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Colorectal cancer is an important disease with a 
large morbidity and mortality and increasing health- 
care costs as multi-modality therapy becomes more 
widespread and new drugs appear. There are 678,000 
colorectal cancer cases and 400,000 deaths from the 
disease worldwide. It is the second commonest cause 
of cancer death in the European Union, but unlike the 
commonest cause of cancer death, lung cancer. the 
basis of the initiation of this disease is currently not 
understood. Treatment is by surgery with additional 
adjuvant chemotherapy for local metastatic spread or 
palliative chemotherapy when there is evidence of 
spread outside of the operative held. Radiotherapy 
may be used for rectal carcinoma. 

Molecular pathology should explain the cause of 
this disease, the reasons for progression, the differ- 

ent biological behaviours of each tumour and may 
predict how we treat each individual patient. We 
know more about the basis of colorectal cancer than 
any other human malignancy and with the sequenc- 
ing of the human genome we are poised to make 
rapid advances. With the development of DNA chips, 
the simultaneous analysis of thousands of DNA se- 
quences should be possible [ 11. cDNA expression 
arrays will allow the rapid investigation of the pattern 
of gene expression of the estimated 30,000-40,000 
genes in the genome 121 and tissue microarrays [3] 
will allow the simultaneous assessment of hundreds 
of tumours, we thus have unparalleled opportunities 

to understand this disease. In this paper, firstly. we 
will review the basic pathology of the process, sec- 
ondly, we will discuss the molecular basis of the 
inherited and sporadic types and thirdly, we will 
demonstrate the use of this knowledge in the clinical 
situation. 

Pathology 

It is believed that colorectal adenocarcinomas de- 
velop through either the inheritance of a genetic 
defect or the induction of DNA damage by an, as yet, 
unknown mechanism in a stem cell in a colonic crypt. 

The lesion leads to an expansion of the population 
and the development of further genetic defects that 
give that population of cells a Darwinian advantage 
over their neighbours 141. There are progressive de- 
fects in the key cellular pathways enhancing cellular 
proliferation, inhibiting apoptosis, preventing senes- 
cence and encouraging further evolutionary changes 
by a failure to recognise DNA damage when it oc- 
curs and the inactivation of DNA repair mechanisms. 
These problems lead to morphological changes that 
can be recognised macroscopically or under the mi- 
croscope. They cause a normal colonic crypt to bud 
and become deformed into an aberrant crypt focus 
[5], to develop cellular changes of dysplasia and 
to grow above the surrounding mucosa and form a 
small adenoma. The adenoma grows and the cellular 
morphology becomes more abnormal. The epithe- 
lial cells develop the capacity to breakthrough the 
basement membrane and invade the surrounding tis- 
sues and subsequently involve lymphatics, nerves 
and blood vessels. Care must be exercised when 
comparing eastern and western papers detailing the 
events at the adenoma-carcinoma interface owing 
to differences in criteria used for the diagnosis of 
cancer [6]. Japanese pathologists tend to diagnose 
cancer prior to invasion if the cellular morphology 

is very atypical whereas western pathologists require 
invasion through the basement membrane or if in the 
colon the muscularis mucosae. After invasion, further 
molecular defects allow the cells to detach from the 
primary tumour, to survive in the bloodstream, lodge 
elsewhere in the body and to grow as new indepen- 
dent tumours in a number of preferred sites such as 
the liver or lung. 

Inherited colorectal cancer 

The two major forms of this disease are those where 
there is a known inherited component and those 
which tend to occur sporadically. Familial adeno- 
matous polyposis is the most well known of the 
inherited diseases. It accounts for less than 1% of all 
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colorectal cancers. This is an autosomal dominantly 
inherited disease where patients begin to develop 
hundreds or thousands of adenomas in their teens 
and subsequently develop colorectal cancers in their 
30’s_50’s. It is caused by an inherited germline de- 
fect in the adenomatous polyposis coli (APC) gene. 

The site of the mutation affects the phenotype [7]. 
Somatic inactivation of the second copy of APC by 
loss of heterozygosity, mutation or methylation leads 
to accumulation of beta-catenin in the cytoplasm 
and the subsequent abnormalities of the T cell fac- 

tor (TCF)-lef pathway which interacts with c-myc, 
wnt’s, and many other proteins [8]. APC also inter- 

acts with a wide range of other proteins such as axin, 
glycogen synthase kinase-3 beta (GSK3B), EB-1 [9]. 
Subsequent molecular defects occur which appear to 

be similar to those seen in sporadic colorectal cancer 
and the biological behaviour of the cancers seems to 
be identical. Genetic diagnosis is available to detect 
carriers of the disease. 

The commonest form of inherited colorectal can- 
cer is hereditary non-polyposis colorectal cancer 
(HNPCC) accounting for l-3% of colorectal can- 
cer [ 10,111. The clinical suspicion is raised by the 
patient’s history meeting the Amsterdam criteria. 40 
to 50% of such patients are subsequently shown 
to have germ line mutations in the DNA repair 
genes hMSH2 and hMLH1 [ 12,131, with a small 
number having mutations in hMSH6 [14,1_5], PMSl 

and PMS2 [ 161. These genes are involved in the 
recognition, excision and repair of expansions and 
reductions in microsatellite repeats (reviewed [ 171). 
Failure of these excision repair mechanisms leads to 
the generation of increased or reduced numbers of 
the repeat sequence at that site and the appearance 
of new alleles when amplified by the polymerase 
chain reaction (PCR). These changes in the DNA 
can lead to frameshift mutations and production of 
abnormal non-functioning proteins. The inactivated 
proteins are different to those seen in FAP cancers 
in that transforming growth factor beta (TGF-beta) 

receptor type II [18], insulin-like growth factor II 
[19], BAX [20], TCF-4 [21], MBD4 [22], CHK-1 
[23] etc. are involved. Ninety percent of the carrier’s 
of germ line mutation cancers will have microsatel- 
lite instability. Some series report these cancers to be 
less aggressive [24,25] than many of their sporadic 
counterparts, but the biological reasons for this are 
not well understood. The tumours show an increase 
in lymphocytic infiltrates and may show a higher rate 
of apoptosis, as has been confirmed for mismatch 
repair sporadic tumours [26]. 

The diagnosis of these cancers involves a full 
family history, the testing of the tumours from more 

than one member of the family for immunohisto- 
chemical loss of hMSH2, hMLH1 or hMSH6 [27,28] 
with direct sequencing of any of the genes where 
the product is seen to be lost. In the absence of 
loss of these proteins, amplification of four mark- 
ers for microsatellite instability will identify which 

abnormalities of mismatch repair exists and that sub- 
sequent sequencing of each of the genes is required. 
A recent paper confirmed that the dual microsatellite 
analysis and immunocytochemistry approach was the 
current gold standard [29]. 

Peutz-Jeghers syndrome is a rare autosomal dom- 
inant condition characterised by harmartomatous 
polyps throughout the gastrointestinal tract. There 
are also melanin spots on the lips and buccal mu- 
cosa. [30,31]. These patients have an increased risk 
of developing cancer; especially gastrointestinal, but 
also of the pancreas, breast, ovary and testis [32]. 
Recently, a defect in the STKI 1 /LKBl gene has been 
identified as the cause for this syndrome [33]. This 
gene encodes a serine/threonine kinase [34] and may 
be involved in cell cycle arrest [35]. Mutations at the 
19~13.3 [36] lead to inactivation of this gene. Less 
frequent causes are mutations at 19q and breakpoints 
at a pericentric inversion on chromosome 6 [37]. 

Juvenile polyposis is another rare syndrome with 
autosomal dominant inheritance. It is manifested as 

harmartomatous polyps, usually within the colon, but 
also arising in the stomach and small bowel. Unlike 
solitary juvenile polyps, juvenile polyposis patients 

have an increased risk of gastrointestinal malignancy 
[38]. Recently, it has been shown that a germ line 
mutation in SMAD 4 (18q21.1 or DDC4) accounts 
for a significant proportion of these cases [39,40]. 
SMAD 4 mutation leads to the downregulation of 
TGF-beta receptors. Normally TGF-beta has anti- 
proliferative effects, so such downregulation leads to 
the loss of growth inhibition on colorectal tumour 
cells [41]. The increased neoplastic risk may be due 
to such mutations occurring in the stromal compo- 
nent, stimulating epithelial dysplasia and progression 
to invasive malignancy [40]. 

Polymorphisms can predispose to an increased 
risk of colorectal cancer. A polymorphism in the 
APC gene where there is elongation of a repeat 
sequence of A’s causes a frameshift which leads to an 
abnormal APC protein. This is inherited in Askenazi 
Jews. [42] This so-called 11307K allele increases 
colorectal cancer risk by 1.5-1.7 by increasing the 

transition from polyps to carcinoma [43]. A large 
number of such polymorphisms are likely to be 
described in the future as advances in the detection 
of single nucleotide polymorphisms occurs with the 
widespread application of DNA chips. 
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Sporadic colorectal cancer 

Sporadic colorectal cancers arise at a median age 
of 70-75 years. Seventy percent arise in the left 
side of the colon and there are differences in the 
age, sex and regional distribution of both adenomas 

[44] and carcinomas between both sides of the large 
bowel. They develop from adenomas; but there are 
at least three types of adenoma; polypoid, flat and 
serrated. The biology of the latter two is not well 
understood whereas that of polypoid adenomas is. 
The frequency of invasion increases in frequency 
with increasing size, dysplasia and the proportion of 
villousness within the adenoma. These abnormalities 
are caused by the development of a series of genetic 
abnormalities in tumour suppressor genes and onco- 
genes that give cells an evolutionary advantage over 

their neighbours. 
The process appears to be initiated by abnormal- 

ities developing in the APC-beta catenin-lef path- 
way. Most frequently, this is inactivation of APC, but 
mutations that stabilise beta catenin can also occur 
and it is likely that other genes in this pathway 
can also be initiating events. Most frequently, the 
site of the first mutation in APC is in the muta- 
tion cluster region, with the second event caused by 
either loss of heterozygosity, mutation or methyla- 
tion. The site of the first event appears to determine 
the type of second hit [45]. Following inactivation 
of the APC pathway, dysregulation of bcl-2 oc- 

curs. Bcl-2 is usually confined to a small cluster of 
cells at the base of the crypt, but with the onset 
of dysplasia bcl-2 expression is not repressed and 
cells can escape apoptosis. There is also the appear- 
ance of Cox-2 overexpression. In normal mucosa 
Cox-2 expression is not present, but this also ap- 
pears with the onset of dysplasia. Cox 2 appears to 
interact with a number of important pathways such 
as bcl-2 [46], PPARdelta [47], nuclear factor (NF)- 
kappaB pathway [48] and, subsequently, angiogen- 
esis [49]. In 40% of adenomas, mutations develop 
in codons 12,13,59 or 61 of Kirsten rus [50] and 
this appears to be associated with methylation of the 
@-methylguanine-DNA methyltransferase (MGMT) 
DNA repair enzyme [51,52]. Ras mutations appear 
to be more frequent in polypoid than flat adeno- 
mas [53]. Ras interacts with the epidermal growth 
factor receptor (EGFR)-Jun/Fos pathway, pro-cas- 

pase-9 and may interact with INK4a-ARF, cyclin 
Dl and c-myc [54]. Loss of the long arm of chro- 
mosome 18 leads to further growth of adenomas. 
The genes involved probably include SMAD2 and 
SMADI, DCC and others [55]. Mutations in SMAD4 
have been shown in 6% to 30% of cases [56]. Tri- 

somies are also found, but their functional effects are 

not well characterised. Non-random gains of chro- 
mosome 7 have been consistently reported [57,581. 
The onset of invasion is closely linked to two major 
changes of TP53 mutation and the development of 
DNA aneuploidy, both of which will lead to fur- 
ther genetic abnormalities by the failure to identify 
genetic damage and the generation of new clones 
with different chromosomal numbers. TP.53 is a key 
gene with multiple functions and has been exten- 
sively reviewed [59,60]. As stated above, APC has 
a number of functions, but a particularly interesting 
new function appears to be concerned with the con- 

trol of processes that prevent tetraploidy 11611. It has 
now been demonstrated that after APC inactivation, 
the frequency with which tetraploid cells are formed 
increases. This could be one of the underlying le- 
sions that lead to chromosomal instability and the 
frequent finding of DNA aneuploidy. It remains to be 
explained how the early inactivation of APC might 
cause DNA aneuploidy since it is not frequently seen 
in adenomas until just prior to the onset of invasion 
[62-641. An alternative suggestion is that the muta- 
tion of mitotic checkpoint genes such as BUBI [65] 

or abnormalities of the proteins concerned with sep- 
aration of the chromosomes (reviewed [66,67]) leads 
to chromosomal instability. Following invasion, non- 
random losses occur on chromosomes 12, 14, 15,22q 
and 8p with gains reported on 13q, 8q and 20q [68]. 
Many of these have also been reported in cytogenetic 

studies [69]. The mechanism of metastasis is not well 
understood, but may involve overexpression of the 
matrix metalloproteinase MMP-7. Accumulation of 
beta-catenin may also act as a transcriptional activa- 
tor for this gene; therefore the APC gene may have 
a significant influence on later steps of tumour pro- 
gression [70]. Overexpression of Cox-2 also seems 
to be important. 

Some tumours do not develop DNA aneuploidy, 
but remain diploid or peridiploid with 42-46 chro- 
mosomes. These tumours show abnormal methyla- 
tion of CpG islands. These are CpG rich. sequences 
that are usually not methylated apart from genes on 
the inactivated X chromosome of females or im- 
printed genes on autosomal chromosomes [71]. They 

are frequently found in the 5’ regulatory regions of 
genes and if methylated can control gene expression. 
Methylation can occur in two situations. The first oc- 
curs with increasing age where certain genes become 
methylated [72]. This occurs in genes such as oestro- 
gen receptor alpha, N33, MyoDl, versicun and IGF2 
[73]. This is tissue-specific in that the changes in 
oestrogen receptor alpha are not seen in the breast, 
but are seen in the liver. This change was called 
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type A methylation for age-specific methylation [74]. 
Other genes appear to be only methylated in cancer 
the so-called type C methylation pattern. Examples 
of these genes are hMLH1, MGMT, ~16, E-Cadherin, 
Cux-2 and THBSI [74]. Tumours with high levels of 
methylation of the genes were called CpG island 

methylator phenotype tumours or CIMP for short. In 
a study by Costello et al. [75] 600 of 45,000 CpG 
islands were abnormally methylated with colorectal 
cancers showing one of the highest levels of methyla- 
tion. An important feature of methylational silencing 
is the possibility of reversing it by treatment with 
AzaC. This has been successfully performed in vitro, 
but whether this is now an in vivo treatment op- 
tion awaits data from clinical trials. Methylational 
silencing can be detected by molecular analysis of 
the CpG methylation status (for reviews see [76,77]), 
but it can also be assessed by immunocytochemistry 
where either total or partial loss of expression can 
be rapidly assessed. Methylation of the DNA mis- 
match repair gene hMLH1 silences both alleles [78] 
leading to loss of protein expression and can easily 
be assessed by immunocytochemistry [77]. Loss of 
the protein leads to high levels of microsatellite in- 

stability due to mismatch repair and the generation 
of similar abnormalities to those described above for 
HNPCC. This accounts for 15% of sporadic colorec- 
tal cancers. These patients tend to have right-sided 
tumours which are more frequently polypoid, invade 
with a pushing border, poor or mucoid differenti- 
ation and have an increased lymphocytic reaction 
and an increased apoptotic rate [26]. The pattern of 
methylation of other genes is unknown. Recently, we 

have investigated the loss of expression of hMLH1, 
MGMT and Cox-2 [79]. There was a significant as- 
sociation between the loss of expression of hMLH1 

and MGMT, but these did not overlap with loss of 
Cox-2 expression. Both hMLH1 and MGMT tended 
to be located in proximal cancers supporting the view 
that these occur more frequently on the right side of 
the colon [78]. Interestingly hMLH1 methylation ap- 
pears to occur at the adenoma-carcinoma interface 
and is lost throughout the tumour, whereas loss of 
MGMT expression can be more heterogeneous and 
is seen earlier in adenomas of both polypoid and 
flat types [80] and serrated adenomas [81]. Loss of 
Cox-2 in our hands [79] does not associate with 
the CIMP phenotype, but may identify a group of 
tumours with a very good prognosis [82]. More work 
is clearly needed in this area to define the biological 
and clinical importance of this group of tumours 
subdividing them into those that have microsatellite 
instability and other types of CIMP abnormality. The 
cause of this aberrant methylation is currently un- 

known. A good review of chromosomally unstable 
and microsatellite unstable cancers is available in 
Ref. [83]. 

New data is emerging from large-scale studies 
of gene expression. In collaborative studies with 
Genentech on Affymetrix chips, the data showed 
that roughly 10% of 6000 genes were overexpressed 
at a much higher level and 10% underexpressed 
when comparing colorectal adenocarcinomas with 
their corresponding normal mucosa. Publications by 
Notterman et al. [I] and Kitahara et al. [84] used 
different cut-offs. Notterman using the Affymetrix 
6500 chips showed 19 (0.48%) of the transcripts 
had at least 4-10.5 fold higher mRNA expression 
and 47 4-38 fold lower expression. They identified 
a large number of individual genes some of which 
could be hypothesised to be involved in colorectal 
cancer. Reverse transcriptase (RT)-PCR confirmation 
of some of these was obtained. Hierarchical clus- 

tering appeared to be able to separate the tumours, 
but this was after significant data removal with only 
1096 genes and expression sequencing tags (EST’s) 
included and stripping out of muscle- and connec- 
tive tissue-associated genes. Hierarchical clustering 
usually requires a large amount of data manipulation 
and the robustness of these assays remains to be 
seen when tissue and tumour heterogeneity is not 
rigidly controlled. Kitahara et al. [84] used a printed 
cDNA array of 9216 genes and explored the cDNA 
expression patterns of laser capture microdissected 
tissue. They reported upregulation of 44 genes and 
downregulation of 191 genes for more than half of 
their 8 cancers analysed. RT-PCR data were consis- 
tent in 64 of 74 experiments revealing a concordance 
of 86.5%. They went on to test the other 12 collected 
tumours and confirmed the data. Several of the genes 
identified by both sets of workers were also abnormal 
in our data [85]. 

Clinical value of molecular pathology 

Our increased understanding of the molecular biol- 
ogy of colorectal cancer can affect many clinical 
situations. Knowledge of the defects in hereditary 
colorectal cancer allows the diagnosis of such famil- 
ial diseases and the detection of carriers. Molecular 
methods have been used in an attempt to screen pa- 
tients for colorectal cancer looking for the presence 
of mutations in the stool or molecular abnormali- 
ties in DNA released from tumours into plasma and 
to identify patients with micrometastatic disease in 
lymph nodes. Many of these studies are ‘proof of the 
principle’ of the test, but do not inform the debate 
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for many years that tumour cells can be found in 
the peripheral blood and that further testing of lymph 
nodes by techniques such as immunocytochemistry 
can identify involved nodes. What has not happened 
is the testing of these new techniques against the 
current gold standard to prove their benefit. 

Common molecular targets are Ki-ras, TP53 mu- 
tations and the presence of microsatellite instability. 
The drawback of such tests is the limited presence 
of the molecular abnormality under study e.g. 40% 
for Ki-ras, 70% for TP53 and 15% for microsatel- 
lite instability. One test does not identify all cases. 

Promising studies include the following. Thebo et al. 
[86] looked at Ki-~~~.~ mutations in lymph nodes to 
upstage Dukes’ B patients. None of 4 patients with 

mutation-free nodes developed recurrence, whereas 
37.5% of those with positive lymph nodes did. Ki-rus 
mutations identified in plasma DNA have also been 
shown to be strongly associated with the presence 
of a colorectal neoplasm, bearing such mutations 
[87,88]. ~53 antibodies have been demonstrated to 
be present in 14 of 54 colorectal cancer patients 
(26%) by an enzyme-linked immunoabsorbant assay 
(ELISA), with none being present in 24 patients with 
non-malignant digestive disease [89]. The identifi- 
cation of TP53 [90] and Ki-rus mutations [91,92] 
from DNA shed from tumour into stool has proved 
possible. A small number of such samples, 22, have 
also been analysed using a panel of assays (includ- 
ing Ki-rus, TP53, APC and a microsatellite marker). 
This demonstrated sensitivity of 9 1% and specificity 
of 93% in identifying malignancy [93]. 

Testing the value of the newly emerging data 
will be facilitated by the use of tissue microarrays 
[94] which allow the simultaneous rapid assess- 
ment of hundreds of different tumours, hopefully 
from prospective randomised trials generating un- 
challengeable data of value to clinicians. 

Molecular pathology and prognosis 

Small scale clinical studies have generated conflict- 
ing data about the behaviour of the different types of 
cancer. In the late 80’s, many studies of DNA ane- 
uploidy showed a worse prognosis in these tumours 
compared to diploid cancers [95]. This has been 
recently confirmed by ourselves in large prospec- 
tive study of 400 cancers within the United King- 
dom Co-ordinating Committee on Cancer Research 
(UKCCCR) Axis study [96]. Kirsten t-us mutations 
also confer a slightly worse prognosis in a meta-anal- 
ysis [97]. Loss of Cox-2 expression has also been 

reported to confer an excellent prognosis in a small 

series of patients [82]. A number of studies have also 
reported a worse prognosis in patients with abnor- 
mal patterns of ~53 expression [98-1021. Jen et al. 
[ 1031 and Martinez-Lopez et al. [ 1041 have reported 
a worse prognosis in patients with 18q deletions 

and Shibata et al. [ 1051 using immunocytochemistry 
found a worse prognosis in patients who had lost 
staining for DCC. Those with a higher level of chro- 

mosomal deletions were also reported by Vogelstein 
[106] to have a worse outcome. Unluckily, many of 
these studies are on small numbers and do not take 
into account the possible confounding influences of 
molecular abnormalities affecting the response of the 

tumour to therapy. We have recently prospectively 
looked at allelic imbalance in 400 randomised pa- 

tients in the UKCCCR Axis study and have seen no 
major clinically important effects on prognosis of al- 
lelic imbalance of APC, 17p, 18q or microsatellite in- 

stability [96]. We also investigated bcl-2 and hMLH1 
by immunocytochemistry and found no significant 
effects. This is different to a recent publication from 
Perth, which suggested microsatellite instability is 
very important [ 1071. 

Response to therapy 

The commonest therapy in colorectal cancer is 5-flu- 
orouracil (5-FU) in combination with folinic acid. 
5-FU is a pro-drug, which after intracellular con- 

version to active metabolites inhibits thymidylate 
synthase, impairing DNA synthesis largely in the 
S phase (replication). In addition, 5-FU metabolites 
can be falsely incorporated in to RNA and DNA, 
interfering with the normal protein production neces- 
sary for cell growth [ 1081. This has been shown to 
work in both the settings of adjuvant therapy [ 1091 
and in advanced disease. Assessment of a number 
of enzymes suggests that if there is a high level of 
thymidylate synthase, thymidine phosphorylase and 
dihydropyrimidine dehydrogenase (DPD) then the 
patients may not respond to 5-FU- based chemo- 
therapy [ 1101. Loss of dUTPase expression has also 
been reported as indicating a better response to 5-FU 
[ 1111. Recently, a polymorphism in the thymidylate 
synthase promoter has been linked to a poor re- 
sponse to 5-FU [I 121. The triple repeat was found in 
40.2% of a Mediterranean population. The presence 
of the triple tandem repeat has been demonstrated in 
vitro to lead to an increase in TS expression [ 1131. 
However, all of these studies findings are based on 
relatively small numbers of cases usually treated out- 
side of prospective randomised clinical trials and as 



S168 J. Walker and P: Quirke 

such do not provide enough evidence upon which to 
base clinical practice. Recent work in our laboratory 
on the UKCCCR Axis study has shown that loss of 
18q appears to identify patients who will not respond 
to intraportal5-FU [96]. 

The response of patients to the newer agents such 

as irinotecan may also be predicted by enzyme level. 
Irinotecan is a topoisomerase inhibitor (blocking 
cell division by inducing single-strand DNA breaks) 
and oxaliplatin (a third-generation platinum ana- 
logue) induces DNA cross-linkage and thus produces 

apoptotic death [ 1081. Therefore, treatment response 
may be predicted by the levels of enzymes such as 
topoisomerase 1 and by ERCCC 1. Abnormalities of 
expression of other enzymes such as MGMT loss 
might identify small numbers of patients that might 

respond to other drugs such as dacarbazine, procar- 
bazine, temozolomide, lomustine(CCNU), nimustine 
(ACNU) and carmustine (BCNU). Molecular patho- 
logical analysis will probably be essential for the 
inhibitors of other pathways such as EGFR and 
Vascular Endothelial Growth Factor (VEGF) in the 
same way as HER-2 analysis has been used for the 
planning of Herceptin treatment. 

Immune therapies 

Many cancers can be destroyed by a tumour-specific 
cell-mediated immune response, usually by cytotoxic 
(CD8) lymphocytes. However, colorectal tumours 
are poorly immunogenic and may evade immune de- 
struction by various mechanisms involving so-called 

‘tumour tolerance’. To overcome this, several im- 
munostimulatory approaches have been advocated 
to augment the innate immune response against tu- 
mours. 

Firstly, some have used vaccination with autol- 
ogous tumour cells. Utilising cells derived from 
the patient’s own tumour to elicit a cell-medi- 

ated response. To increase efficacy Bacillus Cal- 
mette-Guerin (BCG) was co-administered (several 
trials have shown overall little benefit: [ 1 14,115]). 
Also investigated has been vaccination against tu- 
mour-associated antigens, such as carcinoembryonic 
antigen (CEA) which is expressed in 90% of colon 
cancer (several trials are ongoing). The potential of 
monoclonal antibody-directed therapy have been en- 
couraged by the success of Herceptin in the treatment 
of breast cancer. The HER-2/NEU (human epidermal 
growth factor receptor) oncogene encodes a trans- 
membrane tyrosine kinase receptor with extensive 
homology to the EGFR. Antibodies against this re- 
ceptor (Herceptin) have shown good results. A 15% 

response as a single agent in metastatic breast cancer 
[116] and a phase III trial in combination with dox- 
orubicin or paclitaxel produced markedly increased 

anticancer activity [ 1171. Antibodies against a highly 
expressed antigen (17-1A) have been utilised in the 
treatment of colorectal cancer. 

17-1A is a murine monoclonal IgG2a antibody 
that recognises a 37-40 KDa cell surface glyco- 
protein, expressed on a range of malignant and 
normal tissue. It is reported to be an intercellular 
adhesion molecule [ 1181. Antibodies to this antigen 
are thought to destroy tumour cells by activating 
endogenous cytotoxic mechanisms including anti- 
body-dependent cell-mediated cytotoxicity and pos- 

sibly also antibody-dependent complement-mediated 
cytoxicity. It may also invoke anti-tumour activity 
indirectly by inducing an anti-idiotypic antibody re- 

sponse [ 1191. 
Therapy with the monoclonal antibody 17-1A 

(compared to observation alone) was shown to im- 
prove the survival of patients with Dukes’ C col- 
orectal carcinoma by the German group headed by 
Riethmuller [120]. This improvement was seen as 
a decrease in distant metastases rather than an im- 
provement in local recurrence. Effects of the anti- 
body on minimal residual disease may depend on the 
location of these dispersed cells being in the mes- 

enchymal or reticuloendothelial compartments. Here, 
effector mechanisms like complement and killer cells 
abound while at the same time, the total volume of 
tumour cells to be destroyed is low [121]. Its fail- 
ure to suppress local recurrence may be explained 

by the larger volume of disease satellites and by 
the surrounding environment, for example the poor 
blood supply in connective tissue [ 1201. This pro- 
posed mechanism of action would also mean that a 
prolonged follow-up period would be necessary, to 
see the full effects of the treatment. The drug could 
also have the potential to deal with micro-metastases 
that even 12% of Dukes’ A cases have at presentation 

[121]. 
Although this trial was encouraging and involved 

follow-up over 5 years, only 166 in total (treated and 
untreated) were studied. Therefore, further trials have 
been undertaken in Europe and the United States. 

Gene therapies 

Gene therapy utilises genetic changes in colorec- 
tal cancer, so interfacing basic science with clinical 
medicine. Viral vectors are used to insert genes 
that encode cytokines, tumour suppressor genes and 
genes which sensitise cells to chemotherapy (e.g. 
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TP53). A phase I trial of such an approach [122] 

is utilising a synthesised adenoviral vector linking a 
CEA promoter to the structural gene for the bacte- 
rial enzyme cytosine deaminase. Cytosine deaminase 
metabolises the pro-drug Sfluorocytosine to SFU, 
but only in CEA-expressing cells. At present, sys- 
temic gene replacement therapy of mutated tumour 
suppressor genes is not possible, but a regional form 
of such therapy is being developed for TP53 directed 
at primary and metastatic neoplasms [ 1231. 

Conclusions 

Molecular pathology has made great strides in recent 
times. This has afforded a rapid growth in our knowl- 

edge of colorectal cancer; which has just started to be 
translated into new diagnostic tests and treatments. 
These are the mere ‘tip of the iceberg’. However, 
this potential should be tempered with the knowledge 
that these advances should only come into clinical 
practice if they are tested in the context of prospec- 
tive randomised trials. This technology must prove 
its worth. 
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