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Review report on the Ph.D. thesis of Mgr. Viktoriia Oleksa 

Title: Polymer-modified nanocarriers for multimodal imaging in life sciences 

The research reported in the submitted Ph.D. thesis represents an original contribution to the 

highly actual field of polymer-modified nanomaterials for biomedical imaging and theranostic 

applications. The study focuses on the design of polymer-coated inorganic nanoparticles for 

multimodal imaging, combining superparamagnetic iron oxide NPs and lanthanide-doped 

UCNPs with hydrophilic poly(N,N-dimethylacrylamide)-based copolymers bearing 

bisphosphonate anchoring groups. These polymer coatings were further functionalized by 

doxorubicin or fluorescent dyes, allowing not only stabilization and transfer of hydrophobic 

nanoparticles to aqueous media, but also introducing therapeutic or additional imaging functions. 

To me, the key strength of the thesis lies in the combination of controlled polymer synthesis, 

nanoparticle surface engineering, and biological evaluation within one coherent materials 

platform. The research presented in the thesis is interesting, topical, and scientifically relevant; 

the declared aims have been fulfilled. 

The results included in this dissertation demonstrate the student’s ability (i) to synthesize and 

characterize inorganic nanoparticles and functional polymer coatings, (ii) to perform controlled 

copolymer synthesis by RAFT polymerization and subsequent post-polymer modifications, (iii) 

to functionalize nanoparticle surfaces in a rational way, and (iv) to evaluate the colloidal stability 

and selected biological properties of the prepared systems. The thesis covers a broad range of 

experiments, from synthetic polymer chemistry and nanoparticle surface engineering to in vitro 

uptake studies and selected in vivo imaging experiments. This breadth of methods is appreciated 

and shows significant experimental effort. The dissertation contains a considerable amount of 

original research work and is supported by a relevant publication record. The candidate lists four 

publications directly related to the thesis, which is fully adequate for a Ph.D. thesis in this field. 

The scientific level of the thesis is high, as it covers substantial amount of synthetic work, 

thorough characterization, and several biologically relevant application studies. To me, it is 

interesting to see, the quantification of the chain length threshold of PDMA for efficient 

nanoparticle stabilization. The obtained results are generally well-discussed and supported by 

appropriate experiments. All literature sources are well-cited 

On the other hand, the thesis also has several limitations, mainly in the level of presentation. First 

of all, the overall format of the thesis is something between the standard “full” version of 

dissertation and “short” version of dissertation thesis (commented list of papers). Unfortunately, 

despite the reader is referred to publications for important details in nearly every paragraph, the 

papers are not annexed to the thesis, which makes it very difficult for orientation. Even though 

the manuscript is written in good English, there are many errors and typos throughout the whole 

text. Already in the table of contents, one finds the obvious formatting error “Error! Bookmark 

not defined.” In the Aims section, the point 4 is missing completely. Other typos include, e.g., 

Typo p.43 “in contract to” instead of “in contrast to” (p.43), “motiety" instead of “moiety” (p.56). 

The chemical structures of PDMA (Figure 7) and NHS ester (Figure 15) are incorrect. 

Furthermore, in in vivo images, it would be great to highlight the key discussed organs (e.g., 

liver, kidney, spleen) for better orientation. To me, the scientific quality of the work clearly 

outperforms its presentation. 



 

 

 

 

The overall quality of the research is nevertheless very good, and I have just several questions 

and remarks for the defense: 

Questions for the defense 

1. You report that the cytotoxicity of Dox-loaded NP conjugates matched that of free Dox in 

U87 glioblastoma cells. Since free Dox typically enters the nucleus much faster than 

polymer-bound Dox, which requires endocytosis and subsequent release from the conjugate, 

how do you explain the comparable cytotoxicities of both systems? This difference in 

intracellular distribution is, by the way, nicely shown in Figure 9 of the ChemPlusChem 

paper. In most of the systems, free Dox is more cytotoxic than conjugate. 

2. The thesis shows that polymer shells significantly suppress the dissolution of UCNPs in 

aqueous media. Can you explain this observation? Could this pose a problem in biomedical 

applications? 

3. Figure 29 shows that mere conjugation of a fluorescence dye to PDMA-coated NPs ((CS-

UCNP@Ale-PDMA-DY-615)) dramatically reduced their uptake by HeLa cells. How do 

you explain this observation? 

4. In the thesis text, the structure of the RAFT chain transfer agent (CTA) is not given and 

appears only in the paper. However, the structures of the PDMA chain end groups shown in 

the thesis figures do not correspond to the correct CTA structure reported in the paper. 

Instead, the depicted chain-end structures correspond to the initiator-derived fragment, 

which should be present only in a small fraction of chains. Could you please show the correct 

structure of the main polymer obtained by RAFT polymerization? 

5. After coating the iron oxide nanoparticles with polymer, their hydrodynamic diameter 

increased from 21 nm to 170-330 nm. Can you explain this observation? Could it affect their 

biological properties? 

6. The molar masses of PDMA prepared by RAFT were systematically higher compared to the 

theoretical values for full conversion, despite being measured by SEC-MALS. Could you 

explain the reason for this discrepancy? 

7. Since the whole thesis is centered on PDMA, what was the motivation for selecting this 

polymer over other water-soluble polymers, such as PHPMA? 

To summarize, the dissertation represents scientifically relevant work in the area of polymer-

modified nanoparticles for multimodal imaging. The candidate has clearly demonstrated the 

ability to carry out substantial experimental work in polymer and nanoparticle chemistry and to 

connect these results with selected biological applications. The scientific level of the work is very 

good. Despite the abovementioned presentation issues, the reviewed thesis fulfills all the 

requirements posed on these aimed at obtaining a Ph.D. degree. Therefore, I can recommend it 

to be defended in front of the respective committee. 

Doc. RNDr. Ondrej Sedlacek, Ph.D. 

 


