
 

Doc. RNDr. Vladimír Divoký, Ph.D., Head of Department 

Faculty of Medicine and Dentistry | Palacký University Olomouc 

Hněvotínská 3 | 775 15  Olomouc | Czech Republic | T: +420 585 632 151 

vladimir.divoky@upol.cz | www.lf.upol.cz 

Ph.D. Thesis Review      Olomouc, June 7, 2021 

Author: Mgr. Zuzana EZROVÁ 

Doctoral Study Program: Molecular and Cellular Biology, Genetics and Virology, Faculty of Science, Charles 

University Prague 

Title: Signalling pathways in pancreatic cancer and its treatment by targeting of mitochondria 

Supervisor: prof. Ing. Jiří Neužil, CSc. 

Reviewer: Assoc. Prof. Vladimír Divoký, Ph.D. 

The work of doctoral student Zuzana Ezrova was performed in Professor Neuzil’s laboratory, the world's 

leading laboratory in the field of mitochondrially targeted anticancer therapy based on targeting 

mitochondrial complexes. The overall complexity and quality of the thesis corresponds to the fact that it was 

performed and completed in such a leading laboratory. 

The thesis is built on 8 chapters and supplements, is well structured, the text is coherent and consistent and 

the style and language are accurate, with only rare inaccuracies and/or spelling/typing errors.  

The “Literature review” represents an overview of the topic, is well written, and covers all aspects studied or 

discussed in the thesis. The text is focused on the characterization of pancreatic cancer and various cellular 

and molecular alterations associated with its development, including TGFbeta/SMAD4 signaling pathway, 

metabolic remodeling, etc.  Special attention is paid to the characterization of mitochondrial structure and 

function, its role in cancer and mitochondrial targeting. 

The chapter “Results” is short and contains comments on the two attached publications, the main part of the 

Thesis. Other co-authored publications, listed in the “List of publications”, are not attached to the thesis and 

are not commented.  

The contribution of the candidate to the first paper (Boukalova et al, 2016) involved multiple cellular and 

biochemical experiments and also in vivo experimental work with subcutaneous pancreatic cancer cell 

xenografts. In the first authored publication, the candidate performed a large number of methods (listed in 

the “List of methods”), involving preparation of multiple genetically manipulated cells (such as gene-

knockout cells, gene knock-down cells, as well as gene knock-out cells rescued with the re-expressed targeted 

gene). The candidate also used multiple functional assays allowing assessment of cellular and mitochondrial 

metabolism and fate, as well as several microscopy techniques.  
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The “Discussion” is a valuable part of the thesis, it puts the results into the context of PDAC biology and 

mitochondrial targeting as a therapeutic anticancer approach. 

The list of references is extensive and shows that the candidate is familiar with the literature related to his 

research, including the most recent articles. 

The main part of the thesis, two original publications, were published in prestigious journals. I believe that 

the first-authored publication in Oncogene has a great potential to be highly cited. 

In these publications, the authors tested mitochondrially targeted analogue of metformin (MitoMet) in PDAC 

lines. MitoMet was shown to inhibit respiratory complex I (CI) with much higher efficacy than metformin, but 

the effect was dependent on the level of oxidative metabolism. In the candidate's first authored publication 

(Oncogene, 2020), special attention was paid to the characterization of mechanisms associated with the 

resistance of some PDAC cells to treatment with inhibitors from the biguanide class targeting electron 

transport chain complexes.  

They show that the effects of biguanide class inhibitors were SMAD4-dependent in PDAC cells. Decreased 

vulnerability to MitMet was associated with SMAD4 deficiency, and the authors described the molecular 

mechanism behind this phenomenon. Paradoxically, TFGb treatment in SMAD4-positive cells was also 

associated with decreased sensitivity to CI inhibitors. Thus, both, SMAD4 loss as well as TGFb stimulation 

increased resistance to MitoMet in PDAC cells; the effect corresponded with decreased mitochondrial 

respiration and was caused by different mechanisms in SMAD4-deficient and TGFb-stimulated SMAD4-

proficient cells. 

Importantly, mitochondrially targeted tamoxifen – MitoTam, dr. Neuzil’s main molecule of interest, 

overcomes drug resistance mediated by SMAD4 depletion in PDAC cells.                 

With respect to the presented results I have the following questions for the candidate: 

1. In the Boukalova et al (2016) paper you state that MitoMet causes excessive intracellular ROS 

production, which at least partially mediates the MitoMet-induced apoptosis in pancreatic tumor 

cells. In the Ezrova et al (2021) paper you questioned this effect, pointing out to differences in the 

action of MitoMet and MitoTam, at least in PaTu 8902 cells. In Fig 7G you show increased ROS 

production in cells treated with MitoTam and no change in ROS production in cells treated with 

MitoMet. Is it mainly the kinetics of ROS production what differs between these two compounds in 

terms of the effect on excessive ROS production? Did you measure ROS production in cells treated 
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with mitophagy inhibitors in experiments with SMAD4-deficient cells? Has the restoration of 

sensitivity to MitoMet in SMAD4-deficient cells been associated with changes in ROS levels? 

2. The genes for NADPH-oxidases are activated very early after TGFb treatment. Did you measure the 

ROS production in cells simultaneously treated with MitoMet and with TGFb, a known activator of 

NADPH-oxidases? In particular, what were the ROS levels in TGFb-stimulated, SMAD4-proficient cells 

with increased resistance to MitoMet? 

3. Question from general TGF-beta/SMAD4 biology. You associated the reduced responsiveness to 

MitoMet in TGFb-treated SMAD4-positive cells to activated EMT program. As you mentioned in your 

thesis, SMAD4-independent EMT can also be activated in PDAC cells. Although your experiments do 

not suggest that SMAD4-independent EMT pathway plays a role in your experimental system and 

studied effects on mitochondrial targeting in PDAC cells, can you elaborate on this and explain the 

signaling leading to TGFbeta-induced, SMAD4-independent EMT? 

 

In summary, Zuzana Ezrová work fulfills all the requirements for a dissertation. The thesis is very well 

presented, achieves the goals and indicates great scientific capacity of the doctoral student. The doctoral 

thesis also proves excellent guidance of the student by the student supervisor, prof. Jiri Neuzil. I recommend 

the thesis for defense and after a successful defense I recommend to confer the candidate M.Sc. Zuzana 

Ezrová title “Doctor” (Ph.D.) in accordance with paragraph 47 of the Higher Education Act. No. 111/1998 Coll. 
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