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Tumorous human breast tissue readily converts pro-
gesterone to 5�����-pregnane-3,20-dione (5�����P), and this
metabolite has been shown to stimulate proliferation
and to decrease adhesion of MCF-7 breast cancer cells.
To determine the mechanisms of action of 5�����P on cell
adhesion, MCF-7 cells were grown without or with
5�����P (10�����9–10�����5 M), and the effects on cell and nuclear
morphology, adhesion plaques, vinculin and actin ex-
pression, actin polymerization, and microfilament dis-
tribution were examined by immunohistochemistry,
morphometry (using confocal microscopy and digital
computer imaging analysis), and Western blotting.
Treatment of cells with 10�����9–10�����6 M 5�����P resulted in
dose-dependent decreases in cell area, cell-to-cell con-
tacts, and attachment to the substratum, and increases
in variation in nuclear area. These changes in the 5�����P-
treated cells were accompanied by decreases in vin-
culin-containing adhesion plaques, vinculin expression,
polymerized actin stress fibers, and decreases in insol-
uble and increases in soluble actin fractions. The results
suggest that the observed decreases in adhesion and
increases in cell proliferation following 5�����P treat-
ment may be owing to depolymerization of actin and
decreased expression of actin and vinculin. We con-
clude that the endogenous progesterone metabolite,
5�����P, may be involved in promoting breast neoplasia
and metastasis by affecting adhesion and cytoskeletal
molecules.
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3,20-dione; breast cancer; adhesion plaques; vinculin;
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Introduction

Progesterone is required for the full proliferative activ-

ity of human female breast tissue (1,2) and may be directly

or indirectly involved in either stimulating or inhibiting

breast cancer (3,4). A number of studies have shown that pro-

gesterone, or various derivatives with progestational activ-

ities, may stimulate or inhibit tumor growth in vivo (5–8)

and cell proliferation (9,10) and cell-cycle progression (11)

in vitro. We have recently shown that stimulatory and inhib-

itory actions of progesterone might result from two differ-

ent types of endogenous metabolites (12). Evidence from

tissue metabolism studies (12) shows that tumorous breast

tissue converted progesterone into significantly greater

amounts of 5�-pregnane steroids, particularly 5�-pregnane-

3,20-dione (5�P), whereas normal (nontumorous) tissue

from the same breast produced significantly more��-4-preg-

nene steroids, especially 3�-hydroxy-4-pregnen-20-one

(3�HP). The 5�-reduced steroids, such as 5�P stimulated,

whereas 4-pregnenes such as 3�HP inhibited proliferation

in several breast cell lines (12). Additionally, 5�P enhanced

detachment, whereas 3�HP increased attachment, of MCF-

7 cells to the substratum. Other studies (13) have identified

the presence of specific and separate high-affinity recep-

tors for 5�P and 3�HP in the plasma membrane fraction

of MCF-7 breast cancer cells and indicate that the recep-

tor numbers may be modulated by exposure to estradiol

(13). These findings lend support for the potential regula-

tory role of progesterone metabolites in the development

and metastasis of breast cancer.

Transformation of normal cells to cancerous cells is gen-

erally accompanied by alterations in cell and nuclear mor-

phology (14–18), organization of the actin cytoskeleton

(19–22), and cell-cell and cell-substrate adhesion (23–25).

Vinculin is a membrane-associated cytoskeletal protein

localized at both the cell-to-cell and cell-to-substrate adhe-

sive plaques (26–28). In the polymerized form, it functions

as a binding protein between the transmembrane proteins

and actin fibers (28). While vinculin is readily detected in

normal cell lines, its organization may be greatly altered
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(29) or it may not be detected at all in highly malignant cell

lines (30), suggesting that depolymerization or suppression

of vinculin may be closely related to malignant progression

of cell systems.

Steroids have been shown to alter actin organization

(31,32) and cellular adhesion (33–37). Since 5�P and 3�HP

have been shown to alter cell proliferation and adhesion

(12), the two cardinal aspects of cancer, our objective was

to examine their effects on the actin cytoskeleton, on adhe-

sion plaques and adhesion plaque–associated vinculin, and

on general morphology of MCF-7 breast cancer cells in

vitro. We report here the first evidence that exposure of

MCF-7 cells to 5�P results in alteration in cell area and

shape; increases in nuclear size variation; and significant

decreases in cell-substrate attachment, polymerized F-actin,

vinculin-associated adhesion plaques, and vinculin expres-

sion. Exposure to 3�HP did not result in significant changes

from the controls. The results suggest that the endogenous

progesterone metabolite, 5�P, may stimulate cell prolifer-

ation and detachment in part by affecting actin and vinculin

expression and/or polymerization.

Results

Cellular Detachment/Attachment

Treatment of MCF-7 cells with 5�P at 10
�7

 and 10
�6

 M

resulted in a significantly greater number of cells detached

from, and significantly fewer cells attached to, the substrate

(Table 1). Conversely, treatment with 3�HP at 10
�7

 and

10
�6

 M resulted in significantly fewer cells detached and

more cells attached than controls (Table 1). These detach-

ment/attachment results confirm previously published find-

ings (12).

Cell Morphology

Confluent untreated and control MCF-7 cells exhibited

continuous contact with adjacent cells (Fig. 1A). Cells

treated with 3�HP (Fig. 1B) did not show observable dif-

ferences in morphology from controls. Treatment of cells

with 10
�6

 M 5�P (Fig. 1C) resulted in retraction of the cel-

lular cytoplasm, leaving behind lamelipodia-like and filo-

podia-like processes and resulting in discontinuous cell-to-

cell contacts that were usually seen as point contacts via

Table 1

Effect of 5�P and 3�HP on Cell Detachment and Attachment
a

5�P 3�HP

Control 10
�8 

M 10
�7 

M 10
�6 

M 10
�8 

M 10
�7 

M 10
�6 

M

% Detached 46.8 ± 3.1 49.1 ± 2.9 63.6 ± 3.0
b

67.0 ± 2.5
b

42.9 ± 3.2 30.7 ± 3.1
c

31.4 ± 3.3
b

% Attached 57.5 ± 2.1 55.8 ± 2.2 41.7 ± 3.3
c

34.1 ± 3.5
b

58.2 ± 2.1 67.8 ± 2.0
b

72.4 ± 2.2
b

a
The cellular detachment (n = 4) and attachment (n = 3) determinations were performed in separate experiments using the procedures

described previously (12) following 72 h of culture in the presence of treatment media.

b
p < 0.01.

c
p < 0.05.

Fig. 1. Effect of 3�HP and 5�P on cellular morphology of subconfluent MCF-7 cells in culture. The control cells (A) and 3�HP-treated

(B) cells show near continuous cell-cell contact, whereas the 5�P-treated cells (C) show marked cytoplasm withdrawal and discontinuous

cell-cell contacts.
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cellular microspikes or small filopodia-like structures.

Treatment of cells with 5�P concentrations between 10
�9

and 10
�7 

M resulted in an apparent dose-dependent decrease

in retraction of the cytoplasm, with concentrations lower

than 10
�9

 M showing no observable difference from con-

trols.

Morphometric analyses (Table 2) showed that MCF-7

cells treated with 10
�6 

M 5�P had a significantly smaller

cellular area, greater complexity of cell shape (cell shape

index), and greater variance in nuclear size compared to

controls or 3�HP-treated cells. Cells treated with 10
�7

 M

5�P showed intermediate effects, and cells treated with 5�P

at concentrations <10
�7

 M showed apparent (albeit statisti-

cally insignificant) dose-dependent effects on cellular area,

cell shape index, and variance in nuclear area (results not

shown).

Vinculin-Containing Adhesion Plaques

In control cells, vinculin-containing adhesion plaques

appeared at the periphery and basally (Fig. 2A). Treatment

of cells with 5�P resulted in marked loss in visualization of

adhesion plaques (Fig. 2B). Analysis of cell adhesion plaque

numbers showed that 5�P treatment resulted in a signifi-

cant dose-dependent decrease (Fig. 2C) by as much as 75%

at 10
�6

 and 10
�5

 M. Treatment with 3�HP did not result in

significant changes in plaque numbers (Fig. 2C). Digital

computer image system (DCIS) analysis showed a signifi-

cant dose-dependent decrease in fluorescence of adhesion

plaques in 5�P-treated cells (results not shown).

Vinculin expression as determined by Western blot

analysis was prominent in control cells and was markedly

decreased in cells treated with 10
�6

 M 5�P (Fig. 2D, inset).

The suppression of vinculin expression was dose dependent

between 10
�9

 and 10
�6

 M (Fig. 2D) with approx 75% reduc-

tion at 10
�6

 or 10
�5

 M 5�P. Treatment with 3�HP did not result

in significant changes in vinculin expression (Fig. 2D).

Actin Cytoskeleton

Untreated (control) MCF-7 cells showed a ring of actin

stress fibers running tangentially to one another (Fig. 3A),

with a few fibers crossing the body of the cell (i.e., in a

transcellular configuration). Stress fibers in the peripheral

ring arrangement were generally bound to locations at the

periphery of the cell. The transcellular fiber system, consist-

ing of parallel fibers crossing the body of the cell, occurred

more frequently in cells in subconfluent and confluent

cultures than in cells growing in isolation. Treatment with

10
�6

 M 5�P resulted in almost complete loss of observable

stress fibers (Fig. 3B). Quantitative analysis showed a sig-

nificant dose-dependent decrease in actin stress fiber num-

bers (Fig. 3C) with approx 80% fewer stress fibers at 10
�6

 M

than in control cells. Digital computer image analysis of

phalloidin-rhodamine-stained stress fiber fluorescence con-

firmed the dose-dependent decrease (data not shown). Treat-

ment with 3�HP did not result in significant changes in

stress fiber number, although a trend toward an apparent

increase was suggested (Fig. 3C).

The cellular concentrations of soluble (monomeric) and

insoluble (polymeric) actin were studied by Western blot-

ting. Extracts from control cells contained considerable

amounts of insoluble F-actin and only small amounts of the

soluble form (Fig. 3D, inset). Treatment of MCF-7 cells

with 5�P resulted in increased concentrations of soluble

and decreased concentrations of insoluble actin (Fig. 3D,

inset). Quantitative analysis of the effects of various 5�P

concentrations showed a dose-dependent increase in the

ratio of soluble:insoluble actin (Fig. 3D). Treatment with

3�HP did not result in significant changes in the ratio of

soluble:insoluble actin (Fig. 3D).

Discussion

Changes in cellular and nuclear size and shape have been

used for some time in assessing alterations in cellular tum-

origenicity and metastasis (14–16). Cells treated with the

progesterone metabolite, 5�P, displayed a dose-dependent

decrease in cell area, increases in irregularity of cell shape,

and increased variation in nuclear size, as determined

by computerized morphometric image analysis. The results

provide the first demonstration that a progesterone meta-

bolite produced at relatively higher levels in tumorous than

nontumorous breast tissue (12) can alter the morphology

of breast cancer cells in vitro in a manner similar to that

observed during neoplastic transformation of cells in vivo

(16,17,38–40).

The changes in morphology observed in cells under-

going neoplastic transformations that result in altered cell

proliferation and acquisition of metastatic capacity have

been shown to be accompanied by rearrangements of cyto-

skeletal and adhesion structures (18–24,38,41,42). Cancer-

ous cells possess a cytoskeleton that is organized differently

Table 2

Effect of 5�P and 3�HP

on Cellular and Nuclear Area and Shape
a

Nuclear area

Cell area (µm
2
)  Cell shape index (variation)

Control 545 ± 23  2.66 ± 0.21 24.28

5�P  401 ± 25
b

3.43 ± 0.31
c

 68.57
d

3�HP 556 ± 26 2.56 ± 0.2 22.57

a
MCF-7 cells were treated with steroids at different concen-

trations (10
�8

–10
�6

 M) for 72 h, and the effect on cell area, cell

shape, and variation in nuclear area were determined as described

in Materials and Methods. Only results from 10
�6

 M steroid con-

centrations are given.

b
p < 0.001.

c
p < 0.05.

d
p < 0.01.
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from normal cells (18–22), and highly metastatic cells

possess a different cytoskeletal organization than low meta-

static cells (25,30). The greater level of organization of the

actin cytoskeleton observed in normal cells (42,43) is char-

acterized by higher levels of polymerized actin, whereas

transformation to the metastatic condition may be accom-

panied by marked disruption and/or disappearance of actin

filaments (25). In the present study, treatment with 5�P

resulted in a dose-dependent decrease in actin stress fiber

number and the amount of polymerized actin. These results

are in agreement with previous studies showing that the

degree of polymerization of the actin cytoskeleton decreases

in cells stimulated to higher rates of proliferation and with

the acquisition of metastatic capacity (19,22,25).

Cellular adhesion is a critical aspect of cancer biology.

Changes in adhesion must take place when cells detach from

the site of the original tumor, and when they metastasize to

a new site. Therefore, changes in cell adhesive properties

might be considered a primary factor leading to metastasis

and, ultimately, malignancy (24). Cells adhere to the substrate

and to other cells via cell-cell and cell-substrate adhesion

plaques. Cell-cell focal adhesion plaques contain cadherins,

while cell-substrate adhesion plaques contain integrins (28).

In MCF-7 cells, vinculin is present at the integrin-mediated

cell-substrate adhesion sites, whereas at the cadherin-medi-

ated cell-cell adhesion sites, it is �-catenin that binds the

ends of actin filaments to the cadherin complex (44). Treat-

ment of MCF-7 cells with 5�P resulted in a significant

Fig. 2. Effect of 5�P on vinculin-containing adhesion plaques and vinculin expression in MCF-7 cells. (A) Control cells showing

vinculin-containing plaques outlining the perimeter (arrows) and appearing basally (arrowhead). (B) 5�P-treated cells (10
�6

 M) showing

only diffuse nuclear and perinuclear staining and absence of distinct peripheral and basal vinculin-containing plaques. The effects of

treatment with 5�P (or 3�HP) on (C) number of vinculin-containing plaques and (D) vinculin expression are illustrated graphically. The

inset in (D) shows typical Western blots for vinculin expression in control and 5�P-treated (10
�6

 M) cells as well as ornithine decarboxy-

lase (OrnD) standard. *, **, and *** indicate significantly different from control at p < 0.05, p < 0.01, and p < 0.001, respectively.
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dose-dependent reduction in the total number of vinculin-

containing adhesion plaques and in vinculin expression.

These decreases coincided with the observed dose-depen-

dent decreases in cell adhesion. Our findings agree with

other studies that have demonstrated coincidence between

increased cellular proliferation or metastatic ability and

decreased cellular adhesion, vinculin-containing adhesion

plaques, and vinculin expression (25,31,34,46). Treatment

of cells with estrogen (47), progesterone (48), and glucocor-

ticoids (35,36) has been shown to result in a decrease in

adhesion to the substrate and to other cells. Our results there-

fore suggest that the endogenous progesterone metabolite,

5�P, may cause decreased adhesion by interfering with

vinculin expression and reducing adhesion plaque numbers.

Treatment of MCF-7 cells with 3�HP resulted in decreased

cell proliferation and increased cell adhesion (12). This

agrees with studies that show increased adhesion in cells

that have a decreased rate of proliferation (31,37). Although

increased adhesion resulted from 3�HP treatment, the

number and size of vinculin-containing adhesion plaques

and the expression of vinculin were not significantly altered.

One possible explanation may be that not all the adhesion

plaques in MCF-7 cells use vinculin as a binding protein

(44). At the cell-cell adhesion sites, �-catenin binds com-

petitively to cadherin complexes, outcompeting vinculin

for cadherin binding (44). In the absence of �-catenin, vincu-

lin will bind to the cadherin complex, theoretically assuming

the same role. Since MCF-7 cells express both vinculin and

Fig. 3. Effect of 5�P on actin stress fibers in MCF-7 cells. (A) Control cells showing many actin stress fibers running tangentially to one

another and bound to locations at the periphery. (B) Treatment with 10
�6

 M 5�P showing marked loss of observable actin fibers. The

effects of treatment with 5�P (and 3�HP) on (C) number of actin stress fibers and (D) change in concentrations of soluble and insolu-

ble actin are illustrated graphically. The inset in (D) shows representative Western blots of soluble and insoluble actin fractions from

control and 5�P-treated (10
�6

 M) cells as well as ornithine decarboxylase (OrnD) standard. ** and *** indicate significantly different

from control at p < 0.01 and p < 0.001, respectively.
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�-catenin, it is possible that 3�HP treatment of MCF-7

cells resulted in an alteration in the number of �-cate-

nin-containing cell-cell adhesion sites. An increase in the

number of these cell-cell adhesion sites, in turn, would be

expected to increase adhesion of the cell, without affecting

the number or size of vinculin-containing adhesion plaques.

In our studies, �-catenin was not explored, and the poten-

tial role of 3�HP on this adhesion site protein remains to be

investigated.

In conclusion, our study shows that the progesterone

metabolite, 5�P, which has been shown to be produced in

greater amounts by tumorous than nontumorous breast tis-

sue, significantly alters the morphology, decreasing actin

polymerization, adhesion plaques, and vinculin expression.

These changes are similar to those reported for cells show-

ing neoplastic and metastatic transformations and may

explain the observed increases in proliferation and detach-

ment resulting from exposure to 5�P. The evidence is con-

sistent with the hypothesis that progesterone metabolites

(such as 5�P) found endogenously in human breast tissue

may be involved in promoting breast tumor neoplasia and

malignancy.

Materials and Methods

Chemicals

3�HP was synthesized and purified as previously described

(48). 5�P, progesterone, Dulbecco’s Minimal Essential

Medium:F12-Ham (DMEM), penicillin, streptomycin, insu-

lin, trypsin, EDTA, Dextran T-70, phalloidin-TRITC, Triton

X-100, bovine serum albumin (BSA), mouse monoclonal

antivinculin and antiactin antibodies, mouse antiornithine

decarboxylase and goat antimouse IgG-AP antibodies, dithio-

threitol (DTT), phenylmethylsulfonyl fluoride (PMSF),

bacitracin, leupeptin, and Tris-HCl were obtained from

Sigma (Oakville, Ontario). Calf serum and fungizone were

from Gibco-BRL (Burlington, Ontario).

Cell Culture

MCF-7 human breast adenocarcinoma cells were obtained

from the Barbara Ann Karmanos Cancer Institute (Detroit,

MI) at passage 134. The cells were grown in DMEM:F12

Ham in a 1:1 ratio. The culture medium was supplemented

with 5% calf serum, penicillin (100 U/mL), streptomycin

(100 µg/mL), fungizone, insulin (10 µg/mL), and sodium

bicarbonate (1.2 mg/mL). The cells designated for expe-

rimental use were grown in culture medium containing

serum that had been stripped with dextran-coated charcoal

to remove steroids. The cells were grown and passaged in

T-75 flasks maintained in a humidified incubator at 37ºC,

with a 5% CO
2
 atmosphere. Cells were harvested at approx

80% confluence using 0.1% trypsin and 0.05% EDTA in

phosphate-buffered saline (PBS) (pH 7.2). Cell viability

was determined by Trypan blue exclusion.

Cell Attachment or Detachment

Cell attachment and detachment was determined as

described previously (12).

Cell Morphology and Immunohistochemistry

Cells were seeded onto acid-washed glass cover slips

(22 � 22 mm) held in 35-mm plastic Petri dishes and were

cultured for 72 h in experimental media, either without added

steroids (controls) or containing appropriate concentrations

of 5�P or 3�HP. Media were changed every 24 h.

Morphology and Morphometry

After the treatment period, cells were fixed in 2% formal-

dehyde:PBS and then stained with either Ehrlich’s hema-

toxylin and eosin (for general morphology and nuclear area

and shape) or Giemsa stain (for cell area and cell shape).

Cell and nuclear areas were calculated using DCIS (North-

ern Exposure Image Analysis Software, Empix Imaging,

Mississauga, Ontario) calibrated to a �40 objective and based

on area/pixel value. The DCIS determined the total number

of pixels within the cross-sectional area of a scanned cell

or nucleus and the total number of pixels comprising the

perimeter of the object. About 250 cells and nuclei per treat-

ment (from 10 replicate cover slips) appearing on a trans-

verse grid were selected from separate ocular fields. The

cell shape index was calculated by the DCIS using the fol-

lowing formula (49):

(Perimeter)
2

   4��· Area

Actin Stress Fibers

After the treatment period (usually 72 h), cells were rinsed

for 10 min in two changes of PBS and fixed for 7–15 min

in 2% formaldehyde:PBS at 37ºC, rinsed in two 10-min

washes in PBS (room temperature), treated for 5 min with

0.1% Triton X-100, and then rinsed in three 5-min washes

of PBS. To visualize actin stress fibers, the cells were stained

in Phalloidin-TRITC (0.05 mg/mL of PBS) for 25 min at

4ºC in a humidity chamber.

Vinculin

For vinculin localization, cover slips were blocked for

15 min with 1% BSA (in PBS), incubated for 1 h with mouse

monoclonal antivinculin antibody (diluted 1:50 in block-

ing buffer), and then for 1 h with secondary goat antimouse

IgG-antibody conjugated to Phalloidin-TRITC (diluted

1:25 with PBS). Following the incubations, all cover slips

were rinsed in three 5-min washes of PBS and mounted on

glass slides using glycerol:PBS (9:1, pH 9.0). Cells were

examined with a Bio-Rad MRC-600 Laser Scanning Con-

focal Microscope.

  Cell shape =
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Quantitation of Numbers

of Stress Fibers and Adhesion Plaques

Cells were magnified until they filled the field of view.

Stress fibers were counted if they were linear, well defined

within the cell, and if both ends of a filament were visible.

Vinculin-stained adhesion plaques were counted (45 cells

per treatment in each experiment; 10 experiments). Fluo-

rescence brightness of stress fibers and adhesion plaques in

rhodamine-stained cells was analyzed by DCIS using con-

focal image analysis (50). The DCIS program was cali-

brated to the �40 objective lens to determine both the total

number of pixels per cell and the optical gray scale of each

individual pixel. The average optical gray scale per pixel

was calculated for each scanned cell, and this value was

used to represent the average brightness of fluorescence in

a cell. Greater fluorescence indicated larger amounts of

polymerized actin or vinculin within a cell. Within each

treatment group, separate cover slips were used to deter-

mine background staining. Background controls for actin

were treated with 10
�6

 M cytochalasin D for 10 min (to

depolymerize stress fibers) before staining with phalloidin-

rhodamine. Background controls for vinculin were treated

only with goat antimouse IgG secondary antibody in the

absence of primary treatment with antivinculin antibody.

The average optical intensity gray scale per pixel was calcu-

lated for each scanned background control cell, and this

value was subtracted from the average intensity of experi-

mentally treated cells to determine fluorescence owing to

specific actin and vinculin staining, respectively.

Actin and Vinculin Expression

Cells were cultured in T-75 plastic culture flasks for 72 h,

to approx 80% confluence, in experimental media contain-

ing either no additional hormones (control) or various con-

centrations of 5�P or 3�HP. Media were removed and 500

µL/flask of lysis buffer (50 mM Tris-HCl, 100 mM DTT,

2% sodium dodecyl sulfate [SDS], 10% glycerol, 1 mM

PMSF, and 0.1% bromophenol blue) was added. The cell

lysate was collected, boiled for 10 min, repeatedly passed

through a 21-gage needle, and centrifuged at 10,000g, and

the supernatant was used in the SDS-polyacrylamide gel

electrophoresis.

Isolation of Soluble and Insoluble Actin

MCF-7 cells were lysed with Triton solution (2% Triton

X-100; 160 mM KCl; 40 mM imidazole-HCl; 20 mM

EGTA; 8 mM sodium azide, pH 7.0) for 10 min at 0ºC and

centrifuged at 10,000g for 10 min. The supernatant (1 mL)

was mixed with running buffer (300 µL) and boiled for

5 min to obtain the soluble actin (G-actin) fraction. The

pellets were dissolved in lysis buffer, incubated in a boiling

water bath for 10 min, and vortexed vigorously for 1 min

to obtain the insoluble actin (F-actin).

Western Blotting

Cytoskeletal proteins were transferred to a nitrocellu-

lose membrane (Bio-Rad) overnight at 4ºC. After transfer,

the nitrocellulose membranes were blocked for 1 h in block-

ing buffer (1% BSA in PBS). Nitrocellulose blots were

then incubated with either primary antiactin antibody at a

1:100 dilution or primary antivinculin antibody at a 1:40

dilution in blocking buffer for 2 h at 4ºC with gentle agita-

tion. After incubation, the nitrocellulose blots were washed

with three 10-min rinses of blocking buffer and transferred

to a solution of secondary goat antimouse IgG conjugated

to alkaline phosphatase at a dilution of 1:2000 in blocking

buffer. Western blotting for ornithine decarboxylase was

similar to that of actin and vinculin except that the nitrocel-

lulose membranes were incubated with antiornithine decar-

boxylase antibody at a 1:80 dilution in blocking buffer. All

Western blots were developed with a goat antimouse alka-

line phosphatase Western blot visual detection kit. The blots

were scanned and images analyzed by digitizing software

(Un-Scan-It gel for Windows; Silk Scientific). Protein con-

centrations were determined by the Bradford (51) method.
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