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H I G H L I G H T S

• AQUA is a viable option to measure protein expression in OC.
• PTEN quantification by AQUA associates with clinical and treatment outcomes in OC.
• Integration of PTEN expression as a biomarker requires study in select OC patients.
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Background. Platinum resistance is a dominant cause of poor outcomes in advanced ovarian cancer (OC). A
mechanism of platinum resistance is the inhibition of apoptosis through phosphatidylinositol 3 kinase (PI3K)
pathway activation. The role of phosphatase and tensin homolog (PTEN), a negative regulator of this pathway,
as a tumor biomarker is unclear. Quantitative analysis of PTEN expression as an alternative to immunohistochem-
istry has not been considered.

Patients and methods. In 238 patient tumors from the NCIC-CTG trial OV.16, PTEN protein expression was
quantified by Automated QUantitative Analysis (AQUA). Cox model was used to study the association between
PTEN expression and clinical outcomes using a minimum p-value approach in univariate analysis. Multivariate
analysis was used to adjust for clinical and pathological parameters.

Results. PTEN scores (range 13.9–192.3) of the 202 samples that passed quality control were analyzed. In uni-
variate analysis, there was a trend suggesting an association between PTEN expression by AQUA as a binary var-
iable (low ≤61 vs high N61) and progression free survival (HR = 0.77, p= 0.083), and in multivariate analysis,
this association approached significance (HR=0.74, p=0.059). The relationship between quantitative PTEN ex-
pression and PFS differed (p = 0.01 for interaction) by the extent of surgical debulking (residual disease (RD)
b1 cm or ≥1 cm), with a numerically superior PFS in patients with high PTEN (23.5 vs 14.9 m) only when
RD b 1 cm (p = 0.19). There was no association between PTEN levels and overall survival.

Conclusions.AQUA is a novelmethod tomeasure PTEN expression. Further study of PTEN as a biomarker inOC
is warranted.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

The survival rate in advanced stage ovarian carcinoma (OC) has seen
only a modest improvement over the last several decades with fewer
than 30% of patients surviving 5 years. [1] Debulking surgery and
carboplatin/paclitaxel chemotherapy remain the standard first-line
treatment. Despite a response rate of 75% [2], OC patients usually re-
lapse, develop platinum resistance and eventually succumb to their dis-
ease. [3] While a number of factors, including the extent of surgical
debulking, are known to affect the risk of early recurrence [4], the dis-
covery of novel strategies to overcome platinum resistance with
targeted therapies and predictive biomarkers of platinumdrug response
remain urgent priorities in OC.

As the end product of an accumulation of genetic and epigenetic al-
terations responsible for malignant growth, protein expression analysis
is an attractive source for predictive biomarkers of treatment response.

Although immunohistochemistry (IHC) is a popular and widely avail-
able technique to ascertain protein expression in formaldehyde-fixed
paraffin-embedded (FFPE) tissue samples, as a subjective and semi-
quantitative approach it suffers from relatively poor reproducibility.
[5,6] The Automated QUantitative Analysis (AQUA) technique permits
in situ assessment of histology sections prepared from tissue microar-
rays (TMAs) for unbiased quantification of proteins. [7] Using this tech-
nique, subcellular compartments are defined using molecular methods
and themeasurement of protein expressionwithin these compartments
translates to a number directly proportional to the number ofmolecules
per unit area (the concentration) [8] and results in an objective and re-
producible measure of protein expression.

In OC, a major cause of platinum resistance is the inhibition of
platinum-induced apoptosis through activation of thephosphatidyl ino-
sitol 3 kinase (PI3K) pathway. [9] Tumors in at least one third of patients
with high grade OC have activation of the PI3K pathway due to rare

Fig. 1. Quantification of PTEN protein by immunofluorescence. (A) MCF7 cell line. (B) HCC1937 cell line. (C) Normal fallopian tube. (D, E, F) Ovarian carcinomas. Red, Cy5/PTEN; green,
Alexa Fluor 488/keratin; AS, AQUA score. Note that the subcellular localization of PTEN ranges from primary nuclear (A and E) to primary cytoplasmic (F) and that PTEN is expressed
frequently in stromal fibroblasts (C, D, E and F). (G) Histogram showing the normal distribution of the AQUA scores from 202 ovarian carcinoma samples.
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