
Figure 7. Flow cytometry phase shift diagrams representing 1.5 hr (light peaks) or 24 
hr (dark peaks) NP incubation times. Total associated NPs are closer to the origin 

whereas internalized NPs  are shifted right. The gray peak represents untreated cells. 
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METHODS

Introduction: Cervical cancer is the leading cause of death for over 270,000 women
globally. Approximately 70% of cervical cancers and precancerous lesions are caused by
human papilloma virus (HPV) types 16 and 18. Without screening, cervical cancer
presents minimal symptoms, leading to many late-stage diagnoses and correspondingly
low five-year survival rates around 17%. Current treatment modalities are relatively
invasive, target both healthy and cancerous tissue, and are challenged with overall low
transport to tumor tissue. To overcome these issues, we are developing targeted
polymeric poly(lactic-co-glycolic) (PLGA) nanoparticles (NPs) that enable improved
penetration and distribution within the tumor microenvironment, thus eliminating
adverse side effects resulting from non-targeted chemotherapeutic agents.
Objective/Hypothesis: The goal of this study is to quantify surface-modified NP
association and internalization in 3 different cervical tumor spheroids and to correlate
these results with our current efficacy and distribution studies. We hypothesize that NP
surface modification will alter the internalization versus association of NPs in addition
to altering tumor penetration depth and corresponding therapeutic efficacy.
Methods: Surface-modified NPs were synthesized using a single emulsion oil-in-water
technique. Cervical tumor spheroids were grown using the hanging drop technique.
Internalization relative to cell association (internalization + binding) in tumor spheroid
cells was assessed using fluorescence-activated cell sorting (FACS).
Results: MPG and PEG NPs readily associated with HeLa spheroids after 1.5 hr;
however, the co-treatment NPs internalized most favorably. At an early time point of 1.5
hr, internalization differences are only seen for HeLa and CaSkis, while SiHas required
24 hr to see significant increases. CaSki tumors required 24 hr treatment to begin to see
differences in total association, with some differences in internalization at 1.5 hr.
Conclusions: Based on our findings, the results indicate that different tumor types may
require different therapeutic strategies and durations of NP administration. Importantly,
active agent type (drug or gene), and the corresponding need for internalization may
impact success in a given type of cervical cancer. Future work will investigate and
compare gene delivery relative to chemotherapeutic delivery in these cells.
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CONCLUSIONS
 HeLa Total Associated: After 1.5 hr, both MPG and PEG NPs demonstrated

significant increases in association relative to unmodified NPs.
 HeLa Internalized: After 1.5 hr, MPG/PEG NP co-treatment demonstrated

statistical significance relative to unmodified NPs.
 No significant differences in HeLa association or internalization after 24 hr.
 CaSki Total Associated: No significant differences relative to unmodified NPs

after 1.5 hr; however, after 24 hr NP co-treatment was increased.
 CaSki Internalized: After 1.5 hr, MPG and MPG/PEG NP co-treatment NPs

demonstrated statistical significance relative to unmodified NPs.
 SiHa Total Associated: No significant differences were observed relative to

unmodified NPs after 1.5 or 24 hr.
 SiHa Internalized: MPG, PEG, and MPG/PEG co-treatment NPs demonstrated

significant increases in internalization after 24 hr, but not 1.5 hr.
 Therapeutic Implications: It is important to consider that different tumor types

may require longer NP administration times for optimal internalization, so
different therapeutic strategies may need to be considered per cell line,
depending on the active agent, to achieve therapeutic success.

RESULTS

Visualization of Tumor Spheroids – Mid-Plane and Composite Images

CORRELATION TO NP EFFICACY

FUTURE STUDIES

Quantified NP Binding and Internalization to 3D Tumor SpheroidsNP Surface Modification

Hanging Drop Tumor Spheroid Growth

Figure 2. NPs were previously modified by incorporating avidin-palmitate into the 
polymer matrix and then reacting with biotinylated ligands.
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Figure 3. Tumor spheroids were grown for 5 days from HeLa, CaSki, and SiHa cell 
lines using the hanging drop method. Each spheroid was treated at 1.5 and 24 hr
with 50 µg/mL NPs: A) no treatment control, B) unmodified NPs, C) MPG NPs, D) 

PEG NPs, and E) co-treatment NPs of a 1:1 ratio of MPG and PEG NPs. 

Figure 1. PLGA NPs were synthesized using an oil-in-water single emulsion 
technique. To assess cellular uptake, the fluorescent dye Coumarin 6 (C6) was 

encapsulated into the NPs.
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Figure 4. Cross-sections of hanging drop spheroids treated with NPs after 1.5 hr.
(Scale bar  = 50 μm) 

Figure 5. Composite images of hanging drop spheroids treated with NPs after 1.5 hr.
(Scale bar  = 50 μm)
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Fluorescence-Activated Cell Sorting Analysis

Table 2. IC50 values for each NP modification type, relative 
to tumor spheroid type from doxorubicin studies. 

Figure 9. IC50 curves depicting the percent viability in tumor spheroids 
(HeLa, CaSki, and SiHa) as a function of NP concentration for each treatment 

group from doxorubicin studies.
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Figure 8. Cell association and internalization represented as area under curve (AUC), or mean fluorescence intensity (MFI - µm), after NP treatment for 1.5 or 24 hr. 
Data are shown for each spheroid cell type (HeLa, CaSki, and SiHa). Statistical analysis was performed using the one-way ANOVA with post hoc Tukey test.
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Figure 6. Example of flow cytometry gating strategy with a representative sample. 
The sample shown is from untreated SiHa cells.

Table 1. % Increase in cell internalization after 1.5 and 24 hr treatment with 
modified relative to unmodified NPs.
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siRNA Targeting E6
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Figure 10. Schematic depicting HPV 18 DNA plasmid, corresponding 
siRNA sequence, and expected outcome of E6 knockdown.

mRNA antisense

3’5’

MPG (%) PEG (%) Co-Treatment (%)

1.5 hr 24 hr 1.5 hr 24 hr 1.5 hr 24 hr

HeLa -4 18 35 22 44 -6

CaSki 106 0 9 -38 78 35

SiHa -15 77 -4 81 -11 68
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IC50 Values for [NP] (mg/mL)

Unmodified MPG PEG Co-Treatment

HeLa 4.76 ± 1.00 1.56 ± 0.50 1.74 ± 0.03 3.96 ± 1.90

CaSki 3.72 ± 1.20 1.34 ± 0.09 1.26 ± 0.05 2.17 ± 2.10

SiHa 4.26 ± 0.30 1.82 ± 0.01 1.78 ± 0.01 2.67 ± 1.40
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