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9th Jan 20201st Editorial Decision

Dear Dr Maurice, 

Thank you for the submission of your manuscript  (EMBOJ-2019-103932) to The EMBO Journal.
Please accept my sincere apologies for the unusual delay with the peer-review of your manuscript .
Your manuscript  has been init ially sent to three reviewers, however one reviewer got much delayed
and in the end did not send us his-her report  after repeated chasers. We have received reports
from the other two referees, which I enclose below, and decided to proceed with our decision based
on these reports. 

As you will see, the referees acknowledge the potent ial interest  and novelty of your results,
although they also express a number of major issues that will have to be conclusively addressed
before they can be support ive of publicat ion of your manuscript  in The EMBO Journal. In more
detail, referee #2 is concerned that the level of insights provided is not sufficient  at  this point  and
asks you to explore potent ial interplay between RNF43 and the destruct ion complex under normal
condit ions (pt  1,2) as well as to strengthen the evidence for endogenous relevance of the proposed
CK1 t it rat ion model (pts. 4,5). Further, referee #1 requests addit ional experimentat ion on the control
of RNF43 phosphorylat ion and specific relevance of the PRR domain (ref#1, pts. 1,2). In addit ion, the
reviewers raise a number of points related to consistency between the results, addit ional controls
required to corroborate the findings, overall data and method representat ion as well as wording,
that would need to be conclusively addressed to achieve the level of robustness and clarity needed
for The EMBO Journal. 

I judge the comments of the referees to be generally reasonable and given their overall interest , we
are in principle happy to invite you to revise your manuscript  experimentally to address the referees'
comments. 

We do concur with the reviewers that providing conclusive support  for an endogenous relevance of
your observat ions will be important to move on with this work for publicat ion in The EMBO Journal. 

Please let  me know any t ime if you have addit ional quest ions or need further input on the referee
comments. 

Please see below for addit ional instruct ions for preparing your revised manuscript . 

Thank you for the opportunity to consider your work for publicat ion. 
I again apologise for the delay and look forward to your revision. 

Kind regards, 

Daniel Klimmeck 

Daniel Klimmeck, PhD 
Editor 



The EMBO Journal 

******************** 

Instruct ions for preparing your revised manuscript : 

Please make sure you upload a let ter of response to the referees' comments together with the
revised manuscript . 

Please also check that the t it le and abstract  of the manuscript  are brief, yet  explicit , even to non-
specialists. 

When assembling figures, please refer to our figure preparat ion guideline in order to ensure proper
formatt ing and readability in print  as well as on screen: 
ht tp://bit .ly/EMBOPressFigurePreparat ionGuideline 

Before submit t ing your revision, primary datasets (and computer code, where appropriate) produced
in this study need to be deposited in an appropriate public database (see
https://www.embopress.org/page/journal/14602075/authorguide#datadeposit ion). 

Please remember to provide a reviewer password if the datasets are not yet  public. 

The accession numbers and database should be listed in a formal "Data Availability" sect ion
(placed after Materials & Method) that follows the model below (see also
https://www.embopress.org/page/journal/14602075/authorguide#availabilityofpublishedmaterial).
Please note that the Data Availability Sect ion is restricted to new primary data that are part  of this
study. 

# Data availability 

The datasets (and computer code) produced in this study are available in the following databases: 

- RNA-Seq data: Gene Expression Omnibus GSE46843
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843)
- [data type]: [name of the resource] [accession number/ident ifier/doi] ([URL or
ident ifiers.org/DATABASE:ACCESSION])

Our journal also encourages inclusion of *data citat ions in the reference list* to direct ly cite
datasets that were re-used and obtained from public databases. Data citat ions in the art icle text
are dist inct  from normal bibliographical citat ions and should direct ly link to the database records
from which the data can be accessed. In the main text , data citat ions are formatted as follows:
"Data ref: Smith et  al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the
Reference list , data citat ions must be labeled with "[DATASET]". A data reference must provide the
database name, accession number/ident ifiers and a resolvable link to the landing page from which
the data can be accessed at  the end of the reference. Further instruct ions are available at



https://www.embopress.org/page/journal/14602075/authorguide#referencesformat 

IMPORTANT: When you send the revision we will require 
- a point-by-point  response to the referees' comments, with a detailed descript ion of the changes
made (as a word file).
- a word file of the manuscript  text .
- individual product ion quality figure files (one file per figure)
- a complete author checklist , which you can download from our author guidelines
(ht tp://emboj.embopress.org/authorguide).
- Expanded View files (replacing Supplementary Informat ion)
Please see out instruct ions to authors
https://www.embopress.org/page/journal/14602075/authorguide#expandedview

Please remember: Digital image enhancement is acceptable pract ice, as long as it  accurately
represents the original data and conforms to community standards. If a figure has been subjected
to significant electronic manipulat ion, this must be noted in the figure legend or in the 'Materials and
Methods' sect ion. The editors reserve the right  to request original versions of figures and the
original images that were used to assemble the figure. 

Further informat ion is available in our Guide For Authors:
ht tps://www.embopress.org/page/journal/14602075/authorguide 

The revision must be submit ted online within 90 days; please click on the link below to submit  the
revision online before 8th Apr 2020. 

Link Not Available 

Please do not share this URL as it  will give anyone who clicks it  access to your account. 

------------------------------------------------ 

Referee #1: 

In this manuscript  Spit  and colleagues uncover that in addit ion to loss of funct ion mutat ions in the
tumor suppressor gene RNF43, a subset of mutat ions paradoxically funct ions as gain of funct ion
mutat ions and result  in ligand-independent act ivat ion of the Wnt-bcatenin signaling pathway.
These mutat ions drive niche-independent self-renewal of progenitor cells and likely part icipate in
tumourigenesis. The authors delineated a t rapping of the destruct ion complex CK1a as mechanism
underlying the oncogenic act ivity of these RNF43 GOF mutat ions. In addit ion to the
characterizat ion of the importance of these mutat ions in cancer, the results presented suggests
that RNF43 may have addit ional funct ions in controlling the act ivity of the destruct ion complex, in
addit ion to regulate Frizzled receptor levels. The findings have important implicat ions as Wnt
pathway inhibitors are moving towards the clinic. Indeed, the authors show that the presence of
RNF43 "oncogenic mutat ions" lead to ligand-independent signaling and resistance to PORC
inhibitors (which are normally effect ive in the presence of early RNF43 truncat ion mutat ions). 



This is a well conducted study and the data presented are convincing. The results are impactful in
they reveal surprising funct ional consequences of cancer associated mutat ions that could have
important clinical impact for pat ient  strat ificat ion for Wnt inhibitors. The study also potent ially
uncovers a novel funct ion of RNF43 for the regulat ion of destruct ion complex act ivity. I have
suggest ions below that could help strengthen the manuscript . 

1. The main quest ion I have is regarding the requirement of CK1a phosphorylat ion of RNF43 for its
normal tumor suppressive funct ion. The authors present evidence that mutat ion of the CK1a
phosphorylat ion sites in RNF43 to alanine leads to loss of repressive funct ion whereas mutat ions to
aspart ic acid leads to enhance repressive funct ion. Is RNF43 phosphorylat ion regulated by Wnt
ligand or RSpo or is this phosphorylat ion event const itut ive?
2. Intriguingly the onco-mutat ion in RNF43 are restricted to t runcat ions within 504-563 and requires
maintaining the SRR and gett ing rid of the PRR domains. This may suggest a role for the PRR
domain in negat ively regulat ing binding/phosphorylat ion of RNF43 by CK1a, have the authors
considered this possibility?
3. The authors show that one onco-mutant (R519X) leads to stabilizat ion of betacatenin while
maintaining Frizzled degradat ion propert ies. It  would be important to show the same effect  for at
least  a second mutant.
4. At the top of page 4, the authors argue that the t runcated transcripts are stable and that the
encoded products promote transcript ion via a forward mechanism. I don't  think evidence are
presented to allow this conclusion. An alternat ive mechanism could be that the result ing mRNA
transcript  is more stable than the WT.
5. In Figure 2E, that ectopic expression of beta-catenin is unaffected by expression of the RNF43
onco-mutant is not unexpected. A better experiment would be to show that expression of a
dominant negat ive LEF-TCF mutant would be effect ive in inhibit ing bcatenin mediated transcript ion
induced by the RNF43 mutant, whereas the dominant negat ive DEP-C Dvl mutant is innefect ive.
This would properly posit ion the act ivity of the mutant upstream of the nuclear events. This is
important given the recent report  that  RNF43 may have addit ional funct ion downstream of
bcatenin (PMID: 26350900).
6. In Figure 3B, the authors suggest that  the interact ion of RNF43 mutants and CK1a is increased
while binding to APC and GSK3 is unchanged or decreased. It  appears however that the binding to
GSK3 is also increased, especially for D516x and D519x. Proper quant ificat ion may be needed.
7. In figure 3E, equal expression of the mutants needs to be shown to allow the authors to conclude
their funct ional effects.
8. In figure 4A, it  is unclear why the organoids containing the onco-RNF43 mutat ions are st ill reliant
on Rspo whatsoever. They are of course much more resistant to the stepwise removal of Rspo but
given the mechanism of act ion describing a total resistance to PORCN inhibitors, these results are
harder to reconcile.
9. Throughout the text  when referring the gene names, italics and caps should be used.
10. The authors refer to Wnt luciferase-reporter act ivity... They should rather refer to beta-catenin
mediated or lef-tcf reporter act ivit ies...

Referee #2: 

This manuscript  reports an unexpected aspect of RNF43, which is an established E3 ligase for the
Frizzled (FZD) family of Wnt receptors. RNF43 is a tumor suppressor gene product that  is
frequent ly mutated in cancers. The prevailing view has been that RNF43 promotes FZD



ubiquit inat ion and degradat ion, thereby antagonizing Wnt signaling at  the plasma membrane.
RNF43 mutat ions in cancers are thus believed to compromise the E3 ligase act ion on FZD, thereby
elevat ing the FZD protein level and Wnt signaling. 

But the authors show that a common RNF43 cancer mutat ion, RNF43-R519X (a premature
terminat ion at  R519), binds to components of the b-catenin-destruct ion complex, in part icular to
CK1a and CK1e. thereby t it rat ing CK1s to the plasma membrane and leading to b-catenin
stabilizat ion. This act ion is downstream of FZD degradat ion and independent of Wnt st imulat ion.
The authors refer to R519X as onco-RNF43. 

In human colon organoids, CRISPR-mediated edit ing of the endogenous RNF43 gene with the
R519X allele yielded only a mono-allelic mutat ion with lit t le growth unless the P53 gene was also
inact ivated. In such a case the onco-RNF43 bi-allelic mutat ion was permit ted. This Combined with
p53 KO enabled some degree of Wnt/Rspo-independent expansion of colon organoids. This is
consistent with the oncogenic nature of R519X mutat ion. RNA-seq was performed on these
organoids, showing enhanced progenitor gene expression and reduced different iat ion gene
signatures. Further, these organoids exhibited less sensit ivity to C59, a small molecule Porcupine
inhibitor that  blocks Wnt secret ion and is being tested as potent ial cancer therapeut ics. The
authors thus suggest that  Porcupine inhibitors may not be effect ive for cancers with R519X or
similar mutat ions. 

Overall the study is potent ially interest ing in uncovering a new class of RNF43 cancer mutat ions
that appear to act  in an unexpected manner, and has implicat ions to our understanding of RNF43
in Wnt signaling and to therapeut ic development. But given the unexpected nature of the findings
that depart  from the prevailing understanding of RNF43, there are some issues that require further
and significant clarificat ions: 

1. It  is unclear how these findings are related to the normal funct ion of RNF43. In the author's model
(Fig. 5c), RNF43 has "a bifunct ional tumor suppressor role by (I) target ing Wnt receptors for
endocytosis and lysosomal degradat ion, and (II) by t ransient ly interact ing with the destruct ion
complex to reconst itute its act ivity in the cytosol and re-establish Wnt pathway inhibit ion. This
second suppressor role involves CK1-mediated phosphorylat ion and an unknown molecular act ivity
of the flexible cytosolic tail of RNF43". But It  seems that the point  in "(II)" had been hardly
addressed and remains quite confusing. Does RNF43 normally engages and regulates the
destruct ion complex? If so does it  promote the act ion of the destruct ion complex (the authors' view
but there is no evidence) or does it  have the opposite effect  by compet ing for CK1a albeit  perhaps
weakly?

2. related, the authors ident ified a SLSS mot if in RNF43 as potent ial phosphorylat ion sites of CK1,
and generated ALAA, delet ion (Delta 486-89), and DLDD in the R519X mutant (Fig. 3e) and the WT
RNF43 (Fig. S2j). The data from these mutants are consistent with the SLSS mot if being essent ial
for RNF43 act ion. It  is thus crit ical that  the authors test  these mutants in FZD degradat ion. If the
SLSS mot if is required for FZD degradat ion by RNF43, some interpretat ions may need to be
modified accordingly and significant ly. Also, the text  referred to a delta 500-03 mutant. Is this the
same as delta 486-89?

3. on the R519X oncogenic act ion: the authors' key point  is that  R519X t it rates CK1a to the plasma
membrane and away from the destruct ion complex. While some alanine mutants exhibited data
consistent with this model, 501AAA and 504AAA mutants appear to be out liers despite that they
bind to CK1 (Fig. S2h and i), posing quest ions to the model. The authors should address why these



two mutants behaved as out liers. 

4. Related, the CK1 t it rat ion model, which is based on R519X overexpression, has addit ional
challenges, in part icular in terms of stoichiometry of RNF43-R519X versus CK1a. For example, if the
R519X protein in a cell is much less abundant than CK1a, it  would be difficult  to envision how a
t it rat ion scheme could work as proposed. Ideally The authors should measure/est imate the
abundance of the endogenous R519X and CK1a proteins in the human colon organoids they
generated (via quant itat ive mass spectrometry or immunoblot t ing).

5. Related, it  would provide more support  for the authors' model if they could show that b-catenin
phosphorylat ion by CK1a is reduced by R519X independent of Wnt, ideally in human colon
organoids without overexpression (i.e., mimicking a pathogenic condit ion).

6. can the authors quant ify growth and the Wnt-reporter act ivity in colon organoids in Fig. 4? It  is
unsat isfactory to judge the selected images by eyes. In fact  Quant ificat ions were performed in Fig.
5a and 5b. how was this done?

Other issues: 

7. Fig. 1b. please comment on why R371X , V490fs, and a few other mutants appear to be more
potent than the WT?

8. Fig. 2d. The authors should show that the RNF43 M1 can be blocked by DEP-C.

9. Fig. 2e. this experiment does not say much, as R519X and b-catenin both act ivate TOP-Flash
(i.e., one cannot perform epistasis using them).

10. Fig. 4b. what are Myc targets V1 vs V2?

11. Fig. S1d should be improved. It  was difficult  to follow the CRISPR-edited sequences. Were both
alleles edited in exact ly the same manner? Do SW480 cells have only 2 RNF43 alleles (many cancer
lines are aneuploid)?

12. many figure legends are too brief and should be improved. It  was difficult  to follow what was
being done in some of these figures. In general the writ ing should be improved given that this
manuscript  presents a convoluted/unexpected mechanism/story.



Point-by-point	rebuttal	

Reviewer	#1:		

1. The	main	question	I	have	is	regarding	the	requirement	of	CK1a	phosphorylation	of	RNF43	for	its
normal	tumor	suppressive	function.	The	authors	present	evidence	that	mutation	of	the	CK1a
phosphorylation	sites	in	RNF43	to	alanine	leads	to	loss	of	repressive	function	whereas	mutations	to
aspartic	acid	leads	to	enhance	repressive	function.	Is	RNF43	phosphorylation	regulated	by	Wnt	ligand
or	RSpo	or	is	this	phosphorylation	event	constitutive?

We	thank	the	reviewer	for	raising	this	interesting	point.	We	analyzed	phosphorylation	of	RNF43	upon	
treatment	with	Wnt3a	or	Wnt3a/Rspo1.	As	shown	in	new	Appendix	Table	S3,	RNF43	
phosphorylation	is	reduced	upon	treatment	with	Wnt3a,	while	Rspo1	increases	levels	of	RNF43	
phosphorylation.	Thus,	these	findings	indeed	reveal	that	phosphorylation	of	full-length	RNF43	is	a	
regulated	event	during	signaling.	In	addition,	we	noted	that	the	Rspo1-induced	phospho-sites	also	
become	modified	upon	CK1α	overexpression	(Appendix	Table	S4),	suggesting	that	Rspo	treatment	
might	promote	CK1α	activity	towards	RNF43.	We	now	discuss	these	findings	on	page	6-7,	line	198-
209.	

New Appendix Table S3. Phosphopeptides identified in RNF43 WT upon stimulation with Wnt3a and Rspo1. 

Phosphosites	 #	P	 RNF43	WT	

control	 Wnt3a	
Wnt3a/	
Rspo1	

S251	 1	 5.50	 5.00	 5.68	
S325	 1	 5.76	 5.22	 6.25	

S443,	S446	 2	 4.57	 ND	 5.60	
S444	 1	 5.11	 5.13	 5.93	
S532	 1	 5.88	 5.16	 5.79	
S593	 1	 7.71	 7.18	 7.97	

S603,	S611	 2	 7.02	 6.84	 7.47	
S611	 1	 6.30	 5.95	 6.74	

The	table	summarizes	the	intensities	of	the	identified	phosphopeptides	in	the	Log10	scale.	Areas	of	indicated	
phosphopeptides	were	normalized	based	on	the	median.	Non-phosphorylated	peptides	were	used	for	the	
second	part	of	normalization.	#	P,	number	of	phosphorylations	observed	on	the	peptide	for	the	specific	peptide	
spectrum	match;	ND,	not	detected		

2. Intriguingly	the	onco-mutation	in	RNF43	are	restricted	to	truncations	within	504-563	and	requires
maintaining	the	SRR	and	getting	rid	of	the	PRR	domains.	This	may	suggest	a	role	for	the	PRR	domain
in	negatively	regulating	binding/phosphorylation	of	RNF43	by	CK1a,	have	the	authors	considered	this
possibility?

We	thank	the	reviewer	for	this	valuable	suggestion.	We	investigated	more	precisely	the	role	of	the	
PRR	which,	based	on	the	latest	Uniprot	classification,	comprises	amino	acids	569-760.	As	the	RNF43	
Q588X	mutant	failed	to	induce	basal	Wnt	pathway	activation	(new	Fig	EV4D),	we	deleted	the	region	
between	Q563	(the	boundary	of	the	oncogenic	region)	and	Q588,	indicated	as	RNF43	ΔW564-P587.	
As	shown	in	new	Fig	EV4E,	this	deletion	of	23	aa	unleashes	the	oncogenic	activity	of	RNF43,	
promoting	basal	Wnt	pathway	activation	similar	to	our	previously	shown	onco-RNF43	variants.	In	
addition,	RNF43	ΔW564-P587	shows	increased	binding	to	CK1	(new	Fig	EV4F).	Thus,	this	mutation	
shows	that	the	PRR	indeed	is	regulates	the	interaction	with	CK1	and	RNF43	activity.	These	results	are	
described	on	page	6,	line	186-194.	

4th May 20201st Authors' Response to Reviewers



3. The	authors	show	that	one	onco-mutant	(R519X)	leads	to	stabilization	of	betacatenin	while
maintaining	Frizzled	degradation	properties.	It	would	be	important	to	show	the	same	effect	for	at
least	a	second	mutant.

We	have	now	included	the	same	mutants	as	used	for	FZD5	degradation	(Figure	1C)	in	the	microscopy	
experiment	(new	Fig	1E	and	Fig	EV1A).	The	D516fs	truncation,	similar	to	R519X,	shows	β-catenin	
stabilization.	By	contrast,	the	LOF	mutant	I48T	and	RNF43	V490fs	(truncated	outside	oncogenic	
region)	have	no	effect	on	the	β-catenin	levels	and	distribution.		

			New	Fig	1E	and	EV1A.	Confocal	microscopy	of	β-catenin	localization	(1E)	in	HEK293T	cells	
			expressing	the	indicated	RNF43	cancer	mutants	(EV1A).	Scale	bar	represents	10	µM.	

New	Fig	EV4D-E.	β-catenin-mediated	reporter	activity	in	HEK293T	cells	expressing	the	indicated	RNF43	mutants	
in	the	presence	and	absence	of	Wnt3a.	Average	β-catenin-mediated	reporter	activities	±s.d.	in	n	=	2	
independent	wells	are	shown.	
New	Fig	EV4F.	Western	blot	analysis	of	endogenous	CK1α	and	CK1ε	co-precipitated	with	the	indicated	RNF43	
variants	expressed	in	HEK293T	cells.		



4. At	the	top	of	page	4,	the	authors	argue	that	the	truncated	transcripts	are	stable	and	that	the
encoded	products	promote	transcription	via	a	forward	mechanism.	I	don't	think	evidence	are
presented	to	allow	this	conclusion.	An	alternative	mechanism	could	be	that	the	resulting	mRNA
transcript	is	more	stable	than	the	WT.

We	agree	with	this	comment,	and	have	removed	our	statement	on	the	potential	feed	forward	
mechanism	(p5,	line	138).	

5. In	Figure	2E,	that	ectopic	expression	of	beta-catenin	is	unaffected	by	expression	of	the	RNF43	onco-
mutant	is	not	unexpected.	A	better	experiment	would	be	to	show	that	expression	of	a	dominant
negative	LEF-TCF	mutant	would	be	effective	in	inhibiting	bcatenin	mediated	transcription	induced	by
the	RNF43	mutant,	whereas	the	dominant	negative	DEP-C	Dvl	mutant	is	innefective.	This	would
properly	position	the	activity	of	the	mutant	upstream	of	the	nuclear	events.	This	is	important	given
the	recent	report	that	RNF43	may	have	additional	function	downstream	of	bcatenin	(PMID:
26350900).

As	shown	in	new	Fig	2E,	ΔN-TCF4	expression	indeed	effectively	inhibits	onco-RNF43-mediated	β-
catenin	transcription.	This	positions	the	activity	of	onco-RNF43	upstream	of	the	nuclear	events.	We	
describe	these	results	on	page	5,	line	157-160.	

6. In	Figure	3B,	the	authors	suggest	that	the	interaction	of	RNF43	mutants	and	CK1a	is	increased
while	binding	to	APC	and	GSK3	is	unchanged	or	decreased.	It	appears	however	that	the	binding	to
GSK3	is	also	increased,	especially	for	D516x	and	D519x.	Proper	quantification	may	be	needed.

We	have	quantified	the	results	of	co-immunoprecipitation	experiments	(new	Fig	EV3A).	The	results	
confirm	that	the	interactions	of	endogenous	GSK3β	and	APC	with	RNF43	are	roughly	equal	for	
different	onco-RNF43	variants.	These	findings	are	in	line	with	the	results	of	reverse	IPs,	in	which	
interactions	of	onco-RNF43	with	either	of	these	components	is	not	enhanced	(Fig	EV3C	and	EV3D).	
CK1	binding	is	strongly	enhanced	for	onco-RNF43	variants,	and	despite	some	variation	between	
experiments,	Axin1	follows	a	similar	pattern.	Again,	these	findings	are	in	line	with	the	reverse	IPs	(Fig	
EV3B)	and	the	microscopy	data	(Fig	4C	and	D).		

New	Fig	2E.	β-catenin-mediated	reporter	activity	in	HEK293T	
cells	co-expressing	oncogenic	RNF43	(R519X)	and	dominant	
negative	ΔN-TCF4.	Average	β-catenin-mediated	reporter	
activities	±s.d.	in	n	=	2	independent	wells	are	shown.	



	
	
	
	
	
	
	
	
	

	
	
	

	
7.	In	figure	3E,	equal	expression	of	the	mutants	needs	to	be	shown	to	allow	the	authors	to	conclude	
their	functional	effects.		
	
The	expression	blots	of	all	β-catenin-mediated	reporter	assays	are	included	in	Appendix	Fig	S4.	Equal	
expression	levels	are	observed	for	results	shown	in	Fig	3E.	
	
	
8.	In	figure	4A,	it	is	unclear	why	the	organoids	containing	the	onco-RNF43	mutations	are	still	reliant	
on	Rspo	whatsoever.	They	are	of	course	much	more	resistant	to	the	stepwise	removal	of	Rspo	but	
given	the	mechanism	of	action	describing	a	total	resistance	to	PORCN	inhibitors,	these	results	are	
harder	to	reconcile.		
	
We	apologize	this	aspect	has	not	been	clear.	We	do	not	claim	a	‘total’	resistance	of	onco-RNF43	
expressing	organoids	to	PORCN	inhibitors,	but	rather	investigated	a	‘differential	sensitivity’	(page	9,	
line	296)	of	organoid	lines.	To	do	so,	we	treated	organoids	for	7	days	with	PORCN	inhibitors	and,	
after	removal,	evaluated	the	number	of	organoids	that	survived.	The	outcome	showed	that	onco-
RNF43/TP53KO	organoids	withstand	treatment	much	better	than	WT	or	TP53KO	organoids.	Based	on	
these	findings,	we	conclude	that	onco-RNF43	expression	confers	resistance	to	PORCN	treatment.	Of	
note,	prolonged	treatment	with	PORCN	inhibitors	does	not	allow	survival	of	onco-RNF43	organoids.	
The	reasons	for	this	are	unclear.	Nevertheless,	our	findings	are	relevant	for	clinical	treatment	with	
PORCN	inhibitors	as	onco-RNF43-expressing	cells	clearly	display	a	survival	advantage	under	Wnt-
depleted	conditions	as	compared	to	WT	cells.	
	
9.	Throughout	the	text	when	referring	the	gene	names,	italics	and	caps	should	be	used.		
	
We	thank	the	reviewer	for	pointing	this	out	and	have	corrected	the	gene	names	throughout	the	
manuscript.		
	
10.	The	authors	refer	to	Wnt	luciferase-reporter	activity...	They	should	rather	refer	to	beta-catenin	
mediated	or	lef-tcf	reporter	activities...		
	
We	now	employ	‘β-catenin-mediated	reporter	activity’	throughout	the	text.	
	
	 	

New	Fig	EV3A.	Quantification	of	the	Western	blot	analyses	of	endogenous	destruction	
complex	components	co-precipitating	with	the	indicated	RNF43	cancer	variants	shown	
in	Fig	3B.	Values	were	normalized	to	the	amount	of	protein	bound	to	RNF43	WT.	



Reviewer	#2:		
	
1.	It	is	unclear	how	these	findings	are	related	to	the	normal	function	of	RNF43.	In	the	author's	model	
(Fig.	5c),	RNF43	has	"a	bifunctional	tumor	suppressor	role	by	(I)	targeting	Wnt	receptors	for	
endocytosis	and	lysosomal	degradation,	and	(II)	by	transiently	interacting	with	the	destruction	
complex	to	reconstitute	its	activity	in	the	cytosol	and	re-establish	Wnt	pathway	inhibition.	This	second	
suppressor	role	involves	CK1-mediated	phosphorylation	and	an	unknown	molecular	activity	of	the	
flexible	cytosolic	tail	of	RNF43".	But	It	seems	that	the	point	in	"(II)"	had	been	hardly	addressed	and	
remains	quite	confusing.	Does	RNF43	normally	engages	and	regulates	the	destruction	complex?		
	
We	apologize	for	the	apparent	lack	of	clarity	on	this	point.	Although	the	main	focus	of	our	study	has	
been	to	uncover	the	mode	of	action	of	RNF43	truncated	cancer	variants,	our	findings	clearly	have	
implications	for	the	understanding	of	the	normal	function	of	RNF43.	A	number	of	observations	
support	the	normal	interaction	of	full-length	RNF43	with	the	destruction	complex:	First,	as	a	Wnt	
target	gene,	RNF43	operates	under	Wnt-stimulated	conditions,	in	which	the	destruction	complex	
localizes	to	the	plasma	membrane	in	complex	with	activated	Wnt	receptors	(Stamos	&	Weis,	2013).	
Second,	we	have	shown	that	full-length	RNF43	engages	endogenous	destruction	complex	
components	by	BioID/mass	spec	(Fig	3A)	and	by	immunoprecipitation/Western	blotting	(Fig	3B).	
These	findings	were	further	confirmed	using	overexpressed	proteins	in	co-IP	experiments	(Fig	EV3C-
D)	and	in	microscopy	(Fig	3C,	3C	and	EV3F).	Third,	as	truncation	enhances	the	interaction	of	RNF43	
with	CK1	and	Axin,	we	anticipate	that	these	interactions	are	normally	subjected	to	regulation	by	C-
terminal	regions	(Fig	3B,	EV3B	and	EV4A).	Of	note,	in	response	to	reviewer	1,	we	now	fine-mapped	
this	regulatory	activity	of	CK1	binding	to	a	23-aa	motif	in	the	Pro-rich	region	(PRR)	(new	Fig	EV4F).	
Thus,	these	findings	suggest	that	CK1	binding	is	normally	transient	and	highly	regulated.	Fourth,	we	
mapped	the	interaction	of	RNF43	with	CK1	to	a	sequence	located	downstream	of	known	domains	
involved	in	receptor	downregulation	(Fig	EV4B).	Together,	these	findings	led	to	a	model	in	which	
membrane-proximal	parts	of	RNF43	act	upon	membrane-bound	Wnt	receptors,	while	more	distant	
regions	in	the	tail	are	involved	in	binding	components	of	the	cytosolic	destruction	complex.		

	
	
	
	
	
	
	
	
	

	
	
	
	

	
If	so	does	it	promote	the	action	of	the	destruction	complex	(the	authors'	view	but	there	is	no	
evidence)	or	does	it	have	the	opposite	effect	by	competing	for	CK1a	albeit	perhaps	weakly?		
	
To	shed	light	on	this	issue,	we	employed	the	RNF43	M1	mutant	that	lacks	Ub	ligase	activity	and	fails	
to	downregulate	Wnt	receptors,	thus	failing	to	perform	activity	“(I)”	(Koo	et	al,	2012).	We	expressed	
RNF43	M1	in	RNF43/ZNRF3-knockout	cells	to	rule	out	dominant-negative	effects	of	the	mutant	and	
evaluated	its	suppressing	effects	on	the	basal	β-catenin	activity	present	in	these	cells.	As	shown	in	
new	Appendix	Fig	S1C,	the	M1	variant	is	still	capable	to	partially	suppress	β-catenin-mediated	

	

New	Fig	EV4F.	Western	blot	analysis	of	endogenous	
CK1α	and	CK1ε	co-precipitated	with	the	indicated	
RNF43	variants	expressed	in	HEK293T	cells.	



transcription	in	RNF43/ZNRF3-knockout	cells,	in	a	dose-dependent	manner.	These	findings	thus	
confirm	that	full-length	RNF43	carries	β-catenin	suppressor	activity	beyond	Wnt	receptor	
downregulation	(activity	“I”).	Conversely,	we	now	also	show	that	mutants	that	lack	activity	“II”	are	
still	capable	to	perform	FZD	downregulation	(new	Fig	EV4H;	see	our	reply	to	point	2).		

	
	
	
	
	
	
	
	
	
	
	
	

	
2.	related,	the	authors	identified	a	SLSS	motif	in	RNF43	as	potential	phosphorylation	sites	of	CK1,	and	
generated	ALAA,	deletion	(Delta	486-89),	and	DLDD	in	the	R519X	mutant	(Fig.	3e)	and	the	WT	RNF43	
(Fig.	S2j).	The	data	from	these	mutants	are	consistent	with	the	SLSS	motif	being	essential	for	RNF43	
action.	It	is	thus	critical	that	the	authors	test	these	mutants	in	FZD	degradation.	If	the	SLSS	motif	is	
required	for	FZD	degradation	by	RNF43,	some	interpretations	may	need	to	be	modified	accordingly	
and	significantly.		
	
We	thank	the	reviewer	for	this	valuable	suggestion.	The	introduction	of	the	SLSS>ALAA	and	delta486-
89	mutations	in	full-length	RNF43,	which	compromises	suppressor	activity,	does	not	affect	the	
capability	of	the	protein	to	downregulate	FZD	(new	Fig	EV4H),	further	supporting	a	dual	suppressor	
role	of	the	protein.		

	
	
	
	
	

	
Also,	the	text	referred	to	a	delta	500-03	mutant.	Is	this	the	same	as	delta	486-89?		
	
We	apologize	for	the	confusion.	Residues	500-503	refer	to	the	SLSS	CK1	target	sequence,	while	the	
Δ486-89	refers	to	the	CK1	binding	site.	We	have	now	clarified	this	issue	on	page	7,	line	211-217. 

	
	

New	Appendix	Fig	S1C.	β-catenin-mediated	reporter	activity	in	HEK293T	double	knock	out	(dKO)	RNF43/ZNRF3	
(R/Z)	cells	expressing	increasing	amounts	of	RNF43	WT	or	the	ligase	dead	mutant	(M1)	in	the	presence	and	
absence	of	Wnt3a.	Average	β-catenin-mediated	reporter	activities	±s.d.	in	n	=	2	independent	wells	are	shown.	
New	Fig	EV4H.	Western	blot	analysis	showing	the	effect	of	the	indicated	RNF43	variants	on	V5-FZD5	expression	
in	HEK293T	cells.	Open	and	closed	arrows	indicate	mature	(post-Golgi)	and	immature	(ER-associated)	FZD5,	
respectively.	
	

	

New	Fig	EV4H.	Western	blot	analysis	showing	the	effect	of	the	
indicated	RNF43	variants	on	V5-FZD5	expression	in	HEK293T	cells.	
Open	and	closed	arrows	indicate	mature	(post-Golgi)	and	immature	
(ER-associated)	FZD5,	respectively.	



	
3.	on	the	R519X	oncogenic	action:	the	authors'	key	point	is	that	R519X	titrates	CK1a	to	the	plasma	
membrane	and	away	from	the	destruction	complex.	While	some	alanine	mutants	exhibited	data	
consistent	with	this	model,	501AAA	and	504AAA	mutants	appear	to	be	outliers	despite	that	they	bind	
to	CK1	(Fig.	S2h	and	i),	posing	questions	to	the	model.	The	authors	should	address	why	these	two	
mutants	behaved	as	outliers.		
	
The	501AAA	mutation	prevents	phosphorylation	of	the	essential	SLS	motif,	and	the	504AAA	
interferes	with	the	acidic	cluster	downstream	of	this	motif.	Interference	with	the	acidic	cluster	
generally	reduces	or	eliminates	phosphorylation	of	the	preceding	SLS	motif	(Marin	et	al,	2003).	Thus,	
while	both	mutants	still	interact	with	CK1,	phosphorylation	of	their	SLS	motif	is	affected.	Therefore,	
oncogenic	activity	is	abrogated	in	these	mutants	(similar	to	the	RNF43	ALAA	mutant).	We	have	now	
clarified	this	in	the	text	(page	6,	lines	220-222).	
	
4.	Related,	the	CK1	titration	model,	which	is	based	on	R519X	overexpression,	has	additional	
challenges,	in	particular	in	terms	of	stoichiometry	of	RNF43-R519X	versus	CK1a.	For	example,	if	the	
R519X	protein	in	a	cell	is	much	less	abundant	than	CK1a,	it	would	be	difficult	to	envision	how	a	
titration	scheme	could	work	as	proposed.		
	
We	fully	agree	it	is	unlikely	that	onco-RNF43	titrates	the	entire	pool	of	CK1α.	As	CK1	performs	
multiple	tasks	in	the	cell	(Knippschild	et	al,	2014),	its	activity	is	directed	by	the	complexes	in	which	it	
is	incorporated.	Thus,	only	a	fraction	of	the	CK1α	pool	is	dedicated	to	β-catenin	degradation.	For	
comparison,	only	<10%	of	the	total	pool	of	GSK3β	has	been	estimated	to	take	part	in	the	β-catenin	
destruction	complex	(Patel	&	Woodgett,	2017).	We	anticipate	that	onco-RNF43	interacts	with	the	
destruction	complex-bound	fraction	of	CK1.	Of	note,	our	model	of	onco-RNF43-mediated	pathway	
activation	does	not	only	rely	on	CK1	titration	but	also	requires	phosphorylation	of	RNF43	itself.	We	
now	adapted	our	statements	in	the	text	to	clarify	this	point	(page	10-11,	line	335-344).	
	
Ideally	The	authors	should	measure/estimate	the	abundance	of	the	endogenous	R519X	and	CK1a	
proteins	in	the	human	colon	organoids	they	generated	(via	quantitative	mass	spectrometry	or	
immunoblotting).		
	
Unfortunately,	it	is	currently	not	technically	feasible	to	quantify	endogenous	RNF43	protein	levels.	
First,	we	are	not	able	to	detect	endogenous	RNF43	using	commercial	or	homemade	antibodies,	and	
in	any	case	a	comparison	of	immunoblots	performed	with	two	different	antibodies	will	not	allow	us	
to	draw	conclusions	on	relative	protein	levels.	Second,	we	were	not	able	to	identify	RNF43-derived	
peptides	in	colon	organoids	lysates	using	mass	spec,	despite	multiple	attempts.	Nevertheless,	we	
were	able	to	address	the	consequences	of	endogenous	onco-RNF43	expression	on	β-catenin	
phosphorylation	in	human	colon	organoids,	as	shown	below	in	point	5.		
	
5.	Related,	it	would	provide	more	support	for	the	authors'	model	if	they	could	show	that	b-catenin	
phosphorylation	by	CK1a	is	reduced	by	R519X	independent	of	Wnt,	ideally	in	human	colon	organoids	
without	overexpression	(i.e.,	mimicking	a	pathogenic	condition).		
	
We	thank	the	reviewer	for	this	valuable	suggestion.	We	now	compared	levels	of	endogenous,	non-
phosphorylated	β-catenin	in	WT,	TP53KO	and	onco-RNF43/TP53KO	colon	organoids	in	conditions	of	
Wnt	depletion	(Wnt/Rspo	withdrawal	plus	treatment	with	PORCN	inhibitor).	The	results	show	that	
the	relative	fraction	of	non-phosphorylated	β-catenin	is	increased	in	onco-RNF43/TP53KO	human	
colon	organoids,	supporting	a	Wnt-independent	decrease	in	destruction	complex	activity	upon	
endogenous	onco-RNF43	expression	(new	Appendix	Fig	S3D	and	S3E).	



	
	
	
	
		
	
	
	
	
	
	
	

6.	can	the	authors	quantify	growth	and	the	Wnt-reporter	activity	in	colon	organoids	in	Fig.	4?	It	is	
unsatisfactory	to	judge	the	selected	images	by	eyes.		
	

We	have	now	indicated	differentiated	and	dead	organoids	in	Fig	4A	for	clarification	(new	Fig	4A).	We	
also	quantified	the	fraction	of	surviving	proliferative	organoids	that	display	a	common	cystic	
appearance	(new	Appendix	Fig	S3A).		

	
	
	
	
	
	
	
	
	
	
	
	
	

	
To	quantify	Wnt	reporter	activity,	we	examined	TOP-GFP	levels	by	Western	blotting	(new	Appendix	
Fig	S3B	and	S3C).	The	results	confirm	that	enhanced	levels	of	TOP-GFP	are	present	in	onco-RNF43-
expressing	organoids,	indicating	increased	levels	of	Wnt	signaling.	

	

New	Appendix	Fig	S3D	and	E.	(D)	Western	blot	analysis	of	endogenous	β-catenin	immunoprecipitated	
from	WT,	TP53KO	and	onco-RNF43/TP53KO	human	colon	organoid	lysates.	Organoids	were	grown	in	full	
medium	for	5	days	and	24h	before	lysis	placed	in	medium	with	no	Wnt3a/no	Rspo	supplemented	with	
PORCN	inhibitor	C59	(1	µM).	Levels	of	total	β-catenin	and	active,	non-phosphorylated	β-catenin	were	
detected.	(E)	Quantification	of	the	Western	blot	presented	in	(D).	Active,	non-phosphorylated	β-catenin	
levels	were	quantified	and	normalized	to	total	levels	of	β-catenin.	Graph	represents	the	mean.	
	

	

New	Fig	4A.	Bright-field	microscopy	images	of	WT,	TP53KO	and	onco-RNF43/TP53KO	human	colon	
organoid	lines	grown	in	medium	with	high	Wnt/Rspo	(20%	conditioned	medium	(CM))	or	without	
Wnt/Rspo	(20,	2	or	0.2%	CM).	Images	were	taken	6	days	after	splitting.	Scale	bars	represent	1000	μm.	
Non-cystic,	non-proliferative	organoids	are	indicated	with	red	asterisks.	
New	Appendix	Fig	S3A.	Fraction	of	WT,	TP53KO	and	onco-RNF43/TP53KO	human	colon	organoids	that	
presented	a	cystic,	proliferative	morphology	in	the	conditions	described	in	Fig	4A.	Error	bars	represent	
95%	confidence	interval	(Wilson/Brown	test).	n	=	24	-	63	organoids	per	condition.			
	



	
	
	
	
	
	
	
	
	
	

In	fact	Quantifications	were	performed	in	Fig.	5a	and	5b.	how	was	this	done?		
	
Quantifications	for	Figure	5A	and	B	were	performed	as	described	above,	with	normalization	of	the	
number	of	cystic	organoids	that	grew	out	(on	day	14)	to	the	number	of	organoids	that	were	seeded	
(day	2).	We	have	adjusted	the	Material	and	Methods	section	and	figure	legend	to	clarify	this	issue.	
	
7.	Fig.	1b.	please	comment	on	why	R371X,	V490fs,	and	a	few	other	mutants	appear	to	be	more	potent	
than	the	WT?		
	
Indeed,	we	noticed	that	these	truncations	appear	more	potent	in	mediating	Wnt	signaling	inhibition.	
We	do	not	know	the	molecular	basis	for	this,	as	the	main	focus	of	our	study	has	been	on	the	
activation	of	signaling	by	cancer	truncations.	Our	preliminary	data	show	that	these	RNF43	
truncations	display	enhanced	interaction	with	FZD5,	potentially	explaining	their	increase	in	potency.	
While	we	agree	this	is	an	interesting	observation,	addressing	the	underlying	molecular	activities	
would	be	beyond	the	scope	of	the	current	project.	
	
8.	Fig.	2d.	The	authors	should	show	that	the	RNF43	M1	can	be	blocked	by	DEP-C.		
	
We	performed	the	suggested	experiment.	The	results	show	that	the	dominant-negative	effect	of	
RNF43	M1	can	be	blocked	by	DEP-C	expression	(new	Appendix	Fig	S1B).		

	
	
	
	
	

	
	

New	Appendix	Fig	S1B.	β-catenin-mediated	reporter	
activity	in	HEK293T	cells	co-expressing	Dvl-DEPC	
together	with	RNF43	WT	or	the	ligase	dead	mutant	
(M1)	in	the	presence	and	absence	of	Wnt3a.	Average	
β-catenin-mediated	reporter	activities	±s.d.	in	n	=	2	
independent	wells	are	shown.	
	

	

New	Appendix	Fig	S3B	and	C.	(B)	Western	blot	analysis	of	WT,	TP53KO	and	onco-RNF43/TP53KO	
human	colon	organoid	lines	grown	in	two	different	media	and	transduced	with	the	TOP-GFP	reporter.	
Organoids	were	lyzed	6	days	after	splitting	and	the	indicated	antibodies	were	used	for	detection.	(C)					
Quantification	of	the	Western	blot	presented	in	(B).	GFP	levels	were	quantified	and	normalized	to	actin.	
Graph	represents	the	mean	normalized	to	no	Wnt3a/0.2%	Rspo	medium	±s.d.	of	2	independent	
experiments.	



9. Fig.	2e.	this	experiment	does	not	say	much,	as	R519X	and	b-catenin	both	activate	TOP-Flash	(i.e.,
one	cannot	perform	epistasis	using	them).

We	thank	the	reviewer	for	this	comment.	As	suggested	by	reviewer	1	(#5),	we	have	now	replaced	
this	experiment	by	overexpression	dominant	negative	TCF4	(ΔN-TCF4).	The	results	show	that	ΔN-
TCF4	effectively	inhibits	onco-RNF43-induced	β-catenin-mediated	transcription	(new	Fig	2E),	
positioning	the	activity	of	onco-RNF43	upstream	of	the	nuclear	events.	We	describe	these	results	on	
page	5,	line	157-160.	

10. Fig.	4b.	what	are	Myc	targets	V1	vs	V2?

MYC_TARGETS_V1	and	MYC_TARGETS_V2	are	'hallmark'	gene	sets	of	genes	regulated	by	MYC,	which	
are	manually	curated	by	the	Molecular	Signatures	Database	(MSigDB).	The	moderators	of	MSigDB	
generated	and	validated	these	gene	sets	based	on	three	MYC	overexpression	studies,	two	MYC	knock	
down	studies,	and	three	studies	comparing	MYC-high	vs.	MYC-low	cells.	MYC	targets	V2	(version	2)	is	
a	smaller	subset	of	MYC	regulated	genes	compared	to	version	1,	because	it	was	generated	at	more	
stringent	inclusion	criteria.	We	now	clarified	this	in	the	Material	and	Methods	section.	

11. Fig.	S1d	should	be	improved.	It	was	difficult	to	follow	the	CRISPR-edited	sequences.	Were	both
alleles	edited	in	exactly	the	same	manner?	Do	SW480	cells	have	only	2	RNF43	alleles	(many	cancer
lines	are	aneuploid)?

We	have	adjusted	Fig	S1D	(new	Fig	EV2B)	and	indicated	the	deleted	nucleotides	in	Exon	8	that	
mediate	a	frameshift	of	the	RNF43	coding	region.	We	also	extended	the	figure	legend	to	explain	this	
in	more	detail.	Indeed,	SW480	are	aneuploid,	however	tide	analysis	of	the	bulk	genotyping	of	the	
CRISPR/Cas9-modified	cells	revealed	only	two	RNF43	variants	(V520fs	and	D516fs).	

New	Fig	2E.	β-catenin-mediated	reporter	activity	in	HEK293T	
cells	co-expressing	oncogenic	RNF43	(R519X)	and	dominant	
negative	ΔN-TCF4.	Average	β-catenin-mediated	reporter	
activities	±s.d.	in	n	=	2	independent	wells	are	shown.	

New	Fig	EV2B.	Sanger	sequencing	of	the	PCR	amplification	
products	of	the	mutated	RNF43	alleles	in	SW480	cells.	
Sequencing	results	for	each	mutant	allele	compared	to	wild	type	
are	shown.	The	top	lines	illustrate	the	wild	type	RNF43	sequence	
of	nucleotide	(nt)	1543-1570.	The	bottom	lines	represent	the	two	
different	RNF43	frameshifts	acquired	after	CRISPR/Cas9	
modulation;	V520fs	(-2	nt)	and	D516fs	(-8	nt).	



12. many	figure	legends	are	too	brief	and	should	be	improved.	It	was	difficult	to	follow	what	was
being	done	in	some	of	these	figures.	In	general	the	writing	should	be	improved	given	that	this
manuscript	presents	a	convoluted/unexpected	mechanism/story.

We	adapted	the	figure	legends	and	Material	and	Methods	section.	Furthermore,	we	extended	the	
discussion	of	our	results	based	on	the	referee’s	suggestions.	We	thank	the	reviewer	for	valuable	
input	with	which	we	were	able	to	amend	our	manuscript.	
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Thank you for submit t ing your revised manuscript for considerat ion by The EMBO Journal. My 
apologies for get t ing back to you with delay. Your amended study was sent back to two of the 
referees for re-evaluat ion. Please note that while referee #2 got delayed and was at this t ime not 
able to re-assess your work, we have editorially re-evaluated your response to his-her concerns and 
found them to be reasonable. We did receive comments from referee #1, which I enclose below. As 
you will see this referee finds that the concerns raised have been sufficient ly addressed and is now 
broadly in favour of publicat ion, pending minor revision. 

Thus, in light of all informat ion at hand, we are pleased to inform you that your manuscript has been 
accepted in principle for publicat ion in The EMBO Journal, pending some minor issues, which need 
to be adjusted at re-submission. 

Please consider the remaining point of referee #1 regarding the PORCN inhibitor data and related 
claims by either adding addit ional experimental data or int roducing caveats where appropriate or 
revising the discussion. 

In addit ion we need you to consider a number of minor points related to format t ing and data 
representat ion, which are listed below. 

Further, I will share addit ional changes and comments from our product ion team during the next 
days to be addressed. 

Please contact me at any t ime if you need any help or have further quest ions. 

As you may have not iced, every paper now includes a 'Synopsis', displayed on the html and freely 
accessible to all readers. The synopsis includes a 'model' figure as well as 2-5 one-short -sentence



bullet  points that summarize the art icle. I would appreciate if you could provide the bullet  points. 

Thank you for giving us the chance to consider your manuscript  for The EMBO Journal. I look
forward to your final revision. 

Again, please contact  me at  any t ime if you need any help or have further quest ions. 

Kind regards, 

Daniel 

Daniel Klimmeck PhD 
Editor 
The EMBO Journal. 

****************** 

Formatt ing changes required for the revised version of the manuscript : 

>> Please provide up to five keywords for your study.

>> Add Author Contribut ions for K.B. .

>> Re-check main text  callouts for Figures 2B versus 2A (order) and S5.

>> Please add a ToC to the appendix file as a first  page.

>> Rename the current 'Declarat ion of Interests' sect ion to 'Conflict  of Interest '

>> Update the Author Checklist  with the human consent informat ion.

>> Introduce a separate 'Stat ist ical analysis' sect ion in the Material & Methods part  summarizing
the strategies applied.

Instruct ions for preparing your revised manuscript : 

Please check that the t it le and abstract  of the manuscript  are brief, yet  explicit , even to non-
specialists. 

When assembling figures, please refer to our figure preparat ion guideline in order to ensure proper
formatt ing and readability in print  as well as on screen: 
ht tp://bit .ly/EMBOPressFigurePreparat ionGuideline 

Please see also our instruct ions to authors 



https://www.embopress.org/page/journal/14602075/authorguide#expandedview 

Please remember: Digital image enhancement is acceptable pract ice, as long as it  accurately
represents the original data and conforms to community standards. If a figure has been subjected
to significant electronic manipulat ion, this must be noted in the figure legend or in the 'Materials and
Methods' sect ion. The editors reserve the right  to request original versions of figures and the
original images that were used to assemble the figure. 

Further informat ion is available in our Guide For Authors:
ht tps://www.embopress.org/page/journal/14602075/authorguide 

The revision must be submit ted online within 90 days; please click on the link below to submit  the
revision online before 3rd Sep 2020. 

ht tps://emboj.msubmit .net/cgi-bin/main.plex

------------------------------------------------ 

Referee #1: 

The authors have carefully addressed most of the points and suggest ions raised in the original
review. 
One point  is st ill important to clarify: 
In the response to reviewers, the authors state "Of note, prolonged treatment with PORCN
inhibitors does not allow survival of onco-RNF43 organoids. The reasons for this are unclear." 
However in the text  the authors state: "Taken together, onco-RNF43 expression confers
resistance of human colon organoids to PORCN inhibitor by promot ing downstream b-catenin-
mediated transcript ion." 

The authors results clearly show a different ial sensit ivity to PORCN inhibitors between WT
organoids and those expressing RNF43-Onc mutants, however if they ult imately are sensit ive to
the inhibitors, this should be clearly stated and showed. This is especially important given that the
authors discuss a possible "contraindicat ion" to PORCN inhibitors or other strategies to inhibit  Wnt
signalling. If the cells are st ill reliant  (albeit  less) on Wnt and Rspo ligands and in the end stop
growing in the presence of PORCN inhibitor, will this be a "contraindicat ion"?



16th Jun 2020Editorial Correspondence

Dear Madelon,

This is just another brief note on your manuscript EMBOJ-2019-103932 as we received 
delayed re-review input from referee #2, stating his-her agreement to our decision to 
proceed with acceptance of the revised work.

Best regards,
Daniel

Daniel Klimmeck, PhD
Editor
The EMBO Journal

Additional input referee #2:

I am very sorry for my inability to get this done in a timely fashion. I concur with your 
decision to move ahead with the manuscript. 



The authors performed the requested changes.

19th Jun 20202nd Authors' Response to Reviewers



22nd Jun 20202nd Revision - Editorial Decision

Dear Madelon, 

Thank you for submit t ing the revised version of your manuscript . I have now evaluated your
amended manuscript  and concluded that the remaining minor concerns have been sufficient ly
addressed. 

Thus, I am pleased to inform you that your manuscript  has been accepted for publicat ion in the
EMBO Journal. 

Please note that it  is EMBO Journal policy for the t ranscript  of the editorial process (containing
referee reports and your response let ter) to be published as an online supplement to each paper. 

Also in case you might NOT want the t ransparent process file published at  all, you will also need to
inform us via email immediately. More informat ion is available here:
ht tp://emboj.embopress.org/about#Transparent_Process 

------------------------------------------------ 

Please note that in order to be able to start  the product ion process, our publisher will need and
contact  you regarding the following forms: 

- PAGE CHARGE AUTHORISATION (For Art icles and Resources)
ht tp://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1460-2075/homepage/tej_apc.pdf

- LICENCE TO PUBLISH (for non-Open Access)

Your art icle cannot be published unt il the publisher has received the appropriate signed license
agreement. Once your art icle has been received by Wiley for product ion you will receive an email
from Wiley's Author Services system, which will ask you to log in and will present them with the
appropriate license for complet ion. 

- LICENCE TO PUBLISH for OPEN ACCESS papers

Authors of accepted peer-reviewed original research art icles may choose to pay a fee in order for
their published art icle to be made freely accessible to all online immediately upon publicat ion. The
EMBO Open fee is fixed at  $5,200 (+ VAT where applicable). 

We offer two licenses for Open Access papers, CC-BY and CC-BY-NC-ND. 
For more informat ion on these licenses, please visit : ht tp://creat ivecommons.org/licenses/by/3.0/ and
http://creat ivecommons.org/licenses/by-nc-nd/3.0/deed.en_US 

- PAYMENT FOR OPEN ACCESS papers

You also need to complete our payment system for Open Access art icles. Please follow this link
and select  EMBO Journal from the drop down list  and then complete the payment process:
ht tps://authorservices.wiley.com/bauthor/onlineopen_order.asp 



On a different note, I would like to alert you that EMBO Press is current ly developing a new format 
for a video-synopsis of work published with us, which essent ially is a short , author-generated film 
explaining the core findings in hand drawings, and, as we believe, can be very useful to increase 
visibility of the work. 
Please see the following link for a representat ive example: 
ht tp://embopress.org/video_EMBOJ-2014-90147 

Please let me know, should you be interested to engage in commissioning a similar video synopsis 
for your work. According operat ion instruct ions are available and intuit ive. 

Finally, we have noted that the submit ted version of your art icle is also posted on the preprint 
plat form bioRxiv. We thus appreciate if you could alert bioRxiv on the acceptance of this manuscript 
at The EMBO Journal in order to allow for an update of the entry status. Thank you in advance! 

If you have any quest ions, please do not hesitate to call or email the Editorial Office. 

Thank you again for this contribut ion to The EMBO Journal and congratulat ions on a successful 
publicat ion! Please consider us again in the future for your most excit ing work. 

Kind regards, 

Daniel 

Daniel Klimmeck, PhD 
Editor 
The EMBO Journal 
EMBO 
Postfach 1022-40 
Meyerhofstrasse 1 
D-69117 Heidelberg
contact@embojournal.org
Submit at : ht tp://emboj.msubmit .net
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� common tests, such as t-test (please specify whether paired vs. unpaired), simple χ2 tests, Wilcoxon and Mann-Whitney 
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods 
section;

� are tests one-sided or two-sided?
� are there adjustments for multiple comparisons?
� exact statistical test results, e.g., P values = x but not P values < x;
� definition of ‘center values’ as median or average;
� definition of error bars as s.d. or s.e.m. 

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. 
randomization procedure)? If yes, please describe. 

For animal studies, include a statement about randomization even if no randomization was used.

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results 
(e.g. blinding of the investigator)? If yes please describe.

4.b. For animal studies, include a statement about blinding even if no blinding was done

5. For every figure, are statistical tests justified as appropriate?

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Is there an estimate of variation within each group of data?

Is the variance similar between the groups that are being statistically compared?

NA

No data was excluded

NA
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Yes

NA 

Yes, all error bars represent either the SEM or SD

NA

NA

NA

NA

1. Data

the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the 
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically 
meaningful way.

The data shown in figures should satisfy the following conditions:

Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship 
guidelines on Data Presentation.

Please fill out these boxes ê (Do not worry if you cannot see all your text once you press return)

a specification of the experimental system investigated (eg cell line, species name).

The sample size was chosen according to previous experience in the lab for assessment of β-
catenin-mediated reporter activity or organoid number

graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should 
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be 
justified

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

Each figure caption should contain the following information, for each panel where they are relevant:

2. Captions

C- Reagents

B- Statistics and general methods

the assay(s) and method(s) used to carry out the reported observations and measurements 
an explicit mention of the biological and chemical entity(ies) that are being measured.
an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

a statement of how many times the experiment shown was independently replicated in the laboratory.

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

 

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself. 
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).  
We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human 
subjects.  

definitions of statistical methods and measures:

a description of the sample collection allowing the reader to understand whether the samples represent technical or 
biological replicates (including how many animals, litters, cultures, etc.).

EMBO PRESS 

A- Figures 

Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are 
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s 
authorship guidelines in preparing your manuscript.  

PLEASE NOTE THAT THIS CHECKLIST WILL BE PUBLISHED ALONGSIDE YOUR PAPER

Journal Submitted to: EMBO Journal
Corresponding Author Name: Prof. Madelon Maurice

YOU MUST COMPLETE ALL CELLS WITH A PINK BACKGROUND ê



6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog 
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g., 
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for 
mycoplasma contamination.

* for all hyperlinks, please see the table at the top right of the document

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing 
and husbandry conditions and the source of animals.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the 
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), e1000412, 2010) to ensure 
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting 
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations.  Please confirm 
compliance.

11. Identify the committee(s) approving the study protocol.

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments 
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human 
Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained.

14. Report any restrictions on the availability (and/or on the use) of human data or samples.

15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable.

16. For phase II and III randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) 
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting 
Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at 
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data 
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462, 
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for: 
a. Protein, DNA and RNA sequences 
b. Macromolecular structures 
c. Crystallographic data for small molecules 
d. Functional genomics data 
e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the 
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets 
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured 
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).
20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting 
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the 
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).
21. Computational models that are central and integral to a study should be shared without restrictions and provided in a 
machine-readable form.  The relevant accession numbers or links should be provided. When possible, standardized format 
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM 
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top 
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited 
in a public repository or included in supplementary information.

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top 
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines, 
provide a statement only if it could.

Only commercial antibodies have been used: Validations for all antibodies were reported on the 
supplier's websites.

NA

NA

NA

NA

NA

A data availability section is provided at the end of the Materials & Methods stating: The datasets 
generated in this study are available from the corresponding author upon (reasonable) request. 
RNA sequencing raw data files have been deposited to  the NCBI GEOrepository (accession number 
GSE129288).

NA (or say something mass spec data summarized in Tables? Or something?)

NA  

NA

NA

NA

NA

G- Dual use research of concern

F- Data Accessibility

NA

All experimentation using human organoids described herein was approved by the ethical 
committee at University Medical Center Utrecht (UMCU; TcBio #12-093). Informed consent for 
tissue collection, generation, storage, and use of the organoids was obtained from the patients at 
UMCU. 

NA

HEK293T cells and SW480 cells were from ATCC. L cells producing Wnt3a (L-Wnt3a) were 
produced as described (Tauriello et al. 2010) Rspo- and Noggin-producing HEK293T cells were 
described before (Fenderico et al., 2019). All experimentation using human organoids described 
herein was approved by the ethical committee at University Medical Center Utrecht (UMCU; TcBio 
#12-093). Informed consent for tissue collection, generation, storage, and use of the organoids was 
obtained from the patients at UMCU.
Mycoplasma contamination was tested for monthly and was always negative.
No commonly misidentified lines were used.

The following primary antibodies were used for immunoblotting (IB), immunofluorescence (IF) or 
immunoprecipitation (IP): 
goat anti-Axin1 (R&D systems, AF3287),
goat anti-CK1ε (Santa Cruz, sc-6471, C-20), 
goat anti-CK1α (Santa Cruz, sc-6477, C-19), 
rabbit anti-GSK3β (Cell Signaling, #9315, 27C10), 
mouse anti-β-catenin (BD Transduction laboratories, 610153, clone 14), mouse anti-active β-
catenin (Millipore, 8E7)
rabbit anti-APC (Santa Cruz, sc-7930, H290), rabbit anti-TCF4/TCF7L2 (Cell Signaling, 2569T)
rabbit anti-FLAG (Sigma-Aldrich, F7425), 
rat anti-HA (Sigma, 11867423001, 3F10), 
rabbit anti-V5 (Sigma-Aldrich, V8137), 
mouse anti-FLAG (Sigma-Aldrich, F3165, M2), 
mouse anti-V5 (Genscript, A01724, 4C12E11), 
mouse anti-GFP (Roche, 11814460001, clone 7.1 and 13.1), 
mouse anti-actin (MP Biomedicals, 08691002, clone 4)
Primary antibodies were diluted conform manufacturer’s instructions. 
All secondary antibodies were conjugated with either Alexa Fluorphores (Life Technologies) or 
IRDyes (LI-COR).
Only commercial antibodies have been used: Validations for all antibodies were reported on the 

D- Animal Models

E- Human Subjects
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