Evaluation of the Effect of Targeted Nanoparticle-Drug Treatment on Primary Human
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Introduction
• Breast cancer is the most common type of cancer and the second leading cause of cancerrelated death among women. TNBC is the most lethal form of breast cancer representing
around 15%–20% of newly diagnosed breast cancer cases.
• Previous studies with Paramagnetic IONPs have shown the feasibility of producing
molecularly targeted magnetic resonance imaging contrast agents.
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Figure 2. Tumor size (left) and bodyweight (right) of the mice bearing primary human TNBC xenografts
following a weekly nanoparticle administration for a total of 6 injections.
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Figure 3. Mice survival response for different
treatment groups.
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• We have developed both IGF-1R and uPAR targeted IONPs for targeted tumor imaging and
selective delivery of dual anticancer drugs, Cis and Dox. Lower systemic toxicity, higher
survival rate, comparable activity with free drug combination, and lower proliferating cancer
cells after treatment (as Ki-67 staining) are the benefits from targeted IONPs-drugs delivery
system.
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• Correlation of IONPs with IGF-1R, uPAR and blood vessels (as CD31 staining) confirmed the
targeting efficiency from both targeting ligands.
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Preparation of IONP conjugates with drug
encapsulation
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Figure 6. H&E, Prussian blue and Immunofluorescence staining performed on frozen tissue with
different treatment. Results show the non-targeting effect of this treatment with the absence of
nanoparticles on the Prussian Blue staining after BSA-IONP-Cis-Dox treatment. The correlation of
nanoparticles with IGF-1R and uPAR also confirmed the targeting efficacy of IONPs.

Summary and Conclusions
• We have developed IGF-1R and uPAR targeted nanoparticles for delivering
multiple drugs, Cis and Dox, into TNBC in a primary human breast tumor
xenograft model in nude mice;
• Both receptor-targeted IONPs carrying drugs showed marked tumor growth
inhibition;
• Histological analysis of tumor tissues using the Prussian blue and
Immunofluorescence staining demonstrated target
specificity and
correlations of the biomarker expression and IONP localization ;
• Receptor targeted multifunctional theranostic IONPs have potential for the
treatment of drug resistant human tumors.
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Figure 1. Paramagnetic IONPs that have uniform core sizes and are functionalized through surface
coating of ampiphilic polymers. This surface coating provides a stable hydrophobic protective inner
layer around a single crystal of IONP with carboxylate groups in the outer layer readily available
for conjugation with ATF, IGF-1, BSA. The coating is also used for encapsulation of anticancer drug,
Dox. Cis is covalently linked to the carboxylate groups on IONPs .

uPAR

Ki-67 expression results

• uPAR is upregulated in a high percentage of tumor cells and tumor associated stromal
cells,such as endothelial cells, macrophages, and fibroblasts, of many human cancer types.
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• IGF-1R is known to play an important role in proliferation and survival of cancer cells and
over expressed in many human cancer types including TNBC, but with relatively low levels in
normal tissue.

• Results of our study support the feasibility of the development of IGF-1R and uPAR targeted
theranostic nanoparticles for TNBC.
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Delivery efficacy of the receptor–targeted-IONPs
H&E

The mice with human TNBC were randomized
into 5 experimental groups of 6 mice/group:
control, Cis+Dox, BSA-IONP-Cis-Dox, IGF-IONP-CisDox, ATF-IONP-Cis-Dox. Tail vein injection was
repeated once in a week with equivalent Cis/Dox
concentration at 5 mg/Kg body weight for 6
consecutive injections. Results showed that
treatment with IGF-IONP-Cis-Dox inhibited tumor
growth significantly with reduced system toxicity.
Results also presented higher survival rate of both
IGF-IONP-Cis-Dox and ATF-IONP-Cis-Dox pared
with either Cis+Dox or BSA-IONP-Cis-Dox.
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Figure 5. Optical imaging was done using Kodak in vivo FX imaging system 48 h after tail vein
injecting with 300 pmol of BAS-NP-Cis-Dox, ATF-NP-Cis-Dox, and IGF-NP-Cis-Dox, respectively. The
in vivo targeting of IONPs with IGF-1 and ATF was also confirmed by Prussian blue staining of the
tumor section compared with BSA where blue represents IONP positive cells and red is a nuclear
fast red background staining.

Summary
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Triple negative breast cancer (TNBC) has the worst prognosis of any subtype of
breast cancer, which can be attributed to three key factors: metastases, multidrug
resistance, and lack of available targeting delivery systems. Our laboratory established
an orthotopic primary human TNBC model from drug resistant TNBC tissues. We
developed insulin-like growth factor-1 receptor (IGF-1R) and urokinase plasminogen
activator receptor (uPAR) targeted magnetic iron oxide nanoparticles (IONPs) for
targeted tumor imaging and selective delivery of multiple anticancer drugs to human
tumors. Systemic delivery of targeted IONP carrying both cisplatin (Cis) and doxorubicin
(Dox) inhibited the growth of primary human breast cancer xenografts. Although the
anti-tumor effect is comparable to free drug treatment, the mice treated with targeted
nanoparticle drugs showed no systemic toxicity and longer survival time; while the
majority of the mice treated with the same dose of free drugs were dead of drug
toxicity. The distribution of IONPs in tumors and effect of targeted IONPs-drugs on the
treatment of TNBCs were examined by means of the changes in the biomarker
expressions using immunohistochemical, immunofluorescence and Prussian blue
staining. Results of our study showed a good correlation between intratumoral location
of IONPs and IGF-1R or uPAR expressions in tumor cells. Targeted IONPs-drug
treatment inhibited the tumor cell proliferation as shown a lower level of Ki-67
positive cells after systemic delivery of Cis+Dox by targeted IONPs.
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Figure 4. Frozen tissue Immunofluorescence and Immunohistochemical staining of the proliferation
marker Ki-67 on the different treatment groups. Results visually show a higher percentage of Ki-67 positive
cells for the Cis+Dox and BSA-IONP-Cis-Dox treatments and lesser for the IGF-IONP-Cis-Dox and ATF-IONPCis-Dox treatments.
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