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Transforming Growth Factor-�1-Mediated Slug and
Snail Transcription Factor Up-Regulation Reduces
the Density of Langerhans Cells in Epithelial
Metaplasia by Affecting E-Cadherin Expression

Michael Herfs,* Pascale Hubert,* Natalia Kholod,*
Jean Hubert Caberg,* Christine Gilles,†

Geert Berx,‡ Pierre Savagner,§ Jacques Boniver,*
and Philippe Delvenne*
From the Department of Pathology * and the Laboratory of

Tumour and Development Biology,† CRCE, University of Liege,

Liege, Belgium; the Department for Molecular Biomedical

Research,‡ Unit of Molecular and Cellular Oncology, Ghent

University, Ghent, Belgium; and the Centre de Recherche en

Cancerologie,§ CRLC Val d’Aurelle-Paul Lamarque, Montpellier,

France

Epithelial metaplasia (EpM) is an acquired tissue ab-
normality resulting from the transformation of epi-
thelium into another tissue with a different structure
and function. This adaptative process is associated
with an increased frequency of (pre)cancerous le-
sions. We propose that EpM is involved in cancer
development by altering the expression of adhesion
molecules important for cell-mediated antitumor im-
munity. Langerhans cells (LCs) are intraepithelial
dendritic cells that initiate immune responses against
viral or tumor antigens on both skin and mucosal
surfaces. In the present study, we showed by immu-
nohistology that the density of CD1a� LCs is reduced
in EpM of the uterine cervix compared with native
squamous epithelium and that the low number of LCs
observed in EpM correlates with the down-regulation
of cell-surface E-cadherin. We also demonstrated that
transforming growth factor-�1 is not only overex-
pressed in metaplastic tissues but also reduces E-cad-
herin expression in keratinocytes in vitro by inducing
the promoter activity of Slug and Snail transcription
factors. Finally, we showed that in vitro-generated LCs
adhere poorly to keratinocytes transfected with ei-
ther Slug or Snail DNA. These data suggest that trans-
forming growth factor-�1 indirectly reduces antigen-
presenting cell density in EpM by affecting E-cadherin
expression, which might explain the increased suscep-
tibility of abnormal tissue differentiation to the devel-
opment of cancer by the establishment of local immu-

nodeficiency responsible for EpM tumorigenesis. (Am

J Pathol 2008, 172:000–000; DOI: 10.2353/ajpath.2008.071004)

Epithelial metaplasia (EpM) is initially an adaptative pro-
cess that can occur in various organs in response to
persistent injury. This epithelial tissue remodeling can be
incomplete (immature) or complete (mature) depending
on the persistence or not of the native epithelium. Al-
though EpM is frequently observed in many organs such
as the uterine cervix, bronchial tract, lower esophagus,
and stomach, the phenomenon remains poorly under-
stood. The process is usually associated with inflamma-
tion or proliferation of cells, such as that observed during
tissue regeneration, and is likely connected to a modified
expression of one or several genes at the level of multi-
potent stem cell cells.1,2

The metaplasia to dysplasia to cancer progression is
frequently encountered,3,4 particularly in the uterine cer-
vix where the substantial majority (87%) of (pre)cancer-
ous lesions develop within a specific microenvironment,
the transformation zone where a metaplastic process is
observed.5 This implies that exogenous or endogenous
factors specific to the anatomical milieu of the transfor-
mation zone may be conducive to oncogenic human
papillomavirus (HPV) infection and cancer development.
In a previous report, we proposed that a side effect of
EpM is a deregulated production of immune factors im-
portant for the antitumor/antiviral immune response.6 Ac-
cordingly, epithelial cells can influence immune reactions
in mucosal surfaces through the production of cytokines
and/or chemokines or via cell-cell contact.7 For example,
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the intraepithelial expression of adhesion molecules, nec-
essary to maintain a balanced turnover of immunocom-
petent cells, is probably influenced by the epithelial dif-
ferentiation, which is altered in metaplastic areas.

The squamous epithelium is composed not only of
keratinocytes but also of a type of immature dendritic
cells (DCs), the Langerhans cells (LCs), which are impor-
tant for the immunosurveillance of cutaneous or mucosal
surfaces. Indeed, within the last several years, the impor-
tance of DC/LC intratumor infiltration has been empha-
sized. In particular, in the uterine cervix, the regression of
HPV-related lesions has been shown to be associated
with an increased intraepithelial infiltration of DCs/LCs.8

Several studies indicate that alterations in antigen pre-
sentation might occur in metaplasia. For example, previ-
ous works have demonstrated that metaplastic areas are
associated with a lower density of LCs.9,10 Besides the
communication of epithelial and immune cells by soluble
factors, there also exist important cell-cell interactions.
For example, the protein E-cadherin, which is critical for
intercellular adhesiveness and maintenance of normal
epithelial tissue architecture, is also involved in the ho-
mophilic and heterotypic interactions between epithelial
cells and diverse cell types of the immune response,
including LCs11 and intraepithelial T lymphocytes (via
�E�7 integrin).12 Furthermore, it is well known that the
loss of E-cadherin expression is associated with the ma-
lignant transformation of metaplastic areas,13–15 meta-
static dissemination, and unfavorable tumor prognosis.
The mechanisms involved in the regulation of E-cadherin
expression are either the hypermethylation of the CDH1
(E-cadherin) gene16,17 or the activity of transcription fac-
tors, such as Snail or Slug, previously described as strong
repressors of E-cadherin expression.18–21 These zinc-fin-
ger transcription factors bind to E-boxes in the CDH1 pro-
moter and their expression has been correlated to invasive-
ness of several human tumors derived from epithelial
tissues.22–25 The expression of Snail and Slug factors can
be particularly induced by transforming growth factor-�1
(TGF-�1),26–28 which is highly expressed in several human
pathogenic processes such as fibrosis, inflammation, and
cancer development.29,30

In this study, we postulated that inflammatory or immu-
nomodulatory mediators, such as TGF-�1, could contrib-
ute to the malignant transformation of EpM by negatively
interfering with E-cadherin expression and intraepithelial
adhesion of antigen-presenting cells. We showed that the
reduced density of intraepithelial LCs in areas of mature
and immature EpM is correlated with a lower expression
of E-cadherin and that TGF-�1 inhibits E-cadherin ex-
pression in keratinocytes by inducing the activity of Slug
and Snail promoters.

Materials and Methods

Cervical Biopsy Specimens

Fifty-one paraffin-embedded cervical specimens from
women who underwent total hysterectomy for noncervical
benign uterine disease were retrieved from the Tumor

Bank of the University of Liege. The mean age was 41.2
years (range, 35 to 47 years) and only four patients were
menopausal. These tissue samples included both normal
exocervical epithelium and areas of EpM (mature and/or
immature). Forty frozen cervical biopsies taken from non-
menopausal women were also selected and contained
either exocervical tissues,12 mature metaplasia,14 or im-
mature metaplasia.14 DNA was prepared from all cervical
specimens with the QIAamp DNA mini kit (Qiagen,
Valencia, CA) and tested, by PCR, for the presence of
HPV DNA sequences using previously described proto-
cols31 and consensus primers (GP5�/GP6).32,33 The pro-
tocol was approved by the Ethics Committee of the Uni-
versity Hospital of Liege.

Cell Culture

Human skin keratinocytes (HaCaTs) were grown in a 3:1
mixture of Dulbecco’s modified Eagle’s medium and
Ham’s F12 medium containing 10% fetal calf serum
(Gibco, Invitrogen Corp., Carlsbad, CA) and supplied
with 1% nonessential amino acid (Gibco) and 1% sodium
pyruvate (Gibco). The cells were incubated at 37°C in a
humidified CO2 atmosphere until a 50 to 60% confluence
was reached. For some experiments, HaCaTs were cul-
tivated in a serum deprivation medium (0.2% fetal calf
serum) for 24 hours before stimulation with 10 ng/ml of
TGF-�1 (Prepro Tech, Rocky Hill, NJ).34

Immunostaining

Serial sections of cervical biopsy specimens underwent
immunostaining using antibodies directed against E-cad-
herin (clone HECD-1; Zymed, San Francisco, CA), CD1a
(clone MTB1; Novocastra, Newcastle, UK), involucrin
(clone SY5; Novocastra), TGF-�1 (clone TB21; Santa
Cruz Biotechnology, Santa Cruz, CA), Snail (clone E-18;
Santa Cruz Biotechnology), and Slug (clone D-19; Santa
Cruz Biotechnology). Anti-E-cadherin, CD1a, involucrin,
and TGF-�1 immunostaining was performed on paraffin
sections whereas anti-Snail and Slug antibodies were
used on frozen tissues. Sections were incubated with the
primary antibodies for 1 hour at room temperature (E-
cadherin, CD1a, involucrin, TGF-�1) or overnight at 4°C
(Snail, Slug). The revelation was performed with the En-
vision kit (DAKO, Glostrup, Denmark) (TGF-�1), with the
peroxidase LSAB2 system (DAKO) (E-cadherin, CD1a,
involucrin) or with a conjugated anti-goat secondary an-
tibody (Alexa Fluor 488, Invitrogen) (Slug, Snail), accord-
ing to the supplier’s recommendations.

For the immunostaining of cell monolayers, the cells
were grown on glass slides and treated as previously
indicated. The slides were quickly washed with phos-
phate-buffered saline (PBS) followed by a fixation in 4%
paraformaldehyde for 20 minutes. After incubation in
100% cold methanol for 5 minutes, the slides were incu-
bated with a fluorescein isothiocyanate-conjugated anti-
E-cadherin primary antibody (clone 36; BD Transduction
Laboratories, Franklin Lakes, NJ). The nuclei were stained
with 4,6-diamidino-2-phenylindole (DAPI). Cells were ob-
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served at timely intervals for 72 hours and pictures were
obtained using an epifluorescence microscope (Carl Zeiss
Inc., Oberkochen, Germany).

Immunostaining Assessment

The E-cadherin immunostaining was evaluated, in hyster-
ectomy specimens, by using a semiquantitative score of
the intensity and extent of the staining according to an
arbitrary scale. For staining intensity, 0 represented sam-
ples in which membrane E-cadherin expression was un-
detectable, whereas 1, 2, and 3 denoted samples with,
respectively, a low, moderate, and strong staining. For
staining extent, 0, 1, 2, and 3 represented samples in
which E-cadherin expression was detectable, respec-
tively, in �5%, 6 to 25%, 26 to 75%, and �75% of the
epithelium. The same staining extent evaluation was used
to assess Slug and Snail immunoreactivity. To provide a
global score for each case, the results obtained with the
two scales were multiplied, yielding a single scale with
steps of 0 to 9.35,36 This scoring system was also used to
evaluate the TGF-�1 immunostaining. A similar scoring
system was used for CD1a evaluation, with the modifica-
tion that the staining intensity was replaced by the density
of CD1a� LCs [low (1), moderate (2), and high (3)]. This
method was validated using a computerized image anal-
ysis system (CAS; Becton Dickinson, Erembodegen,
Belgium) following a method described previously.37

Western Blotting Analysis

Cells were lysed in a buffer containing 50 mmol/L Tris, pH
7.5, 300 mmol/L NaCl, 1 mmol/L ethylenediaminetet-
raacetic acid, 1% Igepal CA-630 (Sigma, St. Louis, MO),
1 mmol/L phenylmethyl sulfonyl fluoride (Sigma), and
protease inhibitors (Roche, Bale, Switzerland). After
quantification (BCA protein assay; Pierce, Rockford, IL),
25 �g of proteins were separated by electrophoresis on 4
to 12% NuPAGE polyacrylamide gels (Invitrogen) and
transferred onto polyvinylidene difluoride membranes.
The membranes were subsequently blocked with 5%
skim milk for 30 minutes and incubated overnight at 4°C
with anti-�-actin (Sigma-Aldrich, St. Louis, MO), anti-E-
cadherin (BD Transduction Laboratories), anti-Snail (Santa
Cruz Biotechnology), and anti-Slug (Santa Cruz Biotech-
nology) antibodies. The membranes were then washed
with TBS-T and incubated with appropriated secondary
antibodies. After washings, the protein bands were de-
tected using an enhanced chemiluminescence system
(ECL Plus; Amersham Biosciences, Piscataway, NJ).

Semiquantitative Reverse Transcriptase
(RT)-PCR Analysis

One �g of total RNA extracted from cell cultures (RNeasy
mini kit, Qiagen) and quantified with a ND-1000 spectro-
photometer (NanoDrop, Wilmington, DE) was reverse-
transcribed using Superscript II reverse transcriptase (In-
vitrogen) according to the manufacturer’s instructions.

The reactions were performed at 42°C for 50 minutes,
followed by inactivation of the enzyme at 75°C for 15
minutes. The cDNA was stored at �20°C. RT-PCR reac-
tions were performed using the following primer se-
quences: E-cadherin: forward: 5�-TATTCCTCCCATCAGCT-
GCCC-3�; reverse: 5�-CAATGCGTTCTCTATCCAGAGG-3�;
Snail: forward: 5�-AATCGGAAGCCTAACTACAGCGAG-3�;
reverse: 5�-CCTTCCCACTGTCCTCATCTGACA-3�; Slug:
forward: 5�-CCTTCCTGGTCAAGAAGCATTTCA-3�; reverse:
5�-AGGCTCACATATTCCTTGTCACAG-3�; HPRT: forward: 5�-
TTGGATATAAGCCAGACTTTGTTG-3�; reverse: 5�-AGATGT-
TTCCAAACTCAACTTGAA-3�. Samples were run on 1.8%
agarose gels containing ethidium bromide and visualized
with an UV transilluminator. mRNA levels were deter-
mined by densitometric analysis (Quantity One Software;
Bio-Rad, Hercules, CA). HPRT was used as an internal
control and the mRNA levels were normalized to this
housekeeping gene.

Methylation-Specific PCR

DNA methylation status of CpG island at the 5� end of
CDH1 (E-cadherin) gene was determined by methylation-
specific PCR. This method is based on cleavage by the
methylation-sensitive endonuclease HpaII and subse-
quently amplification of a gene fragment by PCR using
primers specific to sequences flanking the restrictive en-
zyme cut sites. One hundred ng of DNA extracted from
frozen tissues sections were cleaved overnight at 37°C
using the restriction enzyme HpaII (10 U) (Fermentas,
Burlington, Canada). After a thermal treatment to distort
the enzyme, PCR was then performed using the following
primer pairs: forward: 5�-GGGGGGCGGTGCTCCGG-3�;
reverse: 5�-ATGGCTGGCCGGGGACGC-3�. These prim-
ers allowed amplification of a part of CDH1 promoter
containing six potentially methylated CpG islands. Positive
and negative controls were performed using genomic DNA
lacking enzymatic digestion and DNA treated with methyl-
ation-unsensitive endonuclease MspI, respectively.

siRNA Transfection and Gene Silencing

The day before transfection, 1.5 � 105 HaCaT cells per
well of a six-well plate were seeded in 3 ml of appropriate
growth medium. For each transfection, 50 ng of small
interfering RNA (siRNA) and 3 �l of Transfectin (Bio-Rad)
were diluted in 1 ml of Optimem (Invitrogen). The mixture
was then incubated at room temperature for 20 minutes
to allow the formation of siRNA-liposome complexes.
Growth medium was aspirated from the cells and the
transfecting solution was added drop by drop. The cells
were incubated with the complexes for 4 hours at 37°C in
a CO2 incubator. After incubation, 1 ml of growth medium
(containing 20% of serum) was added without removing
the transfection mixture. Twenty-four hours after transfec-
tion, the medium was replaced with normal growth me-
dium. High-efficiency siRNA transfections were obtained
in growing HaCaT cells using this protocol (�90% cells).
The efficiency of transfection in RNA interfering experi-
ments was monitored by using labeled 3�ATTO 647N-
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negative control siRNA (Eurogentec, Seraing, Belgium).
The anti-human Snail and Slug siRNAs used were, re-
spectively, designed by Jorda and colleagues38 and by
Tripathi and colleagues.39

Plasmid Transfection and Heterotypic Cell
Adhesion Assay

pcDNA3.1 Zeo expression vector (Invitrogen) containing
full-length human Slug sequence and pEF6/Myc-His ver-
sion A expression vector (Invitrogen) containing human
Snail sequence were transfected into HaCaT cells plated
in two-well Lab-Tek chamber slide (Nunc, Roskilde, Den-
mark) with 1.5 �l of Transfectin (Bio-Rad). The transfec-
tion protocol used was similar to that previously de-
scribed for siRNA. Forty-eight hours after the start of
transfection, 10 � 105 LCs generated as previously de-
scribed40 and stained with the lipophilic fluorescent
marker CM-DIL (Molecular Probes, Invitrogen) were plated
in each well. After 1 day of co-culture, the slides were
washed with PBS and fixed in 4% paraformaldehyde for 20
minutes. The nuclei were revealed with DAPI and finally, the
number of LCs observed by field (magnification, �200) was
determined by using a epifluorescence microscope (Carl
Zeiss Inc.) and by counting cells in 10 microscopic fields.

Statistical Analysis

Statistical analysis was performed with the Instat 3 soft-
ware (Graph-Pad Software, San Diego, CA). The Spear-
man correlation test was used to establish the correlation
between E-cadherin expression and LC density in the
different histological tissues. The Kruskal-Wallis test was
used to assess the difference between E-cadherin ex-
pression and LC density in the cervical specimens and to
estimate the difference of LC number by microscopical
field in the heterotypic cell adhesion assay. Correlations
and differences were considered as statistically signifi-
cant when P values were less than 0.05.

Results

The Density of CD1a-Positive LCs Is Correlated
in Vivo with the Expression of Cell-Surface
E-Cadherin

E-cadherin expression and CD1a� cells were studied in
51 hysterectomy specimens. The exocervical squamous
epithelium was tested as controls. Twenty-three samples
show mature EpM and 39 immature EpM. Among the 23
mature EpM cases, 11 were adjacent to immature EpM.
All these tissue specimens were negative for HPV. The
immunostaining results are shown in Figure 1. Squamous
exocervical epithelium (Figure 1A) as well as mature EpM
(Figure 1B) showed strongly positive involucrin immuno-
reactivity whereas no or a low expression of this protein
was found in immature EpM (Figure 1C). This marker for
epithelial differentiation was therefore used to easily dis-
tinguish between mature and immature EpM. In the nor-

mal exocervical epithelium, CD1a� cells were intermin-
gled with keratinocytes in the (para)basal and intermediate cell
layers (Figure 1D). In contrast, the density of these cells
was significantly lower in areas of mature (Figure 1E) and
immature (Figure 1F) EpM than in the squamous exocer-
vical epithelium. This latter one was strongly positive for
E-cadherin (Figure 1G). Positive cells were observed
mostly in (para)basal and intermediate cell layers. In
contrast to exocervical epithelium, all of the mature (Fig-
ure 1H) and immature (Figure 1I) EpM showed a lower
anti-E-cadherin cell-surface immunoreactivity. However,
in immature EpM, the glandular epithelium that persists at
the surface of metaplastic keratinocytes showed a posi-
tive E-cadherin staining as the normal epithelium of the
endocervix (data not shown). The density of CD1a� cells
and the E-cadherin immunoreactivity were statistically
higher in the normal exocervical epithelium than in ma-
ture and immature EpM (P � 0001), as demonstrated by
the semiquantitative evaluation of E-cadherin (Figure 1J)
and CD1a (Figure 1K) intraepithelial expression. More-
over, a Spearman correlation between CD1a and E-cad-
herin scores was also observed in normal exocervical epi-
thelium (Spearman, r � 0.3973; P value � 0.005), in mature
(Spearman, r � 0.4538; P value � 0.0296), and in immature
(Spearman, r � 0.4448; P value � 0.0046) EpM.

The Majority of Metaplastic and Exocervical
Biopsies Are Unmethylated for CDH1 Gene

To determine the mechanism(s) responsible for the de-
creased expression of E-cadherin in the EpM, we first
analyzed the methylation status of a panel of CpG islands
associated with the promoter of E-cadherin (CDH1) gene
by a restriction enzyme PCR. After a treatment with the
methylation-sensitive endonuclease HpaII, the methyl-
ation level of CDH1 gene was established by PCR. DNA
is not cleaved when enzymatic recognition sites are
methylated and can be amplified by PCR. In contrast,
when the target DNA sequence is unmethylated, its
cleavage by HpaII prevents the DNA amplification by
PCR. Untreated DNA and DNA treated with methylation-
unsensitive endonuclease MspI were the positive and
negative controls, respectively (Figure 2A). With this
technique, methylated CDH1 gene was found in 0% (0 of
12) of exocervical biopsies and in 14.3% (2 of 14) of
specimens containing mature or immature EpM (Figure
2B). No statistical difference in the methylation level of
CDH1 gene was observed between exocervical and
metaplastic specimens.

TGF-�1, Slug, and Snail Transcription Factors
Are Overexpressed in Areas of Mature and
Immature EpM

Next, we investigated the possible role of TGF-�1 and
Slug/Snail transcription factors in the down-regulation of
E-cadherin in EpM. By using immunohistochemistry in
cervical biopsies, we showed that, compared to the exo-
cervical epithelium (Figure 3A), EpM expressed signifi-
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Figure 1. Correlation between the density of CD1a� LCs and the E-cadherin expression in squamous exocervical epithelium and in EpM (mature and immature).
A–C: Involucrin expression in normal squamous epithelium and in areas of mature and immature EpM. Compared with exocervical epithelium (A) and mature
EpM (B), the involucrin immunoreactivity is strongly decreased in immature EpM (C). D–F: Density of CD1a� cells in normal squamous epithelium and in EpM.
D: The normal squamous epithelium shows a high density of CD1a� cells in the basal and suprabasal cell layers. Mature (E) and immature (F) EpM are infiltrated
by a low density of CD1a� cells. G–I: E-cadherin expression in normal squamous epithelium and in EpM. G: The normal squamous epithelium shows typical
cell-surface E-cadherin staining of basal and intermediate keratinocytes. The E-cadherin immunoreactivity was intermediate and low in mature (H) and immature
(I) EpM, respectively. J and K: Semiquantitative evaluation of E-cadherin and CD1a expression, respectively, in normal exocervix (n � 51), mature (n � 23), and
immature (n � 39) areas of EpM. Asterisks indicate statistically significant differences (***P � 0.001). Original magnifications: �100 (A, D–G); �200 (B,
C, H, I).
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cantly more TGF-�1 (P � 0.001; Figure 3, B and C).
Furthermore, TGF-�1 staining was higher in immature
(Figure 3C) than in mature (Figure 3B) EpM. Slug (Figure
3, E and F) and Snail (Figure 3, H and I) transcription
factors were found to be highly expressed in mature and
immature EpM. The staining was observed both in the
cytoplasm and the nucleus of (para)basal and apical
metaplastic cells. In contrast, the immunoreactivity was
only detected in the upper epithelial cell layers (Figure 3,
D and G), and the expression of these proteins was
significantly lower in the exocervical epithelium than in
EpM (P � 0.001; Figure 3, J–L).

TGF-�1 Induces Slug and Snail Expression and
Represses E-Cadherin in Keratinocytes

To determine in vitro the potential implication of TGF-�1 in
the E-cadherin down-regulation in metaplastic keratino-
cytes, HaCaTs were treated with TGF-�1 (10 ng/ml) for
24, 48, and 72 hours. Immunostaining demonstrated that
E-cadherin was weakly detected in the cell junctions after
48 and 72 hours of incubation with TGF-�1 (Figure 4A).
This decreased expression of E-cadherin in the presence
of TGF-�1 was confirmed by Western blot (Figure 4B)
and RT-PCR (Figure 4C). In addition, we found that
TGF-�1 strongly increased the Slug transcription factor
expression (Figure 4C). The maximum RNA level was
obtained 12 hours after exposure to TGF-�1 and was
followed by a steady decline in expression. However, the
expression of Slug remained greater than the basal level
at least up to 72 hours of TGF-�1 treatment. In contrast,
the expression of Snail transcription factor was weakly
induced by TGF-�1. Similar results were obtained at the
protein level (Figure 4B).

Slug and Snail Silencing Attenuates the
Down-Regulation of E-Cadherin Caused by TGF-�1
in Keratinocytes

We next determined whether Slug and/or Snail transcrip-
tion factors are required for the decreased expression of
E-cadherin induced by TGF-�1 by examining the effects
of Slug and Snail silencing on TGF-�1-induced down-
regulation of E-cadherin in keratinocytes. Gene silencing

efficiency was analyzed by Western blot (Figure 5A) and
RT-PCR (Figure 5C). Immunocytology (Figure 5B) and
RT-PCR (Figure 5D) showed that the down-regulation of
E-cadherin induced by TGF-�1 was partially suppressed
in Slug- and Snail-silenced HaCaTs. RT-PCR analysis
showed that after 72 hours of TGF-�1 treatment, E-cad-
herin mRNA was present in HaCaT-control siRNA at a
level corresponding to 49% of that detected in untreated
cells, compared to 77% (P � 0.001) and 56% (P � 0.05)
in HaCaTs transfected, respectively, with Slug and Snail
siRNA. No synergistic effect was observed when keratin-
ocytes were transfected with siRNAs against both Slug
and Snail (data not shown). These data suggest that Slug
and, at a lower extent, Snail transcription factors are, at
least in part, necessary for the down-regulation of E-
cadherin induced by TGF-�1 in keratinocytes.

The Interactions between LCs and
Keratinocytes Are Affected by the
Down-Regulation of E-Cadherin Caused by Slug
and Snail Transcription Factors
We finally investigated whether the reduction of E-cad-
herin expression caused by Slug and Snail transcription
factors affects the adhesion of LCs to keratinocytes. We
transiently transfected keratinocytes with Snail and Slug
expression vectors and showed that Slug and Snail pro-
teins levels were higher in transfected cells (Figure 6A).
RT-PCR analysis showed similar results (data not shown).
In addition, we confirmed by immunofluorescence (Fig-
ure 6B) and Western blot (Figure 6A) the down-regulation
of E-cadherin induced by these two transcription factors.
Forty-eight hours after transfection, a heterotypic cell ad-
hesion assay was performed by using fluorescent la-
beled LCs that were incubated with keratinocytes trans-
fected with the different vectors and we demonstrated that
LCs poorly adhere to Slug- and Snail-transfected keratino-
cytes compared to cells transfected with empty vectors
(Figure 6C). Similar results were obtained when the expres-
sion of E-cadherin in keratinocytes was reduced by a pre-
treatment with TGF-�1 for 72 hours (data not shown).

Discussion

Although the precise mechanisms underlying induction
of EpM are still obscure, it has been known for many

Figure 2. The methylation status of CDH1 (E-
cadherin) gene in exocervical and metaplastic
tissues. A: Representative examples of PCR re-
sults for methylated and unmethylated CDH1
gene. After a treatment with the restriction en-
zyme HpaII, a PCR product is visualized under
UV illumination for methylated tissue samples.
Genomic DNA without enzyme digestion and
DNA treated with methylation-unsensitive endo-
nuclease MspI represent positive and negative
control, respectively. B: Methylation analysis of
CDH1 gene in cervical tissues with exocervical
epithelium (n � 12), mature (n � 14), or im-
mature EpM (n � 14).
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years that specific metaplastic sites are at higher risk of
developing cancer compared with the adjacent native
epithelium.5,41,42 The increased risk of malignant trans-

formation within the metaplastic epithelium could result
from the accumulation of somatic gene mutations directly
caused by factors responsible for EpM.4,43 However,

Figure 3. TGF-�1 (A–C), Slug (D–F), and Snail (G–I) immunostaining in cervical biopsy specimens. The exocervical epithelium shows a low TGF-�1 staining
(A) whereas mature (B) and immature (C) EpM demonstrate, respectively, an intermediate and high expression of TGF-�1. The normal squamous exocervical
epithelium shows a medium expression of Slug (D) and a low expression of Snail (G) transcription factors only in upper cell layers. The dashed line delineates
the epithelium from the stroma. In contrast, mature (E and H) and immature (F and I) EpM demonstrates a strong Slug (E and F) and Snail (H and I)
immunoreactivity. J: Semiquantitative evaluation of TGF-�1 expression, respectively, in normal exocervix (n � 51), mature (n � 23), and immature (n � 39) areas
of EpM. Semiquantitative evaluation of Slug (K) and Snail (L) expression, respectively, in normal exocervix (n � 12), mature (n � 14), and immature (n � 14)
areas of EpM. Asterisks indicate statistically significant differences (***P � 0.001). Original magnifications: �100 (A–C, D, G); �200 (E, F, H, I).
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intrinsic immune features altered in the metaplastic epi-
thelium could also contribute to cancer development by
preventing an efficient antitumor immune response.6 This
effect could be mediated by a differential expression of
soluble and/or membrane-associated factors. Consistent
with this hypothesis, an altered expression of several
soluble factors such as TGF-�, tumor necrosis factor
(TNF)-�, and interleukin (IL)-10 has been observed in
esophageal and cervical EpM.10,44,45 Similarly, the ex-
pression of E-cadherin, which is necessary for the reten-
tion of antigen-presenting cells in epithelial tissues,36 is
decreased in gastric and esophageal areas of intestinal
metaplasia compared to normal epithelium.14,46

LCs are antigen-presenting cells that play a key role in
the immunosurveillance of epidermis and mucosal sur-
faces. LCs are required for the initiation of cellular im-
mune responses to pathogens and the infiltration of tu-
mors by antigen-presenting cells has been correlated
with a better prognosis.47–49 In the present study, we
demonstrated that the immunosurveillance represented by
the density of CD1a� LCs is decreased both in mature and
immature cervical EpM compared with the normal squa-
mous epithelium and is correlated with a lower intraepithe-
lial expression of E-cadherin. These findings are in agree-
ment with previous works reporting a reduced LC density in
the cervical transformation zone.9,10 The observed correla-
tion between E-cadherin expression on keratinocytes and
LC density in normal and metaplastic epithelium suggests
an important role of the heterotypic E-cadherin-mediated
interaction between keratinocytes and LCs for the LC reten-
tion in the squamous epithelium. A similar correlation has

been previously performed in HPV16-infected skin in which
E6 viral oncoprotein inhibits E-cadherin expression.50 How-
ever, in contrast to cervical (pre)neoplasic lesions that are
associated with HPV infection,51–53 the biopsies selected in
this study were HPV-negative, suggesting that E6 viral on-
coprotein is not involved in the down-regulation of E-cad-
herin in HPV-negative EpM.

To determine the mechanism by which E-cadherin ex-
pression is modulated in EpM, the methylation level of
CDH1 (E-cadherin) promoter was studied by using a
methylation-specific PCR. We found that the majority of
analyzed cervical metaplastic samples are unmethyl-
ated. As already shown in intestinal metaplasia areas in
the lower esophagus54 and the stomach,55 the frequency
of hypermethylation was less than 40%, suggesting that
other mechanisms are responsible for the down-regula-
tion of E-cadherin observed in every EpM.

Slug and Snail are transcription factors that negatively
regulate the expression of E-cadherin.18–21 In the present
study, we found, by immunostaining, that these proteins
are strongly expressed in the entire thickness of EpM. In
contrast, these two proteins were only weakly detected in
the upper epithelial cell layers of the normal exocervical
epithelium and their expression was inversely correlated
with that of E-cadherin that was mainly present in the
(para)basal and intermediate cells of the squamous epi-
thelium. As previously observed in pancreatic and esoph-
ageal cancer cells,56,57 Slug and Snail were observed in the
cytoplasm as well as in the nucleus of keratinocytes. Inter-
estingly, TGF-�1 was also expressed, at higher levels, in
EpM compared with the adjacent native epithelium. TGF-�1

Figure 4. TGF-�1 inhibits E-cadherin and induces Slug and Snail expression in keratinocytes. A: The immunofluorescence demonstrates a diminished expression
of E-cadherin (green) at the cell membrane after incubation with TGF-�1 during 48 hours. The nuclei were stained with DAPI (blue). Western blot (B) and RT-PCR
(C) confirm the down-regulation of E-cadherin and show the increased expression of Slug and, at a lower level, of Snail transcription factors after TGF-�1
treatment. Results are representative of three independent experiments performed in duplicates. The mean � SD is shown. Asterisks indicate statistically
significant differences (*P � 0.05; **P � 0.01; ***P � 0.001). Original magnifications, �630.
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has been shown to induce Snail and/or Slug transcription
factors and to down-regulate E-cadherin in several cell
lines.26–28,58,59

To determine whether TGF-�1 is responsible for the
induction of Slug and Snail transcription factors and for
the reduction of E-cadherin expression observed in EpM,
we treated HaCaTs with TGF-�1 and observed a down-
regulation of E-cadherin expression with a high and low

induction of Slug and Snail transcription factors, respec-
tively. Because similar results were obtained by RT-PCR
and Western blot techniques, we concluded that TGF-�1
induces an increased expression of Slug and Snail tran-
scription factor and not an inhibition of protein degrada-
tion. However, compared with previous data obtained
with other cell lines,26–28,58,59 TGF-�1 differentially mod-
ified Slug and Snail expression in HaCaT keratinocytes.

Figure 5. The decrease in E-cadherin expression caused by TGF-�1 is partially attenuated by Slug and Snail silencing. A: Efficiency of Slug and Snail silencing
was demonstrated by Western blot 48 hours after siRNA transfection. B: Immunofluorescence analysis and subcellular localization of E-cadherin (green) in
HaCaT-siRNA control, in HaCaT-siRNA Slug and in HaCaT-siRNA Snail stimulated or not with TGF-�1 for 72 hours. The nuclei are stained with DAPI (blue). The
images are representative of results obtained in three different experiments. C: Expression of Slug and Snail in TGF-�1-treated cells was controlled by RT-PCR for
the indicated times after siRNA transfection. D: Quantification of RT-PCR data demonstrated that the decrease in E-cadherin expression is greater in HaCaT
transfected with siRNA control than in HaCaT transfected with siRNA Slug or siRNA Snail. Results are representative of three independent transfection experiments
performed in duplicates. The mean � SD is shown. Asterisks indicate statistically significant differences (*P � 0.05; ***P � 0.001). Original magnifications, �630.
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Zavadil and colleagues34 have previously shown that the
patterns of activation of Slug and Snail by TGF-�1 were
mutually exclusive and cell-type-dependent. Moreover,
the difference in Snail expression observed in vivo
(strong) and in vitro (low) is probably related to the fact
that TGF-�1 is not the only soluble factor that can induce
Snail expression. For example, the prostaglandin E2

(PGE2) can also up-regulate Snail60 and then could ex-
plain the high expression of Snail observed in vivo. Ac-
cordingly, PGE2 synthase was found to be highly ex-
pressed in mature and immature EpM compared to
exocervical epithelium and a significantly increased Snail
expression was observed in vitro in keratinocytes treated
with PGE2 (data not shown).

In addition, we showed that Slug or Snail silencing
partially abrogated the down-regulation of E-cadherin in-
duced by TGF-�1 in keratinocytes. These results are in
agreement with those reported by Takano and col-
leagues58 and demonstrate that these transcription fac-
tors are implicated in the reduction of E-cadherin expres-
sion caused by TGF-�1. However, the restitution of
E-cadherin expression was stronger for Slug as com-
pared to Snail silencing, suggesting that TGF-�1 reduces

the E-cadherin expression in keratinocytes, mainly via the
Slug transcription factor.

Finally, to determine the significance of this down-
regulation of E-cadherin expression observed in EpM in
terms of LC adhesion to keratinocytes, the impact of
E-cadherin under-expression was studied by using a
relevant heterotypic cell adhesion assay. We showed that
the adhesion between LCs and epithelial cells is altered
when E-cadherin expression by keratinocytes is inhib-
ited. The importance of homophilic E-cadherin-mediated
interactions between LCs and epithelial cells has been
previously reported by several studies.11,36 However, the
reduction of E-cadherin was unable to completely abro-
gate the LCs/keratinocytes interactions. Although there is
evidence that E-cadherin stimulates the adhesion of LCs/
DCs directly, we cannot exclude, in our study, the role of
other adhesion molecules such as �6 integrins, CD44, or
CD47.61–63

In conclusion, we demonstrated that TGF-�1 can indi-
rectly induce decreased antigen presentation functions
in EpM by affecting E-cadherin expression. The inability
of the local immune system to mount a cell-mediated
immune response against pathogens or cells in transfor-

Figure 6. The decrease in E-cadherin expression induced by Slug and Snail transcription factors affects the interactions between LCs and keratinocytes. A:
Seventy-two hours after transfection with Slug and Snail transcription factors, the expression of E-cadherin, Slug and Snail was assessed by Western blot. B:
Immunofluorescence analysis and subcellular localization of E-cadherin (green) in human Slug or Snail transfected keratinocytes. Transfections with correspond-
ing empty expression vectors were used as controls. For each condition of transfection, a representative example of LC (red) density observed by field in the
heterotypic cell adhesion assay is shown. The nuclei are stained with DAPI (blue). C: Graphic representation of the mean number � SD of LCs observed by field
in the co-culture experiments. For each condition, three independent experiments were performed. The adhesion of LCs to human Slug- or Snail-transfected
keratinocytes was significantly lower compared to cells transfected with empty vectors. Asterisks indicate statistically significant differences (**P � 0.01; ***P �
0.001). Original magnifications: �630 (B, left); �200 [B (right), C].
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mation, because of a deficit of adhesion molecules nec-
essary for cell-to-cell interactions, might play an impor-
tant role in the susceptibility of EpM for developing
cancer. The progressive alteration of E-cadherin expres-
sion that has been demonstrated in bronchial,15 esoph-
ageal,13 and gastric14 metaplasia-dysplasia-carcinoma
sequences could not only be an early indication signaling
the malignant transformation of metaplastic cells but
might also constitute one of the major determinants for
establishing local immunodeficiency responsible for EpM
tumorigenesis.
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