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The met Proto-Oncogene Receptor and 
Lumen Formation 

llan Tsarfaty, James H. Resau, Shen Rulong, lafa Keydar, 
Donna L. Faletto, George F. Vande Woude* 

The met proto-oncogene product (Met) and its ligand, hepatocyte growth factorlscatter 
factor (HGFISF), have been implicated in cell mitogenic response, cell motility, and the 
promotion of the ordered spatial arrangement of tissue. By means of confocal laser- 
scanning microscopy, it was shown that Met is expressed in cells bordering lumen-like 
structures that resemble ducts in the human mammary cell line T47D. In human breast 
tissue biopsies, Met staining was intense in normal cells bordering mammaryducts but was 
reduced in adjacent tumor tissue. Met staining in lumen-forming organs colocalizes with 
staining of antibody to phosphotyrosine, which suggests that the Met receptor and its 
substrates may be activated in lumen structures or ducts. HGFISF treatment of human 
epithelial carcinoma cell lines resulted in the formation of lumen-like structures in vitro. 
Reduced expression of Met could be related to the extent of tumor cell differentiation. 

T h e  human met proto-oncogene product 
(Met), a member of the family of tyrosine 
kinase growth factor receptors, was identi- 
fied by means of the activated oncogene 
tpr-met (1, 2). Met is synthesized as a 
glycosylated 170-kD precursor and cleaved 
in the external (ligand-binding) domain to 
yield a mature disulfide-linked a (50-kD), P 
(140-kD) heterodimer (1, 3, 4). The Met 
receptor is expressed in a variety of tissue 
and cell types, but the highest concentra- 
tions are found in epithelial cells (5, 6). 
Hepatocyte growth factor (HGF) has been 
shown to be the ligand for the Met recep- 
tor. Under physiological conditions, the 
kinase activity of Met is dependent on the 
binding of the mature heterodimeric recep- 
tor to its ligand (7). HGF is a mediator of 
liver regeneration both in humans and in 
rodents (8) and is a powerful mitogen for 
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hepatocytes and epithelial cells (9). Scatter 
factor (SF) is identical to HGF (1 0, 1 1) and 
was independently shown both to promote 
epithelial cell motility (scattering) and to 
cause certain epithelial cell lines to become 
invasive when assayed in vitro (1 1, 12). 
HGFISF has been shown to be involved in 
the differentiation that causes Madin Darby 
canine kidney '(MDCK) epithelial cells to 
morphologically change into branching tu- 
bules (13). 

The expression of Met in cells and tis- 
sues of both human and mouse origin was 
determined. Immunoprecipitation and pro- 
tein immunoblot analyses showed that Met 
is expressed in the human breast carcinoma 
cell line T47D (1 4, 15). The distribution of 
Met in T47.D cells was examined by immu- 
nofluorescence and confocal laser-scanning 
microscopy (CLSM) with C28 (16) or 
C200 (1 7) rabbit antibodies to a COOH- 
terminal or an NH2-terminal peptide of 
Met, respectively (Figs. 1 through 3). Con- 
trols were prepared with C28 antiserum in 
the presence of competing peptide or with- 
out C28 antiserum. 

T47D cells in suspension form lumen- 
like structures resembling mammary ducts 
(14). Analyses of T47D cells in paraffin 
sections stained with C28 antibody (16) 
showed intense fluorescent staining in cells 

bordering lumen-like structures (Fig. I). A 
marked decrease in intensity was observed 
when competing C28 peptide was added to 
the primary antibody or when the primary 
antibody was omitted (1 8, 19). Moreover, 
T47D cells stained with the C200 antibody, 
directed against the Met extracellular do- 
main, also showed intense fluorescent stain- 
ing in cells bordering the lumen-like struc- 
tures (Fig. 1). We observed an 80-fold (& 
5-fold) greater fluorescence by CLSM in 
cells that form the lumen border than in 
adjacent cells (Fig. 2). The subcellular lo- 
calization of Met in the T47D cells was also 
investigated by electron microscopy with 
indirect immunogold labeling and the C28 
Met antibody (17). These analyses show 
that Met was localized to microvilli that 
protrude into the lumen (Fig. 3). 

The intense Met-specific staining of 
T47D cells bordering the lumen prompted 
us to examine Met expression in normal 
and abnormal human breast tissue. Fifty 
human breast carcinoma biopsies were ex- 
amined by CLSM with C28 Met antibody 
(1 7). Normal and tumor tissue from a rep- 
resentative breast biopsy is shown (Fig. 4). 
We found intense Met fluorescence in cells 
that form a normal mammary duct (Fig. 
4A). Thus, the intensity of staining was 
always greater (-80-fold) in the duct-form- 
ing-cells than in the adjacent nonductal 
cells (18, 20). The pattern of Met staining 
in the mammary duct was similar to but 
higher than that observed in the T47D 
lumen-like structures (Figs. 1 through 3) .  
By contrast, Met staining in adjacent breast 
tumor tissue was always reduced, but even 
in the disrupted architecture of the tumor, 
Met fluorescence was evident in lumen- or 
duct-like structures (Fig. 4C). 

Met is rapidly phosphorylated on tyro- 
sine residues after HGFISF activation (7), 
and labeling with a monoclonal antibody to 
phosphotyrosine (anti-P-Tyr) colocalizes 
with Met staining in cells activated with 
the Met ligand HGFISF (15). We co- 
stained breast tissue samples with anti-P- 
Tyr and found intense anti-P-Tyr fluores- 
cence that colocalized with Met staining in 
the cells forming the normal breast duct 
(Fig. 4B). These results suggest that Met 
and its substrates may be activated in these 
cells. However, we cannot exclude that 
other tyrosine kinase receptors and other 
substrates are activated. As with the lower 
Met staining of tumor tissue (Fig. 4C), we 
also observed reduced amounts of anti-P- 
Tyr staining in the tumor cells (Fig. 4D); 
however, even the lower amounts of anti- 
P-Tyr fluorescence colocalized with Met 
staining. It has been proposed that HGF 
may be a tumor suppressor gene (2 I), and 
this has also been suggested for met (22); 
both of these genes are. localized on the long 
arm of chromosome 7. Monosomy 7 or 7q 
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Fig. 1. Lumen-like structures in 
T47D cells in culture. (A) Nomar- 
ski image. (B) Imrnunofluores- 
cence of cells stained with C28 
antibody to human Met. (C) As in 
(A). (D) lmrnunofluorescence of 
cells stained with C200 antibody 
to human Met. Scale bar (50 krn) 
in (A) indicates relative size for (A) 
through (D). 

Fig. 2. T47D cells forming a duct- 
like structure. (A) Nomarski imaae. 
(B) lmmunofluo~escent stainingof 
the same region with Met C28 an- 
tibody. (A) and (B) are x2.45 
magnification of the lower right- 
hand portion of Fig. 1, A and B, 
respectively. Overall magnification 
is x490. (C through E) Quantita- 
tive determination of the Met-spe- 
cific immunofluorescence. The his- 
tograms show the distribution of 
fluorescence of the bracketed ar- 
eas. Distribution of fluorescence in 
the apical region of the lumen is 
shown for the right lumen (C), up- 
per left lumen (D), and an adjacent 
region (E). Brighter staining indi- 
cates increased fluorescence. A, area of defined fluorescence intensity. 

Fig. 3. Subcellular localization of 
Met in T47D cells. Serial sections 
(- 600 nm) through the same lu- 
men-like structure were examined 
by immunoelectron microscopy 
with secondary antibody labeled 
with 10-nm colloidal gold parti- 
cles (31). Met is localized in rni- 
crovilli that protrude into the lu- 
men (L) and could account for the 
apical staining observed in cells 
bordering the lumen in Figs. 1 
and 2. The panels represent three 
sections - 4 prn apart. From the 
bottom, left to right, are the rnid- 
dle, upper, and lower sections. 
The lumen acts as a point of ref- 
erence for alignment of the sec- 
tions (magnification x 15,600). 

1 are often found in certain tumors, and loss 
of heterozygosity on 7q in breast tumors 
correlates with significantly shorter me- 
tastasis-free survival and overall survival 
(22). This result is consistent with the 
reduced amounts of Met expression in hu- 
man breast cancer that we observed in the 
breast tissue biopsies. This raises the possi- 
bility that the reduced organization in the 
tumor tissue may be related to suppressed 
Met expression. 

Our analyses showed that human Met 
ex~ression both in vitro and in vivo is 
concentrated in cells that border lumen- 
like structures. Because extensive lumen 

, and duct formation occurs in the early 
development of the digestive tract, we in- 
vestigated Met ex~ression in this tissue in " 
mouse embryos. These analyses, performed 
with a COOH-terminal rabbit peptide an- 
tibody SP260 (6), showed that in Il-day- 
old mouse embryos, Met is expressed in the 
lumen-bordering cells (Fig. 5). As in hu- 
man samples, intense Met staining was 
evident on the apical side of the cells 
forming the lumen of the digestive tract 
(Fig. 5, A and D) and was 50-fold (k 
2-fold) higher in these cells than in the 
surrounding tissue (1 8. 23). Serial sections 
stained in the absence of the primary 
COOH-terminal mouse Met antibody or in 
the presence of competing peptide showed 
much lower amounts of fluorescence (Fig. 
5, B and C). Moreover, as in the cells 
lining the human breast duct, mouse Met 
staining colocalized with anti-P-Tyr stain- 
ing in the lining of the embryonic digestive 
tract (Fig. 5E), as shown in computer- 
generated overlap analysis (Fig. 5F). Thus, 
the Met receptor appears to be preferential- 
lv ex~ressed in the border cells of the breast , . 
duct and in the lumen of the gastrointesti- 
nal tract. Met staining in lumen-like struc- 
tures has been observed in human gastroin- 
testinal lumen and the lumen of biliary 
ducts and esophagus (24). The colocaliza- 
tion of Met staining with anti-P-Tyr immu- 
nofluorescence suggests that the Met recep- 
tor is activated in the lumen-forming cells 
of the breast duct and gastrointestinal tract 
(Figs. 4 and 5). 

After establishing a correlation between 
the expression of Met and lumen forma- 
tion, we tested whether Met-HGFISF could 
induce lumen formation in human epithe- 
lial carcinoma cells in vitro. Cells that 
expressed Met were exposed to varying 
concentrations of HGFISF (1 to 100 nglml) 
(25). The results with two human colon 
carcinoma cell lines, SW480 and HT29, 
are shown in Fig. 6. We observed formation 
of lumen structures in these cells when they 
were grown on glass (70% confluent) and 

1 treated with HGFISF. Lumen formation 
was cell densitydependent and not obvious 
when cells were grown in plastic tissue 
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culture flasks or treated with epidermal 
growth factor instead of HGFISF under the 
same conditions (1 8). 

There are studies that cite differences in 
cell growth and morphology when the cells 
are grown on glass instead of plastic. These 
differences are presumably due to cell-to- 
cell and cell-to-substratum interactions 
(26). Lumen formation was also observed in 
vitro with T47D and MCF7 breast carcino- 
ma cell lines after HGFISF treatment (18). 
These analyses showed that lumen forma- 
tion was dependent on the dose of HGFJSF 
(Fig. 6). Thus, when cells were treated with 
1 to 10 ng of HGFfSF per milliliter of 
medium, we observed lumen-like structures 
with a uniform size. The regularity in the 
size may indicate that the number of cells 
forming the lumen border is controlled 
and that cell-to-cell interactions are in- 
volved in this formation. The sevenless 

gene in Drosophila, a tyrosine kinase 
growth factor receptor that specifies cell 
fate in ommatidia formation through cell- 
to-cell interactions (27), may possibly 
serve as a model for Met-HGFJSF interac- 
tion. At high concentrations of HGFISF 
(100 nglml), lumen formation was abro- 
gated (Fig. 6). 

The scattering response of HGFISF es- 
tablishes that this factor is responsible for 
cell motility and differentiation (28). 
MDCK cells grown in collagen gels in the 
presence of HGFISF form bracing tubules, 
which suggests that the three-dimensional 
geometry of cell-to-substrate interactions 
directs MDCK cells to organize into tubules 
in response to HGFJSF (13). Here, we 
demonstrate that HGFISF can induce lu- 
men structures in epithelial cancer cell 
monolayers in vitro. 

Mammary gland epithelia undergo de- 

Fig. 4. Expression of Met in 
breast tissue biopsies. A 
paraff inembedded section 
of a biopsy frm breast 
adenocarcinma was sub- 
jected to indirect immunoflu- 
orescence staining with C28 
antibody or monoclonal an- 
tibody 4G10. The cells and 
immunofluorescence were 
analyzed by CLSM. Immu- 
nofluorescence analysis of 
normal mammary duct (A 
and B) and adjacent tumor 
tissue (C and D) was per- 
formed with C28 (A and C) 
or anti-Tyr (B and D). 
Magnification, x 250. 

Fig. 5. Expression of 
Met in the mouse em- 
bryonal digestive tract. 
Eleven-day-old BALBlc 
mouse embryos were 
fixed, embedded in 
paraffin, and subjected 
to immunofluorescence 
staining with SP260 
and 4G10 antibodies. 
(A) Apical staining of 
the lumen of the diges- 
tive tract with SP260. 
(B) Staining in the ab- 
sence of the primary 
SP260 antibody. (C) 
Staining in the pres- 
ence of SP260 compet- 
ina De~tide. (D) As in (AT. ' ( ~ j  ~mmu~~fluorescence with 4G10. (F) Analysis of the overlap between the Met and the 
anti-P-Tyr staining by a confocal image processing program (red indicates increased overlap). 
Magnification x220 (A through F). 

velopmental changes during pregnancy to 
become secretory. In culture, mammary 
epithelial cells can regain their differentiat- 
ed phenotype only when appropriate hor- 
monal and substratum conditions are pro- 
vided (29, 30). Met expression in normal 
breast duct cells suggests that HGFISF and 
Met may be involved in the differentiation 
of ductal epithelium in the mammary 
gland. Moreover, rodent mammary gland 
differentiation can be achieved in vitro 
when the cells are erown on a suitable 

L. 

basement membrane matrix (30). Al- 
though this could be caused by many fac- 
tors, it is possible that the extracellular 
matrix contains traces of HGFISF or that 

Fig. 6. HGFISF induces lumen formation in 
SW480 and HT29 human colon carcinoma cell 
lines. The cells were treated with the specified 
concentration of HGFISF when they were 
-70% confluent. SW480 cells grown for 18 
hours in complete medium without HGFISF (A) 
or with HGFISF at 1 nglml (B), 5 nglml (C), 10 
nglml (D), or 100 nglml (E). (F) HT29 cells 
grown for 18 hours in complete medium with 
HGFISF (10 nglml). Magnification x 164. (G) 
The influence of HGFISF concentration on lu- 
men formation. The number of cells forming 
lumen structures was calculated for each HGFI 
SF concentration. 
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Met is constitutively activated in those 
cells. 

The coordination of differentiation and 
~roliferation is an essential feature in the 
successful development or replacement of 
tissues. but it is not clear how the decline of 
proliferation is related to the onset of dif- 
ferentiation. The ex~ression of Met in lu- 
men border cells in vivo and in vitro and 
the colocalization of Met and anti-P-Tvr 
immunofluorescence suggest that the Met 
receDtor mav be involved in differentiation 
toward lumen formation. Spatial organiza- 
tion might be dictated by the restricted 
distribution of the receptor (Fig. 3) (4). It is 
possible that the motogenic (scattering) 
activity of HGFISF (28) is a fundamental 
part of this formation. 
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Regulation of Protein Serine-Threonine 
Phosphatase Type-2A by Tyrosine Phosphorylation 

Jian Chen, Bruce L. Martin, David L. Brautigan* 
Extracellular signals that promote cell growth activate cascades of protein kinases. The 
kinases are dephosphorylated and deactivated by a single type-2A protein phosphatase. 
The catalytic subunit of type-2A protein phosphatase was phosphorylated by tyrosine- 
specific protein kinases. Phosphorylation was enhanced in the presence of the phospha- 
tase inhibitor okadaic acid, consistent with an autodephosphorylation reaction. More than 
90% of the activity of phosphatase 2A was lost when thioadenosine triphosphate was used 
to produce a thiophosphorylated protein resistant to autodephosphorylation. Phospho- 
rylation in vitro occurred exclusively on TyPo7. Phosphorylation was catalyzed by p60v-srC 
~56'"" epidermal growth factor receptors, and insulin receptors. Transient deactivation of 
phosphatase 2A might enhance transmission of cellular signals through kinase cascades 
within cells. 

Protein phosphatase type-2A (phosphatase 
2A) is one of the two predominant enzymes 
that hydrolyze phosphoserine and phospho- 
threonine residues in proteins in all eukary- 
otic cells (1). The catalytic subunit of 
phosphatase 2A is highly conserved among 
eukaryotic species. There is more than 70% 
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identity in the amino acid sequences of 
phosphatase 2A from humans and the bud- 
ding yeast Saccharomyces cerewisiae. The 
309-residue protein is found in several spe- 
cies as two isoforms, which differ at eight 
positions (2). Phosphatase 2A is thought to 
exist in animal cells primarily as a hetero- 
trimer (3), composed of three subunits, 
with A = 60 kD, B = 55 kD, and C 
(catalvtic) = 36 kD. However, the AC 
heterddiker is specifically cornpiexed with 
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