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Mouse Mammary Gland Is Refractory to the Effects
of Ethanol after Natural Lactation

Jennifer-Marie Garofalo,! Dawn M Bowers,? Richard W Browne,? Brian T MacQueen,?
Terry Mashtare Jr,* Lisa B Martin,' and Patricia A Masso-Welch?’

Ethanol is a dietary factor that dose-dependently increases breast cancer risk in women. We previously have shown that ethanol
increases mammary epithelial density through increased branching after dietary exposure during puberty in CD2/F1 mice. To extend
these studies to parous mice in a breast cancer model, we used a transgenic mouse model of human parity-associated breast cancer,
the FVB-MMTV-Her2/Neu mouse, which overexpresses wildtype EGFR2, resulting in constitutive activation of growth signaling
in the mammary epithelium. Here we describe the short-term effects of ethanol feeding on progression through involution. Mice
were fed diets supplemented with 0%, 0.5%, 1%, or 2% ethanol for 4, 9, or 14 d starting on day 21 of lactation (that is, at the start
of natural postlactational involution). Unlike peripubertal mice exposed to ethanol, postlactational dams showed no changes in
body weight; liver, spleen, and kidney weights; and pathology. Ethanol exposure had no effect on mammary gland lobular den-
sity and adipocyte size throughout involution. Likewise, the infiltration of inflammatory cells and serum oxidized lipid species
were unchanged by diet, suggesting that ethanol feeding had no effect on local inflammation (leukocyte infiltration) or systemic
inflammation (oxidized lipids). In conclusion, ethanol exposure of parous dams had no effect on mammary gland structure or the
regression of the lactating mammary gland to a resting state. The period of involution that follows natural lactation appears to be
refractory to developmental effects of ethanol on mammary epithelium.

Abbreviations: HOTE, hydroxyoctadecatrienoic acid; OXO-ODE, oxo-octadecadienoic acid; 9-HODE, 9-hydroxyoctadecadienoic acid.

Breast cancer affects more than 180,000 women yearly in the
United States, and more than 40,000 women each year die of the
disease.! Although the incidence rate seems to have stabilized
during the last decade and a decline in the mortality rate has been
noted, breast cancer remains a major health problem. Despite
a great deal of dietary research in breast cancer chemopreven-
tion, meta-analysis of epidemiologic studies and clinical trials has
shown that the only dietary modifier of human breast cancer risk
is alcohol consumption.” Breast cancer risk increases by approxi-
mately 10% for every drink consumed daily, and these effects are
seen for both pre- and postmenopausal breast cancer.** Approxi-
mately 1% to 2% of breast cancers are estimated to be due to light
drinking,® based on the increased incidence seen at even low lev-
els of consumption,® independent of type of alcohol consumed.?
Whether lifelong exposure is necessary for the deleterious effects
of ethanol to be manifest is unknown, as is whether it is beneficial
to modify ethanol consumption during periods of rapid postnatal
developmental remodeling of the breast, for example puberty
or postlactational involution. Previous studies have shown that
short-term prenatal exposure of rats to ethanol (less than 2 wk)
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can affect long-term mammary glandular development and sub-
sequent breast cancer risk in chemical carcinogenesis models.’>*
Because chemoprevention is, by nature, a lifestyle change in a
healthy population to decrease cancer risk over a lifetime, pulsing
of interventions at developmental windows, preferably postna-
tal, is potentially a more expedient chemopreventive approach
than lifelong exposure. However, to address the question of the
effects of developmental timing of risk exposures, it is critical to
advance appropriate animal models that can be used to test and
refine clinically relevant interventions. Specifically, animal mod-
els are needed that can manifest the deleterious effects of ethanol
on mammary gland development and differentiation.

The primary animal model that has been used to compare ef-
fects of dietary (orally administered) ethanol on mammary gland
structure and tumorigenesis is the peripubertal rat, which shows
increased epithelial proliferation and susceptibility to chemical
carcinogenesis.**’ In mice, pulsed exposure to dietary ethanol
during puberty induces structural alterations in the mammary
gland, increasing ductal branching and epithelial density.” In
women, increased breast density has clearly been associated with
breast cancer risk.® Although puberty is an attractive target for
early strategies of breast cancer prevention, puberty is variable in
onset and duration, potentially comprising years. In contrast, a
more accessible target for chemopreventive dietary changes is the
relatively short (1 to 2 wk) period of postlactational involution.
This defined period of rapid glandular remodeling has recently
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been recognized as contributing to the significantly increased
breast cancer risk that occurs postpartum and can endure for
years after each completed lactogenic cycle.! Although early par-
ity does indeed induce lifelong protection against breast cancer,
postlactational involution has recently been identified as a critical
developmental time point that can induce a short-term increase
in type II parity associated breast cancer in terms of develop-
ment, progression, and metastasis.* Therefore, the brief window
of postlactational involution may represent a sensitive target for
dietary intervention which could be used to alter risk of parity-
associated breast cancer in women. Ingestion of protective com-
pounds or avoidance of negative compounds (such as ethanol)
during this developmental window may have a disproportionate
effect on altering parity-associated breast cancer risk.

The purpose of the current study was to test the hypothesis that
ethanol exposure during involution, a time of rapid mammary
stromal vascular and epithelial remodeling, induces short-term
or long-lasting effects on mammary gland structure in a way that
can increase mammary tumor risk, for example, increased mam-
mary gland density by increased epithelial branching.’ To test this
hypothesis, we used the FVB/N-Tg(MMTVneu)202Mul/J trans-
genic mouse model, which overexpresses wildtype (unmutated)
rat EGFR2 under control of the progesterone-responsive MMTV
promoter in mammary epithelial cells; expression is detected in
salivary gland and lung also."* The overexpressed growth factor
receptor—tyrosine kinase acts in a constitutively activated manner
to stimulate the growth of multifocal mammary adenocarcino-
mas, similar to 20% to 30% of human breast cancers.!33%365152 Ty~
mors develop after prolonged latency, appearing as early as 4 mo
but with a median of 6 to 7 mo, thereby mimicking the indolent
growth kinetics of human breast cancer.*® This transgenic mouse
model is also a model for high-frequency spontaneous metastasis
to the lung.** Lastly, the acceleration of tumor growth by pregnan-
cy makes this mouse model a potential tool for studying parity-
associated breast cancer. We selected this strain so that we could
compare short-term effects of ethanol on progression through
involution (described here) with long-term effects of ethanol on
Her2 /neu-mediated tumorigenesis in future studies. This current
report presents the effects of ethanol exposure on the process of
mammary gland involution and stromal vascular remodeling,
including indices of inflammation.

Materials and Methods

Animals. SPF FVB/N-Tg(MMTVneu)202Mul/J mice (hereafter
referred to as Her2 /Neu mice) were purchased from Jackson Labs
(Bar Harbor, ME). To obtain lactating dams for involution stud-
ies, mice were mated inhouse by using a 2:1 ratio of female to
male rats. Female rats were 70 to 85 d of age at mating. Mice were
caged individually for 1 wk after mating, and dams remained
caged individually after weaning until euthanasia. Pups were
weaned at day 21 of age and then caged in single-sex groups of
2 to 5 mice. All mice were maintained in conventional housing
(open-top caging), provided aspen shavings for bedding, and fed
standard rodent diet (no. 2018, 18% Protein Rodent Diet, Har-
lan Teklad, Madison, WI) until the ethanol-containing diet was
initiated (dams only). The mice were maintained on a 12:12-h
light:dark cycle in 30% to 70% relative humidity with a room
temperature of 68 to 72 °F (20.0 to 22.2 °C). Mice were housed in
accordance with the standards set by the NIH and the University
at Buffalo TACUC.

Effects of ethanol on involuting mouse mammary gland

Dietary model of chronic ethanol exposure. At 21 d of lactation,
dams were distributed by similar weights into 4 dietary groups,
receiving liquid Modified Clifford Koury Folate-deficient Lig-
uid Diet containing: microcrystalline cellulose, 94.59 g/L; corn
oil (stab, 0.15% BHT), 25.33 g/L; salt mix no. 210020, 12.67 g/L;
sodium acetate, 2.05 g/L; L-amino acid premix, 44.55 g/L; vita-
min mix no. 317759, 2.53 g/L; folic acid premix, 5 g/kg; succinyl
sulfathiazole, 2.53 g/L; choline chloride, 0.51 g/L; and xantham
gum, 3 g/L (Dyets, Bethlehem, PA).> Maltose dextran was 58.20
g/Lin the base diet, and an additional 94.69, 87.31, 79.93, or 65.17
g/L was added to diets containing 0%, 0.5% (5.26 mL/L), 1%
(10.53 mL/L), or 2% (21.05 mL /L) ethanol, respectively, to render
diets isocaloric as described.” Diets were received in powder form
and stored at 4 °C in the dark until use. Ethanol was purchased as
95% ethyl alcohol from Pharmco (Brookfield, CT). Capped 30-mL
graduated sipper feeding tubes (catalog no. 900012, Dyets) sup-
ported by feeding tube holders (catalog no. 901100, Dyets) were
used to deliver liquid diet as described.”> Mice were weighed, and
20 mL of liquid diet was provided daily, with any variations in
consumption recorded.

After 4,9, or 21 d of mammary involution, mice were eutha-
nized by cervical dislocation (to avoid stress to the animal that
could affect oxidative stress and inflammatory cytokine status'®)
followed by cutting of the diaphragm. Mice were weighed, and
vaginal smears were performed to determine estrous cycle stage.
Blood was collected from the thoracic cavity after piercing the heart
and was allowed to coagulate for 20 min at room temperature be-
fore spinning at top speed in a microfuge; the supernatant sera
aliquoted and stored at —80 °C until use. Contralateral abdominal
mammary glands (gland no. 4) were dissected for whole-mount
preparation or placed into 4% phosphate-buffered formalin for
paraffin embedding. Inguinal mammary glands, uterus, ovaries,
kidney, spleen, and liver were dissected, weighed, and divided into
weighed fractions for RNA or protein extraction by snap-freezing
in dry ice with 70% ethanol and storing at —80 °C or placed into
formaldehyde for paraffin-embedding and sectioning.

Analysis of paraffin sections. The contralateral abdominal
mammary gland (right gland no. 4) from each mouse was fixed
in phosphate-buffered formalin for preparation of hematoxylin-
and-eosin-stained paraffin sections. The lymph node of each
mammary gland was included within the plane of section, as a
point of reference. Three slides were made from each gland, and
each was stained with one of the following stains: hematoxylin
and eosin, Masson trichrome (to visualize collagen deposition),
and May-Grunwald Giemsa (to visualize mast cells). The slides
stained with hematoxylin and eosin were used for the adipocyte,
nuclei, and ductule counts. Each slide was electronically scanned
by using an Aperio Imager (Vista, CA) with a 20x objective. Im-
ages were accessed through a web-based link provided through
Roswell Park Cancer Institute (Buffalo, NY).

Analysis of adipocyte size. To image adipocyte relipidation dur-
ing involution, clusters of 10 unilocular (white) adipocytes were
analyzed for cross-sectional diameter. The longest diameter of
each adipocyte was measured (in micrometers) by using Aperio
ImageScope Spectrum software (Vista, CA). An average of four
20x-objective fields containing 10 clusters of 10 adipocytes were
assessed per mouse mammary gland. To control for variation
across the mammary gland, regions proximal to the lymph node
were sampled (that is, within 2 lymph node diameters). Data then
were combined on a per-mouse basis for comparison.

39

$S9008 981] BIA |,0-90-GZ0Z 18 /woo"Alojoeignd-poid-swid-yewlsiem-ipd-swiid//:sdyy Wwol) papeojumo(



Vol 63, No 1
Comparative Medicine
February 2013

Analysis of local adipose inflammation. Leukocyte infiltration
of the paucicellular adipose tissue was assessed by determining
number of nuclei per adipocyte cluster imaged above.*! An aver-
age of four 20x-objective fields containing 10 clusters of 10 uniloc-
ular adipocytes were assessed per mammary gland section. Data
then were combined on a per-mouse basis for statistical analysis.

Analysis of lobular regression. Lobular regression was assessed
over time by quantifying the number of acini per lobule. An aver-
age of 5 fields per mouse mammary gland was analyzed under a
10x-objective field of view. Ten lobules were analyzed per field. To
control for variation across the mammary gland, lobules proximal
to the lymph node (that is, within a region equivalent to 2 lymph
node diameters) were selected for analysis. Data then were com-
bined on a per-mouse basis for statistical comparison.

Lipid analyses of sera. Serum linoleic acid and its oxidation
products 9-hydroxy-octadecadieneoic acid (9-HODE) and 9-oxo-
octadecadieneoic acid (OXO-ODE) were measured simultaneous-
ly by liquid chromatography—mass spectroscopy. Serum samples
were spiked with 10 ng deuterated 9-HODE (d4-9-HODE, Cayman
Chemical, Ann Arbor, MI). Total lipids were extracted from
100 pL serum by using hexane:isopropanol (3:2). Extracts were
dried under nitrogen, reconstituted in 1 mol/L ethanolic sodium
hydroxide, and rotated for 60 min to hydrolyze lipid esters. Sam-
ples then were neutralized to pH 2.5 to 3.5 with 1 mol/L HCl,
and total fatty acids were reextracted into hexane:methyl-tertiary
butyl ether (4:1 v/v) and dried under nitrogen. Samples were
dissolved in ethanol and analyzed by liquid chromatography-
mass spectroscopy. Chromatographic analysis was performed
by using a LC2010A system (Shimadzu, Columbia, MD) with
2 pumps (catalog no. LC-10ADvp), low-volume mixer, autosam-
pler (catalog no. SIL-HT), column oven (catalog no. CTO-10AC),
and diode array detector (catalog no. SPD-M10A). Spectrographic
analysis was performed by using a 2010A system (Shimadzu).
Chromatography was accomplished by using a binary gradient
of acetonitrile and water starting at 30% water for 0 to 10 min, fol-
lowed by a linear gradient to 100% acetonitrile at 20 min, which
was maintained for 20 min until the end of run. The flow rate was
0.3 mL/min, and the analytical column was a SupelcoSil column
(length, 25 cm; inner diameter, 3.0 mm; particle size, 3 pm; catalog
no. catalog no. LC18-ODS, Sigma-Aldrich, St Louis, MO) with
2-cm guard column. Detection was performed by using electro-
spray ionization in negative ion mode. Selected ion monitoring
was performed at 295 m/z for 9-HODE, 299 m/z for the d4-9-
HODE internal standard, 293 m/z for oxo-ODE, and 279 m/z
for linoleic acid. Quantification was done by internal standard
methodology using d4-9-HODE.

Quantitation of mast cells. May-Grunwald Giemsa stain was
used to visualize mast cells, as previously described.* Mast cells
were quantified by identifying large, dark-purple cells within
the stroma of regressing lobules; five lobules were quantified per
mouse. Mast cell number was normalized to lobular area, deter-
mined by using the Map Area function of the Spectrum Analysis
program (Aperio). Mast cells per lobular area then were averaged
on a per-mouse basis, with 3 mice analyzed per group.

Statistical analysis. Statistical analyses were performed by
using SAS version 9.2 (SAS Institute, Cary, NC). Effects of dietary
group on organ weights at euthanasia, whole-mount and histo-
logic analyses of lobular complexity, and percentage areas were
analyzed by using 2-factor ANOVA with interaction. The Tukey
method was used to control for experiment-wise type I error rate
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at the 0.05-level for pairwise comparisons. Weights were analyzed
with data binned by week, as well as on a daily basis. To analyze
the effects of the 4 dietary treatments on the weights of individual
pair-fed mice over time, global contrast was performed to deter-
mine significance at each time point. For time points determined
to be significant, repeated-measures ANOVA (body weight and
dietary consumption) were performed by using time as a third
variable; a P value of less than 0.05 was defined as being sig-
nificant. Pairwise comparisons were performed in the event of
significant effects.

Results

Ethanol exposure during involution: systemic effects. Mouse
dams undergoing mammary involution consumed equivalent
volumes of isocaloric liquid diets, regardless of ethanol content
(Table 1). Body weight did not differ significantly between dietary
groups or time points (Table 1). Organs were weighed at the time
of euthanasia to determine whether ethanol feeding led to organ
enlargement, as previously described in peripubertal mice fed
ethanol diets.? Table 2 shows that ethanol had no effect on liver,
kidney, or spleen size, both in terms of absolute weight and when
normalized as percentage of body weight. A trend toward liver
enlargement was neither significant nor dose-dependent. Histo-
logic analysis of liver sections revealed no frank histopathology
proceeding to local inflammation or fibrosis in any dietary group.
Intracellular vacuolation was increasingly evident in the hepato-
cytes of mice fed increasing amounts of ethanol (data not shown).
This finding was consistent with intracellular lipid accumulation;
however, definitive lipid staining could not be performed on par-
affin-embedded (and therefore, solvent-extracted) tissue sections.

Serum lipids were analyzed for lipid peroxidation, to assess
whether ethanol altered the systemic inflammatory environment
associated with involution. No diet-related effect on serum lipid
peroxidation was seen (Table 3). A time-dependent decrease in
peroxidation was significant (P < 0.05) for hydroxyoctadecatri-
enoic acid (HOTE) in the control (0% ethanol) group between
days 9 and 14 (Table 3). When dietary groups were pooled to
assess whether these trends were consistent, absolute amounts
of linoleic acid and T-HODE were found to have increased sig-
nificantly (P < 0.05) over time postweaning, whereas concentra-
tions of OXO-ODE and HOTE were unaltered (Figure 1). When
oxidized lipids were compared as percentages of total linoleic
acid, T-HODE increased (P < 0.05) from day 4 to day 9. In con-
trast, relative amounts of OXO-ODE and HODE were decreased
(P <0.05) at day 21 (Table 4).

Ethanol effects on involution process: epithelial and adipose tis-
sue. Postlactational involution is marked by 2 opposing activities:
regression of the lobular epithelial compartment and expan-
sion of the adipose compartment. To determine whether either of
these processes was affected by ethanol exposure, we performed
systematic histomorphometric analysis of hematoxylin-and-
eosin-stained paraffin-embedded mammary gland sections.

Figure 2 A shows that, as expected, the average number of termi-
nal ductules per lobule decreased (P < 0.05) as involution proceeded.
This decrease was not affected by ethanol exposure. In addition,
mast cell number was analyzed per unit area in regressing lob-
ules (Figure 2 B) but failed to reveal a diet-specific effect at any
given time point. As expected, mast cell number tended to increase
throughout involution, and this increase was significant (P < 0.05)
for the mice fed 0.5% ethanol: mast cell number was significantly
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Effects of ethanol on involuting mouse mammary gland

Table 1. Daily food consumption (mL) and body weight (g) of mice after ethanol consumption for 1 wk

% Ethanol in diet
Duration of feeding (d) 0% 0.5% 1% 2%

Consumption

4 18.52+1.21 18.28 £1.41 17.96 +0.66 18.09 +1.26

9 18.43 £0.98 19.38 £0.25 19.42 £0.39 19.72£0.14

14 19.10£0.36 19.49£0.29 19.65+0.13 19.17£0.25
Body weight

4 24.29+0.28 2497 £0.61 25.47 £ 0.40 25.97 £0.39

9 24.59 +0.60 24.64+1.14 25.33 +£0.87 25.73+1.28

14 25.31+1.28 2549 +1.22 26.32+0.84 26.09 +1.49
Data are presented as mean + SEM (1 = 6 mice per time point, except for day 4 for the 0.5% ethanol group [n = 5]).
Table 2. Absolute (g) and relative (%; normalized to total body weight) tissue weight at time of euthanasia

% Ethanol in diet
0% 0.5% 1% 2%

Absolute organ weight

Liver 117 £0.11 1.33+0.09 1.28 £0.11 1.29+0.14

Kidney 0.16 £0.01 0.17£0.01 0.18 £0.01 0.16+£0.01

Spleen 0.09 +£0.01 0.10£0.01 0.09+0.01 0.09+0.01
Relative organ weights

Liver 4.77£0.27 5.34+0.44 4.95+0.40 5.06 +0.41

Kidney 0.64+0.03 0.67 +0.05 0.67 +0.04 0.64+0.03

Spleen 0.36 +£0.03 0.39+0.08 0.36 £0.04 0.36 +0.02

Data are presented as mean + SEM (1 = 6) of organ weights on day 21 after weaning from the group that received the 14-d dietary treatment.

Table 3. Effect of dietary treatments on serum lipid peroxidation (%) throughout involution as a function of total serum linoleic acid

% Ethanol in diet
Duration of ethanol feeding (d) 0% 0.5% 1% 2%
9-HODE 4 1.58 £0.45 1.26 £0.30 1.50 £ 0.95 146 +£0.27
9 2.51+1.02 2.29+0.23 3.24+£0.59 2.50+0.39
14 2.72+0.66 2.26 +0.36 2.07 £ 0.46 2.20+0.25
OXO-ODE 4 4.61+1.33 4.55+0.62 4.87 £1.05 4.74£0.90
9 4.60£1.50 514 +1.44 556 +1.73 6.00 £ 1.88
14 3.14+1.10 2.70+0.78 3.14+1.08 2.75+0.75
HOTE 4 0.79 £ 0.40* 0.80 £ 0.50 0.60 £ 0.27 0.40+0.18
9 0.75 £ 0.34° 0.70 +£0.35 0.73£0.24 0.82+0.39
14 0.47 £0.24° 0.43+0.24 0.33+0.14 0.53+£0.32

Data are presented as mean + 1 SD (1 = 3 mice per group). Different superscript letters in within a column indicate a significant (P < 0.05) difference

between those values within that group.

(P <0.05) greater in mice fed 0.5% ethanol for 14 d than mice fed
0.5% ethanol for 4 d. In mice fed 2% ethanol, the mast cell number
was already maximal by day 9; however, because of large variation
from lobule to lobule, this trend was not statistically significant.
Masson trichrome staining revealed numerous blue-green—
stained collagen fibrils throughout within the lobule, begin-
ning as early as day 4 of involution, in all dietary groups
(Figure 3, left panels). At day 4 of involution, 3 of the 5 mice

fed 1% and 3 of the 5 fed 2% ethanol retained distended lob-
ules (Figure 3 G and J), whereas none of the 6 mice fed 0% and
none of the 5 mice fed 0.5% ethanol (Figure 3 A and B) retained
active lobules at this time. In contrast, at later time points in
involution (for example, day 9), all lobules showed lumenal
collapse and loss of most secretions (Figure 3, middle panels).
At day 21 of involution, mice from all dietary groups showed
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Figure 1. Involution causes shifts in total and oxidized lipids in serum. (A) Absolute levels of linoleic acid are increased at day 21 of involution, com-
pared with days 4 and 9. Whereas (B) 9-HODE levels are increased on days 4 and day 9 of involution, absolute levels of (C) OXO-ODE and (D) HOTE
are not altered by involution. Data are presented as mean + SEM (1 = 12 mice) of all diets combined by time point. Different letters indicate a significant

(P < 0.05) between values.

collapsed alveolar structures containing intensely stained cells
(Figure 3, right panels).

Within the adipose compartment, adipocytes tended to gradually
increase in size throughout involution in all groups (Figure 4 A);
this trend was significantly (P < 0.05) different between time points
in the control and 1% ethanol groups. Adipocytes also increased in
abundance, occupying the majority of the mammary gland area at
day 21 (data not shown). In contrast to the changes that occurred in
the epithelial compartment (Figure 2 B), remodeling of the adipose
compartment was not inflammatory, as no change in infiltrating cells
was seen as involution progressed (quantified as nuclei per field,
Figure 4 B). Similar to adipocyte relipidation, cellular infiltration
within the adipose compartment was unaffected by ethanol con-
sumption.

Discussion
Involution represents a readily accessible short-term target
for lifestyle chemopreventive intervention to decrease type II
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parity-associated breast cancer risk, a devastating and aggres-
sive form of breast cancer that predominantly affects young
women within a decade of their previous pregnancy.?' One suc-
cessful application of this strategy is demonstrated by ingestion of
antiinflammatory drugs during acute involution (weaning after
10 d of lactation); this regimen modifies postinvolution mam-
mary gland structure and is protective against tumor growth and,
more importantly, tumor progression in a preclinical model.*” We
hypothesized that ethanol ingestion during this developmental
period would disproportionately alter mammary gland structure
to increase risk (for example, by increasing epithelial and stromal
density).

However, this current study yielded the unexpected finding
that after natural lactation (lasting 21 d), mice are largely refractory
to developmental effects of ethanol on mammary gland structure.
Ethanol feeding did not affect lobular regression in terms of the
number of ductules per lobule at later time points, although at
day 4, lumenal secretions in distended lobules were more fre-
quent in mice fed 1% and 2% ethanol. The significance of this
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Effects of ethanol on involuting mouse mammary gland

Table 4. Effect of involution on serum lipid peroxidation (%), normalized to total serum linoleic acid

Duration of ethanol feeding (d) % 9-HODE % OXO-ODE % HOTE

4 1.58 £0.24° 4.61£043 0.79 £0.16**
9 2.51+0.29° 4.60+0.727 0.75 £ 0.14°
14 2.72+£0.21° 3.14+£0.41° 0.47 £0.11°

Data are presented as mean + 1 SD (1 = 12 mice; all diets grouped together by day). Different superscript letters in a column indicate a significant (P <

0.05) difference between those values within that group.
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Figure 2. Effects of ethanol exposure on lobular regression or mast cell
recruitment during involution. (A) The numbers of ductules per lobule
on days 4, 9, and 21 after weaning were compared between mice fed di-
ets containing 0%, 0.5%, 1%, or 2% ethanol for 4, 9, or 14 d, respectively.
Lobule complexity decreases over time, with no significant effect of diet
observed. (B) Mast cell number per unit area is unaffected by ethanol
consumption throughout involution. Data are presented as mean + SEM
(n = 6 mice per time point, except for day 4 for the 0.5% ethanol group
[n = 5]).

observation is unclear, given that this retained secretion was gone
in all dietary groups by day 9 and day 21, suggesting no long-
term effect of ethanol on mammary gland structure. All other in-
dices of involution (local and systemic inflammation and adipose
stromal recovery) were unaltered by ethanol feeding.

We previously observed that short-term feeding of mice with
ethanol at puberty induces changes to mammary gland struc-
ture, increasing branching and epithelial density.? In the current
study, involution was selected as a time period of intervention
for several reasons: (1) ethanol consumption is more common in

women postweaning compared with puberty; (2) the time period
of involution is more condensed than is puberty, in terms of clini-
cally applicable pulsed intervention; (3) postlactational involution
is associated with risk of type II parity associated breast cancer;*
and (4) involution is a sensitive developmental time period in
which multiple changes in gene expression have been identified
which can independently give rise to altered developmental re-
covery and enhanced tumorigenesis. 72627424457

The general lack of effect of ethanol on involution in our study
was unexpected but perhaps not surprising in retrospect. Both
rat and mouse pups begin to ingest solid food as early as 12 d of
age, allowing the dam to gradually decrease milk output.!® This
event suggests that the model of natural weaning is more similar
to extended human breast feeding that persists well past the age
of 6 mo, when the infant first begins to shift to solid foods. Us-
ing a time period of natural weaning for these studies may have
been protective and counterbalanced any deleterious effects of
ethanol feeding. In agreement with this concept, meta-analysis
shows that extended, but not short-term, lactation is protective
for breast cancer in women," and a more recent study concludes
that extended breast feeding is more specifically protective for
aggressive, estrogen-receptor—negative breast cancers.”

In contrast to the current study, many previous studies of
involution demonstrated a deleterious effect of involution on
mammary gland remodeling and tumorigenic properties, using
removal of mouse or rat pups at day 10 of weaning, a time period
of peak lactation. Using a model of weaning at day 10 of lactation,
multiple rodent studies have shown an influx of inflammatory
cells including M2 macrophages, increased collagen proteolysis
and deposition of fibrillar collagen, and elevated levels of inflam-
matory cytokines.!%%31405 These changes in the day 10 lactation—
involution breast microenvironment have clearly been shown to
enhance tumor cell progression.”” However, early mouse weaning
may be a better model for the human weaning times of approxi-
mately 6 wk used by many women returning to the workforce,
following a typical maternity leave in the United States.

We chose to focus on ethanol intervention during natural wean-
ing at day 21 lactation, rather than weaning at day 10 lactation, for
several reasons. First, because day 21 of lactation is the natural
time for pups to be weaned, we could mitigate the stress from
early separation, such as altered patterns of feeding and sleep,
elevated corticosteroid levels, changes in heart rate and core
body temperature, as well as acute mammary gland discomfort.?
These effects could potentially confound our results by altering
steroid hormone signaling in the mammary epithelium. Second,
our previous studies in rat mammary gland showed the expected
rapid influx of inflammatory cells during involution following
21 d of lactation, concomitant with mammary gland engorge-
ment, stromal remodeling, and rapid induction of apoptosis in
the lobular epithelium,? similar to that described for involution
after short-term lactation in this mouse model.*
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Figure 3. Effects of ethanol exposure on collagen deposition during lobular regression. (A-C) mice fed control (0% ethanol) liquid diets for 4, 9, and
14 d, respectively. (D-F) Mice fed 0.5% ethanol for 4, 9, and 14 d, respectively. (G-I) Mice fed 1% ethanol for 4, 9, and 14 d, respectively. (J-I) Mice fed 2%
ethanol containing diets for 4,9, and 14 d, respectively. Arrows indicate ducts; arrowheads indicate individual alveoli. Aqua stain demonstrates fibrillar
collagen deposition. All images show paraffinated sections stained with Masson trichrome; original magnification, 200x.

In addition, the current study describes an orally administered
ethanol mouse model to test the effects of ethanol on parous
transgenic mouse mammary gland, as a model for type II parity
associated breast cancer (breast cancer diagnosed after pregnancy
is completed). Despite its effects to protect over a lifetime, parity
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and its associated period of postlactational involution has recently
been recognized as a significant contributor to the aggressive,
highly metastatic breast cancers diagnosed 6 to 10 y postpartum;
results from both in vitro and in vivo studies strongly support
the concept that parity-associated breast cancer is the result of the
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Figure 4. Ethanol exposure does not alter adipose relipidation or inflam-
mation. (A) Ethanol feeding had no effect on the average adipocyte di-
ameter per field between groups. Adipocyte size increased over time
(within groups) in the 0% (control) group between days 4 and 21 (P =
0.008) and days 9 and 21 (P = 0.020) and in the 1% ethanol group be-
tween days 4 and 9 (P = 0.016) and days 4 and 21 (P = 0.001). (B) Ethanol
feeding had no effect on leukocyte infiltration throughout involution,
and no significant effect within groups over time. Data are presented
as mean * SEM (n = 6 mice per time point, except for day 4 for the 0.5%
ethanol group [n = 5]).

response of epithelial cells to stromal changes initiated during
postlactational involution rather than pregnancy itself.** To model
parity-involution-associated developmental changes that could
contribute to breast cancer, these experiments took advantage of
a well-established in vivo genetically engineered mouse model
that results in overexpression of the wildtype Her-2/neu growth
factor receptor in the mammary gland, closely mimicking the eti-
ology and histopathology of many human breast cancers.” Tumor
incidence is greatly increased by multiple rounds of pregnancy,**
suggesting that this strain is a model for parity-associated breast
cancer.

We selected 3 developmental time points during mouse invo-
lution for study: day 4, after the point of reversibility; day 9, the
time point when regression is newly completed; and day 21, an
additional time point at which the gland will have returned to a
fully regressed, resting state.”>* The day 4 time point is marked
by glandular collapse of alveoli, proteolytic breakdown of the

Effects of ethanol on involuting mouse mammary gland

basement membrane by matrix metalloproteinases, relipidation
of adipocytes, and accumulation of professional macrophages
for clearance of residual milk proteins and apoptotic cells.*!?% In
rodents, involution is typically complete by 5 to 7 d after wean-
ing, with a majority of the apoptotic cells and milk components
cleared and the gland approaching the quiescent state.***> We
chose day 9 of involution to visualize potential effects of ethanol
feeding to slow the involution process. Our day-21 time point (1
wk after completion of 14-d feeding with ethanol), was selected
to determine whether ethanol induced any changes in the mam-
mary gland that extended beyond completion of involution. In
terms of animal models for type II parity associated breast cancer,
postlactational involution in mice and rats represents a rapid de-
velopmental window of large-scale mammary remodeling, which
may have unprecedented sensitivity to short-term interventions
that impact long-term breast cancer progression.”

As expected, the time course of involution showed a progres-
sive trend toward a decrease in number of ductules per lobule, an
increase in leukocyte infiltration (including mast cells), an increase
in adipocyte size as the cells become relipidated, and an increase
in collagen deposition. Mast cells showed a trend toward increas-
ing over time, but large variability in abundance per lobular area
between mice precluded detecting differences between groups.
The mouse mammary gland in general seems volatile in terms of
mast cell recruitment, with mast cells being rapidly mobilized in
great numbers within 3 d, in response to brown adipocyte necrosis
induced by dietary conjugated linoleic acid.* In contrast, our pre-
vious studies with rat mammary glands during involution (pups
were weaned after 21 d of lactation) showed a more moderate mast
cell influx, with mast cell numbers per lobular ductule peaking at
day 2 of involution and remaining stable thereafter.®

Ethanol did not influence the trend toward increasing adi-
pocyte diameter during involution. The adipocytes remain in
place during lactogenesis in a lipid-depleted state and rapidly
relipidate during involution.” In addition, we noted a previously
undescribed effect of involution alone on serum lipids and some
oxidized species, suggesting that involution is associated with
systemic changes in lipid metabolism; alterations in postwean-
ing metabolism (but not lipids) have been described previously
in mice.* However, none of these indices of inflammation were
significantly affected by ethanol feeding.

The lack of effect of ethanol in these studies is not due to in-
adequate dosing. The diets used in the current study represent
2.85%, 5.7%, or 11.4% of total calories (corresponding to 0.5%, 1%,
and 2% ethanol diets, respectively), which was sufficient (at the
1% and 2% levels) to cause vacuoles, which may represent lipid
accumulation, in hepatocytes. In comparison, in other mouse
studies of ethanol exposure, ethanol represented a range of 6%
to 29% of calories.* Rat studies that specifically looked at long-
term changes in mammary gland structure or susceptibility to
chemical carcinogenesis used ethanol at 15% to 30% of caloric
content of the diet but did not observe a linear dose response in
terms of ethanol exposure and susceptibility to carcinogenesis.**
In contrast, we previously found that the pubertal mouse mam-
mary gland showed increased epithelial density in response to
short-term ethanol feeding.?® Alcohol consumption is similarly
associated with increased proliferation in the pubertal rat mam-
mary gland® and the human breast.!*?%*

In conclusion, the lack of effect of ethanol in these studies suggests
that weaning, after natural lactation, represents a time point at which
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the mouse mammary gland is refractory to the deleterious effects of
ethanol. Ongoing studies will determine whether ethanol feeding for
14 d during weaning causes long-term changes in mammary tumor
incidence or progression. Future studies will focus on defining the
effects of forced weaning at day 10 of lactation, to determine whether
forced weaning (compared with natural weaning) is a more sensitive
time for chemopreventive intervention, to define a more appropriate
animal model to mimic short-term breast feeding in humans.
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