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Multicohort and cross-platform validation of a prognostic
Wnt signature in colorectal cancer

Dear Editor,

Deregulation of the Wnt pathway is a hallmark of col-
orectal cancer (CRC). Nevertheless, the clinical impli-
cations of aberrant S-catenin-driven gene transcription
remain elusive.!

We herein present a transcriptional WNT signature
predicting survival outcomes in metastatic CRC (mCRC).
Wnt was studied in a discovery cohort (94 mCRC patients
treated with first-line therapy at Regina Elena National
Cancer Institute, IRE cohort, Table S1) by combining
targeted RNA-Seq (expression levels of 93 Wnt-associated
genes, [llumina TruSeq Targeted RNA Expression Wnt
Panel) and targeted DNA sequencing.” Given the molec-
ular communication between Wnt and the DNA damage
repair (DDR) system,® as well as the Hippo pathway,*
immunohistochemistry (IHC) in tissue microarrays
(TMAs) was used for studying protein-level markers
(pRPA32, pATR, pCHK1, pWEEI], yH2AX, pATM, pCHK2,
YAP, and TAZ).

For external validation, we considered three indepen-
dent and publically available datasets (N =1366) previously
used for developing the consensus molecular subtype:
TCGA, N = 576 (RNA-Seq)®; GSE39582, N = 558,” and
GSE17538, N = 232 (Affymetrix microarrays).®

In our analytical workflow, eight genes were selected
relying on their association with survival outcomes
(progression-free survival [PFS], overall survival [OS], and
best overall response [BOR]). These genes were com-
bined into a transcriptional signature exploiting their
co-expression pattern: Wnt (+) tumors were defined as
tumors with overexpression of at least four genes, whereas
those samples that did not fulfill this criterion were defined
as Wnt (-) (0-3 overexpressed genes). Individual tran-
scripts were considered as high and low using the high-
est tertile as the cutoff point, even though for exploratory
analyses (IRE cohort) the median value was also evaluated.
Immunogenomic features were investigated through the

CRIiAtlas Portal.” The workflow of this study is illustrated
in Figure SI.

In the IRE cohort, we first performed an unsupervised
hierarchical clustering that included the entire set of tran-
scripts and the mutational status of Wnt genes (Figure 1A).
Given that we did not observe any clear clustering, clin-
ically focused differential gene expression analyses were
performed to identify differences between outlier patients
(fast vs slow progressors, short- vs long-term survivors, and
good vs poor responders). (Figures 1B and S2). Afterward,
differentially expressed genes were tested for their rela-
tionship with the respective clinical outcome (Figure 1C
and 1D). On this basis, eight genes were selected to gen-
erate a transcriptional signature (APC, KREMEN, SFRP1,
SFRP2, CSNK1A1, PRICKLEI], SOX17, and DKK1).

Except for tumor sidedness, we did not record any sig-
nificant association between the Wnt signature and base-
line characteristics of the patients in the IRE cohort (Fig-
ure 2A). The Wnt (+) model was significantly overrep-
resented in rapidly progressing tumors (Figure 2B), and
patients with Wnt (+) tumors had significantly shorter
PFS and OS as compared to their negative counterparts
(log-rank P = .002 and P = .003, respectively; Figures 2C
and 2D). Multivariate Cox regression models demonstrated
that the Wnt (+) signature is an independent predictor
(Figure S3). The robustness of the model was confirmed in
the TCGA cohort, where patients with Wnt (+) tumors had
a significant shorter survival than their negative counter-
parts (log rank P = .017; Figure 3A; multivariate Cox regres-
sion model presented in Figure S4).

In microarray-based gene expression studies (GSE17538
and GSE39582), patients with Wnt (+) disease had shorter
survival (log-rank P < .001 and P = .037, respectively)
(Figures 3B and 3C). Notably, we used largely overlapping
probesets selected on the basis of the Pearson correlation
coefficient (Figure S5). In order to better estimate the
connection between the model and OS, survival analysis
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FIGURE 1 A, Heatmap showing unsupervised clustering analysis of Wnt genes in the IRE cohort. Targeted DNA- and RNA-Seq were
employed to evaluate the mutational status of six Wnt pathway components (APC, CTNNBI, AMERI1, TCF7L2, FBXW7, and SOX9) along with
the expression of 93 WNT pathway genes. Genes: rows; tissue samples: columns. B, Volcano plot of Wnt genes differently expressed when
comparing fast and slow progressors. C, Forest plot illustrating univariate Cox regression analyses for progression-free survival (PFS). D, Bar
charts illustrating the distribution of individual genes in the highest/lowest quartile of overall survival (left) and in responders/non-responders
(right). Transcripts are classified as high and low using the highest tertile as cutoff point. Asterisks indicate statistical significance (univariate

Cox regressions in panel C and Chi2 test in panel D)

Abbreviations: CR, complete response; OS, overall survival; PD, progressive disease; PR, partial response; SD, stable disease.

was carried out in a metadataset containing the TCGA,
GSE17538, and GSE39582 studies (log-rank P < .001;
Figure S6).

Regarding the connection between our signature
and driver mutations (APC, TP53, KRAS, PI3KCA, and
BRAF, available in the IRE and TCGA cohorts), we did
not observe any clear association, with the exception of
PIK3CA mutations in the IRE cohort (Figure 3D).

As aforementioned, protein-level biomarkers related to
the DDR and Hippo pathways have been evaluated in our
IRE cohort (IHC on TMAs; Figure S7). The expression
levels of DDR markers were similar between Wnt (+)
and WNT (-) cases (Figure S8A). Consistently, in the
TCGA study neither microsatellite instability nor the
homologous repair deficiency signature was associated
with Wnt (+) tumors (Figures S8B and S8C). To a similar
extent, protein-level expression of YAP/TAZ and mRNA
expression levels of the YAP/TAZ target genes BIRC5 and
CCNDI1 (genes included in our targeted RNA-Seq panel)
were comparable between WNT (+) and WNT (-) tumors
(Figures S8D and S8E).

Finally, we investigated a possible link between the
Wnt signature and core immune signatures used for
generating the immune subtyping of cancers.’ Differences
were recorded between WNT (+) and WNT (-) tumors
for all the tested immune-related features (Figure 8F),
suggesting a different immunological background.

This is the first report describing a multi-level and
clinically focused analysis of the pathway and cross-
talking networks. Two earlier reports supported a prognos-
tic/predictive role for APC mutations exclusively within
the frame of specific genomic contexts.>!’ We acknowl-
edge the intrinsic limitation of a retrospective design. Nev-
ertheless, we analyzed a significant number of patients,
and exploiting an analytical workflow conceived to take
into account three relevant clinical endpoints (PFS, OS,
and BOR).

Our results suggest that (a) the co-expression pattern
of eight Wnt genes identifies mCRC undergoing an unex-
pectedly rapid disease progression, (b) the relationship
between the signature and survival outcomes seems
unrelated to common genomic alterations, mechanisms
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FIGURE 2 A, Bubble chart illustrating the associations between the Wnt signature and standard clinical-pathological features of mCRC

patients included in the IRE cohort. B, Oncoprint illustrating the distribution of the Wnt signature according to the three different patterns
of disease progression. SP: slow progressors (highest quartile of PFS), CP: conventional progressors (intermediate quartiles of PFS), FP: fast
progressors (lowest quartile of PFS). Asterisks in panels A and B indicate statistical significance (¥*, P < .05). C and D, Kaplan-Meier survival
curves of progression-free survival (PFS) and overall survival (OS) in the IRE cohort

that protect the mammalian genome from genotoxic cues,
and YAP/TAZ, and (c) WNT (+) and WNT (-) tumors
plausibly harbor a different immunological repertoire.
Collectively, our data indicate that the transcriptional
WNT signature holds the potential to predict survival
outcomes in mCRC. Moreover, the reproducibility of
our findings in four independent studies leveraging two
different gene expression technologies (RNA-Seq and
microarrays) suggests the robustness of the signature.
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