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ABSTRACT 

Aims: To investigate expression of nuclear receptors FXR and PXR as a diagnostic tool to 

improve grading of dysplasia in Barrett’s oesophagus patients. 

Methods and Results: Immunostaining was analyzed on a total of 192 biopsy samples of of 

22 Barrett’s patients with no dysplasia (ND), 17 with low grade dysplasia (LGD), 20 high 

grade dysplasia (HGD), and 24 with adenocarcinoma. Nuclear FXR expression was observed 

in 15/22 (68%) ND cases versus 5/60 (8%) patients with dysplasia or adenocarcinoma 

(p<0.001). FXR expression was highly specific for non-dysplastic tissue. Nuclear PXR was 

expressed in 16/20 (80%) HGD cases versus 2/16 (13%) LGD cases (PPV 89%). Upon 

examining adjacent tissue taken from HGD and adenocarcinoma patients, PXR expression 

was high in samples of all tissue types. Conclusions: Nuclear receptors are differentially 

expressed during neoplastic progression with FXR-positivity being useful to distinguish ND 

from dysplasia and adenocarcinoma. PXR nuclear expression is able to separate HGD from 

LGD and ND. The combination of FXR and PXR appears to have diagnosticand possibly 

prognostic value as well, but future prospective studies are required to investigate their 

predictive power for dysplastic progression in Barret’s oesophagus. 
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INTRODUCTION 

Barrett’s oesophagus (BO) is an acquired condition of metaplasia in which the stratified 

squamous epithelium of the lower oesophagus is replaced by specialized intestinal-like 

epithelium harbouring goblet cells.
1-3

 The incidence of BO and oesophageal adenocarcinoma 

have both increased rapidly since the 1970s and remain on the rise in the Western world.
4-7

 

Patients with BO have 30- to 125-fold increased risk of oesophageal adenocarcinoma relative 

to the general population.
4, 8-10

 Annual risk is estimated at a mere 0.2% to 2.1%.
10-12

 

Endoscopic surveillance is performed to detect early stages that lead to adenocarcinoma.
12, 13

 

The current marker for incipient malignancy in the oesophagus is dysplasia, defined as the 

neoplastic proliferation within epithelial glands without affecting the basal membrane.  

Neoplastic progression in BO follows a multistep sequence from intestinal metaplasia to low-

grade dysplasia (LGD), high-grade dysplasia (HGD) until finally, adenocarcinoma.
2, 8, 14

 At 

present it is unclear which factors control the rate of neoplastic progression in BO.
15

 The 

presence and grade of dysplasia in random biopsies obtained during endoscopy are currently 

the best indicators of cancer risk in BO patients.
16

 Patients with HGD have a high risk of 

developing adenocarcinoma warranting surgery or endoscopic mucosectomy.
17, 18

  LGD on 

the other hand is more indolent.
19, 20

 The initial diagnosis of LGD was expected to confer a 

two-fold increased risk of neoplastic progression as compared to BO without dysplasia.
19, 21-25

 

A major complication of using histology for grading dysplasia is that its assessment is subject 

to intraobserver and interobserver variation.
26, 27

 The use of tissue biomarkers in addition to 

histology may improve the diagnosis of dysplasia and risk prediction in BO patients.
19, 24, 28

 A 

considerable number of biomarkers have been suggested.
29

 These include tumour cell 

markers, 
30

 and markers identifying genetic abnormalities,
31

 DNA hypermethylation
32

 and 

aberrant cell cycling.
33

 Current biomarkers are not applied in clinical practice due to lack of 
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reliability. This highlights the need for further research into new biomarkers to predict 

neoplastic progression. 

It is known that the exposure of the oesophageal lining to bile acids plays an important role in 

development and neoplastic progression of BO. Evidence suggests that detoxifying 

mechanisms in the oesophagus fail to prevent injury to the oesophageal mucosa.
34

 This draws 

attention upon receptors involved in bile-induced signalling. Two nuclear receptors, the bile 

acid receptor Farnesoid X Receptor (FXR) and the xenobiotic sensor Pregnane X Receptor 

(PXR) have been identified.
35-37

 They are abundantly expressed in the liver and intestine 

where they act as detoxifiers and regulate xenobiotic and bile acid homeostasis.
36, 38-41

 In the 

human colon, the expression of FXR has been shown to progressively decrease as normal 

mucosa advances towards adenocarcinoma.
42

 In the oesophagus, overexpression of FXR in 

BO compared to normal squamous epithelium and adenocarcinoma was reported.
43, 44

 These 

studies further suggested that FXR expression contributes to the regulation of bile acid 

signalling and apoptosis in BO. We previously found that PXR mRNA levels in the 

oesophagus are higher in Barrett’s epithelium than in normal squamous epithelium, and that 

polymorphisms in the PXR gene are associated with the presence of BO (van de Winkel et al, 

submitted for publication). The aim of the present study was to investigate the expression of 

PXR and FXR during progression to dysplasia and cancer. Hereto, their presence and 

localisation was evaluated by immunohistochemistry in surveillance biopsies taken from BO 

patients with different stages of progression. 
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MATERIALS AND METHODS 

Patient samples 

Biopsy specimens from 83 BO patients (73% male; mean age 65 yrs, range 38-87) with 

different stages of progression were selected. Patients were assessed at the endoscopy unit of 

the Erasmus Medical Center Rotterdam and had endoscopically confirmed BO. From each 

patient, multiple biopsies were collected at the same distance from the z-line. The number of 

biopsies taken was approximately four per patient, and varied between one and eight biopsies. 

For each patient, all biopsy specimens were embedded in one single block of paraffin and 

were therefore stained and analyzed in one slide. Histologic diagnosis was made by two 

experienced gastrointestinal pathologists (HvD and HvdV). All patients had specialized 

intestinal metaplasia and were graded according to the most severe stage found. Cases on 

which agreement could not be reached or that were indefinite for dysplasia were excluded 

from this study. The four groups included BO without dysplasia (ND; n=22), LGD (n=17), 

HGD (n=20), or adenocarcinoma (n=24). Patient characteristics are given in Table 1. No 

significant differences in age or gender were found between the groups. This study was 

approved by the review board of the Erasmus Medical Centre Rotterdam, the Netherlands. 

 

Immunohistochemical stainings 

From the formalin-fixed, paraffin-embedded tissue blocks, sequential sections were sliced and 

mounted on adhesive slides (Starfrost, Berlin, Germany). After deparaffinization in xylene 

and dehydration in alcohol, endogenous peroxidase was inactivated by incubation with 1% 

hydrogen peroxidase in methanol for 20 min. Antigen retrieval was performed by boiling the 

sections for 10 min in Tris/EDTA pH 9.0 (for FXR) or in Glycine-HCl/EDTA pH 3.5 (for 

PXR). Sections were treated with 10% normal human plasma/10% goat serum to block non-

specific staining. Anti human FXR/NR1H4 antibody (1:150; R&D Systems, Japan) was 
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incubated for 1hr at RT, followed by polyclonal goat anti-mouse (1:200; Dako, Denmark). 

The PXR antibody (1:200; clone poly6169, Biolegend, San Diego) was incubated over night 

at 4°C and then 30 min at RT with a polyclonal goat anti-rabbit (1:200; Dako, Denmark). 

After 45 min of incubation with streptavidin HRP (Dako, Denmark), FXR was visualized 

using 3-amino-9- ethylcarbazole and for PXR diaminobenzidine was used as a substrate. As a 

negative control the first antibody was omitted and an isotype control was included. Tissue of 

terminal ileum was taken as a positive control. Sections were evaluated at a 400-fold 

magnification using light microscopy (Axioskop 20, Zeiss) by two independent observers 

(AW, KZ). At least 100 cells were counted in representative areas of a longitudinally 

sectioned crypt or high power field. The scored percentages of positive nuclei were 

categorised as follows: no expression (<1%), mild (1-25%), moderate (26-50%) or high 

expression (>50%).
30, 45

 Pictures were taken and analyzed using Nikon software (NisElements 

2008). 

 

Statistical Evaluation 

The Mann-Whitney Test was applied for comparison of immunostaining results between 

groups. The Spearman correlation coefficient was used to evaluate significance of overall 

trends along the metaplasia-dysplasia-adenocarcinoma axis. To evaluate the utility of the 

markers, we constructed receiver operating characteristic (ROC) curves. All statistical 

analyses were conducted using SPSS v11.0 (SPSS, Chicago, IL) and 2-tailed significance was 

taken as p<0.05.  

 

Deleted: Tissue of terminal ileum was 
taken as a positive control and for
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RESULTS 

FXR nuclear expression distinguishes LGD from ND  

Figure 1 shows FXR staining in ND (A), LGD (B), HGD (C) and adenocarcinoma (D). 

Nuclear FXR was typically expressed in ND patients (15/22; 68%), and was not or 

infrequently found in the tissue of LGD (3/17; 18%), HGD (0/19; 0%) and adenocarcinoma 

(2/24; 8%) patients (p<0.001 for overall trend; Figure 1E). Of FXR-positive ND cases almost 

50% had moderate to high FXR expression levels (Figure 1F). The expression in LGD, HGD, 

and AC cases did not exceed the level of mild expression. FXR expression had a specificity of 

82% in separating LGD from ND. This yielded a positive predictive value of 83%. ROC 

analysis confirmed that nuclear FXR expression was accurate in separating LGD from ND 

with an area under curve of 0.769 (p=0.004; Figure 2). 

 

Differences in PXR nuclear expression between HGD and LGD  

Figure 3 shows a representative PXR staining of ND (A), LGD (B), HGD (C), and 

adenocarcinoma (D) tissue. PXR expression was observed in only 4/21 (19%) ND and 2/16 

(13%) LGD patients. In contrast, PXR-positive nuclei were present in tissue of 16/20 (80%) 

HGD and 17/22 (77%) adenocarcinoma patients (p<0.001; Figure 3E). The level of PXR 

expression was significantly higher in adenocarcinoma than HGD patients (p=0.022; Figure 

3F). Grading LGD and HGD based on nuclear PXR expression complied in 89% of all cases 

with histologic grading. This conferred a specificity of 88%. ROC-curves yielded an area 

under curve of 0.852, indicating that PXR-positivity is a strong indicator of HGD (Figure 4). 

 

Nuclear FXR and PXR expression in tissue adjacent to tissue of histologic diagnosis  

Nuclear FXR and PXR expression was examined in biopsy samples of the same patients taken 

directly adjacent to the biopsy on which histologic diagnosis was based. The percentage of 
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patients that had FXR-positivity in adjacent tissue is shown in Figure 5A. In cases where 

adjacent normal squamous biopsy specimen was available, analysis showed FXR-positive 

nuclei in 38% of LGD, 38% of HGD and 67% of adenocarcinoma patients. Adjacent ND 

tissue was positive for nuclear FXR expression in 80% of LGD, 62% of HGD and 75% of 

adenocarcinoma cases (Figure 5A). 

PXR expression was completely absent in the adjacent normal squamous tissue of ND and 

LGD patients (Figure 5B). In adjacent ND tissues from LGD patients only 1/9 (11%) 

expressed PXR. In HGD patients analyzed cases did express PXR in the adjacent squamous 

tissue (4/8; 50%) and in the nearby ND tissue (4/7; 57%). In adenocarcinoma patients high 

PXR expression was found in adjacent normal squamous (12/14; 86%), ND (8/9; 89%), and 

in HGD (8/13; 62%) tissue (Figure 5B). 

Overall these data show that FXR expression significantly differs between areas of dysplasia 

and adjacent ND and normal squamous tissue, whereas PXR expression is similar in all tissue 

samples of an individual patient. 

 

Decision chart based on FXR and PXR distribution 

Figure 6 shows a decision chart for using PXR and FXR as a diagnostic tool. FXR positive 

cases are likely to be ND. In the FXR-negative cases, PXR-positivity in any of the tissue is an 

indication for HGD or adenocarcinoma. Cases that have no FXR or PXR expression are 

classified as LGD patients. This decision chart can be used in addition to histology for 

classifying disease progression in BO patients. It offers potential clinical value in improving 

the accuracy of dysplasia grading especially by addressing the issue of sampling error.
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DISCUSSION 

In this study we have investigated the expression of FXR and PXR in different stages of 

neoplastic progression in BO and their value as potential biomarkers. Nuclear expression of 

FXR was clearly present in 68% of ND cases, but detected in only few patients with dysplasia 

or adenocarcinoma. In contrast, nuclear PXR was specifically expressed in oesophageal tissue 

of patients with HGD and adenocarcinoma, but not in patients with ND or LGD. Staining for 

PXR allowed an appropriate distinction between LGD and HGD in 83% of all cases, taking 

histology as a gold standard. As histology experiences difficulty in diagnosing dysplasia, the 

combined use of FXR and PXR could contribute to an accurate and reliable distinction 

between stages of dysplasia. This improvement is especially important when considering 

enhancement of risk stratification and cost-effectiveness in endoscopic surveillance strategies.  

In FXR-negative dysplasia and adenocarcinoma patients surrounding ND and normal 

squamous tissue was found positive for FXR. This underlines a highly grade and tissue 

specific regulation. The observed loss of nuclear FXR suggests it is inactivated in dysplastic 

and adenocarcinoma tissue. This can be accounted to either hypermethylation of the gene or 

mutational events.  

Nuclear PXR was absent in all tissue types of ND and LGD patients. In HGD and 

adenocarcinoma patients PXR was highly expressed in all tissues with different stages of 

progression. Considering this data it appears that PXR is the result of a field effect of the 

adenocarcinoma. Therefore, the six ND and LGD patients that expressed PXR may actually 

be HGD cases that were missed because of sampling error. PXR expression could also 

address the issue of diagnosing those cases classified by pathologists as indefinite for 

dysplasia. 

In a recent retrospective multicenter study,
46

 investigators demonstrated that a model of eight 

methylation biomarkers predicted 50% of progressors to HGD and adenocarcinoma that 
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would not have been diagnosed earlier without using these biomarkers. Based on our findings 

it is encouraging to evaluate FXR and PXR expression as a diagnostic tool. New prospective 

studies with long follow-up need to focus on risk prediction of FXR and PXR in BO patients.  

In conclusion, FXR is expressed in the nuclei of ND tissue, but expression is lost during 

progression to dysplasia and cancer. Nuclear expression of PXR appears to be a field effect. It 

is high in all oesophageal tissue of HGD and adenocarcinoma patients and is nowhere present 

in LGD and ND patients. The combination of FXR and PXR may prove valuable as a 

diagnostic tool and future studies are encouraged to investigate their role and predictive power 

in BO patients. 
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Table 1 BO patient characteristics 

 ND 

(n=22) 

LGD 

(n=17) 

HGD 

(n=20) 

adenocarcinoma 

(n=24) 

Total 

(n=83) 

Age, y (range) 63 (38-87) 68 (44-86) 67 (46-82) 62 (38-81) 65 (38-87) 

Gender, %male 68 71 80 74 73 

No significant differences were found between groups with respect to age or gender 
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FIGURE LEGENDS 

Figure 1. FXR staining in ND, LGD, HGD and adenocarcinoma patients. Nuclear FXR was 

present in most cases of ND (A), but not in tissue of LGD (B), HGD (C) or adenocarcinoma patients 

(D). E) Quantification showed that significantly more cases of ND had nuclear FXR expression 

compared to LGD (p<0.001). F) The percentage of cases with moderate or high FXR expression levels 

was significantly higher in ND patients than in patients with more progressive stages of neoplasia 

(p=0.001). 

 

Figure 2. Receiver operating curve (ROC) of FXR nuclear expression comparing LGD and ND. 

In the ROC-curve, 1% of FXR positive nuclei was taken as a cut-off to obtain the most sensitive and 

specific classification. The ROC-curve shows that the absence of nuclear FXR expression is an 

accurate tool to separate LGD from ND (p=0.004). 

 

Figure 3. PXR staining in ND, LGD, HGD and adenocarcinoma patients. Nuclear PXR was not 

expressed in ND (A) or LGD (B) tissue, but was observed in HGD (C) and adenocarcinoma (D) tissue. 

E) Quantification showed that significantly more cases of HGD had nuclear PXR expression 

compared to LGD (p<0.001). F) High PXR expression levels were found more often in 

adenocarcinoma (AC) than in HGD patients (p=0.022). 

 

Figure 4. Receiver operating curve (ROC) depicts the accuracy of PXR nuclear expression as a 

marker for dysplasia by evaluating its sensitivity and specificity. Taking 1% of PXR positive 

nuclei as a cut-off rendered the most sensitive and specific classification of HGD from LGD. The 

AUC for this criterion was 0.852 (p<0.001). 

 

Figure 5. FXR and PXR expression in adjacent tissue to the biosy of histologic diagnosis.  A) 

The left panel shows FXR nuclear staining (positive samples/total samples) in biopsy specimen 

adjacent to the specimen of histological diagnosis (below dotted line). Bar graphs on the right show 

the percentage of FXR-positivity for adjacent normal squamous (NSq) tissue and adjacent ND tissue 
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for each patient group. Though loss of nuclear FXR was observed in diagnostic specimens of LGD, 

HGD and AC patients, expression remained significantly higher in adjacent NSq and ND tissue (* 

p<0.05, p<0.01). The FXR-positivity in NSq and ND tissues did not differ between patient groups. B) 

The left panel shows PXR nuclear staining (positive samples/total samples) in biopsy specimen 

adjacent to the specimen of histological diagnosis (below dotted line). Bar graphs on the right show 

the percentage of PXR-positivity for adjacent NSq tissue and adjacent ND tissue for each patient 

group. Nuclear PXR expression in HGD and AC patients was also found elevated in adjacent NSq and 

ND tissue. The percentage of PXR-positivity in NSq and ND tissue of HGD and AC patients was 

significantly higher then in these tissue types found in LGD and ND patients (* p<0.05). 

 

Figure 6. Decision chart combining FXR and PXR results as tool for histologic grading. FXR 

positivity in tissue of histologic diagnosis is indicative for ND. Of the FXR negative cases, PXR 

positivity in any of the specimen taken during biopsy is an indication for HGD or adenocarcinoma 

whereas PXR negative cases are likely to be LGD patients. 

 

 

Formatted: English (U.K.)

Deleted: ¶

Deleted: Figure 5 FXR and PXR 

expression in tissue of histologic 

diagnosis and in biopsy specimen taken 
directly adjacent to this tissue.  A) The 

figure on the left shows FXR-positivity 

(n/n) in biopsy specimen on which 
histologic diagnosis was based (ovals 

above dotted line), as well as biopsy 

specimen adjacent to these (ovals below 
dotted line). For each type of tissue, the 

percentage of FXR-positive cases is 

represented by a bar graph to the right of 

this figure. Where a loss of nuclear FXR 

was observed in LGD, HGD, and 

adenocarcinoma tissue, expression was 
still high in adjacent normal squamous 

(NSq) and ND tissue of these patients (* 

p<0.05). FXR-positivity in NSq and ND 
tissues did not differ between patient 

groups. B) The figure on the left shows 

PXR-positivity (n/n) in biopsy specimen 
on which histologic diagnosis was based 

(ovals above dotted line), as well as 

biopsy specimen adjacent to these (ovals 
below dotted line). The bar graphs on the 

right reflect the percentage of PXR-

positive cases per tissue type. Nuclear 
PXR expression in HGD and 

adenocarcinoma patients was also found 
in adjacent NSq and ND tissue. Adjacent 

NSq and ND tissue of LGD and ND 

patients was generally negative for 

nuclear PXR expression.¶
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Figure 1 FXR staining in ND, LGD, HGD and adenocarcinoma patients. Nuclear FXR was present in 
most cases of ND (A), but not in tissue of LGD (B), HGD (C) or adenocarcinoma patients (D). E) 

Quantification showed that significantly more cases of ND had nuclear FXR expression compared to 
LGD (p<0.001). F) The percentage of cases with moderate or high FXR expression levels was 

significantly higher in ND patients than in patients with more progressive stages of neoplasia 
(p=0.001).  
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Figure 3 PXR staining in ND, LGD, HGD and adenocarcinoma patients. Nuclear PXR was not 
expressed in ND (A) or LGD (B) tissue, but was observed in HGD (C) and adenocarcinoma (D) 

tissue. E) Quantification showed that significantly more cases of HGD had nuclear PXR expression 
compared to LGD (p<0.001). F) High PXR expression levels were found more often in 

adenocarcinoma (AC) than in HGD patients (p=0.022).  
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Figure 5. FXR and PXR expression in adjacent tissue to the biosy of histologic diagnosis.  A) The left 
panel shows FXR nuclear staining (positive samples/total samples) in biopsy specimen adjacent to 

the specimen of histological diagnosis (below dotted line). Bar graphs on the right show the 
percentage of FXR-positivity for adjacent normal squamous (NSq) tissue and adjacent ND tissue for 
each patient group. Though loss of nuclear FXR was observed in diagnostic specimens of LGD, HGD 
and AC patients, expression remained significantly higher in adjacent NSq and ND tissue (* p<0.05, 
p<0.01). The FXR-positivity in NSq and ND tissues did not differ between patient groups. B) The left 
panel shows PXR nuclear staining (positive samples/total samples) in biopsy specimen adjacent to 

the specimen of histological diagnosis (below dotted line). Bar graphs on the right show the 

percentage of PXR-positivity for adjacent NSq tissue and adjacent ND tissue for each patient 
category. Nuclear PXR expression in HGD and AC patients was also found elevated in adjacent NSq 
and ND tissue. The percentage of PXR-positivity in NSq and ND tissue of HGD and AC patients was 

significantly higher then in these tissue types found in LGD and ND patients (* p<0.05).  
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Figure 6. Decision chart combining FXR and PXR results as tool for histologic grading. FXR positivity 
in tissue of histologic diagnosis is indicative for ND. Of the FXR negative cases, PXR positivity in any 

of the specimen taken during biopsy is an indication for HGD or adenocarcinoma whereas PXR 

negative cases are likely to be LGD patients.  
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