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2. PATIENTS, MATERIALS AND METHODS 

2.1 STUDY APPROVAL 
 

Formal ethical approval was deemed not to be required for the studies assessing clinical 

prognostic factors in oesophageal cancer (Chapter 3).  The project was registered as a 

retrospective audit with the South Manchester University Hospitals NHS Trust 

Research and Development (R&D) department.  Ethical approval was obtained from 

South Manchester Local Ethics committee for all the studies contained in Chapters 4, 5 

and 6 (Ref:  03/TG/560).  Local R&D approval was also granted for these studies.

 Separate ethical approval was obtained from South Manchester Local Ethics 

committee (Ref: 05/Q1403/17) for the prospective study assessing hypoxia by 

pimonidazole administration (Chapter 7). R&D approval was granted from 

Wythenshawe hospital prior to the study commencing.  Confirmation that the proposed 

study was not a clinical trial of an Investigational Medicinal Product (IMP) as defined 

by the EU Directive 2001/20/ED was obtained from the Medicines and Healthcare 

products Regulatory Agency (MHRA).  This obviated the need for Clinical Trial 

Authorisation (CTA).  

2.2 SUMMARY OF PATIENTS INCLUDED 
 

Table 2.1 outlines the patients used in each chapter of the thesis.  All patients were 

treated at South Manchester University Hospitals NHS Trust.   
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Table 2.1  Overview of patients studied in the thesis  

Chapter 
No. 
 

Tumour type No. Technique Specimen 
type 

Study 
type 

3 Oesophageal cancer 
(Tumour length study) 
 

309 Clincio-pathological Resection 
specimen 

Retro 

3 Oesophageal cancer 
(CRM status study) 
 

249 Clinico-pathological Resection 
Specimen 

Retro 

4 Gastro-oesophageal 
junction and gastric 
adenocarcinoma 
 

251 Clinico-pathological Resection 
Specimen 

Retro 

5 Gastro-oesophageal 
junction and gastric 
adenocarcinoma 
 

177 IHC Resection 
specimen 

Retro 

6 Oesophageal 
adenocarcinoma 
carcinogenesis sequence 
 

72 IHC Endoscopic 
biopsies 

Retro 

6 Gastric adenocarcinoma 
carcinogenesis sequence 
 

115 IHC Endoscopic 
biopsies 

Retro 

7 Oesophageal and gastric 
adenocarcinoma 

9 Pre-biopsy 
pimonidazole / IHC 

Endoscopic 
biopsies/ 
resection 
specimen 

Prosp 

Retro = retrospective; Prosp = prospective; IHC = immunohistochemistry 

2.3 CLINCIAL PROGNOSTIC FACTORS IN OESOPHAGEAL CANCER   

Between January 1994 and December 2003, 309 patients were identified as having 

undergone surgical resection of their oesophageal cancer at South Manchester 

University Hospitals NHS Trust.  During the period of the study the majority (89%) of 

oesophagectomies were performed by seven surgeons from two surgical teams (three 

cardiothoracic and four gastrointestinal consultant surgeons).  In the later three years of 

the study most cases were carried out by three specialist upper gastrointestinal surgeons.   

2.3.1 Inclusion and exclusion criteria 

All patients who underwent resectional surgery of their oesophageal cancer were 

included in the tumour length study.  Only patients who underwent a potentially 

curative resection of their oesophageal cancer were included in the circumferential 

resection margin study.  Exclusion criteria were: Metastatic (M1a or M1b) disease at 
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surgery; involvement of the longitudinal resection margin; T4 tumours and other 

palliative surgical resection. 

2.3.2 Surgical and oncological treatment  

All consultants, irrespective of speciality, used similar surgical technique.  The majority 

of patients did not receive neo-adjuvant therapy; however pre-operative chemotherapy 

was administered to some patients, mainly within the context of a prospective 

randomized controlled trial (MRC 2002). Table 2.2 summarises the number of patients 

treated by individual operative approach in each study group. 

Table 2.2  Operative treatment in each study group 

Operation Tumour 
length  

CRM  

Left thoraco-abdominal approach † 202 156 

Ivor-lewis oesophagogastrectomy 86 76 

Bilateral thoracotomy 

McKeown three stage 

Transhiatal 

Pharyngo-laryngo-oesophagectomy 

8 

1 

1 

2 

7 

1 

1 

2 

Unknown 9 6 

† 28 and 22 patients respectively had additional left cervical incisions and neck anastomosis 

2.3.3 Pathological processing of the surgical specimens 
During the study period oesophagogastrectomy specimens were received from theatre in 

formalin.  On receipt in the pathology laboratory the CRM was inked and allowed to 

dry, subsequently the specimens were opened longitudinally from proximal to distal, 

extending this incision proximally along the greater curve of the stomach if attached 

(Figure 2.1). In a few cases from the earlier years of the study the CRM was assessed 

without prior inking. The resections were then left to fix in formalin for at least twenty 

four hours, unpinned.  The macroscopic features were then recorded including tumour 

length measured to the closest 1mm (Figure 2.2).  The tumours were thinly (3-5 mm) 

sliced transversely from 2 cm above to 2 cm below, with areas showing tumour closest 

to the CRM sampled for microscopy.  At least four blocks of tumour were examined 
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histologically as were all resection margins, representative areas of oesophagus and 

stomach, any additional macroscopic abnormalities and all lymph nodes. Involvement 

of a surgical resection margin was classified as the microscopic presence of tumour 

cells within 1 mm of the longitudinal or circumferential limits of the resected specimen.  

The 2002 version of the UICC TNM classification and the WHO criteria for grading of 

tumour differentiation in to well, moderate and poor groups were used for pathology 

reporting (Sobin 2002; WHO 1977). Most of the resection specimens (90%) were 

examined by three consultant pathologists. 

2.3.4 Data collection 
The histopathology records for the patients who underwent surgical resection were 

obtained from computerised records.  Data from the reports were transferred to a 

Microsoft Access database for analysis. The Minimum Dataset for oesophageal cancer 

published by the Royal College of Pathologists was used as a guide for information 

collection (Mapstone 1998).  Pathological details collected included tumour sub-type, 

TNM stage, differentiation, completeness of surgical resection and overall stage.   
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Table 2.3 Summary of patients included in the studies assessing clinical prognostic 
factors in oesophageal cancer (Chapter 3).  

Factor 
 

 Tumour 
Length 

 

CRM 

 
 

 No. % No. % 

Histological subtype Adenocarcinoma 
SCC 
Other 
 

225 
72 
12 

72.8 
23.3 
3.9 

178
61 
10 

71.5 
24.5 
4.0 

Neo-adjuvant therapy 
 

No 
Yes 
 

268 
41 

86.8 
13.2 

215
34 
 

86.3 
13.7 

T Stage Tis 
T1 
T2 
T3 
T4 
 

5 
25 
100 
178 
1 

1.6 
8.1 
32.4 
57.6 
0.3 

5 
22 
67 
155
n/a 

2.0 
8.8 
26.9 
62.2 

 

N Stage N0 
N1 
 

122 
187 

39.5 
60.5 

109
140

43.8 
56.2 

M Stage M0 
M1 
 

297 
12 

96.1 
3.9 

n/a  

Overall TNM Stage 0 
1 
2a 
2b 
3 
4 
 

5 
15 
102 
49 
126 
12 

1.6 
4.9 
33.0 
15.9 
40.8 
3.9 

5 
14 
90 
36 
104
n/a 

2.0 
5.6 
36.1 
14.8 
41.8 

Differentiation Unknown 
Well 
Moderate 
Poor 
 

21 
43 
132 
113 

6.8 
13.9 
42.7 
36.6 

15 
38 
109
87 

6.0 
15.3 
43.8 
34.9 

Longitudinal margin 
involvement 

No 
Yes 
 

255 
54 

82.5 
17.5 

n/a  

Circumferential margin 
involvement 

No 
Yes  
 

194 
115 

62.8 
37.2 

170
79 

68.3 
31.7 

Longitudinal length of tumour 
(cm) 

≤ 3.5 cm 
> 3.5 cm 

159 
150 

51.5 
48.5 

135
114

54.2 
45.8 

SCC = squamous cell carcinoma 
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Figure 2.1 Oesophageal resection specimen showing inking of the circumferential 
resection margin. 

 

Figure 2.2 Oesophagogastrectomy specimen showing a typical gastro-oesophageal 
junction tumour.  Tumour length was measured to the closest 1mm.   
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2.4 CLINICAL PROGNOSTIC MARKERS IN GASTRIC AND GASTRO-
OESOPHAGEAL JUNCTION CANCERS 

 

The medical records of patients with primary gastric adenocarcinoma who underwent 

surgical resection between 1995 and 2004 at South Manchester University NHS Trust 

were reviewed.  Tumours of the gastro-oesophageal junction were included and the 

Siewert criteria used to sub-classify these tumours (Siewert et al. 2000).  The inclusion 

and exclusion criteria were as follows: 

 

Inclusion criteria: 

• Patients who underwent surgical resection for gastric or gastro-oesophageal 

adenocarcinoma 

• Treated between 1995 and 2004 at South Manchester University NHS Trust 

Exclusion criteria: 

• Other histological subtypes, such as primary gastric lymphoma or 

gastrointestinal stromal tumours 

• Patients who underwent non-surgical treatment (palliative chemotherapy, 

radiotherapy, endoscopic stenting) 

• Patients who underwent surgery without resection (palliative gastrojejunostomy, 

laparotomy only) 

2.4.1 Data collection 

Data were entered into a Microsoft Access database.  Information gathered included 

age, gender, presenting symptoms and details of neo-adjuvant or adjuvant oncological 

treatment. The operation note was reviewed for type of resection performed, 

completeness of resection, extent of lymphadenectomy and any additional surgical 

procedures performed.  Details of post-operative mortality and morbidity were noted.  

The Minimum Datasets for oesophageal and gastric cancer published by the 

Royal College of Pathologists was used as a guide for information collection (Dixon 

2000; Mapstone 1998).  Pathological details collected included tumour location, depth 

of tumour penetration, completeness of surgical resection margins, histological grade, 

Lauren classification, number of lymph nodes harvested and number of positive lymph 

nodes, and overall TNM stage.  The gastric TNM staging criteria was used for all 

tumours, including those involving the GOJ (Sobin 2002).   



 89

2.5 MOLECULAR PROGNOSTIC MARKERS IN GASTRIC AND GASTRO-
OESOPHAGEAL JUNCTION CANCER 

 
The retrospectively complied database containing 251 consecutive patients with primary 

gastric and gastro-oesophageal junctional tumours who received surgery at South 

Manchester University Hospitals NHS Trust between 1995 and 2004 was interrogated 

to select patients for use in the study.  Inclusion and exclusion criteria are shown in 

Table 2.4.  Patients who had either Siewert Type I (Siewert et al. 2000) gastro-

oesophageal tumours (n=22), neo-adjuvant therapy (n=31), emergency surgery (n=1), 

completion gastrectomy (n=6) or died after surgery (n=25) were excluded from the 

study.   

The study group therefore comprised 177 patients (125 males) with a median 

age of 68 (range 49 – 85) years.  There were 76 Siewert type II, 21 type III gastro-

oesophageal junctional tumours and 80 non-cardia gastric cancers.  Patients underwent 

either partial or subtotal gastrectomies (n=45), total gastectomy (n=44), proximal 

gastrectomy (n=4) or oesophago-gastrectomy (n=84).  Selected patients underwent 

additional surgical resection of the spleen (n=21) and spleen with distal pancreas (n=5).  

One hundred and thirteen patients (63.8%) underwent a potentially curative resection 

(R0 resection), defined as complete macroscopic and microscopic removal of the tumor 

on intra-operative assessment and subsequent histopathological evaluation.  Fifty four 

(30.5%) patients had residual microscopic disease (R1 resection), while 10 patients 

(5.6%) had residual macroscopic disease (R2 resection).   
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Table 2.4 Inclusion and exclusion criteria  
 
Inclusion 
 

Exclusion 

Inclusion for previous database (section 
2.2.1) 
 

Inpatient post-operative mortality  

Sufficient tissue available for 
immunohistochemistry 

Neo-adjuvant oncological therapy 
 

 
 

Emergency surgical resection 
 
Completion gastrectomy 
 
Siewert Type I gastro-oesophageal 
junctional tumour  

  

2.6 MOLECULAR MARKERS IN GASTRIC AND OESOPHAGEAL 
CARCINOGENESIS 

Two cross-sectional studies were performed using endoscopic biopsy specimens 

representing the gastric and oesophageal adenocarcinoma carcinogenesis sequence.  

Patients were identified from the computerised records from the Department of 

Histopathology, South Manchester University Hospitals NHS Trust.  The 

histopathology and endoscopy report were collected for each patient.  Biopsy location 

was checked by referring to the endoscopy record.  The characteristics of patients 

included in the study is shown on Table 2.5.  The definition of each pathological type is 

shown in Table 2.6.  
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Table 2.5   Characteristics of patients included in the carcinogenesis studies 

 No. M:F Median age in 
years (range) 

Gastric biopsies    

Normal mucosa 20 11:9 52 (18-80) 

H. pylori gastritis 24* 12:12 67 (19-87) 

IM 24* 10:14 69 (51-92) 

Gastric dysplasia† 12 3:9 79 (37-84) 

Intestinal adenocarcinoma 19 11:8 78 (45-91) 

Diffuse adenocarcinoma 20 13:7 76 (49-93) 

Total 119 60:59 72 (18-93) 

Oesophageal biopsies    

CLO 15 11:4 58 (32-88) 

CLO with IM 20 15:5 63 (41-83) 

Barrett’s dysplasia‡ 17 15:2 71 (51-81) 

Barrett’s adenocarcinoma 20 16:4 72 (32-88) 

Total 72 57:15 66 (32-88) 
* Biopsies included both evidence of H. pylori gastritis and intestinal metaplasia and were included in 
both groups; † low grade (n=6) and high grade (n=6); ‡ low grade (n=10) and high grade (n=7); IM = 
intestinal metaplasia; CLO = columnar-lined oesophagus.
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Table 2.6 Histopathological definitions of the endoscopic biopsies used in the 
study 

Gastric biopsies Definition 

Normal mucosa Normal gastric mucosa with no evidence of 
inflammation, H. pylori, dysplasia or neoplasia 

H. pylori gastritis H. pylori-associated gastritis with significant numbers 
of organisms that were easily identified on H&E slides 

IM Gastric intestinal metaplasia with the presence of 
goblet cells 

Gastric dysplasia Unequivocal neoplastic epithelium strictly confined 
within the basement membrane of the gland from 
which it arises. Classified as low or high grade 
depending on the degree of abnormalities present 

Intestinal adenocarcinoma Invasive gastric adenocarcinoma which is better 
differentiated than the diffuse-type and is characterised 
by cohesive cells that form discrete glandular 
structures 

Diffuse adenocarcinoma Invasive gastric adenocarcinoma which is less 
differentiated and is characterised by sheets of cells 
with little gland formation (signet ring cells and mucin 
may also be present) 

Oesophageal biopsies Definition 

CLO Columnar metasplasia of the lower oesophagus 

CLO with IM Columnar metaplasia of the lower oesophagus 
associated with specialised intestinal metasplasia 
(characterised by goblet cells) 

CLO with dysplasia Unequivocal neoplastic epithelium strictly confined 
within the basement membrane of the gland from 
which it arises. Classified in to low and high grade 
depending on the degree of abnormalities present 

Adenocarcinoma Invasive adenocarcinoma arising from the lower 
oesophagus in association with CLO 

IM = intestinal metaplasia; CLO = columnar-lined oesophagus 
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2.6.1 Description of cell types in oesophageal and gastric biopsies 
 
The cell types found in oesophageal and gastric biopsies are briefly described as they 

are important in understanding the pattern of immunohistochemistry observed in 

Chapter 6.  It is also important as staining of certain cells were excluded from 

immunohistochemical scoring (Figure 2.3).   

 

Cell types in columnar-lined oesophagus 

 

The specific cell types in CLO oesophagus are defined in Table 2.7.  The biopsy was 

classified as IM if well-defined goblet cells were observed in the glands, foveolar 

region, or surface epithelium of the H&E section.  IM is also known as specialised 

intestinal metaplasia.   

 

Table 2.7 Definitions of cells types in columnar-lined oesophagus (CLO) 

Cell type Definition and comments 

Oxynto-cardiac mucosa 

(previously called fundic)  

Containing glands with a mixture of parietal, chief 
and mucous cells.  This type may produce acid. 

Cardiac mucosa 

(previously called 
junctional) 

Mucous cells without any parietal cells.  This type 
does not produce acid.  

Information taken from (Chandrasoma et al. 2001; Paull et al. 1976) 

Specific cell types in oesophageal and gastric biopsies  

In the normal gastric body the gastric pits show mucous-secreting cells in the upper 

third, neck cells in the middle third, with mainly mucous-secreting cells but also 

scattered parietal cells, with less mucous-secreting cells and greater numbers of chief 

cells and parietal cells in the basal third.  This architectural pattern is seen in CLO of 

oxynto-cardiac/fundic type. 

Parietal cells produce acid and intrinsic factor. They are found scattered from the 

neck cells down to the base and have abundant eosinophilic cytoplasm. The cytoplasm 

is eosinophilic due to the numerous mitochondria present. 
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Chief cells are the principal cell type in the basal third of the gastric glands that 

produce pepsinogens and contain zymogen granules.  They have abundant densely 

basophilic cytoplasm due to the large amount of rough endoplasmic reticulum present.  

2.6.2 Gastric endoscopic biopsy specimens 
 
Formalin-fixed paraffin embedded gastric biopsy samples of normal gastric mucosa 

(n=20), H. pylori associated gastritis (n=20), intestinal metaplasia (n=20), epithelial 

dysplasia (n=12), intestinal (n=19) and diffuse (n=21) adenocarcinoma were obtained.  

Four of the biopsies had both Helicobacter-infected mucosa and intestinal metaplastic 

tissue.  All cases of H. pylori-associated gastritis showed significant numbers of 

organisms that were easily identified on H&E slides.  The epithelial dysplasia group 

were classified as low (n=6) or high grade (n=6).  All H&E slides were reassessed by a 

consultant histopathologist to ensure correct classification.   Photomicrographs of the 

different biopsy categories are shown in Figure 2.4.  

2.6.3 Oesophageal endoscopic biopsy specimens 
 

Formalin-fixed paraffin embedded endoscopic biopsies of columnar lined oesophagus 

(CLO) [n=15], intestinal metaplasia (IM) [n=20], dysplasia (Dys) [n=17] and Barrett’s 

type adenocarcinoma (Adeno) [n=20] were obtained. The H&E slides were reassessed 

by a consultant pathologist to ensure correct classification.  Photomicrographs of the 

different biopsy categories are shown in Figure 2.5. 
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Figure 2.3.  H&E photomicrographs of different cell types observed in the sequences.   

A – Glandular mucosa (x100), showing intestinal metaplasia [arrows show goblet cells]; B – Gastric type 
glands; most of the cells in the triangular area are peptic (chief) cells, with a lesser number of parietal 
cells.  The parietal cells look like ‘fried eggs’. Only staining of the mucous (m) cells were scored; C – 
Cardiac mucosa showing the gastric pits with mucous cells (m); D – Squamous cell epithelium (x100) 
[staining of these cells was not scored].   

(A) (B) 

(C) (D)

m

Upper 1/3 

Middle 1/3 

Lower 1/3 

m 
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Figure 2.4.   H&E photomicrographs of the stages of gastric cancer progression.   
 
A – Normal mucosa (x100); B – H. pylori gastritis (x600) [Vertical arrows indicate H. pylori organisms 
within the gastric lumen]; C – IM (x200) [Horizontal arrows indicate goblet cells in IM tissue]; D – Low 
grade dysplasia (x400); E – High grade dysplasia (x400); F – Well differentiated intestinal 
adenocarcinoma (x200).   

(A) (B) 

(C) (D) 

(E) (F) 
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Figure 2.5.   H&E photomicrographs of the stages of Barrett’s oesophageal cancer 
sequence.   
 
A – CLO (x200); B – CLO with IM (x100); C –  Low grade dysplasia (x400); D – High grade dysplasia 
(x400); E – Barrett’s associated oesophageal adenocarcinoma (x200).   
 

(A) (B) 

(C) (D) 

(E) 
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2.7 IMMUNOHISTOCHEMISTRY 
The best tissue section for immunohistochemistry was selected by an experienced 

consultant gastrointestinal pathologist.  The corresponding formalin-fixed, paraffin-

embedded resection specimens were then obtained for each patient.   As several authors 

have reported deterioration in immunohistochemical staining in stored sections 

(Bertheau et al. 1998; Olapade-Olaopa et al. 2001), specimens were stained within two 

months of cutting.  Sections 4 µm thick were cut and placed on to APeS coated slides. 

Following routine dewaxing and rehydration, antigen retrieval was performed specific 

to the antibody being tested (Table 2.8).  

2.7.1 Immunohistochemistry for HIF-1α 
Immunohistochemical detection of HIF-1α was performed using the Tyramide Signal 

Amplification System (NEN Life Sciences, Boston) which is based on a streptavidin-

biotin-horseradish peroxidase complex formation.  Antigen was retrieved by 

microwaving  in 10 mM citrate buffer (pH 6.0) for 25 min followed by blocking steps 

according to the manufacturer’s protocol.  Mouse monoclonal antibody (610958, BD 

Biosciences, diluted 1:100) was applied and the slides incubated overnight at 4°C.  The 

secondary antibody, biotinylated rabbit anti mouse (DakoCytomation, Denmark), was 

applied with additional blocking precautions employed to minimise the amplification of 

non-specific background (Kim et al. 2003).  Substitution of the primary antibody with 

the identical concentration of mouse immunoglobulin IgG1 (DakoCytomation, 

Denmark) served as negative controls.   

2.7.2 Immunohistochemistry for EPO, EPO-R, Glut-1, HIF-2α, Ki-67 and VEGF  
 

Antigen retrieval was carried out where necessary by microwaving for 25 minutes in 

either 10mM sodium citrate (pH 6.0) or 0.05M Tris-HCl (Sigma, UK) / 1mM EDTA 

(Sigma, UK) (pH 8.5 or 9.0) buffer solution (Table 2.8).  After quenching endogenous 

peroxidase, non specific binding was blocked using 10% casein (Vector Laboratories, 

USA). The primary antibody was applied and the sections incubated as described (Table 

X).  Mouse or rabbit EnVisionPlus System (DakoCytomation, UK) was used to detect 

the antigen.  In each case, substitution of the primary antibody with an identical 

concentration of immunoglobulin IgG1 (DakoCytomation, UK) from the same species 

served as a negative control (Table 2.9).  
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2.7.3 Tissue controls 
Positive and negative (or low) tissue controls from either gastric, cervical or head & 

neck cancer with known staining characteristics were used in each batch (Table 2.9).  

Batch-to-batch variation was assessed by choosing two sections showing high and low 

protein expression and running additional sections from these biopsies with each batch. 

2.7.4 Antibody visualisation  
Antibodies were visualised with 3, 3’– diaminobenzidine (DAB) (DakoCytomation, 

UK) and the sections lightly counterstained with haematoxylin, dehydrated and 

coverslipped.  

2.7.5 Assessment of HIF-1α and HIF-2α staining   
Only tumour nuclear HIF-1α and HIF-2α staining was scored using a method modified 

from the literature that was previously used on gastric tissue (Ito et al. 2003).  The 

scoring system was as follows: 0, no nuclear staining, 1, < 2% nuclear staining; 2, 2-

10% nuclear staining; 3, 11-29% nuclear staining; and 4, > 30% nuclear staining.  

Nuclear staining was also scored as weak, moderate or strong.  This scoring system was 

used in the prognostic study 

2.7.6 Assessment of immunohistochemical scoring in the carcinogenesis studies 
All markers (HIF-1α, HIF-2α, VEGF, EPO, EPO-R, Glut-1, and Ki-67) were scored 

using the same scoring system. A score (0 – 300) was calculated for each marker by 

multiplying intensity [none 0, weak 1, moderate 2, strong 3] with percentage of 

expression (range 0 – 100).  Scoring of immunohistochemical staining was performed in 

a double blind manner by two independent investigators.  Any disagreement was 

resolved by discussion to obtain a final score. 

It was noted that some of the antibodies (EPO, EPO-R and VEGF) showed 

intense staining of the chief cells.  This was found in some of the gastric and 

oesophageal biopsy specimens.  In a few cases positive staining of these cells (and only 

these cells) was seen on the negative control and it was questioned whether this staining 

was secondary to cross reactivity due to the high protein content of these cells.  Similar 

unexpected intense staining has been seen with other antibodies (personal observation).  

It was therefore decided not to involve the chief cells in the scoring process.  Staining of 

the squamous epithelium, if observed in the biopsies incidentally, was also ignored.  

 



 

                                                                 

Table 2.8  Table summarising the immunohistochemical methods, including antibodies, dilution, incubation, and detection methods 
used in the studies 
 

* Microwaved in Citrate Buffer (pH 6.0) for 25 min; † Microwaved in EDTA ( 0.05MTris-HCL/1mM EDTA) (pH 8.5 or 9.0) for 25 min; AB = Antibody; dil = 
dilution; mono = monoclonal antibody; poly = polyclonal antibody; DakoCytomation, Ely, Cambridgeshire, UK;  ABC = avidin-biotin complex; TSA = Tyramide 
Signal Amplification System (NEN Life Sciences, Boston); RT = room temperature; RAMBO = Rabbit antimouse biotinylated antibody; GAMBO =Goat antimouse 
biotinylated antibody; EnVision = EnVision Plus HRP Kit, O/N = overnight 

 Antigen-
retrieval 

Primary Ab  Dil. Conc 
µg/ml 

Company Ref Negative Ab, Dil. Incubation 
time 

2ndry Ab Detection 

HIF-1α MV* 
 

Mouse mono 
IgG1 
 

1/100 2.5 BD Biosciences  
 

610958 Dako Mouse 
IgG1  
 

1/40 O/N, 4oC RAMBO 
1/400 

TSA 
Biotin 
System 
 

HIF-2α 
 

MV* 
 

Mouse mono 
IgG1 
 

1/200 6 Cancer Research 
UK 

E190b Dako Mouse 
IgG1 
 

1/1000 O/N, 4oC - EnVision 

VEGF MV† 
 

Rabbit poly 
 

1/100 2 Santa Cruz 
Biotechnology Inc 
 

A-20 Dako Rabbit Ig 
normal 
 

1/20,000 O/N, 4oC - EnVision 

Epo-R MV* 
 

Rabbit poly  
 

1/500 0.4 Santa Cruz 
Biotechnology 
Inc 

C-20 Dako Mouse 
IgG1 
 

1/50,000 O/N, 4oC - EnVision 

Epo 
 

MV* Mouse mono 
IgG1  
 

1/15 30 R&D Systems 9C21D11 Dako Mouse 
IgG1  
 

1/50 O/N, 4oC - EnVision 

Glut-1 
 

None Rabbit poly 
 

1/00 10 Alpha Diagnostics 
Int 

GT 12-A Dako Rabbit Ig 
normal  
 

1/2000 1 hour, 
37oC 

- EnVision 

Ki67 
 

MV† Mouse mono 
IgG1 
 

1/100 0.8 DakoCytomation MIB-1 Dako Mouse 
IgG1  
 

1/125 O/N, 4oC - EnVision 

100
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Table 2.9 Tissue controls used 

Antibody/ 
Staining pattern 

Tumour type 
/Magnification 

Low / Neg High 

HIF-1 

Nuclear 

Cervix 

x200 

  

HIF-2 

Nuclear 

Cervix 

x200 

  

VEGF 

Cytoplasmic 

Gastric 

x200 

  

Epo-R 

Cytoplasmic 

Gastric 

x200 

  

Epo 

Cytoplasmic 

Gastric 

x200 

  

Glut-1 

Cytoplasmic 

Head and neck 

x200 

  

Ki67 

Nuclear 

Head and neck 

x100 
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2.8 PROSPECTIVE PIMONIDAZOLE STUDY 

2.8.1 Patients recruited 

Patients were recruited from the outpatient clinics of the Department of Gastrointestinal 

Surgery, South Manchester University Hospitals NHS Trust, Wythenshawe Hospital.  

The inclusion and exclusion criteria for the prospective pimonidazole study is shown in 

Table 2.10.  

Table 2.10 Inclusion and exclusion criteria for the prospective pimonidazole study 

Inclusion  Exclusion 

Oesophageal or gastric adenocarcinoma Other histopathological subtypes 

Undergoing staging endoscopy and 
laparoscopy or surgical resection 

Contraindication to pimonidazole  

Able to give informed consent  Pregnancy; age <18 years; unable to give 
informed consent 

  

2.8.2 Administration of pimonidazole 

Pimonidazole hydrochloride (Hypoxyprobe-1) was obtained from NPI, Inc (Belmont 

MA). For each patient, 0.5 g/m2 of Hypoxyprobe-1 was dissolved in 100 ml of 0.9% 

saline under aseptic conditions at room temperature, and given as an intravenous 

infusion over 20 min.  During the infusion, the patients were observed for any side-

effects.  The infusion was given 16-24 hours prior to the expected time of staging 

laparoscopy or surgical resection, when endoscopic biopsies or tumour tissue from the 

resected specimen were taken. 

2.8.3 Immunostaining for pimonidazole adducts 

Formalin-fixed, paraffin embedded 4 µm thick tumour sections were dewaxed and 

rehydrated.  Endogenous peroxidase was blocked by immersion in 3% H2O2 for 5 min 

at RT.  After rinsing in washing buffer solution (TBS, pH 7.6) the sections were 

incubated for 5 min in 0.05% pronase (DAKO 1% pronase stock diluted 1:19 with TBS, 

pH 7.2), and rinsed again.  10% casein (Vector) was applied for 10 min at RT to block 

non-specific binding of the anti-body, and the sections incubated with 1:100 dilution of 

exhausted hybridoma supernatant containing the mouse monoclonal IgG1 anti-
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pimonidazole antibody for 30 min.  TBS was applied to one section of each slide to act 

as a negative control. TNT (3 drops of Tween detergent in 250 of TBS) was then added 

to the sections before incubation with the secondary polymer from an Envision kit 

(DAKO) for 30 min at RT.  Visualisation of the pimonidazole was by diaminobenzidine 

(DAB) substrate.  After rinsing in water, sections were lightly counterstained with Gills 

haematoxylin (Life Sciences International, UK), dehydrated and mounted.  

2.8.4 Scoring for pimonidazole staining 

Biopsy samples and whole tissue sections were scored to estimate the area of 

immunostained tumour cells.  Intensity was scored (negative, 0; weak, 1; moderate, 2; 

strong, 3) and the percentage area stained estimated (0 to 100%).  Areas of necrosis, 

stroma, normal epithelium, or obvious edge artifact were excluded.  The level of 

pimonidazole binding in the tumour was calculated as the average score for all of the 

fields.  

2.8.5 RNA Extraction for cDNA microarray 
 
Tumour samples taken at the time of endoscopy or after surgical resection were placed 

in RNAlater (Ambion, USA) for up to 12 hours before cryopreservation in liquid 

nitrogen.  Where possible biopsies of healthy mucosa were taken from at least 5 cm 

away from the tumours and used as ‘normal’ samples.  Subsequently the samples were 

divided such that half was paraffin embedded and used to confirm the presence of viable 

tumour in tumour samples and normal tissue in normal samples. Samples containing 

less than ten percent tumours cells were excluded.  In the remainder, RNA was 

extracted using Tri-reagant (Sigma-Aldrich) and washed using the Qiagen Spin column 

(Qiagen).  RNA quality and quantity were confirmed using the NanoDrop ND-1000 

spectrophotometer and the Agilent 2100 bioanalyser (Agilent Technologies). 
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2.9 STATISTICS 
 
All statistical analyses were performed using SPSS® Version 13.0 (SPSS, Chicago, 

Illinois, USA).  Relationship between groups of nominal/ordinal data were explored 

using the χ2 test. For example, the χ2 test was used to investigate statistical differences 

between tumour length and circumferential resection margin status and other categorical 

clinicopathological characteristics.  In some T stage and overall TNM stage sub-

categories there were small numbers and therefore groups were combined for the 

purposes of χ2 testing.   

Spearman’s rank non-parametric test was used to assess the relationship between 

tumour length as a continuous variable and other continuous numerical data.  The 

Spearman’s rank test was also used to calculate inter-observer correlations between the 

different immunohistochemistry scores.   The correlation coefficient (Rho) can range 

between -1.0 and 1.0. If the correlation is 1.0, the two variables are perfectly correlated 

with one another. If the correlation is -1.0, they are perfectly correlated, but the 

relationship is negative.  If the correlation is 0.0, there is no relationship at all between 

the two variables. 

To assess possible differences in expression levels in the carcinogenesis studies, 

the rank-sum tests Mann-Whitney (for comparison between two groups) and Kruskal-

Wallis (for comparison between all biopsy groups) were applied. The nonparametric 

Kruskal-Wallis test was used to analyse variance and compare the 

immunohistochemical expression score along the carcinogenesis sequences.  This test is 

a comparison of the medians of several unpaired groups and the null hypothesis is that 

the medians all are equal. The Kruskal-Wallis test does not use any information on the 

relative magnitude of each observation when compared with every other observation in 

the combined sample. This comparison is replaced in each observation by its rank in the 

pool sample. The smallest observation is replaced by its rank 1, the next smallest by 

rank 2, and so on, the largest by its rank n. 

 The distribution of each immunohistochemical marker score in relation to 

biopsy type in the carcinogenesis studies was also investigated by the Jonckheere-

Terpstra test to analyse the variance.  The non-parametric Jonckheere-Terpstra test was 

used to identify ordered differences among the biopsy categories in the gastric and 
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oesophageal carcinogenesis sequences.  With this test, the null hypothesis is that the 

distribution does not differ across ordered categories.   

All statistical tests were two-sided at the 0.05 significance level, with no 

allowance made for multiple testing.  

Survival statistics 

Patient post-operative survival data were gained from hospital records, NHS tracking 

database, North West Cancer Registry and when required correspondence with General 

Practitioners.  Patients who died post-operatively were excluded from the survival 

analyses.  Overall survival time was defined as the time from the date of surgery until 

death (all cause mortality) or until most recent follow-up appointment.  Disease-specific 

survival was defined as the time from date of surgery until death from disease (inter-

current deaths from other causes were censored) or until most recent follow-up 

appointment. Univariate survival analyses were performed using the Kaplan-Meier 

method and factors compared using Log rank test.  Multivariate survival analysis was 

performed on factors which achieved statistical significance (p<0.05) on univariate 

analysis using the Cox proportional hazards model to identify independent predictors of 

survival.   The hazard ratio (HR) is an estimate of the relative risk in the group 

compared with the reference group, which is indicated with a HR of 1. A HR of > 1 

implies the variable increases the risk.  

 
 
 
 
 

 




