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Introduction

The atheroprotective effects of estrogen are well docu-
mented, but the mechanisms responsible for these effects
are not well understood. To study the role of physiologic
(nanomolar) estrogen levels on the arterial response-to-in-
jury, we applied a mouse carotid artery injury model to
ovariectomized C57BL/6J mice. Mice were treated with ve-
hicle (-E2, n = 10) or 17/3-estradiol (+E2, n = 10) for
7 d, subjected to unilateral carotid injury, and 14 d later
contralateral (normal = NL) and injured carotids from
-E2 and +E2 animals were pressure fixed, harvested, and
analyzed by quantitative morphometry. E2 levels in +E2
mice were consistently in the nanomolar range (2.1-2.5 nM)
at days 0, 7, and 14. At 14 d, measures of both intimal and
medial area were markedly increased in the -E2 group:
(-E2 vs NL, P < 0.05 for both), but were unchanged from
normal levels in the +E2 group (+E2 vs NL, P = NS and
+E2 vs -E2, P < 0.05 for both). Cellular proliferation, as
assessed by bromodeoxyuridine (BrdU) labeling, was sig-
nificantly increased over NL in the -E2 mice, but this in-
crease was markedly attenuated in the estrogen replacement
group (total BrdU positive cells/section: NL = 6.4±4.5; -E2
= 113±26, +E2 = 40±3.7; -E2 vs NL, P < 0.05; +E2
vs NL, P = NS; -E2 vs +E2, P < 0.05). These data (a)
demonstrate significant suppression of the mouse carotid
response-to-injury by physiologic levels of estrogen replace-
ment; (b) support the utility of this model in the study
of the biologic effects of estrogen on the vascular-injury
response; and (c) suggest a direct effect of estrogen on vas-
cular smooth muscle cell proliferation in injured vessels.
(J. Clin. Invest. 1995. 96:2482-2488.) Key words: vascular
smooth muscle * atherosclerosis * steroid hormones
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The atheroprotective effects of estrogen in women are supported
by a variety of epidemiologic and observational studies (re-
viewed in references 1-4), but the mechanisms responsible for
these effects are not well understood. The beneficial effects of
estrogen on atherosclerosis are thought to involve both effects
of estrogen on systemic factors that influence atherogenesis, as
well as direct effects of estrogen on vascular cells (3, 5-8).
Direct effects of estrogen on vascular cells include both rapid,
nongenomic effects of estrogen on vascular tone, and inhibitory
effects of estrogen on the development and progression of ath-
erosclerosis that are presumed to involve estrogen receptor-
mediated effects of the hormone on gene transcription and cell
growth in vascular cells (reviewed in reference 8). Recent stud-
ies in both primates (9, 10) and humans (11, 12) show that
estrogen can alter vasomotor tone rapidly, which may involve
the estrogen-stimulated release of preformed vasoactive sub-
stances from endothelium and/or smooth muscle, or a direct
effect of estrogen on arterial smooth muscle cells (8). Evidence
also suggests that longer term effects of estrogen may contribute
to the atheroprotective effects of the steroid. For example, estro-
gen also may modulate basal release of vasodilators from the
vessel wall by upregulating genes for rate-limiting enzymes in
the biosynthesis of vasodilators such as prostacyclin and nitric
oxide (13-15). Estrogen also affects the expression of other
genes in vascular tissue, some of which may be important in
cell cycle regulation (8, 16-17a).

Estrogen-mediated inhibition of atherosclerosis in choles-
terol-fed chicks was first demonstrated over 40 yr ago (18),
and numerous animal studies since, using a variety of models,
have suggested that estrogen can inhibit proliferation of vascular
cells in atherosclerotic lesions (19-22). In cultured vascular
cells and tissue, 17,3-estradiol (E2)' also has been reported to
inhibit the growth of vascular smooth muscle cells derived from
rabbit aorta (23), and porcine coronary artery (24). However,
interpretation of the effects of estrogen on atherogenesis and
vascular cell growth in previous studies is complicated by the
use of supraphysiologic (micromolar) estrogen dosing, athero-
genic (high cholesterol) diets, and/or the absence of measured
levels of circulating hormone. The present study evaluates the
carotid response-to-injury in ovariectomized female mice main-
tained on a normal diet for 3 wk, and given vehicle or physio-
logic levels of estrogen replacement. The data demonstrate sig-

1. Abbreviations used in this paper: BrdU, 5-Bromo-2'deoxyuridine;
E2, estradiol; NL, normal.
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nificant suppression of the vascular response-to-injury under
these conditions.

Methods

Animals. C57BL/6J mice (Charles River Laboratories, Kingston, NY)
were used both in pilot studies and in the main study. For the latter,
25-gram female mice were obtained 7 d after bilateral ovariectomy. All
mice were maintained on normal, unsupplemented small animal chow
(Regular Rodent Chow; Prolab, Syracuse, NY). C57BL/6J mice were
chosen for these studies for three reasons: (a) C57BL/6J are routinely
used by our transgenic facility to create transgenic mice; (b) C57BL/
6J mice were used previously to create estrogen receptor-deficient
transgenic mice (25), which are to be used in subsequent studies; and
(c) C57BL/6J are known to have normal (low) circulating levels of
lipoproteins on diets such as the one used in this study (26, 27). Five
animals were housed per cage at 24TC in a room illuminated in 12-h
light-dark cycles, with free access to food and water. All animals were
monitored by the New England Medical Center Animal Facility staff,
which includes a licensed veterinarian, in full compliance with the PHS
animal welfare policy and the American Association for the Accredita-
tion of Laboratory Animal Care. 17,6-E2, propylene glycol, and 5-
bromo-2'-deoxyuridine (BrdU) used in animal studies were obtained
from Sigma Chemical Co. (St. Louis, MO).

Estrogen dosing. Pilot studies were performed first to determine the
appropriate daily dose and length of time needed to attain steady state
physiologic levels of E2 in the C57BL/6J mice. In these pilot studies,
six mice received 0.1-ml subcutaneous injections daily of either vehicle
alone (propylene glycol), or E2 at 10I g/d or 100 ,g/d. Blood samples
in pilot studies and the main study were obtained by tail cut at the same
time each day and just before any scheduled E2 injection. Blood was
also collected for E2 measurements from normal, nonovariectomized
C57BL/6J mice and premenopausal human volunteers. An additional
parallel study using identical conditions and E2 dosing was used to
evaluate the effect of E2 on circulating lipid levels. For the main experi-
ment, 20 ovariectomized mice were divided into two groups and injected
daily for 21 d day -7 to day +14 with either E2 (+E2, 100 sg/d), or
vehicle alone (-E2). Blood samples were collected for E2 measure-
ments from five mice on days -7, 0, and 7 and from nine mice on day
14.

Estradiol immunoassay and lipid measurements. Circulating E2 lev-
els were measured using a commercially available estradiol enzyme-
linked immunoassay (estradiol ELISA, Cayman Chemical Co., Inc.,
Ann Arbor, MI), according to the manufacturer's instructions. A stan-
dard curve was included with all assays, and concentrations of E2 were
determined and expressed in nanomoles per liter (nM). Cholesterol and
triglyceride levels were measured in microtitre assays using enzymatic
methods, as described previously (28).

Carotid artery injury. All surgery was done by a vascular surgery
fellow (T. R. Sullivan, Jr.) assisted by an experienced animal technician
(M. Aronovitz) using a dissecting microscope (Zeiss, Oberkochen, Ger-
many) at a magnification of 24. The recently described mouse carotid
injury method of Lindner et al. was used (29), with minor modifications.
In brief, on day 0, animals were anesthetized with Nembutal (Abbott
Laboratories, North Chicago, IL), and ketamine (Ketaset, Fort Dodge,
10) (0.04 mg per gram for each), and the left external carotid artery
(LECA) was looped proximally and ligated distally with 7-0 silk suture
(Ethicon, Somerville, NJ). Additional 7-0 silk ties were used to loop
the common and internal carotid arteries for temporary vascular control
during the procedure. A transverse arteriotomy was made in the LECA
and a 0.35-mm flexible angioplasty wire (No. 22339M; Advanced Car-
diovascular Systems, Inc., Temecula, CA) was passed to the aortic arch
(- 1 cm) and withdrawn three times with a rotating motion, with care
taken to use the identical injury procedure for each animal. The wire
was removed, the proximal LECA silk secured, and the incision closed
with a running 5-0 nylon suture (Ethicon). At the time of carotid injury,

osmotic minipumps (No. 2002; Alza Corp., Palo Alto, CA) loaded with
BrdU (25 mg/kg per d) were inserted through a small mid-back incision,
which was closed as above. Animals were returned to appropriate cages
and allowed to awaken under a warming lamp (average duration of
anesthesia, 1-2 h). Before embarking on the main study, the carotid
injury method was practiced on eight animals both to develop the method
in our hands and to verify histologically that reproducible injury (com-
plete deendothelialization) was obtained, as reported (29) (data not
shown).

Tissue harvest and histology. 14 d after carotid injury (study day
14), animals were reanesthetized and killed by placement of a 22-gauge
butterfly angiocatheter in the left ventricle and in situ constant pressure
fixation (100 mmHg) with 4% paraformaldehyde in 0.1 M phosphate
buffer, pH 7.3. Both right and left common carotid arteries were har-
vested and divided into three experimental groups: uninjured normal
(NL) (n = 20: 10 -E2, 10 +E2), injured -E2 (n = 10), and injured
+E2 (n = 10). Each artery was imbedded in paraffin, assigned a number,
and sections were cut from the proximal, middle, and distal thirds of
the vessel. Parallel sections were subjected to both standard hematoxylin
and eosin and elastin staining, as well as to immunocytochemical stud-
ies. All staining and subsequent analyses were done in a fully blinded
fashion.

Morphometry. Morphometric analyses were performed in duplicate
by blinded observers on elastin stained tissue. Vessel dimensions were
measured at a magnification of 200 using a digitized tablet interfaced
to a personal computer and the public domain National Institutes of
Health Image Analysis program (30). For each artery section, four types
of measurements were made: luminal area, area inside the innermost
elastic lamina, area inside the adventitial (outermost) elastic lamina,
and medial and intimal thickness. The area of the media was calculated
by subtracting the measured area inside the innermost internal elastic
lamina from the area within the outermost elastic lamina. Similarly, the
area of the intima was calculated by subtracting the luminal area from
the area inside the first internal elastic lamina. To calculate medial
thickness, for each vessel cross section the linear distance between
outermost and innermost elastic laminae was measured independently
in four places (each 900 apart) and averaged. Intimal thickness was
measured similarly by measuring the distance between the innermost
internal elastic lamina and the lumen.

BrdU labeling and immunocytochemistry. Immunohistochemical
stains were performed using the following antisera and dilutions: BrdU
(monoclonal anti-mouse, 1:100; Becton Dickinson, San Jose, CA), a-
smooth muscle actin (monoclonal anti-mouse, 1:500; Sigma Immuno-
chemicals, St. Louis, MO), and factor VIH-related antigen (polyclonal
anti-rabbit, 1:1,000; Incstar Corp., Stillwater, MN) (31-34).

Immunoperoxidase staining was performed using commercially
available reagents (Vector Elite Avidin Biotin Complex (ABC) kit, PK-
6100; Vector Laboratories, Inc., Burlingame, CA) (35). All sections
were deparafinized with xylene for 10 min and rehydrated with a series
of graded ethanols (100, 90, and 80%), each for 10 min. Slides then
were washed in distilled water for 5 mins, and endogenous peroxidases
were blocked with 0.3% hydrogen peroxide in methanol for 30 min.
Slides were washed again in distilled water for 5 min and then immersed
in 0.01 M citrate buffer (pH = 6) and microwaved twice for 5 min at
high power, separated by a 5-min cooling interval (32, 36). After a 5-
20-min cooldown period, slides were washed in PBS and nonspecific
binding sites were blocked with dilute horse or goat serum (2% in PBS)
for 30 min, depending upon the nature of the subsequent antibody.
Excess blocking serum was drained without washing, and primary anti-
bodies were added and incubated overnight at 4°C. For BrdU immuno-
staining, dilute BrdU primary antibody premixed with 2% dilute horse
serum in PBS was then added to the slides, incubated for 1 h at 37°C
and then overnight at 4°C.

The following day slides were washed with PBS for 2 min and then
incubated at room temperature for 1 h with secondary antibodies (0.5%
biotinylated anti-mouse or anti-rabbit in PBS). Slides were then
washed with PBS, incubated with the ABC complex for 1 h at 240C,
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3.2 Figure 1. Estrogen Lev-
els in -E2 (m) and +E2
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0.0 study in the +E2 group

.7 0 7 14 are comparable to levels
Time (Days) in normal, nonovariec-

tomized C57BL/6J mice and premenopausal human females. (*P
< 0.05 vs Day -7 value).

and developed with 3.3'-diaminobenzidine. The slides were counter-
stained with filtered 10% modified Harris hematoxylin, and dehydrated
with a series of alcohols (95 and 100%) and xylene for 10 min each,
coverslipped, and examined. For smooth muscle actin immunostaining,
3-amino-9 ethylcarbazide in NN-dimethylformamide was used to de-
velop the horseradish peroxidase, after which the slides were dried
and coverslipped. Photography was performed on a microscope (AH-
2; Olympus Corp., Lake Success, NY) using color film (Kodak 200;
Eastman Kodak Co., Rochester, NY).

Two independent and blinded observers quantified BrdU-stained
cells and factor VII related antigen-positive cells. BrdU-positive cells
in the media and intima were counted, as were those cells in the inner-
most portion of the intima that were directly adjacent to the lumen
(luminal). The total cell count in each section was defined as the sum
of intimal- and medial-labeled cells. Smooth muscle cells were identified
by smooth muscle cell a-actin staining in parallel carotid sections.

Calculations and statistics. All values are expressed as mean±SEM.
When only two groups were compared, differences were assessed by
the unpaired Student's t test. When multiple comparisons were required,
between group differences were first tested for by ANOVA. When the
ANOVA demonstrated significant differences between groups, individ-
ual mean differences were analyzed by the Newman-Keuls method.
For all statistical analyses, a P value < 0.05 was considered significant.

Results

Estrogen levels and dosing. Pilot studies showed basal E2 levels
in normal, nonovariectomized C57BL/6J mice were 0.4-0.9
nM, and those in normal premenopausal human females were
0.9 nM. In these pilot studies, replacement of ovariectomized
C57BL/6J mice with 100 Ag E2/d led to steady state E2 levels
that closely approximated these values. In separate studies, use
of this E2 regimen for 3 wk in ovariectomized C57BL/6J mice
did not significantly change circulating total cholesterol (TC)
or triglycerides (TG) levels of animals in comparison to -E2
(vehicle control) animals. Furthermore, there were no differ-
ences in lipid levels between the +E2 and -E2 groups and
intact, nonovariectomized C57BL/6J mice (P = NS by AN-
OVA for all comparisons; data not shown). The main study
therefore was undertaken using 100 HIg E2/d for the E2 replace-
ment group. The estrogen levels in the -E2 group remained
low and unchanged throughout the main study (day -7, -E2
= 0.3±0.03 nM; day 14, -E2 = 0.5±0.08 nM, P = NS) (Fig.
1). In the estrogen-replaced animals, a fourfold increase in
circulating E2 levels was noted after seven days (day -7, +E2

= 0.4±0.07 nM; day 0, +E2 level = 2.1±0.4 nM; day -7 vs
day 0, P < 0.001), and this level of E2 persisted unchanged
throughout the duration of the experiment (day 14, +E2
- 2.4±0.5 nM, day 0 vs day 14, P = NS; Fig. 1).

Morphometry. Fig. 2 compares the intimal and medial areas
and their ratios for uninjured (NL) and injured (-E2 and +E2)
vessels 2 wk after injury. Compared to the normal vessel, injury
induced a marked increase in both intimal and medial area in
the -E2 group arteries, but not in the +E2 group arteries (Fig.
2; compare with Fig. 4, which demonstrates representative sec-
tions and stains for these analyses and for those discussed be-
low). Specifically, carotid intimal area was increased in the
-E2 group compared to carotids from NL animals (-E2
= 57±34 mm2 X 0-4, NL = 7±2 mm2 X 10-4; P < 0.05).
E2 administration completely inhibited the increase in intimal
area due to injury (+E2 = 9.6±2mm2 X 10-4, P = NS vs NL
and P < 0.05 vs -E2; Fig. 2). Medial areas in the injured
arteries from -E2 animals also demonstrated significant in-
creases in comparison to the arteries from the NL group (medial
area: -E2 = 38±4 mm2 X 10-3; NL = 27±2 mM2 X 10-3, P
< 0.05). However, in the injured carotid arteries from mice
receiving E2 replacement, the medial area remained low and
was not different than that of normal arteries, ( +E2 medial area
= 25±2 mm2 X 0-3, P = NS vs NL and P < 0.05 vs -E2;
Fig. 2). The intimal/medial area (I/M) ratio also increased in
the -E2 vessels, but the I/M ratios for the groups did not
reach statistical significance (P = 0.07 by ANOVA). Uninjured
vessels (NL) from animals that received vehicle alone and those
that received estrogen replacement were indistinguishable both
by appearance and by all morphometric criteria measured (data
not shown). Intimal and medial thickness measurements also
were made in all arterial sections to quantitate the vascular
injury response by a second, independent method. In all cases
these values paralleled the results described above, and similarly
demonstrated highly significant suppression of the carotid artery
injury response in mice receiving estrogen replacement (data
not shown). A total of five of the injured carotids had clear
evidence of thrombosis in situ, but no differences in the number
of vessels demonstrating thrombosis were observed between
the animals receiving estrogen replacement (n = 2) and those
receiving vehicle alone (n = 3).

BrdU labeling ofcells. BrdU labeling was used to quantitate
the fraction of cells undergoing replication in the vessel wall
throughout the two week period following vascular injury (Figs.
3, 4, and Table I). The total number of BrdU-labeled cells was
greatly increased in the -E2 injured arteries in comparison to
normal arteries. However, in comparison to the -E2 group,
much less BrdU labeling was noted in the carotids from animals
treated with estrogen (BrdU positive cells: NL = 6.4±4.5; -E2
= 113±26, +E2 = 40±3.7; -E2 vs NL and -E2 vs +E2; P
< 0.05; +E2 vs NL, P = NS). BrdU labeling also was quanti-
fied in subregions of the vessel wall, including the media, intima
and those cells directly adjacent to the lumen (luminal) (Fig.
3 and Table I). As shown in Fig. 3 and Table I, the increase
in total BrdU-labeled cells in vessels from the -E2 group re-
sulted from significant increases in cellular proliferation in both
the media and intima (intimal and medial BrdU labeling in
-E2, both P < 0.05 vs NL). This increase was attenuated in
the +E2 vessels for each subregion (intimal and medial BrdU
labeling in +E2, both P < 0.05 vs -E2). The medial BrdU-
labeled cells in the -E2 vessels were identified largely as
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INTIMAL AND MEDIAL AREAS

I
NL -E2 +E2

Figure 2. Intimal and medial areas
in normal and injured vessels 14 d
after injury. Intimal and medial
areas, and the intimal/medial (I/
M) ratio were measured with
computer-assisted quantitative
morphometry by two independent
and blinded observers in elastin-
stained sections of normal and in-
jured carotids. For both intimal
and medial areas, injury led to sig-
nificant increases in the -E2
group (*P < 0.05 vs NL), while
estrogen replacement led to nor-
malization of both measurements
(+E2 group, P = NS vs. NL for
each). The intimal and medial
areas of the +E2 group were sig-
nificantly less than the -E2 group
(**P < 0.05).

smooth muscle cells, both morphologically and by staining for
a-actin in parallel sections (data not shown). However, in the
+E2 vessel sections, the majority (84% [34/40 cells]) of BrdU-
labeled cells were confined to the intima, and this labeling
proved to be essentially all in cells adjacent to the lumen (Ta-
ble). To examine which of these luminal cells were endothelial
cells, parallel sections were stained for factor VUI-related anti-
gen, which confirmed that most of the BrdU-labeled luminal
cells were endothelial cells (Table I). By day 14 after injury,
when these analyses were performed, no differences in the ex-
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20

0 POL__9
NL -E2 +E2

Figure 3. Total BrdU-labeled cells in normal and injured arteries 14 d
after injury. Animals received BrdU by constant infusion via an im-
planted osmotic minipump for the 14 d after injury. Total BrdU-labeled
cells were quantitated in each cross section by two independent and
blinded observers by counting and summing intimal and medial BrdU-
labeled cells. The total number of BrdU-labeled cells increased markedly
after injury in carotid arteries from animals receiving vehicle alone
(-E2), but this response was significantly attenuated in the +E2 group
arteries. *P < 0.05 vs NL; **P < 0.05 vs -E2 and P = NS vs NL.

tent of factor VIII-related antigen positive cells was detected
between the -E2 and +E2 vessels.

Discussion

This study has three principal findings: (a) in ovariectomized
C57BL/6J mice, carotid injury results in significant increases
in vascular intimal and medial area and thickness; (b) replace-
ment of estrogen to nanomolar (physiologic or near-physio-
logic) levels in these animals significantly suppresses the vascu-

lar injury response for each of these parameters; and (c) smooth
muscle cell proliferation over the 14 d after injury also is sig-
nificantly suppressed by estrogen in this model.

Estrogen dosing in this experiment was determined empiri-
cally, using pilot studies to determine E2 doses that achieve
steady state concentrations of E2 in the low nanomolar range.

This level of E2 was sought based on measured levels of E2 in
premenopausal women and normal, nonovariectomized mice in
the pilot studies, and on published E2 levels for human females,
and for C57BL/6J mice (reviewed in reference 26). The results
of application of the carotid injury model to ovariectomized
C57BL/6J mice reported here are comparable to those first
reported for this model in normal Swiss Webster mice (29).
The current study uses the original model to study an interven-
tion, and adds to the model both quantitative morphometric
analyses and BrdU labeling to measure cell proliferation. The
BrdU data demonstrate a virtual absence of medial cell prolifer-
ation in the injured arteries from the estrogen-treated group

(Fig. 3 and Table I) and support the conclusion that estrogen-
mediated inhibition of smooth muscle cell proliferation was

marked. BrdU-labeling in the +E2 vessels was essentially all
due to endothelial cell proliferation, which likely represents re-

endothelialization. These data also show that endothelial re-

growth was extensive in both -E2 and +E2 vessels, and that
no difference in the extent of endothelial regrowth was apparent
between these groups by day 14. However, the present study
does not address whether the rate of endothelial regrowth dif-
fered in injured vessels from the two groups.
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I

Figure 4. Photomicrographs of tissue specimens from normal and injured vessels 14 d after injury. (A, D, G, and J) Normal; (B, E, H, and K)
vehicle treated (-E2); (C, F, I, and L) Estrogen treated (+E2). Hematoxylin and eosin staining is shown in panels A-C (low power = X200)
and D-F (high power = x400). Elastin staining is shown in panels G-I. Immunohistochemical staining for BrdU is shown in panels J-L

Estrogen is thought to decrease atherosclerosis by both sys-
temic effects and direct effects on the vessel wall. Although
the mechanism(s) by which estrogen suppresses the vascular

response-to-injury is not addressed by the present experiments,
systemic effects on lipoproteins and coagulation pathway pro-
teins in the present study were likely minimal due to the short
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Table 1. BrdU-labeled and Factor VIII-related Antigen-positive
Cells

BrdU labeling Factor VIII-
related antigen-

Total Medial Intimal Luminal positive cells

NL 6.4±4.5 2.3±1.5 4.1±3.0 3.8±2.7 35.9±3.5
-E2 113±26* 55.0±19.7* 58.1±7.9* 42.5±6.5* 46.3±8.2
+E2 40.3±3.7* 6.4±2.3* 33.9±3.0*' 33.8±3.0* 35.4±3.0

Intimal includes all positive cells within the first internal elastic mem-
brane. Luminal includes only the innermost intimal cells adjacent to the
lumen. *P < 0.05 vs NL, * P < 0.05 vs -E2, all other comparisons
not significant. Comparisons of groups were tested by ANOVA and
individual mean differences were analyzed by the Newman-Keuls
method.

duration of the study, the maintenance of a normal diet (27),
and the absence of any effect of the estrogen regimen on lipid
levels, which was confirmed by measuring total cholesterol and
triglyceride levels. Direct estrogen effects on the vasculature of
two general types have been reported (reviewed in reference
8): rapid, nongenomic effects on vascular tone, and genomic
effects mediated by altered gene expression via the estrogen
receptor, an estrogen-activated transcription factor that is pres-
ent (16, 37-39) and functional (17a, 38) in human and rat
(40) vascular smooth muscle cells. Based on current models of
atherosclerosis and restenosis after vascular injury (41, 42), the
known effects of estrogen, and the data presented here, a number
of mechanisms might contribute to the estrogen effects on the
response-to-injury observed in the present study. These poten-
tial mechanisms include (a) direct effects of estrogen on vascu-
lar smooth muscle cell proliferation (suggested previously in
cell culture [23, 24] and animal studies [9, 18-22] ); (b) inhibi-
tion of the synthesis and/or deposition of vascular matrix ele-
ments that contribute to lesion growth in injured vessels (43-
45); (c) an altered rate of re-endothelialization after injury
(17); and (d) estrogen inhibition of the inflammatory response
in the injured vessel wall (46).

This study was undertaken in C57BL/6J mice in part so
that the mechanism of any effect noted might be studied next
in C57BL/6J transgenic mice lacking the estrogen receptor (25,
47). These studies, now in progress, may allow a role for the
estrogen receptor to be included or excluded in the effects of
estrogen on the injury response noted in the present study. The
findings in the present study also raise the possibility that physi-
ologic levels of estrogen replacement may have a therapeutic
role in prophylaxis against restenosis after percutaneous angi-
oplasty of coronary or peripheral vessels.
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