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Novel promising biomarkers in endometrial cancer- review

Dominika Krawczyk, Agnieszka Kwiatkowska

Abstract:
Introduction:  Endometrial  carcinoma  is  the  most  common  gynaecological  neoplasm  in
developed countries. The disease is mostly asymptomatic at an early stage, however there is
no direct marker which could result in detection of cancer earlier. Nowadays the diagnosis is
based on the histopathological results of endometrial biopsy.
Purpose: The aim of the review was to present the noticable studies that have showed the
molecular markers and their usefulness in treatment options of endometrial cancer. We will
review the current status of biomarkers which may be helpful in early diagnostic and further
therapy of endometrial cancer.
State of knowledge: There have been many promising biomarkers which were described in
newest studies. TFL is a tumor suppressor gene that contributes to cell-cycle arrest and RNA
regulations.  CD44 and JAK2  may be liked with neovascularity in distance tissue.  Elevated
levels of TGM2 and ASRGL1 are associated with an aggressive cancer phenotype and drug
resistance  in  endometrial  cancer.  Additionally,  the  level  of  EpCAM  were  significantly
increased in endometrial  cancer  sample comparing to control samples.  AURKA results  in
resistance to anticancer agents including paclitaxel and docetaxel used in cancer treatment.
Summary: Endometrial cancer is a common problem among gynecological patients. There is
no explicit marker which could directly contribute to biologic aggressiveness and response to
treatments of that cancer. Presented molecules could potentially be a candidates biomarkers
for diagnosis and further treatment of endometrial cancer. However, it is crucial to intensify

783

http://dx.doi.org/10.5281/zenodo.3407973
http://ojs.ukw.edu.pl/index.php/johs/article/view/7252


affords to  better  understand the impact  of these markers.  Which could lead to significant
improvement of patient’s survival and better quality of life.

Key words: Biomarkers; endometrial cancer; novel plasma markers;

Introduction and purpose
Endometrial carcinoma is the most common gynaecological neoplasm in developed

countries, one in fourth causes of cancer in woman with increasing incidence [1,2]. In 2018,
the  International  Agency  for  Research  on  Cancer  recorded  382,069  of  new  cases  of
endometrial cancer (Crude rate: 10.1, World ASR: 8.4) and 89 929 women died because of
this disease (Crude rate: 2.4, World ASR: 1,8) [3]. Endometrial cancer is found primarily in
postmenopausal women, only in 5% of cases it occurs before the age of 40. Incidence peak
falls on the sixth-seventh decade of life [4]. 

Risk  factors  of  endometrial  cancer  include  obesity  and  overweight  (often  as
components of the metabolic  syndrome),  nulliparity,  infertility (including polycystic  ovary
syndrome related infertility), diabetes, early onset of menstruation, late menopause, hormone
replacement  therapy,  oestrogen-secreting  tumours  as  well  as  treatment  with  tamoxifen  in
postmenopausal women [5,6,7].
About 30% of women with confirmed hyperplasia with atypia develop cancer. In women of
reproductive  age,  factors  such as  primary  ovulation  disorders  (ovulation),  hormone-active
tumours or side effects of applied hormonotherapy (eg stimulation of ovulation) contribute to
the occurrence of abnormal hypertrophy of the uterus tissue[4].

There  are  two  broad  types  of  endometrial  carcinoma,  type  I  (endometrioid
adenocarcinoma- 80-90% of all diagnoses) and type II (non-endometriotic adenocarcinoma
including serous cancer,  clear cell  carcinoma, undifferentiated and mixed tumours such as
malignant  mixed  Mullerian  tumour-  MMMT)[5].  The  most  important  clinicopathological
features of types I and II endometrial carcinoma are presented in Table 1

In women with Lynch syndrome (hereditary cancer large intestine not associated with
polyposis – hereditary nonpolyposis colorectal cancer, HNPCC) endometrial cancer (mainly
type I) is often inherited [5,8].

Improvement in diagnostics based on immunohistochemical markers and methods of
retrieval antigens resulted in the creation of new classification of endometrial carcinomas by
WHO in 2014. This classification is based on morphology and pathologists in their practice
often use a variety of immunohistochemical markers to diagnose problematic neoplasms [10].
However, there are still classification difficulties, especially with "high quality endometrium
cancer"  (serous,  clear  cells,  grade  III  endometriotic,  mixed,  undifferentiated  and
undifferentiated carcinomas and carcinosarcoma) [11,12,13].

In  2013,  TCGA  published  a  seminal  comprehensive  molecular  study  of  373
endometrial  carcinomas.  The  study  was  restricted  to  endometrioid,  serous  and  mixed
endometrioid  and  serous  carcinomas  with  no  inclusion  of  other  high-grade  endometrial
carcinomas,  such  as  clear  cell,  undifferentiated  and  carcinosarcoma  [14]  The
immunophenotype of different types of endometrial carcinoma are presented in Table 2. 

The TCGA study revealed that endometrial carcinoma is a complex disease consisting
of four intrinsic  molecular  subtypes: POLE (ultramutated),  microsatellite  instability  (MSI)
(hypermutated),  copy number  low (also referred to  as  microsatellite  stable  or  no specific
molecular profile) and copy number high (serous-like)[15,16]. The TCGA study showed that
the four molecular subtypes are of prognostic significance [1]. 
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Endometrial cancer Screening 
Currently, there are no indications for prophylactic examinations for endometrial cancer in
general population of women [5]. 
Women with obesity, polycystic ovary syndrome, diabetes or infertility should be monitored
annually  including  gynaecological  examination  and  transvaginal  ultrasonography.  Special
care is given to carriers of mutations in mutator genes (syndrome Lynch), who are over 35
years old and who should have regular gynaecological control including the gynaecological
examination, transvaginal ultrasound and endometrial aspiration biopsy. After the age of 40
they should be offered a surgery reducing the risk of developing ovarian and endometrial
cancer [18,19]. The diagnosis is based on the histopathological results of endometrial biopsy
during classic diagnostic curettage of the uterine cavity, a targeted biopsy during hysteroscopy
or aspiration biopsy [5]. 

Description of the state of knowledge
Selected endometrial cancer biomarkers
Transformed follicular lymphoma (TFL)

Transformed  follicular  lymphoma  (TFL)  is  identified  as  a  gene  on  human
chromosome  6q25.1,  where  the  estrogen  receptor  alpha  (ERa)  and  gene  ESR1  are  also
located.  ERa  expression  status  is  a  validated  prognostic  molecular  marker  in  early-stage
endometrial cancer, but it is not unambiguour for the advanced stage of that cancer [20-23].
TFL  is  a  potential  tumor  suppressor  gene  that  contributes  to  cell-cycle  arrest  and  RNA
regulations [24]. 
Senn Wakahashi et al. conducted a study on 103 patients with endometrial cancer  of III–IV
FIGO stages.  TFL  expression  in  cancer  tissue  was  significantly  higher  than  in  control
endometrial  ones  [25].  Lack  of  ERa  expression  is  a  poor  prognostic  factor  in  early
endometrial  cancer.  Among  41  ERa-low  patients,  10-year  progression-free  survival  was
significantly  lower  in  15  TFL-low  cases  (univariate  analysis,  P  1⁄4  0.055;  multivariate
analysis, HR 1⁄4 4.70; 95% CI, 1.68–13.20; P 1⁄4 0.003). The study shows that the lack of
TFL expression  is  a  significant  independent  predictor  of  poor  prognosis  for  a  malignant
neoplasm. Additionally, it is an independent prognostic factor for an advanced status of that
disease, regardless of ERa status. 
Furthermore,  localization  of  TFL  in  cytoplasmic  granules  may  also  indicate  that  TFL
regulates cancer cell proliferation, migration, invasion, metastasis and treatment resistance via
posttranscriptional modulation [24,26]. 

CD44
CD44 is  a  transmembrane  glycoprotein  also  referred  to  as  P-glycoprotein  1.  It  is

encoded by a single gene on chromosome locus 11p13 [27,28]. As a multifunctional receptor
it can control biological functions involved in cancer cell dissemination and metastasis. CD44
can be sequentially cleaved by membrane type 1 matrix metalloprotease (MT1-MMP) and
then presenilin-1/γ secretase induced by ligands (osteopontin or hyaluronic acid) binding (29).γ secretase induced by ligands (osteopontin or hyaluronic acid) binding (29).
CD44 can translocate into the nucleus to activate transcription of genes which are important
in metastasis and cell survival [30].
In study conducted by Torres et al., the analysis of data revealed that concentration of CD44
was significantly increased in endometrial cancer comparing to control group [31]. It was also
found that concentrations of the two stem-cell markers, CD44 and TGM2 were significantly
correlated in endometrial  cancer samples.  These results  correspond to results of increased
CD44 expression in EC tissues [32,33]. 
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Elbasateeny  et  al.  reported that  CD44 along with CD133 might  participate  in  early-stage
endometrial cancer carcinogenesis and their overexpression might facilitate early diagnosis of
endometrial cancers [31,33].
The formation of new blood vessels (angiogenesis) is required for tumor cell to disseminate
and migrate to distant organs. CD44 expression has that impact on endothelial cells and this
controls the formation of blood vessels [34,35,36]. Therefore, inhibition of CD44 results in
impaired formation of vessel-like networks [36,37]. Nevertheless, metastasis formation is also
linked to vascular CD44 expression [37]. 
Additionally, CD44- HA interaction could be a potential target for reducing bone metastases.
CD44 signaling in prostate cancer cells has also been involved in osteoclast differentiation
and tumor metastasis [38]. 

Trans- glutaminase 2 (TGM2)
Transglutaminases  (TG) belong to a  family  of  structurally  and functionally  related

enzymes  that  catalyse  Ca2+-dependent  post-  translational  modifications  of  proteins  by
introducing protein– protein cross-links, amine incorporation, and site-specific deamidation
[39,40].  Trans-  glutaminase  2  is  expressed  in  almost  all  cell  compartments  such  as  the
cytoplasm, mitochondria,  recycling  endosomes,  and nucleus.  It  is  also present on the cell
surface and gets secreted to the extracellular matrix via non-classical mechanisms [41]. 
Analysis  of  data  revealed  that  concentrations  of  TGM2  were  significantly  increased  in
endometrial cancer comparing to control samples. It was also found that concentrations of the
two stem-cell markers, CD44 and TGM2 were significantly correlated in endometrial cancer
samples [31].
Other studies indicate that cancer cells express elevated levels of TGM2, and elevated TGM2
levels  are  associated  with an aggressive cancer  phenotype and drug resistance in most of
tumors [42]. Moreover, TGM2 levels are especially enhanced in the cancer stem cells, and
TGM2 is required for their survival, migration and invasion [43]. 
TGM2, acting as a protein crosslinking enzyme, can modify the structure and stability  of
extracellular matrix (ECM) in a way that it supports integrin-dependent ECM binding and
migration of cancer cells [44]. 

Epithelial cell adhesion molecule (EpCAM)
The epithelial cell adhesion molecule is a glycoprotein that was originally identified as

a marker for carcinoma, attributable to its high expression on rapidly proliferating tumors of
epithelial origin. Normal epithelial express EpCAM at a variable but generally lower level
than  carcinoma  cells.  The  expression  of  EpCAM is  restricted  to  normal  epithelial  cells.
Recent works emphasized that EpCAM is also responsible for processes such as signaling,
cell migration, proliferation. Also, differentiation of EpCAM is typically overexpressed in a
variety of epithelial cancers [45,46]. Latest studies discover that concentrations of EpCAM,
were significantly increased in endometrial cancer sample comparing to control samples. It
was also found that  concentrations  of the two stem-cell  markers,  CD44 and TGM2 were
significantly correlated with EC samples [31].

JAG2
JAG2 is  a  notch transmembrane ligand.  Notch signalling is  a conserved signalling

pathway linked to the development of several cancers due to its role in cell fate, regulation of
proliferation and cell death [47]. Within cancer, Notch signalling mediates hypoxia, invasion
and  chemoresistance  and  JAG2  expression  in  primary  tumors  has  been  correlated  with
vascular development and angiogenesis [48,49]. In addition, elevated levels of JAG2 result in
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significant chemoresistance and when JAG2 is knocked down in mice, tumor cells become
sensitive to chemotherapeutics (doxorubicin) [50]. 
Additionally, JAG2 has been shown to be a promising target in several cancer cell lines, as
specific antibody– drug conjugates have resulted in tumor reduction [51]. Notch signaling has
been identified as an important pathway for carcinogenesis of the endometrium [52]. 

Aurora kinase A (AURKA)
AURKA is a cell-cycle regulated kinase that functions in spindle formation and chromosome
segregation during the M phase of the cell cycle [53]. Aurora kinase is over- expressed in
many  human  cancer  cell-derived  cell  lines  and  cancer  tissues  and  is  connected  to
carcinogenesis [54]. AURKA has been shown to be a downstream target of MAPK1, which is
a major force in cellular proliferation in several cancer cells [55]. Several reports have shown
that upregulation of AURKA results in resistance to anticancer agents including paclitaxel
and docetaxel [56-60]. In various cancers AURKA has been noted to be a novel therapeutic
target for the gynecological malignancies that are particularly resistance to taxanes [61]. 
Kurai  et  al  found  significantly  increased  expression  of  AURKA  in  endometrial  cancer
compared to normal proliferative tissue [62]. The gene was strongly correlated with overall
patient survival in recent study [53]. In a microarray analysis of endometrial cancer tissue,
Moreno-Bueno et  al showed that AURKA is highly expressed in Type II adenocarcinoma
[63]. 
Recent study has found an association of overexpression of AURKA with clinicopathological
factors in endometrial cancer. Immunohistochemistry showed overexpression of AURKA in
endometrial cancer tissues compared with normal endometrium, indicating that upregulation
of AURKA is a frequent abnormality in endometrial cancer. Patients with over- expression of
AURKA also  tended  to  have  shorter  Disease-Free  Survival  and a  higher  recurrence  rate.
These results suggest that elevated AURKA tumor expression may be an indicator of rapid
cell division, rather than the cause of a malignant phenotype [64].

Asparaginase-like protein 1 (ASRGL1)
Asparaginase-like protein 1 (ASRGL1) is an enzyme classified as a N-terminal nucleophile
(Ntn)  hydrolase,  exhibiting  both  ʟ-asparaginase  and β-aspartyl  peptidase  activity  [65].  In
endometrial carcinoma loss of the gene encoding ASRGL1 has previously been reported as
part of a 29-gene signature associated with features of aggressive disease and poor recurrence-
free  survival  [66,67].  Loss  of  ASRGL1 in  primary  endometrial  carcinoma has  also  been
suggested  to  be  an  independent  biomarker  for  disease-specific  survival  in  a  subgroup  of
patients with endometrioid endometrial carcinoma [68]. 
In Fonnes et. al. study ASRGL1 mRNA level was related to survival and ASRGL1 protein
expression. Low expression of ASRGL1 protein and ASRGL1 mRNA predicted poor disease
specific  survival.  Low ASRGL1 expression  was less  frequent  in  patients  with  low grade
endometrioid primary tumors compared to high grade endometrioid and non-endometrioid
primary tumors, and ASRGL1 was lost in most metastatic lesions. In a prospective setting
ASRGL1  validates  as  a  strong  prognostic  biomarker  in  endometrial  carcinoma.  Loss  of
ASRGL1  is  associated  with  aggressive  disease  and  poor  survival  and  have  independent
prognostic value in the entire endometrial carcinoma patient population [69].

Summary
Throughout  the years,  the expression of  many promising molecules  and genes  have been
investigated  predominantly  in  endometrial  cancer  tissues  for  diagnostic  and  prognostic
purposes.  Prognostic  molecular  markers  for  endometrial  cancer  have  been  described  in
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several  studies,  but  are  not  used  for  treatment  decision-making,  because  most  markers
correlate with histologic type and are restricted only to early-stage disease.
In this study we report novel, potential biomarkers that could offer a good diagnostic accuracy
in diagnosis of endometrial cancer, which being reported recently as plasma markers.
In view of incomplete indication of the impact of presented biomarkers on endometrial cancer
patients survival, these biomarkers could be developed into a companion diagnostic tool in the
identification  and  classification  of  endometrial  cancer.  Moreover,  implementation  of
promoting trials would improve patient selection for adjuvant treatment including targeted
therapies, which will improve outcomes for women with that disease.
Endometrial  cancer  is  a  major  issue  for  the  health-care  system because  of  its  increasing
incidence  in high-income countries.  Therefore,  it  is  essential  to  intensify affords to better
understand what molecular alterations are driving the progression of endometrial cancer and
how they contribute to biologic aggressiveness and response to treatments. With multicenter
collaboration,  progress  and  success  with  development  of  rationale  biomarker-driven
therapeutic implication to significantly improve overall patient survival.  

Abbreviations: 
World ASR – World Age-Standardised Rate
CTNNB1 -Catenin beta-1
PTEN - phosphatase and tensin homolog deleted on chromosome ten
PIK3CA - Phosphoinositide-3-kinase
ARID1A - AT-rich interactive domain-containing protein 1A
TP53 - tumor protein 53
PPP2R1A - protein phosphatase 2 scaffold subunit Aalpha
WHO- World Health Organization
TCGA - The Cancer Genome Atlas
MSI- Microsatellite Instability
ESR1- Estrogen Receptor 1 Gene
FIGO- Estrogen Receptor 1 Gene
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Table  1. Clinicopathological  features of types I  and II  endometrial  carcinoma –
modified with permission from Bokhman [9].
Morphological subtypes Endometrioid  and

mucinous  carcinomas  –
type I

Serous  carcinoma  and
carcinosarcoma-  type II

Age Mainly  perimenopausal  and
early postmenopausal

Often  late  postmenopausal
period

Association  with
hyperoestrogenism

Present Absent

Menstrual function History of anovulatory
bleeding

Normal

Reproductive function Frequent infertility Normal

Precursor lesion Atypical hyperplasia Serous  endometrial
intraepithelial carcinoma

Obesity Present Absent
Hyperlipidemia Present Absent
Diabetes mellitus Present Absent
Hypertension Associated with

obesity and/γ secretase induced by ligands (osteopontin or hyaluronic acid) binding (29).or
diabetes mellitus

Absent  or  not  associated
with
obesity and/γ secretase induced by ligands (osteopontin or hyaluronic acid) binding (29).or diabetes
mellitus

Hormone receptor status Mostly positive Positive or negative
Prognosis Mostly good Poor
Molecular events
mutations

CTNNB1,  PTEN,  KRAS,
PIK3CA,  ARID1A
mutations;  microsatellite
instability

TP53,  PIK3CA,  PPP2R1A
mutations
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Table  2. Characteristic  immunophenotype  of  different  types  of  endometrial  carcinoma
[1,14,17]. 

Endometrioid Serous Clear cell Carcinosarcoma Undifferentiated
Hormone
receptors
(oestrogen
receptor,
progesteron
e receptor)

Usually
positive;  may
be negative in
high grade

Positive
or
negative

Negative Positive  or
negative in
epithelial
component
depending on
morphological
subtype;
negative  in
stromal
component

Negative

p53 Usually wild
type; may be
mutation-type
in high grade

Mutation
type

Usually  wild
type;
uncommonly
mutation type

Mutation type Wild type

p16 Patchy/γ secretase induced by ligands (osteopontin or hyaluronic acid) binding (29).mosaic Block-
type
in most

Patchy/γ secretase induced by ligands (osteopontin or hyaluronic acid) binding (29).mosaic Block-type  in
most

Patchy/γ secretase induced by ligands (osteopontin or hyaluronic acid) binding (29).mosaic

p16 Patchy/γ secretase induced by ligands (osteopontin or hyaluronic acid) binding (29).mosaic Block-
type
in most

Patchy/γ secretase induced by ligands (osteopontin or hyaluronic acid) binding (29).mosaic Block-type  in
most

Patchy/γ secretase induced by ligands (osteopontin or hyaluronic acid) binding (29).mosaic

Napsin A Negative Negative Positive Negative Negative
MMR
(Mixmatch
repair)
proteins 

Lost in some Retained Lost in some Retained Lost in some
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