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Supplementary Data 

Legends to supplementary figures 

Figure 1S: Immunoblotting analyses of lysates from time point “0” of the experiment 

shown in Figure 1A. Expression of Ras was verified by activation of Erk using phospho-

specific Erk antibody and antibody that recognize total Erk proteins. Expression of 

ErbB2, Flag-c-Myc and cyclin D1 was analyzed using antibodies against ErbB2, Flag tag 

(M2) and Cyclin D1 respectively. 

Figure S2: Levels of PRLr and activation of Erk in MCF7 breast cancer cells and in mass 

cultures of MCF10A cells stably transfected with either pBABE-puro alone (10A-puro) 

or co-transfected with activated H-Ras (10A-Ras). Immunoblots using indicated 

antibodies are depicted. 

Figure S3: An example of the pulse chase analysis of endogenous PRLr carried out in 

10A-puro and 10A-Ras1 cells. 35S-labeled cells were harvested at different time points of 

chase with unlabeled methionine and cysteine, and endogenous PRLr was analyzed using 

immunoprecipitation-autoradiography.

Figure S4: Immunoblotting analyses of lysates from time point “0” of the experiment 

shown in Figure 2A. Activation of Erk and Akt was analyzed using the indicated 

antibodies. 

Figure S5: Immunoblotting analyses of lysates from time point “0” of the experiment 

shown in Figure 2C. Expression of GSK3  and activation of Erk was analyzed using the 

indicated antibodies. 

Figure S6: Interaction between endogenous PRLr and GSK3 . Lysates from 293T cells 

treated with PRL (100ng/ml) for indicated time were analyzed by immunoprecipitation 



and immunoblotting using the indicated antibodies. WCE, whole cell extracts. NRS – 

immunoprecipitation with naïve rabbit serum. 

Figure S7: Effect of GSK3 inhibitor SB216763 (20μM for 2hr) on phosphorylation of 

PRLr in indicated cells was analyzed by PRLr immunoprecipitation followed by 

immunoblotting with indicated antibodies. 

Figure S8: Characterization of shRNA constructs against either GSK3  or GSK3 .

Lysates from 293T cells transfected with indicated constructs (shCON represents short 

hairpin RNA construct targeted against GFP) were analyzed by immunoblotting using the 

indicated antibodies. 

Figure S9: Cycloheximide chase analysis of endogenous PRLr degradation in cells 

treated either with GSK3  inhibitor SB216763 or vehicle (DMSO) at the beginning of the 

chase followed by immunoprecipitation-immunoblotting using anti-PRLr antibody and 

immunoblotting using antibody against -actin (as a loading control). 

Figure S10: Activation of Erk in response to PRL (100ng/ml as indicated) in 293T cells 

transfected with either control shRNA or shRNAs against GSK  and GSK  as indicated. 

Phosphorylation and total levels of Erk were analyzed by immunoblotting.  

DETAILED EXPERIMENTAL PROCEDURES 

DNA constructs

PCDNA3-based vectors for mammalian expression of Trcp2 1 and Flag-tagged PRLr  

and pGEX-2T-based vectors for bacterial expression of GST-PRLrWT and GST-

PRLrS349A were described previously 2,3. The following plasmids were kindly provided by 

other investigators: Flag-tagged c-Myc by Michael Cole 4, HA-tagged ubiquitin by Dirk 



Bohmann 5, activated H-Ras R12 by Andrew M. Chan 6, stabilized cyclin D1T286A mutant 

by J. Alan Diehl 7, ErbB2 by Marc A. Lemmon 8, p110* construct for constitutively 

active subunit of PI3K (p110 K227E) by J. Downward 9, GSK3  (WT, S9A and kinase-

deficient K85,86MA mutant) by Edwin G. Krebs 10. Short haipin RNA constructs for 

knocking down GSK3  or GSK3  were constructed in a modified version of pSuper-

retro that lacks puro marker (pRSP, a gift from J. Wade Harper, 11) using 5’-

gtggcttacacggacatcaaa-3’ (for shGSK3 ) and 5’-cagtatacagagttgccagac-3’ (for shGSK3 )

sequences. Control shRNA vector contained the sequence against GFP 11.

Cell lines and transfections 

293T human embryo kidney cells and human breast cancer T47D and MCF7 cells were 

kindly provided by Dr Z Ronai (Burnham Institute, San Diego, CA, USA). Non-

tumorigenic human mammary epithelial cells MCF10A were purchased from American 

Type Culture Collection, Manassas, VA, USA. MCF10A cells stably expressing H-Ras 

were obtained by co-transfecting H-Ras constructs with pBABE-puro vector, followed by 

selection in medium containing puromycin (1μg/ml). Cells were cultured as previously 

described 12. Transfections were performed by lipofection with Lipofectamine Plus 

(Invitrogen Corporation, Carlsbad, CA) 48 h before harvesting. 

Chemical agents and antibodies

Human recombinant prolactin (PRL) was kindly provided for a fee by Dr. A.F. Parlow, 

National Hormone and Peptide Program, Torrance, CA, USA. PD098059 (Calbiochem, 

San Diego, CA) was used as MAPK kinase (MEK) 1/2 inhibitor; Wortmannin (Sigma, St 



Louis, MO) – as phosphatidylinositol 3-kinase (PI3K) inhibitor; Kenpaullone (a gift from 

Peter Klein), LiCl (both from Sigma, St Louis, MO, USA), and SB216763 (BIOMOL 

International, Plymouth Meeting, PA) were used as GSK3  inhibitors.  Ser349-phospho-

specific antibodies (pS349) were previously described (Li Y. et a., 2006). Recombinant 

GSK3  (Transduction Laboratories, Inc) was purchased. Antibodies against HA tag 

(Santa Cruz Biotechnology, Inc., Santa Cruz, CA), Flag tag (M2; Sigma St Louis, MO, 

USA), PRLr (U5, Affinity BioReagents, Inc., Golden, CO; H300, Santa Cruz 

Biotechnology; 1A2B1, Invitrogen Corporation, Carlsbad, CA), Actin (Affinity

BioReagents), GST, GSK3 , Neu (C-18) (Santa Cruz Biotechnology), phospho-Erk, Erk, 

phospho-Akt, Akt, phospho-GSK3  (S9), phospho-Stat5, phospho- -Catenin and -

Catenin (all from Cell Signaling Technology, Inc., Danvers, MA), Stat5 (Advantex 

BioReagents, El Paso, TX), Cyclin D1 (AB-3, Calbiochem Inc., San Diego, CA) were 

purchased. Secondary antibodies conjugated with horseradish peroxidase (Chemicon) 

were purchased. 

Immunohistochemical analysis

In situ detection and quantification of protein expression 

Immunohistochemistry (IHC) based on immunofluorescence combined with a novel 

Automated Quantitative Analysis (AQUA) software was performed on breast cancer 

tissue arrays using a PM2000 Imaging System (HistoRx, New Haven, CT) as described 

13.  Briefly, after deparaffinization and rehydration of array sections, antigen retrieval was 

performed by microwave treatment in citrate buffer (pH 6; DAKO, Cat# S236984).  

Sections were blocked with 10% goat serum and followed by incubation of primary 



antibodies either PRLR (Santa Cruz, Cat# sc20992) or phospho-Ser9-GSK3  (Cell 

Signaling Technology, cat# 9336s) for 1 h at RT.  Sections were then washed 3 times 

with PBS containing 0.1% Tween-20 and subsequently incubated with a mouse 

monoclonal anti-human pan-cytokeratin AE1/AE3 antibodies (DAKO, Cat# M3515) for 

1 h.  Both PRLr and pS9-GSK3  were detected by with a rabbit HRP-secondary (DAKO, 

EnVision Plus, Cat# 4065) which was then incubated with Cy-5 tyramide for 

fluorescence amplification and detection (Perkin Elmer, Cat#: NEL745).  Cytokeratin 

was detected by further incubating the sections with a mouse secondary antibody 

conjugated with Alexa 488 (Molecular Probes, Cat#: A11034).  Finally, stained slides 

were mounted with DAPI (4’-6-diamidino-2-phenylindole) mounting solution (Vector, 

Cat#: H1500) for nuclear visualization. Tissue array slides were scanned and images of 

each breast cancer specimen were captured at multiple wavelengths representing FITC, 

Cy5 and DAPI.  AQUA software was then used to identify cancer cell masks based on 

cytokeratin-positive cells.  AQUA scores for both PRLr and phosphoSer9-GSK3  were 

then calculated that correspond to the average signal intensity within the cancer cell 

compartment normalized per cytokeratin signal.  We assessed levels of pSer9-GSK3  and 

PRLr in cancer cells in two separate tissue arrays of archival and deidentified invasive 

breast carcinoma tissues from 170 patients provided by the Translational Research Core 

of the Thomas Jefferson University’s Kimmel Cancer Center.  Cohort A included a core-

based array of 70 specimens and Cohort B included a Cutting-Edge Matrix Assembly 

(CEMA) array of 100 specimens of invasive human breast adenocarcinomas.  After 

excluding tissue spots with insufficient tumor tissue left after antigen retrieval for either 



pSer9-GSK3  or PRLr determination, conclusive data were obtained for 44 and 50 

specimens from the Cohorts A and B, respectively.  

Ubiquitination and degradation assays 

For in vivo ubiquitination assays, 293T cells were co-transfected with HA-tagged 

ubiquitin and Flag-tagged PRLr. Cells were harvested in a boiling solution of SDS (2% in 

Tris-buffered saline) and further disrupted by sonication. Lysates were diluted 10-fold 

with Triton X-100 solution (1% in Tris-buffered saline), incubated with protein A beads

for 1 h, and centrifuged. Supernatants were analyzed by immunoprecipitation and 

immunoblotting with the indicated antibodies, as described above. Pulse chase and 

cycloheximide chase were used to analyze the rates of protein turnover. For the pulse 

chase analysis, cells were grown in 100mm dishes and metabolically labeled with a 35S-

methionine/35S-cysteine mixture (Perkin Elmer, Boston, MA, USA). Cells were harvested 

at each time point of the chase with complete DMEM supplemented with FBS (0.5%), 

PRL (20ng/ml) and unlabeled methionine and cysteine (2mM). Harvested from a sector 

of each dish cells were lysed, and PRLr proteins were immunoprecipitated with PRLr 

antibody, separated on SDS–PAGE and analyzed by autoradiography. For cycloheximide 

chase analysis, cells were grown in 60 dishes, starved overnight in serum free DMEM 

medium, and treated with cyclohexomide (50 g/ml) and PRL (20ng/ml). Harvested from 

1/3 of each dish cells were lysed and Flag tag PRLr proteins were immunoprecipitated 

with anti Flag antibody, separated on SDS–PAGE and analyzed by immunoblotting. 

In vitro phosphorylation-binding assay 



In vitro phosphorylation-binding assay was carried out as previously described 3,14.

Briefly, recombinant GST-PRLr (cytoplasmic tail) proteins expressed in bacteria and 

immobilized on glutathione beads were phosphorylated with either recombinant GSK3

(1U, Biomol) or lysates (25 g) from 293T cells (pretreated as indicated) in the presence 

or absence of ATP for 30min at 30°C followed by stringent washing with stripping buffer 

and reequilibration with binding buffer. Immobilized GST-PRLr proteins were then 

either analyzed by immunoblotting using pS349 and GST antibodies or incubated with in 

vitro translated and 35S-labeled Trcp2 for 60 min at 4°C. The beads were then 

extensively washed with binding buffer and associated proteins were analysed using 

SDS–PAGE and autoradiography and immunoblotting with GST antibody. 

Signal quantification and statistical analysis 

Digital images were processed with Adobe Photoshop 7.0 software. For some 

experiments, signals were quantified by densitometry (ImageQuant software, 5.2). The 

statistical differences between optical densities of the bands in the different groups were 

analyzed using two-tailed t-Students test. Students’ t-test for two-group comparisons and 

one-way ANOVA for comparisons of multiple means.  AQUA-derived levels of tissue 

expression of pSer9-GSK3  and PRLr were subjected to nonparametric Spearman rank 

correlation analysis (two-tailed). 
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