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1 
CHAPTER ONE 

1.0 INTRODUCTION 

Cancer of the oesophagus (OC), like other cancers, is a multi-step process that passes 

through many different stages and may take several decades to manifest itself. The major 

problem in the management of this disease is the absence of early symptoms. 

Consequently, most patients are diagnosed during the rapidly progressing but short, late 

stage of the disease when there is very little that health workers can offer to the patient. 

The majority of patients, especially, those presenting with advanced disease (stage Ill 

lesions with evidence of extra-oesophageal spread) are treated with only a palliative 

intent, and the prognosis for these patients is poor, with a mean survival time of 3 to 4 

months. 

1.1 PATHOLOGY 

Carcinoma of the oesophagus can be classified into several histological types. Squamous 

cell carcinoma (SCC) is the most common oesophageal malignancy accounting for 

between 50 to 60% of all oesophageal tumours worldwide. The location of the tumours in 

50% of patients is in the middle third of the thoracic oesophagus, in the distal third of 

30%, and in the proximal third in 10% of 

patients (Figure 1.1 ). The tumour is 

composed of sheets of polygonal or 

polyhedral cells demonstrating varying 

degrees of differentiation. The majority of 

tumours are moderately differentiated 

(Aitorki et at., 1992). 

The second most common type of 

oesophageal tumour is adenocarcinoma 

Upper-oesophagus 

sec 

AOC/Adeno-
(ADC). This type of tumour accounts for squamous/Barrett 

40 to 50% of all oesophageal 

malignancies worldwide. The location of 

the tumour in the majority of patients is in 

the distal third of the oesophagus. Most 

tumours are well differentiated and 

Figure 1.1 

The regional distrubution of the principle 
subtypes of oesophageal carcinomas in the 
oesophagus. 
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6 
four selected districts of the Transkei between 1985-1990 found OC to account for 

46.5% of all malignancies in males (Makaula eta/., 1996). 

SOUTH AFRICA- PROVINCES 

BOTSWA.NA 

NAMIBIA 

Figure 1.2 

A MAP SHOWING THE NINE PROVINCES OF SOUTH AFRICA Provinces with a 
black cross represent areas with a high incidence of oesophageal cancer. 

The reasons for the high prevalence of OC in these regions are not clearly understood, 

but aetiological factors such as tobacco use, alcohol abuse, nutritional deficiencies, 

xenobiotic contaminated foodstuffs and the frequent use of emmetics (induced vomiting 

by use of herbal concoctions) have been proposed to contribute significantly to the high 

incidence of OC in these regions. Some of the above factors will be discussed in detail in 

the next section. 

Recent reports suggest that the incidence of OC may be higher in other provinces such 

as the Free State and Northern Provinces that have hitherto lacked either established or 

functioning cancer registries. For historical reasons, the National Cancer Registry in 

Johannesburg has not accurately accounted for cancer cases in the former "homeland" 

regions. In the current political dispensation more information is emerging regarding OC 
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Total RNA + Oligo dT primer (14 mer) 

REVERSE TRANSCRIPTION 

1
70 , C, 10 min (denaturation) 
Superscript II reverse transcnptase 
42 °C, 60 min (transcription) 

PCR AMPLIFICATION 

DENATURING PAGE 

EXTRACTION 
AND ELUllON 

PCR AMPLIFICATlON 

AGAROSEGEL 
ELECTROPHORESIS 

EXTRACTION AND 
PURJFICATlON 

95 oc, 5 min (enzyme inactivation) 

151 strand eDNA + arbitrary decamer 

1 cycle: 2 min, 94 oc (denaturation) 
40 cycles: 30 sec. 94 oc (denaturation) 

2 min, 40 oc (annealing) 
30 sec, 72 oc (extension) 

t cycle· 5 min, 72 oc (extension) 

double stranded PCR product 

155W, 3h 
Autoradiography 

NORMAL TUMOUR 

1---
2-

- 3 

~ Excision, extraction , precipitation 

PCR products 

~ cond1bons as above 

PCR products 

~ 1% gel, 55 mA,. th 

1 2 3 

1- -1 
~ ExciSion and elution (Nucleospin columns) 

PCR products 

Probes for Northern Blot analysis Sub-cloning and sequencing 

Figure. 2.1 
A schematic representation of DDRT -PCR. Total RNA was reverse transcribed as 
described in section 5.1 .6. The first strand eDNA was subsequently PCR amplified using the 
protocol in section 5.2 . The resulting PCR products were electrophoresed on denaturing 
PAGE and genes identified as differentially expressed genes were recovered, eluted andre­
amplified by PCR. The PCR products were used in subsequent experiments . 

38 
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41 
significantly to the degradation of RNA due to the actions of intracellular RNAses. In 

addition, the low yield of RNA from the adjacent normal tissue samples is due to the small 

biopsy sizes that were collected because of ethical and medical considerations. Large 

biopsies may favour not only the spread of the disease but also the possibility of 

developing opportunistic infections due to laceration. The variations in the quality and 

quantity of both the normal and tumour RNA that was isolated therefore limited the 

number of representative patient samples that could be used in these studies. The RNA 

samples used in these studies are shown in Figure 2.2 

PATIENT 1 2 3 4 ADC 

SAMPLE N T N T N T N T T C 

285 

185 

Figure 2.2 

RNA SAMPLES USED IN DDRT-PCR EXPERIMENTS. Total cellular RNA was isolated from normal 
(N) and corresponding tumour (T) biopsies, and the MDA-MB- 231-5 breast cancer cell line (C) using the 
guanidine isothiocyanate (GITC) method as described in section 5.1.1 . After DNAse treatment 11-'g of each 
sample was electrophoresed on a formaldehyde containing 1 % agarose gel. The gel was washed several 
times in 0.5 M ammonium acetate to remove excess formaldehyde and subsequently stained in ethidium 
bromide. After staining the get was visualized under Ultraviolet light (UV) and photographed. RNA from a 
tumour biopsy of a patient with oesophageal Adenocarcrnoma (ADC) were electrophoresed alongside the 
RNA samples from patients with SCC. 

2.1.2.3 DDRT -PCR 

A total of 15 DDRT-PCR experiments were carried out using a combination of 3 sets of 

degenerate oligo dT (T12MV) and 5 sets of arbitrary decamer (OPA) primers {Table 2.3). 

These primer combinations have previously been used in studies to identify differentially 

expressed genes in breast cancer (Liang ef a/. , 1993). 
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PATIENT 1 2 3 4 ADC 
~ ,--A--., ~ ~ ~ 

SAMPLE 
1 ..... ..... -

i=j ... !! .. s . -4 - -...... ::: - ~ 

:;:;: 

~ .... --~ -I -• I -• I I 

Figure 2.3 

DDRT-PCR USING OLIGO dTA AND OPA 20 PRIMERS. 11J.g Total cellular RNA was reverse 
transcribed using a 14 mer degenerate oligo dT A primer as described in section 5.1 .6. The first strand 
eDNA was subjected to PCR in the presence of a 10 mer arbitrary primer (OPA 20), oligo dTA primer and 
cc- [32Pj dCTP. The resulting PCR products were electrophoresed on a denaturing 6% polyacrylamide gel 
containing 7M urea. After which, the gel was dried under vacuum and subsequently exposed to X-ray film 
overnight. The differentially expressed genes selected for further analysis are shown by arrows 1 to 7. N; 
normal tissue, T; tumour biopsy, ADC; adenocarcinoma tumour biopsy (control). 
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PATIENT 

SAMPLE 

Figure 2.4 

1 ____. 

2---+ 
3 ____. 

4---+ 

5 ____. 

6 ____. 

1 
~ 

N T 

2 
~ 

N T -
ADC 
~ 

T 

DDRT-PCR USING OLIGO dTC AND OPA 16 PRIMER SETS. RNA (1 J.l9) was reverse transcribed 
using a 14 mer degenerate oligo dTC primer. PCR was carried out using the first strand eDNA in the 
presence of a 10 mer arbitrary primer. (OPA16) as described ln the legend of figure 2.3. Differentially 
expressed genes selected for further analysis are shown by the arrows 1 to 6. N; normal tissue, T; tumour 
biopsy, ADC: adenocarcinoma tumour biopsy. 
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PAllENT 1 2 3 4 AOC 
~ 

SAMPLE N T 
•1 ..:: '!t.'t ~ 

2 II? 4 
~ 

3 

4 

5 ~ • 
~ 

• .. .. 
• • -• • • • • 

Figure 2.5 

DDRT-PCR USING OLIGO dTC AND OPA 17 PRIMERS. Total cellular RNA was reverse transcribed 
using a 14 mer degenerate oligo dTC .primer. Second strand synthesis was carried out by PCR using the 
the first strand eDNA in the presence an arbitrary decamer (OPA 17) as described in section 5.2.1 . The 
differentially expressed genes are shown by arrows 1 to 5 . N; normal tissue, T; tumour biopsy and ADC; 
adenocarcinoma tumour biopsy. 
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Figure 2.6 

3 
4 
5 

DDRT-PCR USING OLIGO dTG AND OPA 16 PRIMERS. Total RNA was reverse transcribed using a 
14 mer degenerate oligo dTG primer as described in section 5.1.6. This was followed by PCR which 
incorporated the use of the former primer and a 10 mer arbitrary decamer (OPA 16). The products were 
analyzed as described in the legend to figure 2.3. Differentially expressed genes selected for further 
analysis are shown by arrows 1 to 5. N; normal tissue, T; tumour biopsy, ADC; adenocarcinoma tumour 
biopsy. 
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PATIENT 

SAMPLE 

Figure 2.7 

1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

1 
,_..--A--., 

N T 

2 
~ 

N T 

__ , -

3 
r-'--. 

N T 

4 
r-'--. 

N T c 

·• 

• 

• 
DDRT-PCR USING OLIGO dTG AND OPA 19 PRIMERS. Total RNA was reverse transcribed usmg a 
14 mer oligo dTG. PCR for second strand eDNA synthesis was performed in the presence of a 10 mer 
arbitrary decamer (OPA 19) and oligo dTG primers as described in the legend of figure 2.3. The selected 
differentially expressed genes are shown by arrows 1 to 10. N: normal , T; tumour and C: MDA-MB-231-5 
breast cancer cell line (control). 
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50 
Fragments 16G4 (band 4 . DDRT-PCR using OPA 16 and oligodTG), 19G6 (band 6, 

DDRT-PCR using OPA19 and oligodTG) and 19G10 (band 10, DDRT-PCR using OPA 19 

and oligodTG) were under-expressed in the tumour samples of 3, 4 and 2 patients, 

respectively, out of the four patients. Upon PCR re-amplification, these fragments yielded 

eDNA of molecular weight -320, 300 and 170 base pairs, respectively (figures 2.12, 2.13 

and 2.1 4). 

Figure 2.8 

PATIENT 

SAMPLE 

250 bp 

PCR RE-AMPLIFIED 20A5 DNA FRAGMENT. Fragments 20A5 (band 5 from DDRT-PCR carried out 
ustng OPA 20 and oligo dTA primers, figure 2.3) were excised from the dried denaturing polyacrylamide geL 
The DNA was extracted using boiling water and ethanol precipitated in the presence of glycogen as a 
carrier. The recovered DNA was re-amplified by PCR using the conditions outlined in section 5.2.1. The 
products DNA (5f!l} were electrophoresed on a 1.5% agarose gel, the gel stained in ethid1um bromide 
(0.25 ~g/ml) and visualization under ultraviolet light (UV). A 1 Kb DNA ladder (500 ng) (Life Techno logi~s) 

was used as the marker. The slze of the re-amplified products was estimated to be 250 base pairs. 
Abbreviations: M: DNA ladder, T; tumour biopsy. 

Figure 2.9 

PATIENT 

SAMPLE 

1~8 
~ 
650 

~00 
300 
200 
100 

1 2 3 4 
,...t-, ,...t-, ,...t-, ,...t-, 

100 bp 

PCR RE-AMPLIFIED 20A7 DNA FRAGMENTS. Fragments 20A7 (band 7 from DDRT-PCR performed 
using OPA 20 and oligo dTA primers, figure 2.3) were recovered as described in section 5.4 andre­
amplified by PCR. The products were subsequently electrophoresed in a 1.5% agarose gel as described in 
the legend of figure 2.8. The size of the electrophoresed DNA fragments was estima1ed to be 200 base 
pairs. Abbreviations: M: 1 Kb DNA ladder, T: tumour sample. 



Figure 2.10 

PAllENT 

SAMPLE 

700 bp 

PCR RE-AMPLIFIED 16C2 DNA FRAGMENT. Fragments 16C2(band 2 from DDRT-PCR carried out 
using OPA 16 and oligo dT C primers, figure 2.4) was recovered from the denaturing polyacrylamide gel 
andre-amplified by PCR as described in section 5.2.1. The PCR products were electrophoresed on a 1.5% 
agarose gel as decribed in the legend to figure 2.8. The estimated size of the electrophoresed DNA 
fragments is 700 base pairs. Abbreviations: M: 1 Kb plus DNA ladder N; normal biopsy sample 

Figure 2.11 

1 2 3 4 
,-o--.. ,-o--.. ,-o--.. ,-o--.. PATlENT 

SAMPLE MNTNTNTNT 

1000 
sso _ _.._ 
650-~iiiillii 
soo_ .. ...._ 
400-~ ..... 
300 
200 

100 

)50 bp 

PCR RE-AMPLIFIED 17C4 DNA FRAGMENT. Fragments 17C4 (band 4 from DDRT-PCR carried out 
usmg OPA 17 and oligo dTC primers, figure 2.5 ) were excised from the gel, eluted, re-amplified by PCR 
and the products electrophoresed on a 1.5% agarose gel as previoUsly descnbed in the legend of figure 
2.8. The s12e of the re-amplrfied products was estimated to be 350 base pa1rs. AbbreVIations: M: 1 kb DNA 
ladder, N: normal hssue sample, T; tumour sample. 
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PATIENT 1 2 3 4 
~ ~ ~ ~ 

SAMPLE M N T N T N T N T 

lOOO 
850 
650 
500 
400 

300 320bp 

200 

100 

Figure 2.12 

PCR RS-AMPUFIED 16G4 DNA FRAGMENT. Fragments 16G4 (band 4 from DDRT-PCR pertortr~ed 
using OPA 16 and oligo dTG primers, figure 2.6) were recovered, re-amplilied by PCR and resulting 
products electrophoresed on a 1.5% agarose gel as described in section 5.4.2. The size of the 
electrophoresed products was estimated to be 320 base pairs. Abbreviations: M; 1 Kb DNA ladder, N; 
normal tissue sample, T; tumour sample. 

PATIENT 1 2 3 4 
~~~~ 

SAMPLE M N T N T N T N T 

Figure 2.13 

t~~~ ===* 

I£LW=t 
650~ 
500~ 
400~ 

300 ----+ 300 bp 
200 ~ 

100 ~ 

PCR RE~AMPLIFIED 19G6 DNA FRAGMENT. Fragments 19G6 (band 6 from DDRT-PCR performed 
using OPA 19 and oligo dTG primers, figure 2.7) were recovered, eluted, re-amplified by PCR and 
electrophoresed as described in sections 5.2, 5.3 and 5.4. The size of the fragments was estimated to be 
300 base pairs. Abbreviations: M; 1 Kb DNA ladder, N; normal sample and T; tumour tissue. 
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PATIENT 

SAMPLE 

Figure 2.14 

1 2 
~ ~ 

M N T N T 

170 bp 

PCR RE-AMPLIFIED 19G10 DNA FRAGMENT. Fragments 19G10 (band 10 from DDRT-PCR 
performed using OPA 19 and oligo dTG primers, figure 2.7) were recovered, eluted and subsequently re­
amplified by PCR as described in the legend to figure 2.8. The re-ampllfied products were electrophoresed 
on a 1.5% agarose gel. stained in ethidium bromide and thereafter visualized under UV light. The size of the 
electrophoresed DNA was estimated to be 170 base pairs . Abbreviations: M; 1 Kb DNA ladder N; normal 
tissue and T; tumour tissue. 

2.1.2.4 CLONING AND SEQUENCING 

53 

The PCR re-amplified fragments were cloned into pGEM-T-easy vector using the T-A 

cloning technique as described in section 5.5.2 according to the instructions of the 

manufacturer. 

The procedures of ligation. transformation. plating of cells and picking of positive colonies 

were carried out as described in sections 5.5. The presence of correct inserts in each 

colony was determined by PCR amplification using the flanking sequences. Clones with a 

molecular size corresponding to the size of the previously PCR amplified eDNA were 

selected and grown in 5ml Luria-Bertani (LB) broth. A 500~-tl aliquot of the culture was 

archived as glycerol stock as described in section 5.5A, whi le the remainder was used for 

DNA isolation and sequencing. 

Plasmids isolated from each clone with the correct insert size were sequenced using the 

dideoxy chain termination method (Sanger eta/., 1977) as described in sections 5.6. The 

sequencing reactions were separated on a denaturing 6% polyacrylamide gel containing 

7 M urea as described in section 5.3.1 . After electrophoresis, the gel was processed and 

the sequence read manually. The sequences were compared to sequences in Genbank 

and other databases using Blast software (Altschul eta/. , 1990). 
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The results of the Blast analysis were categorized into 3 groups. The first group was 

referred to as "unknowns without a match". These were sequences that could not be 

matched to any sequences deposited in GenBank. The second group was referred to as 

the "unknown genes with a match". These sequences corresponded to database 

sequences that were poorly characterized such as ESTS (expressed sequence tags), 

image clones. Bac and Yac clones. The third group were "known genes with a match" . 

This group comprised of fragment sequences with a homology greater than 80%. The 

biological functions of these genes were either partially or fully characterized . The 

distribution of the genes into the 3 categories is summarized in Figure 2.15. 

KEY 

Unknown I No Match- 7 

Unknow.n MDtch .20 

Known I Match 23 

Figure 2.15 

THE DISTRIBUTION OF GENES SEQUENCED FROM DDRT-PCR. The genes from 
DDRT-PCR were sequenced as described in section 5.6. The sequences of these genes were 
matched to homologous sequences within the database using BLAST software. Each sequence 
was categorized into one of the 3 groups namely, unknown/no match, unknown/match and 
known/match. The number in each bracket is the total number of genes in that particular 
category. 
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PATIENT 

SAMPLE ~ ~ a.: 

RNA 
-···· ~.., ... _.. -·- . -- ._. ___. .,_.._ 

. ....... .. ._ .... ~ . . ' A 

HMGB-2A B 

BETA ACTIN c 

4 
c:: - 3 .5 
(,) 

3 ltl 
ltl 2 .5 -C1) 2 .c D 

0 1 .5 -0 ·-- 0 .5 ltl 
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Figure 2.16 

EXPRESSION OF HIGH MOBILITY GROUP PROTEIN 2A (HMGB-2A) IN NORMAL AND 
TUMOUR BIOPSIES. 11Jg of total RNA from normal (N) and corresponding tumour (T) from four different 
patients were electrophoresed and stained with ethidium bromide as described in section 5.1.4. The 
ethidium stained gel is shown under UV illumination in panel (A ). This gell was used in Northern blot 
experiment as described in section 5.1.5. HMG8-2A probe was radiolabelled and hybridized to the nytran 
membrane as described in section 5.7. The membrane was exposed to X-ray film overnight (B) and 
subsequently analyzed for total radioactivity using the lnstant lmager 2024 electronic autoradiograph 
(Parkard). Beta actin was used as an internal control (C). The final counts of each sample were computed 
after subtracting the background intensity of the blot from the total counts and dividing by the final counts 
(total- background) of control as described in section 2.1 .2.6 (D). The HMGB-2A gene was shown to have 
variable expression in the 4 patients. 

59 



cancer an 

). 

1 

are was 

3 4 



Figure 2.17 

PATIENT 1 2 3 4 
,--)>-, ,--)>-, ,--)>-, ,--)>-, 

SAMPLE N TN TN TNT 

RNA 

Tx 

BETA ACTIN 

c 5 ~------------------------~ -u 4 
I'D 

~ 3 
CIJ 
.c 
0 2 -.5! 1 -C'O 
.... 0 

2 3 4 

patient number 

0 normal • tumour 

A 

B 

c 

0 

EXPRESSION OF NASOPHARYNGEAL CARCINOMA TRANSFORMING GENE (Tx) IN 
NORMAL AND TUMOUR BIOPSIES. Total cellular RNA (1pg) from normal (N) and corresponding 
tumour (T) from four different patients (A ) were used in Northern blot experiments as described in sections 
5.1.4 and 5.1 .5. The a- [32PJ dCTP radiolabelled Tx probe was hybridized to the membrane as described in 
section 5. 7. After several washes in sse buffers. the membrane was exposed to X-ray film overnight (B), 
followed by analysis for total radioactivity using the lnstantlmager. Beta actin was used as an internal 
control (C). The final radioactive counts (D) of each sample were computed as described in section 2.1.2.6. 
The Tx gene was shown to be marginally over expressed in the tumour specimens of 3 of 4 patients ( 1, 2 
and 3). 
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EXPRESSION OF EXCISION REPAIR CROSS-COMPLEMENTING (ERCC-5) GENE IN 
NORMAL AND TUMOUR BIOPSIES. RNA from normal (N) and corresponding tumour (T) from four 
different patients (A) were used in Northern blot experiments as described in 5.1 .5. Radiolabelled ERCC-
5 probe was hybridized (2x106 cprnlml) to the membrane in the presence of ULTRAhyb buffer. After 
several washings the membrane was exposed to X-ray film overnight (B). The membrane was further 
analyzed for total radioactive counts. Beta actin was used as a control (C). The final total radioactivity 
counts of each sample was determined as described in section 2.1.2. (D). The ERCC-5 gene was found 
to be marginally under expressed in the tumour samples of 3 patients ( 2, 3 and 4), but significantly up 
regulated in the tumour sample of patient 1. 
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EXPRESSION OF FIBULIN ISOFORM-10 GENE IN NORMAL AND TUMOUR BIOPSIES. RNA 
from normal (N) and tumour (T) specimens of four different patients (A) was used in Northern blot 
experiments as described in sections 5.1.4 to 5.1,5, The radiolabelled Fibulin -10 probe was hybridized to 
the membrane overnight. After several washes in SSC, th e membrane was exposed to X-ray film overnight 
(8). Beta actin was used as an internal control (C). The final radioactive counts of each sample were 
determined as described in section 2.1.2.6 (D). The Fibulin-1 D gene was significantly under expressed in 
the tumour samples of all the patients examined. 
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EXPRESSION OF FIBULIN-1D GENE IN OESOPHAGEAL CANCER CELL LINES. RNA from cell 
lines and a normal oesopahgeal tissue (N) were used in Northem blot analysis (A) as described in sections 
5.1.4 and 5.1 .5. a [ 32PJ dCTP labelled Fibulin-10 probe was hybridized to the membrane overnight After 
several washes in SSC, the membrane was exposed to autoradiographic film (8). GADPH was used as an 
intemal control (C). Total radioactivity counts for each sample were computed and plotted (D). Fibulin-10 
gene was significantly under expressed in all the 5 cell lines compared to the normal oesophageal tissue. 
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receptor pathway and the histone deacetylation pathway are thought to be probable 

targets of NDRG1 action (Guan eta/., 2000). 

Figure 2.21 
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EXPRESSION OF N-MYC DOWN REGULATED GENE 1 (NDRG-1) IN NORMAL AND TUMOUR 
BIOPSIES. Total RNA from normal (N) and corresponding tumour (T) from four different patients (A) was 
used in Northern blot experiments as described in sections 5.1.4 and 51.5. aP"' P] dCTP labelled NDRG-1 
probe was hybridized to the membrane overnight, washed severally in SSG and finally exposed to X-ray film 
overnight (B). Beta actin was used as an internal control (C). The final radioactive counts of each sample 
were calculated and presented In form of a bar graph (D). The NDRG-1 gene Was marginally under 
expressed in the tumour samples of 3 patients (1, 2 and 3), while it was significantly up regulated in the 
tumour sample of patient number 4. 
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Figure 2.22 

eDNA 

TEwashes 
10ooc, 2 min (denaturation) 

eDNA probe 

l 
D O 
DD 

,, 
DD 
D D 

6500 gene human eDNA array 
ssoc, 18h 

eDNA glass array 

sec, SDS (washes) 
1,000 g(drying) 

eDNA glass array 

Gene Pix Pro 3.0 
M1cro-array analysis 
software 

A SCHEMATIC REPRESENTATION OF MICROARRAY ANALYSIS. 
representation of microarray analysis. Total RNA from patient samples was reverse 
transcribed into eDNA in the presence of different fluorophore labels as described in section 
5. 9.1. The labelled eDNA was pooled and washed severally in TE and used as a probe. The 
labelled probe was hybridized onto a eDNA glass array as described in section 5.9.3. The 
array was subsequently analyzed for differentially expressed genes using GenePixPro 3.0 
software. 
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Figure 2.23 

GENES SELECTED FROM MICROARRAY ANALYSIS WHOSE PROBES WERE GENERATED 
BY PCR AMPLIFICATION. Cytochrome P~50 4A11 (1), lntegrin a 6 (2), Insulin-like growth factor binding 
protein 3 (3), and cdc 258 (4) eDNA gene probes for Northern blot hybridization experiments were 
generated by PCR amplification using primers specifically designed to each gene as described in sections 
5.2.4 to 5.2. 7. The products of PCR amplification were electrophoresed on a 1.5% agarose gel. The gel 
was stained with ethidium bromide and visualized under UV light. The size of the PCR products were 
verified by comparing the molecular of the PCR product with the estimated weights of the PCR product size 
from the primer design protocol. Abbreviation: M; 1 kb DNA ladder. 
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Figure 2 .24 

GENES USED AS PROBES FOR NORTHERN BLOT ANALYSIS. Genes selected from m1croarray 
analysis were used as probes in Northern blot experiments. These genes were acquired in form of clones 
(cloned into pT7T30-pac vector [Pharmada]) from Research Genetics. The clones were transfected into 
competent XL1 blue Ecoli cells using the calcium phosphate method as described in the section 5.5. 
Plasm1d with correct insert sizes were sequence verified as dP.scribed in section 5.6 and subsequently 
digested by using Eco Rl and HIND Ill (Promega) restriction enzymes as described In section 5.5.7. The 
inserts were purified by agarose gel electrophoresis as described in section 5.4 .3 and 5.4 .2. The molecular 
weights of the inserts ranged from 650 to 1500 base pairs. AbbreviatJons: M (1Kb plus DNA ladder), 1 
(Caspase 6), 2 (Fibroblast growth factor receptor 2). 3 (Glutathione reductase), 4 (Matrix metallo-proteinase 
14), 5 (Tissue inhibitor of metallo-proteinase 2), 6 (Tissue Inhibitor ofmetallo-protefnase 2), 7 (Small 
in(:lucible cytokine sub-family A and Liver activation regulated chemokine) . 
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EXPRESSION OF CELL DIVISION CYCLE 25B (cdc 25B) GENE IN NORMAL AND TUMOUR 
BIOPSIES. Total RNA from normal (N) and corresponding tumour (T) from four different patients 
(A) was used in Northern blot experiments as described in sections 5.1.4 and 5.1.5. a[32P]dCTP 
Radiolabelled probe was hybridized to nitrocellulose membrane using ULTRAhyb buffer. After 
several washings. the membrane was exposed to X-ray film overnight (B). Beta actin was used as 
an internal control (C). The final counts of each sample were calculated as described in section 
2. 1.2.6 (D). The cdc 258 gene was significanHy over expressed in all the tumour samples. 
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posttranslational modifications and interactions with other cell-surface and intracellular 

molecules (Green et at., 1998; DeMelker and Sonnenberg, 1999). 

93 

Each integrin sub-unit contains an extracellular domain, a transmembrane region and a 

cytoplasmic domain (Hynes, 1992). There is little homology between the cytoplasmic 

domains of the ex. sub-units except for seven conserved amino acids (Demelker and 

Sonnenberg, 1999). 
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EXPRESSION OF INTEGRIN a:6 IN NORMAL AND TUMOUR BIOPSIES. RNA from normal {N) and 
corresponding tumour (T) from four different patients (A) was used in Northern blot experiments as 
described in section 5.1.4 and 5.1.5. The radiolabelled lntegrin probe was hybridized to the membrane 
overnight. This was followed by several washes in SSC buffers and exposure to X-ray film overnight (B). 
Beta actin was used as an internal control (C). The ftnal counts per mmute of each sample were calculated 
as described In section 2.1 .2. (D). The lntegrin a 6 gene was significantly over expressed in the tumour 
specimens of all the patients examined. 
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displayed an up regulated of MMP14 by a factor of between 1.4 and 3.3 (figure 2.27). 

This range is within the factor of 2.6 previously recorded fn microarray analysis 

suggesting that MMP 14 is differentially up regulated in tumour tissues. The MMP 14 

expression levels in patient number 4 were unaltered. This suggests that perhaps MMP 

14 is not altered in the tumour samples of this particular patient. 
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EXPRESSION OF MATRIX METALLO-PROTEINASE 14 (MMP-14) IN NORMAL AND TUMOUR 
BIOPSIES. RNA from normal and corresponding tumour from 4 different patients (A) was Used In Northern 
blot experiments as described in sections 5. 1.4 and 5.1.5. The radiolabelled MMP 14 probe was hybridized 
to the nytran membrane overnight an thereafter washed several times in SSG buffers before exposure to X­
ray film (8 ). Beta actin was used as an Internal control (C). The final counts of each sample were calculated 
as described in section 2.1.2. ( 0 ). The MMP 14 gene was over expressed in the tumour specimens of 
patients 1, 2 and 3 while its expression was una ltered in tumour sample of patient number 4. 
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Figure 3.1 Immunohistochemical stain of fibulin-1 in 
sebaceous gland of the skin. The sebaceous glands stained 
positively for fibulin-1. (x1 0 of the original magnification). 

a b 

'107 

Figure 3.2 Normal squamous epithelium of the oesophagus. The cytoplasm and membrane 
of the maturing epithelial cells stained positively for fibulin-1 (figure 3.2b), while the basal layer 
of the normal epithelium did not stain for fibulin (figure 3.2b). (figures 3.2a and bat x4 and x1 0 
of original magnification, respectively). Abbreviations: BL (Basal cells), Lumen (Lumen of 
oesophagus). 
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a b 

Lumen Lumen 

Figure 3.3 Dysplasia of the oesophagus. Dysplastic cells adjacent to normal squamous 
epithelial cells (figure 3.3a). The dysplastic cells failed to stain for fibulin-1 (Figure 3.3b). (figures 
3.3a and bat x4 and x10 of original magnification, respectively). Abbreviations: Lumen (lumen 
of the oesophagus), DYS (dysplastic cells), NE (Normal epithelial cells). 

Figure 3.4 Squamous cell carcinoma at early r:>hase of invasion. 
The invading cancer shows reduced amounts of fibulin-1 compared 
to the normal epithelial cells. Abbreviations: NE (normal epithelium) 
, IC (invading cancer growth), Lumen (Lumen of the oesophagus). 
( x4 of the original magnification). 
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a b 

Figure 3.5 Well differentiated squamous cel l carcinoma. Fibulin-1 was localised in the 
membrane and cytoplasm of well-differentiated cells. (figures 3.4a and b at x4 and x1 0 of the 
original magnification, respectively). 

a b 

Figure 3.6 Moderately differentiated squamous cell carcinoma. The intensity of the 
fibulin-1 stain of the moderately differentiated cells was reduced compared to the normal 
epithelial cells. Figure 3.5a (hematoxylin/eosin stain). figure 3.5b (immunohistochemical 
stain of fibulin). (x20 of the original magnification). 
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a b 

Figure 3.7 Poorly differentiated squamous cell carcinoma. Poorly differentiated cells 
show reduced staining for fibulin-1 compared to the normal epithelium. Figure 3.7a: 
(hematoxylin/eosin), b (immunohistochemical stain of fibulin). (x20 of the original magnification). 

a b 

Figure 3.8 Metastatic well differentiated squamous cell carcinoma. Well-differentiated 
cells in the lymph node show a similar staining pattern of fibulin-1 as seen in cancer at the 
primary site. (figures 3.8a and b at x 5 and x1 0 of the original magnification, respectively). 



113 

a b 

Figure 3.9 Severe oesophagitis. Severe oesophagitis displays a similar staining pattern 
of fibulin-1 as seen in normal oesophageal squamous epithelium. Figures 3.9a 
(hematoxylin/eosin), b (immunohistochemistry of fibulin) . (x4 of the original magnification). 

a b 

Lumen 

Figure 3.10 Barretts oesophagitis. The cells displayed luminal staining of fibulin-1. Figure 
3.1 Oa (hematoxylin/eosin stain), b (immunohistochemistry of fibulin-1 ). (x1 0 of the original 
magnification). Abbreviation: Lumen (Lumen of the oesophagus) . 
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3.3.1.7 Quantitation of fibulin stajn 

The criteria used for quantitating the fibulin-1 stain included the staining intensity and 

percentage of cells stained. A range of 1 to 3 was used for classifying the intensity 

(amount) of fibulin-1 stain. A value of 0 Indicated absence of stain; 1, weak stain; 2, 

moderate stain and 3, intense stain of the tumour area. 1n addition, the numbers of cells 

staining (quantity) for fibulin-1 were recorded according to the following classification. Of 

less than 25% of the cells stained, was given a score of 0; 25-50% staining a score of 1; 

50-75% staining a score of 2 and a score of 3 was given to over 75% of the cells staining 

positive for fibulin-1. Five fields were selected randomly and scored under the x1 0 

magnification objective for the above characteristics. Two independent people of whom 

one was a pathologist carried out the scoring. In addition, the scoring was carried out 

blind with regards to the grade of the tumour and the stage of the disease. The above 

parameters were individually scored in all the five fields and recorded for analysis. 

3.3.1.8 Statistical analysis 

The data from the section 3.3.1. 7 was analysed using the statistical package, Statistica. 

Previously it has been shown that data (immunohistochemical) of this nature usually has 

a high variation because of the small patient sample and the inherent differences in the 

data due to the wide differences in the clinico-pathological parameters of the patients. 

Consequently the logarithms of the totals rather than the raw totals of the parameters are 

used to minimise this variations. The means of the logs of the total score were computed 

for both categories that were analysed. 

Mean log (total score) 

Figure 3.11 

3.5 ..,....--------- --------

3+--------~~~~-----=~~~~~-

2.5 +-------=--=--.....,..~-----

2+----------~~~~~~-----

1+---- ---------- ----------

0.5 +------------------------
0+--------,--------, 

Intensity Quantity 

Relationship between the intensities and quantities of fibulin-1 staining in both the 
tumour and normal cells. The intensities of fibulin-1 and the number of cells staining in 
both the tumour and normal specimens were computed as described in section 3.3.1 . 7. 
There was a statistically significantly (p< 0.00001) lower amount of fibulin-1 expressed in 
the tumour cells compared to the normal cells. All tumour cell types (well, moderate, poorly 
differentiated and metastatic cancer cells) were evaluated in the tumour category. 
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a b 

Figure 3.12 Placental membranes. NDRG-1 stain was localised in the cytoplasm and nucleus 
of the epithelial cells of the placenta membranes. Figure 3.12a (hematoxylin/eosin). b 
(immunohistochemistry of NDRG-1). (x20 of the original magnification). 

a 

Figure 3.13 Normal squamous epithelium of the oesophagus. The NDRG- stain was localised 
exclusively in the cytoplasm and nucleus of the maturing cells (figure 3.13a), while the basal cells 
display exclusive membrane staining of NDRG-1 (figure 3.13d). Note the abruptness from exclusive 
membrane in the basal cells to exclusive nuclear localisation of NDRG-1 in the maturing cells of 
the epithelium. Figures 3.13a and c (hematoxylin/eosin). while b and d (immunohistochemistry of 
NDRG-1). Figures 3.13a and b (x4 of the original magnification) while c and d (x20 of the orig inal 
magnification) . Abbreviation: BL (Basal cells). 
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a 

b 

c 

Figure 3.14 Dysplasia of the oesophagus. DyspJastic reJ.ls display prooominantly membrane 
staining of NDRG-1. Figure 3.14a, band care x20, x10 and x5 of the original magnification. 



1 
cancer 

was 

). 

in cancer. 

as 

N is in 

In 

N an 



121 

a b 

d 

Figure 3.15 Well differentiated squamous cell carcinoma. The well-differentiated cells 
exhibited a mixed type of staining (membrane, cytoplasm plus nuclear localisation). The membrane 
staining pattern of the well-differentiated cells (figure 3.15d) was similar to that exhibited by the 
basal cells of the normal epithelium (figure 3.15c). Note the keratin pearls fail to stain for NDRG-
1. Figure 3.15a (hematoxylin/eosin) while b, c and d (immunohistochemistry of NDRG-1 ). Figures 
3.15a and b (x4 magnification), c ( x20 magnification) and d ( x1 0 of the original magnification). 
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a b 

Figure 3.16 Moderately differentiated squamous cell carcinoma. Moderately differentiated 
cells (MD) stain more intensely fo r NDRG-1 than their adjacent counterpart poorly differentiated 
cells (PO) . Figure 3.16a (hematoxylin/eosin), b (immunohistochemistry of NDRG-1 ). (x4 of the 
original magnification). 

a b 

Figure 3.17 Poorly differentiated squamous cell carcinoma. The poorly differentiated cells 
exhibited minimal or absence of NDRG-1 stains. Figures 3.17a (hematoxylin/eosin), b 
(immunohistochemistry of NDRG-1). (x20 of original magnification). 
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a b 

Figure 3.18 Metastatic squamous cell carcinoma. The metastatic cells show a mixed NDRG-
1 staining pattern similar to their counterparts at the original site. Figure 3.18a (hematoxylin/eosin), 
b (immunohistochemistry of NDRG-1). Figure 3.18a and bare x10 and x20 of the original 
magnification, respectively. 

a b 

Figure 3.19 Severe oesophagitis. The epithelial cells in severe oesophagitis display intense 
NDRG-1 staining pattern that is mainly membranous compared to their normal epithelial counterparts. 
Figure3.19a (hematoxylin/eosin), b (immunohistochemistry of NDRG-1). Abbreviation: Lumen 
(Lumen of the oesophagus). Figure 3.19 a and bare x4 and x1 0 of the original magnification, 
respectively. 
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a b 

c d 

Figure 3.20 Barretts oesophagitis. The cells display mainly membranous stain (figure 3.20b) 
while Barretts oesophagitis associated with inflammation shows a mainly luminal staining pattern 
(figure 3.20d). Figures 3.20a and c (hematoxylin/eosin), b (immunohistochemistry of NDRG-1). 
Figures 3.20a, band c (x20 of the original magnification), whiled (x10 of the original magnification). 
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This project did not assay for the levels of N-myc in the either the oesophageal 

cancer cell lines or tissues. Based on the literature, N-myc has been extensively 

implicated in the regulation of NDRG-1. It is of significance to draw some analogy on the 

probable relationship between N-myc expression vis-a-vis the levels of N DRG-1 in 

oesophageal cancer. 

N-myc (-1) 

NO INHIBITION i 
NDRG-1 (t ) 

i 

• 
Normal epithelial Well 

N-myc oncogene 

N-myc (?) 

Carcinoma in situ 

membrane differentiated 

N-myc (1') 

L INHIBF'f110N 

NDRG-1 (-!..) 

Poorly 
differentiated 

Figure 3.23. The possible relationship between N-myc and NDRG-1 status in 
tumourigenesis. The above schematic representation illustrates the probable 
relationship between N-myc expression vis-a-vis NDRG-1 staining patterns 
between the different cell types. An up-regulation of N-myc favours the staining 
pattern observed in poorly differentiated tumours while a down-regulation favours 
the patterns observed in normal oesophageal epithelium and well differentiated 
tumour cells. 

Based on the above model, it is probable that when N-myc is down regulated, NDRG-1 is 

up regulated. Consequently, the NDRG-1 exhibits nuclear, cytoplasmic or mixed cellular 

partitioning. These staining patterns are prevalent in the normal oesophageal epithelium 

as well in the well and moderately differentiated cell types. On the other hand when N­

myc is up regulated it inhibits NDRG-1 synthesis and the protein preferentially is localised 

in the membrane of the cell as exhibited by dysplastic and poorly differentiated cells. The 

question is why N-MYC is suddenly down regulated in a ''poorer" grade of cancer (well 

differentiated) when it was initially up regulated in a milder grade (dysplasia)? Further 

studies are required to establish the relationship between NDRG-1 regulation and N-MYC 

expression. It is possible that NDRG-1 is not entirely regulated by N-myc but by other 

pathways too. This may in part explain why there is dramatic change in the staining 
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patterns between the different cell types that cannot be entirely explained by changes 

in N-MYC gene expression. 

3.3.2.9 Relationship between patient survival and clinico-pathological 

characteristics 

The most Important end point of this project is to ascertain the probable relationship 

between patient survival, tumour grade and/or stage of the disease and the staining of 

the different proteins. Establishment of links between the above parameters has 

important implications in the management of oesophageal cancer, especially with respect 

to early screening, diagnosis and possibly prognosis. 

Overall survival rate was determined and defined as the interval between surgery and 

June 1st 2002. The end point for this variable was either death, still alive or date last seen 

at the oesophageal clinic (lots to fol.low up L TF). Overall survival curves for univariate 

analysis were assessed using the Kaplan-Meier method (Kaplan and Meier, 1958). 

Dead Abve 

1 .2 

'1.1 

01 1 .0 
c 
·:; 

0 .9 -~ 
:> 

(f) 0 .8 
c 
0 
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Figure 3.24 

The overall survival of the patients used in immunohistochemical studies. 
A total of 70 patients were incorporated in this study. The patients were of different 
stages of the disease. This analysis was carried out as described in section 3.3.3 
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The overall survival curve was constructed using days rather months of survival 

(figure 3.24 ). From the curve it can be seen that close to 60% of the patients died with in 

the first 800 days (2 years) after visiting the oesophageal clinic. Very few patients 

survived longer than 2000 days (5.5 years). These results conform to previously 

published data that shows that oesophageal cancer patients have a very poor prognosis. 

This is based on the fact that most patients seek medical attention when they have 

advanced disease and there is little that medical practitioners can offer to improve their 

prognosis. 

It was also interesting to establish the relationship between the stage of the disease and 

survival. Kaplan-Meier curves of survival verses stage of the disease (figure 3.25) were 

therefore plotted . 1\Jlost patients with stage 3 disease died earlier than the other stages. 

The better survival of patients with stage 28 compared to those with stage 2A is unusual. 

This can be explained by the bias in the number of stage 28 patients compared to stage 

2A patients. We managed to incorporate only 6 stage 28 compared to 25 of stage 2A 

patients due to the unavailability of resected oesophageal samples from stage 28 

patients. In addition , there is no curve for stage 0 patients because only 1 histological 

sample was available for this study. dysplastic, well and poorly differentiated cases as 

compared to the moderately differentiated cases. Overall these results show a good 

correlation between the stage of the disease and survival. These trends are expected as 

previous data on oesophageal cancer show that people with the advanced disease have 

a poorer prognosis than those with an early stage. 

Cumulative proportion surviving (Kaplan-Meier) 
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The relationship between stage of disease and survival of the patient. 70 patients 
were used to determine the relationship between stage of the disease and survival as 
described in section 3.3.3 
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