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Pancreatic cancer is one of the most aggressive malignancies 
and burdened with a dismal prognosis (1). Given that the 
regulation of cell division is executed with high fidelity 
to maintain organ homeostasis, it is not surprising that 
alterations of the cell cycle are a hallmark of cancer (2). 
Many of the genes encoding key regulators of the cell 
cycle are mutated in both, sporadic and hereditary forms of 
cancer including pancreatic cancers implicating a role in the 
pathogenesis of PDAC (3). Polo-like kinases (PLKs) play an 
important role in the centrosome cycle which suggests that 
their deregulation would not be unexpected in malignant 
tours and their oncogenesis. PLK1 overexpression has, 
indeed, been observed in wide range of tumor types and 
was often associated with a poor prognosis (4). The use 
of siRNAs targeted against PLK1, which would allow a 
specific intervention at the molecular level could be of 
potential therapeutic benefit. Major hurdles of an in vivo 
use of such siRNAs are the adequate delivery and specific 
targeting, the stability of the siRNAs in serum, and the non-
invasive monitoring of their effect in the tumor. Keeping 
in mind the limitations of classical PDAC chemotherapy 
and the obstacles to in vivo delivery of siRNA we have used 
superparamagnetic iron oxide nanoparticles (SPIONs) 
to develop a novel theranostic formulation that not only 
delivers the siRNAs in significant quantities and specifically 
to the tumor site but simultaneously allows for a non-
invasive monitoring of the uptake by MRI. We were able 
to quantitate the effects on the tumor response but at the 
same time the relative intratumoral concentration of the 

therapeutic compound using MRI T2 weighted images and 
R2* single peak fat corrected echoes (Figure 1).

We thank Drs Klieser  and Neureiter  for  their 
commentary on our paper and agree with them that 
systematic clinical investigations are needed to study 
potential adverse effects of StAv-SPIONs, a potential 
accumulation of SPIONs in various organs as well as a 
potential immunogenicity of Streptavidin (StAv). As the 
scope of our study was to establish a novel system for 
tumor specific siRNA delivery, we did not specifically 
study potential effects of the StAv-SPIONs carrier on the 
immune system. However, we measured serum cytokine 
concentrations, namely IL6, IL10, IL12, TNF-α, MCP1 
and Interferon-γ because we anticipated a potential 
influence of siRNA nanoparticles on type I interferon and 
inflammatory cytokines in vivo. Our cytokine measurement 
suggested, however, no immunostimulatory properties of 
the siPLK1-StAv-SPIONs or of the StAv-SPIONs carrier.

Klieser and Neureiter correctly highlight further 
challenges to the future clinical development of this 
technique. In our view the first would be reducing the 
immunogenicity of StAv without compromising its function 
by means of constructing hypo-immunogenic mutants 
by site directed mutagenesis (6). This strategy involves 
replacing residues involved in B-cell epitope binding with 
poorly interactive residues, which would render the protein 
immunologically distinct from parent StAv. It has been 
suggested that a number of such mutations e.g. R103K, 
E116N, Y22S, Y83S, R84K, E101D or R103K, E116Q (6,7) 
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would achieve this effect and render StAv less immunogenic.
Another important point we have so far not addressed 

in a systematic matter is, whether tumor response can 
be predicted from the uptake of siPLK1-StAv-SPIONs. 
If there would be a linear correlation between absolute 
concentrations of siPLK1-StAv-SPIONs initially taken up 
by the tumor and metastases with respect to therapeutic 
efficacy over time we could use the system as companion 
diagnostic and could stratify treatment dosage by in vivo 
quantification of the active substance at its site of action 
and evaluate it in an adaptive trial design (8). This 
would diminish side effects by overdosing; we could stop 
ineffective treatment early avoiding toxicity and thus 
improve quality of life. 

In conclusion, we believe that by the setup of our 
platform we will be able to translate our findings from the 
mouse model to humans in due time.
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Figure 1 Schematic representation of siPLK1-StAv-SPIONs illustrating their role in non-invasive monitoring of delivery as well as 
assessment of therapeutic efficacy. (A) Images illustrating in vivo MRI on the mice bearing syngenic orthotopic tumors before and after 
intravenous administration of siPLK1-StAv-SPIONs. After injection of siPLK1-StAv-SPIONs, there was reduction in T2 relaxivity in 
the tumors as evident by a decrease in contrast. (Dotted lines mark the periphery of tumor). Color contrast images show reduction in T2 

relaxivity compared to that before injection depicting monitoring of non-invasive delivery of siPLK1-StAv-SPIONs; (B) images illustrating 
decrease in GFP expression after siGFP-StAv-SPIONs treatment; (C) in vivo MRI images depicting stopped progression of tumor after 
4 weeks on biweekly treatment of siPLK1-StAv-SPIONs. Thus, these images represent monitoring of therapeutic efficiency of siPLK1-
StAv-SPIONs. Figure adopted and modified from Mahajan et al. (5) with permission of BMJ publishing group Ltd. (License number: 
3945911488961).
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