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ABSTRACT

Objective: Recent studies have detailed the genomic landscape of endometrial cancer (EC);
however, no study has focused on genetic alterations in advanced EC. We performed genomic
profiling of patients with advanced EC using targeted next-generation sequencing (NGS).
Methods: Archival tissue samples from 21 patients diagnosed with stage III and IV EC were
obtained and subjected to NGS. Our data and the cancer genome atlas dataset were combined,
and somatic mutation patterns were analyzed and compared according to the stage and
histological type. Additionally, survival effects of specific mutated genes were analyzed.
Results: Somatic mutation patterns of 38 genes were identified in 263 EC samples, and

the most commonly mutated genes were PTEN and PIK3CA. PTEN was the most common

in endometrioid histology, while PPP2RIA was the most commonly mutated gene in serous
histology. The mutation rates of PPP2RIA and TP53 were significantly higher in advanced

EC sample than in stage I samples (22.5% vs. 4.3% [p<0.001] and 8.4% vs. 1.4% [p=0.021],
respectively). Survival analysis of the total population and endometrioid subgroup revealed
that patients with PPP2RIA mutations had significantly shorter survival than did those
without mutations (p=0.005 and p<0.001, respectively).

Conclusion: PPP2RIA mutations might have a role in dismal prognosis of advanced EC.

Keywords: Endometrial Cancer; Survival Analysis; PPP2R1A; TP53

Synopsis
Both PPP2RIA and TP53 mutations were significantly higher in stage III/IV than in stage
1 EC samples. Mutated PPP2RIA and TP53 were associated with decreased survival rate.

PPP2RIA and TP53 mutations might contribute to poor oncological outcomes in patients
with stage III/IV EC.
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INTRODUCTION

Endometrial cancer (EC) is the most common female genital tract cancer in Western
countries. In Korea, the incidence of newly diagnosed ECs is progressively increasing

[1]. Most cases are early stage endometrioid ECs that have favorable outcomes, but

advanced ECs have a dismal prognosis. By definition, advanced ECs are classified as
International Federation of Gynecology and Obstetrics (FIGO) stage III-IV ECs that comprise
approximately 20% of all EC cases. Advanced EC is a substantially heterogeneous disease
entity with multiple risk factors and highly diverse clinical outcomes. For example, within
the same FIGO stage, patients with EC involving multiple metastatic sites have worse
outcomes than those with EC involving a solitary site [2,3]. In addition to clinicopathological
characteristics, molecular and genomic profiling might reveal the pathogenesis and natural
history of advanced ECs.

Cancer spread, including distant metastasis, is considered to be deriven from the accumulation
of somatic mutations followed by choosing the fittest clones, eventually resulting in metastatic
spread [4]. Somatic mutations play a crucial role in cancer growth, invasion, and metastasis
and thus, induce cancer progression. Most cancer treatment guidelines are based on somatic
mutations in cancer-related genes. And identification of genomic changes and molecular
markers in advanced EC could lead to more tailored therapies. Various molecular markers and
pathways that may be potential therapeutic targets have been explored. These include, but

are not limited to, the PTEN and PIBK/AKT/mTOR pathway [5-8], KRAS/BRAF/NRAS (Ras/
Raf pathway) [9], homologous recombination deficiency (HRD) pathway [10,11], mismatch
repair deficiency [12], ARID1A [13,14], FGFR2 [15], HER2/neu [16], and p53 [17,18]. However,
data regarding molecular and genomic profiling, specifically focusing on advanced ECs, are
lacking. In the Cancer Genome Atlas (TCGA) data published in 2013, almost three-fourths of
the enrolled cases had early-stage EC [19]. Furthermore, in TCGA, no comparative analysis was
performed between early stage and advanced ECs.

In this study, we examined the genomic landscape of patients with advanced EC using
targeted next-generation sequencing (NGS). Additionally, we combined TCGA data and
our data to compare mutational patterns between early stage and advanced EC cases, as
well as within advanced EC cases. Furthermore, we assessed specific somatic mutations to
determine the differential survival outcomes between early stage and advanced ECs.

MATERIALS AND METHODS

1. Study population and data collection

Formalin-fixed paraffin-embedded (FFPE) tumors from 21 patients diagnosed with advanced
EC between 2010 and 2017 at our hospital (Korea University Medical Center; KUMC) were
included in this study. Written informed consent was obtained from all patients. Patients
who underwent hysterectomy with bilateral salpingo-oophorectomy and pelvic and/or para-
aortic lymphadenectomy and were diagnosed with FIGO stage Il and IV were considered
eligible. Tumors with histological subtypes such as neuroendocrine, dedifferentiated,
undifferentiated, or mesonephric-like EC were excluded. Clinicopathological data, including
patient age, date of operation, last follow-up or date of death, and tumor stage, grade, and
histological type, were collected from electronic medical records in our hospital. This study
was approved by our Institutional Review Board (Korea University Guro Hospital Institutional
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Review Board [KUGH17282-001]). All methods and processes of this study were carried out
in accordance with relevant guidelines and regulations.

2. Nucleic acid isolation and library preparation and sequencing

DNA was extracted from FFPE tumors using a total DNA extraction kit (RecoverALL, Thermo
Fisher Scientific, Waltham, MA, USA) following the manufacturer’s protocol. The Oncomine
Comprehensive Assay™, which comprises the DNA Oncomine™ Focus Assay (Thermo
Fisher Scientific) and RNA Oncomine™ Fusions assay (Thermo Fisher Scientific), designed
to examine 143 oncogenes and tumor suppressor genes covering single nucleotide variants
(SNVs), copy number alterations, insertions and deletions (INDELSs), and fusions was used.
DNA libraries were prepared using the Ion AmpliSeq™ Library Kit 2.0 (Thermo Fisher
Scientific) following the manufacturer's instructions. The purified libraries were quantified
using an Ion Universal Quantitation Kit. The kit contained Escherichia coli DH10B DNA as the
standard for the quantification of libraries. The concentration of final library molecules was
50 pM, which is appropriate for downstream template preparation. Template was prepared
using the Ion Chef System (Thermo Fisher Scientific). Sequencing was performed using

the Ion Torrent S5XL Machine platform (Thermo Fisher Scientific) with an Ion 540 Chip Kit
(Thermo Fisher Scientific) according to the manufacturer’s instructions.

3. Data analysis

Analysis of raw sequencing data was performed using the Torrent Suite software version
5.10.1 (Thermo Fisher Scientific) with default analysis parameters. Variant Caller version
4.4.2.2 and Coverage Analysis version 4.4.3.3 plug-ins (Thermo Fisher Scientific) were used
for variant calling and sequencing coverage analysis, respectively. The parameters applied

to achieve adequate sequencing quality were as follows: mean sequencing depth, 1,200x

and 250x; coverage, 90%; and total mapped fusion panel reads >20,000. Variant calling was
performed using Ion Reporter software v5.4 with manufacturer-recommended settings. An
allelic frequency of approximately 5% was used as the cutoff for variants (SNV, INDEL). Gene
copy number estimation was performed for variants with a mean absolute percent difference
score of >0.5. An average copy number of >4 indicated gain or amplification. Regarding
translocations, 250,000 read counts per million were interpreted as positive results.

4. Statistical analysis and data visualization

Somatic mutation data were downloaded from TCGA, and all analyses were performed using

R package version 4.0.3 [20]. Analyses were performed using R package TCGAbiolinks and
GDCquery function with the following parameters: project, TCGA-UCEC; data category, simple
nucleotide variation; data type, annotated somatic mutation; and workflow type, MuTect2
annotation. We processed the data in a mutation annotation format and merged our sequencing
data by genomic location. Reference genome hgl9 was used for the analysis. As TCGA-UCEC
somatic mutation data were referenced to genome hg38, we used ‘liftOver’ function to convert
hg38 to hgl9. The mutation landscape, including SNVs, INDELs, and mutational burden, across
our samples and TCGA were plotted using Genomic Visualization in R.

5. Variant interpretation

All the genetic alterations were interpreted using a four-tier system according to the
standards and guidelines for the interpretation and reporting of sequence variants in
cancer: tier I, variants of strong clinical significance such as biomarkers with FDA-approved
therapies included in professional guidelines or those with proven diagnostic, prognostic or
therapeutic effects in well-powered studies; tier II, variants of potential clinical significance
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such as biomarkers that predict response or resistance to FDA-approved therapies for a
different tumor type or investigational therapies; tier III, variants of unknown clinical
significance; and tier IV, benign or likely benign variants [21]. Variants corresponding to tier
IV (benign or likely benign) have not been reported.

RESULTS

1. Mutation landscape of combined dataset

A total of 21 patients from the KUMC and 530 samples from TCGA were available for somatic
mutation analysis. We selected 242 of 530 samples from TCGA dataset that were histologically
classified as endometrioid or serous EC. Thereafter, we merged the two somatic mutation
datasets and retrieved data of 86 alleles in 38 genes with mutations common between the
KUMC and TCGA datasets (Fig. S1). 21 patients from KUMC and 242 samples from TCGA
(total cases=263) were included in somatic mutation analysis. The clinical and pathological
characteristics of 21 patients from the KUMC are summarized in Table S1.

Of the 242 samples from TCGA, 158 were stage I EC, 52 were stage III EC, and 10 were stage
IV EC. Regarding the histological type, 206 samples were endometrioid EC and 36 were
serous EC. Considering stage I samples, 144 were endometrioid EC and 14 were serous EC,
and considering stages III/IV samples, 40 were endometrioid EC and 22 were serous EC.

The distribution of somatic mutations in tumor samples of 21 patients from our institution
is presented in Fig. 1. Targeted NGS analysis produced a mean of 9,503,261 reads, 97.84% of
which were mapped on the reference genome hgl9. The mean coverage depth per sample was
3,809x, and the percent base reads on target was 92.80%. After filtering out the processes,
we identified 129 somatic variants (Table $2). Somatic variants were classified according to
their effect on transcripts as missense (67.4%), nonsense (15.5%), silent (7.0%), frameshift
deletion (7.0%), frameshift insertion (1.6%), 3’ untranslated region (0.8%), and in-frame
deletion (0.8%). The amino acid changes reported for endometrioid or serous carcinoma of
the endometrium primary site in the COSMIC (http://cancer.sanger.ac.uk/cosmic) database
were compared with our results to confirm the pathogenicity of somatic mutations. In TCGA
samples, more pathogenicity was observed in serous (92.31%; 72 of 78) than in endometrioid
samples (81.82%; 459 of 561) (p=0.02281). Among the somatic mutations identified, 531 of
639 (83.10%) in TCGA samples and 93 0f 129 (72.09%) in the KUMC samples were found

to be pathogenic. In the 21 patients from KUMC, PTEN (36 of 129) was the most mutated
gene followed by PIK3CA (25 0f129). INDEL and copy number variation (CNV) patterns were
detected, and provided as Table S3.

2. Somatic mutation patterns by stage

To investigate the differential somatic mutation patterns in advanced EC (FIGO stage III or
1V), we categorized all samples into FIGO stages I and III/IV and visualized their distribution
on a waterfall plot (Fig. 2). A total of 391 somatic mutations were found in 158 samples
classified as FIGO stage I (Fig. 2B), and 313 somatic mutations in 83 samples classified

as FIGO stage III/IV (Fig. 2A). After selecting only “Pathogenic” mutations by NGS, no
significant difference was found in the number of somatic mutations between the FIGO
stages I and III/IV groups (p=0.1761): 324 of 391 mutations in stage I (82.9%) versus 246 of
313 mutations in stage III[/IV (78.6%). However, the number of serous EC samples in the
FIGO stage III/IV groups was greater than that in stage I group (p<0.00001): stage I, 14 of
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Fig. 1. The somatic mutation landscape of 21 patients from Korea University Medical Center (KUMC) was depicted as waterfall plot. The upper panel
demonstrates the mutational burden per megabase DNA (MB) for each patient. The left panel indicates the percentage of mutation of 21 patients in each 15
genes. The cut-off of indicated mutation was 0.05, so the mutation found in at least two of the 21 patients to be displayed in this plot. The lower panel separated
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158 (9.0%) samples and stage III/IV, 27 of 83 (32.5%) samples. Regarding the frequency of
somatic mutations in stage III/IV samples, the two most commonly mutated genes were
PTEN and PIK3CA. The frequencies of PTEN mutations in stages I and III/IV samples were
46.3% (182 mutations) and 33.5% (105 mutations), respectively. The frequencies of PIK3CA
mutations in stages I and III/IV were 27.6% (108 mutations) and 17.9% (56 mutations),
respectively. The number of somatic mutations of PPP2RIA observed in stage III/IV samples
were 19 (stage III: 14 and stage IV: 5, the third most common mutation) and in stage I samples
were seven.

3. Somatic mutation patterns by histological type

We investigated the differences in somatic mutation patterns between the endometroid

and serous types. Hence, we compared stage III/IV ECs with stage I ECs according to the
endometrioid (Fig. $2) and serous types (Fig. $3) on waterfall plots. In endometrioid type, 227
and 363 somatic mutations were identified in 56 patients with stage III/IV ECs (Fig. S2A), and
in 144 with stage I ECs (Fig. S2B), respectively. In serous type, 86 and 28 somatic mutations
were identified in 27 patients with stage III/IV ECs (Fig. S3A), and 14 with stage I ECs (Fig. S3B),
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Fig. 2. The somatic mutation landscape of each patient was depicted as waterfall plot. (A) The left panel indicates the percentage of mutation of total 83
patients in each 27 genes. The cut-off of indicated mutation was 0.02, so the mutation found in at least two of the 83 patients to be displayed in this plot. The
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of mutation of total 158 patients in each 11 genes. The cut-off of indicated mutation was 0.02, so the mutation found in at least four of the 158 patients to be
displayed in this plot. The lower panel was separated into four sections, and each section indicates that pathological type (144 endometrioid and 14 serous),
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KUMC, Korea University Medical Center; TCGA, the cancer genome atlas.
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respectively. In endometroid type, PTEN and PI3KCA were the two most commonly mutated
genes, whereas PPP2RIA mutations were most common in the serous type. TP53 mutations were
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the second most frequently observed mutations in patients with serous histology and stage III/
IV EC (Fig. S3A).

Specifically, the number of somatic mutations in PTEN and PIK3CA genes in the endometrioid
type were 23 (24.7%) and 16 (17.2%) and in the serous type were 13 (36.1%) and 9 (25.0%),
respectively. Thereafter, analysis of somatic mutations in TCGA samples (n=62) of stage III/
IV EC revealed 182 somatic mutations. In the endometroid type, 132 somatic mutations in
PTEN and PIK3CA, with frequency in the order mentioned, were found, which is identical to
the KUMC results. In the serous type, the PPP2RIA gene had the highest mutation frequency
(52.0%; 26 of 50), followed by PIK3CA (16.0%), TP53 (12.0%), and PTEN (10.0%) genes. The
somatic mutation patterns within the same histological type were similar in the KUMC and
TCGA datasets.

4. Confusion matrix by top 8 genes and stages

A Fisher’s exact test was used to calculate the odds ratios (ORs) and p-values of the eight
frequently mutated genes (PTEN, PIK3CA, PPP2RIA, PIK3R1, FBXW7, FGFR2, TP53, and CTNNBI)
(Table 1). PPP2R1A had a significantly higher mutation frequency in stage III/IV samples than
in stage I samples (16 vs. 6, OR=6.05, p<0.001). In the endometrioid type, PPP2RIA mutation
rate was marginally higher in stage III/IV samples than in stage I samples (4 vs. 2, OR=5.462,
p=0.053). The mutation rate of TP53 was significantly higher in stage III/IV samples than

in stage I samples (6 vs. 2, OR=6.078, p=0.021). The mutation frequency of PIK3CA was
significantly higher in stage I samples than in stage III/IV samples (49 vs. 14, OR=0.451,
p=0.020), unlike that of PPP2RIA.

5. Survival plot, univariate, and multivariate analysis by somatic mutations
Thereafter, using Kaplan—Meier survival plots, we investigated which somatic mutations of
the eight most frequently mutated genes affected survival outcome. Each survival analysis
included all patients from the KUMC and TCGA dataset. Moreover, survival analyses according
to the histological type (endometrioid) were performed (Fig. 3). First, survival analysis was
performed according to PPP2R1IA mutations, which showed a significantly higher rate in
patients with stage III[/IV EC than in patients with stage I EC. The survival proportion was
significantly lower in patients with PPP2RIA mutations than in those with wild-type PPP2RIA
(Fig. 3A; 73.1% vs. 88.6%, p=0.005). Notably, the negative prognostic effect of PPP2RIA
mutations was more prominent with endometrioid EC than with serous EC (Fig. 3B; 41.9% vs.
91.2%, p<0.001). The survival proportion was significantly lower with TP53 mutations than

Table 1. Comparison of mutation frequencies of 8 most commonly mutated genes between stage 111/IV and stage | endometrial cancers

Gene Total, Total, stage p-value Odds Endometrioid, Endometrioid, p-value 0Odds Serous, Serous, p-value  Odds

stage | /v ratio stage | stage III/1IV ratio stage | stage Ill/IV ratio
PTEN 63 27 0.327 0.727 61 24 1.000 1.020 2 3 1.000 0.783
PIK3CA 49 14 0.020 0.451 45 9 0.034 0.421 4 5 0.694 0.595
PPP2R1A 6 16 0.000 6.050 2 4 0.053 5.462 4 12 0.329 2.143
PIK3R1 8 0 0.053 0.000 7 0 0.194 0.000 1 0 0.350 0.000
FBXW7 3 5! 0.128 3.312 2 3 0.135 4.019 1 2 1.000 1.083
FGFR2 5 1 0.667 0.373 4 1 1.000 0.636 1 0 0.350 0.000
TP53 2 6 0.021 6.078 1 2 0.190 5.296 1 4 0.640 2.364
CTNNB1 1 2 0.273 3.877 1 2 0.190 5.296 0 0 1.000 NA
Sum 158 83 144 56 14 26

NA, not applicable.
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with wild-type TP53in all patients and those with endometrioid EC (Fig. 3C and D; 61.5%
vs. 88.4%, 50.0% vs. 90.4%, p=0.00059 and 0.0051, respectively). However, because the
proportion of patients with 7P53 mutation was extremely low, it was difficult to analyze each
histological type separately.

Genomic landscape of endometrial cancer
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Fig. 3. Kaplan-Meier survival plots of PPP2R1A and TP53 mutation. (A) Of 263 patients, 26 patients had the PPP2R1A mutation. 27 patients out of 237 with PPP2R1A
wild-types and 7 out of 26 with the PPP2R1A mutations were dead. (B) Among 222 patients with endometrioid types, 7 patients had the PPP2R1A mutations.

19 patients out of 215 with PPP2R1A wild-types and 4 out of 7 with PPP2R1A mutations were dead. (C) Of 263 patients, 13 patients had the TP53 mutations. 29
patients out of 250 with TP53 wild-types and 5 out of 13 with TP53 mutations were dead. (D) Out of 222 patients with endometrioid, 4 patients had the TP53
mutations. 21 patients out of 218 with TP53 wild-types and 2 out of 4 with TP53 mutations were dead.
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We performed univariate and multivariate Cox regression analyses to determine the prognostic

Genomic landscape of endometrial cancer

effect of clinicopathological factors (age, stage, grade, and histologic type) and the eight most
frequently mutated genes on survival outcomes. In the univariate analysis, stage III/IV, grade 3,
and the presence of PPP2RIA and TP53 mutations were significantly associated with decreased
survival rate. However, only stage III/IV was found to be an independent prognostic factor for
decreased survival proportion in the multivariate analysis (Table 2).

The lollipop plots of the PPP2RIA, TP53, and PIK3CA genes are presented in Fig. 4. The X-axis
represents each domain located in the gene. The Y-axis represents the frequency of the
mutations. In PPP2RIA, only one P179L/R mutation in the HEAT_2 domain was found. In
TP53, the R175H mutation was found in stages I and III/IV samples, whereas the mutation
located upstream of the P53 tetramer domain was found only in stage III/IV samples.

DISCUSSION

In this study, we conducted genomic profiling in patients with FIGO stage III/IV EC using
targeted NGS technology and compared the somatic mutation pattern between patients

with FIGO stages I and III/IV EC. We merged 21 stage III/IV EC samples from KUMC with
histological-type (either endometrioid or serous) labeled samples from TCGA. Consequently,
PPP2RIA and TP53were found to be more frequently mutated in stage III/IV EC samples than
in early-stage EC samples. To the best of our knowledge, this is the first study to report the
genomic landscape focused on stage III/IV EC and to compare somatic mutation patterns
between stages I and III/IV ECs. In addition, we demonstrated differential mutation patterns
by histological subtypes and survival data according to specific gene mutations.

PPP2RIA encodes the Aa subunit of PP2A, which is one of the four major serine/threonine
phosphatases [22]. PP2A is involved in a variety of cellular pathways such as cell growth
and survival and has been implicated as a tumor suppressor [23]. PPP2RIA mutations occur
in type I EC, but at much lower frequencies (2.5%—6.9%) [24]. As expected, the PPP2RIA

Table 2. Univariate and multivariate analysis of clinicopathological factors and 8 most frequently mutated genes

for survival

Parameters HR (95% CI) p-value

Univariate analysis
Age 1.015 (0.984-1.047) 0.351
STAGE lIl/IV 4.727 (2.219-10.068) <0.0001
Grade 3 2.397 (1.029-5.583) 0.043
Histology Serous 2.089 (0.929-4.694) 0.075
PTEN 0.574 (0.27-1.219) 0.149
PIK3CA 0.903 (0.442-1.845) 0.779
PPP2R1A 3.174 (1.289-7.818) 0.012
PIK3R1 0.507 (0.118-2.179) 0.362
FBXW7 0.449 (0.061-3.308) 0.432
FGFR2 2.171 (0.291-16.189) 0.449
TP53 3.983 (1.38-11.494) 0.011
CTNNB1 1.077 (0.146-7.926) 0.942

Multivariate analysis
STAGE 1lI/IV 3.303 (1.418-7.691) 0.006
Grade 3 1.455 (0.583-3.63) 0.422
PPP2R1A 1.76 (0.661-4.688) 0.257
TP53 2.017 (0.65-6.26) 0.295

https://ejgo.org

Cl, confidence interval; HR, hazard ratio.
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Fig. 4. The distribution and loci of mutations of 3 genes (PPP2R1A, TP53, and PIK3CA) in endometrial cancer (stage IIl/IV versus I) were depicted. Diagrams
represent the protein domain of each genes. The presence of a mutation is shown on the x axis as lollipop, and the frequency of mutation is shown on the y
axis. Missense mutations are presented as green circles, and other mutation types were presented as pink circles. Plots were generated using cBioPortal (www.

cBioPortal.org).
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mutation rate was higher in serous type EC samples than in endometrioid EC samples in our
study, which is consistent with findings of previous studies [25,26]. However, a significantly
higher mutation rate of PPP2RIA was detected in stage III/IV EC samples than in stage I

EC samples in our study, which is a novel finding. In line with this finding, Kaplan—Meier
survival analyses revealed that the 5-year survival rate was significantly lower in patients
with PPP2RIA mutations than in those without mutations. Consistent with our findings,

the cBioportal reported a 5-year survival rate of 50% for patients with serous EC harboring
PPP2RIA mutations compared with 80% for those without PPP2RIA mutations [27]. Our
findings suggest that PPP2R1A mutations contribute to poor prognosis in patients with stage
III/IV EC regardless of the histological subtype.

TP53is a tumor suppressor gene. TP53 mutations are highly prevalent in so-called “high

copy number” subtypes characterized by serous and high grade endometrioid histology. The
cBioportal has indicated that TP53 mutations are related to poor prognosis in EC [19]. These
data indicated a 5-year survival rate of 60% for patients with TP53 mutations compared with
up to 90% for those without mutations. In our study, the mutation rate of TP53was 12.2%

in patients with serous EC. A previous study reported that the frequency of whole 133 TP53
mutation locations was >90% in serous and had a different frequency in the endometrioid
subtype [19]. We confirmed TP53 mutations in three locations (chr17:7579883, chrl7:7578406,
and chr17:7576897 of hgl9 assembly); hence, a lower frequency of mutations was found in our
study than in the previous study.

https://doi.org/10.3802/jg0.2022.33.€29 10/15
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In terms of the genomic landscape, PTEN and PIK3CA mutations were most common
mutations in stage III/IV and I EC samples. Both PTEN and PIK3CA mutations had
predominantly high frequency in TCGA data, ranging from 77% to 94% and from 53 to 71%,
respectively, and were almost evenly distributed throughout the four molecular subgroups,
except for the copy-number high group, in which the TP53 mutation rate was 92% [19].
Cerina et al. [28] conducted comprehensive genomic profiling in 32 metastatic uterine
cancers. In their study, P53 mutation was the most frequent genomic alteration, and
PIK3CA, ARID1A, and PTEN were followed. Unfortunately, no stratified analysis focusing on
advanced stage EC was done, which is different from our study.

Although statistically insignificant, the FBXIW7 mutation rate was higher in stage III/IV

EC samples than in stage I EC samples. FBXW7 mutations are most frequently reported

in type I EC and are related to the PI3K pathway activation through mTOR stabilization
[29]. Additionally, a similar mutation pattern was observed for a small number of CTNNBI
mutations. Generally, the mutation frequency of the CTNNBI gene is lower in type Il EC
cases than in type I EC cases. B-catenin, a crucial component of the Wnt signaling pathway,
stimulates the transcription of genes related to cell proliferation and survival [30]. Further,
the role of FBXW7 and CTNNB1 mutations in the poor prognosis of stage III/IV ECs requires
further investigation.

Lollipop plots of PPP2RIA, TP53, and PIK3CA showed different mutation loci according to the
histological type and FIGO stage. In PPP2RIA gene, P179L/R mutation, located in the HEAT 2
domain was identified. In a previous study, the P179L mutation was detected in serous EC [31].
P179R is a recurrent factor that induces global changes in the A-subunit protein structure and
loss of interaction with the catalytic subunit and reduces holoenzyme stability [32]. In TP53, the
three mutations were located in the three different domains; however, the mutation located in
the P53_tetramer was only detected in stage III/IV EC samples. In the P53 domain, R175H is an
enriched somatic mutation in tumors with infiltrating immune cells [33,34].

The major strength of our study is that this is the first to investigate differential somatic
mutation patterns in patients with stage III/IV EC presenting poor oncological outcomes.
To overcome the small sample size, we combined our data with TCGA dataset for a
comprehensive analysis. Given that we used TCGA dataset, the largest pool of genomic
information of EC patients in the world, selection bias could be minimized.

This study had some limitations. First, because we used targeted NGS technology, a
commercial multi-gene panel, the number of genes that could be investigated was limited.

If whole genome or exome sequencing was applied, clinically significant genes other than
PPP2RIA or TP53 could be identified. Second, although 548 samples with clinical information
in TCGA dataset were identified, only 242 samples were retrieved by variant calling of somatic
mutation. That’s because an overlap of variant calling results was seen in 21 KUMC samples
(16 endometrioid and 5 serous) and 242 TCGA samples (206 endometrioid and 36 serous). If
somatic mutation data of more patients with EC patients are analyzed by histological type,
more accurate and statistically meaningful results can be obtained. Third, considering TP53,
only three genomic locations of the 133 indicated in TCGA were analyzed. Although this study
showed similar patterns to that in TCGA, more statistical significance could be obtained

if more somatic mutation locations were analyzed. Lastly, we had only 21 patients with
advanced EC in our institution who met inclusion criteria. For this reason, our results should
be interpreted as preliminary data.
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Herein, we found that both PPP2RIA and TP53 mutations were significantly higher in stage III/
IV EC samples than in stage I EC samples. Compared with wild-type, mutated PPP2R1A and
TP53 were associated with decreased survival rate. The negative effect of PPP2RIA mutation
on survival outcome was more prominent in endometrioid EC population than in serous EC
population. PPP2R1IA and TP53 mutations might contribute to poor oncological outcomes in
patients with stage III/IV EC. Because of small sample size, we could only show preliminary
results at this stage. Larger-scaled, confirmatory study with prospectively collected samples
is warranted.

SUPPLEMENTARY MATERIALS

Table S1
Clinical and pathological features of 21 patients from Korea University Medical Center

Click here to view

Table S2
Features of 129 somatic variants of 21 patients from Korea University Medical Center

Click here to view

Table S3
Insertion and deletion (INDEL) and copy number variation (CNV) patterns of 21 patients
from Korea University Medical Center

Click here to view

Fig. S1

Top 16 frequently mutated genes are shown in the waterfall plot. (A) From combined KUMC
and TCGA somatic mutation analysis, total somatic mutations were retrieved 86 locus, 38
genes in the total 263 patients. The cut-off of indicated mutation was 0.02, so the mutation
found in at least six of the 263 patients to be displayed in this plot. A confusion matrix of the
counts at each combination of factors, and factors were sample sources (KUMC and TCGA),
endometroid, serous, stage, and sum of each sources. From endometroid (B), and serous (C)
pathological type, waterfall plots were depicted.

Click here to view

Fig. S2

(A) The left panel indicates the percentage of mutation of total 56 patients in each 23 genes.
The cut-off of indicated mutation was 0.02, so the mutation found in at least two of the 56
patients to be displayed in this plot. The lower panel was separated into four sections, and
each section indicates that pathological type (56 endometrioid), sample source (16 KUMC
and 40 TCGA), survival status (A, 41 alive; D, 14 dead; U, 1 unknown), and two FIGO stages
(42 stage Il and 14 stage IV). (B) The left panel indicates the percentage of mutation of total
144 patients in each 11 genes. The cut-off of indicated mutation was 0.02, so the mutation
found in at least three of the 144 patients to be displayed in this plot. The lower panel

was separated into four sections, and each section indicates that pathological type (144
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Fig. S3

(A) The left panel indicates the percentage of mutation of total 27 patients in each 16 genes.
The cut-off of indicated mutation was 0.02, so the mutation found in at least one of the 27
patients to be displayed in this plot. The lower panel was separated into four sections, and
each section indicates that pathological type (27 serous), sample source (5 KUMC and 22
TCGA), survival status (A, 18 alive; D, 7 dead; U, 2 unknown), and two FIGO stages (22 stage
III and 5 stage IV). The upper panel demonstrates the mutational burden per megabase DNA
(MB) for each patient. (B) The left panel indicates the percentage of mutation of total 14
patients in each 9 genes. The cut-off of indicated mutation was 0.02, so the mutation found
in at least one of the 14 patients to be displayed in this plot. The lower panel was separated
into four sections, and each sections indicates that pathological type (14 serous), sample
source (14 TCGA), survival status (A, 12 alive; D, 2 dead), and one FIGO stage (14 stage I).

Click here to view
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