Evaluation of MRI-based measurement for quantifying prostate development in mice with prostate-specific PTEN deletion
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Introduction

PTEN (phosphatase and tensin homolog deleted on chromosome 10) is centrally involved in the development of human prostate cancer. Thus,
mouse models of prostate-specific PTEN deletion (1) serve as important tools to study tumor development and to evaluate the efficacy of anti-tumor
compounds targeting the PTEN / PI3-K / AKT pathway (PI3-K = phosphoinositide 3-kinase, AKT = protein kinase B). In the context of preclinical
research, the internal position of the prostate makes it difficult to evaluate tumor progression with conventional, non-imaging means. Previously, MRI
has been applied to quantify prostate development [2-4]. So far, most of the reported quantitation has been limited to a small number of animals and
examining large changes between wildtypes and mutant strains. The purpose of this study was to establish the accuracy and sensitivity of an MRI-
based method to detect subtle changes in prostate volume. Specifically, image segmentation and analysis methods were developed to allow
accurate and reproducible determination, which opens up the possibility of quantifying treatment efficacy in genetic models that may be more
representative of the natural settings in the human disease.

Methods and Materials

Animals Male mice (age 12-17 weeks, 20-35g) from two models of prostate-specific PTEN deletion were used (Pten”:PbCre* and Pten”:PbCre").
Mice from the first line (Ptenf”:PbCre*) develop prostatic intraepithelial neoplasia (PIN) by 9 weeks of age but rarely progress to adenocarcinoma. In
the second more aggressive line (Pten”’:PbCre*), one of the Pten alleles is deleted, so the animals are heterozygous for Pten throughout the body
except for the prostate epithelium which is completely deleted for Pten. This line progresses to PIN at a faster rate and the mice develop invasive
carcinoma as early as 15 weeks of age.

MRI and image analysis  Axial and coronal MR images were acquired on a Bruker 4.7T PharmaScan MRI (Bruker BioSpin, Ettlingen, Germany)
using a T,-weighted fast-spin echo sequence with TE/TR = 42/4061ms, a voxel size of 0.15x0.20x0.60mm?®, and a scan time of 6min30s. Axial
images were segmented using an inhouse-modified version of the ITK-SNAP software (5). In both models (PTEN”f and PTEN") the anterior lobes of
the prostate often became cystic. Thus, the delineated region underwent automatic classification to differentiate cystic and non-cystic tissues (Fig.
1). The segmentation algorithm involved a histogram analysis for intensity calibration, and a combination of thresholding, watershed, and
connectivity criteria for segmentation. Adjustable parameters for the algorithm were chosen from a subset of images (4 datasets), and the same
parameters were used reliably across all animals. Shape-based interpolation was used to improve 3D visualization of the segmented volumes. To
estimate measurement reproducibility, 11 mice (3 PTEN" and 8 PTEN"‘) were imaged twice on the same day and analyzed separately. To estimate
accuracy, 20 mice (11 PTEN" and 9 PTEN") were imaged prior to tissue harvest and ex vivo wet weight measurement. All experiments were
conducted in accordance to institutionally approved protocols.
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