



OS Soldes1, RD Kuick2, IA Thompson II1, SJ Hughes1, MB Orringer1, MD Iannettoni1, SM Hanash2 and DG Beer1

1Thoracic Tumor Biology Laboratory, Section of Thoracic Surgery, Department of Surgery, and 2Department of Pediatrics, University of Michigan Medical Center,
Ann Arbor, MI 48109, USA

Summary The protein expression patterns of normal, metaplastic and malignant oesophageal tissues were analysed by two-dimensional
polyacrylamide gel electrophoresis (2D-PAGE) to identify changes associated with Barrett’s metaplasia and transformation to oesophageal
adenocarcinoma. Heat-shock protein 27 (Hsp27), a small heat-shock protein which is protective against cytotoxic stresses, was abundant in
normal oesophagus. However, Hsp27 expression was markedly lower in Barrett’s metaplasia and oesophageal adenocarcinomas. This was
confirmed by immunohistochemical analysis. Hsp27 protein was most highly expressed in the upper layers of squamous epithelium and
exhibited a pattern of expression that corresponded with the degree of squamous maturation. Northern and Southern analysis demonstrated
Hsp27 to be regulated at the level of mRNA transcription or abundance. Normal oesophageal tissues were examined for gender differences
in Hsp27 expression. Women expressed fourfold higher levels of Hsp27 mRNA, however, this difference was not appreciable in protein
expression. Hsp27 protein was inducible by heat shock in Barrett’s adenocarcinoma cell lines and an immortalized oesophageal epithelial cell
line (HET-1A), but not by oestradiol. These results demonstrate abundant constitutive expression of the stress-response protein Hsp27 in the
normal oesophagus, and suggest that low-level expression in Barrett’s metaplasia may be one factor which may influence susceptibility to
oesophageal adenocarcinoma development.

Keywords: heat shock protein 27; Barrett’s metaplasia; oesophagus; cancer; adenocarcinoma

British Journal of Cancer (1999) 79(3/4), 595–603
© 1999 Cancer Research Campaign
Article no. bjoc.1998.0094


          
         








         
     


          
        
        
     




         
Received 17 February 1998
Revised 24 April 1998
Accepted 6 May 1998

Correspondence to: DG Beer, Thoracic Tumor Biology Laboratory, MSRB II
B560, Box 0686, University of Michigan, 1150 W Medical Center Drive, Ann
Arbor, MI 48109, USA


        
          

        



      α α
ab


        





          
       
       







         
      


595



596 OS Soldes et al


      

         
        

      
      
       

         
        
       

      
        





Patients and tissues

        
       
        
 

         
     
      

      


        


        
        


    °     


Cell lines

      
        
         
      
        
         

        
   µ °

       
         µ 


British Journal of Cancer (1999) 79(3/4), 595–603
 µ     
° 

Quantitative 2D-PAGE

         
  
     
     
           
          
       






        
× 
   

          
         
        
  


t         
P

Immunohistochemistry

    µ     
       °   

           
          
        




  


      
        

          


Heat shock treatment of cell lines

   
°°
° 
° 
°
        
°
© Cancer Research Campaign 1999



Hsp27 in Barrett’s metaplasia and oesophageal neoplasms 597

Table 1 2D-PAGE analysis of normal oesophagus, Barrett’s metaplasia,
Barrett’s adenocarcinoma, cardia tumours, gastric tissue and squamous cell
carcinoma to quantify Hsp27 protein isoforms

Tissue type (n) Mean Hsp27A Mean Hsp27B

Normal oesophagus (23) 4.6 ± 0.3 4.1 ± 0.2
Barrett’s metaplasia (10) 1.2 ± 0.3a 1.2 ± 0.1a

Barrett’s adenocarcinoma (11) 1.0 ± 0.1a 0.9 ± 0.1a

Cardia tumours (5) 0.9 ± 0.1a 1.0 ± 0.1a

Gastric (5) 1.1 ± 0.3a 0.9 ± 0.2a

Squamous cell carcinoma (6) 1.8 ± 0.4a 1.8 ± 0.4a

aSignificantly different from normal oesophagus (P < 0.001), using Student’s
t-test.
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Figure 1 2D-PAGE polypeptide patterns of (A) normal oesophagus,
(B) Barrett’s metaplasia and (C) Barrett’s adenocarcinoma tissue specimens
from the same patient. The Hsp27A and B isoform spots are markedly
smaller in Barrett’s metaplasia and Barrett’s adenocarcinomas than in normal
oesophagus. The Hsp27C isoform is difficult to detect in the Barrett’s
adenocarcinoma (C)
Oestradiol treatment of cell lines
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Table 2 Hsp27 protein expression examined by immunohistochemistry

Staining intensity

Tissue n High Low Negative

Normal oesophagus 27 27 0 0
Barrett’s metaplasia 13 3 4 6
Barrett’s adenocarcinoma 13 3 2 8
Cardia tumours 5 0 0 5
Gastric 3 0 0 3
Squamous cell carcinoma 7 7 0 0
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Figure 2 Immunostaining of Hsp27 protein in (A) normal oesophagus,
(B) Barrett’s metaplasia and (C) Barrett’s adenocarcinoma, using 5-µm
cryostat tissue sections and a monoclonal antibody to Hsp27. (A) Normal
oesophagus showing abundant Hsp27 protein in the squamous epithelium
(N). (B) Barrett’s metaplasia demonstrating little, if any, immunoreactivity
throughout the epithelium. A small area of squamous epithelium adjacent to
the metaplasia shows intense immunoreactivity (N). (C) Barrett’s
adenocarcinoma also demonstrates very low levels of Hsp27 expression. All
sections counterstained with haematoxylin and all magnifications ×70
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Table 3 Northern analysis of normal oesophagus, Barrett’s metaplasia,
Barrett’s adenocarcinoma, and gastric tissue hybridized with a 32P-labelled
Hsp27 cDNA and then rehybridized with a 32P-labelled 28S rRNA probe to
normalize for RNA loading and transfer. The relative mean Hsp27/28S
mRNA signals are shown, with the mean level in normal oesophagus set at
100

Sample n Mean Hsp27/28S mRNA

Normal oesophagus 7 100
Barrett’s metaplasia 6 13
Barrett’s adenocarcinoma 7 30
Gastric 2 4
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Figure 3 (A, B) Northern analysis of Hsp27 mRNA expression. Northern
blots of RNA from samples of normal oesophagus (N), Barrett’s metaplasia
(B), Barrett’s adenocarcinoma (T) and gastric tissue (G) were hybridized with
a 32P-labelled Hsp27 cDNA. Normal squamous oesophagus shows markedly
higher expression of Hsp27 mRNA than Barrett’s metaplasia or
adenocarcinoma from the same patients (cases 1–6). The Barrett’s
adenocarcinomas express more Hsp27 mRNA than the Barrett’s metaplasia.
(B) Gastric tissue (G) also expresses very low levels of Hsp27 mRNA (cases
6 and 7). (C, D) Southern analysis of Hsp27 in EcoRI-digested DNA samples
from normal oesophagus, Barrett’s metaplasia, Barrett’s adenocarcinomas
and oesophageal squamous cell carcinomas (S). (C) No major deletions or
gross alteration of the Hsp27 gene was apparent in the Barrett’s metaplasias
or adenocarcinomas (cases 1–6) or (D) in the squamous cell carcinomas
(cases 1–3). Hybridization with the Hsp27 cDNA results in three specific
Hsp27-gene bands with EcoRI digest. Case 4 is the normal oesophagus and
tumour from a patient with Barrett’s adenocarcinoma
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Figure 4 Hsp27 mRNA expression in the normal oesophagus of women
and men. (A) A Northern blot was prepared from the normal oesophagus of
ten women (lanes 1–10) and ten men (lanes 11–20) with the diagnosis of
squamous cell carcinoma of the oesophagus and hybridized with a 32P-
labelled Hsp27 cDNA. The blot was stripped and sequentially rehybridized
with a 32P-labelled 28S rRNA oligomer and a 32P-labelled GSTπ cDNA probe.
(B) Northern analysis of Hsp27 mRNA in the normal oesophagus of nine
women with squamous cell carcinoma (SCCA, lanes 1–9) and nine women
with Barrett’s adenocarcinomas (BA, lanes 10–18)

Figure 5 Response of cell lines to heat shock. (A) The Barrett’s
adenocarcinoma cell lines (Seg-1, Bic-1) and oesophageal epithelial cell line
(HET-1A) were heat shocked at 42°C for 2 h and then incubated for 24 h at
37°C. The untreated controls (C) and the heat shocked cell lines (HS) were
analysed by 2D-PAGE for changes in Hsp27A and B isoform expression.
(B) Northern analysis of Hsp27 mRNA expression after heat shock. The
Barrett’s adenocarcinoma cell lines (Seg-1, Bic-1, Flo-1) and HET-1A were
heat shocked at 42°C for 2 h and then incubated at 37°C for 16 h. The mean
increase over untreated controls in Hsp27 mRNA expression from triplicate
experiments is shown; bars, s.e.
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Figure 6 Effect of 17β-oestradiol on Hsp27 protein and mRNA in Seg-1 and
HET-1A cell lines. The cell lines were incubated with 10, 100 and 1000 nM

17β-oestradiol in DMEM and 10% FBS for 48 h at 37°C. (A) A small,
inconsistent response to oestradiol was observed by 2D-PAGE. (B) Northern
blot analysis of Hsp27 mRNA expression in 17β-oestradiol-treated Seg-1 and
HET-1A cells after normalization using the 28S rRNA probe. Results are
expressed as a percentage of the untreated control. Experiments were
performed in duplicate (except HET-1A at 1000 nM in which only one trial was
performed); bars, s.e.
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