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Abstract
Insulin-like growth factor-1 receptor (IGF-1R) is an important mediator of tumor-cell survival and
demonstrates prognostic significance in sarcoma. To explore potential therapeutic strategies for
interrupting signaling through this pathway, we assessed the ability of cyclolignan picropodophyllin
(PPP), a member of the cyclolignan family, to selectively inhibit the receptor tyrosine kinase (RTK)
activity of IGF-1R in several sarcoma cell line model systems. Of the diverse sarcoma subtypes
studied, osteosarcoma cell lines were found to be particularly sensitive to IGF-1R inhibition,
including several multidrug resistant osteosarcoma cell lines with documented resistance to various
conventional anticancer drugs. PPP shows relatively little toxicity in human osteoblast cell lines
when compared to osteosarcoma cell lines. These studies demonstrate that PPP significantly inhibits
IGF-1R expression and activation in both chemotherapy sensitive and resistant osteosarcoma cell
lines. This inhibition of the IGF1-R pathway correlates with suppression of proliferation of
osteosarcoma cell lines and with apoptosis induction as measured by monitoring PARP and its
cleavage product and by quantitative measurement of apoptosis-associated CK18Asp396.
Importantly, PPP increases the cytotoxic effects of doxorubicin in doxorubicin-resistant
osteosarcoma cell lines U-2OSMR and KHOSMR. Furthermore, siRNA down-regulation of IGF-1R
expression in drug resistant cell lines also caused re-sensitization to doxorubicin. Our data suggests
that inhibition of IGF-1R with PPP offers a novel and selective therapeutic strategy for ostosarcoma,
and at the same time, PPP is effective at reversing the drug-resistance phenotype in osteosarcoma
cell lines.
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Introduction
Primary bone tumors account for 5% to 10% of all new pediatric cancer diagnoses in the United
States (1). Osteosarcoma is the most common malignant bone tumor in children and adolescents
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and accounts for about 60% of malignant bone tumors diagnosed in the first two decades of
life (2). Standard treatment for osteosarcoma is surgery and chemotherapy. Chemotherapy
treatment has significantly improved survival rates from 11% with surgery alone to
approximately 70% when combined with chemotherapy (3,4). Unfortunately, for the 40% of
patients with progression after front-line therapy, further therapy with additional chemotherapy
is palliative and too often toxic. It is estimated that less than 30% of patients with recurrent
metastasis will be cured. The development of chemoresistance is associated with many events,
such as defective apoptotic signaling in response to chemotherapy, overexpression of
antiapoptotic proteins, and overexpression of multidrug resistance (MDR) gene protein Pgp
(5–7). Successful management of osteosarcoma would be greatly aided by novel agents that
interfere with both intrinsic and acquired mechanisms of drug resistance mechanisms.

The insulin-like growth factor (IGF) signaling pathway has been found to be critical for tumor
cell proliferation, differentiation, and apoptosis (8–10). In vitro and in vivo studies have
implicated IGF in the pathogenesis of breast, prostate, lung, and colon cancers (11–14). A
member of the IGF family, the insulin-like growth factor-1 receptor (IGF-1R), is a ubiquitously
expressed type 1 transmembrane- heterotetrameric receptor composed of two -subunits (Mr
130,000) and two β-subunits (Mr 90,000 each), with intrinsic tyrosine kinase activity (10,15).
Upon binding specific ligands (IGF-1 and IGF-2), IGF-1R undergoes autophosphorylation of
tyrosine residues, leading to subsequent tyrosine phosphorylation of insulin receptor substrate
1, Src, and collagen homology proteins (Shc), resulting in the activation of PI3-kinase/Akt,
RAS/MAP kinase, and Jak/Stat pathways (10,15). These activated pathways regulate the
function and expression of proteins involved in cell proliferation and survival (10,16). IGF-1R
thereby plays an important role in malignant transformation. Expression of functional IGF-1R
is required for malignant cell transformation by known cellular and viral oncogenes (17).
Studies on breast cancer have suggested that overexpression of IGF-1R is associated with local
tumor recurrence and circulating concentrations of IGF-1 or its major binding protein IGF-
BP3 is associated with increased risk of common cancers (18,19). IGF-1R activation protects
cells from a variety of apoptosis-inducing agents, including osmotic stress and anti-cancer
drugs (20–22). Expression of IGF-1R in synovial sarcoma is associated with an aggressive
phenotype and with a high incidence of lung metastases (23). In vitro, overexpression of the
IGF-1R reduces growth factor requirement for tumor cell growth and cellular susceptibility to
apoptosis (24). Pediatric tumors such as Ewing’s sarcoma, neuroblastoma, rhabdomyosarcoma
and Wilm’s tumor express high levels of IGF-1R and, in the presence of IGF, increases
proliferation and decreases apopotosis (10). Conversely, impairment of the IGF-1R function
by antisense strategies, antibodies, or dominant negative mutants causes large-scale apoptosis
of tumor cells, abrogation of tumor growth, and metastasis.(10,15,20) In particular, Ewing’s
sarcoma xenografts are sensitive to anti-IGF-1R treatment (25). Therefore, modulating the
IGF-1R pathway is now an attractive anti-cancer treatment strategy.

IGF-1 levels in humans are highest during the adolescent growth spurt, which coincides with
the peak incidence of osteosarcoma, supporting the hypothesis that IGF-1 may contribute to
the pathogenesis of osteosarcoma (26). In vitro studies have shown that osteosarcoma cell lines
express IGF-1R, depend on IGF-1 ligand for proliferation and anti-apoptosis, and are growth
inhibited with IGF-1R blockade (27). Finally, a recent study observed in a human osteosarcoma
cell line, HOS 58, that proliferative activity was associated with high mRNA levels of IGF-1R,
and the rate of proliferation decreased with a decline in IGF-1R expression (28).

PPP (picropodophyllin), a member of the cyclolignan family, is a new inhibitor of IGF-1R
(29). The inhibitory effect of PPP on IGF-1R did not co-inhibit insulin receptor (IR) or
competewith ATP in in vitro kinase assays, suggesting that it may inhibitIGF-1R
autophosphorylation at the substrate level (30). PPP inhibits tyrosinephosphorylation of Y1136
in the activation loop of the IGF-1Rkinase domain. This agent has been shown to induce tumor
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regression and inhibitionof metastasis in several models of human cancer, and in vitro studies
suggest development of only limited resistance in tumor cells after long-term PPP exposure
(29–32). Recent studies showed that oral PPP is well tolerated in vivo and inhibits IGF-1R
expression and growth of melanoma (33). To date, however, the effect of PPP on osteosarcoma
and especially multidrug resistant osteosarcoma cells is undefined.

In this study, we determined whether the IGF-1 signaling pathway is of functional importance
in osteosarcoma. We further investigate the effect of PPP on constitutive expression of IGF-1R,
and whether a combination of minimally or non-toxic doses of PPP induces apoptosis,
overcomes drug resistance, or enhances drug sensitivity in drug resistant osteosarcoma cell
lines.

Materials and Methods
Cell Lines, Patient Tumor Samples and Antibodies

Human osteoblast cell line HOB-c (hipbone derived) was purchased from PromoCell GmbH
(Heidelberg, Germany). The human osteosarcoma cell line U-2OS, KHOS, human uterine
sarcoma cell line MES-SA and its doxorubicin selected drug resistant cell line MES-SA/Dx5,
were purchased from the American Type Tissue Collection (Rockville, MD). The multidrug
resistant U-2OSMR, was established as previously reported.(6,34) Briefly, the doxorubicin
resistant cell lines were selected over a period of six to ten months by continuous culture in
media containing step-wise increases in doxorubicin. Dr. Efstathios Gonos (Institute of
Biological Research & Biotechnology, Athens, Greece) provided the multidrug (selected with
doxorubicin) resistant KHOS R2 (referred in the text below as KHOSMR) cell line (35). Dr.
Katia. Scotlandi (Institute Orthopedics Rizzoli, Italy) provided ET-743 resistant TC-ET 6nM
and TC-ET 12nM cell lines (36). Eight cases of osteosarcoma samples (1 to 8) were analyzed.
Samples 1–4 were tissues from patients without chemotherapy and samples 5–8 were tissues
from patients with chemotherapy. The Pgp1 monoclonal antibody C219 was purchased from
Signet (Dedham, MA). The Goat anti-rabbit-HRP and goat anti-mouse-HRP were purchased
from Bio-Rad (Hercules, CA). SuperSignal® West Pico Chemiluminescent Substrate was
purchased from PIERCE (Rockford, IL). The rabbit polyclonal antibodies to human IGF-1R,
AKT, pAKT and PARP were purchased from Cell Signaling Technologies (Cambridge, MA).
The rabbit polyclonal antibody to human phosphor-IGF-1R (1158/1162/1163) was purchased
from Invitrogen (Carlsbad, CA). The mouse monoclonal antibody to actin and MTT were
purchased from Sigma-Aldrich (St. Louis, MO).

Drugs
The IGF-1R inhibitor picropodophyllin(PPP) was purchased from Calbiochem (La Jolla, CA).
Stock solutions were prepared in DMSOand stored at −20 °C; they were diluted to the final
concentration in fresh media before each experiment. In allexperiments, the final DMSO
concentration was <0.1%. Doxorubicin and paclitaxel was obtained through unused residual
clinical material provided by the pharmacy at the Massachusetts General Hospital. The stock
solution of drugs were prepared according to the drug specifications and stored at −20°C.

Cell Culture
Human osteoblast cells HOB-c were cultured in osteoblast growth medium (PromoCell) with
10% fetal bovine serum (FBS). All other cell lines were cultured in RPMI 1640 (Invitrogen,)
supplemented with 10% FBS, 100-units/ml penicillin and 100μg/ml streptomycin (Invitrogen).
Cells were incubated at 37°C in 5% CO2-95% air atmosphere andpassaged when near confluent
monolayers were achieved using trypsin-EDTA solution. Drug-resistant cell lines were
periodically cultured in the respective drug to confirm their drug resistance characteristics.
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Cells were free on mycoplasma contamination as tested by MycoAlert(R) Mycoplasma
Detection Kit from Cambrex (Rockland, ME).

Western Blotting
IGF-1R, phosphor-IGF-1R, AKT and Pgp1 proteins were analyzed in total cell lysates. Total
cell lysates were prepared, and Western blot analysis was performed as previously described.
Briefly, the cells were lysed in 1X RIPA lysis buffer (Upstate Biotechnology, Charlottesville,
VA) and protein concentration was determined by the DC Protein Assay (Bio-Rad). Twenty-
five micrograms of total protein were resolved on NuPage™ 4–12% Bis-Tris Gels (Invitrogen)
and immunoblotted with specific antibodies. Primary antibodies were incubated in TBS (pH
7.4) with 0.1% Tween-20 with gentle agitation overnight at 4°C. Horseradish peroxidase
(HRP)-conjugated secondary antibodies (Bio-Rad) were incubated in TBS (pH 7.4) with 5%
nonfat milk (Bio-Rad) and 0.1% Tween-20, at a 1:2000 dilution for one hour at room
temperature with gentle agitation. Positive immunoreactions were detected by using
SuperSingal® West Pico Chemiluminescent Substrate. Densitometric analysis of Western blot
results was performed with Adobe Photoshop 7.0 (San Jose, CA) as described in the User Guide
and at: http://www.lukemiller.org/journal/2007/08/quantifying-western-blots-without.html.

Immunofluorescence
For immunostainings of cultured cells, osteosarcoma cells were grow in 8-well chamber (Nalge
Nunc International, Rochester, NY ) for 48 hours and fixed in in 3.7% buffered
paraformaldehyde. Immunostainings were performed using antibodies against the
phosphorylated IGF-1 receptor (Tyr1131)/(1: 200), IGF-1R (1: 200) for 1 hour. After washing,
the cells were incubated with Alexa Fluorsecondary antibodies (Invitrogen). To counter stain
nuclei, the cells were incubated with PBS containing 1 μg/ml Hoechst 33342 (Invitrogen,
Carlsbad, CA) for 1 min. Stained cells were then visualized on a Nikon Eclipse Ti-U
fluorescence microscope (Nikon Corp.) equipped with a SPOT RT digital camera (Diagnostic
Instruments, Inc., Sterling Heights, MI).

MTT Cell Proliferation Assay
Drug cytotoxicity was assessed in vitro using the MTT assay as previously described (37).
Briefly, 2×103 cells per well were plated in 96-well plates in culture medium (RPMI 1640
supplemented with 10% fetal bovine serum and penicillin/streptomycin) containing increasing
concentrations of PPP, doxorubicin or both. After 96 hours of culture, 10 μl MTT (5 mg/ml in
PBS, obtained from Sigma) were added to each well and the plates were incubated for 4 h. The
resulting formazan product was dissolved with acid-isopropanol and the absorbance at a
wavelength of 490 nm (A490) was read on a SPECTRAmaxR Microplate Spectrophotometer
(Molecular Devices, Sunnyvale, CA). The absorbance values were normalized by assigning
the value of the control line in the medium without drug to 1.0 and the value of the no cell
control to 0. Experiments were performed in triplicate. Dose response curves were fitted with
use of GraphPad PRISMR 4 software (GraphPad Software, San Diego, CA).

IGF-1R siRNA assay
The human IGF-1R On-Targetplus SMARTpool siRNA was purchased from Dharmacon, Inc.
(Chicago, IL) and was used according to the manufacturer’s instructions. For transfection, cells
were either plated on 96 well plates for MTT assays or plated on dishes for Western blot protein
detection. Transfections were performed with siPORT™ NeoFX™ siRNA transfection reagents
(Ambion. Inc, Austin, TX) as directed by the manufacturer. The Silencer™ EGFP siRNA
(Ambion) and siRNA Control® reagent (Dharmacon) were used as positive and negative
controls in all experiments. For IGF-1R inhibition, the final concentration of siRNA was 100
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nM. Media was replaced with RPMI1640 supplemented with 10% FBS 24 hours after
transfection. Total protein was isolated after 72 hours of IGF-1R siRNA transfection.

Apoptosis Assay
Whole-cell lysates were immunoblotted with specific antibodies to PARP (Cell Signaling
Technologies) and its cleavage products. Positive immunoreactions were detected by using
Super Signal® West Pico Chemiluminescent Substrate. Quantification of apoptosis was also
evaluated using the M30-Apoptosense ELISA assay kit, as per manufacturer’s instructions
(Peviva AB, Bromma, Sweden). U-2OSMR and KHOSMR cells were seeded at 8000 cells/per
well in a 96-well plate for 24 hours before the addition of doxorubicin and PPP. The cells were
then treated with 0.5 μM doxorubicin, 1 μM doxorubicin, 0.01 μM PPP alone or a combination
of doxorubicin and PPP for an additional 48 hours. The cells were then lysed by adding 10 μl
10% NP-40 per well, and the manufacturer’s instructions for the apoptosis assay were then
followed.

Results
Expression of IGF-1R in Osteosarcoma

We observed the expression of IGF-1R in four pairs of multi-drug resistant sarcoma cell lines
(two osteosarcoma cell lines, a Ewing’s sarcoma cell line, and a uterine sarcoma cell line).
IGF-1R and phophorylated IGF1-R (pIGF-1R) is expressed in these cell lines as measured by
Western blot (Fig. 1A). For confirmation, we measured the prevalence and activation of the
IGF-1R in osteosarcoma cells by immunoflourescence, staining with antibody against IGF-1R
and pIGF-1R. We also observed that osteosarcoma cell lines, including multidrug resistant cell
lines, exhibited high levels of IGF-1R and pIGF-1R when compared to normal osteoblast cell
lines (Fig. 1B). Furthermore, multidrug resistant cell lines KHOSMR, TC-ET and MES-5A/
Dx5 demonstrated high expression of Pgp1 (multidrug resistance protein 1). To preclude the
possibility that IGF-1R expression is an artifact induced by in vitro propagation, we also
examined 8 freshly isolated primary osteosarcoma specimens, including samples from patients
with resistance to conventional chemotherapy. Expression of IGF-1R and pIGF-1R was also
universally observed in these primary patient samples (Fig. 2). Since the phosphatidylinositol
3-kinase (PI3K)–AKT pathway is known to be involved in the transmission of IGF-1R signals,
we assayed for expression of AKT and observed that all osteosarcoma cell lines and primary
tumor samples which express IGF-1R also express AKT (Fig. 1A, Fig. 2A and Fig. 2D).

Effects of PPP on Cellular Proliferation in Osteosarcoma Cell Lines
We examined the effect of PPP on the proliferation of osteosarcoma cell lines. After exposing
the cell lines to PPP in complete cell culture media for 96 hours, the relative numbers of viable
cells were determined by MTT assay. The osteosarcoma cell lines were growth inhibited by
PPP (Fig. 3). Incubation of both drug sensitive and resistant osteosarcoma cell lines with
increasing concentrations of PPP was found to decrease the amount of MTT absorbance in a
dose-dependent manner. U-2OS and U-2OSMR were more sensitive to the PPP compared to
normal osteoblast cells. A slightly higher resistance to PPP was observed in normal osteoblast
cell lines. In addition, osteosarcoma cell lines and its drug-resistant subclones showed similar
responses to PPP.

Effect of PPP on IGF-1R Expression
Because IGF-1R has been shown to be expressed to a high degree in drug sensitive and drug
resistant osteosarcoma cell lines as compared with normal osteoblast cell line (Fig. 1), effects
of PPP on the expression of IGF-1R, pIGF-R, and AKT in osteosarcoma cell line were analyzed
by Western blot. The osteosarcoma cell lines were incubated either with a range of
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concentrations of PPP for 24 h, or with 1 μM PPP for 0, 2 h, 4 h, 8 h and 24 h. Figure 4 are
representative the results from cell line U-2OSMR which has showed highly express IGF-1R
(Fig. 1). Quantitative analyzed Western blot data demonstrated that PPP reduced both IGF-1R,
pIGF-1R, AKT and pAKT expression in a dose- and time-dependent manner (Fig. 4). PPP-
induced inhibition could be observed as early 2 h (1 μM), and with a concentration as low as
0.01 μM. These results are consistent with previous study of PPP in breast cancer and
melanomacells (29,38). Similar results were found in osteosarcoma cell lines U-2OS, KHOS
as well as KHOSMR cell line (data not shown).

PPP Enhances Apoptosis and Reduces Resistance in Drug Resistant Human Osteosarcoma
Cell Lines

Inhibition of IGF-1R signaling in KHOS and KHOSMR may increase the levels of apoptosis
induced by chemotherapy drugs. The addition of PPP to cells exposed to doxorubicin resulted
in greater levels of apoptosis in both multidrug resistant osteosarcoma cell lines KHOS and
KHOSMR (Fig. 5). Additionally, MTT assay that measures a combination of cellular
proliferation and cytotoxicity also demonstrated that PPP has an additive effect on paclitaxel-
induced cell death in U-2OS and U-2OSMR (Supplementary Fig. S1). These effects were also
seen in KHOS and KHOSMR cells exposed to sublethal doses of doxorubicin and PPP (0.005
μM) (data not shown). Through these results, it is evident that PPP increased doxorubicin or
paclitaxel induced cell death and partially overcame drug resistance.

PPP Induced Apoptosis in Multidrug Resistant Osteosarcoma Cell Lines
The effectof PPP on the induction of apoptosis was further investigated byimmunoblotting for
PARP cleavage. PARP cleavage was detectedafter the incubation of U-2OSMR or KHOSMR
cells with PPP. A dose-response analysis revealed the appearanceof PARP cleavage products
starting at a 0.005 μM PPP concentrationwhen cells were allowed to incubate for 24 h
(Supplementary Fig. S2).

Effects of Inhibition of IGF-1R Expression by siRNA on Drug Sensitivities
The evaluation of IGF-1R mRNA expression levels’ contribution to multidrug resistance took
two steps. First, the IGF-1R gene in U-2OSMR cells was downregulated with siRNA. Western
blot showed that IGF-1R expression was significantly decreased after the cells treated with
siRNA (Fig. 6A). Then, relative drug sensitivities were evaluated by comparison of IC50 values
determinedby MTT in siRNA-treated and control multidrug resistant cell lines.
Cytotoxicitywas measured 96 hours after treatment with IGF-1R siRNA (see Materials and
Methods). The results showed that IGF-1R down-regulation by siRNA partially recovered
sensitivity to doxorubicin(Fig. 6B). Treatment IGF-1R siRNA knockdown cells with PPP
showed a modest higher resistance to PPP as compared with cells without IGF-1R knockdown
(Fig. 6C). These data are consistent with the results showed PPP inhibit osteosarcoma cell
growth and induce apopotosis (Fig 3). Moreover, while IGF-1R siRNA could significantly
inhibit expression of IGF-1R, no significant changes in Pgp1 expression was observed in this
IGF-1R knockdown cell line (Fig. 6A).

Discussion
Identification of both novel therapeutic strategies and potent drugs which are effective against
sarcomas is a high priority goal for sarcoma oncologists. The IGF-1R signaling pathway plays
a significant role in the growth and proliferation of tumor cells. Several lines of evidence have
demonstrated that IGF-1 production and IGF-1R expression may prevent cell death and lead
to drug resistance through upregulation of survival proteins in human cancers (10,20,21,39).
Therefore, IGF-1R proteins emerged as important targets for cancer therapy. Previous studies
with IGF-1R inhibitors such as NVP-AEW541, R1507, and SCH-717454 have demonstrated

Duan et al. Page 6

Mol Cancer Ther. Author manuscript; available in PMC 2010 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



that these compounds have the capabilities of inhibiting tumor cell growth and inducing
apoptosis in several human cancers (10,15,20). Cells with a high level of IGF-1R expression
are sensitive to these inhibitors. In this study, we demonstrate that IGF-1R is highly expressed
in chemotherapy resistant osteosarcoma cell lines as well as in primary osteosarcoma tissues.
Our findings further demonstrated that PPP inhibits IGF-1R expression in osteosarcoma cell
lines. Moreover, we found that the osteosarcoma cell lines were particularly sensitive to
IGF-1R inhibition when compared with normal osteoblast cells or with cells that were
genetically suppressed for IGF-1R expression by siRNA knockdown. The inhibition of the
IGF-1R pathway in osteosarcoma cell lines correlated with suppression of proliferation and
with induction of apoptosis.

The molecular mechanism of PPP action on different tumor cell is still unknown. PPP appears
to block IGF-1R phosphorylation and promote IGF-1R degradation, whereas the homologous
insulin receptor is not affected (29,31). IFG-1R null fibroblasts have been shown to be resistant
to PPP, whereas PPP reduces the viability of cancer cell lines and causes tumor regression in
mouse xenografts of multiple myeloma and uveal melanoma (32,38). We also showed that
osteosarcoma cell lines that were induced to no longer express IGF-1R by treatment with
siRNA become insensitive to PPP (Figure 6). PPP has been shown to associate with inhibition
of the PI3K/Akt, VEGF and activation of ERK pathways (30,31,40). More recently, treatment
of constitutively active oncogenic K-ras (mutant K-rasG12D) tumor-bearing animals by PPP
resulted in a dramatic decrease in tumor mass of the main forms of basal-like breast cancer.
PPP also was effective against xenografts of the human basal-like breast cancer cell line MDA-
MB-231, which carries a K-rasG13D mutation (41).

The development of multidrug resistance has posed major obstacles to the efficacy of
chemotherapy for cancer treatment (2,5,6). We therefore investigated the effects of PPP in
combination with conventional therapeutic agents that are currently used in the treatment of
osteosarcoma. We observed that the MDR1 (Pgp1) positive osteosarcoma cells are sensitive
to PPP-induced cell death. At the same time, the synergistic activity of PPP with doxorubicin
suggests that PPP could induce apoptosis in doxorubicin-resistant cells through mechanisms
independent of inhibition of Pgp1. We found that PPP could increase the sensitivity of
osteosarcoma drug resistant cells to various cytotoxic chemotherapeutic agents (doxorubicin,
paclitaxel). These studies provided a proof of principle that PPP is active against osteosarcoma
cell lines with known resistance to conventional (doxorubicin, paclitaxel, vincrinstine)
anticancer agents, as well as primary tumor cells from osteosarcoma patients. These preclinical
studies provide the framework for clinical evaluation of PPP, either as a monotherapy or in
combination with doxorubicin, to treat osteosarcoma and overcome drug resistance.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Expression of IGF-1R, phospho-IGF-1R (pIGF-1R) in the sarcoma cell lines as detected by
Western blotting (A), immunofluorescence (B). A: Expression of IGF-1R, pIGF-1R in sarcoma
drug sensitive and resistant cell line pairs determined by Western blot. Total cellular protein
isolated from the indicated cell lines and immunoblotted with specific antibodies as described
in Materials and Methods. The blots were also probed with an anti-actin monoclonal antibody
to assess relative protein levels in the sample lanes. B: Confirmation of expression of IGF-1R,
pIGF-R in osteosarcoma drug sensitive and resistant cell lines by immunofluroescence. Stained
cells were then visualized on a Nikon Eclipse Ti-U fluorescence microscope.
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Figure 2.
Expression of IGF-1R, pIGF-1R and AKT in osteosarcoma tissues determined by Western
blot. Total cellular protein isolated from the osteosarcoma tissues and immunoblotted with
specific antibodies as described in Materials and Methods. A: Expression of IGF-1R, pIGF-1R
and AKT. Numbers 1 to 8 represent 8 different tissue samples. B, C and D: Western blots from
A were analyzed using densitometry which was carried out in Photoshop and normalized to
β-actin expression. Quantitative results for each protein were presented as a relative expression.
B: IGF-1R, C: pIGF-1R and D: AKT

Duan et al. Page 12

Mol Cancer Ther. Author manuscript; available in PMC 2010 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Effects of PPP on the proliferation of osteosarcoma and normal osteoblast cells. Cells were
treated with the PPP in RPMI1640 complete media at the indicated concentrations. The relative
sensitivity of each line to PPP was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) analysis 96 hours posttreatment.
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Figure 4.
Dose and time dependent of PPP down-regulated IGF-1R proteins in drug resistant
osteosarcoma cells. U-2OSMR was treated with PPP in dose (A) or time (B) dependent manner
in fresh complete medium. Total cellular proteins were subjected to immunoblotting with
specific antibodies to IGF-1R, pIGF-1R, AKT and β-actin as described in “Materials and
Methods”. A: PPP reduces IGF-1R proteins in U-2OSMR cells as dose dependent manner.
U-2OSMR cells were cultured for 24 h in the presence of various concentrations of PPP as
indicated. B: U-2OSMR cells were cultured for the time indicated (in hours) in the presence of
1 μM of PPP. C and D: Western blots from A and B were analyzed using densitometry as
described in “Materials and Methods”.
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Figure 5.
PPP enhances apoptosis induced by doxorubicin in drug resistant osteosarcoma cells. KHOS
or KHOSMR cells were seeded at a density of 8,000 cells per well in a 96-well plate for 24
hours. Cells were then treated with different drugs for additional 48 hours. The cells were lysed
with 10% NP40 and the M30-Apoptosense ELISA assay was done as described in Materials
and Methods.
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Figure 6.
Effect of IGF-1R inhibition on drug sensitivity in drug resistant cells. Multidrug resistant cell
line U-2OSMR was transfected with On-Targetplus SMARTpool IGF-1R siRNA as well as
non-specific siRNA. A: Confirmation of IGF-1R protein knockdown by Western blot. Total
protein was isolated 72 hours post-transfection and IGF-1R, pIGF-1R and Pgp1 expression
was analyzed by Western blotting. B: The relative sensitivity of each treatment to doxorubicin
was determined by MTT analysis 96 hours post-transfection. C: Effects of IGF-1R knockdown
by siRNA on PPP sensitivity inU-2OSMR cells.
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