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ABSTRACT A serpin was identified in normal mammary
gland by differential cDNA sequencing. In situ hybridization has
detected this serpin exclusively in the myoepithelial cells on the
normal and noninvasive mammary epithelial side of the base-
ment membrane and thus was named myoepithelium-derived
serine proteinase inhibitor (MEPI). No MEPI expression was
detected in the malignant breast carcinomas. MEPI encodes a
405-aa precursor, including an 18-residue secretion signal with
a calculated molecular mass of 46 kDa. The predicted sequence
of the new protein shares 33% sequence identity and 58%
sequence similarity to plasminogen activator inhibitor (PAI)-1
and PAI-2. To determine whether MEPI can modulate the in vivo
growth and progression of human breast cancers, we transfected
a full-length MEPI cDNA into human breast cancer cells and
studied the orthotopic growth of MEPI-transfected vs. control
clones in the mammary fat pad of athymic nude mice. Overex-
pression of MEPI inhibited the invasion of the cells in the in vitro
invasion assay. When injected orthotopically into nude mice, the
primary tumor volumes, axillary lymph node metastasis, and
lung metastasis were significantly inhibited in MEPI-transfected
clones as compared with controls. The expression of MEPI in
myoepithelial cells may prevent breast cancer malignant pro-
gression leading to metastasis.

The serine protease plasminogen/plasmin activator(PA) sys-
tem contributes significantly to extracellular proteolysis in a
wide variety of physiological processes of normal development
and pathological processes in the etiology of diseases such as
tumor invasion and metastasis (1–2). Compelling experimental
evidence has suggested an important and apparently causal
role for the tumor-associated urokinase type PA (uPA) and the
receptor uPAR in cancer invasion and metastasis (1–3). Con-
sistent with its role in cancer metastasis, overexpression and
unrestrained activity of u-PA has been shown clinically to be
a prognostic marker in many different types of human cancer
(4–10). The down-regulation of uPA may occur at the level of
transcriptional regulation of the genes and through interaction
with specific endogenous inhibitor serpin such as plasminogen
activator inhibitor (PAI). The best characterized serpins are
PAI-1 and PAI-2. Both PAI-1 and PAI-2 have been shown to
inhibit extracellular matrix degradation in vitro (11–12). These
results suggest that the inhibitory activity of PAIs may be
important in inhibiting tumor metastatic progression leading
to metastasis. In fact, administration of a recombinant PAI-2
to mice decreases tumor growth (13), whereas overexpression
of either PAI-1 or PAI-2 inhibits tumor metastasis (14–15).

It has been demonstrated extensively that high tumor levels
of uPA and PAI-1 are statistically independent and poor
prognostic factors for disease-free and overall survival in
breast cancer (6, 16–19). In contrast to PAI-1, high levels of
PAI-2 expression may be a favorable prognostic marker in
breast cancer (2–3). In breast carcinomas with high uPA
values, PAI-2 was associated with a prolonged relapse-free
survival, metastasis-free survival, and overall survival (20–21).
These results indicate that PAI-2 may play a critical role in
inhibition of extracellular matrix degradation mediated by PA
during tumor cell invasion and metastasis.

We describe here a serpin MEPI from normal mammary
gland and discuss its biological relevance in inhibiting human
breast cancer progression. In contrast to PAI-1 and PAI-2,
whose expressions are elevated in breast carcinomas as com-
pared with normal breasts, the expression of MEPI was
exclusively detected in myoepithelial cells adjacent to the
basement membrane of normal and noninvasive benign mam-
mary gland, and no MEPI expression was detected in malig-
nant breast carcinomas.

MATERIALS AND METHODS
Reagents. Restriction enzymes, T7 polymerase, random

primer DNA labeling kit, and digoxigenin-labeled nucleotides
were obtained from Boehringer Mannhem. [32P]dATP was
purchased from Amersham Pharmacia.

Molecular Cloning of MEPI Full Length cDNA Sequence.
As we previously described (24–25), we have used expressed
sequence tag (EST)-based differential cDNA sequence anal-
ysis to search for new genes differentially expressed in breast
cancer vs. noncancerous breast cells. Among several differen-
tial expressed EST groups (24), we revealed one EST group
from a noncancerous breast and pancreas libraries having
translated sequences .40% homologous to PAI-1. One clone,
HPASD50, encoding an intact N-terminal signal peptide was
identified in the pancreas library and selected for further
investigation. It was fully sequenced on both strands, and its
homology was confirmed. It was named MEPI.

In Situ Hybridization. The colorimetric in situ hybridization
was carried out as described (24–25). A 1,176-bp digoxigenin-
labeled nucleotide was used as antisense probe for MEPI. The
probe was generated by EcoRI digestion of MEPI cDNA
plasmid and followed by transcription of digoxigenin-labeled
antisense probe with T7 RNA polymerase.
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Northern Blot and Reverse Transcription–PCR Analysis.
Detection of MEPI mRNA expression was analyzed by using
Northern blot analysis as described (24–25). Reverse tran-
scription–PCR analysis was performed by using a standard
reversed transcription–PCR with the primers corresponding to
the 59 and 39 sequence of the cDNA (59 primer, GGAAGT-
CAAGCCTCAAGATGCTCA; 39 primer, GGGATTTGT-
CACTCTTCCCATAAA).

Transfection. The full-length MEPI cDNA was inserted into
a pCI-neo mammalian expression vector. The resulting vector
was transfected into MDA-MB-435 cells followed by G418
selection and cloning as described (25–26).

In Vitro Assay for Cell Growth. Exponentially growing
cultures of different MDA-MB-435 clones were detached with
trypsin, and the trypsin was neutralized with DMEM/10%
serum. Cells were counted, diluted, and seeded in triplicate at
3,000 cells per well (24-well plate) in 1 ml of DMEM/5%
serum. Cell growth was measured by using CellTiter 96
AQueous nonradioactive cell proliferation assay kit (Promega).

Detection of PA Activity. All of the clones were maintained
in subconfluent monolayers with 10% fetal calf serum. The
medium was discarded, and the monolayers were washed twice
with PBS. The monolayers were cultured in the absence of
serum, in DMEM supplemented with transferrin (1 mg/liter),
fibronectin (1 mg/liter), and trace elements (Biofluids, Rock-
ville, MD). After 24 hours, the serum-free medium was
discarded, and the cells were replenished with fresh serum-
free medium. The conditioned media (CM) were collected 40
hours later. Media were then centrifuged at 1,200 3 g, and
supernatants were saved and concentrated approximately 20-
fold by using an Amicon hollow fiber concentrator with a
10,000-molecular weight cutoff at 4°C. The protein concen-
trations of CM were determined and normalized. The PA
activity was subsequently analyzed as follows: 140 ml of reac-
tion mixture was added to the 96-well ELISA plate. The
reaction mixture was composed of 1 mg per 100 ml plasmin-
ogen and 0.5 mM plasmin substrate D-Val-Phe-Lys p-
nitroanilide (both from Sigma) dissolved in reaction buffer (50
mM TriszHCl, pH 7.5/20 ng/ml leupeptin/20 ng/ml pepstatin
A/0.5 mM o-phenanthroline/1 mg/ml fibrin). Ten microliters of
concentrated CM was added into the mixture and incubated at
37°C. A405 was measured after 1 hour.

In Vitro Invasion Assay. The modified Boyden chamber
invasion assay was performed as described (26).

Tumor Growth and Lymph Node and Lung Metastasis in
Athymic Nude Mice. A nude mouse orthotopic tumor growth
and metastasis was performed as we previously described
(25–26).

Statistical Analysis. Values were expressed as means 6
standard errors (SEs). Comparisons were made by using the
two-tailed Student’s t test. Where appropriate, the x2 test was
used to compare proportions.

RESULTS
Molecular Cloning of MEPI cDNA. We generated cDNA

libraries from a breast cancer biopsy specimen and a normal
breast and analyzed these libraries by EST-based differential
cDNA sequencing approach (23–24). As previously demon-
strated (23), we identified three classes of EST groups that were
differentially expressed in normal breast vs. breast cancer: (1)
genes that are more abundant in breast cancer than in normal
breast; (2) genes that are more abundant in normal breast than
in breast cancer; and (3) genes that are selectively expressed in
breast relative to other tissue types. Within the second class, the
automated screening revealed a group of ESTs encoding a novel
gene with homology to human PAI-1 and PAI-2 (greater than
40% homology). Among this EST group, most of the distinctive
PAI-related EST clones were derived from the normal pancreas
library and the normal breast library. No ESTs were derived from
the breast cancer libraries. After sequencing of these cDNA

fragments, one clone encoding an intact N-terminal signal pep-
tide was identified in a pancreas library and selected for further
characterization. A start codon (ATG) and an ORF were iden-
tified in this clone.

The ORF encodes a protein of 405 amino acids. A hydrophobic
leader sequence at the amino terminus conforms to a consensus
signal peptide with a predicted cleavage site following an alanine
residue located at position 18 in the precursor. Removal of the
signal sequence results in a mature protein of 387 amino acids
having a calculated molecular weight of 44 kDa, which is in close
agreement with the molecular mass range of the PAI family. Like
PAI-1, MEPI is a secreted protein. Comparison of the predicted
amino acid sequence with the sequences of human PAI-related
proteins is shown in Fig. 1. After optimal alignment, the putative
protein shows 33% sequence identity and 58% similarity to PAI-1
and PAI-2.

Expression of MEPI in Human Breast Myoepithelial Cells.
We speculate that the expression of MEPI is lost or decreased
during the breast cancer progression because the differential
cDNA sequencing revealed MEPI expression in the normal
breast library but not in the breast cancer library. In an attempt
to evaluate the potential biological significance of MEPI on
human breast cancer development and progression, we first
studied MEPI gene expression in human breast cancer cells as
well as normal human mammary epithelial cells. Northern blot
analysis failed to detect MEPI expression in MCF-7, T47D,
MDA-MB-231, MDA-MB-435, MDA-MB-436, and Hs578T
human breast cancer cells and HME4144 and HME4244
(Clonetics) normal human mammary epithelial cells (data not
shown). We also did RT-PCR analysis of MEPI expression in
MCF-7, T47D, MDA-MB-231, and MDA-MB-435 cells and no
MEPI signals were detected (data not shown). The inability to

FIG. 1. Comparison of the predicted amino acid sequence of MEPI
with PAI-1 and PAI-2. The available amino acid sequence of PAI-1
and PAI-2 were obtained from the SwissProt database and aligned
with the MEPI deduced sequence by using the clustal method of the
MEGALIGN program from the DNASTAR software package. Conserved
amino acids are shaded. The putative 18 hydrophobic signal peptide is
located between two arrows.
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pick up the MEPI mRNA in both normal and malignant breast
epithelial cells suggest that MEPI may be expressed in non-
epithelial stromal or myoepithelial cells.

To localize the cellular source of MEPI expression and to
assess the biological relevance of MEPI expression in breast
cancer progression, we next performed in situ hybridization on
the fixed sections from a variety of different human breast
specimens. In these experiments, we examined two aspects of
MEPI expression, including the cellular localization and the
potential correlation of the loss of MEPI expression and breast
cancer malignant phenotype. We found a strongly positive
MEPI hybridization in the myoepithelial cells, which lie on the
epithelial side of the basement membrane of the normal
lobular (Fig. 2A), and normal duct (Fig. 2B). The expression
of MEPI mRNA was detectable in the myoepithelial cells in all
5 normal reduction mammoplasty specimens and in 5 benign
hyperplasia lesions. In contrast, expression of MEPI was
absent in 5 of 5 cases of infiltrating breast carcinomas. The loss
of MEPI expression in the malignant breast carcinomas may be
because of the loss of putative MEPI-producing myoepithelial
cells during the malignant progression. A representative neg-
ative stained metastatic breast carcinoma was shown in Fig.
2D. No MEPI expression can be detected in both normal and
malignant mammary epithelial cells. The stromal fibroblasts
were also negative for MEPI expression. In some cases we
found a strong MEPI transcript in the endothelial cells of small
vessels (data not shown). These in situ hybridization results are
consistent with (a) our differential cDNA sequencing cloning
strategy, which suggests a down-regulation or loss of MEPI in
breast cancer progression; and (b) the Northern blot analysis
which showed no MEPI expression in both normal and ma-
lignant breast epithelial cells.

It is interesting to note that although MEPI was detected in
the myoepithelial cells as a continuing layer lying on the
epithelial side of the basement membrane of normal mammary

gland, 6 of 15 ductal carcinomas in situ (DCIS) showed a partial
MEPI expression. As shown in Fig. 2C, MEPI mRNA was
detected in most part of the myoepithelial layer surrounding
the carcinoma, but its expression was missing in some areas
(indicated by an arrow). It is well recognized that an intact
myoepithelial layer, like an intact basement membrane, can
help distinguish benign epithelial proliferation and in situ
carcinomas from invasive disease. The loss of MEPI expression
in the in situ carcinomas may indicate an initiation of invasion.
Our results, which demonstrated a stage-specific MEPI ex-
pression from the expression in the complete myoepithelial
layer surrounding the normal breasts to the partial loss in some
in situ carcinomas and to the complete loss in the infiltrating
malignant breast carcinomas, suggest an association of loss of
MEPI expression with breast cancer progression.

Tissue-Specific Expression of MEPI. We investigated the
expression of MEPI gene in a variety of human tissues by
Northern blot analysis (Fig. 3). As expected, the Northern blot
showed maximal MEPI transcript levels in pancreas, the tissue the
gene was cloned from. Adipose also demonstrated a high abun-
dant MEPI expression. No bands were present in other organs
analyzed. This unique expression pattern suggests that MEPI may
function in a tissue-specific fashion as part of proteolysis.

Transfection and Selection of MEPI Positive Clones. Because
we demonstrated a loss of MEPI expression in breast cancer, we
reason that the exclusive expression of MEPI in the myoepithelial
cells may contribute the roles of myoepithelial layer as a paracrine
cellular suppression of invasion. We therefore asked whether we
could suppress breast cancer growth and metastasis by overex-
pression of MEPI gene in breast cancer cells. We selected
MDA-MB-435 cell line as recipient for MEPI mediated gene
transfection because: 1) it lacks detectable MEPI transcript; and
2) it is relatively highly tumorigenic and metastatic in nude mice.
The full-length MEPI cDNA was inserted into pCI-neo mam-
malian expression vector. The resulting vector was transfected
into MDA-MB-435 cells. The same cells were also transfected
with the vector containing no insert as a control. MDA-MB-435
subclones transfected with MEPI cDNA were designated MEPI-
435, and MDA-MB-435 subclones transfected with pCI-neo were
designated neo-435. Fig. 4 shows the Northern blot analysis of
MEPI expression in selected clones. All five selected MEPI-435
clones expressed MEPI mRNA transcripts. In contrast, none of
the neo-435 clones produced any detectable MEPI transcripts.
No changes in morphology were observed in these clones. We
selected MEPI-435–1, MEPI-435–10, neo-435–2, and neo-435–4
clones for the subsequent studies.

Decreased PA Activity in MEPI-435 Clones. As an initial
attempt to evaluate the potential PAI activity, we analyzed the
total net PA activity, which reflects a balance between PA and
PAI including transfected MEPI activity. In this regard, the CM
from clones of MEPI-435–1, MEPI-435–10, neo-435–2, and neo-
435–4 cells were collected, concentrated, and analyzed for PA
activity (Fig. 5). A significant reduction in PA activity was noted
in MEPI-435 clones. The PA activity from MEPI-435–10 cells was
only 26% of that in neo-435–2 cells, and 31% of that in neo-435–4
cells. The PA activity of MEPI-435–1 cells was also significantly
reduced, with 42% and 48% of that as compared with neo-435–2
and neo-435–4 cells, respectively.

In Vitro Growth of MEPI-435 Cells. To determine whether
MEPI expression affects the growth of MDA-MB-435 cells,
the growth rates of MEPI-435–1 and MEPI-435–10 cells were
compared with that of neo-435–2 and neo-435–4 cells in the
monolayer culture. No significant differences in growth rate
were observed among MEPI-positive and MEPI-negative cells
(data not shown).

Inhibition of in Vitro Invasion. We used an in vitro-
reconstituted basement membrane invasion assay to deter-
mine whether MEPI expression affects breast cancer cell
invasion. Both parental MDA-MB-435 cells and neo-435 cells
were moderately invasive. At the end of a 48-h incubation,

FIG. 2. In situ hybridization analysis of MEPI expression in human
breast. Cells stained brown indicate MEPI gene expression. All sctions
were counterstained lightly with hematoxylin for viewing negatively
stained epithelial and stromal cells. (A) Myoepithelial cells surround-
ing lobules from a normal breast-reduction mammoplasty specimen
showed strong MEPI expression. (B) A strong positive staining of
MEPI in myoepithelial cells surrounding a normal duct. (C) A DCIS
showed a partial MEPI expression; arrow indicates the loss of MEPI
expression. (D) Negative staining of MEPI in an infiltrating breast
cancer. A total of 30 clinical breast specimens were analyzed. Five of
five normal breast-reduction mammoplasty samples and five of five
benign hyperplasias showed strong expression of MEPI in myoepithe-
lial cells as a continuing layer. Nine of 15 DCIS expressed MEPI in the
myoepithelial cells as a continuing layer and the the other 6 DCIS
showed partial expression. Five of five infiltrating breast carcinomas
were negative. The normal breast section was also hybridized with the
sense probe, and no detectable background staining was observed at
the same conditions for the antisense probe. All of the sections
presented in the figure were derived from the same experiment.
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about 5.1% of MDA-MB-435 cells, 4.7% of neo-435–2 cells,
and 4.5% of neo-435–4 cells had crossed the Matrigel barrier.
A significant reduction in invasive potential was noted in two
MEPI-expressing clones with percentages of invasion for
MEPI-435–1 and MEPI-435–10 being 1.9% and 1.5%, respec-
tively. To facilitate the comparison of the relative invasiveness
between controls and MEPI-transfected clones in this study, all
values were normalized to the percent invasion of parental
MDA-MB-435 cells, which was taken as 100% (Fig. 6).

Effect of MEPI Transfection on Tumorigenicity. An ortho-
topic mammary fat pad nude mouse model was used to study
the effects of MEPI on tumor growth and metastasis (Table 1).
After a lag phase of 7–10 days, 46 of 48 (96%) injections in the
mice given implants of MEPI-negative MDA-MB-435, neo-
435–2, and neo-435–4 cells developed tumors. In contrast, only
17 of 32 (53%) injections in the mice given implants of
MEPI-positive MEPI-435–10 and MEPI-435–1 cells devel-
oped tumors. The tumor growths in MEPI-435 clones were
significantly inhibited. At 35 days after tumor-cell injection,
the size of MEPI-435–10 tumors, which expressed relative high
level of MEPI mRNA, was only 17% of that in parental
MDA-MB-435 tumors, 21% of that in neo-435–2 tumors, and
15% of that in neo-435–4 tumors. In addition, the tumor
incidence also was greatly decreased. With 16 injections, only
4 implants developed tumors. The tumor growth of MEPI-
435–1 cells also was significantly reduced, with 30%, 37%, and
27% of tumor size observed as compared with MDA-MB-435,
neo-435–2, and neo-435–4 tumors, respectively. Fig. 7 shows
growth kinetics of parental MDA-MB-435, neo-435–2, neo-
435–4, MEPI-435–1, and MEPI-435–10 tumors. After a slow
growth phase of 14 days, tumors from both parental MDA-
MB-435 cells and two neo-MDA-435 clones increased in

volume at an exponential rate. In contrast, the growth of
MEPI-435–1 and MEPI-435–10 cells was dramatically inhib-
ited. Thus, the tumorigenicity of the human breast cancer cells
was significantly inhibited by the expression of MEPI.

Regional and Metastatic Tumor Dissemination. To study
tumor dissemination, hematoxylin/eosin-stained paraffin sec-
tions of axillary lymph nodes and lungs were examined for
morphologic evidence of tumor cells by light microscopy.
MEPI-positive MEPI-435–10 and MEPI-435–1 clones showed
an average lower proportion of lymph node positivity of 6%
and 20% as compared with the average of 51% from MEPI-
negative MDA-MB-435, neo-435–2, and neo-435–4 cells (Ta-
ble 1). MEPI-positive clones also yielded significantly less lung
micrometastasis than MEPI-negative clones, with a combined
6% of lungs positive for MEPI-435–10 and MEPI-435–1
tumors as compared with a combined 38% for MDA-MB-435,
neo-435–2, and neo-435–4 tumors.

DISCUSSION
Serpins are a highly diverse group of proteins, most of which
are inhibitors of serine proteinases. We have cloned an un-
named serpin, on which we confer the name MEPI because it
was exclusively expressed in the myoepithelial cells of mam-
mary gland. The consensus sequence of FRADHPFLFVI in
the reactive center loop near the C terminus has been pro-
posed to serve a diagnostic hallmark of the serpin superfamily
(27). A similar sequence of FIANHPFLFI is conserved in the
MEPI. A hinge region with a sequence of EDGSEAA is
present in MEPI. Because this consensus sequence is proposed
to be important for the inhibitory serpins (28), MEPI is
probably one of the serpins that inhibit serine proteinases.

FIG. 3. The expression of MEPI gene in a variety of normal human adult tissues. Three blots containing approximately 20 mg of total RNA
per line for the above tissues were purchased from Invitrogen. By using a full-length cDNA hybridization probe, a high abundance of 2-kb transcripts
was detected in pancreas and adipose tissue.

FIG. 4. Northern blot analysis of MEPI transfection of MDA-MB-
435 cells. Total RNAs were isolated from two control pCI-neo-
transfected clone and five MEPI-transfected clones. Strong MEPI
transcripts were detected in MEPI-positive clones. In contrast, no
endogenous MEPI transcripts were detected in control clones. The
integrity of the RNAs and loading control were ascertained by
visualization of the 18S rRNA bands in stained gel (data not shown).

FIG. 5. The activities of the CM from MEPI-435 and neo-435
clones on plasminogen activation. CM were collected, concentrated,
normalized, and subjected to plasminogen activation analysis as de-
scribed in Materials and Methods. The numbers represent the mean 6
SE of three measurements. Statistical comparisons for pooled MEPI-
435 clones relative to pooled neo-435 clones indicated P , 0.001 for
the PA activity.
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It is interesting to note that MEPI expression is seen
exclusively in the myoepithelial cells adjacent to the basement
membrane of normal and benign mammary gland. No MEPI
was detected in the metastatic breast carcinomas. Myoepithe-
lial cells, which are lost during the cancer malignant progres-
sion and normally surround ducts of glandular organs such as
breast, contribute to the synthesis of a surrounding basement
membrane and exert important paracrine effects on epithelial
mitogenesis and morphogenesis (29). In normal or noninvasive
benign mammary cells, cell–stroma contact is mediated by
myoepithelial cells, which secrete relatively low levels of
matrix-degrading proteinases but relatively high levels of
maspin and various other antiinvasive proteinase inhibitors
(30). Myoepithelial cells can also induce differentiation of
breast cancer cells (31) and inhibit tumor cell invasion (29).
The exclusive expression of MEPI in myoepithelial cells of
normal or benign mammary gland may represent one of the
major antiinvasive and antimetastatic phenotype mediated by
the host defensive system. In this regard, the expression of
MEPI in myoepithelial cells would create a microenvironment
in the epithelial–stromal interface where the inhibitory effect
of MEPI prevents the excessive proteolytic actions and pre-
serve the epithelial–stromal structure integrity. It will be

interesting to investigate whether the loss of MEPI expression
in DCIS may indicate a malignant progression leading to
invasion and metastasis. There is cause for concern about the
large number of DCIS cases—which are developing as a
consequence of screening mammography—most of which are
treated by some form of surgery. In addition, the proportion
of cases treated by mastectomy may be inappropriately high
(32). If the loss of MEPI expression can provide some prog-
nostic information on distinguishing the DCIS unlikely to
become invasive from the DCIS most likely to become inva-
sive, this will help to direct the treatment strategies and to
reduce some inappropriate or unnecessary mastectomies.

Our data of the loss of MEPI expression in malignant breast
cancer are different from the previous studies that have linked
excessive PAI-1 and PAI-2 expression to breast cancers as
compared with normal breast (3, 6, 16–20). Both in situ hybrid-
ization and immunohistochemical staining have demonstrated a
strong PAI-1 and PAI-2 expression in the stroma surrounding
breast carcinomas or at tumor margins (19, 3). It is not easy to
understand why the elevated tumor tissue content of PAI-1
indicates a poor prognosis for the breast cancer patients. One
explanation is that the increased expression of PAI-1 may be
reciprocally related to the increased expression of uPA and other
proteinases during the tumor-mediated degradation of extracel-

FIG. 6. Inhibition of cell invasion by MEPI. Comparison of inva-
sion potentials of MEPI-positive and MEPI-negative cells. The inva-
sion of MDA-MB-435 cells was used as control and was taken as 100%.
The invasion potentials of all of the other clones were expressed as a
percentage of the control. The numbers represent the mean 6 SE of
three cultures. Statistical comparisons for pooled MEPI-positive
MEPI-435–1 and MEPI-435–10 clones relative to pooled MEPI neg-
ative MDA-MB-435, neo-435–2, and neo-435–4 clones indicated P ,
0.001 for the invasion.

FIG. 7. In vivo tumor growth of MDA-MB-435, neo-435–2, neo-
435–4, MEPI-435–1, and MEPI-435–10 cells in nude mice. Each of the
eight mice in each group received two injections (one on each side) in
the mammary fat pads between the first and second nipples. Tumor
size was determined at intervals by three-dimensional measurements
(mm) by using a caliper. Only measurable tumors were used to
calculate the mean tumor volume for each clone at each time point.
Each point represents the mean of tumors 6 SE (bars).

Table 1. Effects of MEPI expression on tumor size, tumor incidence, lymph node status, and lung
metastasis of MDA-MB-435 cells

Treatment group

Tumor vol of
primary size,

mm3
Tumor incidence
tumorytotal (%)

Lymph node
positiveytotal

(%)

Lung metastasis
positiveytotal

(%)

MDA-MB-435 1589 6 368 15/16 (100) 7/16 (44) 2/8 (25)
Neo-435-2 1295 6 275 15/16 (94) 9/16 (56) 3/8 (38)
Neo-435-4 1745 6 401 16/16 (100) 8/15 (53) 4/8 (50)
MEPI-435-1 478 6 145 13/16 (81) 3/15 (20) 1/8 (13)
MEPI-435-10 271 6 75 4/16 (25) 1/16 (6) 0/8 (0)

On day 1, 300,000 cells were injected with MEPI into the mammary fat pads, and tumor volumes, lymph
node and lung metastasis were determined as described in Materials and Methods. Volumes are expressed
as mean 6 SE (number of tumors assayed). There were 16 total injections for eight mice in each group,
and each mouse received 2 injections. The mice were sacrificed 35 days after injection. Statistical
comparisons for pooled MEPI-positive clones relative to pooled MEPI-negative clones indicated P ,
0.001 for the mean tumor sizes and P , 0.01 for the lymph node and lung metastasis. Statistical
comparison for primary tumors was analyzed by Student’s t test. A x2 test was used for statistical analysis
of lymph node and lung metastasis.
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lular matrix. Therefore, these elevated levels of PAI-1 in the
stroma adjunct to the invasive breast carcinomas may represent
one of the subsequent acute host responses to the remodeling
stimuli and attempts to balance the local tissue degradation. In
this regard, the invasive tumor cells may also need some PAI-1 to
protect them in the proteolysis-rich microenvironment. In fact, it
has been recently demonstrated that the absence of host PAI-1
prevents cancer invasion (33). These data suggest that PAI-1
produced by host cells promotes cancer invasion presumably by
protecting tumor cells from proteolysis. Alternatively, the high-
level expression of PAI-1 in the breast cancer may favor the
proposed coexpression model that uPA and PAI-1 have to be
present in the tumor to achieve focused and optimal uPAR-
mediated proteolysis and invasiveness (34). Nevertheless, in con-
trast to the PAI-1 and PAI-2, the loss of MEPI expression in the
malignant breast carcinomas favors its role as a metastasis-
suppressing gene.

Acquisition of invasive/metastatic potential is a key event in
tumor progression, implicating the plasminogen system. Trans-
fection of the MDA-MB-435 cells with an MEPI cDNA leads to
increased expression of MEPI transcript and reduced PA activity
when compared with control cells. The reduced in vitro invasive-
ness of MEPI-435 clones compared with control cells suggests
that the production of MEPI altered the invasive potential of
breast cancer cells. These results are consistent with the previous
reports on the inhibition of the invasion by PAI-1 (35) and PAI-2
(36–37). In the nude mouse model of mammary tumor, overex-
pression of MEPI resulted in several phenotypic changes, includ-
ing (i) a significant reduction in incidence and size of primary
tumors; (ii) a reduction in number of microscopic metastatic
lesions in the lung and lymph node. Although a similar growth
rate of MEPI-positive clones vs. MEPI-negative clones was
observed in vitro, the orthotopic tumor growth of MEPI-435
clones was significantly suppressed in vivo. We reason that the
slower in vivo growth of MEPI-435 tumors may be explained, in
part, by MEPI-mediated inhibition of tumor angiogenesis. It has
been reported that uPA stimulates components of angiogenesis
including chemotaxis, proteolytic matrix degradation, and the
release of basic fibroblast growth factor from its storage in the
basement membrane (38–41). Furthermore, both PAI-1 (35) and
PAI-2 (42) have been demonstrated to have an antiangiogenic
activity, presumably through inhibition of uPA expressed by
endothelial cells in newly forming capillary sprouts. Our data
indicate that despite the lack of growth inhibition of MEPI on
breast cancer cells in vitro, MEPI significantly inhibits tumor
growth and metastasis, presumably because of its anti-PA activity
and antiangiogenic activity.

The magnitude of the tumor-suppressing activity of MEPI on
human breast cancer is comparable to that observed for tumor
suppressor Rb and p53 (43). The exclusive expression of MEPI in
the myoepithelial cells of normal and benign mammary glands
and the inhibition of breast tumor growth and metastasis by
MEPI expression suggest that MEPI is one of the local myoepi-
thelium-related paracrine factors that preserve the normal epi-
thelial–stromal integrity and prevent the malignant progression
from benign or in situ lesion to the metastatic phenotype. The
potential application of MEPI as a cytostatic agent for the gene
therapy treatment of cancer warrants further investigation.
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