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Background

Epithelial ovarian cancer (EOC) is one of the most 
deadly and insidious gynecological cancers in women 
because it does not present with specific symptoms 
until late in its course. Approximately 230,000 wom-
en are diagnosed with ovarian cancer each year world-
wide, and over 150,000 die as a result of this terrible 
disease. EOC belongs to the group of the seven most 
diagnosed cancers among women in the world. Its 
5-year survival rate is 46% [1]. Risk factors for EOC 
include, but are not limited to, lifelong ovulation (no 
pregnancy, early menstrual age, late menopause), 

family history of EOC, smoking, mild gynecological 
diseases (including endometriosis, polycystic ovary 
syndrome, and pelvic inflammatory disease), and, 
possibly, talcum powder use [2]. The last factor is par-
ticularly controversial. The use of talcum powder on 
the genitals can induce significant changes in key re-
dox enzymes and improve the status of prooxidants 
in normal and EOC cells. Studies have shown a signif-
icant, dose-dependent increase in iNOS prooxidant, 
nitrate/nitrite, and myeloperoxidase in cells exposed 
to talcum powder [3].

Myeloperoxidase (an enzyme belonging to the 
peroxidase group) is a protein that plays a crucial role 
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ABSTRACT

Background:  Elevated levels of myeloperoxidase in body fluids are increasingly being used as an indicator 
for the diagnosis of cancer.

Aim of the study: The aim of this study was to review the literature on the physical and chemical properties 
of myeloperoxidase, its role in carcinogenesis, the role of tumor-associated neutrophils in cancer, and the role 
of myeloperoxidase in ovarian cancer.

Material and methods: The research literature published between January 1999 and December 2019 was 
reviewed. The properties and role of myeloperoxidase in the development of ovarian cancer were selected 
from publications available in selected online databases, including MEDLINE, PubMed, Scopus, and Web of 
Science. Searches were performed using the following word combinations: “myeloperoxidase”, “ovarian can-
cer”, “reactive oxygen species”, “expression”, “polymorphism”, and “tumor-associated neutrophils”. 

Results: Thirty-five scientific articles were included in the final review. Of the 35 articles, 11 discussed the 
role of myeloperoxidase in carcinogenesis, and five discussed its role in the development of ovarian cancer. 

Conclusions: Elevated myeloperoxidase levels are associated with many types of cancer, including ovarian 
cancer. In the studied group of invasive ovarian tumors, up to 65% exhibited elevated levels of myeloperoxi-
dase. Continued research on myeloperoxidase expression in ovarian cancer cells is vital and warranted.
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in the nonspecific antibacterial defense system. This 
enzyme is released in the process of phagocytosis and 
catalyzes oxidation reactions in the presence of hy-
drogen peroxide, halide, or thiocyanate to appropri-
ate acids, which are strong and effective antimicrobial 
substances. As myeloperoxidase produces these com-
pounds, various inflammatory reactions occur, and 
tissue damage ensues [4]. Patients with gynecological 
cancers have elevated plasma myeloperoxidase levels 
and tissue expression [5].

Currently, attempts to improve methods of treat-
ing ovarian cancer are heavily focused on overcom-
ing resistance to platinum analogues, hyperthermic 
intraperitoneal chemotherapy, immunotherapy, and 
personalized medicine. Efforts are constantly being 
made to discover new and better therapeutic goals 
based on personalized medicine (adapting the medi-
cine to a given patient). In this article, we review the 
literature on the role of myeloperoxidase in the car-
cinogenesis of ovarian cancer.

Aim of the study

The aim of this study was to investigate and 
present the importance of myeloperoxidase, its ex-
pression, and its polymorphisms in ovarian cancer.

Material and methods

Search strategy and study selection

The research literature published between Janu-
ary 1999 and December 2019 was reviewed using the 
electronic databases MEDLINE, PubMed, Scopus, 
and Web of Science. The search was conducted us-
ing the following words: “myeloperoxidase”, “ovarian 
cancer”, “reactive oxygen species”, “expression”, “pol-
ymorphism”, and “tumour-associated neutrophils”.

The following inclusion criteria were used: (I) arti-
cles written in English; (II) articles published between 
January 1999 and December 2019; (III) articles 
about the properties of myeloperoxidase and its sig-
nificance in ovarian cancer; (IV) original and review 
articles; and (V) articles based on human studies. Ar-
ticles involving animal studies and studies published 
as conference reports or letters to the editor were ex-
cluded from this review.

Data extraction

To minimize bias, three independent reviewers 
(BGB, AGB, and LB) assessed the articles based on ab-
stracts during the search. If a study was deemed “rel-
evant”, the entire manuscript was assessed; the study 
was considered “relevant” if it met the inclusion cri-

teria and was not excluded for the reasons mentioned 
above. When analyzing the article, the completeness 
of the following data was noted: first author’s name, 
reference, year of publication, type of publication, 
country, and aim of the study.

A total of 3,375 articles were identified in the 
search. Thirty-five articles published from 1999 to 
2019 and one published in 1989 (describing the iso-
lation of myeloperoxidase) were included in the final 
review.

Results

A total of 3,375 articles were identified through 
the search of MEDLINE, PubMed, Scopus, and Web of 
Science. After excluding duplicate articles, 2261 were 
included for review. After careful analysis of these ar-
ticles, some were excluded because they did not meet 
the inclusion criteria. The remaining 1,085 articles 
were further reviewed and analyzed. Of these, 998 
were excluded because they were commentaries on 
articles and conference papers that did not contain 
the data required for this review; at this point, 87 ar-
ticles remained. Fifty-three more articles were then 
excluded, leaving 34 articles published from 1999 
to 2019 that were ultimately included in the review. 
One article from 1989 was focused on the isolation of 
myeloperoxidase (Figure 1). 

As a result, 34 articles published between 1999 
and 2019 met the criteria for inclusion in this review 
paper. A summary and description of these articles 
are presented in Table 1.

Myeloperoxidase

Malle et al. demonstrated that myeloperoxidase 
(MPO EC 1.11.1.7) is an enzyme belonging to the per-

Figure 1. Flowchart of study selection
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oxidase group that is stored in the azurophilic gran-
ules of neutrophils. It constitutes 2% to 5% of all pro-
teins in these cells. Myeloperoxidase is also present 
in monocytes, Kupffer cells, and glial cells. It plays 
a vital role in defending the body against pathogens 

and microorganisms [6]. Davies et al. reported that, 
during inflammation, activated neutrophils secrete 
myeloperoxidase into the phagosomes and intercel-
lular spaces of infected sites. Activation of these cells 
is the result of the production of hydrogen peroxide 

Table. 1. Characteristics of the included articles

Authors Reference Year of pub-
lication

Type 
of  publication Country Aim of the study

Malle E et al. [6] 2007 Review Austria Physico-chemical properties of MPO

Davies MJ [7] 2010 Review Australia Physico-chemical properties of MPO

Nauseef WM [8] 2014 Review USA Physico-chemical properties of MPO

Furtmüller PG et al. [9] 2006 Review Austria Structure and properties of MPO

But PG et al. [10] 2003 Review Russia Structure and properties of MPO

Ikeda-Saito M et al. [11] 1989 Research Article USA Properties and isolation of MPO

Kettle AJ et al. [12] 2001 Research Article New Zealand Properties and activity of MPO

Klebanoff SJ [13] 2005 Review USA Structure, properties, and importance of MPO

Khan AA et al. [14] 2018 Review Saudi Arabia Structure, properties, and importance of MPO;
Role of MPO in different diseases

Atwal M et al. [15] 2017 Research Article UK Hypochloric acid and its importance

Ikwegbue PC et al. [16] 2019 Review Africa Hypochloric acid and its importance

Zhu H et al. [17] 2006 Research Article China MPO G-463A polymorphism in various types of 
neoplasms

Qin X et al. [18] 2013 Meta-analysis China MPO G-463A polymorphism in various types of 
neoplasms

Cascorbi I et al. [19] 2000 Research Article Germany MPO G-463A polymorphism in various types of 
neoplasms

Feyler A et al. [20] 2002 Research Article France Myeloperoxidase (MPO) polymorphism

Stevens JF et al. [21] 2008 Review USA The role of acrolein in carcinogenesis

Tang M et al. [22] 2011 Review USA Acrolein and DNA damage

Tsou HH et al. [23] 2019 Research Article Taiwan Acrolein and DNA damage

Fridlender ZG et al. [24] 2012 Review USA Tumor-associated neutrophils

Ghatalia P et al. [25] 2019 Research Article USA Tumor-associated neutrophils

Wang J et al. [26] 2019 Research Article China Tumor-associated neutrophils

Trellakis S et al. [27] 2011 Research Article Germany Tumor-associated neutrophils and head and neck 
cancer

Banat GA et al. [28] 2015 Research Article Germany Tumor-associated neutrophils and lung cancer

Fossati G et al. [29] 1999 Research Article Italy/UK Neutrophil infiltration into human gliomas

Reid MD et al. [30] 2011 Research Article USA Tumor-infiltrating neutrophils in pancreatic 
neoplasia

Shen M et al. [31] 2014 Meta-analysis China/Denmark Tumor-associated neutrophils as a new prognostic 
factor in cancer

Fridlender ZG et al. [32] 2009 Research Article USA Tumor-associated neutrophils 

Mishalian I et al. [33] 2013 Research Article Israel Tumor-associated neutrophils

Zeindler J et al. [34] 2019 Research Article Switzerland Tumor-associated neutrophils and MPO

Mayer C et al. [35] 2016 Research Article Germany Neutrophil granulocytes in ovarian cancer 

Fletcher NM et al. [36] 2012 Research Article USA MPO and free iron levels

Olson SH et al. [37] 2004 Research Article USA Polymorphisms of the MPO gene in patients with 
ovarian cancer

Castillo-Tong DA 
et al. 

[38] 2014 Research Article Austria/Germany/
USA

Myeloperoxidase and ovarian cancer

Droeser RA et al. [39] 2016 Research Article Switzerland Myeloperoxidase and ovarian cancer

Dai Y et al. [40] 2018 Research Article China/USA The MPO encapsulation process by metal phenolic 
nanoparticles
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during NAdPH oxidation in aerobic respiration. My-
eloperoxidase uses hydrogen peroxide to oxidize hal-
ide (Cl–, Br–, I–) and pseudohalide (SCN–) ions to gen-
erate hypochlorous (HOCl), hypobromous (HOBr), 
hypoiodous (HOI), and hypothiocyanous (HOSCN) 
acids. All of these acids are strong and eff ective anti-
microbial molecules [7]. Th e most rapid and complete 
antimicrobial action by human neutrophils against 
many organisms relies on the combined eff orts of 
the azurophilic granule protein myeloperoxidase and 
hydrogen peroxide from the NAdPH oxidase to oxi-
dize chloride, thereby generating HOCl and a host of 
downstream reaction products [8]. 

Physical and chemical properties 
of myeloperoxidase

Myeloperoxidase is a cationic glycoprotein with 
a molecular weight of 146 kda composed of two 
symmetrically arranged dimers (73 kda) joined by a 
disulphide bridge formed by Cys153 residues [1,6]. 
Each dimer consists of a 14.5 kda light subunit of 108 
amino acids and contains one intra-disulphide chain 
linkage. Th e 58.5 kda heavy subunit is made up of 
466 amino acids, and its structure is stabilized by fi ve 
intra-disulphide bonds [4,6]. five glycosyl asparagine 
residues are located in the heavy subunit: Asn157, 
Asn189, Asn225, Asn317, and Asn565. Asn317-relat-
ed sugar residues are found in the space between dim-
ers and play a large role in their formation [9].

Each myeloperoxidase dimer consists of 19 
α-helices, a small number of β-turns, an iron ion 
covalently bound to a heme molecule, and a calcium 
ion [9]. Th e heme molecule found in every myeloper-
oxidase dimer is located in a special pocket shaped by 
a core consisting of fi ve α-helices, one of which comes 
from the light subunit. All peroxidases in which the 
chemical group is a prosthetic group contain in their 
active center an iron ion (fe3+) coordinated with 
a macrocyclic tetrapyrrole ring of protoporphyrin 
Ix. In myeloperoxidase, the methyl groups of the A 
and C heme pyrrole rings are modifi ed and form ester 
bonds with the Glu242 heavy subunit and the Asp94 
light subunit carboxyl groups. Th e calcium ion bind-
ing site has the characteristic shape of a pentagonal 
bipyramid. Th is ion is bound by the oxygen atom of 
the Ser174 hydroxyl group and the oxygen atom of 
the Phe170 carbonyl group, which are arranged in 
the axis of the bipyramid, and by fi ve other ligands 
that are in one plane [9,10].

Th e calcium ion in myeloperoxidase aff ects the 
position of the distal histidine relative to the heme 
group iron and thus aff ects the microenvironment 
and catalytic activity of the enzyme. Th e oxygen atom 
of the hydroxyl group of the Ser174 residue and the 
oxygen atom of the Phe170 carboxyl group of the 

polypeptide chain are axial ligands, while the residues 
Asp96 (carboxyl oxygen and peptide carbonyl oxy-
gen), Th r168 (hydroxyl and peptide carbonyl oxygen) 
and Asp172 (carbonyl oxygen) are arranged approxi-
mately co-planar. Of these ligands, only Asp96, near 
the distal histidine (His95), is derived from a light 
polypeptide chain. Th e histidine 95α-light subunit 
helix is distal and regulates enzyme activity. Th e dis-
tal histidine plays an essential role as an acid-base 
catalyst that is involved in oxygen–oxygen (O–O) 
bond heterolysis in a hydrogen peroxide molecule by 
regulating deprotonation of peroxide and protona-
tion of the resulting water molecule. Th e presence of 
calcium ions that maintain the correct orientation of 
the distal histidine and play a role in the interaction 
between the light and heavy dimer subunits is a char-
acteristic of all mammalian peroxidases [9,10].

Properties of myeloperoxidase 

Th e myeloperoxidase enzyme has two activities: 
chlorinating and peroxidative (figure 2). 

Th is chlorinating activity has been very well de-
scribed and reported in four of the scientifi c articles 
(Malle et al., davies et al., Ikeda-Saito et al., and 
Kettle et al.) included in this review. Th is activity is 
based on the catalytic oxidation by myeloperoxidase 
of chloride (Cl–), bromide (Br–), or thiocyanate (SCN–) 
ions to the appropriate halide (HxO, HOCl, or HOBr) 
or thiocyanate (HOSCN) in the presence of hydrogen 
peroxide.

H2O2 + x–  HOx + H2O

Th e appropriate halide acids or thiocyanic acid 
(HxO/HOSCN) formed during these reactions can 
then participate in further non-enzymatic reactions, 
such as oxidation and chlorination of chemical com-
pounds present in their immediate environment. Th e 
most important task that arises during the acid chlo-
rination reaction is protection of the body against the 
action of microorganisms because these compounds 

figure 2. Enzymatic cycle of myeloperoxidase
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are highly toxic to bacterial cells. Normally, to meas-
ure chlorinating activity, a reaction using chlorina-
tion of monochlorodimedone to dichlorodimedone, 
or reaction with taurine, in which taurine chloramine 
is formed, is used (Figure 3). During these reactions, 
product formation or substrate consumption can be 
monitored with a spectrophotometer [6,7,11,12].

Peroxidative activity was described in three of 
the scientific articles (Malle et al. 2007, Davies et al. 
2010, and Furtmüller et al. 2006) included in this re-
view. This activity consists of myeloperoxidase catal-
ysis of a one-electron oxidation reaction of a typical 
AH2 peroxidase substrate with hydrogen peroxide to 
the appropriate radical (AH*).

H2O2 + 2AH2
  2AH* + 2H2O

During the reaction of the native form of the en-
zyme (Por  – F e3+), the iron ion in myeloperoxidase 
is in the third degree of oxidation. In the result-
ing Complex I, the iron is in the fourth degree of 
oxidation and contains the cationic porphyrin radi-
cal (Por•+  – F e4+  =  0). Complex I myeloperoxidase is 
a  powerful oxidant that oxidizes both mono- and 
bi-electron reactions. This complex can oxidize many 
different substrates, including tyrosine, tryptophan, 
phenol, indole derivatives, hydrogen peroxide, and 
xenobiotics. Complex I can be reduced to the na-
tive form of the enzyme by reaction with halide ions 
(chlorination activity) to the corresponding halide 
acids or form Complex II (Por – Fe4+ – OH). Complex 
II iron is in oxidation state 4, and the bond between 
iron and oxygen is extended. This complex is formed 
as a result of the first one-electron reaction with the 
first substrate molecule (AH2) and the substrate radi-
cal cation (AH*). Complex II can be reduced by the 
second substrate molecule back to the native form of 
myeloperoxidase or may form Complex III, with the 
iron ion in oxidation state 3 (Por•+ – Fe3+ – O2

•). This 
complex is formed as a result of the reaction of Com-

plex II with an excess of hydrogen peroxide or by the 
reaction of Complex I with a superoxide ion [6,7,9]. 
Normally, to measure peroxidative activity, the reac-
tion of o-dianisidine to oxidized o-dianisidine is used 
(Figure 4).

Role of myeloperoxidase in carcinogenesis

Malle et al. reported that myeloperoxidase is 
a cytotoxic and bactericidal protein secreted by neu-
trophils at inflammatory sites that protects the body 
against various pathogens by generating HOCl (Fig-
ure 5) [6]. 

Klebanoff characterized myeloperoxidase as one 
of the main enzymes secreted by neutrophils as a 
result of phagocytosis during an inflammatory re-
action; thus, it serves as an immunohistochemical 
marker for neutrophils [13]. Khan et al. submitted 
that an increase in the concentration of myeloper-
oxidase in plasma and other body fluids in humans 
may be useful as a marker during several inflamma-
tory diseases, including rheumatoid arthritis, septic 
shock, atherosclerosis, renal disease, lung injury, and 
multiple sclerosis [14]. 

On the other hand, Atwal et al. and Ikwegbue 
et al. determined that HOCl (a powerful antimicro-
bial agent) can damage DNA, proteins, and fats and 
can oxidize fats by generating chloramine, nitrating 
agents, and free radicals. Myeloperoxidase catalyzes 
the production of HOCl, which causes damage to the 
DNA (Figure 5) molecule and can lead to mutations in 
oncogenes. The identification of defects in the DNA 
of 5-chlorocytosine (5-CIC) caused by secreted HOCl 
to inactivate or kill microorganisms through toll-like 
receptor 4 (TLR4) can cause chronic inflammation in 
the intestines, becoming evidence linking inflamma-
tion directly to cancer [15,16]. 

The work of Zhu et al., Qin et al., and Cascorbi 
indicates that myeloperoxidase expression disor-
ders and an increased risk of various cancers may be 
directly related to myeloperoxidase gene polymor-
phisms. Many epidemiological studies have shown 

Figure 3. Oxidation of monochlorodimedone and taurine by my-
eloperoxidase

Figure 4. Oxidation of o-dianisidine by myeloperoxidase
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that the MPO G-463A polymorphism has an impact 
on the risk of many cancers, including lung cancer, 
breast cancer, bladder cancer, lymphoma, esophageal 
cancer, hepatocellular carcinoma, and laryngeal can-
cer [17–19]. feyler et al. revealed that single nucle-
otide polymorphisms in the myeloperoxidase gene 
promoter region can aff ect protein transcription and 
expression [20]. Nauseef demonstrated that the re-
placement of thymidine with cytosine in codon 569 
results in the substitution of an amino acid from 
arginine to tryptophan, which can cause functional 
defects in myeloperoxidase [8].

One of the studies in the review (Stevens et al.) 
showed that myeloperoxidase can also induce can-
cer indirectly by activating genotoxic intermediates 
and procarcinogens. As a result of the metabolism 
of certain unsaturated fats and amino acids (e.g., 
serine and threonine), it can form by-products, such 
as acrolein, which in turn form protein acrolein ad-
ducts. Th e main endogenous sources of acrolein are 
myeloperoxidase-mediated degradation of threo-
nine and amine oxidase-mediated degradation of 
spermine and spermidine. In situations of oxidative 
stress and infl ammation, they may be a signifi cant 
source of acrolein. Th e biological eff ects of acrolein 
are a consequence of its reactivity toward biological 
nucleophiles, such as guanine in dNA and histidine, 
arginine, lysine, and cysteine residues in critical re-
gions of proteases, nuclear factors, and other pro-
teins. Th e resulting acrolein adducts may impair the 
function of these macromolecules, which can cause 
mutations, lesions in the transcriptome, and apop-
tosis modulation [21]. tang et al. reported that the 
free form of acrolein induces α- and γ-hydroxy-1,N2-
cyclic propano-2′-deoxyguanosine (α-OH-Acr-dG and 
γ-OH- Acr-dG) adducts in human cells. It was found 
that both types of Acr-dG adducts could be mutagen-
ic and that they may induce G to t and G to A mu-
tations [22]. for example, tsou et al. introduced the 

concept that the mapping of the Acr-dG adduct dis-
tribution at the nucleotide level in acrolein-treated 
normal human bronchial epithelial cells determined 
that the acrolein-dNA binding spectrum in the p53 
gene coincides with the p53 mutational spectrum in 
cigarette smoking-related lung cancer [23]. 

Role of tumor-associated neutrophils 
in cancers

According to fridlender et al., tumor-associated 
neutrophils (tANs) are defi ned as neutrophils that 
have migrated into tumors [24]. tANs were found to 
be independent prognostic factors for overall surviv-
al, recurrence-free survival, and cancer-specifi c sur-
vival in localized clear cell renal carcinoma [25]. tANs 
had a predominantly immunosuppressive function in 
renal cell carcinoma, and the presence of tANs was 
an independent, unfavorable prognostic factor in 
patients treated with immunotherapy and tyrosine 
kinase inhibitors [26]. tANs were also found to be 
a prognostic factor in head and neck squamous cell 
carcinoma [27] and lung cancer [28]. Infi ltration of 
neutrophils was found to correlate with tumor grade 
in human gliomas [29] and to be related to more ag-
gressive types of pancreatic tumors [30]. 

A meta-analysis (Shen et al.) of 20 studies (includ-
ing 3,946 patients with various solid tumors) investi-
gating the presence of tANs in diff erent cancer types 
found that a high density of tumor-infi ltrating neu-
trophils was associated with unfavorable survival, 
recurrence-free survival/disease-free survival, can-
cer-specifi c survival, and overall survival. Conversely, 
peritumoral and stromal neutrophils were not statis-
tically signifi cantly associated with survival [31]. 

In analyzing the results of studies regarding the 
signifi cance of tANs, two existing phenotypes of 
these cells present in tumors should be considered. 

figure 5. Th e role of myeloperoxidase in damage of the dNA molecule as a result of infl ammation, leading to mutations
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Under the influence of cytokines, TANs undergo 
polarization into either a protumorigenic (N2) phe-
notype or a proinflammatory/antitumorigenic (N1) 
phenotype. Polarization toward the N2 phenotype 
depends on transforming growth factor β (TGF-β), 
while TGF-β blockade leads to the recruitment and 
activation of the antitumorigenic N1 phenotype [32]. 
Antitumorigenic (N1) inflammatory neutrophils pro-
duce more reactive oxygen species (ROS) and higher 
levels of nitric oxide, hydrogen peroxide, and tumor 
necrosis factor alpha (TNF-α) than N2 TANs [33]. 
The N1 TAN phenotype can also recruit and activate 
CD8+ T cells, which are key contributors to any tu-
mor immune response, while N2 TANs inhibit the 
function of CD8+ T cells [32]. 

In subset univariate analyses, infiltration by 
MPO-positive cells was associated with significantly 
longer overall survival in the triple-negative breast 
cancer subtype, the HER2-enriched subtype, and the 
luminal B/HER2-negative subtype. The expression 
of MPO-positive neutrophils in tumors showed that 
it is an independent prognostic factor for improved 
overall survival in multivariate analysis [34]. 

A study of a population of 334 patients attempted 
to explain the role of TANS in ovarian cancer. Anal-
ysis of this group of patients determined that neu-
trophils infiltrating tumors were found in 72% of cas-
es. Co-cultivation of ovarian cancer cells with either 
neutrophils or neutrophil lysate can cause a change 
in the polygonal epithelial phenotype of these cells to 
the spindle morphology, resulting in cribriform cell 
growth. The reason for these changes in the shape of 
cells caused by neutrophils may be elastase, which is 
one of the most important proteases released by these 
cells. The change in shape induced by elastase is most 
likely due to degradation of membranous E-cadherin, 
which leads to loss of cell contact and polarization 
[35]. Moreover, in response to elastase, epithelial 
cytokeratins were downmodulated in parallel with 
nuclear translocation of β-catenin. These neutrophil 
elastase-induced alterations in cancer cells were com-
patible with the epithelial-to-mesenchymal transi-
tion (EMT) phenomenon. Following EMT, the cells 
displayed a more migratory phenotype. Neutrophil 
infiltrates were detected preferentially in areas with 
low E-cadherin expression. These in vitro data estab-
lished a link between neutrophil-derived elastase, 
loss of E-cadherin, and EMT, which may explain why 
ovarian cancer patients with increased levels of neu-
trophils in tumors have a poorer prognosis [35].

Myeloperoxidase in ovarian cancer 

We included five studies in this review to present 
the importance of myeloperoxidase in ovarian cancer 
[36–40]. 

In experimental studies by Saed et al., myeloper-
oxidase was expressed in ovarian cancer cell lines. 
In addition, it was observed in invasive ovarian can-
cer cases but not in normal ovarian epithelium. By 
causing caspase-3 nitrosylation, myeloperoxidase 
may inhibit apoptosis and increase ovarian cancer 
cell survival. In turn, silencing myeloperoxidase can 
significantly induce apoptosis, which underlines its 
role as a redox switch that regulates apoptosis in 
ovarian cancer [5]. Myeloperoxidase expression was 
evaluated in a study by Fletcher et al., who found sig-
nificantly higher levels of myeloperoxidase expres-
sion in ovarian cancer tissues compared with benign 
and inflammatory lesions. International Federation 
of Gynecology and Obstetrics (FIGO) stages II–IV 
ovarian cancers manifested higher levels of tissue 
myeloperoxidase than FIGO stage I ovarian cancers 
(p<0.05). Also, ovarian cancer stages II–IV had sig-
nificantly higher levels of serum myeloperoxidase 
compared with early-stage ovarian cancer, control, 
benign, and inflammatory groups. Serum myeloper-
oxidase levels assessed in FIGO stage I ovarian can-
cer and gynecological inflammation disorders did not 
differ significantly from each other but were signifi-
cantly different from the control group and benign 
ovarian lesions [36].

One of the first studies (Olson et al.) assessing 
polymorphisms of the MPO gene in patients with 
ovarian cancer found that lower expression of the A 
allele (GA/AA) genotypes was associated with a small 
reduction in risk (OR=0.72); however, this trend did 
not reach statistical significance. The authors postu-
lated the hypothesis that for myeloperoxidase, the 
slightly reduced risk for women with the AA geno-
type at position –463 in the promoter region could 
be protective, because this leads to weakening of 
the binding site [37]. Another study assessing my-
eloperoxidase polymorphisms by Castillo-Tong et al. 
showed that the higher expressing -463GG genotype 
was more frequent in FIGO I early-stage carcinoma. 
This suggests that the G allele increases the risk of 
ovarian cancer. Together, these studies suggest that 
atypical expression of this normally myeloid-specific 
MPO gene can cause oxidative damage and accumula-
tion of potentially pathogenic mutations in ovarian 
epithelial cells that increase the risk of cancer. The 
GG genotype usually leading to higher expression of 
myeloperoxidase was not overrepresented in more 
advanced FIGO stages II–IV of ovarian carcinoma. 
A possible explanation for these findings is that my-
eloperoxidase expression in early-stage GG genotype 
carcinomas causes oxidative damage that shortens 
cell survival so that fewer GG genotype cancer cells 
survive to advanced stages. Another possibility is 
that higher levels of myeloperoxidase in infiltrating 
cancer cells with the GG genotype by neutrophils and 
monocytes/macrophages could enhance the killing of 
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cancer cells at an early stage of development, which 
could reduce the number of GG genotype cases de-
tected in FIGO stages II–IV [38]. 

An investigation of the predictive role of my-
eloperoxidase and interleukin (IL)-17 in chemother-
apy in ovarian cancer patients conducted by Droeser 
et al. revealed that IL-17- and MPO-positive immune 
cells correlated with each other in the tissues of both 
primary and recurrent carcinomas. Myeloperoxidase 
expression in multivariate Cox regression analysis 
combined categorized IL-17 and myeloperoxidase cell 
densities in ovarian cancer primary tumor tissues, 
indicating that the combination of these two immu-
nological biomarkers was an independent prognostic 
factor for relapse-free survival. In the subgroup of IL-
17- and MPO-positive biopsies of primary and recur-
rent cancer patients, there were no chemoresistant 
patients [39].

Dai et al. stated that myeloperoxidase has been 
used to produce modern nanoparticles to improve the 
effectiveness of platinum analogues, which are crucial 
in the treatment of ovarian cancer patients. In order 
to improve the therapeutic efficacy of platinum ana-
logues, the idea of HOCl production in situ was used 
in experimental studies. Modern nanoparticles have 
been developed in which the phagocytic enzyme my-
eloperoxidase is coated with two functional polyphe-
nol derivatives (PEG polyphenols and platinum pro-
drug polyphenols) and a ferric ion by metal phenolic 
coordination, which can shield myeloperoxidase from 
degradation by other compounds in the blood. Ad-
ditionally, in cells, the platinum prodrug may be re-
duced to cisplatin and produce hydrogen peroxide. 

In the intercellular environment, myeloperoxidase 
may catalyze the conversion of hydrogen peroxide 
to HOCl. The preparation of MPO Pt PEG nanoparti-
cles (MPP NPs) may be employed as an ROS cascade 
bioreaction to enhance platinum analogue therapy. It 
was found that treatment with MPP NPs caused sig-
nificantly higher antitumor activity than free cispla-
tin at the same dose. Mice treated with MPP NPs ex-
hibited much longer survival. Moreover, hematoxylin 
and eosin staining of tumor sections from MPP NPs 
showed the most significant tumor cell apoptosis and 
necrosis compared with the control groups. It was ev-
idenced by 89Zr-based positron emission tomography 
imaging that MPP NPs could circulate for a prolonged 
time in the blood and showed high accumulation in 
tumors. No change in body weight was observed 
during any treatment. Furthermore, analysis of the 
major organs (lung, liver, spleen, heart, and kidneys) 
determined that there were no significant histologi-
cal changes [40].

Conclusions

Since ovarian cancer is one of the most common 
cancers in women, it is imperative to refine methods 
to detect it earlier. Because myeloperoxidase oxidizes 
many different compounds, including halogenated 
ones, it causes DNA damage, thus increasing the risk 
of mutations that cause an increase in ovarian can-
cer. Therefore, continuous research on the expression 
of myeloperoxidase in ovarian cells is vital and war-
ranted.
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