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Abstract 
Endometrial cancer is the most frequently diagnosed cancer of the female reproductive tract. 

Obesity is an independent risk factor for this disease and approximately 50% of cases are 

associated with high body mass index (BMI). Like many cancers, the progression of high-grade or 

metastatic endometrial cancer is mediated through a supportive tumor microenvironment (TME). 

Currently, the precise role of TME towards endometrial cancer progression is unclear. To manifest 

the tumor-stroma interaction, we investigated both non-cellular (extracellular matrix, ECM) and 

cellular (adipocyte) components of the endometrial cancer microenvironment. 1) In the first part, 

we found that conversion of glandular epithelium of endometrial cells to non-glandular 

epithelium is a hallmark of cancer, and this transition is facilitated by TGF-β signaling through 

ECM. Mechanistically our results revealed that fibronectin of ECM facilitates activation of TGF-β 

pathway and promotes metastasis. Moreover, interruption of TGF-β signaling significantly 

suppresses endometrial cancer metastasis. 2) In the second part, we demonstrated the 

interaction between adipocytes and endometrial cancer cells using human biopsies and a 

hyperphagic obese mouse model. We found that hypertrophied adipocytes secrete VEGF, which 

stimulates angiogenesis in the uterus as well as endometrial cell proliferation through active 

mTOR signaling. Taken together these findings provide new understanding on TME during 

endometrial carcinogenesis and render novel ideas of co-targeting tumor cells as well as stromal 

signals to suppress metastatic progression. 3) Furthermore, inhibiting microenvironment-derived 

signals, early diagnosis of the disease is necessary to suppress the spread of cancer. Therefore, 

we examined differential expression of soluble and secreted proteins in healthy and cancer 

patients and found placental-like alkaline phosphatase (ALPPL2) as a potential secreted 

protein in endometrial cancer patients. Interestingly with the existing knowledge of 

hyperestrogenic state is a major risk factor for endometrial cancer, our results ascertained 

that estrogen stimulates expression of this protein. Thus, ALPPL2 can be used as a prognostic 

biomarker for endometrial cancer. Collectively our research provides new insights towards 

endometrial cancer microenvironment as well as its early diagnosis. 
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Introduction 

The tissue microenvironment comprises the extracellular matrix, fibroblasts, adipocytes, immune 

and inflammatory cells, which altogether maintains the integrity of normal tissue architecture. 

Disruption of normal tissue homeostasis between epithelial cells and the surrounding stroma 

leads to tumor development. These early neoplastic changes are highly reflected by the ability of 

tumor cell to corrupt the surrounding stroma and turn it from restrictive to a supportive 

environment. Defects in tissue microenvironment have been well established in many human 

cancers including endometrial cancer. However, the altered stromal signaling in the tumor 

microenvironment (TME) which promotes differentiated to malignant endometrial cancer cell 

behavior is not well investigated. TME consists of both non-cellular and cellular component. To 

understand the role of TME in endometrial cancer progression and metastasis, we investigated 

extracellular matrix (ECM) of TME as a non-cellular component. Furthermore, we analyzed the 

contribution of adipocytes (a cellular component of TME) towards endometrial carcinogenesis as 

epidemiological studies suggest that obesity impose a significant risk factor for endometrial 

cancer and approximately 50% of the cases are related to obesity. In addition to exploring 

mechanisms of endometrial cancer progression and metastasis in the microenvironment, we also 

emphasized to find out a novel biomarker for early detection and diagnosis of the disease, which 

may suppress endometrial cancer-associated death. 

 
Aims 

1. To define the role of extracellular matrix in endometrial cancer metastasis. 

2. To examine the effect of adipocytes in endometrial cancer initiation and progression. 

3. To find out a novel biomarker which can predict endometrial cancer at an early stage. 
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Organization of Thesis 

This thesis comprises six different chapters followed by discussion and conclusion. The outcomes 

of hypothesis and aims of this thesis are demonstrated in first four chapters. The last two chapters 

(5 and 6) are additional publications during my Ph.D. where I have contributed significantly to the 

study and is a co-first author in one publication. 

 

Chapter 1 

This chapter contains a review manuscript on “The emerging role of the microenvironment in 

endometrial cancer” which is submitted for publication in Cancer and Metastasis Reviews 

journal. This review summarises the literature behind the research described in this thesis. It also 

highlights the current understanding of endometrial cancer microenvironment as well as novel 

outcomes of this thesis, which may aid further research in this field. 

 

Chapter 2 

This chapter contains a research paper entitled as “Inhibition of extracellular matrix mediated 

TGF-β signalling suppresses endometrial cancer metastasis” which is published in the journal 

Oncotarget. This paper address the first aim of this thesis. In this study, we investigated how 

endometrial cancer cells change their shape, organization, and behavior in three-dimensional (3D) 

ECM substratum. Using RNA seq and bioinformatics tool, we found that TGF-β signaling was 

upregulated in endometrial cancer colonies forming a non-glandular shape in the 3D matrix. We 

further proved that fibronectin activates TGF-β signaling in endometrial cancer colonies and 

promotes metastasis in in vitro assays as well as in human patient samples. Moreover, using a 

metastatic endometrial cancer CDX mouse model, we showed that inhibition of TGF-β pathway 

significantly suppresses endometrial cancer metastasis. Collectively this study emphasizes the 

role of ECM proteins in endometrial cancer metastasis. 

*This study is featured in few media reports highlighting the significance of the project.   

*Please refer to appendices.  
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Chapter 3 

To achieve the second aim of the thesis, we investigated the function of one major cellular 

component of endometrial cancer microenvironment that is adipocyte. The outcome of this study 

is published in the journal Molecular Cancer Research that is entitled as “Adipose-derived VEGF-

mTOR Signaling Promotes Endometrial Hyperplasia and Cancer: Implications for Obese 

Women”. This study involves the use of human female adipose tissue from patients undergoing 

bariatric surgery and a hyperphagic obese mouse model. Using human biopsy samples in different 

in vitro and in vivo assays, we demonstrated that hypertrophied adipocytes in visceral adipose 

tissue secrete VEGF, which in a paracrine manner activates mTOR signaling in endometrial glands. 

Activation of mTOR pathway promotes endometrial hyperplasia and cancer initiating lesions. The 

positive correlation of VEGF and mTOR signaling is also ascertained in obese endometrial cancer 

patient samples. This study for the first time provides a plausible mechanism of adipocyte and 

endometrial cancer cell interaction. 

*This study is also featured in University of Newcastle’s news as well as in many media reports 

emphasizing the importance of the result. 

*Please refer to appendices.  

 

Chapter 4 

The focus of this chapter is to identify a prognostic biomarker, so that diagnosis of endometrial 

cancer can be done at an early stage, which may increase patient outcomes. The manuscript 

entitled as “Human placental-like alkaline phosphatase (ALPPL2) as a prognostic biomarker in 

endometrial cancer” summarises the results and findings of the study and is submitted to 

Proceedings of the National Academy of Sciences of the United States of America journal for 

publication. Using transcriptome analysis and other in vitro experiments, we found that ALPPL2 is 

an estrogen-responsive gene and its expression is upregulated in endometrial cancer organoids. 

Furthermore, immunohistochemistry, western blot and ELISA analysis of normal and endometrial 

cancer patient samples demonstrated upregulation of ALPPL2 protein in the patients’ group 

compared to normal individuals. Overall, this study offers an avenue for early diagnosis of 

endometrial cancer by use of a novel biomarker, ALPPL2. 
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Addendum A1 and A2 

The two papers mentioned in the addendum are additional publications to this thesis. A1 contains 

an editorial “Age-related mTOR in gynaecological cancers” published in the Aging journal and A2 

contains a paper entitled as “Age related increase in mTOR activity contributes to the 

pathological changes in ovarian surface epithelium” which is published in the journal 

Oncotarget. Both these studies describe the association of increased mTOR signaling and ovarian 

cancer in the aged population. 

 

Discussion and Conclusion 

The discussion and conclusion session of this thesis summarises all the key outcomes of several 

chapters (especially chapter 2, 3, and 4) that altogether brings novel outcomes in the field of 

endometrial cancer research and would avail to develop better-targeted therapies to improve 

clinical outcomes in endometrial cancer patients. 
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Preface 
Personalized treatments for endometrial cancer patients have a modest success rate as most 

studies have focused on chemotherapy or radiotherapy to suppress cancer cell survival and 

growth. Although genetic alterations in PIK3CA, PTEN, and KRAS are essential for endometrial 

tumor development but not sufficient to generate malignant tumors. However, the mutual 

interactions between tumor and stromal cells in the tumor microenvironment drive high-grade 

and metastatic cancers. Therefore, disruption of tumor-stroma crosstalk is essential to suppress 

cancer progression. This idea will lead to new and novel treatment options to target stromal 

signals along with tumor cells and might improve endometrial cancer patient outcomes. In this 

chapter, we review the role of various microenvironment-derived signals towards endometrial 

carcinogenesis and how inhibition of stromal signaling suppresses metastatic endometrial cancer 

progression. 
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Abstract 

Endometrial cancer (EC) is one of the most frequently diagnosed cancer in women and despite 

recent therapeutic advances, in many cases, treatment failure results in cancer recurrence, 

metastasis, and death. Current research demonstrates that the interactive crosstalk between two 

discrete cell types (tumor and stroma) promotes tumor growth and investigations have 

uncovered the dual role of stromal cells in the normal and cancerous state. In contrast to tumor 

cells, stromal cells within the tumor microenvironment (TME) are genetically stable. However, 

tumor cells modify adjacent stromal cells in the TME. The alteration in signaling cascades of TME 

from anti-tumorigenic to pro-tumorigenic enhances metastatic potential and/or confer 

therapeutic resistance. Therefore, the TME is a fertile ground for the development of novel 

therapies. Furthermore, disrupting cancer-promoting signals from the TME or re-educating 

stromal cells may be an effective strategy to impair metastatic progression. We review here the 

paradoxical role of different non-neoplastic stromal cells during specific stages of EC progression. 

We also suggest that specific inhibition of microenvironment-derived signals may suppress 

metastatic EC progression and offer novel potential therapeutic interventions. 

 

Keywords  

Endometrial cancer, TME, Stromal cells, Metastasis, Chemoprevention 
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1. Introduction 

Worldwide, endometrial cancer (EC) is the most prevalent invasive gynecologic malignancy (Siegel 

et al., 2016). Although early diagnosis, surgery, and chemotherapy have reduced EC mortality, still 

in many cases these patients eventually succumb to their malignancy. The mechanisms involved 

with the aggressive transformation of tumor cells are poorly understood. The molecular signals 

derived from stromal cells and/or extracellular matrix (ECM) most likely play an important role in 

the progression of an indolent tumor to a malignant state (Bonnans et al., 2014; Lu et al., 2012). 

The interaction between tumor cells and the tumor microenvironment (TME) regulates cancer 

progression of almost all types of cancer (Hanahan and Coussens, 2012; Hanahan and Weinberg, 

2011). This concept was proposed early, in 1889 by Stephen Paget in his “seed and soil” 

hypothesis, which suggests that a seed (the tumor cells) can only grow in a fertile soil (the 

microenvironment) (Paget, 1989). Similarly, tumor cells (seed) can thrive only where 

microenvironment (soil) is somewhat favorable. 

 

Dynamic reciprocity between cells and their microenvironment is crucial for both normal tissue 

homeostasis and tumor growth (Ungefroren et al., 2011). The tissue microenvironment consists 

of both cellular (fibroblasts, myofibroblasts, blood vessels, pericytes, adipocytes, smooth muscle 

cells, immune and inflammatory cells) and non-cellular (ECM) components (Bhowmick and 

Moses, 2005). In the normal state, cells exchange information with other cell types by direct cell-

cell contact or through ECM (Bissell and Radisky, 2001). The ECM is a repository of growth factors, 

cytokines, and structural proteins, which are produced by the crosstalk between epithelial cells 

and surrounding stromal cells (Miles and Sikes, 2014). The basal surface of epithelial cells forms 

the basement membrane, which separates epithelial and stromal compartment. In this manner, 

a normal well-differentiated epithelium is separated by a well-delineated basement membrane 

from the dermal or stromal compartment (Mueller and Fusenig, 2004). However, during the 

transition to pre-malignant state or progression to carcinoma, the normal tissue homeostasis gets 

disturbed, which results in proliferation of epithelial cells and invasion of these tumor cells to the 

stromal compartment through the degraded basement membrane (Mueller and Fusenig, 2004). 

Furthermore, the crosstalk of soluble factors or proteins between tumor cells and non-cancerous 

stromal cells supports tumor development and progression (Fang and Declerck, 2013; Quail and 

Joyce, 2013). Consequently, tumor cells misdirect the surrounding stroma and turn it from 

restrictive to the supportive environment. Eventually, the supportive microenvironment sustains 

the tumor cells to disseminate. 
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Thus, tissue microenvironment has reciprocal functions in the healthy and diseased state. In the 

healthy state, normal microenvironment provide antitumorigenic signals to maintain epithelial 

tissue homeostasis (Bissell and Hines, 2011). However, during the progression of cancer, the 

reactive stromal components promote tumor cell proliferation through diverse signaling 

cascades. Moreover, oncogenic mutations in the tumor cells are not sufficient to drive high-grade 

cancerous state unless the molecular signaling cascades have been perturbed by the 

microenvironment (Figure 1). Thus, TME has a significant contribution towards driving tumor 

progression. In this review, we discuss the current understanding of endometrial carcinoma from 

a microenvironment vantage point, highlighting the stromal cell-derived signaling cascades 

involved in the progression of high-grade EC. 

 

2. Endometrial cancer microenvironment 

Carcinogenesis is a multistep process, starting from the initial carcinogenic stimulus to the final 

manifestation of cancer. Although uncontrolled growth is a fundamental characteristic of cancer 

cells, these cells also require a proper microenvironment to survive and develop (Bissell and 

Hines, 2011). Like in most cancers, TME also contributes a pivotal role in EC progression (Felix et 

al., 2010). Indeed, mutations in PTEN, KRAS, p53 and microsatellite instability initiates EC lesions, 

but this does not lead to high-grade cancer or metastasis unless supported by the 

microenvironment (Lax et al., 2000). The microenvironment of EC cells is populated by diverse 

cell types including fibroblasts, myofibroblasts, adipocytes, endothelial cells, macrophages and 

inflammatory cells (Table 1) (Felix et al., 2010). These cells communicate with EC cells through 

cytokines, growth factor or express receptors for ligand binding secreted from EC cells. Thus, the 

reciprocal interactions between EC cells and various stromal cells generate a favorable 

environment conducive to invasion and metastasis. Invasion and metastasis of tumor cells are the 

major reasons for treatment failure and poor prognosis in EC patients. The identification of 

microenvironment-derived signals or stromal cell-derived proteins can potentially serve as 

biomarkers for high-grade metastatic EC. Thus, in order to study how the expression of these 

proteins enhances EC progression and metastasis, these proteins need to be explored and 

investigated thoroughly. In this review, we address the role of various stromal proteins and 

pathways, which contribute to endometrial carcinogenesis.  

 

2.1 The role of stromal myofibroblasts in EC microenvironment 

Out of several other stromal cells, myofibroblasts have a dominant contribution in cancer 

progression (Kalluri, 2016; Kalluri and Zeisberg, 2006). Stromal myofibroblasts secrete diverse 
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milieu of cytokines and growth factors to boost EC growth, motility, angiogenesis, and metastasis. 

Out of several growth factors, hepatocyte growth factor (HGF), secreted by myofibroblasts is a 

potent growth-promoter that plays an important role in EC microenvironment (Choi et al., 2009; 

Steffan et al., 2011). Studies have demonstrated the interaction between endometrial stromal 

cells and EC cells through HGF/Met pathway (Li et al., 2015a). Endometrial myofibroblasts secrete 

HGF, which interacts with its receptor Met on EC cells and induce invasion of EC cells (Li et al., 

2015a; Li et al., 2015b). Furthermore, in a recent study, both ex vivo and in vivo experiments show 

the activation of HGF/c-Met/Akt signaling pathway in EC (Li et al., 2015b). Phosphorylation of Met 

receptor by HGF further phosphorylates downstream Akt protein, which promotes the 

proliferation of epithelial cells via the modulation of cyclin D1 transcription (Li et al., 2015b) 

(Figure 2a). This also explains why in vitro assays that show highly significant results with AKT/PI3K 

inhibitors in endometrial epithelial cell culture have failed to translate into the clinic because 

stromal inputs are missing in in vitro conditions. 

 

Furthermore, increasing evidence suggests that myofibroblasts stimulate tumor progression 

through CXCL12 secretion (Sun et al., 2010). The chemokine CXCL12 (also known as stromal-

derived factor-1, SDF-1) plays a critical role of chemoattractant in the tumor niche. It primarily 

binds to its cognate receptor CXCR4 to regulate trafficking of normal and malignant cells. Thus in 

a paracrine manner, CXCL12 attracts CXCR4 expressing tumor cells to new tumor niche resulting 

in the invasion and metastasis of tumor cells (Figure 2b) (Gelmini et al., 2009; Kodama et al., 

2007). In addition, Immunohistochemistry and real-time quantitative PCR studies have also shown 

an elevated level of CXCR4 mRNA in human EC patient tissue samples (Gelmini et al., 2009; 

Kodama et al., 2007). These data suggest that interaction between CXCL12 and CXCR4 on 

endometrial tumor cell triggers tumor cell invasion. 

 

Besides myofibroblasts, several studies have demonstrated the significant contribution of cancer-

associated fibroblasts (CAF) in EC. Tumor-derived growth factors such as transforming growth 

factor-beta (TGF-β) differentiates stromal fibroblasts into myofibroblasts. Myofibroblasts acquire 

a higher level of the alpha smooth muscle actin (αSMA) protein and turn into cancer-associated 

fibroblasts (CAF) (Hanahan and Weinberg, 2011; Paunescu et al., 2011). In case of EC, the number 

of CAF increases with pro-malignant features. CAF in active stroma secretes higher levels of 

collagen I and III than those of normal tissue, which facilitates desmoplasia by deposition of the 

dense collagen matrix. In addition, CAF contribute significantly to the progression of EC by chronic 

secretion of cytokines such as IL-6, IL-8, monocyte chemotactic protein-1 (MCP-1 or CCL2), 
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chemokine ligand 5 (CCL5 or RANTES) and vascular endothelial growth factor (VEGF) than normal 

endometrial fibroblast cells (Subramaniam et al., 2016; Subramaniam et al., 2013) (Figure 2c). 

VEGF is a potent growth factor that stimulates more vasculature around the tumor and supports 

angiogenesis. The secreted cytokines also act as a chemoattractant for migration and invasion of 

EC cells from primary sites to secondary sites.  

In summary, stromal myofibroblasts and CAF enhance EC growth and metastasis, which suggests 

a significant contribution of the microenvironment in EC progression. 

 

2.2 Macrophages in EC microenvironment 

Macrophages are one of the major stromal components and release several growth factors, 

cytokines, and chemokines, which facilitates tumor growth and invasion. Depending upon 

phenotypic diversity, macrophages have the dual role in cancer and can either promote or inhibit 

cancer progression. Typically macrophages exist in two basic phenotypes, M1 macrophages with 

their cytotoxic potential are considered as anti-tumor phenotype and M2 macrophages 

associated with wound healing and tissue repair function are regarded as the pro-tumor 

phenotype (Noy and Pollard, 2014). A growing body of evidence suggests the vital role of tumor-

associated macrophages (TAM) in neoplastic transformation and progression of EC (Dun et al., 

2013; Espinosa et al., 2010; Kelly et al., 2015; Kubler et al., 2014). Endometrial carcinomas have a 

higher macrophage density than benign endometrium (Dun et al., 2013). Comparatively high-

grade endometrioid carcinomas or type II EC with myometrial invasion have more stromal M2 

TAMs than type I endometrioid adenocarcinomas without myometrial invasion (Espinosa et al., 

2010). EC cell-derived chemoattractants, such as colony stimulating factor-1 (CSF-1) and the CC 

chemokines help in the oncogenic recruitment of macrophages through blood vessels (Espinosa 

et al., 2014) (Figure 2d). Moreover, immunohistochemistry and tissue microarray studies have 

shown the presence of three macrophage response markers (CD163, FCGR2A, and FGCR3A) in 

endometrioid EC cells (Espinosa et al., 2014). Investigations have also demonstrated that 

expression of CSF-1 on EC cells facilitate infiltration of mononuclear macrophages. Besides the 

recruited macrophages, the in situ macrophages in the uterus significantly contribute to EC 

progression. Macrophages reside in the peri-necrotic and perivascular areas of the uterus and 

promote endometrial carcinogenesis by the production of pro-inflammatory cytokines such as 

tumor necrosis factor-α (TNF-α), IL-1β, IL-6 and oxygen free radicals (Friedenreich et al., 2013). IL-

1β signals through IL-1R on EC cell surface (Figure 2e). Accumulation of TAMs in necrotic regions 

is characterized by low oxygen tension or hypoxic TME which further drives angiogenesis 

(Friedenreich et al., 2013). Thus, TAMs have a potential contribution towards endometrial 
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carcinogenesis via production of cytokines, reactive oxygen species and the establishment of a 

hypoxic environment, which altogether triggers the process of angiogenesis (Kelly et al., 2015). 

This concludes in addition to uncontrolled tumor cell division, macrophage-derived cytokines 

promotes tumor cell growth and spread to secondary sites. 

 

2.3 Stromal signaling in EC microenvironment 

2.3.1 ECM-derived TGF-β signaling 

Besides cellular components of the microenvironment, non-cellular components such as ECM 

plays an important role in fibrosis and EC metastasis. Our recent investigations show that ECM-

derived TGF-β signaling promotes EC metastasis (Sahoo et al., 2017b). Out of several ECM 

proteins, fibronectin (FN1) activates TGF-β pathway in EC cells (Figure 2f). Our study also 

highlights surplus deposition of fibronectin protein at metastatic sites of human EC patients 

compared to the primary origin of the tumor (Uterus) and suppression of TGF-β pathway 

significantly impairs EC cell invasion and metastasis (Sahoo et al., 2017b). Thus, inhibition of 

microenvironment-derived signals can reduce EC metastasis.  

 

2.3.2 Stromal APC signaling 

Apart from genetic alterations in tumor cells, mutations in the stromal component promote the 

progression of benign endometrial polyps to an advanced metastatic stage. Our study has shown 

the crucial role of stromal adenomatous polyposis coli (APC) in controlling the proliferative 

potential of the endometrial epithelium (Tanwar et al., 2011). APC is a multi-domain protein that 

regulates Wnt signaling by controlling the availability of β-catenin. In addition, APC interacts with 

several other proteins to regulate various cellular processes including cell proliferation, 

differentiation, and migration. However, stromal deletion of APC contributes to the development 

of EC. Histologic analyses of APCcKO mutant mouse model has shown the progressive development 

of endometrial hyperplasia, increase in stromal myofibroblast population, diminished expression 

of estrogen receptor α (ERα), progesterone receptor (PR) and higher levels of VEGF and SDF-1, 

which collectively indicates an advanced stage of human EC (Tanwar et al., 2011). 

 

2.3.3 Stromal LKB1 signaling 

LKB1 (liver kinase B1) is a negative regulator of mTOR pathway. Stromal LKB1 signaling plays a 

major role in EC progression (Tanwar et al., 2012). The stromal cell-specific loss of Lkb1 induces 

high-grade EC in uterine epithelium by activating mammalian target of rapamycin complex 1 

(mTORC1) (Tanwar et al., 2012). LKB1 inactivation also results in an abnormal cell autonomous 
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production of the inflammatory cytokine-chemokine (C-C motif) ligand 2 (CCL2) which facilitates 

recruitment of macrophages to promote tumor growth (Pena et al., 2015). 

 

2.3.4 Stromal HAND2 signaling  

Hypermethylation of HAND2 gene in endometrial stroma significantly contributes to the 

development of EC. Epigenome-wide analysis of human EC patients’ tissue samples shows 

hypermethylation of HAND2 gene in the endometrial stroma (Jones et al., 2013). Interestingly, 

transgenic mouse model harboring Hand2 knockout has shown to develop precancerous 

endometrial lesions (Jones et al., 2013). This study shows the importance of endometrial stroma 

in EC development and progression. 

 

2.3.5 Stromal VEGF signaling 

Majority of the EC cells express epithelial membrane protein-2 (EMP2) on their cell surface. EMP2 

is a novel oncogene which promotes tumor angiogenesis and endothelial cell tube formation 

through increased vascular endothelial growth factor (VEGF) expression (Gordon et al., 2013). 

EMP2 activates hypoxia-induced transcription factor-1α (HIF-1α) in a hypoxic microenvironment 

through FAK-Src signaling axis and upregulates VEGF expression (Gordon et al., 2013) (Figure 2g). 

Upregulated VEGF in stroma binds to VEGF receptor (VEGFR) on tumor cell to stimulate growth 

and proliferation. Moreover, increased level of VEGF expression in patients with endometrioid EC 

is a predictor of poor prognosis (Kamat et al., 2007).  

 

2.3.6 Stromal estrogen signaling 

Steroid signals in the stroma also contribute to EC progression. Stromal estrogen receptor (ERα) 

mediates mitogenic effects of estrogen on endometrial cell proliferation (Chung et al., 2015). 

Existing evidence clearly demonstrates the contribution of unopposed estrogen towards 

tumorigenesis and progression of endometrial carcinoma (Hecht and Mutter, 2006). In 

postmenopausal women, in spite of low levels of circulating plasma estrogen, the crosstalk of 

tumor and stromal cells contribute to the increase in aromatase activity and estrogen biosynthesis 

(Takahashi-Shiga et al., 2009). The positive feedback loop between IL-6, aromatase and in situ 

estrogen maintains elevated estrogen signaling in EC microenvironment (Che et al., 2014). In situ 

estrogen binds to ERα and induces upregulation of IL-6 in EC cell via activation of the NF-κB 

pathway (He et al., 2009). IL-6 further stimulates aromatase expression in the endometrial 

stromal cell through the IL-6 receptor. Increased aromatase expression synthesizes more 

estrogen, which promotes cancer progression (Che et al., 2014) (Figure 2h).  
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These findings all together highlight the importance of various TME-derived signaling in EC 

progression. 

 

2.4 Adipocytes: A key cell type in EC microenvironment 

Adipocytes are the predominant cell type in adipose tissue, which maintains energy homeostasis 

in the body (Cristancho and Lazar, 2011). Alternatively, in obese individuals, the hypertrophied 

adipocytes induce tumorigenesis (Nieman et al., 2013). Increased adiposity or obesity is not only 

a major risk factor for cardiovascular disease and type-2 diabetes but also an important cause for 

multiple types of cancers including EC (Calle and Kaaks, 2004; Reeves et al., 2007). Approximately 

57% of EC cases in the United States are related to obesity, which supports the notion that obesity 

is a major risk factor for EC (Onstad et al., 2016).  In fact, high BMI (Body Mass Index) is strongly 

associated with the development of EC (Calle et al., 2003). In a recent meta-analysis study, 

Renehan et al show that each increase in BMI of 5 kg/m2 significantly increases a woman’s risk of 

developing EC with a relative risk of 1.59  (Renehan et al., 2008). Besides, the epidemiologic 

studies revealed that the risk of EC is higher in western countries as well as in women who live a 

sedentary lifestyle (Fader et al., 2009; Morice et al., 2016). However, the mechanism by which 

obesity promotes tumorigenesis vary by cancer site. In case of EC, the potential players involved 

in the interaction of adipocytes and EC cells are elevated estrogen levels, insulin, insulin growth 

factor-1 (IGF-1), adipokines (leptin, resistin), cytokines (IL-6, TNFα) and VEGF-mTOR signaling 

(Calle and Kaaks, 2004; Hlavna et al., 2011; Lumeng et al., 2007; Sahoo et al., 2017a). 

 

Mechanism relating obesity or adiposity to EC risk 

2.4.1 Leptin resistance 

Leptin, a pleiotropic cytokine has significant contribution in EC progression (Carino et al., 2008). 

Leptin is a small non-glycosylated protein coded by obese (OB) gene and secreted by adipocytes. 

As a primary function, it regulates energy intake and expenditure. Upon leptin resistance, obese 

individuals exhibit higher levels of circulating leptin (Guo et al., 2012). Leptin signals through 

binding to its receptor (OB-R) and triggers several canonical and non-canonical signaling pathways 

(Daley-Brown et al., 2015). Reported Studies have shown overexpression of OB-R in EC cells as 

compared to normal endometrial cells (Carino et al., 2008; Wincewicz et al., 2008). In malignant 

EC cells, leptin signaling is also associated with the recruitment of several pro-angiogenic factors 

such as VEGF, IL-1β, LIF (leukemia inhibitory factor) to their respective receptors, VEGFR, IL-1R 

and LIFR (Carino et al., 2008) (Figure 3a). These signals collectively contribute to endometrial 

carcinogenesis. 
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2.4.2 Insulin resistance 

In obesity, due to excess visceral adiposity, the level of circulating free fatty acids (FFA) increases 

along with peptide hormones such as leptin, resistin, TNFα and the level of adiponectin decreases. 

The altered secretion of adipokines leads to insulin resistance (reduced metabolic response of 

muscle, liver and adipose tissues to insulin). Insulin resistance results in hyperinsulinemia, which 

reduces the levels of IGF-1 binding proteins (IGFBP1, IGFBP2) and thereby increases IGF-1 

availability (Baxter, 2014). Increased levels of bioavailable insulin and IGF-1 signal through the 

insulin receptor (IR) and IGF-1 receptor (IGF-1R), respectively to promote EC cell proliferation (Mu 

et al., 2012). Ligand binding to IR and IGF-1R phosphorylates insulin receptor substrate 1 (IRS-1) 

which further results in activation of PI3K/AKT/mTOR pathway and promotes EC cell survival and 

proliferation (Schmandt et al., 2011) (Figure 3b). 

 

2.4.3 EC cell-adipocyte interactions 

In high BMI patients, the hypertrophied adipocytes secrete increasing amounts of pro-

inflammatory cytokines such as MCP-1, TNFα, IL-6, and IL-8 (Ouchi et al., 2011). The increased 

level of inflammatory cytokines results in the infiltration of lymphocytes, macrophages and 

endothelial cells, which alters adipose tissue microenvironment. In a paracrine manner, the 

secreted cytokines also promote EC cell proliferation (Nieman et al., 2013). Moreover, adipocytes 

in contact with cancer cells differentiate and reprogrammed into cancer-associated adipocytes 

(CAA) (Dirat et al., 2010). CAA secretes adipokines to simulate adhesion, migration, and invasion 

of tumor cells. 

In addition to secretion of cytokines and adipokines, our recent findings suggest that in obese 

individuals, visceral adipose tissue (VAT) secrete surplus VEGF. Using EC tissue biopsies and an 

obese mouse model, our results ascertain that high VEGF in visceral adipocytes promotes 

vasculature in the uterus and upregulates mTOR signaling in the endometrial glands (Figure 3c) 

(Sahoo et al., 2017a). Thus, in a paracrine manner, the hypertrophied adipocytes in EC 

microenvironment of obese women stimulate endometrial hyperplasia and/or cancer through 

VEGF-mTOR signaling axis (Sahoo et al., 2017a). 

 

2.4.4 Adipocyte-derived estrogen signaling 

Obesity or adiposity influences the synthesis of endogenous sex steroids, such as estrogen in 

postmenopausal women (Nieman et al., 2013). In adipocytes, 17β-hydroxysteroid dehydrogenase 

converts androstenedione to testosterone and estrone to estradiol (Nieman et al., 2013). Besides 

adipose tissue is a predominant source of enzyme aromatase which converts androstenedione to 
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estrone and testosterone to estradiol (Zhao et al., 2016). Thus, obese individuals have high 

circulating levels of estrone and estradiol, which leads to excess estrogen production. Besides, 

obesity leads to hyperinsulinemia and increases IGF1 bioactivity, which in turn results in the 

reduced hepatic synthesis of sex hormone binding globulin (SHBG) (Simo et al., 2014). SHBG has 

a high binding affinity for testosterone and estradiol and maintains normal hormone level. 

Whereas, the adiposity induced decrease in SHBG leads to increase in bioavailable estradiol and 

subsequently elevated estrogen level (Simo et al., 2014). Endometrial cells express estrogen 

receptor and are sensitive to estrogen stimulus, which induces endometrial hyperplasia 

(Saloniemi et al., 2010). Thus, in obesity, the phenomenon of estrogen generation by adipocytes 

is an important risk factor for EC development. 

 

3. Targeting EC microenvironment for chemoprevention 

Like in most cancers, genetic mutations in oncogenes and/or tumor suppressor genes result in 

deregulated cell division in the endometrium, which leads to the development of EC. Current 

targeted approaches aim to eliminate tumor cell by disrupting the activated cancer-signaling 

pathway such as PI3K/Akt/mTOR signaling which is a well-known upregulated pathway in EC 

(Bajwa et al., 2017; Rudd et al., 2011). Although most tumor cells show good initial response 

towards chemotherapy, EC cells eventually develop chemoresistance and disease relapse. 

Besides, most of the targeted therapies in EC are used against a single dominant driver mutation 

or to block essential biochemical pathways and mutant proteins that are required for tumor cell 

growth and survival. However, most EC patients exhibit genetic heterogeneity (Cancer Genome 

Atlas Research et al., 2013), which leads to a limited therapeutic response of targeted agents. 

 

The complex and heterogeneous TME mediates resistance of the solid tumor to drugs. Increasing 

evidence suggests that disruption of the TME that facilitates tumor cell infiltration may provide 

an additional level of therapeutic intervention as well as serve as a novel paradigm to treat 

cancers (Fang and Declerck, 2013; Ramos and Bentires-Alj, 2015). Such as modulation of 

progesterone receptor signaling in the EC microenvironment by progesterone therapy results in 

resolution of endometrial tumor cells (Carlson et al., 2012; Decruze and Green, 2007; Janzen et 

al., 2013; Kokka et al., 2010). Besides, investigations also show the effectiveness of 

immunotherapy such as therapeutic cancer vaccines against EC (Longoria and Eskander, 2016; 

Vanderstraeten et al., 2014; Vanderstraeten et al., 2015). Moreover as already described in this 

review, inhibition of the ECM-derived TGF-β signaling by small molecule inhibitors significantly 

suppresses EC metastasis beyond the uterus (Sahoo et al., 2017b). Given the cytotoxic effect of 



Chapter 1: The Emerging Role of the Microenvironment in Endometrial Cancer 

Subhransu S Sahoo 21 PhD Thesis 

chemotherapy, despite killing tumor cells, perturbation of microenvironment-derived signals may 

provide a broad roadmap to convert these challenges into opportunities. This strategy may render 

the idea of chemoprevention (such as hormonal therapy, immunotherapy) and may deteriorate 

the side effects of chemo drugs on other cell types. Thus, targeting stromal component of TME 

and molecular characterization of the sub-population of de novo resistant cells in the genetically 

stable microenvironment can more effectively eradicate tumor cells from EC patients and 

improve quality of life.   

 

4. Conclusions 

High grade or metastatic EC has long been associated with substantial changes in the extracellular 

environment. Moreover, it is increasingly evident that a single insult (genetic mutations) is not 

sufficient to initiate the disease, and that a second hit (microenvironment-derived signals) may 

be required to drive tumor-progression. The neoplastic and non-neoplastic cells in the 

microenvironment communicate in concert to produce a stromal microenvironment that is 

conducive to endometrial carcinogenesis. Although it is well demonstrated that the TME can 

foster a pro-tumor milieu the precise mechanism by which tumor and stromal cells communicate 

for the formation of a favorable environment remains elusive. Interestingly, recent evidence in 

other cancers has shown that nerves present in the TME also promotes tumor progression and 

that the nerve-cancer cell crosstalk is essential for cancer growth and metastasis (Boilly et al., 

2017; Jobling et al., 2015) and whether the neural compartment is involved in EC should be 

investigated. Thereby, further in vivo and clinical study of the therapeutic targeting of EC 

microenvironment is warranted. Looking forward, we believe that this rapidly moving field will 

guide rational design of combinational therapies to target both tumor cell and its 

microenvironment. 
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Figure 1. The Paradox of cancer development. Upon loss of tissue homeostasis, the progression 

of an occult tumor to frank carcinoma requires significant changes in the microenvironment. 
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Figure 2. Multifactorial contributions of activated/recruited stromal cells in EC progression. (a) 

HGF stimulates proliferation of EC cells via HGF/c-Met/Akt signaling pathway. (b) Myofibroblasts 

promote tumor growth via CXCR4/CXCL12 signaling axis. (c) CAF secrete cytokines (IL-6, IL-8, and 

MCP-1) and chemokines (CCL5/RANTES) to promote cancer progression. (d) Macrophage 

response, colony-stimulating factor 1 (CSF1) signals macrophage infiltration to the endometrial 

reactive stroma. (e) Tumor-associated macrophages contribute to endometrial carcinogenesis via 

the production of cytokines (IL1β, TNFα, IL-6) and reactive oxygen species (ROS). (f) ECM protein, 

fibronectin upregulates TGF-β signaling in EC cells which facilitates EC metastasis. (g) Under 

hypoxic conditions, EMP2 enhances angiogenesis through FAK-Src and HIF-1α signaling pathway. 

(h) A positive feedback loop between in situ estrogen (E2), IL-6, and aromatase upregulate EC cell 

proliferation. 
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Figure 3. Systemic effects of increased adiposity on EC progression (a) High level of circulating 

leptin binds to its receptor OB-R to trigger signaling pathway as well as recruits pro-angiogenic 

factors such as VEGF, IL-1β, LIF to induce cancer progression and metastasis. (b) Increased FFA, 

resistin and decreased adiponectin secretion, contributes to insulin resistance, which leads to 

increase insulin synthesis. Hyperinsulinemia is associated with decreased bioavailability of IGFBP 

and the simultaneous increase in IGF-1 production. Insulin and IGF-1 signal through IR and IGFR 

respectively to promote EC progression via mTOR activation. (c)  Hypertrophied adipocytes 

secrete increasing amount of pro-inflammatory cytokines (IL-4, IL-7), ANGPT1 and VEGF to 

infiltrate endothelial cells, which facilitates angiogenesis. VEGF acts as a key mediator of EC cell-

adipocyte interaction and binds to its receptor, VEGFR2 on EC cell surface. Phosphorylation of 

VEGFR2 activates downstream targets and upregulates mTOR pathway through a high pS6 level. 
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Table 1. The stromal cell population in the EC microenvironment has distinct functions 
during tumorigenesis. 

Cell type Roles in endometrial cancer References 
Anti-tumorigenic Pro-tumorigenic 

Fibroblasts Release growth factors and 
maintain tissue integrity 

Limited 46, 47 

Myofibroblasts Facilitate deposition of 
collagen fibers in ECM and 
involve in wound healing 

Chronic secretion of HGF and 
CXCL12 promote EC cell 
proliferation and 
angiogenesis  

17, 34, 50, 
55, 56, 93, 
96 

Cancer-
associated 
fibroblasts (CAF) 

Limited ECM remodeling 
Provide oncogenic signals and 
secrete cytokines for 
infiltration of tumor cells and 
macrophages 

77, 94, 95 

Macrophages 
(M1) 

Provide pro-inflammatory 
response and secrete 
TH1 cytokines 

Limited 71 

Tumor-
associated 
macrophages 
(M2) 

Limited Provide anti-inflammatory 
response and secrete TH2 
cytokines 
Support angiogenesis and 
invasion 

26, 28, 49, 
52 

Uterine stroma Provides structural support 
to endometrium 

Expression of aromatase 
synthesizes in situ E2 to 
induce endometrial 
hyperplasia 

16, 18, 39, 
97 

Adipocytes Function as an endocrine 
organ, accumulate lipids 
and store as energy 

Limited 20 

Cancer-
associated 
adipocytes (CAA) 

Limited Chronic adipokine and 
cytokine secretion leads to 
leptin and insulin resistance 
Aromatase synthesis results 
in excess estrogen production 

4, 13, 41, 
105, 107 
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Preface 
Endometrial cancer being the most prevalent invasive gynecological malignancy has inadequate 

knowledge of its metastatic progression. Although the preliminary diagnosis of patients with 

chemotherapy has reduced EC-specific mortality, in many cases most of these patients eventually 

succumb to their malignancy. Thus, metastatic disease is responsible for poor patient outcomes 

with limited treatment options and necessitates exploring the mechanisms of onset of metastasis. 

In many cancers, the progression of indolent tumors to frank carcinomas is mediated through a 

supportive tumor microenvironment (TME). However, the precise role of the microenvironment 

in endometrial cancer metastasis is poorly investigated. In this chapter, we demonstrated how 

extracellular matrix (ECM) of TME promotes endometrial cancer metastasis. This chapter 

comprises an article entitled as “Inhibition of extracellular matrix mediated TGF-β signalling 

suppresses endometrial cancer metastasis” which is published in the journal Oncotarget. 
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Supplemental data 

 

Supplementary Tables 

Supplementary Table S1: TGF-β signaling pathway related genes up-regulated or down-regulated 
in 3D (+ECM) culture compared to 2D monolayer of Ishikawa cells (> 2.0-fold change, p < 0.05). 

Symbol Gene 
Description 

Gene Name Fold 
Change 

P-value 

Up-regulated 
None 

Down-regulated 
NM_003186.3 TAGLN Transgelin 28.25 0.00095 
NM_001613.2 ACTA2 Actin, alpha 2, smooth muscle, aorta 12.71 0.0444 
NM_004613.2 TGM2 Transglutaminase 2 9.13 0.01515 
 
NM_020182.4 

PMEPA1 Prostate transmembrane protein, androgen 
induced 1 8.98 0.004 

NM_000358.2 TGFBI Transforming growth factor, beta-induced 7.87 0.0002 
NM_000212.2 ITGB3 Integrin, beta 3 6.08 0.00015 
NM_002608.3 PDGFB Platelet-derived growth factor beta 

polypeptide 4.45 0.00295 

NM_000366.5 TPM1 Tropomyosin 1 (alpha) 3.88 0.00115 
NM_001237.3 CCNA2 Cyclin A2 3.32 0.01885 
NM_002467.4 MYC V-myc avian myelocytomatosis viral oncogene 

homolog 
2.8 0.01505 

NM_003461.4 ZYX Zyxin 2.58 0.0481 
NM_005063.4 SCD Stearoyl-CoA desaturase 2.57 0.0348 
NM_017449.4 EPHB2 EPH receptor B2 2.52 0.02735 
NM_004153.3 ORC1 Origin recognition complex, subunit 1 2.51 0.03825 
NM_006080.2 SEMA3A Sema domain, immunoglobulin domain (Ig), 

short basic domain, secreted, (semaphorin) 3A 
2.37 0.0448 
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Supplementary Table S2: TGF-β signaling pathway related genes up-regulated or down-regulated 
in 3D (+ECM) culture compared to 2D monolayer of MFE-296 cells (> 2.0-fold change, p < 0.05). 

Symbol Gene 
Description 

Gene Name Fold 
Change 

P-value 

Up-regulated 
NM_139314.2 ANGPTL4 Angiopoietin like 4 23.46 5.00E-05 
NM_022166.3 XYLT1 Xylosyltransferase I 14.85 0.04455 
NM_003670.2 BHLHE40 Basic helix-loop-helix family, member e40 12.07 5.00E-05 
NM_012258.3 HEY1 Hes-related family bHLH transcription factor 

with YRPW motif 1 
10.59 5.00E-05 

NM_005904.3 SMAD7 SMAD family member 7 9.0 5.00E-05 
NM_000474.3 TWIST1 Twist family bHLH transcription factor 1 5.442 0.0342 
NM_002228.3 JUN Jun proto-oncogene 5.14 0.0016 
NM_003068.4 SNAI2 Snail family zinc finger 2 4.23 0.00915 
NM_003376.5 VEGFA Vascular endothelial growth factor A 4.21 0.00015 
NM_002229.2 JUNB Jun B proto-oncogene 3.89 0.001 
NM_000214.2 JAG1 Jagged 1 3.87 0.00485 
NM_003088.3 FSCN1 Fascin actin-bundling protein 1 3.81 0.0013 
NM_003116.1 SPAG4 Sperm associated antigen 4 3.46 0.04155 
NM_006079.4 CITED2 Cbp/p300-interacting transactivator, with 

Glu/Asp rich carboxy-terminal domain, 2 
3.18 0.0025 

NM_000358.2 TGFBI Transforming growth factor, beta-induced 2.88 0.0301 
NM_022051.2 EGLN1 Egl-9 family hypoxia-inducible factor 1 2.79 0.0078 
NM_019554.2 S100A4 S100 calcium binding protein A4 2.14 0.04635 
Down-regulated 
NM_006080.2 SEMA3A Sema domain, immunoglobulin domain (Ig), 

short basic domain, secreted, (semaphorin) 3A 
2.54 0.04935 

NM_006009.3 TUBA1A Tubulin, alpha 1a 2.25 0.0332 
NM_002997.4 SDC1 Syndecan 1 2.25 0.0383 
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Supplementary Table S3: Validation of differentially expressed TGF-β signaling pathway genes in 
Ishikawa cells after 3D (+ECM) culture. 

Genes 
Ishikawa 3D (+ECM) vs 2D  

P-value 
  

Q-PCR  
Fold change 

RNA-Seq  
Fold change 

Up-regulated genes  
EGR2 97.4 114.9 0.0374 
DCN 48.3 24.2 0.009 
IGF1 16.4 8.4 0.18935 
COL1A2 15.7 17.0 5.00E-05 
INHA 7.3 17.2 0.25415 
ID2 4.7 4.2 0.0063 
TGFBR3 4.2 3.6 0.00745 
CDKN1A 3.0 2.4 0.0287 
JUNB 2.8 3.2 0.449 
BMPR1B 2.77 3.1 0.05535 
ID1 2.3 2.2 0.0547 
THBS1 2.1 1.9 0.13025 
Down-regulated genes  
PMEPA1 13.7 9.0 0.004 
PDGFB 8.1 7.9 0.00295 
TGFBI 7.6 4.5 0.0002 
SERPINE1 5.7 4.2 0.1357 
SMAD6 4.8 3.4 0.0715 
EMP1 3.3 3.4 0.0043 
MYC 3.1 2.8 0.01505 
FAS 2.2 2.3 0.14175 
BAMBI 2.1 2.1 0.7849 
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Supplementary Table S4: Validation of differentially expressed TGF-β signaling pathway genes in 
MFE 296 cells after 3D (+ECM) culture. 

Genes 
MFE-296 3D (+ECM) vs 2D    

P-value 
  

Q-PCR 
Fold change 

RNA-Seq 
Fold change 

Up-regulated genes  
NOG 10.6 6.0 0.0531 
SMAD6 7.9 7.7 0.0002 
SMAD7 7.5 9.0 5.00E-05 
ACVRL1 4.4 4.1 0.04975 
GADD45B 4.1 5.6 0.0013 
JUNB 3.7 3.9 0.001 
KLHL24 3.3 3.3 0.00365 
ID2 3.1 3.5 0.0016 
SMAD3 2.9 2.5 0.05715 
EGR2 2.5 3.1 0.0074 
TNFSF10 2.2 1.4 0.59005 
CHRD 2.0 2.1 0.2069 
Down-regulated genes  
BMP4 5.3 3.1 0.0526 
ACVR1 3.1 1.5 0.5371 
HERPUD1 3.1 2.3 0.0302 
NOV 2.7 1.3 0.74085 
UBASH3B 2.1 2.6 0.0951 
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Supplementary  Table S5: Matched primary and metastatic human endometrial cancer samples. 

Patient 
ID 

Primary or age matched site 
Concurrent metastasis site (Age) 

Primary Age matched (Age) 
Pt1 n/a Endometrium (74) Colon (77) 
Pt2 Endometrium   Omentum 
Pt3 n/a Endometrium (53) Lymph node (56) 
Pt4 n/a Endometrium (83) Pleura (81) 
Pt5 Endometrium   Pelvic side wall 
Pt6 Endometrium   Paracolic gutter 
Pt7 Endometrium   Thoracic 
Pt8 n/a Endometrium (72) Vagina (74) 
Pt9 n/a Endometrium (52) Large bowel (52) 
Pt10 Endometrium   Clitoris 
Pt11 n/a Endometrium (62) Omentum (64) 
Pt12 Endometrium   Omentum 
Pt13 Endometrium   Pelvic side wall 
Pt14 Endometrium   Bladder/Peritoneum 
Pt15 n/a Endometrium (56) R Ovary (56) 
Pt16 Endometrium   Abdominal 
Pt17 Endometrium   Sigmoid colon 
Pt18 n/a Endometrium (63) Caecum (67) 
Pt19 Endometrium   Umbilical 
Pt20 n/a Endometrium (52) Bowel (52) 
Pt21 Endometrium   R Ovary 
Pt22 Endometrium   Pouch of douglas 
Pt23 n/a Endometrium (78) Abdominal wall (81) 
Pt24 Endometrium   Left parametrium 
Pt25 Endometrium   Peura 
Pt26 Endometrium   L fallopian tube 
Pt27 Endometrium   Pelvic side wall 
Pt28 n/a Endometrium (56) Pelvic side wall (55) 
Pt29 Endometrium   Thoracic 
Pt30 Endometrium   R Ovary 
Pt31 Endometrium   Peritoneal wall 
Pt32 n/a Endometrium (68) Diaphragm (68) 
Pt33 n/a Endometrium (73) Peritoneal wall (75) 
Pt34 Endometrium   Bowel 
Pt35 Endometrium   R Ovary 
Pt36 Endometrium   L Ovary 
Pt37 Endometrium   Omentum 
Pt38 n/a Endometrium (74) Lung (74) 
Pt39 n/a Endometrium (80) Peritoneal wall (78) 
Pt40 n/a Endometrium (75) Peritoneal wall (76) 
Pt41 Endometrium   Bowel 
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Pt42 Endometrium   Perioneal surface/colon 
Pt43 Endometrium   R Ovary 
Pt44 Endometrium   Abdominal wall 
Pt45 n/a Endometrium (59) Omentum (59) 
Pt46 Endometrium   R Ovary 
Pt47 Endometrium   L Ovary 
Pt48 Endometrium   Bowel 
Pt49 Endometrium   Abdominal wall 
Pt50 Endometrium   R Ovary 

Pt: Patient 
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Preface 
Endometrial cancer is the most common gynecological cancer.  Obesity is an independent risk 

factor for this disease and approximately 50% of cases are associated with high body mass index 

(BMI).  Intentional weight loss in women significantly lowers their risk of endometrial cancer.  

With global rise in obesity, the significant increase in endometrial cancer incidence and mortality 

is expected to pose a major challenge to healthcare services. At present, how adipocytes in the 

tumor microenvironment drive pathogenesis of endometrial hyperplasia and cancer are unclear. 

Understanding the molecular mechanisms involved in crosstalk between endometrial cells and 

adipocyte will help in developing new preventive and therapeutic measures for this disease. This 

chapter contains an article entitled as “Adipose-derived VEGF-mTOR Signaling Promotes 

Endometrial Hyperplasia and Cancer: Implications for Obese Women” which is published in the 

journal Molecular Cancer Research. 
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Supplemental Data 
Supplementary Figures 

 

Figure S1. In vitro adipogenesis and Oil Red O staining. 

Phase-contrast microscopy images of the 3T3-L1 mouse embryonic fibroblast adipose-like cells. 

Undifferentiated 3T3-L1 cells (Pre-adipocytes) were grown to ~95 % confluent stage (Day 3) and 

induced in DMEM-high glucose medium containing 1 mM of insulin and 30 µM of T3 for 48 hours. 

Following induction, cells were differentiated with 125 nM of indomethacin, 2 µg/ml of 

dexamethasone and 250 nM of methylisobutylxanthine with media changes every 48 hours for 

an additional 7 days. On Day 12, the differentiated 3T3-L1 cells (Adipocytes) were observed with 

visible lipid droplets. (B) Comparison of Oil Red O staining of (I) undifferentiated and (II) 

differentiated 3T3-L1 cells. (C) Magnified stereoscopic image of Oil Red O-stained differentiated 

3T3-L1 cells. Adipogenesis was demonstrated by the accumulation of neutral lipid vacuoles that 

stain with Oil Red O. Scale bar equal, 100 µm. 
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Figure S2. Characterisation of endometrial glands by FOXA2 staining. 

Photomicrograph of the cross-section of Blobby (A) homozygous mutant (Alms1bbb/bbb) and (B) 

heterozygous mutant (Alms1bbb/+) mouse uterus (6 months old) showing glands in the stroma, 

stained immunohistochemically for FOXA2 (brown). Respective magnified images (a’ and b’) are 

shown. Scale bar equal, 200 µm. 
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Figure S3. Histologic analysis of Blobby ovary and oviduct. 

Representative histological sections of lean (Alms1bbb/+) and obese (Alms1bbb/bbb) Blobby ovary and 

oviduct show normal morphology and physiology with different sized follicles. Higher 

magnification images of the oviduct (a, b, e, f), the graafian follicle (c, h) and the corpus luteum 

(d, g) are shown. Ov, Oviduct; Gf, Graafian follicle; Cl, Corpus luteum. Scale bar equal, 200 µm. 
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Supplementary Tables 

Table S1. Profiling of differentially expressed proteins in pre-adipocyte and adipocyte supernate 

Cytokine/Chemokine/Growth 
factors/Soluble proteins 

Mean spot pixel density   
Fold change Pre-adipocyte CM Adipocyte CM 

Up-regulated 
Resistin 15427 1043697 67.7 
Chemerin 29819 964773.5 32.4 
VEGF 69304.5 2177157 31.4 
Complement Factor D 16251.5 507405 31.2 
Adiponectin/Arcp30 41613 1263109 30.4 
Lipocalin-2/NGAL 38264.5 937070.5 24.5 
CCL6/C10 50819 896408 17.6 
IL-4 15612 107292 6.9 
Coagulation Factor III/Tissue 
Factor 251942.5 1351617 5.4 

IL-7 24563 111513 4.5 
Chitinase 3-like 1 124732.5 513208 4.1 
Endostatin 114027 413182 3.6 
Gas 6 154058 530636.5 3.4 
Angiopoietin-1 187988 497715.5 2.6 
VCAM-1/CD106 299436 603526 2 
Osteopontin (OPN) 524198 1044466 2 
Periostin/OSF-2 499019.5 903898 1.8 
Cystatin C 324492 579775 1.8 
IL-5 15716 25951 1.7 
MMP-2 934450.5 1407607 1.5 
Down-regulated 
WISP-1/CCN4 335067 115184 2.9 
CCL2/JE/MCP-1 610017 257672 2.4 
IGFBP-6 1017099 457033 2.2 
Serpin E1/PAI-1 543554.5 251175 2.2 
HGF 613972 346689 1.8 

 

 

Table S2: Fertility defect of Alms1bbb/bbb mice 

Genotype Number of 
mice tested 

Number of 
litters 

Number of 
pups 

Mean of 
pups/litter 

Mean of 
litter/mouse 

Alms1bbb/+ 9 43 287 6.67 ± 0.29 4.78 ± 0.15 
Alms1bbb/bbb 9 0 0 0 0 
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Table S3: Human endometrial tissue samples from healthy women and from women with 

endometrioid endometrial cancer  

Patient ID BMI Tumour site Diagnosis 
Pt1 22 Uterus Normal Tissue 
Pt2 20 Uterus (body) Normal Tissue 
Pt3 25 Endometrium Normal Tissue 
Pt4 23 Endometrium Normal Tissue 
Pt5 26 Uterus Normal Tissue 
Pt6 25 Uterus Carcinoma 
Pt7 20 Uterus (body) Carcinoma 
Pt8 25 Endometrium Carcinoma 
Pt9 23 Endometrium Carcinoma 
Pt10 28 Endometrium Carcinoma 
Pt11 28 Endometrium Carcinoma 
Pt12 25.5 Endometrium Carcinoma 
Pt13 33 Uterus Adenocarcinoma 
Pt14 44 Uterus Carcinoma 
Pt15 43 uterus carcinoma 
Pt16 51.1 Uterus Carcinoma 
Pt17 37.5 Uterus Carcinoma 
Pt18 49 Uterus Carcinoma 
Pt19 36 Uterus Carcinoma 
Pt20 31 Uterus Leiomyosarcoma 
Pt21 39 Endometrium Carcinoma 
Pt22 43 Endometrium Carcinoma 
Pt23 42 Endometrium Carcinoma 
Pt24 48 Endometrium Carcinoma 
Pt25 40 Endometrium Adenocarcinoma 

Pt: Patient 
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Preface 

Endometrial cancer is the most frequently diagnosed gynecological cancer and the 

occurrence is very high in post-menopausal women. Although there has been an 

improvement in the treatment of this disease, the 5-year survival rate for these patients 

shows poor outcome due to the diagnosis of the disease at an advanced stage. Obesity is an 

independent risk factor for this disease and lack of public awareness increases the occurrence 

of this disease in women with high body mass index (BMI). Therefore, early diagnosis of the 

disease is necessary to suppress the spread of cancer and improve patient outcomes. Due to 

insufficient power of clinicopathological features of endometrial cancer, early detection of 

the disease is currently unavailable. In this study, we investigated differential expression of 

soluble and secreted proteins in healthy and cancer patients and found placental-like alkaline 

phosphatase (ALPPL2) as a potential secreted protein in endometrial cancer patients, which 

can be used for prognosis of the disease. 
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Abstract 

Endometrial cancer is the most frequently diagnosed gynecological cancer. Lack of early diagnosis 

is one of the main causes of endometrial cancer mortality. To identify novel biomarkers that can 

facilitate early diagnosis we performed transcriptome analysis and identified ALPPL2 (Alkaline 

Phosphatase, Placental-Like 2) as one of the most abundantly secreted protein by endometrial 

cancer organoids. Given that extensive exposure to estrogen (E2) is generally acknowledged as a 

risk factor for endometrial cancer, we investigated the expression of ALPPL2 in presence of E2. 

The E2 induced increase in organoid growth in vitro and endometrial hyperplasia in vivo was 

associated with an increased ALPPL2 expression. qRT-PCR and western blot analysis also 

confirmed an agonist action of E2 on ALPPL2 expression in endometrial cancer organoids and 

mouse uteri. Immunohistochemically, we also showed significant upregulation of ALPPL2 in a 

cohort of 97 endometrial cancer patients. Furthermore, ROC analysis on 100 patients’ plasma 

samples demonstrated that ALPPL2 (AUC = 0.71) is a better prognostic biomarker than CA-125 

(AUC = 0.55), particularly in patients with low-grade endometrioid tumors (sensitivity 0.477 vs 

0.154 for CA-125). Collectively, ectopic expression and chronic secretion of the oncofetal protein, 

ALPPL2, by endometrial cancer cells supports its potential use in the serum-based diagnosis of 

endometrial cancer. 
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Introduction 

Uterine (endometrial) cancer is the fifth most common gynecological cancer worldwide, with 

over 60,000 new cases diagnosed and nearly 10,000 deaths every year (Morice et al., 2016; 

Siegel et al., 2017). In terms of clinical and pathological features, type I (endometrioid 

carcinoma) is associated with hyperestrogenism and endometrial hyperplasia (80-90%) 

whereas type II (non-endometrioid carcinoma) is an estrogen-independent malignancy with 

high-risk histological subtypes (serous, clear cell or high-grade endometrioid) (Morice et al., 

2016). The overall 5-year survival of endometrial cancer patients without metastasis ranges 

from 74% to 91% (Morice et al., 2016). However, in case of women at stage IV of endometrial 

cancer, the long-term survival rate drops to 20% (Creasman et al., 2006). Obesity is an 

independent risk factor for this disease and approximately 50% of cases are associated with high 

body mass index (BMI, >30 kg/m2) (Renehan et al., 2008). 

 

Standard treatment for the vast majority of endometrial cancer patients requires surgery 

either hysterectomy or bilateral salpingo-oophorectomy. However, identification of these 

patients before surgery remains challenging. Therefore, there is an urgent need for a highly 

standardized biomarker that would improve risk assessment. Identification of a prognostic 

and pre-operative biomarker can facilitate early detection and diagnosis of the disease in 

clinics. 

 

A perfect tumor marker will be one that is produced at much higher levels by tumor cells and 

secreted in measurable amounts into body fluids. Thus, profiling of cancer cell secretome is 

crucial to identify such markers. In contrast to conventional two-dimensional culture, the 

culture of organoids are beneficial as they are self-organizing, stable and resemble the tissue 

of origin. The endometrial organoids imitate in vivo uterine glands, respond to steroid 

signaling and secrete components of ‘uterine milk’ (Turco et al., 2017). To identify a candidate 

gene, which can be used as a biomarker, we analyzed the transcriptome of endometrial 

cancer organoids and identified ALPPL2 (Alkaline Phosphatase, Placental-Like 2) as the most 

significant and enormously secreted protein in endometrial cancer organoids.  

 

ALPPL2 is a membrane bound glycosylated enzyme and at elevated level secreted to extracellular 

space. In humans, a gene family composed of four loci; three tissue-specific ALP (TSALP) genes on 

chromosome 2q34-q37 and a single tissue-nonspecific ALP (TNALP) gene on chromosome 1p36.1-
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p34 encodes alkaline phosphatase (ALP, E.C.3.1.3.1) (Millan and Fishman, 1995). Thus, there are 

four distinct but related ALP: intestinal (ALPI), placental (ALPP), germ cell or placental-like 

(ALPPL2) as TSALP and the TNALP is expressed in liver/bone/kidney (ALPL) (Millan and Fishman, 

1995). In a healthy individual, ALP is only expressed in placenta and synthesized by 

syncytiotrophoblast during pregnancy. As pregnancy proceeds, the serum ALPP concentration 

increases and directly correlates with the growth of the placenta (Okamoto et al., 1990). ALP 

dephosphorylates proteins and alkaloids and provides an alkaline environment, suggesting a 

unique role of ALP in feto-maternal metabolism and placental differentiation (Okamoto et al., 

1990). ALP expression is also increased during liver cholestasis, bone mineralization and intestinal 

absorption (Millan and Fishman, 1995). In addition, ectopic overexpression of placental-like ALP 

in testicular cancer patients has shown a potential use for serum-based diagnosis of seminomas 

(Lange et al., 1982; Neumann et al., 2011). Nevertheless, the function of ALPPL2 has never been 

studied in the context of uterine cancer. 

 

In this study, we have demonstrated that ALPPL2 is upregulated in endometrial cancer organoids 

at mRNA and protein level. We have also demonstrated that steroid signaling drives the 

expression of ALPPL2. Moreover, due to ectopic expression of ALPPL2 in endometrial cancer 

patients, this oncofetal protein can be an attractive target for the serum-based diagnosis of 

endometrial cancer. 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4: Human Placental-like Alkaline Phosphatase (ALPPL2) as a Prognostic Biomarker in 
Endometrial Cancer 

Subhransu S Sahoo 90 PhD Thesis 

Results 

ALPPL2 as a candidate secretory protein in human endometrial cancer organoids 

To identify a potential tumor biomarker for diagnosis of endometrial cancer patients, our strategy 

was to characterize the secretome of endometrial cancer cells. To characterize the secretome of 

human endometrial cancer cells, we cultured Ishikawa cells in three-dimension (3D) on an 

extracellular matrix substratum to form organoids. Endometrial cancer organoids formed in 3D 

was typically initiated from a single cell to organize into a relevant multicellular polarized (shown 

by GM130 on the apical side) and glandular (shown by actin filaments arrangement) architecture 

(Fig 1A). In a 3D environment by acquiring a native glandular pattern, endometrial cancer cells 

turn into secretory in nature and synthesized more number of secretory proteins compared to 

other proteins (nuclear, cytoplasmic and membranous) (Fig 1B). Our transcriptome analysis of 

Ishikawa organoids identified 111 secreted protein-coding genes (90 upregulated, 21 

downregulated) compared to the monolayer of Ishikawa cells (>2-fold change, P < 0.05) (Fig 1B). 

Further cumulative analysis of all the highly significant (GFOLD > 2; P < 0.05; eFDR, 1) transcripts 

revealed ALPPL2 as the most abundantly secreted protein-coding gene (~80-fold) in Ishikawa 

organoids (Fig 1C, Table S1). ALPPL2 expression was also validated at translational level using 

immunoblot and showed distinct expression in Ishikawa organoids, in concordant with the RNA-

seq data (Fig 1D). These results suggest that endometrial cancer cells secrete ALPPL2 abundantly 

in their native state. 

 

Endometrial cancer organoid growth and ALPPL2 expression show similar trend towards 

estrogen and progesterone 

Reported studies in human patients suggest that steroid hormones, estrogen (E2) and 

progesterone (P4) act reciprocally in the development of endometrial cancer (Hecht and Mutter, 

2006; Takahashi-Shiga et al., 2009). Our preliminary results demonstrated that size and 

proliferation of Ishikawa organoids were increased upon E2 administration and the mitogenic 

action of E2 was counterbalanced by P4 (Fig 2A-2C). As endometrial cancer cells secrete ALPPL2, 

we questioned whether E2 mediated endometrial cancer cell proliferation also stimulates ALPPL2 

expression. We performed quantitative real-time PCR analysis of ALPPL2 on Ishikawa organoids 

grown in E2 alone or P4 alone or E2 and P4. ALPPL2 mRNA expression was significantly 

upregulated in E2 treated organoids whereas P4 inhibited this effect (Fig 2D). Overexpression of 

ALPPL2 was also confirmed by western blot analysis on total cell lysate of Ishikawa cells and 
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organoids treated with E2 and/or P4 (Fig 2E and 2F). The results concluded that E2 promotes 

Ishikawa organoid proliferation with elevated ALPPL2 expression. 

 

Steroid hormones regulate ALPPL2 expression in mouse and human uterus 

To validate response of ALPPL2 to steroid hormones in vivo, wild-type C57BL/6 mice were 

ovariectomized and treated with vehicle, E2 or E2 and P4 for 3 months (n = 3 per treatment). 

Effect of steroid hormones on mice uteri was confirmed by histological analysis, which showed 

increased endometrial hyperplasia in E2 treated group compared to E2 and P4 treated uteri (Fig 

3A). Immunohistochemical analysis showed an increase in ALPPL2 expression in E2 treated mice 

whereas in E2 and P4 treated mice, P4 attenuated the effect of E2 (Fig 3A and 3B). The expression 

of ALPPL2 in E2 and/or P4 treated mice uterus was also ascertained at mRNA and protein level 

(Fig 3C-3E). ALPPL2 protein expression was also checked during proliferative (E2 response) and 

secretory phase (P4 response) of the menstrual cycle. In consistent with our previous in vitro and 

in vivo findings, human secretory endometrium displayed modest ALPPL2 expression compared 

to the proliferative endometrium (Fig 3F-3G). Taken together, these results demonstrate that 

ALPPL2 is an E2 responsive gene and hyperestrogenic state of the uterus can be detected by 

ALPPL2 expression level. 

 

ALPPL2 predicts survival in patients with endometrial adenocarcinoma 

The positive correlation between sex-steroid hormones and endometrial cancer has been 

described within the framework of the 'unopposed estrogen hypothesis’, which implicates that 

women with high endogenous estrogen level are at increased risk of developing endometrial 

cancer. In our present study, we found ALPPL2 expression positively correlates with an increase 

in E2 concentration. To evaluate the relevance of these findings in a clinical cohort, publicly 

available RNA-seq gene expression data from the TCGA’s (The Cancer Genome Atlas) uterine 

corpus endometrial carcinoma subset was analyzed. TCGA data analysis revealed amplification of 

ALPPL2 is strongly associated with poor outcome in endometrial cancer patients (Cancer Genome 

Atlas Research et al., 2013). Kaplan-Meier analysis of 548 samples with median cut and log-rank 

test showed a significant difference in overall (Cox hazard ratio of 0.2183, 95% CI: 0.0458-1.041, 

P = 0.0139) and disease-free (Cox hazard ratio of 0.8976, 95% CI: 0.2062-3.908, P = 0.5067) 

survival time, linking ALPPL2 with poor prognosis (Fig 4A and 4B). Those patients with high ALPPL2 

expression were found to have decreased overall survival (36% deceased) compared to patients 
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with low ALPPL2 expression (16% deceased). Moreover, TCGA dataset analysis demonstrated that 

ALPPL2 is a better predictor of patient survival than CA-125 (MUC16 expression: high, 8.6% 

deceased vs. low, 17.9% deceased; Fig S1). These data suggest ALPPL2 up-regulation is an 

indicator of poor prognosis in endometrial cancer patients. 

 

Prognostic significance of ALPPL2: Comparison of endometrial adenocarcinomas versus normal 

tissue 

To test the prognostic value of ALPPL2 protein levels in endometrial cancer patients, 

immunohistochemistry was performed on a formalin-fixed, paraffin-embedded (FFPE) tissue 

microarray consisting of 61 low-grade and 30 high-grade endometrial adenocarcinomas (Table 1). 

The average ALPPL2 protein staining intensity was higher in adenocarcinoma cases compared to 

the normal endometrium (Fig 4C and 4D; ALPPL2 H-Score: normal, 159 ± 5.83 vs. adenocarcinoma, 

180.1 ± 4.37; P = 0.0174). In addition, analysis of different grades of adenocarcinomas also 

demonstrated a significant increase in ALPPL2 protein expression compared to normal (Fig 4D). 

The corresponding area under the receiver operating curve (ROC) of normal versus 

adenocarcinoma patients was 0.82 (95% CI 0.69-0.93, P = 0.0197) (Fig 4E). Furthermore, we 

compared ALPPL2 expression level between endometrial cancer tissue and corresponding normal 

adjacent tissue from the same patient. All the normal adjacent and endometrial cancer tissue 

sections were histologically analyzed before proceeding to protein isolation (Fig 4F and Fig S2). In 

consistent with tissue microarray data, western blot analysis ascertained significant upregulation 

of ALPPL2 in endometrial cancer tissue than normal adjacent endometrium (Fig 4G and 4H). 

Collectively, these data show that significant upregulation of ALPPL2 protein during endometrial 

cancer can be utilized for patient prognosis. 

 

ALPPL2 as a clinically useful serum tumor marker for endometrial carcinomas 

ALPPL2 expression was analyzed and compared with CA-125 levels in the plasma of 100 

endometrial cancers of various histological types (low- and high-grade) and 60 normal women. 

Median ALPPL2 levels were significantly higher in grade I endometrial cancer patients (control, 

1.172 ng/mL vs. case, 1.486 ng/mL; P < 0.0001) whereas patients with advanced stage disease 

(grade III/IV) displayed higher CA-125 values (control, 18.21 U/mL vs. case, 28.15 U/mL; P = 

0.0002; Fig 5A and 5B). However, overall plasma ALPPL2 level in the patients with endometrial 

cancer (median, 1.4 ng/mL; range, 0.54-11.12 ng/mL) was significantly higher than normal women 

(median, 1.1 ng/mL; range, 0.35-2.99 ng/mL; P = 0.0101) as compared with CA-125 level (case: 
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median, 19.48 U/mL; range, 2.59-169.20 U/mL vs. control: 18.21 U/mL; range, 4.84-132.20 U/mL; 

P = 0.2832). We also compared ALPPL2 values with CA-125 values for individual case and control 

samples (Fig 5C). With a threshold of 1.5 ng/mL, ALPPL2 was positive in 40 of 100 cases (40%) 

whereas only 24 of 100 (24%) cases were detected by CA-125 cutoff values (35 U/mL, Fig 5D). 

Overall, in a cohort of 160 women, 52 individuals (33%) had higher ALPPL2 threshold values 

whereas only 33 individuals (12%) had elevated CA-125 values (Fig 5E). Furthermore, to determine 

the prognostic significance of ALPPL2, we generated ROC curves to discriminate cancer cases from 

the controls. The superiority of ALPPL2 over CA-125 was strengthened when the analysis was 

limited to grade I endometrioid endometrial cancer patients (ALPPL2 AUC, 0.71 vs. CA-125 AUC, 

0.55; Fig 5F). Compared with grade I case, CA-125 displayed better prognosis for grade III/IV 

patients (CA-125 AUC, 0.73 vs. ALPPL2 AUC, 0.55; Fig 5G). However, for all patients, the sensitivity 

of ALPPL2  (0.40) was higher than CA-125 (0.24, Fig 5H). Thus, it appears that ALPPL2 titers 

independently can recognize early stage endometrial cancer patients than CA-125. 
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Materials and Methods 

Cell line and culture condition 

The human endometrial adenocarcinoma cell line Ishikawa (Sigma #99040201) was cultured in 

MEM (HyClone) medium supplemented with 5% heat-inactivated FBS (Bovogen Biologicals),  2 

mmol/L L-glutamine (HyClone), and antibiotics (50 U/mL penicillin, 50 mg/L streptomycin; Gibco) 

in a humidified atmosphere at 37ᵒC containing 5% CO₂. Cell line authentication was done by short 

tandem repeat (STR) DNA profiling method and mycoplasma contamination in cells was routinely 

conducted using MycoAlertTM Plus Mycoplasma detection kit (Lonza). 

 

Clinical samples 

Human endometrial cancer patient samples: Human endometrial cancer and adjacent normal 

tissue samples were collected from patients undergoing tumor resection or surgical debulking at 

John Hunter Hospital using a protocol approved by the University of Newcastle Human Research 

Ethics Committee. Fresh tissue samples were transported to the laboratory, washed with 

phosphate buffered saline (PBS) and fixed in 10% buffered formalin for paraffin embedding and 

sectioning. Corresponding normal adjacent and tumor sections were also flash frozen and stored 

in liquid nitrogen for protein isolation and western blot analysis. 

Human plasma samples: The University of Newcastle Human Research Ethics Committee 

approved the protocol to collect human plasma sample. Blood plasma samples from normal and 

endometrial adenocarcinoma patients were collected from Victorian Cancer Biobank, Australia. 

Tissue microarray: Endometrial cancer tissue microarray (EMC1021, US Biomax) including 97 

cases of carcinoma (Grade 1, 2, and 3) and 5 normal sections were immunohistochemically 

analyzed for ALPPL2 protein expression. Quantification of ALPPL2 staining intensities was 

performed using the HaloTM image analysis platform; H-scores were calculated and used to 

establish the receiver-operating characteristic (ROC) curve between normal and adenocarcinoma 

cases. 

TCGA data: The association between ALPPL2 or MUC16 expression and patient survival was 

validated using a uterine cancer data set from TCGA (Cancer Genome Atlas Research et al., 2013). 

The TCGA microarray gene expression data was used to calculate the ALPPL2 or MUC16 mRNA 

expression z-scores for 548 tumor samples. A z-score of ±2 was used as a cutoff for to classify the 

samples into high and low ALPPL2 or MUC16 expression groups. The overall and disease-free 

Kaplan-Meier survival analysis for these two groups of patients were performed using the 

cBioPortal for Cancer Genomics (Cerami et al., 2012). 



Chapter 4: Human Placental-like Alkaline Phosphatase (ALPPL2) as a Prognostic Biomarker in 
Endometrial Cancer 

Subhransu S Sahoo 95 PhD Thesis 

Animals and Hormone Treatments 

The University of Newcastle Animal Care and Ethics Committee approved all procedures for mice 

experimentation. To study the effect of steroid hormones, 8- to 12-weeks-old female C57BL/6 

mice were ovariectomized and allowed to rest for seven days. One week post-ovariectomy, mice 

were subcutaneously implanted with hormone pellets of 17-β-oestradiol (0.72 mg per pellet, 90 

days release, n = 3) or 17-β-oestradiol and progesterone (0.72 mg and 100 mg per pellet 

respectively, 90 days release, n = 3, Innovative Research of America). Mice with subcutaneous 

incision but no pellet were used as controls (Sham, n = 3). After 3 months, uterine tissues were 

collected, processed for formalin-fixed paraffin-embedding (FFPE) and snap frozen for protein or 

RNA isolation. 

 

RNA-Seq and data analysis 

Total RNA was isolated from 2D monolayer and 3D grown Ishikawa organoids using RNeasy Mini 

kit (Qiagen) following manufacturer’s instructions. Library preparation, sequencing, and analysis 

of read counts were performed as described previously (Sahoo et al., 2017b). Transcripts with 

generalized log2 fold change (GFOLD) value greater than 2 were considered statistically significant 

(Feng et al., 2012). 

 

3D organoid formation assay and Immunofluorescence staining 

5,000 Ishikawa cells/well were seeded in triplicate in 100 µL medium onto 96-well tissue culture 

plates coated with a thin layer of reduced growth factor basement membrane extract (Cultrex® 

RGF BME: Trevigen) and were allowed to form organoids. After 24 hours, the organoids were 

subjected to desired hormonal treatments: 10 nmol/L estrogen (β-Estradiol, Sigma #E8875) and 

100 nmol/L progesterone (Medroxyprogesterone 17-acetate, Sigma #M1629). The culture 

medium containing desired hormone concentration was changed on every 48 hours. On day 7, 

colony size was measured and images were photographed using JuLI™ Stage Real-Time Cell History 

Recorder (NanoEnTek) in an incubator at 370C humidified with 5% CO2. 72 hours post-treatment, 

cells were incubated with CellTiter-Glo® 3D Reagent (Promega) for 30 minutes at room 

temperature and luminescence signal was recorded using the FLUOstar OPTIMA (BMG Labtech). 

Ishikawa 3D organoids were fixed in 4% paraformaldehyde (Electron Microscopy Sciences, 

ProSciTech) for 20 minutes and processed for immunofluorescence, as described previously 

(Sahoo et al., 2017b). 
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Immunoblotting 

Human endometrial cancer samples, mouse uterine tissue, and Ishikawa cells were lysed in ice-

cold RIPA (radioimmunoprecipitation assay) buffer (50 mmol/L Tris-HCl pH 7.5, 150 mmol/L NaCl, 

1% NP-40, 0.5% Sodium deoxycholate, 0.1% SDS) containing protease and phosphatase inhibitors 

(Sigma). The lysates were centrifuged at 12,000 rpm for 10 minutes at 40C and supernatant was 

collected. Aliquots of purified lysates containing equal protein mass were boiled in 1x Laemmli 

sample buffer (0.04 mol/L Tris-HCl pH 6.8, 0.2% SDS, 0.01% bromophenol blue, 10% β-

mercaptoethanol and 10% glycerol) for 5 minutes at 950C and resolved by 10% SDS-PAGE gels. 

The protein bands were electrophoretically transferred to nitrocellulose blotting membranes (GE 

Healthcare Life Sciences), blocked in TBS-T (0.1% Tween 20 in TBS) containing 5% skim milk (w/v) 

for 1 hour at room temperature and probed with primary antibody ALPPL2 (1:500 dilution, Santa 

Cruz Biotechnology #sc-134255) for overnight incubation at 40C. The membrane was washed and 

incubated with secondary horseradish peroxidase-conjugated anti-mouse antibody (Jackson 

ImmunoResearch Laboratories) for 1 hour at room temperature. The membrane was washed 

again in TBS-T, developed using a chemiluminescent substrate (Millipore) for detection of HRP 

and the protein bands were detected by chemiluminescence (Fujifilm LAS-4000). GAPDH was used 

as a loading control. Densitometric quantification was performed using ImageJ software (NIH, 

USA). 

 

Histology, immunohistochemistry (IHC) and digital quantification 

For histological analyses, human endometrial cancer tissue and mouse uteri were fixed in 10% 

neutral buffered formalin solution overnight at 4ᵒC and transferred to 70% ethanol until further 

processing. Formalin-fixed tissues were processed, embedded in paraffin wax and sectioned at 5 

µm thickness. Haematoxylin and eosin staining and immunohistochemistry were performed using 

standard protocols as described before (Sahoo et al., 2017a). Tissue sections were incubated with 

primary antibody ALPPL2 (1:50 dilution, Santa Cruz Biotechnology #sc-134255) for overnight at 

4ᵒC, followed by peroxidase-conjugated secondary antibodies (Thermo Fisher Scientific) and DAB 

substrate (Sigma) to detect bound antibodies. Tissues were counterstained with hematoxylin to 

visualize cellular morphology. Images were captured using an Aperio AT2 slide scanner (Leica 

Biosystems, Victoria, Australia) with same gain and exposure time. Quantitative IHC analysis was 

performed using the HaloTM image analysis platform and the pixel intensities of DAB staining were 

calculated using the Area Quantification v1.0 algorithm (Indica Labs, New Mexico, USA). 

Immunohistochemistry intensity score (H-Score) was calculated from pixel intensity values (the 



Chapter 4: Human Placental-like Alkaline Phosphatase (ALPPL2) as a Prognostic Biomarker in 
Endometrial Cancer 

Subhransu S Sahoo 97 PhD Thesis 

sum of 3 x % of pixels with strong staining + 2 x % of pixels with moderate staining + 1 x % pixels 

with weak staining). 

 

RNA extraction, synthesis of first strand cDNA and qRT-PCR 

Total RNA was isolated from estrogen or progesterone treated mouse uterus and Ishikawa cells 

using RNeasy Mini kit (Qiagen) following manufacturer’s instructions. 250 ng of total RNA was 

used for the synthesis of cDNA using RT² First Strand Kit (Qiagen). The cDNA was amplified using 

sequence-specific Alppl2 primers. Quantitative real-time PCR (Q-PCR) was performed using RT² 

SYBR Green ROX qPCR Mastermix (Qiagen) on a 7900 HT FAST Thermocycler (Applied Biosystems) 

through a pre-incubation step, and 40 amplification cycles (including denaturation, annealing and 

extension segments). Relative quantification [comparative Ct (2-ΔΔCt) method] was used to 

compare the expression level of the target gene with the housekeeping gene (Gapdh) in different 

treatment groups. Primer sequences were: human ALPPL2 (F: 5’ TGTTACCGAGAGCGAGAGC 3’, R: 

5’ GTGGGTCTCTCCGTCCAG 3’), mouse Alppl2 (F: 5’ ACACATGGCTCTGTCCAAGA 3’, R: 5’ 

TCGTGTTGCACTGGTTGAAG 3’), human GAPDH (F: 5’ GCCACATCGCTCAGACACCAT 3’, R: 5’ 

GAAGGGGTCATTGATGGCAA 3’) and mouse Gapdh (F: 5’ TGGCAAAGTGGAGATTGTTGCC 3’, R: 5’ 

AAGATGGTGATGGGCTTCCCG 3’). 

 

ELISA 

Plasma ALPPL2 and CA-125 level in normal and endometrial adenocarcinoma patients were 

analyzed using human ALPPL2 (CUSABIO Life science #CSB-EL001633HU) and CA-125 (Abcam 

#ab195213) ELISA kit following the manufacturer’s instructions. Briefly, the assay plate was 

incubated with standards and samples. Following incubation, the plate was incubated with biotin 

and HRP-avidin labeled antibody for 1 hour. After washing, the plate was developed with a 

colorimetric reagent and read at 450 nm wavelength. 

 

Statistical analysis 

Statistical analysis was performed with GraphPad Prism 7.02 software. All in vitro experiments 

were repeated thrice with three biological replicates per repeat and the data were expressed as 

the mean ± SEM. Statistical analyses were performed by the Student’s t-test (unpaired, two-

tailed). ALPPL2 and CA-125 protein levels were compared across groups using the Mann-Whitney 

test. The Chi-square or Fisher’s exact test was used for categorical data. Differences between 

overall and disease-free survival were estimated using Kaplan-Meier analysis and log-rank test. 
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The prognostic power of ALPPL2 and CA-125 biomarker was compared using the area under the 

receiver-operating characteristic curve (AUC); AUC = 0 means extremely unlikely to happen in 

clinical practice, values close to 0.5 indicates the discrimination of performance close to chance 

while AUC = 1 means the diagnostic test is perfect in the differentiation between the disease and 

normal. A P value < 0.05 was considered statistically significant. 
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Discussion 

Although there has been an improvement in the treatment of endometrial cancer, the 5-year 

survival rate for these patients shows poor outcome due to the diagnosis of the disease at an 

advanced stage. In fact, uterine cancer death rates continued to increase from 2010 to 2014 

by about 2% per year (Siegel et al., 2017). Endometrial cancer is most common in women aged 

between 55 and 65 with a median age of 62 (Pfeiffer et al., 2013). Early menarche and late 

menopause or long duration of estrogen exposure lead to a prolonged growth of endometrium 

followed by endometrial hyperplasia and/or cancer. In addition, most of the patients diagnosed 

with endometrial cancer are obese (Sahoo et al., 2017a). The hypertrophied adipocytes in obese 

women are a predominant source of the enzyme aromatase, which synthesizes excess in situ 

estrogen and promotes endometrial adenocarcinomas (Zhao et al., 2016). Therefore, an 

elevated level of estrogen is strongly associated with patient susceptibility towards 

endometrial cancer. 

Due to insufficient power of clinicopathological features of endometrial cancer, early 

detection of the disease is currently unavailable. High levels of oncoprotein, Stathmin has 

recently been shown to be associated with aggressive endometrial cancer and poor prognosis 

(Reyes et al., 2017; Wik et al., 2013). In contrast, the prognostic impact and possible clinical 

use of Stathmin have not been studied for early stage endometrial cancer and is limited to 

patients with advanced stages of endometrial cancer. However, the majority of endometrial 

cancer patients (~90%) have endometrioid histology, which is significantly associated with a 

hyperestrogenic state. Thus, identification of estrogen-responsive biomarkers may be 

beneficial in earlier detection of elevated estrogen level and endometrial cancer diagnosis. 

In our study, we found a significant positive correlation between estrogen level and ALPPL2 

expression both in vitro and in vivo. In addition, ALPPL2 was also overexpressed in human 

endometrial cancer patient tissue and plasma samples. These findings represent an ectopic 

synthesis of ALPPL2 by endometrial tumor cells. Due to ectopic expression ALPPL2, it is a very 

useful biomarker in several cancers. Both placental (ALPP) and placental-like (ALPPL2) alkaline 

phosphatases have been found to be overexpressed in germ cells and some non-germ cells 

malignancy. Reported studies have already shown overexpression of ALPPL-2 in testicular and 

pancreatic cancers (Dua et al., 2013; Jeppsson et al., 1984; Paiva et al., 1983). Alkaline 

phosphatases are glycosylated membrane proteins that can dimerize and are secretory in nature 

(Millan and Fishman, 1995). The secretory nature of ALPPL2 is also demonstrated by our 
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transcriptome analysis of endometrial cancer organoids (Fig 1C and 1D). In addition, analysis of 

TCGA dataset suggests amplification of ALPPL2 is associated with a poor survival rate in 

endometrial cancer patients. These findings highlight the clinical relevance of ALPPL2 as a 

biomarker. 

Currently, there is no universally approved biomarker for endometrial cancer. Although CA-125 is 

used for pre-operative serum detection, its sensitivity and specificity are low and its main utility 

appears to predict extra-uterine disease (Nicklin et al., 2012). ALPPL2 may be of value for 

detection and risk stratification of low grade or early stage endometrial cancer. The strength of 

this biomarker includes the fact that ALPPL2 expression predicts estrogen levels and elevated 

estrogen levels is a major risk factor for endometrioid endometrial cancer. In addition, ALPPL2 is 

an independent prognostic marker and superior to CA-125. 

Taken together, our study ascertained that ALPPL2 expression is significantly associated with 

tumor cell proliferation and can be used as a prognostic marker in endometrial carcinomas. The 

present data also suggest a potential role of steroid hormones in regulating ALPPL2 expression. 

Therefore, measurement of this isoenzyme can be clinically useful in monitoring progression or 

regression of endometrial tumor cells. Moreover, due to the fact that estrogen promotes ALPPL2 

expression, this oncofetal protein can also be used as a prognostic marker for other estrogen-

induced cancers such as breast and ovarian cancer. 
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Figure 1. The secretome of human endometrial cancer cells. 
(A) Ishikawa monolayers and organoids were stained with pan-cytokeratin (green), actin (red), GM130 
(red), and Hoechst (blue). One representative confocal section of Ishikawa organoid is shown. (B) The 
stacked column chart shows the number of nuclear, cytoplasmic, membranous and secreted protein-
coding genes upregulated (grey) or downregulated (white) (> 2-fold change, P < 0.05) in Ishikawa 
organoids compared to two-dimensionally cultured cells. (C) The heat map shows differential gene 
expression profile of Ishikawa organoids (generalized log2 fold change; GFOLD > 2, P < 0.05). Red 
represents an up-regulation and green a down-regulation in gene expression. (D) Immunoblot for 
ALPPL2 protein in 2D and 3D culture of Ishikawa cells. 
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Figure 2. Estrogen and progesterone regulate endometrial cancer organoid growth and ALPPL2 
expression. 
(A) Ishikawa cells were grown in 3D and treated with estrogen (E2, 10 nmol/L) and progesterone (P4, 
100 nmol/L). Representative bright field and confocal images of day-7 organoids from each treatment 
group are shown. (B) The bar graph shows average colony size from different treatment groups (n = 
3). The diameter of 50 colonies from each treatment group was analyzed. (C) Ishikawa cells were 
treated with E2 and P4 and assayed for proliferation (n = 3). (D) Quantitative real-time PCR analysis of 
ALPPL2 mRNA expression levels on cDNA from Ishikawa organoids dosed with E2 and/or P4 (n = 3). (E) 
Immunoblot analysis of ALPPL2 protein from Ishikawa cells in 2D and 3D environment under different 
treatment condition (n = 3). (F) Densitometric quantification of the western blots in panel E. Scale bar, 
100 µm. The results represents the mean ± SEM; *, P < 0.05; **, P < 0.01; ****, P < 0.0001. 
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Figure 3. Estrogen promotes and progesterone suppresses ALPPL2 expression in mouse and human 
uterus. 
(A) Histology and ALPPL2 protein expression were assessed by H&E (top row) and 
immunohistochemistry (bottom row) in E2 and P4 treated mice. (B) The graph shows quantification 
of ALPPL2 staining intensity (n = 3). (C) Alppl2 mRNA expression levels on cDNA from E2 and P4 treated 
mouse uterus (n = 3). (D) Western blot of protein lysate from E2 and P4 treated mice uteri was 
analyzed for ALPPL2 (n = 3 mice/group). (E) Densitometric quantification of ALPPL2 western blot bands 
is shown as a bar graph (n = 3). (F) ALPPL2 immunohistochemical staining of normal human 
proliferative and secretory endometrium. (G) ALPPL2 staining intensity was quantified by H-score and 
shown as a bar graph (n = 5). HSecE, human secretory endometrium; HProE, human proliferative 
endometrium. Scale bar, 100 µm. The results represents the mean ± SEM; *, P < 0.05; **, P < 0.01. 
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Figure 4. Identification of ALPPL2 as a prognostic gene in endometrial carcinomas. 
(A) Overall and (B) Disease-free Kaplan-Meier analysis of ALPPL2 expression in patients with 
endometrial cancer (TCGA Project). The analysis was done by median cut with the P value of the log-
rank test. Black lines, samples with low ALPPL2; red lines, samples with high ALPPL2. (C) 
Immunohistochemical expression of ALPPL2 in grade 1, 2 and 3 human endometrial adenocarcinomas. 
ALPPL2 expression was observed in the plasma membrane in grade 1 and grade 2 tumors and 
exclusively in the extracellular space of grade 3 carcinomas. (D) Quantification of ALPPL2 staining 
intensities is shown as H-Score in normal (n = 5), grade 1 (n = 16), grade 1-2 (n = 22), grade 2 (n = 20), 
grade 2-3 (n = 9) and grade 3 (n = 25) endometrial cancer patients. Whisker box plot represents 
medians with minimum and maximum values. P value was determined by Mann-Whitney U tests as 
compared to normal cases. (E) Shown is a ROC curve for ALPPL2 expression levels in endometrioid 
adenocarcinomas versus normal cases. (F) The H&E stained human uterine section shows endometrial 
carcinoma with normal adjacent endometrium. (G) Western blot of protein lysate from cancerous and 
normal adjacent uterine tissue was analyzed for ALPPL2 expression (n = 9 patients per group). 
Representative western blot of normal and cancerous tissue from four patients is shown. (H) 
Densitometric quantification of the bands in F was performed, averaged and shown as a whisker box 
plot (n = 9). Pt, patient; AUC, area under the ROC curve; CI, confidence interval; HNormalAd, normal 
adjacent human endometrium; HEndoCa, human endometrial cancer. Scale bar, 100 µm. The results 
represent the mean ± SEM; *, P < 0.05; **, P < 0.01. 
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Figure 5. Comparison of CA-125 and ALPPL2 values in plasma samples of endometrial carcinomas.  
Whisker box plots show (A) ALPPL2 and (B) CA-125 values in plasma of endometrial cancer patients 
and normal women. Each box represents maximum, upper quartile, median, lower quartile, and 
minimum values. (C) Comparison of the discriminatory power of ALPPL2 versus CA-125 for 
endometrial cancer cases. The vertical line represents the CA-125 threshold (35 U/mL) above which 
women would be sent to a gynecologist. The horizontal line represents the ALPPL2 threshold, which 
was selected by taking 75th percentile of all control samples and a range between median and 75th 
percentile was considered as borderline. (D) The table displays ALPPL2- and CA-125-positive numbers 
in case, and control cohorts. (E) The bar graph shows the percentage of total known cases and control 
samples identified by CA-125 and ALPPL2 biomarker screening. ROC curve analysis of ALPPL2 and CA-
125 in grade I (F), grade III/IV (G) and all (H) endometrial cancer case and control groups. AUC, area 
under the ROC curve; CI, confidence interval. 
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Table 1. Association of clinicopathologic variables with ALPPL2 expression in patients with 

endometrial cancer 

Clinical parameters in cancers 
ALPPL2 expression 

P value 
Low High 

Histology     0.3829 

Adenocarcinoma, n = 91 45 (49.5%) 46 (50.5%)   

Adenosquamous carcinoma, n = 4 2 (50.0%) 2 (50.0%)   

Undifferentiated carcinoma, n = 2 0 2   

Histopahtological grade     0.0632 

Low (1 or 2), n = 61 26 (42.6%) 35 (57.4%)   

High (3), n = 30 19 (63.3%) 11 (36.7%)   

Age (Years)     0.0110 

<50, n = 34 10 (29.4%) 24 (70.6%)   

≥50, n = 63 36 (57.1%) 27 (42.9%)   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4: Human Placental-like Alkaline Phosphatase (ALPPL2) as a Prognostic Biomarker in 
Endometrial Cancer 

Subhransu S Sahoo 108 PhD Thesis 

Supplemental Data 
 

Supplementary Figures 

 

 
 

Figure S1. Impact of MUC16 amplification on endometrial cancer patient survival. 
Kaplan-Meier plots show endometrial cancer patient survival over time (A) and after diagnosis (B) with 
low and high amplification of MUC16. The analysis was done by median cut with the P value of the 
log-rank test from the TCGA database. Black lines, samples with low MUC16; red lines, samples with 
high MUC16.   
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Figure S2. Histological analysis of human endometrial cancer and normal adjacent endometrium. 
Fresh endometrial cancer tissue samples and corresponding normal adjacent endometrium were 
stained with hematoxylin and eosin to validate normal and tumor sections. The panel shows histology 
of carcinoma and normal tissue sections from 9 different patients. Pt, Patient; HNormalAd, normal 
adjacent human endometrium; HEndoCa, human endometrial cancer. Scale bar, 100 µm. 
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Supplementary Tables 
Table S1. The list of differentially expressed genes in Ishikawa organoids (p < 0.05) 

Gene Id  Symbol  GFOLD  eFDR  log2FC  
RPKM 

Ishikawa 2D Ishikawa 3D 
ENSG00000149591  TAGLN -3.98 1 -4.34 31.58 1.72 
ENSG00000163485 ADORA1 -3.38 1 -3.74 19.81 1.63 
ENSG00000130508 PXDN -3.29 1 -3.68 6.17 0.53 
ENSG00000139211 AMIGO2 -3.2 1 -3.57 19.2 1.78 
ENSG00000167767 KRT80 -2.97 1 -3.32 16.09 1.77 
ENSG00000169129 AFAP1L2 -2.95 1 -3.22 19.55 2.33 
ENSG00000100867 DHRS2 -2.85 1 -3.13 12.7 1.6 
ENSG00000172005 MAL -2.79 1 -2.89 412.08 61.42 
ENSG00000107796 ACTA2 -2.72 1 -3.43 5.67 0.57 
ENSG00000163347 CLDN1 -2.67 1 -2.83 72.25 11.26 
ENSG00000156427 FGF18 -2.63 1 -2.82 86.53 13.53 
ENSG00000120708 TGFBI -2.59 1 -2.87 10.62 1.6 
ENSG00000198959 TGM2 -2.5 1 -3.33 1.43 0.15 
ENSG00000124225 PMEPA1 -2.44 1 -3.08 3.05 0.39 
ENSG00000162849 KIF26B -2.36 1 -2.75 2.79 0.46 
ENSG00000197747 S100A10 -2.35 1 -2.51 139.38 27.03 
ENSG00000259207 ITGB3 -2.33 1 -2.69 10.41 1.78 
ENSG00000086205 FOLH1 -2.33 1 -2.76 8.47 1.38 
ENSG00000178752 ERFE -2.31 1 -2.49 49.7 9.82 
ENSG00000069482 GAL -2.27 1 -2.99 9.58 1.3 
ENSG00000266714 MYO15B 3.32 1 3.81 0.28 4.35 
ENSG00000204262 COL5A2 3.34 1 3.81 0.54 8.43 
ENSG00000136235 GPNMB 3.36 1 3.76 0.9 13.62 
ENSG00000131620 ANO1 3.39 1 3.62 2.67 36.64 
ENSG00000140873 ADAMTS18 3.48 1 3.91 0.68 11.5 
ENSG00000198598 MMP17 3.64 1 4.13 0.87 17.03 
ENSG00000123243 ITIH5 3.85 1 4.17 0.56 11.15 
ENSG00000175356 SCUBE2 3.87 1 4.53 0.25 6.48 
ENSG00000164692 COL1A2 3.94 1 4.11 2.8 53.48 
ENSG00000163638 ADAMTS9 4.02 1 4.55 0.27 7.12 
ENSG00000107736 CDH23 4.04 1 5.55 0.02 1.04 
ENSG00000160712 IL6R 4.25 1 4.96 0.22 7.97 
ENSG00000125740 FOSB 4.46 1 5.25 0.2 8.93 
ENSG00000122877 EGR2 4.66 1 6.53 0.04 4.99 
ENSG00000185633 NDUFA4L2 4.7 1 5.17 1.27 51.47 
ENSG00000120738 EGR1 4.85 1 5.08 5.13 193.1 
ENSG00000115648 MLPH 5.01 1 5.6 0.29 16.12 
ENSG00000166825 ANPEP 5.64 1 6.12 0.72 56.24 
ENSG00000163286 ALPPL2 5.79 1 6.17 2.26 181.94 
ENSG00000170345 FOS 6.37 1 6.95 0.68 95.76 
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Uterine (endometrial) cancer death rates are continued to increase every year with an estimation 

of 2% per year from 2010 to 2014 (Siegel et al., 2017). The increasing rate of endometrial cancer 

imposes a significant burden on the healthcare system as well as to women at their reproductive 

stages of life. Standard treatment for the vast majority of these patients requires surgery either 

hysterectomy or bilateral salpingo-oophorectomy. Chemotherapy and radiotherapy have also 

been implicated in many cases. However, all these current treatment options show poor patient 

outcomes. This might be due to the diagnosis of the disease at a late stage where cancer has 

already spread beyond the uterus and use of traditional chemo or radiotherapy to kill cancer cells. 

The work done in this thesis brings new approaches for endometrial cancer treatment as well as 

its early diagnosis to improve patient outcomes. 

 

Key Outcomes 

1. Organotypic 3D culture depicts metastatic propensity of endometrial cancer cells 

As compared to established 3D culture models to study cellular phenotypic changes and drug 

resistance mechanism (Debnath and Brugge, 2005; Muranen et al., 2012; Yamada and Cukierman, 

2007), in our 3D organoids we addressed the molecular alterations of a cell by changing its 

microenvironment. Despite grade and stage of the disease, endometrial cancer cells form two 

distinct architectures in 3D, glandular and non-glandular. Consecutively from 2D to 3D culture in 

absence and presence of ECM, we also found significant alteration in gene expression pattern. 

TGF-β signaling was found to be upregulated in non-glandular colonies but not in glandular one. 

The upregulation of TGF-β pathway in non-glandular colonies drives metastasis. Thus, a non-

glandular architecture of endometrial cancer cells in 3D predicts its metastatic ability. 

 

2. TGF-β signaling regulates conversion of glandular and non-glandular epithelium of uterus 

through slug protein 

The dichotomous role of TGF-β signaling as pro-tumorigenic or tumor-suppressive is well known 

in many human cancers (Massague, 2008). Upregulation of TGF-β pathway mostly drives cancer 

progression through EMT. With our findings, that TGF-β pathway is upregulated in non-glandular 

colonies, we further analyzed the expression of well-known EMT markers in both types of 

colonies. With the treatment of TGF-β agonist, the glandular colonies turned into non-glandular 

one whereas treatment of TGF-β antagonist turned non-glandular colonies to glandular one. This 

process is facilitated by slug EMT protein, whose expression was increased during the conversion 

of glandular colonies to non-glandular one and decreased from non-glandular to glandular 
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conversion. Therefore, slug might be a major targeted protein for malignant properties of 

endometrial cancer cells. 

 

3. Fibronectin, a key ECM protein stimulates TGF-β signaling and drive endometrial cancer 

metastasis 

In the normal state, TGF-β regulates tissue homeostasis whereas, during tumor initiation and 

progression, the same pathway acts as a tumor promoter (Massague, 2012). High levels of TGF-β 

in the TME promotes cancer progression in an autocrine and/or paracrine manner that favors 

invasion and metastasis (Akhurst and Hata, 2012). Nevertheless, how TGF-β pathway gets 

upregulated in malignant cancers has been enigmatic. Our data provide renewed emphasis on 

the ECM component of TME, which regulates TGF-β pathway in endometrial cancer colonies. 

Furthermore, using an array of ECM proteins, we found fibronectin significantly activates TGF-β 

signaling in non-glandular endometrial cancer colonies. 

 

4. Targeting endometrial cancer microenvironment for chemoprevention 

The standard treatment strategy for many cancers including endometrial cancers is to kill cancer 

cells by using different chemotherapeutic drugs or radiotherapy. In case of endometrial cancer, 

many approaches also target PI3K/Akt/mTOR signaling pathway, which is a well-known 

upregulated pathway in endometrial tumor cells. However, if we can inhibit the supporting TME 

during cancer progression, it can significantly reduce cancer spread. With our findings (details in 

Chapter 2) that ECM upregulates TGF-β pathway which helps in endometrial cancer metastasis, 

we sought to inhibit TGF-β pathway. In a metastatic endometrial cancer CDX mouse model, our 

results clearly demonstrated that use of small molecule TGF-β inhibitor significantly suppresses 

cancer metastasis with no side effects. This is a novel finding in our study as well as a different 

way of approach to target endometrial cancer. 

 

5. Visceral adipose tissue secrete VEGF, which stimulates angiogenesis in the uterus 

Out of several risk factors for endometrial cancers, obesity or hypertrophied adipocytes 

significantly increase endometrial cancer risk. However, until now the molecular mechanism 

underlying this association is unclear. For the first time, our results (details in Chapter 3) describes 

visceral adipocytes secrete surplus amount of vascular endothelial growth factor (VEGF) as 

compared to subcutaneous adipocytes. The secreted VEGF in a paracrine manner acts on the 

uterus and stimulates angiogenesis. In an obese mouse model as well as in high BMI endometrial 
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cancer patients, our results have ascertained increasing number of blood vessels in the uterus of 

obese mice and women. 

 

6. VEGF-mTOR signaling links obesity and endometrial cancer 

Over past few decades, epidemiological and clinical data suggest that obesity is an independent 

risk factor for endometrial cancer (Arem and Irwin, 2013; Onstad et al., 2016). In our study, we 

deciphered this enigma, which associates endometrial cancer in obese women. Initially, we found 

visceral adipocytes in obese patients secrete more VEGF and stimulate angiogenesis in the uterus. 

Further, we investigated histology of uterus in obese and non-obese mice littermates and 

observed an increased number of endometrial glands in obese mice, which predisposes to cancer. 

In a subsequent experiment, we found the increased number of endometrial glands was 

associated with an increased pS6 expression (a downstream target of mTOR signaling) in 

endometrial glands (details in Chapter 3). Collectively, our results showed increased secretion of 

VEGF from visceral adipocytes act on the uterus to stimulate mTOR pathway and endometrial 

cancer. 

 

7. ALPPL2, an oncofetal protein as a prognostic biomarker in endometrial cancer 

In addition to treatment of endometrial cancer, our study also aims to emphasize early diagnosis 

of the disease. Currently used biomarkers such as stathmin and CA-125 only detects high-grade 

endometrial cancers (Nicklin et al., 2012; Reyes et al., 2017). In our transcriptome analysis study, 

we found a novel secreted protein ALPPL2, which is highly expressed on the membrane of 

endometrial cancer organoids as well as secreted to extracellular space. We also ascertained its 

high expression in a cohort of endometrial cancer patient samples by a series of in vitro and in 

vivo experiments. Most importantly compared to CA-125, ALPPL2 is a better prognostic biomarker 

with a good sensitivity for serum-based diagnosis approach. This finding is completely new in the 

endometrial cancer research field and we believe ALPPL2 will prognosticate this disease at an 

early stage. 

 

8. Estrogen promotes and progesterone suppresses ALPPL2 expression in endometrial cancer 

cells 

A growing body of evidence suggests that steroid hormones, estrogen promotes and 

progesterone suppresses endometrial cancer development (Hecht and Mutter, 2006; Takahashi-

Shiga et al., 2009). Our investigations showed upregulation of ALPPL2 protein in human 

endometrial cancer patient samples. Interestingly, we also found ALPPL2 expression is regulated 



Discussion and Conclusion 

Subhransu S Sahoo 115 PhD Thesis 

by estrogen and progesterone level. The significance and impact of this finding are that ALPPL2 

expression level can be used as an assessment of estrogen level in the serum. 
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Preface 
Both endometrial and ovarian cancers are age-related disease and are most common in women 

aged between 55 and 65 with a median age of 62. Early menarche and/or late menopause lead 

to a prolonged growth of ovarian surface epithelium (OSE) and inner epithelial lining of the uterus 

(endometrium) which results in hyperplasia and/or cancer. Majority of these patients have 

genetic aberrations in the members of the PI3K-mTOR (phosphoinositide 3-kinase-mammalian 

target of rapamycin) pathway. In this chapter, we have summarised our previous research findings 

where we found pharmacological as well as genetic suppression of mTOR pathway significantly 

reduces precancerous lesions in endometrium and OSE of aged women promoting healthy aging. 

This chapter comprises an editorial entitled as “Age-related mTOR in gynaecological cancers” 

which is published in the journal Aging. 
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Preface 

Ovarian cancer is a lethal gynaecological cancer and most frequently diagnosed in aged women. 

Up to 80% of such patients harbor genetic mutations in the PI3K-mTOR (phosphoinositide 3-

kinase-mammalian target of rapamycin) pathway. Currently, the molecular mechanisms of 

overactive mTOR and aging towards pathogenesis of ovarian cancer is unclear. In this chapter, we 

have demonstrated suppression of mTOR signaling, which is a major regulator of age-associated 

phenotypes, significantly decreases ovarian surface epithelium (OSE) hyperplasia in aged mice. 

This outcome can be used as a novel therapeutic intervention of aged women with ovarian cancer. 

This chapter contains a research article entitled as “Age related increase in mTOR activity 

contributes to the pathological changes in ovarian surface epithelium” which is published in the 

journal Oncotarget. 
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Additional Publications 
1. Manuscript related to the study entitled as “Age-related changes in stromal-epithelial 

communication leads to endometrial hyperplasia and cancer” is part of this thesis and is 

now under preparation for publication. 

 

2. The study entitled “Targeting EphA2 pathway inhibits mTOR resistance in endometrial 

cancer” is a supplementary paper to this thesis. Manuscript of this study is now under 

preparation for publication purpose. 

 
3. The paper entitled “Organotypic co-culture model mimics the architecture and 

functional responses of human endometrium” is another supplementary paper to this 

thesis and is now under preparation for publication. 
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mTOR Signaling Promotes Endometrial Hyperplasia and Cancer: Implications for Obese 

Women” (mentioned in Chapter 3) for the highlight of the issue. 
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News 
1. The study entitled as “Inhibition of extracellular matrix mediated TGF-β signalling suppresses 

endometrial cancer metastasis” (details in Chapter 2) is highlighted in a few news channel. 

Hunter Medical Research Institute’s news 

https://hmri.org.au/news-article/protein-pinpointed-uterus-cancer-spread 

SBS World News Australia 

 http://www.sbs.com.au/news/article/2017/05/25/breakthrough-uterine-cancer-research 

news.com.au — Australia’s #1 news site 

http://www.news.com.au/national/breaking-news/breakthrough-in-uterine-cancer-

research/news-story/f94f6b2585e5219154976ed3c1c36d5d 

 

2. The paper entitled as “Adipose-derived VEGF-mTOR signaling promotes endometrial 

hyperplasia and cancer: Implications for obese women” (details in Chapter 3) is also featured in 

many media reports (altogether 106 citations). 

The University of Newcastle’s news 

https://www.newcastle.edu.au/newsroom/featured-news/fat-cells-a-key-suspect-for-

endometrial-cancer-in-obese-women 

Hunter Medical Research Institute’s news 

https://hmri.org.au/news-article/fat-cells-suspect-endometrial-cancer 

Newcastle Herald – News site of the year 

http://www.theherald.com.au/story/5082320/research-links-fat-cells-and-cancer/ 

Health Canal 

https://www.healthcanal.com/cancers/242208-fat-cells-key-suspect-endometrial-cancer-obese-

women.html 

SBS World News Australia 

https://www.sbs.com.au/news/article/2017/11/27/fat-cells-drive-endometrial-cancer-growth 

 

 

https://hmri.org.au/news-article/protein-pinpointed-uterus-cancer-spread
http://www.sbs.com.au/news/article/2017/05/25/breakthrough-uterine-cancer-research
http://www.news.com.au/national/breaking-news/breakthrough-in-uterine-cancer-research/news-story/f94f6b2585e5219154976ed3c1c36d5d
http://www.news.com.au/national/breaking-news/breakthrough-in-uterine-cancer-research/news-story/f94f6b2585e5219154976ed3c1c36d5d
https://www.newcastle.edu.au/newsroom/featured-news/fat-cells-a-key-suspect-for-endometrial-cancer-in-obese-women
https://www.newcastle.edu.au/newsroom/featured-news/fat-cells-a-key-suspect-for-endometrial-cancer-in-obese-women
https://hmri.org.au/news-article/fat-cells-suspect-endometrial-cancer
http://www.theherald.com.au/story/5082320/research-links-fat-cells-and-cancer/
https://www.healthcanal.com/cancers/242208-fat-cells-key-suspect-endometrial-cancer-obese-women.html
https://www.healthcanal.com/cancers/242208-fat-cells-key-suspect-endometrial-cancer-obese-women.html
https://www.sbs.com.au/news/article/2017/11/27/fat-cells-drive-endometrial-cancer-growth
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