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Advances in Brief

Cyclooxygenase-2 Expression |s Related to Nuclear Grade in Ductal Carcinoma in
Situ and Is Increased in Its Normal Adjacent Epithelium?*

Veronica Shim,> Mona L. Gauthier,? Daniel Sudilovsky, Kristin Mantei, Karen L. Chew, Dan H. Moore, Imok Cha,

Thea D. Tlsty, and Laura J. Esserman®

University of California at San Francisco Comprehensive Cancer Center [V. S, K. L. C,, D.H. M., L. J. E]], Department of Pathology [M. L. G., K. M., |.C,, T. D. T.], University
of California, San Francisco, California 94115-1710, and California Pacific Medical Center, San Francisco, California [D. S]

Abstract

Cyclooxygenase-2 (COX-2) isemerging asan important cancer biomar -
ker and is now an experimental target for solid tumor treatment. How-
ever, no study has exclusively focused on COX-2 expression in early
lesions such as ductal carcinoma in situ (DCIS). We examined COX-2
expression by immunohistochemistry in 46 cases of women undergoing
surgical resection for DCIS. We found that COX-2 expression was de-
tected in 85% of all DCIS specimens, with increased COX-2 staining
correlating with higher nuclear grade. Strikingly, COX-2 staining inten-
sity in the normal adjacent epithelium was stronger than in the DCIS
lesion itself. Our observations demonstrate that COX-2 is up-regulated in
the normal adjacent epithelium and supports the hypothesis that the
surrounding epithelial tissue is part of the disease process in DCIS.

Introduction

Many studies demonstrate that COX-2* expression is up-regulated
in numerous invasive cancers such as bronchial, colon, and breast (1).
The up-regulation of COX-2 expression is induced in many tissues by
various growth factors, cytokines, and tumor promoters (2-5). COX-2
metabolizes the cell membrane fatty acid, arachadonic acid, to yield
diffusible PGs. PGE, has been found to be the most abundant PG
produced by epithelial cellsand isreleased through the basol ateral cell
compartment into the underlying stroma (6). In vitro studies have
demonstrated that PGE, can stimulate epithelial cell proliferation and
motility, thereby contributing to neoplastic progression (7). In breast
cancer, data on the clinical implication of COX-2 expression is
limited. Thus far, studies have shown that COX-2 is expressed in
invasive breast cancer and correlates with high nuclear grade and
HER-2/neu overexpression (2, 8—10). Because nuclear grade and
HER-2/neu overexpression in invasive tumors are associated with
recurrence and survival, COX-2 expression may aso be associated
with tumors with adverse outcome. COX-2 overexpression is aso
explored as a potential therapeutic target. There is a paucity of dataon
the relationship between COX-2 expression and preinvasive breast
cancer lesions such as DCIS. In astudy of invasive cancer and asmall
number of DCIS lesions, Half et al. (9) have recently demonstrated
that DCI'S adjacent to invasive cancer expressed higher COX-2 levels
than its invasive component, suggesting that COX-2 expression may
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be an early event in breast carcinogenesis. The pattern of COX-2
expression in DCIS aone, however, is not well characterized. With
the advent of screening mammography, >50% of new diagnoses are
preinvasive cancer or DCIS. Numerous studies suggest that surgical
margins and tumor nuclear grade in DCIS play an important role in
recurrence during the first 5-10 years of follow-up (11, 12). A number
of other markers, including ER, PgR, p53, and HER2/neu, have been
examined, none of which have been shown to predict the risk of breast
cancer recurrence in DCIS (12-14). ER, however, has recently been
shown to be a good predictive marker of Tamoxifen benefit in the
DCIS setting. Given the differential expression of COX-2 in invasive
breast cancer and the interest in clinical breast cancer applications for
COX-2 inhibitors, we evaluated the prevalence of COX-2 expression
in DCIS. Given that PGs are diffusible factors that induce both
autocrine and paracrine responses, we also evaluated COX-2 expres-
sion in the surrounding normal breast epithelium.

Materials and Methods

Tissue Samples. We analyzed a series of primary human DCIS slides
(n = 46) obtained from the surgical pathology laboratory of the University of
California, San Francisco, and California Pacific Medical Center. The samples
represented an even distribution of DCIS nuclear grade: low (n = 14);
intermediate (n = 18); and high (n = 14).

Tissue Preparation and |mmunohistochemistry. Five-um sections were
cut from formalin-fixed, paraffin-embedded tissue blocks and mounted on
SuperFrost-Plus microscope slides (Fisherbrand, Fisher Scientific, Pittsburgh,
PA). Specimens were stepwise deparaffinized in xylene and rehydrated in
descending alcohols. Endogenous peroxidase activity was blocked by incuba-
tion in 3% hydrogen peroxide in methanol for 10 min. Sections were then
microwaved for antigen retrieval for 10 minin a10 mm citrate buffer (pH 6.0).
Cases were stained for COX-2, ER, PgR, and HER/neu overexpression. For
COX-2, sections were incubated overnight at 4°C with mouse antihuman
monoclonal antibodies (N0.160112; Cayman Chemical, Ann Arbor, MI) di-
luted to 1:200 in 1% BSA in PBS. Control sections were incubated with a
human COX-2 control peptide (40ug/ml; Cayman Chemical). Sections were
rinsed in 0.05% Tween 20 in PBS followed by incubation with biotinylated
horse antimouse 1gG antibodies (No. BA-2000; Vector Laboratories, Burl-
ingame, CA) and diluted to 1:200 in 1% BSA in PBS. Slides were then rinsed
in PBS and incubated in avidin-biotin horseradish peroxidase complex (No.
PK-6100, Vectastain Elite ABC kit; Vector Laboratories) at a1:100 dilution in
1% BSA in PBSfor 30 min. Specimenswere rinsed in 0.05% Tween 20 in PBS
then incubated with 3,3'-diaminobenzidine chromogenic substrate (No.
D-5905; Sigma Chemical, St. Louis, MO) for 4 min. Sections were counter-
stained in hematoxylin, stepwise dehydrated through graded acohols, and
cleared in xylene before mounting using Permount. Sections from prostate
tumor were stained with each experiment as a control. For ERs, monoclonal
mouse antihuman ER antibodies (clone 1D5; Dako Corporation, Carpinteria,
CA) were applied at 1:400 overnight at 4°C after microwave antigen retrieval.
Detection was performed as above. A known ER-positive breast cancer was
run as a control. For PgRs, monoclonal antihuman PgR receptor antibodies
(clone 1A6; Novocastra L aboratories, Newcastle upon Tyne, United Kingdom)
was used at 1:25 overnight at 4°C. Detection was performed as above.
Cytospins of T47D cell lines were used as positive controls. For HER2/neu
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COX-2 EXPRESSION IN DCIS AND SURROUNDING EPITHELIUM

Table1 Clinicopathological variablesin DCIS

Low grade Intermediate grade High grade
(n) (n) (n)

Mean age (yr) 65 57 60
DCIS (n) 14 18 14
Tumor size (mm) 6 15 115
Necrosis 0 8 13
ER

Negative 0 0 6

Positive 13 14 6

ND? 1 4 2
PgR

Negative 2 4 6

Positive 12 12 8

ND 0 2 0
Her2/neu

Negative 8 16 7

Positive 1 1 6

ND 5 1 0
COX-2

Intensity 0 5 1 1

Intensity 1 2 3 2

Intensity 2 5 11 7

Intensity 3 2 3 4

2ND, not determined.

overexpression, sections were pretreated with Ficin (Zymed Laboratories,
South San Francisco, CA), followed by 4°C overnight incubation at 1:200
dilution of monoclonal anti-c-erbB-2 antibodies (clone TAB250; Zymed L ab-
oratories). Detection was performed as above. Cytospins of BT474 and MCF7
cell lines were used as positive and negative controls. Because only one case
presented with a 2+ Her2/neu score, fluorescent in situ hybridization was not
performed.

Evaluation of COX-2 Immunostaining. Estimation of COX-2 expression
was performed as previously described, based on the German ImmunoReactive
Score (1, 15). The COX-2 staining intensity (O, no staining; 1, weak; 2,
moderate; 3, strong) and COX-2 staining quantity (0, no staining; 1-1 to 10%;
2-11 to 50%; 3-51 to 80%; and 4—81 to 100%) were evaluated by light
microscopy without any knowledge of the patients' clinical data. The overall

>

Fig. 1. COX-2 staining intensity increased with
DCIS nuclear grade (A). Representative examples of
low (B), intermediate (C), and high (D) COX-2 immu-
nohistochemistry staining intensity of high nuclear
grade DCIS.

Average COX-2 Staining Intensi

score was expressed as the summation of the intensity and quantity scores and
defined as the QI product with a range of 0—-12. When the intensity of
multifocal patches was significantly different between foci, the average of the
least intense and most intense staining was recorded.

Statistical Methods. Contingency table analysis based on y? statistics was
used to test the associations between COX-2 stain intensity, QI product
(intensity X quality) versus nuclear grade and age. Furthermore, correlations
between COX-2 and ER, PgR, and/or HER 2/neu status (positive or negative)
were evaluated. Average values for intensity, quantity, and their product were
calculated for each specimen type (tumor and adjacent epithelium) and com-
pared pair-wise (i.e., tumor versus adjacent) using a paired t test.

Results

Patient Characteristics and Clinical/Pathological Variables.
Table 1 shows the clinical and pathological variables of the cases
studied. Median age of the patients in this group was 60 years old
(range, 25-78 years). One-third of patients were <50 years old and
two-thirds > 50 years old, similar to national demographics of DCIS.
The 46 cases of DCIS evaluated were evenly distributed by nuclear
grade. The size of DCIS lesions ranged from 1 to 49 mm, with the
average size doubling from low-grade to intermediate and high-grade
lesions. Necrosis was not observed in low nuclear grade DCIS lesions
(O of 14) but prevalent in high nuclear grade lesions (13 of 14).

COX-2 Expression in DCIS. COX-2 expression was observed in
85% of DCIS lesions with increased staining intensity associated with
higher grade lesions (P = 0.048). Fig. 1A demonstrates the difference
in COX-2 intensity between low and higher grade lesions, including
both intermediate and high nuclear grade DCIS. Representative ex-
amples of COX-2 expression are shown in Fig. 1B. Although COX-2
expression within an individual lesion was fairly uniform, within each
grade, there was a range of staining intensity from 0 to 3+. The QI
product (which ranged from O to 12) also increased with nuclear grade
but did not reach statistical significance (P = 0.26). No other clini-
copathological characteristics, including patient's age, ER, PgR,

25
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HER2/neu, or necrosis, demonstrated a correlation with COX-2 ex-
pression.

COX-2 Expression in Normal Adjacent Epithelium. To illus-
trate the geographic relationship between COX-2 expression in DCIS
lesions and in normal adjacent epithelia, we generated schematic maps
of the stained histological sections (Fig. 2, A and D). These two
schematic maps represent a low power view of breast tissue from
patients with low grade DCIS (Fig. 2A) and high grade DCIS (Fig.
2D). The schematic map integrates three types of information: the
type of tissue (ductal or lobular); the location of DCIS; and the
intensity of COX-2 staining. The closed and open structures represent
the type of epithelial elements (lobular and ductal structures, respec-
tively), the gray cloud represents the area of DCIS, and the color of
the epithelial elements is coded to reflect COX-2 staining intensity

Fig. 2. COX-2 staining intensity was increased in adjacent normal epithelium tissue surround-
ing DCIS. We generated two schematic maps of stained histological sections of low-grade (A) and
high-grade (D) DCIS. The gray clouds represent the location of the DCIS lesions, the open ovals
represent ductal epithelium, whereas the closed ovals represent lobular epithelium. COX-2 staining
intensity was scored as intense (red, >50% cells staining at highest intensity), intermediate (pink,
1-50% cells staining with heterogeneous low to modest intensity), or low (yellow, 0-5% cells
staining with low intensity) staining intensity. The arrow in both A and D point to the region
magnified in B and C and E and F, respectively. The arrowheads in B and E illustrate the COX-2
staining intensity of low- and high-grade DCIS, respectively. The arrows in both C and F point to
the normal adjacent epithelium that illustrates more intense COX-2 staining than the adjacent
DCIS. The histogram (G) represents the % of cases that express COX-2 in normal adjacent
epithelium that is higher than (black), equal to (red), or lower (gray) than the DCIS lesion.

(yellow, pink, and red for low, intermediate, and intense staining,
respectively). Note that there was a paucity of COX-2 staining in the
low grade DCIS lesion (arrow head), athough there was evident
COX-2 staining in the adjacent normal epithelium (arrow; Fig. 2,
A-C). This pattern of increased staining intensity in the normal
adjacent epithelium was even more striking in high-grade DCIS (Fig.
2, D—F). Representative immunohistological staining of these patterns
are illustrated for low grade DCIS (Fig. 2, B and C) and high-grade
DCIS (Fig. 2, E and F). When sufficient tissue was present, we
examined COX-2 expression in epithelium > 1 cm distal to the
original lesion. In high-grade lesions, we observed that the increase in
COX-2 expression often extended beyond 1 cm from the lesion but
diminished with distance (data not shown). We noted that athough
there was no detectable COX-2 staining of stromal fibroblasts when
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immune cells were found associated with higher grade DCIS lesions,
they often expressed COX-2 (Fig. 2E, asterisk). In the population of
DCIS lesions we examined, the distinctive pattern of increased ex-
pression of COX-2 in normal adjacent epithelium relative to the DCIS
lesion was prevalent. The pattern was particularly conspicuous in
high-grade lesions, as a group, as demonstrated by Fig. 2G. Note that
in all higher grade lesions (including intermediate and high nuclear
grade DCIS), the level of COX-2 expression in the normal adjacent
epithelium was never less than that seen in the DCIS lesion but was
always at least equal (15%) or greater (85%).

Discussion

We report the largest DCI'S series of COX-2 expression. This study
demonstrates two important aspects of COX-2 expression in prema-
lignant lesions. The first observation is that COX-2 expression in
DCIS is common and expression increases with nuclear grade. The
second and possibly more significant is the finding that the COX-2
intensity in the normal adjacent epithelium is stronger than in the
lesion itself and correlates with DCIS nuclear grade.

Recurrence of DCIS after surgical resection usually occurs in the
same breast quadrant and has been largely shown to be a clona
derivative from the primary lesion (16), and surgical margin
width > 10 mm is associated with alower recurrencerate (11, 17, 18).
However, accurate assessment of the three-dimensional tumor in-
volvement is technically difficult, and therefore, tumor characteristics
aswell as reactive stromal indices may provide additional information
to the extent of malighant participation. Our observations that COX-2
is up-regulated in the surrounding epithelial tissue raise the strong
possibility that the adjacent normal epithelium is part of the disease
process in DCIS. It is unlikely that COX-2 aone is responsible for
promoting malignant growth, however, COX-2 might play a role
mediating a field effect. In colorectal cancer, autocrine and paracrine
PG signaling in the tumor microenvironment have been well studied
and supports a role for COX-2 inhibitors in cancer treatment and
prevention, as discussed in arecent review by Guptaand DuBois (19).
The role of the microenvironment in inducing and/or maintaining
COX-2 expression in preinvasive lesions of the breast such as DCIS
has not been well studied, but our results suggest that it is indeed
possible that a similar process may be operative in breast cancer
initiation and warrants additional investigation. If a field effect is
indeed present, this could explain why recurrences are reduced in
DCIS when wide margins are obtained at the time of surgical resection.

Because COX-2 expression was prevalent it was difficult to con-
clude any statistically significant relationship with other variables
such as age, tumor size, ER, PgR, or HER2/neu. Although in vitro
studies have shown COX-2 expression associated with HER-2/neu
overexpression, our in vivo DCIS study does not support the associ-
ation with COX-2 expression and HER-2/neu (2). This is likely
attributable to prevalence of COX-2 expression seen in the interme-
diate nuclear grade group, which did not show elevated HER2/neu
overexpression. In addition, we only found 50% of high-grade lesions
to be HER-2/neu positive, which is lower than has been reported
previously (20). Because COX-2 expression was much more prevalent
than HER 2/neu in our study, it is likely that other factors are
responsible for COX-2 expression observed here.

This study, which focuses exclusively on DCIS and COX-2 expres-
sion, provides some interesting insights and guidance for future re-

search and clinical applications. We demonstrate first that COX-2
expression correlates with DCIS nuclear grade. Second, and most
interestingly, COX-2 was overexpressed in histologically normal ep-
ithelium surrounding DCIS lesions. These data suggest that in the
setting of large clinical DCIS trials, COX-2 expression in adjacent
tissue is worth exploring as a marker for recurrence and, potentially,
as a therapeutic target.
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