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Abstract: Endometrial cancer tends to be an aggressive malignancy. Although the disease prognosis can be good 
at the early stages of disease, the advanced condition is not curable. Chemotherapy regimens and hormone-based 
therapy in combination with surgery are major approaches for the management of endometrial cancers. However, 
intrinsic chemoresistance reduces the success rate and increases the possibility of disease relapse. Investigation 
of underlying mechanisms revealed altered activation of PI3K/AKT, MAPK, fibroblast growth factor (FGF), mTOR and 
WNT pathways and reduced gene expression of tumor suppressor p53 in recurrent endometrial cancer. A PTEN 
mutation, deletion or degradation induces positive p-AKT expression, while PI3K knock-down increases the level 
of pro-apoptotic proteins and decreases the level of anti-apoptotic ones in cancerous cells. Additionally, RAS pro-
teins trigger both the RAF-MEK-ERK and PI3K-PTEN-AKT signalling mechanisms, thus conferring resistance to anti-
tumor agents. FGF up-regulates angiogenesis via receptor-mediated tyrosine kinase activation. Single nucleotide 
polymorphism, gene amplification or missense mutations of FGFR2 are associated with endometrial cancer. The 
mTOR complex integrates the nutrient and mitogen signals via AMPKs, S6 kinase 1 (S6K1) and eukaryotic initiation 
factors, causing unrestricted endometrial cellular proliferation. WNT signalling molecules, such as frizzled recep-
tors, β-catenin, PORCN, RSPO3 and DKK1 undergo dysregulation, and drugs targeting these pathways are under 
clinical trials in patients with endometrial cancer. Common therapies for endometrial tumor include platinum-based 
anti-neoplastics, taxanes, nucleoside analogues, immune modulators, FGFR and tyrosine kinase inhibitors, small-
molecule mTOR inhibitors and drugs that trigger cell cycle arrest in the G1 phase. Taken together, the current review 
elucidates the mechanism underlying endometrial cancer, existing therapies and chemoresistance, and points to-
wards the need for novel therapeutics that may promote disease-free survival.
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Introduction

Endometrial cancer that accounts for more 
than 95% of cases of uterine cancer is one of 
the most prevalent forms of gynaecological 
cancers. The disease is predominantly diag-
nosed in the developed countries and Western 
World [1]. In the United States, around 50- 
60,000 cases of endometrial cancer were re- 
ported annually in the years 2015-2017, result-
ing in 20-30% of lethal cases [2]. Risk factors 
of endometrial cancer include menopause,  
sterility, obesity, diabetes and history of colon 
cancer, breast cancer and pelvic radiotherapy 

[3]. However, hormonal imbalance character-
ized by significantly increased estrogen level in 
comparison to the level of progesterone ap- 
pears to be the leading cause. This imbalance 
is linked to an abnormally thickened epithelial 
glandular lining and the commencement of pre-
malignant phase [4].

Like most other cancers, endometrial cancer at 
stages I and II responds well to surgical inter-
ventions, but the disease at stages III and IV 
has poor prognosis with low survival rates [5]. 
The diagnosis tends to be established only at 
advanced stages of disease that are character-
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ised by invasive tumors and metastases. This 
results in a survival rate of less than 5 years 
even after chemotherapy [6]. Other existing 
treatments for endometrial carcinoma, such  
as radiotherapy and hormonal therapy, seem to 
be less efficient. They fail after few rounds of 
administration, ending in a marked disease 
revival and recurrence [7]. Additionally, malig-
nant endometrial cells that originally respond-
ed to the chemotherapy often turn refractory 
with time, leading to a situation of chemoresis-
tance, i.e. lack of response to chemotherapy 
[8]. Owing to the low effectiveness of the cur-
rently available chemotherapeutics, the preva-
lence of endometrial cancer is predicted to 
increase sharply in the next 10-20 years [1]. 
Hence, new research in this field are essential 
to discern the disease mechanism and to iden-
tify effective therapeutic targets for attenuat-
ing the growth and survival of endometrial cells. 
This review analyses the common approaches 
to the treatments of endometrial cancer, the 
causes for chemoresistance in endometrial 
cancer and the role of newer anti-survival  
signalling pathways in the development of  
therapeutics that may restrict the recurrence  
of disease.

Conventional therapies for endometrial cancer

The mainstream treatments for endometrial 
cancers primarily include surgical removal of 
tumor mass. If needed, secondary or tertiary 
surgeries are performed to ensure the com-
plete elimination of remaining tumor from the 
endometrium [9]. In the cases of localized and 
non-metastatic endometrial carcinomas, ra- 
diation therapy often follows the surgery, espe-
cially for the stage I endometrial cancer [10]. 
However, the method fails to have a significant 
impact in the patients who have already under-
gone cytoreductive surgery and are at the 
advanced stages, particularly at stages III-IV 
with a survival chances of only around 7% [11]. 
Hormonal therapies that target the receptors of 
estrogen and progesterone and luteinizing hor-
mone releasing hormone were attempted for 
reducing the metastases [12]. However, the 
hormonal therapies demonstrated significant 
dependence on the target receptor types and 
activation status, receptor mutations, hormon-
al signals, cancer stages, patient heterogeneity 
and chemoresistant status [13]. Chemotherapy 
seems to be the most potent strategy for the 

removal of rapidly proliferating malignant en- 
dometrial cells [11]. Approved platinum-bas- 
ed anti-neoplastics, such as cisplatin, carbopl-
atin, oxaliplatin and nedaplatin, as well as diter-
penes from the class of taxanes, such as pa- 
clitaxel (Taxol) and docetaxel (Taxotere), are  
the most frequently used chemotherapeutics 
that improved survival and reduce the risk of 
disease recurrence [14]. Other anti-malignant 
drugs used in the treatment of endometrial 
cancer include cyclophosphamide, gemcitabi- 
ne, topotecan and vinorelbine [15]. Although 
chemotherapy shows a good response to endo-
metrial and gynaecological cancers, chemore-
sistance often emerges and results in eventual 
treatment’s failure. In fact, chemoresistance is 
currently a key impediment in the therapy of 
endometrial cancer associated with disease 
recurrence and failed recovery [16]. Thus, tar-
geting different pathways is essential for re- 
ducing chemoresistance and promoting the 
cancer cell death. In this context, the key tar- 
get pathways that received attention include 
‘mammalian target of rapamycin’ (mTOR), fibro-
blast growth factor (FGF) and Wnt signalling. 
These pathway are envisaged not only to re- 
duce the cell division and proliferation, but  
to trigger the cancer cell death and reduce  
their survival [17]. 

Chemotherapy and chemoresistance in endo-
metrial cancer

Chemotherapeutic agents for the endometrial 
cancer acted through various mechanisms, cul-
minating in cancer cell apoptosis and death. 
Platinum-containing drugs cross-link with pu- 
rine bases of DNA, triggering DNA degradation 
and damage, suppressing DNA repair and pro-
moting cell death via Bax/Bcl2 pathway of 
apoptosis [14]. Taxanes generate poorly de- 
veloped spindles and deregulate microtubule 
dynamics. This alters the normal cell cycle pro-
gression, causing atypical mitosis, BCl2 phos-
phorylation and the ultimate cell death [18]. 
Doxorubicin intercalates into double-stranded 
DNA, forms DNA adducts alters the DNA and 
chromatin topology, induces torsional stress 
and nucleosome instability, and triggers topoi-
somerase II poisoning, oxidative stress and 
ceramide overproduction [19]. Cytoxan (cyclo-
phosphamide) undergoes biotransformation in 
the liver with the formation of an active alkylat-
ing component, which restricts DNA duplication 
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and RNA production [11]. Gemcitabine controls 
DNA replication and arrests tumor growth [20]. 
Topotecan functions by altering intercalation in 
the topoisomerase-I cleavage complex, ulti-
mately disrupting DNA replication and DNA 
repair [21]. Vinorelbine interacts with tubulin, 
restricts mitosis at metaphase and deregulates 
the cyclic AMP and glutathione metabolic path-
ways, lipid synthesis axonal microtubule polym-
erization and Ca-dependent ATPase activity, 
thus inducing cellular antitumor mechanisms 
[22]. Combination therapy that includes plati-
num-based drugs, taxanes and doxorubicin 
have been tried as a first-line treatment for 
endometrial cancer, arbitrating an improved 
response with about 50% recovery rate [23].

Multifactorial chemoresistance is one of the 
major reasons for around 90-95% lethality in 
endometrial cancers, even after appropriate 
treatment [9]. Several mechanisms of chemo-
resistance were proposed, including enhanced 
efflux pump activity, β-tubulin mutations, unde-
sired DNA repair and non-targeted signalling 
pathways [11]. An overexpressed multidrug-
resistance gene (MDR-1) that encodes the 
efflux pump, P-glycoprotein (P-gp), restricts the 
build-up of chemotherapeutic agents in the 
cells and reduces their cytotoxicity [24]. The 
p-gp expression undergoes significant up-regu-
lation in endometrial cancer and adenomatous 
hyperplasias and, to a certain extent, in the 
benign endometrium as well. On the other 
hand, the expression of motility-related protein 
1 (MRP-1) is markedly increased in endometrial 
carcinomas, with no changes observed in the 
normal endometrium [25]. The acquisition of 

knowledged. The mechanisms of DNA repair 
include Nucleotide excision repair (NER), Base 
excision repair, Gene specific repair, Strand-
specific Mismatch repair and Homologous 
recombination deficiency. Chemoresistance to 
cisplatin involves an augmented platinum-DNA 
adduct elimination and nucleotide excision 
activity in the endometrial cancer model sys-
tems, mainly due to NER [27]. The excision 
repair of bulky cisplatin DNA adducts appears 
to be mediated by the mutated Excision repair 
gene cross-complementing (ERCC) and xero-
derma pigmentosum (XP) proteins, chiefly in- 
volving the helicases encoded by ERCC2, 
ERCC3 and ERCC6 genes. The simultaneous 
expression of ERCC and XP enzymes further 
facilitates the elimination of cisplatin-induced 
DNA damage [28]. Homologous recombination 
during double-stranded break repair in the car-
riers of BRCA-1 or BRCA-2 germ line mutations 
is accompanied by an amplified risk for endo-
metrial cancer. It has also been shown that the 
blocking of BRCA pathway increases the 
responsiveness to cisplatin, and a defective 
repair in this pathway triggers cisplatin resis-
tance. It was proposed that the mismatch 
repair deficiency in endometrial cancer results 
from the loss of MLH1 gene, which facilitates 
cell division and proliferation even in the pres-
ence of the platins and attenuates cellular 
apoptosis [29]. 

Endometrial cancinomas are frequently charac-
terized by increased activation of the pro-sur-
vival PI3K signalling (Figure 1), usually down-
stream of tyrosine kinase (TK) signalling, 
promoting growth and proliferation of cancer 

Figure 1. Increased 
PI3K/AKT and PTEN 
activation reduces 
apoptosis and en-
hances proliferation 
of endometrial can-
cer cell.

resistance to platinum-bas- 
ed compounds in endometri- 
al cancer involves a 22-56% 
reduction in the copper influx, 
which is associated with an 
enhanced expression of the 
copper export pumps (ATP7A 
or ATP7B). This result in a 
54-73% decrease in copper 
accumulation compared to 
platin-sensitive endometrial 
malignant cells [26].

Participation of DNA repair 
pathways in the development 
of chemoresistance in endo-
metrial carcinomas is well ac- 
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cells [30]. Activated PI3K stimulates the phos-
phoinositol lipids (PIP2 and PIP3), which trigger 
the serine-threonine kinase AKT mechanism 
and thereby glucose metabolism [31]. Addi- 
tionally, an activated PI3K/AKT induces phos-
phorylation of pro-apoptotic proteins like cas-
pases, BAD, Ikappa-B kinase and others, caus-
ing reduced cell death. This pathway plays a 
contributory role in chemoresistance of endo-
metrial cancer [32]. The inhibition of 3-phos-
phoinositide-dependent protein kinase 1 (PD- 
K1)-AKT pathway enhances the cisplatin-medi-
ated endometrial cell apoptosis. It is associat-
ed with an increased generation of cytochro- 
me C and expression of cleaved poly (ADP-
ribose) polymerase (PARP). Its impact is en- 
hanced through the use of AKT inhibitors, 
Wortmannin, and LY294002 [33]. Reduced 
expression and activation of the tumor sup-
pressor PTEN (phosphatase and tensin homo-
log) that carries a mutation in endocrine cancer 
has a significant association with AKT phos-
phorylation, particularly during the develop-
ment of endometrial chemoresistance. In fact, 
an additive effect of PIK3CA and PTEN muta-
tions appears to be a leading cause for 
increased proliferation of endometrial cancer 
cells and resistance to anti-cancer drugs [34]. 
A cisplatin-mediated caspase-3 activation trig-
gers PTEN cleavage as a downstream mecha-
nism, which often culminates in the enhanced 
expression of p-AKT in endometrial cancer 
cells, thus suggesting a possibility of chemore-
sistance induced via PTEN-AKT activation [35]. 

A direct link between AKT and cell survival also 
involves the activation of the protein kinase 
mTOR that promotes endometrial cell stability, 
multiplication, malignancy and survival. The 
enhancement of mTOR pathway is currently 
being studied as a key cause for endometrial 
cancer drug resistance [32]. The AKT isoforms 
AKT1, AKT2 and AKT3 contribute differently 
towards chemoresistance. Decreased activa-
tion of AKT1 and AKT2 enhances the sensitivity 
of endometrial cells to cisplatin through activa-
tion of pro-apoptotic caspases, while up-regula-
tion of AKT1 and AKT2 results in increased che-
moresistance and reduced cell death [36].

The proteins XIAP (X-linked inhibitors of apopto-
sis) and P53 serve as important decisive fac-
tors for cisplatin resistance, where the activa-
tion of PI3/AKT pathway appears to be es- 
sential. The dominant negative form of AKT2 

retains the functions of platins, even when XIAP 
and P53 are active [37]. It has also been 
observed that the link between AKT and p53 
lies in the mitochondrial apoptotic pathway, 
ultimately influencing the responsiveness to 
cisplatin [38]. Platins inhibit XIAP and activate 
Bax, Bcl-xl and Fas-L in the endometrial cancer 
cells. As observed in the cisplatin-resistant 
subclones, the increased XIAP has an opposite 
effect on the pro-apoptotic proteins, thereby 
inducing chemoresistance [35]. 

An AKT-mediated chemoresistance has been 
reported to involve the modulated cisplatin-
induced ubiquitination of p53-dependent pro-
tein FLIP (Fas-associated death domain-like 
interleukin-1 beta-converting enzyme (FLICE)-
like inhibitory protein), while the inactivation of 
AKT signalling promotes FLIP degradation [39]. 
Cisplatin stimulates the p53 up-regulated mod-
ulator of apoptosis (PUMA), which involves p53 
induction and seems to be indispensable for 
the platin-mediated apoptosis. It was also 
observed that AKT stimulates P53 phosphory-
lation and attenuates PUMA induction, thus 
modulating the sensitivity to platins and their 
effect on endometrial apoptosis [40]. 

The activation of Ras-Raf-MEK-ERK pathway 
also has a significant impact on the propaga-
tion of endometrial cancer and its chemoresis-
tance. Although prolonged activation of JNK/
P38 signalling stimulates the transcription of 
death inducer Fas ligand, a transiently activat-
ed status serves as a key reason for platin-
induced chemoresistance and reduced endo-
metrial cell apoptosis [35]. A decreased ac- 
tivation of ERK and P38 in association with 
cytoplasmic tyrosine kinase FAK (Focal adhe-
sion kinase), promotes integrin-directed cell 
signalling and cell adhesion, causing the induc-
tion of chemoresistance [41]. The ERK inhibitor, 
mitogen-activated protein kinase phosphatase 
(MKP)-3, contributes towards the respon- 
siveness to the platins in endometrial cancer. 
The proteosomal degradation of MKP3 me- 
diated by reactive oxygen species causes an 
atypical ERK1/2 activation and increases 
endometrial cell proliferation, despite the platin 
treatment [42]. 

A significant cross-talk between JNK, P38, Ras-
ERK, AKT2 and PI3K-mTOR signalling occurs in 
endometrial cancers, and simultaneous muta-
tions in these pathways could also attenuate 
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the cytotoxicity of chemotherapeutics in ovari-
an and endometrial cancers [43]. The activated 
TK-dependent epidermal growth factor recep-
tor (EGFR) and the human epidermal growth 
factor receptor-2 (HER-2) cellular oncogene not 
only promote the growth of highly aggressive 
variants of endometrial cancer but also lead to 
the development of drug chemoresistance. In 
reality, MEK/ERK-dependent PI3K/AKT signal-
ling emerges as the downstream component of 
EGFR, attenuating endometrial cell apoptosis. 
The estrogen and progesterone receptors have 
been found to possess the prognostic impor-
tance for endurance of endometrial cancer. On 
the other hand, it has been observed that 
estrogen enhances the chemoresistance to 
paclitaxel via a modulated expression of apo- 
lipoprotein clusterin that mediates the cle- 
arance of endometrial cell debris following  
apoptosis [44]. 

The molecular chaperone and glucose-regulat-
ed protein GRP78 that regulates apoptosis 
plays an important role in attenuating the 
ER-mediated endometrial cell death. The in- 
creased GRP78 attenuates the expression lev-
els of cleaved caspase-3 and PARP in endo- 
metrial cancer cells even after treatment  
with paclitaxel and cisplatin [45]. Estrogen 
could also attenuate the paclitaxel-mediated 
endometrial cell degradation via reduced JNK 
activation and increased association of AKT 
and apoptosis signal-regulating kinase 1 
(ASK1), which results in enhanced phosphory-
lation of serine-83 of ASK1. As a result, the 

[47]. Missense and somatic mutations and  
P53 gene aberrations in P53 are associa- 
ted with the high-grade endothelial tumors, 
causing peritoneal infiltration and metastatic 
action. Attenuated apoptosis of endothelial 
cells, even following the treatment with che- 
motherapeutic adjuvants, cisplatin and carbo-
platin, was observed in the presence of P53 
mutations [48]. 

The transcriptional repressors of the Snail fam-
ily that are active during the epithelial mesen-
chymal transition and embryonic development 
undergo an up-regulation following chemother-
apy, which ultimately results in aggressive can-
cer micrometastases and macrometastases 
and chemoresistance via reduced P53 expres-
sion. These transcriptional suppressors not 
only attenuate the transactivation of p53 induc-
ers, but also activate the expression of self-
renewal genes, causing increased tumor me- 
tastases and propagation. In reality, the Snail 
and slag expression confers a stem cell-like 
property to the endothelial cancer cells, at- 
tenuating their responsiveness to chemothera- 
peutics [49]. 

The nitric oxide synthases, eNOS, iNOS and 
nNOS, play a determining role in the modula-
tion of P53 levels. An increased endogenous 
eNOS/nNOS activity fails to up-regulate P53 
and restricts the loss of endothelial tumor. 
Conversely, iNOS promotes P53 expression, 
inducing sensitivity to chemotherapeutics in 
gynaecological cancers, and a significant accu-

Figure 2. FGF-mediated endome-
trial carcinogenesis.

estrogen receptor antagonist 
ICI182,780 and AKT inhibitor 
LY294002 could restrict the 
estrogen-mediated activation 
of AKT-ASK1 and promote 
sensitivity to pro-apoptotic 
drugs targeting endometrial 
cancer [46].

Inhibiting the functions of the 
tumor suppressor gene p53 
that plays a key function in 
coordinating important cellu-
lar events, such as cell cycle 
arrest, metabolism, metasta-
sis and interaction within the 
malignant microenvironment 
following the DNA damage, 
leads to reduced apoptosis  
in endometrial cancer cells 
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mulation of iNOS enhances the apoptosis in 
ovarian and endothelial cancers [50].

FGF pathway

FGF activation and endometrial cancer: The 
binding of FGF receptor subunits FGFR1-R4, 
which possess intracellular TK activity, to FGF 
triggers angiogenesis in endometrial carcino-
ma [51]. The FGFR-FGF interaction leads to the 
dimerization of receptor and phosphorylation 
of the TK domain. This, in turn, sets a signalling 
cascade that involves mitogen-activated pro-
tein kinase (MAPK), PI3K/AKT, phospholipase 
C-gamma (PLCγ) and Signal Transducer and 
Activator of Transcription (STAT) pathways [52]
(Figure 2). PLCγ accentuates the activation of 
MAPK pathway and enhances the transactiva-
tion property of cell cycle activator MYC. PI3K 
maintains the MAPK activity by inducing cell 
growth and multiplication and attenuating 
apoptotic cell death. The STAT molecules also 
induce transcription of cell proliferating genes 
and transrepression of pro-apoptotic ones. All 
these factors together lead to the propagation 
of endometrial carcinoma, tumor angiogenesis 
and an ultimate unrestricted cell survival, 
migration and motion, which was initiated by 
the primary FGFR activation. 

However, the FGF-induced signalling pathways 
in endometrial and other gynaecological can-
cers can be checked by the degradation of 
FGFR and the promotion of FGF deregulatory 
pathways, such as SPRY, SPRED1 and 2 and 
SEF, that typically inhibit the Ras/Raf/MEK/
ERK pathway as negative growth factors [53, 
54]. Interestingly, FGFs also interact additively 
and synergistically with the vascular endotheli-
al growth factor (VEGF) and platelet-derived 
growth factor (PDGF) pathways, and the three 
pathways together cause a marked stimulation 
of endometrial tumorigenesis, via the initiation 
and activation of the receptor TK pathway [55]. 
An interdependent autocrine/paracrine relation 
exists between FGF, PDGF and VEGF and their 
receptors’ functioning in the endometrial can-
cer cells, and over-expression or silencing of 
these ligands in endometrial cells leads to an 
increased or suppressed tumor angiogenesis, 
tumor volume, malignancy and lymph node 
metastasis respectively [56]. 

In order to restrict the activation of these TK 
pathways, FGF, VEGF and PDGF mechanisms 
are targeted. However, it has been observed 

that, unlike the FGF inhibitors, resistance to 
VEGFR and PDGFR inhibitors in endometrial 
cancer is very common and develops within a 
short span of treatment time [57]. Thus, the 
FGF pathway is generally targeted in combina-
tion with the VEGFR and PDGFR inhibitors, and 
quite often the FGF inhibitors alone are used as 
endometrial cancer therapeutics [55]. 

Mutations in the FGF receptors, particularly the 
receptor FGFR2, are observed in around 20% 
of the endometrial cancer cases. They are 
associated with the microsatellite instability 
that essentially functions as an identifier of a 
defective DNA mismatch repair [58]. For this 
reason, not only the typical FGF inhibitors, such 
as PD173074 and TKI258, but also the silenc-
ing, knock out or knock down of FGFR2 attenu-
ates the unrestricted endometrial cell viability 
[59-61]. FGFR2 mutation is an inherent condi-
tion and is mainly linked to the early-stage 
endometrial carcinoma. It causes a significant-
ly higher activation of receptor that fails to 
respond to strong FGF inhibitors, ultimately 
leading to reduced chances of survival or dis-
ease-free status. In fact, FGFR2 mutations are 
irreparable following a surgery or aggressive 
chemotherapy as well [62]. The N550K muta-
tions in FGFR2 appears as a key reason for the 
resistance of endometrial cancer cells to FGFR 
inhibitors. This mutation causes an increased 
activation of pro-proliferative TK and down-
stream ERK and AKT in the cells. However, tar-
geting FGFR2 attenuates the activation of its 
mutated form, and has often proven beneficial 
in restricting the endometrial carcinogenesis 
[63, 64]. It has been reported that 10% of the 
total endometrial carcinoma cases in humans 
occur due to missense mutations in the FGFR2 
gene [58, 60]. Missense mutations at the third 
immunoglobulin-like site of FGFR2 trigger a 
modulation in the ligand receptor interaction. 
These mutations cause a change in the activity 
status of FGFR2, which is ligand-dependent 
and functions via an autocrine/paracrine man-
ner. Alternatively, mutations within the TK site 
of receptor trigger a higher oncogenicity that 
appears independent of its ligand [17]. S252W 
mutation in FGFR stimulates receptor-ligand 
interaction in the FGF pathway. In addition to 
receptor activation, an increased expression 
levels of the FGF ligands, FGF1 and FGF2, is 
also an important cause of the increased multi-
plication rate of endometrial cells and endome-
trial tissue enlargement [65]. The endometrial 
hyperplasia amplifies with the disease advance-
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ment, proportionally with the grade and depth 
of myometrial appropriation [65]. An FGF ligand 
trap FP-1039 specifically inhibits FGF1 and 
FGF2 and intervenes in the FGF signalling 
through FGFR1. This action restricts the uncon-
trolled cancer cell growth and angiogenesis in 
the adjacent blood vessels of the affected 
endometrial tissues [66]. Mutations have been 
observed at various sites within the FGFR 
TK-domain. Whereas the mutation N500K has 
its target site in the constitutive kinase activa-
tion domain, the mutations S373C and Y376C 
in the enzymatic region involve additional cys-
teine residues and lead to increased intermo-
lecular S-S bonding [67]. Moreover, other muta-
tions, such as I547V, N549K and K659E, were 
identified at the kinase site of FGFR2 within the 
endometrium [68].

Targeting FGFR in endometrial cancer

Because of the ubiquitous involvement of up-
regulated FGF pathway in endometrial cancer, 
therapeutics targeting FGFR are being critically 
studied, and the generation of specific drugs 
that inhibit FGF-induced carcinogenesis are of 
particular interest for this disease. Small-
molecule inhibitors that specifically target the 
ATP binding pocket within the active site of 
FGFR protein kinases have gained recognition 
as anti-endometrial cancer therapeutics. Thus, 
high throughput screening is used as a strategy 
for identifying the ATP mimetics that bind to the 
ATP-interacting pockets of the targeted protein 
kinases of FGFR2 [69, 70]. This appears to be a 
successful endeavour, as evident from the 
extensive number of protein kinases as drug 

molar concentrations. Their very low IC-50 val-
ues are indicative of their strong potential as 
FGFR inhibitors. Xenograft models, as well as 
the in vitro studies in cancer cells, proved  
the anti-proliferative, pro-apoptotic, anti-tumor-
igenic and anti-angiogenic roles of these first-
generation FGFR inhibitors, which are currently 
undergoing the pre-clinical and different phas-
es of clinical trials [61]. The first-generation 
FGFR inhibitor, PD173074, that bears a pyrido 
[2, 3-d]pyrimidine core restricts the FGFR1 
tyrosine kinase activity, and its IC50 value is 
around 0.02 μM [74]. Another FGFR inhibitor of 
the same class, SU5402, that has an indo- 
lin-2-one active part, limits the FGFR1 activa-
tion at an IC50 of 0.03 μM. The IC50 for the 
broad-spectrum TK inhibitor AZD4547142 is 
around 0.026 μM. Despite the advantages, 
these narrow-spectrum inhibitors cause an 
increased drug resistance, paving the way  
for the broad-spectrum compounds, such as 
AZD4547142, that reduce the chances of reap-
pearance of the drug-resistant endometrial 
malignant growths [75]. The second-generation 
FGFR inhibitors, dovitinib and ponatinib, have 
reached the phase II clinical trials for endome-
trial cancers. Interestingly, the statistics reveals 
that a higher number of patients are enrolled in 
the clinical trials of dovitinib due to its capabili-
ty of inhibiting the tumor progression, as well as 
angiogenesis in endometrial cancer [61].

mTOR pathway

mTOR activation and endometrial cancer: The 
serine/threonine-based mTOR plays a key regu-
latory role in the cell growth, multiplication, pro-

Figure 3. mTOR pa- 
thway in endometrial 
carcinogenesis.

targets, which is only exceed-
ed by the G protein-coupl- 
ed receptors that are target- 
ed by around 60% of all dru- 
gs currently on the market 
[71]. The major drugs belong-
ing to the first and second 
generations of FGFR inhibi-
tors include PD173074, bri- 
vanib, dovitinib, intedanib, ni- 
ntedanib, lenvatinib, ponati- 
nib, Ki23057, E7080, MK- 
2461, E-3810 and AZD45- 
47142 [67]. NP603 and 6b 
also subsequently appear- 
ed on the list of key FGFR 
inhibitors [72, 73]. Brivanib, 
dovitinib, intedanib, ninte-
danib, lenvatinib, ponatinib 
are effective even at nano- 
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liferation, differentiation and death. Rapamycin 
restrains mTOR activation by arresting the cells 
at G1-phase, and thereby blocks the cell cycle 
advancement [76]. The endometrial cancer 
cells undergo a hypoxic phase during the 
growth, metabolism and neovascularization, at 
which stage the hypoxia-inducible factor (HIF) 
has a key function (Figure 3). mTOR and its 
growth factors control cellular hypoxia by alter-
ing the HIF translation. mTOR1 and mTOR2 are 
the two complex forms of mTOR. mTOR1 acti-
vates Ribosomal protein S6 kinase beta-1 
(S6K1) and Eukaryotic translation initiation fac-
tor 4E-binding protein 1 (4E-BP1), promoting 
protein translation through major contribution 
of 4E-BP1 [77]. Consequently, the altered acti-
vation of mTORC2 results in an increased 
expression of p-mTOR and over-activation of 
PI3K/AKT pathway, as well as VEGF-A and pho-
pholipase-D that serve as down-stream media-
tors of mTOR in the malignant endometrial cells 
[78]. mTOR1 and mTOR2 together activate 
PKC-α and SGK1 pathways that deregulate the 
actin cytoskeletal organization in endometrial 
cancer. The combined action of growth factors, 
nutritional sources, stress and amino acids 
activates mTOR signalling. Then, via the AMP-
activated protein kinases (AMPKs) that serve 
as energy sensors, the normal mTOR signalling 
undergoes a change in endometrial malignan-
cy. Angiopoietins 1 and 2 (ANG 1, ANG 2), basic 
fibroblast growth factor, tumor growth factor-β 
and PDGF are expressed as down-stream prod-
ucts of HIF action and trigger the PI3K/AKT/
mTOR signalling [79]. Additionally, mTOR is 
capable of altering PTEN and P53 signalling 
pathways, which are associated with increased 
expression of S6K1 in human endometrial can-
cer [80]. The molecular profiling study in 373 
endometrioid cancer cases showed changes in 
PI3KCA, PIK3R1, AKT1 and PTEN in 59.7%, 
33%, 3.2% and 66% of patients respectively. 
The tumor suppressor P53 signalling was 
altered in 92% of the patients, and the mecha-
nism was shown to be markedly related to the 
mTOR pathway [81].

Anti-tumor effects of mTOR inhibitors in endo-
metrial cancers

mTOR inhibitors that have undergone various 
phases of clinical studies include sirolimus  
(a rapamycin mimic) and its three analogues, 
temsirolimus (CCI779), ridaforolimus (AP2357) 

and ridaforolimus (AP2357), that function via 
immune suppression. The inhibitory functions 
of these macrolides involve reduced phosph- 
orylation and activation of S6K1 and 4EBP1. 
These proteins suppress cyclin-dependent 
kinase activation in the cell cycle, thus attenu-
ating cell division and proliferation and promot-
ing an autophagy-dependent programmed cell 
death in endometrial cancers [82]. A phase II 
clinical study of orally administered everolimus 
(10 mg for 28 days/cycle) revealed a significant 
reduction in PTEN levels and marked clinical 
responses [83]. A co-administration of everoli-
mus with chemotherapy in recurrent endome-
trial cancer cases showed a significantly re- 
duced (by 25-50%) progression of cancer cell 
proliferation. A phase II clinical trial with ridafo-
rolimus demonstrated improvements in about 
30% of the cases in one study, while another 
trial showed an increase in survival by 6-8 
months in matured endometrial malignancy 
[84]. However, the drug had strong toxic side 
effects, with a drug-linked mortality reported. A 
phase II study with the third compound, temsi-
rolimus, showed a 69-70% inhibitory response 
in recurrent endometrial cancer, particularly in 
combination with chemotherapy. Nonetheless, 
a mechanistic study revealed that the temsiroli-
mus-mediated action, appears to be indepen-
dent of PTEN, although it involves mTOR path-
way [85]. 

Studies are also underway to investigate which 
mTOR inhibitors can be used not only in combi-
nation with chemotherapy, but also alongside 
hormonal treatments, EGFR, VEGF, FGF and 
PDGF blockers for combating the endometrial 
cancer progression and subsequent metasta-
ses [86]. Currently, combination therapies with 
diverse mode of action have gained recognition 
in the attempts to overcome the drug resis-
tance complications. A phase II clinical trial 
using temsirolimus in combination with bevaci-
zumab showed a good response at the primary 
recurrent stage, with initial 20% reduction in 
cell proliferation and a further six months of 
reduced cell proliferation. The combination of 
temsirolimus and bevacizumab exhibited a bet-
ter outcome, causing restricted cell prolifera-
tion in recurrent endometrial carcinogenesis in 
50% of the patients, at least for a period of 
around six months. However, several toxic 
effects such as rectovaginal fistula, gastric 
ulcers, nasal bleeding, pulmonary embolism 



Molecular targets for pharmacotherapy of endometrial cancer

1325 Am J Cancer Res 2018;8(7):1317-1331

and others were observed, and there were  
several reports of mortality linked to the com- 
bination therapy [87]. A synergistic effect of 
rapamycin and paclitaxel (the latter functions 
via disruption of microtubule polymerization) 
was reported in pre-clinical studies. The use of 
this combination showed attenuation of cell 
growth due to restoration of mTOR signalling 
and resulted in an increased cell death in endo-
metrial cancer cell lines [88]. In fact, a combi-
nation of antiangiogenic therapeutics like be- 
vacizumab with paclitaxel also proved quite 
effective. However, the administration of temsi-
rolimus instead of bevacizumab appeared less 
potent. A distinct link between an inhibited 
mTOR signalling and altered DNA repair (partic-
ularly a modulated homologous recombina- 
tion) that results in increased apoptosis has 
been reported. Additionally, a direct correla- 
tion between altered immune responses and 
mTOR pathway inhibition has been demonstrat-
ed [81].

Wnt pathway 

Wnt pathway deregulation in endometrial can-
cer: Under normal conditions, WNT4 gene 
expression is prominent in the endometrial 
cells [12]. However, an altered expression and 
changed ratio among different Wnt proteins 
have been reported in endometrial cancer. 
While the WNT4 gene showed a reduced expres-
sion, WNT2, WNT3 and WNT5A mRNA exhibited 

an enhanced estrogen receptor signalling pl- 
ays a contributory role in augmenting the Wnt 
signalling in malignant transformation of en- 
dometrial cells causing endometrial hyperpla-
sia. The Wnt signalling pathway undergoes 
prominent modulation in endometrial cancer, 
and the genes SFRP$ (secreted frizzled-relat- 
ed protein 4) and SFRP1 show a significantly 
down-regulated expression. This results in the 
changed activation status of dishevelled pro-
tein (Dsh) and glycogen synthase kinase-3b 
(GSK3b), as well as phosphorylation of β- 
catenin in the endometrial cells (Figure 4). 
Generally, a reduced phosphorylation of β-ca- 
tenin has been reported during the unrestrict-
ed endometrial cell growth and proliferation, 
causing an enhanced nuclear localization of 
non-phospho β-catenin, its enhanced complex-
ation with T-cell factor/lymphoid enhancing fac-
tor (TCF/LEF) and transcription of the down-
stream genes, such as the cellular prolifera- 
tion marker Ki67 and cyclin D1 that are requir- 
ed for sustaining the G1 phase within the cell 
cycle [92, 93]. Missense mutations or muta-
tions in exon 3 of the catenin beta 1 (CTNNB1) 
gene are also evident in endometrial cancers, 
causing increased accumulation of β-catenin  
in the nucleus [51]. Mutations in the Adeno- 
matous polyposis coli (APC) gene confer a re- 
duced phosphorylation of β-catenin, and onco-
genic K-ras gene KRAS, triggers an aberrant 
regulation of the Wnt/β-catenin signalling [94]. 
The proliferation, differentiation, migration and 

Figure 4. WNT pathway promoting en-
dometrial carcinogenesis.

an increase in endometrial 
carcinoma compared to the 
normal cells. A marked in- 
crease in the WNT7A gene 
was widely reported in endo-
metrial cancers [89]. None- 
theless, a different situation 
emerges in the presence of 
estrogen receptors, where the 
receptors suppress WNT7A 
expression [90]. Changes in 
WNT10A and WNT10B pro-
teins have also been report-
ed, predominantly in the es- 
trogen-dependent endometri-
al cancers, where WNT10B 
undergoes an up-regulation 
at the initial stages of tumori-
genesis and reduction at the 
late stages of malignancy and 
in metastases [91]. Indeed, 
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apoptosis of the tumorous endometrial cells 
experience regulation by the WNT signalling 
pathway through the gain-of-function or loss-of-
function, respectively, in the CTNNB1 and APC 
genes. A shift in the expression of Wnt inhibitor, 
Dickkopf-related protein 1 (DKK1), from its 
increased level to a decrease in non-malignant 
and malignant endometrial cells, respectively, 
is highly evident, and induction of DKK1 dem-
onstrates a marked inhibition of the nuclear 
levels of β-catenin and hence Wnt pathway  
activation. This strongly significant reduction  
in DKK3 demonstrates an important link  
with the matured stages of endometrial can- 
cer [95]. Somatic changes through the loss  
or gain-of-functions in the Ring Finger Prote- 
in 43, R-Spondin 2 (RSPO2) and RSPO3 gen- 
es are also important triggers of endometrial 
cancer [96].

Targeting WNT in endometrial cancers

Inhibition of the canonical and non-canonical 
WNT signalling pathways is a key process of 
restricting the endometrial carcinogenesis, and 
gynaecological oncologists have been success-
ful in this endeavour. The potent possible inhib-
itors of Porcupine O-Acyltransferase and acti-
vators of NOTUM that stimulate and supress 
the WNT pathway, correspondingly, are impor-
tant targets in endometrial cancer [97, 98]. 
Different family members of the WNT pathway 
in humans, such as WNT2B, WNT3A, FZD1 and 
others. have also been recommended as the 
targets for reducing the progression of endo-
metrial cancer [96]. The therapeutic role of 
these targets is currently under verification 
using knock-out mouse models and Si-RNA, 
ShRNA or anti-specific antibodies in cells. A few 
examples of the frizzled receptor binding anti-
bodies include vantictumab, OTSA101-DPTA-
90Y and ipafricept (OMP-54F28), which are cur-
rently under clinical trials [99]. The receptor 
TKs, such as ROR1, NTRK, DDR1 and DDR2, 
have also been postulated as probable targets 
linked to cytotoxicity and ultimate cell death. 
Tankyrase inhibitors that degrade AXIN have 
been considered as therapeutics for the WNT 
pathway-induced endometrial carcinogenesis. 
However, a relatively low specificity of these 
inhibitors appears to be a reason for their 
restricted use [100]. In addition, β-catenin 
inhibitors (BC2059, PRI-724, ICG-001, etc.) 
that suppress TCF/LEF-mediated expression of 
pro-proliferative and anti-apoptotic genes have 

been successful in animal models [101]. Be- 
cause of an intrinsic linkage between WNT sig-
nalling and the immune system, particularly in 
relation to the chemokine expression in den-
dritic cells and T lymphocytes and the function-
ing of the regulatory T cells, cautious usage of 
WNT pathway inhibitors is essential in the treat-
ment of endometrial cancer and associated 
diseases [102].

Conclusions and future directions

Endometrial cancer becomes extremely ag- 
gressive at the advanced stages, and only mod-
est recovery can be achieved with the curren- 
tly available therapies. Multi-targeted PI3K, 
mTOR, FGF and WNT pathway inhibitors, having 
anti-tumorigenic and anti-angiogenic activities, 
were proposed as possible therapies for this 
gynaecological condition. However, a signifi-
cant gap lies between the pre-clinical and sys-
tematic clinical studies when it comes to these 
inhibitors, thus restricting their full-fledged 
usage. Consequently, chemotherapy and hor-
mone therapy are still considered the most 
appropriate treatments for endometrial cancer. 
Although the early stages endometrial cancer 
can be treated successfully, the recurrent and 
relapse cases fail to respond to these standard 
approaches. Moreover, the non-specific loss in 
viability is another major drawback of chemo-
therapy. Hence, site specific targeting and drug 
delivery become essential. Selective biological 
targeting of estrogen receptors appears advan-
tageous in this context, as it has a better target 
specificity compared to chemotherapy.

Chemoresistance is another major cause of 
therapeutic failures in endometrial cancer. Ch- 
emoresistance is associated with perennially 
activated PI3K/AKT and anti-apoptotic gen- 
es (Fas/FasL and Bcl-2) and the loss in P53 
activity. A close link between tumor heteroge-
neity, genetic structure and chemoresistance 
has been observed. Resistance to therapy ulti-
mately leads to metastasis and resurgence of 
endometrial malignancy. However, serious ef- 
forts are being made to identify novel biomark-
ers for early disease diagnosis and use them as 
specific targets for endometrial cancer. Taking 
into account the cross-talk between diverse 
signalling pathways in the endometrial carci- 
nogenesis, a combination therapy may prove 
effective in this context, and the recent clinical 
trials support this view. A combination of MAPK 
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and PI3K inhibitors, Everolimus (that targets 
mTORC1) along with Letrozole (that targets aro-
matase) shows greater efficacy compared to 
the effects of individual drugs. Early trials with 
FGFR antagonists and mTOR inhibitors have 
demonstrated promising results in endometrial 
cancer, and their use in combination with che-
motherapy, estrogen therapy and PI3K inhibi-
tors appears encouraging. Although phase I-II 
clinical studies have been carried out to inves-
tigate the targeting of PI3K/AKT/mTOR and FGF 
pathways, phase II trials and beyond are still 
very rare. Moreover, a more comprehensive 
knowledge of molecular pathophysiology of 
malignant endometrial tumors will be useful for 
a better bench-to-bedside translation of target-
ed therapeutics.

Acknowledgements

Research project of Jilin University (3R217E- 
593428).

Disclosure of conflict of interest 

None.

Address correspondence to: Manhua Cui, Depart- 
ment of Gynaecology and Obstetrics, The Second 
Hospital of Jilin University, 218 Ziqiang Rd, Ch- 
angchun 130041, Jilin, People’s Republic of China. 
E-mail: mhcuichina@163.com; Jingyan Tian, De- 
partment of Urology, Second Division of the First 
Hospital of Jilin University, 3302 Jilin Rd, Changchun 
130031, Jilin, People’s Republic of China. E-mail: 
tianjingy@yahoo.com

References

[1] Lee YC, Lheureux S and Oza AM. Treatment 
strategies for endometrial cancer: current 
practice and perspective. Curr Opin Obstet Gy-
necol 2017; 29: 47-58.

[2] Xin X, Zeng X, Feng D, Hua T, Liu S, Chi S, Hu Q 
and Wang H. The suppressive role of calcium 
sensing receptor in endometrial cancer. Sci 
Rep 2018; 8: 1076.

[3] Kitchener H. Management of endometrial can-
cer. Eur J Surg Oncol 2006; 32: 838-843.

[4] Jemal A, Murray T, Ward E, Samuels A, Tiwari 
RC, Ghafoor A, Feuer EJ and Thun MJ. Cancer 
statistics, 2005. CA Cancer J Clin 2005; 55: 
10-30.

[5] Colombo N, Creutzberg C, Amant F, Bosse T, 
González-Martín A, Ledermann J, Marth C, 
Nout R, Querleu D, Mirza MR, Sessa C; ESMO-
ESGO-ESTRO Endometrial Consensus Confer-

ence Working Group. ESMO-ESGO-ESTRO con-
sensus conference on endometrial cancer: 
Diagnosis, treatment and follow-up. Radiother 
Oncol 2015; 117: 559-581.

[6] Waldmann A, Eisemann N and Katalinic A. Epi-
demiology of malignant cervical, corpus uteri 
and ovarian tumours-current data and epide-
miological trends. Geburtshilfe Frauenheilkd 
2013; 73: 123-129.

[7] Bookman MA, Brady MF, McGuire WP, Harper 
PG, Alberts DS, Friedlander M, Colombo N, 
Fowler JM, Argenta PA, De Geest K, Mutch DG, 
Burger RA, Swart AM, Trimble EL, Accario-Win-
slow C and Roth LM. Evaluation of new plati-
num-based treatment regimens in advanced-
stage ovarian cancer: a phase III trial of the 
gynecologic cancer intergroup. J Clin Oncol 
2009; 27: 1419-1425.

[8] Vasey PA. Resistance to chemotherapy in ad-
vanced ovarian cancer: mechanisms and cur-
rent strategies. Br J Cancer 2003; 89 Suppl 3: 
S23-28.

[9] Agarwal R and Kaye SB. Ovarian cancer: strat-
egies for overcoming resistance to chemother-
apy. Nat Rev Cancer 2003; 3: 502-516.

[10] Heintz AP, Odicino F, Maisonneuve P, Beller U, 
Benedet JL, Creasman WT, Ngan HY, Sideri M 
and Pecorelli S. Carcinoma of the fallopian 
tube. J Epidemiol Biostat 2001; 6: 89-103.

[11] Brasseur K, Gevry N and Asselin E. Chemore-
sistance and targeted therapies in ovarian and 
endometrial cancers. Oncotarget 2017; 8: 
4008-4042.

[12] Kim JJ and Chapman-Davis E. Role of proges-
terone in endometrial cancer. Semin Reprod 
Med 2010; 28: 81-90.

[13] Lalwani N, Prasad SR, Vikram R, Shanbhogue 
AK, Huettner PC and Fasih N. Histologic, mo-
lecular, and cytogenetic features of ovarian 
cancers: implications for diagnosis and treat-
ment. Radiographics 2011; 31: 625-646.

[14] Dasari S and Tchounwou PB. Cisplatin in can-
cer therapy: molecular mechanisms of action. 
Eur J Pharmacol 2014; 740: 364-378.

[15] Omuro AM, Raizer JJ, Demopoulos A, Malkin 
MG and Abrey LE. Vinorelbine combined with a 
protracted course of temozolomide for recur-
rent brain metastases: a phase I trial. J Neu-
rooncol 2006; 78: 277-280.

[16] Yap TA, Carden CP and Kaye SB. Beyond che-
motherapy: targeted therapies in ovarian can-
cer. Nat Rev Cancer 2009; 9: 167-181.

[17] Katoh M and Nakagama H. FGF receptors: 
cancer biology and therapeutics. Med Res Rev 
2014; 34: 280-300.

[18] Abal M, Andreu JM and Barasoain I. Taxanes: 
microtubule and centrosome targets, and cell 
cycle dependent mechanisms of action. Curr 
Cancer Drug Targets 2003; 3: 193-203.

mailto:mhcuichina@163.com
mailto:tianjingy@yahoo.com


Molecular targets for pharmacotherapy of endometrial cancer

1328 Am J Cancer Res 2018;8(7):1317-1331

[19] Yang F, Teves SS, Kemp CJ and Henikoff S. 
Doxorubicin, DNA torsion, and chromatin dy-
namics. Biochim Biophys Acta 2014; 1845: 
84-89.

[20] Plunkett W, Huang P, Xu YZ, Heinemann V, 
Grunewald R and Gandhi V. Gemcitabine: me-
tabolism, mechanisms of action, and self-po-
tentiation. Semin Oncol 1995; 22: 3-10.

[21] Pommier Y. Topoisomerase I inhibitors: camp-
tothecins and beyond. Nat Rev Cancer 2006; 
6: 789-802.

[22] Lobert S, Vulevic B and Correia JJ. Interaction 
of vinca alkaloids with tubulin: a comparison of 
vinblastine, vincristine, and vinorelbine. Bio-
chemistry 1996; 35: 6806-6814.

[23] Boere IA and van der Burg ME. Review of dose-
intense platinum and/or paclitaxel containing 
chemotherapy in advanced and recurrent epi-
thelial ovarian cancer. Curr Pharm Des 2012; 
18: 3741-3753.

[24] Schneider J, Efferth T, Centeno MM, Mattern J, 
Rodriguez-Escudero FJ and Volm M. High rate 
of expression of multidrug resistance-associat-
ed P-glycoprotein in human endometrial carci-
noma and normal endometrial tissue. Eur J 
Cancer 1993; 29A: 554-558.

[25] Esteller M, Martinez-Palones JM, Garcia A, Xer-
cavins J and Reventos J. High rate of MDR-1 
and heterogeneous pattern of MRP expression 
without gene amplification in endometrial can-
cer. Int J Cancer 1995; 63: 798-803.

[26] Katano K, Kondo A, Safaei R, Holzer A, Samimi 
G, Mishima M, Kuo YM, Rochdi M and Howell 
SB. Acquisition of resistance to cisplatin is ac-
companied by changes in the cellular pharma-
cology of copper. Cancer Res 2002; 62: 6559-
6565.

[27] Ferry KV, Hamilton TC and Johnson SW. In-
creased nucleotide excision repair in cispla- 
tin-resistant ovarian cancer cells: role of ER-
CC1-XPF. Biochem Pharmacol 2000; 60: 
1305-1313.

[28] Reed E. Platinum-DNA adduct, nucleotide exci-
sion repair and platinum based anti-cancer 
chemotherapy. Cancer Treat Rev 1998; 24: 
331-344.

[29] Martin LP, Hamilton TC and Schilder RJ. Plati-
num resistance: the role of DNA repair path-
ways. Clin Cancer Res 2008; 14: 1291-1295.

[30] Chaudhry P and Asselin E. Resistance to che-
motherapy and hormone therapy in endome-
trial cancer. Endocr Relat Cancer 2009; 16: 
363-380.

[31] Datta SR, Brunet A and Greenberg ME. Cellular 
survival: a play in three Akts. Genes Dev 1999; 
13: 2905-2927.

[32] Nave BT, Ouwens M, Withers DJ, Alessi DR and 
Shepherd PR. Mammalian target of rapamycin 
is a direct target for protein kinase B: identifi-

cation of a convergence point for opposing ef-
fects of insulin and amino-acid deficiency on 
protein translation. Biochem J 1999; 344 Pt 2: 
427-431.

[33] Kim SH, Juhnn YS and Song YS. Akt involve-
ment in paclitaxel chemoresistance of human 
ovarian cancer cells. Ann N Y Acad Sci 2007; 
1095: 82-89.

[34] Uegaki K, Kanamori Y, Kigawa J, Kawaguchi W, 
Kaneko R, Naniwa J, Takahashi M, Shimada M, 
Oishi T, Itamochi H and Terakawa N. PTEN-pos-
itive and phosphorylated-Akt-negative expres-
sion is a predictor of survival for patients with 
advanced endometrial carcinoma. Oncol Rep 
2005; 14: 389-392.

[35] Mansouri A, Zhang Q, Ridgway LD, Tian L and 
Claret FX. Cisplatin resistance in an ovarian 
carcinoma is associated with a defect in pro-
grammed cell death control through XIAP regu-
lation. Oncol Res 2003; 13: 399-404.

[36] Girouard J, Lafleur MJ, Parent S, Leblanc V and 
Asselin E. Involvement of Akt isoforms in che-
moresistance of endometrial carcinoma cells. 
Gynecol Oncol 2013; 128: 335-343.

[37] Fraser M, Leung BM, Yan X, Dan HC, Cheng JQ 
and Tsang BK. p53 is a determinant of X-linked 
inhibitor of apoptosis protein/Akt-mediated 
chemoresistance in human ovarian cancer 
cells. Cancer Res 2003; 63: 7081-7088.

[38] Yang X, Fraser M, Moll UM, Basak A and Tsang 
BK. Akt-mediated cisplatin resistance in ovari-
an cancer: modulation of p53 action on cas-
pase-dependent mitochondrial death pathway. 
Cancer Res 2006; 66: 3126-3136.

[39] Abedini MR, Muller EJ, Bergeron R, Gray DA 
and Tsang BK. Akt promotes chemoresistance 
in human ovarian cancer cells by modulating 
cisplatin-induced, p53-dependent ubiquitina-
tion of FLICE-like inhibitory protein. Oncogene 
2010; 29: 11-25.

[40] Fraser M, Bai T and Tsang BK. Akt promotes 
cisplatin resistance in human ovarian cancer 
cells through inhibition of p53 phosphorylation 
and nuclear function. Int J Cancer 2008; 122: 
534-546.

[41] Villedieu M, Deslandes E, Duval M, Heron JF, 
Gauduchon P and Poulain L. Acquisition of 
chemoresistance following discontinuous ex-
posures to cisplatin is associated in ovarian 
carcinoma cells with progressive alteration of 
FAK, ERK and p38 activation in response to 
treatment. Gynecol Oncol 2006; 101: 507-
519.

[42] Chan DW, Liu VW, Tsao GS, Yao KM, Furukawa 
T, Chan KK and Ngan HY. Loss of MKP3 medi-
ated by oxidative stress enhances tumorige-
nicity and chemoresistance of ovarian cancer 
cells. Carcinogenesis 2008; 29: 1742-1750.



Molecular targets for pharmacotherapy of endometrial cancer

1329 Am J Cancer Res 2018;8(7):1317-1331

[43] Mendoza MC, Er EE and Blenis J. The Ras-ERK 
and PI3K-mTOR pathways: cross-talk and com-
pensation. Trends Biochem Sci 2011; 36: 320-
328.

[44] Won YS, Lee SJ, Yeo SG and Park DC. Effects of 
female sex hormones on clusterin expression 
and paclitaxel resistance in endometrial can-
cer cell lines. Int J Med Sci 2012; 9: 86-92.

[45] Luvsandagva B, Nakamura K, Kitahara Y, Aoki 
H, Murata T, Ikeda S and Minegishi T. GRP78 
induced by estrogen plays a role in the chemo-
sensitivity of endometrial cancer. Gynecol On-
col 2012; 126: 132-139.

[46] Mabuchi S, Ohmichi M, Kimura A, Nishio Y, 
Arimoto-Ishida E, Yada-Hashimoto N, Tasaka K 
and Murata Y. Estrogen inhibits paclitaxel-in-
duced apoptosis via the phosphorylation of 
apoptosis signal-regulating kinase 1 in human 
ovarian cancer cell lines. Endocrinology 2004; 
145: 49-58.

[47] Bieging KT, Mello SS and Attardi LD. Unravel-
ling mechanisms of p53-mediated tumour 
suppression. Nat Rev Cancer 2014; 14: 359-
370.

[48] Reles A, Wen WH, Schmider A, Gee C, Run-
nebaum IB, Kilian U, Jones LA, El-Naggar A, 
Minguillon C, Schonborn I, Reich O, Kreienberg 
R, Lichtenegger W and Press MF. Correlation of 
p53 mutations with resistance to platinum-
based chemotherapy and shortened survival 
in ovarian cancer. Clin Cancer Res 2001; 7: 
2984-2997.

[49] Kurrey NK, Jalgaonkar SP, Joglekar AV, Ghan-
ate AD, Chaskar PD, Doiphode RY and Bapat 
SA. Snail and slug mediate radioresistance 
and chemoresistance by antagonizing p53-
mediated apoptosis and acquiring a stem-like 
phenotype in ovarian cancer cells. Stem Cells 
2009; 27: 2059-2068.

[50] Leung EL, Fraser M, Fiscus RR and Tsang BK. 
Cisplatin alters nitric oxide synthase levels in 
human ovarian cancer cells: involvement in 
p53 regulation and cisplatin resistance. Br J 
Cancer 2008; 98: 1803-1809.

[51] Winterhoff B and Konecny GE. Targeting fibro-
blast growth factor pathways in endometrial 
cancer. Curr Probl Cancer 2017; 41: 37-47.

[52] Furdui CM, Lew ED, Schlessinger J and Ander-
son KS. Autophosphorylation of FGFR1 kinase 
is mediated by a sequential and precisely or-
dered reaction. Mol Cell 2006; 21: 711-717.

[53] Hacohen N, Kramer S, Sutherland D, Hiromi Y 
and Krasnow MA. Sprouty encodes a novel an-
tagonist of FGF signaling that patterns apical 
branching of the drosophila airways. Cell 
1998; 92: 253-263.

[54] Kovalenko D, Yang X, Nadeau RJ, Harkins LK 
and Friesel R. Sef inhibits fibroblast growth fac-
tor signaling by inhibiting FGFR1 tyrosine phos-

phorylation and subsequent ERK activation. J 
Biol Chem 2003; 278: 14087-14091.

[55] Pepper MS, Ferrara N, Orci L and Montesano 
R. Potent synergism between vascular endo-
thelial growth factor and basic fibroblast 
growth factor in the induction of angiogenesis 
in vitro. Biochem Biophys Res Commun 1992; 
189: 824-831.

[56] Turner N, Pearson A, Sharpe R, Lambros M, 
Geyer F, Lopez-Garcia MA, Natrajan R, Marchio 
C, Iorns E, Mackay A, Gillett C, Grigoriadis A, 
Tutt A, Reis-Filho JS and Ashworth A. FGFR1 
amplification drives endocrine therapy resis-
tance and is a therapeutic target in breast can-
cer. Cancer Res 2010; 70: 2085-2094.

[57] Dieci MV, Arnedos M, Andre F and Soria JC. Fi-
broblast growth factor receptor inhibitors as a 
cancer treatment: from a biologic rationale to 
medical perspectives. Cancer Discov 2013; 3: 
264-279.

[58] Byron SA, Gartside M, Powell MA, Wellens CL, 
Gao F, Mutch DG, Goodfellow PJ and Pollock 
PM. FGFR2 point mutations in 466 endometri-
oid endometrial tumors: relationship with MSI, 
KRAS, PIK3CA, CTNNB1 mutations and clinico-
pathological features. PLoS One 2012; 7: 
e30801.

[59] Byron SA, Gartside MG, Wellens CL, Mallon 
MA, Keenan JB, Powell MA, Goodfellow PJ and 
Pollock PM. Inhibition of activated fibroblast 
growth factor receptor 2 in endometrial cancer 
cells induces cell death despite PTEN abroga-
tion. Cancer Res 2008; 68: 6902-6907.

[60] Dutt A, Salvesen HB, Chen TH, Ramos AH, Ono-
frio RC, Hatton C, Nicoletti R, Winckler W, Gre-
wal R, Hanna M, Wyhs N, Ziaugra L, Richter DJ, 
Trovik J, Engelsen IB, Stefansson IM, Fennell  
T, Cibulskis K, Zody MC, Akslen LA, Gabriel  
S, Wong KK, Sellers WR, Meyerson M and 
Greulich H. Drug-sensitive FGFR2 mutations in 
endometrial carcinoma. Proc Natl Acad Sci U S 
A 2008; 105: 8713-8717.

[61] Konecny GE, Kolarova T, O’Brien NA, Winter-
hoff B, Yang G, Qi J, Qi Z, Venkatesan N, Ayala 
R, Luo T, Finn RS, Kristof J, Galderisi C, Porta 
DG, Anderson L, Shi MM, Yovine A and Slamon 
DJ. Activity of the fibroblast growth factor re-
ceptor inhibitors dovitinib (TKI258) and NVP-
BGJ398 in human endometrial cancer cells. 
Mol Cancer Ther 2013; 12: 632-642.

[62] Ibrahimi OA, Zhang F, Eliseenkova AV, Itoh N, 
Linhardt RJ and Mohammadi M. Biochemi- 
cal analysis of pathogenic ligand-dependent 
FGFR2 mutations suggests distinct pathophys-
iological mechanisms for craniofacial and limb 
abnormalities. Hum Mol Genet 2004; 13: 
2313-2324.

[63] Byron SA, Chen H, Wortmann A, Loch D, Gart-
side MG, Dehkhoda F, Blais SP, Neubert TA, 



Molecular targets for pharmacotherapy of endometrial cancer

1330 Am J Cancer Res 2018;8(7):1317-1331

Mohammadi M and Pollock PM. The N550K/H 
mutations in FGFR2 confer differential resis-
tance to PD173074, dovitinib, and ponatinib 
ATP-competitive inhibitors. Neoplasia 2013; 
15: 975-988.

[64] Greulich H and Pollock PM. Targeting mutant 
fibroblast growth factor receptors in cancer. 
Trends Mol Med 2011; 17: 283-292.

[65] Dai H, Zhao S, Xu L, Chen A and Dai S. Expres-
sion of Efp, VEGF and bFGF in normal, hyper-
plastic and malignant endometrial tissue. On-
col Rep 2010; 23: 795-799.

[66] Harding TC, Long L, Palencia S, Zhang H, Sadra 
A, Hestir K, Patil N, Levin A, Hsu AW, Charych D, 
Brennan T, Zanghi J, Halenbeck R, Marshall 
SA, Qin M, Doberstein SK, Hollenbaugh D, Ka-
vanaugh WM, Williams LT and Baker KP. Block-
ade of nonhormonal fibroblast growth factors 
by FP-1039 inhibits growth of multiple types of 
cancer. Sci Transl Med 2013; 5: 178ra139.

[67] Wilkie AO, Patey SJ, Kan SH, van den Ouwe-
land AM and Hamel BC. FGFs, their receptors, 
and human limb malformations: clinical and 
molecular correlations. Am J Med Genet 2002; 
112: 266-278.

[68] Pollock PM, Gartside MG, Dejeza LC, Powell 
MA, Mallon MA, Davies H, Mohammadi M,  
Futreal PA, Stratton MR, Trent JM and Good- 
fellow PJ. Frequent activating FGFR2 muta-
tions in endometrial carcinomas parallel ge- 
rmline mutations associated with craniosynos-
tosis and skeletal dysplasia syndromes. Onco-
gene 2007; 26: 7158-7162.

[69] Garber K. The second wave in kinase cancer 
drugs. Nat Biotechnol 2006; 24: 127-130.

[70] Collins I and Workman P. New approaches to 
molecular cancer therapeutics. Nat Chem Biol 
2006; 2: 689-700.

[71] Krause DS and Van Etten RA. Tyrosine kinases 
as targets for cancer therapy. N Engl J Med 
2005; 353: 172-187.

[72] Lin N, Chen S, Pan W, Xu L, Hu K and Xu R. 
NP603, a novel and potent inhibitor of FGFR1 
tyrosine kinase, inhibits hepatic stellate cell 
proliferation and ameliorates hepatic fibrosis 
in rats. Am J Physiol Cell Physiol 2011; 301: 
C469-477.

[73] Lallemand B, Chaix F, Bury M, Bruyere C, Ghos-
tin J, Becker JP, Delporte C, Gelbcke M, Ma-
thieu V, Dubois J, Prevost M, Jabin I and Kiss R. 
N-(2-{3-[3,5-bis(trifluoromethyl)phenyl]ureido}
ethyl)-glycyrrhetinamide (6b): a novel antican-
cer glycyrrhetinic acid derivative that targets 
the proteasome and displays anti-kinase activ-
ity. J Med Chem 2011; 54: 6501-6513.

[74] Mohammadi M, Froum S, Hamby JM, Schroed-
er MC, Panek RL, Lu GH, Eliseenkova AV, Green 
D, Schlessinger J and Hubbard SR. Crystal 
structure of an angiogenesis inhibitor bound to 

the FGF receptor tyrosine kinase domain. 
EMBO J 1998; 17: 5896-5904.

[75] Katoh M and Katoh M. Bioinformatics for can-
cer management in the post-genome era. 
Technol Cancer Res Treat 2006; 5: 169-175.

[76] Fingar DC, Richardson CJ, Tee AR, Cheatham L, 
Tsou C and Blenis J. mTOR controls cell cycle 
progression through its cell growth effectors 
S6K1 and 4E-BP1/eukaryotic translation initi-
ation factor 4E. Mol Cell Biol 2004; 24: 200-
216.

[77] Atala A. Re: a unifying model for mTORC1-me-
diated regulation of mRNA translation. J Urol 
2012; 188: 2433-2434.

[78] Shen Q, Stanton ML, Feng W, Rodriguez ME, 
Ramondetta L, Chen L, Brown RE and Duan X. 
Morphoproteomic analysis reveals an overex-
pressed and constitutively activated phospho-
lipase D1-mTORC2 pathway in endometrial 
carcinoma. Int J Clin Exp Pathol 2010; 4: 13-
21.

[79] Sengupta S, Peterson TR and Sabatini DM. 
Regulation of the mTOR complex 1 pathway by 
nutrients, growth factors, and stress. Mol Cell 
2010; 40: 310-322.

[80] Husseinzadeh N and Husseinzadeh HD. mTOR 
inhibitors and their clinical application in cervi-
cal, endometrial and ovarian cancers: a critical 
review. Gynecol Oncol 2014; 133: 375-381.

[81] de Melo AC, Paulino E and Garces AH. A review 
of mTOR pathway inhibitors in gynecologic  
cancer. Oxid Med Cell Longev 2017; 2017: 
4809751.

[82] Faivre S, Kroemer G and Raymond E. Current 
development of mTOR inhibitors as anticancer 
agents. Nat Rev Drug Discov 2006; 5: 671-
688.

[83] Slomovitz BM, Lu KH, Johnston T, Coleman RL, 
Munsell M, Broaddus RR, Walker C, Ramon-
detta LM, Burke TW, Gershenson DM and Wolf 
J. A phase 2 study of the oral mammalian tar-
get of rapamycin inhibitor, everolimus, in pa-
tients with recurrent endometrial carcinoma. 
Cancer 2010; 116: 5415-5419.

[84] Colombo N, McMeekin DS, Schwartz PE, Ses-
sa C, Gehrig PA, Holloway R, Braly P, Matei D, 
Morosky A, Dodion PF, Einstein MH and Halus-
ka F. Ridaforolimus as a single agent in ad-
vanced endometrial cancer: results of a singl- 
e-arm, phase 2 trial. Br J Cancer 2013; 108: 
1021-1026.

[85] Oza AM, Elit L, Tsao MS, Kamel-Reid S, Biagi J, 
Provencher DM, Gotlieb WH, Hoskins PJ, 
Ghatage P, Tonkin KS, Mackay HJ, Mazurka J, 
Sederias J, Ivy P, Dancey JE and Eisenhauer 
EA. Phase II study of temsirolimus in women 
with recurrent or metastatic endometrial can-
cer: a trial of the NCIC clinical trials group. J 
Clin Oncol 2011; 29: 3278-3285.



Molecular targets for pharmacotherapy of endometrial cancer

1331 Am J Cancer Res 2018;8(7):1317-1331

[86] Bae-Jump VL, Zhou C, Boggess JF, Whang YE, 
Barroilhet L and Gehrig PA. Rapamycin inhibits 
cell proliferation in type I and type II endome-
trial carcinomas: a search for biomarkers of 
sensitivity to treatment. Gynecol Oncol 2010; 
119: 579-585.

[87] Alvarez EA, Brady WE, Walker JL, Rotmensch J, 
Zhou XC, Kendrick JE, Yamada SD, Schilder 
JM, Cohn DE, Harrison CR, Moore KN and 
Aghajanian C. Phase II trial of combination 
bevacizumab and temsirolimus in the treat-
ment of recurrent or persistent endometrial 
carcinoma: a gynecologic oncology group stu- 
dy. Gynecol Oncol 2013; 129: 22-27.

[88] Shafer A, Zhou C, Gehrig PA, Boggess JF and 
Bae-Jump VL. Rapamycin potentiates the ef-
fects of paclitaxel in endometrial cancer cells 
through inhibition of cell proliferation and in-
duction of apoptosis. Int J Cancer 2010; 126: 
1144-1154.

[89] Bui TD, Zhang L, Rees MC, Bicknell R and Har-
ris AL. Expression and hormone regulation of 
Wnt2, 3, 4, 5a, 7a, 7b and 10b in normal hu-
man endometrium and endometrial carcino-
ma. Br J Cancer 1997; 75: 1131-1136.

[90] Newill H, Loske R, Wagner J, Johannes C, Lo-
renz RL and Lehmann L. Oxidation products of 
stigmasterol interfere with the action of the 
female sex hormone 17beta-estradiol in cul-
tured human breast and endometrium cell 
lines. Mol Nutr Food Res 2007; 51: 888-898.

[91] Chen H, Wang Y and Xue F. Expression and the 
clinical significance of Wnt10a and Wnt10b in 
endometrial cancer are associated with the 
Wnt/beta-catenin pathway. Oncol Rep 2013; 
29: 507-514.

[92] Ng TL, Gown AM, Barry TS, Cheang MC, Chan 
AK, Turbin DA, Hsu FD, West RB and Nielsen 
TO. Nuclear beta-catenin in mesenchymal tu-
mors. Mod Pathol 2005; 18: 68-74.

[93] Kurihara S, Oda Y, Ohishi Y, Iwasa A, Takahira 
T, Kaneki E, Kobayashi H, Wake N and Tsuney-
oshi M. Endometrial stromal sarcomas and  
related high-grade sarcomas: immunohisto-
chemical and molecular genetic study of 31 
cases. Am J Surg Pathol 2008; 32: 1228-
1238.

[94] Wang Y, van der Zee M, Fodde R and Blok LJ. 
Wnt/beta-catenin and sex hormone signaling 
in endometrial homeostasis and cancer. Onco-
target 2010; 1: 674-684.

[95] Dellinger TH, Planutis K, Tewari KS and Hol-
combe RF. Role of canonical Wnt signaling in 
endometrial carcinogenesis. Expert Rev Anti-
cancer Ther 2012; 12: 51-62.

[96] Katoh M and Katoh M. Molecular genetics and 
targeted therapy of WNT-related human dis-
eases (Review). Int J Mol Med 2017; 40: 587-
606.

[97] Kakugawa S, Langton PF, Zebisch M, Howell S, 
Chang TH, Liu Y, Feizi T, Bineva G, O’Reilly N, 
Snijders AP, Jones EY and Vincent JP. Notum 
deacylates Wnt proteins to suppress signalling 
activity. Nature 2015; 519: 187-192.

[98] Grzeschik KH, Bornholdt D, Oeffner F, Konig A, 
del Carmen Boente M, Enders H, Fritz B, Hertl 
M, Grasshoff U, Hofling K, Oji V, Paradisi M, 
Schuchardt C, Szalai Z, Tadini G, Traupe H and 
Happle R. Deficiency of PORCN, a regulator of 
wnt signaling, is associated with focal dermal 
hypoplasia. Nat Genet 2007; 39: 833-835.

[99] Le PN, McDermott JD and Jimeno A. Targeting 
the wnt pathway in human cancers: therapeu-
tic targeting with a focus on OMP-54F28. Phar-
macol Ther 2015; 146: 1-11.

[100] Nathubhai A, Haikarainen T, Koivunen J, Mur-
thy S, Koumanov F, Lloyd MD, Holman GD, Pih-
lajaniemi T, Tosh D, Lehtio L and Threadgill 
MD. Highly potent and isoform selective dual 
site binding tankyrase/wnt signaling inhibitors 
that increase cellular glucose uptake and have 
antiproliferative activity. J Med Chem 2017; 
60: 814-820.

[101] Fiskus W, Sharma S, Saha S, Shah B, Devaraj 
SG, Sun B, Horrigan S, Leveque C, Zu Y, Iyer S 
and Bhalla KN. Pre-clinical efficacy of com-
bined therapy with novel beta-catenin antago-
nist BC2059 and histone deacetylase inhibitor 
against AML cells. Leukemia 2015; 29: 1267-
1278.

[102] Spranger S, Bao R and Gajewski TF. Melano-
ma-intrinsic beta-catenin signalling prevents 
anti-tumour immunity. Nature 2015; 523: 
231-235.


