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Introduction

Tumours of the gastrointestinal (GI) tract are common and
are a major cause of morbidity and mortality worldwide.1

However, malignancies of the GI tract are not distributed
uniformly along its length. In the upper GI tract,
oesophageal and gastric tumours are relatively common
entities, with tumours of the stomach showing a slightly
higher prevalence than those of the oesophagus.2 The small
intestine, comprising the duodenum, jejunum and ileum
and accounting for approximately 75% of the entire length
of the GI tract, is rarely a site for primary tumours.1 The
colon and rectum together account for about 70% of all GI
malignant tumours and this site in fact develops more
primary neoplasms than any other organ in the body.1

Colorectal carcinogenesis is a vastly researched area. The
development of colorectal cancer is referred to as the
adenoma-carcinoma sequence.1 This is a multistep process
involving the transition of normal mucosa to mucosa at risk,
further transition to adenoma, then adenocarcinoma in situ
and subsequently invasive adenocarcinoma.1

The transition through these steps can be matched to
specific genetic alterations. It is known that inactivating
mutations of one allele of the tumour suppressor
adenomatous polyposis coli (APC) gene, a so-called gateway
gene, is perhaps the earliest event in colorectal
carcinogenesis,3 which places previously normal mucosa at
risk of adenoma formation due to further carcinogenic
mutations. Alteration to the second allele will cause
transition to adenoma.1 APC is part of the Wnt signalling
pathway and at present the ever increasing knowledge of
this pathway is leading to potential therapeutic modalities.4

Mutation in the APC gene underlies familial adenomatous
polyposis (FAP), which is characterised by many hundreds
and commonly thousands of adenomatous lesions in the
colon1.

Other genes can be subject to mutation at this stage 
(e.g., β-catenin1) and have the same effect. Dysregulation of

the K-ras proto-oncogene is thought to be another step in
tumourogenesis, causing further adenoma growth,5 as is
inactivation, probably due to loss of heterozygosity, of the
DCC (deleted in colon cancer) tumour suppressor gene.3 p53
is another gene implicated in transition through the
adenoma-carcinoma sequence and is responsible for the
transition of adenoma into carcinoma.1

Adenomas can be typed into one of three groups – villous
adenoma, tubular adenoma or tubulovillous adenoma –
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ABSTRACT

Tumours of the gastrointestinal (GI) tract, of which 70%
arise in the colorectum, are a major cause of morbidity and
mortality worldwide. Transformation from normal to
malignant mucosa is a multistep process involving specific
gene mutations and is called the adenoma-carcinoma
sequence. Histologically, adenomas are of three types
(tubular, tubulovillous and villous) and the extent of
mucosal cellular abnormality of three grades (mild,
moderate and severe).  Cellular proliferation is a marker of
malignant potential in many tissues. In the colon, cellular
proliferation is partly controlled by the CDX-2 gene, a
homeobox gene expressed in differentiated cells of the
intestine that has proto-oncogenic potential in murine
models. In the stomach, CDX-2 is expressed in intestinal
metaplasia and decreasing expression through
tumourogenesis shows its tumour suppressor potential.
Down-regulation in colorectal cancer cell lines is also
observed. This is a retrospective study of colorectal
adenomas, and haematoxylin and eosin (H&E) and
immunocytochemical staining for CDX-2 and MIB-1 (a cell
proliferation marker) are performed on each case.
Comment is made on the morphological features
(adenoma type and dysplasia severity) and the grade of
CDX-2 and MIB-1 expression. This study showed that
dysplasia severity is linked to cellular proliferation
(P=0.011) but adenoma type was not (P=0.54). CDX-2 was
not linked to the morphological features discussed (P=0.11
and P=0.16) and CDX-2 and MIB-1 expression showed no
correlation. Increased cell proliferation (MIB-1 expression)
was seen in increasingly dysplastic adenomatous lesions of
the colorectum. CDX-2 had no link to morphological
features or cell proliferation of the dysplastic mucosa.
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depending on histological appearance. For an adenoma to
be typed as tubular or villous at least 80% of the architecture
must be tubular or villous. If this is not the case then it is
typed as a tubulovillous adenoma.6

Type of adenoma has a role in the malignant potential of
the lesion, with villous adenomas showing a greater
malignant potential than tubular adenomas, with
tubulovillous adenomas showing an intermediate malignant
potential.7 The presence of high-grade (severe) dysplasia in
the lesion is also an indicator of malignant potential,7 with
low-grade (mild) dysplasia showing the lowest malignant
potential and moderate dysplasia an intermediate malignant
potential. 

Many studies have investigated cell proliferation in
colorectal neoplasms, both as a marker for colorectal cancer
in normal-appearing mucosa8,9 and correlating cell
proliferation with morphological features of the lesion.10,11

Cell proliferation visualised by immunocytochemical
methods has also been postulated as a prognostic indicator,12

with severely dysplastic lesions showing higher proliferative
rates than moderately and mildly dysplastic lesions. 

Cell proliferation has been shown to increase in line with
carcinogenesis (i.e., low expression in mildly dysplastic
adenomas increasing to higher expression in carcinoma 
in situ to highest expression in invasive carcinoma13), but not
all studies have corroborated these findings.14 It is believed
that cell proliferation and apoptosis are important factors in
carcinogenesis, and invasive carcinoma is the result of cell
proliferation overwhelming cell death (apoptosis).10,11,13,15,16

Cell proliferation is used as a prognostic marker in many
other tissues and disease states, including myxoid
liposarcoma,16 meningioma17 and cervical intraepithelial
neoplasia (CIN).18

There are many ways to label cell proliferation. By far the
easiest way on tissue sections is by immunocytochemistry.
The most widely used antibody is Ki-67, which recognises a
proliferation-specific nuclear antigen expressed in the 
G1, S, G2 and M phases of the cell cycle but not in G0 (i.e., not
in quiescent cells).19 A specific clone of the Ki-67 antibody,
MIB-1, is shown to be the most sensitive of all those
available.19

Cell proliferation in the colon during development is
shown to be regulated in part by a gene called CDX-2,20

which is part of the homeobox that is a 60 amino acid
encoding DNA sequence originally found in Drosophila and
subsequently identified in all three kingdoms of
multicellular animals.21 Homeobox genes are master
developmental control genes that regulate morphogenesis
and cell differentiation in animals and are implicated in
normal mammalian development, as well as in congenital
malformations and tumourogenesis.

The homeobox genes have been studied extensively over
the past few years. The proto-oncogenic potential of
homeobox genes has been shown in many studies22–24 and
particularly the role of CDX-1 and CDX-2 in the GI tract.
CDX-1 and CDX-2 are caudal-related homeobox genes, and,
as in Drosophila, are involved in development of the
posterior (caudal) segment of the animal.22,25 CDX-1 is
expressed predominantly in undifferentiated cells of the
intestinal crypts, whereas CDX-2 is expressed mostly in
differentiated cells of the intestine (e.g., villous cells).25

CDX-2 expression studies in mice show that in late
embryogenesis at a time of major GI developmental

transition the CDX-2 levels are markedly elevated.26 In adult
mice, CDX-2 is expressed at a markedly higher level in the
caecum than in the rectum, suggesting that this homeobox
gene has a positional role in the GI epithelium.27,28

Experiments on knockout mice shows that those that were
CDX-2 –/– died in utero and those that were CDX-2 +/–
developed hamartomatous polyps in the proximal colon that
ceased to express the solitary CDX-2 allele.29 Hamartomas are
excessive but focal overgrowths of cells that do not
reproduce the architecture of the surrounding tissue, even
though they develop from cells native to the organ in which
they arise.16 There is a tenuous line between hamartoma and
neoplasm and the same lesion may be described as either by
different observers.16 Thus, the loss of one CDX-2 allele
affects developmental growth of the intestine in a way that
some workers consider to be neoplastic.

In humans, CDX-2 is implicated in the gastric
carcinogenesis model (correa hypothesis),27,32,33 implicitly that
CDX-2 is responsible for intestinal differentiation that may
be present in a tumour.25,31 CDX-2 is also shown to be
aberrantly expressed in intestinal metaplasia, a precancerous
lesion of the gastric mucosa.25,30,31 The tumour suppression
potential of CDX-2 is shown through the observation of
decreased expression in the later stages of
tumourogenesis30,31 and in experiments involving forced
expression in cell lines resulting in decreased
tumourogenecity.30

CDX-2 is also involved in colorectal carcinogenesis. Down-
regulation is observed in colon cancer cell lines32 and is
related to tumour grade in human colorectal cancers,33 again
suggesting tumour suppressor potential. In fact, an
experiment on a colorectal cancer cell line has given a
potential mechanism for the potential tumour suppressor
effects of CDX-2.  The restoration of the wild-type APC gene
in a colorectal cancer cell line showed induction of CDX-2
expression, suggesting that CDX-2 contributes to APC
tumour suppressor effects (as previously discussed).34 Other
researchers have shown that down-regulation or silencing of
CDX-2 is present in colorectal carcinomas and that the
down-regulation is greater in high-grade (i.e., less
differentiated and/or highly pleomorphic) lesions.35–37

Materials and methods
This was a retrospective study using archival surgical
pathology tissue blocks from the Royal Berkshire Hospital,
Reading, Berkshire, UK. Ethical approval was sought and
gained from the West Berkshire Local Research Ethics
Committee in April 2004.

Tissue was taken at endoscopic investigation and
consisted of hot biopsy specimens and polypectomy
samples. They were fixed in neutral buffered formalin
(Genta Medical, UK) for a minimum of six and a maximum
of 24 hours prior to paraffin processing, which was
performed overnight using a VIP automated tissue
processor (Bayer, UK).

Following haematoxylin and eosin (H&E) staining, slides
were assessed for adenoma type (villous, tubulovillous or
tubular) and severity of dysplasia (mild, moderate or severe).
The criterion for assessing adenoma type was that a
diagnosis of villous or tubular adenoma required the villous
or tubular component to be at least 80% of the lesion’s
architecture. If this was not the case then it was diagnosed as
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a tubulovillous adenoma. Dysplasia severity was assessed
according to guidelines related to the degree of
pleomorphism, loss of nuclear polarity, loss of goblet cell
differentiation and architectural abnormality in the crypts.38

Immunocytochemistry for CDX-2 and MIB-1 was
performed on a semi-automated NexES immunostainer
(Ventana, France) in batches of 20 slides. A labelled avidin-
biotin method was employed with DAB (3,3’-
diaminobenzidine tetrahydrochloride) used as the
chromogen. Pretreatment of the slides involved heat-
mediated antigen retrieval (HMAR) in pH 6.0 citrate buffer
(HD Supplies, UK) for two minutes for both antibodies. 

Control material used in this study was taken from surgical
specimens from patients who had not refused consent for
taking tissue for research/training purposes. A single control
slide was included with every batch of slides stained. Gastric
intestinal metaplasia was used as the CDX-2-positive control
material and terminal ileum was used as the MIB-1-positive
control material. Staining was observed in metaplastic nuclei
(Fig. 1) and in intestinal crypt nuclei (MIB-1) (Fig. 2). 

CDX-2 immunocytochemical staining was scored taking
into account the proportion of dysplastic cells staining in the
adenoma and the intensity of that staining (Table 1). Scoring
of MIB-1 staining was by calculation of the percentage of the
dysplastic cell population that expressed MIB-1 (Table 2). 

Statistical significance of the results was evaluated using
two-way ANOVA tests and correlation analysis.

Results
CDX-2 expression and adenoma type
The range of CDX-2 scores for all adenoma types was 0–8,
with a mean value of 5.18 (Table 3). There was no statistically
significant variation in CDX-2 score between adenoma types
(P=0.16). 

CDX-2 expression and dysplasia severity
The range of CDX-2 scores for all levels of dysplasia severity
was 0–8, with a mean value of 4.93 (Table 4). There was no
statistically significant variation in CDX-2 score between
levels of dysplasia severity (P=0.11). 
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Fig 1. CDX-2 staining of intestinal metaplasia of the stomach.
Nuclear staining of metaplastic cells should be seen 
(original magnification x100).

Fig 2. MIB-1 staining of terminal ileum. 
Nuclear staining of lower crypt nuclei should be seen 
(original magnification x200).

Table 1. System used for calculating CDX-2 scoring.

Score for proportion of staining

0 = No nuclei staining

1 = <1% nuclei staining

2 = 1–10% nuclei staining

3 = 11–33% nuclei staining

4 = 34–66% nuclei staining

5 = 67–100% nuclei staining

Score for staining intensity

0 = No staining

1 = Weak staining

2 = Moderate staining

3 = Strong staining

Total score was achieved by addition of intensity score and
percentage score. 

Table 2. System used for calculating MIB-1 score.

Score Proportion of cells staining

0 No cells

1 <10% of cells

2 <20% but >10%

3 >20%

Table 3. Results for CDX-2 score by type of adenoma.

Dysplasia Total score No Mean

Tubular All 143 31 4.612903

Tubulovillous All 187 38 4.789474

Villous All 43 7 6.142857

All All 373 76 5.181745



MIB-1 expression and adenoma type
The range of MIB-1 scores for all adenoma types was 0–3,
with a mean value of 1.61 (Table 5). There was no statistically
significant variation in MIB-1 score between adenoma types
(P=0.54).

MIB-1 expression and dysplasia severity
The range of MIB-1 scores for all levels of dysplasia severity
was 0–3, with a mean value of 1.63 (Table 6). There was a
statistically significant variation in MIB-1 score between
levels of dysplasia severity (P=0.011). 

CDX-2 and MIB-1 expression
Correlation analysis showed an r value of 0.29 (i.e., no
convincing correlation). The r2 value was 0.08 and the P value
for the r and r2 values was 0.01. There was no statistically
significant correlation between CDX-2 and MIB-1 expression
(Table 7). 

Discussion
This study demonstrated that CDX-2 expression is not linked
to either adenoma type or severity of dysplasia. From
previously published literature it was expected that CDX-2
expression would reduce with increasing level of dysplasia
severity (increasing malignant potential and loss of epithelial
differentiation) and show lower expression in villous lesions
than in tubular lesions (decreasing expression of CDX-2 with
increasing malignant potential). However, the data suggest
greater expression with increasing severity of dysplasia and
increased expression (albeit marginally) in villous lesions.
However, this proved to have no statistical significance in
both instances. Hence, there is no statistically significant link
between CDX-2 expression and either dysplasia severity or
adenoma type.

It was also shown that MIB-1 expression (cell proliferation)
is not linked to adenoma type. It was thought that cell
proliferation would be increased in lesions of greater
malignant potential but the data do not show an upward
trend with increasing malignant potential. Statistically, there
is no link between MIB-1 expression and adenoma type. 

It is confirmed that MIB-1 is linked to the severity of
dysplasia in the lesion. This was strongly accepted at the 5%
significance level. The data show no upward trend with
increasing severity but statistically there was a significant
difference. This lack of an apparent upward trend was
probably due to the small sample size of mildly dysplastic
lesions relative to the moderately and severely dysplastic
lesions, which gave an incorrect impression of no trend.

Finally, the link between CDX-2 and MIB-1 expression was
subjected to correlation analysis. This showed a weak and
statistically insignificant correlation and therefore
acceptance at the 5% significance level that CDX-2 and 
MIB-1 expression do not correlate. This conflicts with
published research suggesting that cell proliferation is
regulated in part by CDX-2.  

The significance of the present findings is a further
understanding of the role of CDX-2 in neoplastic disease
processes. It is shown to be involved in premalignant
diseases of the GI tract and contributed to cell proliferation
in the neoplastic lesions in previous studies, and the present
study has reinforced the link with premalignant lesions.
However, this study has shown that CDX-2 expression in the

neoplastic cells has no role in defining either adenoma type
or severity of dysplasia, and fails to support a link between
CDX-2 expression and cell proliferation demonstrated in
other studies. 

Cell proliferation, studied by MIB-1 expression, is related
to the severity of dysplasia but not to adenoma type. There
are levels of malignant potential in dysplasia severity and in
adenoma type, but cell proliferation (disordered cell
proliferation is a hallmark of neoplastic disease) is only
related to one of the morphological features. This does not
contradict the fact that villous lesions show greater
malignant potential than do tubular lesions, but this greater
malignant potential is not due to disordered or increased cell
proliferation. The increasing severity of dysplasia, which
infers greater malignant potential, can be linked to
increasing cell proliferation, and is supported by the vast
majority of previous research in this area.

It should be noted that the sample size (n=76) studied is
not large and the limitations imposed by such a sample size
is evident in the results obtained with MIB-1. An increase in
MIB-1 expression was expected but this is not apparent in
the data relating to adenoma type and dysplasia severity.
Clearly, the small sample size limits the ability to draw firm
conclusions from the data produced.
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Table 4. Results for CDX-2 score by severity of dysplasia.

Total Score No Mean

Mild 43 10 4.3

Moderate 213 44 4.840909

Severe 124 22 5.636364

All 380 76 4.925758

Table 5. Results for MIB-1 score by type of adenoma.

Dysplasia Total Score No Mean

Tubular All 47 31 1.516129

Tubulovillous All 66 38 1.736842

Villous All 11 7 1.571429

All All 124 76 1.608133

Table 6. Results for MIB-1 score by severity of dysplasia.

Total Score No Mean

Mild 17 10 1.7

Moderate 62 44 1.409091

Severe 45 22 2.045455

All 124 76 1.631579

Table 7. Correlation analysis of CDX-2 and MIB-1 expression.

r r2 P one-tailed P two-tailed

0.2901 0.0842 0.005477 0.010953
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Further work to arise from this study should include a
comparison of results by image analysis of
immunocytochemistry staining. Visual analysis is subjective
and shows both inter-observer and intra-observer error.
Validation of visual techniques versus image analysis in
general should be undertaken, as the latter is likely to be
integrated in routine histopathology in the future and may
have an impact on scoring of immunocytochemical staining
in general. 

It has been suggested that cell proliferation could be used
as a prognostic marker in colorectal neoplasms to assess the
degree of dysplasia. From the present study it is clear that
there is a link between cell proliferation and dysplasia. Thus,
further investigation into cell proliferation and disease
recurrence (i.e., does high cell proliferation in adenomatous
lesions indicate a likelihood of recurrent disease or
progression to carcinoma?) and other prognostic factors
would be advantageous in determining whether or not cell
proliferation can be used as a prognostic marker in colorectal
neoplasms.

A link between CDX-2 and cell proliferation has been
highlighted in the literature; however, the present study
failed to demonstrate such a link. The exact mechanism of
any relationship remains unclear and clarification at the
molecular level would aid the understanding of a possible
link between CDX-2 expression and cell proliferation in
colorectal neoplasms. It has been shown that CDX-2 is a
developmental gene expressed in differentiated cells of the
colorectum, and a clear link between CDX-2 expression and
cell proliferation, demonstrated at the molecular level,
would add to the knowledge of colorectal carcinogenesis.

Colorectal carcinogenesis is a well-studied area with vast
knowledge of the adenoma-carcinoma sequence and the
mutations responsible. CDX-2 is a relatively new addition to
the genes known to play a role in carcinogenesis, and further
investigation of its exact role and interaction in cell
proliferation, its link with CDX-1, a closely related homeobox
gene, and with adenomatous polyps and adenocarcinoma of
the colorectum is required. 

In conclusion, this study shows a statistically significant
link between cell proliferation and dysplasia severity in
adenomatous lesions of the colorectum. However, it fails to
demonstrate a link between CDX-2 expression and adenoma
type, CDX-2 expression and dysplasia severity, and cell
proliferation (MIB-1 expression) and adenoma type. It also
fails to show any correlation between CDX-2 expression and
cell proliferation. Thus, further work should focus on CDX-2
and its role in colorectal carcinogenesis, and the exact
interactions it has with CDX-1 and cell proliferation
pathways. 5

Thanks are due to Mr David K.W. Fish, immunocytochemistry
specialist at the Royal Berkshire Hospital, for his technical
expertise.

References
1 Cooper HS. Benign epithelial polyps of the intestines. In: Ming

SC, Goldman H, eds. Pathology of the gastrointestinal tract (2nd
edn). Maryland, US: Williams and Wilkins, 1998: 819–53.

2 Allum WH, Griffin SM, Watson A et al. Guidelines for the
managemnt of oesophageal and gastric cancer. Gut 2002; 50
(Suppl V): v1–v23.

3 Gryfe R, Swallow C, Bapat B et al. Molecular biology of
colorectal cancer. Curr Probl Cancer 1997; 21 (5): 233–300.

4 Clevers H. Wnt breaks in colon cancer. Cancer Cell 2004; 
5 (1): 5–6.

5 Lovig T, Thorstensen B, Hofstad S et al. Genetic and protein
markers related to in situ growth and multiplicity in small
sporadic colorectal adenomas. Scand J Gastroenterol 2003; 
3; 298–306.

6 Rickert RR, Auerbach O, Garfinkle L et al. Adenomatous lesions
of the large bowel and colon: an autopsy survey. Cancer 1979; 
43: 1847–57.

7 Shinya H, Wolff WI. Morphology, anatomic distribution and
cancer potential of polyps: an analysis of 7000 polyps
endoscopically removed. Ann Surg 1979; 190: 679–83.

8 Akedo I, Ishikawa H, Ioka T et al. Evaluation of epithelial cell
proliferation rate in normal appearing colonic mucosa as a high
risk marker for colorectal cancer. Cancer Epidemiol Biomarkers
Prev 2001; 10: 925–30.

9 Paspatis GA, Zizi A, Chlouverakis GJ et al. Proliferative patterns
of rectal mucosa as predictors of advanced colonic neoplasms in
routinely processed rectal biopsies. Am J Gastroenterol 1998: 
93 (9): 1472–7.

10 Hao X, Du M, Bishop A et al. Imbalance between proliferation
and apoptosis in the development of colorectal carcinoma.
Virchows Arch 1998; 433: 523–27.

11 Nomura M, Watari J, Yokota K et al. Morphogenesis of
nonpolypoid colorectal adenomas and early carcinomas
assessed by cell proliferation and apoptosis. Virchows Arch 2000;
437: 17–24.

12 Sheikh R, Min BH, Yasmeen S et al. Correlation of Ki-67, p53 and
Adnab-9 immunohistochemical staining and ploidy with clinical
and histopathological features of severely dysplastic colorectal
adenomas. Dig Dis Sci 2003; 48: 223–9.

13 Sugao Y, Koji T, Yao T et al. The incidence of apoptosis during
colorectal tumourogenesis. Int J Surg Pathol 2000; 8 (2): 123–32.

14 Valassiadou KE, Stefanaki K, Vlachonikolis I et al.
Immunohistochemical expression of MIB1 (KI-67) protein in
colorectal adenocarcinomas. E J Pathol

15 Kikuchi Y, Dinjens WNM, Bosman FT. Proliferation and
apoptosis in proliferative lesions of the colon and rectum.
Virchows Arch 1997; 431: 111–7.

16 Ikenaga M, Takano Y, Ohtani Y et al. Low levels of apoptosis and
proliferative activity in colorectal villous tumours: comparison
with tubular tumours. Pathol Int 1998; 48: 453–9. 

17 Devaprasath A, Chacko G. Diagnostic validity of the Ki-67
labelling index using the MIB-1 monoclonal antibody in the
grading of meningiomas. Neurol India 2003; 51: 336–40.

18 Kruse A-J, Baak JPA, De Bruin PC et al. Ki-67
immunoquantitation in cervical intraepithelial neoplasia (CIN):
a sensitive marker for grading. J Pathol 2001; 193: 48–54.

19 Lindboe CF, Torp SH. Comparison of Ki-67-equivalent
antibodies. J Clin Pathol 2002; 55: 467–74.

20 Suh E, Traber PG. An intestine-specific homeobox gene
regulates proliferation and differentiation. Mol Cell Biol 1996;
16(2): 619–25.

21 Mark M, Rijli FM, Chambon P. Homeobox genes in
embryogenesis and pathogenesis. Pediatr Res 1997; 42 (4): 421–9.

22 Maulbecker CC, Gruss P. The oncogenic potential of deregulated
homeobox genes. Cell Growth Differ 1993; 4 (5): 431–41.

23 Wicking C, Simms L, Evans T et al. CDX-2, a human 
homologue of Drosophila caudal, is mutated in both alleles in a
replication error-positive colorectal cancer. Oncogene 1998; 17 (5);
657–9.

BRITISH JOURNAL OF BIOMEDICAL SCIENCE 2006 63 (2)

CDX-2 and MIB-1 expression in the colorectum



BRITISH JOURNAL OF BIOMEDICAL SCIENCE 2006 63 (2)

24 Abate-Shen C. Deregulated homeobox gene expression in
cancer: cause or consequence? Nat Rev Cancer 2002; 2 (10):
777–85.

25 Almeida R, Silva E, Santos-Silva F et al. Expression of intestine-
specific transcription factors, CDX1 and CDX2, in intestinal
metaplasia and gastric carcinomas. J Pathol 2003; 199: 36–40.

26 James R, Erler T, Kazenwadel J. Structure of the murine
homeobox gene CDX-2. J Biol Chem 1994; 269 (21): 15229–37.

27 Brittan M, Wright NA. Stem cell in gastrointestinal structure and
neoplastic development. Gut 2004; 53: 899–910.

28 Tamai Y, Nakajima R, Ishikawa T et al. Colonic hamartoma
development by anomalous duplication in Cdx2 knockout mice.
Cancer Res 1999; 59: 2965–70.

29 Seno H, Oshima M, Taniguchi M-A et al. CDX2 expression in the
stomach with intestinal metaplasia and intestinal type cancer:
prognostic implications. Int J Oncol 2002; 21: 769–74.

30 Satoh K, Mutoh H, Eda A et al. Aberrant expression of CDX2 in
the gastric mucosa with and without intestinal metaplasia: effect
of eradication of Helicobacter pylori. Helicobacter 2002; 7 (3): 192–8.

31 Mizoshita T, Tsukamoto T, Inada K-I et al. Immuno-
histochemically detectable Cdx2 is present in intestinal
phenotypic elements in early gastric cancers of both
differentiated and undifferentiated types, with no correlation to
non-neoplastic surrounding mucosa. Pathol Int 2004; 54: 392–400.

32 Mallo GV, RechrecheH, Frigerio J-M et al. Molecular cloning,
sequencing and expression of the mRNA encoding human Cdx1
and Cdx2 homeobox. Down-regulation of Cdx1 and Cdx2
mRNA expression during colorectal carcinogenesis. Int J Cancer
1997; 74: 35–44.

33 Freund J-N, Domon-Dell C, Kedinger M et al. The Cdx-1 and
Cdx-2 homeobox genes in the intestine. Biochem Cell Biol 1998;
76: 957–69.

34 da Costa LT, He T-C, Yu J et al. CDX-2 is mutated in a colorectal
cancer with normal APC/β-catenin signaling. Oncogene 1999; 18:
5010–4.

35 Ee HC, Erler T, Bhatal PS et al. Cdx-2 homeodomain protein
expression in human and rat colorectal adenoma and
carcinoma. Am J Pathol 1995; 147 (3): 586–92.

36 Brabletz T, SpadernaS, Kolb J et al. Down-regulation of the
homeodomain factor Cdx2 in colorectal cancer by collagen type
I: an active role for the tumour environment in malignant
tumour expression. Cancer Res 2004; 64: 6973–7.

37 Hinoi T, Loda M, Fearon ER. Silencing of CDX2 expression in
colon cancer via a dominant repression pathway. J Biol Chem
2003; 45 (7): 44608–16.

38 Leake R, Barnes D, Pinder S et al. Immunohistochemical
detection of steroid receptors in breast cancer: a working
protocol. J Clin Pathol 2000; 53 (8): 634–5.

73


