


Figure 4: MT2-MMP decreases p-catenin association with the cell membrane. A. Immunofluorescence analysis of B-catenin
protein expression transfectants using primary antibody rabbit anti-E-cadherin (1:1000) and Alexa Fluor 594-labeled secondary antibody
(1:1000), images captured by confocal laser microscopy (Alexa fluor 594, red; nuclei, DAPI staining, blue). Scale bar, 50 um. B. Western
blot analysis of B-catenin protein levels using rabbit anti-f-catenin (1:1000) followed by HRP-conjugated secondary antibody. C. Western
blot analysis of phosphorlated B-catenin (Ser33/37/Thr41 and Thr41/Ser45). Mean + SEM, n = 3. *P < 0.05.
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Although control vector-transfected HCT116 cells were
confined above the CAM upper surface, WT MT2-MMP
induced tissue invasiveness (Figure 6A-6E). Treatment of
MT2-MMP-transfected cells with the inhibitor GM6001,
made cells unable to penetrate the CAM upper surface
(Figure 6A-6E). Similarly, cells transfected with E260A
mutant were confined above the CAM (Figure 6A-6E).
Taken together, our results suggest that MT2-MMP is
capable of promoting EMT and cell invasiveness in vivo.

DISCUSSION

Normal multiple layer structures of epithelial tissue
and connections such as adherens and tight junctions
between cells are obstacles for cell movement. One
important prerequisite for the acquisition of invasive
and metastatic phenotypes during EMT is the loss or
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disruption of the connections between cells. A decrease
in E-cadherin expression is a typical and critical factor
for EMT. Classical E-cadherin decrease arises from
several factors, e.g., WNT and transcriptional factors,
which repress E-cadherin transcription [35]. However,
E-cadherin protein shedding by protease degradation can
also induce EMT.

MMPs are comprised of a large family of proteases
that play roles in embryogenesis, tissue morphogenesis,
wound healing, and cell growth [24, 25]. Among MMP
family members, so far only MMP-3, -7 and -9 as well
as MT1-MMP correlate with EMT [15, 16, 29-31]. In
the present study, MT2-MMP-transfected cells exhibited
EMT manifestations and produced an 80-kD N-terminal
extracellular fragment of E-cadherin in culture medium,
consistent with the soluble E-cadherin produced by MMP-
3 and -7 [15, 16]. This 80-kDa ectodomain is detectable
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Figure 5: MT2-MMP decreases cellular tight junction ZO-1 expression. A. RT-PCR analysis of tight junction marker ZO-1
mRNA levels in MT2-MMP transfectants versus vector transfectants, showing no change. B. Western blotting analysis of ZO-1 protein
levels in vector transfectants, WT MT2-MMP transfectants, inactive mutant E260A transfectants, and MT2-MMP transfectants in the
presence of MMP inhibitor GM6001 (25 uM), using primary antibody rabbit anti-ZO-1 (1:1000) followed by HRP-conjugated secondary
antibody. Mean + SEM, n = 3. *P < 0.05. C. Immunofluorescence analysis of ZO-1 protein expression using primary antibody rabbit anti-
Z0-1 (1:1000) and Alexa Fluor 594-labeled secondary antibody (1:1000), images captured by confocal laser microscopy (Alexa fluor 594,

red; nuclei, DAPI staining, blue). Scale bar, 50 pm.
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in the serum and urine of cancer patients; hence it is a
possible biomarker for cancer [36]. In the presence of
the MMP-specific inhibitor or E260A mutation, cells
failed to produce similar morphological and molecular
events to active WT MT2-MMP, suggesting that the
EMT is completely dependent on the catalytic activity of
MT2-MMP. In addition, no changes were detected in the
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transcription of either E-cadherin or the fibroblast marker
vimentin (data not shown), suggesting that MT2-MMP
regulates EMT at the post-translational level.

B-catenin is the linker protein between E-cadherin
and actin skeleton, playing a critical role in the maintenance
of adherens junctions [37]. In the MT2-MMP-transfected
cancer cells, B-catenin was released from E-cadherin,
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Figure 6: MT2-MMP mobiles HCT116 cell invasion ability in vivo. A, B. MT2-MMP transfectants labeled with green fluoresbrite
carboxylate microspheres were placed on the CAM of chick embryos and cultured for 3 d. Samples were stained with H&E staining (A)
or anti-type IV collagen antibody and Alexa Fluor 594-labeled secondary antibody (B). White arrowheads mark the CAM upper surface.
Blue arrowheads mark the invading cells. Bar, 100 um. C. Number of invasion cells that cross the CAM surface. D. Integrality of the CAM
upper surface (%). E. Invasion depth of leading front of invading cells. mean = SEM; n=3 *P< 0.05.
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but it did not accumulate in cytoplasm. However neither
nucleus translocation nor promotion of proliferation were
found in the MT2-MMP-transfected cancer cells (data not
shown), suggesting that 3-catenin released from adhesion
could not participate in Wnt (nuclear) signaling. These
findings are consistent with previous studies showing
that whether B-catenin participates in adhesion or Wnt
signaling is not due to simple competition, but is controlled
by distinct molecular forms of B-catenin with different
binding properties [38]. In addition, it has been reported
in an HCT116 cell line that B-catenin has a mutation at
Ser33Tyr (S33Y) [38]. In the present study [-catenin
was phosphorylated at Ser37/Thr41/Serd5 as detected by
Western blotting, and this phosphorylation may lead to
[-catenin ubiquitination and degradation.

ZO-1 is an important molecule for the formation
and maintenance of tight junctions [39]. MMP-9 degrades
Z0-1 and disrupts tight junctions between endothelial cells
[40]. The present study did not find ZO-1 translocation
into the nucleus, but Western blotting of whole cell lysates
demonstrated that total ZO-1 protein was decreased in cells
transfected with MT2-MMP. In contrast, ZO-1 expression
changes were not detected in GM6001-treated cells or cells
transfected with the inactive mutant MT2-MMP. These
results indicate that MT2-MMP degrades ZO-1 directly,
which disrupts tight junctions and leads to EMT.

In conclusion, the present study demonstrated that
MT2-MMP is a new membrane sheddase that is capable of
cleaving extracellular E-cadherin and ZO-1, thereby leading
to EMT. Thus, MT2-MMP may be a novel target for cancer
therapy. In addition, our findings suggest that the regulation
of EMT may occur not only on the transcriptional level, but
also on the post-translational level, increasing the number
of possible targets of cancer therapy.

MATERIALS AND METHODS

Cell culture

The HCT116 human colorectal and A549 lung
cancer cell lines were obtained from American Type
Culture Collection (ATCC; Manassas, VA, USA). The
A2780 human ovarian cancer cell line was obtained
from FEuropean Collection of Authenticated Cell
Cultures (ECACC; London, UK). Cells were routinely
maintained in complete medium, Dulbecco’s modified
Eagle’s medium (DMEM; Gibco, USA) supplemented
with 10% fetal bovine serum (FBS; Gibco, USA), 2
mM L-glutamine, 100 p/ml penicillin and 100 pg/ml
streptomycin in 5% CO, at 37°C.

Lentivirus construction

The open reading frame (ORF) of MT2-MMP
(Homo sapiens matrix metallopeptidase 15, MMP15;
NM 002428.2) was amplified using PCR to generate

the MT2-MMP overexpression plasmid vector pGV287-
MT2-Flag. The following specific primers were used:
forward primer GAG GAT CCC CGG GTA CCG GTC
GCC ACCATG GGC AGC GAC CCG AGCG and reverse
primer TCC TTG TAG TCC ATA CCG ACC CAC TCC
TGC AGC GAG CG. The underlined nucleotides are
required for the ligation, and the bolded nucleotides
are complementary to the ORF sequence. Purified PCR
products were introduced at the Agel/Agel site in the
GV287 vector, which contains Ubi-MCS-3FLAG-SV40-
EGFP elements. Therefore, Western blotting analyzed
MT2-MMP protein using a FLAG antibody, and cells
were directly visible under fluorescence microscopy.
The catalytically inactive MT2-MMP (E/A; Glu260
replaced with Ala) mutant pGV287-MT2-Mut-Flag was
generated using specific primers and the QuikChange®
Il Site-Directed Mutagenesis kit (Stratagene, USA).
Constructs were confirmed by sequencing and co-
transfected with packaging plasmids into HEK293T cells
using Lipofectamine 2000 (Invitrogen, USA). Lentivirus
particles in supernatants were harvested and concentrated
to a titer of 2 x 10® TU/ml for subsequent infection of
HCT116 and A549 cells. The pGV287-Vec lentivirus was
generated as a transfection control.

Transfection and flow cytometric selection

The constructed recombinant lentiviruses, MT2-
MMP, E/A mutant, and empty vector control, were
transfected into HCT116 and A549 cells using Enhanced
Infection Solution supplemented with 5 pg/ml polybrene
for 4 h (GeneChem, Shanghai, China). Cells were
collected over a 10-d culture period to perform GFP
selection using the FACSAria™ II Flow Cytometer (BD
Biosciences, San Jose, USA). The stable transfectants
HCT116-MT2-MMP, HCT116-E/A mutant, HCT116-
vector control, A549-MT2-MMP, A549-E/A mutant, and
A549-vector control were obtained. Sorted stable positive
cells were used to perform the subsequent expression
studies.

Western blotting and immunoprecipitation

Extracted proteins were separated using 10%
SDS-PAGE gel electrophoresis and transferred onto
nitrocellulose membranes for 3 h at 200 mA. The
membranes were blocked with TBS containing 5%
(w/v) nonfat milk and 0.1% (v/v) Tween 20. Membranes
were incubated with the following primary antibodies
at 4°C: mouse anti-Flag antibody (1:1000; Santa Cruz),
rabbit anti-E-cadherin antibody (1:1000; CST, USA),
rabbit anti-ZO-1 antibody (1:1000; CST), B-catenin and
phosphorlated B-catenin (Ser33/37/Thr4l and Thr41/
Ser45) antibodies (1:1000; CST), anti-actin antibody
(1:3000; Santa Cruz). Membranes were incubated
with the appropriate horseradish peroxidase (HRP)-
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conjugated secondary antibodies for 1 h at room
temperature, and proteins were detected using an enhanced
chemiluminescence reagent (ECL; Amersham, IL, USA).
Protein band densities were quantified using Quantity One
software (Bio-rad, CA, USA) (mean = SEM, n = 3).

For Immunoprecipitation assays, conditioned
medium was collected and centrifuged to deplete cell
debris. Supernatants were incubated with a goat anti-E-
cadherin antibody (N-20, combination with N-terminal
extracellular domain of E-cadherin; Santa Cruz, USA)-
treated Protein G agarose beads (Thermo Scientific, MA,
USA) at 4°C for 1 h under rotation. Immunoprecipitates
were subjected to SDS-PAGE and transferred to
membranes followed by Ponceau staining and Western
blotting to detect the shed E-cadherin in conditioned
medium using N-terminal E-cadherin antibody (N-20).
Cells were lysed to perform Western blotting to detect
actin as loading control.

RT-PCR and real-time PCR analyses

Total RNA of cells was extracted using Trizol reagent,
and reverse transcribed into cDNA using the Superscript
First-Strand Synthesis System (Invitrogen). cDNAs were
amplified using standard PCR (Invitrogen) and/or real-time
quantitative PCR using SYBR Green Master Mix (Applied
Biosystems, USA). The following specific primers were used:
(h)MMP3 (forward, 5’-CGGTTCCGCCTGTCTCAAG-3’;
reverse, 5’- CGCCAAAAGTGCCTGTCTT-3*; 206-bp
product), (hYMMP7 (forward, 5’-GAGTGAGCTACAGT
GGGAACA-3’; reverse, 5’-CTATGACGCGGGAGTTT
AACAT-3’; 158-bp product), (h)MMP9 (forward, 5’-GGG
ACGCAGACATCGTCATC-3’;reverse, 5’-CTCGGCAGAG
TCAAAGTGG-3’; 139-bp product), (h)MT1-MMP
(forward, 5’-CGAGGTGCCCTATGCCTAC-3’; reverse,
5’-CTCGGCAGAGTCAAAGTGG-3"; 178-bp product), (h)
MT2-MMP (forward, 5’-aagagaccaaggagtggatgaa-3’; reverse,
5’-cgtgtagttctggatgctaaagg-3’; 158-bp product), (h)E-cadherin
(forward, 5’-CTCACATTTCCCAACTCCTCTC-3’; reverse,
5’-AGCCATCCTGTTTCTCTTTCAA-3’; 224-bp product),
(h)ZO-1 (forward, 5’-agccattcccgaaggagttg-3’; reverse, 5°-
ccaaccgtcaggagtcatgg-3’; 196-bp product), and GAPDH
(forward, 5’-AAGAAGGTGGTGAAGCAGGC-3’;
reverse, 5’-TCCACCACCCAGTTGCTGTA-3’; 203-bp
product) as a reference. All primers were obtained from
Sangon Biotech (Shanghai, China). Real-time PCR was
performed in triplicate, and data were analyzed using the
method of 2’AACT:(CTTarget—CTG Ao sample™(C TrargeC T appir)
- PCR products were separated on 2% (w/v) agarose gels.
Band densities were analyzed using Bio-Rad Quantity One
software (mean + SEM, n = 3).

siRNA transfection

siRNAs  directed against Homo  matrix
metallopeptidase 15, MT2 siRNA-1 (NM_002428.3,

1369 - 1388 nt, 5'-CCGACAUCAUGGUACUCUUTT-3"),
siRNA-2 (1519 - 1537 nt, 5-GCACUGACCUGCAU
GGAAATT-3'), or siRNA-3 (2213 - 2231 nt, 5'-CCA
CACCUUCUUCUUCCAATT-3") were transfected into
A2780 ovarian cancer cells with X-treme GENE siRNA
Transfection Reagent according to manufacturer’s
instructions (Roche, USA), using scrambled siRNA as
negative Control (GenePharman, China). MT2-MMP
mRNA knockdown efficiency was assayed by Real-time
PCR 24 h after transfection with GAPDH as a loading
control, and cells and conditioned medium were used for
Western blotting and Immunoprecipitation thereafter.

Immunofluorescence assay

Cells for immunofluorescence assays were cultured
in cover glass chambers and rinsed three times in cold
phosphate-buffered saline (PBS). Cells were fixed in 4%
paraformaldehyde for 5 min and permeabilized with 1%
Triton-100 for 3 min. Cells were blocked with 3% goat
serum for 45 min at room temperature and incubated
with the following primary antibodies overnight at 4°C:
rabbit anti-E-cadherin antibody (1:50; CST, USA), rabbit
anti-f-catenin antibody (1:1000; CST), rabbit anti-ZO-1
antibody (1:100; CST), and mouse anti-Flag antibody
(1:1000; Sigma, USA). Cells were incubated with Alexa
Fluor 594-labeled anti-rabbit or anti-mouse secondary
antibody (1:1000; Invitrogen, USA) for 1 h at room
temperature in a dark room. Nuclei were counterstained
using 4’6-diamidino-2-phenylindole (DAPI; 1:10) for 15
min, and fluorescent images were captured using confocal
laser microscopy (Olympus, Japan).

CAM invasion

Cells for in vivo cancer cell invasion assays
were incubated with green Fluoresbrite carboxylate
microspheres (Polysciences, Warrington, PA, USA) and
placed on chick embryo chorioallantoic membranes
(CAM) for 65 h, as described previously [41]. Frozen
sections of samples were assayed with H&E staining and
immuostaining. Briefly, immuostaining was performed
using an anti-type IV collagen antibody and an Alexa
Flour 594-labeled secondary antibody (1:1000; Invitrogen)
followed by nucleus counterstaining using DAPIL.
Fluorescent images were captured using fluorescence
microscopy (Nikon, Japan). Cell invasion activities were
measured as the number of invasive cells, invasion depth
and CAM integrality in three randomly selected fields
(mean = SEM, n = 3).

ACKNOWLEDGMENTS
This work was supported by the National Natural

Science Foundation of China (81272376), the Scientific
Research Foundation for the Returned Overseas Chinese

www.impactjournals.com/oncotarget

48203

Oncotarget



Scholars Heilongjiang Province (LC201010), Research
Project of Heilongjiang Department of Public Health
(2012-374) and the Graduate Innovation Foundation
(Harbin Medical University).

CONFLICTS OF INTEREST

The authors indicate no potential conflicts of
interest.

Authors' contributions

YL., XS, JF., Cl and L.Z.: conception and
design, provision of study material, data analysis and
interpretation, collection and/or assembly of data; Y.L.,
X.S., JF, LD, YL, B.L, M.Z. and C.l.: experiment
performing; C.1. and L.Z.: manuscript writing.

REFERENCES

1. Nelson WJ and Nusse R. Convergence of Wnt, beta-catenin,
and cadherin pathways. Science. 2004; 303:1483-1487.

2. Baum B, Settleman J and Quinlan MP. Transitions between
epithelial and mesenchymal states in development and
disease. Seminars in cell & developmental biology. 2008;
19:294-308.

3. Yang J and Weinberg RA. Epithelial-mesenchymal
transition: at the crossroads of development and tumor
metastasis. Developmental cell. 2008; 14:818-829.

4. Thiery JP. Epithelial-mesenchymal
development and pathologies. Current opinion in cell
biology. 2003; 15:740-746.

5. Zavadil J and Bottinger EP. TGF-beta and epithelial-to-
mesenchymal transitions. Oncogene. 2005; 24:5764-5774.

6. Conacci-Sorrell M, Zhurinsky J and Ben-Ze’ev A. The
cadherin-catenin adhesion system in signaling and cancer.
The Journal of clinical investigation. 2002; 109:987-991.

7. Chen WC and Obrink B. Cell-cell contacts mediated by
E-cadherin (uvomorulin) restrict invasive behavior of
L-cells. The Journal of cell biology. 1991; 114:319-327.

8. Shiozaki H, Oka H, Inoue M, Tamura S and Monden M.
E-cadherin mediated adhesion system in cancer cells.
Cancer. 1996; 77:1605-1613.

9. Maretzky T, Reiss K, Ludwig A, Buchholz J, Scholz F,
Proksch E, de Strooper B, Hartmann D and Saftig P. ADAM10
mediates E-cadherin shedding and regulates epithelial cell-

transitions  in

cell adhesion, migration, and beta-catenin translocation.
Proceedings of the National Academy of Sciences of the
United States of America. 2005; 102:9182-9187.

Najy AJ, Day KC and Day ML. The ectodomain shedding
of E-cadherin by ADAMIS5 supports ErbB receptor

activation. The Journal of biological chemistry. 2008;
283:18393-18401.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ryniers F, Stove C, Goethals M, Brackenier L, Noe V,
Bracke M, Vandekerckhove J, Mareel M and Bruyneel E.
Plasmin produces an E-cadherin fragment that stimulates
cancer cell chemistry. 2002;
383:159-165.

Gocheva V, Zeng W, Ke D, Klimstra D, Reinheckel T,
Peters C, Hanahan D and Joyce JA. Distinct roles for
cysteine cathepsin genes in multistage tumorigenesis. Genes
& development. 2006; 20:543-556.

Klucky B, Mueller R, Vogt I, Teurich S, Hartenstein B,
Breuhahn K, Flechtenmacher C, Angel P and Hess J.
Kallikrein 6 induces E-cadherin shedding and promotes
cell proliferation, migration, and invasion. Cancer research.
2007; 67:8198-8206.

Johnson SK, Ramani VC, Hennings L and Haun RS.
Kallikrein 7 enhances pancreatic cancer cell invasion by
shedding E-cadherin. Cancer. 2007; 109:1811-1820.
Lochter A, Galosy S, Muschler J, Freedman N, Werb Z and
Bissell MJ. Matrix metalloproteinase stromelysin-1 triggers

invasion. Biological

a cascade of molecular alterations that leads to stable
epithelial-to-mesenchymal conversion and a premalignant
phenotype in mammary epithelial cells. The Journal of cell
biology. 1997; 139:1861-1872.

Noe V, Fingleton B, Jacobs K, Crawford HC, Vermeulen
S, Steelant W, Bruyneel E, Matrisian LM and Mareel M.
Release of an invasion promoter E-cadherin fragment by
matrilysin and stromelysin-1. Journal of cell science. 2001;
114:111-118.

Tsukita S, Furuse M and Itoh M. Multifunctional strands
in tight junctions. Nature reviews Molecular cell biology.
2001; 2:285-293.

Schneeberger EE and Lynch RD. The tight junction: a
multifunctional complex. American journal of physiology
Cell physiology. 2004; 286:C1213-1228.

Stevenson BR, Siliciano JD, Mooseker MS and
Goodenough DA. Identification of ZO-1: a high molecular
weight polypeptide associated with the tight junction
(zonula occludens) in a variety of epithelia. The Journal of
cell biology. 1986; 103:755-766.

Ebnet K, Suzuki A, Ohno S and Vestweber D. Junctional
adhesion molecules (JAMs): more molecules with dual
functions? Journal of cell science. 2004; 117:19-29.
Ryeom SW, Paul D and Goodenough DA. Truncation
mutants of the tight junction protein ZO-1 disrupt corneal
epithelial cell morphology. Molecular biology of the cell.
2000; 11:1687-1696.

Thuault S, Valcourt U, Petersen M, Manfioletti G, Heldin
CH and Moustakas A. Transforming growth factor-
beta employs HMGAZ2 to elicit epithelial-mesenchymal
transition. The Journal of cell biology. 2006; 174:175-183.
Fingleton B. Matrix metalloproteinases as valid clinical
targets. Current pharmaceutical design. 2007; 13:333-346.

www.impactjournals.com/oncotarget

48204

Oncotarget



24.

25.

26.

27.

28.

29.

30.

31.

32.

Egeblad M and Werb Z. New functions for the matrix
metalloproteinases in cancer progression. Nature reviews
Cancer. 2002; 2:161-174.

Mott JD and Werb Z. Regulation of matrix biology by
matrix metalloproteinases. Current opinion in cell biology.
2004; 16:558-564.

Kobayashi K, Nishioka M, Kohno T, Nakamoto M,
Maeshima A, Aoyagi K, Sasaki H, Takenoshita S, Sugimura
H and Yokota J. Identification of genes whose expression
is upregulated in lung adenocarcinoma cells in comparison
with type II alveolar cells and bronchiolar epithelial cells in
vivo. Oncogene. 2004; 23:3089-3096.

Chen L, Di D, Luo G, Zheng L, Tan Y, Zhang X and Xu
N. Immunochemical staining of MT2-MMP correlates
positively to angiogenesis of human esophageal cancer.
Anticancer research. 2010; 30:4363-4368.

Ito E, Yana I, Fujita C, Irifune A, Takeda M, Madachi A,
Mori S, Hamada Y, Kawaguchi N and Matsuura N. The
role of MT2-MMP in cancer progression. Biochemical and
biophysical research communications. 2010; 393:222-227.
Lee KH, Choi EY, Hyun MS, Jang BI, Kim TN, Kim SW,
Song SK, Kim JH and Kim JR. Association of extracellular
cleavage of E-cadherin mediated by MMP-7 with HGF-
induced in vitro invasion in human stomach cancer cells.
European surgical research Europaische chirurgische
Forschung Recherches chirurgicales europeennes. 2007,
39:208-215.

Davies G, Jiang WG and Mason MD. Matrilysin mediates
extracellular cleavage of E-cadherin from prostate cancer
cells: a key mechanism in hepatocyte growth factor/scatter
factor-induced cell-cell dissociation and in vitro invasion.
Clin Cancer Res. 2001; 7:3289-3297.

McGuire JK, Li Q and Parks WC. Matrilysin (matrix
metalloproteinase-7) mediates E-cadherin ectodomain
shedding in injured lung epithelium. The American journal
of pathology. 2003; 162:1831-1843.

Symowicz J, Adley BP, Gleason KJ, Johnson JJ, Ghosh
S, Fishman DA, Hudson LG and Stack MS. Engagement

33.

34.

35.

36.

37.

38.

39.

40.

41.

of
metalloproteinase-9-dependent E-cadherin ectodomain

collagen-binding integrins  promotes  matrix
shedding in ovarian carcinoma cells. Cancer research. 2007;
67:2030-2039.

Zuo JH, Zhu W, Li MY, Li XH, Yi H, Zeng GQ, Wan XX,
He QY, Li JH, Qu JQ, Chen Y and Xiao ZQ. Activation
of EGFR promotes squamous carcinoma SCCI10A cell
migration and invasion via inducing EMT-like phenotype
change and MMP-9-mediated degradation of E-cadherin.

Journal of cellular biochemistry. 2011; 112:2508-2517.

Covington MD, Burghardt RC and Parrish AR. Ischemia-
induced cleavage of cadherins in NRK cells requires MT1-
MMP (MMP-14). American journal of physiology Renal
physiology. 2006; 290:F43-51.

Yook JI, Li XY, Ota I, Fearon ER and Weiss SJ. Wnt-
dependent regulation of the E-cadherin repressor snail. The
Journal of biological chemistry. 2005; 280:11740-11748.
Billion K, Ibrahim H, Mauch C and Niessen CM.
Increased soluble E-cadherin in melanoma patients. Skin
pharmacology and physiology. 2006; 19:65-70.

Berx G and Van Roy F. The E-cadherin/catenin complex:
an important gatekeeper in breast cancer tumorigenesis and
malignant progression. Breast Cancer Res. 2001; 3:289-293.
Gottardi CJ and Gumbiner BM. Distinct molecular forms
of beta-catenin are targeted to adhesive or transcriptional
complexes. The Journal of cell biology. 2004; 167:339-349.

Bolton SJ, Anthony DC and Perry VH. Loss of the tight
junction proteins occludin and zonula occludens-1 from
cerebral vascular endothelium during neutrophil-induced
blood-brain barrier breakdown in vivo. Neuroscience. 1998;
86:1245-1257.

Harkness KA, Adamson P, Sussman JD, Davies-Jones
GA, Greenwood J and Woodroofe MN. Dexamethasone
regulation of matrix metalloproteinase expression in CNS
vascular endothelium. Brain. 2000; 123:698-709.

Lu C, Li XY, Hu Y, Rowe RG and Weiss SJ. MT1-MMP
controls human mesenchymal stem cell trafficking and
differentiation. Blood. 2010; 115:221-229.

www.impactjournals.com/oncotarget

48205

Oncotarget



