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Review of doctoral thesis: 

“Polymer-modified nanocarriers for multimodal imaging in life sciences” 

submitted by Mgr. Viktoriia Oleksa 

The dissertation thesis submitted by Mgr. Viktoriia Oleksa focuses on the design and 

preparation of polymer-modified inorganic nanocarriers for multimodal imaging in life 

sciences. The thesis centers on superparamagnetic iron oxide nanoparticles (Fe₃O₄) and 

lanthanide-doped upconverting nanoparticles as versatile platforms for combining magnetic 

resonance imaging (MRI), computed tomography (CT), optical imaging, and, in selected cases, 

therapeutic functionality. A major emphasis is placed on the synthesis of poly(N,N-

dimethylacrylamide) (PDMA)-based copolymers by RAFT polymerization, their anchoring to 

hydrophobic nanoparticle surfaces through bisphosphonate groups, and the subsequent transfer 

of the particles to water while preserving colloidal stability and biocompatibility. The polymer 

shell is further exploited for doxorubicin conjugation via a pH-sensitive hydrazone linker or for 

fluorescent dye labeling, thereby extending the particles toward theranostic use.  

The primary aim of the work was to design polymer-coated Fe₃O₄ and upconversion 

nanocarriers with two or more imaging modalities for future biomedical applications, while 

maintaining nanoscale size, monodispersity, aqueous stability, and biocompatibility. In this 

context, the candidate prepared Fe3O4 nanoparticles by thermal decomposition and core-shell 

UCNPs by high-temperature coprecipitation, followed by the synthesis of PDMA and PDMA-

based copolymers with controlled molar mass and reactive functionalities. The thesis then 

demonstrates how the nature of the polymer coating governs phase transfer, colloidal and 

chemical stability, cellular uptake, and biological performance. Importantly, the work does not 

remain at the level of particle preparation alone, but proceeds toward biologically relevant 

validation, including intracellular localization, cytotoxicity evaluation, suppression of 

nanoparticle degradation in physiological media, and in vivo multimodal imaging.  

The dissertation mainly deals with the careful optimization, challenges, downfalls, fragmental 

knowledge and utilization of polymer surface engineering of magnetic and upconverting 

nanoparticles for multimodal imaging. Particular focus is set on the relation between polymer 

architecture, surface charge, colloidal stability, chemical stability, cellular internalization, and 

imaging performance. In the Fe3O4-based system, alendronate-functionalized PDMA 

copolymers bearing doxorubicin were shown to be efficiently internalized by U87 glioblastoma 

cells, while preserving strong cytotoxic activity. In the case of core-shell 

NaYF4:Yb,Er@NaYF4:Nd nanoparticles, positively charged PDMA-based coatings promoted 

the highest cellular uptake, whereas polymer coatings in general significantly reduced chemical 

dissolution in aqueous physiological media. Finally, Gd(Tb)F3:Tb(Gd),Yb,Nd nanoparticles 

coated with hydrophilic PDMA-based copolymer and labeled with Cy7 afforded a trimodal 

platform combining MRI, CT, and near-infrared fluorescence, with predominant accumulation 

in liver and spleen and without signs of acute toxicity in the treated animals.  

The thesis consists of a list of abbreviations, abstract and Czech abstract, list of publications 

and conference contributions, introduction, aims, experimental part, results and discussion, 

conclusions, references, and appendices. The submitted thesis has 74 pages and is supported by 

appended publications that form its scientific basis. The work is well concepted and organized 
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with a clear presentation and vision. The introduction provides a careful resume on multimodal 

imaging probes, magnetically responsive particles, upconverting nanoparticles, and 

requirements for biomedical nanocarriers. The candidate also clearly formulates the aims of the 

thesis and outlines the role of RAFT polymerization in the preparation of well-defined PDMA-

based coatings. I also value the inclusion of an extensive abbreviation list and the explicit 

statement of the author’s contribution in publications 1–4, reported as 50–55%.  

The thesis mainly builds on four core publications, while the author also demonstrates broader 

scientific activity through additional co-authored publications and multiple conference 

contributions. In my opinion, the applicant has shown a solid level of independence, diligence, 

and experimental versatility. A particular strength of the work lies in the integration of synthetic 

polymer chemistry, nanoparticle surface engineering, physicochemical characterization, and in 

vitro/in vivo bioapplication. Importantly, the dissertation goes beyond a merely descriptive 

compilation of published results and provides a coherent framework linking the structure of the 

polymer shell with the biological and imaging performance of the nanocarriers.  

Despite the fact that the work is rather precisely written, I have to point out few discrepancies, 

typos and inconsistencies: 

• In the table of contents, the entry for appendices contains the message “Error! Bookmark 

not defined.” 

• In the abbreviation list, the thesis uses “number-average molecular weight” and 

“weight-average molecular weight” for Mn and Mw, whereas the preferred terminology 

would be number-average and weight-average molar mass.  

• The abstract contains several minor language inaccuracies, for example “PDMA-

aledronate” instead of alendronate and “animals healed with the particles,” which is 

evidently a stylistic/linguistic error.  

• In the concluding part of the results, the sentence “no signs of acute toxicity was 

observed” contains a grammatical inconsistency.  

However, the pointed-out inconsistencies or typos are minor and do not seriously affect the 

quality of the dissertation. The work is scientifically relevant, experimentally broad, and well 

aligned with current efforts toward multifunctional nanomaterials for imaging and theranostics. 

In my opinion the applicant has shown to be fully capable of performing independent research 

in the area of polymer and nanoparticle-based biomaterials.  

Therefore, I recommend Mgr. Viktoriia Oleksa’s dissertation for defense at the Department of 

Physical and Macromolecular Chemistry, Faculty of Science, Charles University.  

Specific questions to the dissertation: 

1. The thesis consistently uses PDMA-based copolymers as the principal protective and 

functional coating. Could the applicant critically discuss the advantages of PDMA-

based systems over simpler PEG-only coatings, particularly with respect to colloidal 

stabilization, post-polymerization functionalization, and biological performance? 

2. In the Fe3O4@Ale-P(DMA-HOEA)-Dox system, the cytotoxicity remained comparable 

to free doxorubicin, while confocal microscopy suggested a different intracellular 
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distribution. Could the applicant elaborate on the balance between extracellular stability 

of the hydrazone linkage and sufficiently rapid intracellular drug release? 

3. For the core-shell NaYF4:Yb,Er@NaYF4:Nd nanoparticles, the positively charged 

coating yielded the highest uptake, whereas negatively charged systems showed 

markedly weaker internalization. Did the applicant attempt a more quantitative 

correlation between surface charge, protein adsorption, and uptake efficiency in the 

relevant cell lines? 

4. The thesis demonstrates that polymer coatings strongly suppress the chemical 

dissolution of UCNPs in physiological media. Could the applicant comment on the 

relative contributions of steric shielding, anchoring strength, and electrostatic effects in 

this protection mechanism? 

5. In the case of Gd(Tb)F3:Tb(Gd),Yb,Nd nanoparticles, in vivo imaging showed 

accumulation mainly in the liver and spleen. Can the applicant critically discuss whether 

this distribution reflects predominantly reticuloendothelial sequestration, prolonged 

circulation, or both, and what strategies could be envisioned to redirect biodistribution 

toward a specific pathological tissue? 

6. The multimodal platform combining MRI, CT, and NIR fluorescence is very promising. 

Could the applicant elaborate on which of the three modalities is currently the limiting 

one in terms of sensitivity, quantitative interpretation, or translational potential? 

7. The thesis repeatedly indicates future theranostic applications. Which of the studied 

systems does the applicant consider the most advanced for further therapeutic 

development, and what would be the next decisive experiment to move it closer to 

preclinical relevance? 
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