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Epithelial-mesenchymal transition (EMT) involving
down-regulation of E-cadherin is thought to play a
fundamental role during early steps of invasion and
metastasis of carcinoma cells. The aim of our study
was to elucidate the role of EMT regulators Snail , SIP1
(both are direct repressors of E-cadherin), and Twist
(an activator of N-cadherin during Drosophila embry-
ogenesis), in primary human gastric cancers. Expres-
sion of Snail , SIP1, and Twist was analyzed in 48
gastric carcinomas by real-time quantitative RT-PCR
in paraffin-embedded and formalin-fixed tissues. The
changes of expression levels of these genes in malig-
nant tissues compared to matched non-tumorous tis-
sues were correlated with the expression of E- and
N-cadherin. From 28 diffuse-type gastric carcinomas
analyzed reduced E-cadherin expression was detected
in 11 (39%) cases compared to non-tumorous tissues.
Up-regulated Snail could be found in 6 cases with
reduced or negative E-cadherin expression. However,
there was no correlation to increased SIP1 expres-
sion. Interestingly, we could detect abnormal expres-
sion of N-cadherin mRNA in 6 cases, which was cor-
related with Twist overexpression in 4 cases. From 20
intestinal-type gastric cancer samples reduced E-cad-
herin expression was found in 12 (60%) cases, which
was correlated to up-regulation of SIP1, since 10 of
these 12 cases showed elevated mRNA levels, whereas
Snail , Twist, and N-cadherin were not up-regulated.
We present the first study investigating the role of
EMT regulators in human gastric cancer and provide
evidence that an increase in Snail mRNA expression is
associated with down-regulation of E-cadherin in dif-
fuse-type gastric cancer. We detected abnormally pos-
itive or increased N-cadherin mRNA levels in the same
tumors, probably due to overexpression of Twist.
SIP1 overexpression could not be linked to down-

regulated E-cadherin in diffuse-type tumors, but was
found to be involved in the pathogenesis of intestinal-
type gastric carcinoma. We conclude that EMT regu-
lators play different roles in gastric carcinogenesis
depending on the histological subtype. (Am J Pathol
2002, 161:1881–1891)

E-cadherin, a homophilic Ca2�-dependent cell adhesion
molecule located in adherens junctions of epithelia, plays
a critical role in the suppression of tumor invasion; its loss
of function coincides with increased tumor malignancy.
This is supported by the findings that most epithelial
cancers display down-regulated or inactivated E-cad-
herin and several research groups have shown that re-
gain of functional E-cadherin suppresses invasion in
many tumor cell types.1,2 Cavallaro recently suggested
that loss of E-cadherin may even actively participate in
tumor progression.3

Cadherin mediated cell adhesion also plays a critical
role in early embryonic development, where numerous
phenotypic changes occur through a mechanism called
epithelial-mesenchymal transition (EMT). The acquisition
of a fibroblastic phenotype is accompanied by the loss of
E-cadherin and allows cells to dissociate from epithelial
tissue to migrate freely. This is an essential event during
gastrulation movements and neural crest formation, but
has also been suggested to play a fundamental role
during early steps of invasion and metastasis of carci-
noma cells4 and proposes the same molecules triggering
EMT to be involved in tumor progression, invasion, and
metastasis.

There are multiple mechanisms inactivating the E-cad-
herin mediated cell adhesion system in cancer, such as
gene mutations, promoter hypermethylations, chromatin
rearrangements, post-translational truncation5 or modifi-
cation, and the recently highlighted transcriptional re-
pressors.6–9
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Several studies of the human E-cadherin promoter,10

mainly carried out by Cano et al7,11,12 revealed regulatory
elements located in the 5� proximal sequence of the
promoter. Among them the E-pal element (containing two
E-boxes) which acts as a repressor and can even over-
come the effects of positive factors acting on the proximal
promoter.11 One of the zinc finger proteins targeting
these E-boxes is the transcription factor Snail which was
shown to be a strong repressor of transcription of the
E-cadherin gene.7,13 Snail was found to evoke tumori-
genic and invasive properties in epithelial cells on over-
expression.7 Another zinc finger protein postulated as
invasion promoter, as it can repress E-cadherin transcrip-
tion via promoter binding, is SIP1 (Smad interacting pro-
tein 1).8 Snail and SIP1 bind to partly overlapping pro-
moter sequences and show similar silencing effects.

A further molecule known to trigger EMT mechanisms
is Twist, a transcription factor containing a helix-loop-
helix DNA binding domain essential for the initiation of
N-cadherin expression in Drosophila.14 Twist is possibly
involved in the E- to N-cadherin switch during EMT. How-
ever, at present it is unclear whether E-cadherin tran-
scription can be repressed directly by Twist. Forced N-
cadherin expression was found to exert a dominant effect
over E-cadherin function in breast cancer cells15 and
expression of N-cadherin in normal epithelial cells re-
sulted in down-regulation of E-cadherin expression.16

Recent studies have shown that N-cadherin enhances
tumor cell motility and migration.16–18

It has been observed that Snail expression is inversely
correlated with E-cadherin mRNA levels in several epi-
thelial tumor cell lines, eg, MDA-MB-435 breast cancer
cells express high levels of Snail and E-cadherin mRNA
cannot be detected in these cells, whereas MCF-7, a less
transformed breast cancer cell line, still expresses E-
cadherin but lacks Snail mRNA.6 Reverse correlation of
Snail and E-cadherin was also detected in hepatocellular
carcinoma-derived cell lines,19 in oral squamous cell car-
cinoma clones,20 and in human primary melanocytes.21

Very recently, Snail expression was found to be involved
in progression of breast ductal tumors.22 We chose to
analyze the role of Snail and additional EMT regulators in
down-regulation of E-cadherin in gastric carcinomas,
where two morphologically and genetically different vari-
ants, diffuse-type and intestinal-type gastric cancer, are
known, which may also show differences in the expres-
sion of the EMT regulators. The mechanism for loss of
functional E-cadherin in gastric cancer includes muta-
tions of the gene itself (50% of diffuse-type gastric car-
cinoma, absent in intestinal-type gastric cancer),23–25

and promoter hypermethylation.10 However, inactivation
of E-cadherin due to mutation, hypermethylation, or loss
of heterozygosity (LOH) is seen in only a fraction of
cases. The underlying mechanisms of E-cadherin loss in
the remaining cases is not clear. Possibly, E-cadherin
mRNA expression is down-regulated by EMT regulators.
In this study focusing on the distinct carcinogenetic path-
ways for intestinal and diffuse type gastric carcinoma, we
propose a model of E-cadherin-dependent carcinogen-
esis that integrates EMT regulators, E-cadherin muta-
tions, and E-cadherin expression.

Materials and Methods

Tissue Samples

A series of 48 gastric carcinomas from the Klinikum
Rechts der Isar TU Munich were analyzed. The material
was composed of 28 diffuse-type and 20 intestinal-type
tumors and histologically verified by two experienced
pathologists (I. Becker and H. Höfler) using an hematox-
ylin and eosin stained reference section. Only clear dif-
fuse-type or intestinal type gastric cancers were in-
cluded. Occasionally, intestinal metaplasia was seen but
the sections used for the analysis did not show intestinal
metaplasia. The diffuse-type cases have partly been
used for other studies and the E-cadherin mutation status
of the collective was determined by mutation specific
monoclonal antibodies to include deletion mutants of
exon 9 and 8.26,27 Thus the collective is not randomized.

From all patients archival material from the archive of
the Institute of Pathology was used for the analysis. In
addition, from patients with diffuse-type tumors, fresh-
frozen material was used for E-cadherin mutation analy-
sis. Immunohistochemical analysis and quantitative real-
time TaqMan PCR were performed using archival
material. From all patients tumorous (containing at least
80% tumor cells) and non-tumorous tissues were ana-
lyzed after macrodissection. E-cadherin mutation analy-
sis was done after RNA extraction from fresh-frozen ma-
terial.

E-Cadherin Mutation Analysis

Total RNA from tissues was isolated using a RNA isolation
kit (RNeasy, Qiagen, Hilden, Germany) according to
manufacturer’s instructions. Sequences spanning the en-
tire E-cadherin coding region were amplified in five over-
lapping fragments (A to E) using reverse transcription-
polymerase chain reaction (RT-PCR) as described
previously.28 The amplification products were purified by
agarose gel electrophoresis and directly sequenced us-
ing internal primers. The primer pairs used to amplify the
complete coding region were as follows (nucleotide (nt)
positions refer to an E-cadherin sequence deposited in
the EMBL/GenBank Data base Libraries, accession num-
ber Z13009; the A of the ATG of the initiator Met codon is
denoted nt � 1): fragment A (nt �2 to 832), primer A1:
5�-CCATGGGCCCTTGGAGCCGC, A2: 5�-CTG GAA GAG
CAC CTT CCA TGA C; fragment B (nt 649-1378), primer B1:
5�-ACA GAG CCT CTG GAT AGA GAA CGC, B2: 5�-
CCACATTCGTCACTGCTACG; fragment C (nt1220–1686),
primer C1: 5�-CAG CGT GGG AGG CTG TAT ACA C, C2:
5�-TGT GTA CGT GCT GTT CTT CAC; fragment D (nt 1483–
2170), primer D1: 5�-GTG TCC GAG GAC TTT GGC GTG,
D2: 5�-TCA GAA TTA GCA AAG CAA GAA TTC C; fragment
E (nt 2077–2687), primer E1: 5�-GGC GTC TGT AGG AAG
GCA CAG, E2: 5�-CCA GCA CAT GGG TCT GGG.

Specificity of Antibodies: Western Blot Analysis

Extracts from E-cadherin transfected MDA-MB-435S
cells were prepared and used for Western blot analysis
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according to a method previously published.29 MDA-MB-
435S cells are known to express N-cadherin both at the
mRNA and protein level.15 To detect E-cadherin and
N-cadherin protein, monoclonal antibodies (1:2500) from
Transduction Laboratories (Lexington, KY) were used (E-
cadherin: clone 36, Catalog. No. C20820; N-cadherin:
clone 32, Catalog No. C70320). Detection was performed
using a horseradish peroxidase-coupled secondary
sheep monoclonal anti-mouse antibody (1:2000) (ECL-
Western, Amersham).

Immunohistochemical Analysis

2-�m sections of routine formalin-fixed and paraffin-em-
bedded material were analyzed. After microwave-based
antigen retrieval with citric acid pretreatment, sections
were incubated in 1% hydrogen peroxide for 15 minutes
to block endogenous peroxidase. For detection of spe-
cific immunoreactivity, the specimens were incubated
with monoclonal antibodies against E-cadherin and N-
cadherin (both from Transduction Laboratories) at room
temperature for 1 hour. Bound antibodies were detected
using the avidin-biotin-complex (ABC) peroxidase
method (ABC Elite Kit, Vector, Burlingame, CA). Final
staining was developed with the Sigma FAST DAB per-
oxidase substrate kit (Sigma, Deisenhofen, Germany).
Hematoxylin was used for counterstaining. Non-tumorous
epithelial cells served as positive control for E-cadherin
staining. For N-cadherin, ganglion cells of Meissner’s
plexus or Auerbach’s plexus served as positive control.
Omitting the first antibody was used as negative control.
Furthermore, lymphocytes present in the stained sections
were used as negative controls.

RNA Extraction from Archival Tissues

Total RNA from gastric cancer specimens was extracted
from formalin-fixed, paraffin-embedded tissue using
8-�m sections as previously described.30 Paraffin was
removed by extracting two times with xylene for 10 min-
utes followed by rehydration through subsequent washes
with 100, 90, and 70% ethanol diluted in RNase-free
water. After the final 70% ethanol wash and short hema-
laun staining a minimum of 2000 cells of a defined area
(tumorous or non-tumorous tissue verified by a patholo-
gist) was scraped off using a sterile blade and trans-
ferred into a sterile 1.5-ml tube containing 200 �l of RNA
lysis buffer (10 mmol/L Tris/HCl pH 8.0, 0.1 mmol/L eth-
ylenediamine tetraacetic acid pH 8.0, 2% sodium dode-
cyl sulfate pH 7.3, and 500 �g/ml proteinase K). Lysis
was carried out at 60°C for 14 hours or until the tissue was
completely solubilized.

RNA was purified by phenol and chloroform extrac-
tions (one volume of phenol pH 4.5, chloroform, isoamy-
lalcohol in a proportion of 25:24:1), followed by precipi-
tation with an equal volume of isopropanol in the
presence of 0.1 volume of 3 mol/L sodium acetate (pH
4.0), and 1 �l of 10 mg/ml of carrier glycogen at �20°C.
The RNA pellet was washed once in 70% ethanol, air-
dried, and resuspended in 10 �l of RNase-free water.

Reverse Transcription

RNA extracted from frozen and formalin-fixed, paraffin-
embedded tissue sections was reverse-transcribed in a
final volume of 20 �l using Superscript II reverse tran-
scriptase (Invitrogen, Karlsruhe, Germany) according to
manufacturer’s instructions with the following conditions:
1 mmol/L dNTPs, 40 U of RNase inhibitor (Amersham
Pharmacia Biotech, Freiburg, Germany), 300 ng of ran-
dom hexamers (Amersham Pharmacia Biotech), and 10
�l of RNA solution. The reactions were performed at 42°C
for 45 minutes, followed by inactivation of the enzyme at
70°C for 15 minutes. The cDNA was stored at �20°C.

Real-Time Quantitative RT-PCR

Real-time quantitative RT-PCR analyses for E-cadherin,
Snail, SIP1, Twist, N-cadherin and GAPDH mRNAs were
performed using the ABI PRISM 7700 Sequence Detec-
tion System instrument and software (PE Applied Biosys-
tems, Inc., Foster City, CA). Intron-spanning primers and
probes for the TaqMan system were designed using
Primer Express software (Perkin Elmer, Foster City, CA).
The sequences of the PCR primer pairs and fluorogenic
probes used for each gene are shown in Table 1. The
oligonucleotides are designated by the nucleotide position
relative to GAPDH GenBank accession no. BC026907, E-
cadherin GenBank accession no. Z13009, SIP1 GenBank
accession no. AB056507, Snail GenBank accession no.
AF155233, Twist GenBank accession no. NM 000474,
and N-cadherin GenBank accession no. X57548. Probes
were purchased from Perkin-Elmer. The principle of real-
time RT-PCR has been described in detail elsewhere.31,32

Real-time RT-PCR was performed with the TaqMan
Universal PCR Master Mix (PE, Applied Biosystems) us-
ing 5 �l of diluted cDNA, 300 nmol/L of the probe, and
300 nmol/L primers in a 30-�l final reaction mixture. After
a 2-minute incubation at 50°C to allow for uracil N-glyco-
sylase (UNG) cleavage, AmpliTaq Gold was activated by
an incubation for 10 minutes at 95°C. Each of the 40 PCR
cycles consisted of 15 seconds of denaturation at 95°C
and hybridization of probe and primers for 1 minute
at 60°C.

Quantitation of Expression

Relative expression levels of target sequences were de-
termined by the standard curve method using a standard
cDNA solution from MDA-MB 435S carcinoma cell line
(stably transfected with E-cadherin) which was serially
fivefold diluted (100 ng to 0.16 ng) and analyzed in
triplicates for the genes of interest and GAPDH as house-
keeping gene. The resultant data were used to generate
standard curves and line equations for the genes of
interest and GAPDH plotting CT values versus the relative
mass of nucleic acid analyzed. Relative gene expression
is calculated by first solving for the nucleic acid mass
represented in the GAPDH expression using the stan-
dard curve. Next, the CT value for the gene of interest is
used to calculate the relative gene expression. Finally,
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the gene expression value for the gene of interest is
normalized to the nucleic acid mass value determined
from the house keeping gene GAPDH to adjust variances
in the quality of RNA and the amount of input cDNA.

Statistical Analysis

A bivariate Spearman test was chosen to assess the
correlation between relative expression levels using
SPSS 11.0 for Windows.

Results

Quantitative Gene Expression Analysis in
Matched Formalin-Fixed, Paraffin-Embedded
Tissue by Real-Time (TaqMan) PCR

To evaluate the correlation between SIP1, Snail, Twist, E-
and N-cadherin expression and to elucidate their role in
gastric cancer, 28 diffuse-type and 20 intestinal-type tu-
mors were examined. To screen the mRNA expression of
the genes of interest in macrodissected tumorous and
non-tumorous tissue we used quantitative real-time Taq-
Man PCR (QRT-PCR). Since the material from paraffin-
embedded sections is limited and the RNA is degraded
into short pieces by the formalin fixation procedure, this
highly sensitive and fast technique for detecting relative
mRNA transcription levels seemed suitable considering
the large number of samples. There are no antibodies
available for immunohistochemical analysis of Snail,
Twist, and SIP1.

All primers and hybridization probes were designed to
span an intron to exclude annealing to genomic DNA and
amplicon sizes were kept small (66 to 92 bp; see Table 1).
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)

was included as housekeeping gene control to correct for
equal amounts of matched samples. We then calculated
relative amounts of mRNAs by the standard curve method
in relation to GAPDH levels in tumorous tissue and com-
pared the values with those from the corresponding non-
tumorous tissue. Changes in expression levels of �2 were
termed as up- or down-regulation, respectively. TaqMan
runs were done twice in duplicates using cDNA from inde-
pendent reverse transcription reactions.

Diffuse Type Tumors

From 28 diffuse-type gastric carcinomas analyzed re-
duced E-cadherin expression was detected in 11 cases
(39%) compared to non-tumorous tissues (Figure 1). In 6
of 11 cases (55%), down-regulation of E-cadherin coin-
cided with up-regulated Snail. Statistical analysis re-
vealed a significant correlation (P � 0.049, correlation
according to Spearman) between increases in Snail
mRNA and E-cadherin down-regulation, although addi-
tional 5 cases (where differential expression of E-cad-
herin was not detected) showed up-regulated Snail
mRNA in tumorous tissue.

With regard to the 11 cases showing reduced E-cad-
herin mRNA levels, there was no relation to up-regulated
SIP1 but increased N-cadherin expression could be
found in 6 cases (55%) and increased Twist expression
was seen in 4 of these 6 cases (66%). Furthermore there
were additional 6 cases overexpressing N-cadherin in
tumorous tissue without any changes in E-cadherin ex-
pression. Statistical analysis according to Spearman
could not verify a mathematical correlation (P � 0.864)
between increases in N-cadherin mRNA and E-cadherin
down-regulation. Interestingly, increased expression of
N-cadherin is associated with up-regulated Twist mRNA
levels, confirmed by statistical analysis (correlation ac-

Table 1. Sequence of TaqMan Primers and Probes

Oligo
Location relative to

GenBank accession no. Sequence 5�–3�
Size of PCR

product
Temperature

(°C)

FP GAPDH 548F CGTGGAAGGACTCATGACCA 87 bp 58
RP GAPDH 635R GCCATCACGCCACAGTTTC 59
P GAPDH 591 CAGAAGACTGTGGATGGCCCCTCC 68

FP E-cadherin 1765F GAACAGCACGTACACAGCCCT 76 bp 59
RP E-cadherin 1841R GCAGAAGTGTCCCTGTTCCAG 58
P E-cadherin 1787 ATCATAGCTACAGACAATGGTTCTCCAGTTGCT 67

FP SIP1 1250F GCGGCATATGGTGACACACAA 80 bp 59
RP SIP1 13030R CATTTGAACTTGCGATTACCTGC 58
P SIP1 1279 CAGATCAGCACCAAATGCTAACCCAAGG 69

FP Snail 131F TGCAGGACTCTAATCCAAGTTTACC 71 bp 59
RP Snail 202R GTGGGATGGCTGCCAGC 60
P Snail 158 TCCAGCAGCCCTACACCAGGCC 68

FP Twist 674F TGTCCGCGTCCCACTAGC 92 bp 59
RP Twist 766R TGTCCATTTTCTCCTTCTCTGGA 59
P Twist 712 TCAGCAGGGCCGGAGACCTAGATGT 69

FP N-cadherin 809F GACGGTTCGCCATCCAGAC 66 bp 60
RP N-cadherin 875R TCGATTGGTTTGACCACGG 59
P N-cadherin 830 ACCCAAACAGCAACGACGGGTTAGTC 68

FP, forward primer; RP, reverse primer; P, probe.
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cording to Spearman) which is highly significant on the
1% level (P � 0.007).

The change of E-cadherin expression levels between
tumorous tissues and non-tumorous tissues underlies a
broad range (�76 to �2) as shown in Table 2, where the
cases were arranged according to the x-fold change of
expression in tumors. Diffuse type case no. 1 has lost
E-cadherin expression in the tumor cells analyzed.

The mean of changes in expression of all 28 cases
taken together should reflect the trend of transcriptional
regulation occurring in diffuse type gastric cancer com-
pared to matched non-tumorous tissue. Figure 2 shows
down-regulation of E-cadherin in tumorous tissue which
is accompanied by up-regulation of Snail, Twist, and
N-cadherin but SIP1 is nearly equally expressed. Statis-
tical analysis is shown in Table 3.

In addition, we identified novel, potentially inactivating,
E-cadherin mutations (Table 4). E-cadherin gene muta-
tions are characteristic for 50% of diffuse-type gastric
cancers but absent from intestinal-type tumors. We
aimed to relate expression of the EMT regulators to the
integrity of the E-cadherin gene. To analyze E-cadherin
gene alterations, we performed two strategies. First, we
screened diffuse-type gastric cancer samples for in-
frame deletions of exon 8 or 9, since these mutations can
easily be detected in archival material using mutation-
specific monoclonal antibodies.26,27 Second, we se-
quenced the entire E-cadherin coding region after re-
verse transcription and PCR amplification of fresh-frozen
material to identify additional mutations or to exclude
sequence changes. From the 28 cases of this study, 17
harbored an E-cadherin gene mutation and 10 cases
expressed the normal E-cadherin molecule (Table 4).
Case no. 1 could not be analyzed for mutations because
there was no mRNA for amplification. This case was
E-cadherin negative. By mutation-specific immunohisto-
chemical analysis we found 7 cases harboring an exon 9
deletion (1138del183) and 3 cases with an exon 8 dele-
tion (1009del129, Table 4). In addition, we identified 5

cases with other E-cadherin gene mutations, 4 of which
are novel mutations that have not been reported before. A
24-bp in-frame deletion (1012del24) was detected in
case no. 3 removing codons 338–345 from exon 8. A
point mutation (1004G�A) resulting in an amino acid
exchange (R335Q) was seen in patient no. 5. A 83-bp
deletion removing nucleotides 1054–1137 from exon 8
was seen in patient no. 13. In patient no. 16 we found a
point mutation (59G�A), resulting in a W20X premature
stop codon. An identical mutation has previously been
detected in a lobular breast cancer patient.24 An in-frame
deletion was detected in case no. 23 (1532del33). The
only mutation in the intracellular domain was identified in
patient no. 25: a duplication of exon 14 and 15
(2440ins275), resulting in a frame shift. One case with a
point mutation and a 69 bp deletion from exon 10, no. 21,
has been reported previously.23

With regard to EMT regulator expression, E-cadherin
gene mutations were present in cases with down-regu-
lated E-cadherin mRNA and/or up-regulated EMT regu-
lators. However, most E-cadherin gene mutations are
detected in cases with unchanged E-cadherin or EMT
regulator mRNA levels (Figure 1a).

Intestinal Type Tumors

As shown in Figure 1, from 20 intestinal-type gastric
cancer samples reduced E-cadherin expression was
found in 12 cases (60%) compared to the matched non-
tumorous samples. In contrast to diffuse type cancer
samples, we found a high correlation with SIP1, since 10
of these 12 cases (83%) showed elevated SIP1 mRNA
levels which is highly significant on the 1% level (corre-
lation according to Spearman, P � 0.0003). However,
neither elevated Snail nor increased N-cadherin and
Twist levels were associated with down-regulated E-cad-
herin in the intestinal type as we observed in diffuse type
cases. We could even detect down-regulation of Snail in
10 of 20 cases (50%), 9 cases (45%) were found to
express lower levels of Twist. Remarkably, 6 cases (30%)
were found to express lower levels of N-cadherin in tu-
morous tissue than in non-tumorous tissue.

The ratios of relative expression levels between tumor-
ous and non-tumorous tissues show a broad range; how-
ever, the values for E-cadherin down-regulation (�17 to
�2) are not as extreme as found in diffuse type samples
(Table 2) and there is no intestinal tumor sample negative
for E-cadherin.

The mean of changes in expression of all 20 cases
taken together should reflect the trend of transcriptional
regulation occurring in intestinal type gastric cancer
compared to matched non-tumorous tissue. Figure 2
shows down-regulation of E-cadherin in tumorous tissue
accompanied by increases of SIP1, whereas Snail, Twist,
and N-cadherin are even down-regulated which is nearly
the reverse expression pattern determined for diffuse-
type tumors (except for E-cadherin). Statistical analysis is
shown in Table 5.

Figure 1. Matrix of EMT regulator expression analyzed with QRT-PCR in
malignant tissues compared to non-tumorous tissue in diffuse type gastric
cancer (a) and in intestinal type gastric cancer (b). Cases were arranged from
top to bottom, beginning with the highest down-regulation of E-cadherin
mRNA, to show the relationship to N-cadherin and EMT regulator expression.
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Immunoreactivity of E-Cadherin and N-Cadherin

We performed immunohistochemical staining of E-cad-
herin and N-cadherin to analyze gene expression and to
compare TaqMan results on the protein level (Table 2)

and to confirm tumor cell type specific expression. The
scoring is: 3, more than 50% tumor cells positive; 2, more
than 10% tumor cells positive; 1, less than 10% positive;
0, no detectable immunoreactivity. The cellular localiza-
tion of E-cadherin can be membranous (m), cytoplasmic

Table 2. Summary of Alterations in Analyzed Genes

Case

x-Fold change of expression in TU
(QRT-PCR results) Immunohistochemistry Sequencing

E-cad mutationsE-cad N-cad Twist Snail Sip1 N-cad TU N-cad NT E-cad TU*

Diffuse
1 neg 3 13 4 – n.d. n.d. (1) M No mRNA
2 �76 – – 3 – (0) pac (3) M Yes
3 �29 5 3 3 – (0) pac gan (3) M Yes
4 �8 2 – – – (0) (3) M Yes
5 �4 – 3 – – (0) pac (3) M/C Yes
6 �4 7 2 – – n.d. n.d. (3) M/C No
7 �3 – 2 2 – (0) pac n.d. No
8 �3 – – – – n.d. n.d. n.d. No
9 �3 – 4 – – (0) (3) M/C Yes

10 �3 4 2 2 – (0) gan pac, gan (3) M No
11 �2 9 – 4 – (2) pac (3) M/C Yes
12 – 15 5 3 3 gan pac (3) gran/C No
13 – 5 3 3 5 (0) gan n.d. Yes
14 – 5 8 2 – (0) (3) M Yes
15 – 4 – 2 – (0) gan pac (3) M/C No
16 – 2 7 2 – (0) pac, gan (3) M/C Yes
17 – 2 – – – (0) gan (3) M/C No
18 – – – – – (0) gan gan (3) M Yes
19 – – – – – n.d. n.d. (3) M Yes
20 – – – – – (0) (3) M Yes
21 – – – – – (0) (1) M Yes
22 – – – – – n.d. n.d. n.d. Yes
23 – – – – – (0), gan (3) M Yes
24 – – – – – (0) pac pac n.d. Yes
25 – – – – – n.d. n.d. n.d. Yes
26 – – – – – n.d. n.d. n.d. No
27 – – – – – (0) gan gan (2) M No
28 – – – – – (0) gan (3) M/C No

Intestinal
1 �17 – – – 6 (0) (3) M
2 �14 – – – 3 (0) gan gan, pac (3) M
3 �12 – �7 �3 5 (0) gan gan, pac (3) M
4 �8 �4 �6 �4 2 (0) (3) M
5 �6 �3 �47 �9 2 (0) gan gan, pac (3) M
6 �6 �11 – – 4 (0) (3) M
7 �5 – �2 �7 3 (0) (3) M
8 �4 �5 – �10 3 (0) gan, pac (3) M
9 �4 – �7 �13 4 (0) (3) M

10 �4 – �7 – – (0) (3) M
11 �3 2 �3 �4 2 (0) (3) M
12 �2 �35 – �10 – (0) gan, pac (3) M
13 3 – – – – (0) (3) M
14 – �2 – �4 3 (0) (3) M
15 – – �5 – – (0) (3) M
16 – – �6 – – (0) pac (3) M
17 – – – – – (0) gan gan, pac (3) M
18 – 2 – – – (0) (3) M
19 – – – �4 – (0) gan gan, pac (3) M
20 – – 2 – – (0) gan, pac (3) M

The cases were arranged according to the x-fold change of E-cadherin mRNA expression in tumors compared to nontumorous tissue, beginning
with the case of highest down-regulation for diffuse-type tumors and then for intestinal type tumors. –, no changes in gene expression when comparing
tumorous tissue to normal tissue. E-cad, E-cadherin; N-cad, N-cadherin; TU, tumorous tissue; NT, non-tumorous tissue; n.d., not determined, due to
limited material. Immunohistochemistry scoring: 3, more than 50% tumor cells positive; 2, more than 10% tumor cells positive; 1, less than 10%
positive; 0, no immunoreactivity of tumor cells detected. pac, chief and parietal cells; gan, ganglion cells, refer to the cell type of specific
immunoreactivity. The cellular localization of E-cadherin can be membranous (m), cytoplasmatic (c), and/or granular (gran).

*Fricke E, Keller G, Becker I, Rosivatz E, Schott C, Höfler H, Becker KF, Luber B: Relationship between E-cadherin gene mutation, p53
accumulation, Bcl-2 expression, and Ki-67 staining in diffuse-type gastric carcinoma. Int J Cancer (submitted).
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(c), and/or granular (gran). The specificities of the N-
cadherin and E-cadherin antibodies were confirmed by
immunoblotting (Figure 3). For immunohistochemistry of
N-cadherin, ganglion cells were used as positive control
(Figure 4a) for E-cadherin, non-tumorous epithelial cells
served as positive control.

N-cadherin mRNA expression, in contrast to E-cad-
herin mRNA expression, did not always result in immu-
nodetectable protein expression and appearance in tu-
mor cells was found in only one single case. As shown in
Figure 4b, diffuse-type case no. 11 (Table 2) which was
clearly N-cadherin positive in TaqMan analysis showed
appearance at the intercellular adhesion sites or dot-like

Table 4. E-Cadherin Mutation Analysis

Case Exon
Nucleotide

change
Predicted protein

change

1 — — —
2 9 1138del183 In-frame deletion
3 8 1012del24 In-frame deletion
4 8 1009del129 In-frame deletion
5 7 1004G�A R335Q
6 No mutation
7 No mutation
8 No mutation
9 8 1138del183 In-frame deletion

10 No mutation
11 9 1009del129 In-frame deletion
12 No mutation
13 8 1054del83 Frame shift
14 8 1009del129 In-frame deletion
15 No mutation
16 2 59G�A W20X
17 No mutation
18 9 1138del183 In-frame deletion
19 9 1138del183 In-frame deletion
20 9 1138del183 In-frame deletion
21 10 1387G�C and

1320del69
E463Q and In-frame

deletion
22 9 1138del183 In-frame deletion
23 10 1532del33 In-frame deletion
24 9 1138del183 In-frame deletion
25 15 2440ins275 Frame shift
26 No mutation
27 No mutation
28 No mutation

Mutations have been named according to Antonarakis SE.54

Nucleotide positions refer to an E-cadherin sequence deposited in the
EMBL/GenBank Data Libraries, accession no. Z13009; the A of the
ATG of the initiator Met codon is denoted nucleotide �1. Mutation
analysis of case no. 1 could not be performed because of lack of E-
cadherin mRNA expression.

Table 5. Correlation According to Spearman: Intestinal
Type Tumors

SpearmanRho E-cadherin SIP1

E-cadherin correlation 1.000 0.747**
Significance (pairwise) 0.000
N 20 20
SIP1 correlation 0.747** 1.000
Significance (pairwise) 0.000
N 20 20

SpearmanRho SIP1 Snail

SIP correlation 1.000 0.385
Significance (pairwise) 0.094
N 20 20
Snail correlation 0.385 1.000
Significance (pairwise) 0.094
N 20 20

SpearmanRho SIP1 Snail

SIP correlation 1.000 0.385*
Significance (pairwise) 0.047
N 20 20
Snail correlation 0.385* 1.000
Significance (pairwise) 0.047
N 20 20

*Correlation significant on the 0.01 level (pairwise).
**Correlation significant on the 0.05 level.

Figure 2. Changes in expression levels comparing tumor to non-tumorous
samples logarithmically scaled. Horizontal bars (mean of changes in ex-
pression) represent a typical expression pattern of EMT regulators in relation
to E-cadherin down-regulation. a: Diffuse type tumors show down-regula-
tion of E-cadherin which is accompanied by up-regulation of Snail, Twist,
and N-cadherin, but SIP1 is nearly equally expressed. b: The molecular
profile of intestinal type gastric cancer shows that down-regulation of E-
cadherin is accompanied by increases of SIP1, whereas Snail, Twist, and
N-cadherin are even down-regulated, which is nearly the reverse expression
pattern seen in diffuse type tumors (except for E-cadherin).

Table 3. Correlation According to Spearman: Diffuse
Type Tumors

SpearmanRho E-cadherin Snail

E-cadherin correlation 1.000 0.375*
Significance (pairwise) 0.049
N 28 28
Snail correlation 0.375* 1.000
Significance (pairwise) 0.049
N 28 28

SpearmanRho N-cadherin Twist

N-cadherin correlation 1.000 0.500**
Significance (pairwise) 0.007
N 28 28
Twist correlation 0.500** 1.000
Significance (pairwise) 0.007
N 28 28

SpearmanRho E-cadherin N-cadherin

E-cadherin correlation 1.000 0.034
Significance (pairwise) 0.864
N 28 28
N-cadherin correlation 0.034 1.000
Significance (pairwise) 0.864
N 28 28

*Correlation significant on the 0.05 level (pairwise).
**Correlation significant on the 0.01 level (pairwise).
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cytoplasmic appearance of N-cadherin in more than 20%
of tumor cells. In contrast in case no. 4, expression of
N-cadherin could not be detected on the protein level by
immunohistochemical staining with the antibody used al-
though mRNA expression was seen by TaqMan analysis
(Figure 4c).

Staining of N-cadherin was detected in chief and pa-
rietal cells of non-tumorous epithelia (pac in Table 2)
used for TaqMan analysis as “non tumorous”; further-
more, in some cases non-tumorous tissue was streaked
with ganglion cells (gan in Table 2) expressing high
levels of N-cadherin, but the tumorous counterparts an-
alyzed for mRNA expression lacked such cell type.

The expression of E-cadherin was observed between
tumor-cell boundaries in all cases studied except in dif-
fuse-type case no. 12, where just granular and cytoplas-
mic appearance of E-cadherin was seen. One single
case (diffuse-type no. 1), which lacked E-cadherin
mRNA, showed very weak membranous staining. In all
remaining cases analyzed immunohistochemical detec-
tion of E-cadherin corresponded with TaqMan results. As
shown in Figure 6a intestinal type case no. 1 tumor cells

expressed low levels of E-cadherin consistent with Taq-
Man results; strong expression of E-cadherin in tumor
cells consistent with TaqMan results was seen in intesti-
nal-type tumor cells of case no. 19 (Figure 6b).

Discussion

Recent reports have highlighted the role of epithelial
mesenchymal transition (EMT) regulators Snail and SIP1
as strong repressors of E-cadherin gene expression in
tumor cell lines, thus inducing tumor malignancy.6,11,21

Additionally, Twist14 was proposed to be involved in this
process, as it is known as an activator of N-cadherin in
Drosophila.14 N-cadherin enhances cell motility of various
tumor cells16–18,33 and may even overcome strong E-
cadherin-dependent cell-cell contacts.15 E-cadherin al-
terations have been investigated extensively in many tu-
mors,1 but to our knowledge this is the first study
examining expression patterns of EMT regulators in case-
matched primary human gastric cancer specimens in the
context of E-cadherin repression at the transcriptional
level.

Comparing SIP1, Snail, Twist, E- and N-cadherin ex-
pression in diffuse type tumors and intestinal type tumors
versus matched non-tumorous tissue, we found different
expression patterns according to Laurén’s classification.
This result proposes the existence of distinct carcinoge-
netic pathways for the intestinal and diffuse type carci-
noma as was suggested by Tahara34 and Correa35 for
other genes before.

For diffuse-type carcinomas we confirm down-regula-
tion of E-cadherin in 39% of cases (Figure 1), but we did
not observe the potential SIP1 repressor function, which
was proposed by Comijn et al.8 The strict inverse corre-
lation of Snail expression with E-cadherin expression in
various well-established tumor cell lines and as it has
recently been reported for hepatocellular carcinoma cell
lines19 could not be confirmed. However, our findings
suggest that Snail may play a role in diffuse-type carci-
noma as a repressor of E-cadherin transcription. The fact,
that SIP1 is not involved in diffuse-type carcinogenesis
appears to be reasonable, since these two repressor
factors are known to bind partly overlapping regions in
the E-cadherin promoter.36 Although we have no evi-
dence for direct repression of E-cadherin by Snail in a
biologically functional relationship, we propose a role for
this EMT regulator in diffuse type gastric carcinoma
based on our data and apply to the increasing number of
publications37,38 focusing on transcriptional repression of
E-cadherin via Snail in human tumors. Moreover, inde-
pendent of E-cadherin, Snail has additional targets, such
as desmoplakin7 and cytokeratin-18,37 emphasizing its
role in tumor progression. An interesting aspect is the
observation that Snail can interact with MeCP2, which
represses transcription at methylated promoters.39,40

Possibly, Snail supports E-cadherin inactivation through
promoter hypermethylation in gastric cancer.41 Further
studies are needed to address this question.

Unexpectedly, we found up-regulated expression of
N-cadherin in diffuse type gastric cancer samples, which

Figure 3. Immunoblot analysis of N-cadherin (a) and E-cadherin expression
detected by ECL (b). 15 �g of total protein from MDA MB-435s cell lysates
transfected with normal E-cadherin cDNA29 were used for the analysis.
Molecular weights of the protein are indicated.

Figure 4. Immunohistochemistry of diffuse-type gastric carcinoma with a
specific monoclonal N-cadherin antibody and counterstained with hematox-
ylin. a: Ganglion cells were used as positive control (magnifications: left,
�100; right, �200). b: 20% tumor cells show membranous or weak cyto-
plasmic staining (case no. 11; magnifications: �100 and �200). c: No im-
munodetectable protein expression though abundant N-cadherin mRNA
(case no. 4; magnifications: left, �100; right, �200).
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suggests a new role for this mesenchymal, pro-migratory
cadherin in gastric cancer progression, as recently re-
ported by Yanagimoto et al42 Similar findings were pub-
lished for melanoma, breast, and prostate cancer cells
before.15,17,18,33 This abnormal expression in tumors has
never been linked to Twist. Our observation that N-cad-
herin up-regulation is highly correlated to Twist up-regu-
lation (Figure 1) proposes a similar function for Twist in
human cancers during EMT. Whether Twist may act as
indirect repressor of E-cadherin through transcriptional
activation of N-cadherin or directly via binding to the
E-cadherin promoter and exerting repressor function is
not clear at the moment.

In intestinal type gastric cancer samples, we found
SIP1 clearly associated with reduced E-cadherin tran-
script levels, whereas Snail1, conversely to diffuse type
gastric carcinoma, seems not to be involved (Figure 1).
The highly significant correlation underlines the hypoth-
esized repressor function of SIP1 on E-cadherin expres-
sion in human tumors, though based on our findings of
higher changes in expression of E-cadherin in diffuse
type tumor samples, we propose Snail is a more potent
repressor of E-cadherin transcription. The observation of
frequently up-regulated SIP1 in intestinal type gastric
cancer and simultaneously reduced Snail mRNA levels is
consistent with the findings made by Comijn et al in
MDCK cell lines, where a weak down-regulation of Snail
was seen on SIP1 induction.8

Slight down-regulation of N-cadherin and Twist (Figure
1) found in intestinal type tumor samples compared to
non-tumorous tissues was unexpected, as normal epithe-
lial cells are not known to express N-cadherin. These
findings can be explained by the fact that in these cases
the analyzed non-tumorous tissue is streaked with gan-
glion cells (Table 2, gan) known to express N-cadherin.
Interestingly, we found chief and parietal cells (Figure 5;
Table 2, pac) of non-tumorous epithelia expressing high
levels of N-cadherin, whereas the tumorous counterparts
analyzed with QRT-PCR lacked the latter cell type. It’s
likely that the same pattern goes for Twist, as its expres-
sion may be essential for N-cadherin transcription initia-
tion.14 The expression of N-cadherin in epithelial cells of
the adult stomach has never been reported before, and
the molecule’s function therein is unclear. However, its
expression can be found in neuroendocrine complexes

of fetal stomach, small intestine, and pancreas during
human embryonic development.43

In the context of EMT regulators with respect to E-
cadherin expression we propose two different pathways
occurring during carcinogenesis in the diffuse or intesti-
nal type, respectively (Figure 7, a and b). Based on our
results, we suggest the E- to N-cadherin switch, in addi-
tion to E-cadherin gene mutation (see below), may play a
key role in diffuse type carcinogenesis, whereas in the
intestinal type SIP1 is the main repressor of E-cadherin
function which finally leads to enhanced migratory prop-
erties of tumor cells. It is presently not clear how Twist,
Snail, or SIP1 are regulated themselves. It has been
reported that the cytokine transforming growth factor
TGF-�, which is often up-regulated in human tumors,
enhances SIP1 expression8,44 as well as Snail expres-
sion,37,45 and Boyer et al suggested the growth factors
FGF-1, EGF and TGF-�, which increase the motility of
some cell lines, to activate Snail via Ras and the PI3-
kinase pathway.4 Additionally, Tan reported enhanced
Snail promoter activity on ILK (integrin-linked kinase)
overexpression in human colon carcinoma cells.46 In Dro-
sophila Twist transcription is induced by DI, a transcrip-
tion factor that is homologous to the NF-�B family of
proteins.47 In addition, Twist may be regulated through
subcellular localization, as it is common for bHLH mole-

Figure 5. Immunohistochemistry of non-tumorous gastric glands counter-
stained with hematoxylin. a: Unexpected positive N-cadherin immunoreac-
tion in chief and parietal cells (magnifications: left, �100; right, �200). b:
Comparison of deep gastric glands with foveolar glands, where N-cadherin
immunoreactivity is seen in chief and parietal cells but not in foveolar
epithelium (magnification, �100).

Figure 6. Immunohistochemistry of intestinal-type gastric carcinomas with
the specific monoclonal E-cadherin antibody and counterstained with hema-
toxylin. a: Tumor cells show low protein expression consistent with TaqMan
results (magnifications: left, �100; right, �200). b: High expression of
E-cadherin in tumor cells consistent with TaqMan results (magnifications:
left, �100; right, �200).

Figure 7. Proposed model of E-cadherin dependent carcinogenesis path-
ways of diffuse type (a) and intestinal type gastric cancer (b). Based on our
findings, we propose a key role for the E- to N-cadherin switch, beside loss
of E-cadherin function through gene mutations, in diffuse type gastric carci-
noma. In intestinal type gastric carcinoma, enhanced SIP1 expression may be
involved in tumor progression due to E-cadherin repression.
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cules.48 The upstream regulators of Snail, SIP1 and Twist
in gastric cancer remain elusive.

The expression matrix in Figure 1 shows three different
subgroups (I-III) of underlying mechanisms of E-cadherin
loss and thus cancer development or progression in the
cases analyzed: I, the cases with down-regulated E-
cadherin, partly linked to differentially expressed Snail,
Twist, and N-cadherin; II, cases with normal E-cadherin
expression, but up-regulated N-cadherin, which may over-
come E-cadherin function; and III, the group of cases with-
out any detectable changes in expression levels of the
genes examined. In the latter group posttranslational mod-
ifications49–51 or mutations in the E-cadherin gene may lead
to its loss of function and force tumor progression.

In our study we included 17 patients with E-cadherin
gene mutations. In addition to 10 patients harboring ei-
ther an exon 8 or exon 9 deletion, we identified other
mutations as well. With regard to E-cadherin and EMT
regulator expression it seems that the mutations uncou-
ple regulatory mechanisms: in many cases harboring
such mutations E-cadherin, N-cadherin, Twist, Snail, and
SIP1 mRNA expression are all unchanged. We cannot
rule out, however, that hypermethylation of the E-cad-
herin promoter may be of importance for some of those
cases harboring E-cadherin gene mutations as was sug-
gested by Machado et al.52

The expression matrix in Figure 1 of intestinal type
tumor cases shows two subgroups: cases which have
down-regulated E-cadherin due to increased SIP1 ex-
pression levels (I) and cases where the underlying mech-
anism of loss of E-cadherin function is not yet clear (II)
and may occur through other mechanisms, as mentioned
above.

To clarify the unexpected down-regulation of N-cad-
herin in some cases, we examined the E- and N-cadherin
expression on the protein level by immunohistochemistry
as well in addition to QRT-PCR analysis. Immunohisto-
chemical analysis of the same sections with Twist, Snail,
and SIP1 could not be performed, as there exist no
satisfying commercially available antibodies, so far.

Immunohistochemical staining of E-cadherin was mir-
rored by mRNA expression (Figure 6). The only case in
which we failed to detect E-cadherin mRNA had less than
10% stained tumor cells. So this divergence may be due
to the sensitivity of the method.

N-cadherin mRNA expression, in contrast to E-cad-
herin mRNA expression, did not result in immunodetect-
able protein expression (Figure 4c), except in one case
(Figure 4b, diffuse-type case no. 11). Apart from the fact
of very low levels of N-cadherin in tumor cells and there-
fore reaching the sensitivity limits of the antibody, there
are some more reasons which could explain the discrep-
ancy. Presumably, N-cadherin is posttranslationally mod-
ified and thus makes it impossible for the antibody to bind
the protein.53 A mechanism truncating proteolytically the
�-catenin binding domain is known for E-cadherin5 and
may also be the case for N-cadherin, as they share highly
homologous cytoplasmic domains, where the immuno-
gen for N-cadherin antibody originated from. However,
such a mechanism would be tumor cell specific as de-
tection of N-cadherin in ganglion cells serving as positive

control always worked well (Figure 4a). Furthermore, we
have to consider, but seems rather unlikely, that the
detected N-cadherin mRNA is not translated into protein.
We can exclude an unspecific amplification, as the PCR
product from the primers used (Table 1) was sequenced
and clearly identified as N-cadherin.

We conclude that EMT regulators play critical roles in
human tumorigenesis and in the down-regulation of the
invasion suppressor E-cadherin. The mechanism of re-
pression, however, remains to be elucidated.
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