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Abstract
Extensive radiologically dense breast tissue is associated
with a marked increase in breast cancer risk. To explore
the biological basis for this association, we have examined
the association of growth factors and stromal matrix
proteins in breast tissue with mammographic densities.
Ninety-two formalin-fixed paraffin blocks of breast
tissues surrounding benign lesions were obtained, half
from breasts with little or no density and half from
breasts with extensive density, matched for age at biopsy.
Sections were stained for cell nuclei, total collagen, the
stromal matrix regulatory protein tissue
metalloproteinase-3 (TIMP-3), and the growth factors,
transforming growth factor-␣ and insulin-like growth
factor (IGF-I). The area of immunoreactive staining was
measured using quantitative microscopy. Breast tissue
from subjects with extensive densities had a greater
nuclear area (P ⴝ 0.007), as well as larger stained areas
of total collagen (P ⴝ 0.003), TIMP-3 (P ⴝ 0.08), and
IGF-I (P ⴝ 0.02) when compared with subjects with little
breast density. Differences were greater for subjects less
than 50 years of age. These data indicate that increased
tissue cellularity, greater amounts of collagen, and
increased IGF-I and TIMP-3 expression are found in
tissue from mammographically dense breasts and suggest
mechanisms that may mediate the associated increased
risk of breast cancer.
Introduction
There is marked variation between individuals in the radiological appearance of the breast that is attributable to variations in
tissue composition. Fat is radiolucent and appears dark on a
mammogram, whereas stroma and epithelium are radio-dense
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and appear light, an appearance that we refer to in this study as
mammographic densities (1). Studies that have used quantitative methods to classify mammographic densities have consistently found that women with dense tissue in more than 60 –
75% of the breast are at four to six times greater risk of breast
cancer than women with no density (2).
A total of nine studies have been published that have
used quantitative methods to classify mammographic densities (2). All of them found significantly elevated odds ratios
between extreme categories of density. Although mammographic density is associated with several known risk factors
for breast cancer, all of the studies controlled for at least
some risk factors for breast cancer, and all of them found that
mammographic density was associated with breast cancer
risk after adjustment for other risk factors. It has been
proposed that the increased risk of breast cancer is an artifact, created by the recognized difficulty in detecting cancer
in dense tissue. However, in subjects reexamined over an
extended period of time, any effects of masking will be
short-lived, because cancers missed at one examination will
be detected at subsequent examinations (3). Among the eight
published studies are two large nested case-control studies
performed in cohorts that were screened at annual intervals
for several years. Both showed that the increased risk of
breast cancer associated with dense breast tissue persisted
for extended periods of time, one for at least 5 years and the
other for at least 10 years. A more detailed discussion of
these issues has been given elsewhere (2). The biological
basis for the increase in risk associated with radiologically
dense breast tissue is, however, not known.
Studies of the histological features of the breast associated
with variations in radiological appearance have found that
mammographic densities are associated with proliferation of
either stroma or epithelium (2), the two types of tissue in the
breast with X-ray attenuation characteristics that give rise to
radiologically dense breast (1). On the basis of a general model
of carcinogenesis proposed by Shigenaga and Ames (4), we
propose that the combined effects of two processes, cell proliferation (mitogenesis) and damage to the DNA of dividing
cells by endogenous mutagens (mutagenesis; Ref. 5), underlie
the risk of breast cancer associated with mammographically
dense breast tissue.
The mammary epithelium, stromal fibroblasts, and myoepithelial cells communicate by means of several paracrine
signals (6 – 8), and we hypothesize that growth factors within
the stroma influence stromal cell proliferation and matrix deposition, which contribute to mammographically dense breast
tissue and either directly or indirectly affect the epithelium. In
this study, we have examined the quantity of cell nuclei, collagen, and selected molecular factors in breast tissue in relation
to mammographic densities. Compared with tissue from breasts
with little radiological density, we found significantly greater
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nuclear area, area of collagen, and stained areas of IGF-I2 and
TIMP-3 in tissue from radiologically dense breasts.
Materials and Methods
Preliminary Work. In preliminary work, tissue blocks from
subjects with little and extensive mammographic density were
selected without matching for age and stained with antibodies to
the following factors: collagen type IV, total collagen (Masson
trichrome), Tenascin, VEGF, IGF-I, TGF-␣, and TIMP-3. A total
of 103 blocks were selected, and an average of 34 blocks from
subjects with little density and an approximately equal number
from women with extensive densities were examined for each of
the factors examined. (For TIMP-3, only 22 and 25 blocks were
examined, respectively, from women with nondense and dense
breast tissue). When we compared the area of staining in tissue
from dense and nondense breasts, we found that total collagen
(P ⫽ 0.0001), IGF-I (P ⫽ 0.02), TGF-␣ (P ⫽ 0.04), and TIMP-3
(P ⫽ 0.11) showed evidence of an association with mammographic density. No association was found with collagen type IV
(P ⫽ 0.38), Tenascin (P ⫽ 0.57), or VEGF (P ⫽ 0.80). Total
collagen, IGF-I, TGF-␣, Tenascin, and TIMP-3 were all also
significantly and negatively correlated with age (r ⫽ ⫺0.30 to
⫺0.42). VEGF and collagen type IV were not correlated with age.
Because of the strong inverse association with age found
for the factors that also differed between women with and
without extensive mammographic densities, we carried out the
study reported here to examine the relation of these factors to
mammographic density in tissue sections from age-matched
pairs of subjects.
General Method. Tissue sections from 92 formalin-fixed paraffin blocks of tissues surrounding benign lesion were examined, half from breasts with little or no mammographic density
and half from breasts with extensive densities. Subjects with
dense and nondense breast tissue were matched individually
according to age at the time of biopsy within 2 years. Tissue
sections were stained for cell nuclei, total collagen, and antibodies to selected growth factors and stromal regulatory proteins. The stained area for each marker was measured using
quantitative microscopy, and the areas labeled with various
antibodies were used to compare different growth factors in
breast tissue with different radiological characteristics.
Selection of Material. The histological sections that are the
subject of the present study were selected from a computerized
list of 422 women having fine needle localization biopsies of
the breast at Women’s College Hospital, Toronto, Ontario,
Canada between January 4, 1987 and October 15, 1997. In
these women, the histological findings on biopsy were nonmalignant. This material allowed a radiological classification of
both the whole breast and the region of the breast from which
the biopsy was taken. A classification of the extent of radiological density in the mammogram was made as part of routine
reporting, and we selected those with either less than 25% or
more than 50% of the image occupied by dense tissue.
Subjects with extensive densities were identified first and
then matched individually to subjects with little density, according to age within 2 years at the time of biopsy. When more
than one match was available, the pair of subjects with the
closest date of biopsy was selected. The pathology reports of
breast biopsies from the subjects selected were reviewed, and a
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tissue block remote from any discrete lesion was selected for
the preparation of histological sections. A total of 49 pairs of
subjects met these criteria for matching, and we were able to
obtain tissue blocks from 46 of these subjects. Eighteen of the
46 pairs had also been used in the preliminary work described
above. The date of biopsy differed between members of the
matched pairs by an average of 1.7 years (SD, 3.8 years).
Other than age, no information was available about the
subjects, and thus menopausal status and the phase of the
menstrual cycle at which the mammogram and biopsy were
done were unknown.
Antibodies. The antibodies used were as follows: (a) For primary antibodies, mouse antihuman TGF-␣, a monoclonal antibody (GF10; Oncogene Science), was used in a working
dilution of 1:40. Mouse antihuman IGF-I monoclonal antibody
(05-172; Upstate Biotechnology, Inc.) and rabbit TIMP-3 polyclonal antibody were used in a working dilution of 1:5. ngIR
(Triple Point Biologics) was used in a working dilution of
1:1000; (b) for secondary antibodies, biotinylated goat antimouse IgG (62-6540; Zymed) was used for the IGF-I and
TGF-␣, and biotinylated goat antirabbit IgG (62-6140; Zymed)
was used for TIMP-3. Both antibodies were used in a working
dilution of 1:200; (c) streptavidin-horseradish peroxidase
(P0397; DAKO) was used in a working dilution of 1:300.
Immunohistochemical Staining. Serial sections were cut from
each block, 3 m in thickness, and mounted on N-tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid-coated slides (12-55015; Fisher Scientific). Sections were first incubated at room temperature with primary antibodies for 1 h for IGF-1 and TGF-␣ or
overnight for TIMP-3. After washes in PBS, the sections were
incubated with secondary antibodies for 30 min at room temperature and then with streptavidin for 30 min at room temperature.
Growth factors labeled with antibodies were visualized by incubation with 3-amino-9-ethyl-carbazole (A6926; Sigma Chemical
Co.), which gives a red color in the presence of horseradish
peroxidase. Nuclei in the sections were stained by hematoxylin.
Total collagen was stained by Masson trichrome. The
slides were mounted with Crystalmount (M03; Biomeda) and
dried in the air, and coverslips were secured with Permount
(SP15–500; Fisher Scientific).
Quantitative Microscopy. All of the measurements were made
without knowledge of the radiological characteristics of the breast
from which the biopsy was taken. Nuclear areas were chosen to
represent the density of cellularity in each section. Measurements
were made using a Zeiss Axioskop light microscope fitted with a
JVC ky-17 series 3-CCD color video camera, interfaced to a
SAMBA 4000 Image Analysis System with a Matrox 640-frame
grabber board (Image Products International, Inc., Chantilly, VA).
A 31.25 ⫻ (25 ⫻ 1.25) objective lens yielded an image size of 155
mm ⫻ 114.5 mm or 17747.5 mm2/camera field of view. The
threshold was set to segment total areas, including both nuclear
area and antibody-labeled area, from background. The hue histogram was used to distinguish antibody-labeled area (red color)
from total labeled area and is illustrated in Fig. 1 for IGF-I. The
data for both areas were tracked separately on the SAMBA system. The antibody-labeled area for each molecular factor was then
calculated from the total stained area minus the nuclear area.
Because nuclear staining (hematoxylin) and total collagen (Masson trichrome) could not be separated by the SAMBA system,
their combined stained area was measured on one slide, and the
area of collagen staining was then calculated by subtracting the
nuclear area measured on a separate slide.
For each section, the total nuclear area and the total antibody-labeled area were calculated from 80 fields. Eighty fields
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Fig. 2. Measurement of the selection of fields. Illustration of the method used to
select fields to be measured. Eighty fields in each section were randomly selected
along the track starting from the top of the section. Every second or third field on the
track was selected so that the entire section could be covered by these eighty fields.

with the needle localization procedure at the time of biopsy. These
mammograms were reviewed and classified according to the extent of density in the entire image, using six categories (0%,
⬍10%, ⬍25%, ⬍50%, ⬍75%, and ⬎75%), and also according to
the presence of fatty tissue or radiologically dense breast tissue at
the site of the biopsy.
Statistical Analysis. The area of staining for each growth factor
and nuclear area of each slide was calculated by dividing the areas
labeled with antibody by the total analysis area and was expressed
as a percentage. Because a measure of nuclear area was available
from all of the slides, an average was calculated from all of the
slides for each subject and used in the comparisons shown. The
distributions for growth factors and nuclear area were highly
skewed. These distributions were improved by log transformation,
but not all of them were normalized. For statistical analysis, the
difference between high and low density members of each
matched pair in the logarithm of the percentage of the measured
area stained for nuclear area, collagen, growth factors, and stromal
proteins was calculated. The paired differences of the log-transformed values were normally distributed and were compared between breasts of low and high mammographic density using the
paired t test (two-sided). The distribution of growth factors from
dense and fatty biopsy sites were compared using the Wilcoxon
two sample test (unpaired).

Fig. 1. Image analysis. Top, negative control for IGF-I staining; middle, IGF-I
staining; bottom, IGF-I-stained area outlined in red by thresholding. All of the
images are shown at ⫻40 magnification.

in each section were randomly selected along the track starting
from the top spot of the section. Every second or third field on
the track was selected so that the entire section would be
covered by these 80 fields. The method used to select fields to
be measured in a section is illustrated in Fig. 2.
Pathology and Radiology Review. One section from each of
the blocks selected for immunohistochemistry was reviewed and
classified according to their histological appearance. The mammogram used for classification was the film taken in association

Results
Characteristics of Subjects. Selected characteristics of the subjects studied are given in Table 1. The median age was 48.5 years
for subjects with low density and 49.0 years for subjects with
extensive radiological density. Of subjects with low density,
15.2% had no density, and 30.4% had density in more than 10%
but less than 25% of the breast. Of subjects with high density,
82.6% had more than 75% of the breast occupied by radiologically
dense tissue, and 97.8% had dense tissue in more than 50% of the
breast. The histological classification of the biopsies from these
subjects is shown in Table 1. In subjects with low density, the most
common classifications were nonproliferative fibrocystic change
(50.0%) and “normal” (21.7%). In subjects with extensive densities, the most common histological classifications were proliferative fibrocystic change without atypia (45.7%) and nonproliferative fibrocystic change (37.0%).
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Table 1

Selected characteristics of subjects

Median age
Interquartile range
Radiological classification
(No. of subjects)
0% density
⬎0–⬍10% density
10–25% density
25–50% density
50–75% density
⬎75% density
Missing
Histological classification
(No. of subjects)
Normal
Stromal fibrosis
Nonproliferative, fibrocystic
change
Proliferative FCCa without
atypia
Proliferative FCC with
atypia
Not assessed/missing
a

Low density
(n ⫽ 46)

High density
(n ⫽ 46)

48.5
(45–55)

49.0
(45–55)

7
24
14
0
0
0
1

0
0
0
1
7
38
0

10
4
23

1
5
17

8

21

0

1

1 (fibroadenoma)

1 (missing)

FCC, fibrocystic change.

Relationship of Immunohistochemical Staining with Mammographic Densities. Table 2 shows the mean of the logtransformed values for the percentage area of each variable
from 46 age-matched pairs of subjects with little density or
extensive density, as well as the mean difference from the
comparison of age-matched pairs. All of the statistical comparisons and the percentage differences referred to below are based
on the mean paired differences.
Each of the parameters measured with the exception of
TGF-␣, which was similar in the two groups, was substantially
greater in tissue from subjects with extensive mammographic
densities than in those with little density. The paired difference
between low- and high-density subjects in log-transformed
mean nuclear area was about twice the mean for low-density
subjects. The mean difference in stained area of total collagen
was about 50% greater than the low-density value; the mean
difference in the areas of staining for IGF-I was about twice the
low-density value, and the difference for TIMP-3 was about
equal to the low-density value.
Table 3 shows the results separately for the 24 pairs of
subjects less than 50 years of age whose mean age was 44 years
and for the 22 pairs of subjects 50 or more years of age whose
mean age was 57 years. In younger subjects (Table 3A), the paired
difference between low- and high-density subjects in log-transformed mean nuclear area was about 17 times greater than the
mean for low-density subjects. The mean difference in stained area
of total collagen was about twice the low-density value; the mean
difference in area of staining for IGF-I about three times greater
than the low-density value, and the mean difference in the area of
TIMP-3 staining was about twice the low-density value. Stained
areas of TGF-␣ were similar in the two groups.
In older subjects (Table 3B), only the difference in collagen
approached statistical significance and was greater in those with
more extensive radiologically dense tissue. Nuclear area and
stained areas of TGF-␣ and TIMP-3 were all slightly less, and the
area of IGF-I slightly greater, in those with extensive densities than
in subjects with less density, but none of these differences was

statistically significant. No correlation was found between the area
of staining for any antibody and age (data not shown).
Relationship of Immunohistochemical Staining with Mammographic Densities at the Site of Biopsy. Table 4 shows the
relationship of immunohistochemical staining to the presence
or absence of mammographic density at the site of biopsy.
There was a strong relationship between the radiological density in the breast as a whole and density at the biopsy site. In
82% of biopsies from high-density breasts, there was density at
the site of biopsy. In 87% of biopsies from low-density breasts,
the biopsy site was nondense, and radiological features such as
calcification or a localized mass were present. The analysis
shown in Table 4 had to be carried out without reference to the
matched pairs. The data were again highly skewed and could
not be normalized by log transformation, and median values are
shown in the table. Log-transformed mean values are also
shown in the table to allow comparison with the values in
Tables 2 and 3. The statistical comparisons shown are (twosided) Wilcoxon tests of the distributions within each group.
Biopsies from areas of the breast that were radiologically dense
had a nuclear area more than double that of biopsies from fatty
regions. The stained area for total collagen was three times
greater in biopsies from dense areas, and the area of IGF-I
staining was almost twice as great. Smaller and statistically
nonsignificant differences were seen for TGF-␣ and TIMP-3.
Discussion
An association between radiologically dense breast tissue and an
increased risk of breast cancer was first described by Wolfe (9 –
10), and at least 15 other studies have confirmed that Wolfe’s
qualitative classification is associated with risk of breast cancer
(5). In addition, nine studies to date have used quantitative approaches to reach a similar conclusion. All of these studies found
increased risk associated with more extensive density, and all of
them but one found a risk of four or greater in women with
extensive mammographic density compared with those with little
density. This gradient in risk is larger than is found with most other
risk factors for breast cancer. However, the biological basis of the
association of mammographic density with risk of breast cancer
has not been explained.
In this study, we report that mammographically dense
breast tissue is associated with an increased number of cells and
an increased amount of collagen. In addition, we show that
greater amounts of the growth factor IGF-I and the stromal
matrix regulatory protein TIMP-3 were present in tissue from
radiologically dense breasts. The mammogram used to classify
the overall density of the breast in the analyses shown here was
taken at the time of biopsy, in association with the needle
localization procedure, and thus was taken at exactly the same
time as the biopsy. Because density in the breast as a whole and
density at the site of biopsy were strongly associated, we are not
able to examine separately the associations of factors with
dense tissue in a breast that is predominately radiologically
nondense or with nondense tissue in a breast that is mainly
dense.
These results are consistent with our hypothesis that the
stromal and epithelial proliferation that contributes to mammographically dense breast tissue is associated with the presence
of specific growth regulatory factors. We propose that IGF-I
and TIMP-3 may influence both the formation of the tissues
responsible for mammographic densities and the associated risk
of breast cancer.
Two types of tissue in the breast, stroma and epithelium,
have X-ray attenuation characteristics that are responsible for
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Table 2 Comparison of molecular factors in tissue from breasts with low density and high density (n ⫽ 46 age matched pairs)

Percentage
Percentage
Percentage
Percentage
Percentage

of
of
of
of
of

nuclear area (n ⫽ 46)
total collagend (n ⫽ 41)
IGF-1e (n ⫽ 45)
TGF-␣e (n ⫽ 45)
TIMP-3 (n ⫽ 46)

Low densitya

High densitya

Difference (low-high)b

Pc

0.27a (0.89)
2.21 (1.66)
⫺0.29 (1.82)
⫺1.36 (2.05)
⫺0.99 (2.47)

0.85 (0.91)
3.32 (1.56)
0.48 (1.37)
⫺1.49 (2.24)
⫺0.12 (2.49)

⫺0.58 (1.40)
⫺1.11 (2.27)
⫺0.77 (2.15)
0.12 (2.87)
⫺0.86 (3.27)

0.007
0.003
0.02
0.77
0.08

a

Results expressed as mean (SD) of log-transformed values.
Paired differences (low-high density log-transformed value) expressed as mean (SD).
P for t-test for paired difference.
d
Values missing because of sections unsuitable for staining (n ⫽ 2) and staining measurement problems (n ⫽ 2).
e
Value missing because of sections unsuitable for staining (n ⫽ 1 for each measure).
b
c

Table 3

Comparison of molecular factors in tissue from breasts with low and high breast density in women ⬍ and ⱖ 50 years of age
Low densitya

High densitya

A. Women ⬍50 years of age; n ⫽ 24 pairs; mean age ⫽ 44 years
Percentage of nuclear area
0.07a (0.84)
1.23 (0.80)
Percentage of total collagen (n ⫽ 22)
1.76 (1.86)
3.17 (1.83)
Percentage of IGF-1
⫺0.42 (1.42)
0.89 (1.05)
Percentage of TGF-␣
⫺1.53 (1.81)
⫺1.34 (2.49)
Percentage of TIMP-3
⫺1.54 (2.21)
0.52 (2.22)
B. Women ⱖ50 years of age; n ⫽ 22 age matched pairs; mean age ⫽ 57 years
Percentage of nuclear area
0.49 (0.91)
0.42 (0.85)
Percentage of total collagen (n ⫽ 19)
2.80 (1.24)
3.32 (0.96)
Percentage of IGF-1 (n ⫽ 21)
⫺0.14 (2.22)
0.02 (1.57)
Percentage of TGF-␣ (n ⫽ 21)
⫺1.17 (2.32)
⫺1.65 (1.95)
Percentage of TIMP-3
⫺0.38 (2.65)
⫺0.83 (2.63)
a
b
c

Difference (low-high)b

Pc

⫺1.17 (1.16)
⫺1.41 (2.64)
⫺1.31 (1.69)
⫺0.19 (2.95)
⫺2.06 (3.17)

0.0001
0.02
0.0009
0.75
0.004

0.07 (1.36)
⫺0.76 (1.77)
⫺0.16 (2.48)
0.49 (2.81)
0.45 (2.90)

0.82
0.08
0.78
0.44
0.48

Results expressed as mean (SD) of log-transformed values.
Paired difference (low-high density log-transformed value) expressed as mean (SD).
P for t test for paired difference.

Table 4

Comparison of molecular factors in tissue from biopsies taken from
fatty and dense sites (unpaired)
Fatty tissue at
biopsy site

Percentage of nuclear area

Percentage of total collagen

Percentage of IGF-1

Percentage of TGF-␣

Percentage of TIMP-3

1.01 (0.54–2.33)b
0.17c
n ⫽ 40
11.69 (3.49–33.48)
2.14
n ⫽ 35
1.13 (0.21–2.64)
⫺0.32
n ⫽ 40
0.30 (0.06–0.81)
⫺1.70
n ⫽ 39
0.45 (0.05–3.63)
⫺0.81
n ⫽ 40

Dense tissue at
biopsy site
2.52 (1.06–5.00)
0.87
n ⫽ 51
35.54 (10.98–62.70)
3.02
n ⫽ 48
1.94 (0.75–4.06)
0.44
n ⫽ 50
0.42 (0.11–1.32)
⫺1.21
n ⫽ 51
0.54 (0.06–5.93)
⫺0.39
n ⫽ 51

Pa
0.0004

0.002

0.05

0.30

0.45

a

P for two sample Wilcoxon tests comparing median values.
Median (interquartile range) of untransformed values.
c
Mean of log-transformed data in italics to allow comparison with Tables 2 and 3.
b

radiologically dense breast tissue (11). Several studies (12–19)
have examined the relationship between histological and radiological features of the breast, and all of them have found an
association between mammographic density and proliferation
of stroma, epithelium, or both. The studies of Bartow et al.
(20 –22) and Hart et al. (23), which are based on forensic
autopsy material and are, therefore, unique in that there was no
selection of subjects or histological material for the presence of

breast disease, also showed that the more dense Wolfe’s patterns had increasing fibrosis. Therefore, proliferation of epithelium or parenchyma are common events in the breast tissue, and
a knowledge of the factors contributing to this proliferation is
crucial to our understanding of the relation of these features of
breast tissue to risk of breast cancer.
IGF-I is a known mitogen for breast epithelium and is
produced in the breast stroma as well as in the liver. Several
components of the IGF system, including IGF peptides, IGFbinding proteins, and the receptor through which IGFs exert
their mitogenic signal, have been shown to be dysregulated in
breast cancer, suggesting a role of IGFs in the genesis of breast
cancer (24, 25). In the current investigation, we found significantly greater areas positive for IGF-I immunostaining in tissues from mammographically dense breasts. This suggests that
an up-regulation of IGF-I may be an early event related to the
risk of developing breast cancer.
Higher circulating levels of IGF-I have been found in a
prospective cohort study (26) to be associated with an increased
risk of breast cancer in premenopausal but not in postmenopausal
women. Higher levels of circulating IGF-I have also been found to
be associated with mammographic densities in premenopausal but
not in postmenopausal women (27). These associations between
menopausal status and IGF-I levels may be related to the finding
in the present study that greater areas of IGF-I staining, as well as
a larger area of stained nuclei, were associated with mammographic densities only in women under the age of 50 years. In
women over the age of 50, only the stained area of collagen was
associated with density. The differences in the association of
mammographic densities and molecular factors seen in women
under and over 50 should be interpreted with caution, because this
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was a post hoc analysis and the sample sizes are small. This
observation warrants further study. However, the associations of
higher blood levels of IGF-I with increased risk of breast cancer
and with mammographic densities have also, as noted above, been
found only in younger women.
The mechanism that associates the amount of collagen to risk
of breast cancer is uncertain, but collagen production is often a
conspicuous feature of breast cancer (through unknown mechanisms), and interactions between stroma and epithelium are known
to be important in organogenesis and carcinogenesis in the breast
(6 – 8). Opposing actions of matrix-degrading matrix metalloproteinases and their tissue inhibitors, TIMPs, largely determine the
extent of stromal matrix degradation. Traditionally, matrix has
been viewed as an ultrastructure of molecules capable of providing
support for cells and tissues. However, it is now realized that in
addition to providing supportive architecture, the matrix can influence proliferation, apoptosis, and migration (28 –31). Therefore,
the observed up-regulation of TIMP-3 immunostaining may influence matrix deposition, which in turn will affect breast tissue
density. Further, because we have shown in other work that a
TIMP can directly affect the bioavailability of a growth factor such
as IGF-II, it is possible that TIMP-3 may have a dual effect (32).
Beyond influencing matrix deposition, it may alter bioactivity of
IGFs in dense breast tissue.
Although the present study has identified factors associated
with mammographically dense breast tissue, the number of subjects studied was limited by the availability within a single institution of matched pairs of tissue samples from subjects with
extreme differences in mammographic densities. Study of a larger
number of samples will be required to determine whether the
associations that we describe here are a local phenomenon, associated only with tissue at the site of biopsy, or are a feature of the
breast as a whole. Preferably, the material for such a study should
not have been selected for the presence of suspected breast disease,
the autopsy series referred to above would be suitable for this
purpose, and information about menopausal status and phase of the
menstrual cycle would be available. Further, the number of growth
factors and stromal regulatory proteins that we had resources to
examine in this study was also limited, and additional study is
warranted of other influences suggested by the biological rationale
given above.
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