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Glucuronidation, mediated by UDP-glucuronosyl-
transferases (UGTs), affects the actions and disposi-
tion of diverse endo- and xenobiotics. In the case of
catecholestrogens (CEs), glucuronidation is likely to
block their oxidation to quinone estrogens that are
the putative mediators of CEs’ actions as initiators of
cancers. The goal of this study was to determine
whether UGT2B7, the isoenzyme with a high affinity
for 4-hydroxyestrone, is expressed in human breast
parenchyma. Glucuronidation of 4-hydroxyestrone
has relevance to breast carcinogenesis because qui-
none metabolites of 4-hydroxylated CEs can form po-
tentially mutagenic depurinating DNA adducts, and
because in breast tissue estrone is likely to be the
predominant estrogen available for 4-hydroxylation.
Using reverse transcriptase-polymerase chain reac-
tion, immunocytochemistry, immunoblot analyses,
and assays of glucuronidation of 4-hydroxyestrone,
we show that UGT2B7 is expressed in human mam-
mary epithelium, and that its expression is dramati-
cally reduced in invasive breast cancers. In many in
situ carcinomas, however, 4-hydroxyestrone immu-
nostaining was not only preserved but even more
intense than in normal mammary epithelium. The
finding of reduced UGT2B7 protein and glucuronida-
tion of 4-hydroxyestrone in invasive cancers suggests
a tumor-suppressor function for the enzyme. Recent
identification of all-trans retinoic acid as a substrate
of UGT2B7 suggests that this function includes the
generation of retinoyl-$-glucuronide, a potent medi-
ator of actions of retinoids important for maintaining
epithelia in a differentiated state. Current knowledge
does not provide any ready explanation for the ap-

parent increase in UGT2B7 expression in carcinomas
in situ. However, this finding, together with reduced
immunostaining at loci showing breach of the base-
ment membrane (microinvasion), suggests involve-
ment of UGT2B7-catalyzed reaction(s) in protection
against invasion of surrounding tissue by cancer cells.
(Am_J Pathol 2002, 160:1467—1479)

Glucuronidation of small lipophilic molecules, catalyzed
by UDP-glucuronosyltransferase isoenzymes (UGTs),
provides a mechanism for the regulation of the bioactivity
and metabolic fate of a wide range of endo- and xenobi-
otics." Glucuronidation, by increasing polarity, facilitates
the partitioning of lipophilic molecules into the aqueous
compartment and their ultimate excretion via the bile and
kidney. In general, glucuronidation serves an inactivating
or protective function by terminating or attenuating the
biological activity of its substrates. There are, however,
some well-characterized examples of glucuronidation re-
sulting in the preservation or increase in the biological
activity of its substrate, notably, that of morphine® and
retinoic acid (RA).3

This study was initiated because of our interest in
identifying phase Il enzymes expressed in human breast
parenchyma that have the potential to block oxidation of
catecholestrogens (CEs) and, thereby, prevent the gen-
eration of quinone estrogens (QEs) that are putative prox-
imal carcinogens.®* Oxidation of ring A of CEs generates
two classes of QEs, 2,3,quinone-estrogens (2,3,QEs) and
3,4,quinone-estrogens (3,4,QEs), the metabolites of 2-
and 4-hydroxylated CEs (2- and 4-OH-CEs), respectively.
Although both classes of QEs are electrophiles that can
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form DNA adducts, 3,4,QEs are particularly suspect as
mutagens, because they can form depurinating ad-
ducts.® This is in contrast to adducts formed by 2,3,QEs
that are stable and, as such, may impede DNA replica-
tion. Oxidation of CEs can also initiate a process of redox
cycling that generates potentially cytotoxic and geno-
toxic reactive oxygen species.® Therefore, the CE/QE
pathway of estrogen metabolism has been proposed to
provide a mechanism by which primary estrogens may
contribute to the initiating stages of carcinogenesis.®> A
corollary of this postulate is that phase ll-conjugating
enzymes that can prevent oxidation of ring A of CEs serve
a protective, tumor-suppressor function.

O-Methylation of CEs by the phase Il enzyme catechol-
O-methyltransferase is considered to play a major role in
the inactivation of CEs.”® A need for additional mecha-
nism(s) for the inactivation of 4-OH-CEs, in particular in
tissues in which both 2- and 4-OH-CEs are generated, is
indicated by the observation that 2-OH-CEs inhibit the
O-methylation of 4-OH-CEs.® We reasoned that in such
tissues glucuronidation could provide the additional pro-
tection needed. One tissue in need for such protection is
the human breast parenchyma. It is a tissue that has
been shown to have the potential to generate both 2- and
4-OH-CEs and to express enzymes that can catalyze
aromatic hydroxylation of primary estrogens at both C-2
and C-4."°"'2 |n this study, we examined normal and
neoplastic human breast parenchyma for the expression
of UGT2B7, the UGT isoenzyme with a particularly high
affinity for 4-OH-E,."®'* This property of the enzyme
could be especially important for the human mammary
epithelium because in human breast parenchyma 4-OH-
E, is likely to be the predominant 4-OH-CE generated.
This supposition is based on evidence that in breast
parenchyma the concentrations of estrone, free and con-
jugated, predominate over that of estradiol.'®'® Hence, it
is a tissue in which estrone can be assumed to be the
principal primary estrogen available for aromatic hy-
droxylation. While this study was in progress, UGT2B7
was shown to also catalyze with high efficiency the glu-
curonidation of all-trans retinoic acid (atRA)."” This prop-
erty of the enzyme may also offer protection against carci-
nogenesis, because glucuronidation preserves rather than
abrogates actions of RA known to be important for main-
taining epithelia in a differentiated state.®'®'° The finding
reported here that UGT2B7 is expressed in the normal
mammary epithelium, but that its expression is decreased
or abrogated in invasive cancers, supports the notion that
UGT2B7 serves a protective, tumor-suppressor function in
human breast parenchyma.

Materials and Methods

Breast Tissue

Breast tissue was obtained as described previously from
tissue collected in the laboratory of one of the investiga-
tors (JW). Breast parenchyma for this tissue bank is ob-
tained from surgical specimens. It is freed from excess
fat cells by blunt dissection and by trimming with surgical

scissors. Portions of the tissues intended for use in mo-
lecular biological and biochemical studies are snap-fro-
zen at —80°C and stored at —80°C. Other portions of the
tissues, intended for use in cytochemical studies, are
fixed in 10% neutral-buffered formalin from 12 to 24 hours
and then embedded in paraffin. Particular care is taken to
minimize contamination with fat tissue those specimens
that are snap-frozen for future use in molecular biological
or biochemical studies. Collection and preparation of all
tissues is performed by or under the supervision of one of
the two participating investigators (JW or DAS). In this
study, tissue was used from a total of 28 patients under-
going reduction mammoplasty for macromastia (nor-
mals), and neoplastic and nonneoplastic tissue from 37
patients undergoing mastectomy for breast cancer. Non-
neoplastic tissue, shown histologically to be free of can-
cer, was obtained from the mastectomy specimens from
sites distant from the primary cancers (normal from can-
cer). Age of patients with macromastia ranged from 16 to
46 years and that of patients with breast cancer from 28
to 81 years. All of the donors with macromastia were
premenopausal. Five of these donors were using oral
contraceptives and one of the postmenopausal breast
cancer patients was receiving Premarin (Wyeth-Ayerst
Laboratories, Philadelphia, PA) for hormone replace-
ment. Authorization for the use of these tissues for re-
search was obtained from the Institutional Review Board
for Use of Human Tissues.

UGT2B7 Antibody Development and Specificity

A peptide, representing amino acids 519 to 529 of
UGT2B7, was synthesized (Genemed, San Francisco,
CA), coupled to keyhole limpet hemocyanin (KLH) and
used to immunize chickens (Cocalico Biologicals, Inc.,
Reamstown, PA). Crude IgY was affinity purified, using
the above peptide conjugated to Sulfo-Link columns
(Pierce, Rockford, IL). The first fraction (2 ml) of the
column effluent, ie, the fraction not adsorbed to the col-
umn, was used as a control for the specificity of the
immunoreaction in the immunocytochemical studies. The
specificity of the antibody was tested by immunoblot
analysis of UGT2B7 and three other proteins from the
UGT2B family expressed in HEK293 cells. Ten and 25 ug
of total protein from each transfected cell line and un-
transfected HEK293 cells were separated using sodium
dodecy! sulfate-polyacrylamide gel electrophoresis. Im-
munoblot analysis was performed using affinity-purified
UGT2B7 antibody (1:500 dilution) and rabbit anti-chicken
horseradish-peroxidase secondary antibody (1:50,000),
followed by chemiluminescent detection (Supersignal,
Pierce). A commercially available polyclonal antibody de-
veloped in rabbits against UGT2B7 (Gentest, Woburn,
MA) was used to confirm immunochemical findings ob-
tained using the IgY chicken antibody.

Immunocytochemistry

Formalin-fixed, paraffin-embedded human breast tissue
from reduction mammoplasty (n = 20) or mastectomy



(neoplastic, n = 17; nonneoplastic, n = 15) was sec-
tioned at 4 pum and transferred onto ProbOn™ slides
(Fisher Biotech, Atlanta, GA). Sections from more than
one tissue block were examined from six of the mastec-
tomy specimens (two blocks from three donors, three
blocks from one donor, and four blocks from two donors).
A low-temperature antigen retrieval procedure®® was ap-
plied to deparaffinized and rehydrated tissue sections
using 0.1 mol/L citrate buffer, pH 6.0, for 1 hour at 80°C
and immunocytochemistry was performed as described
previously.?" The sections were incubated with affinity-
purified UGT2B7 antibody overnight at 4°C. The signal
from the biotinylated goat anti-chicken secondary anti-
body was amplified and visualized using Vectastain ABC
with alkaline phosphatase as the reporter, and Vector
Red Alkaline Phosphatase Substrate Kit | reagent (Vector
Laboratories, Burlingame, CA) as the chromogen. En-
dogenous alkaline phosphatase was inhibited using 0.2
N HCI. Sections incubated with only the secondary anti-
body served as routine controls. Additional controls were
performed using the first fraction of the effluent from the
affinity columns in place of the affinity-purified primary
antibody and at the same protein concentration. This
fraction represents the portion of the IgY that was not
adsorbed by the peptide used as antigen that was con-
jugated to the column used for affinity purification. It is
equivalent to IgY preabsorbed with the peptide. Repre-
sentative sections from several mammoplasty speci-
mens, and from histologically normal and neoplastic tis-
sue from mastectomy specimens, were included in each
analysis. The sections were viewed using a Nikon Eclipse
E600 microscope and recorded using either a Spot dig-
ital camera (Diagnostic Instruments, Inc.) and Image Pro
Plus version 3.0 software or a Nikon Digital Camera DXM
1200 and Nikon, ACT1 version 2 software. The sections
were reviewed systematically by three of the authors (JW,
SAG, and DAS) and recorded by digital photomicrogra-
phy by two of the authors (JW and SG). Sections from the
cancer patients were reviewed with the collaborating pa-
thologist (EF).

Immunoblot Analysis

Flash-frozen tissues from reduction mammoplasty spec-
imens (n = 6) and mastectomy specimens (neoplastic,
n = 8; nonneoplastic, n = 6) were homogenized with a
Polytron (Brinkman) in buffer containing 50 mmol/L Tris,
pH 7.4, 5 mmol/L MgCl,, 25 mmol/L KCI, ethylenediami-
netetraacetic acid, 3-[(3-cholamidopropyl)dimethylam-
monio]-1-propanesulfonate (CHAPs), and protease inhib-
itors. Total protein (50 wg) from each was separated
using sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis. Immunoblot analysis was performed using af-
finity-purified UGT2B7 IgY antibody (1:750) as the pri-
mary antibody, biotinylated anti-chicken antibody as the
secondary antibody, followed by horseradish peroxidase
Vectastain ABC detection system (Vector Laboratories).
When using the commercially available rabbit IgG anti-
body, the site(s) of hybridization was identified using goat
anti-rabbit horseradish-peroxidase secondary antibody
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(1:500) (Gentest), followed by chemiluminescent detec-
tion (Supersignal, Pierce).

UDP-Glucuronosyltransferase Activity

Enzyme activity was measured in dispersed cryosec-
tions. Twenty 20-um-thick cryosections of human breast
tissue from reduction mammoplasty (n = 9) or mastec-
tomy (cancer, n = 8; nonneoplastic, n = 10) were sus-
pended in phosphate-buffered saline (pH 7.4) containing
0.5 mmol/L dithiothreitol. The sections were disrupted
first by vortexing, followed by brief homogenization using
Tissue Tearer homogenizer. Protein concentrations were
determined using the BioRad Protein Assay (BioRad Lab-
oratories, Hercules, CA). Radioassays of UDP-glucurono-
syltransferase activity were performed as described by
Matern and colleagues,®® using 100 umol/L of 4-OH-E,
and 500 pmol/L of UDP-glucuronic acid. Control incuba-
tions did not contain steroid substrate. Reaction mixtures
were incubated at 37°C for 30 minutes. Under these
conditions, the limit of 4-OH-E, glucuronide formation
was ~0.2 pmol/mg protein/minute.

Estimation of Cell Density in Tissues Used in
Enzyme Assays: Measurement of Percentage of
Tissue Section Occupied by Cell Nuclei Using
Computerized Image Analysis

Nonneoplastic breast parenchyma of humans is com-
prised mainly of collagenous matrix. Mammary epithelial
cells, although the predominant cell type in normal breast
parenchyma and in which UGT2B7 was localized, ac-
count for only a small and variable portion of the tissue.
Neoplastic tissue, on the other hand, is characterized by
a much higher cell density, principally because of the
presence of neoplastic epithelial cells. Using total protein
as the denominator when calculating enzyme activity fails
to take into account these differences in cell density. To
obtain an estimate of enzyme activity of epithelial cells,
we measured the area occupied by nuclei in a represen-
tative tissue section from each tissue specimen used in
the enzyme assays. These values were then used to
estimate cell density, as described below.
Representative 20-um-thick cryostat sections, ob-
tained from each of the frozen blocks of tissue used in the
UGT-glucuronidation enzyme assay, were stained with
Mayer's hematoxylin (a nuclear stain). These sections

UGT isoform 2B4 2B7 2B11 2B15 HEK293
ug protein 25 10 25 10 25 10 25 10 25

Figure 1. Specificity of UGT2B7 antibody. Immunoblot of UGT2B7 antibody
tested against four members of the UGT2B family of isoenzymes, UGT2B4,
UGT2B7, UGT2B11, and UGT2B15, expressed in HEK293 cells. Ten and 25
ug of the four expressed proteins, and protein from untransfected HEK293
cells, were electrophoresed using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, as described in Materials and Methods. The antibody can be
seen to recognize UGT2B7 protein, but not the other three UGT proteins or
protein from untransfected HEK293 cells.
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were then viewed on a Nikon Eclipse E600 microscope
using X1 or X2 power objectives. The images were
captured using a Spot digital camera (Diagnostic Instru-
ments, Inc.) and the measurements were obtained using
Image Pro Plus version 3.0 software. Spatial calibration
was performed using a micrometer slide captured at X1
and X2 magnification. Briefly, the hematoxylin-stained
nuclei were selected by their blue color and the area they
occupied was determined. The total area of each section
was outlined by tracing along the outside border of the
section using a freehand measuring tool. The percentage
of the sections occupied by nuclei was obtained using
the following formula:

area occupied by hematoxylin-stained nuclei X 100
area of the section

These values were then applied as a correction factor to
the values obtained in the enzyme assays. This approach
provides a practical and relatively simple means to deal
with the problem of variations in epithelial cell density that
characterizes normal human breast tissue, and the large
differences in cell density between normal and neoplastic
breast tissue. The method clearly does not take into
account the larger size of nuclei in cancer cells. Nor does
it take into account cellular heterogeneity in normal and
neoplastic tissue, eg, the presence of stromal cells in
normal tissue and stromal and inflammatory cells in can-
cer tissue. To deal with these variables will require more
complex and discriminating approaches. However, in
both normal and neoplastic tissue, epithelial cells clearly
constitute the majority.

Statistical Analysis

Statistical significance of differences in glucuronidation
of 2-OH-E, by the three types of tissues used in the
enzyme assays (normal, normal from cancer, and can-
cer) were determined by one-way analysis of variance
followed by Neuman-Keuls t-test, as well as simple
polynomal linear regression analysis. Statistical signifi-
cance of differences between area occupied by cell nu-
clei in normal and neoplastic breast tissue was deter-
mined by Student’s t-test.
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Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR)

Total RNA was obtained from flash-frozen normal and
neoplastic human breast tissue using Trizol Reagent (Life
Technologies, Inc., Rockville, MD) according to the man-
ufacturer’s instructions. Briefly, tissue was kept on dry-ice
until addition of Trizol reagent (1 ml/100 mg tissue) and
then immediately homogenized (Polytron, Brinkman). The
tissue homogenates were centrifuged at 12,000 X g for
10 minutes at 4°C and any fat that collected at the surface
was removed. The Trizol layer was transferred to a new
tube, mixed with chloroform, and the phases separated
by centrifugation. The RNA in the aqueous phase was
precipitated using isopropyl alcohol and resuspended in
diethyl pyrocarbonate-treated water. RNA was treated
with DNase using DNA-free (Ambion, Austin, TX).

Total RNA (2 wg) from normal or neoplastic breast was
subjected to reverse transcription at 42°C for 50 minutes
using Superscript Il reverse transcriptase (Life Technol-
ogies, Inc.) and oligo dT primer. Human liver mRNA was
used as a positive control. PCR was performed using
one-sixth of the reverse transcription product, 1.25 U
Platinum pfx DNA polymerase (Life Technologies, Inc.)
and primers corresponding to nucleotides 275 to 383 of
human UGT2B7 (accession no. J05428, upstream primer
5'-AGAATTTCATCATGCAACAG-3" and the reverse
complimentary downstream primer 5-GTTATGTCAC-
CAAATATTG-3'). Primers for B-actin, which span an in-
tron, were also included as an internal control for quantity
and quality of RNA and for DNA contamination. The cy-
cling conditions used were: 94°C for 3 minutes; 35 cycles
of 30 seconds at 94°C for denaturing; 45 seconds at 51°C
for annealing; 1 minute at 72°C for elongation followed by
10 minutes at 72°C for final extension, and a 4°C hold.
The PCR products were electrophoresed on a 2% aga-
rose gel. PCR products were isolated from the gel using
QIAquick gel extraction kit (Qiagen, Valencia, CA) and
sequenced.

Results
Antibody Specificity

By immunoblot analysis, the affinity-purified antibody was
shown to cross-react with UGT2B7-expressed protein but

Figure 2. Localization of UGT2B7 by immunocytochemistry in nonneoplastic human breast parenchyma. Immunocytochemistry was performed on tissue
obtained from patients undergoing reduction mammoplasty for simple macromastia as described in Materials and Methods. A-1 and A-2: Terminal ductal elements
showing immunostaining of moderate intensity of mammary epithelium [shown at low (A-1) and high (A-2) magnification]. Note localization of immunostaining
in luminal epithelial cells and some variation in intensity of immunostaining in these cells. B-1 and B-2: Terminal ductal elements showing overall immunostaining
of relatively low intensity in a representative section from a second patient [shown at low (B-1) and high (B-2) magnification]. Arrow points to blood vessel
showing immunostaining of what appear to be endothelial cells that is also of relatively low intensity. C: Immunostaining of moderate intensity in a tissue section
from a third donor showing vacuolated appearance of the mammary epithelium seen in the luteal phase of the menstrual cycle.?* D and E: Sections from two
additional patients showing more intense immunostaining in the mammary epithelium at low (D) and high (E) magnification, respectively. Intensity of
immunostaining of blood vessels in D (arrow), is comparable to that in the mammary epithelium. In contrast, the intensity of immunostaining of blood vessels
in E (arrow) is much less than in epithelial cells in ductal elements adjacent to it. In intensely immunoreactive sections, such as shown in D as well as in sections
with vacuolated basal epithelial cells, such as shown in C, there appeared to be some immunostaining associated with cell nuclei. This was likely to be because
of cytoplasm of overlying cells, because there was no immunostaining associated with cell nuclei when immunocytochemistry was performed on thinner (0.2 wm)
sections (not shown). F: A group of blood vessels among fat cells showing immunostaining. Sections were not counterstained and images were captured using
Nomarski optics, as described in Materials and Methods.
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not with expressed protein for any of the three other
members of the UGT2B family tested, or with protein from
untransfected HEK293 cells (Figure 1). There was also no
cross-reactivity with expressed protein of four members
of the UGT1A family of isoenzymes, 1A1, 1A4, 1A6, and
1A8 (not shown). There was no immunostaining of breast
tissue processed for immunocytochemistry using the first
fraction of the effluent from the affinity columns in place of
the affinity-purified primary antibody and at the same
protein concentration (see Materials and Methods).

Immunocytochemical Localization of UGT2B7 in
Normal Breast Parenchyma and in Invasive and
in Situ Breast Cancers

In histologically normal tissues, there was consistent im-
munostaining in the epithelium lining the mammary ductal
system (Figure 2). This was seen in both tissue obtained
from patients with macromastia and in tissue obtained
from breast cancer patients at sites distant from the can-
cers. Within the mammary epithelium, immunostaining
was maximal, and in some cases clearly restricted, to
luminal epithelial cells (Figure 2). The intensity of immu-
nostaining of the mammary epithelium in tissue obtained
from different individuals varied somewhat (Figure 2). In
some sections there were also noticeable differences in
the intensity of immunostaining of epithelial cells within
the same terminal ductal lobular units (Figure 2). These
findings suggest interindividual differences in the level of
expression of UGT2B7 in the mammary epithelium, as
well as differences in its level of expression among epi-
thelial cells in any one tissue. The differences seemed to
be unrelated to the degree of differentiation of the ductal
system (type Il or type Il lobule), or the age or reproduc-
tive history of the tissue donor. Vacuolation of mammary
epithelial cells was seen in sections from some of the
patients. This phenomenon is reported to be a charac-
teristic of the luteal phase of the menstrual cycle.?® The
intensity of immunostaining in such vacuolated epithelial
cells was comparable to that in nonvacuolated epithelial
cells in tissue sections from other patients. There were no
obvious, consistent differences between either the pat-
tern or the intensity of immunostaining in histologically
normal tissue obtained from donors with breast cancer
and those with macromastia.

In more intensely immunopositive sections, some im-
munostaining seemed to be associated with nuclei (Fig-
ure 2). This association was no longer seen when immu-
nocytochemistry was performed on thinner (2 um)
sections (not shown). Hence, the appearance of nuclear
immunostaining in 4-um sections was likely to be be-
cause of cells overlapping. This suggestion needs to be
confirmed using confocal microscopy.
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Blood vessels also showed immunoreactivity. The im-
munostaining seemed to be associated with endothelial
cells, as well as with the smooth muscle layer surround-
ing larger blood vessels (Figure 2, D and F). Additional
studies will be needed to identify the exact cell type(s)
and tissue component(s) within the smooth muscle layer
showing UGT2B7 immunoreactivity. The intensity of im-
munoreactivity associated with blood vessels, such as
that associated with the mammary epithelium, varied
among patients. There were clear instances of dissocia-
tion in intensity of immunostaining in the two tissue com-
partments (Figure 2, D and E). This finding suggests
regulation of UGT2B7 expression in blood vessels inde-
pendent from that in the mammary epithelium.

The intensity of immunostaining of cancer cells within
invasive lesions was consistently much less than that of
normal mammary epithelial cells (Figure 3). Immunostain-
ing in these cells ranged from faint to virtually absent. In
contrast, immunostaining of cancer cells within in situ
lesions was not only maintained but often of an intensity
rarely seen in histologically normal tissues (Figure 4). In
situ cancers were seen in sections from tissue obtained
from the primary neoplastic site from 11 of the 17 cancer
patients. In all but one of these, cancer cells with intense
immunostaining predominated. There was obvious heter-
ogeneity. Some cancer cells with reduced immunoreac-
tivity could be seen within, as well as at the edge of some
of the intensely immunoreactive in situ lesions. Interest-
ingly, in two cases the site of reduced immunoreactivity at
the edge of an in situ lesion corresponded to the site of
apparent microinvasion, ie, a breach in the basement
membrane (Figure 4, F and G). In situ lesions comprised
predominantly or solely of cancer cells with reduced or
minimal immunostaining were seen in 4 of the 11 cases.
A solitary in situ lesion with intense immunostaining was
also seen in a section from tissue obtained from a site
distant from the cancer.

In most cases, blood vessels associated with invasive
cancers showed little or no immunoreactivity (Figure 3).
In contrast, the ring of blood vessels surrounding some in
situ cancers was characterized by intense immunostain-
ing, comparable to that in cancer cells in the adjacent in
situ lesion (Figure 4, A-1 and A-2). Occasionally, strongly
immunopositive blood vessels were seen next to essen-
tially immunonegative invasive cancers (Figure 3B). This
finding provides further evidence of a potential for regu-
lation of UGT2B7 expression in blood vessels indepen-
dent from that in neighboring epithelial cells, whether
normal or neoplastic.

No immunostaining was seen in tissue sections incu-
bated with secondary antibody only, or with effluent from
columns used for affinity purification of the UGT2B7 an-
tibody (Figure 5). The same pattern of immunostaining

Figure 3. Localization of UGT2B7 by immunocytochemistry in invasive breast cancer. A-1 and A-2: Two histologically normal, strongly immunopositive mammary
ducts in the midst of cancer cells with minimal immunostaining [shown at low (A-1), and high (A-2) magnification]. B-F: Tissue sections from additional patients
illustrating the striking decrease or loss of immunostaining in invasive cancers. Arrow in B points to a blood vessel that is strongly immunopositive, whereas
arrows in C and D point to blood vessels that are only weakly immunopositive. G: Cancer cells with minimal or no immunostaining adjacent to what appears
to be an in situ lesion that shows relatively weak immunostaining. Sections were not counterstained and images were captured using Nomarski optics, as

described in Materials and Methods.
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Figure 5. Controls for immunocytochemistry. Immunocytochemistry performed on the section shown on the left with the affinity-purified UGT2B7 antibody,
showing strong immunostaining, and on the section shown on the right with eluate from column used to purify the UGT2B7 at the same protein concentration
as the UGT2B7 antibody. In section on the right, there is strong immunostaining of epithelial cells and blood vessels (arrows point to such blood vessels). In

control section, immunostaining is restricted to the acellular material in the lumen of the duct.

was obtained with the commercial available polyclonal
UGT2B7 antibody (Gentest) as with affinity-purified IgY
antibody. There was no background staining in sections
incubated with rabbit IgG used as a control for incuba-
tions performed with the commercial UGT2B7 antibody.

Immunoblot Analysis

A representative immunoblot of protein obtained from
histologically normal and neoplastic tissue specimens is
shown in Figure 6. A single intense band of appropriate
size for UGT2B7 was identified by immunoblot analysis of
protein prepared from all histologically normal tissue
samples, whether obtained from reduction mammoplasty
(n = 8) or mastectomy specimens (n = 9). The variations
in width of the immunopositive band and chemilumines-
cence intensity among samples could be because of
differences in proportion of tissue occupied by mammary
epithelial cells, as well as level of expression of UGT2B7
in these cells. Only a very faint immunoreactive band was
seen in immunoblots of protein prepared from six of the
nine breast cancer specimens. A wider, more intense,
immunopositive band was seen in the other three cancer
cases. The higher level of UGT2B7 protein in these three
cancers could be because of the presence of in situ
lesions with a high level of UGT2B7 expression, a prev-
alent phenomenon in our breast cancer patient popula-
tion. Indeed, immunocytochemistry performed on can-
cerous tissue from two of these three patients identified
some intensely immunoreactive in situ neoplastic foci in

the midst of invasive cancer with reduced or no immuno-
staining. Findings obtained with the IgY UGT2B7 anti-
body developed in chickens paralleled those obtained
with the UGT2B7 antibody developed in rabbits.

Identification of UGT2B7 mRNA by RT-PCR

Expression of UGT2B7 in human breast parenchyma was
confirmed by RT-PCR. Amplicons of the appropriate size
were obtained from total RNA isolated from both normal
and neoplastic breast tissue (Figure 7). The sequence of
the amplicon was shown to correspond to the expected
sequence for UGT2B7. Transcripts of UGT2B7 were
present in all nonneoplastic samples, but absent or weak
in four of six neoplastic samples. The presence of tran-
scripts in the two cancers could be because of the pres-
ence of in situ lesions with a high level of UGT2B7 expres-
sion of nonneoplastic mammary epithelium or UGT2B7
expressed in cells associated with blood vessels.

UDP-Glucuronosyltransferase Activity

Data on glucuronidation of 4-OH-E, by tissue from mam-
moplasty specimens (normal), and histologically normal
(normal from cancers), and cancerous tissue from mas-
tectomy specimens, are presented in Figure 8. Enzyme
activity of normal tissue ranged from 0.9 to 5.9 pmol/mg
protein/minute (mean = SEM = 3.12 + 0.63), and that of
normal tissue from cancers from 1.5 to 5.0 pmol/mg

Figure 4. Localization of UGT2B7 by immunocytochemistry in intraductal and in situ breast cancers. A: A group of small in situ lesions showing intense
immunostaining, surrounded by a ring of strongly immunopositive blood vessels. B: A section from tissue from another patient, viewed at high magnification,
showing edge of three small in situ lesions and blood vessels associated with them. C: Commedo carcinoma with intense immunostaining. D: Strongly
immunopositive intraductal carcinoma with apocrine features. E: A lobular in situ carcinoma. F: An in situ carcinoma comprised of groups of weakly
immunopositive cancer cells in the midst of strongly immunopositive cancer cells. Arrow points to what appears to be a site of microinvasion. G-1 and G-2: An
in situ lesion, comprised of cancer cells in which immunostaining ranges from strong to minimal, in the midst of minimally immunopositive invasive cancer [shown
at low (G-1) and high (G-2) magnification]. Arrow points to a site suggestive of microinvasion where the in situ and invasive components of the cancer appear
to be merging. Sections were not counterstained, and images were captured using Nomarski optics, as described in Materials and Methods.
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Normal from
Cancer

55kD~...- P~

Figure 6. Immunoblot analysis of protein from normal and neoplastic breast
tissue for UGT2B7. Protein was prepared from tissue obtained at reduction
mammoplasty (normal), and from tissue obtained from mastectomy speci-
mens from sites distant from the primary cancer (normal from cancer,) and
from the primary cancer (cancer), and electrophoresed as described in
Materials and Methods. The one cancer sample showing an intense immu-
nopositive band was from a patient with evidence of widespread, strongly
immunopositive, in situ lesions.

Normal Cancer

protein/minute (mean = SEM = 2.87 *= 0.4). Enzyme
activity in these two groups did not differ from each other
statistically. Therefore, for statistical purposes, values
from these two groups could be combined. UDP-glucu-
ronosyltransferase activity of neoplastic tissue ranged
from 0.2 to 4.0 pmol/mg protein/minute (mean = SEM =
1.23 = 0.42). These values are significantly different from
those obtained using normal tissue from mammoplasty
and mastectomy specimens combined (P = <0.01). The
single tissue sample with high activity in the cancer group
(4 pmol/mg protein/minute) was found to be from a pa-
tient with extensive in situ lesions with intense UGT2B7
immunostaining (not shown). No UGT-glucuronosyltrans-
ferase activity was detected when 4-OH-E, was substi-
tuted for 4-OH-E, as the substrate in the assay.

As indicated in Materials and Methods, using total
protein as the denominator in calculating enzyme activity
fails to take into account the differences in epithelial cell
density found among normal tissues specimens. More
importantly, it fails to take into account the fact that epi-
thelial cell density in neoplastic tissue is consistently
much higher than that in normal tissue. To address this
issue we measured the percent area occupied by cell
nuclei in representative cryosections from tissues used in
the enzyme assays (see Materials and Methods). The
percent area occupied by cell nuclei ranged from 0.93 to
13.80 (mean = SEM = 6.28 = 1.1) in sections from
normal tissues and from 5.96 to 36.10 (mean and SEM =
18.7 = 4.7) in sections from breast cancers. As shown in
Figure 8D, values for glucuronidation of 4-OH-E, ad-
justed for these differences in percent nuclear area mag-

N N CA CA L

B-Actin—
UGT2B7

Figure 7. RT-PCR of total RNA from normal and neoplastic breast tissue for
UGT2B7 transcripts. RNA was prepared from tissue obtained at reduction
mammoplasty (N, normal), and from tissue obtained from mastectomy spec-
imens from sites distant from the primary cancer (NCA, normal from cancer),
and from the primary cancer (CA, cancer). RNA from liver (L) was included
as a positive control. Primers for B-actin, spanning an intron, were included
as an internal control for quantity and quality of RNA, as well as to test for
presence of genomic DNA contamination. UGT2B7 transcripts were identi-
fied in all normal tissue samples, whether from mammoplasty or mastectomy
specimens, but not in four of six of the neoplastic samples.

A B
3.54 15
£ 304 E
2 7} H
2 254 s
2 £ 50 ” .
=0 J oy R
g 2.0 * s : .
:g 1.5 T E .
£ E 24
T 1] = . .
s L 2 e .
g g : .
S 0.5 = . :
0 *
" N 1
Normals  Cancer orma
Normal from  Cancer
Cancer
C D
14 40
i T 15 .
E
s 1o § 30
< < 25 .
§ 0.8 g o
2 20
é .6 E —_i
=
£ 04 1f ¢ : .
g {1/ :
E 0.2 *k st T '!- .
03 0 l_ .
Normals Cancer Normal
Normal  from Cancer
Cancer

Figure 8. UDP-glucuronosyltransferase activity of tissue obtained from mam-
moplasty specimens (normal), and of tissue obtained from mastectomy
specimens from sites distant from the cancer (normal from cancer) and from
the cancers. Assays were performed on disrupted cryostat sections, as de-
scribed in Materials and Methods. Statistical significance of differences in
glucuronidation of 4-OH-E, by tissue from the three groups was determined
by one-way analysis of variance, followed by Neuman-Keuls #test. Because
values for glucuronosyltransferase activity of normal tissue from mammo-
plasty and tissues distant from the cancers did not differ significantly from
each other, they were pooled. Top (A and B): Enzyme activity normalized
for mg protein. Bottom (C): Enzyme activity normalized for mg tissue
protein corrected for differences in percent area occupied by cell nuclei. A:
Pooled values for tissue from mammoplasty specimens and from tissue
distant from the cancer from mastectomy specimens, compared with values
for the cancer tissue. Differences were significant at the P < 0.01 level by
Student’s #test. B: Individual values plotted for the three groups. Line indi-
cates finding from simple polynomal linear regression analysis (slope signif-
icant at the P < 0.01 level). The single high value in the cancer group was
from a patient with extensive, strongly immunopositive in situ lesions. C:
UDP-glucuronosyltransferase activity normalized for mg protein corrected
for differences in percent area occupied by cell nuclei. The percent area
occupied by hematoxylin-stained cell nuclei was estimated in representative
sections from the tissue used for the enzyme assays, using computerized
image analysis, as described in Materials and Methods. **, Significantly dif-
ferent from histologically normal specimens from mammoplasty and mastec-
tomy specimens combined (P < 0.01 by Student’s #test). D: Individual
values for percentage of area occupied by cell nuclei in representative
sections. In histologically normal tissues, these values ranged from 0.93 to
13.8 (mean * SEM = 6.28 * 1.1) and in sections from breast cancers from
5.96t0 30.1 (mean * SEM = 18.7 * 4.7) and were significantly different from
each other (P < 0.01).

nified the difference in enzyme activity between normal
and neoplastic tissue.

Discussion

The findings presented suggest a role for UGT2B7 in the
regulation of levels in the mammary epithelium of its two
major known endogenous substrates, 4-OH-E, and
atRA."® 117 The marked reduction in expression of
UGT2B7 in invasive breast cancers suggests an anti-
carcinogenic function for the enzyme. The proposition



that this function encompasses the glucuronidation of
4-OH-E, and RA can be readily supported by available
evidence.

Glucuronidation of CEs, by blocking oxidation of ring A
of CEs, can provide an important line of defense against
the generation of procarcinogenic electrophiles from
these prevalent estrogen metabolites.*® Our findings
support the notion that in normal human mammary epi-
thelium, UGT2B7 serves such a protective function with
respect to 4-OH-E,, and that this line of defense is pri-
marily abrogated in invasive cancers. Increased avail-
ability of ring A of 4-OH-E, for oxidation in invasive can-
cers, resulting from decrease glucuronidation, could
contribute to the extensive oxidative DNA damage iden-
tified by Malins and co-workers®* in breast cancers. How
the pro-oxidant state implied by these observations con-
tributes to cancer progression remains to be defined.

To assess fully the functional consequence of reduced
glucuronidation of 4-OH-E, in breast cancers will require
determining whether the glucuronide of 4-OH-E, is biolog-
ically active. A precedent for conjugates of CEs having
potentially important tumor-suppressor functions is pro-
vided by evidence of anti-angiogenic, anti-proliferative ac-
tions of O-methylated metabolites of 2-OH-CEs.?>2°

The finding of no detectable glucuronidation of 4-OH-
E, suggest that, in contrast to 4-OH-E,, protection
against oxidation of 4-OH-E, by glucuronidation is not
available in human breast parenchyma. This could pose
a problem when there is a shift in balance between
estrone and estradiol present in this tissue. Normally,
17B-hydroxysteroid dehydrogenase isoenzyme(s) ex-
pressed in breast tissue favors the conversion of estradiol
to estrone. In breast cancer and under conditions of
oxidative stress, however, the balance may shift to favor
estradiol formation.3°-32

A second putative tumor suppressor function for
UGT2B7, that of glucuronidation of atRA, is suggested by
the recent identification of atRA as a second endogenous
substrate of this isoenzyme."” Glucuronidation of atRA,
like that of 4-OH-E,, can be viewed as a tumor-suppres-
sor function: retinoyl-B-glucuronide, the product of the
reaction, has been shown in diverse studies to be a
potent mediator of actions of RA, and glucuronidation
may protect RA from oxidative metabolism 3819
UGT2BY7 is the first and, thus far, the only member of the
UGT family of isoenzymes known to have the potential to
catalyze the glucuronidation of atRA with high catalytic
efficiency. Therefore, our finding implies reduced forma-
tion of retinoyl-p-glucuronide in invasive cancers. To de-
termine whether this is the case will require comparing
glucuronosyltransferase activity of normal and neoplastic
breast tissue using atRA as the substrate. Reduced for-
mation of a potent derivative of RA in breast cancer would
fit with emerging evidence suggesting disruption of in situ
RA biosynthesis and reduced availability of RA in can-
cers of epithelial origin.®*-3¢

Current knowledge of neither CE nor RA homeostasis,
however, offers any ready explanation for the intense
UGT2B7 immunoreactivity seen in many in situ neoplastic
foci. It could reflect a defensive response in the preinva-
sive stage of carcinogenesis, in particular, a defense
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against invasion of surrounding tissue by cancer cells.
This interpretation is supported by the finding of cancer
cells with minimal UGT2B7 immunoreactivity at sites of
microinvasion. It is also consistent with the known role of
RA in inhibiting expression of matrix metalloproteinases,
enzymes critical for the invasion of tissues by cancer
cells.® =49 Interestingly, expression of RXR, a second
gene product relevant to retinoid action, has also been
reported to be elevated within in situ breast cancers to
levels greater than those found in either normal breast
tissue or breast cancer.*’

In situ neoplastic lesions are considered to represent
early stages in the multistep process of carcinogene-
sis.*43 A positive correlation has been suggested to
exist between incidence of in situ breast cancers and
overall breast cancer incidence in a particular popula-
tion.** The prognosis among patients with histologically
similar in situ lesions varies. Hence, the need for molecular
markers that identify lesions that are more likely to become
invasive. Such markers may serve not only to assist in
choosing among treatment options, but also to gain insight
into the process of carcinogenesis and to identify new po-
tential targets for therapeutic intervention. The findings pre-
sented here suggest that expression of UGT2B7 may rep-
resent one such marker.

The differences in level of expression of UGT2B7 in
tissue obtained from different individuals, although less
striking than between normal and neoplastic tissue, are
worth noting. Expression of UGT2B7, like that of other
phase Il enzymes, is likely to be inducible by endobiotics
as well as xenobiotics and in a tissue-specific man-
ner." 454 Hence, the apparent interindividual differences
in level of expression of UGT2B7 could reflect differences
in hormonal milieu among patients, as well as in their
exposure to xenobiotics and drugs. To begin to interpret
the significance of the interindividual differences for can-
cer susceptibility will require much more knowledge of
the regulation of UGT2B7 expression than what is cur-
rently available. In addition, it will require large, popula-
tion based molecular epidemiological studies in which
expression of UGT2B7 is quantified and exposure of
individuals to potential inducers is known.

An additional finding is the presence of UGT2B7 im-
munoreactivity in blood vessels. This finding parallels the
observation of UGT2B7 expression in blood vessels in
the human prostate.*” Immunostaining was seen consis-
tently in blood vessels in nonneoplastic tissue, but often
lost in blood vessels associated with invasive cancers. In
contrast, in the ring of blood vessels often seen surround-
ing in situ cancers,*® UGT2B7 immunostaining was often
very intense. Together, these observations suggest reg-
ulation of CE and/or retinoid homeostasis in blood ves-
sels by glucuronidation.

Glucuronidation has a profound effect on the actions
and disposition of a wide range of lipophilic endo- and
xenobiotics. The physiological substrates of members of
the UGT family of isoenzymes encompass estrogens,
androgens, as well as RAs, hormonal agents with impor-
tant regulatory functions that are also implicated in car-
cinogenesis.?*° There have been remarkably few stud-
ies aimed at documenting the expression of UGTs in
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extra-hepatic tissues that are targets of hormonal car-
cinogenesis, their tissue- and cell type-specific regu-
lation, and the effect of the process of carcinogenesis
on their expression. Such studies may provide new
insights into defensive mechanism that might be mar-
shaled to impede cancer progression. The availability
of sequence information on a growing number of mem-
bers of the UGT superfamily, as well as of other phase
II'enzymes, together with new microtechniques, make
such studies now feasible.
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