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biologically relevant specific binding partners in cancer cells. Since Pbx1 
factors are very highly expressed in luminal tumors, interactions 
between the HoxB2/C10-iPeps are anticipated. 

Specific biotinylated iPeps (Fig. 10A) will be used as affinity 
columns to purify the target protein. Controls include columns made with 
inactive variants of these peptides.  The biotinylated iPeps are first bound 
to streptavidin-agarose beads and washed to remove unbound peptide.  
Protein lysates are applied to the columns and the columns washed 
extensively with high salt containing buffers to remove non-specific 
binders. Proteins will be eluted with SDS-PAGE sample buffer and applied 
to SDS-PAGE.  The advantage of this approach is that parallel gels can be 
analyzed for known transcription factors by Western blotting. 

 To set-up this assay, we blotted the SUM149-eluted products from 
control-iPep and EN1-iPep-affinity columns with antibodies specific for 
Pax6, since literature exists demonstrating that EN1 physically interacts 
with Pax6 [4]. We found that Pax6 was physically associated with the EN1-
iPep, but not the control peptide (Fig. 14B). We were not able to detect 
significant enrichment of other TFHDs such as Pbx1, Pbx2, Pbx4, Rax, and 
Hlx2, demonstrating that the EN1-iPep exhibited biological selectivity. 
Pax6 is an oncogenic TF, co-expressed with EN1 in basal-like cell lines 
(Table 1) and also in brain cancers [72]. Intriguingly, the function of Pax6 
in the neural system is to specify dopaminergic olfactory bulb neurons. In 
these cells, Pax6 regulates survival pathways by inhibiting caspase-3 
activation [56]. In addition to Pax6, we detected a strong enrichment of the 
TFHD distal-less homeobox 6 (Dlx6). We found that Dlx5/6 mRNA 
expression is very high in basal-like and claudin-low carcinomas, (Table 1) 

and it has been associated with organ-specific breast cancer metastasis [37]. Our data shows that Dlx6 is 
particularly over-expressed in bone metastasis, and Dlx5 in peritoneal metastasis (Fig. 14B).  These data gives 
confidence that iPeps can be used as probes for the identification of TFHDs present in breast tumors 
responsible for survival and metastasis. 

Potential Pitfalls/alternative approaches. Different target factors (e.g. Dlx5/6 and Pax6) are expressed 
at different levels in cell lines, thereby the affinity-capture experiments should be performed in different cell 
lines, particularly metastatic cell lines having tropism for several organs, where the target factors could be 

enriched (Fig. 14). As negative control the affinity capture 
experiments will be performed in normal cells, where these 
factors are not expected to be present/enriched. 

For MS analysis, the gels will be stained with 
Coomassie and unique proteins eluted with active iPeps (and not 
appearing with inactive iPeps) will be excised and digested with 
trypsin.  Alternatively the gel will be cut into 1 cm sections and 
digested as described earlier [73].The tryptic peptides are 
analyzed by MALDI TOF/TOF mass spectrometry (Fig. 13). 
MS analysis will be performed on an ABI5800 MALDI 
TOF/TOF, an instrument that offers the greatest speed, 
resolution and sensitivity available.  All MALDI spots are first 
analyzed for MS peptide peaks (MS1), and the top 50 m/z peaks 
are automatically selected for MS/MS analysis. We typically 
identify ~5,000 unique peptides per run.  Peptide MS/MS 
spectra are analyzed by Protein Pilot 3.0TM and the proteins 
identified by query against human Swiss Protein IPI library. 
Once binding interactions are validated, we will compare our 
combinations with protein-protein interaction data form protein-
protein interaction (PPI) databases to build and map a potential 
network of interactions in breast cancer cells [5,69,74]. 

As an alternative approach, peptide-specific elution will 
be performed.  The objective of this approach is to increase the specificity of the proteins eluted from the 
columns.  Combined with iTRAQ quantitative mass spectrometry (qMS), the specificity and identification of 
proteins captured can be further refined.  Proteins bound to the peptide columns will be eluted with the non-
biotinylated peptides (~1 mM) and the eluted proteins digested with trypsin as described above.  Following 
tryptic digestion the peptides are reacted with iTRAQ isobaric mass tags.  For instance peptides eluted from 

 
Fig. 14. iPeps capture pro-survival/pro-metastatic 
TFHDs. A: Pax6 and Dlx6 interact with EN1-
specific peptide. Western blot detection of Pax6 
and Dlx6 Equal amount of extracts of SUM149 
cells used for the affinity capture experiments are 
shown in the SDS gel. B: Over-expression of Pax6 
and Dlx5/6 in organ-specific metastatic cell lines 
[1],[6] as assessed by qRT-PCR. Data was 
normalized to the parental lines. 
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Fig.15. The EN1/iPep putative interactors driving survival 
cascades and metastasis in basal and claudin-low tumors. 
Interactions shown in a green bar have been elucidated in this aim. 
The interactions between EN1 and Pax6 have been demonstrated 
in multiple studies using pull downs in the cells [4] and by an in 
vitro reconstituted complex [5]. Partners of Pax6 and Dlx6 in 
basal/claudin low tumors and breast cancer metastasis remain to 
be elucidated.!!
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