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Abstract

Ovarian cancer is particularly deadly and difficult to target because of its 
aggressive nature. With high mortality rates, current studies are focused on 
improving early detection and prevention methods as well as developing new 
treatments. To successfully develop these therapeutic options, researchers first 
need to understand how the cancer forms, spreads, and functions. Since ovarian 
cancer is composed of many heterogeneous subtypes, such as high-grade 
serous ovarian cancer and clear cell epithelial ovarian cancer, the nuances 
of each type need also be examined and understood in order to target each 
individually. It has been determined that each subtype has a unique relationship 
with the tumor suppressor, p53. Understanding how each subtype interacts with 
p53 can lead to specialized treatment mechanisms that target these interactions. 
MDM2 and ADRM1, over expressed in clear cell carcinoma and high grade 
serous ovarian cancer respectfully, are key components of these interactions 
within ovarian cancer. MDM2 is a negative regulator of p53, while ADRM1 aids 
in protein degradation. The overexpression of each molecule acts specifically 
to aid ovarian cancer in survival. In this review, recent advances in studying 
ovarian cancer subtypes will be covered, as well as how these subtypes relate 
to the ubiquitin-proteasome system and the key tumor suppressor in human 
cells, p53. 
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BRCA2 produce tumor suppressor proteins and mutations in these 
genes and are commonly found in breast cancer as well as ovarian 
cancer. The overall five-year survival rate for ovarian cancer patients 
has improved over the last decade due to improvements in general 
cancer treatment methods, but survival for advanced stages is still less 
than 40%. Research in ovarian cancer is currently focused on defining 
the mechanism of formation and spread of each subtype, improving 
early detection and prevention, and creating new therapeutic options 
[1]. The goal of this review is to highlight current research on serous 
and clear cell epithelial ovarian cancer and determine if the ubiquitin-
proteasome system can be targeted in each cancer to create new 
screening tests or treatment options.

One of the most important proteins in regard to tumor 
suppression in humans is p53. Wild-type p53, a component of the 
ubiquitin-proteasome system, is activated by cellular stress and 
inhibits cell cycle progression, prompts apoptosis, or stimulates 
senescence [6]. In many human cancers, p53 is inactivated, either 
through mutation or other mechanism [7]. This allows tumor growth 
to continue unchecked. In some ovarian cancer subtypes, such as 
high-grade serous ovarian cancer, the p53 protein is mutated or 
deleted, and in some, such as clear cell carcinoma, the wild-type p53 
protein is inactivated due to interaction with other molecules [8,9]. 
Inactivation of p53 can occur through interactions with various 
molecules within the ubiquitin-proteasome system, most commonly 
MDM2 and other Deubiquitinating Enzymes (DUBs) [10-13]. 

Abbreviations 
DUBs: Deubiquitinating Enzymes; HGSC: High-Grade Serous 

Ovarian Cancer; CCC: Clear Cell Carcinoma; MDM2: Murine 
Double Minute 2; UPS: Ubiquitin-Proteasome System; ROCA: Risk 
Of Ovarian Cancer Algorithm; CIC: Cancer Initiating Cell; BRCA: 
Breast Cancer Gene; ADRM1: Adhesion Regulating Molecule 1; CA-
125: Serum Cancer Antigen-125

Introduction
Ovarian cancer, one of the deadliest and most aggressive 

gynecological malignancies, is the fifth most common cause of 
cancer death in women [1,2]. As recently as 2017, the annual ovarian 
cancer mortality was approximately 65% of the incidence rate due 
to low predictive value in screening procedures for women without 
increased risk factors [3]. As a result, only 15% of patients are 
diagnosed with localized disease and many patients are diagnosed 
in stage III or IV [1]. The four main histological subtypes within 
epithelial ovarian cancer are serous, clear cell, endometrioid, and 
mucinous adenocarcinomas [2,4,5]. Each subtype has its own unique 
abnormalities, making diagnosis and treatment of ovarian cancer 
difficult. While all women are susceptible to ovarian cancer, increased 
risk factors include familial history, nulliparity, lack of breast feeding, 
and infertility [1]. About 20% of ovarian cancers are familial, linked 
mostly to Breast Cancer Alleles 1 and 2, (BRCA1 or BRCA2), though 
other gene mutations have been implicated as well [3]. BRCA1 and 
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These molecules destabilize p53, making it inert and no longer able 
to regulate tumor growth. Targeting the pathways that lead to p53 
inactivation, such as inhibitors of the MDM2-p53 interaction, could 
be beneficial to improving treatments for the advanced stages of 
ovarian cancer [11,12]. Each subtype of ovarian cancer has a link to 
p53. Understanding which mechanism blocks p53 in each subtype 
and how to target that mechanism can lead to specialized treatment 
and increased survival for ovarian cancer. 

Comparison of CCC and HGSC
Understanding the subtype of ovarian carcinoma that is present 

can help lead physicians toward specialized treatment plans for each 
patient. Each histological subtype has unique molecular abnormalities, 
separate risk factors, and differing treatment needs [5,14-16]. The two 
main subtypes of ovarian cancer, based on frequency and mortality, 
are High-Grade Serous Ovarian Cancer (HGSC) and Clear Cell 
Carcinoma (CCC). HGSC is the most aggressive subtype of the 
disease. As recently as 2017, HGSC accounted for approximately 70% 
of epithelial ovarian cancer cases, but had a 5-year survival rate that 
was less than 40% [1,2,4,17]. CCC accounted for approximately 10% 
of ovarian cancer cases overall and as much as 25% of cases in Asia 
[14]. CCC is notoriously hard to target, especially if diagnosed in the 
advanced stages, and the 3-year survival rate was only about 10% of 
the confirmed cases in 2016 [18,19]. If diagnosed in stage III-IV, CCC 
can be very difficult to treat, accounting for low survival. 

Each form has unique precursor lesions and sites of origin. Until 
recently, it was thought that all subtypes arose from ovarian surface 
epithelium, but new evidence shows that each type originates from a 
different non-ovarian tissue [2]. HGSC may originate from precursor 

lesions in the fimbriae of the fallopian tubes [16,20]. This is supported 
by evidence that risk-reducing surgeries lower the prevalence of 
disease in healthy women with BRCA1 and BRCA2 mutations [3]. 
Whole-exome sequencing of HGSC patients also supports this 
conclusion [21]. CCC can arise in the ovary, endometrium, and 
the cervix and has been linked to endometriosis in many studies 
[3,5,15,22-24]. HGSC mitotic rate is high and most patients will 
present at high-stage, with advanced metastasis, while CCC is usually 
low-stage and mitoses are less frequent [14,25,26]. Patients with CCC 
are also younger than patients with HGSC on average [25]. These 
differences arise from differences in the biochemistry of each subtype.

Molecularly, the two subtypes have different mutations. HGSC 
cases have defects in BRCA1, BRCA2, and TP53, while CCC cases 
frequently lack these mutations [14,23]. CCC patients commonly 
have mutations in ARID1A and PI3K, which are two genes involved 
with chromosome remodeling and cell growth and division 
[5,19,26,27]. MDM2 (Murine Double Minute 2), a ubiquitin ligase, 
has significantly higher expression in CCC than in HGSC. This 
overexpression of MDM2 blocks wild-type p53 function, allowing 
cancerous cell growth to continue uninhibited and leads to poor 
overall survival in CCC [18,25]. In HGSC, ADRM1, which encodes 
part of the 19S regulatory particle, is over expressed. Overexpression 
of ADRM1 is important for HGSC survival because it helps recognize 
and degrade the excess polyubiquitinated proteins produced by the 
cancer, allowing it to continue creating more proteins as it rapidly 
metastasizes [28]. These pathways and how they may be targeted are 
explained in further detail below.

Biochemical Pathways 
MDM2 and p53

Dysfunction of p53 has important implications for both HGSC 
and CCC, though each is caused by a different mechanism. In HGSC, 
p53 does not function to regulate tumor growth due to the TP53 
mutation seen in greater than 90% of HGSC cases [1,5,29,30]. In 
CCC, patients have a wild-type TP53 gene, but normal function is 
inhibited by DUB molecules. Recent evidence has shown that ovarian 
cancer patients without TP53 mutation were likely to have p53 
dysfunction associated with copies of the E3 ubiquitin ligase MDM2 
[7]. MDM2 plays a crucial role in the degradation and regulation of 
p53 in the body. In normal cells, wild-type p53 is short lived and acts 
to suppress tumor formation and inhibit cell growth [31,32]. It can 
bind to specific DNA sequences in order to activate the transcription 
of genes involved with stress and tumor suppression. One of the 
genes that p53 binds to is the MDM2 gene. The p53 protein can bind 
to the MDM2 gene in order to regulate its level of transcription, while 
MDM2 can in return bind to p53 to regulate its level of activity in 
the body [33,34]. Generally, MDM2 activity will be seen an hour 
after p53 in order to slow down the p53 response. MDM2 acts as a 
negative regulator for p53, inhibiting and suppressing p53 function 
via proteasome-mediated degradation and terminating the p53 signal 
in normally functioning cells [35,36]. These molecules are tightly 
controlled and inversely correlated; when MDM2 levels rise, p53 
levels lower [18,31]. In certain cancers, MDM2 overexpression creates 
such a strong negative feedback signal that it inhibits normal function 
of p53 (Figure 1). This overexpression occurs in CCC ovarian cancer. 

In a study by Makii et al., it was discovered that MDM2 

Figure 1: MDM2 overexpression in CCC.

Figure 2: ADRM1 overexpression in HGSC.
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expression is significantly higher in CCC than in HGSC and that this 
overexpression was correlated to poor prognosis in CCC patients 
[18]. Overexpression may be correlated with the chemoresistance 
seen in CCC cases and therefore the poor outcome for CCC patients. 
This could prompt further research into MDM2 inhibitors as a 
treatment for ovarian cancer [18,29]. Currently, MDM2 is not used 
as a diagnostic factor when screening for ovarian cancer or CCC, but 
it may be beneficial to use in the future. A possible reason that there is 
variation in CCC rates in eastern countries versus western countries 
is that MDM2 has different haplotypes, one which is linked to higher 
cancer risk and another which shows protective benefit. The haplotype 
that confers protection decreases the binding of the Sp1 transcription 
factor while the haplotype associated with cancer risk enhances 
the binding. The protective haplotype is only seen in Caucasians, 
which may account for why CCC rates are generally higher in Asian 
populations [37]. MDM2 is one of the most important molecules 
for p53 regulation. As the concentration of MDM2 increases, the 
ability for the wild-type p53 molecule to function decreases. If the 
autoregulatory feedback loop between these two molecules is mutated 
or abnormal, atypical cell growth will occur. 

ADRM1 and the UPS
In a typical human cell, the Ubiquitin-Proteasome System (UPS) 

will mark and degrade damaged or abnormal proteins [38]. Ovarian 
cancers are characterized by an abundance of misfolded proteins 
caused by the rapid mitotic development of ovarian cancer tumors. 
This abundance of proteins in the cytosol of the cell necessitates a 
reliance on the UPS to degrade the excess protein before it becomes 
toxic to the cancer cells. Due to this reliance on the UPS, research has 
begun to target proteasome inhibitors, but the current proteasome 
inhibitor, bortezomib, has shown little efficacy [10]. Recently, RPN13 
has been looked into as a potential new target. ADRM1 is a gene that 
encodes RPN13, which is a ubiquitin receptor tied to the 19S particle 
of a proteasome [28]. RPN13 recognizes and degrades ubiquitinated 
proteins, helping to increase the amount of misfolded proteins that 
can be broken down in the cell (Figure 2). In HGSC, ADRM1 is 
over expressed, which is correlated with stage III-IV ovarian cancer, 
shorter time to cancer recurrence and lower survival, signifying a 
possible correlation between RPN13 and disease progression. This 
overexpression has also been shown to increase cell division and 
growth, leading researchers to classify ADRM1 as an oncogene 
and potential target for future research [39]. The specific pathways 
affected by ADRM1 have yet to be determined, but it is thought that 
overexpression of ADRM1 mRNA may be an early event, found even 
in ovarian cancer precursor lesions to accommodate excess misfolded 
proteins [28]. RPN13 may be an important protein to look for during 
screening or to target during treatment. 

Screening and Diagnosis
There are currently no approved screening tests for early 

detection available for women without an increased risk of ovarian 
cancer. One of the main reasons that ovarian cancer is commonly 
diagnosed in stage III or IV is because there is not a feasible test 
available to detect it early and the cancer is relatively rare in the 
population, so the symptoms will generally go unnoticed. Women are 
told to check their body for any abnormal changes and monitor for 
the symptoms. Symptoms, however, are vague and offer little detail. 

Back pain, bloating, pelvic pain, and constipation are a few examples 
of what women are supposed to monitor, but often these changes go 
undetected or are attributed to stress [40,41]. One study has shown 
that 89% of women diagnosed with stage I-II disease reported these 
symptoms before being diagnosed and 97% of women diagnosed with 
stage III-IV reported them [42]. Some women experience symptoms 
up to one year before they are diagnosed with ovarian cancer [43]. 
Another study showed that only 68% of patients declared that the 
symptoms prompted them to seek diagnosis [40]. This shows that the 
symptoms may not be enough to target ovarian cancer until it is too 
late. Some call ovarian cancer the “silent killer”, but it is not silent, 
it is just ignored [43]. These symptoms need to be better clarified or 
emphasized so women understand what they are looking for and can 
communicate these with medical professionals early.

Screening women who are at an increased risk of ovarian cancer 
is currently the most reasonable and practical option. This narrows 
the pool of women who are taking the screening tests and also offers a 
target for who physicians should be monitoring as their risk increases. 
One reason this is the best option currently is because many screening 
tests are not 100% accurate. Large randomized controlled studies 
have looked into using a combination of serum markers, such as 
serum cancer antigen-125 (CA-125), along with ultrasound imaging. 
CA-125 may be elevated in other disorders, such as endometriosis, 
so using it alone is not as effective to indicate ovarian cancer [3].
Though these have shown some benefit in high risk women, they also 
have a high-rate of false positives or inadequate sensitivity, resulting 
in 65-97% of women receiving unnecessary surgical procedures 
[1,44]. Multimodal screening tests are considered to be the best for 
early screening currently [45]. There is some controversy over the 
effectiveness of these tests and whether or not they should be put 
into place, because of the low sensitivity. The Risk of Ovarian Cancer 
Algorithm (ROCA) is based on CA-125 levels in the body and risk 
is assigned using a baseline and how these levels change over time 
[46]. This test may be most beneficial in high-risk women, where 
the benefits outweigh the costs. Other new screening options are 
currently in clinical trial. One in particular, which encourages risk-
reducing salpingo oophorectomy, is looking promising for detecting 
and lowering the rate of cancer early in patients with BRCA mutations 
[44]. Though a screening test that could be used in the general 
population would be nice, it is unlikely that a test could be developed 
that is cost effective and highly sensitive. Ovarian cancer is generally 
rare in the population and these tests may result in unnecessary 
intervention. 

Future Treatments
Though different subtypes of ovarian cancer have different 

molecular abnormalities, each is treated as if they were the same. 
Despite their differences, each is treated with the treatment 
that currently works for HGSC. A platinum and taxane-based 
chemotherapy is the most commonly used treatment for all subtypes 
[5]. One reason CCCs can have a poor prognosis is because they do not 
respond well to treatment. CCCs are typically resistant to platinum-
based chemotherapy and therefore respond less favorably to these 
treatment methods than HGSC [14,18,19]. Recent experimentation 
has shown that CCC response to chemotherapy was only 25%, 
compared to 73% in HGSC [24]. Individualized treatments need to 
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be developed to target each subtype of ovarian cancer.

Cancer cells depend on the UPS system more than normal cells 
so new treatments should focus on targeting and inhibiting the 
proteasome [47]. Research is currently looking into ways to target 
MDM2 inhibitors, such as RG7112, to improve outcome for these 
patients [18]. Another treatment that is currently in clinical trial is 
an MDM2 inhibitor called Nutlin-3a. This inhibitor is dependent on 
p53 mutation status and may work well in CCC, where p53 is wild-
type [5]. Both RG7112 and Nutlin-3a act as MDM2 antagonists, 
inhibiting the interaction between MDM2 and p53 and allowing for 
stabilization of p53 [18]. Blocking the overexpression of MDM2 in 
CCC would potentially restore p53 function, allowing for apoptosis 
of cancer cells and tumor suppression. 

HGSC is more responsive to chemotherapy, but some patients 
may develop chemotherapy resistance over time [1]. Approximately 
75% of HGSC cases respond to initial treatment but experience 
recurrence and eventually succumb to the disease [48]. One reason 
may be that the commonly used platinum-based therapies are able to 
kill differentiated cells, but not Cancer Initiating Cells (CICs), which 
can self-renew indefinitely without differentiating. The progeny of 
these cells are then able to differentiate and invade the body while 
evolving resistance to chemotherapy and drug treatments [49]. In 
patients with overexpression of ADRM1, the proteasome inhibitor 
RA190, targeting at RPN13, may be a potential solution. HGSC 
cells have shown sensitivity to RA190, which blocks RPN13 and 
inhibits proteasome function [28,50]. This will stop cancer cells from 
degrading misfolded proteins, causing a toxic build-up of proteins 
within the cytosol. Prophylactic oophorectomy reduces the risk 
of ovarian cancer by over 90% in women who are deemed to be at 
an increased risk based on family history [3]. Preoperative images 
can predict pathological subtype and better predict behavior of the 
carcinoma in order to choose a more individualized treatment that is 
more effective for the patient [48]. 

Conclusions
Ovarian cancer subtype holds important implications for 

diagnosis and treatment. Understanding how different subtypes work 
and evolve is crucial for creating treatments that are most effective 
at targeting and curing each different type. The two most common 
subtypes of ovarian cancer, HGSC and CCC, both have very different 
molecular abnormalities but are linked to the UPS. CCC shows 
overexpression of MDM2, which suppresses wild-type function of 
p53. HGSC shows overexpression of ADRM1, which increases the 
rate of recognition and degradation of polyubiquitinated proteins that 
ovarian cancer cells produce. If a screening or diagnostic test can be 
developed to measure this early overexpression in each molecule, then 
maybe these tests could be specified to disease and subtype with lower 
false-positive rates. Treatments are currently being tested to target 
and inhibit the proteasome, which would inhibit the overexpression 
of both of these molecules and ideally return the cell to normal tumor 
suppression or promote apoptosis due to toxic protein build up. This 
field is still developing, but if researchers can understand and harness 
the UPS in ovarian cancer, these tactics would have implications in 
many human cancers.

Normally, p53 and MDM2 act in a feedback loop with each other, 

with MDM2 regulating p53 levels as it monitors atypical cell growth. 
When MDM2 is overexpressed, it inhibits wild-type p53 ability to 
function. This stops tumor suppression and allows cancer cell growth 
to continue unchecked by p53. 

Normally, RPN13 is able to recognize polyubiquitinated proteins 
and mediate protein degradation. In HGSC, RPN13 is overexpressed, 
allowing for large amount of misfolded proteins to be recognized and 
degraded.
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