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Supplementary Table S1. Clinical and pathologic tumor characteristics and their association 
with increased PDPK1 copy number (Columbia cohort). 

        

 total (%) ≤4 copies (%) ≥5 copies (%) p value† 

        

Aneuploid 53 (50) 40 (48) 13 (62)  

Diploid 30 (29) 28 (33) 2 (10)  

Tetraploid 22 (21) 16 (19) 6 (29)  

       0.09 

        

ER positive 90 (70) 70 (69) 20 (74)  

ER negative 39 (30) 32 (31) 7 (26)  

       0.58 

        

PR positive 80 (62) 61 (60) 19 (70)  

PR negative 49 (38) 41 (40) 8 (30)  

       0.31 

        

Stage 1 28 (24) 22 (24) 6 (24)  

Stage 2 59 (50) 48 (52) 11 (44)  

Stage 3 30 (26) 22 (24) 8 (32)  

       0.68 

        

≤50 years 52 (40) 42 (41) 10 (37)  

>50 years 77 (60) 60 (59) 17 (63)  

       0.70 

        

White 82 (64) 63 (62) 19 (70)  

Non-White 47 (36) 39 (38) 8 (30)  

       0.41 

        

*p-value < 0.05 denoting significant enrichment in the number of breast cancers with PDPK1 

increased copy number (ICN, ≥ 5 copies) among those with clinical and pathologic tumor characteristics 

(as noted) and the remainder of cases. 

† p-value from Fisher's Exact test, all other p-values from Chi square test. 



 

 

Supplementary Materials and Methods 

PDK1 siRNA and Cell Line IHC.  siRNA target sequences: PDK1-1: 5′-

AACTGGCAACCTCCAGAGAAT-3′(1), PDK1-2: 5′-AAGTCCGCCTGTAAGAGTTCA-3′(2), 

ctrl: siControl Nontargeting siRNA #1 (Dharmacon).  1x10
8
 cells were transfected with 

HiPerFect using standard protocols with 100 pmols siRNA.  Cells were harvested at 24 hours 

and first embedded in 1% PBS agarose before fixation and paraffin embedding.  PDK1 IHC used 

antibody PKB Kinase (E-3) Santa Cruz, 1:5000. 

PDPK1 Map.  The BAC employed in the FISH analysis (RP11-67B18) contains genetic 

sequence from genes ATP6V0C, CEMP1, and AMDHD2, as well as the PDPK1 pseudogene 

(PDPK2) that lies directly centromeric of PDPK1 (Supplementary Fig. S1C).  PDPK1 sequence 

within the BAC was confirmed by colony PCR of exon 11, sequence that is unique to PDPK1 

and not contained within the pseudogene.  The pseudogene, orientated in the opposite direction, 

contains 100% exon and intron sequence homology beginning within exon 2 and extends to the 

end of exon 10, sparing exons 1 and 11-14. 

Southern blotting. Primers to amplify PDPK1 exon 11 were 5’-

GTCCCATGGAGGAGAATCAG and 5’-GCTGAGGGAGGCAGTGAC. Primers for MX1 

probe were obtained from Chi-Ming Li (unpublished). Standard protocols were used as 

previously described(3). 

PDPK1 quantitative RT-PCR: RNA extraction: Total RNA was isolated using Qiazol 

(Qiagen,CA), and purified with miRNeasy Kit (Qiagen, CA). During purification, DNase1 

treatment was performed on kit column according to the manufacturer’s instruction. RNA 

integrity was confirmed by agarose gel electrophoresis and the concentration was quantified by 

http://www.ncbi.nlm.nih.gov/genome/clone/clname.cgi?stype=Name&list=RP11-67B18#_blank


measuring OD260nm in BioPhotometer (Eppendorf, NY). Reverse transcription: Reverse 

transcription of cDNA first strand was carried out as following: 3ug of total RNA, 400ng of 

random primer (Invitrogen, CA) and 150ng oligo dT24 were incubated together in a total volume 

of 12ul in 70°C for 10min and chilled on ice. Then it was mixed with 8ul of reverse transcription 

reaction mixture to get final 20ul volume (final concentration: 1x first-strand buffer, 10mM 

DTT, 500nM dNTPs and 200 unit SuperScript III reverse transcriptase, all from Invitrogen, CA). 

The reaction was incubated at 25°C for 10min, and then 50°C for 60min, and followed by 85°C 

5min.  PCR Primer design: mRNA sequence were obtained from public GeneBank database 

(www.ncbi.nlm.nih.gov), and primers were designed using Primer3 software from MIT 

university (frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi). All primers were synthesized 

by Invitrogen Company, and quality confirmed with no primer dimer and only one peak in 

dissociation curve in pre-PCR, and only one band in agarose gel electrophoresis. All PCR 

products were within 100-160bp range. Quantitative PCR: Comparative quantitative PCR was 

performed in Mx3005p real-time PCR machine (Stratagene, CA), using QuantiTect SYBR Green 

PCR kit (Qiagen, CA). PCR was carried out in total 20ul volume containing final concentration 

of 1x reaction buffer, 300nM each forward and reverse primer and 10ng DNA or cDNA (based 

on amount of input RNA). The PCR was hot-started at 95 °C for 15 min, and then 45 cycles of 

95 °C for 20sec, 54°C for 30sec, 72°C for 30sec, and then followed by dissociation curve 

measurement from 54 to 95°C. No template control (NTC) and no reverse transcription control 

(NRT) were run together with every assay and all samples were run at least in duplicates. PCR 

data was saved and analyzed with software Mxpro (Stratagene, CA). Comparative quantitative 

analysis was performed based on delta-delta Ct method using housekeeping gene GAPDH as 

internal control. 



 

Primer sequence used in qPCR. 

 

Single nucleotide polymorphism microarrays. SNPs were genotyped using Affymetrix Gene 

Chip Human Mapping 250K StyI Arrays (Affymetrix, Santa Clara, CA) according to the 

manufacturer’s instructions. 250 ng of genomic tumor DNA was used and the labeled products 

were hybridized and scanned in the Microarray Facility at the Herbert Irving Comprehensive 

Cancer Center, Columbia University. The dChip software 2007 was used to analyze the array 

data as described previously(4). Data was normalized to a baseline array with median signal 

intensity at the probe intensity level using the invariant set normalization method. A model-based 

(PM/MM) method was used to obtain the signal values for each SNP in each array. Signal values 

for each SNP were compared with the average intensities from 22 normal DNA samples from the 

same patient set. To infer the DNA copy number from the raw signal data, we used median 

smoothing with a window size of 11 SNPs based on the assumption of diploidy for normal 

samples. Mapping information of SNP locations and cytogenetic band were based on curation of 

Affymetrix and University of California Santa Cruz hg17. 

Expression array analysis: RNA was isolated from breast tumors as described under RT-PCR 

methods.  500ng total RNA was labeled using Agilent Low RNA Input Linear Amplification Kit, 

PLUS, Two-color (catalog number 5188-5340) as per manufacturer’s instructions.  Universal 

Human Reference RNA (Stratagene) was used as a reference RNA.  Microarray chips (Agilent 

PrimerName EnsemblTranscriptId GBId GeneSymbol Length Sequence Location Start 

PDPK1-BF ENST00000342085 AF017995 PDPK1 1891 gatctggactcgaactcctttg exon11 1332 

PDPK1-BR ENST00000342085 AF017995 PDPK1 1891 aaacccttccgcttatccac exon12-13 1486 

GAPDH-BF ENST00000229239 NM_002046 GAPDH 1310 ggcctccaaggagtaagacc exon9 1095 

GAPDH-BR ENST00000229239 NM_002046 GAPDH 1310 aggggtctacatggcaactg exon9 1241 



#G4112F [4 x 44K]) were hybridized at the Herbert Irving Comprehensive Cancer Center 

microarray facility and data was extracted using Agilent Feature Extraction version 9.5.3.1. 

CGH: DNA sent to Roswell Park Cancer Institute employing their human 19K RPCI-11 BAC 

array with an average resolution of 0.286 megabases (range 0.234-0.330). ArrayExpress 

accession: E-MEXP-2141. 

Statistics. We estimated survival curves and multivariable models using Kaplan-Meir and Cox 

Proportional Hazard modeling, respectively.  We estimated hazard ratios adjusting for age and 

stage.  We tested whether adjustment by hormone receptor status, tumor ploidy, and race altered 

the hazard ratio for increased PDPK1 copy number by more than 10%. 

PTEN RNAi: Cells transfected (HiPerFect, Qiagen) as per protocol with 10nmol final 

concentration of PTEN RNAi oligo (Dharmacon Individual siGenome Duplex, D-003023-05) or 

control oligo (Dharmacon, siCONTROL Non-Targeting siRNA #1).  Cells were harvested at 48 

hours. 

Matrigel tissue culture. Cell lines were purchased from the ATCC with MCF10A cells grown 

as described (5).  

IHC of paraffin-embedded matrigel. antigen retrieval via microwave in citrate, PDK1 (PKB 

Kinase (E-3) Santa Cruz, 1:100), E-cadherin (BD Biosciences, 1:500), anti-laminin 5 (Chemicon 

MAB19562, 1:200), N-cadherin (clone 3B9, Chemicon IHC2129-6, as prepared), cleaved 

caspase 3 (Asp 175, Cell Signaling, 1:100). 

HMEC methods. tHMEC-DD-H1047R cells were generated as described previously (6). For the 

wortmannin dose response curve, cells were cultured for 3 days.  For the growth curve, cells 

were cultured for 4 days with 15 nM of wortmannin. Wild type and myristolated human PDPK1 



sequences were cloned into the retroviral vector pWZL-neo. The shRNA (sh-luc and sh-

PDPK1s) were from the RNAi consortium at the Broad Institute. Standard protocols were used.  



Supplementary Figure Legends 

Figure S1. Increased copy number (ICN) of PDPK1 and increased expression of PDK1 are 

found in a significant portion of human breast cancers. (A) immunoblot from MCF10A cells 

showing knockdown of PDK1 with two separate siRNAs. (B) IHC staining for PDK1 in 

MCF10A cells over-expressing PDK1 with control or PDK1 siRNA. (C) PDPK1 genomic region 

schematic showing BAC RP11-67B18 encompassing both PDPK1 and its pseudogene 

AJ785968. (D) PDPK1 Southern blot yielding a single band.  The signal is compared with probe 

to the gene MX1 located on chromosome 21. Tumors 355 and 462 had PDPK1 ICN by FISH 

(both with 6 copies, tumor 23 was not tested by FISH). (E) Immunoblot of PDK1 protein isolated 

from breast cancers compared with quantitative RT-PCR for expression of mRNA, FISH copy 

number, and IHC score. 

Figure S2. PDPK1 ICN cases clustered within two separate groups and PDPK1 located within 

peak of the uniquely narrow 16p13.3 amplicon of case #432. (A) SNP array analysis of 

chromosome 16 (each block is average of 100 SNPs, red=increased, green=decreased) with 

unsupervised clustering listed by tumor number-PDPK1 copy number (column) against 

chromosome 16 location, corresponding PI3K lesions identified above (PTEN = loss (IHC), 

ERBB2 = amplification (CISH), PIK3CA = mutation). (B) expression array (log10 single [dotted 

line] and dual channel [solid line]) with criteria for gene labeling of at least a three-fold increase 

in expression compared with control (dual channel) and at least a 10 fold increase in expression 

compared to the median of all genes in the sample (single channel); all aligned against the SNP 

amplicon map (below), both plotted against 16p13.3 chromosomal location. 

Figure S3. CGH data of chromosome 16 showing the different patterns of PDPK1 gain. Tumor 

69: broad amplicon. 432: steep peak directly at PDPK1 locus. 582: gain of the entire 16p arm. 



591: multiple regions of gain throughout the p arm. 614 and 619: likely increase of 16p. 210 and 

73: no obvious gain at PDPK1 locus. PDPK1 locus indicated by arrow at top or page and pink 

square at the top of each plot. X axis (megabases), Y axis (log2 ratio (test/control)). 

Figure S4. Increased copy number of PDPK1 is associated with shortened patient survival.  

Kaplan-Meier survival curves of breast cancer patients with (lower curve) and without PDPK1 

ICN. Hazard ratio (HR) = 3.14 [95% CI = 1.3-7.6] for PDPK1 ICN cases compared to those 

without ICN adjusted for age at diagnosis and stage of disease (p=0.04, Log-Rank Test). 

Figure S5. Over-expression of PDK1 enhances growth and signaling in the setting of upstream 

PI3K activation. (A) Proliferation assay of MCF10A cells as indicated in absence of growth 

factors (s.d., n=3). (B) Immunoblots showing RNAi knockdown of PTEN protein expression vs. 

control in MCF10A cells with and without over-expression of PDK1. (C) Immunoblots from 

MCF7 cells in normal growth media or starved of growth factor for 24 hours, both with and 

without over-expression of PDK1. 

Figure S6. Over-expression of PDK1 enhances transformation and migration in the setting of 

NeuT. (A) Immunohistochemical analysis of cells pictured in Fig. 3A with the indicated 

antibodies. (B) Scratch test comparing the ability of MCF10A cells over expressing NeuT vs. 

cells over-expressing both NeuT and PDK1 to migrate in the setting of serum starvation over 36 

hours. 

Figure S7. In cells with PI3K activation, PDK1 levels are a determinant of signaling, 

proliferation, transformation, and pathway inhibition. (A) Proliferation assay of T47D cells with 

stable knockdown of PDK1 with two separate PDK1 shRNA constructs compared with control 

(s.d., n=3). (B) Immunoblots from MCF10A cells starved of growth factor for 24h then 

stimulated with EGF either alone or with a 30 minute pre-incubation with BX-795 in μM 



concentrations as indicated. (C) Colony quantification from colony formation assay of 

HMEC/hTERT/p53DD cells over-expressing mutant p110α (H1047R) or control, or p110α 

(H1047R) in the setting of stable PDK1 shRNA compared with control shRNA (s.d., n=3). (D) 

Growth proliferation assay in 15 nM wortmannin of HMEC/hTERT/p53DD/H1047R cells over-

expressing wild type PDK1 or myristolated PDK1 compared to control (s.d., n=3). 

 (E) Growth proliferation assay of HMEC/hTERT/p53DD/H1047R cells over-expressing wild 

type PDK1 or myristolated PDK1 compared to control over a dose range of wortmannin [nM] 

(s.d., n=3).  (F) Immunoblot of PDK1 in HMEC/hTERT/p53DD/H1047R cells compared with 

cells over-expressing wild type PDK1 or myristolated PDK1.  
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