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ABSTRAKT

Wntsignalni drahy fpdstavuji komplikovanysystém interakci, které Fidi razné
funkce mnohobunéénychorganismii. Usilivédecké komunity po celém svétévedlo k
objeveni zakladnich mechanismUl, ale mnoho dalSich zlstava zatim stéle
neprobadanych. Patfi k nim napfiklad fidici uzly mezi jednotlivymi Wnt drahami a

disledky jejich aktivace, a proto jsem se v mé pracizaméfil na protein RNF43.

RNF43 je E3-ubikvitinligaza z enzymatické rodiny R-TM-RING. RNF43 a jeho
homolog ZNRF3 jsou podrobné studovany kvdlijejichuplatnéni v udrzenihomeostazy
a vzniku onemocnéni. Hlavni funkci RNF43/ZNRF3 v kontextu Wnt signalizace je
negativni regulace mnozstvi receptord Frizzled a koreceptord LRP5/6 na povrchu
buriky. Doposud nebylo jasné, zda extracelularni Protese Associated (PA) doména
proteinu RNF43 je nezbytna pro jeho pusobenivlidském organismu. Z tohoto divodu
jsme se rozhodli detailné prostudovat vliv PA na funkci RNF43 proteinu. Pomoci
aplikovanymmetod jsem dokazali, Zetato doména neni nezbytna k inhibici kanonické
Wht signalizace zprostfedkované RNF43. Pfedchoziprace naznacujimozné zapojeni
RNF43 v dalSivétvi Wnt signalizace zvané nekanonicka Wnt draha. 6o jsme se
zaméfilina ulohu RNF43v této draze a sledovalijsmeda se liSiod kanonické vétve.
Abychom ziskali odpovéd' na tyto otazky, vyuzilijsme metodu pro studium potein-
proteinovych interakci, ktera je zaloZzena na oznaceni proteinu v blizkosti proteinu
zajmu biotinem. NaSepoznatky jsme dale a&fili na bunéCnych modelech. Zapojeni
nekanonické Wnt drahy je také zmdvano v souvislostis progresinadak a vzniku
rezistence k cilené terapii melanomu a proto jsme stovali viiv plisobeni RNF43 na
buriky melanomu in vitro a in vivo. Kromé toho jsme také popsali novy mechanizmus
RNF43 aktivace zprostfedkovanyfosforylaci CK1a a neCekané onkogenické vlastnosti

zkracené variantyRNF43, ktera se objevujeu nadorgchbunék riizného puavodu.

Vysledky ziskané béhem mého studia poskytuji novy a komplexni pohled na
mechanizmy RNF43 plsobici v lidskychburikach. Ustanovili jsme novéin vitro a in
vivo modely, které mohou bytvyuzityv naslednych studiich této problematiky.



ABSTRACT

Whnt signalling pathway is a complicated system of interactions, which controls
the various aspects of multicellular organism biology. Efforts of the scientific
community worldwide lead to the description of its general action mechanism.
Nevertheless, there is still blank space left and we need to understand better i.e.
regulation points within multiple Wnt pathways and outcomes of their activity. Thus, in
my work | investigated the protein called RNF43.

RNF43 is E3 ubiquitin ligase from the PA-TM-RING enzymatic family. RNF43
and its homolog ZNRF3 are being extensively studied because of their role in the
various aspects of homeostasis and disease. The main function of RNF43/ZNRF3 in
Whnt pathway is the negative regulation of the surface level of Wnt receptors Frizzleds
and LRP5/6 co-receptors. Importantly, it is currently unclear whether extracellular
Protease Associated domain of RNF43 is required for its action in human cells. This
fact encouraged us to investigate in detail the role of PA fold in the RNF43 function.
Thanks to applied approaches, we were able to demonstrate that this domain is not
essential for the RNF43-mediated inhibition of the canonical Wnt signalling pathway.
Next, the existing data suggest that RNF43 can be also involved in the other branch of
Whnt pathway, called the noncanonical Wnt signalling. We were intrigued to ask if
RNF43 can modulate it by specific mechanism, different than the one dedicated for the
canonical axis. To address this question, we utilized proximity-dependent biotin
identification method for protein-protein interactions detection. In the next step, we
verified our key findings using cellular models. Further, noncanonical Wnt signalling is
known to drive cancer progression and targeted therapy resistance in melanoma.
Hence, we tested the impact of RNF43 action on the several aspects of melanoma cell
properties in vitro and in vivo. Lastly, we described the new mechanism of RNF43
activation by CK1a-mediated phosphorylation and unexpected oncogenic properties

of RNF43 truncated variant occurring in various cancer types.

Results gathered during my studies provide novel and comprehensive insights
into the RNF43 mechanistic mode of action in human cells. We established new in-

vitro and in-vivo models which can be utilised in the follow-up studies.
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1 AIMS

The aim of this study was to describe better the RNF43 E3 ubiquitin ligase. As it
was portrayed in the introductory part, RNF43 is relatively well understood protein with
important roles in development and cancer. Nevertheless, several key issues are
unsolved and in my thesis, together with collaborators, we decided to face the following

problems:

= \What is the role of the Protease Associated domain of RNF43 in the Wnt

signalling suppression in human cells?

= Does RNF43 specifically target and inhibit WNT5A-driven signalling pathway?
What is the mechanism behind it? Does it have pathophysiological significance?

= Can we identify protein-protein interaction mediated by the intracellular part of
RNF43 and find new targets of this E3 ligase?

= |Is RNF43 post-translationally modified? What is the function of these

modifications?



2 RESULTS AND DISCUSSION
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2.3 THE ROLE OF THE PROTEASE ASSOCIATED DOMAIN IN HUMAN RNF43 FUNCTION
(ARTICLE 1)

My work resulted in the demonstration that the absence of PA domain does not
impede the ability of RNF43 to inhibition of the B-catenin dependent WNT3A-induced
signalling (Fig. 1). Rescue experiments confirmed that PA domain function is to control
the activity and plasma membrane level of RNF43 via RSPO-regulated signalling axis.
In other words, RNF43 has in-built “switch”, by which canonical Wnt signalling level of
activity can be fine-tuned by secreted factors. We also generated toolbox of inducible

cell lines that can be used in other studies.

We prepared cellular models inducibly overexpressing RNF43 wild type and
RNF43APA mutant in human Hek293 T-REXx cell line. RNF43 wild type and variant
lacking PA domain efficiently blocked cellular responses to the recombinant WNT3A
treatments, as it was shown in various assays to ascertain specificity of the findings.
Moreover, we asked if RNF43 and RNF43APA are able to perform their inhibitory

actions in following signalling conditions:

= receptors activated by rWNT3A treatment prior to RNF43 and RNF43APA
induction

= receptors inactive due to the inhibition of endogenous Wnt secretion, followed
by the stimulation of canonical Wnt pathway

= mixed model, where RNF43/RNF43APA expression induction and WNT3A

treatment were performed simultaneously

In our studies, we demonstrate that the absence of PA domain does not impede
the ability of RNF43 to the B-catenin dependent WNT3A-induced signalling inhibition.
Rescue experiments confirmed that PA domain function is to control the activity and
plasma membrane level of RNF43 via RSPO-regulated signalling axis. In other words,
RNF43 has in-built “switch”, by which canonical Wnt signalling level of activity can be
fine-tuned by secreted factors. We also generated toolbox of inducible cell lines that

can be used in other studies.
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RNF43 wild type RNF43APA

V CANONICAL WNT SIGNALLING INHIBITION \/ CANONICAL WNT SIGNALLING INHIBITION

\/ R-SPONDIN SENSISTIVITY x R-SPONDIN SENSISTIVITY

Fig. 1. Protease associated domain of RNF43 binds RNF43 and regulates its cell
surface level. RNF43 lacking PA domain inhibits canonical Wnt signalling pathway.

2.4 RNF43 IN WNT5A-DRIVEN WNT SIGNALLING (MANUSCRIPT 2)

We showed that (i) RNF43 interacts with core components of the noncanonical
Whnt signalling, (ii) suppresses WNT5A-driven signalling on the multiple levels, (iii)
controls the surface level of WNT5A receptor ROR1, (iv) leads to the VANGL2
degradation and DVL isoforms ubiquitination and inactivation. Thereby, we confirm and
extend previously described C. elegans-, Xenopus- and mice- based observations
underlying the involvement of RNF43/ZNRF3 in the WNT5A-dependent signalling and
Wnt/PCP protein trafficking. WNT5A/RNF43 module involves formation of interactions
that are mediated by the intracellular part of RNF43 and RING domain enzymatic

activity.

2.5 RNF43 IN MELANOMA (MANUSCRIPT 2)

To validate the importance of our findings in the pathophysiologic conditions,
we decided to study the impact of RNF43 on melanoma cell biology. We chose to do
that, because database screening showed that low expression of RNF43 gene is a
negative overall survival factor of melanoma patients. Also, its transcript level
decreases with cancer progression and Wnt/PCP plays an important role in melanoma.
Contrary, high expression of VANGL1 and DVL3 genes, encoding direct RNF43
targets, are pro-metastatic factors. These pieces of information encouraged us to

perform the further studies. For validation of our hypothesis, we employed broadly used

12



A375 cells as a model. BiolD-mediated analysis of RNF43 interactome (article 3) was
performed in T-REx 293 cells, so we needed to validate results from the first part of
this manuscript. We generated toolbox of melanoma cell lines overexpressing
exogenous RNF43 and RNF43/ZNRF3 double knockouts. In accordance with the
previously descried results (3.2), RNF43 downregulated DVL2 and DVL3
phosphorylation and desensitised cells to the recombinant WNT5A treatment. In
functional assays, cells overexpressing RNF43 showed decreased migratory and
invasive properties. Lastly, we confirmed the role of the noncanonical Wnt pathway on
the melanoma response to the BRAF V600E targeted therapy, which is a crucial issue
in melanoma treatment. Simply, cells overexpressing RNF43 did not develop
resistance to BRAF VG00E inhibitor. In summary, RNF43 plays an oncosupressive

function in case of this deadly skin cancer.
RNF43 inhibits invasive properties of melanoma cells in vivo

Our in vitro research showed that A375 melanoma cells overexpressing RNF43
had impaired Wnt/PCP pathway, they were not sensitive to the WNT5A treatment and
displayed decreased migratory and invasive properties (manuscript 2). Consequently,
we postulated that these attributes might be responsible for the oncosuppressive
activity of RNF43 in melanoma. To verify our hypothesis and increase the biological
meaning of our studies, together with our collaborators from the laboratory of Mgr.
Karel Sou¢ek Ph.D., we developed in vivo melanoma model. Human melanoma cell
line A375 based for the generation of cell line series with different metastatic potential.
This includes i.e. the highly metastatic A375M derivate obtained from the lung tumor
nodules (Kozlowski et al, 1984). Here, we employed A375 IV-EGFP cell lines with
increased ability for formation of lungs metastasis. It was established by the three
rounds of subcutaneous injection and cell isolation in the athymic nude mice
background (Kucerova et al, 2014). We additionally modified A375 IV-EGFP parental
cells to express luciferase for bioluminescence imaging. Also, we transduced these
cells with the lentiviral vector allowing doxycycline-controlled expression of RNF43
cDNA fused with HA and FLAG tags. Our novel in vivo orthotopic model of metastatic
melanoma mimicking all steps of melanoma progression—tumor formation in the skin,
spontaneous dissemination and metastatic outgrowth. Thus, it makes it suitable for our
studies and can be used by others as i.e. preclinical drugs screening platform.

13



2.6 RNFA43 FUNCTION IS CONTROLLED BY THE CK1A-MEDIATED PHOSPHORYLATION AND
RNF43 R519X TRUNCATED MUTANT SHOWS AND UNUSUAL ONCOGENIC ACTIVITY
(ARTICLE 3)

This work is a result of our collaboration with the group of prof. Madelon Maurice
from University Medical Center Utrecht. For the purpose of this publication, | prepared
BiolD assay to identify RNF43 intracellular interactome. Together with colleagues from
prof. Zbynék Zdrahal laboratory, we analysed phosphorylation ® RNF43 wild type and
RNF43 R519X truncated mutant.

Our study shows important findings helping to extend our knowledge about the
canonical Wnt signalling mechanism of action. We presented that CK1a can act also
upstream from the destruction complex to mediate negative regulation of the Frizzled
receptors at the cell surface by RNF43. Moreover, RNF43 links two mechanisms
regulating the (B-catenin dependent genes expression — cells desensitisation to Wnt
ligands and facilitation of B-catenin degradation. Interaction of the wild type protein with
destruction complex requires further studies. These findings are presented in the

Figure 2
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B-CATENIN SIGNALLING SIGNALLING
MODULATION BY RNF43

ONCOGENIC ACTIVATION OF B-CATENIN
SIGNALLING BY RNF43 R519X MUTANT

Fig. 2. Novel insight into the RN43 mode of action, in which CK1a plays major
regulatory function (left). RNF43 R519 oncogenic mutant binds CK1a more efficiently
and traps destruction complex components on the plasma membrane.
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3 CONCLUSIONS

We have showed that:

Protease Associated domain of RNF43 facilitates the RSPO1-mediated cellular
surface level regulation of this E3 ubiquitin ligase, but it is dispensable for the
direct negative regulation of the canonical Wnt signalling. We believe that this
work sorted out long standing discrepancies in the field.

RNF43 binds the multiple core components of the noncanonical Wnt pathway
and desensitises cells to the WNT5A ligand.

VANGL1, VANGL2, DVL1 and DVL2 are RNF43 substrates
RNF43 downregulates the ROR1 cell surface protein level
RNF43 inhibits invasive properties of melanoma cells

RNF43 blocks acquired resistance to BRAF V600E targeted therapy in
melanoma

We have developed new in vivo model for melanoma studies, which mimics all
steps of this skin cancer progression

RNF43 R519X truncated mutant activates canonical Wnt signalling in the Wnt
ligand independent manner by trapping destruction complex components and
RNF43 is phosphorylated by CK1a and CK1¢. These PTMs are needed for
RNF43 wild type and truncated variant functions in the canonical Wnt
signalling.
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