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Abstract Transcriptional E-cadherin down-regulation can
be mediated by Snail, a zinc finger transcription factor.
To be able to examine nuclear Snail immunoreactivity in
archival human cancers, we established a monoclonal anti-
body against the purified human Snail protein. The spec-
ificity of the selected rat antibody Sn9H2 was demonstrated
by Western blot analysis using extracts from different cell
lines and by immunofluorescence and immunohistochem-
istry of primary tissues. Subsequently, a series of 340 ade-
nocarcinomas of the upper gastrointestinal tract, including
tumours from the oesophagus (n=154), cardia (n=102) and
stomach (n=84), arranged in tissue microarrays, were
examined for Snail expression and were correlated to E-
cadherin expression and clinico-pathological parameters.
Nuclear Snail immunoreactivity was seen in 27 tumours
(7.9%) and tended to be more frequent in oesophageal
adenocarcinomas (11.1%) than in cardiac (6.9%) or gastric
(3.6%) carcinomas (p=0.0428). In 35% of the Snail-pos-
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itive cases, E-cadherin immunoreactivity was lost. No cor-
relation was found for nuclear Snail expression and tumour
grade, Lauren’s classification, WHO classification, tumour
stage and tumour size. The pattern of Snail expression
observed with our new hybridoma, Sn9H2, which is cur-
rently the only antibody that reacts with endogenous nu-
clear (active) Snail, suggests only a minor role of Snail in
tumours of the upper gastrointestinal tract.

Keywords Cell adhesion - Gastric cancer -
Oesophagus cancer - Differentiation

Introduction

The cell adhesion molecule and tumour suppressor gene E-
cadherin [online Mendelian Inheritance in Man (OMIM)
192090] is well known to play a crucial role during the
progression of human cancer [24]. E-cadherin function is
required for the maintenance of normal epithelial tissue
architecture and the stabilization of adherens junctions [36].
Its inactivation in carcinomas can disrupt these junctional
complexes, resulting in marked phenotypic changes and
the acquisition of invasive growth [15, 49]. Immunohisto-
chemical studies have demonstrated that reduced or absent
E-cadherin immunoreactivity is common in most cancers,
including carcinomas of the oesophagus and stomach [8,
24, 42]. Direct transcriptional repression by zinc finger
transcription factors such as Snail [3, 12], Slug [10, 21],
Zebl (deltaEF1; [20]), Zeb2 (Sip1; [13]) or the basic helix—
loop—helix transcription factor E12/E47 [35] is one of the
mechanisms that may be responsible for reduced E-cad-
herin immunoreactivity.

Here, we focus our analysis on the transcription factor
Snail, which was first described in Drosophila in 1984
[19]. Snail homologues were subsequently found in other
species as well, including mouse and human. Snail triggers
epithelial-mesenchymal transition (EMT) during embry-
onic development. Its role during gastrulation and in the
delamination of the neural crest from the neural tube has
been well established in the mouse (reviewed in [32]).
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Since EMT is frequently observed in human tumours
[23, 46], Snail has been analysed in carcinoma cells in
culture if there is evidence of a functional role during
tumour invasion and metastasis. Indeed, it has been shown
that Snail directly binds to the E-boxes present in the E-
cadherin promoter, resulting in the down-regulation of
promoter activity in vitro. Moreover, the transfection of
Snail in E-cadherin-positive carcinoma cells induced a full
EMT with the down-regulation of E-cadherin and other
epithelial marker genes, such as occludin [25], and the up-
regulation of mesenchymal markers, including vimentin
and fibronectin [3, 12]. Importantly, Snail-expressing cells
became invasive after transfection, supporting its role in
tumour progression. Snail not only induces invasion but
also blocks the cell cycle and confers resistance to cell
death [48].

On the mRNA level, Snail is expressed in invasive cells
of tumours induced in the mouse skin [12]. In humans,
Snail mRNA expression has been detected in biopsies or
resected tissue samples from patients with breast cancer [9,
17], gastric cancer [39] and hepatocellular carcinomas [27,
45] and in melanoma cell lines [37]. In colon cancer, Snail
mRNA was either found to be expressed [33] or to be
absent [40]. Because no Snail-specific antibodies suitable
for immunohistochemical analysis of the active, i.e. nuclear
localized, molecule have been available so far, evidence for
functional Snail protein expression in primary human
tumours and tissues is missing. Until now, a direct cellular
comparison between E-cadherin down-regulation and
endogenous nuclear Snail expression at the protein level
in cancer tissues has not been possible.

To analyse nuclear Snail immunoreactivity in human
cancers, we established a monoclonal antibody (mAb) in
rats against purified human Snail protein. The specificity of
the antibody was demonstrated by Western blot, immuno-
fluorescence and immunohistochemistry of cells and pri-
mary human tissues. Subsequently, we analysed a series of
340 adenocarcinomas from the upper gastrointestinal tract,
i.e. primary carcinomas of the oesophagus, the gastric car-
dia and the stomach, arranged in tissue microarrays (TMA),
for nuclear Snail expression. We compared Snail and a
variety of histopathological and clinical parameters and
found that Snail expression is significantly more frequent
in oesophageal than in cardiac or gastric adenocarcinomas.
In 7 out of 20 Snail-positive cases, the expression of Snail in
tumour cells was associated with a concomitant loss of E-
cadherin expression. No correlation was found between the
expression of Snail and tumour grade, tumour stage and
histological tumour type according to Lauren’s and WHO
classification.

Materials and methods
Cell lines
The following cell lines were used: MCF7 (mammary gland,

breast epithelium), HTB-135 (stomach carcinoma) and
GC2957 (stomach carcinoma). MCF7 and HTB-135 cells

were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM), 10% foetal calf serum (FCS) and 2.5 ml peni-
cillin/streptomycin (#15140-122, Gibco; 10,000 units/ml
penicillin G sodium/10,000 pg/ml streptomycin sulphate).
The E-cadherin-positive cell line GC2957 was cultured in
RPMI 1640 (#31870-025, Gibco), 20% FCS, 25 mM 4-
(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEP
ES) and 2.5 ml penicillin/streptomycin. MCF7 cells
have been reported to express both E-cadherin and Snail
[14]. HTB-135 cells are E-cadherin negative and Snail
positive (E. Rosivatz, unpublished observation).

Cloning of human Snail cDNA

The ¢cDNA coding for human Snail (SNAI1, OMIM 6042
38, RefSeq 005985) was amplified by reverse transcrip-
tion-polymerase chain reaction (RT-PCR) from MDA-MB-
435S human mammary carcinoma cells known to express
Snail mRNA [3, 12]. Recently, evidence was provided that
this cell line is of melanocytic origin [38]. The upstream
(5'-CAT ATG CCG CGC TTT CCT CGT CAG G-3') and
downstream (5'-AAG CTT TGC GGG GAC ATC CTG
AGC AG-3') primers used for the amplification of a 802-bp
sequence were designed to contain an Ndel site and a
HindIll site, respectively. After gel purification of the am-
plification product, the Snail sequence was cloned using
the Ndel and Hindlll sites and standard methods into a
modified expression vector, pHAT, in-frame with the so-
called histidine affinity tag (HAT) sequence (BD Bio-
sciences Clontech, Palo Alto, USA). The original pHAT
vector was modified (Jorg Mages, Technical University
Munich, Germany, unpublished data) to contain the His tag
at the C terminus, instead of the N terminus, of the recom-
binant protein. The construct was sequenced to exclude
sequence alterations that may have occurred during ampli-
fication. The recombinant vector, now termed pSnailHAT,
was expressed in bacteria, and the resultant His-tagged
protein was purified from inclusion bodies using a talon
metal resin (BD Biosciences Clontech) under denaturing
conditions using 8 M urea. For the expression of recom-
binant His-tagged Snail in human tumour cell lines, full-
length 6x His-tagged Snail from pSnaillHAT flanked by
the Xbal/Kpnl restriction sites were ligated into the pBK-
CMV vector (#212209, Stratagene; GenBank accession no.
U37573).

Cell transfection

The day before transfection, 1x10° cells per well of a six-
well plate were seeded in 2 ml of appropriate growth
medium. Cells were grown to 70% confluency for ap-
proximately 24 h. For the preparation of solution A, 1 pg
plasmid DNA was diluted in 100 pl Optimem (#31985,
Invitrogen) for each transfection and mixed gently. For the
preparation of solution B, 15 pl Lipofectamine (#18324-
012, Invitrogen) reagent was diluted in 100 pl Optimem for
each transfection and mixed. Solutions A and B were



combined, mixed gently and incubated at room tempera-
ture for 45 min to allow the formation of DNA-liposome
complexes. For each transfection, 800 pl Optimem was
added to the DNA-liposome complexes and gently mixed.
Growth medium was aspirated from the cells, and the di-
luted transformation mix was added drop by drop. The cells
were incubated with the complexes for 6 h at 37°C in a CO,
incubator. Following incubation, 1 ml of growth medium
(containing twice the normal concentration of serum) was
added without removing the transfection mixture.

Twenty-four hours following the start of transfection, the
medium was replaced with normal growth medium. An
assay for transient gene expression was carried out 48 h
after the start of transfection. Alternatively, 72 h after the
start of transfection, cells were passaged 1:10 into a se-
lective medium to achieve stable clones.

Quantitative real-time RT-PCR

RNA extraction from the cell lines, RT, quantitative real-
time PCR and quantitation of Snail and E-cadherin mRNA
expression were done as previously described [39] and
were used here without modification. The primers and
probes were designed to span an intron to exclude anneal-
ing to genomic DNA. Amplicon size was kept below
100 bp. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was included as a housekeeping gene control
to correct for equal RNA amounts. We then calculated rel-
ative amounts of mRNA by the standard curve method in
relation to GAPDH levels. The TagMan runs were done in
triplicate and repeated in an independent experiment.

Western blot

For Western blot analysis using hybridoma supernatant
Sn9H2 to detect Snail protein, extracts from the MCF7 and
GC2957 cells, as well as extracts from fresh, frozen human
placenta, were prepared using a 1:1 mixture of 2x sodium
dodecyl sulfate (SDS) electrophoresis buffer (120 mM Tris
pH 6.8, 4% SDS, 16% glycerol, 2% beta-mercaptoethanol)
and tissue protein extraction reagent (T-PER, Pierce, Rock-
ford, IL, USA). Twenty micrograms of total protein was used
for SDS-polyacrylamide gel electrophoresis (PAGE). Protein
detection was performed using a peroxidase-coupled sec-
ondary antibody (ECL-Western, Amersham, Germany).

Immunofluorescence analysis of HTB-135
gastric cancer cells

Cells were grown on glass cover slips for 24 h and sub-
sequently rinsed briefly in phosphate-buffered saline (PBS).
For cell fixation, cover slips were immersed in freshly
prepared 3.7% para-formaldehyde for 30 min, followed by
3x washes in PBS. The cover slips were incubated in
0.25% Triton X-100/PBS for 5 min at room temperature for
cell permeabilization and then placed cell-side up in a petri
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dish and covered with blocking buffer [1% bovine serum
albumin (BSA) in PBS] for 30 min. After removing the
blocking buffer, primary antibodies [Sn9H2, 1:10 in block-
ing buffer; anti-His-tag (#70796-3, Novagen), 1:500 in block-
ing buffer] were distributed on the cover slip and incubated
at 4°C for 16 h (Sn9H2) or at room temperature for 2 h
(anti-His-tag), followed by 3x washes with PBS. Second-
ary antibodies conjugated to a fluorochrome [anti-rat
fluorescein isothiocyanate (FITC), #112-069-044, Jackson
laboratories; anti-mouse tetramethyl rhodamine isothiocy-
anate (TRITC), #115-026-044, Jackson Laboratories] were
distributed on the cover slips and incubated for 1 h at room
temperature. Cover slips were washed 3x with PBS and
inverted onto slides containing 10 pl of mounting medium
from Antifade kit (#S-2828, MoBiTec GmbH, Germany).
Excess mounting medium was removed, and the edges
were sealed and dried before the analysis of immunofluo-
rescence using a Zeiss Axiovert microscope.

Generation of a rat mAb, Sn9H2, against human Snail

Purified His-tagged human Snail protein (50 pg) was in-
jected both intraperitoneally and subcutaneously into Lou/
C rats using CPG2006 (TIB MOLBIOL, Berlin, Germany)
as adjuvant. After an 8-week interval, a final boost was
given intraperitoneally and subcutaneously 3 days before
fusion. The fusion of the myeloma cell line P3X63-
Ag8.653 with the rat immune spleen cells was performed
essentially as described [28]. Hybridoma supernatants were
tested in a solid-phase immunoassay using the His-tagged
protein that was used for immunization (10 pg/ml) ad-
sorbed to polystyrene microtiter plates. An irrelevant His-
tagged protein served as a negative control. Bound rat
mADbs were detected with a cocktail of biotinylated mouse
mAbs against the rat immunoglobulin G (IgG) heavy
chains [o-IgG1, a-1gG2a and x-1gG2b (ATCC, Manassas,
VA, USA) and «-IgG2c (Ascenion, Munich, Germany)].
The biotinylated mAbs were visualized with peroxidase-
labelled Avidin (Alexis, Griinberg, Germany) and o-phenyl-
enediamine as chromogen in the peroxidase reaction. The
clone designated Sn9H2 (rat IgGG2) was stably subcloned and
used for further analysis.

Immunohistochemical analysis

After standard pressure-cooker-based antigen retrieval with
citric acid pretreatment, 2-pm sections were incubated in
goat serum to block nonspecific reactivity. For the detection
of Snail-specific immunoreactivity, the specimens were
incubated with diluted Sn9H2 hybridoma supernatant (1:20
in 1% BSA in PBS) for 2 h at room temperature. Bound
antibodies were detected using the avidin—biotin complex
(ABC) peroxidase method (ABC Elite Kit, Vector, Burlin-
game, CA, USA). Final staining was developed with the
Sigma FAST DAB peroxidase substrate kit (Sigma,
Deisenhofen, Germany). Haemalaun was used for counter-
staining. In addition, E-cadherin immunoreactivity was
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detected using the mAbs HECD-1 (Alexis) or clone 34
(#C37020, Transduction Laboratories, Lexington, KT,
USA), both of which are known to react with human E-
cadherin and to work on archival material. Subsequently,
adenocarcinomas from the upper gastrointestinal tract ar-
ranged in TMA (see below) were analysed in exactly the
same way. For the analysis of cancer samples, non-tu-
mourous epithelium was used as positive control for E-
cadherin immunoreactivity. Sections of placenta tissue were
used as positive control for Sn9H2.

Immunohistochemical analysis of upper
gastrointestinal adenocarcinomas

The analysis was based on 266 patients with adenocarci-
nomas of the upper gastrointestinal tract who underwent
surgical resection without prior radio- and/or chemother-
apy between January 1983 and January 2003 at the Uni-
versity of Diisseldorf, Germany. Additionally, 101 patients
with oesophageal adenocarcinomas who underwent resec-
tion without prior radio- and/or chemotherapy between
January 1991 and January 2004 at the Technical University
of Munich, Germany, were included. Of the patients, 292
(79.6%) were men. The age of the patients ranged between
29 and 90 years (median 63 years). Together, the series
consisted of 158 oesophageal, 108 cardiac and 101 gastric
adenocarcinomas. Differentiation between oesophageal
and cardiac adenocarcinomas done by a senior pathologist
(MS) based on a review of the original macroscopic path-
ologic descriptions of the operation specimens according to
standard criteria [43]. Tumours that had their epicenters in
the oesophagus were regarded as oesophageal in origin,
and tumours that had their epicenters in the cardia were
regarded as cardiac in origin. Staging was performed
according to the current tumor, node and metastasis (TNM)
classification [44]. Histological typing included Lauren’s
classification [29] and the current WHO classification for
gastric carcinomas [22]. Grading was performed according
to the current WHO classification. Signet-ring cell carcino-
mas and mucinous carcinomas were categorized as G3.

Accordingly, 116 tumours (31.6%) were in stage I, 105
in stage II (28.6%), 110 in stage I11 (30.0%) and 36 in stage
IV (9.8%). According to Lauren’s classification, 26 tumours
(7.1%) belonged to the diffuse type, 274 (74.7%) to the
intestinal type and 67 (18.3%) to the mixed type. Ac-
cording to the WHO classification, this series included 56
signet-ring cell carcinomas (15.3%), 4 papillary adenocar-
cinomas (1.1%), 7 mucinous adenocarcinomas (1.9%) and
300 tubular adenocarcinomas (81.7%). Twelve tumours
were graded as G1 (3.3%), 131 as G2 (35.7%) and 224 as
G3 (61.0%). Tumour size (largest diameter) ranged be-
tween 5 and 185 mm (median 50).

Construction of TMA

For each of the 367 adenocarcinomas, one paraffin block
was selected, and representative, non-necrotic tumour areas

were marked on Haemalaun—Eosin-stained slides from
these blocks. Three tissue cylinders with a diameter of
0.6 mm per tumour were punched from these areas and
brought into a recipient paraffin block using a tissue ar-
raying instrument (Beecher Instruments, Silver Spring,
MD). In the case of signet-ring cell carcinomas, six, instead
of three, biopsies were sampled. A sample template de-
signating the sample location by case number was created.
Four-micrometer sections from the TMA were used for the
subsequent immunohistochemical investigations.

The immunohistological evaluation of Snail expression in
TMAs was performed by a senior pathologist (MS). A
tumour was considered positive for Snail expression if, in at
least one tumour, a sample nuclear expression of Snail was
detectable. A positive immunoreactivity was confirmed using
whole-tissue sections from the corresponding donor block.

Statistical analysis

The analysis of the expression of Snail and a variety of
clinico-pathological parameters, such as tumour stage, nodal
status, tumour grade, tumour size, tumour type (according to
Lauren and WHO) and location of the primary tumour, was
performed according to the chi-square exact test.

Results

To analyse Snail protein expression in human cell lines and
tissues, and for the determination of intracellular localiza-
tion, mAbs were produced in rats against a purified His-
tagged human Snail protein. Hybridoma supernatants were
tested in a solid-phase immunoassay against the specific
protein. Hybridoma Sn9H2 of rat IgG2a subclass was
selected for further analysis.

Antibody specificity

Hybridoma supernatant Sn9H2 detected a single protein
band at approximately 32 kDa in the Escherichia coli
inclusion body preparation that was used for protein
purification and in the E-cadherin-negative gastric cancer
cell line HTB-135 (Fig. 1a). A protein band of very similar
molecular weight was seen using a mAb against the tag
(anti-His) in the inclusion body preparation that is absent in
the HTB-135 cell extract. After the transient transfection of
human Snail cDNA fused to the histidine affinity tag
sequence in HTB-135 gastric cancer cells, hybridoma
supernatant Sn9H2, indirectly detected by an FITC-
labelled secondary anti-rat antibody, reacted with a protein
that is located in the cytoplasm and strongly in the nucleus
(Fig. 1b). Using the anti-His antibody and a rhodamine-
labelled secondary antibody, immunofluorescence was
exclusively seen in the nucleus, suggesting that exogenous-
ly expressed His-tagged Snail is retained within the nucleus
while endogenously expressed Snail is localized also in the
cytoplasm.
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Fig. 1 Analysis of hybridoma supernatant Sn9H2. a Western blot.
Inclusion body preparation from the transfected E. coli strain used to
purify Snail protein and a lysate from an E-cadherin-negative gastric
cancer cell line, HTB-135, were examined for Snail expression.
Protein bands at approximately 32 kDa were observed in both
lysates using hybridoma supernatant Sn9H2. An antibody against
the His tag, anti-His, detected only a protein band in the E. coli
lysate. b Intracellular localization of endogenously and exogenously
expressed Snail. The distribution of Snail in Snail-His-transfected

To prove a functional effect of Snail in E-cadherin-
positive gastric cancer cells and to provide additional
evidence for the specificity of the novel hybridoma su-
pernatant Sn9H2, we analysed GC2957 gastric cancer
cells. Using anti-Snail antibody Sn9H2, we were able to

A

Fig. 2 Hybridoma supernatant
Sn9H2 detects a functional Snail
protein. E-cadherin-positive
gastric cancer cells GC2957

(a, b) and MCF7 mammary
cells (¢, d) were transfected with
vector as control or with Snail-
His. a Western blot demonstrat-
ing the overexpression of Snail
and the reduction of E-cadherin
in the Snail-transfected cells.
Alpha-tubulin was used as pro-
tein loading control. b Snail
overexpression resulted in cell
scattering. ¢ Western blot
showing the reduction of E-

vector
Snail

Snail - i
L 25
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HTB-135 cells was observed by immunocytochemical staining with
hybridoma supernatant Sn9H2 or anti-His antibody, followed by
fluorescein isothiocyanate (FITC)-labelled or tetramethyl rhodamine
isothiocyanate (TRITC)-labelled secondary antibodies, respectively.
Immunofluorescence was visualized and captured with fluorescence
microscopy. Endogenously expressed Snail was detected within the
nucleus and the cytoplasm; exogenously expressed Snail was seen
only in the nucleus

detect a band of about 32 kDa in GC2957 cells, suggesting
the expression of low levels of endogenous Snail (Fig. 2a).
Using real-time quantitative RT-PCR, we were able to
detect only traces of Snail mRNA in GC2957 cells, where-
as high levels of Snail mRNA were found in HTB-135
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gastric cancer cells (data not shown). After the overex-
pression of Snail in GC2957 cells, the 32-kDa band in-
creased in intensity, and E-cadherin levels were reduced.
Alpha-tubulin expression was used to show equal protein
loading. Despite low but detectable levels of Snail mRNA
and protein, GC2957 cells formed cellular contacts and
grew in epithelial-like structures. The overexpression of
Snail, however, resulted in cell scattering (Fig. 2b).

After the transfection of another E-cadherin-positive cell
line, MCF7 mammary cells, the 32-kDa band detected by
hybridoma supernatant Sn9H2 became stronger, less E-
cadherin protein was present, and levels for alpha-tubulin
did not change significantly (Fig. 2c). Quantitative real-
time RT-PCR demonstrated 95% reduced E-cadherin and
3.7-fold increased Snail mRNA levels upon transfection
with the Snail cDNA (Fig. 2d).

These results indicate that the overexpression of a func-
tional Snail protein resulting in E-cadherin down-regula-

A

Fig. 3 Hybridoma supernatant
Sn9H2 detects a nuclear protein
in invasive trophoblasts in
placenta. a Western blot show-
ing Snail expression in placenta;
the molecular weight is com-
pared with the purified protein
and Snail-transfected GC2957
gastric cancer cells. b Diagram
of human placenta demonstrat-
ing the different cell types, e.g.
non-invasive trophoblast stem
cells and invasive EVT. ¢ Im-
munoreactivity of Snail and E-
cadherin in formalin-fixed and
paraffin-embedded placenta.
Nuclear Snail immunoreactivity
is seen in invasive EVT; E-
cadherin is localized at the cell
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tion and cell scattering can be visualized using hybridoma
supernatant Sn9H2.

Immunohistochemistry using human placenta
as test system

After having rigorously demonstrated antibody specificity
by Western blot and immunofluorescence, we tested if hy-
bridoma supernatant Sn9H2 may react with formalin-fixed
and paraffin-embedded tissues. As a test system, we used
human placenta, as this tissue was reported to be Snail-
mRNA-positive using Northern blot analysis [34]. Using
Western blot analysis, we detected a protein band at about
32 kDa in extracts of human placenta, confirming Snail
expression in this tissue on the protein level but without
providing information about which cell types are Snail
positive (Fig. 3a). In human placenta, two morphologically
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membrane of trophoblast stem
cells and reduced or absent in
invasive EVT. (The arrow in-
dicates the direction of
invasion.)




distinct cell populations that differentiate from cytotropho-
blast stem cells can be identified: (a) villous cytotropho-
blasts are immotile cells that fuse to form a syncytium
overlying the cytotrophoblast stem cells, and (b) extravillous
cytotrophoblasts become invasive and invade the endome-
trium and, eventually, its arterial system. Thus, in placenta,
both invasive (extravillous cytotrophoblasts) and non-inva-
sive (cytotrophoblast stem cells) cells are present (Fig. 3b).
These different cell types may be optimally suited for the
determination of Snail immunoreactivity using formalin-
fixed and paraffin-embedded archival material and, conse-
quently, for the demonstration of the usefulness of
hybridoma supernatant Sn9H2 for immunohistochemical
analysis. As can be seen in Fig. 3¢, hybridoma supernatant
Sn9H2 exclusively reacts with invasive extravillous tro-
phoblasts (EVT), while trophoblast stem cells are not
stained. The immunoreactivity is clearly nuclear, a finding

Fig. 4 Snail and E-cadherin
immunoreactivity in cancers of
the upper gastrointestinal tract.
a This undifferentiated tumour
shows an inverse correlation of
Snail and E-cadherin expres-
sion. The rectangles indicate
areas that are shown at higher
magnification below the upper
panel. Upper panel, x100;
lower panel, x200. b Tumour
cells in this tumour show coex-
pression of Snail and
E-cadherin
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that is in line with Snail’s function as a transcriptional
repressor. In contrast, membranous E-cadherin immunore-
activity is seen preferentially in trophoblast stem cells;
invasive trophoblasts only show a very faint reaction or
they are E-cadherin negative. These very encouraging
results enabled us to perform the first analysis for nuclear
Snail immunoreactivity of a larger series of primary human
carcinomas.

Analysis of nuclear Snail immunoreactivity in primary
adenocarcinomas of the upper gastrointestinal tract

According to the immunohistochemical analyses based on
TMAs, 27 tumours were considered positive for Snail ex-
pression while 313 were considered negative. Immunore-
activity for Snail in the tumour cells was found exclusively
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Table 1 Correlation between the expression of snail in 340
adenocarcinomas of the upper gastrointestinal tract and various
clinico-pathologic parameters

Snail expression p Value
Negative (%) Positive (%)

Tumour differentiation NS
G1/G2 123 (91.1) 12 (8.9)

G3 190 (92.7) 15 (7.3)

Lauren’s classification NS
Intestinal 240 (91.3) 23 (8.7)

Diffuse 20 (90.9) 2 (9.1)
Mixed 53 (96.4) 2 (3.6)

WHO classification NS
Adenocarcinoma (tubular, 271 (91.6) 25 (8.4)
papillary, mucinous)

Signet-ring cell carcinoma 42 (95.5) 2 (4.5)

Tumour location p=0.0428"
Oesophagus 137 (88.9) 17 (11.1)
Cardia 95 (93.1) 7 (6.9)
Stomach 81 (96.4) 3 (3.6)

Stage NS
/I 182 (91.0) 18 (9.0)

v 131 (93.6) 9 (6.4)

Tumour size NS
<5 cm 160 (93.0) 12 (7)
>5 cm 151 (89.9) 17 ( 10.1)

NS Not significant
Chi square test. Oesophageal carcinomas vs cardiac and gastric
carcinomas

nuclear. Twenty-seven cases had to be excluded from fur-
ther analysis because either only non-cancerous tissue was
present in all three punches or all tissue samples had been
lost during immunohistochemical staining. Besides cancer
cells, immunoreactivity for Snail was found consistently in
a small subset of stromal cells (inside and outside of the
tumours), i.e. fibroblasts and endothelial cells. This ex-
pression tended to be accentuated in areas of mucosal ero-
sion or ulceration.

To validate immunohistochemical analyses based on
TMAs, whole-tissue sections from the donor blocks of the
27 Snail-positive carcinomas were immunohistochemically
stained for Snail. Analysis of whole-tissue sections con-
firmed Snail expression in all cases considered to be pos-
itive based on TMA analysis. Figure 4 shows examples of
some of these cases. Immunohistochemical analysis of
whole-tissue sections allowed the semiquantitative assess-
ment of Snail expression. In 14 tumours, 5-25% of the
tumour cells were Snail positive; in 4 tumours, 26-50% of
the tumour cells were Snail positive; in 1 tumour, the
percentage of Snail-positive tumour cells was 51-75%, and
in 1 tumour, the percentage was 76—100%.

To analyse the correlation between the expression of
Snail and E-cadherin, serial whole-tissue sections of only
20 Snail-positive carcinomas were also immunohisto-
chemically stained for E-cadherin. Of these 20 Snail-
positive carcinomas, only 7 showed a loss of E-cadherin

expression in the tumour area where Snail expression was
detectable (Fig. 4), indicating no clear correlation between
Snail up-regulation and E-cadherin down-regulation.

Correlation of Snail expression
and clinico-pathological parameters

The expression of Snail in adenocarcinomas from the upper
gastrointestinal tract was not correlated with a variety of
clinico-pathological parameters, such as tumour grade,
Lauren’s classification, WHO classification, tumour stage
and tumour size (Table 1). However, the expression of
Snail was significantly more frequent in oesophageal ade-
nocarcinomas (11.1%) than in cardiac (6.9%) or in gastric
(3.6%) carcinomas (p=0.0428).

Discussion

A hallmark in disease progression of epithelial cancers is
the functional loss of the homophilic cell adhesion mol-
ecule E-cadherin, altering both the physical attachment of
cells and the regulatory signals transmitted through cyto-
plasmic adapter molecules. Reduced or lack of E-cadherin
immunoreactivity has been observed in many types of
cancers and correlated with histopathological and clinical
features, such as tumour dedifferentiation, invasive growth,
lymph node metastasis and a worse patient prognosis [24].
The main mechanisms resulting in a loss of E-cadherin
function include loss of heterozygosity (LOH) in combina-
tion with gene mutations [50], promoter hypermethylation
[18, 31], enhanced degradation due to HAKALI, a c-Cbl-like
protein [16], down-regulation by the RON tyrosine kinase
[2], down-regulation by the transmembrane molecule dys-
adherin [26] and proteolytic degradation by matrix metal-
loproteases [30]. While E-cadherin gene mutations are
found in diffuse-type gastric cancer [4, 5] and in invasive
lobular breast cancer [6], they are rare in other cancers [7]
and may not account for the majority of E-cadherin in-
activations seen in human cancer tissues.

Recent reports highlighted the significance of EMT
regulators that directly repress E-cadherin transcription.
Several transcription factors, including the zinc finger
transcription factor Snail [3, 12], the Snail-related molecule
Slug [10, 21], Zeb2 (Sipl; [13]), Zebl [20] and E12/47
[35], may bind to E-box elements present in E-cadherin’s
promoter, resulting in transcriptional down-regulation. In
various types of cancers and cell lines, the increased ex-
pression of Snail mRNA has been correlated with the loss
of or reduced E-cadherin expression, although in several
systems, a coexpression of Snail and E-cadherin was ob-
served [14]. In the current study, we transfected two dif-
ferent cell lines with human Snail and found a concomitant
reduction in E-cadherin levels, indicating the expression of
a functional Snail molecule.

Most studies analysing Snail expression have been
performed at the mRNA level, possibly because only a few
commercial antibodies that react with human Snail protein



are available. Using an in-house-made polyclonal antibody
against mouse Snail, Dominguez et al. [14] detected a
doublet band in Western blot analysis (15% gel) at about
32 kDa in extracts from Snail-transfected HTB-29 and
Madin-Darby canine kidney (MDCK) cells (80 pg of a cell
extract per lane was used). They postulated a modification
of the snail protein (phosphorylation) that may be res-
ponsible for the upper band seen in the blot and may
regulate nuclear localization. We showed here that in E-
cadherin-negative HTB-135 gastric cancer cells, endoge-
nously expressed Snail seems to be localized in the nucleus
and in the cytoplasm, whereas exogenously expressed
Snail is seen exclusively in the nucleus. When we double
our cell lysates from HTB-135 cells (40 pg total protein
instead of 20 pg) and extend film exposure time (10 s
instead of 5 s), a second smaller band is visible in Western
blots (not shown). In extracts from human placenta, how-
ever, only one band is seen, migrating at the same position
as the purified human protein and most likely correspond-
ing to the “upper” band. In this tissue, Snail immunoreac-
tivity appeared exclusively nuclear (Fig. 3).

When we used commercial anti-Snail antibodies used by
others (e.g. [47, 48]), they did not work (data not shown).
In addition, none of those could be applied for analysis of
Snail nuclear immunoreactivity in archival human tissues
so far. Therefore, we generated a rat mAb, termed Sn9H?2,
against human Snail that works excellently in Western blot-
ting and can be used for immunohistochemical analysis of
human tissue samples and, although not yet tested, possibly
for immunoprecipitation and chromatin immunoprecipita-
tion studies. The specificity of the antibody was dem-
onstrated by Western blot analysis, immunofluorescence
and immunohistochemical analysis of appropriate test
systems, such as transfected cells in a culture expressing
functional Snail and invasive trophoblasts from human
placenta. With our new antibody, a direct correlation be-
tween E-cadherin repression and Snail neoexpression can
now be analysed in cell lines and tissues, even after formalin
fixation. In some cell lines, there is a coexpression of E-
cadherin and Snail. A forced overexpression of Snail,
however, resulted in the reduction of E-cadherin, suggesting
some dosage effect. This may explain the failure to find a
concomitant reduction of E-cadherin in every Snail-positive
case (see “Results”).

To start with an evaluation of Snail immunoreactivity in
human cancers, we chose adenocarcinomas of the upper
gastrointestinal tract, i.e. tumours that arise in the oesoph-
agus, in the cardia or in the stomach. Today, it is generally
accepted that the majority of carcinomas of the upper
gastrointestinal tract develop through an accumulation of
somatic genetic and epigenetic changes, such as point
mutations and/or LOH in the p53 gene, promoter methyl-
ation of p16™** and amplification and overexpression of
cyclin D1, epidermal growth factor receptor (EGFR) and c-
erbB-2. In addition, the expressions of E-cadherin and
adenomatous polyposis coli (APC) were frequently found
to be altered (for review, see [41]). We found Snail im-
munoreactivity in about 8% of the 340 cases analysed. No
statistically significant correlation to the pathological and
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clinical data evaluated was seen. However, Snail immuno-
reactivity was more frequently detected in oesophageal
cancers compared with cardia or gastric cancers, although
only with marginal statistical significance. From the 154
analysed cases with oesophageal cancers, 17 (11%) were
found to express Snail. In the gastric cancers analysed, only
4% Snail-positive tumours were detected. In a previous
study, using quantitative real-time RT-PCR, we found Snail
mRNA overexpression preferentially in diffuse-type gas-
tric cancers [39]. However, analysing a much larger series
of tumours, as was done in the current study, we did not
find a statistical correlation between Snail immunoreactiv-
ity and Lauren’s classification (diffuse vs intestinal).

Epithelial-mesenchymal transition mediated by Snail is
considered to be a local event occurring at certain sites
within an invasive tumour; EMT is typically seen at the
invasion front [11]. Interestingly, Snail mRNA was not
detected in a series of microdissected colon cancers in one
study [40] but was reported to be overexpressed in another
[33]. As mentioned in the “Results” section, some fibro-
blasts and endothelial cells showed Snail immunoreactiv-
ity. Even after careful tissue microdissection, it cannot be
excluded that non-tumourous cells, such as fibroblasts or
endothelial cells, are present in the tissue samples and may
have contributed to the results of mRNA studies. Hybrid-
oma Sn9H2 can now aid to solve some discrepancies that
may have arisen in quantitative real-time RT-PCR analysis
of primary tumours.

Using in situ hybridisation, Blanco et al. [9] found Snail
mRNA expression in scarce fibroblastic cells present in
stromal regions of breast cancers. In the same study, 9 out
of 21 breast cancers expressed Snail mRNA, inversely
correlating with the grade of differentiation of the tumours
[9]. The authors concluded that Snail may be a marker of
metastatic potential. While estrogen receptor signalling via
metastasis associated gene 3 (MTA3) up-regulation was
demonstrated to play a role in Snail inhibition in breast
cancer [17], the mechanisms for Snail regulation in cancers
of the upper gastrointestinal tract are currently unknown.
Recently, the human Snail promoter was characterized,
demonstrating an induction of Snail transcription by in-
tegrin linked kinase (ILK) and the oncogenes Ha-ras and v-
Akt [1]. In addition, extracellular signal-regulated kinase
(ERK) and NFkappaB/p65 also stimulated Snail transcrip-
tion [1]. In an elegant paper, Zhou et al. [51] demonstrated
a role for glycogen synthase kinase-3beta (GSK-3beta) in
the regulation of Snail function. The authors found that
GSK-3beta binds to and phosphorylates Snail at two con-
sensus motifs to regulate both ubiquitination and sub-
cellular localization. Nuclear immunoreactivity, however,
indicative of active Snail was apparently not seen in 134
breast cancer samples analysed. Thus, our hybridoma
Sn9H2, which, to our knowledge, is currently the only
antibody that reacts with endogenous nuclear Snail, may be
a valuable tool in determining the percentage of active
Snail in archival human cancers. As soon as antibodies for
other active E-cadherin repressors suitable for immunohis-
tochemistry of archival human tissues are available, the
relative contribution of each of these repressor molecules in
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E-cadherin silencing can be analysed in defined sets of
human tumours.

In conclusion, we generated a mAb against human Snail
and showed nuclear expression in a subset of adenocarci-
nomas of the upper gastrointestinal tract. Snail’s role in
these tumours and mechanisms of its regulation, e.g. sig-
nalling pathways known to induce EMT, however, have to
be established.
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