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RNF43 mutation analysis in serrated polyposis, sporadic serrated polyps and Lynch

syndrome polyps

Aims: RNF43 is suggested to be involved in the ser-
rated pathway towards colorectal cancer and encodes
a transmembrane Ring-type E3 ubiquitin ligase that
negatively regulates the Wnt pathway. This study
aimed to elucidate the role of RNF43 gene variants in
serrated polyposis syndrome (SPS) and serrated polyps.
Methods and results: Three cohorts were tested. The
first cohort included germline DNA of 26 SPS patients
tested for pathogenic variants in RNF43 by Sanger
sequencing all exons. In the second cohort we tested
somatic DNA for RNF4 3 mutations from sporadic ser-
rated lesions: 25 hyperplastic polyps, 35 sessile ser-
rated lesions and 38 traditional serrated adenomas
(TSA). In the third cohort we investigated RNF43
mutations in 49 serrated polyps and 60 conventional
adenomas from 40 patients with Lynch syndrome.
No germline RNF43 pathogenic variants were

detected in our SPS cohort. In sporadic colorectal
lesions we detected RNF43 deleterious frameshift
mutations in three TSA and one SSL. The RNF43
mutations in previously described homopolymeric
hot-spots were detected in microsatellite-instable
(MSI) polyps and the other RNF43 mutations in
microsatellite-stable (MSS) serrated polyps. RNF43
hot-spot mutations were discovered in seven serrated
polyps and 12 conventional adenomas from Lynch
patients.

Conclusion: Truncating germline RNF43 mutations
are uncommon in SPS patients. Somatic mutations in
RNF43 were found in sporadic TSA and SSL and
both serrated polyps and adenomas from Lynch syn-
drome patients, suggesting that they do not develop
early in the pathway to CRC and are not specific for
serrated polyp subtypes.

Keywords: serrated polyposis syndrome, serrated polyps, RNF43, somatic mutation

Introduction

The Wnt signalling pathway plays a central role in
colorectal carcinogenesis; but affected components

differ between precursor lesions. APC mutations are
present in the majority of conventional adenomas,
while the precursors in the serrated pathway show
aberrations in other genes of the Wnt signalling
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pathway.! RNF43 encodes a transmembrane Ring-
type E3 ubiquitin ligase that negatively regulates the
Wnt pathway.”? RNF43 was proposed as a candidate
gene for serrated polyposis syndrome (SPS) in two
whole-exome sequencing studies.>* A Spanish cohort
discovered one SPS patient with a probably patho-
genic RNF43 variant out of 96 screened SPS patients
(1.0%)° and a large multinational cohort found five
of 304 (1.6%) tested SPS patients with probably
pathogenic RNF43 variants.®” Worldwide, 16 carri-
ers from 10 families have been reported to the pre-
sent time.> ®%

SPS is a polyposis syndrome that is characterised
by the presence of multiple serrated polyps.” Histolog-
ical subtypes of serrated polyps are hyperplastic
polyps (HP), sessile serrated lesions (SSL) and tradi-
tional serrated adenomas (TSA).° These lesions are
morphologically marked by a saw-tooth shape in the
epithelium of the crypts, and can progress to CRC.’
The increased risk of CRC in first-degree relatives
(FDR) of SPS patients and the occasional clustering of
SPS cases within families suggests a partial hereditary
aetiology.'®'? Various modes of inheritance, such as
autosomal dominant, recessive or co-dominant, have
been proposed.!®!? Until now no definite inheritance
has been proven. As a genetic test for SPS is therefore
not available, the diagnosis is made on the basis of
clinical criteria of the World Health Organisation
(WHO) based on number, size and location of the ser-
rated polyps.”'!® Such a genetic test could aid in more
accurate risk calculation and selection of patients for
closer surveillance.

Somatic RNF43 mutations might be involved in
the development of sporadic serrated polyps, similar
to APC in familial adenomatous polyposis and spo-
radic conventional adenomas. Somatic RNF43 muta-
tions can be found in approximately 18% of sporadic
CRC, strongly associated with microsatellite instability
(MSI) and mutually exclusive with APC mutations.'*
Sporadic MSI CRC can develop from serrated polyps,
suggesting that RNF43 mutations might play a role
in the serrated pathway to CRC." RNF43 mutations
in serrated polyp subtypes have been described
mainly in TSA, less frequently in SSL and least often
in HP. For SSL, most RNF43 mutations are described
in MutL homologue 1 (MLH1)-deficient SSL with dys-
plasia,®1317

In this study we investigate RNF43 variants in
germline DNA of SPS patients and somatic DNA from
colorectal polyps. We wused three cohorts: SPS
patients, sporadic serrated polyps, and polyps from
Lynch syndrome patients. Our first aim was to test

whether germline RNF43 mutations are present in
our cohort of SPS patients. Our secondary aim was to
determine the frequency of somatic RNF43 mutations
in both sporadic serrated polyps and lesions from
Lynch syndrome patients and the relationship to MSI.

Methods

All patients were recruited at the Radboud University
Medical Center, Nijmegen, the Netherlands; we
assembled three independent cohorts to evaluate the
role of RNF43, as shown in Figure 1.

SPS PATIENT (GERMLINE) COHORT

In cohort 1 we used a candidate gene approach to
detect germline mutations in SPS patients. Cohort 1
consisted of 26 adult patients without a known
MUTYH, APC or other CRC predisposing germline
mutation that fulfilled the WHO criteria for SPS.*
Patients signed informed consent prior to isolation of
DNA from peripheral blood using standard proce-
dures. We collected patient clinical characteristics
and family history during interviews and from the
available medical files. Total polyp count, total ser-
rated polyp count and total adenomatous polyp count
were calculated from all endoscopies. Polymerase
chain reaction (PCR) and Sanger sequencing were
performed using standard procedures.'® For germline
DNA of SPS patients we performed Sanger sequencing
of all exons, starting in exon 2 where the translation
start site is located.

POLYP COHORTS

In order to search for somatic mutations in different
polyp subtypes we used two cohorts. In cohort 2 we
collected 150 sporadic serrated polyps from 98
patients, subdivided into 50 HP, 50 SSL and 50
TSA from our local archive. HP and SSL were con-
secutive lesions from 1 January 2013. Consecutive
cases of TSA were included between 1 January
1995 and 1 July 2013. An expert pathologist
(I.D.N.) revised all included colorectal lesions to ver-
ify the serrated subtypes; a second expert pathologist
(G.A.M.) revised all TSA samples to confirm the
diagnosis. In cohort 3 we collected conventional
adenomas (n = 61) and serrated polyps (n = 55)
from 40 patients with Lynch syndrome recruited
from our local familial cancer registry. From each
patient we included both serrated polyps and con-
ventional adenomas.

© 2020 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology, 78, 749-758.
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Figure 1. Flow-chart of sample collection and analysis in the three cohorts. [Colour figure can be viewed at wileyonlinelibrary.com]

DNA SEQUENCING

We isolated DNA from colorectal lesions after
macrodissection from formalin-fixed paraffin-embed-
ded slides, as described previously.'® If necessary, we
purified the DNA using the GenElute PCR Clean-up
kit (Sigma-Aldrich, Saint Louis, MO, USA). Polyp
samples with poor DNA concentration were excluded.
We performed Sanger sequencing of codons 117 and
659, as these were previously described hot-spot
mutations. The sequences of primers used are sum-
marised in Tables S1 and S2. For all available SSL
and TSA additional sequencing was performed at a
later stage, with single-molecule molecular inversion
probes (smMIPs).>° A panel of smMIPs was used that
included 56 smMIPs for RNF43 (covering exons 2—
10 of ENSTO0000407977); two for codons 12 and

13 of KRAS; two for codon 61 of KRAS; and three
for codon 600 of BRAF. The smMIP library prepara-
tions were performed manually, as described previ-
ously.?’ The smMIP library was sequenced at the
Radboudumc Genomics Technology Center on a
NextSeq500 (Illumina, San Diego, CA, USA), accord-
ing to the manufacturer’s protocol (300 cycles high-
output sequencing kit) resulting in 2 x 150 base
pairs (bp) paired-end reads. Afterwards, BCL-to-
FASTQ conversion and demultiplexing of barcoded
reads was performed automatically (Illumina). Map-
ping of reads to the reference genome (GRCh37/
hg19), consensus read building and variant calling
was performed with SeqNext software from JSI medi-
cal systems (version 5.1.0, build 503; JSI Medical
Systems, Ettenheim, Germany), with settings as previ-
ously described.?® For variant calling, the following
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settings were used: required coverage/minimum abso-
lute coverage: 20 combined; variants/minimum abso-
lute coverage: five combined; minimum percentage
coverage: 5% per dir. Subsequently, we removed syn-
onymous variants, variants in untranslated regions
(UTRs), variants in non-coding regions and SNPs
with AF > 0.01 (GnomAD database). Lastly, variants
that were called based on <10% mutant reads and/or
<10 total reads, but which could be cytosine deami-
nations, were also removed.

MICROSATELLITE STABILITY TESTING

All polyps were immunohistochemically stained with
monoclonal antibodies against MLH1 (BD Pharmin-
gen 551091, 1:40; BD Pharmingen, San Jose, CA,
USA), PMS homologue 2 (PMS2) (BD Pharmingen
556415, 1:50), MutS homologue 2 (MSH2) (Cal-
biochem NA26, 1:40; Calbiochem, Darmstadt, Ger-
many) and MSH6 (Abcam ab92471, 1:500; Abcam,
Cambridge, UK) and developed with Powervision
(LabVision, Cheshire, UK). We scored staining as posi-
tive, negative or unclear, as previously described.?!
When mismatch repair (MMR) protein staining was
negative or unclear, we tested MSI using a panel of
microsatellite markers (D2S123, D5S346, D17S250,
BAT25, BAT26 and BAT40). MSI status was charac-
terised as MSI when more than one marker was
unstable and microsatellite stable (MSS) with one or
no unstable markers.

STATISTICS AND ETHICAL APPROVAL

Descriptive statistics were used to summarise patient
and lesion characteristics. All analyses were per-
formed with SPSS version 20. The rate of RNF43
mutations as a primary outcome for this study was
determined as a percentage of the total number of
polyps or patients. The local medical ethics committee
approved the study protocol for germline DNA testing
of SPS patients (NL44839.091.13) and the study pro-
tocol for testing of somatic polyp DNA (CMO 2015-
1882).

Results
RNF43 GERMLINE VARIANTS AND SPS

We included 26 SPS patients whose clinical data are
summarised in Table 1. This group shows hetero-
geneity on age, gender, total polyp counts and history
of CRC. We detected no truncating germline variants
in RNF43 in our study population. All detected single

nucleotide  polymorphisms  (SNP)  (rs3744093,
rs2257205, rs76384648, rs2680701, rs34523089,
rs2526374, rs9652855, rs61746279, rs2158460)
showed allele frequencies similar to the frequencies in
the HapMap-CEU population or CSAgilent population
(participants with European ancestry).>”

SOMATIC RNF43 MUTATIONS AND SPORADIC
SERRATED POLYPS

After histological review, samples with poor DNA
quality were excluded and 98 serrated polyps were
analysed. These were diagnosed as HP (n = 25), SSL
(n = 35) and TSA (n = 38). Two SSL with low-grade
dysplasia were included. Of the TSA, two showed
high-grade dysplasia (HGD), one showed a transition
to adenocarcinoma and 35 showed low-grade dys-
plasia (LGD). The majority of HP (76%) and SSL
(85.7%) were removed from the proximal colon,
while TSA were most often removed from the distal
colon (23.1% proximal). We detected loss of expres-
sion in at least one of the MMR genes in seven ser-
rated polyps, while staining was unclear in eight
serrated polyps. After MSI status testing, 10.2% were
MSI (n = 10) (Table 2). Sanger sequencing showed
somatic RNF43 mutations in two TSA (5.3%) and
none in the other SP subtypes. A p.Argll7fs muta-
tion constituting of a deletion of 1 bp in a homopoly-
meric tract of six C—G pairs was seen in one TSA. In
one other TSA we detected a p.Gly659fs deletion of
1 bp in a MSI locus of seven C-G pairs. We detected
loss of expression of MSH6 in both TSA with RNF43
mutations, and the TSA with p.Argl17fs mutations
additionally showed loss of expression of MSH2 (Fig-
ures 2 and 3). Further investigation into the patients
that presented with these TSA showed that they were
both patients with known Lynch syndrome. Addi-
tional sequencing using smMIPs confirmed both these
RNF43 mutations, and found an additional p.Glu318-
Ter variant in the previously mentioned TSA with
the p.Gly659fs mutation. Furthermore, a
p.Arg40Lysfs mutation in an MSS SSL and a
p.Gly67Asp mutation in an MSS TSA were detected,
both with a BRAF hot-spot V60OE variant. In total,
two SSL (5.7%) and 10 TSA (26.3%) were BRAF
V600E-mutated and 12 TSA (31.6%) showed KRAS
hot-spot mutations (Table S3).

SOMATIC RNF43 MUTATIONS IN LYNCH
SYNDROME-ASSOCIATED POLYPS

Because two randomly selected TSAs came from
Lynch syndrome patients, we established a third

© 2020 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology, 78, 749-758.



Table 1. Characteristics of SPS patients
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Number Number ~ WHO criteria Age at History of  History of extracolonic

Patient no.  Sex of SP of AD 2010 diagnosis*  first polyp  CRC cancer Smoking status
SPS1 Female >31 >13 3 47 No Breast cancer Current smoker
SPS2 Female 9 0 2 24 No No Current smoker
SPS3 Female 30 5 3 47 No No No smoker

SPS4 Male 17 2 1 57 No No No smoker

SPS6 Female 10 9 1 51 No No No smoker

SPS7 Female 1 0 2 39 No No No smoker

SPS9 Female  Multiple 0 1+3 59 Yes, 3x**  No No smoker

SPS10 Male 70 12 1+3 60 No No Former smoker
SPS11 Male >63 2 1+3 45 No No Current smoker
SPS12 Female 46 7 3 54 No Hodgkin lymphoma Former smoker
SPS13 Male 22 5 3 56 No No Former smoker
SPS19 Female 63 1 1+3 52 Yes, 1x No Former smoker
SPS20 Male >46 1" 1+3 64 No No Former smoker
SPS21 Female >10/multiple >4 3 45 No No Current smoker
SPS22 Female 61 0 1+3 60 No No Current smoker
SPS24 Male 25 6 1+3 71 No No Former smoker
SPS25 Male 44 0 1+3 42 No No No smoker

SPS26 Male 22 17 3 49 No No Former smoker
SPS27 Male 21 1 3 57 No Pancreatic IPMN Former smoker
SPS28 Female >25 7 1+3 67 No Adrenal incidentaloma  Current smoker
SPS29 Male >63 2 1+3 59 No No Current smoker
SPS32 Male 30 9 3 50 No No Former smoker
SPS33 Female 32 4 1+3 77 No No Current smoker
SPS34 Male >25 2 1+3 75 Yes, 1x No Former smoker
SPS36 Male 32 17 1+3 61 No No Current smoker
SPS37 Female 21 4 3 73 No Breast cancer Former smoker

SP, Serrated polyp; SPS, Serrated polyposis syndrome; AD, Conventional adenoma; CRC, Colorectal carcinoma.

*According to the WHO criteria: 1, >5 SP proximal to the sigmoid (>2 larger than 10 mm); 2, >1 SP proximal to the sigmoid + first-degree
relative with SPS; 3, >20 SP of any size, distributed over the entire colon.

**SPS09: one medullar carcinoma, one poorly differentiated adenocarcinoma and one mucinous carcinoma.

cohort. After histological revision and exclusion of
samples with poor DNA quality, 48 serrated polyps
and 61 conventional adenomas from Lynch syn-
drome patients were included. Of the serrated polyps,
the majority (n = 37) were HP and 11 were SSL, one
of which contained dysplasia. Within the subgroup of

conventional adenomas the largest group were tubu-
lar adenoma (n=57) and the rest (n= 3) were
tubulovillous adenomas. One of the tubular adeno-
mas contained HGD, the rest LGD. Using Sanger
sequencing 15 p.Gly659 frameshift mutations were
detected, which were found in 10 tubular adenomas,

© 2020 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology, 78, 749-758.
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Table 2. Characteristics of sporadic colorectal lesions

HP (7 = 25) SSL (n = 35) TSA (n = 38)
Proximal location 19 (76%) 30 (85.7%) 9 (23.7%)
Dysplasia - 2 (5.7%) 38 (100%)
CRC in polyp - - 1(2.6%)
MSS* 24 (96.0%) 31 (86.6%) 33 (81.6%)
RNF43 - 1 x p.Arg40Lysfs 1 x p.Gly67Asp
MS|* 1(4.0%) 4(4.1%) 5 (5.1%)
RNF43 - - 1 x p.Arg117fst

1 x p.Gly659fs + p.Glu318Tert

HP, Hyperplastic polyp; SSL, Sessile serrated lesion; TSA, Traditional serrated adenoma; CRC, Colorectal carcinoma; MSI, Microsatellite-in-

stable; MSS, Microsatellite-stable; MMR, Mismatch repair.

*Immunohistochemistry for MMR genes normal staining pattern and normal pentaplex.
TAlthough cases were randomly selected based on histological diagnosis, these polyps turned out to be from known Lynch syndrome

patients.

100 110 120
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Figure 2. Deleterious frameshift mutation encoding p.Argl17fs.

one SSL and four HP. p.Argll7 frameshifts were
detected in six lesions, five tubular adenomas and one
SSL. In three tubular adenomas both the p.Gly659
and p.Argll7 frameshift were present. Additional
sequencing (only in SSL and TSA) using smMIPs con-
firmed the p.Argll17 frameshift mutation in an SSL
and detected an additional p.Gly659Val frameshift
mutation in a SSL with dysplasia previously not
detected by Sanger sequencing (Table 3, Table S3).
RNF43 mutations were discovered in both MSI and
MSS polyps of all subtypes and the relationship
between the RNF43 mutation and the MSI status is
shown in Table 3 and Table S3. The three polyps
with two mutations were all MSI. From the 16 polyps
with one detected mutation eight were MSS (50%)
and eight MSI (50%), as shown in Table S3.

Discussion

We set out to elucidate the relation of RNF43 muta-
tions with the serrated pathway in both hereditary
and sporadic serrated polyps. In our cohort of 26 SPS

patients we detected no germline truncating RNF43
mutations. In unselected TSA and SSL, we observed
sporadic RNF43 frameshift mutations in previously
described hot-spots (p.Argll7fs and G659fs) in TSA
with MSI and mutations outside these hot-spots in
MSS serrated polyps. Somatic RNF43 mutations were
more common in polyp DNA from Lynch patients,
and were found in seven serrated polyps and 12 ade-
nomas in our cohort of 109 lesions.

Somatic RNF43 mutations in approximately 18%
of sporadic CRC are strongly associated with MSI and
mutually exclusive with APC mutations.'® It is not
known which precursor lesions precede the RNF43-
mutated CRC because of the loss of typical histologi-
cal morphology. In our cohort of sporadic serrated
lesions, RNF43 mutations were found in a low per-
centage of both TSA and SSL (7.9 and 2.8%, respec-
tively). This is in line with previous data that show
that TSAs more commonly contain genetic alterations
that lead to Wnt pathway activation, in contrast to
other serrated polyps.'” We detected a lower propor-
tion of RNF43-mutated TSA (7.9%) compared to pre-
vious studies that reported 24% and 38% RNF43

© 2020 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology, 78, 749-758.
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Figure 3. Immunohistochemistry of traditional serrated adenoma (TSA) with p.Argl17fs. A, MutL homologue 1 (MLH1) staining; normal
expression of the MLH1 mismatch repair (MMR) protein. B, MutS homologue 2 (MSH2) staining; loss of expression of the MSH2 MMR pro-
tein. C, MSH6 staining; loss of expression of the MSH6 MMR protein. D, PMS homologue 2 (PMS2) staining; normal expression of the PMS2
MMR protein.

Table 3. RNF43 hot-spot mutations in MSI and MSS polyps from Lynch patients

RNF43 MS staining HP (n = 37) SSL (7 = 11) TA (n = 58) TVA (n=3) Total (7 = 109)
No hot-spot mutation MSI - - 7 2 9 (8.2%)

MSS 28 7 36 1 72 (66.0%)

Unclear 5 1 3 - 9 (8.2%)
p.Arg117fs MSI - - 2 - 2 (1.8%)

MSS - 1 - - 1(0.9%)
p.Gly659fs MSI 1 1 4 - 6 (5.5%)

MSS 3 1 3 - 7 (6.4%)
Both hot-spot mutations MSI - - 3 - 3 (2.7%)

MSS - - - - 0 (0%)

MSI, Microsatellite-instable; MSS, Microsatellite-stable; MS, Microsatellite; MMR, Mismatch repair; HP, Hyperplastic polyp; SSL, Sessile
serrated lesion; TA, Tubular adenema; TVA, Tubulovillous adenoma.
*Immunohistochemistry for MMR genes normal staining pattern.

mutations.'®!” We did not replicate the association RNF43-mutated TSA also showed a V600E BRAF
of RNF43-mutated TSA with the BRAF V600OE muta- mutation in addition to one RNF43-mutated SSL with
tion previously described, as in our cohort only one a BRAF V600E mutation.”* We did not find

© 2020 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology, 78, 749-758.
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histopathological differences in the cohorts to explain
this. It is possible that inclusion bias due to the size
of the cohorts or missed RNF43 lesions due to lower
smMIPs sequencing coverage in our cohort con-
tributed to these differences. Our result of 2.8%
RNF4 3-mutated SSL is similar to previously reported
RNF43-mutated non-dysplastic SSL.">'7 The low
number of RNF43 mutations in SSL in our cohort
can be explained because we mainly included SSL
without dysplasia (33 of 35), with a low percentage
of MLH1 hypermethylation, reflecting an early stage
of these polyps. In contrast, in other cohorts that
included dysplastic SSL with MLH1 hypermethylation,
RNF43 mutations were reported to be as high as
86%.'° This reflects that the RNF43 mutation is
likely to be a later event in the serrated pathway.

One common pathway in the progression of precur-
sor lesions towards CRC is activation of the Wnt sig-
nalling pathway. In sporadic adenomas, this is an
early step in carcinogenesis mediated in the majority
of cases by truncating mutations in APC. Mutations
in RNF43 may lead to increased Wnt signalling due
to increased presence of the Frizzled Wnt receptor on
the cell surface.*> Thus, RNF43 seem to be an alter-
native carcinogenesis pathway. However, recent stud-
ies show that the RNF43 G659fs mutation that is
described as a RNF43 hot-spot mutation probably
has no effect on RNF43 activity and is likely to be a
mutation secondary to MLH1 deficiency.?* Our
results in serrated polyps, with RNF43 mutations in
previously described microsatellite hot-spots and the
association with MSI, suggest that these mutations
indeed occur as a result of MMR deficiency. In con-
trast, we also describe RNF43 mutations outside
these hot-spots in MSS serrated polyps that cannot be
explained by this pathophysiological mechanism.

The development of serrated lesions in Lynch syn-
drome patients is common.?> RNF43 is less fre-
quently mutated in hereditary MSI CRC compared to
sporadic CRC,%® arguing that sporadic microsatellite
unstable CRC arise from serrated polyps, while Lynch
syndrome cancers commonly derive from colorectal
adenomas with APC or CTNNBI mutations.?® In our
subset of serrated polyps and adenomas from Lynch
syndrome patients we found RNF43 mutations,
mainly in conventional adenomas, but also in four
HP and three SSL. We did not find RNF43-mutated
HP in our sporadic cohort, but whether or not this is
purely the influence of polyp selection is not clear.
Due to the MSI in Lynch patients these lesions are at
high risk for these mutations, but this does not seem
to be a specific feature for serrated polyps. The pres-
ence of RNF43 mutations in different subtypes of

CRC might become clinically relevant, because these
tumour specifics are suggested be associated with the
more aggressive CRC phenotype®”?® and are sus-
pected to raise susceptibility to porcupine inhibition.?’
As these polyps in Lynch syndrome patients are pre-
cursors to RNF43-mutated CRC, it is relevant to
know the difference between mutations spectra that
might lead to RNF43-mutated CRC in Lynch syn-
drome and their characteristics.

RNF43 is one of the candidate genes for SPS based
on previous studies.>* However, we and others could
not confirm this in other SPS populations.>” While
the patients described in the initial discovery cohort?
are comparable in age to our population, more
recently described SPS patients with RNF43 patho-
genic variants* seem to be more severely affected at a
younger age. Although not completely clear in all
publications, the patients previously described with
RNF43 pathogenic variants present with mainly ser-
rated polyps and sporadic adenomatous polyps, com-
parable to our patients. Overall, RNF43 variants are
not a common germline defect predisposing for
SPS.>>7% Due to the clinical criteria used to define
SPS, it is a heterogenous group and it is likely that
only a minor subset will be attributable to high-pene-
trance germline genetic defects. Previous evidence
suggests that smoking might be one of the underlying
causative factors for the development of SPS.?° In our
cohort, 77% of SPS patients were found to be current
or former smokers, which is higher than the overall
prevalence rate of 49% of ever smokers in Europe.>!
In previous studies it is unknown how many of the
study participants were smokers, making it possible
that smoking could have played a role in the develop-
ment of serrated polyps in our cohort.>™>7”"5,

A limitation of the study is that we included only 26
SPS patients. As SPS is a rare disease and often goes
unrecognised, this is a reasonable-sized cohort for this
analysis.>* A strength of this study is that we had a
large population of the rare serrated polyp subtype
TSA. While the interobserver variability of the patho-
logical diagnosis of serrated polyps is high, we tried to
decrease the influence of the uncertainty by review by
two expert pathologists. While the majority of HP are
small, and found in the rectum and distal colon in clini-
cal practice, our subset of HP mainly consisted of larger
proximal lesions. The two reasons for this are that small
rectal HP are often not removed by the clinician due to
their benign nature and that the DNA quality of small
HP was too poor to be included for sequencing. We
started by only testing two locations (codons 117 and
659) of the RNF43 gene in the somatic polyp DNA
using Sanger sequencing, but recognising the
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Table 4. Old and new WHO criteria for serrated polyposis
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2010 criteria®

2019 criteria"®

1 At least five serrated polyps proximal to the sigmoid colon
with two or more of these being >10 mm

1 >5 serrated lesions/polyps proximal to the rectum,
all being >5 mm in size, with >2 being >10 mm in size

2 Any number of serrated polyps proximal to the sigmoid NA NA
colon in an individual who has a first-degree relative with
serrated polyposis

3 >20 serrated polyps of any size, but distributed throughout 2 >20 serrated lesions/polyps of any size distributed
the colon throughout the large bowel, with >5 being proximal

to the rectum

NA, Not applicable.

importance of RNF43 mutations outside the hot-spots,
we later expanded with smMIPs sequencing of the
entire RNF43 gene. However, the coverage obtained
with this sequencing method was below an average of
100 reads for the RNF43 gene in 32 of 63 sequenced
polyps (Table S3). Thereby, we could have missed
somatic RNF43 mutations in other coding parts of the
gene.

We used the WHO 2010 criteria for SPS patients,
as these were the leading criteria for research at the
time of inclusion. Since then the new 2019 WHO cri-
teria have been formulated, which differ from the
2010 criteria in all three criteria,'® as can be seen in
Table 4. The previous second criterion is removed,
with the implication that family members of SPS
patients are no longer seen as affected if they have at
least one polyp. In our cohort, two patients were
included based on this criterion. We decided to retain
these patients in the study as they are related and
both from a large SPS family, making them of interest
for genetic research. All patients fulfilling criterion 3
in the WHO 2010 criteria also fulfilled the new 2019
criteria. Of the two patients fulfilling only criterion 1
in the 2010 criteria, one patient also fulfilled criterion
1 of the 2019 criteria; the other could not be defi-
nitely determined because the older endoscopy reports
did not specify smaller lesions as smaller or larger
than 5 mm. We do not think that the changed crite-
ria would have influenced the results of the study if
we had included them based on the 2019 criteria.
We believe that the age of the patients is likely to be
a more important limitation of the study.

Conclusion

Truncating germline RNF43 variants are uncommon
in SPS patients. Somatic deleterious frameshift

mutations in RNF43 were found in both serrated
polyps and adenomas from Lynch syndrome patients,
suggesting that the correlation between RNF43 and
MSI is stronger than the correlation with histological
subtypes of precursor lesions.
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