Virchows Archiv (1994) 424:155-164

© Springer-Verlag 1994

ORIGINAL ARTICLE

Terry D. Oberley - Joan M. Sempf
Matthew J. Oberley - Michael L. McCormick
Kenneth E. Muse - Larry W. Oberley

Immunogold analysis of antioxidant enzymes in human renal cell

carcinoma

Received: 17 August 1993 / Accepted: 31 December 1993

Abstract Analysis of activities of the antioxidant en-
zyme manganese superoxide dismutase in human renal
cell carcinomas often showed greatly altered enzyme
levels (either elevated or depressed) compared to the cell
of origin, the kidney proximal tubule. In order to better
understand the variability observed, immunogold stud-
ies were performed on human renal cell carcinomas us-
ing a polyclonal antibody to human kidney manganese
superoxide dismutase. For comparison, studies were al-
so performed using antibodies to other antioxidant en-
zymes. For histologic studies, renal cell carcinomas were
subclassified on the basis of light microscopy and ultra-
structural analysis into clear cell, granular cell, or mixed
clear and granular cell variants. In all three types of
tumor, immunogold studies showed little staining using
antibodies to copper, zinc superoxide dismutase or glu-
tathione-dependent enzymes. However, intensity of la-
beling for manganese superoxide dismutase and cata-
lase depended on the cell type(s) in the tumor. Clear cell
variants demonstrated trace staining for manganese su-
peroxide dismutase and catalase, while granular cell
variants exhibited heavy staining for both of these en-
zymes. Mixed types of tumors showed clear cells with
trace staining for all antioxidant enzymes examined,
while granular cells again showed intense labeling for
manganese superoxide dismutase and catalase. Using
normal kidney proximal tubule as a comparison, im-
munogold ultrastructural analysis using antibody to
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manganese superoxide dismutase demonstrated infre-
quent small lightly labeled mitochondria in clear cell
variants, while granular cell variants exhibited numer-
ous medium-sized heavily labeled mitochondria. These

-data suggest that: 1) the variability in activity values for

manganese superoxide dismutase may be due to hetero-
geneity of cell types in these tumors and 2) manganese
superoxide dismutase immunoreactive protein was ele-
vated in granular cells both because of an increase in
number of mitochondria and because the labeling densi-
ty in mitochondria was increased compared to mito-
chondria in clear cell types or in normal proximal tubu-
lar cells.
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Introduction

Studies of experimental animal tumor models in our
laboratories have prompted us to conclude that antiox-
idant enzymes (AEs) are generally lower in cancer cells
than in their normal cell counterparts (Oberley and
Oberley 1986). However, data from recent studies have
challenged this concept, since at least one AE, man-
ganese superoxide dismutase (MnSOD), has very high
activity in certain human tumors, including mesothe-
lioma (Westman and Marklund 1981) and renal cell car-
cinoma (Yang et al. 1987). In addition, several human
tumors show elevated levels of MnSOD immunoreac-
tive protein, including ovarian cancer (Nakata et al.
1992), neuroblastoma (Kawamura et al. 1992), and lung
cancer (lizuka 1984); it is not known whether enzyme
activities are correspondingly elevated in these latter tu-
mors, since activity studies were not performed.

The question of whether AEs are altered in cancer is
of significant importance since depression of AEs results
in elevated levels of reactive oxygen species (ROS),
which can result in cell damage (Sies and Cadenas 19853),
mutation (Moraes et al. 1991), cell proliferation (Armato
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et al. 1984; Shibanuma et al. 1988; Oberley 1985; Bur-
don and Rice-Evans 1989; Murrell et al. 1990; Craven et
al. 1986), and can in fact be carcinogenic (Kennedy et al.
1984). In contrast, recent studies have demonstrated
that overexpression of one AE, MnSOD, by transfection
of the cDNA for MnSOD suppressed the malignant
phenotype of human melanoma cells (Church et al.
1993). Further, recent studies suggest that MnSOD is a
tumor suppressor gene in SV-40 transformed human
fibroblasts (Bravard et al. 1992a; Bravard et al. 1992b).
Elevation of AEs in tumors can have clinical signifi-
cance since such elevation may cause tumor cells to be
resistant to chemotherapeutic agents. It has, in fact,
been demonstrated that resistance of certain human tu-
mors to chemotherapy is associated with elevated levels
of glutathione transferases (Coles and Ketterer 1990). It
has been recently shown in culture that human
melanoma cells overexpressing MnSOD are resistant to
chemotherapeutic agents known to generate ROS and
to irradiation, which is also known to generate ROS
(Hirose et al. 1993). Therefore, determination of the level
of AEs in human tumors may have practical relevance
to human therapy. Most importantly, these combined
results suggest that either over- or under-expression of
AEs may dramatically affect tumor cell behavior.

Our laboratories previously reported one example of
a human renal adenocarcinoma in which MnSOD ac-
tivity was elevated, although copper, zinc superoxide
dismutase (CuZnSOD), catalase (CAT), and glutathione
peroxidase (GPX) activities were lower than in the cell
of origin, the proximal tubule (Yang et al. 1987). Since a
few other studies have now suggested that decreased
AESs are not markers of human neoplasia, we decided to
examine this issue by studying human renal carcinoma
(also called renal adenocarcinoma) in some detail. Our
results show heterogeneity in activity and immunoreac-
tive protein in human renal cell carcinomas. Possible
implications of these findings for human cancer biology
and therapy are discussed.

Materials and methods

Tissue procurement

For biochemical analysis, renal cell carcinomas were obtained
from the Cooperative Human Tissue Network in Columbus, OH,
USA. Normal human kidney tissue for biochemical analysis was
obtained from patient autopsies performed within 24 hours after
death. Proximal tubules were isolated from buman kidneys as
previously described (Yang et al. 1987). All tissue for biochemical
analysis was frozen at ~70° C until used. Tissues (paraffin blocks)
for light microscopic immunogold studies were obtained from the
Department of Surgical Pathology at the University of Wisconsin
Center for Health Sciences, the combined autopsy facilities of the
University of Wisconsin and VA Hospital, Madison, WI, and the
Pathology and Laboratory Medicine Service at the VA Hospital.
Fresh tumor and normal kidney tissue for immunogold ultra-
structural studies was obtained from surgical nephrectomies and
immediately fixed for subsequent ultrastructural analysis.

Tissue diagnosis

Light microscopic diagnosis was performed by a team of surgical
pathologists at the VA Hospital, Madison, WI and the University
of Wisconsin Center for Health Sciences. Multiple sections were
made from all areas of each tumor so that they could be correctly
classified as clear cell, granular cell, or mixed clear and granular
cell types. All tumors used for morphologic analysis in this study
had the tumor diagnosis confirmed by electron microscopic anal-
ysis by one of the authors [TDO]; however, tumors used for bio-
chemical analysis were not analyzed by light or electron mi-
croscopy since the material was obtained from a tissue registry in
which pathologic reports but not slides were made available.

Tissue preparation for MnSOD enzyme activity analysis

Sixteen renal cell carcinomas, four normal kidneys, and one sam-
ple of isolated human kidney proximal tubules were analyzed for
MnSOD enzyme activity. Frozen tissue was thawed and minced in
50 mM phosphate buffer, pH 7.8. Sample preparation consisted of
two 15-second bursts with a homogenizer (Tekmar Tissumizer®,
Cincinnatti, OH, USA), 50% power, followed by two 15-second
bursts with a sonicator (Sonics and Materials, Banbury, CT,
USA), 600 watts, 10% power.

Determination of MnSOD activity

MnSOD activity was assessed in whole homogenates by the re-
vised method of Spitz and Oberley (1989).

Protein was determined by the method of Lowry et al. (1951).
MnSOD activity was calculated per mg protein. The SOD activity
reported here is the average of two determinations on a single
sample.

Antibody production and characterization

Polyclonal antisera used included anti-human kidney MnSOD,
anti-bovine liver CuZnSOD, anti-bovine liver CAT, anti-human
erythrocyte GPX, anti-human glutathione transferase-placenta
(GST-P), and anti-rat glutathione transferase-liver (GST-L). The
specificity of these antibodies has been previously described and
characterized (Oberley et al. 1987; Spitz et al. 1990; Oberley et al.
1990; Oberley et al. 1991b; McCormick et al. 1991; Oberley et al.
1993).

Western blots

Procedures for Western blots have been previously described
(Oberley et al. 1987; Spitz et al. 1990; Oberley et al. 1990; Oberley
et al. 1991b; McCormick et al. 1991; Oberley et al. 1993). Protein
samples were transferred to nitrocellulose from denaturing poly-
acrylamide gels employing the method of Towbin et al. (1976). The
primary antisera dilution for MnSOD was 1:300.

Light microscopy immunogold techniques

For immunogold analysis, 25 renal cell carcinomas were exam-
ined: 14 clear cell, 4 granular cell, and 7 mixed clear and granular
cell tumors. The tumors were classified on the basis of examina-
tion of multiple hematoxylin and eosin stained sections from var-
ious areas of each tumor and following ultrastructural analysis.
The micrographs presented in the Results are representative of the
results obtained with each tumor type. In addition, two normal
adult kidneys were used for light microscopic immunogold analy-
sis. Other adult kidney tumors, including papillary carcinoma,
chromophobe cell carcinoma, collecting duct carcinoma, and
oncocytoma were all excluded from this study. Tumors selected
for this study were analyzed using immunogold methods since we



have demonstrated that this method is more sensitive than im-
munoperoxidase techniques and therfore of more utility when
examining routine fixed archival material (unpublished observa-
tions).

Four-um sections were cut from paraffin blocks, mounted on
slides coated with 3-aminopropyltriethyloxysilane to ensure adhe-
sion during processing, and dried overnight. The slides were then
placed in an oven at 56° C for 60 min to melt the paraffin. Re-
moval of paraffin was accomplished by placing the slides sequen-
tially in xylene four times (10 min each), 100% ethanol two times
(2 min each), 95% ethanol, 70% ethanol, 50% ethanol, and dis-
tilled water (2 min each). The slides were then washed in Tris-
buffered saline (0.05 M Tris, 2.5% NaCl, pH 7.4: TBS). They were
incubated with 100 pl of a 1:10 dilution of normal goat serum for
15 min. After removing the serum, 100 pl of rabbit primary anti-
body (1:200 dilution) was added to the tissue sections, which were
then incubated overnight at 4° C. The sections were rinsed in TBS
with 0.1% bovine serum albumin for 5 min. The buffer was re-
moved, and then secondary antibody conjugated to 5 nm colloidal
gold particles (1:100 dilution) was added for 60 min at room
temperature. The sections were rinsed again in TBS with 0.1%
bovine serum albumin for 5 min. They were then fixed in 2.5%
glutaraldehyde in TBS for 15 min and washed thoroughly in dis-
tilled water. Silver enhancer solution was added (Sigma Chemical,
St. Louis, MO, USA). The sections were developed in the en-
hancer until the desired staining intensity was reached (5-10 min).
The sections were rinsed in distilled water and placed in 2.5%
aqueous sodium thiosulfate for 2 min. They were washed in dis-
tilled water, counterstained with hematoxylin, dehydrated in
ethanol, cleared in xylene, and coverslipped. Controls contained
saline or normal rabbit serum (Sigma Chemical) in place of the
primary antibody.

Conventional electron microscopy

Techniques for electron microscopy have been previously de-
scribed (Gonzalez et al. 1990).

Immunoelectron microscopy

Three cases of clear cell variant of renal adenocarcinoma, three
cases of granular cell variant of renal adenocarcinoma, one case
composed of mixed clear and granular cells, and two normal kid-
neys were studied by immunoelectron microscopy. Procedures
and controls for immunogold electron microscopy have been pre-
viously described (St Clair et al. 1992; Coursin et al. 1992). Dis-
tinct cellular and subcellular labeling greater than background
was regarded as positive. Cells were then evaluated for relative
degree of probe density, ranging from strongly immunoreactive to
no label at all. Results presented in this study were from samples
treated identically and labeled at the same time and therefore
labeling intensity was directly comparable.
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Results

MnSOD activity in human renal tissues

MnSOD activity in human renal cell carcinomas
showed great variation (7 U/mg-1235 U/mg protein
[Table 1]). More importantly, these values were often
either elevated or depressed in individual tumors com-
pared to normal kidney tissue (144-152 U/mg protein).
Compared to the cell of origin (the proximal
tubule=126 U/mg protein), one renal cell carcinoma
had approximately ten times more activity, while anoth-
er renal cell carcinoma had 18 fold less activity. Com-
pared to normal kidney or proximal tubule, histogram
analysis showed 5 tumors with significantly elevated ac-
tivity, 5 tumors with significantly depressed activity, and
6 tumors with activities similar to control normal kid-
ney (data not shown). Western blot analysis of each of
these specimens showed co-migration of bands with pu-
rified MnSOD and levels that generally agreed with the
activity values (data not shown). It should be empha-
sized that renal adenocarcinomas used for biochemical
analysis were not subclassified into clear cell, granular
cell, or mixed cell variants. We decided to further ana-
lyze the reason(s) for the variability observed by per-
forming morphologic and immunogold analysis of se-
lected renal cell carcinomas.

Light microscopy

Tumors for histologic analysis were subdivided into
clear cell variants, granular cell variants, or mixed tu-
mors based on cytoplasmic staining properties follow-
ing routine hematoxylin and eosin staining. Light mi-
croscopy demonstrated that clear cell variants had
clear, light staining cytoplasm, while granular cell vari-
ants had intensely dark red staining (eosinophilic) cyto-
plasm. Mixed tumors were composed of both cell types
in varying proportions.

Conventional electron microscopy

All tumors used in this study for histologic analysis were
also examined by electron microscopy. Clear cell vari-

Table 1 MnSOD activity in

human renal adenocarcinomas Activity Activity
and normal renal tissue*® Sample (U/mg) Sample (U/mg)
# 1 Renal Adenocarcinoma 154 #12 Renal Adenocarcinoma 59
# 2 Renal Adenocarcinoma 714 #13 Renal Adenocarcinoma 180
# 3 Renal Adenocarcinoma 326 #14 Renal Adenocarcinoma 53
# 4 Renal Adenocarcinoma 1,075 #15 Renal Adenocarcinoma 7
# 5 Renal Adenocarcinoma 1,235 #16 Renal Adenocarcinoma 56
# 6 Renal Adenocarcinoma 634 #17 Normal Kidney 151
# 7 Renal Adenocarcinoma 651 4#18 Normal Kidney 182
4# 8 Renal Adenocarcinoma 241 4#19 Normal Kidney 156
# 9 Renal Adenocarcinoma 141 #20 Normal Kidney 144
* Result ted h #10 Renal Adenocarcinoma 25 #21 Isolated Human 126
esults presented as the #11 Renal Adenocarcinoma 217 Kidney Proximal Tubule

average of two determinations
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Fig. 1 Immunogold staining of human proximal tubule and
glomeruli. (a) Hematoxylin and eosin (H and E) stain of proximal
tubules (PT) and glomeruli (G). (b) Anti-MnSOD. Proximal
tubules demonstrated heavy granular cytoplasmic staining (ar-
row). Glomeruli exhibited trace staining. (c¢) Anti-CuZnSOD.
Proximal tubules showed intense nuclear and diffuse cytoplasmic
staining. Glomeruli exhibited trace staining. (d) Anti-CAT. Proxi-
mal tubules demonstrated heavy granular cytoplasmic labeling
(arrow). Glomeruli exhibited trace labeling. (e} Anti-GPX. Proxi-

mal tubules showed heavy granular and diffuse cytoplasmic label-
ing. Glomeruli demonstrated light staining. Moderate staining of
smooth muscle cells of renal arteries (A) was observed. (f) Anti-
GST-P. Proximal tubules exhibited heavy diffuse cytoplasmic la-
beling. (g) Anti-GST-L. Proximal tubules showed heavy nuclear
(arrow) and diffuse cytoplasmic staining. Glomeruli did not show
staining. (h) Normal rabbit serum (NRS). Tissues did not show
significant staining (a—h) x 700



Fig. 2 Immunogold staining of a clear cell variant of human renal
cell adenocarcinoma. (a) Hematoxylin and eosin (H and E) stain.
Tumor cells were arranged in nests or glands. The nucleus was
relatively small and the cytoplasm was clear. Tumor cells showed
light granular peripheral cytoplasmic staining for: (b) Anti-Mn-
SOD (arrow) and (d). Anti-CAT (arrow). These cells showed light
diffuse peripheral cytoplasmic staining for: (¢) Anti-CuZnSOD
(arrowy); (e) Anti-GPX; (f) Anti-GST-P; and (g) Anti-GST-L. Stro-
mal cells of tumor showed light labeling with antibodies to glu-
tathione dependent enzymes (arrows, e-g). For comparison to the
cell of origin, see proximal tubule in Fig. 1. Tumor cells did not
show significant staining with normal rabbit serum (NRS) (h). a-h,
x 700
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ants showed lipid droplets and glycogen in the cyto-
plasm, a few peripherally located small mitochondria,
microvilli at the cell surface, and basement membrane
outside the cells. Granular cell variants had numerous
medium-sized mitochondria located throughout the cell
cytoplasm, and the cell cytoplasm did not demonstrate
significant lipid or glycogen. The cell surface of the gran-
ular variant also showed microvilli, and there was base-
ment membrane outside the cells. Mixed tumors
showed varying proportions of these two cell types.
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Fig. 3 Immunogold staining of a granular cell variant of human
renal cell adenocarcinoma. (a) Hematoxylin and eosin (H and E)
stain. Tumor cells were arranged in nests or glands. The nucleus
was relatively small and the cytoplasm was granular. Tumor cells
showed intense diffuse cytoplasmic staining (arrows) for: (b) Anti-
"MnSOD and (d) Anti-CAT. These cells showed light diffuse cyto-
plasmic labeling for: (¢) Anti-CuZnSOD; (e) Anti-GPX; (f) Anti-
GST-P; and (g} Anti-GST-L. Nuclei stained heavily with antibody
to CuZnSOD (¢, arrow). As an internal control with anti-GPX (e),
a small renal artery (A) showed significant labeling, while the
tumor exhibited light staining. For comparison to cell of origin,
see proximal tubule in Fig. 1. (h). Tumor cells did not show sig-
nificant staining with normal rabbit serum (NRS). a~h, x 700

Light microscopic analysis of antioxidant
enzyme staining patterns in normal kidney
and renal cell carcinomas

Enzyme staining patterns were studied in the cell of
origin of the renal cell carcinoma, the proximal tubule.
The proximal tubule showed heavy granular cytoplas-
mic staining for MnSOD (Fig. 1b), intense nuclear and
diffuse cytoplasmic staining for CuZnSOD (Fig. 1c),
heavy granular cytoplasmic labeling for CAT (Fig. 1d),
heavy granular and diffuse cytoplasmic staining for
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Fig. 4 Ultrastructural immunogold analysis of human kidney
cells using antibody to MnSOD. (a) Clear cell variant of renal
adenocarcinoma. Small oval mitochondria located along the pe-
riphery of the cell showed light staining for MnSOD (arrow). (b)
Clear cell variant of renal adenocarcinoma. Normal rabbit serum
(NRS) control. Mitochondria did not exhibit labeling (arrow). (¢}
Granular cell variant of renal adenocarcinoma. Numerous medi-
um-sized oval mitochondria located throughout the cytoplasm
showed moderate-heavy staining for MnSOD (arrow). (d) Normal
human kidney proximal tubule. Numerous large branching mito-
chondria located at the base of the proximal tubular cells showed
light staining for MnSOD (arrow). a—d, x 19 200

GPX (Fig. le), heavy diffuse cytoplasmic staining for
GST-P isolate (Fig. 1f), and strong nuclear and diffuse
cytoplasmic labeling for GST-L isolate (Fig. 1g).

Clear cell adenocarcinomas of the kidney demon-
strated low staining for all AEs (compare proximal
tubule in Fig. 1 to clear cell adenocarcinoma in Fig. 2).
All clear cell variants (n=14) showed a similar staining
pattern. The granular cell type of renal cell adenocar-
cinoma showed low staining of all enzymes studied ex-
cept MnSOD and CAT (Fig. 3); these two enzymes la-
beled heavily in granular cells. All tumors composed of
granular cell variants (n=4) or mixed clear and granular
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cell tumors (n=7) demonstrated identical labeling char-
acteristics of granutar all types. In mixed cell tumors, all
clear cells had low level of staining for AEs, while all
granular cells had high levels of MnSOD and CAT. The
distribution of staining for the granular cell type of renal
adenocarcinoma was different than in the cell of origin;
the proximal tubule showed heavy granular staining for
both MnSOD and CAT, while the staining in the granu-
lar variant was diffuse for both of these antibodies (com-
pare Fig. 3 to Fig. 1).

In all cases analyzed in this study, adjacent nonin-
volved renal parenchyma showed the same staining pat-
tern as normal kidney; importantly, adjacent proximal
tubules exhibited moderate to heavy labeling for all AEs
at the same time that tumors showed little staining.
These positive internal controls suggested that negative
staining of tumors indicated that they had very little
immunoreactive protein.

Immunogold electron microscopy

Ultrastructural analysis of clear cell adenocarcinomas
demonstrated infrequent small peripheral mitochon-
dria, while the granular cell type showed numerous
medium-sized mitochondria  arranged  diffusely
throughout the cytoplasm. The mitochondria of the
granular cell type were larger than those of the clear cell
type. Electron microscopy was performed in all of the
renal adenocarcinomas used for histologic analysis in
this study and they all showed the mitochondrial mor-
phology described above. In contrast, proximal tubules
from normal kidney exhibited extremely large branch-
ing mitochondria which were often located in the basal
cytoplasm of the cell. The relationships summarized
above for mitochondrial morphology, size, and number
are illustrated in Fig. 4 in the ultrastructural im-
munogold analysis described below. Relative mitochon-
drial size, number, and morphology can be directly
compared in Fig. 4 since these micrographs are all at the
same magnification.

In order to better understand the altered staining
patterns in renal adenocarcinomas compared to their
cell of origin (the proximal tubule), we used ultrastruc-
tural immunogold techniques to study the distribution
of this enzyme in normal and neoplastic tissue. Using
immunogold techniques, all of these cell types stained
with anti-MnSOD (Fig. 4), although the mitochondria
of the granular variant of renal adenocarcinoma ap-
peared to have the highest labeling density. All clear cell
tumors examined had the same ultrastructural im-
munogold staining pattern (n = 3); similarly, all 3 granu-
lar cell tumors studied had the same labeling pattern.
The 1 mixed cell tumor examined demonstrated clear
cells with infrequent small lightly labeled mitochondria,
while granular cells in the same tumor showed numer-
ous medium-sized heavily labeled mitochondria. No sig-
nificant immunolabeling was observed in the sections
prepared under control conditions.

Discussion

The reliability of the present results depends largely on
the specificity of the antibodies used for analysis. We
have previously demonstrated using Western blot anal-
ysis that our antibodies are highly specific (Oberley et al.
1993). Activity studies have shown tight correlation
with immunoperoxidase results. For instance, im-
munoperoxidase and immunogold studies in several
species have shown high levels of AE immunoreactive
protein in proximal tubules, but low levels in glomeruli
(Oberley et al. 1990; Oberley et al. 1993; Oberley and
Oberley 1994). Activity studies have shown low levels of
AE:s in glomeruli (Steinert et al. 1986; Yang et al. 1988),
but high activities of AEs in proximal tubules (Yang et
al. 1987). Therefore, in normal kidney, activity studies
and immunohistochemical studies are in close agree-
ment. Similarly, in an animal model of renal cancer, the
estrogen-induced renal cancer in the Syrian hamster, we
have demonstrated low levels of AEs in both early foci
and fully developed tumors using immunoperoxidase
techniques (Oberley et al. 1991a; McCormick et al.
1991). Activity studies and Western blot analysis con-
firmed that hamster renal tumors had very low levels of
AEs (McCormick et al. 1991). Thus, in one animal renal
tumor system, there was tight correlation between im-
munohistochemical and biochemical analysis. Finally,
one previous detailed study of a single human renal ade-
nocarcinoma showed high MnSOD activity but low
coppet, zinc superoxide dismutase, catalase, and glu-
tathione peroxidase activites (Yang et al. 1987), results
in agreement with some of the tumors described in the
present study using immunogold techniques. One fur-
ther point of note is that staining of adjacent normal
tissue showed the same pattern as that previously de-
scribed in normal fresh human kidney tissue (Oberley
and Oberley 1994), thereby providing an internal con-
trol for the immunogold tumor results.

Although AEs are generally low in animal tumors, a
few recent studies have suggested that low AE activity is
not a general marker of human neoplasia (Westman and
Marklund 1981; Yang et al. 1987; Nakata et al. 1992;
Kawamura et al. 1992; lizuka et al. 1984). The present
study demonstrated that the activity of one AE, Mn-
SOD, is elevated in some human renal adenocar-
cinomas. As demonstrated in immunogold studies, one
major reason for the extreme variability in MnSOD ac-
tivities may be that renal adenocarcinomas contain
varying proportions of clear and granular cell types.
Clear cell types have low levels of MnSOD immunore-
active protein, while granular cells have high levels. The
present study would have been enhanced by simulta-
neous analysis of AE activities and immunogold analy-
sis in the same tumors. This was not possible since the
study was performed on a retrospective basis with
frozen or fixed tissues. Future studies will perform activ-
ity and immunogold analysis on fresh tissues.

One cell type, the granular cell type of renal cell car-
cinoma, demonstrated heavy cytoplasmic labeling for



MnSOD and CAT. This result demonstrated that AEs
are not always lower in neoplastic tissue. However, this
result does not imply that MnSOD levels were normal
in this tumor. Indeed, the granular cell variant of renal
adenocarcinoma showed greatly increased levels of im-
munoreactive protein. Recent studies have demonstrat-
ed that normal cells must have an optimal level of SOD;
increased or decreased levels may both lead to cell dam-
age (Avraham et al. 1988; Elroy-Stein et al. 1988). Im-
munogold ultrastructural analysis showed that Mn-
SOD in the granular cell variant was present in large
amounts in an increased number of medium-sized mito-
chondria (compared to normal proximal tubule), sug-
gesting an abnormal regulation of MnSOD in this tu-
mor. In general, when MnSOD is induced, the number
of mitochondria remains the same, but the amount of
MnSOD per mitochondria increases (Oberley et al.
1989). The present study documents abnormal mito-
chondrial size (decreased in both clear cell and granular
cell variants of renal adenocarcinoma) and number (de-
creased in clear cell variant; increased in granular cell
variant) in renal cancer compared to the cell of origin,
the proximal tubule, and altered levels of MnSOD in
these tumors (clear cell variant, low immunoreactive
protein; granular cell variant, high immunoreactive
protein). Activity data in Table 1 showed some renal cell
carcinomas with either elevated or depressed activities
compared to normal kidney, but some tumors showed
activity similar to normal kidney homogenates. One can
explain this data in at least one way by postulating that
those with lowered activity were clear cell variants,
those with elevated activity were granular cell variants,
while those tumors with activities similar to normal kid-
ney were mixed tumors composed of clear and granular
cells. Prospective studies, rather that utilization of retro-
spective analysis as described in the present study, will
allow us to determine whether this hypothesis is true.
The distinctive patterns of immunogold labeling ob-
served in the present study suggest the possible utility of
antibodies to AEs as possible diagnostic markers. Fu-
ture studies will assess the levels of antioxidant enzymes
in all types of renal tumors. Of especial interest will be
whether immunogold analysis will allow distinction be-
tween hyperplasia/adenoma/malignancy. Several stud-
ies have shown that the granular cell variant of renal cell
carcinoma has a worse prognosis than that of the clear
cell variant (reviewed in Fromowitz and Bard 1990).
One possible consequence of elevated antioxidant en-
zymes is resistance to chemotherapeutic agents and ra-
diotherapy (Hirose et al. 1993). Future studies will try to
resolve whether increased AEs correlates with a poorer
prognosis, and could in fact explain the poorer survival
with the granular cell variant of renal cell carcinoma.
ROS species are known to cause cell damage (Sies
and Cadenas 1985), mutations (Moraes et al. 1991), and
may cause cancer (Kennedy et al. 1984). On the other
hand, ROS can cause cell proliferation (Armato et al.
1984; Shibanuma et al. 1988 ; Oberley 1985; Burdon and
Rice-Evans 1989; Murrell et al. 1990; Craven et al.
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1986), cell differentiation (Allen and Balin 1989), and
can affect gene transcription (Schreck and Bauerle 1991;
Nose et al. 1991). Therefore, regardless of how one inter-
prets the role of AEs in cancer, the changes in AEs de-
scribed in this report have dramatic consequences for
the cell. All of the tumors examined had lowered stain-
ing for most of the AEs. Understanding the significance
of these changes for the cancer cell may lead to a better
understanding of the carcinogenic process.

In conclusion, this study shows extreme variablity in
manganese superoxide dismutase activities in human
renal cell carcinomas. Immunogold analysis suggested
that one possible explanation for this variability is that
granular cells of renal cell carcinomas contain high lev-
els of manganese superoxide dismutase, and many tu-
mors contain varying proportions of granular cells. Ul-
trastructural immunogold analysis confirmed a large
amount of immunoreactive protein in granular cells;
this protein was localized in mitochondria that were
much smaller than those present in the cell of origin of
this neoplasm, the renal proximal tubule. Future studies
will be aimed at studying the utility of AEs as markers
for subclassifying the several types of human renal neo-
plasms.
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