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Supplemental Information. Putative functions of the proteins found to be unique to EC 

Introduction 

The proteins found to be unique to EC tissue within this study (Table 2) are presented alphabetically 
and their putative functions described and where applicable, briefly discussed. These functions are 
yet to be proven in EC, but create interesting starting points for future experimentation.  

 
APP 
APP (amyloid beta precursor protein), functions as a cell surface receptor and performs physiological 
functions on the surface of neurons relevant to neurite growth, neuronal adhesion and axonogenesis 
[1]. It captures divalent cations, and it is also involved in copper homeostasis/oxidative stress through 
copper ion reduction. In-vitro, copper-metallised APP induces neuronal death directly or is potentiated 
through Cu2+-mediated low-density lipoprotein oxidation [2]. It can also regulate neurite outgrowth 
through binding to components of the extracellular matrix such as heparin and collagens I and IV, two 
proteins identified to be over expressed in this proteomic study (Supplemental Table S1). These data 
suggest that this protein is important in the development of EC through a number of disparate 
mechanisms yet to be examined. 
 
BOD1L1 
BOD1L1 (Biorientation of Chromosomes in Cell Division 1 like 1) is a nuclear protein that is predicted 
to enable protein phosphatase 2A binding activity and protein phosphatase inhibitor activity [3]. It has 
a putative involvement in a cell’s response to DNA damage because it is a component of the fork 
protection machinery required to protect stalled/damaged replication forks from uncontrolled DNA2-
dependent resection. 
 
CAD 
CAD (Carbamoyl-Phosphate Synthetase 2 or Aspartate Transcarbamylase) has 3 enzymatic activities 
needed in the 6-step pathway of pyrimidine biosynthesis. This trifunctional protein aids cell 
proliferation through de novo synthesis of pyrimidine nucleotides and uses the mitogen-activated 
protein kinase (MAPK) cascade to initiate this function [4], indicating a direct link between MAPK and 
pyrimidine nucleotide biosynthesis. 
 
CCDC13 
Very little is known about the function of CCDC13 (Coiled-Coil Domain-Containing Protein 13), apart 
from it is requirement for primary cilia formation where it promotes the localisation of the ciliopathy 
protein BBS4 to both centriolar satellites and cilia bodies [5]. In embryogenesis, cilia are known to be 
important in the correct movement of cells during tissue development and their failure is often 
associated with situs inversus [6]. It is therefore likely that CCD13 is involved in the movement or 
migration of EC cells and so could be a key component of metastatic EC disease. 
 
CLTB 
Clathrin light chain B (CTLB) is a smaller light chain component of the large, soluble protein clathrin 
that functions as the main structural component of the lattice-type cytoplasmic face of coated pits and 
vesicles which entrap specific macromolecules during receptor-mediated endocytosis [7]. The light 
chain version is implicated in cell spreading and migration [8] and so could be an important factor in 
metastatic EC disease.  
 
CNPY4 
CNPY4, also known as Canopy FGF Signalling Regulator 4, regulates the expression of the cell surface 
receptor TLR4 [9] a key regulator of immunomodulation that act in anti-tumour events. Recently, TLR4 
has been identified as a key player in a regulatory pathway of aggressive malignancies whereby this 
protein activates inflammatory processes to attenuate tumour cell growth, especially in ovarian, 
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cervical, and ECs [10]. These data suggest that the increased expression of CNPY4 in our cohort of EC 
patients may be part of an early event to activate TLR4 and prevent tumour aggressiveness, even 
though TLR4 was not identified in the proteomic outputs. 
 
COPE 
COPE (Coatomer Protein Complex Subunit Epsilon) is a protein subunit of the coatomer complex. It is 
a cytosolic protein complex that binds to dilysine motifs and reversibly associates with Golgi non-
clathrin-coated vesicles, which further mediate biosynthetic protein transport from the ER, via the Golgi 
up to the trans Golgi network [11]. Since the coatomer complex is required for ‘vesicular budding’ from 
Golgi membranes, and is essential for the retrograde Golgi-to-ER transport of dilysine-tagged proteins 
when COPE proteins increase in the absence of the other subunits this might exacerbate a movement 
of secreted proteins from the ribosome on the rough endoplasmic reticulum to the plasma membrane 
and so increase the secretion of proteins in EC. 
 
CST3 
CST3, also known as cystatin C is an inhibitor of several different cysteine proteinases and cathepsin B 
[12]. Cystatin C is a target for p53 where it is assumed that activation of this pathway results in increased 
pro-apoptotic functions in carcinogenesis [13]. An additional feature of relevance here is that CST3 is 
regulated by progesterone [14], which is well-known as a protective agent against EC [15]. 
 
C9orf142, and c14orf142 
C9orf142, and c14orf142 are two proteins that appear to be involved in DNA repair mechanisms [16,17] 
and tRNA synthesis, respectively [18]. There is relatively little more known about the function of these 
proteins, except they are implicated in DNA repair and tRNA production through the EKC/KEOPS 
complex [18,19]. These data are not unexpected, since some of the cells in EC could be undergoing 
homeostatic regulation of DNA mutation or other forms of DNA damage and these genes are activated 
in an attempt to repair existing damage. 
 
DKFZp313H139 
DKFZp313H139 is a protein fragment that comes from a fusion region on Chromosome 6 that includes 
four protein members of the bromodomain family of proteins (BRD2, BRD3, BRD4 and BRDT), whose 
functions are unclear but could be related to the BET family of proteins that act as transcription 
regulators. BRD2 protein is known to regulate the acetylation of the retinoblastoma protein (a key anti-
tumour protein). BRD3 is similar in structure to the RING3 protein, which is a SER/THR-kinase, but the 
actual function of BRD3 current remains unknown even though it has been identified in gastric 
carcinoma [20]. BRD4 is a protein that interrogates the DNA sequences in chromatin and binds 
acetylated histones [21]. By doing so, it aids the transmission of epigenetic memory across cell divisions 
and plays a critical role in the regulation of gene transcription [22]. It also acts as a regulator of 
p53/TP53-mediated transcription: following phosphorylation by CK2, it is recruited to p53/TP53 
specific target promoters [23], to modulate the expression of the P53 protein, another tumour 
suppressor gene that is often mutated or has altered expression in EC [24]. BRDT is a known factor in 
ovarian cancer development where it promotes the expression of PLK1 and AURKC to stimulate cell 
cycle genes and activate the cell cycle [25]. It is also a regulator of EIFEBP1 in renal cell carcinoma where 
it acts a transcriptional regulator on its target gene’s promoter [26]. It is likely that this peptide, 
identified in our study, could be key to EC carcinogenesis. 
 
E7EPZ9-DECOY, Q8WZ42-12-DECOY and Q8WZ42-2-DECOY 
The peptide fragments E7EPZ9-DECOY, Q8WZ42-12-DECOY and Q8WZ42-2-DECOY (which were 
used in the development of pharmaceuticals), were found to not have any known association with any 
biological function or cellular process and thus have no attendant literature source to draw upon. 
E7EPZ9-DECOY is now obsolete in the UniProt database (https://www.uniprot.org/), but now maps to 
TNXB (tenascin-X), which is an extracellular protein involved in the stabilisation of tissues and prevents 
cell migration [27]. It may also play a supporting role in the growth of some epithelial tumours [28], 
but that has yet to be confirmed. Q8WZ42-2-DECOY and Q8WZ42-12-DECOY are also obsolete in the 
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UniProt database and both sequences now map to titin (TTN) isoforms 2 and 12, respectively. Titin is 
the largest protein in the body (~3.8 million Da for isoform 2 and ~3.9 million Da for isoform 12) and is 
a key component in the assembly and normal functioning of striated muscles [29]. With regards to EC, 
it is likely that titin plays a role, although recent evidence of a direct effect disputes this statement [30]. 
Nevertheless, when fused to other RNA sequences such as the antisense sequence AS1, where the RNA 
for this molecule binds to the mRNA of titin, it has pro-oncogenic effects [31]. In this case, when TTN-
AS1 is overexpressed, prognosis in a number of cancers, including those of the reproductive tract, but 
interestingly not for EC, are poor [31]. 
 
FAM169A 
FAM169A, [Family With Sequence Similarity 169 Member A’ or SLAP75 (Soluble Lamina-Associated 
Protein Of 75 KD)] is a nuclear envelope protein [32] that may have a role in intervertebral disc 
degeneration and apoptosis [33]. The precise role of this protein remains unknown, but mutant forms 
are associated with high BMI, a feature of EC patients [34].  
 
GOLIM4 
GOLIM4 (Golgi Integral Membrane Protein 4), also known as GPP130 is a type II Golgi-resident protein 
where its primary function is to process newly synthesised proteins and thus assists with the transport 
of cargo to the cell surface [35]. Although it does not directly interact with COPE, it performs similar 
functions to that protein, although its precise role even in hepatocarcinoma cells remains obscure [36]. 
 
GRN 
GRN or progranulin/proepithelin, is a precursor protein that is secreted from the Golgi apparatus in 
neuronal tissue, but is targeted towards the lysosome where it has numerous functions including 
altering the activity of lysosomal enzymes [37,38] and lysosomal acidification [39]. This protein was 
identified in four different Reactome® networks and so it is not surprising that it may have additional 
roles, such as promoting epithelial cell proliferation by blocking TNF-mediated neutrophil activation 
preventing release of oxidants and proteases [40]. Moreover, it is known to modulate inflammation in 
neurons by preserving neuronal survival, axonal outgrowth and neuronal integrity [41]. We previously 
established that these functions are associated with APP, IGKV-I, IGKV-II, IGLV-III, CST3 and 
cathepsin D expression (Supplemental Table S3) and so can link several of the Reactome® networks 
through the expression of GRN. 
 
HEXA 
The enzyme hexosaminidase consists of two independent subunits HEXA (found to be overexpressed 
in EC) and HEXB, which is not. This enzyme is a member of the glycosyl hydrolase 20 family of proteins 
that catalyses the degradation of the ganglioside GM2, and other molecules containing terminal N-
acetyl hexosamines [42]. HEXA is involved in the up-regulation of the cannabinoid receptor 2 (CNR2) 
during endometrial inflammation [43]; and we and others have reported CB2 expression to be altered 
in EC [44,45]. HEXA is also associated with GRN to ameliorate the lysosomal storage problems 
associated with Tay-Sachs disease suggesting that lysosomal function in EC is also affected [46]. 
 
HN1L 
HN1L (Hematological and Neurological Expressed 1-Like Protein) is also known as JPT2 (Jupiter 
microtubule associated homolog 2). It is up-regulated in squamous cell carcinoma, adenocarcinoma, 
adenosquamous cell carcinoma, bronchioalveolar carcinoma of the lung [47], breast carcinoma [48] and 
is found in the uterus [49]. Furthermore, its native protein counterpart HN1 promotes tumour 
associated lymphangiogenesis and lymph node metastatic disease in patients with cervical cancer 
through activation of NF KappaB [50]. These data suggest this protein may a key role in EC 
pathogenesis. 
 
IGKV-I, IGKV-II and IGLV-III 
These 3 proteins (IGKV-I, IGKV-II and IGLV-III) are all immunoglobulin chains with the first two being 
part of the immunoglobulin kappa variable cluster, whilst the third is part of the lambda variable 
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cluster. These immunoglobulin light chains have no apparent functional differences, but mutations in 
these regions have been reported to be associated with certain types of lymphomas [51] and cancer cell 
lines [52]. 
 
J3QQ66-DECOY 
The protein J3QQ66-DECOY has structural similarities to the murine ZFHX4 (Zinc finger homeobox 4) 
but cannot be found in any database as a single entity because ZFHX4 is a complex of four 
homeodomains and twenty-two zinc fingers [53], where they may act a key transcriptional regulators 
of downstream protein expression. 
 
MYH8 
MYH8 (Myosin Heavy Chain 8), is the major contractile protein found in striated muscle that associates 
with titin (see above) and may be dysfunctional in a number of conditions including Carney complex, 
which is a multiple neoplasia syndrome characterised by spotty skin pigmentation, cardiac and other 
myxomas, endocrine tumours, and psammomatous melanotic Schwannomas [54] due to defects in the 
PRKAR1A gene product [55], which was over-expressed in our EC patients (Supplemental Table S1) 
as was PRKAR2A an essential component of the protein kinase A complex [56]. 
 
PIGT 
PIGT, also known as Phosphatidylinositol-Glycan Biosynthesis Class T Protein, is involved in 
glycosylphosphatidylinositol (GPI)-anchor biosynthesis. The GPI-anchor is a glycolipid found on many 
blood cells and serves to anchor proteins to the cell surface. The only existing evidence that PIGT is 
involved in cancer comes from a study whereby the PIGT subunit was silenced in breast cancer cell 
lines and resulted in the expression of membrane proteins many of which are identified in 
Supplemental Table 2 and Tables 2 and 3 that have IgG domains and function in cell adhesion, 
protein-protein clustering, integrin activation, or antigen presentation [57].  
 
PLCL1 
PLCL1 [Phospholipase C Like 1 or Phospholipase C-Related Catalytically Inactive Protein 1 (PRIP-1)] 
is an inactive enzyme that shows no PLC activity to phosphatidylinositol 4,5-bisphosphate or 
phosphatidylinositol, but it regulates the turnover of GABA receptors and thus contributes to the 
maintenance of GABA-mediated synaptic inhibition [58]. Its aberrant expression could contribute to 
the genesis and progression of small cell lung carcinoma [59] where it acts as an inhibitor of PPP1C. In 
normal endometrial tissue, it is regulated directly by the actions of progesterone during stromal cell 
decidualisation, where it induces apoptosis and tissue breakdown via forkhead box protein O1 and the 
apoptosis activator BIM [60]. These data suggest that PLCL1 may be expressed in the stromal cell 
component of the EC tissue. 
 
PMFBP1 
PMFBP1 (Polyamine modulated factor 1 binding protein 1) has only one reported function of being 
intimately involved in normal spermatogenesis [61]) with abnormal expression of this protein 
producing sperm that lack a head (acephalic spermatozoa) because it acts as a scaffold protein that 
attaches the sperm head-tail connecting piece to the nuclear envelope, thus maintaining sperm head 
and tail integrity [62]. It is possible that it may be therefore involved in the normal cytoskeletal 
architecture of the endometrial cancer epithelial cell. 
 
PPM1G 
PPM1G, (Protein Phosphatase Magnesium-Dependent 1 Gamma) is a member of the PP2C family of 
Ser/Thr protein phosphatases that are known to be negative regulators of cell stress response pathways, 
especially when a cell is undergoing oxidative stress [63]. This phosphatase is found to be responsible 
for the dephosphorylation of pre-mRNA splicing factors, which is important for the formation of 
functional spliceosome [64] and in-vitro studies have demonstrated a role for this phosphatase in 
regulating cell cycle progression through degradation of the p27, a key cyclin-CDK inhibitor [65]. 
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PPP1R2 
PPP1R2, or Protein Phosphatase 1 Regulatory Inhibitor Subunit 2 is part of protein phosphatase-1 (PP1), 
which is one of the main Ser/Thr protein phosphatases, similar to PPM1G. PPP1R2 has an inhibitory 
role on PP1 and increased expression of these two proteins has been demonstrated in maintenance of 
central spindle stability during mitosis and increased chromosomal re-arrangements and may prevent 
cell abscission [66]. The result is stabilisation of cell numbers and tissue hyperplasia.  
 
QARS, SARS and WARS 
QARS and WARS are type 1 tRNA synthases, with QARS (Glutaminyl-tRNA Synthetase 1) adding 
glutamine to its cognate tRNA, whilst WARS (Tryptophanyl-tRNA Synthetase 1) adds tryptophan to 
its cognate tRNA and thus have important roles in protein synthesis [67]. SARS2 (Seryl-tRNA 
Synthetase 2, Mitochondrial) and MARS (Methionyl-tRNA Synthetase 1) were also overexpressed in 
this patient cohort (Supplemental Table 1), where the former adds serine to its cognate tRNA and is 
associated with AIDS progression [68]. By contrast, MARS has been shown to affect PPAR-alpha 
expression and acts as a growth inhibitor in the EC cell line, Ishikawa [69]. Whether changes in SARS2, 
QARS and WARS expression has any effect on inon EC cell proliferation, is currently unknown, but 
based on the effect of MARS in-vitro and the over-expression in the current study, an effect is 
increasingly likely. 
 
SCARB2 
SCARB2 or Scavenger Receptor Class B Member 2, is also known as Lysosome Membrane Protein 2 or 
LIMP-2 (amongst others) is a type III glycoprotein primarily involved in limiting membranes of 
lysosomes and endosomes where it acts as a lysosomal receptor for glucosylceramidase [70] and is 
involved in cholesterol transport [71]. It is a ubiquitously expressed protein involved in the 
pathogenesis of HFMD (hand, foot, and mouth disease) caused by enterovirus-71 [72] and possibly by 
Coxsackie virus A16. It is possible that this protein is being used to transport cholesterol for ApoC1, 
which is also over-expressed in this patient cohort, where it might initiate wnt signalling pathways as 
it does in renal cancer [73]. Recent evidence also indicates that ApoC1 may be a good prognostic 
biomarker for cervical cancer [74]. 
 
SCPEP1 
SCPEP1 (Serine Carboxypeptidase 1) is a retinoid-inducible serine carboxypeptidase that currently has 
no known function. It May be involved in vascular wall and kidney homeostasis by similarity to other 
proteins [75] and because it has only been found located in extracellular exosome. 
 
SIAE 
The enzyme Sialic Acid Acetylesterase (SIAE), which was also over-expressed in our patient cohort, 
removes 9- and 4-O-acetylation modifications from sialic acids [76] and especially from its parent 
molecule N-acetylneuraminic acid [77]. Acetylation and de-acetylation by SIAE have been implicated 
in colorectal carcinoma [78], creating the correct environment for coronavirus-SARS2 entry into cells 
[79] and is upregulated in preeclampsia and autoimmune diseases [80]. A key function of this enzyme 
is to regulate ganglioside-mediated apoptosis [81], and may link this to the function of HEXA (see 
above). 
 
SLC25A24 
The solute carrier protein SLC25A24 (Solute Carrier Family 25 Member 24) was also over-expressed in 
our cancer patients’ samples. Its main function is to transport ATP-Mg2+ exchanging it for phosphate in 
the transport process across mitochondrial inner membranes [82]. ATP-Mg2+ is an important molecule 
in DNA synthesis and since a rapidly dividing cell increases its mitochondrial DNA synthesis, then it 
is not surprising that it would be increased in EC, because DNA damage in mitochondria results in 
increased apoptosis. It may do this by protecting cells against oxidative stress-induced cell death, 
probably by promoting the formation of calcium-phosphate precipitates in the mitochondrial matrix, 
and thereby buffering calcium levels in the mitochondrial matrix [83].  
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ZC3H4 
ZC3H4 (Zinc Finger CCCH-Type Containing 4), can be found on chromosome 19 and is a member of a 
family of CCCH (C-x8-C-x5-C-x3-H type) zinc finger domain-containing proteins that coordinate zinc 
finger binding. They either act as RNA polymerase II-specific transcriptional regulators or function in 
proof-reading in post-transcriptional regulation, where they promote epithelial-mesenchymal 
transition and metastasis [84]. Over-expression is associated with obesity indices [85], due to increased 
body fat composition, a feature of women with a number of differing cancers, including EC [86]. It is 
likely therefore that ZC3H4 over-expression is linked to the slightly higher BMI identified in our patient 
cohort and the more aggressive nature of the type 2 EC that constituted the higher BMI group. It is also 
possible that APP, CAD, BRD2, CST3, GRN, PPM1G and ZC3H4 may contribute here, since these 
proteins have been implicated in adiposity and obesity in other situations [87-93].  
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