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IGF-1R signaling in the presence of Wnt1 overexpression resulted 
in decreased mammary tumor latency and increased tumor inci-
dence . The bigenic tumors displayed a squamal cell phenotype 
and had increased expression of cytokeratins 5 and 6 as well as 
b-catenin . Cell lineage analyses revealed an increase in both basal 
(CD29hi/CD24+) and luminal progenitor (CD61+/CD24+) popula-
tions . Bigenic tumors also had increased expression of Nanog and 
decreased expression of Elf5 compared to MMTV-Wnt1 tumors . 
Consistent with this phenotype, metastases developed in the big-
enic lungs with characteristics of the primary tumors . We further 
demonstrated that pharmacological inhibition of the IGF-1R in 
vitro was sufficient to increase tumorsphere forming frequency of 
MMTV-Wnt1 tumor cells . Bigenic tumors had increased IR-A:IR-B 
ratio and expression of IGF-II; IGF-II stimulation of the IR-A in 
vitro resulted in enhanced expression of b-catenin . Our findings 
show that attenuating IGF-1R in the context of active Wnt sig-
naling accelerates tumorigenesis and results in more aggressive 
tumors . We conclude that the altered tumor phenotype is due in 
part to induction of an IGF-II/IR-A signaling pathway resulting in 
enhanced canonical Wnt signaling .
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Background: IGF-1R is ubiquitinated upon binding of the ligand, 
IGF-1 . Ubiquitination leads to internalisation and lysosomal 
or proteasomal degradation of IGF-1R and hence substantially 
modulates its effects . We have previously shown that this 
ubiquitination is in part controlled by the adaptor protein 
b-arrestin, and the E3 ubiquitin ligases Mdm2, c-cbl and Nedd4 . 
Deubiquitination enzymes (DUBs), with around 100 members 
in the human genome classified into 5 main structurally similar 
groups, are increasingly being recognised as providing specific 
control of ubiquitination processes and as such are potential 
therapeutic targets .
Aims: To identify DUBs activity specifically altering IGF-1R 
degradation and signalling, both directly and indirectly, and the 
downstream effects on cell behaviour .
Study design: HEK293T cells were transfected with an siRNA 
library of all known DUBs, under conditions where the IGF-1R 
signalling pathway was activated by IGF-1 ligand . The cells were 
analysed for total IGF-1R and GAPDH to identify those DUBs that 
altered total cellular IGF-1R levels . The identified DUBs were 
tested further to determine their effects on IGF-1 dependent deg-
radation, IGF-1 induced signalling kinetics, IGF-1R ubiquitination 
and effects on IGF-1 induced proliferation and migration .
Results: The siRNA screen identified several DUBs either increas-
ing or decreasing the IGF-1R, suggesting complex modulation 
of IGF-1R and its pathways through ubiquitination . In example, 
suppression of the DUB USP7 dramatically reduced the rate of 
IGF-1R degradation . Previously published work has identified 
this deubiquitinase as acting directly on the IGF-1R E3 ligase 
Mdm2 . Overexpression of USP7 increased degradation whereas 
the catalytically inactive mutant did not, confirming a role for 
this enzyme in IGF-1R degradation . The IGF-1 induced signalling 
kinetics and subsequent cellular proliferation was altered .
Conclusion: Both ubquitination and deubiquitination of IGF-1R 
finely controls receptor fate and modulates cellular signalling 
outcome and therapeutic targeting of specific DUBs could aid 
IGF-1R inhibition .
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Dysregulation of the insulin-like growth factor type I receptor 
(IGF1R) has been implicated in the progression and therapeutic 
resistance of malignancies . In acute myeloid leukemia (AML) 
cells, IGF1R is one of the most abundantly phosphorylated recep-
tor tyrosine kinases, promoting cell growth through the PI3K/
Akt signaling pathway . However, little is known regarding the 
molecular mechanisms underlying IGF1R gene dysregulation in 
cancer . We discovered a novel intragenic long noncoding RNA 
(lncRNA) within the IGF1R locus, which we have named IRAIN, 
which is transcribed in an antisense direction from an intronic 
promoter . The IRAIN lncRNA was expressed exclusively from the 
paternal allele, with the maternal counterpart being silenced . 
Using both reverse transcription-associated trap (RAT) and 
chromatin conformation capture (3C) assays, we demonstrate 
that this lncRNA interacts with chromatin DNA and is involved in 
the formation of an intrachromosomal enhancer/promoter loop . 
Knockdown of IRAIN lncRNA with shRNA abolishes this intrachro-
mosomal interaction . In addition, IRAIN was downregulated both 
in leukemia cell lines and in blood obtained from high risk AML 
patients . These data identify IRAIN lncRNA as a new member of an 
imprinted gene family involved in tumorigenesis .
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Tyrosine phosphorylation of insulin receptor substrate (IRS)-1/2 
by IGF-I receptor kinase is essential for IGF action . Previously, we 
had shown that ubiquitin ligase Nedd4 associates with IRS-2, and 
enhances IGF-I-induced IRS-2 tyrosine phosphorylation and cell 
proliferation in thyroid FRTL-5 cells . Nedd4 is overexpressed in 
various cancers, and functions as a tumor-promoting factor . In 
this study, we investigated
1) molecular mechanisms by which Nedd4 enhances IRS-2-

mediated IGF-I signals, and
2) roles of Nedd4 in prostate cancer cell proliferation induced by 

IGF-I .
Nedd4 overexpression induced mono-ubiquitination of IRS-2 in 
HEK293 cells, and the ubiquitination was inhibited by mutation 
of multiple Lys residues in the IRS-2 C-terminal region . Nedd4 
overexpression enhanced IGF-I-induced IRS-2 tyrosine phos-
phorylation, and the effect was abolished by the mutation of 
IRS-2 ubiquitination sites that we determined . We assumed that 
ubiquitinated IRS-2 is recognized by some protein that mediates 
the signal enhancing effect, and found that Nedd4 overexpression 
increased the association of IRS-2 with Epsin1, an ubiquitin-bind-
ing protein localized at plasma membrane . Epsin1 knockdown 
suppressed Nedd4-dependent enhancement of IRS-2 tyrosine 
phosphorylation . To investigate roles of Nedd4 in prostate cancer 
cells, we confirmed that Nedd4 associated with IRS-2 in prostate 
cancer DU145 cells and PC-3 cells . We also found that Nedd4 




