
Academic Editor: Dirk Geerts

Received: 16 September 2026
Revised: 18 October 2026
Accepted: 30 October 2026
Published: 2 November 2026

Copyright: © 2026 by the authors. 
Licensee MDPI, Basel, Switzerland. 
This article is an open access article 
distributed under the terms and 
conditions of the Creative Commons 
Attribution (CC BY) license.

Review

Bisphenol A Promotes Molecular Subtypes of Type 1 
Endometrial Cancer Through Several Inflammatory Pathways
Michael Thoene 1 , * , Kamila Zglejc-Waszak 2 , Waldemar Grzegorzewski 3 , Joanna Wojtkiewicz 4 , *  
and Marcin Jozwik 5 

1  Department of Medical Biology, School of Public Health, University of Warmia and Mazury in Olsztyn, 
10-561 Olsztyn, Poland

2  Department of Anatomy and Histology, School of Medicine, Collegium Medicum, University of Warmia and 
Mazury in Olsztyn, 10-082 Olsztyn, Poland; kamila.zglejc@uwm.edu.pl

3  Faculty of Biology, Nature Protection, and Sustainable Development, University of Rzeszow, 
35-310 Rzeszow, Poland; wgrzegorzewski@ur.edu.pl

4  Department of Human Physiology and Pathophysiology, School of Medicine, University of Warmia and 
Mazury in Olsztyn, 10-082 Olsztyn, Poland

5  Department of Gynaecology and Obstetrics, School of Medicine, Collegium Medicum, University of Warmia 
and Mazury in Olsztyn, 10-082 Olsztyn, Poland; marcin.jozwik@uwm.edu.pl

* Correspondence: michael.thoene@uwm.edu.pl (M.T.); joanna.wojtkiewicz@uwm.edu.pl (J.W.)

Abstract

Bisphenol A (BPA) surrounds us nowadays and this exposure is known to cause numerous 
health problems, cancer included. Since BPA is structurally similar to natural Estradiol-
17β, it acts as a xenoestrogen overstimulating estrogen receptors. This triggers multiple 
pathways, mainly via inflammatory responses, that may lead to the progression of cancer. 
For hormone-sensitive cancers such as type 1 endometrial cancer, this is especially true. This 
article examined the most common pathways cited that involve inflammation leading to 
the formation, maintenance and aggressiveness of cancer stem cells, with the inflammation 
linked to BPA exposure. Other pathways were also examined where BPA may be involved in 
mutagenesis. The results and detailed discussions of the pathways are presented, along with 
clarifying tables. Cancer stem cell formation and maintenance are affected by chronic BPA 
exposure leading to type 1 endometrial cancer, but with some evidence gaps that still need to 
be resolved. Reactive Oxygen Species (ROS) formation is a key step, directly damaging DNA, 
causing oncogene formation, disabling proofreading genes, and triggering tumorigenesis. 
The known key pathways relevant to the formation and progression of endometrial cancer, 
and mechanisms concerning how BPA may trigger the process are discussed.

Keywords: Bisphenol A; endometrial cancer; inflammation; endocrine disrupting compounds; 
cancer stem cells; epithelial–mesenchymal transition; molecular classification of endometrial 
cancers; tumorigenesis; P53 mutation

1. Introduction
Bisphenol A (BPA) is a monomer used to manufacture plastic that is extremely common 

in our modern environment. Recently, BPA has been found to be an endocrine-disrupting 
compound (EDC) with a molecular structure which mimics estrogen in vivo. BPA has been 
used for several decades as an epoxy resin and polycarbonate plastic in the manufacture 
of plastic polymers, but, in the last two decades, it has been shown to leak its monomers, 
especially into food and beverages stored in plastic containers. Its main use has been in 
products that are commercially available, which include the lining inside of beverages and 
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canned foods, baby formula packaging, baby bottles, household food containers and food 
packaging. Often, it is also used for dental prosthetics, and is commonly found in thermal 
paper such as sales receipts [1,2]. The European Union banned BPA for use in materials 
that come into contact with food at the end of 2024. However, this EDC (BPA) has been 
found in urine and blood samples across the globe; despite whether people live in a rural 
developing region or live in a highly developed advanced area. The health effects range 
from reproductive problems and cancers in adults to abnormal childhood development [3]. 
Typically, bisphenol binds to membrane-bound estrogen receptors (ERs), as well as nuclear 
receptors, and could theoretically also interact with many other endocrine pathways. For 
example, it has been proposed that BPA could disrupt thyroid hormone receptors, androgen 
receptors and other endocrine-signaling pathways. Quite a few studies have shown that the 
xenoestrogen BPA has significant effects at nanogram concentrations, although traditional 
toxic levels are in the microgram range, because of its disruption of the normal hormonal 
signaling pathways [4]. Since BPA mimics estrogen, the theory for at least a decade has 
been that it may be correlated with hormone-sensitive cancers, including type 1 endometrial 
cancer (EC).

Describing cancers can often be challenging. There is a complex naming system based 
on the location of the cancer or staging, the type of histology, grade, cell marker type or 
organ of origin. Some types of cancer present multiple accepted names. This adds to the 
intricacy of cancer research. For this article, the primary focus will be on type 1 endometrial 
cancer (EC), which is known to be hormone-dependent, with some discussion of type 2 EC, 
which is generally considered not to be hormone-dependent [5]. EC may also be referred to 
as uterine corpus endometrial cancer (UCEC), as opposed to cervical cancer [6,7]. As the 
name suggests, EC originates from the inner lining of the corpus (main body) of the uterus, 
known as the endometrial lining. Type 1 EC is the most common form of this carcinoma, 
and accounts for eighty to ninety percent of all EC cases. Type 1 EC is hormone-sensitive 
and has been shown to be driven by excess estrogen. Type 1 EC is typically considered to 
be less aggressive and often has a more favorable prognosis. Type 2 EC is not linked with 
excess estrogen and is far less common. However, type 2 EC is a fast-growing, aggressive 
carcinoma with an often-unfavorable prognosis [8]. Given these facts, one may think that 
type 1 EC is almost benign, but it is not. Research has shown that the stage of the cancer 
is far more important than the type of EC, and type 1 EC can be just as dangerous as type 
2 EC. Often, the slower-growing type 1 EC may go undetected for much longer than the 
faster-growing type 2 EC [9].

Traditionally, both types of EC were classified histologically. These histological sub-
types were usually only found in type 1 EC or in type 2 EC, with little or no crossover [6]. 
Subtypes found in Type 1 EC include grades 1 and 2 endometrioid adenocarcinoma, muci-
nous adenocarcinoma, and adenocarcinoma with squamous differentiation. As the names 
imply, all are adenocarcinomas, with endometrioid type (grades 1 and 2) being the most 
common, and grade 1 has better differentiated cells than grade 2. All of these adeno-
carcinomas depend on estrogen for growth. The more aggressive type 2 EC histological 
subtypes include the following: serous carcinoma, clear cell carcinoma, grade 3 endometri-
oid adenocarcinoma, carcinosarcoma and undifferentiated carcinomas [7,8]. Unfortunately, 
microscopic histological subtypes give little or no information about their characteristics 
at the molecular level. While they may be useful clinically, the histology will not provide 
researchers with deeper insights into new therapies or ways of preventing EC.

In the last two decades, a new molecular classification system has arisen that gives 
insight into the growing process at the molecular level. There are currently four main 
molecular subtypes that have been classified by the The Cancer Genome Atlas (TCGA). 
These are the following: DNA polymerase epsilon (POLE)-mutated, Mismatch repair-
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deficient (predominant in type 1), No specific molecular profile (predominant in type 
1), and P53 abnormal [10]. The No specific molecular profile (NSMP) subtype is by far 
the most commonly found in type 1 EC, and is often referred to as “Copy Number Low 
(NSMP)” due to its relatively low number of variations [11]. The second most common 
molecular subtype found in type 1 EC is Mismatch repair-deficient (MMRd), also known 
as microsatellite unstable (MSI/hypermutated), which is driven by a mismatch repair 
deficiency [12]. While the two subtypes above are the most common in type 1 EC, the 
other two less frequently do appear in type 1 EC. The third most common subtype is DNA 
polymerase epsilon (POLE)-mutated, also known simply as POLE-mutated. In this subtype, 
DNA damage to the POLE gene causes a loss of DNA proofreading ability as cells divide. 
These errors continually add up, giving this subtype the additional name of “hypermutated” 
or “ultramutated” [13]. Despite the frightening image of hypermutated DNA, this subtype 
actually has the most favorable prognosis [14]. By contrast, the least common subtype, 
with the highest morbidity, is the P53 abnormal form, also known as “Copy number high” 
(serous-like). This subtype is highly aggressive with P53 mutations that actually stimulate 
cancer growth [15,16]. Therefore, the NSMP and MMRd subtypes are by far the most 
common in type 1 EC, but the POLE-mutated and P53abn subtypes do appear as well, 
albeit with much less frequency. Since type 1 EC is by definition hormone-sensitive and 
BPA is a well-established powerful EDC, it reasonable to extrapolate that BPA is playing a 
role in type 1 EC, even in the rarer subtypes found in type 1 EC. Table 1 summarizes the 
characteristics and prognoses the four molecular subtypes.

Table 1. Characteristics of the four molecular subtypes.

Molecular Subtype/Typical of EC1 or EC2 Characteristics of the Carcinoma Prognosis

DNA Polymerase-Epsilon-Mutated or 
(POLE)-Mutated/Most common in EC2

A general loss of DNA 
proofreading ability

The most favorable prognosis of any 
endometrial cancer

Mismatch Repair-Deficient or MMRd/Most 
common in EC1

The inability to repair mismatched 
DNA base pairs Intermediate

No Specific Molecular Profile or NSMP This subtype covers all unknown causes Intermediate

P53 abnormal The cancer stem cell in question has a 
mutated or dysfunctional P53 enzyme

The most unfavorable prognosis of any 
endometrial cancer with the 

highest morbidity

Discussed in this review will be the mechanisms behind the molecular subtypes pub-
lished in various journals, and, then, this review will give an overview of how BPA may be 
contributing to EC via carcinogenesis and/or the maintenance of EC through several bio-
chemical mechanisms. The overstimulation of estrogen receptors by BPA within the uterine 
lining leads to inflammation, which then activates various biochemical pathways [17,18]. 
This may lead to the formation of cancer stem cells (CSCs), as well as decreased cellular 
adhesion. The term “cancer stem cell” can be misleading. While a very low number of 
actual stem cells present may be mutated and form a carcinoma, the fact is that a mutated 
proto-oncogene in a somatic cell can (and usually does) take on the characteristics of a stem 
cell, meaning that it displays the characteristics of a traditional stem cell. Therefore, an 
oncogene mutation in a somatic cell can, and often does, give it the functional characteristics 
of a traditional stem cell: undifferentiated and capable of self-renewal. This ability defines 
malignant cancer cells at least in part; therefore, this article will refer to malignant cancer 
cells as CSCs [17,18].

Therefore, it has been established that BPA disrupts the function of ERs, and this 
leads to inflammation. Unfortunately, further research needs to be done in order to fully 
understand the exact mechanism of how inflammation becomes initiated after chronic ER 
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overstimulation. Other various pathways related to inflammation may also alter the tumor 
microenvironment, which allows the newly formed CSCs to be maintained. Furthermore, 
there are other inflammatory pathways that cause oxidative stress and the formation of 
reactive oxygen species (ROS). These ROS cause DNA damage that leads to oncogene 
formation as well as epigenetic modifications. Those epigenetic modifications often allow 
EC tumor cells to evade the immune system. This article will also discuss positive feedback 
loops that are caused by ROS and inflammation.

Finally, the role of mutated P53 caused by oxidative stress and DNA damage will 
be considered.

2. Mechanisms by Which Hormones Are Affected by Bisphenol
As mentioned above, BPA and other bisphenols can mimic estrogen. Estrogen is a 

key hormone regulating various bodily functions, which includes the reproductive system. 
The structural similarity between BPA and naturally occurring 17β-estradiol is the key. 
17β-estradiol is a very potent form of naturally occurring estrogen and is not always present. 
It is produced for specific endocrine signaling as needed; however, during chronic BPA 
exposure, the ERs are chronically binding to BPA and are being continuously activated. 
The structural similarity of BPA to 17β-estradiol causes endocrine-signaling disruption and 
activates inflammatory pathways, which should be effectively deactivated. 17β-estradiol and 
BPA have similar chemical backbones that enable BPA to interfere with the body’s natural 
estrogenic activity. Although there are other EDCs in our environment that may mimic 
hormones as well, such as phthalates and certain pesticides, bisphenols maintain a stronger 
binding affinity for ERs compared to other compounds, which give BPA a stronger disruptive 
hormonal effect. Other EDCs include flame-retardants and heavy metals, but, overall, 
bisphenols such as BPA are the most pathogenic strictly because of their structural similarity 
to 17β-estradiol [2,4]. Figure 1 below shows the structures of BPA and 17β-estradiol.

Figure 1. The structures of BPA and 17β-estradiol.

3. Recent Studies Have Examined the Relation Between Chronic BPA 
Exposure and Type 1 EC

Several studies have shown that BPA may be attributable to the development of type 1 
EC, which is known to be hormone-sensitive [18,19]. There are many articles suggesting 
a direct cause-and-effect relationship between type 1 EC and BPA. Several studies have 
documented BPA concentrations in blood and serum that correlate to a higher incidence of 
both EC and breast cancer. For example, a clinical study from Poland in 2025 of 84 female 
patients showed that breast cancer was associated with a roughly 200% increased level of 
serum BPA, while EC was associated with a nearly 400% higher level of serum BPA [20]. 
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The same study also used questionnaires and found that the women with elevated BPA 
levels tended to consume foods that had more contact with BPA-style plastics than patients 
who did not [20]. Another study showed similar results, with female breast cancer patients 
in Bangladesh showing similar patterns [21].

It has been proposed that BPA may trigger and promote hormone-sensitive cancers 
at the molecular level. In essence, chronic BPA exposure causes the overstimulation of 
ERs, which triggers many pathways discussed below [17,18]. The ER+ cells affected are all 
epithelial cells lining the endometrium. At concentrations found in patients with elevated 
BPA serum and/or urine concentrations, some of the pathways could include cancer stem 
cell activation by way of the cyclo-oxygenase-2 (COX2) pathway. Other pathways may 
decrease cell adhesion, which could lead to the formation of CSCs. Another major pathway 
includes the creation of ROS, as well as decreased CAT and SOD enzymes, thus creating a 
positive feedback loop. Meanwhile, other research has shown the p53 tumor suppressor 
having increased transcription activity. Nearly all the pathways that will be examined 
here start with inflammation, and that often creates ROS. That then may activate several 
enzymatic cascades, which lead to the formation of EC [22]. In the rest of this article, the 
details of the relevant pathways will be explained and the molecular mechanisms of how 
BPA may promote these adenocarcinomas will be explained in detail (Figure 2).

Figure 2. A simplified flow-chart of the main mechanistic pathways that are presented below. The 
pathways occur in ER+ epithelial cells lining the endometrium. Source: Own data.

3.1. The COX-2 Pathway Activates Cancer Stem Cells with Decreased Cell Adhesion
Significantly, the COX-2 pathway maintains and activates CSCs in type 1 EC. Not 

only does it contribute to the aggressiveness of the tumor, but it may also have a role in 
treatment resistance. One future idea for therapy that has been proposed is to use various 
treatments, such as nonsteroidal anti-inflammatory drugs (NSAIDs), in order to block the 
COX-2 pathway [23,24]. The conversion of arachidonic acid to prostaglandins is catalyzed 
by the COX-2 enzyme. Those above-mentioned lipids play a significant role in inflammation, 
which leads to cell proliferation. With regard to EC, CSCs are activated by the COX-2 
pathway. This population of self-renewing tumor cells is able to differentiate into multiple 
cell types that then form the adenocarcinoma. In general, CSCs are believed to cause tumor 
initiation, progression, metastasis, and resistance to conventional therapies in several types 
of cancer, not just in EC [25,26].
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Elevated levels of COX-2 expression have been associated clinically with a poor prognosis 
and reduced survival in general. Due to this, some studies have put their focus into mainly 
targeting the COX-2 pathway as a strategy. Altering the tumor microenvironment may be how 
the COX-2 pathway affects carcinomas. As inflammation increases, the COX2 expression is 
upregulated, which then increases prostaglandin production. The increased prostaglandin 
production then supports the expansion and maintenance of CSCs. Prostaglandin E2 (PGE2) 
is the main prostaglandin formed. PGE2, in particular, has been shown to promote resistance 
to apoptosis and self-renewal in CSCs. Various signaling pathways can also be activated 
by PGE2, and those include the PI3K/Akt, Wnt/β-catenin and STAT3 pathways that have 
been shown to have an involvement in stem cell regulation [27,28]. Due to the above-listed 
pathways, COX-2 and its effectors found downstream can trigger the epithelial–mesenchymal 
transition (EMT). EMT is an important part of the metastatic process that causes epithelial 
cells to obtain increased motility and, therefore, invasiveness. This decreased cell adhesion 
causes the increased cell motility, and, thereby, invasiveness, which causes the metastasis 
found in late-stage EC [29,30]. This is where type 1 EC can be just as dangerous as the more 
aggressive type 2 EC. Since type 1 EC tends to grow more slowly, it may be overlooked, as the 
symptoms are attributed to other causes. Therefore, the metastasized cells may quietly spread 
into other organ systems, making the prognosis far more bleak [9]. A niche for CSCs may 
also be formed by the COX-2 pathway. This unique specialized microenvironment thereby 
supports the survival of CSCs and may shield CSCs from the immune system.

There are several ways in which BPA can stimulate the COX-2 pathway. The first pathway 
involves BPA and the inflammatory response. BPA has been repeatedly shown to cause inflam-
mation, which may cause an increase in COX-2 expression. This, in turn, causes the increased 
production of prostaglandins, most importantly, PGE2 [25,31]. In turn, the potential for EC 
increases, and the weakened cell adhesion leads to a metastasized form of type 1 EC. The estro-
genic activity of BPA could further modulate the COX-2 pathway, as studies have shown [22,26]. 
Meanwhile, even in the non-metastasized forms of type 1 EC, the COX-2 pathway is responsible 
for the formation of CSCs, as well as their proliferation and maintenance.

The particular mechanism of exactly how the chronic overstimulation of ERs causes 
inflammation is still not well-understood. However, there are several studies showing that 
BPA does activate ERs, and it has been shown that the chronic overstimulation of ERs 
causes an inflammatory response. A point of further research would be to investigate which 
inflammatory cytokines might be involved in the overstimulation of ERs. The discussion 
section will cover this gap in the knowledge in further detail.

These main mechanisms thought to correlate BPA exposure to COX-2 upregulation are 
presented below in Table 2. Worth mentioning, but not presented below, are some other 
factors that could be contributing to the situation. This includes oxidative stress caused 
by inflammation that could upregulate COX-2 expression [22]. Furthermore, epigenetic 
modifications caused by inflammation could also upregulate the COX-2 pathway. Unreg-
ulated DNA methylation has been shown to be caused by BPA, and BPA can also modify 
histones [32–34]. Some studies have theorized that those epigenetic changes may affect 
several processes including inflammation and the subsequent expression of COX-2 [22].

Table 2. Summary of the effects of the COX-2 pathway in promoting endometrial cancer.

BPA overstimulates estrogen receptors which causes the release of inflammatory cytokines, triggering the following:
↑ Inflammation → ↑ COX-2 Expression → ↑ PGE2 formation → ↑ CSC proliferation
↑ Inflammation → ↑ COX-2 Expression → ↑ PGE2 formation → ↑ alternative pathways → CSC maintenance
↑ Inflammation → ↑ COX-2 Expression → ↑ PGE2 formation → ↑ EC → ↓ cell adhesion →
↑ Cancer cell invasiveness
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3.2. Cancer Stem Cell Activation via Reactive Oxygen Species (ROS) and Epigenetic Changes
Chronic overstimulation of estrogen receptors by BPA is commonly found in the lit-

erature. That overstimulation caused by the xenoestrogen then initiates an inflammatory 
response. That inflammatory response has been documented through several mechanistic 
pathways to cause oxidative stress and the formation of ROS [35–37]. As documented above, 
that inflammation can upregulate the COX-2 pathway alone; however, the ROS created 
through the inflammatory response can also directly damage DNA, leading to the formation 
of oncogenes, thereby creating CSCs [22].

It has been shown that ROS may cause extensive damage throughout any biological 
system. An older term for this was “free radicals”, meaning they contained an unpaired 
or “free” electron that could cause damage. However, now, a more accurate term, ROS, is 
applied. Not only may an unpaired electron be involved, but any oxygen-containing species 
(with or without free electrons) may pull electrons via various redox reactions [38]. ROS 
causes tissue and cell damage by overwhelming the cellular antioxidant defenses. This leads 
to oxidative stress and may affect many biomolecules including lipids, proteins and nucleic 
acids [39,40]. For example, ROS may cause lipid peroxidation that can not only destroy 
cellular membrane integrity via hydroxyl radical and peroxyl radical formation, but may 
also create mutagenic aldehydes from these lipids, such as malondialdehyde (MDA) and 
4-hydroxynonenal (4-HNE) [41]. Furthermore, ROS directly reacts with pyrimidine and 
purine bases or the sugar-phosphate backbone of DNA. This frequently causes strand breaks 
(both single- and double-stranded) and base modifications that can lead to oncogenesis. 
The most commonly cited mutation contributing to cancer of all types is a P53 mutation [42], 
which is discussed in Section 3.4. Therefore, BPA causes inflammation, which increases 
ROS formation, which then contributes to the pathways discussed here.

Furthermore, some research shows that BPA may be responsible for epigenetic effects. 
The most common of these post-transcriptional modifications deal with DNA methylation 
and the modification of histones [32–34]. After DNA replication, the DNA is proofread and 
each CG dimer is methylated on the cysteine residue. This gives the molecular evidence 
that that the new DNA strand was copied precisely [33,34]. Thus, if the DNA is methylated 
epigenetically under the influence of BPA when it has not been accurately duplicated, it 
can cause a serious mutation to pass through the proofreading stage, causing nearly all of 
the mutations found in the four molecular subtypes of EC to be copied with each cellular 
division. This would also allow the carcinoma to go undetected by the immune system [43]. 
This information is summarized in Table 3.

Table 3. The formation of CSCs due to the effects of ROS and epigenetic changes.

BPA overstimulation of estrogen receptors causes the following:
↑ Inflammation → ↑ Oxidative stress → ↑ ROS formation → ↑ COX-2 pathway
↑ Inflammation → ↑ Oxidative stress → ↑ ROS formation → ↑ DNA Damage → ↑ Oncogene formation
↑ Epigenetic Effects → ↑ Immune System Evasion

3.3. Decreased SOD and CAT Activate Cancer Stem Cells
Both superoxide dismutase (SOD) and catalase (CAT) are important enzymes that 

reduce the amount of ROS within a cellular system. SOD will create less reactive hydrogen 
peroxide (H2 O2 ) and oxygen (O2 ) molecules from the extremely damaging superoxide 
radicals (O2 − ). Meanwhile, CAT is the next step of the process as it degrades H2 O2  into 
water (H2 O) and oxygen (O2 ). This process is vital in order to prevent an accumulation 
of too much ROS, which could cause damage [44]. This means that a decrease in SOD 
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and CAT activity would increase the levels of ROS and lead to inflammation and oxidative 
stress, which may trigger the CSCs referred to above. In an odd twist, a positive feedback 
loop could also be true. The inflammation could also directly increase ROS. BPA causes the 
inflammation, which creates ROS. This downregulates the SOD and CAT enzymes, causing 
ROS levels to increase in a positive feedback loop, causing increasing amounts of cellular 
and DNA damage.

Another way that BPA may be increasing ROS formation is by interfering with mito-
chondrial function. The disruption of the electron transport chain (ETC) causes increased 
electron leakage and increases the production of ROS. Dysfunction in the mitochondria 
will decrease the synthesis of SOD2 (which is the mitochondrial version of SOD) as well as 
other antioxidants. This would also contribute to oxidative stress [45].

There are also other pathways that can be linked to CSC activation that involve SOD 
and CAT. If SOD and CAT have been decreased, then excess ROS may allow for the activation 
of alternative signaling pathways. These include Nuclear factor kappa B (NF-κB), Hypoxia-
inducible factor 1-alpha (HIF-1α), and the Wnt/β-catenin pathway. Studies have shown 
that these pathways promote CSCs [27,46–48]. NF-κB’s general function is immunological 
and provides resistance against pathogens as a master regulator. It is therefore also involved 
in the immunological inflammation response [46,47]. Through this mechanism, it may 
enter the COX2 pathway that was previously described. HIF-1α regulates oxygen. If any cell 
becomes hypoxic, HIF-1α gets expressed and delivers the necessary oxygen [48]. Unfortu-
nately, studies have shown that ROS can stabilize HIF-1α when oxygen concentrations are in 
the proper range; therefore, HIF-1α will deliver excess oxygen without hypoxia, contributing 
to oxidative stress [31]. Finally, if the Wnt/β-catenin pathway becomes dysregulated, it may 
cause the formation of tumors [27]. Once any of these pathways become dysregulated, they 
usually trigger tumorigenesis, malignant transformations and metastasis. The dysfunction 
of these enzymes may be caused by DNA damage after ROS exposure and is believed to be 
linked with disruptions in the immune checkpoints during mitosis [36].

BPA may be triggering the increased inflammation, which then lowers the SOD and 
CAT levels, and causes increased levels of ROS. Once more, since all four molecular subtypes 
of EC are due to genetic mutations of some sort, it is reasonable to assume that one or more 
of these pathways is involved. This information is summarized in Table 4.

Table 4. Summary of the effects of decreased SOD and CAT and the formation of cancer stem cells 
after BPA.

BPA overstimulates estrogen receptors, causing the following:
↓ Mitochondrial Function → ↑ Electron Leakage → ↑ ROS formation → ↓ SOD2 & CAT Formation
↑ Inflammation → ↑ ROS formation → ↓ SOD2 & CAT Formation → ↑ ↑ ROS formation = Positive Feedback loop
↑ Inflammation → ↑ ROS formation → ↓ SOD2 & CAT Formation → ↑ NF-κB, HIF-1α & Wnt/β-catenin pathways → ↑
CSC Formation

3.4. The Loss or Mutation of p53 Promotes Tumorigenesis and Increased CSCs
A mutated or missing p53 is a common cause of CSC formation in all forms of cancers, 

with more than half of all studied tumors worldwide showing a mutated form of P53 [43]. 
Although the P53 mutation is less likely in type 1 EC, it does occur. During mitosis, P53 
is an extremely important tumor suppressor and works to block cell division if there are 
errors during DNA replication [49]. This process effectively stops tumor formation by 
not allowing the cell to divide further. Since more than half of all cancer cells contain a 
mutated form of p53, it shows that blocking mitosis is vitally important. However, it is 
even worse than not being able to stop mitosis. It has been found that mutated p53 often 
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inhibits differentiation, which contributes to the maintenance of CSC populations [50–52]. 
Therefore, the CSCs will continue to multiply as cancer cells.

Non-functional (often dysfunctional) P53 is nearly always attributed to a mutation 
in the DNA. How the mutation occurs could be random chance, a virus, radiation or 
chemical exposure. However, in both forms of EC, no exact cause of P53 mutation has 
been established [51]. However, ROS formation caused by BPA inducing an inflammatory 
response is quite possible, and ROS formation has been shown repeatedly to cause DNA 
damage [22,35]. Therefore, although the P53 mutation in type 1 EC is less common, when it 
does occur, it is most likely due to a DNA mutation. Table 4 summarizes the role of mutated 
P53 in type 1 EC. This information is summarized in Table 5.

Table 5. Summary of the effects of mutated P53 and the formation of cancer stem cells after BPA.

BPA overstimulates estrogen receptors causing the formation of ROS, which causes the following:
↑ DNA Damage → ↑ P53 Mutation → ↑ Tumorigenesis
↑ DNA Damage → ↑ P53 Mutation → ↓ Differentiation → ↑ CSC Populations

4. Discussion
The EDC known as BPA is so structurally similar to the biologically active form of 

estrogen (estradiol-17β) that it overstimulates ERs and is most likely contributing to EC, 
especially type 1 EC [1,18]. Evidence shows that BPA definitely binds to ERs and causes 
an inflammatory response when there should be no endocrine signal to the ER [18,19]. 
Afterwards, these signals lead to several well-documented cascades. Unfortunately, the 
exact mechanism of how the chronic binding of BPA to ERs triggers inflammation at the 
molecular level remains unexplained. This is a problem that needs further research. It has 
been theorized that inflammatory genes such as IL6, TNFA, and NFKB, as well as some 
proliferation-related genes such as PCNA and CMYC, may be involved. However, the final 
data has not been published yet. Despite this gap in the knowledge, it is already clear 
that BPA does trigger inflammation and that inflammation leads to several pathways that 
promote carcinomas in EC.

The recently proposed four molecular subtypes of EC described by TCGA have been 
helpful in explaining EC at a biochemical level. As previously mentioned, the two most 
common subtypes found in type 1 EC are the Mismatch repair-deficient subtype and the 
No specific molecular profile subtype. More common in type 2 EC is the POLE-mutated 
subtype and the abnormal P53 subtype, the latter being the most dangerous form of EC 
with a very negative prognosis [10]. While type 1 EC tends to be less aggressive, it is still 
just as dangerous as type 2 EC. The main difference is that type 1 EC is hormone-sensitive, 
while type 2 is not. However, all four molecular subtypes may appear in type 1 EC, so all 
four should be considered.

Generally, BPA overstimulates ERs, which leads to inflammation. The inflammatory 
response often triggers the COX-2 pathway, which leads to the proliferation, maintenance 
and invasiveness of CSCs [21]. Several studies have focused upon these pathways as one 
of the most likely future treatments of cancers in general [23,24]. Furthermore, that same 
BPA-triggered inflammation can lead to ROS formation, which can also lead to a further 
upregulation of the COX-2 pathway, along with direct DNA damage as well as epigenetic 
effects, both of which are typical of CSC formation and maintenance [25]. That same 
inflammation may also decrease SOD2 and CAT formation, which then leads to further 
ROS formation and a positive feedback loop. Also of interest is that the overstimulated ERs 
can also decrease mitochondrial function and interfere with the electron transport chain, 
causing it to leak electrons, which further creates ROS [35–37]. Once more, ROS can and 
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often does directly damage DNA. This may directly cause oncogene formation, and most 
likely also contributes to mutated P53, which causes the most aggressive and dangerous 
form of EC.

5. Conclusions
There is evidence that BPA may be promoting, maintaining and contributing to the 

invasiveness of the hormone-sensitive type 1 EC. The general biochemical mechanisms are 
triggered by the overstimulation of ERs, causing inflammation. The two main over-arching 
pathways involve COX-2 and ROS formation caused by the inflammatory response with 
many downstream effects that may promote tumorigenesis, a favorable microenvironment 
for CSCs and increased cancer cell invasiveness. However, the overstimulation of ERs may 
also directly trigger epigenetic effects that help hide cancer cells from the immune system as 
well as directly interfere with mitochondrial function, causing the electron transport chain 
to leak electrons further creating ROS. Notably, the formation of ROS can directly damage 
DNA, leading to not only oncogene formation but also mutated forms of the P53 enzyme, 
causing an extremely dangerous form of EC.

More research is needed as it pertains to the precise nature of which inflammatory 
genes are being triggered by BPA’s overstimulation of ERs in not only EC, but in breast 
cancer as well. For now, there is a hypothesis as to which inflammatory enzymes are being 
expressed, and how they might be controlled in order to reduce the effects of these pathways 
on the promotion of several types of hormone-sensitive cancers.
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The following abbreviations are used in this manuscript:

BPA Bisphenol A, 2,2-Bis(4-hydroxyphenyl) propane
CAT Catalase (CAT) or Chloramphenicol acetyltransferase
COX-2 Cyclo-oxygenase-2
CSC Cancer Stem Cell
POLE DNA polymerase epsilon (POLE)-mutated
EC Endometrial Cancer
EDC Endocrine Disrupting Compound
EMT Epithelial–Mesenchymal Transition
ER Estrogen Receptor
ETC Electron Transport Chain
HIF-1α Hypoxia-inducible factor 1-alpha
MMRd Mismatch repair-deficient
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MSI Microsatellite unstable
NF-κB Nuclear factor kappa B
NSAID Non-Steroidal Anti-Inflammatory Drug
NSMP No specific molecular profile
PGE2 Prostaglandin E2
ROS Reactive Oxygen Species
SOD Superoxide dismutase
TCGA The Cancer Genome Atlas
UCEC Uterine corpus endometrial cancer
Wnt/β-catenin Pathway leading to uncontrolled cell growth
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