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Abstract—The “guardian of the genome,” TP53, is one of the most frequently mutated genes of all cancers. Despite the important

biological roles of TP53, the clinical relevance of TP53mutations, in gastric cancer (GC), remains largely unknown. Here, we

systematically assessed clinical relevance, in terms of TP53mutation positions, finding substantial variability. Thus, we hypothesized

that the position of the TP53mutation might affect clinical outcomes in GC. We systematically inspected missense mutations in TP53,

from a TCGA (The Cancer Genome Atlas) GC dataset in UCSC Xena repository. Specifically, we examined five aspects of each

mutational position: (1) the whole gene body; (2) known hot-spots; (3) the DNA-binding domain; (4) the secondary structure of the

domain; and (5) individual mutation positions. We then analyzed the clinical outcomes for each aspect. These results showed that, in

terms of secondary structure, patients with mutations in turn regions showed poor prognosis, compared to those with mutations in beta

strand regions (log rank p ¼ 0:043). Also, in terms of individual mutation positions, patients having mutations at R248 showed poorer

survival than other patients having mutations at different TP53 positions (log rank p ¼ 0:035).

Index Terms—Bioinformatics, computational biology, biomedical informatics

Ç

1 INTRODUCTION

THE gene encoding the tumor suppressor TP53, dubbed
the “guardian of the genome,” is the most frequently

ð> 50 percentÞ mutated gene across all cancers [1]. The
extent of TP53 mutation, however, in specific tumors, varies
widely. A previous study of the “mutational landscape,” of
12 distinct tumor types, found 20 biologic processes to be
significantly dysregulated. Moreover, in one such process,
“genome integrity,” TP53 mutation rates ranged from
2.2 percent to 94.9 percent, in renal cell and serous ovarian
cancers, respectively [2].

Although TP53 is widely known as the prevailing arbi-
trator of DNA repair and apoptosis, one study found that
its role in DNA repair, in mice, was unrelated to tumor
suppression. Rather, activation by the small protein, ARF,
in response to oncogenic signaling, resulted in TP53’s

antineoplastic properties [3]. However, while those
authors accurately noted well-known, frequent deletions,
or epigenetic silencing of ARF, they did not examine the
transcriptomic context of TP53 activity, nor its specific
mutation [1].

Previously, using patient stratification based on TP53
mutation status, we identified clinically relevant biomarker
candidates, which significantly associated with TP53 sta-
tus/mutation in clinical outcomes [4]. Previously, all muta-
tional positions in TP53 were considered the same. In other
words, individual mutation positions were not inspected in
terms of clinical relevance. Here we extended that previous
work to assess the role of specific TP53 mutations, on clini-
cal outcomes, finding substantial variability.

2 METHODS

2.1 Overview of Our Study

Based on the previous TP53 studies described above, we
hypothesized that TP53 mutational location might affect
clinical outcomes, in gastric cancer (GC), via unique mecha-
nisms. To test that posit, we first studied relationships
between mutation locations and survival rate, in addition to
differentially expressed pathways, using TP53 missense
mutations in the dataset (henceforth, The Cancer Genome
Atlas (TCGA) GC dataset, or equivalently TCGA STAD
dataset) from Stomach Adenocarcinoma (STAD) in TCGA
[5]. Our overall approach is shown in Fig. 1.

The number of samples collected was 289 in total, which
included a mutation dataset, and a matched expression
dataset, from the TCGA. Among these, 138 samples had
mutations in TP53, while 151 were TP53 wild type. Of the
138 TP53-mutant patient samples, we specifically examined
80 (58 percent) samples, having only a single missense TP53
mutation.
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The distribution of the 80 missense mutations in the 80
patient samples in the TCGA is shown in Fig. 1a. The mis-
sense mutations were distributed into 38 distinct positions
of the TP53 gene, and up to 11 samples were mutated at the
same position. Of the 80 samples with only one missense
mutation, 76 samples (95 percent) were mutated in the
DNA-binding domain (DBD) (Fig. 1a). Of the four remain-
ing samples, two (2.5 percent) were in the N-terminus and
two (2.5 percent) were in the C-terminus.

As shown in Fig. 1b, we next divided the group of 80 mis-
sense mutations into five categories: (1) whole gene body; (2)
hot spots; (3) domain; (4) secondary structure; and (5) posi-
tions (within DBD). We then performed survival analysis for
each category. By combining the mutation information with
the expression dataset (matched to the same patients), we
also assessed differentially expressed pathways, associated
with individualmissensemutational positions.

2.2 Data Collection

We used data from TCGA STAD somatic mutation (curated
by the Broad Institute, Cambridge, MA) database (version
2016-04-25), of the UCSC XENA group. According to the data
description of UCSC XENA, sequencing data were generated
on an Illumina (San Diego, CA, USA) Genome Analyzer sys-
tem. Calls were generated at the Broad Institute Genome

Sequencing Center, using the MuTect method [6]. This spe-
cificmutation dataset holds information onmutations for 289
gastric cancer (GC) patients. Gene expression data was
obtained using the TCGA STAD gene expression dataset, as
determined by RNA-Seq of the UCSC Cancer Genomic
Browser (CGB) group. Patients’ gene expression data was
matched to that of the mutation data. According to the data
manipulation of UCSC CGB, gene expression levels were
equal to log2 transformation of RPKM values, with level 3
data downloaded from the TCGA data coordinating center.
Clinical information was downloaded from the same web
page as the gene expression dataset. Secondary structure
data for the TP53 protein was obtained from DSSP for TP53
model 3Q01, deposited in the Research Collaboratory for
Structural Bioinformatics Protein Data Bank (RCSB-PDB) [7].

2.3 TP53Missense Mutation Visualization

Extraction data with one TP53 missense mutation was used
in the TCGA STADmutation dataset, and themutationmap-
per of cBioPortal was used for visualization [8]. The second-
ary structure of the TP53DBDwas obtained from the PDB.

2.4 Patient Grouping for Survival Analysis

The TP53 STAD mutation dataset contained information
from 289 patients, with 138 having TP53 mutations, and 151

Fig. 1. Scheme of our study. (a) The distribution of TP53 missense mutations in TCGA gastric cancer patients according to domains. The 80 mis-
sense mutations in 80 patients were considered in the study. (b) The mutations in a were inspected in terms of five categories (gene body, TP53 hot
spots, domains, secondary structures, and points) to identify clinical relevance (e.g., survival). In addition, we inspected pathways associated with
clinically relevant mutations, revealing specific signaling, as well as common signaling according to mutation positions.
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patients with wild-type TP53. Of the 138, 80 patients had
one missense mutation in TP53. To identify possible rela-
tionships between the location and the survival rate of the
TP53 missense mutations, we divided the samples into five
categories: (1) gene overall status; (2) known hot spots; (3)
domain location; (4) secondary structure; and (5) codon
position (within the DBD region). First, these were divided
into gene units- 80 patients with only one missense muta-
tion in TP53, and 151 patients with wild-type TP53. The sec-
ond category included well-known hot-spots (R175, G245,
R248, R273, and R282) [9]. 32 patients had missense muta-
tions in hot spots, while 48 had missense mutations in non-
hot-spots. The third category was domain location. In the
TCGA GC mutation dataset, we observed that most TP53
missense mutations were in the DBD. Correspondingly, we
mapped TP53 mutations to the DBD or other regions. The
fourth category was mutation-induced secondary structure
of the DBD. Based on the DSSP secondary structure align-
ment extracted from the PDB, we divided the DBD into
three protein substructures: (1) a helix region (3/10-helix,
alpha-helix); (2) a strand region (beta strand, beta bridge);
and (3) a turn region (turn, bend). We also referenced the
clinical molecular profile in cBioPortal [8]. The fifth cate-
gory, codon position, was grouped by the position of the
mutation. As in the fourth category, we used samples from
the DBD region to create a group. We chose the group of
positions (R175, C176, R248, R273, R282) as those that had at
least 5 mutation samples in the same position. For each
mutation position, survival difference was compared to
patients having another position mutations within DBD.

2.5 Kaplan-Meier Survival Analysis
and Log-Rank Test

We performed a Kaplan-Meier survival analysis and a log-
rank test, among the five categorized groups, to confirm the
association of the location of the missense mutation with
survival rate. In the first category, we carried out survival
analysis and log-rank test between one missense mutation
in TP53 and TP53wild-type. In the second category, we per-
formed Kaplan-Meier survival analysis and log-rank test
between 32 samples with missense mutations at hot-spot
locations (R175, G245, R248, R273, and R282), and 48 sam-
ples with missense mutations in other non-hot-spots. In the
third category, we performed survival analysis and log-
rank test between 76 samples with missense mutations in
the DNA-binding domain, and 4 samples with missense
mutations in other regions. In addition, we performed
Kaplan-Meier survival analysis and log-rank test on wild-
type samples. Fourthly, we compared various secondary
structure groups (strand region-mutated patients vs. turn
region-mutated patients; helix region-mutated patients
vs. strand region-mutated patients; helix region-mutated
patients vs. turn region-mutated patients; turn region-
mutated patients vs. WT; helix region-mutated patients vs.
WT; and strand region-mutated patients vs. WT), perform-
ing Kaplan-Meier survival analysis and log-rank test. In the
fifth category (codon), we performed Kaplan-Meier survival
analysis and log-rank test between each position (from
R175, C176, R248, R273 and R282) and the other positions
within DBD.

2.6 Pathway Analysis

We used a fifth category group to identify differentially
expressed pathways, depending on the position of missense
mutations within DBD. We used the RPKM value of the
expression data (matched to the mutation data), and sam-
ples without expression data were excluded. We used the
PATHOME algorithm to find differently expressed path-
way contexts. The mutation position-associated pathways
were visualized using Cytoscape software [10].

3 RESULTS

3.1 Survival Analyses of the TP53 Gene Body
and Mutation Hot-Spots

We compared survival between the 80 patients having mis-
sense mutations, in the TP53 whole gene body, and 151
patients in the TP53 wild-type (WT) group. Without regard
to positions of the mutations, the 80 patients were catego-
rized as the TP53mutant group. Kaplan-Meier survival anal-
ysis and log-rank test, between the two groups, revealed no
significant survival difference between TP53missense muta-
tion and TP53WTpatients (log rank p ¼ 0:81) (Fig. 2a).

Next, we inspected survival associated with mutations in
TP53 hot spots. Since we had assigned the 80 mutations into
either TP53 known hot spot, or non-hot spot, groups
(Fig. 2b), we examined possible clinical differences between
the two groups. 32 of the 80 GC tumors were assigned to
known hot spot (R175, G245, R248, R273, and R282) [9], and
48 to non-hot spot, groups. There was no significant correla-
tion between the two groups in terms of survival (log rank
p ¼ 0:71). This is contradictory to a previous result [9] that
indicated clinical significance of TP53 hot-spot mutations,
possibly resulting from different GC clinico-pathological
characteristics.

3.2 Survival Analyses of Missense Mutations within
the TP53 DNA-Binding Domain vs. Other
Regions

Because 95 percent of the 80 missense mutations were in
the TP53 DNA-binding domain (DBD), we next assessed
survival differences between DBD-mutated GC patients, vs.
GC WT patients or those with other (i.e., non-DBD)
mutations. In the first comparison, DBD-mutated patients
(n ¼ 76) were considered as one group, and the 151 TP53
WT patients as another group. Comparing survival bet-
ween the two groups showed no significant survival differ-
ences (log rank p ¼ 0:77), using Kaplan-Meier analysis and
log-rank test (Fig. 2c). In the second analysis, we compared
DBD-mutated GC patients (n ¼ 76Þ to patients (n ¼ 4Þ with
mutations elsewhere. That study showed no significant cor-
relation between survival rate, and missense mutations, of
76 samples with missense mutations in the DBD, compared
to the 4 with non-DBD mutations (Fig. 2d), although we
concede this low-numbered sample size.

3.3 Survival Differences of GC Patients with
Mutations, According to Secondary Structures,
in the DBD

TP53’s secondary structure possesses three major types of
known secondary structures: helix, strand, and turn. A helix
is a spiral formation, a strand is part of a sheet-like

MOON ET AL.: SYSTEMATIC INSPECTION OF THE CLINICAL RELEVANCE OF TP53 MISSENSE MUTATIONS IN GASTRIC CANCER 1695



structure, while a turn is a region where the polypeptide
turns in the opposite direction [11].

Consequently,we inspected how 76GCpatients’ mis-sense
mutations, within the TP53 DBD, would affect TP53 second-
ary structure. 11 of the 76 were within the helix, 26 samples
were in strands, 15 samples were in turns, and for 24 patients,
the secondary structure could not be determined (Fig. 3a). We
then compared survival differences between patient groups,
according to these different secondary structures.

Survival analysis comparisons between the 15 turn
region-mutated patients and the 26 strand region-mutated
patients showed a significant difference (log rank p ¼ 0:043)
(Fig. 3b). However, survival analysis between the helix
region- vs. strand region-mutated patients showed no sig-
nificant difference (log rank p ¼ 0:074) (Fig. 3c). Likewise,
survival analysis comparing TP53-mutated helix region GC
patients and TP53-mutated turn region patients showed no
significant difference in survival (log rank p ¼ 0:70)
(Fig. 3d). Similarly, survival analysis between the turn

region-mutated vs. WT-TP53(n ¼ 151Þ patients showed no
significant difference ðlog rank p ¼ 0:23Þ (Fig. 3e), nor did
strand region-mutated patients vs. WT TP53 patients
ðlog rank p ¼ 0:17Þ (Fig. 3g), nor when comparing helix
region-mutants vs. WT TP53ðlog rank p ¼ 0:49Þ (Fig. 3f).

We also inspected clinico-molecular profiles according to
secondary structure (Supplementary Fig. S1, which can be
found on the Computer Society Digital Library at http://
doi.ieeecomputersociety.org/10.1109/TCBB.2018.2814049),
showing that two groups (turn region-mutated TP53 vs.
strand region-mutated TP53) differed in tumor/node/
metastasis -(TNM)-stage to some extent (Supplementary
Fig. S1 available online). Clinico-molecular comparison
between strand region-mutated- and helix region-mutated-
TP53 showed a visually slight difference between the two
groups (Supplementary Fig. S1 available online). However,
we note that the number of samples was small, and no fur-
ther statistical tests could be performed (Supplementary
Fig. S1 available online).

Fig. 2. Survival analyses according to TP53 whole gene body, mutation hot-spots, and domains. (a) Survival between the 80 patients having mis-
sense mutations in TP53 (whole gene body) with 151 TP53 wild-type (WT) patients. (b) Survival between patients of TP53 known hot spot mutations
and those of non-hot spot TP53 mutations. (c) Survival between patients having mutations in DBD domain and TP53 WT patients. (d) Survival
between DBD domain mutated patients and the other mutated regions. The y-axis indicates survival probability and the x-axis time (days).
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Wenext comparedTP53 gene expression, according to sec-
ondary structure groups (e.g., turn- mutated-, helix mutated-,
and strand-mutated patient groups), vs. wild-type TP53 GC
patients. That comparison showed no statistically significant
expression level difference between TP53 WT patients and
secondary structure-mutated patient groups (Supplementary
Fig. S2 available online).

3.4 Survival Difference of Mutations, According
to Mutational Positions within the DBD and
Mutation Position-Associated Pathways

In the 76 TP53-DBD region-mutated GC patients, we per-
formed survival analysis between patients having muta-
tions in a specific position, vs. those having mutations
elsewhere within the DBD. To secure a sufficient number of
samples for statistics, we considered a mutation position
that had at least five samples, allowing us to assess five

well-known mutation positions (R175, C176, R248, R273,
and R282) within the DBD. Survival differences between
R248-mutated samples (n ¼ 6Þ and patients’ TP53-mutated
in other codons within the DBD (n ¼ 70Þ showed statisti-
cally significant differences ðlog rank p ¼ 0:035Þ (Fig. 4a),
while TP53-R175-mutated patients (n ¼ 7Þ vs. those
mutated in other DBD positions (n ¼ 69Þ showed no statisti-
cally significant differences ðlog rank p ¼ 0:25Þ. Moreover,
analysis of TP53-C176 (n ¼ 5Þ vs. other TP53 DBD-mutated
regions (n ¼ 71Þ were not different ðlog rank p ¼ 0:79Þ, nor
were TP53-R273 mutants (n ¼ 11Þ vs. other DBD-mutated
regions (n ¼ 65Þðlog rank p ¼ 0:72Þ. Finally, survival analy-
sis between TP53-R282-mutated GC patients (n ¼ 5Þ, and
TP53-other DBD-mutants (n ¼ 71Þ showed no significance
ðlog rank p ¼ 0:93Þ.

We further investigated signal pathways likely affected
by the five mutational positions (R175, C176, R248, R273,

Fig. 3. Survival differences of mutations according to secondary structures, in the DNA-binding domain (DBD). (a) Classification according to
secondary structure of mutation patients in the DBD. The single characteristics in parenthesis of the first column are used in the group notation of the
following survival plots. (b) Survival between the turn region-mutated patients and the strand region-mutated patients. (c) Survival between the helix
region-mutated patients and the strand region-mutated patients. (d) Survival between the helix region-mutated patients and the turn region-mutated
patients. (e) Survival between the turn region-mutated patients and the WT patients. (f) Survival between the helix region-mutated patients and WT
patients. (g) Survival between the strand region-mutated and WT patients. The y-axis indicates survival probability and the x-axis time (days).
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R282) in TP53 DBD [12]. For each position, we performed
two pathway analyses, using our previously developed
PATHOME method [13], and the matched TCGA expres-
sion dataset [5]. In the first pathway analysis, for each posi-
tion (R175, C176, R248, R273, and R282), two patient groups
were defined: one having TP53 mutations in the position of
interest, and the other group having TP53 mutations in
other positions within the DBD. Matched expression data
for the two groups was used to identify pathway contexts
by our PATHOME algorithm. In the second pathway analy-
sis, for the position of interest, one group had the same
mutational position as in the first analysis, compared to
TP53 WT GC patients. Pathway contexts were identified by
PATHOME, based on expression data for the two groups.
For the position of interest, we intersected pathway contexts
from the two pathway analyses, to select both significantly
changed pathway transcriptomal contexts, as compared to
other TP53-mutated positions, as well to WT patients. As
shown in Fig. 5, pathways associated with R248 (melanoma,
non-small cell lung cancer) and those associated with R282
(thyroid cancer, colorectal cancer, and chronic myeloid leu-
kemia) were “hubs” having pathway connections to a vari-
ety of cancer contexts. By contrast, R175 (apoptosis, cell
cycle) and R273 (axon guidance, neurotrophin) were the
least associated with malignant processes.

4 DISCUSSIONS

The tumor suppressor p53 (the “guardian of the genome,”
and “policeman of oncogenes”) [1] is the most frequently
mutated gene across all cancers [12]. Previously, it was shown
that the “mutational landscape,” of 3,281 tumors, of 12 cancer

types, possessed TP53-driven clusters in breast, head and
neck, and ovarian cancers [2]. In this study, we set forth to
assess the effects of specific,well-knownmissenseTP53muta-
tions in gastric cancer (GC). Missense mutations, which
include “point” mutations of a single nucleotide, alter a single
codon (i.e., a single amino acid), in contrast to “indels” (inser-
tions/deletions) that are functionally catastrophic.

In our previous work, we found biomarker candidates
that combined with TP53 mutation, in GC tumor samples,
increasing the sensitivity and specificity over either bio-
marker alone [4]. However, the current study did not con-
sider the transcriptomal context of TP53 mutation, even
while this was found to be important (Fig. 5), similar to our
previous study [4], and the work of others, as mentioned
above [2]. When comparing subsets of TP53 mutant GC
patients, we found that “hot-spot,” TP53-mutated patients
showed no survival difference. This finding strongly agrees
with the long-held “dominant-negative” model of normal
DNA-binding, by nonfunctional TP53 mutants, competing
with wild-type TP53 for binding to its target sequences [12].

As mentioned above, frameshift indels and nonsense
mutations (premature stop codons) result in entire protein
loss or production of scrambled proteins, generating totally
different (and largely unknown) 3-dimensional structures.
Thus, functional domains cannot be identified. Missense
mutations, by contrast, keep protein structures intact,
enabling us to infer their effect on 3-dimensional TP53 struc-
tures. Consequently, our purpose in this study was to
inspect how individual amino acid changes, in the intact
structures, differentially affect survival.

With these considerations, we explored possible disrup-
tions in the TP53 protein structure. Using secondary

Fig. 4. Survival differences according to mutation positions within the DBD. (a) Survival between R248-mutated patients and other mutated positions.
(b) Survival between R175-mutated patients and other mutated positions. (c) Survival between C176-mutated patients and other mutated positions.
(d) Survival between R273-mutated patients and other mutated positions. (e) Survival between R282-mutated patients and other mutated positions.
The y-axis indicates survival probability and the x-axis time (days).
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structure, we found significantly increased survival in
patients with beta-strand mutations, compared to other
structural mutations. This might likewise be explained by
normal (dominant-negative) DNA binding of the mutant
protein, as the beta-strand is located outside the DNA-
binding domain [14]. Further, we found wild-type TP53 to
correlate with clinical parameters, as compared to TP53
mutants, including molecular subtype and copy number
clusters (Supplementary Fig. S1 available online). Overall,
survival of TP53 missense mutation patients was not differ-
ent than TP53 wild type patients. Moreover, the various
subsets of TP53missense mutations seemed to be irrelevant,
except for TP53 R248 mutations.

In a recent cancer study [15], truncating mutations and
clonality were considered as critical to the evolution of
blood cancer, and here we examined truncating mutations
and clonality of GC, as follows.

50 samples from the TCGA GC dataset had TP53 truncat-
ing mutations, including nonsense mutations, frameshift
indels, and splicing site mutations. Comparison of survival
differences between the 50 functionally abrogated TP53 sam-
ples, and the TP53 wild type samples, demonstrated no sta-
tistical difference (Supplementary Fig. S3 available online).

We also considered “double-hit” events for TP53 alleles
in GC patients having one allele with a truncating mutation,
and the other allele with copy number deletion (Supple-
mentary Fig. S4 available online). However, survival com-
parison of 36 patients having double-hit events, and TP53
wild type patients, showed no survival difference (Supple-
mentary Fig. S5 available online).

In another recent molecular classification of a TCGA GC
dataset, copy number alteration-dominant GC cases corre-
sponded with chromosomal instability (CIN), and mutation-
dominance with microsatellite instability (MSI) [5]. Also,

MSI-type GC patients were reported to be hypermutated [5].
Selecting patients from these two GC types from the TCGA,
we again compared survival, showing no significance differ-
ence (Supplementary Fig. S6 available online).

For considering confounding factors, including age and
gender, in survival analysis, the Cox proportional hazard
model was used. Here, we compared TP53 missense muta-
tion patients with TP53 wild type patients, adjusting for age
and gender. Again, however, TP53 missense mutational sta-
tus did not statistically associate with survival (p-value:
0.375, Supplementary Table ST1 available online).

As shown in Fig. 4, we performed five individual tests, to
determine the FDRs (false discovery rates) for the five log-
rank tests (R175, C176, R248, R273, and R282). That result,
in comparing the FDR q-value for TP53 R248 missense
mutation versus different mutational positions (in Fig. 4a)
was 0.175. Consequently, the results shown in Fig. 4a
should be carefully interpreted.

AsTP53 is a transcription factor that bindsDNA to regulate
expression of its target genes [16], DNA contact occurs at R248
(Supplementary Fig. S7 available online). In other words,
DNA-contact R248 mutant proteins keep the overall structure
of the DBD intact, but cannot contact DNA. Correspondingly,
such loss of contactmay prevent DNAbinding [16].

Gene-set enrichment analysis (GSEA), plus the Molecular
Signatures Database (MSigDB) analysis [17], was performed
for TP53 hotspot mutation patients versus wild type
patients (Supplementary Table ST2 available online). Those
assays showed that two hotspot mutations (R248, R273)
demonstrated differential pathways, when compared to
wild type patients and other mutation patients (Supplemen-
tary Table ST2 available online).

To inspect clonality for six patients having TP53 R248
missense mutations (from the TCGA GC dataset), we used

Fig. 5. Visualized mutation position-associated pathways. Here, we performed the intersection of pathway contexts from two pathway analyses, for
selecting both significantly changed pathway contexts, compared to other positions mutated patients, in addition to WT patients (see details in main
text). We also visualized the intersected pathway contexts in both pathway analysis. The “one point” (in upper right) indicates unique pathways in
one location. The “two points” indicates two mutated locations shares common pathways. So, the figure shows a location-specific pathways and
common pathways. (R:receptor; SP: signalling pathway).
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the ABSOLUTE method [15]. Following the Landau et al
[18] criteria for clonality we showed that in three of the
six patients, the TP53 R248 missense mutation was clonal
(Supplementary Table ST3 available online).

In the TCGA colorectal cancer dataset [19], we compared
TP53 R248 missense mutation patients with TP53 wild type
patients in terms of survival. No significant survival differ-
ence was observed (Supplementary Fig. S8 available online),
indicating that the clinical relevance (e.g., survival) of R248
missense mutations depends on cancer context.

This study has some limitations; the most severe being
sample size. Also, the significance levels we reported are
marginal, and the results should be carefully interpreted.
Nonetheless, as more and more genomic and transcriptomic
datasets become publically available, statistical power will
increase. Moreover, we did not study epigenetics of the
TP53 gene (nor its associated genes). This would also be of
strong interest, as several TP53 inducers (WAF1, ARF)
are well known to be epigenetically silenced in gastric and
other cancers [20]. Also, the TP53 protein undergoes exten-
sive post-translational modifications, including acetylation,
phosphorylation, and ubiquitination; these should also be
considered in the function of the wild-type or mutant pro-
teins [21]. In summary, we believe that such characteriza-
tions could reveal prognostic biomarkers, and increase
understanding of the etiology of diseases that lack function
of this “master” tumor suppressor.

5 CONCLUSIONS

This study comprehensively characterized the status of the
TP53 tumor suppressor, in gastric cancer datasets. Signifi-
cant findings were that: (1) overall TP53 status (i.e., wild-
type vs. mutated), in gastric cancer, had no effect on overall
survival: (2) mutations in the DNA-binding (DBD) domain
were not statistically significantly different from those out-
side the DBD, in terms of survival; (3) secondary structure
disruption in the TP53 helix or turn was much more delete-
rious than perturbation to a beta strand; and (4) patients
mutated at R248 showed poorer survival than patients with
mutations at different positions. In conclusion, we believe
that our approach used here could be valuable for studying
the consequences and phenotypes of specific genetic events
and increase our understanding of physiologic responses
involving master transcription regulators, such as TP53.
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