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ABSTRACT

Detoxification of ethanol ¢an contribute to oxidative cellular and DNA
damage and, therehy, to carcinogenesis. The potential relevance of this to
breast carcinogenesis is suggested by evidence that alcohol consumption is
a risk factor for breast cancer. It is, however, not known whether ethanol
can be metabolized in breast parenchyma. The goal of this study was to
determine whether class T and/or 1V aleohol dehvdrogenase (ADH), me-
dium c¢hiain ADHs that can catalvze oxidation of ethanol, are expressed in
human breast parenchyma. Normal and neoplastic human breast tissue
specimens were examined for class T and IV ADH mRNA by reverse
transeription-PCR, for protein by immunocyvtochemistry and Western
analysis, and for their potential to catalvze NAD -dependent oxidation of
ethanol. Together, the findings provide evidence that: () class T ADH is
the medium-chain ADH that is expressed in human breast parenchyima,
specifically in the mammary epithelium; (5) human breast parenchyma
can support ADH-mediated oxidation of ethanol; and (¢) the expression of
class I ADH is dramatically reduced or abrogated in invasive breast
cancers, Expression of class I ADH in normal human breast parenchyma
was confirmed by probing a multiple human tissue polyA*RNA. The
unexpected finding of virtual abrogation of expression of ¢lass 1 ADH in
invasive breast cancer suggests that the engyme has some “tumor sup-
pressor” function in the mammary epithelium. The one property of class
I ADH fitting this designation is its potential to catalyvze the oxidation of
the micronutrient/prohormone retimol to retinal, the first step in the
biosynthesis of retinoie acid, the principal known mediator of the actions
of retinoids important for maintaining epithelia in a differentiated state,

INTRODUCTION

Consumption of alcohol has been identified as a risk factor for
breast cancer in epidemiological studies (1), Analysis of pooled data
from six prospective large cohort studies suggests a linear relationship
between hreast cancer risk and consumption of EtOH? in aleoholic
beverages over the range reported by most women (<260 g of E1OH/
day)y with increments of 10 g of EtOH/day (0.75 1 g/drink) being
associated with a 9% increase in breast cancer risk (2. A link between
E1OH and breast carcinogenesis has been identified alse in animal
studies (1), The majority of studies ol mechanisms underlying this
phenomenon have focused on gystemic effects of EtOH. such as
effects on hormone levels and nutrition (13, The question whether and
how in sife metabolism ol EIOH could contribute 10 breast carcino-
genesis has been addressed in a single publication and only al a
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theoretical level (3} Yet oxidation of EtOH. the first step in ity
detoxification. is a known potential contributor 1o a pro-oxidant state
and. thereby. to carcinogenesis (4). Specifically. the product of the
reaction. acelaldehyde. is a reactive electrophile implicated as a co-
carcinogen. and its detoxification can result in the generation of
potentially mutagenic reactive oxygen species and drain cellular an-
tioxidant defenses (4. 53, There iy also growing evidence implicating
a state of chronie oxidative stress in breast parenchyma in the high
incidence of breast cancer in countries of the industrialized West. a
state 10 which EtOH metabolism could contribute (6 9).

We reasoned that because of the potential harmful effects of E1OH
on the offspring. the mammary epithelium would be equipped with
enzymes needed 1o detoxify EtOH. Therefore. this study wag initiated
to determine whether class I and/or class IV ADHs. two members of
the medium chain ADH/freductase superfamily that can metabolize
E1OH. are expressed in normal and neoplastic human breast paren-
chyma.

Class I and ['V ADH have been studied exiensively because of their
importance in the detoxification of exogenous E1OH in the gastroin-
testinal tract and liver. and their role in the cellular oxidative stress
and oxidative DNA damage associated with aleoholism. In humans.
class T ADH is composed ol three genes (AD1A. ADITIB and
ADITCY. whereas class IV ADH is represented by a single gene
(ADI4: Refs. 10 12). The three class I ADH proteins are 96%
homologous. They function as homo- or heterodimers of the three
polypeptide gene products (designated «. B, and y. or ADHIA.
ADHIB. and ADHIC). Although differences in the amine acid com-
position of the isoenzymes are small. they are associated with marked
differences in their affinity for their substrates and in the efficiency of
the reactions they catalyze. including oxidation of EtOH (13, 14).
Class 1V ADH is 69% homologous with class [ ADH isoforms and
functions as a homodimer of the single gene product (o or ADH4A).
Here. we present molecular biological. immunochemical. and bio-
chemical evidence that class I ADH is the ADH with a potential 1o
metabolize EtOH that is expressed in the normal human mammary
epithelium. and that its expression is suppressed in invasive breast
cuncers. The latter unexpected linding suggests some additional func-
tion(s) for clags [ ADH in the mammary epithelium. one that is linked
1o tumor suppression.” Of the many reactions that class [ ADH has
the potential 10 calalyze. the one that fits this designation is the
oxidation of retinol 1o retinal. the first step in the biosynthesis of RA.
the retineid that plays an essential role in the maintenance of epithelia
in a differentiated state.

MATERIALS AND METHODS

Tissue

Normal and neoplastic breast parenchyma were obtained from a tssue bank
maintained in the laboratory of one of the investigators (1. W.. Refl. 15}
Tissues. obtained from fresh surgical specimens from patients with simple
macromastia (normal} and breust cancer. were processed by, or under the
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supervision of. one of the imvestigators (1. W.3 The specimens were [reed [rom
excess fat cells by blunt dissection and by trimming with surgical scissors.
Some portions were snap-frozen at —80°C and stored al —80°C. whereuas
others were fixed i 10% neutral buffered formalin for 12-24 h and then
embedded in paralfin, Particular care was taken to minimize contamination
with fat the specimens that were snap-frozen for future use i molecular
biological or biochemical studies. The age of the patients with mucromastia
ranged from 17 10 51 years. and of those with breast cancer. from 35 10 59
years. Four of the patients with breast cancer were postmenopausal and one
was al 33 weeks of gestation. All of the cancers used in this study were at least
1.5 om in size and were diggnosed gs imvasive. Authorization for the use of
these tissues for research was obtained from the Institutional Review Board.

Analysis of Normal and Neoplastic Breast Tissue for Class T and 1V
ADH mRNA

Preparation of RNA, Total RNA was obtained from snap-frozen breast
tssue using Trizol Reagent (Life Technologies. Ine.. Grand Island. NY}
according to manulacturer’s instructions. Briefly. breast lissue was Kept on
dry-ice until the addition of Trizol reagent (1 ml/100 mg tissue) and then was
immediately homogenized (Polytron. Brinkman). The tissue homogenate was
centrifuged at 12,000 x g for 10 min at 37°C and any fat collected at the surface
was removed. The Trizol layer was transferred 1o a new twbe. chloroform was
added. and the phases were separated by centrifugation. The RNA in the
agueous phase was precipitated using isopropy| alcohol and resuspended in
diethy Ipyrocarbonate-treated water.

RT-PCR. One pg of total RNA from normal and neoplastic breast tissue
wus subjected o reverse transcription at 42°C for 1.5 h using M-MLV reverse
transcriptase (Promega. Madison. W1 and oligo(dT) primer. PCR wus per-
formed using one-tenth of the reverse transcription product. 1.25 units of Gold
Tuq. and primers specific for either ADH class [ or ADH class [V and the
following eyceling conditions: 94°C for 10 min. then 35 eycles of 30 s at 94°C
denaturing. 30 s at 60°C annealing. and 1 min at 72°C elongation. The primer
sequences used were ATCCACACCTCCATCAGTCATTTCC and AGAATT-
TOGTAAAAACCCGGAGAGCAACTAC for class T ADH and ATGCTT-
GTCGCAACCCAGATGGCA and ATCATGGTTTCAAGATGCCCAATA
for class IV ADH. One [ifth of the PCR product was electrophoresed on a 2%
agarose gel. RNA from human liver was used as a positive control for cluss |
ADH and from human stomach and skin as positive controls for cluss IV ADH.
Samples that had not been subjected o reverse transcription were used as
negative control.

Multiple Tissue Expression Array. Northern analysis of total RNA from
normal and neoplastic human breast parenchyma. using standard methodology
and the probes specific for class [ and class [V ADH. yielded only 4 Faint band
in preparations from normal tissue and only for class | ADH (data not shown).
Because a high proportion of human breast parenchyma is composed of
extracellular matrix (generally =90%: see Rel. 15 it is a tssue from which it
is difficult to obtain polyA'RNA in the quantities required for Northern
analysis. Therefore. we used a commercially available Multiple Tissue Cx-
pression Array (Clontech. Palo Alo. CA}Y 1o analyze the relative expression of
class Tand [V ADH mRNA in normal human breast tissue. The array contained
poly A 'RNA from 68 normal adult and fetal human tissues. each of which was
normalized 1o RNA expression levels of eight housekeeping genes (16}, The
membranes were probed. according to the manufacturer’s instructions. with
two probes specific for either cluss | ADHs (3-ATGCATTCAGTGGCAC-
CCAACTCTT-3" and S-ATTGATTCTGTCTTCTCTGCAGACC-3") or class
IV ADH (5-ACTCCACGACCAGTAATATCGCTCC-3" and 5 -ATCATG-
GTTTCAAGATGCCCAATA-3). lubeled ut the 57 end with **P uccording 10
Woods (17}, Cxpression array data were analyzed using Intelligent Quotient
software (Genomic Solutions. Ann Arbor. MI). Briefly. the volume of expres-
sion for a given lssue was determined by multiplying the measured area of the
tissue dot on the array by the pisel density within the digitized dot and then
was expressed us a percentage of the total array volume.

Immunochemical Analysis of Normal and Neoplastic Breast Tissue for
Class I and IV ADH Protein

Antibodies. The antibody used for immunocytochemistry was raised in
rabbits against ADH purified from adult human liver tissue by 4-(3-aminopro-
py 1y pyrazole-affinity chromatography according to Miller of of. (18). Analysis
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of erude human liver extracts by immunoblot demonstrated that the polyclonal
antibody recognized a single A4, 40.000 band corresponding in size to purified
class | ADH and class 1V ADH (data not shown ). Because this antibody was
available only in g limited amount. the confirmation of immunocytochemical
findings by immmunoblot analysis was carried out using a second polyclonal
antibody. This second antibody. was oblained from W. [, Bosron (Indiana
University School of Medicine. Indianapolis. INY. [ was developed in rabbits
against B:B: expressed protein (ADHIB3. aecording to current nomenclature:
Ref. 12} und was found o be suitable for immunoblot analysis but not for
ey tochemistyy, This antibody has been show to cross-react with both
cluss [ and class IV ADH.* Therefore. findings obtained using either antibody
will be referred to as class 11V ADH.

Immunocytochemistry, Imimunocytochenustry was carried out on tssue
from 12 patients with macromastia and 9 patients with breast cancer. Sections
(5 pam). cut from tssue that had been fixed in neutral buflered formalin and
embedded in paraffin. were placed on ProbeOn' slides (Fisher Biotech.
Atlanta. GAY. dewaxed. and rehydraled in decreasing concentrations of CUOH.
Cndogenous alkaline phosphatuse was inhibited by incubating the sections in
0.2 N HCI for 5 mim. Nonspecific binding was blocked by incubating sections
for 20 min 4t room temperature in 3% normal goat serum and 10% fetal bovine
serum in PBS containing 0.3% Triton X-100. This was [ollowed by incubating
the section overnight with the primary antibody in & humid chamber at 47C and
then with biotin-conjugated goat-antivabbit secondary antibody (Promega) at
1:1000 dilution in PBS for | hat room temperature. The signal was amplified
using Vectustain ABC reagent with alkaline phosphatase serving as the re-
porter and Vector Red as the chromogenic substrate (Vector. Burlingame. CA}.
The reaction was arrested by immersing the slides in distilled water. The
sections were then dehydrated in CtOH. cleared in sylene. and mounted with
Permount (Fisher Biotech). Sections were exanuted and recorded usimg an
Olympus BX60 microscope (Lake Success. NY} with a SPOT. Jr. digitl
camera (Diagnostic nstruments. Ine.. Sterling Heights. M} and Image Pro
Plus version 3.0 software. or a Nikon Digital Camera DXM 1200 and Nikon.
ACTL software (version 23 All of the sections were reviewed by two of the
investigators (C. AL T. and J. W.) independently and together. Tissue sections
from breast cancer cases were reviewed with a consulting pathologist (C. [

Immunoblot Analysis. [rozen tissue [rom eight macromastia patients and
nine cancer patients was pulverized or minced and then homogenized in 25 mw
HEPES (pH 7.4). 0.3 mv EDTAL 5 v MeCla. and 10% glyeerol containing
0.6 28 leupeptin. 2.0 @M pepstating 2 my 1,10 O-phenanthraline. and 1 mv
pheny hmethy lsulfonyl fluoride. | mM A-a-tosyl-1-lysine chloromethy| ke-
tone (Sigma Chemical Co.. St. Louis. MO}y at 3°C. Homogenates were centri-
fuged at 12.000 > g for 30 min at 5”C. The concentration of protein in the
supernatants was determined according to Bradford. using BSA us standard
(Bio-Rad Laboratories. Ine. Hercules. CA: Rel. [9). Proteins (3 pg) were
resolved using 8.0% SDS-PAGE and then were wrunsferred 0 Hybond-P
membrane (Amersham Pharmacia Biotech. Arlington Heights. L), Antibody
was used ata 11000 dilution ina standard immunoblot procedure (203 and was
detected using enhanced chemiluminescence (Amersham Pharmacia Biotech.
Arlington Heights. L}

Analysis of Normal and Neoplastic Human Breast Tissue for NAD-
dependent EtOH Dehydrogenase Activity: Enzyme Assays

Homogenates from normal breast parenchyma (# = 23} and breast cancer
tisstie (7= 10} were prepared as for immunoblot analyses (see above). Cnzyme
activity was measured by monitoring the rate of generation of NADH in the
course of oxidation of ELOH. Initial comparisons of enzyme activity of normal
and neoplastic breast Ussue were carried out in g reaction mixture containing
24 i NAD'. 33 mv COH. | mv ZnCls. and 100 pl of tissue homogenate
in HEPLS buffer (pH 7.4} in a total volume of | ml in the absence or presence
of 4-MP. an inhibitor of oxidation of CUOH by class T and 1V ADH (21. 22},
The reaction was initigted by adding NAD to the samples. The generation of
NADH was monitored at 340 nm in a Perkin-Clmer Lambda 43 dual beam
spectrophotometer (Norwalk. CN} for 10 min at 23°C ggainst g reaction
mixlure contining no substrate. using a molar absorptivity of 6220 'em
Cxeept for the inclusion of ZnCl,. these ineubation conditions are ones in
routine use for meusuring ADH-mediated CiOH-dehydrogenase activity in

YW1 Bosron. personal communication.
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liver. purified or expressed enzyme. The rationale for ineluding ZnCl; in the
incubation medium and in experiments carried out to confirm its role as a
source of halide ion needed to raise the level of enzyme activity to detectable
levels (23). are described under “Results.”

Statistical Analysis

Statistical significance of differences in NAD-dependent oxidation of CIOH
by homogenates of normal breast parenchyma incubated in medium containing
1 v ZnCly and a different coneentration of NaCl was tested for by one-way
ANOVA. Statistical significance of differences between CLOH dehydrogenase
activity of normal human breast parenchyma incubated in the presence of 1 and
2 my NaCl was lested by the Student 1 test.

RESULTS

RT-PCR. By RT-PCR. transcripts of class | ADH were identified
in 9 of 10 specimens of total RNA prepared from histologically
normal tissue from mammoplasty (normal) and mastectomy (normal
from cancer: Fig. 1. Under the same conditions. class [ ADH tran-
seripts were identified in two of five specimens of RNA prepared
from breast cancers. The sequence of the amplicon was shown to
correspond 10 the expected sequence for class I ADH. In contrast. no
transeripts of class [V ADH were identified in preparations of either
normal or neoplastic breast tissue. Under the same conditions. a strong
band was identified for class [V ADH in RNA from human stomach.
a tissue with a known high level of expression of class [V ADH (24}
and a weak band in RNA from skin. a tssue reported 10 express class
[V ADH (25).

Multiple Tissue Expression Array. Class 1 ADH was readily
detected in poly ATRNA from normal human mammary tissue in the
multiple tissue expression array (Table 1), After 2 h. the average
volume of expression of ¢lass I ADH in mammary tissue was 1.05%
ol otal array expression as compared with 13.753% for liver. a tissue
known o express class | ADH at a very high level. and similar 1o that
from descending colon. pancreas. and lung. three extrahepatic tissues
known to express class I ADH (26, 27). In contrast. class IV ADH
expression was undeteclable afier 2 h exposure of the membrane 10
the probes. an exposure time that was sufficient o detect clags [V
ADH in stomach and esophagus. With exposure times increased to
& h. class ['V ADH became detectable and represented 0.81% of 101al
array expression as compared with 4.43% for stomach and 3.83% for
esophagus. two tissues with known high levels of clags TV ADH
expression (24). The significance of these low levels of expression of

Normal

from Cancer L Skst

Normal Cancer

Normal Cancer L SkSt

Normal/Ca

Vig. 1. Nonguantitative RT-PCR for total RNA from normal and ncoplastic breast
tissue for wanserips of class [ and class 1V ADIL RNA was prepared from tissues
obtined at reduction mammoplasty { Normaf: ¢ = 3. from mastectomy specimens from
paticnts with breast cancer from histologically normal tssue from siws distant from the
cancer { Norgzed Cer i = 33, and [rom the primary cancers {Cancer: 1= 33, Total RNA
from Jiver (43 and from stomach (503 were used as positve conteols for elags TADIN RNA
from stomach (501 was also used as o positive conwrol for clags [V AL RNA from skin
(543, a tissue reported w express elass 1V ADTL was included as o second positive control.

IS8T

Fable U Retutive expression of class 1 UM ad class 11U on g maltiple-tissie
expression ey

A commurcial artay of poly A "RNA from 68 normal adult and fotal human Gssues
{Clontech), was probed with P=labeled oligonucleotdes specilic for either class [ or
cluss [V ADIL according o the manufacturer’s dircetions. No hybridization of cither
probe was deteeted with negative controls for nonspecilic binding or binding w repetitive
or oligofd 1) sequenees. 1xpression array data were analyzed using [ntelligent Quotient
software (Genomic Solutionsy as follows. The relative expression level of class TAIDIT or
IV ADI was determined by multiplying the measured avca of the dssue dots generated by
the array by pixe] densite to dewermine the volume of cach tssue dot. [Individual tissue
volumes were then divided by the wtal volume for all dssues and were expressed s
pereentages of the total volume, Thus, the results from class [T ADIH and [V AT are
relative o the other values for that probe. and the values for the tive probes cannot be
dircetly compared. The blots were exposed for varving lengths of time w determine the
lincar range of detection for cach probe. The values presented ave at 1 and 2 h ol exposure
for cluss [ AT and at 2 hoand 6 b ol exposure for class [V ADIL The 1- and 2-h
exposures of elass [ AT are in the linear tange, The 2-h exposure of elass [V ADI s
below the lincar exposure time for this probe and cannot be direety compared with the 6-h
tme exposure. which was in the lincar exposure range based on values obtained after 12-
and 24-h exposure.

Class [ A Class [V ADI

Yo relative expression Yo relative expression

115500 1h 2h 2h 6h
Mammary 1.62 1.63 NIF (1.81
Liver 13.83 15.73 D .73
Deseending colon 149 1.34 ND 1.07
Pancreas 1.99 1.94 ND 1.87
L.ung 1.3% 1.38 ND .98
Stomach 042 047 37.60 443

Isophagus 3183 383

NI not detectable,

clags TV ADH in breast tissue could have functional significance if
they reflect expression of class IV ADH in some specific cell type(s).
such as in blood vessels. Both class [ and class ['V have been identified
by others in human blood vessels (28. 29). However. the findings
clearly indicate the predominance of class [ ADH in breast tissue.

Immunocytochemistry. Fibrocystic changes were commonly seen
in many tissue sections. whether obtained from patients undergoing
mammoplasty or from sites distant to the cancers in mastectonmy
specimens. Such fibrocystic changes are considered benign. and their
presence in a high percentage ol specimens is the norm. at least in
tigsue obtained from women in the industrialized West (see Ref. 30).

In normal tissue. luminal and basal epithelial cells lining the mam-
mary ductal system were immunopositive for ADH. including cells
that lined dilated cysts and ducts (Fig. 2} There were no systematic
differences in the intensity of immunostaining as a function of the
type of duct or lobule (type L. type 11 and type I lobule). nor of the
age or parity of the patient. Immunostaining of the distinet myoepi-
thelium of larger interlobular ducts and of intra- and interlobular
stromal cells was minimal (Fig. 2). In blood vessels. the second
immunoreactive lissue compartment. immunostaining was especially
prominent in larger blood vessels. This finding confirms reports by
others of expression of class T and class IV ADH in blood vessels
(28. 29).

In all of the tissue sections from cancers. immunoreactivity overall
was markedly reduced as compared with normal mammary epithelium
(Fig. 33. The reduction of immunostaining was especially striking in
invasive components of the cancers (Fig. 3. 0. £ F. and [{}. The
heterogeneily in histology characteristic of breast cancers was paral-
leled by heterogeneity of immunostaining: an occasional immunopo-
sitive histologically normal ductal element was seen in the midst of
immunonegative cancer cells and some clusters of immunonegative
cancer cells were seen the midst of more immunopositive ones (Fig.
3.4 Oy Inosections from one of the nine patients. there were larger
foct of cancer cells with features suggesting in sifie cancers. In these
lesions. immunoreactivity approached that of normal mammary epi-
thelium (Fig. 3¢%. Immunoreactivity associated with blood vessels
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Vig. 2. Immunoeytochemisty of nonneoplastic
human mammary parenchyma using an antbods
cross-reactive with clags [and class 1V ADIL [m-
munoeyochemisty was carried out as deseribed in

“Mawerials and Methods.™ using alkaline phospha-
tase a5 the reporter and Vector Red Alkaline Phos-
phatase Substrate as the substrate and chromogen.
A an interlobular duct and associawed  wrminal
ductules showing uniform strong immunostaining
of mammary epithelial cells. 2 higher magnifica-
ton of wrminal ductal unit from L. showing im-
munostaining of both luminal and basal mammary
epithelial cells. O inwerlobular duct with o distinet
myoepithielial laver showing minimal immuno-
staining surrounding strongly immunopositve ep-
ithelial cells. Jnusers, region indicated by arrow, at
higher magnilication. 73 bload vessel showing im-

munostaining of what appears W be the muscular
laver, £ a mammary duct with Juminal epithelial
ells that are stongl immunopaositve. and myo-
epithelial eells fwrrow) that are only minimally
immunopositive. =4 and £=2 weakly immunopo-
sitive stromal cells farrovs) next o strongly im-
munopositive ducts. €, oa dilated duet lined with
immunopositive Juminal epithelial surrounded by
weakly immunopositive myocphithelial cells. sim-
ilar w that seen in a normal duct shown in Cand /.
I control section ineubated with PB3S in place of
the primany antibody. [mmunorcactivine is limited
o noneellular deposic similar w that within the
lumen of the duet in /2 Seetions were not counter-
stained and images were captured using Nomarski
optics. us deseribed in Materials and Methods.”™

. <

surrounding some neoplastic foci wag intense but was minimal in
others (Fig. 3. £ and 7). Because of the heterogeneity in the level of
immunostaining in the cancers. the scoring of intensily of was not
attemipted. Controls were uniformly negative (Fig. 2//). Immunopo-
sitive deposits seen within the lumen of some ducts and cysts are
attributable to proteinaceous. acellular material that could not he
blocked by agents such as goat or calf serum. albumin. or nonfat dried
milk (30},
Immunoblot Analy
tissue samples. the clags IV ADH antibody identified a single im-
munoreactive band that comigrated with a A, 40.000 standard (Fig.
4). This size corresponds 10 that of class 1 and class IV ADH. 1wo

[n immunoblots from all of the normal

proteins that differ from each other in length by a single amino acid.
Data from analysis of the tissues at the level of transeripts. however.
warrant the conelusion that the immunoreactive protein identified in

A
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normal breast parenchyma by immunoblot analysis is principally class
[ ADH.

The intensity of the immunoreactive band varied among the
samples. This is attributable. at least in part. 1o differences in the
percentage of tissue occupied by mammary ductal elements in
the different specimens. In normal breast parenchyma. the percent-
age of tissue occupied by mammary epithelium is small and
variable. with most of the tissue being occupied by collagenous
extracellular matrix (15}.

In summary. immunoreactive protein was identified consistently in
normal mammary epithelium but not in invasive breast cancers. Al-
though the antibody used did not differentiate between class [ and [V
ADH. data obtained by RT-PCR and multiple tissue array indicate that
clags I ADH iy the protein identified by immunocytochemistry and
imnmunoblot analysis in the mammary epitheliun.
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Tig. 3. Immunocyochemistey of neoplastic hu-
man breast tissue using an antdbody cross-reactive

with elass [and class [V ADIL Immuonocyochem-
ity was carried out as deseribed in “Materials and G
Methods.”™ using alkaline phosphatase as the re- B

porter and the Veetor Red Alkaline Phosphatase -
Substrate as the substrate and chromogen. ’
strongly immunorcactive. histologically normal in- i
terlabular duct {3 and a cluster of cancer eells with
reduced Immunostaining () are seen separated
from each other by essentially immunoncgative
caneer eells (o B the three elusters of neoplastic
cells in oo ductal configuration {on the right) arc
only minimallv immunorcactve, whereas in the
larger eluster of ncoplastic cells (on the fefi) there
are a few strongly immunopositve cells embedded
in minimally immunopositve cancer finsers, at PEVE .
higher magnificationy. O, three clusters of caneer

ng

cells ranging in immunorcactivity from weakly
positive o essentially immunonegative. £ o ¢lus- c
er of caneer ¢ells with reduced immunorcactivi
o the Jef 15 seen close wooa strongly immunopo-
sitive o an the righit that has featuees of an fu sitn
lesion. £ and £ examples ol invasive cancers
showing minimal immunostaining. €, a lobular
cancer with reduced immunostaining. /7 and 4
examples of variabilite in immunostaining of blood
vessels {errows) associated with neoplastic focl.
The blood vessels in /7 are only weakly immu-
nopositive as are the surrounding caneer eells, [n
conteast. blood vessels surrounding minimally im-
munoreaetive caneer eells in /£ show swong immu-

nastaining. Scetions were not counterstained and
images were caplured using Nomarski optics. as D
deseribed in ~Materials and Methods.™

Enzyme Assays. The protein identified by immunocytochemistry
and immunoblot analy sis was characterized functionally by measuring
the rate of NAD-dependent oxidation of EtOH in the absence and
presence of 4-MP. an inhibitor of oxidation of E1OH by class [ and [V
ADH (22). In the absence of ZnCl,. there was either no oxidation or
only minimal oxidation of EtOH by homogenates of either normal or

neoplastic breast tssue (<201 mIlU/mg protein/min}. This was the

NNCCNCCCCNN
40kDa = = - . - @

Vig. . Immunoblot of 12.000 % g supernatant from Ussue homogenates of nonnco-
plastic { V1 and neoplastic {C) human breast parenchyma. using an antibody cross-reactive
with class [and [V ADIL Three pe wotal prowin was loaded into cach lane and resolved
as deseribed in Materials and Methods.™ A single immunoreactive band that comigrated
with a 1/ HLO00 standard was deweeted inall of the samples of normal tssue. This band
was redueed or absent in samples from breast caneers.

cuse whether the incubations were carried out in phosphate buffer al
either pH 7.5 or 10.4. or at either 25°C or 30°C. Including 1 mm ZnCl,
in the medium resulied in consistent and reproducible oxidation of

E1OH in homogenates of normal breast parenchyma (Table 24} We
were prompled 10 use ZnCl, by a suggestion in the literature that Zn™
may function not only as an integral part of the enzyme but as a
cofactor in the reaction. Only subsequently did we become aware of

evidence of the role of certain halide ions. including C17. for optimal
ADH ensyme activity (23).

Total NAD-dependent metabolism of the E1OH by homogenates of
normal breast parenchyma. using 33 mM substrale in the presence of
I mv ZnCl,. ranged from 389 1o 9.17 mll/mg protein/min
(mean = SE = 349 *+ [.25: Table 24). From 735 0 99% of thig
activity wag inhibited by 33 pv 4-MP. Because mammary ductal
elements occupy only a small proportion of the breast parenchyma
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Fables 2 A and B N -dependent ethusiol-defvdrogenase activite of norpial and weaplustic fwenan breast tissue in the presence or absenice of H-mettnlmrazole (4-110), un
fhibitor of oxidution of ethounol (€N v cluss £ and 111D
Supernatants of homogenates of normal and neoplastic breast tissue. obtained from reduction mammoplasty and mastectomy specimens. respeetively. and 10O --dehvdrogenase

activity of these supernatants was measured by monitoring the rate of gencration of NADIH in the course of oxidation of 1O as deseribed in ~Materials and Methods.™ [ncubations
were carried out in the absence and presence of 33 @M 4-MPL AL samples were assaved in duplicate. Contrels contained no 12O fir AL the incubation mixture contained 2.4 mM

NAR'L 33 mM O | mM /Ly and 100wl of tssue homogenate. in a total volume of T ml of 10 mM HEPLS buffer. pl 74, £ B 2.0 mM NaCT was subst
/0L in the incubation mixture and the incubation was careied out in 200 mM sodium phosphate bulter. plT TLA Difference betvveen 12O I-dehydrogenase o

wied for the 1 mM
ity in the absence

and presenee of SMP {3 can be awcibuted w elass [ ADIT sinee 4-MPP at the Jow concentration used (33 oMy can be assumed w be o specific inhibitor of class [ AL

Al mM ZaCl. plT 7.4

Normal Breast Parenchyma

Breast Caneer

4\ J-MP
o - b
# Minus Plus A [nhibition Minus Plus A Inhibition
N1 N3 {120 3.33 80 1l .76 .08 .68 gy
N2 402 1412 3.00 73 <2 D" N
N3 +.84 N +.80 98 <3 N N
~Ne 917 14008 .92 gy (&) N N
Mean L 8] 349 1123 042 024 301 2 136 Ol L 3.66

132 mM NaC'll plT 13

Normal Breast Parenchyma

Breast Caneer

$-MP 41
o - o
# Minus Plus A [nhibition Minus Plus A [nhibition

N3 Ly N 1.92 4] [ N N

NGO 338 ND 3.3% 1 [} NI NI

~NT 347 ND 347 4] 7 N N

NH 931 0.08 .23 Gy 8

Mean L8]] 4320 164 43 L 161 U973 023

“Lnzyme actvity s expressed as mllamg proteinsmin.

A = difference betwveen 1O -dehydrogenase activity in the absenee and presence ol 4-M12,

PN not detectable,

(generally <10%: Refl 15). using tissue protein for normalizing the
data. as in this study. underestimates the enzyme activity of mammary
epithelial cells. the principal cell type expressing class [ ADH.
Under the same assay conditions. only one of the four homogenates
of breast cancer samples had detectable. albeit a low level. of NAD-
dependent EtOH metabolism. The total enzyme activity of this sample
was only 0.76 mlU/mig protein/min. whereas that inhibited by 33 uwm

4-MP was 0.68 mlIl/min/mg protein (Table 243 The potential of
normal breast parenchyma to catalyze NAD-dependent oxidation of

EtOH. and a loss of this potential in breast cancers. was confirmed in
incubations carried out at pH 10.5. the presumed optimum for ADH-
catalyzed reaction (Table 28). The reduction of enzyme activity in
breast cancers close 10 or below the limit of sensitivity of the assay.
desgpite their much higher cellularity than that of normal breast pa-
renchyma. paralleled the reduction in immunoreactive protein identi-
fied by immunocytochemistry and immunoblot analysis.

Isoforms of class [ and class [V ADH differ greatly in their affinity
for EtOH. their EIOH saturation profiles as well as in their sensitivity
to inhibition (&} by 4-MP (14. 22.31. 32): the concentration of 33 mM
EtOH used in these assays is one that would detect activity by
isoenzy mes of both class [ and class I'V ADH. whereas the finding that
most or all of the engyme activity could be inhibited by
concentration of 4-MP is consistent with ¢lass I ADH expression in
normal mammary epitheliun. This conclusion 1s supported also by the
saturation profile ol E1OH-dehydrogenase activity (Fig. 33 Engyme
activily increased sharply as E1OH concentration was increased from
I mv to 10 niv. and then decreased as substrate concentration was
increased further (Fig. 53 This pattern of substrate dependence. indi-
cating a very high alfinity for EtOH and saturation at 10 mw
substrate. 18 similar to that reported for human class I ADH B8
isoenzymes. specifically. the 8,8, homodimer (! 9.2 mv: Refs.
31 33).

Role of Halide lon on EtOH-dehvdrogenase Activity. Addi-
tional experiments were performed when we became aware of an

33 M

mux:

older. largely forgotten. report of the importance of certain halide ions
in ADH-catalyzed oxidation of EtOH. Specifically. certain halide ions
have been shown to facilitate the dissociation of NADH from the
binary complex. a rate-limiting step in the enzyme reaction (233 A
comparison of EtOH-dehydrogenase activity in medium supple-
mented with either ZnCl; or NaCl confirmed that the stimulation of
engyme activily that we observed was attributable 10 the C17 ion and
not 1o the Zn™ ion. As shown in Table 34. enzyme activity of normal
breast tissue in medium supplemented with 1. 2. or 10 mv NaCl was
comparable with that obtained in medium containing 1 my ZnCl,.
Mean enzyme activity measured in the presence of 2 myv NaCl was
somewhat higher and the variance somewhat lower than that obtained
with T or 10 my NaCl. However. by ANOVAL there was no statistical
difference in the values for enzyme activity obtained using the three

miU/mg protein/mi

0 5 10 15 20 25 30 35
Ethanol (mM)

1ig. 5. 1iffeet of concentration of O { Athenoly on NAD-dependent 10 -dehadre-
genase activity by normal human breast parenchyma, Oxidation of 128011 was measured
in supernatants of homogenates of nonncoplastic human breast parenchy ma obtained from
reduction mammoplasty specimens as deseribed under ~Materials and Moethods.™ The
assays were carried out on duplicate samples prepared from dssue from four donors
(=43 The incubaton mixwree contained 24 ma NAD 1 ma ZoCT 1O a the
coneentrations indicated on the horizontal axis and 100wl ofdssue homogenate. in o total
volume of 1 ml of 10 my HEPES buffer (plT 7.4).
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Fable 3 A and B Kffect of jon species wid buffer (A) and pil (B) an N D-dependent ethonol-deinvdrogenase vetivie by normal breust porenciivea

Ar Lffeet of substiuning NaCl for ZnCl and of buffer (10 mM HEPES v 200 mdM NalPO ) The assan was corried oot on duplicate samples. (8 = 3y ay deseribed In ~Marerials
and Methods.™ [neubation mixture contained 100 1] supernatants of homagenate of normal breast parenchyma. 2.3 mM NALY 'L 33 mM ethanol (10011 in cither HEPLS or phosphate

{Nul?(y ) buffer. both at pl 740 o a total volume of 1 m] containing cither 1. 20 or 3 mM NalTor T mM ZaClL. the highest concentration at which this salt could be used without
it precipitating. By one-way ANOVAL there were no significant differencees in values obtained for 126011 oxidation In incubations containing cither #nCly or NaCl or in incubations

carried out in the two buffers in the presence of either Jon. Values obtained in incubations careied out in medium not supplemented with
jon {47 = =2 0.1, drrespective of the buffer used. B: 'The elfect of pl L The assays were carried out on duplicate samples {2 = 7). [ncubation
5 of homogenate of normal breast parenchyma, 2.5 mM NALDL 35 mM 1O L 2000 mM NalPOy bufter pll 7.4 o plH HLEL in o wital volume of

obtained in mediom supplemented with <1
mixture contained T wl supernate

were significantly different from those

1 ml i the absence or presence of 33 mM d-methyipirazole (M a0 inhibitor of elass Tand [V ADTL Under the same assan conditions there was no detectable T debiedrosenase
activity in incubations containing homogenates of breast cancer tssue (o = 33 Tissue homogenates were prepared and enzeme was measured as deseribed in ~Materials and Methods.™

Az Tlfeet of jon specics and bulter

Buffer 1 mag HIEPES 2000 mM Nal*0,
/]y Nall /nély Nall
lon None 1 mM 1 mM 2mM 1 mM Nome 1 mM 2 mM
Mean L OS] .86 L 022 3.08 L0013 274 L 40 383 L 19 345 L0033 079 L 014 33 L 009 3.22 1023
13: Lffeet of pll
o 7.4 0.3
[nhibitor M [IEAC L A ) M 4P A (M)
Mean L SI ERRRNERVE 5o 0537 L 012 .04 L L35 (8Y) ST 65 .34 2 010 356 L 06197
Range 24 558 00,12 1.61 3.38 384 7635 0 0.69 349 7.63
Invme activig is expressed as mL 7 mg prowinimin.
A = difference berween DO -debvdrogenase activin in the absenee and presence of 4-M1P,

concentrations of NaCl or between NaCl- and ZnCl;-supplemented
samples. [n medium not supplemented with Cl. oxidation of E1OH by
supernatants of normal breast tissue homogenates was undetectable.
The need for the halide ion for optimal enzyme activity could become
eritical when measuring EIOH metabolism by extrahepatic lissues.
such as normal breast parenchyma. in which cell populations express-
ing the enzyme represent only a small percentage of the total tissue
(see Refl 15} In such cases. not supplementing the incubation medium
with a halide ion may lead 1o a failure 1o recognize the potential of the
tissue to metabolize EtOH.

Substituting NaCl for ZnCl, allowed us to determine the effect of

raising the pH of the incubation medium from 7.4 10 10.5 on engyme
activity: although pH 7.3 is frequently used in assays of NAD-
dependent metabolism of EtOH. the pH optimum for this activity is
reported to be 10.5. a pH at which ZnCl, precipitates. Substituting 200
mM NalO, butfer for 10 my HEPES buifer. required to assay enzyme
activity at the higher pH. had no significant effect on enzyme activity
(Table 31). Enzyme activity of homogenates of normal breast paren-
chyma measured in 200 my NaPO, bufferat pH 10.5 was ~ 1.5 times
higher than that obtained at pH 7.4 (Table 38). We compared NAD-
dependent oxidation of EIOH by normal and neoplastic breast tissue
in incubation medium containing 2 my NaCl,. 10 myv EIOH. and at
pH 105, Under these conditions. engyme activity of the four addi-
tional normal breast tissue samples ranged from 1.92 10 9.31 mlUmg
protein/min. and 99 100% of thiy activity was inhibited by 33 um
4-MP. whereas EIOH metabolism by homogenates from the four
additional breast cancer samples remained undetectable (Table 28).

In summary. in incubations augmented with C7 ion. NAD-depend-
ent EIOH metabolism was demonstrable in all of the homogenates
prepared from normal breast parenchyma (# = 23} In contrast. in
only 1 of 10 breast cancer homogenates was there measurable. albeit
very low. EtOH metabolism. The characteristics of enzyme activity
are consistent with ¢lass I ADH-mediated metabolism of E1OH.

DISCUSSION

Thiyg study provides evidence that class I ADH is expressed con-
sistently throughout the normal human mammary epithelium. This
finding suggests that the enzyme fulfills some “housekeeping”™ func-
tion(s) in this tissue compartment. One such function is likely 1o be the

metabolism of EIOH. a normal by -product of cellular metabolism and
of fermentation activity of intestinal flora. The concentrations of
E1OH in tissues from these sources are estimated to be of the order of
0.1 1 m (see Refl 34). values that are within the range of the affinity
of 1soforms of class I ADH for EtOH (0.05 4 mw: Refs. 14, 31 33).

A need 10 metabolize and detoxify larger amounts of EIOH can.
however. contribute 1o pathophysiology . Acetaldehyde. the product of
oxidation of EtOH. 1y a reactive intermediate implicated as a cocar-
cinogen. and increased demand for its detoxification can deplete
antioxidant defenses and lead 1o the generation of potentially muta-
genic reactive oxygen species (4. 35} Hence. inereased requirement
for the metabolism of E1OH. or reduced availability of enzymes or
cofactors needed for ity detoxification. can lead 1o redox changes and
metabolic disorders that. in their totality. can result in a pro-oxidant
state and contribute o carcinogenesis (4). An additional. less well-
characterized mechanism by which EtOH may contribute 1o pathology
and to carcinogenesis is suggested by studies that implicate EtOH in
disruption of retinoid homeostasis. Specifically. E1OH has the poten-
tial 1o inhibit ADH-mediated oxidation of retinol (vitamin A} 1o
retinal. the rate-limiting step in RA biosynthesis (see Ref. 10). In
addition. consumption of EIOH may lead w0 increased metabolic
inactivation of RA by inducing eytochrome P4502ET (36).

The concentration of E1OH in breast parenchyma afler ingestion of
aleoholic beverages is not known. That it is likely 1o be similar o that
in blood is suggested by reports that concentrations of EtOH in milk
alter administration of EtOH reach levels that approach those in blood
(37 39y After social drinking. these concentrations range from 2 o
10 mx. OQur finding that EIOH metabolism by breast tissue homoge-
nates is inhibited by concentrations of EIOH above 10 my implies that
the contribution of class [ ADH to the oxidation of EtOH iy likely o
be significant only after social drinking. After consumption of larger
amounts of EtOH. other mechanisms for dewxilication of E1OH
would need to come into play. Of these other mechanisms. the
oxidation of EIOH mediated by P4302E1 is of special interest. This
member of the cytochrome P430 superfamily has been shown 1o be
expressed in human breast tissue (403 and 1s inducible by EtOH. and
reactions catalyzed by this engyme are particularly prone 10 generate
reactive oxygen species (4. 41). Hence. any dependence on P4302E]
for detoxification of E1OH in breast epithelium. because of the limited
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capacity of class 1 ADH expressed in this tissue to oxidize E1OH.
would be expected to contribute to oxidative stress and. thereby. to
carcinogenesis. Together. the findings point to a need to consider. in
addition 1o any systemic effects of E1OH. its metabolism ir sifi as one
ol the mechanisms by which alcohol consumption could contribute 1o
breast cancer risk. and 1o characterize additional enzymatic mecha-

nigms in the mammary epithelium available for the detoxification of

EtOH.

A second property of class [ ADH isoenzymes relevant 1o tissue
redox statug and carcinogenesis s their ability o reduce aldehyde
breakdown products of lipid hydroperoxides. such as 4-hydroxynon-
enal that is generated in the course of lipid peroxidation (42. 43). This
free radical-driven process i thought o occur at a low level under
normal physiological conditions as a consequence of normal meta-

bolic processes. An association belween excess aldehyde products of

lipid peroxidation and breast carcinogenesis is suggested by several
studies (7. 8). In this capacity. ADH isoenzymes may serve a protec-
tive function by reducing the highly elecirophilic aldehyde by-prod-
ucts of lipid peroxidation to their less toxic alcohols.

The unexpected. dramatic reduction in class [ ADH expression in
invasive breast cancers. however. suggests some additional fune-
tion(s) for the class [ ADH isoenzyme(s) in the mammary epithelium.
one that is linked 1o tumor suppression. Class I ADH has the potential
to catalyvze the oxidation/reduction of a wide range of endobiotics
besides EIOH and aldehyde products of lipid peroxidation (see Refl
34). Substrates of class [ ADH include products of catecholamine and
serotonin metabolisni as well ag the micronutrient/prohormone retinol
(10. 44 49} Among these. the only one with obvious relevance 1o
tumor suppression is the oxidation of retinol to retinal. the first and
presumed rate-limiting step in the biosynthesis of RA. a principal
mediator of actions of retineids required for maintaining epithelia in
a differentiated state (50).

The requirement of extrahepatic tissues for RA is thought 10 be met
largely by RA generated in siiee from retinol (51). The growing

number of enzymes being identified that can catalyze the oxidation of

retinol to retinal suggests that this essential step in RA biosynthesis is
supported by a redundant system of multifunctional engymes. It is a
catalytic property that class [ and [V ADH isoenzymes share with
several retinol dehydrogenases (RoDHs) that are members of the short
chain ADH superfamily. as well as some members of the cytochromes
P430 superfamily (10. 32 363 A role for ADH isoengymes in RA
biosynthesis has been questioned (323 The notion that they can
contribute significantly to RA biosynthesis 13 supported by embryo-
logical studies and by findings from studies of ADH-null mice (10.
37). Additional studies are needed 1o define the role of these diverse
enzymes in RA homeostasis in the adult organism. in different cell
populations and under different physiological and pathophysiological
conditions.

Disruption of elements of retinoid homeostatic system has been

identified in diverse cancers (15, 38 63). The majority of studies of

this phenomenon have focused on receprors that mediate the actions
of RA or on retinoid-binding proteins. However. findings from a few
studies. including two from our laboratories. suggest that the disrup-

tion of enzymatic steps that regulate availability of RA in arget cells

is one of the mechanisms by which the restraining influence of

retinoids on carcinogenesis is compromised (15. 64 68} That this
may result in a local RA deficiency in cancers of epithelial origin is
suggested by one study (69). Of direct relevance 1o the findings
presented here i1y an older report of a marked reduction in ADH-
mediated metabolism of EtOH in colon cancer tissue. as compared
with adjacent normal tissue (63). The reduced expression of class [
ADH in breast cancer identified in this study fits into the scenario
suggested by these findings. Together. these observations warrant a

IS8T

further. systematic examination of enzymatic mechanisms present in
breast parenchyma both for the detoxification of EtOH and the bio-
synthesis of RA.
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