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Abstract

Curcumin is extracted from turmeric and shows a variety of properties that make it a useful agent for treating diseases
and targeting different biological mechanisms, including apoptosis, angiogenesis, inflammation, and oxidative stress.
This phenolic compound is safe even at high doses. However, it has poor bioavailability. The incidence rates of endo-
metrial cancer (EC) that is one of the most prevalent gynecological malignancies is increasing. Meanwhile, the onset
age of EC has been decreased in past few years. Besides, EC does not show a convenient prognosis, particularly at
advanced stages. Based on this information, discovering new approaches or enhancing the available ones is required
to provide better care for EC patients. In this review, we cover studies concerned with the anti-tumor effects of cur-
cumin on EC. We focus on molecular mechanisms that are targeted by curcumin treatment in different processes of
cancer development and progression, such as apoptosis, inflammation, and migration. Furthermore, we present the
role of curcumin in targeting some microRNAs (miRNAs) that may play a role in EC.
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Introduction

Curcumin is a phenolic antioxidant extracted from tur-
meric, which is frequently used as a spice and has a yel-
low color [1, 2]. The rhizome of the herb Curcuma longa
is the origin of turmeric that contains turmerin protein
as well as analogs of curcumin, demethoxycucumin,
and  bisdemethoxycurcumin. 1,7-bis(4-hydroxy-3-
methoxyphenyl)-1,6-heptadiene-3,5-dione is the chemi-
cal name of curcumin and C,H,,Oq4 is its empirical
formula [3, 4]. Since curcumin and its two analogs have
the same molecular and biological characteristics, it
is suggested that bisdemethoxycurcumin converts to
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demethoxycucumin, which in turn, transforms into cur-
cumin. While curcumin plays a variety of beneficial roles,
studies on animals and humans have concluded that it
is a safe agent even at high doses [5]. However, a poor
bioavailability has been attributed to curcumin [6, 7]. 1
to 2 h after consuming a single 4000 mg or higher oral
dose of curcumin, its peak of plasma concentration can
be observed [6]. Curcumin acts as an anti-oxidative, anti-
microbial, anti-malarial, anti-HIV, and anti-angiogenic
agent. Furthermore, it can be used in the treatment of
inflammation, skin wounds, and neurodegenerative dis-
eases [8—10].

Endometrial cancer (EC) is one of the most preva-
lent gynecological malignancies all over the world and
its incidence rates are increasing [11, 12]. The mortality
rate of this disease is growing more in older women than
young women [11]. Moreover, the onset age of EC has
been decreased compared to the past years [11]. EC can
be categorized into two types: Type I and Type II [13].
Each one of these types exhibits some unique mutational
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profiles and clinical features. Primarily, tumors with
histological characteristics of endometroid are consid-
ered as Type I tumors; whereas, Type II tumors show
non-endometroid histological features. Loss of PTEN
has been reported in 83 and 11% of Type I and Type II
tumors, respectively. TP53 mutations have been reported
in 10-20 and 90% of Type I and Type II tumors, respec-
tively [14]. Mutations of PIK3CA have been found in
20-40% of Type I tumors, which is a higher number com-
pared to 20% in Type II tumors. However, amplifications
of this gene occur in 15% of Type I tumors, which is a
lower number compared to 50% in Type II tumors. Fur-
thermore, PIK3R1 mutations are more common in Type
I tumors (43%) compared to Type II tumors (12%) [15].
The majority of patients with EC have abnormal uter-
ine bleeding at the beginning of their disease. Endome-
trial biopsy or operative dilation and curettage (D&C) is
being used for diagnosis, and in 99% of the cases, these
methods lead to a histopathologic diagnosis [16]. Trans-
vaginal ultrasound is another diagnostic tool [17]. EC
prognosis is associated with multiple factors, such as
histological subtype, grade, and the disease stage [18].
Besides, the survival of the patients and lymph node
metastasis are significantly correlated with histological
grade and the depth of myometrial invasion [19]. Stud-
ies also have shown several biomarkers that can be useful
in predicting the outcome of the disease, including serum
amyloid A, CA-125, CA 15-3, CA 19-9, survivin,
c-erbB2, cyclooxygenase, and L1 cell adhesion molecule
[20]. Older age, family history of EC, early menarche, late
menopause, obesity, exposure to radiation, and infertil-
ity are some of the risk factors of EC [21]. The chance of
developing EC is lower in African or Asian women than
in Caucasians [21]. However, white women have a bet-
ter prognosis than black women at the same stage of the
disease [22]. 28% of EC cases show regional or distant
metastasis despite the early-stage diagnosis in more than
70% of the cases [23]. Particularly at advanced stages,
this disease does not show a convenient prognosis [23].
There are different treatment options for advanced and
recurrent EC, such as chemotherapy, radiation, hormone
therapy, and surgery. However, common treatments are
not capable of enhancing overall survival rates [24]. Also,
none of the therapeutic methods is helpful in 15% of
women with an aggressive phenotype of EC [25]. Thus,
discovering new approaches or enhancing the available
ones is required to provide better care for EC patients.
In this review, we cover studies concerned with the anti-
tumor effects of curcumin on EC. We focus on molecu-
lar mechanisms that are targeted by curcumin treatment
in different processes of cancer development and pro-
gression, such as apoptosis, inflammation, and migra-
tion. Furthermore, we present the role of curcumin in
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targeting some microRNAs (miRNAs) that may play a
role in EC.

Curcumin and cancer

Since curcumin has interactions with several intracellu-
lar and extracellular molecules that are involved in vari-
ous cancers, it is a potential candidate for suppressing
cancer progression [26]. Curcumin has negative effects
on processes involved in cancer, including apoptosis,
angiogenesis, inflammation, and oxidative stress. Thus, it
can serve as a beneficial agent in prevention, treatment,
and controlling the symptoms of cancers, such as breast
cancer, colorectal cancer, prostate cancer, melanoma,
and lung cancer [26-32]. The complicated chemistry of
curcumin is a reason for its diverse effects. Besides, cur-
cumin is capable of involving several signaling pathways
of survival, cellular protection, metastasis, and angio-
genesis [33]. While curcumin possibly enhances chemo-
therapy and chemo-preventive impacts on cancer cells, it
is safe and shows almost no side effects [34]. The men-
tioned effect is because of the different interaction of cur-
cumin with normal tissues and cancer cells [34]. Higher
cellular uptake, lower glutathione level, and active NF-xB
expression in cancer cells are the reasons for the different
effects of curcumin on them compared to normal cells
[34].

Several studies have been concerned with the role of
curcumin with a focus on its molecular targets and clini-
cal features. For instance, curcumin effects on gastric
cancer have been investigated and it is found that cur-
cumin treatment leads to cells’ apoptosis and autophagy
as well as inhibition of PI3K/Akt/mTOR signaling path-
way [35]. In an open-label phase I trial, the effects of
curcumin and docetaxel, a chemotherapeutic agent,
co-treatment in breast cancer patients was evaluated to
determine the maximal tolerable dose of the combina-
tion of dose-escalating curcumin and the standard dose
of docetaxel [36]. In another study conducted on EC,
curcumin treatment has been found to suppress Bcl-2
expression [37]. Co-treatment with letrozole and cur-
cumin is reported to cause an increased inhibitory effect
on tumor progression [37]. Moreover, both letrozole and
curcumin can induce apoptosis [37]. Sun et al. [38] has
also concluded that curcumin has the ability to downreg-
ulate MMP-2 besides inhibiting proliferation of EC cells.

Curcumin induces apoptosis in EC cells

Apoptosis, programmed cell death, is an energy-depend-
ent mechanism that its deregulation is a cancer hall-
mark [39, 40]. Although, apoptosis is necessary for vital
functions of body including the turnover of normal cell,
hormone-dependent atrophy, and chemical-induced cell
death [40]. The changes and abnormalities in apoptosis
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may cause the resistance of tumors to treatments besides
its undeniable roles in progression and development
of tumors [39]. Moreover, a large number of anticancer
drugs play their roles by targeting the apoptotic signaling
pathways to initiate cancer cell death [39].

One of the processes by which curcumin exerts its
anti-tumor activity is apoptosis. Curcumin leads to
apoptosis in multiple cancers through involving various
mechanisms. For instance, it induces apoptosis in castra-
tion-resistant prostate cancer by iron chelation [41]. In
melanoma cancer cells, producing reactive oxygen spe-
cies is another way that curcumin results in apoptosis
[42]. Feng et al. [43] observed that curcumin led to lower
expression levels of androgen receptor and beta-catenin
in EC cell lines. Curcumin involves the Wnt signaling
pathway to downregulate the androgen receptor which
results in the inhibition of apoptosis and proliferation
of EC cells [43]. In human endometrial adenocarcinoma
HEC-1-A cells, it was demonstrated that high expression
levels of Ets-1, a proto-oncogene, led to an increase in an
anti-apoptotic protein (Bcl-2) and this up-regulation was
reduced by the administration of curcumin [44]. Moreo-
ver, curcumin induced apoptosis and DNA degradation
in this cell lines [44].

An investigation that used curcumin encapsulated in
liposomes found that it causes alterations in the mor-
phology of cell's nucleus in EC cell lines (Ishikawa and
HEC-1) including higher number of apoptotic chro-
matin condensation and fragmentation of DNA [45].
Furthermore, the results showed that liposomal cur-
cumin considerably leads to the induction of apoptosis
and inhibition of cells proliferation as well as inhibiting
the expression of NF-kB, caspase-3, and MMP-9 [45].
Kumar et al. [46] reported that using curcumin loaded
mixed micelles would increase the apoptotic population
to 67.97% from 32.56% in free curcumin. After the treat-
ment with curcumin chromatin condensation, pyknosis
of nucleolus, and apoptotic bodies were observed which
are typical characteristics of apoptosis [46]. In curcumin
loaded mixed micelles, expression levels of survivin,
bcl-2, PARP, and Mdr which are anti-apoptotic factors
showed a significant reduction [46]. Furthermore, Kumar
et al. [46] indicated that curcumin loaded mixed micelles
can cause cell cycle arrest at GO/G1 phase and modulate
the levels of TNF-q, IL-6 and IL-10. A paper resulted that
treating EC cell lines (Ishikawa and RL95-2) with cur-
cumin (40-50 mM) leads to a 60—-80% reduction in the
viability of cells [47]. While inactive caspases of cancer
cells need the protein cleavage in order to become active
and take part in apoptosis, cells treated with curcumin
has been demonstrated cleavage of active caspase-3
[47, 48]. Curcumin-treated cells expressed less IL-6 that
induced phosphorylation of STAT-3 [47]. The STAT-3
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phosphorylation is linked with reduced cell viability and
enhanced caspase-3 cleavage [47]. Also, curcumin treat-
ment resulted in the inhibition of JAK-STAT signaling as
well as increased SOCS-3 leading to enhanced STAT-3
phosphorylation and cell viability [47].

Curcumin inhibitory effect on cell migration

and invasion

In vivo, cancer cells’ migration is through the progres-
sive degradation of the surrounding extracellular matrix
to make migration tracks for themselves [49]. Cell migra-
tion is a critical process in cancer metastasis [50]. Several
studies have shown that the two closely linked processes,
invasive growth, and metastasis, are principal signs of
tumor progression [51]. Severe failure of organs is a result
of massive metastatic lesions which are possibly followed
by a patient’s death [51]. Remarkably, significant numbers
of solid tumor mortalities occur due to the cancer metas-
tases, and the inability to treat them [49].

Curcumin has been shown to reduce the movement
and invasion of EC cell lines (HEC-1B and Ishikawa) [52].
Matrix metalloproteinases (MMPs) have an undeniable
function in a variety of tumor formations such as growth,
invasion, and metastasis of tumors and events that
occurred in early carcinogenesis [53]. MMP-2, MMP-
9, and proteinase activity have been decreased by cur-
cumin treatment [52]. Western blot assays have shown
that curcumin causes a significant reduction in phospho-
rylated extracellular signal-regulated kinase (ERK) 1/2
[52]. Also, co-treatment of HEC-1B cells with curcumin
and ERK inhibitor, U0126, leads to a suppression of cells
invasiveness as well as an enhanced decrease in expres-
sions of MMP-2 and MMP-9 [52]. Sirohi et al. [54] found
that curcumin inhibits the cancer cells proliferation and
tumor growth in Ishikawa cells both in vivo and in vitro.
Scratch wound assay showed that curcumin inhibits the
migration of Ishikawa and Hec-1B cells [54]. Besides the
induction of apoptosis which is mediated by reactive oxy-
gen species, curcumin up-regulates Slit-2 expression in
Ishikawa, Hec-1B, and primary endometrial cancer cells
[54]. Meanwhile, it results in down-regulation of stromal
cell-derived factor-1 (SDF-1) and CXCR4 which inhibits
the expressions of MMP-2 and MMP-9; therefore, cur-
cumin reduces cell migration [54].

Effects of curcumin on miRNAs involved in EC

MicroRNA (miRNA) which is a small, single-stranded,
non-coding RNA, is present in majority of eukaryotes
including humans [55]. Studies suggested that miR-
NAs are responsible for the regulation of at least 30% of
genes that are coding proteins [55]. By binding to target
mRNA, miRNA inhibits the production of proteins [55].
Since associations between different human diseases and
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miRNA are being found gradually, developing new thera-
peutics focuses on targeting the miRNA directly [56].
Significant alterations in miRNA expression have been
observed in various tumor tissues and cancer cell lines
which are related to multiple biological aspects such as
proliferation, differentiation, and survival [57]. In sev-
eral disorders and medical conditions including cancer,
dysregulation of miRNA is a biomarker and serves as an
oncogene or a tumor suppressor gene [57].

MiRNA-34a is one of those miRNAs which are
involved and exert several roles in EC [58-61]. For
instance, miR-34a is down-regulated in EC in com-
parison with normal tissue, and this down-regulation is
linked with a poorer prognosis [60]. MiR-34a modulates
the expression of MMSET which is suggested to be a pro-
metastatic agent; thus, it reduces the invasion of EC cells
[60]. Through down-regulating Notchl, miR-34a inhibits
the proliferation, migration, invasion, and phenotypes
associated with EMT in EC cells [61]. The effects of cur-
cumin on miR-34a has been investigated in multiple can-
cers including gastric cancer, colorectal cancer, prostate
cancer, and breast cancer [62—65]. While curcumin is
shown to induce apoptosis and inhibit proliferation in
gastric cancer, it is suggested that these effects may be
associated with its ability to increase the expression level
of miR-34a which can affect Bcl-2, CDK4, and cyclin D1
[63]. In another study, it is observed that curcumin led to
an increase in miR-34a expression as well as down-reg-
ulation of B-catenin and c-myc [65]. Furthermore, cur-
cumin anti-proliferative effects were suppressed and the
[-catenin/c-myc axis was activated by inhibiting miR-34a
[65].

In EC miR-21 expression is upregulated and rela-
tion is found between this miRNA and maspin which
is a tumor suppressor gene [66]. In endometrioid EC
cells, the upregulation of miR-21 has been observed to
result in a significant reduction in the expression level of
Phosphatase and tensin homolog deleted from chromo-
some-10 (PTEN) protein which is a tumor-suppressor
gene [67]. Curcumin can reduce miR-21 [68]. Further-
more, it is suggested that curcumin plays its multiple
anti-tumor properties through involving miR-21 such
as proliferation, apoptosis, metastasis, and resistance to
anti-cancer drugs [68]. Data shows that curcumin treat-
ment leads to a decrease in both activity and expression
of miR-21 promoter through suppressing binding of acti-
vator protein 1 [69]. Besides, curcumin induces a target
of miR-21, tumor suppressor programmed cell death pro-
tein 4 (Pdcd4) [69].

Over-expression of forkhead box protein O1 (FOXO1),
a down-regulated tumor suppressor in EC, has been
observed to inhibit proliferation of Ishikawa cells as well
as suppression of cell migration and invasion [70, 71]. It
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is shown that FOXOL is significantly decreased by some
miRNAs in HEC-1B cells including miR-9, miR-27, miR-
96, miR-153, miR-182, miR-183, or miR-186 [71]. An
investigation found that curcumin suppressed cell pro-
liferation by miR-9 up-regulation and inhibited Wnt/p-
catenin signaling in oral squamous cell carcinoma [72]. In
a study on the ovarian cancer cell line, curcumin treat-
ment led to a significant increase in miR-9 [73]. Over-
expression of miR-9 increased caspase-3 cleavage and
enhanced apoptosis [73]. Moreover, Akt and FOXO1
phosphorylation was reduced by both curcumin and
overexpression of miR-9 [73]. Therefore, it is demon-
strated that curcumin anti-tumor effects on this can-
cer are mostly through miR-9 up-regulation [73]. Also,
another study suggests that curcumin may affect expres-
sion levels of miR-183 [74].

Curcumin anti-inflammatory roles in EC
Local and chronic inflammation can be a predisposing
factor for development of cancer since it leads to the gen-
eration of free radicals as well as increasing COX-2 and
PGE,; therefore, it may cause damage to DNA and prolif-
eration of cells [75]. Furthermore, chronic inflammation
may disrupt NF-kB pathway regulation which result is
apoptosis suppression, inhibition of cell cycle arrest, and
induction of pro-inflammatory cytokines [75]. Events
that occur in the menstrual cycle are similar to inflamma-
tion mechanisms [75]. On the other hand, one of the pro-
cesses which make obesity related to a higher risk of EC
is inflammation [76]. Adipose tissue secretes several pro-
and anti-inflammatory cytokines including tumor necro-
sis factor (TNF)-q, leptin, interleukin (IL)-6, C-reactive
protein (CRP), and adiponectin, respectively [76].
Besides, obesity leads to higher pro-inflammatory mark-
ers and lower anti-inflammatory markers and enhances
the status of chronic low-grade inflammation [76].
Curcumin has multiple effects on inflammation and
obesity-associated inflammatory conditions which could
be useful in treating EC. Curcumin results in modulation
of TNF-a expression through making an effect on TNF-a
promoter methylation status [77]. Curcumin regulates
the toxic effect in adipocytes since it decreases the secre-
tion of inflammatory cytokines which leads to a protec-
tive impact on hypoxia [77]. Also, TNF-a, COX-2, STAT,
cyclinD1, and NF-«B signaling pathways can be inhibited
by curcumin [77]. Curcumin has been found to suppress
obesity-associated inflammation besides its beneficial
effects on systemic inflammation, hyperglycemia, and
resistance to insulin [78]. In obesity, this anti-inflamma-
tory agent involves WAT and regulates different targets
including inhibition of low-grade chronic inflammation,
increasing anti-oxidant responses, and decreasing the
formation of adipose tissue [78].
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Fig. 1 Schematic representation of curcumin targets that are useful for treating EC. As it is shown in this figure, curcumin targets a variety of
molecules and signaling pathways that lead to its anti-tumor effects, including induction of apoptosis, suppressing inflammation, and preventing
migration. Furthermore, some microRNAs that are targeted by curcumin may be useful in the treatment of EC

Conclusions

The mortality rates of EC are increasing in older patients.
Furthermore, incidence rate of it is growing in the gen-
eral population. A considerable number of patients show
regional or distant metastasis, although more than 70%
of cases are diagnosed at early stages. Therefore, con-
sidering potential therapeutic targets for treating EC
is a critical step to enhance survival and life quality of
the patients. Curcumin has complex chemistry and it is
capable of targeting some signaling pathways. Moreo-
ver, it can interact with several intracellular and extra-
cellular molecules. These features lead to anti-tumor
effects of curcumin on various cancer cells and is useful
at different stages, including prevention, treatment, and
controlling the symptoms of cancers. There are stud-
ies concerned with the anti-tumor effects of curcumin
in the treatment of EC (Fig. 1). Curcumin plays these
roles by involving various targets, such as signaling path-
ways, proteins, genes, and RNAs. Induction of apoptosis,
reducing inflammation, and inhibiting cell migration are
the results of curcumin treatment. Furthermore, there
are some miRNAs whose effects on EC have been identi-
fied and curcumin has been observed to impact on these
miRNAs but in other cancers. However, to the best of
our knowledge, studies about curcumin effects on EC,

especially at the clinical level, are limited. Altogether,
curcumin should be considered as a therapeutic target in
EC and its anti-tumor effects on this cancer deserve fur-
ther exploration.
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