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Abstract:

 The recent increase in the frequency of endometrial cancer has emphasized the need for accurate diagnosis and improved treatment. The current diagnosis is still based on conventional pathological indicators, such as clinical stage, tumor differentiation, invasion depth and vascular invasion. However, the genetic mechanisms underlying endometrial cancer have gradually been determined, due to developments in molecular biology, leading to the possibility of new methods of diagnosis and treatment planning. New candidate biomarkers for endometrial cancer include those for molecular epigenetic mutations, such as microRNAs. These biomarkers may permit earlier detection of endometrial cancer and prediction of outcomes and are likely to contribute to future personalized therapy for endometrial cancer.
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1. Introduction

Endometrial cancer accounts for 70% to 80% of cases of primary malignant disease in the uterus in the United States [1]. In contrast, cervical cancer accounts for most malignant uterine disease in Asia, but cases of endometrial cancer have increased, due to improved screening and Westernized dietary habits. Thus, the Japan Society of Obstetrics and Gynecology (JSOG) reported that endometrial cancer had increased from 976 patients in 1983 to 4267 in 2005 and 6113 in 2009. This most recent number accounts for about half of all cases of malignant uterine disease [2,3] and emphasizes the need to improve diagnosis and treatment of endometrial cancer.

Recent advances in molecular biology have made major contributions to the understanding of malignant diseases and development of diagnostic technology. Mutation of the epidermal growth factor receptor (EGFR) gene is an important biomarker for prediction of the effect of gefitinib, a molecular-targeted drug. Personalized medicine based on individual differences among patients is attainable using a treatment strategy with anticancer drugs chosen based on prediction of effects and adverse reactions using these biomarkers. Genetic studies of endometrial cancer have established relationships between carcinogenesis and gene mutations. Thus, mutation of phosphatase and tensin homolog deleted from chromosome10 (PTEN), a tumor suppressor gene, is frequently detected in endometrioid adenocarcinoma and that of p53 is often detected in cancer in other tissue types.

Abnormalities that cannot be explained by gene mutation are also frequently found in malignant diseases, including endometrial cancer. These include epigenetic mutations, which produce abnormal gene expression without changes in the base sequence of genomic DNA. microRNAs (miRNAs), which are associated with regulation of gene expression, are also of interest, due to their involvement in mechanisms associated with onset of malignant disease. Familial aggregation of endometrial cancer is also a focus, and patients with Lynch syndrome (hereditary non-polyposis colorectal cancer: HNPCC) are often complicated with both colorectal and hereditary endometrial cancer. Lynch syndrome is caused by germ cell mutation of mismatch repair (MMR) genes that are strongly related to endometrial cancer. These findings are likely to promote development of new treatment for endometrial cancer.



2. Genetic Abnormalities in Endometrial Cancer

Endometrial cancer is divided into two types [4–6]. The type 1 form occurs in patients with typical risk factors, including endocrine disorders, such as obesity and excessive estrogen, and accounts for about 80% of cases of endometrial cancer. The type 1 cancer is well-differentiated endometrioid adenocarcinoma with relatively good outcomes and frequently occurs in perimenopausal women. The type 2 form occurs in patients without the above risk factors and includes poorly differentiated endometrioid adenocarcinoma, serous adenocarcinoma, mucinous adenocarcinoma and clear cell adenocarcinoma. This form has poor outcomes and tends to develop in elderly women.

Type 1 endometrial cancer is most commonly characterized by mutation of PTEN, a tumor suppressor; and also by mutations in v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog (K-ras), β-catenin, phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha (PIK3CA) and phosphatidylinositol 3-kinase (PIK3). Some cases also have inactivation of mutS homolog 6 (MSH6), which is associated with microsatellite instability (MSI) [7,8]. Inherited or somatically acquired mutations of MSH6, although relatively uncommon in endometrial cancers in general, are often seen in MSI endometrial cancer. Type 2 endometrial cancer shows mutations of p53 and p16, reduced expression of E-cadherin and overexpression of human epidermal growth factor receptor 2 (Her-2/neu) (Table 1 and Figure 1) [7,9].

Figure 1. Genetic mutations in endometrial cancer.
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Table 1. Genetic mutations in Type 1 and 2 endometrial cancer.


	Genetic alteration
	Type 1 (%)
	Type 2 (%)





	PTEN inactivation
	50–80
	10



	K-ras mutation
	15–30
	0–5



	β-catenin mutation
	20–40
	0–3



	Microsatellite instability
	20–40
	0–5



	p53 mutation
	10–20
	80–90



	HER-2/neu
	10–30
	40–80



	p16 inactivation
	10
	40



	E-cadherin
	10–20
	60–90










3. Epigenetic Aberrant Methylation in Endometrial Cancer

Epigenetic mutations cause abnormal gene expression without changes in the DNA base sequence. Epigenetic mechanisms regulate downstream gene expression through aberrant hypermethylation of CpG islands in promoter regions, hypomethylation of entire genomes and histone acetylation [10]. Aberrant hypermethylation of gene promoters causes transcriptional silencing of oncogenes, resulting in abnormal proliferation of cells and carcinogenesis (Figure 2).

Figure 2. Mechanism of gene inactivation by aberrant methylation.



[image: Ijms 14 12123f2 1024]





The nucleosome, a unit of chromatin, consists of a core tetramer of histone pairs of H3-H4 dimers that form an octamer with 2 histone H2A-H2B dimers, with approximately 147 bp of DNA wrapping around the octamer about 1.75-times. Structural analysis of the nucleosome shows that the N-termini of histones protrude to sites outside the DNA. The N (and C)-terminal domains of the histone core proteins (histone tails) undergo various posttranslational modifications, including acetylation, methylation, ubiquitination and phosphorylation. Combinations of histone modifications define the status of the activation of the chromosome and positional information, and therefore, this is considered to be a kind of genetic code. Histone acetylation removes positive charges of lysine residues and decreases electrostatic interactions with the negatively charged DNA. This reduces the affinity of the histone for the DNA and leads to conversion of heterochromatin to euchromatin, allowing cofactors to interact with DNA and increase transcriptional activity.

Histone acetylation and deacetylation are catalyzed by histone acetyl transferase (HAT) and histone deacetylase (HDAC) enzymes, respectively. Histone acetylation activates binding of transcription factors and enhances transcriptional activation, while deacetylation inhibits transcription. The 18 known HDACs are classified into Classes I to IV based on amino acid sequence homology at sites of enzyme activity [11]. Class I enzymes (HDAC 1, 2, 3 and 8) are homologs of yeast Rpd3 that are present mainly in nuclei and are constitutively expressed in many cells and tissues. Class II enzymes (HDAC 4, 5, 6, 7, 9 and 10) are homologs of yeast Hda1 and are mainly present in the brain, myocardium and skeletal muscles. Class II is further classified into Classes IIa (HDAC 4, 5, 7 and 9) and IIb (HDAC 6 and 10). Class III enzymes are Sir2 homologs and include SIRT 1, 2, 3, 4, 5, 6 and 7. Class IV currently includes HDAC11 alone. The relationship between HDAC expression and endometrial malignant transformation remains unclear. Class I HDAC expression in the endometrium and in endometrial cancer has recently been shown for the first time [12,13]. HDAC expression occurs throughout the menstrual cycle, but HDAC3 expression decreases from menstrual days six to 10, suggesting that HDAC expression is involved in endometrial differentiation [12]. Endometrial cancer with strong Class I HDAC expression may have a poor prognosis [13], and it is of note that many studies have shown antitumor effects of HDAC inhibitors, including in endometrial cancer.

MSI is a phenomenon in which microsatellite repeat sequences in tumor tissues differ from those in non-tumor tissues, due to dysfunction of the repair of base sequence errors in DNA replication. MSI occurs in Lynch syndrome, is commonly used in screening and has been detected in 20% of patients with sporadic endometrial cancer [14,15]. Inactivation of MLH1, a DNA MMR gene, is common in endometrial cancer, due to hypermethylation in CpG islands of gene promoters, and is a major cause of MSI. In a study of 93 patients who underwent radiotherapy after total extrafascial hysterectomy, Bilbao et al. [16] found 20 MSI-positive cases (22%) and a relationship of MSI with progression (p = 0.04) and vascular invasion (p = 0.009). In addition, the 10-year disease-free survival (DFS) of 53.8% in MSI-positive patients was significantly lower than that of 75.9% in MSI-negative patients (p = 0.003) [16]. This shows that MSI may be a useful diagnostic and prognostic indicator in detection and treatment of endometrial cancer.

Aberrant hypermethylation is detected at the precancerous lesion stage [17] and is significantly more widespread in malignant lesions compared to benign tumors. In addition to MLH1, genes, such as estrogen receptor α (ERα), progesterone receptor (PR), cyclin-dependent kinase inhibitor2A/P16 (CDKN2A/P16), secreted frizzled-related protein1 (SFRP1), SFRP2 and SFRP5, may be hypermethylated in malignant lesions [18], and this may allow earlier identification of these lesions.

Aberrant DNA hypermethylation of mitotic checkpoint genes has a major influence on the response to anticancer drugs. Checkpoint with forkhead-associated and ring finger (CHFR), a mitotic phase checkpoint gene, delays chromatin aggregation and progression to mitosis. CHFR acts by preventing cells from entering mitosis in response to a range of mitotic stress agents in the so-called antephase check point [19,20]. Taxanes are anticancer drugs that act in mitotic cells as microtubule depolymerization inhibitors, but do not affect cells with normal CHFR, because DNA is repaired in the G2 phase. However, in cells with CHFR inactivated by aberrant methylation, DNA damage induced by taxanes is not repaired, resulting in cell death. Therefore, these cells are highly sensitive to taxanes, and the anticancer effect of taxanes can be predicted by examining aberrant methylation of CHFR.

Banno et al. [21] detected aberrant methylation of CHFR in six (12%) of 50 patients with endometrial cancer, but not in nine healthy women or 10 patients with atypical endometrial hyperplasia. Aberrant methylation of CHFR was more frequent in poorly-differentiated (G3) endometrioid adenocarcinoma compared with the well-differentiated (G1) type. Among six cell lines (HHUA, SNG-II, HEC-1-B, HEC-108, HOOUA and KLE), aberrant methylation of CHFR was detected in SNG-II and HEC-108 cells, both of which are highly sensitive to paclitaxel and docetaxel. Following treatment with 5-aza-2′-deoxycytidine (5-aza-dC) for demethylation, the sensitivity of these two cell lines to paclitaxel and docetaxel was significantly decreased. These results suggest that aberrant methylation of CHFR is a biomarker of carcinogenesis and poorly-differentiated cancer and may be useful as an indicator for sensitivity to taxanes. This offers the potential for individualized therapy based on analysis of CHFR methylation.



4. microRNA Abnormalities in Endometrial Cancer

miRNAs are short non-coding RNAs of 20 to 23 base pairs [22] that regulate gene expression at the post-transcriptional level [23]. miRNAs are first generated as primary miRNAs (pri-miRNAs) with 100 to several thousand base pairs. Pre-miRNAs with about seven base pairs and a hairpin loop are spliced out from pri-miRNA by protein complexes, such as Drosha and DGCR8. These pre-miRNAs are transported out of the nucleus and formed into double-stranded miRNAs of about 22 base pairs by the Dicer enzyme, which has RNase activity. The double-stranded miRNAs bind to the Argonaute protein, leading to formation of the miRNA-containing RNA-induced silencing complex (miRISC). In ribosomes, miRNAs in miRISC bind to the 3′ UTR of the mRNA of a target gene and inhibit expression and translation or degrade the targeted mRNA [22].

miRNAs play an important role in carcinogenesis by targeting tumor suppressor oncogenes or by functioning as oncogenes with elevated expression [23,24]. In endometrial cancer and, particularly, in endometrioid adenocarcinoma, various miRNAs are down- or up-regulated [25–27]. The miR-200 family (miR-141, miR-200a, miR-200b, miR-200c and miR-429) [27] and miR-203 [28], miR-205 [26] and miR-210 [29] are all upregulated, whereas miR-410 [28], miR-15b, miR-17-5p, miR-20a, miR-125a, miR-214, miR-221, miR-222 and miR-424 are all downregulated [29] (Table 2). Torres et al. [28] showed that patients with recurrence can be differentiated by the levels of miR-205 and miR-200a with high significance (area under curve (AUC): 0.854, 95% confidence interval (CI): 0.691–0.951) and that lymph node metastasis is associated with expression of miR-200a, miR-203 and miR-429 at 80% sensitivity and 79% specificity.

Table 2. Expression of miRNAs in endometrial cancer.






	Upregulation
	Downregulation





	miR-200a
	miR-410



	miR-200b
	miR-15b



	miR-200c
	miR-17-5p



	miR-429
	miR-20a



	miR-203
	miR-34b



	miR-205
	miR-152



	miR-210
	miR-125a



	
	miR-214



	
	miR-221



	
	miR-222



	
	miR-424








Aberrant DNA hypermethylation also inactivates expression of miRNAs. For example, the gene for miR-124 is present in or around CpG islands in the chromosomal regions of 8p23.1, 8q12.3 and 20q13.33, and expression of miR-124 is inhibited by aberrant DNA methylation in colorectal cancer. In HCT116 colorectal cancer cells, methyl-CpG binding protein (MeCP2) and methyl-CpG binding domain protein (MBD2) bind to promoters of the miR-124 gene, but this does not occur in demethylated HCT116 cells [22]. Hiroki et al. [30] showed that 113 and 54 miRNAs were downregulated in endometrioid and serous adenocarcinoma, respectively, with six downregulated in serous adenocarcinoma only. In particular, miR-34b was markedly downregulated, due to aberrant hypermethylation. Tsuruta et al. [31] found normal miR-152 expression in six normal endometrium specimens, but suppression to <50% in 13 endometrial cancer cell lines. This suppression was related to aberrant DNA methylation in all cell lines and expression was frequently recovered by demethylation using 10 μmol/L 5-aza-dC. The recovery of miR-152 expression significantly decreased cell proliferation in endometrial cancer cells, which strongly suggests a tumor suppressor function of miR-152.

Endometrial cancer generally has good outcomes with surgical treatment if diagnosed at an early stage, but effective biomarkers have not been established to date. The studies described above and ongoing work suggest that miRNAs may serve as biomarkers for diagnosis and monitoring of treatment outcomes in endometrial cancer.



5. Diagnosis of Endometrial Cancer as a Familial Tumor

Cases of multiple occurrence of endometrial cancer in a single family suggest involvement of genetic abnormalities. The most typical are cases of Lynch syndrome, an autosomal dominant disorder characterized by juvenile-onset of malignant tumors and colorectal cancer as the core malignant tumor [32]. Patients with Lynch syndrome have risks for gastric, small intestinal, biliary and urologic cancer, in addition to colorectal cancer, and females have increased risks for endometrial and ovarian cancer. Screening of Lynch syndrome is based on the Amsterdam Criteria II [33]: three or more relatives with an associated cancer (colorectal cancer or cancer of the endometrium, small intestine, ureter or renal pelvis), including one first-degree relative of the other two; two or more successive generations affected; one or more relatives diagnosed before the age of 50 years old; and exclusion of familial adenomatous polyposis (FAP) in cases of colorectal carcinoma. Definitive diagnosis is based on germline mutation analysis. Mutations of MMR genes, MLH1, mutS homolog 2 (MSH2), mutS homolog 3 (MSH3), MSH6, postmeiotic segregation increased1 (PMS1) and PMS2, are involved in the pathological mechanism of Lynch syndrome [32,34] through inhibition of MMR during DNA replication, which leads to subsequent MSI and carcinogenesis [34].

Banno et al. [35] found a rate of 0.5% (2/375 patients) for cases of Lynch syndrome diagnosed based on the Amsterdam Criteria II among patients with endometrial cancer, which is extremely small compared with the 5% rate for colorectal cancer. In a multicenter study (five institutions) of 120 patients with endometrial cancer who met criteria A (one or more first-degree relatives with a Lynch syndrome-related cancer: colorectal, endometrial, small intestinal, ureteral or renal pelvis, gastric, ovarian or breast cancer; and one or more cancer diagnosed before the age of 50 years old) or criteria B (patients with two or more Lynch syndrome-related cancers), Hirai et al. [36] found 18 patients with MMR gene abnormalities and nine with MSH6 mutations. Of 72 patients who met criteria A, 14 (19.4%) had MMR gene abnormalities, but none were diagnosed with Lynch syndrome by the Amsterdam Criteria II. These results show that MSH6 is the most important MMR gene in endometrial cancer that may be related to Lynch syndrome and that the Amsterdam Criteria II identify only about half of the cases with germ cell mutation of MMR genes. Thus, these criteria do not allow definitive diagnosis of Lynch syndrome, but are useful for selecting patients who should undergo genetic tests. It is also important to pay attention to the presence or absence of mutations of MMR genes and, particularly, MSH6. In double cancers with simultaneous endometrial plus other HNPCC tumor types, the endometrial tumor seems to develop later, which is of interest from the perspective of screening for Lynch syndrome-related endometrial cancer [34]. Thus, examination of MMR genes and a detailed survey of family history in patients with endometrial cancer are important for the development of an appropriate treatment.

DNA methylation is also of interest in Lynch syndrome. Genomic imprinting is controlled by imprinting control centers (ICs) included in imprinting genes, and ICs control imprinting if just one allele is methylated. Therefore, DNA methylation plays an important role in imprinting, and these abnormalities may be a cause of genetic disease [37]. Gazzoli et al. detected aberrant MLH1 methylation of one allele in DNA isolated from peripheral blood of one of 14 patients with suspected Lynch syndrome, but no mutation of MSH2, MSH6 and MLH1 in germ cell lines [38]. This patient developed Lynch syndrome, due to loss of heterozygosity in the non-methylated MLH1 allele, with consequent inactivation of MLH. Thus, Lynch syndrome can occur without mutation of MMR genes, but with epimutation in the MLH1 and MSH2 promoter regions. Conversely, epimutation in germ cell lines may be a cause of Lynch syndrome, based on a family with mutation in the epithelial cell adhesion molecule (EPCAM) germ cell line, which causes hypermethylation in CpG islands in the MSH2 promoter [39]. This epigenetic abnormality is also transmitted genetically.

Cancer associated with epimutation has specific histological characteristics based on unknown mechanisms. The methylation pattern in normal tissues may be a diagnostic indicator for the cancer tissue type [37] and can be determined based on tests using less invasive methods than conventional approaches. Comparison of methylation patterns of cancer patients and healthy individuals may ultimately permit prediction of the risk of cancer in healthy persons.

Cowden syndrome (CS) and Peutz-Jeghers syndrome (PJS) are also genetic diseases associated with endometrial cancer. CS is a rare disease with autosomal dominant inheritance and has characteristics of multiple hamartomas that occur in various tissues. The prevalence of CS is estimated to be one per 200,000–250,000 population [40]. Patients with CS have increased risks for malignant tumors and, particularly, breast, thyroid and endometrial cancers. The onset of CS involves the PTEN gene [41], and approximately 80% of patients with CS have a PTEN mutation [42]. The lifetime risk of endometrial cancer is 2% to 4% in the general population, but 5% to 10% in patients with CS [43]. PTEN codes for a protein with tyrosine kinase activity and acts as a tumor suppressor gene. PTEN is a phosphatidylinositol phosphatase that regulates the reverse reaction of PI3K and inhibits Akt activation via PI3K. Akt is a serine/threonine kinase that activates or inactivates downstream factors by phosphorylating serine/threonine residues, with resulting transmission of signals related to cell growth, survival, differentiation and glucose metabolism [44]. Akt is related to cell survival through inactivation of apoptosis executioners and transcription factors related to apoptosis-inducing factors. Therefore, if PTEN regulation of Akt activation is lost, the PI3K-Akt pathway is activated and leads to malignant transformation of cells.

Peutz-Jeghers syndrome (PJS) is characterized by multiple hamartomatous polyps in the gastrointestinal tract and mucocutaneous pigmentation. Patients with PJS have a higher risk of developing a malignant tumor in the gastrointestinal tract and other organs compared to the general population. LKB1/STK11 has been identified as a disease-related gene with autosomal dominant inheritance, and LKB1 mutation is found in 80% to 94% of patients with PJS [45]. The incidence of PJS is estimated to be one per 50,000–250,000 population [46]. Patients with PJS are at risk for gynecological cancers and have a 9% lifetime risk of developing endometrial cancer [47]. LKB1 codes for a serine/threonine kinase that directly phosphorylates AMPK and has functions, including regulation of glucose, lipid metabolism, cell proliferation and cell polarity.



6. Biomarkers in Endometrial Cancer

The most important factors for diagnosis and outcome prediction in endometrial cancer are surgical stage, tumor differentiation, invasion depth and vascular invasion, based on the International Federation of Gynecology and Obstetrics (FIGO) guidelines. Useful histological biomarkers for endometrial cancer include p53, PTEN, MSI, β-catenin, Ras-mitogen-activated protein kinase (MAPK), extracellular signal-regulated kinase (ERK), vascular endothelial growth factor (VEGF) and DNA aneuploidy. Serum markers include carbohydrate antigen 125 (CA125), carbohydrate antigen 15-3 (CA15-3), chitinase 3-like 1 protein (YKL-40), VEGF and human epididymal secretory protein E4 (HE-4) (Table 3) [8,48].

Table 3. Biomarkers in endometrial cancer.






	Tissue biomarkers
	Serum biomarkers





	p53
	CA125



	PTEN-PIK3-mTOR signaling pathway (PTEN, PIK3, mTOR, 4E-BP1)
	CA15-3



	MSI
	YKL-40



	β-catenin
	VEGF



	Ras-MAPK-ERK signaling pathway (K-ras, RASSF1A, ERK)
	HE-4



	VEGF
	



	DNA aneuploidy
	








Lee et al. [49] found that women with endometrial cancer associated with a p53 mutation had an approximately 11-fold higher risk of death, due to endometrial cancer, compared to women without this mutation (95% CI: 1.01–120.7). This result is linked to the frequency of p53 mutation in type 2 endometrial cancer. In contrast, PTEN is related to endometrioid adenocarcinoma with good prognosis and is often detected in Stage 1A tumors. Cases with PTEN mutations have a low recurrence rate [50], and Mackey et al. [51] found that patients with PTEN mutations had better outcomes (risk ratio: 0.55, 95% CI: 0.32–0.94) compared to those without PTEN mutations. Saegusa et al. [52] found a relationship of β-catenin mutations with histological low grade cancer and lymph node metastasis in 199 patients with endometrial cancer.

K-ras in the Ras-MAPK-ERK signaling pathway has been associated with patients with poor outcomes. Thus, Mizuuchi et al. [53] found a K-ras mutation in six of 49 patients, and three of those with mutations died during the follow-up period, compared to a death rate during follow-up of only 7% in the 43 patients without a K-ras mutation. Ras-association domain family 1 (RASSF1A) is a tumor suppressor gene that regulates the Ras-MAPK-ERK signaling pathway. Jo et al. [54] found frequent RASSF1A methylation in cases with FIGO stage III and IV, lymph invasion and poorly-differentiated cancer and a five-year survival rate of 97.0% (p = 0.039) in patients with no RASSF1A methylation compared with 77.8% in those with RASSF1A methylation. For ERK, Mizumoto et al. [55] found significantly lower event-free survival in patients with low expression of phosphorylated ERK (pERK) (p = 0.047).

VEGF is an endothelial mitogenic factor, and increased VEGF expression is associated with highly malignant endometrial cancer, deep muscle layer invasion, vascular invasion and lymph node metastasis. Chen et al. [56] showed that a high VEGF concentration in the cytoplasm is often observed in Stage II or higher cancer, and that a level >800 pg/mg is a risk factor for recurrence, similarly to a poorly-differentiated (G3) cancer.

Cases involving DNA aneuploidy account for 16% to 28% of all endometrial cancer and typically involve elderly patients with non-endometrioid adenocarcinoma, high malignancy and lymph node metastasis. Zaino et al. [57] showed that patients with cancer associated with DNA aneuploidy had a 4.1-fold higher risk (95% CI: 2.3–7.3) for death, due to cancer, compared with patients with diploidy.

CA125 is currently recognized to be a marker for recurrence in the guidelines for endometrial cancer in Japan. The serum marker CA125 is increased to >35 U/mL in 11%–34% of patients with endometrial cancer and is associated with stage, muscular invasion, cervical invasion, peritoneal cavity biopsy and lymph node status. In a study of 148 patients, Scambia et al. [58] found a CA125 level ≥65 U/mL in just 22% of lymph node metastasis-negative patients, but in 58% of lymph node metastasis-positive patients (p = 0.0220). Sood et al. [59] found that patients with CA125 > 65 IU/mL had metastatic lesions at a rate 6.5-fold higher (95% CI: 2.5–17.1) than that in patients with CA125 < 65 IU/mL. High preoperative CA125 is also common in patients with poor outcomes, with Scambia et al. [58] finding a significant correlation between CA125 > 65 IU/mL and a short survival period (p = 0.0027). Serum antibody CA15-3 is also increased in patients with endometrial cancer and may be related to an advanced cancer stage. Thus, CA15-3 > 30 U/mL was found in 47% of patients with Stage III endometrial cancer, but only in 18% of Stage I or II cases (p = 0.01) [58], and a CA15-3-positive status (>30 and >50 U/mL) had significant correlations with a short survival period (p = 0.0004 and p = 0.00025). Increased levels of glycoprotein YKL-40, a member of the chitinase family, also suggests a poor outcome, with Diefenbach [60] finding a significantly lower five-year survival rate of 43% in patients with YKL-40 > 80 ng/mL compared to the rate of 80% in other patients (p = 0.004). Finally, for HE-4, an investigation of serum specimens of 156 healthy women and 171 patients with endometrial cancer by Moore et al. [61] showed that HE-4 had 12.9% (ROC AUC) higher accuracy as a marker for early endometrial cancer in combination with CA125, compared to CA125 alone (p < 0.0001). Mutz-Dehbalaie et al. [62] used multivariate analysis to show that serum HE4 before intervention is an independent prognostic predictor of overall survival. The hazard ratio for HE4 > 81 pmol/L compared to <81 pmol/L was 2.407 (p = 0.017). In combination with CA125, the hazard ratio for overall survival for HE4 > 81 pmol/L and CA125 > 35 U/mL compared to values below these cutoffs was 4.04 (p = 0.023), and CA125 was shown to be an independent prognostic factor in multivariate analysis. The sensitivity and negative predictive value for HE4 were 94% and 97%, respectively, in endometrial cancer at stages IA and IB. These results indicate that serum HE4 is useful for screening for endometrial cancer [62].

Collectively, these results suggest that PTEN and β-catenin mutations are markers of good outcomes in endometrial cancer, while p53, DNA aneuploidy and increased serum CA125 predict poor outcomes. Positive use of these markers with conventional prognostic factors may permit early definition of risks for individual patients and appropriate adjustment of treatment procedures.



7. Conclusions

Improvements in histology and diagnostic imaging have simplified diagnosis of endometrial cancer, but it remains difficult to define individual risks accurately, and treatment is still chosen based on the conventional FIGO stage. However, identification of epigenetic mutations, miRNA abnormalities and other biomarkers has the potential for early diagnosis and prediction of risks and outcomes using specimens obtained by low-invasive methods, such as blood drawing. Examinations and screening using these techniques will allow definition of accurate and detailed pathology and the choice of optimal treatment options in personalized medicine.






Conflicts of Interest

The author declares no conflict of interest.



References


	1. 
Jemal, A.; Siegel, R.; Xu, J.; Ward, E. Cancer statistics, 2010. CA Cancer J. Clin 2010, 60, 277–300. [Google Scholar]

	2. 
Ushijima, K. Current status of gynecologic cancer in Japan. J. Gynecol. Oncol 2009, 20, 67–71. [Google Scholar]

	3. 
Honda, T.; Urabe, R.; Kurita, T.; Kagami, S.; Kawagoe, T.; Toki, N.; Matsuura, Y.; Hachisuga, T. Trends in the demographic and clinicopathological characteristics in Japanese patients with endometrial cancer, 1990–2010. Int. J. Womens Health 2012, 4, 207–212. [Google Scholar]

	4. 
Bokhman, J.V. Two pathogenetic types of endometrial carcinoma. Gynecol. Oncol 1983, 15, 10–17. [Google Scholar]

	5. 
Deligdisch, L.; Cohen, C.J. Histologic correlates and virulence implications of endometrial carcinoma associated with adenomatous hyperplasia. Cancer 1985, 56, 1452–1455. [Google Scholar]

	6. 
Oehler, M.K.; Brand, A.; Wain, G.V. Molecular genetics and endometrial cancer. J. Br. Menopause Soc 2003, 9, 27–31. [Google Scholar]

	7. 
Bansal, N.; Yendluri, V.; Wenham, R.M. The molecular biology of endometrial cancers and the implications for pathogenesis, classification, and targeted therapies. Cancer Control 2009, 1, 8–13. [Google Scholar]

	8. 
Gadducci, A.; Cosio, S.; Genazzani, A.R. Tissue and serum biomarkers as prognostic variables in endometrioid-type endometrial cancer. Crit. Rev. Oncol. Hematol 2011, 80, 181–192. [Google Scholar]

	9. 
Doll, A.; Abal, M.; Rigau, M.; Monge, M.; Gonzalez, M.; Demajo, S.; Colás, E.; Llauradó, M.; Alazzouzi, H.; Planagumá, J.; et al. Novel molecular profiles of endometrial cancer-new light through old windows. J. Steroid Biochem. Mol. Biol 2008, 108, 221–229. [Google Scholar]

	10. 
Esteller, M. Dormant hypermethylated tumour suppressor genes: Questions and answers. J. Pathol 2005, 205, 172–180. [Google Scholar]

	11. 
Bhalla, K.N. Epigenetic and chromatin modifiers as targeted therapy of hematologic malignancies. J. Clin. Oncol 2005, 23, 3971–3993. [Google Scholar]

	12. 
Krusche, C.A.; Vloet, A.J.; Classen-Linke, I.; von Rango, U.; Beier, H.M.; Alfer, J. Class I histone deacetylase expression in the human cyclic endometrium and endometrial adenocarcinomas. Hum. Reprod 2007, 22, 2956–2966. [Google Scholar]

	13. 
Weichert, W.; Denkert, C.; Noske, A.; Darb-Esfahani, S.; Dietel, M.; Kalloger, S.E.; Huntsam, D.G.; Köbel, M. Expression of class I histone deacetylases indicates poor prognosis in endometrioid subtypes of ovarian and endometrial carcinomas. Neoplasia 2008, 10, 1021–1027. [Google Scholar]

	14. 
Esteller, M.; Levine, R.; Baylin, S.B.; Ellenson, L.H.; Herman, J.G. MLH1 promoter hypermethylation is associated with the microsatellite instability phenotype in sporadic endometrial carcinomas. Oncogene 1998, 17, 2413–2417. [Google Scholar]

	15. 
Hecht, J.L.; Mutter, G.L. Molecular and pathologic aspects of endometrial carcinogenesis. J. Clin. Oncol 2006, 24, 4783–4791. [Google Scholar]

	16. 
Bilbao, C.; Lara, P.C.; Ramírez, R.; Henríquez-Hernández, L.A.; Rodríguez, G.; Falcón, O.; León, L.; Perucho, M.; Díaz-Chico, B.N.; Díaz-Chico, J.C. Microsatellite instability predicts clinical outcome in radiation-treated endometrioid endometrial cancer. Int. J. Radiat. Oncol. Biol. Phys 2010, 76, 9–13. [Google Scholar]

	17. 
Costello, J.F.; Plass, C. Methylation matters. J. Med. Genet 2001, 38, 285–303. [Google Scholar]

	18. 
Di Domenico, M.; Santoro, A.; Ricciardi, C.; Iaccarino, M.; Iaccarino, S.; Freda, M.; Feola, A.; Sanguedolce, F.; Losito, S.; Pasquali, D.; et al. Epigenetic fingerprint in endometrial carcinogenesis: The hypothesis of a uterine field cancerization. Cancer Biol. Ther 2011, 12, 447–457. [Google Scholar]

	19. 
Scolnick, D.M.; Halazonetis, T.D. Chfr defines a mitotic stress checkpoint that delays entry into metaphase. Nature 2000, 27, 430–435. [Google Scholar]

	20. 
Chin, C.F.; Yeong, F.M. Safeguarding entry into mitosis the antephase checkpoint. Mol. Cell Biol 2010, 30, 22–23. [Google Scholar]

	21. 
Yanokura, M.; Banno, K.; Kawaguchi, M.; Hirao, N.; Hirasawa, A.; Susumu, N.; Tsukazaki, K.; Aoki, D. Relationship of aberrant DNA hypermethylation of CHFR with sensitivity to taxanes in endometrial cancer. Oncol. Rep 2007, 17, 41–48. [Google Scholar]

	22. 
Bogen, K.T. Efficient tumorigenesis by mutation-induced failure to terminate microRNA-mediated adaptive hyperplasia. Med. Hypotheses 2013, 80, 83–90. [Google Scholar]

	23. 
Zhi, F.; Wang, S.; Wang, R.; Xia, X.; Yang, Y. From small to big: microRNAs as new players in medulloblastomas. Tumor Biol 2013, 34, 9–15. [Google Scholar]

	24. 
Yanokura, M.; Banno, K.; Kobayashi, Y.; Kisu, I.; Ueki, A.; Ono, A.; Masuda, K.; Nomura, H.; Hirasawa, A.; Susumu, N.; et al. MicroRNA and endometrial cancer: Roles of small RNAs in human tumors and clinical applications. Oncol. Lett 2010, 1, 935–940. [Google Scholar]

	25. 
Devor, E.J.; Hovey, A.M.; Goodheart, M.J.; Ramachandran, S.; Leslie, K.K. microRNA expression profiling of endometrial endometrioid adenocarcinomas and serous adenocarcinomas reveals profiles containing shared, unique and differentiating groups of microRNAs. Oncol. Rep 2011, 26, 995–1002. [Google Scholar]

	26. 
Snowdon, J.; Zhang, X.; Childs, T.; Tron, V.A.; Feilotter, H. The microRNA-200 family is upregulated in endometrial carcinoma. PLoS One 2011, 6, e22828. [Google Scholar]

	27. 
Lee, J.W.; Park, Y.A.; Choi, J.J.; Lee, Y.Y.; Kim, C.J.; Choi, C.; Kim, T.J.; Lee, N.W.; Kim, B.G.; Bae, D.S. The expression of the miRNA-200 family in endometrial endometrioid carcinoma. Gynecol. Oncol 2011, 120, 56–62. [Google Scholar]

	28. 
Torres, A.; Torres, K.; Pesci, A.; Ceccaroni, M.; Paszkowski, T.; Cassandrini, P.; Zamboni, G.; Maciejewski, R. Diagnostic and prognostic significance of miRNA signatures in tissues and plasma of endometrioid endometrial carcinoma patients. Int. J. Cancer 2013, 132, 1633–1645. [Google Scholar]

	29. 
Ramón, L.A.; Braza-Boïls, A.; Gilabert, J.; Chirivella, M.; España, F.; Estellés, A.; Gilabert-Estellés, J. microRNAs related to angiogenesis are dysregulated in endometrioid endometrial cancer. Hum. Reprod 2012, 27, 3036–3045. [Google Scholar]

	30. 
Hiroki, E.; Suzuki, F.; Akahira, J.; Nagase, S.; Ito, K.; Sugawara, J.; Miki, Y.; Suzuki, T.; Sasano, H.; Yaegashi, N. MicroRNA-34b functions as a potential tumor suppressor in endometrial serous adenocarcinoma. Int J. Cancer 2012, 131, E395–404. [Google Scholar]

	31. 
Tsuruta, T.; Kozaki, K.; Uesugi, A.; Furuta, M.; Hirasawa, A.; Imoto, I.; Susumu, N.; Aoki, D.; Inazawa, J. miR-152 is a tumor suppressor microRNA that is silenced by DNA hypermethylation in endometrial cancer. Cancer Res 2011, 71, 6450–6462. [Google Scholar]

	32. 
Ketabi, Z.; Mosgaard, B.J.; Gerdes, A.M.; Ladelund, S.; Bernstein, I.T. Awareness of endometrial cancer risk and compliance with screening in hereditary nonpolyposis colorectal cancer. Obstet. Gynecol 2012, 120, 1005–1012. [Google Scholar]

	33. 
Kalady, M.F.; Lipman, J.; McGannon, E.; Church, J.M. Risk of colonic neoplasia after proctectomy for rectal cancer in hereditary nonpolyposis colorectal cancer. Ann. Surg 2012, 255, 1121–1125. [Google Scholar]

	34. 
Banno, K.; Yanokura, M.; Kobayashi, Y.; Kawaguchi, M.; Nomura, H.; Hirasawa, A.; Susumu, N.; Aoki, D. Endometrial cancer as a familial tumor: Pathology and molecular carcinogenesis (review). Curr. Genomics 2009, 10, 127–132. [Google Scholar]

	35. 
Banno, K.; Susumu, N.; Hirao, T.; Yanokura, M.; Hirasawa, A.; Aoki, D.; Udagawa, Y.; Sugano, K.; Nozawa, S. Two Japanese kindreds occurring endometrial cancer meeting new clinical criteria for hereditary non-polyposis colorectal cancer (HNPCC), Amsterdam Criteria II. J. Obstet. Gynaecol. Res 2004, 30, 287–292. [Google Scholar]

	36. 
Hirai, Y.; Banno, K.; Suzuki, M.; Ichikawa, Y.; Udagawa, Y.; Sugano, K.; Miki, Y. Molecular epidemiological and mutational analysis of DNA mismatch repair (MMR) genes in endometrial cancer patients with HNPCC-associated familial predisposition to cancer. Cancer Sci 2008, 99, 1715–1719. [Google Scholar]

	37. 
Banno, K.; Kisu, I.; Yanokura, M.; Tsuji, K.; Masuda, K.; Ueki, A.; Kobayashi, Y.; Yamagami, W.; Nomura, H.; Tominaga, E.; et al. Epimutation and cancer: A new carcinogenic mechanism of Lynch syndrome. Int. J. Oncol 2012, 41, 793–797. [Google Scholar]

	38. 
Gazzoli, I.; Loda, M.; Garber, J.; Syngal, S.; Kolodner, R.D. A hereditary nonpolyposis colorectal carcinoma case associated with hypermethylation of the MLH1 gene in normal tissue and loss of heterozygosity of the unmethylated allele in the resulting microsatellite instability-high tumor. Cancer Res 2002, 62, 3925–3928. [Google Scholar]

	39. 
Ligtenberg, M.J.; Kuiper, R.P.; Chan, T.L.; Goossens, M.; Hebeda, K.M.; Voorendt, M.; Lee, T.Y.; Bodmer, D.; Hoenselaar, E.; Hendriks-Cornelissen, S.J.; et al. Heritable somatic methylation and inactivation of MSH2 in families with Lynch syndrome due to deletion of the 3′ exons of TACSTD1. Nat. Genet 2009, 41, 12–17. [Google Scholar]

	40. 
Nelen, M.R.; Kremer, H.; Konings, I.B.; Schoute, F.; van Essen, A.J.; Koch, R.; Woods, C.G.; Fryns, J.P.; Hamel, B.; Hoefsloot, L.H.; et al. Novel PTEN mutations in patients with Cowden disease: Absence of clear genotype-phenotype correlations. Eur. J. Hum. Genet 1999, 7, 267–273. [Google Scholar]

	41. 
Nelen, M.R.; Padberg, G.W.; Peeters, E.A.; Lin, A.Y.; van den Helm, B.; Frants, R.R.; Coulon, V.; Goldstein, A.M.; van Reen, M.M.; Easton, D.F.; et al. Localization of the gene for Cowden disease to chromosome 10q22–23. Nat. Genet 1996, 13, 114–116. [Google Scholar]

	42. 
Liaw, D.; Marsh, D.J.; Li, J.; Dahia, P.L.; Wang, S.I.; Zheng, Z.; Bose, S.; Call, K.M.; Tsou, H.C.; Peacocke, M.; et al. Germline mutations of the PTEN gene in Cowden disease, an inherited breast and thyroid cancer syndrome. Nat. Genet 1997, 16, 64–67. [Google Scholar]

	43. 
Salem, O.S.; Steck, W.D. Cowden’s disease (multiple hamartoma and neoplasia syndrome). A case report and review of the English literature. J. Am. Acad. Dermatol 1983, 8, 686–696. [Google Scholar]

	44. 
Higuchi, M.; Onishi, K.; Kikuchi, C.; Gotoh, Y. Scaffolding function of PAK in the PDK1-Akt pathway. Nat. Cell. Biol 2008, 10, 1356–1364. [Google Scholar]

	45. 
Beggs, A.D.; Latchford, A.R.; Vasen, H.F.; Moslein, G.; Alonso, A.; Aretz, S.; Bertario, L.; Blanco, I.; Bulow, S.; Burn, J.; et al. Peutz-Jeghers syndrome: A systematic review and recommendations for management. Gut 2010, 59, 975–986. [Google Scholar]

	46. 
Scully, R.E. Sex cord tumor with annular tubules a distinctive ovarian tumor of the Peutz-Jeghers syndrome. Cancer 1970, 25, 1107–1121. [Google Scholar]

	47. 
Giardiello, F.M.; Brensinger, J.D.; Tersmette, A.C.; Goodman, S.N.; Petersen, G.M.; Booker, S.V.; Cruz-Correa, M.; Offerhaus, J.A. Very high risk of cancer in familial Peutz-Jeghers syndrome. Gastroenterology 2000, 119, 1447–1453. [Google Scholar]

	48. 
Banno, K.; Kisu, I.; Yanokura, M.; Tsuji, K.; Masuda, K.; Ueki, A.; Kobayashi, Y.; Yamagami, W.; Nomura, H.; Tominaga, E.; et al. Biomarkers in endometrial cancer: Possible clinical applications. Oncol. Lett 2012, 3, 1175–1180. [Google Scholar]

	49. 
Lee, E.J.; Kim, T.J.; Kim, D.S.; Choi, C.H.; Lee, J.W.; Lee, J.H.; Bae, D.S.; Kim, B.G. p53 alteration independently predicts poor outcomes in patients with endometrial cancer: A clinicopathologic study of 131 cases and literature review. Gynecol. Oncol 2010, 116, 533–538. [Google Scholar]

	50. 
Risinger, J.I.; Hayes, K.; Maxwell, G.L.; Carney, M.E.; Dodge, R.K.; Barrett, J.C.; Berchuck, A. PTEN mutation in endometrial cancers is associated with favorable clinical and pathologic characteristics. Clin. Cancer Res 1998, 4, 3005–3010. [Google Scholar]

	51. 
Mackay, H.J.; Gallinger, S.; Tsao, M.S.; McLachlin, C.M.; Tu, D.; Keiser, K.; Eisenhauer, E.A.; Oza, A.M. Prognostic value of microsatellite instability (MSI) and PTEN expression in women with endometrial cancer: Results from studies of the NCIC Clinical Trials Group (NCIC CTG). Eur. J. Cancer 2010, 46, 1365–1373. [Google Scholar]

	52. 
Saegusa, M.; Hashimura, M.; Yoshida, T.; Okayasu, I. Beta-catenin mutations and aberrant nuclear expression during endometrial tumorigenesis. Br. J. Cancer 2001, 84, 209–217. [Google Scholar]

	53. 
Mizuuchi, H.; Nasim, S.; Kudo, R.; Silverberg, S.G.; Greenhouse, S.; Garrett, C.T. Clinical implications of K-ras mutations in malignant epithelial tumors of the endometrium. Cancer Res 1992, 52, 2777–2781. [Google Scholar]

	54. 
Jo, H.; Kim, J.W.; Kang, G.H.; Park, N.H.; Song, Y.S.; Kang, S.B.; Lee, H.P. Association of promoter hypermethylation of the RASSF1A gene with prognostic parameters in endometrial cancer. Oncol. Res 2006, 16, 205–209. [Google Scholar]

	55. 
Mizumoto, Y.; Kyo, S.; Mori, N.; Sakaguchi, J.; Ohno, S.; Maida, Y.; Hashimoto, M.; Takakura, M.; Inoue, M. Activation of ERK1/2 occurs independently of KRAS or BRAF status in endometrial cancer and is associated with favorable prognosis. Cancer Sci 2007, 98, 652–658. [Google Scholar]

	56. 
Chen, C.A.; Cheng, W.F.; Lee, C.N.; Wei, L.H.; Chu, J.S.; Hsieh, F.J.; Hsieh, C.Y. Cytosol vascular endothelial growth factor in endometrial carcinoma: Correlation with disease-free survival. Gynecol. Oncol 2001, 80, 207–212. [Google Scholar]

	57. 
Zaino, R.J.; Davis, A.T.; Ohlsson-Wilhelm, B.M.; Brunetto, V.L. DNA content is an independent prognostic indicator in endometrial adenocarcinoma. A Gynecologic Oncology Group study. Int. J. Gynecol. Pathol 1998, 17, 312–319. [Google Scholar]

	58. 
Scambia, G.; Gadducci, A.; Panici, P.B.; Foti, E.; Ferdeghini, M.; Ferrandina, G.; Amoroso, M.; Castellani, C.; Facchini, V.; Mancuso, S. Combined use of CA 125 and CA 15–3 in patients with endometrial carcinoma. Gynecol. Oncol 1994, 54, 292–297. [Google Scholar]

	59. 
Sood, A.K.; Buller, R.E.; Burger, R.A.; Dawson, J.D.; Sorosky, J.I.; Berman, M. Value of preoperative CA 125 level in the management of uterine cancer and prediction of clinical outcome. Obstet. Gynecol 1997, 90, 441–447. [Google Scholar]

	60. 
Diefenbach, C.S.; Shah, Z.; Iasonos, A.; Barakat, R.R.; Levine, D.A.; Aghajanian, C.; Sabbatini, P.; Hensley, M.L.; Konner, J.; Tew, W.; et al. Preoperative serum YKL-40 is a marker for detection and prognosis of endometrial cancer. Gynecol. Oncol 2007, 104, 435–442. [Google Scholar]

	61. 
Moore, R.G.; Brown, A.K.; Miller, M.C.; Badgwell, D.; Lu, Z.; Allard, W.J.; Granai, C.O.; Bast, R.C., Jr; Lu, K. Utility of a novel serum tumor biomarker HE4 in patients with endometrioid adenocarcinoma of the uterus. Gynecol. Oncol 2008, 110, 196–201. [Google Scholar]

	62. 
Mutz-Dehbalaie, I.; Egle, D.; Fessler, S.; Hubalek, M.; Fiegl, H.; Marth, C.; Widschwendter, A. HE4 is an independent prognostic marker in endometrial cancer patients. Gynecol. Oncol 2012, 126, 186–191. [Google Scholar]

















© 2013 by the authors; licensee MDPI, Basel, Switzerland This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution license ( http://creativecommons.org/licenses/by/3.0/).







nav.xhtml


  ijms-14-12123


  
    		
      ijms-14-12123
    


  




  





media/file0.png
Endometrial | K-ras
hy

Type | endometrial cancer

Well-differentiated p53 Poorly dlfferemlated (G3)
—_—

yperplasia
endometrioid endometrioi
PTEN adenocarcinoma adenocarcmoma
MLH1
MSH6

Normal
endometrium

Type Il endometrial cancer

Poorly differentiated (G3) endometrioid adenocarcinoma

p53, RB

Serous adenocarcinoma






media/file1.png
- l—y: Gene expression

CpG island

Promoter region

*- x No gene expression
(inactivation)
| | Gene

CpG island

Promoter region





media/file2.png





