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A Novel Set of WNT Pathway
Effectors as a Predictive Marker of
Uterine Corpus Endometrial
Carcinoma—Study Based on
Weighted Co-expression Matrices

Katarzyna Ko sla', Magdalena Orzechowska *', Dorota Jedroszka, Izabela Bary-a,
Andrzej K. Bednarek and El zbieta Peuciennik

Department of Molecular Carcinogenesis, Medical Univertsi of €6dz, €6dz, Poland

Uterine corpus endometrial carcinomas (UCEC) are clinidal divided into two
subgroups—endometrioid endometrial carcinoma (EEC) or neandometrioid
endometrial carcinoma (NEEC). The rst group shows relatdly better prognosis.
However, the discrimination seems to be insuf cient due to he fact that in the mildest
EEC are patients with poor treatment response and bad prognsis. Our aim was to
examine the molecular background of such phenomenon and whther gene expression
patterns might be of importance for the clinic. We focused ou analysis on WNT
pathway target genes since it is one of the main regulators aéndometrial proliferation
and differentiation.In silico analysis of TCGA data, including Weighted Co-expression
Network Analysis, Principle Component Analysis, and Mutie Factor Analysis, allows
to select 28 genes that serve as a predictive markers for UCEQ@atients. Our study
revealed that there is a subgroup of the endometrioid casesat molecularly resembles
mixed/serous groups. This may explain the reason for existee of subgroup of patients,
that although clinically diagnosed with the mildest endomteioid UCEC type, yet present
failure in treatment and aggressive course of the disease. @ study suggests that worse
outcome in these patients may be based on a disruption of propr WNT signalling
pathway resulting in deregulation of its effector genes. Meover, we showed that mixed
group consisting of tumours containing both endometrioid ad serous types of cells,
has serous expression pro le of WNT targets. The proposed gea set allows to predict
progression of the disease trough dividing patients into gups of low or high grade with
70.8% sensitivity and 88.6% speci city (AUCD 0.837) as well as could predict patient
prognosis associated with UCEC subtype with 70.1% sensitity and 86.2% speci city
(AUCD 0.855). Relatively small number of implicated genes makes liighly applicable
and possibly clinically simple and useful tool.

Keywords: Wnt signalling pathway, endometrioid carcinoma, p rognosis, co-expression matrices, ROC

Frontiers in Oncology | www.frontiersin.org

1 May 2019 | Volume 9 | Article 360


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2019.00360
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2019.00360&domain=pdf&date_stamp=2019-05-10
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:magdalena.orzechowska@umed.lodz.pl
mailto:magdalena.orzechowska@umed.lodz.pl
https://doi.org/10.3389/fonc.2019.00360
https://www.frontiersin.org/articles/10.3389/fonc.2019.00360/full
http://loop.frontiersin.org/people/660926/overview
http://loop.frontiersin.org/people/683400/overview
http://loop.frontiersin.org/people/695776/overview
http://loop.frontiersin.org/people/504508/overview
http://loop.frontiersin.org/people/563114/overview

Kosla et al. WNT-Based Marker of UCEC Prognosis

INTRODUCTION RESULTS

Uterine Corpus Endometrial Carcinoma (UCEC) is one!DOWnStream Effects of Wnt Signalling
of the most common gynaecological cancers which cain UCEC

spread outside the uterus through myometrium invasionAs Wnt alterations a ect aggressiveness of UCEC we focused
(1). Although most of UCEC cases are low grade andn downstream e ects of the pathway through consideration
have a favourable prognosis, there is a subgroup aff 2,574 target genes of Wnt—specic transcription factors
highly malignant tumours which accounts for high (TCF/LEF family).

mortality rate.

In 1983 Bokhman et al. demonstrated two distinct pathway . . :
of uterine malignancies development. Endometrioid endaraét Alterations in Functional Networks of Wnt

carcinoma (EEC) represents about 70-80% of all UCE@OWnS’tr_eam Effectors Reveal_ Patier_‘t
cases and is observed in young pre- and post-menopausdrognosis Independently of Histological

women. EEC is typied by expression of oestrogen (ER)Type of UCEC-Weighted Gene

gnd progesterone (P_R) receptor_s, so it is thought to b@o-expression Network Analysis (WGCNA)

in uenced by endocrine modulation (oestrog_en UNOPPOSEdryq study aimed to identify molecular signatures within
by progesterone) and. f.OHOWS the o.estroger? related pathwqut endpoint e ects that may be associated with histological
_(2, 3_’). Non-en_dometrlqd endometrial carcinoma (NEEC) subtypes and grade of UCEC. Hereby applied WGCNA
is diagnosed in relatively older, postmenopausal Womenalgorithm transforms the adjacency matrix into the distance

n thg packgr.ound of an atrpphlc .endometrlum W'thO,Ut matrix of co-expression, based on topological overlap, using
association with oestrogen stimulation. NEECs are high-

d h ved b " | QI this study soft thresholding power of seven followed
grade tumours characterized by serous papillary or clear-c gene hierarchical clustering and dynamic tree-cutting

morphology, as well as aggressive clinical course and pogfyqrithm. This algorithm reveals clusters of genes (hexien
prognosis, resulting from high potential for deep myometnalreferred to as modules) of a common expression prole in

it;wasion ag_d 'VmPh"_“‘C sprza(jh._leE_(Zl;curr}Olérs are Characm_rilzecorrelation with clinical traits of UCEC. Thus, it was possibl
y poor dierentiation and high risk of deep myometrial , 4o e nine distinct modules of dierent sizes (black:

invasion @-6). 0 genes, blue: 442 genes, brown: 183 genes, green: 107
In 2013, the Cancer Genome Atlas (TCGA) Research Networ] enes, pink: 39 genes, red: 60 genes, turquoise: 492 genes

published the molecular classi cation based on the analysi ellow: 147 genes, grey: 1053 genes) that were correlated
of copy number, microsatellite instability, genome SeqURIC i, clinical traits such as histological subtype and grade.
and exome sequence. It divides UCEC tumours into founrhe most numerous grey module was discarded from

group: POLE ultramutated, MSI hypermutated, COpy'numberfurther analyses as it includes all genes that do not share

(CN) IOW.’ and CN high presenting di erent risk for disease any pattern of expressionSupplementary Figure 1presents
progression {-9). . the topological overlap matrix accompanied by hierarchical
. In these_ molgculgr pased groups, ~a signi Cantclustering dendrograms and module colours (referred as TOM
hlstopatholog'lcal diversity is obsgrved. For' example, th lot), which indicates genes of high connectivity that temd t
best prognosing POLE group surprisingly contains both NEE e essential for studied clinical traits. MEs considered &s th

and h'g_h _gra_de EEC phenotypes but W't_h good Prognosiy, ost representative gene expression pro les were calculated
(10). This indicates the need for research in order to searcl’fuOr each module as the rst principle component of the
fﬂr gjolecular classi ers for better prediction of the coursé standardized expression pro les within a particular module to
t ewlsedase_.d q . q ) Vi identify sets of genes re ecting tumour histology or gradeai
q e decl ef fo use an |nltegrdate _rt‘expressgon analysis tﬁgni cant manner. According to the module-trait relatiship
On groulps of genes corre atel ,W'lt spetl:llc progfn05|s.p|0t we found turquoise and yellow modules showing the
ur-goal was _to create a re_atlvey sma S?t 0 gen_q’ﬁghest positive correlation with both clinical traits (higtgy:
whose expression would predict the patients prognosqs.DozspD6e 6,rD0.38,p D 5e 14, respectively, and

independently of t_he grade and histological type.. We, rader D 0.44pD 3e 19,r D 0.22,pD 2e 05, respectively)
focused on WNT signalling pathway as one of the p'VOtaESupplementary Figure 2 Both of them were also of the

intracellular regulator. _ _ highest GS regarding UCEC grad8upplementary Figure 3A
Wnt/b—catgnm signalling _pathway_ is deregl_JIated 'n_40%and histology Supplementary Figure 33 however the
of endometrial cancers. This signalling track is essertal yeiow module has been eventually omitted due to insu cient
maintaining balance in the proliferation and dierentiation 555ociation between module membership (MM), de ned
of endometrium through sex hormone regulation during the 55 correlation metric of gene expression prole with ME,
menstrual cyclel1-13). and GS Supplementary Figure 3 Finally, the expression
Contrary to most of the studies, we concentrated onproles of 492 turquoise module genes were visualized in a
the downstream WNT e ector proteins whose expression iSorm of heatmaps and noteworthy, all of them showed two
regulated by TCF/LEF transcription factors. types of visible associations: rstly, molecular di erentiat
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between UCEC gradesFifure 1A) and secondly, molecular Functional Network of Wnt Effectors

di erentiation between histological subtypes revealing aglo Reveals Biological Differences Between

subgroup of UCEC patients consisting of endometrioid, mixedNove| UCEC Subtypes—Network Analyst

and serous histologiesmigure 18). In order to associate the Finally, we performed the analysis of functional networks

genes of _turqu0|se_ modu_le with b|olog|c_a| Processes thay th ithin downstream e ectors of Wnt that were altered in
might be involved in, enrichment analysis within GO BP was

erformed. Among enriched terms, several important ndin Smolecular subtypes of UCEC to identify main biological
P - AMoNng . ’ np . 9Shrocesses involved in increased UCEC aggressiveness. Global
emerged indicating potential causes of clinical di erence{

bet identi ed subt f UCEC des that etwork was constructed with 286 nodes and 455 edges (FDR
ctween 1dentied Sublypes o or grades that may, 0.05) that revealed overrepresentation of several pathways
stem from alterations in the cell cycle, proliferative and

di tiati " llular death and DNA and biological processes essential in malignant carcinomas.
| erentiation processes as wellas cefiular death an TePA1 the network, we identied 9 genes involved in Hedgehog
processesHigure 2).

signalling pathway, 10 genes of ErbB signalling, 7 genes
associated with VEGF pathway, and 15 genes involved in MAPK

Dimensional Grouping of UCEC Patients cascade. Moreover, many adhesion-associated processes were
According to Identi ed Molecular Pro les enriched such as the adherens junction, focal adhesion, gap

. . junction, and regulation of actin cytoskeleton that are o
ASSOCIatmg_ H_IStOIOgy and ) to accelerate tumour progression and invasiveness. Notewor
Grade—Principle Component Analysis the molecular signature of endometrial cancer was likewise
(PCA) and Multiple Factor Analysis (MFA) identi ed (Figure 6).

We employed PCA to partition UCEC patients within two

principle components according to the molecular prole Signi cance of Mutations/CNVs in Wnt

of 492 turquoise module genes in association with bothPathway Members

histology and grade. We found clear partitioning of indivals  Of 42 major Wnt pathway players we found only 5
across the rst dimension with a total variance of 33%pf high signicance regarding mutations and CNVs
(Figures 3A,B. PCA was followed by MFA, which served to (Supplementary Table L They varied in number of altered
identify genes of the highest contribution to spatial paditing  cases between novel molecular subgroups of UCEC; speci cally,
of patients and select genes dierentiating clinical groupsapG CTNNB1BLRP5Pand TCF4Fwere found mutated mostly

in the most Signi cant manner. This resulted in SeleCtionin group of endometrioid endometrial cancer cases andC

of 28 variables that di erentiated individuals across thet rs was the On|y gene of altered copy number with a predominance

principle component to the extent of 46.1% of the totalin group of endometrioid, mixed and serous endometrial
variance that re ected molecular di erences between low anGancer cases.

high grades, and simultaneously between endometrioid and
mixed groups of endometrioid, mixed and serous cancel/glidation of the Results

subtypesfkigures 1C,D 3C,D). Cross—validation of the ndings based on independent UCEC
cohorts was not performed due to lack of relevant expressita da

Selected Effectors of Wnt Pathway May in association with speci c clinical information.

Serve as Predictive Markers of UCEC

Prognosis—Binomial Model of Logistic DISCUSSION

Regressm_n ‘_'de Receiver Operating Endometrial cancer is one of the most common gynaecological

Characteristic (ROC) Curve cancers with morbidity rates tending to increasgd)( The

We developed a predictive marker through the binomial modemajority of endometrial tumours present low stage and grade
of logistic regression based on the combined expression @fith favourable prognosis, although some fractions of pasien
selected 28 genes in association with a de ned moleculdypeb experience di erent course of disease and signi cantly worse
According to ROC, the developed marker could predict a levebutcome (5. Nowadays, there are two main classi cation
of UCEC progression through dividing patients into groups ofsystems of endometrial cancer. The former created by Bokhma
low or high grade with 70.8% sensitivity and 88.6% speci cityet al. is a historical classi cation based on the epidemiicialg
(AUC D 0.837) as well as could likewise predict patient prognosislinical and endocrine relationship that divides UCEC into
associated with UCEC subtype with 70.1% sensitivity and 86.2840 types: estrogen-related endometrioid endometrialicama
speci city (AUC D 0.855) Figure 4). Moreover, the prognostic (EEC) and non-endometrioid endometrial carcinoma (NEEC).
potential of presented marker has been con rmed with KaplanHowever, this division does not re ect the real nature of
Meier plots for both, overall survival (OS), and disease-frethe endometrial malignant pathology and does not include
survival (DFS). Interestingly, the split of UCEC patients waglear-cell carcinoma, carcinosarcomas or other undi eiated

of much higher accuracy in comparison to standard OS andarcinomas 4). Since 2013, a new, TCGA-based, molecular
DFS according to gradé-{gure 5). Detailed statistics are shown classi cation of endometrial cancer has been provided coimgjst

in Table 1 of four genomic groups that vary in clinical outcome. The
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FIGURE 1 | (A,B) Heatmaps re ect expression of 492 genes belonging to turquae module according to UCEC grade and histology, respectivg, whereas(C,D)
heatmaps re ect expression of selected set of genes that difrentiates grade 1 and 2 from grade 3 caseqC) and highlight existence of novel molecular subgroup of
endometrioid endometrial adenocarcinomas more similar teerous subtype (D).

TABLE 1 | Detailed statistics of survival analysis comparing novel anker with standard grade classi cation.

Prediction according to Cutpoint HR p-value

oS DFS oS DFS oS DFS
28 geneset marker 0.9918 0.1172 88 199 4.13e 95 4.84e 108
grade not applicable 0.35 0.32 0.0078 0.00013

group with an increased number of gene copies (CN highpand histological type. We focused on the Wnt signalling pathwa
was characterized by the lowest survival rate (survitghbdt as one of the pivotal intracellular regulators of endometrium
50% after 5 and 10 years); the best-performing group wasroliferation and di erentiation, very often deregulated in
POLE (survivability at 100%), while the MSI hypermutatedendometrial adenocarcinoma.
group and the CN low group had a similar survival rate of In fact, alterations in the Wnt pathway are commonly
80% B, 9). Interestingly, the molecular and classical Bokhman'®bserved in endometrial cancer at di erent signalling leyel
classi cation systems do not overlap; for example, EEC gradeg., ligands, main e ectorb-catenin, APC and Axins that
3 cancers do not constitute a separate molecular subgroup,ect executive transcription factors followed by deregigiat
since they are randomly distributed across all four TCGAdzh of downstream e ector target gene$1-13 16-18). Therefore,
groups (). unlike most of the reported studies, we decided to analyse
In our study, we employed WGCNA approach to identify downstream e ects of Wnt disruption. The analysis was
genetic pro les associated with speci ¢ unfavourable progsos conducted on TCGA data collected from 370 UCEC patients.
of UCEC that could biologically explain such phenomenon. OuiWe identi ed a total of nine co-expression modules; primarily
goal was to determine a relatively small set of genes thdticoutwo of them were correlated with clinical characteristicetsu
be used to predict patients' prognosis independently of gradas grade and histological type of UCEC, although eventually
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FIGURE 2 | Barplot presenting biological ontology of turquoise mod.

the turquoise module was of the highest signi cance (codimensional partitioning of UCEC patients demonstrating
> 0.4,p D 3e 19) that corresponded to 492 dierentially distinct molecular proles of mixed grade 1 and grade 2
expressed Wnt target geneSupplementary Figure 3B GO vs. grade 3 and simultaneously endometrioid endometrial
analysis revealed that they were mainly involved in thexdenocarcinoma vs. mixed group consisting of endometrioid,
cell cycle, response to cellular stress and DNA damageerous, and mixed endometrial adenocarcinoma patients
di erentiation and proliferative processes, cell architeetand (Figures 1C,0) 2C,D). To date, relevance of several of these
communication, as well as regulatiofigure 2). Noteworthy, genes was demonstrated in dierent studies on endometrial
these ndings showed key alterations resulting from thecancer Table 2, however, of the greatest interest are genes
disrupted signalling via Wnt pathway that may modify which to our best knowledge have not been yet described
patients' prognosis due to the molecular prole of more elsewhere includingkPO10, SASS6S, NUP1P07, UBXN2NB22B,
aggressive features. Moreover, deregulation of these mpexesNOL1L1, DPM1M, COMMD2D, MED3DO0, GINS4S, CENPO,
clearly refers to hallmarks of cancer such as acquired selNIF3FI33I1l, LRCC4C2, AFG3GL33L2L, DDX2X7, PPIB, LMF1F,
su ciency in growth signals, sustaining proliferative sidliiag, andZSWIM7MM?7.
evading apoptosis, and resisting cell death that comprisermajo Additionally, these genes have shown potential towards
biological capabilities of carcinogenedis,@0). Other alterations prediction of UCEC prognosis independently of histology or
associated with the cellular architecture, communicatiand grade with sensitivity over 70% and speci city exceeding 85%,
epithelium proliferation may re ect potential for epitheliab- thus enabling to determine a group of patients with poor
mesenchymal transition (EMT), which contributes to increds outcome Figure 4). Interestingly, the prognostic potential was
migratory potential of cancer cells and UCEC aggressivefiéss ( con rmed independently of any clinicopathological parameters
Furthermore, we selected a set of 28 genes from thiarough survival analysis with Kaplan-Meier plots. It showed
turquoise  module which mostly contributed to clearthat both OS and DFS were dierentiated much more
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FIGURE 3 | Turquoise module genes show partitioning of UCEC cases df) low vs. high grade with a total variance of 33% andB) endometrioid endometrial
adenocarcinoma vs. mixed and serous endometrial adenocaimoma with a total variance of 33%. Set of selected 28 gene¢C) clearly partition grade 3 cases from
mixed group of grade 1 and grade 2 and(D) partition in majority cases endometrioid endometrial adescarcinoma from mixed and serous subtypes.
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TABLE 2 | Literature review of marker gene relevance.

Gene name Expression pro le Signi cance Reference
FAV vs. UNFAV

ADNP Up pharmacologically inducible repressor of Wnt signall@n silencing of ADNP expression 22)
caused increased migration, invasion and proliferation icolorectal cancer xenografts
in vivo

MSH2 Up disruption of MMR system was associated with an increasedisk of endometrial cancer; 23)
carriers of germline mutations comprise a group of highersk to develop endometrial
cancer

CSELL Up overexpression found in endometrial cancer associated ith poor overall survival, 24)
depletion of CSE1L enhances apoptosis and decreases migratory potential

PNO1 Up identi ed as a driver gene in cervical squamous cell carcoma 25)

ATAD2 Up overexpression associated with development of aggresse endometrial cancer through (26)
enrichment of B-MYB translational signature

TTK Up inhibition of tumour growth through TTK inhibitors in CTNB1-mutants in vitro 27)

KIF2C Up considered as hub gene in female tumours including endonteial cancer 28)

XPO5 Up inactivation disrupts export of precursor microRNAs fnm the nucleus to the cytosol; 29)
re-expression of XPO5wild type shows suppressor properties in endometrial cance

HDGF Up high nuclear expression correlates with endometrial carer progression, although was (30)
not considered as an independent predictor

CLDNG6 Up component of tight junctions in epithelial cells, cruciafor maintaining cell integrity; (31, 32)
deregulation of CLDN6 has been correlated with cancer progression and metastasis
considered as a tumour suppressor
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se — sensitivity; sp — specificity; PPV — positive predictive value; NPV — negative predictive
value; DLR(+) - positive diagnostic likelihood ratio; DLR(-) - negative diagnostic likelihood
ratio; FP — false positives; FN - false negatives; AUC — area underthe curve

FIGURE 4 | ROC curve according to(A) grade, (B) patient prognosis with detailed statistics.

accurately that with standard grade classicatiofalfle 1,  outcome may result from alterations in the signalling whichct
Figure 5). Finally, through the analysis of functional networksits downstream e ectors involved in many cellular processes.
of Wnt downstream targets we identied several biologicalMoreover, we showed that despite an optimistic prognosis
processes including, among others, Hedgehog, ErbB, VEG®me patients experience very adverse course of endometrioid
signalling, and adhesion-associated processes consideed endometrial cancer resulting from the serous genetic profe
crucial in endometrial tumourigenesis that di ered betweenWnt targets. We therefore proposed the set of 28 genes that
novel molecular UCEC subgroupgFi@ure 6). Furthermore, allow to predict UCEC clinical outcome, which makes it a highly
we compared novel UCEC subgroups regarding occurrencapplicable and potentially useful tool of high clinical value.
of mutations and CNVs aecting major player of Wnt Finally, this study revealed that experimental validatidrsach
pathway Supplementary Table X and found predominance of phenomenon should be of the greatest research attentioresinc
APC CTNNB1B LRP5P,and TCF4F mutations in the group there is no available independent cohort that allow to compare
endometrioid endometrial cancer cases as well as MYC cottlge results.
number alteration in the group of endometrioid, mixed and
serous endometrial cancer cases. These genes are Wemkn%ATERIALS AND METHODS
either tumour suppressors or oncogenes, nevertheless indbkis
they remain of unknown clinical signi cance. These ndings Input Data Acquisition and Preparation
con rmed biological signi cance of the previously chosen setFor purposes of this study, we acquired data from The Cancer
of genes correlating with unfavourable prognosis and prodide Genome Atlas Uterine Corpus Endometrial Carcinoma (TCGA-
insight into mechanisms of UCEC progression. UCEC data status of 28th Jan 2016) comprising RNAseq
In summary, the presented analysis showed that curreréxpression proles of 20502 genes (level 3 RNAseqV2V,
histological classi cation of UCEC into endometrioid, mike RSEM normalized) and corresponding clinical data of UCEC
and serous endometrial adenocarcinoma is not adequate. ffatients. Furthermore, both data types were combined foltbwe
seems that there is a group of endometrioid cancer caséy exclusion of patients with missing expression/clinical
which molecularly resembles mixed/serous group. This majnformation that resulted in a total of 370 patients quali ddr
explain the existence of clinically observed group that despifurther analyses. The detailed characteristics of UCEC patien
favourable diagnosis such as the mildest endometrioid UCE@re shown irSupplementary Table 2
type yet presents failure in treatment and aggressive coudrse o All other methods regarding biospecimen procurement,
the disease. Our ndings thus highlight a signi cant role of isolation and sequencing of RNA are previously described ley Th
Wnt signalling in endometrial tissue and indicate that wers Cancer Genome Atlas Research Netwd®) (
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FIGURE 5 | Kaplan-Meier plots comparing predictive potential of presnted marker and standard classi cation by grade forfA—B) overall survival andC-D)
disease-free survival, respectively.

Selection of Wnt Downstream Effectors clustering hclust function, “average” agglomeration method)

Targets of Wnt signalling pathway transcription factors wereand module detection by applying the dynamicTreeCut
selected through the GTRD database (Gene Transcriptioalgorithm with a minimum module size of 30 genes.

Regulation database) oering collection of uniformly Detected modules were related to clinical traits of interest
processed ChlIP—seq data to identify transcription(histological subtype of UCEC, grade) by correlating module
factor binding sites for human 34). We focused on eigengenes (MEs) with external traits. In addition, gene
well-known  Wnt transcription factors belonging to signicance (GS) for each module was determined as a
TCF/LEF families such asLEF1F, TCF3F,and TCF4F linear regressionp-value transformed by logl0 between

(39 that could be found in GTRD. Finally, the input gene expression and clinical trait of interest. Finally,
list included 2,571 genes that were recognized as Wnhodule signicance (MS) was determined as average GS

downstream e ectors. for all genes included in the module. Heatmaps visualizing
expression pro les within particular modules were prepared

Weighted Gene Co-expression Network with gplots R package hHeatmap.2function, row clustering

Analysis (WGCN A) according to the Pearson's distance metric and “complete”

Module detection was conducted through applying the WGCNAaggIomeratlon method).

algorithm available as a collection of R functions enabling . . T
performance of weighted correlation network analysis. Irefyri D|m§n3|onal Pa_mt'lomng of UCEC .

for each gene pair the Pearson's correlation was computddldividuals—Principle Component Analysis
followed by the transformation into adjacency matrix using(PCA) and Multiple Factor Analysis (MFA)

the soft-thresholding approach (powdd 7) with the scale- Dimensional grouping of UCEC patients according to a set
free topology index ) > 0.9 Supplementary Figures 5,5  of selected genes to determine the relevance of histologica
Subsequently, the topological overlap matrix (TOM) wassubtype and grade of UCEC was performed using Principle
constructed based on overlap between pairs of intercondecteComponent Analysis (PCA). Primary PCA involved 492
genes, which afterwards served as the input for hierarchicglenes of turquoise module as active variables with colouring
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FIGURE 6 | Global functional network differentiating molecular subgups of UCEC coloured according to biological process.

of individuals regarding grade and histological subtypeBuilding the Binomial Model of Logistic
Subsequently, Multiple Factor Analysis (MFA) was conducted iRegression and Receiver Operating
determine the contribution of particular genes into partiting Characteristic (ROC) Curve

of |nd|_V|duaIs across rst and second_ dlmer_13|ons with _th_eTP determine a predictive value of selected 28 genes, we
turquoise module gene set as an active variable and clinical . . . - - .
OBunt a binomial model of logistic regression by tting

traits as supplementary variables (explanatory variables do . - o .
- : ; . . . . - generalized model that was specied by giving a symbolic
not participate in creating dimensions in an active fashion,

they are visible only for explanatory purposes). By applyin dgscrlptlon of !dgntl ed moIeF:uIar subgrou!os 0-253 patients
the fviz_contrib function we selected 28 genes, whos ith endometrioid endometrial adenocarcinoma and 1-117

. Epatients with endometrioid, mixed, and serous endometrial

(corresponds to the expected value if the contributions of alfdenocarcinoma) with regards to the gene set followed by
active variables were equal, thus variables above theerefer Prediction from the results of model tting. Subsequently,
line are considered as signicantly contributing to a giventh€ predictive potential of the novel marker was evaluated
dimension) followed by the second PCA involving the selecteWith the receiver operating characteristic (ROC) curve in the
set of genes. All analyses were performed udiagtoMineR ~CONtext of patient prognosis regarding clinical charactérsst
and factoextraR packages o ering a wide range of functions@nd aggressiveness of UCEC. The model was built with the
dedicated for multivariate exploratory data analyses an@lmR function with predictionfrom glm ROC was plotted by
result visualization. employingpROCR package. Survival analysis showing predictive
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potential of novel marker independently of clinicopatholagic members and compared between groups wvgitbp.tesfunction
parameters was performed with univariate Cox regression modé R environment. Detailed list of analysed genes is aviailab
in R (coxphfunction). Kaplan-Meier plots were drawn with Supplementary Table 1

ggplot2and survmisd packages.

Functional Network of Differentially DATA AVAILABILITY

Expressed Wnt Downstream Effectors
Corresponding to Molecular Subtypes of

UCEC—Network Analyst

NetworkAnalyst is a freely available tool allowing to penfor
integrative analysis of gene expression data with visufAUTHOR CONTRIBUTIONS
exploration of resulting functional networks3¢). Hereby we
used Wnt e ector list as a whole (2,574 genes) with patient ) ) i o
labelled according to the classication of their molecularctration. KK: formal analysis. KK and MO: investigation
pro le regarding UCEC subtype (253 endometrioid endometrial2nd ,",V“t'”g—o”g'“a' draft. MO: methodology. AB: project
adenocarcinomas vs. 117 endometrioid, mixed and serofdministration. DJ and IB: resources. MO: software. KK,
endometrial adenocarcinomas). The analysis was perfornited w P%:  and IB: visualization. AB and EP: writing-review
default settings, auto-scaling of RNAseq counts and the FDANd editing.

cuto set as 0.05. Network analysis was conducted with pratei

protein interactions method, STRING con dence score cuto FUNDING

set as 900 with requirement of experimental evidence and-zero ) ] ]

order network. Functions of identi ed genes were de ned huit This study was funded by Medical University of Lodz 503/0-078-

KEGG database. 02/503-01-004.

The datasets analysed for this study can be found in the
Broad Institute TCGA GDAC Firehose Repository (https://gdac.
broadinstitute.org/).

EP: conceptualization and supervision. DJ and IB: data

Mutation/Copy Number Variation Analysis SUPPLEMENTARY MATERIAL
Additionally, we performed analysis of mutations and copy

number variation (CNV) in UCEC patients according to novel The Supplementary Material for this article can be found

molecular subgroups. Mutations/CNVs were obtained fromonline

at:  https://www.frontiersin.org/articles/10.3B8nc.

cBioPortal repository 37, 39 for 42 major Wnt pathway 2019.00360/full#supplementary-material
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