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Supplementary Methods 

 

Establishment of PTEN-null tumors:  Wild-type (WT) stroma were prepared from neonatal Bl6 mice and 

expanded short-term in culture as described (23). For experiments in figures 1 and 2, approximately 

250,000 prepared epithelial and 300,000 stromal cells were mixed, re-suspended in collagen 

(BDBiosciences; 354236) and dispensed into grafts. Cell numbers were reduced to 100,000 epithelial and 

150,000 stromal cells for the experiments in figure 3. Combinations of WT and Cre-infected PTENloxP/loxP 

epithelia were implanted under the renal capsule of oophorectomized CB17Scid/Scid mice with a time-

release estrogen pellet (60-d time release, 0.72-mg β-estradiol/pellet, SE-121 Innovative Research of 

America) as described (23). 

 

Drug preparation: Stock solutions of Olaparib (AZD2281, ChemieTek CT-A2281) were prepared by 

dissolving 50 mg of drug in 1 ml dimethyl-sulfoxide (DMSO). Olaparib stock solutions were diluted to 5 

mg/ml with 10% 2-hydroxy-propyl-β-cyclodextrin (HPBCD, Sigma 33260-7) in phosphate buffered saline. 

Vehicle was prepared by dissolving DMSO in 10% HPBCD/PBS (12, 13).  

 

Confirmation of Olaparib function in vitro: MCF-7 cells were incubated for 24 hours in media 

supplemented with 10 µM Olaparib or an equal volume of 10% DMSO vehicle. Six hours after the 

completion of treatment cells were harvested, transferred to slides using a Shandon Cytospin II at 800 

rpm for 5 min and stained for γH2AX (Cell Signaling Technology 9718). MCF-7 cells irradiated on ice at 10 

grey units for 60 seconds were used as a positive control for DNA damage. 

 

Measurement of transcript levels: Quantitative-PCR was performed as previously described using Bio-

Rad iCycler and iQ5 2.0 Standard Edition Optical System software (40). Results were normalized to the 
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housekeeping gene GAPDH.  Primer sets used were CYP3A41 F 5’-

GCCAAAGGGATTTTAAGAGTTGTTGACT-3’, CYP3A41 R 5’-GGTGTCAGGAATGGAAAAAGTACA-3’, Rad51 F 

5’-CTCATGCGTCAACCACCAG-3’, Rad51 R 5’-GCTTCAGGAAGACAGGGAGAG-3’ and GAPDH F: 5'-

TGTTCCTACCCCCAATGTGT-3', GAPDH R 5'-TGTTCCTACCCCCAATGTGT-3'.   

 

Quantification of protein levels: Flash frozen tumor samples were lysed in RIPA buffer, homogenized by 

sonication and cleared by centrifugation at 12,000 x g for 10 min at 4C. Lysate protein concentrations 

were measured using a BCA assay (Pierce 23227). Equal amounts of lysates were fractionated on 4-20% 

gradient SDS-PAGE gels, transferred to nitrocellulose and probed with the following antibodies: Rad51 

(Santa Cruz sc-8349), BRCA1 (Santa Cruz sc-642), CYP3A4 (Erk (Santa Cruz sc-154) and GAPDH (Millipore 

MAB374). Detection was accomplished with HRP conjugated antibodies (Biorad 170-6515, 170-6516) 

with chemiluminescent detection.  

 

Measurement of circulating Olaparib: Serum Olaparib concentrations were determined by HPLC/MS.  

Aliquots of serum (5 µL) were added to a solution of the internal standard (Erlotinib, 5pmol in 5 µL of 

water/acetonitrile/formic acid 50/50/0.1, v/v/v) and acetonitrile (30 µL).  After incubation (30 min, RT) 

the samples were centrifuged (16,000 x g, 5 min, RT) and the supernatant was transferred to a 

microcentrifuge tube and dried in a vacuum centrifuge. The dried residue was re-dissolved in methanol 

(50 µL) to which was added water (150 µL). The sample was mixed, centrifuged (16,060 x g, 5 min, RT) 

and aliquots of the supernatant were injected (10-50 µl) onto a reverse phase HPLC column 

(Phenomenex Kinetex C18 100 x 2.1mm, 1.7 µ particle size and 100 Å) equilibrated in solvent A (0.1% 

formic acid in water) and eluted (100 µL/m) with an increasing concentration of solvent B (0.1% formic 

acid in acetonitrile: min/%B; 0/20, 5/20, 20/50, 22/20, 30/20). The effluent from the column was 

directed to an Ionspraytm source connected to a triple quadrupole mass spectrometer (Sciex API III+). The 



3 
 

time-dependent intensity of MRM transitions were recorded at previously optimized settings (orifice 65 

volts, CGT setting of 130; Olaparib 435→367 and 435→281; Erlotinib 394→336 and 394→278).  A 

standard curve was prepared simultaneously with each experiment from samples containing the same 

amount of IS (5 pmol) and 0, 1, 2.5, 5.0 and 10.0 pmol Olaparib. The Olaparib content of each sample 

was interpolated from the standard curve. Three independent measurements were made for each 

sample.  The LOD for Olaparib detection was 10-100 fmol injected. 

 

 

 

 

Supplementary Figure Legends 

 

Figure S1. Despite Olaparib therapy, PTEN-null endometrial tumors persisted and resembled human 

endometrial endometrioid cancers. (A) Establishment of PTEN-null endometrioid tumors at 8 weeks 

was confirmed based on histology (a) and immunohistochemistry (b-f) prior to initiation of therapy. (B) 

Olaparib preparations induced DNA damage in vitro. MCF-7 cells treated with Olaparib were compared 

to irradiated and vehicle treated cells. Gamma-H2AX positive nuclear foci, marking the sites of double-

strand DNA breaks, were observed after Olaparib treatment (a&d) and in irradiated (b&e) but not 

vehicle treated (c&f) controls. The majority of Olaparib treated cells contained γH2AX positive foci, 

indicating that Olaparib preparations used in our in vivo experiments led to the accumulation of double-

strand DNA breaks. The amount of DNA damage caused by Olaparib treatment was similar to that 

observed in irradiated controls and significantly higher than vehicle treated cells (p<0.001).   Results are 

mean ± SE. Scale bars equal 100 μm (a-c) and 50 μm (d-f).  (C) Both Olaparib (a-c) and vehicle (d-f) 

treated PTEN-null tumors displayed characteristics of human endometrioid cancers. Glandular 
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structures containing lumens (a&d) were composed of pankeratin expressing epithelial cells (b&e). In 

these tumors PTEN loss was confined to the epithelial component of the cancer, while tumor stroma 

expressed PTEN protein (c&f). (D) The distribution of ER-α expression remained unchanged with 

Olaparib administration. (E) Treatment of PTEN-null endometrial tumors with Olaparib and placebo was 

repeated in an independent cohort of mice. Similar to original results, in this experiment tumor mass in 

Olaparib (n=8) or vehicle (n=8) treated mice was statistically similar (p = 0.91).   Scale bars equal 100 μm.  

 

Figure S2. The histology of Olaparib treated estrogen deprived PTEN-null tumors was similar to vehicle 

treated counterparts and resembled human endometrioid endometrial carcinoma. (A) Generation of 

tumors was confirmed prior to initiation of therapy.  Tumors were endometrioid based on histology (a) 

and expressed hormone receptors but not PTEN in tumor epithelia based on immunohistochemistry (b-

f) (B) Serum from experimental mice (n=3 per group) was collected and tested for levels of β–estradiol. 

Estrogen levels in untreated, oophorectomized mice were used as the reference point (Untreated mice). 

Mice supplemented with estrogen pellets (high estrogenic milieu experimental groups) had significantly 

elevated serum estrogen levels regardless of treatment with Olaparib (Estrogen supplemented + 

Olaparib) or vehicle (Estrogen supplemented + Vehicle). Tumor bearing mice depleted of estrogen (low 

estrogenic milieu experimental group, Estrogen depleted + Olaparib or Estrogen depleted + Vehicle) had 

serum estrogen levels similar to those detected in oophorectomized mice. Results are mean ± SE.  (C) 

PTEN-null endometrial tumors treated with Olaparib or vehicle had similar histologies (a&b vs. d&e).  In 

both tumor cohorts PTEN expression was lost in the epithelium and preserved in the stroma (c&f).  The 

histology and PTEN status of these tumors closely resembles human endometrial carcinoma. (D) The 

stromal vs. epithelial distribution and intensity of ER-α expression was not altered with Olaparib therapy 

compared to vehicle. (E) Established PTEN-null endometrial tumors were subjected to estrogen 
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depletion for 0, 2, 4, 6 and 8 weeks. Tumor volumes, calculated from measured tumor radii, were 

statistically similar for all time points based on one-way ANOVA comparisons. Scale bars equal 100 μm. 

 

Figure S3. Decreased levels of Cyp3A4 were detected in estrogen depleted mice. (A) Levels of CYP3A41 

transcript, measured by quantitative-PCR, were significantly higher in the livers of estrogen 

supplemented mice compared to estrogen depleted and untreated (oophorectomized) mice (p<0.001). 

No difference in levels of CYP3A41 transcript was detected between untreated oophorectomized and 

estrogen depleted mice. (B) Western blot confirms that CYP3A4 protein levels were lower in the livers of 

estrogen depleted compared to estrogen treated mice (n=6 per group). Mouse heart lysate was used as 

a negative control for CYP3A4 expression. ERK was used as a loading control. 

 

Figure S4. Three-dimensional in vitro model for growth and treatment of PTEN-null epithelia co-

cultured with WT endometrial stroma. Endometrial epithelia, FACS isolated from the uteri of 

PTENloxP/loxP mice, were infected with RFP marked Cre-lentivirus.  This experimental approach results in 

infection of subsets of cells.  PTEN was deleted only in infected cells, which could be selected based on 

simultaneous expression of RFP. Epithelial cells were suspended in matrigel, and plated with a layer of 

endometrial stromal cell to mimic epithelial and stromal interactions in endometrial tumors. Half the 

samples were supplemented with estrogen, while the rest were plated without estrogen. Cells were 

cultured for 2 weeks to allow formation of epithelial spheres prior to the initiation of drug treatment. At 

this 2 week time point co-cultures with and without estrogen were treated either with 10 µM Olaparib 

or an equal volume of vehicle for 3 days. Spheres were released from the matrigel and PTEN-null (Cre-

RFP infected) spheres were selected. RFP positive spheres were dissociated to single cells, cytospun 

onto slides, and co-immunostained with γH2AX and Rad51. 
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Figure S5. Levels of Rad51 transcript were higher in estrogen supplemented PTEN-null endometrial 

epithelia.  (A) Loss of PTEN was verified in RFP positive spheres.  As positive control, PTENloxP/loxP 

endometrial stroma infected with Cre was used.  PTENloxP/loxP endometrial stromal infected with a control 

virus were a negative control. (B) Rad51 transcript levels were measured by Q-PCR in RFP positive PTEN-

null spheres treated with estrogen and/or Olaparib.  Levels were normalized to GAPDH.  Higher levels of 

Rad51 transcript were detected in estrogen supplemented PTEN-null spheres (p<0.001).  Olaparib 

therapy did not affect Rad51 levels (p>0.05).  (C) Additional representative nuclei of PTEN-null epithelia 

treated with Olaparib with estrogen (a-c) or Olaparib with placebo (d-f).  (D) Vehicle treated PTEN-null 

endometrial spheres showed minimal Olaparib induced γH2AX foci (a-f). Isotype staining of Olaparib 

treated cells ruled out non-specific immuno signals (j-l). Scale bars equal 10 µm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 
 

Table S1. Antibodies used for immunostaining 

Anti-pankeratin (clone PCK-26)  Sigma, C1801    1:750 

Anti-PTEN (clone 138G6)  Cell Signaling Technology, 9559  1:100 

Anti-Ki67    Vector Laboratories, VP-K451   1:1000 

Anti-cleaved caspase 3 (clone D3E9) Cell Signaling Technology 9579  1:400 

Anti-γH2AX (Ser139) (clone 20E3) Cell Signaling Technology 9718  1:400 

Anti-γH2AX (Ser139) (clone JBW301) Millipore, 05-636   1:400 

Anti-Rad51 (H-92)   Santa Cruz, sc-8349   1:50 

Mouse IgG1 (clone P3)   eBioscience, 14-4714   1:200 

Rabbit IgG     Jackson IR, 111-000-003   1:50 

Biotinylated anti-mouse   Vector, BMK-2202   1:1000 

Biotinylated anti-rabbit   Jackson IR, 111-065-003   1:1000 

SA-Horseradish peroxidase  Jackson IR, 016-030-084   1:1000 

Alexa 594 goat anti-rabbit IgG  Invitrogen, A11012   1:1000 

Alexa 488 goat anti-mouse IgG  Invitrogen, A11029   1:1000 

Fluorescein (DTAF)-streptavidin  Jackson IR,  016-010-084  1:1000 

Allophycocyanin (APC)-streptavidin eBioscience, 554067   1:1000 


