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ABSTRACT RESULTS

Introduction: Cervical cancer is the leading cause of death for over 270,000 women Visualization Of Tumor Spheroids - Mid_Plane and Composite Images Table 2. IC;, values for each NP modification type, relative
globally. Approximately 70% of cervical cancers and precancerous lesions are caused by to tumor spheroid type from doxorubicin studies.
human papilloma virus (HPV) types 16 and 18. Without screening, cervical cancer No Treatment Unmodified NPs MPG NPs PEG NPs Co-Treatment No Treatment Unmodified NPs MPG NPs PEG NPs Co-Treatment
presents minimal symptoms, leading to many late-stage diagnoses and correspondingly IC;, Values for [NP] (mg/mL)
!OW fllve-year survival rates around 17%. Cu.rrent treatment modahtles. are relatively .3 Unmodified MPG PEG Co-Treatment
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 = 4.76 £1.00 | 1.56+0.50 1.74+0.03 3.96 £ 1.90
polymeric poly(lactic-co-glycolic) (PLGA) nanoparticles (NPs) that enable improved 372+120 | 1.34+009 | 1.26 +0.05 217 + 2.10
penetration and distribution within the tumor microenvironment, thus eliminating
adverse side effects resulting from non-targeted chemotherapeutic agents. i~ 4.26£0.30 | 1.82+0.01 1.78+0.01 2.67+1.40
Objective /Hypothesis: The goal of this study is to quantify surface-modified NP X .
association and internalization in 3 different cervical tumor spheroids and to correlate © Unmodified NPs MPG NPs PEG NPs Co-Treatment
these results with our current efficacy and distribution studies. We hypothesize that NP 2 ol . - ol
surface modification will alter the internalization versus association of NPs in addition Q= s 7 75 75
to altering tumor penetration depth and corresponding therapeutic efficacy. - E fc 0- =1 501 501
Methods: Surface-modified NPs were synthesized using a single emulsion oil-in-water = >° i il 1 ]
technique. Cervical tumor spheroids were grown using the hanging drop technique. v S 7T 1 B 1 B 1 X 1
Internalization relative to cell association (internalization + binding) in tumor spheroid S
cells was assessed using fluorescence-activated cell sorting (FACS). Figure 4. Cross-sections of hanging drop spheroids treated with NPs after 1.5 hr. Figure 5. Composite images of hanging drop spheroids treated with NPs after 1.5 hr. - E 12: o f: 12:
Results: MPG and PEG NPs readily associated with HeLa spheroids after 1.5 hr; (Scale bar =50 um) (Scale bar =50 um) ;;é - - ol ol
however, the co-treatment NPs internalized most favorably. At an early time point of 1.5 oS 2 25 251
hr, internalization differences are only seen for HeLa and CaSkis, while SiHas required X o 1 oA 1 o8- : o8-} 1
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. 250k 250K . _Uandlﬁed NPSZOO _ MPG NPs 200 PEG NPs . Co-Treatment B 100 o0, 100,
Conclusions: Based on our findings, the results indicate that different tumor types may 1 | ] = 50_5 | 150_} 150_} 5 E 7 - 51
require different therapeutic strategies and durations of NP administration. Importantly, 200k ~ - LiveCells . .- - 200K - < ~ s ! ! o 150; E @ o w 504 501
active agent type (drug or gene), and the corresponding need for internalization may - ] 69.1 L b= ' é) O 100 100 100 1001 >° 251 = 251 251
: : : : 11 : O J.- - R ) R — ] . . : &~ ol 0. o o
impact success in a given type of cervical cancer. Future work will investigate and E 150K ] 9 = 150K Single Cells 3 s 50- 50- 50 . 1 o 1 o ; - 1
compare gene delivery relative to chemotherapeutic delivery in these cells. § ook : ) ‘ ; mm{-f 33 . . . . [NP] (mg/mL) [NP] (mg/mL) [NP] (mg/mL) [NP] (mg/mL)
M ETH O D S 5@1{—; ﬂ"’" o 50K “ . 200_@ 200_@ 200_@ 200_@ Figure 9..IC50 curves depicting.the percent Viability.in tumor spheroids
) S ) g 2 1507 1507 1507 1507 (HeLa, CaSki, and SiHa) as a function of NP.C.oncent.ratlon for each treatment
NP S nthesis S EOR. 100K 120K 200K 250K T T T 3 : 100- 100- 100° 100° group from doxorubicin studies.
y FSC Area SSC Area S 507 I zg 2 >0 301 301
C6 Encapsulant Figure 6. Example of flow cytometry gating strategy with a representative sample. O Ll 0 0 0 Lo
) Emulsion The sample shown is from untreated SiHa cells. 500 :'10 e T o 2007 CONCLUSI O NS
Table 1. % Increase in cell internalization after 1.5 and 24 hr treatment with ) E 150- 150- 150- 150- » HeLa Total Associated: After 1.5 hr, both MPG and PEG NPs demonstrated
Optlonal ngand Addition Solvent Evaporation modified relative to unmodified NPs. T S 1001 100- 100- 100- significant increases in association relative to unmodified NPs.
— MPG (%) PEG (%) Co-Treatment (%) «y E 50_5 50_5 50_5 50_5 = HeLa Internalized: After 1.5 hr, MPG/PEG NP co-treatment demonstrated
E | | | statistical significance relative to unmodified NPs.
PLGA 1.5 hr 24 hr 15hr | 24hr 1.5 hr 24 hr R TTTTE ' X - P 1 = No significant differences in HeLa association or internalization after 24 hr.
/DCM -1070 10" 10 10 1070 10" 10 10 -10°0 10~ 10 10 -10°0 10" 10 10 - i R _ _ o
_4 18 35 27 4.4 -6 FITC Area FITC Area FITC Area FITC Area = (CaSki Total Associated: No significant differences r.elatlve to unmodified NPs
Flgu.re 1. PLGA NPs were synthesized using an oil-in-water Slngle emulsion 106 0 9 -38 78 35 Figure 7. Flow cytometry phase shift diagrams representing 1.5 hr (light peaks) or 24 after 1 > hr; hOV\{eVEI:, after 24 hr NP co-treatment was increased.
technique. To assess cellular uptake, the fluorescent dye Coumarin 6 (C6) was hr (dark peaks) NP incubation times. Total associated NPs are closer to the origin " Caskd Internallze_ed._ Aftefr 15 nr, MPG . and MPG/ PEG NP co-treatment NPs
encapsulated into the NPs. -15 77 -4 81 -11 68 whereas internalized NPs are shifted rieht. The erav peak renresents untreated cell demonstrated statistical significance relative to unmodified NPs.
STt sray P presents untreated ceis. = SiHa Total Associated: No significant differences were observed relative to

= £ - = = - = = = unmodified NPs after 1.5 or 24 hr.
NP Surface MOdlflcatlon = SiHa Internalized: MPG, PEG, and MPG/PEG co-treatment NPs demonstrated

significant increases in internalization after 24 hr, but not 1.5 hr.
PLGA nanoparticle ‘ 14000 eees s 14000 M | ‘s : - Therapeu.tic Implications: It i_s .important .to consider that different tqmo.r types
— | S —— | - | e I JI may require longer NP administration times for optimal internalization, so
Avidin-palmitate ) ’é‘ ’ , S—— | | — | different therapeutic strategies may need to be considered per cell line,
= | r— | 0% Hela | — depending on the active agent, to achieve therapeutic success.
Biotin-peptide =2 EI 2000 )
Unmodified MPG or PEG MPG/PEG C6 Encapsulation % 15hr = 6000 6000 :
o® ..t - — . S H
modified  (Hybrid) modified Incubation S . FUTURE STUDIES
4000 4000
Figure 2. NPs were previously modified by incorporating avidin-palmitate into the < 2000 2000 E6 Oncogene: Nucleotides 105-581
polymer matrix and then reacting with biotinylated ligands. Ee *
: . ene
z 2 i No Treatment Unmodified NPs  MPG NPs PEGNPs Co-Treatment NPs i No Treatment Unmodified NPs ~MPG NPs PEGNPs Co-Treatment NPs siRNA Targeting E6 5
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DOPDDOD = Figure 10. Schematic depicting HPV 18 DNA plasmid, corresponding
<>Q><>C><> '<.:>: 4000 4000 siRNA sequence, and expected outcome of E6 knockdown.
Day 1 Day 3 Day 5 Treatment 7000 2000
Figure 3. Tumor spheroids were grown for 5 days from HeLa, CaSki, and SiHa cell
. g . b . 5 y . ’ No Treatment Unmodified NPs MPG NPs PEGNPs Co-Treatment NPs : No Treatment Unmodified NPs  MPG NPs PEGNPs Co-Treatment NPs AC KN OWL E D G E M E N TS
lines using the hanging drop method. Each spheroid was treated at 1.5 and 24 hr Treatment Group Treatment Group
with SP(’)ELé}glG I;L NPdS:EA) nitreitmelﬁ\fgnt?l’fi un;_nOdflfl\l/[eSGNPS(’i(QEl\éfl)\%Nps’ D) Figure 8. Cell association and internalization represented as area under curve (AUC), or mean fluorescence intensity (MFI - um), after NP treatment for 1.5 or 24 hr. Research is supported by the University of Louisville Cancer Education
5,and E) co-treatmen 50fd 1:11atlioo an S 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. Program NIH/NCI R25-CA134283.
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