		
Differential expression of E-cadherin and catenins in ovarian sex cord stromal tumours

Stavroula Stavrinou,  Department of Histopathology, Imperial College London, UK

Ashleigh Clark,  Department of Histopathology, Imperial College London, UK

Julie Irving,  Department of Laboratory Medicine, Pathology, and Medical Genetics, Royal Jubilee Hospital, Victoria, and the Department of Pathology, University of British Columbia, Vancouver, Canada

 Cheng-Han Lee, Department of Laboratory Medicine and Pathology, University of Alberta and Royal Alexandra Hospital, Edmonton, Canada

Esther Oliva, James Homer Wright Pathology Laboratories of the Massachusetts General Hospital, and the Department of Pathology, Harvard Medical School, Boston, MA, USA

Robert Young, James Homer Wright Pathology Laboratories of the Massachusetts General Hospital, and the Department of Pathology, Harvard Medical School, Boston, MA, USA

Ruethairat Sriraksa, The Liver Fluke and Cholangiocarcinoma Research Center, Khon Kaen University, Khon Kaen, Thailand
Nesreen Magdy, Department of Histopathology, Imperial College London, UK and 6 Department of Pathology, National Cancer Institute, Cairo University, Egypt

SusanVan Noorden,  Department of Histopathology, Imperial College London, UK

Glenn McCluggage, Department of Pathology, Belfast Health and Social Care Trust, Belfast, UK

Mona El-Bahrawy,  Department of Histopathology, Imperial College London, UK  and Department of Pathology, University of Alexandria, Egypt

Running title: Cadherin, catenins and ovarian tumours.

Corresponding author:
Dr Mona E-Bahrawy MBBCh, MSc, PhD, FRCPath
Department of Histopathology
Imperial College London
Hammersmith Hospital
DuCane Road
London
W12 0HS
Tel: 00 44 (0)208 383 3442
e-mail: m.elbahrawy@imperial.ac.uk
The authors confirm no conflict of interest.

Word count:  3131




















ABSTRACT:
Background:  Sex cord-stromal tumours (SCSTs) of the ovary encompass several histologic tumour subtypes that are defined by characteristic histological features.  Some can show morphological overlap with other subtypes of SCSTs as well as with non- SCSTs. The E-cadherin / catenin complex constitutes the adherens junction, which is well developed in epithelial tissue, but the constituent molecules are also expressed in several non-epithelial tumours. The aim of this study was to determine whether the expression patterns of E-cadherin and catenins in ovarian SCSTs can be of diagnostic utility.  

Materials and methods: We studied the expression of E-cadherin, -, - and -catenin in 59 55 tumours using immunohistochemistry.

Results: We found that all tumour subtypes showed nuclear expression of E-cadherin, while only microcystic stromal tumours (MCSTs) displayed a distinct profile with nuclear localisation of all 3 catenins in almost all cases. 

Conclusion: We conclude that the E-cadherin expression profile in SCSTs can assist in distinguishing between SCSTs and non SCSTs in which there is no nuclear expression of E-cadherin.  The nuclear localisation of catenins may be of potential use in distinguishing MCST from other subtypes of SCST. 
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INTRODUCTION:
Primary ovarian tumours encompass different histological categories including epithelial, germ cell and sex cord-stromal tumours (SCSTs) with several histological subtypes within each category.  It is important clinically to differentiate between these 3 major pathologic categories and accurately identify the subtype of the tumour as the different tumour subtypes can vary widely in biological behaviour and hence require different management strategies 1. 

SCSTs originate from the gonadal sex cords or the stromal cells of the ovaries and are classified into pure stromal tumours (including fibroma, fibrosarcoma, thecoma,  sclerosing stromal tumour, signet ring stromal tumour, microcystic stromal tumour, Leydig cell tumour and steroid cell tumour), pure sex cord tumours (including adult and juvenile granulosa cell tumour, Sertoli cell tumour  and sex cord tumour with annular tubules) and mixed SCSTs (including Sertoli-Leydig cell tumours and sex cord stromal tumours NOS) 2.  Most tumours show key features that facilitate reaching the correct diagnosis, while some show morphological overlap with other subtypes within the same group and also with ovarian tumours from other categories.  Ancillary techniques, most commonly immunohistochemistry, are helpful in establishing the correct histogenesis of the tumour.  Most SCSTs express inhibin, steroidogenic factor-1 and calretinin and are typically negative for epithelial markers, such as epithelial membrane antigen and germ cell tumour markers.   However, the routinely used markers have limited utility in differentiating between the different subtypes of SCSTs 1.

The E-cadherin /catenin complex constitutes the adherens junction which is a key junction in mediating development of cell polarity and cell-cell adhesion in epithelial cells.  Cadherins represent one of the five major groups of transmembrane glycoproteins that maintain the surface adhesiveness of neighbouring cells.  Cadherins also play a significant role in cell polarity, cell motility and tissue developmental maturation3-5. 

E-cadherin is the prototype cadherin 4, 6.  The intracellular domain of E-cadherin binds to catenins, which are undercoat proteins that in turn bind to the actin cytoskeleton, forming the adherens junction.  The catenin family includes the 102kDa α-catenin, the 92kDa β-catenin and the 83kDa γ-catenin. β- and γ- catenins can bind directly to the intracellular domain of E-cadherin and  α-catenin binds to the actin microfilaments of the cytoskeleton and  binds either to β-catenin or γ-catenin, connecting E-cadherin glycoprotein to the actin cytoskeleton 5-7.  

In the context of tumour formation, E-cadherin is considered a tumour suppressor since its expression and function are suppressed or reduced in several cancer types including breast, colon, lung, skin and prostate cancer 5, 8, 9. 

β-catenin is capable of binding to molecules that activate several signalling pathways 6, 10. β-catenin is a key element in the Wnt signalling pathway, involved in numerous cellular processes including cell cycle progression and proliferation. Accumulation of β-catenin in the cell, for example due to mutation, results in its nuclear translocation and activation of the T cell factor/lymphoid enhancer factor transcription factors that participate in cellular processes such as proliferation, and survival. Hence, β-catenin in addition to its role in cell-cell adhesion is also considered an oncogene.-catenin is known to be involved in the Wnt signalling pathway similar to β-catenin 10-12. 

Unlike β-catenin, α-catenin functions as a tumour suppressor when expressed normally and if found mutated or suppressed is associated with late cancer progression and metastasis 13. The work of Daugherty and co-workers also demonstrated that overexpression of α-catenin reduces the strength of interaction between β-catenin and TCF in the nucleus, interfering in that way with the progression of Wnt pathway 14. 

In addition to epithelial neoplasms, non-epithelial neoplasms, such as bone and soft tissue tumours, also demonstrate alteration of the E-cadherin/catenin complex. E-cadherin, as well as α-, β- and γ-catenins, are expressed in rhabdomyosarcoma, diffuse mesothelioma, clear cell sarcoma and synovial sarcoma 15, 16.  Desmoid-type fibromatosis harbours CTNNB1 mutation that results in nuclear location of -catenin.

In this study we assessed the expression of E-cadherin, α-, β- and γ-catenins in a variety of different neoplasms in the category of SCSTs. 

MATERIALS AND METHODSActin 


Fifty nine five ovarian sex cord-stromal tumours were studied, representing examples of pure sex cord tumours (26 adult type granulosa cell tumour [GCT], 2 Leydig cell tumour [LCT], 1 steroid cell tumour [SCT], 1 sex cord tumour with annular tubules [SCTAT]), pure stromal tumours (5 thecomas, 6 fibromas, 12 microcystic stromal tumours [MCST]), and mixed tumours (3 Sertoli-Leydig cell tumours [SLCT], 3 SCST NOS). For comparison we also studied 22 cases of ovarian high grade serous carcinoma (HGSC). All studies were carried out on formalin-fixed paraffin embedded tumour tissue sections.  Ethical approval for the use of human tissue in this study was granted by the Institutional Review Board of the Tissue Bank of The Imperial College Healthcare NHS Trust (Reference number R10008).  

Immunohistochemistry
The slides were de-waxed in 3 xylene washes, rehydrated in 3 serial descending grades of alcohol then rinsed in water. The sections were incubated for 15 minutes in 0.6% hydrogen peroxide solution to block endogenous peroxidase activity, then washed in water. Aantigen retrieval was then performed by microwaving in 0.01M citrate buffer, pH 6.0, in a microwave oven at 750 watts for 20 minutes. Immediately after microwaving, the slides were cooled in water then washed in phosphate buffered saline solution (PBS). Each sSlide was then attached to a Sequenza™ coverplate and placed into a Sequenza slide rack. 

To block nNon-specific binding was blocked by , each slide was incubated with 100µl of Protein Block (Leica Microsystems Ltd, Milton Keynes, UK), then slides  for 5 minutes. The slides were washed with PBS/0.05%Tween 20 solution and then incubated with 100µl of the primary antibody (BD Transduction Laboratories, Oxford, UK) overnight at 4oC. The antibodies were used at dilutions of 1:500 for E-cadherin,  and -catenin and 1:250 for -catenin.  The slides were washed then washed with PBS/0.05%Tween 20 solution and then incubated with post primary antibody block (Leica Microsystems), washed and  for 30 minutes at room temperature. The slides were then washed with PBS/0.05%Tween 20 solution, then incubated with 100µl of the peroxidase polymer-linked secondary antibody (Leica Microsystems) all at  for 30 minutes at room temperature.  The slides were then rinsed with PBS/0.05%Tween 20 solution. For the visualization of the antigen-antibody interaction, 100µl of 3,3’-Diaminobenzidine (DAB) with hydrogen peroxide substrate solution (Leica Microsystems ) was used and nuclei were counterstained by were added to each slide for 5 minutes and then the slides were washed with distilled water.

To counterstain the nuclei of the cells, 100µl of haematoxylin (Leica Microsystems). were added to each slide for 4 to 5 minutes. The slides were then washed, removed from the Sequenza coverplates and rinsed in running tap water for 2 minutes to “blue” the nuclei. TheyThe sections were then dehydrated in ascending grades of alcohol, and cleared in 3 xylene,  washes. The sections were then mounted by di-N-butyl phthalate in xylene (DPX) mountant (Sigma-Aldrich Company Ltd, Gillingham, UK) and coverslipped. 

With each run of staining, a section of stomach was included as a positive control. 
For negative controls, a duplicate slide of each tumour sample was used incubated with 100µl of antibody diluent instead of the primary antibodies. 
Assessment of expression profile 
Expression was assessed in tumour cells and where present also in the adjacent normal ovarian stroma.  The subcellular distribution between membrane, cytoplasm and nucleus of the different proteins was assessed.  The intensity of expression was also assessed and scored as absent (0), weak (1), moderate (2) and strong (3).  When staining was variable between different areas, the subcellular distribution and intensity of expression was taken as that seen in the majority of the tumour cells. 
Scoring was done by SS, NM, and where there was discrepancy the cases were reviewed in consultation with MEB and a consensus score agreed.  

Statistical analysis
It was soon appreciated that presence or absence of nuclear localisation of the different proteins was the most distinct and reproducible expression profile seen in the tumours. Hence, the significance of the association between nuclear expression and tumour type was assessed using the Chi-square test by SPSS Software (version 17.0). 

RESULTS
The expression levels and localisation of E-cadherin and catenins are detailed in Table 1. Table 12 summarises the expression profile in all SCST.  

Expression of E-cadherin, α-catenin, β-catenin and γ-catenin in normal ovarian stroma: 
Normal ovarian stroma showed weak cytoplasmic expression of E-cadherin  and moderate cytoplasmic expression of all catenins.  No membranous expression was seen
for any of the proteins and only E-cadherin showed nuclear localisation. 

Expression of E-cadherin, α-catenin, β-catenin and γ-catenin in pure sex cord tumours 
GCT
The expression profile of E-cadherin and catenins in GCT is shown in Figure 1. Nuclear expression of E-cadherin was seen in all cases, cytoplasmic expression in 25/26 cases (96%), while membranous expression was seen in only 4/26 cases (15%).  Membranous expression of α-catenin was found in 21/26 cases (81%), cytoplasmic expression in all 26 cases, while weak nuclear expression was observed in 3/26 cases (12%). -catenin membranous expression was seen in 23/26 (88%) cases, cytoplasmic expression in all 26 cases, and nuclear expression in only 1/26 cases (4%).  For γ-catenin, membranous expression of variable intensity was observed in 13/26 cases (50%). Cytoplasmic expression was seen in 25/26 (96%). Nuclear expression was seen in 1/26 cases (4%). 

LCT
No membranous expression of E-cadherin was seen in either case, while cytoplasmic and nuclear expression was seen in both cases.  No membranous expression of -, -catenin, or -catenin was seen in either case, but cytoplasmic expression was seen in both cases and nuclear expression in one case.  

SCT
E-cadherin showed cytoplasmic and nuclear expression, but no membranous localisation. There was membranous and cytoplasmic expression, but no nuclear localisation of -catenin.  -catenin showed membranous, cytoplasmic and nuclear expression. -catenin showed cytoplasmic and nuclear expression, but no membranous localisation.

SCTAT
No membranous expression of E-cadherin was observed but there was cytoplasmic and nuclear expression.  There was membranous and cytoplasmic expression of α-, β-, and -catenin, but no nuclear expression. 

Expression of E-cadherin, α-catenin, β-catenin and γ-catenin in pure stromal tumours: 
Thecoma
No membranous expression of E-cadherin was seen in any of the cases. Cytoplasmic expression was seen in 2/5 cases (40%) and nuclear expression in 4/5 cases (80%). 
-catenin membranous expression was seen in 2/5 cases (40%). All cases showed cytoplasmic expression, but no nuclear localisation.  Membranous and cytoplasmic localisation of β-catenin was seen in 4/5 cases (80%).  No nuclear expression was seen in any of the cases.  All cases showed cytoplasmic expression of γ-catenin, but none showed membranous or nuclear localisation. 

Fibroma
Nuclear expression of E-cadherin was seen in all fibromas, while membranous and cytoplasmic expression was seen in only 1/6 cases (17%).  Membranous and cytoplasmic localisation of α-catenin was observed in 5/6 cases (83%). No nuclear expression of α-catenin was observed in any of the cases.  -catenin membranous expression was seen in 4/6 cases (67%). All cases showed cytoplasmic localisation, but no nuclear expression.  All cases showed cytoplasmic expression of γ-catenin, but none showed membranous or nuclear localisation. 

MCST
The expression profile of E-cadherin and catenins in MCST is shown in Figure 2. Membranous E-cadherin expression was seen in 1/12 cases (8%). Cytoplasmic expression was present in 5/12 cases (41.6%). Nuclear expression of E-cadherin was seen in all cases.  -catenin was localized in the membrane of 10/12 cases (83%).  Cytoplasmic expression was seen in all cases and nuclear expression was seen in 11/12 cases (91.6%).  Membranous expression of β-catenin was present in 1/12 cases (8%).  Cytoplasmic and nuclear expression was seen in all cases.  -catenin membranous and cytoplasmic expression was seen only in 1/12 cases (8%), while nuclear expression was seen in 11/12 cases (91.6%).

Expression of E-cadherin, α-catenin, β-catenin and γ-catenin in mixed tumours: 
SLCT
Nuclear expression of E-cadherin expression was seen in all 3 cases and membranous and cytoplasmic expression in 1/3 cases (33%).   For -catenin, all 3 cases showed cytoplasmic expression, membranous localisation was seen in 2/3 cases (77%) and no nuclear localisation was seen in any of the cases.  Membranous and cytoplasmic expression of β-catenin was present in 2/3 (67%) cases, while none of the cases showed nuclear expression. Membranous expression of γ-catenin was observed in 1/3 cases (33%) whereas cytoplasmic expression was seen in 2/3 cases (67%). No nuclear expression was observed for γ-catenin.  

SCST NOS
E-cadherin showed membranous expression in one case (1/3), cytoplasmic expression in all cases and nuclear expression in all cases. -catenin showed membranous expression in one case, cytoplasmic expression in all cases, while none of the cases showed nuclear localisation.   -catenin membranous expression was seen in one case, cytoplasmic expression in all cases, but no nuclear localisation was seen in any of the cases. Cytoplasmic expression of -catenin was seen in all cases, nuclear expression in 2/3 cases and none of the cases showed membranous localisation.

Correlation between nuclear localisation of catenins and tumour type:  
Statistical analysis shows a significant correlation between tumour type and the level of nuclear expression of α-catenin (Chi-square: 36.1842.35, p<0.001),  and β-catenin (Chi-square: 49.6754.63, p<0.001) and -catenin (Chi-square: 41.59, p<0.001), this being more common in MSCT.  There was no statistically significant correlation between tumour type and nuclear expression of γ-catenin (Chi-square: 1.71, p=0.995).

Expression of E-cadherin and catenins in ovarian HGSCs:
All HGSCs showed strong membranous expression and most tumours showed cytoplasmic expression with all the markers.  None of the cases showed nuclear expression with any of the markers (Table 23, Figure 3).

DISCUSSION
One of the principal cell-cell junctions is the adherens junction that is composed of the  E-cadherin / catenin complex 6.  In this study, we investigated the expression profile of 
E-cadherin, α-catenin, β-catenin and γ-catenin in different subtypes of ovarian sex cord-stromal tumours. 
Normally E-cadherin is located in the zonula adherens junctions of the cell membrane 6.  In our study, normal ovarian stroma and all SCSTs showed nuclear expression of E-cadherin, while membranous expression was observed in only a small number of neoplasms.   Previous studies that examined the expression of E-cadherin in SCSTs have shown variable results, which appear to be attributable to the use of different antibodies. Stewart et al., using an antibody generated using E-cadherin and GST recombinant protein, showed membranous localisation of E-cadherin in GCTs but no nuclear localisation was observed in any cases studied17.  In contrast Ohishi et al., using an antibody for which the immunogen is human E-cadherin C-terminal recombinant protein,  showed frequent nuclear expression in the majority of the neoplasms studieds, including 90% of adult granulosa cell tumours, 67% of Sertoli cell tumours and 64% of fibrothecomas, whereas all serous carcinomas showed no nuclear localisation  18, 19.  This is in agreement with our results, where using the same antibody as Ohishi et al we found nuclear localisation of E-cadherin in all SCSTs studied.  We had previously investigated the expression of E-cadherin in the same set of MCST included in this study, using a different E-cadherin antibody, and all tumours showed no nuclear expression 20.  The results of the various studies show that there is nuclear positivity using antibodies that target the C-terminal domain of E-cadherin.  The fact that we found membranous staining and no nuclear localisation of E-cadherin in all HGSCs included in the current study confirms that nuclear localisation of E-cadherin in SCSTs is genuine. 
Nuclear localisation of E-cadherin has been previously reported in a variety of tumours, including Merkel cell carcinoma and solid pseudopapillary tumour of the pancreas. The explanation for and significance of nuclear localisation in these tumours is not clear, but E-cadherin is used as a diagnostic marker for these tumours in the differential diagnosis with other skin and pancreatic tumours21, 22.  
The differences that we report in the nuclear localisation of E-cadherin between ovarian HGSCs and SCSTs is of potential value as an immunohistochemical test additional to those used routinely for differentiation between epithelial and SCSTs in difficult cases.  E-cadherin could be included in the immunohistochemical panel for an accurate diagnosis of a SCST, and it should be emphasized that the antibody used should be one that recognizes the intracellular / C terminal domain of the protein.  
In contrast to E-cadherin, the catenins were found to be expressed mainly on the membrane of most SCST, except MCST,  and LCT, which showed nuclear expression of all catenins.  
The best studied member of the catenin family is β-catenin due to its significant involvement in the Wnt signalling pathway. In normal epithelial cells, β-catenin is located in the cell membrane where its interaction with E-cadherin and α-catenin maintains the cellular cohesion with neighbouring cells. In some neoplastic lesions, the normal localisation of β-catenin is disturbed17. 
Evidence for the involvement of β-catenin in the pathogenesis of GCT comes from the work of Boerboom et al., in which the development of transgenic mice carrying an activating β-catenin gene mutation led to deregulation of the Wnt signalling pathway and to the development of GCT. In this study, they also showed nuclear localisation of β-catenin in adult GCT 23.  In their studies of GCT, Ohishi et al., and Stewart et al. showed membranous and cytoplasmic staining with β-catenin, while nuclear staining was absent17, 19.   
Our results showed expression of β-catenin in the cytoplasm of all cases and in the membrane of the majority. Nuclear expression was observed in all MCST and, 1 GCT., the 1 steroid cell tumour and 1 of the 2 LCT studied, whereas normal ovarian stroma and all other tumours showed no nuclear localisation. We,  and others, have previously shown nuclear localisation of -catenin and mutations in exon 3 of CTNNB1 in MCST, implicating dysregulation of the Wnt/-catenin pathway in the pathogenesis of this rare neoplasm.20, 24, 25
γ-catenin has an oncogenic effect when deregulated and it associates with TCF/LEF in the nucleus in the Wnt transduction cascade, acting as an activator of transcription like β-catenin 26. In this study, most MCSTs expressed γ-catenin in the nucleus; nuclear expression was also seen in LCT, SCT, SCST NOS and 1 GCT. 
-catenin is normally present in the nuclei of cells where it promotes the ubiquitination and degradation of β-catenin by interacting with APC, strengthening the APC/ β-catenin association. In that way α-catenin acts as a tumour suppressor and it inhibits the nuclear translocation of β-catenin and suppresses the transactivation of genes that promote tumourigenesistumour genesis 13.  So, conserved and increased nuclear expression of α-catenin is able to interfere with β-catenin/TCF interaction, thus decreasing the level of expression of oncogenes 14.   
Expression of α-catenin in our cases was observed predominantly in the cytoplasm and the membrane of all the subtypes of SCST examined apart from MCSTs which showed both nuclear and membranous expression.   
MCST is a rare ovarian tumour with distinctive morphological appearances, but in some cases there is morphological overlap with other subtypes of SCST 27. Tumours most likely to enter the differential diagnosis include thecoma and steroid cell tumour. The unique and consistent expression profile of catenins, and in particular α-catenin, in the membrane and nuclei of MCST may be helpful in the diagnosis and the distinction from other neoplasms. We recently showed that MCST has a characteristic immunoprofile with positive nuclear staining for FOXL2,WT-1, SF-1, -catenin, and cyclin D120, in addition to positive staining with vimentin and CD10 which was described in the original publication of this neoplasm 27. Thecoma shares with MCST expression of FOXL2, SF-1, WT-1, and CD10, but is usually positive for CD56, calretinin and inhibin 28-30.  Steroid cell tumour is positive for SF-1, inhibin, calretinin, CD99 and CD10 29, 31, 32.  In this study, we show a difference in the immunophenotype between MCST and thecoma, where the latter shows nuclear localisation of E-cadherin only, with no nuclear localisation of any of the catenins.  The single steroid cell tumour in our study showed nuclear localisation of -catenin and -catenin, but not -catenin.  The only other tumour that showed nuclear localisaiton of all catenins was LCT; however, unlike MCST no membranous localisation of -catenin was seen in LCT, whichThis illustrates that MCST has a distinct immunoprofile with regards to E-cadherin and the catenins compared to that seen in all other SCST types. However, a limitation of our study is that the numbers of some of the tumour types is small.
Nuclear localisation of the different antigens seems to be the most distinct and easily reproducible profile and forms the basis of a proposed algorithm to aid in diagnosis. Nuclear localisation of E-cadherin with absence of membranous localisation, using antibodies that target the C-terminal domain, suggests that the tumour is an ovarian SCST and not an epithelial tumour, making E-cadherin a useful marker in the routine diagnostic antibody panel for distinguishing between these tumour types. Absence of membranous E-cadherin expression but the presence of membranous and cytoplasmic expression of any of the catenins also suggests the tumour is a SCST. In cases where, in addition to the nuclear localisation of E-cadherin, there is also nuclear localisation of γ-catenin, the tumour is likely to be a MCST , LCT, SCT or SCST NOS. The presence of nuclear and membranous expression of α-catenin or nuclear and cytoplasmic expression of β-catenin provides further support for the diagnosis of MSCT.  MCST has the unique property of showing nuclear localisation of the 4 proteins in over 90% of cases, with membranous localisation of -catenin. According to our findings, nuclear expression of each of the examined proteins is associated with absence of membranous expression and vice versa, for all tumour types except MCST. 
To our knowledge, our study is the first to investigate the expression of E-cadherin, α-catenin, β-catenin and γ-catenin in this range of subtypes of ovarian SCST. We show that there is differential expression of E-cadherin and catenins between the different subtypes of SCST, showing that the expression profile is a promising potential diagnostic marker.
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Table 12:
	Subcellular localisation  of E-cadherin and catenins in all types of SCST

	Tumor type
	T
	E-cadherin
	α-catenin
	β-catenin
	γ-catenin

	
	
	M
	C
	N
	M
	C
	N
	M
	C
	N
	M
	C
	N

	GCT 
	26
	4 (15.4%)
	25 (96.2%)
	26 (100%)
	21 (80.8%)
	26 (100%)
	3 (11.5%)
	23 (88.5%)
	26 (100%)
	1 (3.8%)
	13 (50.0%)
	25 (96.2%)
	1 (3.8%)

	SLCT
	3
	1 (33.3%)
	1 (33.3%)
	3 (100%)
	2 (66.7%)
	3 (100%)
	0 (0.0%)
	2 (66.7%)
	3 (100%)
	0 (0.0%)
	1 (33.3%)
	2 (66.7%)
	0 (0.0%)

	Fibromas
	6
	1 (16.7%)
	1 (16.7%)
	6 (100%)
	5 (83.3%)
	5 (83.3%)
	0 (0.0%)
	4 (66.7%)
	6 (100%)
	0 (0.0%)
	0 (0.0%)
	6 (100%)
	0 (0.0%)

	Thecomas
	5
	0 (0.0%)
	2 (40.0%)
	5 (100%)
	2 (40.0%)
	5 (100%)
	0 (0.0%)
	4 (80.0%)
	5 (100%)
	0 (0.0%)
	0 (0.0%)
	5 (100%)
	0 (0.0%)

	SCTAT
	1
	0 (0.0%)
	1 (100%)
	1 (100%)
	1 (100%)
	1 (100%)
	0 (0.0%)
	1 (100%)
	1 (100%)
	0 (0.0%)
	1 (100%)
	1 (100%)
	0 (0.0%)

	MCST
	12
	1 (8.3%)
	5 (41.7%)
	12 (100%)
	10 (83.3%)
	12 (100%)
	11 (91.7%)
	1 (16.7%)
	12 (100%)
	12 (100%)
	1 (8.3%)
	1 (8.3%)
	11 (91.7%)

	SCT
	1
	0 (0.0%)
	1 (100%)
	1 (100%)
	1 (100%)
	1 (100%)
	0 (0.0%)
	1 (100%)
	1 (100%)
	1 (100%)
	0 (0.0%)
	1 (100%)
	1 (100%)

	LCT
	2
	0 (0.0%)
	2 (100%)
	2 (100%)
	0 (0.0%)
	2 (100%)
	1 (50.0%)
	0 (0.0%)
	2 (100%)
	1 (50.0%)
	0 (0.0%)
	2 (100%)
	1 (50.0%)

	SCST NOS
	3
	1 (33.3%)
	3 (100%)
	3 (100%)
	1 (33.3%)
	3 (100%)
	0 (0.0%)
	1 (33.3%)
	3 (100%)
	0 (0.0%)
	0 (0.0%)
	3 (100%)
	2 (66.7%)


Note: M, Membrane; C, Cytoplasm; N, Nucleus; T, total number of cases. 
GCT:  granulosa cell tumor; SLCT: sertoli leydig cell tumor; SCTAT: sex cord stromal tumor with annular tubules; MCST: microcystic stromal tumor; SCT: steroid cell tumor; LCT: leydig cell tumor; SCST NOS: sex cord stromal tumor NOS






Table 23:

Note: M, Membrane; C, Cytoplasm; N, Nucleus




	Localisation of expression and percentage (%) of subcellular localisation  of E-cadherin and catenins in ovarian high grade serous carcinomas (n=22) 

	
	E-cadherin
	α-catenin
	β-catenin
	γ-catenin

	
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3

	M
	0 
(0%)
	1
(5%)
	0
(0%)
	21
(95%)
	2 
(9%)
	3 
(14%)
	3
(14%)
	14
(63%)
	0
(0%)
	1
(5%)
	2
(9%)
	19
(86%)
	1 
(5%)
	2
(9%)
	7
(32%)
	12
(54%)

	C
	1
(4%)
	15 (68%)
	3
(14%)
	3
(14%)
	2 
(9%)
	15 
(68%)
	4
(18%)
	1
(5%)
	0
(0%)
	8
(36%)
	10
(45%)
	4
(19%)
	3
(14%)
	4
(18%)
	13
(59%)
	2
(9%)

	N
	22
(100%)
	0
(0%)
	0
(0%)
	0
(0%)
	22
(100%)
	0 
(0%)
	0
(0%)
	0
(0%)
	22
(100%)
	0
(0%)
	0
(0%)
	0
(0%)
	22
(100%)
	0
(0%)
	0
(0%)
	0
(0%)


	






Figure legends:
Figure 1: Expression of E-cadherin and catenins in granulosa cell tumour (GCT). (A) E-cadherin expression with nuclear localisation, (B) α-catenin expression with membranous localisation, (C) β-catenin expression with membranous and cytoplasmic localisation and (D) γ-catenin expression with membranous localisation. (Magnification X200)C


[bookmark: _GoBack]Figure 2: Expression of E-cadherin and catenins in microcystic stromal tumour (MCST). (A) E-cadherin expression with nuclear localisation, (B) α-catenin expression with nuclear and cytoplasmic localisation, (C) β-catenin expression with nuclear and cytoplasmic localisation and (D)  γ-catenin expression with nuclear localisation. (Magnificaiton X200)

Figure 3: Expression of E-cadherin and catenins in epithelial tumours. (A) E-cadherin expression with membranous and cytoplasmic localisation, (B) α-catenin expression with membranous localisation, (C) β-catenin expression with strong membranous localisation, and (D) γ-catenin expression with membranous localisation. (Magnification X200)
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