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Abstract

AIM: To evaluate the role of CDX2 homeobox protein as
a predictor for cancer progression and prognosis as well
as its correlation with MUC2 expression. CDX2 represents
a transcription factor for various intestinal genes (including
MUC2) and thus an important regulator of intestinal
differentiation, which could previously be identified in
gastric carcinomas and intestinal metaplasia.

METHODS: Formalin-fixed and paraffin-embedded tissues
from 190 gastric carcinoma patients were stained with
monodional antibodies recognizing CDX2 and MUC2, respectively.
Immunoreactivity was evaluated semiquantitatively and
statistical analyses including y? tests, uni- and multi-variate
survival analyses were performed.

RESULTS: CDX2 was mostly expressed in a nuclear or
supranuclear pattern, whereas MUC2 showed an almost
exclusive supranuclear reactivity. Both antigens were
present in >80% of areas exhibiting intestinal metaplasia.
An immunoreadtivity in >5% of the tumor area was observed
in 57% (CDX2) or in 21% (MUC2) of the carcinomas. The
presence of both molecules did not correlate with WHO,
Laurén and Goseki classification (with the exception of a
significantly stronger MUC2 expression in mucinous
tumors). CDX2 correlated with a lower pT and pN stage
in the subgroups of intestinal and stage I cancers and
was associated with MUC2 positivity. A prognostic impact
of CDX2 or MUC2 was not observed.

CONCLUSION: CDX2 and MUC2 play an important role
in the differentiation of normal, inflamed, and neoplastic
gastric tissues. According to our results, loss of CDX2
may represent a marker of tumor progression in early gastric

cancer and carcinomas with an intestinal phenotype.
© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

CDX2 (caudal type homeobox 2) belongs to the group of
homeobox (hox) genes and is characterized by structural
and functional similarities to the homeobox gene caudal
expressed in Drosophila melanogaster’?. All homeobox genes
code for a so-called homeodomain, a typical amino acid
sequence (of about 60 amino acids), which binds DNA and
controls the transcription of several genes. Thereby, especially
the morphologic diversification along the antetior-posterior
axis of the body is determined™®. Mice with a homozygote
¢dx2 knockout die within 5 d after conception, whereas
¢dx2 heterozygosity leads to malformations of the skeleton
and the development of multiple adenomatous polyps,
especially in the proximal colon within the first three months
of life. During the embryogenesis of intestinal tissues,
CDX2 is also involved in the process of proliferation and
differentiation™”. In this context CDX2 regulates the
expression of sucrase-isomaltase, lactase, phospholipase A/
lysophospholipase in the small bowel™ and catboanhydrase
1 in the colonPl.

The distribution of CDX2 in human gastrointestinal
tissues was investigated by Mizoshita ez a/'”. They observed
the highest levels of cx2 mRNA in the cecum and colon,
lower levels in other tracts of the intestine, and a lack of
expression in the stomach. However, in ¢/x2-transgenic mice,
gastric epithelia are transformed into intestinal ones!"'l. In
humans, an infection with He/icobacter pylori induces a CDX2
expression!’?, which is characterized by a cytoplasmic or
supranuclear staining! . A nuclear CDX2 expression could
be demonstrated in intestinal metaplasia as well as in gasttic
carcinomas of the intestinal type according to Laurén('>'],
A positivity of gastric mucosa exhibiting intestinal metaplasia
was observed in about 90% of the cases, whetreas about 50%
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of the carcinomas showed a CDX2 immunoreactivity!"*',

Differentiated adenocarcinomas are characterized by a
higher CDX2 expression compared with undifferentiated
tumors!, and correlating with a stronger reactivity in the
intestinal zs diffuse phenotype!*'®. On the other hand, Almeida
et al™, did not observe a significant correlation of CDX2
and the histopathological tumor type, coinciding with the
hypothesis that diffuse-type carcinomas may exhibit features
of intestinal differentiation!''", Recent studies reported an
inverse correlation between CDX2 expression and the depth
of invasion as well as lymph node metastasis">'". In a seties of
40 patients, those with CDX2 positive tumor had a significantly
highet sutvival probability!l.

Interestingly, CDX2 also binds to the promoter of the
intestinal-type mucin MUC2 and thereby activates MUC2
translation and expression!. Whereas normal gastric mucosa
does not express MUC2P"* intestinal metaplasia is chatacte-
rized by a reduction of gastric mucin types (MUC5AC and
MUCG6) and an ectopic MUC2 production?™**2%, In
metaplasial"* and in gastric carcinomas!", CDX2 and
MUC2 are co-expressed. However, previous results regarding
correlations of MUC2 expression in gastric cancer with
clinico-pathological parameters and prognosis are
contradictory!"®***?"% Thetefore, we studied the expression
of CDX2 and MUC2 proteins immunohistochemically in a
seties of 190 patients suffering from gasttic adenocarcinomas.
The staining results were correlated with each other, vatious
clinical and pathological factors as well as survival data.

MATERIALS AND METHODS

Patients

The study comprised 190 patients, which underwent a
potentially curative total or partial gastrectomy between 1982
and 1991. One hundred patients were male, 90 were female.
The mean age was 61.1 years (SD*13.0) with a median of
61.3 years. Patients who died within 4 wk after the surgical
intervention were excluded from the study (post-operative
mortality). A (neo-)adjuvant radio-or chemotherapy was not
performed. Surviving patients were followed-up for at least
5 years. All carcinomas wete classified pathologically according
to the classifications of the UICCF!, WHOPY, LaurénP?,
and Goseki ez @Y. The distribution is shown in Table 2.

Tissue preparation, monoclonal antibodies, and
immunohistochemicalmethod

Tumor and corresponding normal tissues were fixed in 3.7%
formaldehyde and embedded in paraffin. After cutting of
5-um thick sections, de-paraffinization was performed
according to standard pathological procedures, followed by
a microwave pre-treatment (2 minX5 min at 600 W in citrate
buffer, pH 6.0). Afterwards, sections were washed in cold
water for about 15 min. Endogenous peroxidase activity
was blocked by 0.3% H,O,in methanol (20 min, RT). After
washing once with water and twice with tris-buffered saline
(IBS), pH 7.6, the incubation with monoclonal antibodies
directed against CDX2 (Biogenex, San Ramon, USA) or
MUC2 (Novocastra, Newcastle-upon-Tyne, UK) followed.
Both were incubated in a dilution of 1:100 (v/v) in antibody
dilution buffer (Zymed, San Francisco, USA) overnight

at 4 'C and TBS was used as negative control. After
washing twice with TBS, the sections were incubated with
EnVision™+HRP (DAKO, Hamburg, Germany) for 30 min
at RT. The sections were washed twice again with TBS
followed by 3-amino-9-ethylcarbazol solution (DAKO,
Hamburg, Germany) in order to visualize the reaction (30 min,
RT). Counterstaining with hematoxylin and embedding in
glycerol jelly concluded the immunohistochemical staining
procedure.

Microscopic scoring and statistical analyses

A semiquantitative microscopic evaluation was performed
by two pathologists independently. Nuclear, supranuclear
and cytoplasmic staining was scored according to the
petrcentage of positive tumor cells as follows: score 0: 0-5%
positive tumor cells; score 11 >5-35% positive tumor cells;
score 2 >35-65% positive tumor cells; score 31 >65%
positive tumor cells. Different scores were observed in less
than 10% of the cases, a consensus could always be achieved.
Cases with score 0 were regarded as negative, cases with
score 1-3 as positive.

The data were analyzed statistically using the software
(version 4.57) StatView for Windows (Abacus, Berkeley,
CA, USA). The relationship between CDX2 and MUC2
immunoreactivity, respectively, and clinico-pathological
parameters was evaluated using ¥ tests at a significance
level of 5%. Univariate survival analysis was petformed
according to Kaplan-Meiet™ ), applying the log-rank
(Mantel Cox) test.

RESULTS

Immunohistochemical staining patterns of CDX2 and MUC2
in normal gastric mucosa, intestinal metaplasia, and
carcinomas

Non-neoplastic gastric mucosa was present in most cases
(7 = 104) in the neighborhood of the carcinomas. It was
mostly reactively altered (inflammatory reactions) and
exhibited a supranuclear CDX2 staining in the majority of
the cases (54.8%), whereas others showed a cytoplasmic or
nuclear reactivity only and 18.3% was CDX2 negative.
CDX2 was mostly found in the deep parts of the gastric
glands. Only few cases (8.6%) of intestinal metaplasia (7 = 58)
were completely negative for CDX2 and in the positive
areas, a nuclear or mixed staining in several cell compartments
predominated. Among the carcinomas, 42.6% did not express
CDX2, and most of the positive cases were reactive in the
nuclear and supranuclear cell compartments (Figure 1 and
Table 1). On the other hand, MUC2 was only detected in a
supranuclear pattern. Whereas most normal (93.3%) and
carcinomatous (78.4%) tissues remained negative, intestinal
metaplasia was immunoreactive in 84.5% of the cases

(Figure 1 and Table 1).

Correlation of CDX2 and MUC2 immunoreactivity with clinico-
pathological parameters

CDX2 or MUC2 positivity or negativity, respectively, was
correlated with vatious clinico-pathological parameters applying
¥ tests. Whereas the status of CDX2 immunoreactivity did
not show any association with these variables, MUC2 was
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Figure 1 Supranuclear CDX2 immunostaining in non-neoplastic gastric mucosa
(A), signet-ring cell carcinoma (B) and tubular adenocarcinoma (C) of the

significantly stronger in mucinous compared with other types
of adenocarcinomas (Table 2). However, if carcinomas of
the intestinal type according to Laurén were separately
analyzed, a correlation between CDX2 and pTNM as well
as pN staging was observed (Table 3). In addition, female
and older (>060 years) patients with intestinal type gastric
carcinoma exhibited a higher rate of CDX2 positive cases
(Table 3) (within this subgroup). On the other hand, MUC2
expression was present in 10.7% of younger (60 years)
and 26.5% of older patients in the subgroup of diffuse
carcinomas according to Laurén (P = 0.04).

Correlation of CDX2 and MUC2 immunoreactivity

In 7 tests, a positive cotrelation between CDX2 and MUC2
immunoreactivity could be observed in the total group of
patients under study, as well as in the following subgroups:

stomach. MUC2 expression in non-neoplastic gastric tissue (D), signet-ring cell
(E) and tubular adenocarcinoma (F).

intestinal and diffuse type according to Laurén, stage I
cancers according to the UICC classification (Table 4).

Analysis of the prognostic relevance of CDX2 and MUC2

The immunoreactivity of both antigens was tested with regard
to a possible prognostic importance according to the univariate
survival analysis as described by Kaplan and Meiert?. CDX2
and MUC2 did not show any significant association with
patients’ survival probability (Table 5). The same result was
obtained, when subgroups according to Laurén and UICC
classification were investigated separately (data not shown).

DISCUSSION

In the present study, a CDX2 immunoreactivity was observed
in the majority of gastric mucosal tissue under study. A supra-

Table 1 Expression of CDX2 and MUC2 in non-tumorous gastric mucosa, intestinal metaplasia, and carcinomas

Localization of staining Score Gastric mucosa (%) Intestinal metaplasia (%) Carcinoma (%)
CDX2 0 19 (18.3) 5(8.6) 81 (42.6)
Nuclear 1 2(19) 3(5.2) 6(3.2)
2 1(1) 5(8.6) 9(47)
3 3(2.9) 12 (20.7) 8(42)
Supranuclear 1 17 (16.3) 5(8.6) 14 (7.4)
2 18 (17.3) 2(34) 18 (9.5)
3 22 (21.2) 6(10.3) 31 (16.3)
Cytoplasmic 1 10 (9.6) 0 3(1.6)
2 4(38) 0 2(1.1)
3 3(29) 0 2(11)
Mixed 1 0 0 2(11)
2 3(29) 1(17) 2(1.1)
3 2(1.9) 19 (32.8) 12 (6.3)
MUC2 0 97 (93.3) 9 (15.5) 149 (78.4)
Supranuclear 1 5(4.8) 19 (32.8) 22 (11.6)
2 2(19) 14 (24.1) 13 (6.8)
3 0 16 (27.6) 6(32)
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Table 2 Correlation of CDX2 and MUC2 expression with clinico-pathological parameters and classifications

Parameter n CDX2 positive cases (%) MUC2 positive cases (%)
Age (y1)
<60 yr 87 48 (55.2) 14 (16.1)
>60 yr 103 61 (59.2) 27 (26.2)
P 0.57 0.09
Gender
Female 90 57 (63.3) 21 (23.3)
Male 100 52 (52) 20 (20)
p 0.11 0.58
WHO classification
Mucinous 4 3 (75) 4 (100)
Signet-ring cell 85 49 (57.6) 13 (15.3)
Tubular/papillary 80 47 (58.8) 20 (25)
Undifferentiated 21 10 (47.6) 4 (19)
p 0.71 0.0007
Laurén classification
Diffuse 105 61 (58.1) 19 (18.1)
Intestinal 70 40 (57.1) 18 (25.7)
Unclassified / mixed 15 8(53.3) 4(26.7)
p 0.94 043
Goseki classification
Typel 54 30 (55.6) 14 (25.9)
Typell 22 16 (72.7) 6(27.3)
Typelll 20 9 (45) 3 (15)
TypelV 94 54 (57.4) 18 (19.1)
p 0.33 0.60
pTNMstages
I 53 29 (54.7) 7(13.2)
I 58 41 (70.7) 18 (31)
I 54 27 (50) 10 (18.5)
v 25 12 (48) 6 (24)
p 0.09 0.13
pT stages
pT1 33 16 (48.5) 4(12.1)
pT2 112 69 (61.6) 28 (25)
pT3 32 18 (56.3) 6 (18.8)
pT4 13 6(45.2) 3(23.1)
p 0.46 0.44
pNstages
pNO 52 31 (59.6) 8 (15.4)
pN1 76 48 (63.2) 21 (27.6)
pN2 52 25 (48.1) 9(17.3)
pN3 10 5 (50) 3(30)
p 0.36 0.28

nuclear staining pattern was prevalent, but a cytoplasmic or
nuclear expression was also present, as desctibed earlier! >,
Such an expression may be induced by inflammatory
reactions caused by H pylori infection and may precede the
development of an intestinal phenotypel">'*"). Intestinal
metaplasia exhibited a stronger CDX2 staining compared
with carcinomas (91.4% vs 57.4%). Analogous results of
other groups!"*'9 are confirmed by our data. Since CDX2
exerts an important function regarding differentiation and
maintenance of an intestinal phenotype®”, its loss may lead
to an uncontrolled proliferation, as observed in the colon™
and lung?”. Some authors observed a stronger CDX2 expression
in differentiated compared with undifferentiated tumor of
the stomach!>'%, whereas we and others!"**? failed to confirm
this finding. With regard to possible correlations with the
histopathological tumor type according to Laurén, a stronger
CDX2 reactivity in intestinal »s diffuse type cancers was
reported">l. Our data are retrieved from a greater seties

of patients and confirm the results of other authors!"**,

who did not describe such associations. A correlation of CDX2
expression and tumor progression as reflected by staging
and lymph node metastasis was present in intestinal-type
cancers in our study. In the total patient seties a similar tendency
was found, which was not significant, as opposed to previous
reports>%. Analogously, Seno e a/'), observed a significantly
better prognosis of CDX2 positive vs. negative carcinomas
in a series of 40 patients. Our data show a similar tendency,
which was statistically insignificant, however.

In morphologically normal or reactively altered gastric
mucosa, only few glands contained MUC2 positive cells.
Such a pattern presumably reflects an initial step of intestinal
differentiation, since normal gastric mucosa does not express
significant amounts of MUC2P** whereas MUC2 mRNA
may be elevated even in the absence of intestinal metaplasia®.
However, the overwhelming majority of areas exhibiting

intestinal metaplasia is MUC2 positive, as observed earlier* 7],
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Table 3 Correlation of CDX2 expression with clinico-pathological
parameters and classifications in intestinal carcinomas according to
Laurén

Parameter n CDX2 positive cases (%)
Age (y1)

<60 yr 26 10 (38.5)

>60 yr 44 30 (68.2)
P 0.02
Gender

Female 29 21 (72.4)

Male 41 19 (46.3)
P 0.03
pTNMstages

I 21 13 (61.9)

11 23 18 (78.3)

il 17 4(23.5)

v 9 5(55.6)
P 0.01
pNstages

pNO 22 14 (63.6)

pN1 26 18 (69.2)

pN2 20 6 (30)

pN3 2 2 (100)
P 0.02

MUC2 expression in gastric carcinomas vatied significantly
in dependence from the histological subtype. All mucinous
carcinomas under study were immunoreactive, followed by
tubular and papillary (25%), undifferentiated (19%) and
signet-ring cell (15%) carcinomas according to the WHO
classification. A correlation with subtypes according to the
Laurén classification was not demonstrated. These data
confirm previous observations in part?*), whereas other
groups reported contradictory results®**%4041 especially
with regard to associations between MUC2 expression and
mucinous differentiation or intestinal »s diffuse type. A
significant correlation with pTNM staging and MUC2
expression could not be found, as published by Akyiirek
et al*Y. Previous data suggesting associations between a

Table 4 Correlation of CDX2 and MUC2 expression

n CDX2negative ~ CDX2 positive

All cases 190 81 109

MUC2 negative 149 72 77

MUC?2 positive 41 9 32

p 0.003
Intestinal type (Laurén) 70 30 40

MUC2 negative 52 26 26

MUC?2 positive 18 4 14

p 0.04
Diffuse type (Laurén) 105 44 61

MUC2 negative 86 41 45

MUC?2 positive 19 3 16

p 0.01
Stage I (P TNM) 53 24 29

MUC2 negative 46 24 22

MUC2 positive 7 0 7

p 0.01

positive MUC2 status and a better prognosis?**, at least in

the group of intestinal carcinomas®), could not be confirmed
in the present study. However, a different monoclonal antibody
and another immunohistochemical detection system were
applied.

As desctibed earliet, CDX2 and MUC2 expression
correlated positively. This association was independent from
the histopathological subtype (Laurén classification) and an
analogous result was obtained in stage I tumors. Considering
the results of Satoh ez et it is tempting to speculate that
gastric mucosa cells exhibiting nuclear CDX2 represent a
transient form resulting in intestinally differentiated metaplastic
cells. This hypothesis fits in with the role of CDX2 as a
transcription factor of intestinal gene products like MUC2.
Confirming such a functional relationship, binding of CDX2
to a special sequence of the MUC2 promoter was demonstrated
in cdx2-transfected COS-7 cells". This sequence contains
a CDX2 protein binding site TTTA(C/'T), which was also

Table 5 Univariate survival analysis with regard to the CDX2 and MUC2 expression

Observations Uncensored Censored Survival (yr) SD P (log-rank)
CDX2 expression
Negative 81 57 24
Q1 (25%) 0.799 0.216
Median 1.884 0.062
Q2 (75%) 0 0
Mean 3.606 0.369
Positive 109 72 37
Q1 (25%) 1.060 0.069
Median 2.968 1.108
Q2 (75%) 11.524 0
Mean 5.184 0.461 0.28
MUC2 expression
Negative 149 100 49
Q1 (25%) 0.942 0.102
Median 2171 0.368
Q2 (75%) 11.524 0
Mean 4.966 0.394
Positive 41 29 12
Q1 (25%) 1.024 0.361
Median 2.557 1.284
Q2 (75%) 0 0
Mean 2.788 0.315 0.61




Roessler K et a.. CDX2 and MUC2 in gastric carcinomas

3187

described in the context of other typical intestinal genes
like sucrase-isomaltase, lactase™?, and guanylyl cyclase-CM*.
In conclusion, our data confirm that CDX2 represents
a transcription factor which is involved in different aspects
of gastric pathogenesis. It may be of special importance in
inflammatory conditions resulting in the development of
intestinal metaplasia. However, CDX2 expression is reduced
in gastric carcinomas as compared with intestinal metaplasia.
On the other hand, it is associated with tumor progression
in the subgroup of intestinal carcinomas according to Laurén
as well as early cancers (stage I). A significant correlation
with survival probability was not observed at all. In addition,
CDX2 expression is positively associated with MUC2 levels.
The latter is strongly detectable in mucinous adenocarcinomas
but does not exhibit correlations with other relevant clinico-
pathologically parameters of gastric carcinomas.
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