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ABSTRACT
The tumor suppressor gene TP53 is the most frequently mutated gene in human papillomavirus (HPV)-
negative head and neck squamous cell carcinoma (HNSCC). It represents a known transcription factor that
controls different microRNAs (miRNA) and target genes involved in the regulation of cellular stress,
apoptosis and response to DNA damage. We used The Cancer Genome Atlas database to investigate the
difference in transcriptome and proteome levels between mutated and wild-type TP53 HPV-negative
HNSCC. Using different databases and an extensive literature review, we built the transcriptional and post-
transcriptional network regulated by TP53. TP53 mutation was associated with poor overall survival in 203
HPV-negative patients compared to 40 patients with TP53 wild-type tumors. Using the enrichment
analysis, we found that UHRF1BP1 and SESN1 mRNA were linked to prognosis in the TP53 mutated group.
This is also the case for miR-377-3p, an important miRNA regulator of SESN1. Our study shows that SESN1
mRNA, UHRF1BP11 mRNA and miRNA-377-3p levels are prognostically relevant in HPV-negative HNSCC
patients. This finding may help with patient stratification and the development of potential new
therapeutic targets to treat patients with HNSCC.
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Introduction

In many human cancers, chromosome instability, poor progno-
sis and poor response to cancer therapy are associated with
alterations to the TP53 gene.1-5 Numerous studies have con-
firmed that TP53 is the most frequently mutated gene in head
and neck squamous cell carcinoma (HNSCC).6-9

TP53 regulates the transcription of numerous target genes
involved in cell cycle control, DNA repair, senescence and apo-
ptosis.10,11 It is able to prevent cancer formation by stopping
damaged cells from propagating through proliferation. The TP53
wild-type is therefore commonly referred to as the “guardian of
the genome” due to its ability to ensure genome stability.

Several types of TP53 mutations have been described:
Most TP53 mutations found in human tumors are missense

mutations or point mutations whereby a single nucleotide
change causes substitution of a different amino acid. Point
mutations at a DNA-binding domain (DBD) block the normal
regulation of target genes and thus allow TP53 mutants to exert
oncogenic activities.12-15 Fifty of these have been classified as
hotspot mutations16 due to their high prevalence in cancer.
Beyond these known mutations, other potential mutations
should be researched and identified by programs which esti-
mate the probability of impact of physico-chemical modifica-
tions on amino acids and proteins on gene functionnality.17

Truncating or nonsense mutations are point mutations in a
sequence of DNA that result in a premature stop codon. When

the mutated sequence is generated into a protein, the protein is
incomplete and consequently usually nonfunctional.

Frameshift mutations cause insertion or deletion of a num-
ber of nucleotides in a DNA sequence which can result in the
modification of the reading frame and modification of transla-
tion. This is contrary to inframe mutations which do not intro-
duce a shift in the triplet reading frame.

TP53 mutations can also be classified as disruptive and non-
disruptive, based on the degree of disturbance of protein
structure predicted from the crystal structure of the p53-DNA
complexes.18 Especially disruptive mutations seem to be related
to decreased overall survival when compared to wild-type
TP53.18,19 Gross et al showed that the frequent association
between TP53 mutation and loss of chromosome 3p is directly
related to decreased survival.20 Furthermore, the classical TP53
target genes, which are normally activated by TP53 wild type
(WT), are repressed by TP53 mutation or vice-versa.21,22

To further investigate the difference in mRNA, miRNA, and
protein expression levels of TP53 target genes in HPV-negative
patients with distinct TP53 status, we constructed the transcrip-
tional and post-transcriptional network regulated by TP53
using freely available databases.

We identified two TP53 targeted genes, namely SESN1 and
UHRF1BP1, as significantly enriched in patients who were
TP53 mutated. Together with miR-377-3p (a down-regulator of
SESN1), there seems to be an impact on prognosis. Whereas
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SESN1 and miR-377-3p, are implicated in DNA repair, the role
of UHRF1BP1 is less investigated. Functionally, both genes are
known to be dependent on TP53 wild-type activity.

Results

Prognostic relevance of TP53 status in HPV
negative HNSCC

We downloaded the TP53 mutation landscape of HPV-negative
HNSCC patients using the cBio Cancer Genomics Portal tool
(Fig. 1). Eighty-four percent of patients (203/243 patients) had at
least one TP53 alteration. Among these, 86 patients had (at least)
a truncating mutation, 96 patients a hotspot mutation, and 119 a
medium mutation. Forty percent of the TP53 mutations have
been identified as disruptive according to Poeta et al.18

Overall survival analyses are reported in Fig. 2. Survival plots
showed comparatively poor overall survival for patients in the
mutated TP53 group compared to patients bearing wild-type
TP53, and this was statistically significant. Median survival was
30.9 months (CI 95%; 22.8–53.9) for the mutated TP53 group,
but was not reached for the TP53 wild-type group (HR 0.52;
95% CI 0.28–0.94; p D 0.02). The truncating mutation and the
medium mutation TP53 subgroups also had a significantly
poorer prognosis compared to the wild-type TP53 group (p D
0.02 and 0.05, respectively), whereas the hotspot mutation sub-
group did not differ significantly from the wild-type TP53
group (p D 0.08) (Fig. 2).

TP53 regulatory network

We used TRRUST to identify the gene regulated by TP53.23

A total of 159 genes, regulated by TP53 through 166 interac-
tions (53 activation, 61 repression, 52 unknown) were identi-
fied. Furthermore, we found 113 additional target genes
regulated by TP53 after an extensive literature review.20-25 The
TP53 target genes shared between the different sources are
shown in Supplementary Fig. 1.

Sixteen miRNAs regulated by TP53 were extracted from the
TransmiR database.26 An extensive literature search of TP53

dependent miRNA revealed 13 additional candidates.31-33 All
miRNAs regulated by TP53 are listed in Supplementary
Table S1.

Enrichment and prognostic relevance of TP53 target
genes and miRNAs

We used enrichment analysis, available on cBioportal, to iden-
tify genes and proteins related to TP53 function, and to evaluate
whether the expression of these genes has prognostic relevance
either in the TP53 mutated or wild-type group.

The protein expression analysis in The Cancer Genome
Atlas was restricted to 160 proteins of which 28 were TP53 tar-
get genes (Supplementary Table S3). Only the enhancer zeste
homolog 2 (EZH2) protein was expressed at a higher level in
the TP53 mutated tumors compared to the wild-type TP53
group (p D 0.04) (Fig. S3). However, protein expression of
EZH2 was not linked to overall survival (Fig. S3).

At mRNA expression level, a total of 43 genes were found to
be significantly enriched between the TP53 wild-type and the
mutated groups: 21 of them had a higher expression level in
TP53 mutated tumors, and 22 had a higher expression level in
TP53 wild-type patients. Only two genes, sestrin 1 (SESN1) and
ubiquitin-like containing PHD and RING finger domains 1-
binding protein 1 (UHRF1BP1) were prognostic for overall sur-
vival in HPV-negative patients (Supplementary Table S2 and
Fig. S2).

SESN1 is known to be activated by wild-type TP53,26,34,35

and UHRF1BP1 is downregulated by wild-type TP53.36 Accord-
ingly, we found a lower expression of SESN1 and a higher
expression of UHRF1BP1 in the TP53mutated group compared
to TP53 wild-type (Supplementary Table S2). Low mRNA
expression of SESN1 (Z-score � (¡1)) was associated with
poor overall survival, whereas high mRNA expression of
UHRF1BP1 (Z-score � 1) was associated with good overall sur-
vival in patients bearing TP53 mutated tumors (Fig. 3). This
difference was still preserved inside the TP53 disrupted group
(Fig. 5). However, the expression of these genes could not pre-
dict overall survival in patients with TP53 wild-type tumors
(Fig. 4). Of note is that only a few patients (n D 40) were

Figure 1. TP53 status in 243 patients with human papillomavirus-negative squamous cell carcinoma of the head and neck from The Cancer Genome Atlas Network7: A)
Oncoprint screen shot from cBioportal. B) Pie chart showing different TP53 mutations (%).
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available for analysis in the wild-type group. If we focus on
patients with disruptive TP53 mutation, only UHRF1BP1 was
prognostically significant (Fig. 5). Additionally, using the entire
cohort of HPV-negative patients, SESN1 and UHRF1BP1 were
still prognostically significant (Fig. S2).

We looked further for miRNA regulators of UHRF1BP and
SESN1 to investigate the prognostic relevance of these miRNAs.
Several miRNAs regulators were reported in miRTarBase for
SESN1 but not for UHRF1BP1.

SESN1 is experimentally repressed by seven different miR-
NAs (let-7a-5p, miR-21-5p, miR-24-3p, miR-154-5p, miR-26b-
5p, miR-375, and miR-377-3p). We investigated the prognostic
relevance of their high expression (Z-score � 1) in

HPV-negative patients. High miR-377-3p expression was asso-
ciated with poor prognosis in TP53 mutated but not in TP53
wild-type patients, or patients with TP53 disruptive mutations
(Fig. 3, Fig. 4 and Fig. 5).

Univariate analysis was used to assess the prognostic sig-
nificance of clinical factors (age > 70 years, stage I, II, III
and IV, gender, tumor localization, smoking and alcohol)
on overall survival of the TP53 mutated population. This
analysis showed poor prognosis for patients >70 years or
females (Table 1).

A multivariate Cox regression analysis based on significant
clinical (patient age and gender) and biological factors (SESN1,
UHRF1BP1 and miR-377-3p) identified SESN1, UHRF1BP1

Figure 2. Kaplan-Meier survival plots for patients with different TP53 mutation compared to the TP53 wild-type (WT) status.

Figure 3. Kaplan-Meier survival plots according to gene expression level of UHRF1BP1, SESN1 and miR-377-3p in the TP53 mutated group.
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and gender as independent prognostic factors in TP53 mutated
patients (Table 2).

Discussion

In this study, we investigated the prognostic value of TP53, as
well as that of genes relating to the TP53 regulatory network, in
HNSCC. Accumulating evidence suggests that TP53 alterations
are significantly associated with poor prognosis and treatment
resistance in this disease.16,33,34 Our study confirms previous
findings suggesting that patients with TP53 wild-type tumors
have increased overall survival rates when compared to those
with TP53 mutations.18,37-39

Using enrichment analysis, we investigated genes and pro-
teins implicated in the regulatory network of TP53, and evalu-
ated the potential implications of these genes on oncologic
outcome. At the protein expression level, this analysis was lim-
ited by the number of available proteins in TCGA. However,

we identified increased proteomic expression of EZH2 in TP53
mutated tumors compared to wild-type tumors (p D 0.04).
Although poor survival outcome and decreased sensitivity to
cisplatin-based chemotherapy is related to EZH2 expression in
patients with HNSCC,40 we were unable to confirm a signifi-
cant prognostic value of EZH2 expression in this dataset
(Fig. S3). This may be related to the limited number of patients
available for this analysis (Fig. S3).

At the transcriptional level, we identified two genes, SESN1
and UHRF1BP1, as being implicated in significant changes to
overall survival in the TP53 mutated HNSCC population
(Fig. 3). The same conclusions can be drawn when analyzing
the whole HPV-negative patient cohort, including TP53 wild-
type and mutated patients (Fig. S2), even when the data is sta-
tistically less significant.

SESN1, which encodes a member of the Sestrin family, is
associated with autophagy related genes and activated by TP53.
This gene plays a role in the cellular response to DNA damage

Figure 4. Kaplan-Meier survival plots according to gene expression level of UHRF1BP1, SESN1 and miR-377-3p in the TP53 wild-type group.

Figure 5. Kaplan-Meier survival plots according to gene expression level of UHRF1BP1, SESN1 and miR-377-3p in the TP53 disruptive group.
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and oxidative stress. The potential functional role of SESN1 is
to repair damaged cells in the G1 cell cycle checkpoint.38 In
addition, SESN1 is an important regulator of homeostasis
through the suppression of the mechanistic target of rapamycin
complex 1 (mTORC1) kinase.41-43 In a recent paper, Cordani
et al demonstrated that the depletion of mutant TP53 deter-
mined an increase of SESN1 in a breast cancer cell line. Further-
more, these investigators demonstrated that low SESN1
expression and low expression of other autophagy related genes
is significantly associated with poor prognosis in TP53 mutant
breast cancer patients.44 This paves the way for the hypothesis
that mTOR inhibitors may be of interest in patients with TP53
mutations and low SESN1 expression.

UHRF1BP1, an ubiquitin-like containing PHD and RING
finger domains 1-binding protein 1, encodes a highly conserved
protein with unknown function. A coding variant in this gene
was found to be associated with systemic lupus erythemato-
sus.45 Ugoni and colleagues found that UHRF1BP1 is one of
the members of the ICBP90 complex, and that overexpression
of UHRF1BP1 might induce inhibition of cell growth like a

tumor suppressor.46 The role of this protein and its prognostic
relevance in other tumor types requires further clarification.

MiR-377-3p is an important down-regulator of SESN1 that
directly targets the 30-untranslated region of this gene. Higher
miR-377-3p expression showed significantly poorer overall sur-
vival in TP53 mutated patients but not in TP53 disruptive
mutation and wild-type patients (Fig. 3, Fig. 4 and 5).

Corroborating our study, Wen et al. found that gastric
tumors expressing a high expression of this miRNA were also
associated with worse prognosis.47 Another study showed that
downregulation of miR-377 was associated with best prognosis
in an intestinal type of periampullary adenocarcinoma.48 Inter-
estingly, miR-377 was detectable by RT-PCR in peripheral
plasma and urine samples.

The results from this purely bioinformatic exploratory study
suggest potential new biomarker candidates which can predict
overall survival in TP53 mutated HPV-negative HNSCC
patients. The stratification of patients may have potential clini-
cal implications that require further investigation and confir-
mation in experimental settings.

Materials and methods

The prognostic relevance of TP53 mutation
in HPV negative HNSCC

We used cBio Cancer Genomics Portal (http://www.cbioportal.
org)49,50 to download the mutational profiles of 243 HPV-nega-
tive HNSCC produced by The Cancer Genomic Atlas network
(TCGA). This study met the publication guidelines requested
by TCGA (http://cancergenome.nih.gov/publications/publica
tionguidelines). TCGA published data7 were used in the analy-
ses because of the availability of clinical and biologic character-
istics other than TP53 status.

Different types of TP53 mutations were individualized. The
mutated TP53 group included different patient subgroups that
had at least one of the following TP53mutations:

(i) The truncating mutation TP53 subgroup – defined as
patients bearing a tumor harboring a nonstop, non-
sense, frameshift and splice site mutations in TP53.49,50

(ii) The hotspot mutation TP53 subgroup – defined accord-
ing to the criteria published by Chang and colleagues.16

(iii) The medium mutation TP53 subgroup – defined as
patients bearing a tumor harboring a TP53 missense
mutation with at least a medium predicted functional
impact. For this subgroup, the functional impact was
calculated by the mutation assessor tool which captures
the evolutionary conservation of a residue in a protein
family and its subfamilies using combinatorial entropy
measurement,17 as used by cBio Cancer Genomics
Portal.

(iv) Disruptive mutations were defined as DNA sequence
alterations that introduce a STOP sequence resulting in
disruption of p53 protein production or any DNA
sequence alteration which: a) occurs within the L2 or L3
binding domains (codons 163–195 or 236–251), and b)
replaces an amino acid from one polarity/charge cate-
gory with an amino acid from another category, as
described in Poeta et al.18

Table 1. Univariate overall survival analysis in patients with TP53 mutated status.

Median OS p-value
Clinical Characteristic Number of patients (CI 95%) Months (Log-Rank)

Age
< D 70 years 159 32.80 (25.9 -NA) 4.90E-02
>70 years 40 19.80 (17.1–53.9)

Gender
Male 55 45.80 (28.0-NA) 9.40E-03
Female 144 19.10 (14.8–42.4)

Tumor Stage
I 6 26.4(21.8-NA) 6.16E-01
II 35 47.90 (16.6-NA)
III 53 53.9 (28.0-NA)
IV 105 27.0 (18.5–45.8)

Tumor Site
Larynx 62 30.90 (19.7-NA) 3.87E-01
Oral cavity 127 42.40 (23.9-NA)
Oropharynx 9 17.50 (15.1-NA)

Alcohol
No 63 32.5 (19.1-NA) 7.85E-01
Yes 131 30.9 (19.9-NA)

Smoking
Pack-years D <10 5 NA 2.25E-01
Pack-years > 10 103 32.2 (18.5-NA)

Table 2. Multivariate Cox regression analysis based on the significant variable
determined in Table 1.

Characteristic HR (95% CI) p-value

SESN1 expression
High expression 1(ref.) 1.88E-03
Low expression 2.05 (1.30–3.22)

UHRF1BP1 expression
High expression 1(ref.) 4.65E-02
Low expression 2.22 (1.01–4.88)

miR-377-3p expression
High expression 1(ref.) 6.63E-01
Low expression 1.19 (0.54–2.60)

Age
<D70 1(ref.) 3.66E-01
>70 1.24 (0.77–1.98)

Gender
Female 1(ref.) 3.23E-02
Male 0.62 (0.40–0.96)
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With regards to the proteome, 185 HPV-negative HNSCC
samples investigated in TCGA using reverse-phase protein
arrays (RPPA) were included in this work.7 Altogether, 160
proteins were investigated in these samples.

TP53 regulatory network and enrichment analyses

To construct the regulatory network of TP53, we used the
“transcriptional regulatory relationships unraveled by sen-
tence-based text-mining” (TRRUST) database (http://www.
grnpedia.org/trrust), which is a manually curated database of
human transcriptional regulatory network.23 To expand the
transcriptional regulatory network, we looked for other tran-
scriptional interactions based on an extensive literature
review.24-29 Then, we retrieved the TP53-miRNA regulatory
interactions from the TransmiR database (http://cmbi.bjmu.
edu.cn/transmir),30 and compiled this data with that from the
literature.31-33

For all 243 HPV-negative HNSCC patients, we evaluated
changes in the expression of TP53 target genes at mRNA and
protein levels using “enrichment analysis”, as available in cBio
Cancer Genomics Portal (version June 2016).49,50 We consid-
ered targets to be significantly enriched if the p-value calculated
with the unpaired t-test was � 0.05.

We investigated the post-transcriptional network of signifi-
cantly enriched TP53 target genes through the miRTarBase data-
base (http://mirtarbase.mbc.nctu.edu.tw/), a reference database
for experimentally validated miRNA-target interactions.51

Survival analyses

Overall survival (OS) was defined as the time from study entry
to death or to last follow-up (1–60 months). We used the
Kaplan-Meier method52 to estimate OS in patients with TP53
mutated status, and derived hazard ratios (HRs) using a strati-
fied Cox proportional hazards model.

For the OS analysis, we used the z-score to indicate the
number of standard deviations the gene expression is either
above or below the mean away from the mean expression of a
gene in patients with TP53 mutated tumors. The z-scores
related to the enriched mRNA and protein expression levels,
measured respectively by RNA seq V2 RSEM (a normalized
value outputted by the RSEM software,53), or RPPA, were
downloaded from cBio Cancer Genomics Portal (version June
2016). We downloaded the expression of miRNA from TCGA
(https://tcga-data.nci.nih.gov/docs/publications/hnsc_2014/)
level 3 (post-normalized data), and we calculated their corre-
sponding z-scores.54

A log-rank test was used to compare groups. We considered
a p-value � 0.05 to be statistically significant.

The Cox proportional hazard ratio model was completed
using the “coxph()” function in R programming to investi-
gate the relationship between different molecular factors
(SESN1, UHRF1BP1 and miR-377-3p) and clinical prognos-
tic factors (patient age and gender). These factors were
retained based on their statistically significant expression
(p-value � 0.05) on univariate analysis. In more detail, we
used the Cox proportional hazard method to test the fol-
lowing covariates: SESN expression (high expression

(Z-score > ¡1) versus low expression (Z-score < D ¡1)),
UHRF1BP1 expression (high expression (Z-score > D 1)
versus low expression (Z-score < 1)), miR-377-3p expres-
sion (high expression (Z-score > D 1) versus low expres-
sion (Z-score < 1)), patients age (< D 70 versus > 70),
gender (female versus male).
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