
•Inhibition of IGF1R signaling induces expression of EGFR and 
phosphorylation of MAPK in OS tumors that are resistant to 
growth inhibition by R1507. 

•In R1507-sensitive tumors, decreased expression of EGFR 
mRNA and protein associates with two EGFR biomarkers; a T 
allele in the SP1 binding site of the promoter and a missense 
mutation (Arg>Lys) in the EGFR ligand binding site.

•

 

The most significant changes were observed in OS31. miRNA 
gene expression using Next Generation Sequencing identified 
miR 337-5p as differentially  expressed when comparing 
expression in the control Vs. treated OS31 samples with a false 
discovery rate of 2%.  

•Other  potential miRNA biomarkers include miR-656, 299-3p, 
507, 654-5p, 655, 539, and 509-3-5p.  

Osteosarcoma (OS) is the most common primary malignant 
bone tumor in children and young adults. Despite the 
progress made in adjuvant chemotherapy, the overall 
survival rate remains around 60 percent. New promising 
therapeutics such as R1507, a fully humanized monoclonal 
anti-IGF1R antibody available in clinical trials, are effective 
in inhibiting the growth of a subset of human osteosarcoma 
tumors engrafted into mice. However, while some of these 
xenograft tumors respond to therapy, others show little to no 
growth inhibition. We hypothesized that changes observed in 
the gene expression and micro RNA complement of these 
tumors may help elucidate the mechanism of resistance and 
identify biomarkers of response that will provide new 
avenues for the development of prognostic and therapeutic 
tools.  During the present study, we have characterized at 
the molecular level a panel of six osteosarcoma xenograft 
tumors that respond differently to R1507 therapy. Our 
preliminary data suggests that inhibition of IGF signaling 
induces expression of EGFR, which may maintain tumor 
growth. Using expression analysis tools, we have identified 
additional changes in R1507-treated vs. untreated tumors 
that have potential as prognostic markers of response. In 
addition, using the hypothesis-free strategy afforded by the 
SOLiD™ Next Generation Sequencing, we started analyzing 
the tumors' miRNAome in the hope to identify treatment- 
induced changes.  The combined results from this study will 
reveal important aspects of tumor biology and identify 
targets that may be exploited for the development of new 
therapeutics for osteosarcoma. 
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Osteosarcoma Xenografts: Tumors lines previously established from 
patients were implanted in SCID mice (Fig1-top panel). Mice were 
treated daily with a single dose of R1507 (10mg/kg).  Control animals 
received only vehicle.  
Protein analysis: Western blot analysis was performed using routine 
techniques (Fig1-lower panel and Fig2).  Actin

 

was used to confirm 
equal loading (data not shown). 
Molecular screen: DNA and RNA was extracted from tumors using a 
Gentra

 

PureGene

 

kit and Trizol

 

method, respectively.  Sequencing of 
the EGRF exons

 

and promoter region was performed using ABI BigDye

 

Terminator Cycle Sequencing Ready Reaction kit v 3.1, using a 1/4 
dilution of the terminator mix, and analyzed on an ABI 3130xl Genetic 
Analyzer (Fig2). Pathway focused gene expression analysis and 
miRNA

 

was performed using

 

SABiosciences™

 

PCR arrays (Fig4).
SOLiD miRNA Next Generation Sequencing: Small RNA enrichment 
was performed  using a flashPAGE

 

Fractionator

 

system (Ambion), and 
cDNA

 

libraries of small RNAs were generated using SOLiD

 

™

 

Small RNA 
Expression Kit (SREK). Each sample library was  tagged with a different 
barcode sequence (10 total) prior to ePCR. This allowed pooling up to 
10 size selected libraries into one sample for ePCR

 

and sequencing on 
the SOLiD™

 

3 System. 
Data Analysis: The SOLiD™

 

System Small RNA Analysis Tool, an 
Applied Biosystems

 

open source software tool, was used to process the 
csfasta

 

files  (http://solidsoftwaretools.com/gf).  Reads for each sample 
were filtered for sequences of adaptor, rRNA, tRNA

 

and repetitive 
elements.  Remaining reads were aligned to mature and minor 
microRNAs of miRBase

 

v13.   All alignments were performed in 
colorspace. The Bioconductor

 

package, RankProd, was used to perform 
a rank product analysis for differential expression of microRNAs

 

with 
and without R1507 treatment. 

METHODS

It has been known for twenty years that IGF signaling is important 
to the growth and survival of sarcoma. The recent development of

 

humanized monoclonal antibodies and small molecules capable of 
inhibiting the binding of insulin-like growth factor I and/or II (IGFI 
and/or IGFII), without excessive toxicity, has generated renewed

 

interest in defining the validity of this target and biomarkers for 
response. There are six fully humanized anti IGFIR monoclonal 
antibodies currently in clinical trials.  Each binds to the IGFIR 
receptor and inhibits ligand binding.  Four of the six antibodies are 
in development for use in sarcomas; three are in trial in pediatric 
patients (including the Phase II trial of the 19D12 antibody currently 
open and enrolling patients at AI duPont

 

Hospital for Children). 
Albeit certain success of this therapy, little is known about markers 
for activity and resistance to IGFIR inhibitors in osteosarcoma,

 

nor 
do we understand the cellular events that take place following IGFIR 
inhibition in osteosarcoma.  To utilize potent inhibitors of IGFIR 
signaling effectively, it is imperative that we understand the specific 
cellular events that predict sensitivity or offer a means for tumors to 
salvage effective growth signaling in the absence of IGFIR  activa-

 

tion.  This poster will focus on tumor response to inhibitor R1507.
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In the R1507 sensitive tumor lines expression of EGFR and  MAPK 
phosphorylation decreases following treatment.  These tumors carry 
the T allele at the Sp1 binding site.  For R1507 resistant OS31 and 
OS33 tumors, there is minimal constitutive expression of EGFR.  
However, within 48 hours of treatment, both EGFR expression and 
MAPK phosphorylation are induced.  Both OS1 and OS2 carry a 
homozygous mutation K512 in the EGFR ligand binding site.

OS1 has a complete 
response (CR) to R1507. 
OS2 and OS9 both have 
progressive disease 
(PD) and improvement 
in event-free survival.  
Stable disease (SD) is 
noted in OS17, while in 
OS31 and OS33 there is 
no response to any of 
the 3 antibodies.  In the 
tumors where IGF1R 
inhibition affects 
growth, there does not 
seem to be a correlation 
with IGF receptor level. 

Patients’ Tumors
Osteosarcoma Xenograft

OS1
OS2
OS9
OS17
OS31
OS33 Treated (+)Control (-)

OS Response to anti-IGF1R Therapy EGFR Expression and Mutation Analysis

Fig 4 Pathway focused gene expression analysis

Fig 3

Representative samples of purified small RNAs (A) were processed 
into cDNA

 

libraries (B) for SOLiD

 

sequencing. Two pools of ten 
tagged libraries were run on  SOLiD

 

(see Table).  

SOLiD™ miRNA Quality Control SOLiD™ miRNA Sequencing Data

The table includes information on total numbers of reads as 
well as distributions of reads in the 20 miRNA libraries. 

A B

Expression Profile of Pathway Focused Genes in OS 
Xenograft Tumors. Tumors were profiled using EGF/PDGF, 
MAPK and PI3K-AKT signaling pathway PCR arrays, before (C) 
and after (T) treatment with the anti IGF1R inhibitor R1507. The

 

RQ values for each sample were calculated from ΔCTs

 

(with  an 
average of HRAS, MAPK3, MAPK8 and RPL13A as the endogenous 
control). MEV (MultiExperiment

 

Viewer) was used to generate the 
figure.  Only a few selected genes are included as preliminary 
data. Work is in progress to determine signatures for each of 
these tumors.

Digital Expression of miRNAs.  Eight miRNA were 
found to be differentially expressed in OS31 when 
comparing expression in the control Vs. treated samples 
with a false discovery rate of 5% or less.  KS11 and KS12 
are OS31 untreated xenograft tumors.  KS13, KS14 and 
KS15 are OS31 xenograft tumors that were treated for 24 
hours with R1507. 

Biological replicates 
validation study: 
Unscaled

 

sums for OS31 
reads mapped to mature 
miRNA.  
KS11 and 12 are two 
biological replicates for 
untreated xenograft 
tumors derived from 
OS31.  KS13, 14  and 15 
are biological replicates 
for OS31 tumors treated 
with R1507.  KS15 shows 
the lowest correlation 
among the OS31 treated 
biological replicates. 
Overall, there was a good 
correlation between all 
replicates.
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filter reads 
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miRNA

# miRNA 
with at 
least 1 
read

KS1 22604992 11206292 50 11398700 574716 5.0 406
KS2 27635064 13640626 49 13994438 324136 2.3 353
KS3 21369175 10004673 47 11364502 830301 7.3 426
KS4 25110477 9951555 40 15158922 922890 6.1 448
KS5 24827276 14477680 58 10349596 69346 0.7 259
KS6 30413218 19828560 65 10584658 228515 2.2 352
KS7 37994862 25903122 68 12091740 144857 1.2 329
KS8 27685168 11350848 41 16334320 676856 4.1 396
KS9 33417923 19696114 59 13721809 333245 2.4 344

KS10 26834286 13597104 51 13237182 671346 5.1 427
KS11 31585310 17022364 54 14562946 3775670 25.9 570
KS12 27231063 10686938 39 16544125 4866160 29.4 626
KS13 29343087 15401936 52 13941151 4067695 29.2 590
KS14 22227904 7636559 34 14591345 4021176 27.6 600
KS15 12708362 6543450 51 6164912 1330328 21.6 519
KS16 10153737 5162884 51 4990853 1358948 27.2 508
KS17 21953311 6589959 30 15363352 3818141 24.9 602
KS18 30764509 7696532 25 23067977 2066420 9.0 614
KS19 12664494 3916788 31 8747706 2389191 27.3 565
KS20 28050820 7509038 27 20541782 6340838 30.9 631
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