Evaluation of PhD dissertation by Zdenek Skrott

In his thesis, Zdenek Skrott investigates the mechanism of action and potential of drug repurposing
for the old anti-alcoholism compound disulfiram. He manages to establish that the known anti-
cancer activity is due to the formation of a complex between a metabolite of disulfiram and cupper
ions; CuET. He also manages to uncover a very plausible mechanism for the cytotoxic activity of
CuET, namely the binding and inactivation of the p97 adaptor, NPL4. Part of the work was
published in Nature with Zdenek as a first author, which is a very impressive feat.

Overall, the thesis is rather poorly written, indicating that scientific writing is not his strong side.
Scientifically, however, the thesis and the underlying work is very impressive. It is based on a large
body of experiments using a wide range of techniques, and the student has managed to elucidate the
basic problem from many different angles. The student has also been a prolific author, not just
publishing in Nature, but also writing a review and co-authored a number of publications.

Introduction

In the introduction, Zdenek covers a wide range of subjects, all of which are relevant to the context
of the work. It is constructed in a highly logical sense, dealing first with the role and mechanisms of
protein degradation, ubiquitin as a posttranslational modifier and the workings of the proteasome.
This is followed by more specific chapters on protein quality control and the biology behind the
ubiquitin-dependent segregase 97 and its many co-factors. Finally, these pathways are looked at in
the context of cancer, before the disulfiram compound is introduced.

The text as a whole suffers from the presence of many grammatical errors and linguistic mistakes.
Words like “the” and “a” are very often missing in sentences and words are also often shifted
around. From the one-page “Introduction paragraph” (1) I counted no less than 18 such mistakes!
The language also appears un-scientific and too informal at places. A good example is the long
paragraph on the development of the first proteasome inhibitors for clinical use (page 24). This is
written in a much too passionate and informal style for a scientific publication. In sum, it appears
that English and scientific writing is not the student’s strongest style. I understand of course that his
English language skills may not be perfectly developed, and overall it does not represent a problem
for the understanding by the reader.

Specific points:

All figures in the introduction are borrowed from published articles. This must at least be
referenced in the figure legend!

In section 1.2 on page 4, the mechanism of action of different classes of E3 ubiquitin ligases is
discussed. Even though they are all called ligases, it is important to notice that RING finger proteins
are not enzymes in the classical sense. They rather mediate interaction between E2 enzymes with
their substrates. Thus, it is incorrect to call the RING domain “catalytic”.

Page 11: “Activated PERK ... disassembles polysomes ...” I do not quite agree with this statement
and there is no reference to support the claim.



Page 13: Nuclear stress bodies are discussed, and explained to represent proteins like HSF1 binding
to DNA. The structural scaffold of these bodies is however not DNA but the IncRNA HSATIIL.

Results

As mentioned above, the results section of the thesis is very impressive and clearly demonstrates
the student’s ability to perform a large number of coherent experiments using a wide range of
techniques. Results are presented in a logical order and described comprehensively. The writing
style is still not fantastic, and often the reader could benefit from more information in the figure
legends — like the kinds of cells being used, meaning of abbreviations etc., these things are not
consistently mentioned. Figure labelling is also missing in some places — like X-axis legends in
Figure 9.

There are a lot of immunofluorescence data in the thesis, and they all appear to be of a high quality.
Only some of these experiments have been quantified with respect to (co-)localization, which
would have been useful.

In figure 19, the cellular response to CuET is shown to bear some resemblance to the heat shock
response. In the western blots in 19b, there does not appear to be a strong response to heat shock
itself, suggesting that the treatment did not work properly? This could also have been validated by
immunostaining for HSF1. WT NPL4 aggregates clearly co-localize with HSF1 and HSP70 upon
CuET treatment (19a,c). Mut-NPL4 induces similar aggregates even in the absence of CuET (19 d),
but these structures do not appear to co-localize with HSF1 and HSP70. Does this imply that it is a
different kind of structure? It is not really discussed in the text and a proper quantification of these
stainings would have helped the interpretation.

Besides these few issues, I maintain that the results section is very convincing and that full credit
should be given to the student for an excellent piece of experimental work.

Discussion

This section is very good and the student touches on a number of important subjects. He discusses
the balance between known side effects of disulfiram and the benefits of the drug for cancer
patients. He also discusses the suitability of different inhibitors of the ubiquitin-proteasome system
— just to mention a few. It is clear that the student manages to bring a lot of context to his results
and define the best way forward. I only have one little objection to this section: At the bottom of
page 85 it is mentioned that the UBA1 enzyme is indispensable for all ubiquitination. However, as
is even mentioned in the Introductory chapter, mammalian cells have an additional ubiquitin E1
enzyme, responsible for 5-10% of cellular ubiquitination. And this enzyme is not targeted by the
UBALI inhibitors.



Recommendation / Conclusion

In conclusion, it is my pleasure to recommend this dissertation for defence. After a su.ccessful
defence, the candidate should be conferment of the academic title ,,doctor* (Ph.D.), in
accordance with paragraph 47 of the Higher Education Act No. 111/98 Coll.

With kind regards,

Simon Bekker-Jensen, Professor, PhD
University of Copenhagen

Center for Healthy Aging
Blegdamsvej 3B

2200 Copenhagen N

DENMARK

+45 20204993
sbj@sund.ku.dk
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Autor se ve své disertaéni praci zabyvd mechanismem protinddorového Ucinku disulfiramu,
latky plvodné uréené klécbé zavislosti na alkoholu. Disertaéni prace si kladla tyto cile:
1) identifikovat aktivni metabolit disulfiramu zodpovédny za protirakovinovy Gcinek. 2) Odhalit
mechanismus jeho plasobeni v nddorovych buiikdch, zejména ve vztahu k degradaci proteind. 3)
Nalézt potencidlni molekularni cil uréujici jeho protinadorovou aktivitu. 4) Popsat fenotypy spojené s
inhibici cilového proteinu.

V pribé&hu celé prace se autor vénuje stanovenym cilim, diléi vysledky na sebe logicky
navazuji a ¢tenaf tak maZe ziskat uceleny obraz o postupném ziskdvani poznatkd a jejich verifikaci.
Na préci ocefiuji i prezentaci negativnich vysledki jako je napfiklad testovani inhibice protesomu
nebo deubiqindz, jejich kritické vyhodnoceni umoZnilo odhalit dlohu proteinu pS7 a NPL4 pfi
plisobeni médnatého dithiokarbamatového komplexu (CuET). Diky systematické védecké praci,
kritickému pfistupu k ziskanym vysledkiim a vyuZiti Siroké skaly metodickych pfistup( se autorovi
podafilo dosahnout nékolika kliovych poznatki, které Ize shrnout v nasledujicich bodech. 1) Pomoci
nové vyvinuté analytické metody zaloZené na HPLC MS se autorovi podafilo prokdzat, Ze disulfiram je
in vivo konvertovan na aktivni metabolit CuET. 2} Autor ukazal, Ze CuET nevede k pfimé inhibici
proteazomu nebo deubiquitindz, pfestoze vbufice dochdzi kakumulaci polyubiquitinovanych
agregatl. 3) Podafilo se mu identifikovat protein NPL4, ktery v dlsledku plsobeni CuET agreguje a
znemozhuje fungovani segregazy p97. 4) Préce popsala mechanismy vedouci k narudeni proteinové
homeostdzy a aktivaci stresové odpovédi v diisledku inhibice NPL4 a p97.

MUDy. Petr Miiller Ph.D.
Tel. +420 543 13 3301
E-mail: muller@mou.cz
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O kvalitach disertaéni prace svédéi zejména to, Ze prezentované vysledky tvofi podklad pro
publikaci , Alcohol-abuse drug disulfiram targets cancer via p97 segregase adaptor NPL4“, ktera byla
uvefejnéna v ¢asopise Nature (IF 43) v roce 2017 a Zdené&k Skrott je zde hlavnim autorem. Dalsi
vyznamnou prvoautorskou publikaci tykajici se tématu disertacni préce je recentni publikace
,Disulfiram's anti-cancer activity reflects targeting NPL4, not inhibition of aldehyde dehydrogenase”
uverejnéné vroce 2019 v Zasopise Oncogene (IF 6,8). Vedle téchto publikaci je Zdenék Skrot
spoluautorem na fadé dal3ich publikaci pfesahujicich rédmec jeho disertacni préce.

Formalni stranka prace

Predlofend prace je sepsana v anglickém jazyce, ¢itd celkem 118 standardnich stran a plisobi
vyrovnanym a kompaktnim dojmem. Prace ma klasické ¢lenéni zahrnujici: Abstrakt, dvod, cile,
metody, vysledky diskuze, souhrn, citace a pfilohy. Text obsahuje vice jak 200 citaci, jejichZz podrobny
vycet uvedeny na konci prace svéd¢i o autorové dikladném studiu tématu. Na praci rovnéZ ocefiuji

_poutZiti pavodnich citaci, které zejména v Gvodu préace dobfe ilustruji historicky vyvoj studované
problematiky. Uvodni &ast je vhodné doplnéna o nazorna schémata vysvétlujici studovanou
problematiku. Vysledkova €ast je pak doplnéna o pilvodni obrazky. VSechny obrazky a schémata jsou
velmi kvalitni jak po grafické, tak i obsahové strénce.

Zavér a Diskuze

Diskuze svéddi o autorové schopnosti kritického hodnoceni vysledki a dikladném studiu
odbornych €lankd. Diskuze neni pouhym souhrnem ziskanych vysledk a umoZiiuje tak praci zafadit
do Zirdiho kontextu tykajici se regulace proteinové homeostazy. Zavéry této prace jsou vyuZitelné i
v aplikovaném vyzkumu. Ziskané vysledky ukazuji, ze aktivni metabolit disulfiramu CuET muZe byt
pouiit jako vychozi molekula pro klinické testovani. Objev molekuldrniho cile pro CuET miZe vést
k lep$imu vybéru pacientd odpovidajicich na tento typ terapie. Nalezeni NPL4 a p97 jako cile -
protinadorové terapie pak otevird nové moZnosti pro hledéni dalSich nizkomolekularnich latek
zasahujicich do proteinové homeostazy u nadord.

Predlofend prace je diikazem toho, Ze se autor intenzivné vénoval jak experimentalni, tak i
teoretické strance a spliiuje tak veikera kritéria nutnd k jeji obhajobé. Disertacni praci proto
doporuéuji k obhajobé a hodnotim jako vybornou.

NMIINr Patr Miillar Ph N

MUDr. Petr Miiller Ph.D.
Tel. +420 543 13 3301
E-mail: muller@mou.cz
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V souvislosti s obhajobou disertaéni prace mam k autorovi nékolik otazek:

1.

Pomoci HPLC-MS bylo prokézano, Ze disulfiram je metabolizovdn na médnaty komplex CuET.
Lze odhadnout jaka ¢ast z celkového disulfiramu je takto metabolizovana? Byly v posledni
dobé nalezeny néjaké dalsi metabolity s obdobnou aktivitou jako CuET?

CuET podobné jako tunicamycin a thapsigargin vedou k aktivaci UPR projevujici se zejména
ve zvyieni exprese proteinu ATF4. Inhibitor p97 NMS-873 viak tak silnou odpovéd
nevyvolavd, existuje pro toto pozorovani néjaké vysvétleni? Nasel jste néjaké dalsi rozdily
v plisobeni CUET a NMS-8737?

Autor nékolika na sobé& nezavislymi experimenty pfesvédcivé ukazuje, Ze mechanismus
plisobeni CuET spocivd v agregaci proteinu NPL4. Nicméné pro vysvétleni samotné
molekuldrni podstaty agregace NPL4 po pisobeni CuET by bylo zapotfebi ucinit dalsi
experimenty s izolovanym proteinem NPL4. Byly v rdmci projektu ucinény pokusy ukazujici
schopnost CuET agregovat purifikovany NPL4? Co zplisobi pfidani CuET do bunécného lyzatu?
Lze pfedpokladat, Ze povede k agregaci NPL4?

Spillier Q . et al. v €&ldnku ,Anti-alcohol abuse drug disulfiram inhibits human PHGDH via
disruption of its active tetrameric form through a specific cysteine oxidation” (Scientific
Reports 2019) ukazuiji, Ze disulfiram maze vést k modifikaci proteinovych SH skupin cysteinu.
Je mozné, 7e i CUET vytvafi podobné reakce? Ovliviiuje pfidani cysteinu nebo acetylcysteinu
ucinek CuET?

MUDr. Petr Miiller Ph.D.
Tel. +420 543 13 3301
E-mail: muller@mou.cz





