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Introduction

Epithelial ovarian cancer (EOC) is the most lethal 
gynecologic malignancy and the fifth most common cause 
of cancer-related death in women. The estimated annual 
incidence of this disease worldwide is 239,000 individuals, 
with approximately 152,000 deaths for the year 2012 (1). 
In China, EOC is also one of the top ten most common 
cancers in the female population. In 2011, the total ovarian 
cancer cases in China were 45,233, and the incidence was 
6.89/105, which accounts for 3.11% of all female cancer 
patients (2). The risk for ovarian cancer increases with 
age. EOC is more common in women who have been 
through menopause (usually over the age of 50), although 
it can affect women of any age. The past several decades 
have witnessed both declining incidence and age adjusted 
cancer death rates for ovarian cancer. Significant advances 

in the understanding of the natural history of the disease 
and thorough initial staging, along with surgical and 
chemotherapeutic management, have improved the short-
term course of ovarian carcinoma. Recent statistics for 
cancer incidence and cancer death rates show that EOC 
death rates have declined by 14%. The overall five-year 
survival rate for ovarian cancer has improved from 36% 
to 44%. Among breast, ovarian, colorectal, and prostate 
cancers, EOC is the only one whose incidence rate declined 
more significantly than its death rate, even though progress 
in ovarian cancer research is far behind the other three (3). 
Despite these improvements, most of the EOC patients 
relapse after primary treatment and succumb to disease 
progression, and thus, EOC, particularly high-grade serous 
ovarian carcinoma (HGSOC) with a 10-year survival rate of 
only 15% (4), has been one of the more difficult cancers to 
treat. However, over the past decade, several breakthroughs 
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have been made to advance the diagnosis and treatment of 
EOC. In light of the heterogeneous histopathology and 
genetic mutations of EOC, EOC has been basically classified 
into Type I (low-grade tumors harboring BRAF, K-RAS 
and PTEN mutations) and Type II tumors (high-grade  
tumors characterized by TP53 mutations) (5). HGSOC 
accounts for 67% of all ovarian cancers and is the most 
aggressive subtype. A main characteristic of HGSOC is that 
all of the tumors bear p53 mutations (6,7). 

This review focuses on the clinical significance of 
TP53 mutations in EOC. We will describe the roles of 
mutant p53s in EOC carcinogenesis, their potential for 
the development of targeted therapy against EOC, and 
their prospects as potential biomarkers in screening and 
prognosis of EOC.

Functions and mutations of p53

p53 is a nuclear transcriptional regulator that participates 
in multiple cellular processes. By binding to DNA, p53 
controls the expression of hundreds of target genes in 
order to maintain homeostasis and genome integrity. 
p53 can activate DNA repair proteins when DNA has 
sustained damage, arrest cell growth by holding the cell 
cycle at the G1/S transition, allowing DNA repair, and 
initiate apoptosis if DNA damage proves to be irreparable. 
The p53 protein contains four functional domains: an 
N-terminal transcriptional activation domain, a central 
sequence-specific DNA binding domain, a tetramerization 
domain, and a C-terminal regulatory domain. In addition 

to transcriptional activating properties, transcriptional 
repression has been also ascribed to p53, although binding 
sites in its down-regulated target genes are less well 
characterized (8).

Numerous stimuli have been demonstrated to activate 
p53, including UV or gamma irradiation-induced DNA 
damage, inappropriate proto-oncogene activation, mitogenic 
signaling, ribosomal or nucleolar stress, and hypoxia (9-14). 
Once activated, p53 will induce cell cycle arrest, senescence, 
differentiation, apoptosis, or ferroptosis, depending upon the 
cellular context, by promoting the expression of a variety of 
genes crucial for the aforementioned cellular activities (15-17).  
For instance, p53 induces the expression of p21, which is 
responsible for p53-dependent cell cycle arrest at the G1 
phase and senescence (18), while it induces the expression of 
Puma, Bax, or miR-34, which are critical for p53-dependent 
apoptosis (19-21). A recent study showed that p53 also 
induces ferroptosis, a special type of cell death caused 
by reactive oxygen species, by activating the expression 
of SLC7A11, a key component of the cystine/glutamate 
antiporter (15). Therefore, it is through transcriptional 
activity that p53 executes its anti-tumor functions in cells. 
These cellular anti-tumor functions of p53 could be utilized 
for the development of anticancer therapy. 

Because of its essential role in tumor suppression, 
p53 is unsurprisingly found to be frequently mutated in 
cancer, as more than 50% of all types of human cancers 
have TP53 mutations. Over 36,000 TP53 mutations have 
been reported, and approximately 80% of p53 mutations 
are missense mutations with amino acid substitutions (22). 
There are 2,329 kinds of TP53 mutations that have been 
identified in human ovarian cancers through analysis of the 
IARC TP53 Database (http://www-p53.iarc.fr/), ~70% of 
which are missense mutations with few functionally similar 
to their wild type counterpart (Figure 1). Although TP53 
point mutations, including those found in human ovarian 
cancer, are detected in most of the amino acid codons in 
this gene, ~80% of them are clustered between exons 5 
and 8, which encode the highly conserved DNA binding 
domain of the p53 protein (Figure 2). Since p53 acts as a 
homotetrameric transcriptional factor, its mutations lead 
to three different phenotypes: loss-of-function (LOF), 
dominant-negative (DN), and gain-of-function (GOF). 
LOF is one main outcome of all of the p53 mutations, 
leading to the loss of the functions that wild type (WT) 
p53 possesses. These mutated p53 proteins are often very 
stable in cancer cells because they are unable to induce the 
expression of MDM2 and MDMX, the two physiological 

Figure 1 Percentage of the different types of TP53 somatic 
mutations in human ovarian cancers. FS, frameshift; NA, not 
applicable/not available. Data from the IARC TP53 Database 
(http://www-p53.iarc.fr/).
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feedback inhibitors of p53, which form a complex to 
mediate p53’s proteasomal turnover, as MDM2 possesses 
intrinsic E3 ubiquitin ligase activity (23-25). Also, missense 
mutations of p53 often dominantly negate the function of 
WT p53 because the former can form a heterotetramer 
with the latter, rendering the latter to lose its WT 
transcriptional activity. Interestingly, missense mutations of 
p53, particularly those so-called hot spot mutants (HSMs), 
such as R175H, G245S, R248W, R249S, R273C, R273H 

or R282W, though retaining partial activity ranging from 0 
to 20% compared with the wild-type protein (26,27), often 
acquire novel oncogenic functions and are appropriately 
named GOF mutants (28). In the coding sequence of TP53, 
the positions of somatic point mutations are very variable 
(Figure 3). On one hand, either loss of WT p53 function, or 
the inability to activate p53, often severely compromises the 
capacity of cells to inhibit cellular proliferation and growth. 
Thus, the inactivation of the p53 pathway through either 
genetic mutations or functional inhibition will disable cells 
from protecting themselves against carcinogenesis. On 
the other hand, some missense mutations of p53 can even 
promote cancer cell proliferation, tumorigenesis, metastasis, 
and drug resistance through their new GOFs.

In sum, TP53 mutations are the most common genetic 
events that occur at a single gene in sporadic human EOC. 
The majority of HGSOCs harbor inactive p53 molecules 
because of single genetic mutations. Therefore, p53 plays a 
critical role in preventing and inhibiting the development 
and progression of EOCs.

Role of p53 mutations in cause and development 
of EOC

The causes of human cancer are diverse, but malignant 

Figure 2 Percentage of somatic mutations in each exon or intron 
of TP53 in human ovarian cancers. Data obtained from the IARC 
TP53 Database (http://www-p53.iarc.fr/).
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Figure 3 p53 is highly mutated in its central DNA-binding domain. (A) Frequency of somatic point mutations with 5 most frequent mutants 
of p53 found in human ovarian cancers. Y-axis represents the percentage of mutation rates, and X-axis indicates the codon number of TP53. 
N=2,073; (B) functional domains of p53 and the locations of the 5 most frequent mutations found in human ovarian cancers. NLS, nuclear 
localization signal; NES, nuclear export signal. Data from the IARC TP53 Database (http://www-p53.iarc.fr/). Numbers represent the 
positions of amino acids in p53.
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transformation is invariably caused by genetic alterations 
that lead to malfunction of the cell cycle and disruption 
of cell death. Several genetic alterations involved in 
carcinogenesis include changes in the sequence of genes 
(mutations), gains (amplifications) or losses (deletions) in 
the number of copies of genes, and rearrangement and 
translocation of genes from their normal chromosomal 
locations. These alterations lead to activation of genes 
favorable for proliferation (oncogenes) and inactivation 
of genes unfavorable for proliferation (tumor suppressor 
genes). Disruption of DNA repair systems also often 
occurs in the process of malignant transformation and may 
lead to accelerated accumulation of genetic alterations. 
Because repair of genetic damage inhibits carcinogenesis, 
DNA repair genes are also considered tumor suppressors. 
Although all of these genetic events might be associated 
with the cause and development of EOC, the most 
frequently occurred genetic alteration in EOC is TP53 
mutation, as briefly mentioned above. Thus, we would like 
to further discuss the role of mutant p53s in the cause and 
development of EOC in this section.

EOCs are classified into several types according to their 
cellular phenotypes, including serous (the most common 
type), mucinous, endometrioid, clear cell, and undifferentiated 
or unclassifiable cells. Regardless of the presenting 
histopathology, they are currently all treated in a similar way. 
At first, EOCs were thought to originate solely from the 
epithelial cells that cover the surface of the ovary. Within 
the last decade, evidence that EOCs, particularly HGSOCs, 
can arise from the epithelial secretory cells of the fimbriae, 
a component of the Fallopian tube (29,30). That HGSOCs 
can develop from precursor serous lesions of Fallopian 
tubal epithelial origin is highly relevant, as restricting 
experimental modeling to epithelial cells of ovarian 
origin would limit our understanding of the initiating 
tumorigenic mechanisms that govern HGSOCs (31).  
Nevertheless, the causes and risk factors of EOCs remain 
incompletely understood. The risk of developing ovarian 
cancer is very low in young women and increases as women 
become older. More than 80% of EOCs occur in women 
over the age of 50. Approximately 10% of EOCs are 
thought to be due to an inherited altered gene (germ line 
mutation). Pathogenic TP53 mutations have been identified 
in 97% of HGSOC cases. The analysis of somatic mutations 
of HGSOC showed the enrichment of TP53 mutations 
though the frequencies were different in different ethnic 
groups (32,33). Missense mutations in TP53 were found 
to be the most frequent in ovarian cancers, and early stage 

cancers had a significantly higher rate of null mutations 
than late stage disease (34). Overall, p53 dysfunction rate 
approached almost 100% in confirmed cases of HGSOCs, 
with only a few HGSOC cases harboring an intact p53 
pathway (32,35). 

TP53 mutations occur early in tumor evolution and 
may be driver events in ovarian carcinogenesis (36,37). 
Combined analysis (38) with The Cancer Genome Atlas 
(TCGA) indicate that low and late stage HGSOCs have 
similar mutation and copy number profiles. The deleterious 
TP53 mutations are also verified as the earliest events, 
followed by deletions or loss of heterozygosity (LOH) 
of chromosomes carrying TP53, BRCA1, and BRCA2. 
Inactivation of homologous recombination appears to 
be an early event, as 62.5% of tumors showed a LOH 
pattern suggestive of homologous recombination defects. 
Furthermore, polymorphism of TP53 may be a potential 
genetic modifier for development of EOC (39,40). Animal 
studies also demonstrated the importance of TP53 
mutations in the development of EOC, as ovaries or 
fallopian tubes that harbor p53 mutations can develop into 
HGSOC in mice as well (41).

Whereas most tumor suppressors, such as APC, PTEN, 
and BRCA1, are deleted during tumor initiation and 
progression, missense mutations account for over 70% of 
all known p53 alterations (42,43), with many occurring at 
specific “hot spot” residues in the DNA binding domain, 
suggesting a selective advantage for these mutants. Indeed, 
prevalent p53 missense mutations not only abrogate 
its tumor suppressive function, but also acquire a GOF 
that promotes cancer development and progression. 
Characteristics, such as resistance to chemotherapy, 
deregulation of metabolic pathways, increased invasive 
capabilities, and increased metastatic potential, have all been 
attributed to GOF p53 (44-46). Several novel pathways 
involving the GOF of mutant p53 have been proposed 
to be highly related to cancer progression. For instance, 
one study showed that established cell lines harboring 
specific p53 missense mutations prevalently found in 
cancers (R248Q, R249S, R273H, and R175H) universally 
bound to a novel group of chromatin regulatory genes in a 
genome-wide manner, and that expression of this chromatin 
signature was responsible for cancer phenotype (47). 
Specifically, by binding to chromatin regulatory genes and 
upregulating their expression, including methyltransferases 
MLL1 and MLL2 as well as acetyltransferase MOZ, these 
p53 GOF mutants promoted genome-wide increases of 
histone methylation and acetylation. These modifications 
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of histones might drive mutant p53-dependent EOC 
progression, as the same missense mutations are frequently 
found in HGSOC. Analysis of TCGA in this study also 
revealed a good correlation between specific upregulation 
of these genes and EOCs that harbor GOFp53 mutants. 
An additional example of GOF activity involves the 
interaction with p53 family members p63 and p73, both 
of which also serve as tumor suppressors (48). Mutant p53 
can form a complex with phosphorylated Smad2 and p63, 
simultaneously blocking wild-type p63 transcriptional 
targets while activating oncogenic genes, such as SHARP1, 
Dicer, and Cyclin G2, which have been implicated in 
invasion and metastasis (49-51). Similarly, in a pancreatic 
cancer mouse model, mutant p53 can directly bind to p73, 
preventing p73-mediated inactivation of PDGFβ, driving 
an invasive and metastatic phenotype (52). 

Another possible mechanism underlying the development 
and progression of EOC is via protein aggregation (53-56).  
Interestingly, some missense mutant p53s induce structural 
changes that expose adhesive segments, which can co-aggregate  
with wild-type p53 or its analogs p63 and p73, thereby 
inducing a heat-shock response and causing a trans- or cis-DN  
effect on the activity of these WT p53 family members. 
This suggests a different mechanism for clonal selection of 
aggregating p53 mutants, and thus some EOCs with this 
aggregation phenotype could be considered an aggregation-
associated disease. An interesting notion concerning GOF 
p53 mutants is that tumor cells may become “addicted” 
to mutant p53 expression, providing an opportunity for 
pharmacological intervention and inhibition, as discussed 
below (57).

Although some progress has been made in bettering 
our understanding of the role of mutant p53s in the 
development and progression of EOCs, this field still 
confronts a number of challenges. Hence, further studies 
are needed to elucidate detailed molecular and biochemical 
mechanisms underlying the role of p53 mutants in EOC 
development and progression.

Mutant p53 as screening biomarker for EOC 

The high mortality rate of EOC is largely due to the fact 
that over 60% of ovarian cancers are diagnosed after distant 
metastasis, as 90% of women who die from serous EOC 
present with late stage disease. At the metastatic stage, the 
5- and 10-year survival rate for the EOC patients drops 
to <30% and <15%, respectively (58). Early symptoms of 
EOC often are either entirely absent or subtle to point of 

misdiagnosis, allowing tumorigenesis to advance unchecked. 
A lack of viable early detection strategies can be attributed 
to a relatively rudimental understanding of the initiating 
events and mechanisms that drive the development and 
progression of EOC. Apparently, if EOC is diagnosed 
earlier, the survival rate for the patients can be as high as 
90% (58). Therefore, early diagnosis is critically important 
for the improvement of EOC mortality and morbidity as 
well as for better prognosis of EOC patients. 

To achieve this goal, the field has been trying to identify 
biomarkers for EOC. Despite the identification of serum CA-
125 as a biomarker for ovarian cancer in 1983 (59), there still 
has not been any screening biomarkers recommended for 
use for the general population since then. A recent study (60)  
showed that a combination of four serum proteins, CA-125,  
HE4, CEA, and VCAM-1, increases the sensitivity and 
specificity of detecting stage I and II ovarian cancer to 86% 
at 98%, respectively, but this remains to be confirmed in 
a blinded validation study using prediagnostic sera. Thus, 
biomarkers are desperately needed to complement CA-125.  
Since TP53 is highly mutated in EOC, several studies 
have tried to explore the possibility of developing mutant 
p53s as biomarkers for this type of cancer. Serologically 
detectable p53 auto-antibodies (p53-AAbs) are a product 
of a spontaneous and early humoral immune response of 
the host to the accumulation of an antigenic mutated p53 
protein in tumor cells. In EOC patients, p53-AAbs are 
found in 20–40% of serum samples and are associated with 
advanced (FIGO III–IV) stages (61). One study (62) using 
ELISA found that antibodies against p53 are detected in 
the sera of 42% of patients with serous ovarian cancer at 
92% specificity. Also, Meta-analysis (63) in two databases 
showed that there is a significant association of serum p53-
AAbs with increased risk of EOC. Furthermore, a recent 
study using high-density programmable protein microarrays 
(NAPPA) showed 5,177 full-length candidate antigens in 
sera obtained from patients with serous ovarian cancer, and 
among these antigens, three AAbs against p53, PTPRA, and 
PTGFR, respectively, displayed the area under the curve 
(AUC) ranging from 64–74% across two independent serum 
screenings and two technologic platforms (slide microarrays 
and bead arrays) (64). Using the three AAbs (when at least 
two AAbs were positive), the group detected a sensitivity 
of 23.3% at 98.3% specificity for EOC. These biomarkers 
maintain sensitivity in the setting of false-negative CA-125  
levels, and, unlike CA-125, maintain specificity even 
when compared to benign ovarian disease. Despite the 
low detectable rate of p53-AAbs in serum, another group 



© Translational Cancer Research. All rights reserved. Transl Cancer Res 2016;5(6):650-663 tcr.amegroups.com

655Translational Cancer Research, Vol 5, No 6 December 2016

described the combinational use of protein and peptide 
epitopes as a novel approach to identify AAbs more specific 
for ovarian cancer screening (65). This method could 
reduce the number of false-positive samples in the healthy 
population. Altogether, these encouraging studies suggest 
that p53-AAbs detected in patients’ sera may be promising 
biomarkers in EOC screening. 

Two recent studies further supporting the possibility of 
detecting mutant p53 as an EOC biomarker utilize next 
generation sequencing of TP53 exons. One approach 
sought to detect tumor cells in the vagina of women with 
serous ovarian cancer by analyzing TP53 mutations in DNA 
samples collected from vaginal tampons, a highly attractive 
proposition as the procedure is entirely non-invasive (66). 
Interestingly, by detecting rare mutant alleles in a mixture 
of mutant and wild-type DNA, this group detected TP53 
mutations in 60% of patients who suffered of serous 
carcinoma without a history of tubal ligation. While TP53 
mutations were only detectable in vaginal DNA obtained 
from patients with serous carcinoma with intact fallopian 
tubes, the DNA might come from ovarian cancer cells that 
survive through the fallopian tube and uterus and reach the 
cervix and vagina intact. In all of the patients with mutations 
detected in the tampon specimens, the tumors and the 
vaginal DNAs harbored the exact same TP53 mutations. 
The fractions of DNA derived from exfoliated tumor cells 
ranged from 0.01% to 0.07%. Although promising, more 
studies are necessary to further validate this method and 
to identify a more precise detection rate. Nevertheless, 
once optimized, this low-cost, high-throughput “vaginal 
tampon”, and noninvasive approach to identify TP53 
mutations may be eventually developed into a useful tool 
for the diagnosis of EOC.

Another recent study provided a proof of principal 
investigation into employing duplex sequencing, an ultra-
deep sequencing technique, to detect mutant p53 in the 
peritoneal fluid of women with HGSOC, as metastasis 
of HGSOC frequently permeates the peritoneum 
(67,68). Moreover, HGSOC cells are often discovered 
in the peritoneal fluid even in the absence significant 
metastasis, perhaps because, as previously discussed, 
HGSOCs can develop from serous lesions in the fallopian 
tube, a retroperitoneal structure in direct contact with 
the peritoneal cavity (69). Duplex sequencing applies 
random molecular tagging of both strands of DNA to 
detect mutations with frequencies of >1/107, a dramatic 
improvement over single-stranded molecular tagging 
of DNA, which carries a false positive mutation rate of 

<1/10,000 (70). The study reported a detection of tumor 
DNA in women with HGSOC with 94% sensitivity, even 
in cases deemed difficult to detect clinically, and an ability 
to distinguish cancer from healthy controls with 82% 
sensitivity and 90% specificity. Interestingly, the authors 
also showed that low frequency TP53 mutations in the 
peritoneal fluid and blood were found in nearly all women, 
even the healthy control group, and increased with age and 
cancer. Previously, this phenomenon of identifying cancer-
driver genes in physiologically normal tissue was shown 
in blood and skin, providing further evidence that duplex 
sequencing may allow for identification of pre-existing 
clones with malignant potential (71,72). Although the 
invasiveness of peritoneal lavage renders peritoneal fluid 
ultimately an impractical screening option, the accuracy 
afforded by duplex sequencing can potentially be applied 
to detecting TP53 mutations in non-invasive procedures, 
such as pap smears (73) and, as previously described, vaginal 
tampons.

In summary, although the limitation of these studies 
is that all specimens are from women with advanced 
stage diseases, and the application of these approaches to 
early stage EOCs has not been tested, it is believed that 
continuation of this line of exploration would not only open 
a new direction of research on EOC, but also promisingly 
lead to an eventually useful detection kit or tool for early 
EOC diagnosis.

p53 as a therapeutic target for EOC

In EOC clinics, the standard therapy of combining 
platinum with paclitaxel has been used for almost twenty 
years. For advanced stage EOC, neoadjuvant chemotherapy 
(NACT) with interval debulking surgery and postsurgery 
chemotherapy, has been in clinical application, although its 
efficacy is still under evaluation. For advanced stage EOC, 
patients are treated with a combination of surgery and 
chemotherapy to reduce the risk of the cancer recurrence, 
or to shrink any remaining cancer that could not be 
removed during the operation. Currently, the most optimal 
strategy seems to begin with primary, aggressive debulking 
surgery of the tumor, followed by intraperitoneal injection 
of chemotherapy, as chemo-resistant cells may be more 
difficult to surgically remove if NACT is applied first (4).  
Although intraperitoneal injection is associated with 
high toxicity and low patient compliance, it has also 
been shown to result in better survival rates when 
compared to intravenous injection (74). Over the past 
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decade or so, progress in the development of new 
therapy against EOC has been slow, as currently there 
are few therapeutic options, and the overall survival 
rate of HGSOC remains poor. However, because of the 
advanced knowledge about the molecular biology of this 
type of cancer, there are some encouraging examples 
of molecule-targeted therapies which promise to be 
more effective and to provide the basis for personalized 
treatment, such as the use of anti-angiogenic (VEGF 
antibodies, tyrosine kinase inhibitors and angiopoietin 
antagonists) and polyadenosine diphosphate-ribose 
polymerase (PARP) inhibitors for EOC treatment (75).  
Unfortunately, combinations of chemotherapy with the 
VEGF inhibitor bevacizumab or the PARP inhibitor 
olaparib have thus far been shown to only delay disease 
progression and have had no bearing on preventing 
recurrence or death (76,77). Clearly, developing new and 
effective anti-EOC therapies is desperately needed for 
curing this type of cancer and improving EOC patients’ 
survival rate.

As discussed above, TP53 mutations are the most 
frequently occurred events in human EOC. Thus, p53 
has become an attractive target for the development of 
molecule-targeted therapies for this disease. Over the 
past decade or so, several different approaches have been 
designed to target p53, including conversion of mutant p53 
to a form with WT properties (e.g., PRIMA-1 and PRIMA-
1MET), prevention of p53 degradation by MDM2/4 
antagonists [e.g., nutlins (78)], gene therapy (a retroviral p53 
expression vector into an orthotopic human tumor model), 
and exploitation of synthetic lethality gene (SLG) principle. 
Anti-mutant p53 compounds are potentially useful for 
cancers with a high prevalence of p53 mutations, such as 
HGSOC, triple-negative breast cancer, and squamous lung 
cancer (79). This idea has been tested in animal model 
systems, as restoring WT p53 function in animal models 
can regress cancer development and significantly extend 
periods of survival. Also, this strategy has stimulated a 
variety of approaches to reactivate p53 as an anti-cancer 
therapeutic strategy (80).

Among the small molecules that target mutant p53 
involved in ovarian epithelial cancer, PRIMA-1MET 
(also known as APR-246, Aprea AB) is perhaps one 
of the most promising examples. Presently, systemic 
carboplatin combination chemotherapy with PRIMA-
1MET is undergoing phase Ib/II clinical trial in patients 
with recurrent HGSOC (Clinical-Trials.gov Identifier: 
NCT02098343). PRIMA-1MET is able to reverse the 

oncogenic properties of mutant p53. It inhibits the 
growth of several different types of mutant p53-expressing 
malignant cells in culture and of xenograft tumors in 
animal models with little toxicity to the animals tested (81). 
Remarkably, PRIMA-1MET induces the expression of a 
panel of WT p53 target genes, such as p21, Noxa, Puma, 
GADD45, specific caspases (caspase 2, 3 and 9) and MDM2, 
in cancer cells that harbor mutant p53 (79). PRIMA-1MET 
can restore the WT functions of mutant p53, inducing cell 
cycle arrest and triggering apoptosis associated with the 
upregulation of proapoptotic proteins, caspase-3 activation, 
and PARP cleavage in cancer cells obtained from a number 
of the patients treated (81). Although PRIMA-1MET has 
been reported to convert mutant p53 into its WT form, 
it remains unclear whether its derivatives could bind to 
or alter the properties of other cellular molecules. Thus, 
further research is required to establish the target specificity 
of this drug and its clinical application for HGSOC.

An alternative approach to develop new anti-EOC 
therapy is to utilize the concept of synthetic lethality (SL), 
which occurs when two non-lethal mutations bestow 
lethality if they are simultaneously present in a cell. One 
previous example of SL is the use of PARP inhibitors in 
breast and ovarian cancer containing germ-line defects in 
BRCA1/2 genes (82,83). The SL strategy may be utilized 
to develop a new therapy by co-targeting mutant p53 and 
another cancer-related gene, such as PARP, BRCA1 or 
BRCA2 (84,85). There are several studies using SL in vitro 
and in animal models as an anticancer therapeutic (86-88), 
although this approach has not yet been brought to the 
stage of clinical trials for EOC.

The prion-like properties of mutant p53 aggregates also 
offer potential targets for the development of therapeutic 
intervention in malignant tumor diseases (56,89), though 
there has not been a specific drug used in clinic. More 
studies are clearly necessary at molecular levels in order to 
develop a therapy targeting the aggregates of mutant p53s. 
One such promising approach is the recently developed cell 
penetrating 17-residue peptide named ReACp53, which 
was designed to target residues on p53 prone to aggregation 
(90,91). This study showed that primary cells taken from 
patients with HGSOC have cytosolic p53 aggregates, but 
when treated with ReACp53, p53 became disaggregated, 
localized to the nucleus, and regained wild-type function. 
This nuclear translocation corresponded with a reduction in 
known GOF activity and an induction in wild-type activity, 
such as cell cycle arrest and apoptosis, in vitro on all cells 
harboring mutant p53, but not WT p53, suggesting that 
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ReACp53 may not target normal tissue. ReACp53’s efficacy 
translated to an in vivo model in which intraperitoneal 
injection, the recommended method of delivery of 
chemotherapeutic agents to patients with HGSOC, causes 
cell death and reduction of organ implants in a disseminated 
disease model. Although it will remain challenging to select 
the most effective treatment strategy on the basis of tumor 
phenotype and evolving genotype, it is believed that with 
proper use of newly identified mutant p53-targeted drugs 
at the appropriate phase of EOC, optimum anti-cancer 
therapy will eventually emerge from continual investigation 
on mutant p53s and clinical trials targeting these mutants.

Because there are a variety of missense mutations in EOC, 
it has also been proposed to design a drug to specifically 
target each individual p53 mutant with the hopes of having 
a more specific effect on EOCs that harbor specific mutants, 
thereby overcoming any potential chemoresistance (92). 
Although this is an enchanting idea, achieving this goal 
would require a better understanding of the molecular and 
pathological pathways altered by each mutation of p53 in 
this aggressive disease. Also, this line of information will be 
certainly valuable for precision oncology or individualized 
medicine in the treatment of EOC in the future. 

p53 as prognostic marker of EOC 

Correlations of TP53 mutation with chemoresistance

Chemoresistance has been a major issue in ovarian cancer 
clinic. Although most of the ovarian cancer patients initially 
responded well to chemotherapy, they often relapsed due 
to drug resistance. Currently, there are no appropriate 
biomarkers that can be used to predict patient response 
to chemotherapy. With the growing use of NACT for 
advanced ovarian cancer in management of ovarian 
cancers, it is crucially important to identify post-NACT 
biomarkers for ovarian cancers and to evaluate their utility 
in prediction of response to therapy and prognosis. To do 
so, several studies have focused on investigating whether 
the expression of p53 and its mutations are correlated with 
chemoresistance of ovarian cancers largely because TP53 
mutations are the most frequent genetic alterations in this 
type of disease. 

Remarkably, ovarian cancer patients harboring different 
mutated TP53 show different chemotherapy resistances 
and survival outcomes. One study compared overall survival 
of ovarian cancers patients with different TP53 HSMs 
by analyzing the TCGA database, and also determined 

the effects of microtubule stabilizers, such as paclitaxel, 
epothilone B (epoB), or ixabepilone, on ovarian cancers cell 
growth in cultured cells after introducing each of the p53 
HSMs into the cells (93). Their results showed that R248G 
confers chemoresistance and is not acetylated during 
epoB treatment, while R273H demonstrated high MDR1 
expression and resistance to paclitaxel. Optimally cyto-
reduced patients with codon R273, R248, or R175 HSMs, 
or any other TP53 mutation have different overall survivals 
for 84.1, 33.6, 62.1, and 44.5 months, respectively. Another 
study (94) investigated the association of TP53 K351N 
mutation with drug-resistance by allele specific real-time 
PCR and DNA sequencing analyses of tumor samples 
obtained from 153 patients with advanced EOC who 
received platinum-based chemotherapy. This study showed 
that TP53 K351N mutation is associated with induction 
of platinum resistance after NACT, and is an independent 
factor for shorter disease free survival in multivariate 
analysis. Reversing this phenomenon has presented a 
potential strategy for developing more effective treatment 
of relapsed EOCs, though quite challenging (95-97). 
One obvious approach as mentioned above is to combine 
cisplatin, a genotoxic drug that induces p53-dependent and 
independent apoptosis, with APR-246. This combination 
might be more suitable for EOC patients that harbor p53 
mutations and are resistant to standard chemotherapy. 

Another strategy is to utilize the concept of the 
aggregation property of mutant p53, as this property has 
been discovered in different types of cancers and may 
be responsible for impairing the normal transcriptional 
activation and pro-apoptotic functions of p53. In a unique 
population of HGSOC cancer cells with cancer stem 
cell properties, p53 protein aggregation has proved to be 
associated with p53 inactivation and platinum resistance 
by a recent study (98). When these cancer stem cells 
differentiated into their chemosensitive progeny, they lost 
tumor-initiating capacity and p53 aggregates. Moreover, 
this study demonstrated that the overexpression of a  
p53-positive regulator, p14ARF, inhibits MDM2-mediated 
p53 degradation and leads to an imbalance of p53 turnover 
that promotes the formation of p53 aggregates in both  
in vitro and in vivo models. Furthermore, by employing 
 two-dimensional gel electrophoresis and mass spectrometry, 
this group discovered that aggregated p53 might function 
uniquely by interacting with proteins that are critical for 
cancer cell survival and tumor progression. The poor 
chemoresponse of a subset of HGSOC patients suggest 
p53 aggregation as a new biomarker for chemoresistance. 
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Therefore, inhibiting p53 aggregation can reactivate p53 
pro-apoptotic function and be crucial for improving EOC 
patients’ responses to chemotherapy and consequently 
increasing their survival rate. 

Prognostic significance of TP53 in EOC 

Ovarian cancers are the most lethal gynecologic malignancy. 
With an overall survival at diagnosis of roughly 40% 
and the continuing development of new treatments, the 
medium-term outlook for women with ovarian cancer has 
been far better than it was previously (75). The highest 
fatality of ovarian cancers might be due to their late 
stage diagnosis and relapse with resistance to subsequent 
chemotherapy. Therefore, identification of prognostic 
biomarkers is important for prediction and improvement 
of EOC therapeutic outcomes and patients’ survival rate. 
However, inconsistent results concluding the relationship 
of TP53 mutations with survival and drug response have 
led to a dispute over the prognostic and predictive values 
of TP53 status in cancer, and delayed the translation of 
the assessment of TP53 status into the clinic (99). With 
improvement in the experimental methods in the past 
decade, various studies in which TP53 status was accurately 
assessed by gene sequencing still showed controversial 
results (8). In the investigation of EOC, the general trend 
is that TP53 mutations are associated with poor survival, as 
well as with chemo-resistance (data summarized from the 
IARC TP53 Mutation Database). Many other studies also 
reported no significant relationship, and few showed opposite 
results (100,101). However, data collected from the IARC 
TP53 Mutation Database is not updated (the up-to-date  

references was collected in 2004). Recently, more and more 
studies have accurately assessed the association of TP53 
status with clinical prognosis in EOC, as listed in Table 1  
(of note, only studies with cohorts of >50 patients in the past 
decade are considered here). These studies investigating 
different mutations detected by different methods, showed 
inconsistent results.

These collected studies in the past decade seemingly 
suggest that TP53 mutations might not serve as an ideal and 
useful biomarker for EOC prognosis, therefore more careful 
and systematic studies or Meta analyses are still necessary for 
better understanding of the prognostic significance of TP53 
status in EOCs. Indeed, one comprehensive study (109) has 
examined the prognostic value of the expression of two p53 
isoforms (Δ133p53 and Δ40p53) in patients with serous ovarian 
cancer, and indicated that Δ133p53 constitutes an independent 
prognostic marker for good outcomes. Intriguingly, this  
co-relationship was observed in patients whose tumors 
expressed a mutant p53, suggesting that Δ133p53 might 
suppress the actions of the mutant p53. These studies suggest 
that mutant p53 activity may be counteracted by Δ133p53, 
which leads to more favorable prognosis in advanced serous 
ovarian carcinomas. The polymorphism of p53 mutants may 
also play a role in clinical outcomes. For example, a study 
assessed polymorphic variant of codon 72 by RFLP (restriction 
fragment-length polymorphism) and suggested that Pro/Pro  
genotype of 72 codon polymorphism could be an 
independent prognostic marker in ovarian carcinomas (110).

Other studies have been attempted to determine the 
role of serum p53-AAbs in prognosis of EOC (111,112), 
which could serve as a biomarker for diagnosis of EOC as 
discussed above. To date, the prognostic significance of p53-

Table 1 Association of TP53 mutation with clinic prognosis of human EOC

Year of publication Method for mutation detection Clinical outcomes† Reference

2007 IHC Good outcome (102)

2008 IHC‡ and p53 sequencing Good outcome (103)

2013 IHC andp53 sequencing Poor outcome§ (104)

2014 OncoMap No association (105)

2014 IHC No association (106)

2015 TCGA dataset Poor outcome (107)

2003 IHC and extracted DNA analysis Good outcome¶ (108)

†, overall survival, disease-free survival or drug response; ‡, immunohistochemistry; §, in p53 null mutation; ¶, in p53 mutation without 
overexpression of p53.
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AAbs in EOC has been controversial. One recent Meta-
Analysis (113) suggested that the presence of p53-AAbs in 
EOC patients’ sera is significantly associated with a better 
overall survival only at multivariate analyses, suggesting 
that p53-AAbs have a limited clinical application. However, 
since the results of this work were based on only few 
investigations, more prospective studies are needed to verify 
the prognostic significance of p53-AAbs in EOCs.

Conclusions

Since p53 was discovered in 1979, tremendous progress 
has been made in understanding of its role in different 
human cancers. However, the clinical application of TP53 
mutational analysis has not yet been accomplished. In 
particular, TP53 mutations are highly associated with 
human EOCs, as TP53 mutations are identified in 97% of 
the most aggressive HGSOCs that account for more than 
2/3 of all ovarian cancers. The diagnostic, therapeutic, 
prognostic, and predictive values of TP53 mutations 
are still not fully explored despite recent progresses as 
described above. Also, the effect of specific TP53 mutations 
(especially GOF TP53 mutation) on EOCs remains to be 
systematically investigated. Despite of the slow progress in 
the p53-EOC field, it is now realized that it will be critically 
important to identify p53 as a biomarker for cancer risk, 
prognosis, and response to currently used therapy, and to 
determine the application of p53 as a potential target for 
the development of effective molecule-targeted therapies 
for EOCs in the near future.
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