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Abstract

Aims—To evaluate the components of the transforming growth factor (TGF)-β–Smad signalling 

pathway in human endometrial cancer (EC).

Methods and results—TGF-β1, TGF-β receptor type I, TGF-β receptor type II, Smad2, 

Smad3, Smad4, Skil and Disabled-2 (DAB2) mRNA levels were determined by reverse 

transcriptase polymerase chain reaction on EC cell lines and in 70 EC tissues. 

Immunohistochemistry for Skil and DAB2 antibodies was performed on 362 EC cases. Decreased 

mRNA levels of all eight components of the TGF-β pathway tested were found in the majority of 

70 cases. For DAB2, the mRNA level was correlated with protein expression level (P = 0.04). The 

Skil mRNA level was associated with tumour stage (P = 0.03), and the Smad2/3/4 mRNA level 

with tumour grade (P = 0.03, P = 0.02, and P = 0.00, respectively). The Smad4 mRNA level was 

also associated with tumour size (P = 0.05), subtype (P = 0.04), and disease-free survival (DFS) (P 
= 0.05). The TGF-β1 mRNA level was associated with DFS (P = 0.04). Finally, tumours with 

positive Skil protein expression had a shorter recurrence time, whereas, those with positive DAB2 

protein expression had a longer recurrence time.
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Conclusions—Down-regulation of the TGF-β–Smad signalling pathway might be responsible 

for the pathogenesis of human EC, and some of its components appeared to be prognostic factors. 

Exploration of future therapy targeting the TGF-β–Smad pathway is warranted in EC.
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Introduction

Transforming growth factor (TGF)-β is a multifunctional polypeptide that controls many 

aspects of cell function, such as cell proliferation, differentiation, migration, apoptosis, 

adhesion, angiogenesis, wound healing, immune surveillance, and survival. TGF-β has three 

isoforms (TGF-β1, TGFβ2, and TGF-β3), with TGF-β1 being the most prevalent. TGF-β 
has been shown to have a tumour suppressive function at early stages of tumorigenesis, and 

a tumour promoter function at advanced stages. Therefore, the growth-inhibitory function of 

TGF-β is selectively lost in advanced cancers, and instead it induces growth, invasion and 

metastasis of cancer cells. TGF-β exerts its effect by binding directly to TGF-β receptor type 

II (TβRII), a constitutively active transmembrane serine/threonine kinase that is recognized 

by TGFβ receptor type I (TβRI), leading to the formation of an oligomeric complex. 

Subsequently, TβRI becomes activated via phosphorylation by TβRII, and leads to further 

propagation of TGF-β signalling by the Smad family of proteins. Thus, phosphorylation of 

the cytoplasmic Smad2 and Smad3 proteins allows for the formation of a heteromeric 

complex with Smad4. The cytoplasmic Smad complex is then translocated to the nucleus, 

where it binds to DNA in a sequence-specific manner, and regulates gene transcription.1–4 

However, TGF-β signalling pathways are negatively regulated by numerous regulators, 

among them Ski/Skil (avian sarcoma viral oncogene homologue) and Ski-related gene (Sno). 

Ski and Sno interact with Smad proteins, resulting in repression of their transcriptional 

activity.5,6 Up-regulation of SnoK and Ski in numerous human cancer cell lines suggested 

that they could be considered as oncogenes.5,6 However, their up-regulation and down-

regulation in colonic cancer suggested that they may have both oncogenic and tumour 

suppressive functions in human colonic carcinogenesis.7 Another regulator of TGF-β 
signalling pathway is human Disabled-2 (DAB2), which is a putative tumour suppressor 

gene (TSG), discovered in ovarian carcinoma.8,9 DAB2 exerts its tumour-suppressive 

activity by mediating TGF-β-induced growth inhibition; it does this by directly binding to 

Smad2 and Smad3 through the phosphotyrosine interacting domain (PID) domain. DAB2 is 

lost in 80–90% of ovarian/breast cancer cell lines.9,10 Resistance to TGF-β growth-

inhibitory effects early in tumorigenesis has been demonstrated in numerous studies.11–14 In 

endometrial cancer (EC), decreased levels of TβRII mRNA and a frameshift mutation of 

TβRII via mismatch repair deficiency are both frequently present in endometrioid-type 

adenocarcinoma, and this is likely to result in loss of receptor function and unresponsiveness 

of TGF-β signalling. Furthermore, concomitant deregulation of TβRII and Smad4 were 

found to be present in endometrioid-type adenocarcinoma. These data suggest that 

deregulation of the TGF-β signalling pathway might play a role in endometrial 

carcinogenesis of the endometrioid type. However, these reports are often limited to only a 
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few components of the TGF-β pathway or by their small sample size and/or evaluation of 

endometrioid histological subtypes only.15–17

The goal of our study was to evaluate a large panel of components of the TGF-β pathway 

and its regulators in various EC histological subtypes. We then correlated their value with 

histological – clinical data and patient outcome. To do so, we evaluated TGF-β, TβRI, 

TβRII, Smad2, Smad3, Smad4, Skil and DAB2 mRNA levels in two EC cell lines and 70 

samples from 70 patients with newly diagnosed EC, using a reverse transcriptase polymerase 

chain reaction (RT-PCR) TaqMan Low Density Custom Array (TLDA) format. We also 

sought to correlate their expression with clinical data and patient outcomes. Finally, we 

explored the protein expression of two major regulators, Skil and DAB2, by 

immunohistochemistry (IHC) in 362 patients, and correlated this with mRNA levels and 

patient outcomes.

Materials and methods

PATIENT POPULATION

After Institutional Review Board approval had been obtained, the pathology archives of 

Roswell Park Cancer Institute (RPCI) were searched for EC cases from January 2000 to 

December 2009. A chart review was conducted, with extraction of clinical information, 

including patient age at the time of diagnosis, surgical stage, postoperative therapy, disease-

free survival (DFS), recurrence time and site, death of disease, or death from unrelated 

causes. All patients underwent a complete surgical staging procedure, including an 

abdominal hysterectomy with bilateral salpingo-oophorectomy, with or without pelvic and 

para-aortic lymph node dissection and pelvic washing, depending on the tumour grade and 

the tumour stage. Patients were treated according to the National Comprehensive Cancer 

Network guidelines (http://www.cancer.gov). Three hundred and sixty-two patients were 

found to be suitable for evaluation.

HISTOLOGY AND IMMUNOHISTOCHEMISTRY

Tumour grade was assessed with two methods – nuclear grade and the International 

Federation of Gynecology and Obstetrics (FIGO) system – and tumour stage was assigned 

on the basis of the 1992 FIGO surgical staging guidelines.18 All slides were examined by an 

expert gynaecological pathologist for confirmation of the tumour type, tumour size, tumour 

grade, depth of myometrial invasion (MI), and presence of lympho vascular invasion (LVI). 

IHC for DAB2 and Skil antibodies on paraffin-block tissues from 362 patients was 

performed as follows. Sections were cut at 5 μm, and dried in a 60°C oven for 1 h. Slides 

were then deparaffinized in xylene, and rehydrated with graded alcohols. Endogenous 

peroxidase was quenched with aqueous 3% H2O2 for 10 min, and washed with phosphate-

buffered saline/Tween-20 (PBS/T). An antigen retrieval was performed with citrate buffer 

and in the microwave oven for 10 min. Slides were incubated with the primary antibodies 

against DAB2 (polyclonal; 1:100; Protein Tech Group, Chicago, IL, USA) and Skil 

(polyclonal; 1:50; Sigma, St Louis, MO, USA) for 1 h. An isotype-matched control (1 μg/ml 

rabbit (Rb) IgG) was used on a duplicate slide in place of the primary antibody as a negative 

control. A PBS/T wash was followed by incubation with anti-rabbit biotinylated secondary 
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antibody and ABC Elite reagent (Vector Laboratories, Burlingame, CA, USA) for 30 min 

each, with PBS/T washes in between. PBS/T was used as a wash, the chromogen 3,3′-

diaminobenzidine was applied for 5 min, and counterstaining was performed with 

haematoxylin. Both Skil and DAB2 were weakly positive in normal endometrium. In tumour 

samples, the results were scored on the basis of staining intensity, and categorized into two 

groups: negative (negative/weak intensity) and positive (moderate/strong intensity). For both 

Skil and DAB2 antibody, the staining had a cytoplasmic pattern.

CELL LINES, SAMPLE COLLECTION, AND RNA PREPARATION

Two EC cell lines (HEC1) and (RL95) were purchased from the American Tissue Culture 

Collection (ATCC, Manassas, VA, USA), and cultivated according to the supplier's 

recommendations. In addition, adequate fresh frozen (FF) specimens from 70 of 362 patients 

who had undergone surgery for uterine cancer at RPCI were available for analysis. FF 

tissues were cut and examined to ensure that the tissue contained >80% tumour. Finally, six 

FF normal endometrium samples from patients who had undergone hysterectomy surgery 

for fibroids (leiomyoma) were analysed and used as a normal endometrial control. The 

frozen sections were diced and pestled on dry ice. The RNA was extracted with the RNeasy 

Mini kit (Qiagen, Valencia, CA, USA), and quantitated with a Nanodrop (Nano Drop 

Products, Wilmington, DE, USA). The RNA was immediately converted to cDNA with the 

use of dNTPs, random hexamers (Qiagen), and Superscript II (Qiagen). The cDNA was 

stored for later use at−80°C.

QUANTITATIVE REVERSE TRANSCRIPTASE PCR TLDA FORMAT

The mRNA expression levels of Smad2, Smad3, Smad4, TGF-β1, TβRI, TβRII, Skil and 

DAB2 were selected for validation, and determined with a TLDA as a 384-well microfluidic 

card preloaded with TaqMan Gene Expression Assays. The refrigerated card was brought to 

room temperature. Each cDNA was diluted to a final concentration of 25 ng/μl. A mix was 

made for each gene of interest, consisting of Universal Master Mix (UMM) (both Applied 

Biosystems, Foster City, CA, USA) and PCR-grade water (Sigma). Ten microlitres of the 

diluted 25 ng/μl cDNA was added to each UMM mixture. The mixture was mixed and 

centrifuged for 2 min. One hundred microlitres of the cDNA/UMM was added to each port 

(250 ng of cDNA per port in total). The TLDA card was centrifuged (Thermal Sorvall 

Legend T) at 1000 g for 1 min, the centrifugation step was repeated, the TLDA card was 

sealed, and the upper portion of the card was trimmed away. With the relative quantification 

(RQ) Manager Software SDS V2.2.2 (Applied Biosystems), the data were analysed, and the 

baseline and the threshold were verified for each gene of interest. With the cycle thresholds 

(CTs) in Excel, the RQs were calculated by use of the 2−ΔΔCT method [gene of interest 

samples were relative to the endogenous control glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH), and were then normalized to an average of four normal endometrial tissues].

STATISTICAL ANALYSIS

Statistical analyses were performed with software (http://www.r-project.org/). The clinical 

parameters used for modelling were the tumour stage, size, histological subtypes, 

myometrial depth of invasion, LVI, FIGO grade, nuclear grade, recurrence status, and DFS. 
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Fisher's exact test was performed to test the association between IHC and the clinical 

parameters. Univariate and multivariate logistic regression models were used to determine 

the association of each clinical parameter with the gene expression (RT-PCR) value. The P-

value for each parameter was derived from the likelihood ratio test. To investigate the impact 

of gene expression on recurrence, univariate and multivariate survival analyses were 

performed with a Cox proportional hazards model. Real-time PCR data were the normalized 

expression values with the housekeeping gene GAPDH as the reference gene. For each 

assay, the average GAPDH CT value in the TaqMan qPCR assay was subtracted from the 

CT of the gene of interest to obtain a ΔCT value (gene of interest – GAPDH). Comparison 

between a normal sample and a cell line was performed by subtracting the CT in the cell line 

from the CT in the normal sample (ΔΔCt value). A lower ΔΔCT value indicates a lower 

expression level of the gene of interest in the cell line than in the normal sample. A two-

sided sample Student's t-test was used to check the relationships between IHC and gene 

expression. Kaplan–Meier survival curves were stratified by IHC to check the recurrence 

difference between patients with different IHC status.

Results

PATIENTS AND IHC DATA

The characteristics of 362 patients are summarized in Table 1. The median age of the 

patients was 65 years. Seventy-seven percentage of cases were of the endometrioid type, 

22% of the serous and clear cell types, and 1% of the undifferentiated type. Forty-four 

percent of cases were FIGO grade 1, 20% grade 2, and 36% grade 3, whereas 67% were 

stage I, 12% stage II, 15% stage III, and 6% stage IV. The median follow-up period was 2.14 

years. Illustrations of immunoreactivity for each of DAB2 and Skil are given in Figure 1A,B. 

Sixteen percentage of cases were DAB2-positive, and 84% were DAB2-negative; and 66% 

of cases were Skil-positive, and 34% were Skil-negative. The association of DAB2 and Skil 

staining with patient clinical parameters is further illustrated in Table 2. Univariate analysis 

showed that DAB2 immunoexpression was strongly associated with tumour size (P = 0.027), 

FIGO grade (P = 0.0004), nuclear grade (P = 0.0008), histological subtype (P = 0.0002), and 

DFS (P = 0.040). We found that Skil immunoexpression did not have significant associations 

with any clinical parameters or outcome status.

PATIENT AND MRNA DATA

The characteristics of 70 patients and their samples are shown in Table 3. The median age of 

patients was 71 years. The median follow-up period was 1.75 years. Sixty-four percentage of 

cases were positive for Skil immunoexpression, and 36% were negative. Furthermore, 77% 

of cases showed immunoexpression of DAB2, and 23% did not show any expression. With 

the criteria of more than two-fold changes for significantly increased or decreased mRNA 

level, Smad3 mRNA was normally expressed in both endometrial cell lines, HEC1 and 

RL95, as compared with normal patient sampless. However, Skil, DAB2, Smad2, Smad4, 

TGF-β1, TβRI and TβRII showed decreased mRNA levels (Figure 2). As shown in Figure 3, 

when DAB2 and Skil protein expression determined by IHC was correlated with mRNA 

levels determined by RT-PCR, we found a significant association between DAB2 expression 

determined by IHC and DAB2 mRNA level determined by RT-PCR (P = 0.04). However, no 
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such association was seen with Skil (P = 0.85). In 70 patient samples, decreased mRNA 

level was a frequent finding: DAB2 was down-regulated by at least two-fold in 77.1% of 

cases, Skil in 71.4%, Smad2 in 71.4%, Smad3 in 78.6%, Smad4 in 78.57%, TGF-β1 in 

81.4%, TβRI in 78.6%, and TβRII in 84.3%. We also found a strong association among the 

mRNA levels of Skil, DAB2, Smad2, Smad3, Smad4, TGF-β1, TβRI and TβRII in these 70 

samples (data not shown). Table 4 shows a multivariate analysis of mRNA levels and the 

clinical data and patient outcome. The Skil mRNA level was significantly associated with 

tumour stage (P = 0.03), Smad2 and Smad3 mRNA levels were associated with nuclear and 

FIGO grades (P = 0.03 and P = 0.02, respectively), and the Smad4 mRNA level was 

significantly associated with tumour size (P = 0.050), tumour subtype (P = 0.04), LVI (P = 

0.03), nuclear and FIGO grade (P = 0.00 each), and DFS (P = 0.05). Finally, the TGF-β1 

mRNA level was associated with DFS (P = 0.04), and the TβR2 level was associated with 

LVI (P = −0.05). There were no associations between any of the mRNA levels and the 

disease recurrence or time to recurrence on multivariate analysis. Even though the P-value 

did not reach statistical significance, Figure 4 clearly shows that tumours with positive 

expression of Skil protein as detected by IHC had a shorter recurrence time than those with 

negative Skil expression, making it clinically relevant. The inverse was true for DAB2; 

tumours with negative DAB2 protein expression had a shorter recurrence time than those 

with positive DAB2 expression.

Discussion

TGF-β signalling is a very complex pathway, with alteration of a single component being 

sufficient to render cancer cells unresponsive to TGF-β. Impairment of the TGF-β–Smad 

pathway can result in the prevention of growth inhibition, initiation of cell proliferation, and 

carcinogenesis. Our results show that Smad2, Smad3, Smad4, TGF-β1, TβRI, TβRII, Skil 

and DAB2 were down-regulated in the vast majority of tumour samples. Apart from Smad3, 

this was also the case in two separate EC cancer cell lines. These results confirm that 

alterations of components of the TGFβ Smad-dependent signalling pathway and their 

regulators play a role in the pathogenesis of human EC. We also found a strong correlation 

among Smad2, Smad3, Smad4, TGF-β1, TβRI, TβRII, Skil and DAB2 mRNAs (data not 

shown), confirming their close networking at the transcriptional level in human EC.

Smad4 was first identified as a TSG of pancreatic cancer in 1996, and it was designated 

DPC4 (homozygously deleted in pancreatic carcinoma, locus four).19–21 Inactivation of the 

Smad4 gene through the loss of heterozygosity or intragenic mutations such as missense, 

nonsense and frameshift mutations at the Mad homology two regions is frequent in 

pancreatic and colonic cancers. Smad4 proved to be a prognostic factor in numerous cancers, 

where loss of Smad4 expression in gastric, colorectal and breast cancers correlated with poor 

survival.22–24 In published reports, low Smad4 mRNA levels were associated with tumours 

with deep MI. However, our study does not support this finding.17 On multivariate analysis, 

we found that the Smad4 mRNA level was significantly associated with both nuclear and 

FIGO grades, tumour subtype, tumour size, LVI, and DFS. Thus, tumours with higher 

Smad4 mRNA levels were more likely to be >20 mm, to be of endometrioid histological 

subtype, and to lack LVI, whereas tumours with lower Smad4 mRNA levels were more 

likely to be of high grade, and to have a worse clinical outcome. These data suggest that 
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Samd4 may serve as a prognostic factor in women with EC; this should be confirmed by 

larger studies.

TGF-β1 plays an important role in promoting tumour progression. Studies have shown that 

TGF-β1 mRNA is usually down-regulated in endometrioid adenocarcinoma.17 In our study, 

TGF-β1 was down-regulated in EC cell lines and a high percentage of EC samples. 

Furthermore, high TGF-β1 mRNA level was an independent factor for predicting poor 

prognosis, lending credence to the theory that the TGF-β1 could be a target molecule for 

functional inactivation in EC. A possible explanation of why tumours with high TGF-β1 

levels have a poor prognosis may be that, as tumour cells escape the growth-inhibitory 

response of TGF-β1, they are more prone to produce massive amounts of these proteins, 

leading to tumour acquisition of an advantage for tumour cell survival.25

TβRI and TβRII have been shown to be down-regulated in numerous cancer types, and the 

loss of their protein expression as determined by IHC is a marker for poor prognosis in 

oesophageal squamous cell carcinoma.11–13 Decreased levels of TβRI and TβRII mRNA 

have been reported previously in endometrioid-type adenocarcinoma.15,16 Both TβRI and 

TβRII mRNA were down-regulated in EC cell lines and in the vast majority of our samples. 

As previously seen, protein expression of both TβRI and TβRII as determined by IHC was 

reduced in endometrioid adenocarcinoma in comparison with normal endometrium. The 

aforementioned data suggest that TβRI and TβRII were lost at the transcriptional level of the 

gene. In those studies and in our study, neither TβRI nor TβRII had an impact on patient 

outcome. Previous methylation studies have demonstrated that promoter hypermethylation is 

not the major cause of this loss, but rather that it is caused by a frameshift mutation via 

mismatch repair deficiency.16

Disabled-2 is a regulator protein that acts as an adaptor molecule, serving to bridge the TGF-

β receptor complex to the Smad pathway. Accumulating evidence highlights the role of 

DAB2 as a potent regulator of cancer cell growth. Loss of DAB2 expression has been 

reported as an early occurrence in ovarian, oesophageal and breast carcinoma, but its clinical 

significance remains to be determined.6,26,27 In our series, we found that DAB2 mRNA was 

down-regulated in EC cell lines and EC human samples in comparison with normal 

endometrium. There was also an association between DAB2 mRNA level as determined by 

real-time PCR and protein expression as determined by IHC. On univariate analysis, 

tumours with reduced/loss of DAB2 protein most often presented as high-grade tumours 

with serous histological subtypes, and had a poor prognosis and a shorter disease-free time 

before recurrence. Thus, loss of DAB2 could be an indicator of poor outcome in patients 

diagnosed with EC.

Skil is a potent negative regulator of the TGF-β signalling pathway, and has been implicated 

in the regulation of cell differentiation. Skil simultaneously interacts with Samd2/3 and with 

Smad4, blocking the ability of the Smad complex to activate transcription of TGF-β target 

genes. Skil and Sno have been long considered to be tumour promoters. However, recent 

studies have shown that they can have a complex function, having both pro-oncogenic and 

anti-oncogenic properties in cancers.5 Loss of Skil has been seen as an early event in 

colorectal and oesophageal carcinomas.7,28 Skil was down-regulated in EC cell lines and in 
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most of our human samples. A statistically significant association between Skil mRNA 

levels and tumour stage was also seen. Therefore, tumours that exhibit high Skil mRNA 

levels are more likely to present at an advanced stage. This suggests an oncogenic property 

of Skil in EC. No association was found between the Skil mRNA level and protein 

expression. This finding could be attributable to the Skil gene itself and/or to the IHC 

methodology, including protein degradation, post-translational modifications, and method of 

antigen retrieval. However, the lack of studies in the literature on DAB2 and Skil in EC 

made comparison of our study with other studies impossible.

In summary, we have found a profound deregulation of the TGF-β–Smad signalling pathway 

in EC that most likely leads to cancer growth, invasion, and poor patient prognosis. In future 

studies, we would like to: (i) further evaluate protein expression of the remaining 

components of this pathway, such as Smad2, Smad3, Smad4, TGF-β1, TβRI, and TβRII, 

and correlate their expression with the clinicopathological data of the 365 patients; and (ii) 

perform a knockdown analysis of a specific gene in this pathway, using RNA interference, to 

evaluate its function in endometrial carcinogenesis. Through better understanding of the 

precise mechanisms that regulate TGF-β and its cascade in EC, we could successfully 

develop therapies targeting the TGF-β signalling pathway. This targeted therapy could be of 

great benefit for patients with tumours that are resistant to conventional chemo-therapy, 

especially patients with recurrence and widespread disease.
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Abbreviations

CT cycle threshold

DAB2 Disabled-2

DFS disease-free survival

EC endometrial cancer

FF fresh frozen

FIGO International Federation of Gynecology and Obstetrics

GAPDH glyceraldehyde-3-phosphate dehydrogenase

IHC immunohistochemistry

LVI lymphovascular invasion

MI myometrial invasion

PBS/T phosphate-buffered saline/Tween-20

PCR polymerase chain reaction
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PRCI Roswell Park Cancer Institute

RQ relative quantification

TβRI transforming growth factor-β receptor type I

TβRII transforming growth factor-β receptor type II

TGF transforming growth factor

TLDA TaqMan Low Density Custom Array

TSG tumour suppressor gene

UMM Universal Master Mix
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Figure 1. 
Immunohistochemistry for DAB2 (A) and Skil (B) shows strong cytoplasmic 

immunoreactivity of tumour cells.
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Figure 2. 
Bar plots showing the mRNA levels of Smad2, Smad3, Smad4, transforming growth factor 

(TGF)-β1, TGF-β receptor type I (TβRI), TGF-β receptor type II (TβRII), Skil and DAB2 in 

each of the HEC1 and RL95 cancer cell lines as compared with normal endometrial tissue.
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Figure 3. 
Scatter plots showing the association between the mRNA levels and immunohistochemical 

expression for Skil and DAB2 in 70 samples. A significant association between mRNA level 

and immunohistochemical expression was seen for DAB2 (P = 0.04). However, no such 

association was found for Skil (P = 0.85).
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Figure 4. 
The survival curve showing the recurrence time of 70 patients stratified by Skil and DAB2 

protein expression. Even though the P-value is not significant (owing to the relatively small 

sample size), patients with Skil-positive tumours tend to have longer recurrence times than 

those with negative Skil expression. On the other hand, patients with DAB2-positive 

tumours tend to have shorter recurrence times than those with negative DAB2 expression.
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Table 1

Clinical and histopathological characteristics of the 362 patients

Age (years)

 Median 65

 Range 29–97

Stage, n (%)

 I 242 (67)

 II 43 (12)

 III 55 (15)

 IV 22 (6)

Subtype, n (%)

 Endometrioid 279 (77)

 CCC + serous 80 (22)

 Others 3 (1)

Grade (FIGO), n (%)

 I 160 (44)

 II 72 (20)

 III 130 (36)

Grade (nuclear)

 1 123 (34)

 2 104 (29)

 3 135 (37)

Tumour size (mm)

 ≤20 86 (24)

 >20 276 (76)

Depth of myometrial invasion (%)

 ≤50 239 (66)

 >50 123 (34)

LVI

 No 264 (73)

 Yes 98 (27)

Recurrence
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 No 264 (73)

 Yes 98 (27)

Skil

 Negative 123 (34)

 Positive 237 (66)

DAB2

 Negative 303 (84)

 Positive 57 (16)

Status

 Alive with no evidence of disease 279 (77)

 Alive with evidence of disease 37 (10)

 Dead of disease 29 (8)

 Dead with no evidence of disease 10 (3)

 Others 11 (3)

CCC, clear cell carcinoma; FIGO, International Federation of Gynecology and Obstetrics; LVI, lymphovascular invasion.
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Table 2

Association between Skil and DAB2 protein levels and clinical parameters

Variables Skil, P-value DAB2, P-value

Age 0.438104 0.31167

Stage 0.496313 0.214462

Tumour size 0.695067 0.026841

LVI 0.454003 0.193674

MI 0.351787 0.361266

Grade (FIGO) 0.202524 0.000484

Grade (nuclear) 0.357179 0.000883

Subtype 0.144599 0.000244

Recurrence 0.454003 0.193674

DFS 0.11452 0.039739

DFS, Disease-free survival; FIGO, International Federation of Gynecology and Obstetrics; LVI, lymphovascular invasion; MI, myometrial invasion.

The P-values are for Fisher's exact test, for testing the associations between protein levels of Skil and DAB2 and the clinical parameters. For this 
analysis, we considered the cut-off for each of the variables as follows. Age: group 1 (G1) <65 years; group 2 (G2) ≥65 years. Stage: G1, stage I 
and II; G2, stage III and IV. Tumour size: G1, ≤20 mm; G2, >20 mm. LVI: G1, absent; G2, present. MI: G1 ≤50%; G2, >50%. Grade: G1, grade 1 
and 2; G2, grade 3. Histological subtype: G1, clear cell carcinoma (CCC) and serous; G2, endometrioid subtype. Recurrence: G1, negative; G2, 
positive. Status: G1, DFS; G2, all other outcomes.
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Table 3

Clinical and histopathological characteristics of the 70 patients analysed for mRNA level by reverse 

transcriptase PCR

Age (years)

 Median 71

 Range 36–92

Stage, n (%)

 I 34 (49)

 II 12 (17)

 III 17 (24)

 IV 7 (10)

Subtype, n (%)

 Endometrioid 42 (60)

 CCC + serous 28 (40)

Grade (FIGO), n (%)

 I 16 (23)

 II 16 (23)

 III 38 (54)

Grade (nuclear), n (%)

 1 10 (14)

 2 22 (32)

 3 38 (54)

Tumour size (mm), n (%)

 ≤20 6 (9)

 >20 64 (91)

Depth of myometrial invasion (%), n (%)

 ≤50 41 (59)

 ×50 29 (41)

LVI, n (%)

 No 41 (59)

 Yes 29 (41)

Skil, n (%)
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 Negative 25 (36)

 Positive 45 (64)

DAB2, n (%)

 Negative 54 (77)

 Positive 16 (23)

Recurrence, n (%)

 No 43 (61)

 Yes 23 (33)

 Others 4 (6)

Status, n (%)

 Alive with no evidence of disease 47 (67)

 Alive with evidence of disease 13 (18)

 Dead of disease 8 (11)

 Others 2 (3)

CCC, clear cell carcinoma; FIGO, International Federation of Gynecology and Obstetrics; LVI, lymphovascular invasion.
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Table 4

Multivariate analysis among ΔCTs of genes and clinical variables

Stage Tumour size Subtype MI LVI Grade (FIGO) Grade (nuclear) Recurrence Good outcome

P-value P-value P-value P-value P-value P-value P-value P-value P-value

DAB2 0.77 0.51 0.61 0.11 0.25 0.65 0.65 0.7 0.58

Skil 0.03 0.92 0.83 0.41 0.24 1 1 0.88 0.99

Smad2 0.7 0.06 0.16 0.98 0.07 0.03 0.03 0.83 0.32

Smad3 0.33 0.24 0.15 0.19 0.52 0.02 0.02 0.34 0.45

Smad4 0.24 0.05 0.04 0.64 0.03 0 0 0.5 0.05

TGF-β1 0.84 0.65 0.97 0.15 0.22 0.12 0.12 0.47 0.04

TβRI 0.88 0.56 0.68 0.74 0.09 0.78 0.78 0.25 0.38

TβRII 0.36 0.43 0.09 0.33 0.05 0.81 0.81 0.15 0.35

CT, Cycle threshold; FIGO, International Federation of Gynecology and Obstetrics; LVI, lymphovascular invasion; MI, myometrial invasion; TβRI, 
transforming growth factor-β receptor type I; TβRII, transforming growth factor-β receptor type II; TGF, transforming growth factor.

P-values are for for testing of the association among mRNA levels of the eight genes and the clinical variables. Logistic regression was performed 
on the two groups, and the grouping that we considered for this analysis was similar to the one used in Table 2.
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