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1. ABSTRACT

Current understanding of colorectal
carcinogenesis suggests a series of genetic changes
occurring pari passu with morphological changes
ultimately resulting in a cancerous lesion. The
adenomatous polyp was originally the prototype of the
preneoplastic lesion but recently, other colonic polyps,
primarily the hamartomas, have been clinically
characterized as colorectal cancer biomarkers with genetic
changes found mainly in the mesenchymal component as
opposed to the ectodermal, or epithelial element. This,
with the current interest in angiogenesis playing a role in
the propagation of neoplastic lesions, has now
encompassed every tissue element and opened the way for
an understanding of the oncogenic process. This has
suggested that considerable interaction occurs between all
tissue elements, including what was previously described as
epithelial-matrix interactions. While hyperplastic polyps
are thought not to confer risk for cancer, they may offer
clues as to the first steps of the overall process.
Microadenomas have introduced new clinical as well as
biological considerations, as unique risk factors.
Investigation of these lesions has moved from purely
morphological correlations to mechanistic dissections of
important biological pathways using both genetic and
protein chemistry tools.  This review explores the
microcosm of the colonic polyp and its relation to cancer as
the quintessential premalignant biomarker.

2. INTRODUCTION
Much scientific effort has been directed at

aberrations of normal chemical pathways as a cause of
colon cancer (1-3). The discovery of viral induced cancers

329

(4) at the beginning of this century opened the way for
increasingly sophisticated studies with the advent of
molecular genetic tools. Much of this effort had been
directed at the cancerous tissue, usually contrasting
findings to the adjacent “normal” epithelium (5). While
initially useful, this approach may obscure early changes of
carcinogenesis and may also include tissues that may not be
truly neoplastic. These techniques were later improved and
micro-dissection (1) was used to obviate the latter problem.
Once the accumulated genetic aberrations had been
determined in the micro-dissected cancerous tissue,
attention turned to the precursor lesions, adenomatous
polyps, where a gradation of these changes was seen from
diminutive (<0.5cm) to large polyps (>1cm diameter). This
step-wise accumulation of genetic defects is conceptually
useful and fits in well with the knowledge gained from
animal models of carcinogenesis. However, adenomas
develop in a particular environment, and the condition of
the mucosa which gives rise to polyps that later develop
into cancers is not well understood.

Protein  immunohistochemists ~ had  been
impressed with the altered geographic expression of
antigens in the colon (5). Often, in the patient with cancer,
this expression was ectopic and sometimes incompatible
with the patient’s usual antigenic determinants as in the
case of blood group antigens (6). The finding of a
microscopic equivalent of an adenoma-dysplasia, the
aberrant crypt focus, within normal-appearing mucosa
suggested that there was a basis for a “field” theory of
carcinogenesis (7) and that the study of antigens of the
more easily recognizable adenomatous polyps may
facilitate our understanding of colorectal cancer (CRC).
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Table 1. Germ Line Genetic Changes in Colorectal Carcinogenesis (after Kinzler and Vogelstein)

Gene Category Adenoma Hamartoma Carcinoma
Gatekeeper (susceptibility) APC, p53 (late) STK11 19p13.3 APC, p53

Caretaker (repair) ? ? ATM, MSH2,MLH1
Landscaper ? PTEN/SMAD4%*;710g22 ?

*Patients with juvenile polyps are a heterogenous group, only some of those affected manifest this germ line
aberration. Most of the patients grouped under various syndromes have a yet undefined mutation on the long arm of

chromosome 10 found in stromal cells.

While a great deal of work with tissue antigens included
such polyp tissues (8), surprisingly little effort was directed
at raising antibodies specific to adenomas (7,9).

A recent review (10) defined the term biomarker
as “a generic term for the targets of assays that monitor
critical aspects of the relevant tumor biology in a defined
system”. In this sense, apart from its precursor role as an
intermediate endpoint biomarker, the polyp may be a
marker reflective of the risk for CRC elsewhere in the
colon by virtue of the alterations of proliferation,
differentiation and genetics which it demonstrates. The
intriguing other side of the coin is that the vast majority of
polyps do not progress to cancer, and this may teach us
much about cancer prevention and give us the power to
intervene in the carcinogenic process. Clinically there is
much evidence for the fact that the adenomatous polyp is a
strong risk factor within families, often as powerful a
predictor as the presence of familial CRC itself (11).

Until recently, the adenomatous polyps would
have stood unopposed as the archetypal CRC biomarkers.
The findings of genetic markers specific for hamartomatous
polyps of the familial syndromes of juvenile polyposis (12-
15) and Peutz Jegher Syndromes (16), conditions
associated with considerable CRC risk, suggests that other
complementary pathways exist through which neoplasia
may progress. The genetic aberrations in these syndromes
abide not in the epithelial component, but in the
mesenchymal tissue, suggesting some biochemical “cross-
talk” between the epithelial component and the matrix
(17,18), long-recognized but heretofore ill-defined. These
findings have ushered in the concept of “landscaper” genes
(15) which may prepare the milieu for progress of the
carcinogenic process (table 1).

Even the hyperplastic polyps, long thought to be
irrelevant to carcinogenesis, have been touted in the recent
past as a CRC risk marker. Other disturbances of
proliferation, manifesting in the skin and other tissue, may
confer increased cancer risk (19, 20), suggesting that
growth factors may affect widely diverse tissue types.

Clinically, it is possible to significantly reduce
the number of adenomatous polyps in adenomatous
polyposis coli (APC) patients using cyclooxygenase 2
(COX-2) inhibitors such as sulindac (10). This provides an
opportunity to study the changes associated with polyp
regression in-vivo to and design primary interventions in
the prevention of colorectal neoplasia (21). Inhibition of
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COX-2 results in apoptosis, which calls into play a number
of factors and proto-oncogenes involved in the process of
programmed cell-death (10).

Recently, the murine intestinal neoplasia animal
model (the min mouse) was postulated to have a modifier
of min (MOM) governing the number of polyps in these
genetically engineered rodents (22). The candidate for
MOM is phospholipase A2 (PLA2), a constituent of Paneth
cells, one of the cellular constituents of polyps (23).

It can be seen from a perusal of the literature that
there is scarcely a biochemical pathway in vogue for
carcinogenesis, that does not find expression in the colonic
polyp. As a precursor of cancer, it may provide clues to
complete understanding of carcinogenesis as well as the
knowledge to abrogate the disease. For this reason, this
review is devoted to the colonic polyp as the biomarker of
CRC.

3. TYPES OF COLONIC POLYPS

For the purposes of this review, all polypoid
lesions  associated ~ with  submucosal, epithelial
neuroendocrine tumors, tumors of neuronal origin
(neurofibromatosis  associated and  others), and
inflammatory polyps (despite rare case reports of CRC
occurring in the Cronkhite-Canada syndrome), will be
excluded. Lymphoid polyposis has been described in the
context of APC (24) but will not be included in the review.

A polyp is a projection of a growth into the lumen of
the colon. Within the confines of this review, the entities
of non-neoplastic and neoplastic polyps will be considered
both for their role as precursor lesions as well as
biomarkers for CRC risk.

3.1. Hyperplastic Polyps

These common non-neoplastic, polypoid
proliferations tend to be sessile and small, occurring in the
rectosigmoid as a function of age (25). Morphologically
they show a star-shaped crypt or serrated appearance
depending on the angle at which they are cut. All cell
lineages, including Paneth cells are represented with often
prominent muscularis mucosa that may extend up between
the glands, but proliferation is normal. These polyps
display antigens characteristic of both normal and
neoplastic lesions which has suggested to some that this
seemingly biologically innocuous lesion may, in some way,
constitute a biomarker for CRC elsewhere in the colon.
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Not all hyperplastic polyps are created equal and
the variants of this common type suggest that they are a
heterogenous group yet to be comprehensively classified.
This may explain some of the past controversy surrounding
their past designation by some as a marker for risk of
neoplasia. Currently, 3 variants are recognized: the “large”
hyperplastic polyp; the admixed hyperplastic/adenomatous
polyp; and the combined or “serrated”
hyperplastic/dysplastic polyp (25). The first variant is not
thought to have intrinsic neoplastic potential but it is liable
to be misdiagnosed as a hamartoma or even as an adenoma
with pseudoinvasion. Insufficient data on antigen
expression or genetic alterations exist to define its
biomarker status.

The two remaining variants (admixed and
combined polyps), are substantially different.  The
adenomatous component is unmistakable and has inherent
intrinsic cancer risk. While this risk may be limited in
small admixed polyps, the risk in the serrated variant is
considerable, with 20% showing morphological changes of
intramucosal cancer (25). With respect to their role as
biomarkers for CRC risk elsewhere in the colon, the
situation is unclear. When such polyps occur in the setting
of hereditary non-polyposis colon cancer (HNPCC),
microsatellite instability has been described (26). The
serrated lesions, with their propensity for high-grade
dysplasia, are relatively rare, constituting approximately
0.05% of all polyps (25), making large scale studies
impractical. On the other hand, the admixed polyps are far
more common but the diagnostic variation is considerable
and this group, once appropriately stratified, is therefore a
better potential study population.

Few studies have systematically probed genetic
differences between hyperplastic and dysplastic polyps.
One such study showed no differences in k-ras mutations in
either type but found no APC mutations in small
hyperplastic polyps as compared to adenomatous polyps
27). Another sub-variant is multiple hyperplastic
polyposis , a rare entity, which is not thought to have
neoplastic potential (28). This is in contrast to the variant
of serrated adenomatous polyposis where 4/6 patients had
associated cancer.  This entity displays no distinct
immunohistology as compared to the common sporadic

polyp (29).

Since hyperplastic polyp subvariants may render
this patient population heterogenous, the available data,
including these that refute or uphold the hyperplastic polyp
as a biomarker for CRC risk, need to be revisited and
carefully reclassified, using strict morphologic criteria.
Currently, most authorities do not recognize the classical
hyperplastic polyp as a risk marker.

3.2. Hamartomatous Polyps

Like the hyperplastic polyp, the hamartomatous
polyp is constituted of the normal tissue elements found in
the colonic mucosa with differences in proportion,
distribution and overall composition. These polyps, either
sporadic or familial, often came to light through
complications such as bleeding, obstruction, or auto-
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amputation and in themselves have limited inherent
malignant potential. Over time it was found that certain
gastrointestinal cancer occurred in excess, particularly in
the familial variants, which suggested a definable genetic
basis. Recently a number of candidate genes has been
found in these latter disorders which will be described
below, focusing on their role as biomarkers for CRC risk.
Certain hamartomas such as occur in Cowden syndrome
will not be discussed since they have no malignant
potential or role as biomarkers for CRC (25).

3.2. 1. Peutz-Jeghers Polyp

These lesions can occur throughout the gut
primarily in the colon and small intestine. The Peutz-
Jeghers polyps are a constituent of an autosomal dominant
syndrome linked to a germline mutation on the telomeric
end of chromosome 19p (16). There is extraintestinal
involvement, often resulting in ovarian, lung and breast
neoplasia associated with mucocutaneous melanin
ephelides (freckles), which often fade with age. The
syndrome was described in 1949 and is relatively rare
(~1:20,000) and consequently the direct malignant
transformation of these polyps resulting in CRC and other
gastrointestinal cancers was not immediately obvious. It is
now established that adenomatous or cancerous change
occurs within these polyps at 3-6% per year (30). The
overall associated incidence of gut malignancy varies
between 2-27% (31) with one study showing that 6%
actually originated in hamartomatous polyps (32).

The hallmark of this polyp is the presence of
dominant smooth muscle bundles. All cell lineages are
represented in the epithelial component. In colonic
hamartomatous polyps the crypt epithelium may resemble
the hyperplastic-polyp type (25). Recognizable
adenomatous changes occur on the polyp surface. Other
changes include cystic formation which may be extensive
and, along with the above features, may be misdiagnosed as
cancer. Immunohistochemical data are few, but one study
investigating codon 12 k-ras mutations found only one of
four dysplastic polyps containing the mutation out of 52
total polyps examined (33).

The implicated locus on 19p13.3 is
associated with deletions/inversions the LKB1 or STK11
protein alleles which function to encode serine threonine
protein kinases, thus resulting in disruption of the kinase
domain (34). This domain is important for control of cell
proliferation events. In a recent study of 20 families, this
linkage was present in 85% (35 ) suggesting that in a small
but significant percentage of families, other gene loci
residing close by at 19p13.4 (or elsewhere) in one of 6
families (36) may be responsible for the phenotypic
manifestations. This genetic alteration, the first described in
a protein kinase conferring cancer susceptibility (37), may
provide fertile ground for unopposed proliferation, awaiting
further mutations to accumulate, resulting in a neoplastic
phenotype. This sequence has not yet been confirmed for
these polyps due to the paucity of tissue from colonic
polyps with established adenomatous change but the rare
presence of mutations known to be associated with



Benign lesions as colon cancer precursors

Table 2. Percentage Somatic Changes in Colonic Polyp

Type Dysplasia APC K-ras DCC pS3 pr p21Wafl  Reference
Hyperplastic rare 0 as for ad$ rarely ? 28,58,59
Peutz-Jeghers occasional ? <2 ? 5-100 ? 25,94,95
Juvenile-sporadic 0 0 14 ? 0 8 60
Juvenile-syndromic 31 50 14 ? 8* 79loss* 60
Microadenoma some 5 more dys” 13;50-73 ? ? ? 61
Adenoma-sporadic 100 ~63 67 <50# 20-40# 75 56,63-5
Flat adenomasHNPCC 100 ? 21;0-8 ? ? 80 64
Adenoma-APC 100 germline ~20 20-75 0 ? 55-6,59,66
Cancer-sporadic 100 ~60 ~50 23-70 22-85 31 62,65,67-8
Cancer HNPCC 100 ? ? ? 27 80 64

p53-pr=overexpression of pS53 protein by immunohistochemistry;$-adenomas;*in dysplastic (dys) polyps vs 8% if non-
dysplastic; " dys=dysplasia; #-in large adenomas, rarely altered in small;@ absent in HNPCC syndromes; “=cancer.

adenomas, such as K-ras (please see table 2), suggests that
some other basis for progression of carcinogenesis, in
concert with the underlying chromosome 19 mutation, may
exist.

3.2. 2. Juvenile Polyps

This type of hamartoma occurs most often in ~1% of
children as the sporadic entity (12,25) often presenting with
the aforementioned symptoms common to hamartomatous
polyps, particularly bleeding. The rectum is the most
common site, and the polyps are usually pedunculated
consisting of dilated, cystic fluid-filled spaces in
association with inflammation. Hyperplastic features are
seen in half but metaplastic changes are less common.
Approximately 25% of these polyps are found in adults.
While isolated juvenile polyposis carries no predisposition
to CRC, in familial juvenile polyposis (>10 polyps) about
one fifth of patients will be diagnosed with CRC (38).
While the typical juvenile polyp is not felt to have
neoplastic potential, some dysplasia can be seen in 10%. If
the polyp is “atypical”, there is a fivefold rise in such
dysplastic foci (25), which may form the nidus for CRC.

In a third of juvenile polyposis cases an
autosomal pattern of inheritance is evident the overall
prevalence is unknown, but extremely rare (<1:20,000).
There is an increased incidence of CRC among relatives of
patients with this condition and this is not seen in the non-
familial variant, where affected individuals have also been
described to have developed CRC.

Recently 2 groups have described a somatic mutation
on chromosome 10q in patients with the familial form
(12,13). In situ hybridization revealed that the mutation
resides in the mesenchymal elements rather than in the
ectodermally derived epithelial cells. The subvariants of
defined genetic syndromes (Bannayan-Riley-
Ruvalcaba/Bannayan-Zonana/ Ruvalcaba-Myhre-Smith
Syndrome, Cowden Syndrome) bearing this mutation are a
subset of a larger heterogenous group in which other genes
may be affected. The loci in the region of 10923 encode
for a protein tyrosine phosphatase, PTEN, which bears
homology to a tumor supressor gene, tensin (39). Another
group, who previously were unable to confirm linkage to
10q in 8 informative juvenile polyposis families, has shown
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that a germline chromosome 18q21.1 mutation exists in the
same genetic segment as the deleted in colon cancer gene
(DCC) and the SMAD4/DTC genes. The latter respond to
signals from the TGF-beta family of ligands (15), important
in the control of proliferation, particularly for mesenchymal
elements. This level of control calls into play the
“landscaper genes” (table 1) which prepare fertile ground
for unrestrained cell proliferation which, in turn, enhances
the chance for further genetic alterations that may
ultimately contribute to the rise of CRC.

At the somatic level, one study explored the genetic
alterations typical of the adenoma-cancer sequence in
juvenile polyposis syndrome and compared these to its
sporadic juvenile polyp counterpart (40). Almost a third of
the syndromic polyps exclusively showed dysplastic
changes, with a tenfold loss of the cyclin dependent kinase
inhibitor WAFI/CIP1, in syndromic versus sporadic polyps.
APC gene mutations were exclusively seen in half the
dysplastic polyps, but similar mutations in K-ras were seen
in 14% of both types. Expression of p53 occurred rarely in
the dysplastic polyps (8%). Although the overall numbers
were small, this study offers some important insights into
the multiple genetic changes involved in the neoplastic
transformation of hamartomatous polyps in the juvenile
polyposis syndrome.

3.3. Adenomatous Polyps

In contrast to hyperplastic and hamartomatous
polyps, the adenomatous polyp is a well-accepted fellow-
traveler of CRC. Substantial epidemiological and direct
clinical observation support its pivotal role as a precursor
lesion for CRC. This notwithstanding, there are many
unanswered questions regarding the steps from
hyperproliferation to neoplasia, and why only a small
minority of adenomas progress to cancer remains a subject
of constant scrutiny.

Depending on their architecture of either tubular
glands or finger-like projections (villi), adenomatous
polyps are divided into three entities with some overlap. If
an adenoma consists of one predominant architectural form
>75% then it is designated either a tubular or a villous
adenoma. If a combination of the forms are represented it
is designated a tubulovillous adenoma (>25% of each type).
These are premalignant lesions and the inherent risk of
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malignancy is dependent upon architectural type from 5%
(tubular) up to 50% (villous) with tubulovillous
intermediate depending on the size of the lesions. The
degree of differentiation is also important but primarily for
the clinical management of the individual polyp. This and
other aspects will not be emphasized in this review and the
different forms of adenomatous polyps will be individually
discussed only in terms of changes associated with the
adenoma-carcinoma sequence.

Adenomas are extremely common in the adult
population in the Western World (60%) preceding the
noted increased incidence of CRC after age 50 by a decade.
The vast majority are tubular adenomas (~95%) depending
on the type of study (post-mortem versus endoscopic), tend
to be small (<lem), and are distributed throughout the
colon, but larger lesions are predominantly left-sided (25).
Endoscopically, adenomas may be flat, sessile or
pedunculated and cellular features of dysplasia are common
to all architectural types with all cell lineages represented
by IHC criteria (23). The dysplasia is characterized by
mucin depletion, altered nuclear to cytoplasm ratio,
palisading of nuclei, increased mitotic figures. Metaplasia
is common, particularly of Paneth-cells. Molecular studies
are summarized in table 2.

3.3.1. Flat adenomas

Flat adenomas may exhibit an accelerated
adenoma-carcinoma sequence as when associated with
hereditary non-polyposis colorectal cancer (HNPCC)
syndrome along with its sub-variant (Torre-Muir Syndrome),
and consequently, tend to display features of high-grade
dysplasia even when small (41). The depressed flat
adenomas differ from their larger polypoid counterpart in the
lack of K-ras mutations (42). These polyps may display
aberrations in the mismatch repair genes resulting in
truncations and decreased activity of the enzymes
responsible for repair (table 1) of replicative errors, resulting
in microsatellite instability(19). Up to 15% of sporadic
tumors may also show this phenotype (43). Recently, an
intimate relationship has been shown between tumors with
replication errors and mutated genes for the TGF-beta II
receptor which normally functions to control growth (44).

Generally speaking, with a few notable
exceptions, adenomas display most of the tissue antigens
found in cancers and have rarely been of use in clinical
differentiation (45). Many of these are also expressed in
normal-appearing epithelium with mainly quantitative
differences. The more useful antigenic changes described
may be related to known genotypic changes, hence the loss
of expression of adhesion molecules such as E-cadherin
and its associated proteins such as the catenins and p180.
Their reduction of expression from ~100% in normal
mucosa and hyperplastic polyps to only 65% in adenomas,
reflects the early and important changes in carcinogenesis
(46). The genetic aberrations which accumulate with
progression of the adenoma-carcinoma sequence appear to
be far more relevant and will be discussed below.

Recently, a prospective study of adenomatous
polyps of <lem left in situ for 3 years, found that, while
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diminutive polyps (<0.5mm) tend to grow, small polyps
(0.5 to 0.9cm) tend to regress (47). This may explain why
in APC, out of many thousands of polyps, only a small
number of cancers develop. There is also a discrepancy
between the number of sporadic adenomas and the number
of invasive cancers but this regression of polyps is not
sufficient to explain this phenomenon. There may be other
explanations that may be relevant and these will be
explored below.

3.3.2. Adenomatous Polyposis Coli

This condition, seen in about 1:8,000 of the
population and constituting <1% of cases with CRC, is the
archetypal condition reflecting the consequences of the
adenoma-carcinoma  sequence, with almost 100%
penetrance. It is an autosomal dominant disorder caused by
a germline mutation of chromosome 5q resulting in a
mutation in a large gene encoding a structural adhesion
protein called the APC protein which in its normal form
binds to beta-catenin and other cadherin-related proteins
serving as a linker to the actin cytoskeleton. Beta-catenin
is stabilized by the Wnt-1 pathway via glycogen synthase
kinase-3 beta (GSK). Normally APC and GSK induce beta
catenin breakdown. Tyrosine phosphorylation of beta-
catenin in neoplastic transformation occurs with a reduction
in cell adhesion and differentiation. The final steps in the
path to invasive cancer have yet to be elucidated (48). At
the somatic level, it appears that APC mutations occurs in
~20% of sporadic polyps as well and occurs at an early
stage of carcinogenesis. In APC, every somatic cell is
already primed with this mutation so that the overall
process of genetic aberration is well underway by early
adulthood with 90% of cancers detected by 45 years of age.
Mutations vary depending on the location of the mutation
within the APC gene (48). Once the truncating mutation in
an affected family is identified (~80%), the in-vitro
synthesized protein (IVSP) test is informative for that
family. Almost 20% of cases represent new mutations and
there is no family history. Genetic counseling to ensure
adequate patient education before testing is paramount (49).
While genetic testing is important, the mainstay for the
detection of non-attenuated forms of APC is flexible
sigmoidoscopy starting at puberty to look for the
quintessential biomarker and hallmark of this condition, the
adenomatous polyp. Numerous other extra-intestinal sites
for carcinoma occur in APC such as the brain (Turcot’s
Syndrome), the thyroid, adrenals etc., for which the
clinician should maintain a low threshold of suspicion.

While colectomy and ablation of duodenal
adenomas and desmoid tumors are the bedrock of
management for APC patients once identified, certain
interventions have been adopted to cause regression of
residual adenomas. Prominent in these efforts have been
non-steroidal anti-inflammatory drugs (NSAID), some of
which significantly inhibit activity of the COX-2 enzyme
and diverts arachidonic acid metabolism from formation of
prostaglandins (PG) to 15-HETE, which has antimitogenic
action (10). Other potential modes of action include:
reduction of E series PG affecting tumor growth; decreased
generation of oxygen radicals and malondialdehyde, a
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powerful mutagen; NSAID suppression of the distal
promoter of COX-2; suppression of NF-kB transcription
factor; and the modulation of apoptosis, partially through
cyclin dependent kinase reduction; as well as interleukin,
interferon and tumor necrosis factor-alpha.

COX-2 is an inducible enzyme and is inhibited by
sulindac through independent action of its sulfide and
sulfone metabolites, and has caused substantial regression
in the size and number of adenomas in intact colons of
APC patients (50). However, polyps recur if the drug is
discontinued. A similar regression has also been described
in the APC patient’s residual colon stump after colectomy.
The major question is: if the biomarker regresses, does the
risk for CRC diminish? Thus far this question has been
difficult to answer. Two case reports documented the
occurrence of CRC in the rectal remnant after colectomy
despite sulindac treatment and close endoscopic
surveillance (51,52). Sulindac has also yet to be proved
effective in polyp regression in the setting of sporadic
adenomas. What is needed is a reliable marker for cancer
risk and a gauge of how much COX-2 activity is
suppressed by conventional dosing. With the recently
developed new specific COX-2 inhibitors that may be
administered long-term, it is hoped that the means of
chemical eradication of adenomas can be improved. While
the future is optimistic there are considerable potential
obstacles to be overcome.

The preceding sections have covered the familial
polyposis syndromes and the corresponding germ line
mutations which are categorized in table 1.

3.3.3. The microadenoma

A decade ago researchers working with a
common murine model of carcinogenesis noticed
microscopic adenomas in the normal appearing mucosa
manifesting as aberrant crypts and these lesions have since
been described in human colonic mucosa recently shown to
be a risk marker for CRC (53). These foci can express
many of the oncofetal cancer antigens such as CEA (54).
In the former study, there was a high prevalence of k-ras
mutations (up to 92%) but as the foci became more
dysplastic, the prevalence was reduced to 57% (53). The
authors suggested that this alteration is not involved in the
formation of the progressive lesion. This would imply that
the sequence is altered from the generally accepted model
(1), where this mutation is found mainly in the larger
adenomas. It may, however, explain our findings of k-ras
mutations in the colonic effluent of patients at risk for CRC
but without detectable neoplasia at colonoscopy (55). Foci
were not found in 12% of adenoma patients where most of
these adenomas were right sided, suggesting an alternative
for carcinogenesis as has been defined in right-sided
cancers with RER microsatellite changes (53). It is thought
that most larger aberrant crypt foci, particularly if
heteroplastic (57), are not neoplastic and it appears that the
more dysplastic they are, the more likely they are to show
the APC mutation (56). Furthermore, ACF from colons of
APC patients are liable to show more dysplasia and stain
with lectins and CA19-9, but show little tendency to K-ras
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mutations (57). The number of foci could also be reduced
by the administration of sulindac resulting in the
disappearance from almost 2/3 of the treated patients (10).
For further data and references on microadenomas, see the
summary in table 2.

4. HYPERSECRETORY STATES ASSOCIATED
WITH POLYPS

Some of the genetic changes enumerated in table 1 may
provide a fertile environment for proliferation of neoplastic
polyps. If some of these underlying changes have occurred
in the mucosa at risk it is possible that in a macro-
environment conducive to accelerated growth, these lesions
may develop. Acromegaly is a condition associated with
increased circulation levels of growth hormone and insulin-
like growth factors and is associated with excess colonic
neoplasia, both cancerous and adenomatous (69-72). Only
one of these studies was a prospective case control study
(72). However, this association is generally accepted.

Another example of a hypersecretory state is
hypergastrinemia, usually seen in its most extreme form in
the Zollinger-Ellison Syndrome where a gastrinoma, a rare
neuroendocrine tumor, secretes biologically active gastrin
which has trophic effects on the gut. The association of
this syndrome is controversial but we have recently
reported several new cases as well as reviewed the
literature and documented 34 such cases (20). Most
neoplasms were polyps [n=27] but 7 had CRC and one
prospective study showed a potential prevalence of 8.6%
for cancer and 17% for adenomas (73). While some data
from uncontrolled trials show no increase in colorectal
neoplasia, further studies are needed to confirm an
association (20).

Another condition associated with increased
numbers of premalignant adenomatous polyps, is in the
colon after uterosigmoidostomy for urinary diversion. All
forms of polyps have been described and while latency
periods may be as long as 20 years, abbreviated instances
of as short as 4 months lead to concern and the need for
endoscopic surveillance (74). This suggests that constant
exposure of the bowel to nitrosamines (produced by gut
flora action on urinary amines) might be a promoting
factor.

Another condition may be breast cancer, where some of
the risk factors with colorectal cancer are shared. Lastly,
low somatostatin levels might also predispose to adenomas
as this anti-proliferative hormone has been suggested to be
protective against colorectal neoplasia (75). However, this
will need to be confirmed by further study.

5. MONOCLONAL ANTIBODIES RAISED AGAINST
COLONIC POLYPS

Given the profusion of monoclonal antibodies
raised against constituents of CRC (76), it is surprising that
few attempts were made using constituents of adenomas.
Part of the reason is that, generally speaking, almost every
cancer associated antigen described can be found in
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Figure 1. Adnab Staining of Paneth Cells in an Adenoma.
This Adnab immunohistochemical photomicrograph shows
intense staining in the cytoplasm of multiple triangular
shaped cells at the base of dysplastic glands in a
adenomatous polyp. The substrate is diaminobenzidine and
the scale is shown by a bar insert.

adenomas and even normal mucosa and benign
hyperplastic polyps, with usually only quantitative
differences. = The first attempt to use adenoma as

immunogen was reported in 1983 and resulted in a blood
group determinant that was present in adenoma and cancer
(9) and thus had little differential utility.

In 1990 we reported the generation of
monoclonal antibodies against constituents of tubular
adenomas in an attempt to define the earliest possible
manifestation of an adenoma associated antigen (7). Part of
the hybridoma screening strategy was to exclude common
oncofetal and other cancer antigens. The antibody selected
for its diagnostic utility was designated Adnab-9. The
antigen has been partially characterized as a 87kDa 10% N-
linked glycoprotein (77). The antibody displays differential
binding to adenomas and appears to recognize a subset of
cells deep within the substance of the adenoma (78).
Subsequently, some of these cells have been identified as
Paneth-like cells (figure 1) in tissues with or at risk for
CRC (79). Paneth cells in APC patients have been shown
to secrete epidermal growth factor (80), a ligand for a
receptor that, once activated, is mediated by tyrosine
kinase.  Preliminary data has been accrued showing
reactivity in mucosa harboring and at risk for CRC,
including acromegaly and ZES (20). Once identified, the
gene encoding the gp87 antigen might provide important
insights into early carcinogenesis.

6. APOPTOSIS IN POLYPS

As has been discussed above, there appears to be
an important pathway by which most polyps regress with
only 5% estimated to progress to larger lesions and CRC
(81). This implies that in sporadic neoplasia without a
germ line defect, even the accumulation of some of the
early genetic changes in carcinogenesis is not sufficient to
override the tendency to regress. The ability to harness this
seemingly natural phenomenon might allow primary
prevention strategies to be devised and to realize substantial
savings from colonoscopic polypectomy. To date, this
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invasive procedure appears the only effective way to reduce
CRC incidence by adenoma detection and removal (82),
although better controlled studies are needed to confirm
this. Currently effects are underway to achieve this using
COX-2 inhibitors and vitamins, including folate acid (83).
The surrogate end-point in these studies may be reduced
polyp detection but the true endpoint will be reduction of
CRC mortality.

The current COX-2 inhibitors in clinical use,
which also inhibit COX-1 to a certain extent, and are
thought to operate through the induction of apoptosis, i.c.,
programmed cell death (see adenomatous polyp section
above). Apoptosis has been shown to bear a positive
correlation to the various phenotypic stages in the
adenoma-carcinoma sequence, being higher in adenoma
and APC mucosal cells than in those from carcinoma.
Apoptosis appears to be regulated by a variety of
mechanisms operating through the expression of bcl-2
proto-oncogene product, which is inversely related to the
degree of apoptosis (84). There appears to be a close
relation between the latter and the wild-type p53 which
promotes apoptosis, possibly activated through a p53-
binding repressor on the promoter of the bcl-2 gene (85).
Generally, the apoptotic index is higher in adenomas of all
varieties as compared to CRC. One study did not show a
correlation with bcl-2 expression, but rather with another
apoptosis-related protein, bak (86). While other
investigators also describe a relation between bcl-2 and p53
expression (64), some have shown that the altered
distribution of bcl-2 expression can also be seen in
hyperplastic  polyps  but, interestingly, not in
hamartomatous polyps (85). The bcl-2 protein is touted as
an early change in the progression of carcinogenesis, but
overall the numbers are generally too small to come to any
definite conclusions. The other side of the apoptotic coin is
the property of immortalization, a characteristic of cancer
cells, thought to be related to telomerase expression. A
recent study showed that while this is the case in CRC, it
appears to be independent of p53 expression (87). There
are other determinants of apoptosis such as the Bax and Box
proteins, and APO-fas genes, all of which should be
examined in concert to determine the cause of the resultant
phenotypes.

While the approach to reduce polyp number by
chemical means is clinically promising, it appears that CRC
can develop in the scenario of sulindac treatment of
sporadic adenomas (88) as well as in the context of APC
patients (51,52). These developments warrant tempering of
the current enthusiasm that exists for this clinical strategy.

7. MODIFIER OF POLYP GROWTH AND NUMBER

This concept grew out of the Min mouse animal
model for APC in which the mouse APC homologue is
inactivated and the mouse develops multiple intestinal
neoplasia (Min), primarily of the small intestine. However,
the number of polyps that develop depend on the genetic
makeup of the mouse and is thought to be governed by a
modifier of Min (MOM-1) which is an unlinked modifier
of polyp multiplicity and growth (13). The candidate for
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this mouse model resides on mouse chromosome 4 and
encodes a secretory phospholipase (Pla2a) which when
overexpressed using a cosmid transgene, caused a decrease
in adenoma number and size (89). There is speculation
whether such a modifier exists in man and some discount
the secretory Pla2a from having a role in the human
scenario (90). However, the Pla2a in question is a
constituent of Paneth cells (91), which may have a role in
the development of small intestinal adenomas in human
APC and appear to be the cellular constituent bearing the
carly adenoma antigen defined by the Adnab-9 monoclonal
antibody raised against adenomas. The Pla2a concept also
may fit in well with eicosanoid metabolism, for which it
may provide a substrate for the COX-2 enzyme (92). The
finding that may close the circle on the contribution of the
epithelial matrix and the changes in the mucosal milieu, is
the recent report linking both COX wvariants with
angiogenesis, with COX-2 modulating angiogenic factor
production in colon cancer cells (93). Doubtless, this
pathway will be elucidated in the near future, given the
present pace of scientific endeavor in this field.

8. PERSPECTIVE

The burgeoning field of colorectal tumorigenesis
will demand constant updates of any current review, which
will be dated by the time it reaches print. The on-line
format is thus well suited to updates. While the adenoma-
carcinoma sequence hypothesis has its limitations, it is a
useful framework for the understanding of colorectal
carcinogenesis. There are intriguing hiatuses in our
knowledge which will no doubt be filled in the near future.
Some hypotheses will have to be borne out by prospective
long-term follow-up. The most exciting aspect of this area
of scientific endeavor is the translational research for
potential intervention at a number of junctures to cause
regression of polyps and reduce the risk and, therefore, the
mortality from the second major cancer killer in the
Western World.
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