptosis in pan-

creatic cancer was only detected through Western blot by

measuring several apoptosis-associated proteins (PARP,

Caspase-3 and Bax). Flow cytometry analysis should also

be performed to detect the apoptosis rate. Finally, to mea-

sure the effect of INPP4B on the proliferation of pancrea-

tic cancer, cell cycle analysis should be performed and the

targets that INPP4B regulates in the cell cycle need to be

discovered. This is what we plan to investigate in future

studies.

Conclusion
Collectively, we proved that INPP4B was upregulated in

pancreatic cancer using bioinformatics analysis followed

by biological validation. Using in vitro and in vivo ana-

lyses, we found that INPP4B could promote proliferation

and inhibit apoptosis of pancreatic cancer cells by activat-

ing AKT, suggesting that INPP4B is an oncogene in pan-

creatic cancer. Moreover, INPP4B could serve as an

independent prognostic factor and possessed moderate

diagnostic value.
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