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Intrinsic antioxidant enzymes  (AE) are essential for 
protection against potential cellular damage by free 
radicals (FRs), which  affect a variety of biological  
processes. The levels or activities of AEs can be 
abnormal in human  malignancies in general, and 
FR production is a possible  mechanism of estrogen 
related carcinogenesis  specifically. However, the 
role of AEs in breast cancer ramains unclear. 
Immunodetectable  AEs were characterized in 95 
node  negative cancers us ing rabbit polyclonal  anti- 
bodies.  Results were correlated with established 
and experimental biomarkers of breast cancer. AEs 

were greater than benign  differentiated epi the l ium 
in more than 40% and lower in 10-14% of tumors. 
Patterns of staining were enzyme and tumor pat- 
tern specific. Increased immunodetectable  AE was 
associated with large, poorly differentiated tumors, 
and younger  age. Catalase correlated with nuclear 
grade and disease related death (p< 0.05), and high-  
l ighted tumor microvasculature. Addit ional  work 
in this area may further elucidate the role of AEs in 
breast cancer growth and progression. (Pa tho logy  
Onco logy  Research  Vol 3, No  4, 278-286, 1997) 
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Introduction 

Free radicals (FR) and reactive oxygen species (ROS) 
comprise a diverse group of substances which are gener- 
ated during normal oxidative metabolism] -9 FRs and ROS 
also exist in a wide variety of environmental agents or as 
readily formed derivatives of these agents, s While free 
radicals facilitate a number of  iinportant biological 
processes, they can also exert deleterious effects. [ntrinsic 
protective mechanisms exist to prevent potential damage. 
These cellular defenses include small molecular weight 
antioxidants or free radical scavengers, such as vitamin E, 
carotene, and selenium, 5,m as well as complex enzyme 
systems which occupy characteristic subcellular compart- 
ments. Antioxidant enzymes (AEs) include: Manganese 
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superoxide dismutase (MnSOD) predominantly mito- 
chondrial; Copper and Zinc SOD (CuZnSOD) cytosolic 
and nuclear; and Catalase (CAT), a peroxisomal and cyto- 
plasmic enzyme. The proper balance between these free 
radical scavengers and free radical production is essential 
for the health and survival of the organism. 

Elaboration of free radicals has been implicatcd in car- 
cinogenesis, in general, and specifically, with regard to 
human breast cancer, free radical formation has been pc)s- 
tulated as a putative mechanism of hormonal carcinogen- 
esis caused by estrogens, j~'t2 Estrogen dependent DNA 
damage by free radicals can bc blocked by the addition of 
AEs in breast cancer cell lines, *~'L2 supporting an anticar- 
cinogenic role for these cellular enzymes. There is con- 
flicting observational evidence from a few clinical trials 
suggesting that increased intake of the small molecular 
weight antioxidants provides protection against cancer. ~~ 
Malignant human tumors have been reported to have 
abnormal levels of AEs compared to the benign differen- 
tiated cellular counterparts from which they derive, e'6'8 
Several studies show lower levels of antioxidant enzymes 
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in t umor s ,  2"6's13'H while a few describe increased antioxi- 
dant enzymes in some tumors compared to their benign 
tissues of origin. 1517 Recently, Li, et al have demonstrated 
that ovcrexpression of MnSOD suppresses the malignant 
phenotype in the human breast carcinoma MCF-7 cell 
line] 8 further suggesting a role in malignancy. 

lmmunohistochemical identification of proteins or 
enzymes offers the advantages over many of  these prior 
studies, which used tissue homogenates: immunostaining 
allows direct visualization and semiquantitation of AE in 
tumor and its corresponding benign differentiated epitheli- 
um. We herein characterize antioxidant enzymes in inva- 
sive, lymph node negative breast cancer by immunohisto- 
chemistry, compared to the corresponding adjacent benign 
mammary epithelium, and biomarkers of breast cancer. 

Materials and Methods 

102 consecutive lymph node negative breast cancers 
having at least 3 years of clinical follow up and no initial 
treatment were obtained through The University of Iowa 
Hospitals and Clinics Tumor Registry. Clinical data was 
obtained or validated by chart review (DO). The size of the 
tumor, tumor type, disease free interval, and survival status 
were recorded. Estrogen and progesterone receptor status 
was obtained from patients charts (quantitative immunoas- 
say results when possible were performed). Both estrogen 
and progesterone receptor assays were per formed individ- 
nally using the dextran-coated charcoal method. Four 
micron (4 la) sections of formalin-fixed paraffinembedded 
tissue were used for immunoperoxidase staining. 

Histologic grade and nuclear grade 

Histologic grade and nuclear grade were determined in 
all cases by consensus opinion by two pathologists using 
histologic criteria previously described by Elston and 
Ellis. 19 Nuclear grade criteria were derived from the mod- 
ified Scarff Bloom-Richardson method] ~ For both histo- 
logic and nuclear grade a scale of  I to 3 was used; grade 1 
corresponding to well differentiated or low nuclear grade 
tumors, grade 2 to moderately differentiated or intermedi- 
ate nuclear grade, and grade 3 to poorly differentiated or 
high nuclear grade tumors. 

Her-2/neu Fluorescent In Situ Hybridization 

HER-2hwu amplification was determined using the 
Oncor| TM HER-2]neu (ERBB2) Gene Amplifi- 
cation Detection System (for experimental purposes only). 
The kit contains a biotinylated DNA probe and 4 ' - 6 ' -  
diamidino-2'-phenylindole (DAPI) nuclear stain. 

Briefly, the methodology is as follows: Thin sections (4 
g) of formalin-fixed, paraffin-embedded breast tissue are 

deparaffinized and then pretreated chemically and enzy- 
matically to remove proteins that block DNA access; the 
DNA in the sections is converted from double-stranded to 
single-stranded by denaturation at 75~ using a mixture of 
the 20x Saline Sodium Citrate (SSC) and forrnamide; 
biotinylated DNA probe, complementary to HER-2/neu 
(ERBB2) gene sequences, is then applied and the slide is 
subsequently incubated under conditions favorable to the 
annealing of the probe DNA sequences and the genomic 
DNA sequences. The unannealed probe is washed off 
using a mixture of the 20x SSC and formamide. Hyb- 
ridized probe is detected using fluorescein labeled avidin. 
A DAPI nuclear counterstain is employed. 

Antibody p~paration 

Rabbit polyclonal antisera comprised of  anti-human 
kidney MnSOD, anti-bovine liver CuZnSOD, and anti- 
bovine liver CAT was provided by LWO and prepared as 
previously described, z6'8 The specificity of these antibod- 
ies has also been previously characterizedY z 

Immunohistochemical staining and scoring 

Immunohistochemical staining was accomplished 
using overnight incubation at 4-5~ and a labeled strepa- 
vidin-biotin peroxidase(LSABII) detection system (Dako 
Corp Santa Barbara, CA). The presence of staining or dis- 
tribution (D) (percentage of cells staining) and intensity 
(I), was evaluated for each enzyme in both tumor cells and 
the adjacent normal mammary epithelium. Cases were 
also scored from 0 to 3 for distribution of staining for each 
enzyme: 0 = no cells; 1 = < 10% of cells; 2 = 10 to 50% of  
cells; 3 = >50% of the cells. Cases were scored from 0 to 
3 for intensity of staining: 0 = absent or not detectable; 1= 
faint; 2 = moderate; and 3 = intense. Kidney was used as a 
known positive control. Negative controls were accom- 
plished by omission of primary antibody. Bovine serum 
albumin (BSA) was used in buffer washes to diminish 
background staining. Immunohistochemical evaluation 
was performed, without knowledge of other prognostic 
factors or outcome, by 3 observers. The most common or 
the mean of the 3 observers was used as the value in the 
final analyses. 

Statistical methods 

Results were used for statistical purposes only when 
there was both tumor and adjacent benign, differentiated 
epithelium on the same immunostained slide. The number 
of qualified cases of statistical analyses, therefore, varied 
from the total number of cases (i.e. 95 immunostained) for 
each enzyme. All analyses were performed with SAS ver- 
sion 6-10 software. 
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Table 1. Percentage of Tumors Positive for Antioxidant  
Enzyme 

* # Tumors # Tumors % Tumors 
Enzyme Evaluated Positive Positive 

MnSOD 90 76 84% 
CuZnSOD 89 88 96% 
CAT 92 62 67% 

* Numbers of tumors or cases (out of 95 total) for which 
repr6sentative invasive tumor was present on immunos- 
rained sections 

The means of the immunostaining scores (intensity and 
distribution of cytoplasmic immunostaining) for each 
enzyme, for which there was both tumor and benign adja- 
cent epithelium, were determined. The differences between 
the means for the tumor staining versus the benign epitheli- 
um staining were also determined for each enzyme. For sta- 
tistical analysis, t-tests of comparison were performed on 
the differences between the mean values of tumor staining 
and benign epithelial staining for all cases, and for cases 
limited to invasive ductal, not otherwise specified (NOS). 
Levels of staining by age and the potential of effect of age 
on tumor staining results was determined by dichotomizing 
the patients by age, i.e < 50 and > 50 years (restricted to 
cases with invasive ductal carcinomas, not otherwise speci- 
fied). Two-way ANOVAs were run lor these analyses. 

Standard table and loxproportional hazards methods 
were used to examine risk of early recurrence, and disease 
related death associated with AE immunostaining. 

The distribution and intensity of staining for each 
enzyme and the following prognostic factors were also 
compared to the following prognostic factors: tumor size, 
type, histologic grade, nuclear grade, c-erb-B2 amplifica- 
tion, disease free interval, and overall survival. 

Results 

There were a total of 95 lymph node negative cases 
which had representative invasive cancer remaining in 
the tissue block after sectioning and immunostaining. 
The patients '  ages range from 24-90 years of age (mean 
= 58.3). Tumor sizes ranged from 0.3 to 7 cm (mean = 2.3 
cm). No patient in this study received adjuvant therapy. 
The histologic types of the tumors examined included 77 
invasive ductal  carc inoma not otherwise specif ied 
(NOS), 6 invasive lobular canccrs, 2 mixed ductal and 
lobular and 10 tumors of special types (i. e., medullary, 
tubular, colloid). The histologic grades were: 28/78 
(36%) grade 1, 38/78 (49%) grade 2, and 12/78 (15%) 
grade 3. Nuclear grades were: 18% - grade 1, 50% - 
grade 2, 32% - grade 3. Quantitative estrogen receptor 
(ER) and progesterone receptor (PR) results were avail- 

able in 75 cases: 56% of tumors were ER positive and 
55% were PR positive. The percentage of tumors show- 
ing positive antioxidant enzyme immunostaining were: 
84% for MnSOD, 96% for CuZnSOD, and 67% for cata- 
lase (7ktble 1). Patterns of immunostaining are illustrated 
in Figures 1 ~ .  Well differentiated tumors (Figure 4) and 
its benign, differentiated ductal epithelial cells of  origin 
(not shown) tended to show coarse perinuclear and cyto- 
plasm granular staining of luminal surfaces or cells with 
MnSOD, with variable intensity. Staining was prominent 
at the luminal surface of tumor cells in tumors with gland 
formation (Figure 4), this luminal staining was also seen 
in benign, non-proliferative differentiated extralobular 
ducts and terminal lobular or ductular units (Figure la). 
Myoepithelial cells of differentiated ducts were usually 
negative while those in the terminal Iobular unit were 
occasionally positive (Figure la). Positive immunos- 
tained stroma or basement membrane could often be 
observed at the tumor interface. Tumors exhibiting poor 
gland formation showed intense MnSOD staining in cells 
located at the periphery of tumor cell nests, the centers of  
solid tumor nests showed less MnSOD staining (Figure 
lb and Figure lc). Staining patterns of  CuZnSOD and 
CAT ranged from variable granular cytoplasmic to local 
membranous staining. In general, CuZnSOD immunos- 
taining intensity was less than that of the other enzymes 
in all cases. CuZn often accentuated a rim of peripheral 
cytoplasm in many tumor cells (Figure 2). Diffuse stain- 
ing of the fibrous stroma was observed for catalase in 
many cases, and CuZnSOD in fewer, particularly when 
the tumor had a marked desmoplastic stromal response. 
In those cases, the desmoplastic stroma appeared to stain 
more strongly than the normal stromal componcnt of  the 
breast. CuZuSOD highlighted just the basement mem- 
brane and connective tissue immediately adjacent to the 
benign epithelium, epithelial stromal interface (for tumor 
nests) more specifically than the other enzymes and CAT 
stained the tumor microvasculature. When an intraductal 
component was present, there was often prominent  
periductal immunostaining of small vessels by CAT. The 
in situ component was often negative or only weakly pos- 
itive for all three enzymes, except when that component 
had high nuclear grade or necrosis. Proliferative ductal or 
lobular epithelium showed more positive cells and high- 
er intensity ofstaining than non-proliferative and involut- 
ed epithelium. 

Enzyme imrnunostaining was greater in tumor cells 
compared to benign adjacent epithelium (of appropriate 
differentiation) in greater than 40% of the tumors analyzed 
for all three enzymes as determined by the difference in 
the mean value for intensity and distribution of tumor 
immunostaining versus the mean values for intensity and 
distribution of adjacent benign epithelium staining for 
each enzyme (Table 2 and Figure 5). Differentiated medi- 
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Figure la-c. Rare cytoplasmic MnSOD immunostaining and prominent accentuation of basement membrane or epithelial-stromal 
interace (2-3+ intensity) in a terminal ductule and lobule of benign epithelium. Rare myoepitheliaI cells appeared to show cyto- 
plasmic staining. Note stromal and inflammatory cells. Immunoperoxidase, lOOx. (a) A different case showing staining of the 
epithelial stromal interface of infiltrating malignant epithelium. Immunoperoxidase lOOx; (c) Coarsely granular cytoplasmic 
MnSOD immunostaining, (3+intensity), can be seen in this moderately differentiated ductal cancer. Immunoperoxidase; 200x. 
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Figure 2. CuZnSOD (2-3+ intensity) immunostaining of breast carcinoma. Immunoperoxidase, 200x. Note the accentuation seen 
at the periphery of the cytoplasm in many cells characteristic of CuZn immunostaining. 

Figure 3. Characteristic immunostaining patterns for catalase in this moderately differentiated breast cancer. Immunoperoxidase, 
200x. Note 3+ "'membranous" and 2-3+ intensity cytoplasmic granular staining 
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Figure 4a, b. (a) Catalase cytoplasmic and microvessel staining in a well differentiated carcinoma lmmunoperoxidase, lOOx; (b) 
Catalase staining at higher magn~'cation. 200x. 

um sized ducts, or extralobular ducts, were used for com- 
parison to ductal and special type cancers; terminal ductu- 
lar units or lobular acini were used for lobular carcinomas. 
The next most frequent result was for tumor immunostain- 
ing to be equal to that of the benign adjacent epithelium. 
In less than 10-14% of cases, tumor stained less than the 
benign adjacent epithelium. 

The difference between the paired means, where each 
pair w~is the difference between the staining value for the 
tumor minus the staining value for the adjacent benign tis- 

Table 2. Comparison of Invasive Tumors with Benign 
Differentiated Adjacent Epithelium 

Enzyme *No of Tumors *No. of Tumors *No. of Tumors 
> Ben~;n = Benign <Benign 

Epithelium Epithelium Epithelium 
(%) (%) (%) 

MnSOD 33/71 (44%) 35/71 (4%) 3/71 (4%) 
CuZnSOD 28/69 (41%) 37/69 (54%) 4/69 (6%) 
CAT 34/75 (45%) 38/75 (51%) 3/75 (4%) 

* Includes only the positive immunostained cases for each 
enzyme (see Table 1) for which both invasive tumor and 
benign adjacent epithelium was present on immunostained 
sections; therefore, denominators vary and are not necessar- 
ily equal to 95. 

sue, with the exception of CuZnSOD, were significant at a 
level of  p < 0.05 (Figure 5). 

When only invasive ductal carcinomas were considered 
(all other types excluded) and divided into 2 groups by 
age, women _< 50, and patients > 50 years of age, ANOVA 
analyses revealed that the mean staining values for all 
enzymes (staining intensity and distribution or percentage 
of cells stained) were greater for patients who were 50 
years old or younger (data not shown). This affect of  age 
was significant at p < 0.05 for MnSOD intensity (p = 
0.0269), CuZnSOD (p = 0.0160) distribution of staining 
only. There was no interaction between age (dichoto- 
mized) and tumor immunostaming. 

Comparison of the difference of the mean staining values 
(tumor versus benign cells) with prognostic markers includ- 
ing ER, PR, histologic grade, nuclear grade and outcome 
revealed that CAT immunostaining correlated w.zth both 
nuclear grade and outcome. Specifically, the distribution or 
percentage of positive CAT staining tumor cells correlated in 
a direct linear fashion with nuclear grade (correlation coeffi- 
cient r = 0.293, p < 0.05) and inversely with disease free or 
time to relapse (correlation coefficient r = ~').213, p < 0.05). 
The intensity of CAT immunostaining also inversely corre- 
lated with the disease free interval (r = ~).232, p < 0.05). 
Tumors without detectable immunostaining tended to be low 
nuclear grade and small tumors, but this trend did not reach 
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Figure 5. The frequencies of differences in mean values for tumor staining (intensity and distribution) versus benign differenti- 
ated epithelium for each antioxidant enzyme. MnI stain = mean intensity for MnSOD immunostaining. MnD stain = mean dis- 
tribution for MnSOD immunostaining. CuZnI stain = mean intensity for CuZnSOD immunostaining. CuZnD stain = mean 
distribution for CuZnSOD immunostaining. Cat I stain = mean intensity for catalase immunostaining. Cat D stain = mean dis- 
tribution for catalase immunostaining. Tumor-Benign = differences in the mean immunostaining values obtained or the mean 
immunostaining values across the tumors minus the mean immunostaining values of the corresponding, appropriate benign dif- 
ferentiated epithelium. Frequency = the equency or percentage of tumors staining less than equal to, or greater than, benign 
epithelium. 

statistical significance. Positive immunostaining of tumor 
cells for antioxidant enzymes did not show statistically sig- 
nificant correlations with tumor type or hormonal status. 

Discussion 

Free radicals (FRs) are critical mediators of many 
important biological processes, including inflammation, 
mitosis, cell differentiation, and apoptosis. 1-9 Steady state 
levels of intracellular free radicals are of concern since 
the persistence or overabundance of reactive oxygen 
species (ROS) can result in profound deleterious effects 
in ceils or organisms, including carcinogenesis and cell 

death. Intrinsic antioxidant systems exist to protect the 
host from such potential damage. 

Study of these free radical scavengers may not only 
further elucidate their role in the pathobiology of breast 
cancer, but also promises to offer vital clues for future 
preventive and therapeutic approaches to breast cancer. 

Further, there is growing observational evidence from 
clinical trials supporting a preventive role for antioxidants 
in general, namely increased intake of small molecular 
weight antioxidants such as 13-carotene and vitamin E. 1~ 

The relationship of endogenous AE regulation and carcino- 
genesis is currently being actively investigated, v-9'11.12.17 The 

implications for AE in both prevention and treatment (e.g., 
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direct effects and interaction with radiotherapy or 
chemotherapy) has led to this intense interest. Antioxidant 
enzymes are lower in content and activity in transitional 
cell carcinoma, and some malignant renal tumors, s13'~4 In 
contrast, malignant ovarian epithelial tumors, lung, colon, 
gastric and brain malignancies have been reported to have 
higher levels of the AEs as measured by mRNA levels, bio- 
chemically or immunohistochemically compared to benign 
counterpartsJ 6'17'22 AEs are abnormal in breast cancers and 
have been reported as low in some studies, relative to dif- 
ferentiatefi benign breast tissue, 2'8 and high in othersJ 7 One 
study, looking at enzymatic activities, reported significant 
overiap between tumor and benign epithelium for MnSOD 
levelsY 

Decreased antioxidant enzyme activity was observed in 
some breast cancers compared to metabolically active 
benign tissues. 23 Enzyme activities were compared, how- 
ever, to enzyme activities of  predominantly non-mamma- 
ry tissues or breast tissue from other patients. 23 Further, 
studies reporting abnormal antioxidant enzyme activities 
of breast cancers which use tissue homogenates inevitably 
contain tumor and a variable amount of non tumor tissue, 
e.g., stroma, blood vessels, inflammatory cells. Assuch, 
results may not accurately reflect antioxidant enzyme lev- 
els in breast cancer cells versus benign breast epithelium. 
Increased mRNA levels in studies without corresponding 
protein studies do not establish an increase in actual AE 
protein. Immunohistochemistry on the other hand allows 
direct visualization of tumor immunostaining for each 
enzyme and as well as the cellular compartment involved. 
Immediate comparison of adjacent benign tissue from the 
same patient, same breast, with identical tissue processing 
offers obvious advantages over other approaches. The 
ability to use archival paraffin embedded tissues for which 
outcome data and other prognostic information can be 
readily available is an additional advantage with regard to 
postulating the pathobiologic significance of AEs in breast 
cancer. 

We demonstrated that antioxidant enzymes (AEs) were 
immunohistochemically detectable in the majority of the 
breast cancers we tested. Immunodetectable AEs showed 
significant overlap in staining intensity and distribution 
with the benign differentiated epithelium from which it 
derived, i.e., medium sized ducts and extralobular ducts or 
ductules for ductal carcinomas, and lobular acini or termi- 
nal ductular units for lobular carcinoma. When staining 
values of  tumors differed compared to benign adjacent 
mammary epithelium, they wer6 most often increased. 

These observations are supported by a recent study 
which analyzed a small group of human breast cancers and 
found had elevated MnSOD mRNA and NTnSOD enzy- 
matic activity compared to normal breast tissue, suggest- 
ing increased expression of antioxidant enzyme genes in 
breast carcinoma.~7 Further, tumor necrosis factor (TNF), 

a multifunctional polypeptide cytokine associated with 
cachexia and tumor toxicity in experimental animals, has 
been shown to induce MnSOD mRNA. ~v'24-26 The role of 
increased or inducible AE levels is not clear at present. 
Care should be taken in future studies to standardize or 
agree on what constitutes appropriate "control" tissues or 
cell populations. The cyclic physiologic changes in breast 
microanatomy and function which occur with menses or 
the terminal differentiation and metabolic activity of  lacta- 
tion were not tested. Our choice of benign control, i.e., 
adjacent tissue, did offer the advantage of being from the 
same patient and subjected to the same fixation and pro- 
cessing conditions as the tumor. 

Our findings of CAT enhancement of tumor microvas- 
culature and the correlation of increased CAT immunos- 
raining with poor prognostic factors are provocative. It is 
possible that tumors take advantage of host enzymes, i.e., 
increased AEs in microvasculature potentially protect 
blood supply for tumor growth, for their own protection or 
progression. Conversely, inducible levels of AEs in tumor 
vasculature may provide protection to the host against high 
levels of FRs and ROS produced by the tumor. Damage to 
vascular endothelium is thought to play an important role 
in metastasis and such endothelial injury has been shown to 
be produced by FRs in melanoma cell lines. 27 The implica- 
tions of  CAT staining with respect to angiogenesis, tumor 
progression, and metastasis are intriguing. While mean 
MnSOD immunostaining levels showed similar trends as 
the other AEs, the pattern of staining was characteristic of  
this particular AE. Positivity was often restricted to the 
edges or outside layers of cells in the invading tumor nests. 
In other words, all the positive cells were at the edges while 
the center of tumor nests, especially large non-gland form- 
ing groups, were very often entirely negative. This trend 
has been observed in prostate cancers as well (unpublished 
data). Interestingly, in prostatic adenocarcinoma immun- 
odetectable MnSOD is absent in in situ lesions, appearing 
only in invasive lesions (unpublished data). We did not 
specifically look at in sLtu breast cancers in this study. 
However, when an in sztu component was present, ductal 
or lobular, it tended to stain with low intensity if at all. 
Exceptions included those non-invasive with high grade 
nuclei or features of comedo ductal carcinoma in situ. 
Coarsely granular staining isconsistent with MnSOD's 
known mitochondrial localization. The CuZnSOD pattern 
of CuZnSOD immunostaining was also interesting, often 
showing a very striking "zonal" preference at the periphery 
of the tumor cells' cytoplasm. The pattern of staining was 
often "smooth" as opposed to granular, suggesting a 
cytosolic yet zonally restructured location. Granular cyto- 
plasmic staining, consistent with organelle associated AE 
protein, and nuclear staining were observed. 

Further studies are necessary to elucidate the biological 
functions of antioxidant enzymes in breast cancer. It is not 
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c lear  wha t  role e levated AEs  play in tumor  cells or 

whe the r  it is a host  specific or tumor  specific phenomenon .  

In vitro studies demons t ra t ing  tumor  suppressor  activity in 

MCF-7  cells t ransfec ted  with M n S O D  ~9 and abol i t ion of  

D N A  damage  by  increased catalase ~'u'~2 suggests  that  

increased AEs  are host  protect ive.  The  funct ional  integri-  

ty or act ivi ty of  e levated  AEs  needs  to be specif ical ly 

addressed.  Deta i led  charac ter iza t ion  of  different  s taining 

profi les of  h u m a n  lactzferous ducts,  segmenta l  ducts,  sub- 

sequent ,  ex t ra lobula r  and in t ra lobular  ducts compared  to 

ma l ignan t  ductal  cells f rom the same pat ient  would  be use- 

ful. The  best  d i f ferent ia ted  ben ign  controls  for lobular  can-  

cer may  not  be that  of  benign  adjacent  lobules,  ra ther  lac- 

ta t ion is the endpo in t  of  different ia t ion for that  compar t -  

ment .  Ana lys i s  of  cy tok ines  in re la t ionship  to CAT 

immunos t a in ing  m i g h t  provide  very  exci t ing informat ion  

about  breas t  cance r  g rowth  and progression.  Hopeful ly ,  

this pa thogene t i c  in fo rmat ion  can be t ransla ted quickly  

into breas t  cance r  p reven t ion  and nonsurgica l  t rea tment  

strategies. 
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