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Introduction: Sporadic desmoid-type fibromatosis (DTF) is a rare soft tissue tumor of mesenchymal
origin. It is characterized by local invasive growth and unpredictable growth behavior. Three distinct
mutations involving the CTNNB1 (B-catenin) gene have been identified in the vast majority of DTF tu-
mors, which cause activation of the Wnt signaling pathway and impact prognosis. This study examines
whether the different CTNNB1 mutants (T41A, S45F) occurring in DTF tumors differentially affect Wnt
signaling activity, which might explain the different disease course between DTF patients harboring
different CTNNB1 mutations.
Materials and methods: Real-time polymerase chain reaction (RT-PCR) on 61 formalin fixed paraffin
embedded DTF samples with known CTNNBI1 status was used to measure the relative mRNA expression
level of Wnt target genes AXIN2, DKK1 and CCND1. Additionally, publicly available mRNA expression data
retrieved from the Gene Expression Omnibus of 128 DTF samples were used for an unsupervised cluster
analyses based on the expression of a selection of Wnt targets.
Results: No statistically significant difference in relative expression levels of Wnt target genes AXIN2,
DKK1 and CCND1 was identified between either CTNNB1 wild-type, S45F or T41A mutated DTF samples.
Moreover, the hierarchical cluster analyses using selected Wnt targets did not discriminate between
different CTNNB1 mutation types.
Conclusions: No differences in the expression levels of Wnt target genes were observed between the
different CTNNB1 mutation types in DTF tumors. Further studies are needed to decipher the mechanism
accounting for the diverse disease courses between DTF patients with different CTNNB1 variants.

© 2018 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.

Introduction

between the second and fourth decade of life [6—9]. Sporadic DTF
has a mesenchymal origin, arising in musculoaponeurotic struc-

Sporadic desmoid-type fibromatosis (DTF) is a soft tissue tumor
characterized by local invasive growth and unpredictable growth
behavior with phases of progression, stable disease and even
spontaneous regression [1—4]. The incidence in the Dutch popu-
lation is approximately five cases per million people per year [5].
Affected patients are mostly females, with a peak incidence
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tures and can develop at practically any location in the body [10].
The most common localization is the abdominal wall whereas the
predominant extra-abdominal localizations are the trunk and the
proximal part of the extremities [7,11]. Treatment includes con-
servative management via active surveillance, surgical resection,
radiotherapy or systemic therapy. The latter option comprises non-
steroidal anti-inflammatory drugs (NSAIDs), anti-hormonal agents
such as tamoxifen, low dose chemotherapy such as a combination
of methotrexate with either vinblastine or vinorelbine, and tyrosine
kinase inhibitors such as imatinib, sorafenib, or nilotinib [12]. No
recommendations about the sequence of existing systemic
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Table 1

Patients and tumor characteristics of the Dutch and French cohort. The subgroups includes tumors harboring a T41A, S45F or a wild-type CTNNB1 mutation.

Clinicopathological characteristics

Dutch cohort

Total group (n=64)

Number of patients (%)

Subgroup (n=61)

French cohort

Total group (n=128)

Number of patients (%)

Subgroup (n=93)

Gender Male
Female
Unknown

Median age in years at diagnosis

(minimum age — maximum age)

Mutation type p.Thr41Ala
p.Ser45Phe
wild-type
other
Unknown

Tumor localization Extra-abdominal
Abdominal wall
Intra-abdominal
Unknown

Median tumor size on radiology in mm

(minimum size — maximum size

23 (35.9%)

41 (64.1%)

35 (4—79 years)
38 59.4%

12 18.8%

11 17.2%

3 4.7%*

38 59.4%

24 37.5%

2 3.1%

45 (10—135 mm)*©

22
39

34

(36.1%)
(63.9%)

(4—79 years)

(62.3%)
(19.7%)
(18%)
(62.3%)
(34.4%)
(3.3%)

(10-135 mm)?¢

45 35.2%

79 61.7%

4 3.1%

38 (1—74 years)?
45 35.2%

34 26.6%

14 10.9%

12 9.4%**

23 18%

86 67.2%

24 18.8%

12 9.4%

6 4.7%

70 (5—300 mm)°

36
56

37
45

34
14

66
20

70

38.7%

60.2%

1.1%

(1—73 years)®

(48.4%)

(36.6%)
(15.1%)

1.1%)

¥n=117, n= 11 missing value.
bn—90,n=3 missing value.

¢ n =47, n= 17 missing value.
4 n =44, n=17 missing value.
€n =107, n=21 missing value.
fn =84, n =9 missing value.
*n = 3, 133T > C (S45P).

**n =6, 133T > C (S45P), n = 1, c.113_149delCTAC; n = 1, c.132_191del; n = 1, ¢.133delinsAAGG; n = 1, c.97_102del; n = 1, ¢.105_107del; n = 1, ¢.[98C > T(+)99T > G].
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Table 2

Relative expression values of Wnt target genes AXIN2, CCND1 and DKK1 for the Dutch and French subgroups (tumors harboring a T41A, S45F or wild-type CTNNB1 gene

mutation.

A. Dutch cohort, subgroup data (n = 61)*P
AXIN2
CCND1
DKK1
B. French cohort, subgroup data (n=93)*

AXIN2 (224498 _x_at)
CCND1 (208711_s_at)
DKK1 (204602_at)

Median (IQR) p-value® (p < 0.05, 95% CI)
1.48(1.12) 0.273

0.61 (0.86) 0.029¢

0.02 (0.04) 0319

Median using log2
transformed data (IQR)

p-value® (p < 0.05, 95% CI)

4.80 (1.48) 0.058
5.89 (0.80) 0.486
520 (1.17) 0.652

a T41A, S45F and wild-type CTNNB1 tumors included.

b compared to house keeper gene Peptidylprolyl Isomerase A.

c calculated p-values using the Kruskal Wallis test.

d non-significant after Bonferoni correction for multiple testing.
IQR - interquartile range.

AXIN2 - Axin 2.

CCND1 - Cyclin D1.

DKK1 - Dickkopf 1.

CI - confidence interval.

treatment options can be given yet, although the recent results of a
randomized phase 3 trial suggest a possible role of sorafenib in
symptomatic patients [13]. Recurrence rates after treatment are
high with a 5-year local recurrence rate of 49% after surgery [9].

The CTNNBI1 (B-catenin) gene is mutated in the vast majority of
sporadic DTF tumors [9,14—22]. Normally, B-catenin acts as a key
mediator in the Wingless (Wnt) signaling pathway by operating as
a transcriptional activator through binding in the nucleus to
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Fig. 1. Dot plot depicting the individual data relative expression levels measured with realtime qPCR of Wnt target genes AXIN2, DKK1 and CCND1 in DTF harboring either a S45F or

T41A CTNNB1 mutation or wild-type DTF.
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il

A

mutation

W T4A
S45F

M wild-type

gender

B male
M female
I unknown

u

tumor localization
I extra-abdominal
I intra-abdominal
M abdominal wall
B unknown

age at diagnosis
< 27 years

W 27-37 years
38-55 years

M >55 years

M unknown

tumor size
<40 mm
B 40-69mm
M 70-104 mm
>104 mm
M unknown

tumor status
recurrence

W primary
M unknown
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members of the TCF/LEF transcription factor family. The CTNNB1
mutations, found in DTF, mainly affect two codons in exon 3;
substituting threonine at position 41 with alanine (T41A) and
replacing serine at position 45 with either phenylalanine (S45F) or
proline (S45P) [8,9]. These mutations prevent its phosphorylation,
poly-ubiquitination and subsequent proteasomal degradation.
Instead, B-catenin is stabilized and translocated into the nucleus
where it drives transcription of Wnt target genes. The Wnt
signaling cascade is involved in several biological processes like
embryonic development and maintenance and regeneration of
adult cells [23,24]. The aberrant activation of the Wnt signaling
pathway, as in DTF, is observed in various malignancies like colo-
rectal cancer, breast cancer and non-small cell lung cancer, and is
considered to be a driver of tumorigenesis [14,25—28]. The CTNNB1
genotype-phenotype relation has been extensively investigated in
liver cancer, providing evidence that different CTNNB1 mutations
are linked to different levels of f-catenin activation. The S45 mu-
tation leads to a weak activation and T41 mutations are associated
with a moderate activation which may yield differences in clinical
behavior [29]. Desmoid tumors that harbor a S45F mutation exhibit
a higher recurrence rate after primary resection than wild-type
(WT) and T41A mutant tumors [9,20,30,31] and were shown to
be more resistant for the NSAID meloxicam [32]. However, others
report conflicting results and could not reveal an impact of CTNNB1
mutations on outcome [18,22]. The molecular mechanisms, un-
derlying a CTNNBI1 genotype-phenotype relationship, are not
known, although Hamada et al. reported that S45F desmoid cells
have a stronger nuclear B-catenin staining in a preclinical model
and observed an upregulation of Wnt target genes AXIN2 and
CCND1 compared to WT and T41A cells [33].

Here we examined whether the CTNNB1 mutants, encountered
in DTF, differentially affect Wnt signaling activity in human des-
moids and whether this may explain the variable clinical behavior
between the different CTNNB1 mutants.

Materials and methods
Dutch and French dataset

A Dutch, formalin fixed paraffin embedded (FFPE) DTF
cohort (n=64), with CTNNB1 mutation status determined with
Sanger sequencing, previously described by van Broekhoven
et al. was available for this study [20]. Samples were derived
from patients with sporadic DTF who underwent surgical
excision of their tumor. Clinical characteristics included:
gender, tumor localization (extra-abdominal, abdominal wall or
intra-abdominal), age at diagnosis and tumor size in
millimeters.

Additionally, the clinical and molecular data from a French, fresh
frozen DTF sample set (n = 128), containing a total of 54613 probe
sets, previously described by Salas et al. were accessed through the
Gene Expression Omnibus (series matrix file, accession number
GSE58697) [34]. This file contains data normalized using the
GCRMA algorithm. The data on the CTNNBI mutations status of
these tumors were kindly provided by dr. Frederic Chibon, Cancer

Research Center of Toulouse, France. Clinical data included: gender,
age at the time of diagnosis, tumor size in millimeters, tumor
localization, and tumor status (primary or recurrent). The patient
and tumor characteristics of both sample sets are listed in Table 1.

RNA isolation and RT-qPCR

Total RNA was extracted from two to four tissue sections (20 um)
of DTF FFPE tumor samples using the RecoverAll™ total nucleic acid
isolation kit (Ambion/Life Technologies) according to the manu-
facturer's recommendations. Total RNA quality and concentration
were determined using a Nanodrop-2000 (Isogen Life Science). The
260nm/280 nm ratio was >1.80 for all RNA preparations. The mRNA
expression of AXIN2, CCND1 and DKK1 was assessed by RT-qPCR. In
brief: 50 ng RNA was reverse transcribed with RevertAid™ H Minus
(Thermo Fischer Scientific, EP0452) to generate cDNA. The resulting
4 uL cDNA was subsequently pre-amplified for 15 cycles in a final
volume of 8 puL using Tagman PreAmp mastermix (Thermo Fisher
Scientific) in combination with 100-fold diluted primer-probe
combinations for AXIN2, CCND1, Dickkopf 1 (DKK1) and Peptidyl-
prolyl Isomerase A (PPIA), (Thermo Fisher Scientific; Assay Ids
Hs00610344_m1, Hs00765553_m1, Hs00183740_m1 and Cat #
4333763F, respectively). Next, for each sample, four individual -
gene transcript specific - real time PCRs were carried out in a
Mx3000P (Agilent) for 40 cycles using SensiFast Probe Lo-ROX
master mix (BioLine) according the manufacturer's recommenda-
tion and the same four primer-probe combinations. A 10 ng/uL
down to 0.04 ng/pL serially diluted RNA sample isolated from MCF7
cells and expressing all targets was used in each experiment to
monitor the efficiencies of the RT-qPCRs and a minus RT sample as a
negative control. All targets were amplified with an equal efficiency
(98%—110%). Finally, levels of the target genes were normalized on
the stable expressed PPIA mRNA levels using the delta Cq
normalization method.

Statistical analysis of AXIN2, CCND1 and DKK1 expression in WT
and CTNNB1 DTF mutants

The relative expression values of AXIN2, CCND1 and DKK1 were
measured by RT-PCR on FFPE samples, in the Dutch DTF cohort.
Median values and the maximum interquartile range (IQR) were
calculated. Because of non-normally distributed data, a Kruskal
Wallis test was performed to identify differences in ranked
expression levels of AXIN2, CNND1 and DKK1 (p-value < 0.05, con-
fidence interval 95%) between DTF with various CTNNB1 mutation
types (T41A, S45F) and DTF with no mutations in exon 3 of CTNNB1
(WT). A Bonferoni correction was used to correct for multiple
testing.

To validate the results of the RT-PCR data, the most variable
probes of AXIN2, CCND1 and DKK1, were selected based on the
highest IQR using log2 transformed data of the total French cohort.
Because of a non-normal distribution, a Kruskal Wallis test was
performed to identify differences in ranks of expression levels of
AXIN2, CNND1 and DKK1 (p-value < 0.05, confidence interval 95%)
between DTF with various CTNNB1 mutation types (T41A, S45F)

Fig. 2. Hierarchical clustering based on Wnt target mRNA expression in desmoid tumors does not discriminate wild-type and CTNNB1 S45F and T41A mutants. (A) Heat map
depicting an unsupervised hierarchical cluster analysis of 93 desmoid-type fibromatosis samples harboring T41A or S45F CTNNB1 mutations and wild-type tumors using the mRNA
expression levels of selected mammalian Wnt target genes. Red and green represent relative high and low expresion levels, respectively. Tumor status (primary or recurrent); tumor
size (0—49 mm, 50—99 mm, > 99 mm); age at diagnosis presented in categories based on the median and the 25th and 75th percentiles (age < 27 years, 37-37 years 38—55 years
and >55 years); tumor localization (intra-abdominal, extra-abdominal and abdominal wall); gender and CTNNB1 mutation status are indicated.

(B) Heat map depicting an unsupervised hierarchical cluster analysis of 93 desmoid-type fibromatosis samples harboring T41A, S45F CTNNB1 mutations and wild-type tumors using
selected the mRNA expression levels of a set of putative mesenchymal Wnt target genes. Red and green represent relatively high and low expression levels, respectively. Tumor
status (primary or recurrent); tumor size (0—49 mm, 50—99 mm, > 99 mm); age at diagnosis presented in categories based on the median and the 25th and 75th percentiles
(age < 27 years, 37-37 years 38—55 years and >55 years); tumor localization (intra-abdominal, extra-abdominal and abdominal wall); gender and CTNNB1 mutation status are

indicated.



696 M,J.M. Timbergen et al. / European Journal of Surgical Oncology 45 (2019) 691—698

and DTF with no mutations in exon 3 of CTNNB1 (WT).
Selection of Wnt target genes

To rule out that the limited set of Wnt genes analyzed so far
caused a selection bias affecting the outcome of our analyses, the
number of Wnt targets genes was increased. Wnt target genes used
in a hierarchical unsupervised cluster analyses using, transcript
expression data from DTF tumors, were selected using the
mammalian Wnt target genes listed on the Wnt homepage (https://
web.stanford.edu/group/nusselab/cgi-bin/wnt/target_genes) as a
reference. [35] Supplemental Table 1 summarizes the mammalian
Wnt target genes that were selected, the corresponding Affymetrix
probe sets and alias terms (https://www.ncbi.nlm.nih.gov/gene/).
Since DTF tumors are of mesenchymal origin, they may express
Whnt target genes partly different from those observed in epithelial
cancers. Therefore, unsupervised hierarchical cluster analyses were
repeated using a list of putative mesenchymal Wnt target genes in
desmoids published by Denys et al. [36] Gene names, correspond-
ing Affymetrix probe sets and alias terms are shown in
Supplemental Table 2.

Hierarchical cluster analysis

For hierarchical cluster analysis, the retrieved normalized mRNA
expression data of the 128 DTF samples of the French cohort [26]
were log2 transformed to minimize outliers. Next, Wnt target genes
were selected based on their names and alias terms as described in
paragraph 2.4. In case of multiple probes representing a single
gene, the probe with the highest variability, based on the maximum
IQR, using the entire dataset, was selected for further analyses. An
unsupervised hierarchical cluster analysis was performed using
median centered expression data with Cluster 3.0 for Windows
(Human Genome Center, University of Tokyo, 2002) and Java
Treeview, version 1.1.6rv, for visualization. The clustering was based
on the centered correlation as a distance metric using average
linkage.

Ethical approval

This study was part of a protocol entitled “Translational research
on soft tissue sarcomas” which was assessed by the Medical Ethics
Committee of the Erasmus MC, Rotterdam, the Netherlands (MEC-
2016-213).

Results

No difference in AXIN2, CCND1 and DKK1 expression between wild-
type and CTNNB1 mutated desmoids

To examine whether different CTNNBI mutations in desmoid
tumors cause differential expression of Wnt target genes, the
transcript levels of AXIN2, CCND1 and DKK1 were determined by
RT-PCR. In total, 64 FFPE samples from the Dutch cohort were
available for the RT-PCR analysis. The cohort included 23 males
(35.9%) and 41 females (64.1%). Mutational status was as follows; 11
tumors (17.2%) were WT for exon 3, 38 (59.4%) tumors harbored a
T41A mutation, 12 (18.8%) tumors harbored a S45F mutation and 3
(4.7%) tumors harbored a S45P mutation. Because of the low
prevalence, the desmoids with the S45P mutation were not
included in the RT-PCR analysis leaving a total of 61 patients. The
tumor and patient characteristics are summarized in Table 1. The
relative expression values of AXIN2, CCND1 and DDK1 transcripts
were measured and the median expression levels and the
maximum IQR were calculated (Table 2). A Kruskal-Wallis test

shows that the mean rank of the relative expression levels was not
statistically significantly different between groups for AXIN2 and
DKK1 (Table 2). The mean rank of the relative expression level for
CCND1 showed a significant difference between groups, however
failed significance after Bonferoni correction for multiple testing
between mutation groups (Table 2). A dot plot depicting the rela-
tive expression levels of individual samples of AXIN2, CCND1 and
DKK1 is shown in Fig. 1.

Next, mRNA expression data from the French cohort were used
to validate these findings. The patient and tumor characteristics of
this cohort are listed in Table 1. Ninety-three desmoid samples;
CINNB1 WT (n=14); T41A (n=45) and S45F (n=34) were
selected for subsequent analysis. First, the Affymetrix probe sets for
AXIN2 (222696_at, 224176_at, 222695_s_at, 224498 x_at) CCND1
(208712_at, 208711_s_at) and DKK1 (204602_at) were identified
and the probes that displayed the most variable expression values
after log 2 transformation, based on the highest IQR, were selected
for further analysis (224498_x_at, 208711_s_at and 204602_at). A
Kruskal-Wallis test showed no significantly differences between
the mean ranks of the groups with T41A or S45F mutations and WT
CTNNBI (Table 2).

Hierarchical cluster analyses based on Wnt target gene expression
does not discriminate between wild-type and CTNNB1 mutant
desmoids

The total dataset contained 54613 probes, of which 107 probes
were selected as mammalian Wnt targets and 47 were selected as
mesenchymal Wnt targets. The hierarchical clustering using
mammalian Wnt targets (Fig. 2A) did not discriminate WT and
mutated DTF (T41A and S45F) tumors, nor showed a discriminative
pattern based on sex, age at the time of diagnosis, tumor size or
tumor status (primary or recurrent tumor). An additional hierar-
chical clustering, using expression data from all 128 desmoid
samples (including WT tumors as well as T41A, S45F, S45P mutated
tumors, rare mutations classified as “other”, and tumors with an
unknown mutation type), showed similar results (supplemental
Figure 1A). Cluster analyses using putative mesenchymal Wnt tar-
gets [36] in a subgroup containing samples that are CTNNB1 WT,
T41A and S45F (Fig. 2B) and the cluster analysis using all samples
(supplemental Figure 1B), also showed that the DTF samples did
not cluster according to CTNNB1 mutational status, neither did the
observed cluster appear to be driven by clinicopathological pa-
rameters like sex, age at time of diagnosis, tumor size or tumor
status (primary or recurrent tumor).

Discussion

This study evaluated whether the potentially more aggressive
clinical behavior of S45F mutated DTF, compared to T41A mutants
and WT desmoids, could be explained by a differential Wnt
signaling activity. As aberrant Wnt/B-catenin signaling plays a
pivotal role in the initiation and development of DTF, variable ac-
tivity of Wnt signaling may affect cancer-related biological pro-
cesses like cancer stem cell maintenance and invasiveness in a
different manner [37—39]. We therefore examined and compared
Wnt target expression levels using different independent DTF
sample sets that included DTF designated as WT as well as T41A
and S45F CTNNB1 mutants. No evidence was found that WT tumors,
T41A and S45F tumors have a differential activation of Wnt/B-cat-
enin signaling. This finding contrasts with Hamada et al. who re-
ported a significant increase of AXIN2, CCND1 and c-MYC transcript
levels in S45F DTF isolated single cell lines compared to human skin
fibroblasts and WT and T41A cells [33].

A study conducted by Meneghello et al. showed upregulated
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(two to six fold) mRNA expression of AXIN2 measured by RT-PCR
but also reported that desmoid cells had downregulated mRNA
expression of CCND1 (two-four fold) when comparing DTF samples
with connective tissue of non-desmoid patients [17]. In addition,
Jilong et al. compared B-catenin mutated tumors with WT tumors
and found that CCND1 was expressed more frequently in f-catenin
mutated DTF [16]. Saito et al. found a statistically significant cor-
relation between nuclear staining of f-catenin and CCND1 over-
expression [16,40]. Although the literature on Wnt target
expression in DTF is limited and somewhat contradictory, both
AXIN2 and CCND1 seem to be overexpressed in DTF. Interestingly,
by studying genotype-phenotype correlations of CTNNB1 muta-
tions in liver cancer, others have found that T41 mutations were
associated with moderate activity whereas S45 mutations led to a
weak B-catenin activation which could be compensated by S45
mutant allele duplication [29].

None of our hierarchical cluster analyses, based on the expres-
sion of different Wnt target gene sets, discriminated CTNNBI
mutated (S45 and T41) from WT DTF samples, neither were S45F
and T41A clearly separated. A possible confounder in our analyses is
that the WT group, now defined by the absence of mutations in
exon 3 of CTNNBI, needs to be screened more thoroughly for
CTNNB1 mutations. It was demonstrated that a fair part of the DTF,
designated as WT by Sanger sequencing, contain low frequency
CTNNB1 mutations that are only detected by whole exome
sequencing or contain novel intra-genic deletions of the CTNNB1
gene [19,41]. Moreover, in the WT group, other genomic alterations
occurred like APC loss, chromosome 6 loss and BMIT mutations
which are all linked to Wnt/B-catenin activation [19]. In our ana-
lyses, we could not distinguish between WT and S45F, andT41A
mutant DTF corresponding to observations of Crago et al. [19] In
contrast, Colombo et al. reported that CTNNBI1-mutated and WT
DTF had different gene expression profiles [42]. In our cluster an-
alyses, distinct clusters of samples were discerned based on the
expression levels of putative Wnt target genes that were not related
to CTNNB1 mutational status. Unfortunately, we were not able to
identify the origin of the cluster pattern as it could not be explained
by factors like sex, age at the time of diagnosis, tumor size and
tumor status (primary or recurrent tumor). Other clinicopatho-
logical factors, not included in this study, for example immune cell
infiltration could potentially explain the observed cluster pattern
and could be the subject of future studies. Interestingly in this
respect is a recent publication from Colombo et al. describing that
T41A and S45F mutated DTF displayed a different expression of
inflammation related genes [42].

No indications were found in this study for a differential Wnt/-
catenin signaling activity between the T41A and S45F mutants
thereby failing to explain the reported different clinical behavior of
the two DTF mutant groups. A more thorough investigation into the
molecular consequences of different CTNNB1 mutations is neces-
sary, focusing on protein-protein interactions and identifying their
genomic binding sites. Irrespective of the specific CTNNB1 mutation
present in DTF, it is clear that Wnt/B-catenin signaling is activated
which plays an essential role in carcinogenesis. Inhibition of this
pathway may provide a vulnerability in DTF that can therapeuti-
cally be exploited. However, drugs should operate at the level of -
catenin, interacting with transcription co-factors or target specific
key downstream factors to avoid serious adverse effects [43,44].
Additionally, other signaling pathways like Notch1 and Hedgehog
have also been implicated to play a role in DTF development and
may be therapeutically targeted by small molecules [45,46]. Future
studies are needed to gain more insight into the role of these
additional signaling pathways, the cross-talks between each
pathway and their contribution to the DTF tumorigenesis.

Declarations of interest
None.
Conclusion

Our study demonstrated no difference between either WT, S45F
or T41A mutated DTF tumors regarding the investigated Wnt target
gene expression levels. Apparently a differential Wnt/B-catenin
signaling activity does not determine the observed differences in
clinical behavior between S45F and T41A DTF mutants.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ejs0.2018.09.019.
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