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Abstract

Background: The PI3K/Akt pathway is frequently activated in prostate carcinoma due to the 

loss of tumor suppressor PTEN, which leads to increased Akt activity. Expression of 

INPP4B, another negative regulator of the PI3K/Akt pathway, is also reduced in prostate 

carcinoma. However, uncertainty exists regarding the association of INPP4B expression and

biochemical and clinical relapse of prostate carcinoma. 

Methods: INPP4B expression in benign prostate acini was analyzed by co-

immunofluorescence with cytokeratins (CK) 5, 8, 19, androgen receptor (AR), c-MET, 

chromogranin A and Ki67. INPP4B expression in prostate carcinoma was analyzed in two 

independent cohorts (n= 406). The association of INPP4B with biochemical and clinical 

prostate carcinoma relapse was assessed by Kaplan-Meier and Cox proportional hazards 

modeling. 

Results: INPP4B was expressed in luminal epithelium within benign ducts, and was highly 

expressed in CK5+/CK8+/CK19+/AR-/c-MET+/Ki67- intermediate cells in proliferative 

inflammatory atrophic acini. Overall, INPP4B expression was reduced in prostate carcinoma 

compared to benign epithelium. Absent/low INPP4B expression was associated with reduced 

biochemical relapse-free survival (p=0.01) and increased risk of clinical relapse (p=0.01). 

Absence of INPP4B expression was an independent predictor of clinical relapse free survival 

(p=0.004) when modeled with Gleason score (p=0.027) and pathologic stage (p=0.07).

Conclusions: INPP4B is highly expressed in intermediate cells within proliferative 

inflammatory atrophic ducts, and expression is reduced in prostate carcinoma. Absence of 

INPP4B expression is associated with poor outcome following radical prostatectomy, and 

represents an independent prognostic marker of prostate carcinoma clinical recurrence.

Keywords: INPP4B, prostate atrophy, prostate carcinoma, PI3K pathway
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Introduction

Phosphoinositide 3-kinase (PI3K)/Akt pathway activation plays a critical role in 

prostate carcinoma progression. PI3K generates the lipid signal, phosphatidylinositol 3,4,5-

trisphosphate (PI(3,4,5)P3), which facilitates the activation of the serine-threonine kinase,

Akt, and other effectors that regulate cell proliferation and death. PTEN dephosphorylates 

PI(3,4,5)P3 at the 3-position phosphate on the inositol ring and thereby inhibits PI3K/Akt 

signaling. PTEN haplo-insufficiency is one of the main genetic events in prostate carcinoma

initiation (1, 2). Overall, one or more components of the PI3K/PTEN/Akt signaling pathway 

are altered in 42% of localized and 100% of metastatic prostate carcinomas (3).

Predominantly, these carcinomas are characterized by hyper-activation of Akt, as a 

consequence of loss of expression, transcription, or stability of PTEN, or loss of the negative 

Akt regulator, PHLPP (3-5). Manipulation of PTEN expression levels in mice has revealed 

that progressive loss of PTEN results in the progression of prostate hyperplasia to high grade 

prostatic intraepithelial neoplasia (PIN) and in turn prostate carcinoma (6). However, loss of 

only one allele of Pten is not sufficient to cause progression from high grade intraepithelial 

neoplasia to prostate carcinoma in the absence of any other alterations (7). In various murine 

models, prostate carcinoma progression due to PTEN loss is dependent on increased Akt and 

mTORC1 signaling (4, 8, 9).

Recently another tumor suppressor pathway that opposes PI3K/Akt signaling has been 

identified. Akt is activated by PI(3,4,5)P3, but equally by another phosphoinositide signal,

PI(3,4)P2. In epithelial tissues INPP4B, a PI(3,4)P2 4-phosphatase, suppresses PI3K-

dependent Akt activation and thereby regulates breast and prostate carcinoma cell 

proliferation (10, 11). In addition, INPP4B expression is reduced in breast, ovarian, and 

prostate carcinomas (3, 10-12). Transcriptomic analysis has revealed the reduction of 

INPP4B mRNA levels in <10% of non-invasive and in 50% of metastatic prostate carcinoma 

cases, respectively (3). Immunohistochemistry analysis of INPP4B antibody staining of 
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radical prostatectomy tissue microarrays has also demonstrated reduced INPP4B protein 

expression (11). Highly proliferative prostate carcinomas, as determined by Ki67 staining,

were associated with reduced INPP4B antibody staining and showed worse prognosis than 

cases associated with reduced PTEN expression (11). Loss of INPP4B expression in prostate 

carcinoma is associated with biochemical recurrence however, whether this represents a 

significant prognostic factor for prostate carcinoma recurrence is unknown. In addition, the 

cellular distribution of INPP4B in normal prostate has yet to be reported.

Emerging evidence suggests that chronic inflammation is a precursor to the 

development of high grade PIN and prostate carcinoma (13-15) Here we investigate the 

distribution and expression of INPP4B in benign prostate and prostate tumor tissues.
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Materials and Methods

Patient Cohorts

The first patient cohort was used to examine the differences between INPP4B 

expression in benign versus malignant tissue and in subcellular compartments of the 

carcinoma. It included prostate carcinoma tissue from a total of 97 prostatectomy patients, 

and was obtained from the Cancer Council Victoria (CCV). This study has Ethics Committee 

approval (Number 2011000124). 

The second patient cohort was used to assess the relationship between INPP4B 

expression and outcome in localized prostate carcinoma. This prognostic cohort included 309 

men with localized prostate carcinoma treated with radical prostatectomy with full survival 

data and was obtained from Garvan Institute/Kinghorn Cancer Centre. The median age of 

patients at diagnosis was 63.4 years (range 44.0-76.3). At a median follow up of 15.3 years 

(range 0.5-28.0), 140 patients had biochemical recurrence of the disease (45.3%), and 33 

patients (10.7%) had clinical recurrence of the disease. Patient details are listed in Table 1.

Each patient case was represented by a mean of three biopsies (range, two to five biopsies) of 

PC representative of the primary, secondary, and tertiary Gleason grades, in line with Rubin 

et al study identifying the optimum number of cores required to correspond to conventional 

sections and therefore take account of tumor heterogeneity (16).

Patients were followed post-operatively by their surgeons on a monthly basis until 

satisfactory urinary continence was obtained and then at 3-month intervals until the end of the 

first year, at six-monthly intervals to 5 years and yearly thereafter. Relapse was defined by 

the following criteria: biochemical disease progression with a serum PSA concentration 0.2

ng/ml increasing over a 3-month period or local recurrence on digital rectal examination 

confirmed by biopsy or by subsequent rise in PSA. Clinical relapse was defined as local 

recurrence or distant metastatic disease. This study has Ethics Committee approvals (numbers 

H00/088, 106/02L).
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Immunohistochemistry

INPP4B expression was investigated using the previously characterized monoclonal 

anti-INPP4B (3D5) antibody (10). For the CCV cohort, four micrometer sections were cut 

from formalin-fixed, paraffin embedded (FFPE) whole tissue sections. For the prognostic

cohort, four micrometer sections were cut from formalin-fixed, paraffin embedded tissue 

microarrays. Each carcinoma sample was represented by four one millimeter cores, which 

give an accurate representation of heterogeneous biomarker expression. Each carcinoma 

sample was matched with at least one core from the same zone but distant from carcinoma 

and high grade PIN (17, 18). Sections were dewaxed in xylene, rehydrated in ethanol grading 

and antigens retrieved in high pH buffer (Leica) for 3 minutes at 123°C. Sections were 

blocked in bovine serum albumin (1%) followed by incubation with mouse monoclonal anti-

INPP4B antibody (1:400) (10). Endogenous peroxidase activity was quenched with 0.3% 

hydrogen peroxide. Primary antibody was detected using anti-mouse secondary antibody 

from the Envision Plus System HRP kit (Dako), and color development was achieved with 

3,3-diaminobenzidine (Dako). Tissue sections were counterstained in haematoxylin, and 

imaged using the Olympus dotslide microscope.

Immunofluorescence staining

FFPE sections were dewaxed, and antigen retrieval and blocking were performed as 

above. Sections were co-incubated with mouse monoclonal anti-INPP4B antibody (1:200)

(10) and rabbit cytokeratin 5 (1:500, Thermo Scientific), cytokeratin 8 (1:500, Abcam), 

cytokeratin 19 (1:500, Thermo Scientific), chromogranin A (1:400, Dako), Ki67 (1:200, 

Thermo Scientific, AR (1:500, Santa Cruz Biotech) or c-MET (1:150, Abcam) antibodies.

Nuclei were stained with ToPro3 iodide or DAPI. Immunofluorescence staining was imaged 

using the Nikon C1 confocal microscope. 
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Immunohistochemical scoring

For the CCV cohort, whole prostate sections were reviewed by a pathologist and 

benign prostate and infiltrating carcinoma identified for subsequent image analysis and 

quantification of reactivity. The heterogeneity of the tumor was accounted for by the 

pathologist outlining a representative area at least 10 mm2 (encompassing the overall grade of 

tumor and consisting of infiltrating carcinoma only) following review of the entire transverse 

section. Prostate sections were then scanned and the staining in areas of benign tissue and 

carcinoma areas analyzed using image processing software ImageJ. Briefly, image 

background was subtracted, the brown DAB staining was isolated using color deconvolution 

and converted to 8-bit grey scale. Mean INPP4B staining intensity was obtained from the 

product of the integrated density of the image and the area of positive pixels.

The prognostic cohort from the Garvan Institute/Kinghorn Cancer Centre was scored 

only by a pathologist specializing in prostate carcinoma (RG) from tissue microarrays. As per 

our usual practice, our pathologist was blinded to the biochemical and clinical recurrence data 

(17, 19). The intensity was graded as 0 (absent), 1+ (low), 2+ (intermediate) and 3+ (high 

staining) (Fig S4) (19). Each element in the tissue microarrays was scored separately and 

highest intensity grade was taken as the score for the overall carcinoma case. 

Cell culture

The benign epithelial prostate cell line RWPE-1 was maintained in keratinocyte 

serum free media (Gibco), the androgen-dependent LNCaP and androgen-independent 

DU145 prostate carcinoma cell lines were maintained in RPMI supplemented with 10% FBS, 

and the androgen independent PC3 prostate carcinoma cell line was maintained in DMEM 

supplemented with 10% FBS and 2mM L-glutamine.

Statistical analysis

Statistics used in immunofluorescence analysis included the Student’s t-test and the Welch’s 

correction t-test, where the variances were significantly different. The association between 
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INPP4B expression and biochemical and clinical prostate carcinoma relapse was assessed 

using Kaplan-Meier and Cox proportional hazards models. Covariates considered were 

adjuvant therapy, extraprostatic extension, Gleason score, margin involvement, pathologic 

stage, pre-operative PSA, and seminal vesicle invasion. P < 0.05 was considered statistically 

significant.

Results

INPP4B distribution in the benign prostate.  

INPP4B expression in benign prostate was investigated using the previously 

characterized monoclonal anti-INPP4B (3D5) antibody (10). This antibody detected INPP4B 

as a 104 kDa polypeptide in benign prostate epithelial RWPE-1 cells and the androgen-

dependent LNCaP cells, but little to no INPP4B protein in the androgen-independent PC3 and 

DU145 cell lines, as shown by immunoblot analysis (Fig S1A). 

We assessed INPP4B expression by immunohistochemistry of benign prostate ducts, 

intraepithelial neoplasia (PIN) and carcinoma of the prostate (Fig 1A) which revealed varying 

INPP4B-reactivity in both benign and neoplastic epithelia. In control studies, consecutive 

sections from the same tissue were stained with mouse IgG, which showed little staining (Fig 

S1B). INPP4B was present in the luminal cells of benign prostatic glands and ducts in most 

cases. Clustered and single cells strongly immunoreactive for INPP4B were seen throughout 

all prostate sections in a multifocal distribution. Prostatic glands contain a continuous layer of 

secretory luminal cells resting on a basal cell layer with scattered neuroendocrine cells, both 

of which rest on the basement membrane. We observed a significant degree of variability in 

INPP4B expression within benign epithelia. INPP4B positive cells were present within 

normal glands with columnar epithelium and luminal secretions (Fig 1A). INPP4B antibody 

immunofluorescence co-staining of benign human prostate tissue with luminal (CK8), basal 

(CK5) and intermediate (CK19) cytokeratin markers revealed that INPP4B was excluded 
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from basal cells, but was present in luminal cells and partially in intermediate cell 

compartments (Fig 1B). 

Simple atrophic acini showed a diffuse, strong reactivity of INPP4B antibody 

staining within all lining epithelial cells (Fig 1A). Notably, the most prominent INPP4B 

antibody staining was observed in a subset of cells grouped together within ducts that formed 

INPP4B-positive (INPP4Bhigh) cell clusters (Fig 1C). Clustered INPP4Bhigh cells were 

commonly composed of groups of 10-30 subluminal cells that were observed in most sections 

analyzed. These clustered multi-layered cells were located above the basal layer (Fig 1C) and 

showed centrally located, rounded to ovoid nuclei and eosinophilic cytoplasm in contrast to 

normal luminal tall-columnar epithelial cells with basally localized nuclei (Fig 1C). The 

INPP4Bhigh clusters were reminiscent of the cell clusters described by Wang et al in 

proliferative inflammatory atrophy (PIA) of the prostate (15).

Human prostate cancers characteristically exhibit an absence of basal cells and an 

expansion of luminal cells, suggesting oncogenic conversion of a luminal progenitor (20).

Putative stem cells represent approximately 1% of the total prostate cell population and beget 

pluripotent progenitor cells, which in turn can form either transit amplifying cells (CK5+/AR-

/Ki67+/CK8/18-/CK19-) with limited proliferative capacity, or basal cells (p63+/CK5+/AR-

/CK8/18-)(21). Transit amplifying cells can further differentiate to become intermediate cells 

and subsequently luminal cells (p63-, CK5-, AR+, PSA+, CK8/18+) (21-23). PIA lesions are 

enriched in intermediate cells (CK5+, CK8/18+) with moderate to high expression of the 

hepatocyte growth factor receptor c-MET (24). Co-immunofluorescence revealed that 

INPP4Bhigh clustered cells exhibited CK8+, CK19+ and CK5+ expression, (Fig 2A) in 

contrast to the predominantly luminal phenotype of INPP4B-positive cells comprising the 

continuous epithelium. Quantitative evaluation of INPP4Bhigh cell cluster cytokeratin profile 

from over 70 clusters in the benign epithelium of 4 different prostatectomy sections revealed 

approximately 50% of the cell clusters contained CK5+ cells, 75% contained CK19+ cells, 

and 100% contained CK8+ cells (Fig 2B). The INPP4Bhigh cell clusters were not of a 
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neuroendocrine origin, as these cells were negative for chromogranin A expression (Fig S2). 

In addition, INPP4Bhigh clustered cells exhibited moderate expression of c-MET, consistent 

with a PIA phenotype (Fig 2C).

PIA lesions often exhibit increased cell proliferation compared to normal prostate 

epithelium (14, 24, 25). We thus investigated whether high INPP4B expression marked a 

population of hyper-proliferative cells. Ki67 staining was not observed in INPP4Bhigh cell 

clusters, suggesting that these cells were not actively cycling (Fig 2D, S3A). As predicted, 

INPP4B-positive cells comprising both PIN and prostate carcinomas were proliferative (Fig 

2D) (average Ki67 positivity of 2.8 ± 1.2%, 4.0 ± 0.9%, respectively, consistent with 

previous reports (26-28)). Androgen receptor (AR) expression is a marker of committed 

luminal cell differentiation. PIA lesions exhibit weak to moderate AR expression (15, 29).

Although INPP4B was co-expressed with AR in the luminal compartments of benign, PIN 

and malignant epithelia (Fig 2E, Fig S3B) INPP4Bhigh cell clusters showed no detectable 

nuclear androgen receptor staining (Fig 2E, Fig S3B). Collectively INPP4Bhigh cell clusters 

feature the expression of basal and luminal lineage cytokeratin markers, the hepatocyte 

growth factor receptor c-MET and an association with AR- status, consistent with PIA.

Expression analysis of INPP4B in human prostate carcinoma.

PIA lesions are proposed to be precursors of PIN and prostate adenocarcinoma (13-

15), and aberrant PI3K/Akt activation drives prostate cancer initiation. As we observed strong 

INPP4B expression in clusters of cells in PIA, we assessed a panel of human prostate cancers 

for INPP4B expression by immunohistochemistry using two distinct patient cohorts, one 

comprising 97 cases in which whole prostatectomy samples were available for examination 

and a second cohort comprising 309 cases on tissue microarrays. We analyzed 97 whole 

prostatectomy tissue sections using digital image analysis of the percentage of cells 

expressing INPP4B and the intensity of INPP4B immunoreactivity. We observed 

heterogeneous INPP4B expression in both benign and tumor tissues (Fig 3A). Overall, the 
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majority of prostate cancer cases exhibited INPP4B expression in the benign epithelium 

(92.8% of cases), and in carcinoma (96.9% of cases). Furthermore, the percentage of INPP4B 

positive cells (detectable levels of staining) was not significantly different between benign 

(77.2 ± 3.27%) and cancer epithelium (70.96 ± 3.12%)(Fig 3B). However, we observed in 

carefully selected and representative areas of infiltrating carcinoma that the mean INPP4B 

staining intensity was reduced (mean 20.17 ± 2.42, 95% CI 15.37-24.97, p<0.0001)

compared to benign tissue (mean 72.13 ± 8.48, 95% CI 55.30-88.97)(Fig 3C, Fig S4).

Expression of INPP4B in carcinoma in situ was frequently seen to be high and of similar 

intensity to that of the cell clusters in PIA, although formal quantification was not performed. 

INPP4B is an independent predictor of clinical prostate carcinoma recurrence.

Decreased INPP4B expression has been reported to be associated with increased 

biochemical recurrence of prostate cancer (11). To further assess whether INPP4B expression 

status represents a possible prognostic marker of outcome following prostate carcinoma 

treatment, we analyzed 309 patients with full survival data from the Garvan/Kinghorn Cohort 

(Table 1). The median follow up time of this cohort was 15.3 years (range 0.5-28.0), with 140 

(45.3%) cases of biochemical recurrence and 33 (10.7%) cases of clinical recurrence of the

disease. The median age at time of diagnosis was 63.4 years (range 44.0-76.3). Absent/low 

INPP4B expression in this cohort of 309 localized prostate carcinoma cases was associated 

with poor outcome. Absent/low INPP4B was present in 7.1% cases of biochemical recurrence 

and 15.2% cases of clinical recurrence. Absent/low INPP4B expression was associated with 

shorter biochemical relapse-free survival (p=0.01; Fig 3D). Furthermore, absence of INPP4B 

expression had a strong association with clinical relapse (HR 3.2, 95% CI 1.25-8.42, p= 0.01) 

(Fig 3E).

To investigate whether INPP4B is an independent predictor of prostate carcinoma 

prognosis, multivariable Cox analysis was performed, that included the clinical and 

pathologic stage parameters, the Gleason score, pre-operative PSA levels, and adjuvant 
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therapy (Table 2). The only independent predictors of biochemical relapse were Gleason sum 

(p=0.002) and seminal vesicle invasion (p=0.02) (Table 2). On the other hand, INPP4B 

expression (negative vs. positive) was an independent predictor of clinical prostate carcinoma 

relapse (HR 4.4, 95% CI 1.65-11.72, P = 0.003) when modeled with Gleason score (p=0.027)

and pathologic stage (p=0.07) (Table 2).

Discussion

In this study, we used markers of cell lineage to demonstrate INPP4B expression is 

confined to luminal epithelial cells in the normal prostate. INPP4B expression is increased in 

simple atrophic ducts as well as in clusters of intermediate cells in PIA lesions. INPP4B 

distribution within carcinoma and benign tissue was highly heterogeneous however 

expression was significantly reduced in prostate cancer and independent of Gleason grade. In 

the larger cohort, absence of INPP4B expression was a significant prognostic factor for 

biochemical and clinical prostate cancer recurrence. This data therefore identified INPP4B as 

a novel marker for intermediate cells in PIA and its loss of expression in prostate cancer is a 

predictor of poor long-term outcome.

The cellular phenotype of the INPP4Bhigh clusters (CK5+/CK8+/CK19+/AR-/c-

MET+) is consistent with intermediate cells which are enriched in PIA. Morphologically PIA 

lesions resemble neoplastic cells, consisting of low cuboidal epithelium with decreased 

nuclear-cytoplasmic ratio (13, 15, 24). PIA includes simple atrophy and post-atrophic 

hyperplasia and these lesions are often associated with acute and/or chronic inflammation 

(13, 24). Although an increase in the number of proliferating cells has been reported in the 

luminal layer of PIA lesions (14, 24), clustered cells exhibiting high INPP4B expression did 

not express the proliferation marker Ki67. Similarly, INPP4B is expressed predominantly in 

non-proliferating cells in normal human breast epithelia (10).

13
 



PIA occurs as a result of repeated bouts of injury and regeneration due to exposure to 

cellular stresses such as pathogens, toxins or dietary factors (25, 30). c-MET plays a role in 

tissue regeneration and its expression is increased in a number of inflammatory conditions 

including ulcerative colitis, obstructive cholangiopathy and acute pancreatitis as well as PIA 

in the prostate (13, 15, 24, 25). INPP4Bhigh clusters exhibited moderate c-MET staining

consistent with PIA. Decreased expression of tumor suppressor genes or caretakers such as 

p27kip1, NKX3.1 and PTEN has been described in PIA lesions. However, some cells within 

PIA lesions may exhibit increased levels of tumor suppressors or stress response proteins 

such as GSTP1 and COX-2 (13, 14). In this regard we observed increased INPP4B 

expression in clusters of atypical epithelial cell hyperplasia in PIA acini similar to the 

heterogeneous expression of GSTP1 in PIA (29). The increase in INPP4B expression in 

atrophic ducts is reminiscent of the elevated levels of the 4-phosphatase observed in response 

to cellular stress in other cell types. Treatment of cancer cell lines with either radiation or 

anticancer drugs results in increased INPP4B mRNA expression. For example, H2O2-induced 

oxidative stress in rat cardiomyoblasts is associated with elevated Inpp4b mRNA and protein 

levels (31, 32).

PIA has been proposed to be a precursor of prostate carcinoma either directly or 

through the development of high-grade PIN (13-15). Clusters of atypical epithelial cell 

hyperplasia in PIA lesions may represent the earliest transition between PIA and high-grade 

PIN (15). PIA lesions are often associated with PIN and carcinoma in prostatectomy sections

and the lesions share morphological similarities and genetic abnormalities. For example, PIA, 

PIN and prostate carcinoma exhibit chromosome 8 abnormalities, increased Bcl-2 protein and 

decreased NKX3.1 and p27kip1 (30, 33). Repeated bouts of injury to the prostate epithelium 

results in PIA lesions enriched with intermediate cells, which have been postulated as the cell 

of origin of prostate cancer (15). Further genetic mutations in a small subset of these 

intermediate cells may initiate high-grade PIN and early prostate carcinogenesis (25). We 

report here that INPP4B expression is increased in atrophic prostatic acini but decreased in 
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PIN and carcinoma. This is similar to the expression pattern of cytoglobin which is also 

induced in response to oxidative stress (34).

It is of interest that loss of PTEN expression in intermediate cells results in increased 

Akt phosphorylation, leading to hyperplasia, which may contribute to the capacity of these 

cells to initiate tumor formation (22, 35). INPP4B degrades the PI3K signal PI(3,4)P2 and is a 

negative regulator of Akt activation in prostate carcinoma cells, and both INPP4B and PTEN 

are frequently lost in metastatic prostate and also breast carcinomas (3, 10, 11). We propose 

that analogous to PTEN, INPP4B may act as a negative regulator of Akt signaling in normal 

prostate epithelial cells, and its loss of expression leads to hyper-activation of Akt leading to 

enhanced proliferation and inhibition of apoptosis. It remains to be determined whether 

intermediate cells that lose INPP4B expression have hyper-proliferative and tumor-forming 

capacity. Based on our hypothesis, intermediate cells exhibiting loss of INPP4B may 

represent tumor initiating cells that give rise to INPP4Blow prostate tumor foci.

INPP4B is highly expressed in atrophic prostate cells with low or absent AR staining. 

INPP4B expression is associated with estrogen receptor expression in breast carcinoma and 

breast carcinoma cell lines (10), and correlates with androgen receptor expression in the 

androgen-dependent LNCaP, but not the androgen-independent PC3 cells (11, 36).

Furthermore, INPP4B transcription in LNCaP cells increases upon androgen treatment and 

decreases upon treatment with the anti-androgen bicalutamide (11). In contrast, testosterone 

treatment does not induce Inpp4b transcription in castrated mice (36). Similarly, in breast 

carcinoma cells, estrogen stimulation does not alter INPP4B protein expression, although 

there is some evidence of alteration of mRNA transcripts (10, 37). INPP4B also reduces AR 

transcriptional activity upon testosterone treatment in vitro, suggesting INPP4B may have a 

similar role as PTEN, which regulates AR activity downstream of Akt activation. However, 

in intermediate cells, which show low AR expression, we observed high INPP4B expression.
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Thus, in prostate epithelium INPP4B expression is tightly regulated by both AR-dependent 

and -independent mechanisms.

INPP4B expression in infiltrating carcinoma as assessed by digital image analysis of 

prostatectomy sections revealed a significant mean reduction in INPP4B expression within 

the malignant epithelial cells as compared to the level of expression in benign epithelium.  

These findings support the previous reports of reduced INPP4B expression in prostate 

carcinoma as determined by IHC and mRNA analysis (3, 11). In the larger prognostic cohort 

by analysis of tissue micorarrays the absence of INPP4B expression was a significant 

prognostic factor for biochemical and clinical prostate carcinoma recurrence. To date, 

INPP4B loss has been demonstrated in several carcinomas, including breast, ovarian and skin 

carcinoma, and INPP4B LOH has been observed in all three of these carcinomas (12).

Significantly, in our retrospective analysis of biochemical and clinical recurrence in the 

Garvan/Kinghorn cohort of 309 cases, we found absence of INPP4B expression was 

associated with a worse prognosis. This finding is in agreement with a previous study, which 

showed reduced INPP4B expression significantly reduced time to biochemical recurrence 

(11). However, Hodgson et al did not demonstrate that INPP4B was an independent predictor 

of biochemical recurrence (11). We report that time to clinical recurrence of carcinoma was 

significantly decreased only in cases with complete loss of INPP4B expression. Importantly, 

multivariate analysis revealed absence of cytoplasmic INPP4B staining was an independent 

predictor of prostate carcinoma clinical recurrence. 

Recently, Carver et al demonstrated reciprocal feedback between the PI3K/Akt 

pathway and AR signaling, and showed activation of Akt due to loss of PTEN led to 

repression of AR transcriptional activity (38). Here we report that expression of INPP4B, 

another negative regulator of the PI3K/Akt pathway, is reduced in prostate carcinoma, and 

loss of INPP4B correlates with increased clinical prostate carcinoma recurrence. It is 

unknown if INPP4B loss leads to repression of AR activity, and whether it correlates with 
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castrate-resistant prostate carcinoma. However, our study indicates that INPP4B as well as 

PTEN status should be considered in future clinical trials of PI3K inhibitors, as both regulate 

Akt signaling and loss of either phosphatase is associated with poor long term outcome. 

In conclusion, the results of this study reveal that loss of INPP4B expression predicts 

for biochemical and clinical relapse. There are many predictors of clinical prostate cancer 

outcome, however, the combination of INPP4B biology and clinical data suggests that this is 

an important biological pathway that may be operating in lethal prostate carcinoma and could 

be considered in the development of therapeutic strategies.
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Figure Legends

Figure 1. INPP4B is expressed in normal prostatic epithelium. (A) INPP4B staining in the 

prostate was apparent in the luminal epithelium within benign ducts (upper panel) as well as 

prostatic intraepithelial neoplasia and carcinoma (P and C respectively; middle panel). 
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Increased INPP4B staining was observed in simple atrophic ducts (lower panel) (B) Co-

immunofluorescence staining of benign prostate epithelium with INPP4B (red) and 

cytokeratin 8, 5, and 19 (green) antibodies. (C) INPP4Bhigh cell clusters (arrows) were 

subluminal and contained central, rounded to ovoid nuclei and reduced cytoplasm. H&E-

stained sections of the same areas are shown on the left in A and C.

Figure 2. INPP4Bhigh cell clusters display features of PIA. (A) The INPP4Bhigh cell clusters 

(red) showed cytokeratin CK8, CK19 and CK5 staining (green). Nuclei are in blue, and 

yellow staining shows co-localization of INPP4B with cytokeratins. (B) Over 70 clusters 

from 4 cases were scored for cytokeratin marker co-localization, and the median ± 95% CI of 

positivity is displayed. (C) The INPP4Bhigh cell clusters (red) exhibited moderate c-MET 

staining (green). (D) More than 70 cells within INPP4Bhigh cell clusters and at least 150 

INPP4Bhigh cells within benign ducts, PIN and carcinoma were scored per section for Ki67 

staining, and the mean ± SEM from three prostate sections is shown. (E) At least 70 cells 

within INPP4B positive cell clusters and at least 150 INPP4Bhigh cells within benign ducts, 

PIN and carcinoma were scored per section for AR staining, and the mean ± SEM from two 

prostate sections is shown.

Figure 3. INPP4B is differentially expressed in prostatic adenocarcinoma and loss of 

INPP4B correlates with reduced recurrence-free survival. (A) A range of INPP4B 

expression in benign prostatic epithelium (white bars) and carcinoma (black bars) is shown. 

INPP4B expression in benign epithelium and carcinoma is reported as (B) the percentage of 

INPP4B positive cells, and (C) the product of staining intensity and percentage positivity. 

Carcinoma and surrounding benign ducts from 97 prostate whole tissue sections were 

assessed. The box plots represent the mean, the 25-75% range, and the 5-95% range within
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the whiskers (*** p < 0.0001, paired Student’s t-test). (D) Kaplan-Meier analysis of 

biochemical (PSA) prostate carcinoma recurrence and cytoplasmic INPP4B staining 

intensity, data obtained from 140 cases with biochemical relapse (Garvan/Kinghorn Cohort). 

(E) Kaplan-Meier modeling of clinical prostate carcinoma recurrence and cytoplasmic 

INPP4B intensity, data obtained from 33 cases with clinical relapse (Garvan/Kinghorn 

Cohort).
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Table 1.  Clinicopathologic characteristics of the Garvan/Kinghorn cohort. Total patients 
with assessable scores in their tumor samples, n = 309. 

Table 2.  
Multivariable Cox 

Characteristics Number % of cohort 
Age at diagnosis, years (n=308)
Median (range) 63.4 (44.0-76.3)

174 56.3
> 65 134 43.4
Length of follow-up, years (n=309)
Median (range) 15.2 (0.4-25.4)
Pre-operative PSA, ng/ml (n=306)
Median (range) 9.7 (1.0-191.0)
Pathological stage (n=309)
pT2A 11 3.6
pT2B 16 5.2
pT2C 136 44.0
pT3A 95 30.7
pT3B 45 14.6
pT4 6 1.9
Pathological Gleason sum (n=306)

182 58.9
7 78 25.2

46 14.9
Extraprostatic extension (n=309)
Absent 172 55.7
Present 137 44.3
Seminal vesicle invasion (n=308)
Absent 260 84.1
Present 48 15.5
Margin involvement (n=307)
Absent 153 49.5
Present 154 49.8
Adjuvant therapy (n=309)
No 244 79.0
Yes 65 21.0
- Radiotherapy 13 4.2
- Hormone therapy 45 14.6
- Radiotherapy and hormone therapy 7 2.3
Clinical outcome
PSA relapse 140 45.3
Clinical relapse 33 10.7
Prostate cancer specific deaths 16 5.2
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proportional hazards analysis of clinicopathologic variables and INPP4B expression in the 
Garvan/Kinghorn prostate cancer patient cohort

Multivariable analysis
No. of 

patients

PSA relapse Clinical relapse

HR 95% CI P HR
95% 
CI P

Cytoplasmic INPP4B 
intensity 309 0.6 0.29-1.15 0.12 4.1

1.57-
10.89 0.004

(Negative vs positive)

Adjuvant therapy 309 1.3 0.86-2.06 0.19 - - -
(Yes vs no)

Extraprostatic extension 309 1.0 0.43-2.14 0.93 - - -
(Present vs absent)

Gleason score 306 - - 0.002 - - 0.027

2.1 1.38-3.15 <0.001 3.0
1.34-
6.51 0.007

1.8 1.10-3.06 0.02 2.1
0.78-
5.48 0.144

Margin 307 1.0 0.68-1.58 0.89 - - -
(Positive vs negative)

Pathological stage 309 1.3 0.56-3.19 0.52 2.0
0.94-
4.26 0.07

Pre-operative PSA 309 1.4 0.98-1.98 0.07 - - -

Seminal vesicle invasion 308 1.8 1.12-3.00 0.02 - - -
(Present vs absent)
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Supplementary Figure Legends

Figure S1.  Antibody validation using prostate cancer cell lines and prostate tissue. (A)

Monoclonal anti-INPP4B (3D5) antibody staining of the Western blot of the indicated 

prostate cancer cell lines.  The INPP4B immunoreactive bands were quantified by 

densitometry and normalized to actin.  The graph represents mean ± SEM levels from three 

independent experiments.  (B) INPP4B expression in prostate tissue was detected by 

immunohistochemistry using the monoclonal anti-INPP4B antibody, shown next to an IgG 

alone control.  

Figure S2. Co-immunofluorescence staining of INPP4B and chromogranin A in prostate 

tissue. The INPP4B-positive cells (upper panel, closed arrows) and INPP4Bhigh  cell clusters 

(lower panel, closed arrows) do not co-localize with chromogranin A expressing 

neuroendocrine cells (open arrows). 

Figure S3.  Co-expression of INPP4B with Ki67 and AR within benign ducts, PIN and 

carcinoma. (A) Immunofluorescence images of prostatic tissue stained with INPP4B (red), 

the proliferation marker Ki67 (green) and nuclear stain (blue).  (B) Immunofluorescence 

staining of prostatic tissue with INPP4B (red), androgen receptor (green) and nuclear stain 

(blue). 

Figure S4. Representative images of variable INPP4B expression as shown by INPP4B 

antibody staining of prostate carcinoma using immunohistochemistry (low-very high) is 

shown adjacent to H&E stained sections of the same tissue.  
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