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Statement of Purpose: pH-responsive micelles were 
developed for the delivery of small interfering RNA 
(siRNA) to resensitize drug-resistant ovarian cancer cells 
(NCI-ADR-RES) to doxorubicin.   Cationic micelles were 
formed from diblock copolymers of dimethylaminoethyl 
methacrylate and butyl methacrylate (pDMAEMA-b-
pBMA).  The hydrophobic pBMA core mediated micelle 
formation while the positively-charged pDMAEMA 
corona enabled siRNA condensation. To enhance 
endosomal release and the cytosolic delivery of siRNA, a 
pH-responsive copolymer of poly(styrene-alt-maleic 
anhydride) (PSMA) was electrostatically complexed with 
the net positively-charged siRNA/micelle  to form a 
ternary complex. Delivery of siRNA against polo-like 
kinase 1 (plk1), a gene involved in cell cycle progression 
and upregulated in ovarian cancer cells, with the pH-
responsive carriers resulted in ~45% reduction of plk1 
gene expression in the drug-resistant NCI-ADR-RES 
ovarian cancer cell model and in the drug-sensitive 
parental cell line, OVCAR8.  This plk1 knockdown 
functionally resensitized NCI-ADR-RES cells to 
doxorubicin to similar levels of OVCAR8.  Further, 
caspase 3/7 was upregulated with dual plk1 knockdown 
and doxorubicin treatment, and treatment with a p53 
inhibitor abrogated this effect, indicating that  plk1 
knockdown specifically acts through p53 signaling.  
Therefore, knockdown of  plk1 results in resensitization 
of multi-drug resistant cells to doxorubicin and this 
approach may prove useful as a novel cancer therapy.  
Methods: The pDMAEMA-b-pBMA diblock copolymer  
and the PSMA were synthesized using reversible 
addition-fragmentation chain transfer polymerization 
(RAFT) techniques (Figure 1). The PSMA was post-
synthetically derivatized with butyl amine to introduce 
pH-responsive, membrane-destabilizing properties, as 
previously described [1]. 

Carriers were optimized for 
siRNA delivery based on 
micelle:siRNA:PSMA ratios, 
where model target, 

glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH), 
knockdown was measured using a 
fluorometric protein assay 
(Ambion) and qRT-PCR in NCI-
ADR-RES and OVCAR8 cell 
lines.  The knockdown activity of 
the optimized carriers was 
verified for plk1 with qRT-PCR.  
Sensitization of cells to 
doxorubicin was analyzed using 
the AlamarBlue metabolic assay 
to measure viable cells and 
caspase 3/7 was measured using a 

commercially available enzymatic assay (Anaspec).  

Results and Discussion: Ternary micelle carriers formed 
from pDMAEMA-b-pBMA, siRNA, and pH-responsive 
PSMA were formulated to enhance cytoplasmic siRNA 
delivery.  First, the delivery system was optimized for 
siRNA delivery, as measured by protein and gene 
knockdown of a model target, GAPDH.  The optimized 
micelle composition was utilized for knockdown of plk1 
in doxorubicin-sensitive and resistant cell lines, OVCAR8 
and NCI-ADR-RES, respectively.  Plk1 mRNA was 
reduced to 45% of control expression in both OVCAR8 
and NCI-ADR-RES cells. To measure doxorubicin 
sensitization, it was added as an adjunct to plk1 siRNA. 
Doxorubicin sensitivity was evaluated by resulting cell 
death, as indicated through reduced metabolic activity, 
and caspase upregulation and this data is shown in Figure 
2.   Cell death correlated with doxorubicin concentration 
and both cell types treated with plk1 siRNA show 
increased sensitivity to doxorubicin (A).  Importantly, 
NCI-ADR-RES cells with reduced plk1 show doxorubicin 
resensitization to the extent of OVCAR8 cells with 
normal plk1 levels.  Caspase 3/7 is upregulated (B) in 
response to plk1 knockdown and doxorubicin treatment.  
In addition, treatment of plk1 deficient NCI-ADR-RES 
with a p53 inhibitor (pifthrin α) resulted in reversion of 
the doxorubicin resistant phenotype (data not shown).  
Both caspase upregulation and reversion to the 
doxorubicin-resistant phenotype indicate that effects of 
plk1 knockdown are specific to the p53 signaling 
mechanism.  
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Figure 2.  Increased cell death (A) and caspase 3/7 levels (B) resulting 
from plk1 knockdown and doxorubicin treatment in OVCAR8 and 
NCI-ADR-RES relative to untreated cells. 

Conclusions:  The efficient knockdown of plk1 in NCI-
ADR-RES cells, mediated by a novel pH-responsive 
micelle siRNA carrier, resulted in doxorubicin 
resensitization to a similar extent as the sensitive parental 
cell lineage.  This phenotypic alteration specifically 
implicated the p53 signaling pathway, as caspase 3/7 
upregulation occurred and reversion to the drug-resistant 
phenotype resulted using a p53 inhibitor.  Future 
experiments will involve plk1 knockdown in NCI-ADR-
RES xenograft tumor models in conjunction with 
systemic doxorubicin treatment.  
References:  [1] Henry, S.M. et al. Biomacromolecules 
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Figure 1.  
pDMAEMA-b-pBMA 
(A; n~44, m~17; 
Mw=9.4kDa; 
PDI=1.21) and PSMA 
derivative (B; n~49, 
R=butyl; Mw=49kDa; 
PDI=2.1) used to form 
novel pH-responsive 
siRNA carriers. 


