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Abstract

Purpose To evaluate the membrane expression of DR4,

DR5, DcR1 and DcR2 in the normal endometrium (NE),

atypical endometrial hyperplasia (AEH) and endometrioid

adenocarcinoma (EAC).

Methods The study comprised 197 patients: 20 NE, 18

AEH and 159 EAC. Tissue microarrays were constructed.

Membrane expression of DR4, DR5, DcR1 and DcR2 was

examined and presented as total score (TS).

Results In EAC, the membrane expression of DR4, DR5

and DcR2 was less common compared to NE (p \ 0.001;

p \ 0.001; p = 0.018) and AEH (p \ 0.001; p \ 0.001;

p = 0.004). In EAC the membrane expression of DcR1 did

not differ when compared to NE (p = 0.055) and AEH

(p = 0.173). A strong correlation was found between the

type of endometrial tissue (NE/AEH/EAC) and the TS of

DR4 (p \ 0.001), DR5 (p \ 0.001), DcR1 (p = 0.033) and

DcR2 (p \ 0.001). In EAC, the TS of DR4, DR5, DcR1

and DcR2 was not related to grading and staging. In EAC,

the membrane expression of DR5, but not DR4, DcR1 and

DcR2, was related to better disease-free survival (DFS).

The overall survival (OS) was not related to membrane

TRAIL receptors expression.

Conclusions The membrane expression of the receptors

for TRAIL DR4, DR5, DcR1 and DcR2 is greater in NE

than EAC. The level of membrane staining of the receptors

in EAC is not dependent on grading and staging. In EAC

patients, membrane expression of DR4, DR5, DcR1 and

DcR2 are not independent predictors of survival.
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Introduction

Programmed cell death (apoptosis) is a crucial process in

the development and homeostasis of multicellular organ-

isms, and the dysfunction of apoptosis is regarded as an

important step in the development of cancer and spreading

of metastases [1, 2]. The cell death program consists of

three essential types of elements: activators, inhibitors and

effectors. The cytokine TNF-related apoptosis-inducing

ligand (TRAIL), also known as Apo-2L, is one of the most

important extracellular activators of apoptosis. TRAIL is a

type II transmembrane protein located on chromosome

8p21–22, that selectively induces apoptosis in tumor cells

while leaving normal cells intact [1–5].

The ligand TRAIL binds to five receptors. Two of them,

DR4 (TRAIL-R1) and DR5 (TRAIL-R2) are membrane-

bound and contain a death domain in their intracellular
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portion, which is able to transmit an apoptotic signal

(‘‘death receptors’’). In contrast, the soluble receptor os-

teoprotegerin is incapable of transmitting an apoptotic

signal. Similarly, two other membrane-bound receptors—

DcR1 (TRAIL-R3), which lacks the complete intracellular

portion and DcR2 (TRAIL-R4), which has a truncated

cytoplasmic death domain—do not transmit an apoptotic

signal (‘‘decoy receptors’’) [6, 7].

The expression of TRAIL and its receptors has been

widely described in numerous normal and cancerous tis-

sues [8–13]. Although endometrial cancer is the most

common gynecologic malignancy, to date there have been

only a few studies attempting to evaluate the expression of

TRAIL receptors [14, 15].

The aim of our study is to assess the membrane

expression of DR4, DR5, DcR1 and DcR2 in the normal

endometrium (NE), atypical endometrial hyperplasia

(AEH) and endometrioid adenocarcinoma (EAC) using the

tissue microarray method.

Materials and methods

Tissue collection

The study examined endometrial tissues from surgery in 197

consecutive patients who had undergone hysterectomy in

the Pirogow Memorial Hospital of Lodz between 2000 and

2007. Twenty patients were treated due to uterine fibroids

presented with a NE, 18 patients were diagnosed with AEH,

and in 159 patients EAC was identified. The distribution of

EAC patients by grade was: G1, 59 (37.1 %); G2, 82

(51.6 %); G3, 18 (11.3 %). There were 109 EAC patients at

stage I (68.6 %), 24 patients at stage II (15.1 %), and 26

patients at stage III (16.3 %). The patients with EAC were

subsequently treated and examined in the Regional Cancer

Center, Copernicus Memorial Hospital of Lodz. Disease-

free survival (DFS) and overall survival (OS) were analyzed

as functions of TRAIL receptor expression. DFS was defined

as the period from primary surgery until relapse. OS was

defined as the period from primary surgery until the end of

the follow-up (60 months) or until the death of the patient.

For the study, the approval of the Ethics Committee of the

Medical University of Lodz (RNN/82/11/KE) was obtained.

The tissue blocks were fixed in formalin and embedded

in paraffin. In all cases hematoxylin–eosin stained slides

were available. They were reviewed by a pathologist to

confirm the diagnosis of EAC. Additional histological

features were recorded: histological grade and FIGO

staging (The International Federation of Gynecology and

Obstetrics). The patients with EAC were staged according

to the FIGO 2009 Staging System [16]. The EAC grading

was defined according to the 2003 World Health Organi-

zation classification criteria [17]. In each case the NE, the

AEH and the EAC was diagnosed in the uterus removed

during surgery (not obtained from the curettage).

Fig. 1 The preparation of the

final TMA recipient block: a the

biopsy technique of the paraffin

donor block, b the transposition

of the tissue core into the wells

in the recipient block, c the final

paraffin recipient block, d the

sector map of the recipient

block: this is a grid that specifies

a location within the TMA for

each core sample
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Production of tissue microarrays (TMAs)

TMAs were prepared using a manual tissue arraying

instrument (Tissue-Tek Quick-Ray Tissue Microarray

System; Sakura Finetek USA, Inc. Torrance, CA 90501

USA). Duplicate 2 mm tissue cores were taken from areas

representative of NE, AEH and EAC in the donor block,

and incorporated into the recipient block (Tissue-Tek

Quick-Ray Recipient Block, Sakura Finetek USA, Inc.

Torrance, CA 90501, USA) to produce a single recipient

block containing 40 cores. To avoid mistakes during

identifications of all corners of the TMA recipient block,

Fig. 2 a Positive membrane

expression of DR4 in NE (9200

magnification), b positive

membrane expression of DR4 in

EAC (9200 magnification),

c positive membrane expression

of DR5 in NE (9200

magnification), d lack of DR5

expression in EAC (9200

magnification)

Fig. 3 a Positive membrane

expression of DcR1 in NE

(9200 magnification),

b positive membrane expression

of DcR1 in EAC (9200

magnification), c positive

membrane expression of DcR2

in NE (9200 magnification),

d lack of DcR2 expression in

EAC (9200 magnification)
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two wells in the left lower corner of the recipient block

were filled by tissue cores from the spleen (Fig. 1a–d). The

filled recipient blocks were embedded in paraffin.

DR4, DR5, DcR1 and DcR2 immunohistochemistry

in endometrial tissue

Sections 4 lm thick, cut from TMAs, were used for

immunohistochemistry. The sections were deparaffinized

in xylene and hydrated in graded ethanol solution. The

sections of endometrial tissue were then subjected to pre-

treatment in order to enhance antigen retrieval. EnVision?

System Horseradish Peroxidase (DakoCytomation, Glost-

rup, Denmark) and polyclonal antibody to anti-human

TRAIL R1/TNFRSF10A—(R&D Systems, Inc. Minneap-

olis. CA USA), anti-human CD262/TRAILR2 (aa 388–

407)—(Acris Antibodies, Inc. San Diego, CA, United

States), anti-human TRAIL R3/TNFRSF10C—(R&D

Systems, Inc. Minneapolis CA, USA) and anti-human

TRAIL R4/TNFRSF10D—(R&D Systems, Inc. Minneap-

olis, CA, USA) were used for immunohistochemistry. The

specificity of the primary antibody had previously been

confirmed by the manufacturer. A positive control (positive

breast tissue) was used. As a negative control, specimens

were immune stained in the absence of primary DR4, DR5,

DcR14 and DcR2 antibodies. No immune staining

appeared when primary antibodies were not used.

Immunohistochemical scoring of DR4, DR5, DcR1

and DcR2

The specimens were analyzed by independent pathologists

with no prior knowledge of the clinical data. The mem-

brane expression of DR4, DR5, DcR1 and DcR2 was

assessed in endometrial cells. Both intensity and marker

distribution (percentage of the positively stained epithelial

Fig. 4 The membrane expression in NE, AEH and EAC of DR4 (a), DR5 (b), DcR1 (c) and DcR2 (d)
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cells) were used for the calculation of the scores in the

endometrial tissue. The intensity of the staining was scored

as follows: 0 = negative, 1 = weak, 2 = moderate, and

3 = strong. Marker distribution was scored as 0 = not

present; 1 = 1 %; 2 = 2–9 %; 3 = 10–33 %; 4 = 34–66 %;

5 C 66 %). The final immune staining score was determined

by adding the intensity and marker distribution scores in a

given case (0 = negative; 2–4 = weak; 5–8 = strong).

Examples of endometrial tissue positive and negative for

DR4/DR 5 and for DcR1/DcR2 are presented in Figs. 2a–d

and 3a–d, respectively.

Statistical analysis

All results were analyzed using CSS Statistica 9.0 software

(Statsoft Inc., Tulsa, OK, USA). The significance of the

association between non-parametric data was assessed

using the standard Chi-square test and Fisher’s test. Pear-

son’s r correlation coefficient was used to correlate the TS

of DR4, DR5, DcR1 and DcR2 expression with the type of

endometrial tissue (NE/AEH/EAC), grading and staging of

the EAC. Kaplan–Meier survival curves were calculated

for patients who were DR4(?)/DR4(-), DR5(?)/DR5(-),

DcR1(?)/DcR1(-), DcR2(?)/DcR2(-), as well as for

variants of death receptors/decoy receptors. A statistical

analysis of survival was performed with the log-rank test

and Cox models. A p value \0.05 was considered as

significant.

Results

In EAC the membrane expression of DR4 and DR5 was

less common when compared to NE (p \ 0.001;

p \ 0.001) and AEH (p \ 0.001; p \ 0.001). The expres-

sion of DR4 and DR5 in NE and AEH was similar

(p = 0.564; p = 0.385) (Fig. 4a, b). A strong correlation

between increased TS of DR4 and DR5 in endometrial

tissue from NE through AEH to EAC was present

(Table 1). In EAC the TS value of DR4 and DR5 was not

related to grading (Table 2) and staging (Table 3).

Membrane expression of both death receptors: DR4 and

DR5 was present in 11 NE (55.0 %), 9 AEH (50.1 %) and

10 cases of EAC (6.3 %). Only one receptor DR4 or DR5

expressed 5 NE (25.0 %), 8 AEH (44.4 %) and 29 cases of

EAC (18.2 %). Lack of membrane expression of both the

DR4 and DR5 receptors was found in 4 NE (20.0 %), 1

AEH (5.5 %) and 120 cases of EAC (75.5 %). The DR4/

DR5 receptor status correlated with the type of endometrial

tissue from NE through AEH to EAC (r = -0.457;

p \ 0.001). In univariate analysis, EAC with positive

membrane staining of DR5 presented better DFS when

compared to EAC negative for DR5 (p = 0.033; Fig. 5b).

The membrane expression of DR4 was not related to the

DFS (Fig. 5a). The membrane expression of DR4 and DR5

was not related to the OS (Fig. 6a, b).

The expression of DcR1 in NE was lower than in EAC,

but not significantly (p = 0.055). The presence of DcR1

Table 1 Cell membrane DR4/DR5/DcR1/DcR2 expression in normal endometrium (NE), atypical endometrial hyperplasia (AEH) and endo-

metrioid adenocarcinoma (EAC)

TRAIL receptors and

endometrial tissue

n % Lack of expression Weak expression Strong expression Pearson’s r correlation

with TS

p

n % n % n %

DR4 expression

NE 20 100 6 30.0 5 25.0 9 45.0 -0.469 \0.001*

AEH 18 100 7 38.9 5 27.8 6 33.3

EAC 159 100 135 84.9 17 10.7 7 4.4

DR5 expression

NE 20 100 7 35.0 5 25.0 8 40.0 -0.449 \0.001*

AEH 18 100 4 22.2 4 22.2 10 55.6

EAC 159 100 134 84.3 12 7.5 13 8.2

DcR1 expression

NE 20 100 10 50.0 2 10.0 8 40.0 -0.152 0.033*

AEH 18 100 10 55.5 1 5.5 7 39.0

EAC 159 100 113 71.1 16 10.0 30 18.9

DcR2 expression

NE 20 100 8 40.0 0 0 12 60.0 -0.319 \0.001*

AEH 18 100 14 77.8 0 0 4 22.2

EAC 159 100 123 77.3 15 9.4 21 13.3

* Statistical significance
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did not differ between AEH/NE (p = 0.735) and AEH/

EAC (p = 0.173) (Fig. 4c). DcR2 was more frequently

expressed in NE than in AEH and EAC (p = 0.018;

p = 0.004). The expression of DcR2 in AEH and in EAC

was similar (p = 0.962) (Fig. 4d). A correlation was found

between increased TS of DcR1 and DcR2 in endometrial

tissue from NE to AEH and EAC (Table 1). In EAC the TS

value of DcR1 and DcR2 was not related to grading

(Table 2) and staging (Table 3).

Membrane expression of both decoy receptors: DcR1 and

DcR2 was present in 9 NE (45.00 %), 2 AEH (11.2 %) and

13 cases of EAC (8.2 %), while one receptor, DcR1 or DcR2

was expressed in 4 NE (20.00 %), 8 AEH (44.4 %) and 56

cases of EAC (47.4 %). Lack of membrane expression of

Table 2 Cell membrane DR4/DR5/DcR1/DcR2 expression in endometrioid adenocarcinoma (EAC) and grading

TRAIL receptors in EAC

and grading

n % Lack of expression Weak expression Strong expression Pearson’s r correlation

with TS

p

n % n % n %

DR4 expression

G1 59 100 49 83.0 4 6.8 6 10.2 -0.059 0.458

G2 82 100 71 86.6 11 13.4 0 0

G3 18 100 15 83.3 2 11.1 1 5.6

DR5 expression

G1 59 100 48 81.3 4 6.8 7 11.9 -0.081 0.313

G2 82 100 70 85.4 6 7.3 6 7.3

G3 18 100 16 88.8 2 11.2 0 0

DcR1 expression

G1 59 100 41 69.5 5 8.5 13 22.0 -0.060 0.455

G2 82 100 58 70.7 9 11.0 15 18.3

G3 18 100 14 77.6 2 11.2 2 11.2

DcR2 expression

G1 59 100 40 67.8 8 13.5 11 18.7 -0.148 0.062

G2 82 100 67 81.7 6 7.3 9 11.0

G3 18 100 16 88.8 1 5.6 1 5.6

Table 3 Cell membrane DR4/DR5/DcR1/DcR2 expression in endometrioid adenocarcinoma (EAC) and FIGO staging

TRAIL receptors in EAC

and FIGO staging

n % Lack of expression Weak expression Strong expression Pearson’s r correlation

with TS

p

n % n % n %

DR4 expression

I 109 100 92 84.4 11 10.1 6 5.5 -0.061 0.444

II 24 100 19 79.1 4 16.7 1 4.2

III 26 100 24 92.3 2 7.7 0 0

DR5 expression

I 109 100 92 84.4 8 7.3 9 8.3 -0.006 0.938

II 24 100 19 79.1 3 12.6 2 8.3

III 26 100 23 88.5 1 3.8 2 7.7

DcR1 expression

I 109 100 74 67.9 13 11.9 22 20.2 -0.069 0.386

II 24 100 19 79.1 1 4.2 4 16.7

III 26 100 20 76.9 2 7.7 4 15.4

DcR2 expression

I 109 100 84 77.0 11 10.1 14 12.9 -0.008 0.921

II 24 100 18 75.0 1 4.2 5 20.8

III 26 100 21 80.1 3 12.2 2 7.7
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both the DcR1 and DcR2 receptors was found in 7 NE

(35.0 %), 8 AEH (44.4 %) and 90 cases of EAC (56.6 %).

The type of endometrial tissue from NE, AEH and EAC

correlated with the DcR1/DcR2 receptor status (r = -0.248;

p\0.001). The membrane expression of DcR1 and DcR2

was not related to the DFS (Fig. 5c, d) or the OS (Fig. 6c, d).

The correlation was found between variants of cell mem-

brane death receptor (DR4 ? DR5) and decoy receptor

(DcR1 ? DcR2) expression with the type of endometrial tissue

NE/AEH/EAC (p\0.001) (Table 4; Fig. 7a). In the EAC,

variants of cell membrane death receptors (DR4 ? DR5) and

decoy receptors (DcR1 ? DcR2) expression were not related

to DFS and OS (p = 0.416; p = 0.313) (Fig. 7b, c).

Discussion

The TMA is a piece of histological equipment designed to

efficiently and economically estimate the expression of

proteins across large sets of tissue specimens assembled on

a single glass microscope slide [18, 19]. The use of TMAs

has significant advantages over standard techniques: it

allows amplification of limited tissue resources by allowing

the production of a large number of small core biopsies,

rather than generating a single section saving time, anti-

bodies and costs associated with analyzing multiple spec-

imens at once [18, 20]. Our previous studies confirmed that

two 2-mm-sized tissue cores from biopsy of the donor

block constructed into the TMAs are sufficient to obtain

EAC tissue in above 90 % cases [21].

Since Wiley et al. [1] in 1995 reported the isolation of a

new novel member of the TNF ligand family, designated

TRAIL, many studies have reported on its significant role

in cellular homeostasis. Alterations of TRAIL-induced

apoptosis are suspected to be important in the development

and progression of cancers, but to date, the mechanism of

sensitivity and resistance for TRAIL-induced apoptosis has

not been clearly explained [22].

Fig. 5 a DFS and DR4 membrane expression in EAC, b DFS and DR5 membrane expression in EAC, c DFS and DcR1 membrane expression in

EAC, d DFS and DcR2 membrane expression in EAC
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TRAIL receptors show both cell membrane and cyto-

plasmic staining [9, 11, 12], and in some cases, the

receptors can be also expressed in the nucleus [12]. Now-

adays it is known that TRAIL and its receptors are present

in many normal human tissues, e.g., in peripheral leuko-

cytes, hepatocytes, neurons, renal tubuli contorti, heart

myocytes, colonic luminal epithelium and crypt cells,

bronchial epithelium and alveolar septa, heart myocytes,

germ and Leydig cells [8–10]. Our study also showed

membrane staining of DR4, DR5, DcR1 and DcR2 to be

present in NE and AEH.

High levels of TRAIL receptor expression were descri-

bed in the majority of cancer cell lines in vitro, and in

many human malignant tumors in vivo [23, 24]. To

Fig. 6 a OS and DR4 membrane expression in EAC, b OS and DR5 membrane expression in EAC, c OS and DcR1 membrane expression in

EAC, d OS and DcR2 membrane expression in EAC

Table 4 The correlation of cell membrane DR4 ? DR5 expression (death R) and DcR1 ? DcR2 expression (decoy R) with the type of

endometrial tissue

DR4 and DR5 expression NE AEH EAC Pearson’s r correlation

with tumor type

p

n % n % n %

Death R(-) and decoy R(-) 4 20.0 1 5.6 77 48.4 -0.293 \0.001*

Death R(?) and decoy R(-) 3 15.0 3 16.7 14 8.8

Death R(-) and decoy R(?) 2 10.0 6 33.3 43 27.0

Death R(?) and decoy R(?) 11 55.0 8 44.4 25 15.8

Total 20 100.00 18 100.00 159 100.00

* Statistical significance

896 Arch Gynecol Obstet (2013) 288:889–899

123



characterize TRAIL receptors in cancers, cytoplasmic

staining is usually analyzed rather than membrane or

nuclear staining [9, 12]. The cytoplasmic expression of

DR4 and DR5 was found to be strong in primary and

metastatic brain tumors, leukemias, malignant melanomas

and cancers of the breast, lung, head and neck, esophagus,

colorectum, pancreas, renal, urinary bladder, uterine cervix

and ovaries [8, 9, 11–13, 25, 26]. Similarly, the cytoplas-

mic expression of DcR1 and DcR2 was reported, e.g., in

primary and metastatic brain tumors [8] and in prostate

cancer [27]. In endometrial cancer, DcR1 cytoplasmic

expression was evaluated by Tarragona et al. [15]. The

authors studied 62 cases of endometrial cancers by tissue

microarray, and found DcR1 to be present in 98.1 % of

cases [15].

Several recent studies in cancers have reported the

occurrence of a correlation between the level of cytoplas-

mic expression of both death receptors for TRAIL, tumor

grading and survival, but the data is generally unclear

[12, 25]. For example, Li et al. [25] report a significantly

longer postoperative recurrence-free rate in patients with

bladder cancer with either high DR4 or DR5 expression,

than in those with low expression of both receptors iden-

tified during a 10-year follow-up. Koksal et al. [27] report

correlation of high cytoplasmic DcR2 expression with high

Gleason scores, prostate-specific antigen recurrence and

decreased survival. In contrast to this, Koornstra et al. [9]

describe a lack of correlation of DR4 and DR5 cytoplasmic

expression with grading and staging in cancer of the colon,

and Zhuang et al. [28] found DcR1 and DcR2 cytoplasmic

expression not to be related to progression of neoplasmic

disease. In endometrial cancer patients, Tarragona et al.

[15] did not confirm the association of DcR1 expression

with histological type of the cancer (EAC vs. non-EAC), its

grade and stage, as well.

In contrast to many previous reports, the present study

analyzes not cytoplasmic, but also the cell membrane

expression of death and decoy receptors for TRAIL in NE,

Fig. 7 a The correlation of the type of endometrial tissue NE/AEH/EAC with variants of TRAIL death/decoy receptor expression. b DFS and

variants of TRAIL death/decoy receptors. c OS and variants of TRAIL death/decoy receptors
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AEH and EAC. It should be noted that although cyto-

plasmic and nuclear staining of all the receptors was fre-

quently observed during our examination of specimens for

DR4, DR5, DcR1 and DcR2, this was not subjected to

further analysis. As with other similar studies on breast and

esophageal cancers [11, 12], membrane staining of both or

one death receptor for TRAIL was found only in 39/159

EAC cases (24.6 %). Interestingly, in contrast to the EAC

samples, strong membrane expression of DR4 and/or DR5

was present in 14/20 NE (70.0 %) and 11/18 AEH

(61.1 %) cases. Similarly to death receptors for TRAIL,

membrane expression of DcR1 and/or DcR2 was present

only in 68/159 EAC cases (42.8 %), but in 13/20 NE

(65.0 %) and 14/18 AEH (77.7 %) cases. This observation

may be a significant step in better characterizing TRAIL-

induced apoptosis in normal and malignant cells. Addi-

tionally, in our study the intensity of membrane staining of

death and decoy receptors for TRAIL in the EAC samples

was not found to be correlated with grading, staging and

survival. Only membrane expression of DR5 (24 cases)

was related to better DFS when compared to patients

negative for membrane DR5 (135 cases), which should be

verified in further prospective studies in larger populations.

The existence of multiple receptors for TRAIL and its

different cell distribution suggests that the regulation

of signaling by TRAIL cytokine is of a more complex

nature [3].

The observation that TRAIL selectively induces cancer

cells to undergo apoptosis, while sparing normal cells, has

raised great interest in using TRAIL in clinical applications

as an anti-tumor weapon [2, 4, 7, 14]. The therapeutic

potential of a recombinant soluble human TRAIL has been

evaluated in several human tumors, including breast,

prostate, glioma and colorectal cancers [29]. Sadarangani

et al. [5] describe the positive response of endometrium

and endometrial cancer cell lines to TRAIL, and Llobelt

et al. [30] demonstrate that endometrial cancer cells, pri-

marily insensitive to TRAIL, can be sensitized to the ligand

after administration of chemotherapeutics. These findings

are in agreement with other authors using chemothera-

peutics in many other forms of cancer, not only gyneco-

logic ones [14, 31, 32]. However, the possibility of

applying TRAIL in clinical cancer therapy should be per-

formed with great caution due to the reported possible

toxicity of TRAIL to primary human hepatocytes, espe-

cially in patients with a diseased liver [29, 33, 34].

In conclusion, our study demonstrates that malignant

transformation of the endometrial tissue is related to the

reduction of membrane expression of DR4, DR5, DcR1

and DcR2. The level of membrane staining for receptors of

TRAIL in the EAC is not dependent on grading and staging

of the cancer. Analysis of cell membrane expression of the

receptors for TRAIL is not a good predictor of survival in

EAC patients. However, the small number of patients used

for this study demands further prospective studies in larger

populations to confirm these results and to assess its value

in clinical practice.
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