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S100A1 is a calcium-binding protein, which has been recently found in renal cell neoplasms. We evaluated the
diagnostic utility of immunohistochemical detection of S100A1 in 164 renal cell neoplasms. Forty-one clear cell,
32 papillary, and 51 chromophobe renal cell carcinomas, and 40 oncocytomas, 164 samples of normal renal
parenchyma adjacent to the tumors and 13 fetal kidneys were analyzed. The levels of S100A1 mRNA detected by
quantitative RT-PCR analysis of frozen tissues from seven clear cell, five papillary, and six chromophobe renal
cell carcinomas, four oncocytomas, and nine samples of normal renal tissues adjacent to neoplasms were
compared with the immunohistochemical detection of protein expression. Clear cell and papillary renal cell
carcinomas showed positive reactions for S100A1 in 30 out of 41 tumors (73%) and in 30 out of 32 (94%) tumors,
respectively. Thirty-seven renal oncocytomas out of 40 (93%) were positive for S100A1, whereas 48 of 51 (94%)
chromophobe renal cell carcinomas were negative. S100A1 protein was detected in all samples of unaffected
and fetal kidneys. S100A1 mRNA was detected by RT-PCR in all normal kidneys and renal cell neoplasms,
although at very different levels. Statistical analyses comparing the different expression of S100A1 in clear cell
and chromophobe renal cell carcinomas observed by immunohistochemical and RT-PCR methods showed
significant values (Po0.001), such as when comparing by both techniques the different levels of S100A1
expression in chromophobe renal cell carcinomas and oncocytomas (Po0.001). Our study shows that S100A1
protein is expressed in oncocytomas, clear cell and papillary renal cell carcinomas but not in chromophobe
renal cell carcinomas. Its immunodetection is potentially useful for the differential diagnosis between
chromophobe renal cell carcinoma and oncocytoma. Further, S100A1 protein expression is constantly detected
in the normal parenchyma of the adult and fetal kidney.
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Renal cell neoplasms comprise several distinct
clinicopathologic entities with therapeutic and
prognostic differences.1–5 Oncocytomas are benign
tumors and chromophobe renal cell carcinomas
appear more frequently to be cured by surgery
than clear cell and papillary renal cell carcinomas.

A certain degree of morphologic overlap may exist
among these neoplasms6 and the distinctive histo-
pathological features cannot always be fully appre-
ciated. This problem is expected to increase because
of the more frequent use of needle biopsies to diagnose
small renal masses.7 Immunohistochemical analysis
is becoming more frequently useful to narrow the
differential diagnosis or to arrive at a definitive
diagnosis.8–10 Numerous immunohistochemical mar-
kers have been proposed for the subclassification of
renal cell carcinomas, including ‘RCC marker’, CD10,
and vimentin for clear cell renal cell carcinomas, c-kit
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for chromophobe renal cell carcinomas, and cytoker-
atin 7 and alpha-methyl-acyl-CoA racemase for papil-
lary renal cell carcinomas.8,9,11,12

Parvalbumin, a calcium-binding protein, has been
demonstrated to be a useful marker in distinguish-
ing oncocytoma and chromophobe renal cell carci-
noma, from clear cell and papillary renal cell
carcinomas.11–15 S100A1 is another calcium-binding
protein of the EF-hand family, the mRNA for which
has been recently found in renal cell neoplasms by
RT-PCR analysis.16–18 In this study, we evaluated the
expression and the diagnostic utility of S100A1 in a
large series of renal cell neoplasms, using a mono-
clonal antibody, and compared both S100A1 protein
and mRNA levels in oncocytomas, clear cell,
papillary, and chromophobe renal cell carcinomas.

Materials and methods

One hundred sixty-four renal cell neoplasms were
used for the immunohistochemical study, including
41 clear cell, 32 papillary, and 51 chromophobe
renal cell carcinomas and 40 oncocytomas. All
tumors were retrieved from the files of the Depart-
ments of Pathology of the Universities of Sassari and
Verona, Italy. The diagnoses were reviewed accord-
ing to the WHO 2004 Classification of Tumors of the
Urinary System and Male Genital Organs,6 and clear
and papillary renal cell carcinomas were graded
according to the morphologic parameters proposed
by Fuhrman et al.19 The resected specimens contain-
ing the tumors had been fixed with buffered
formalin and paraffin-embedded. Hale’s colloidal
iron stain was performed on all of the tumors.

The immunohistochemical reaction with antibody
to S100A1 was evaluated in all non-neoplastic
kidney tissues from the kidneys bearing the tumors
and in 13 fetal kidneys.

We also performed quantitative RT-PCR to detect
S100A1 mRNA expression in four oncocytomas, and
six chromophobe, seven clear cell and five papillary
renal cell carcinomas and in nine frozen samples of
normal kidney tissue, adjacent to renal neoplasms.
These specimens were obtained from renal parench-
yma adjacent to clear cell (six cases) and chromophobe
renal cell carcinomas, and a renal oncocytoma.

Immunohistochemistry

For all formalin-fixed and paraffin-embedded
tumors, serial 5 mm sections were stained with
hematoxylin and eosin, with Hale’s colloidal iron
technique or immunostained with an antibody
recognizing S100A1 protein (Monoclonal mouse
Anti Human S100A1, Clone DAK 100A1/1; dilution
1:50, Lab Vision, Fremont, CA, USA). Immunoreac-
tions were developed using a non-biotin, highly
sensitive system (Envision peroxidase detection
system, DAKO, Carpinteria, CA, USA) preventing

possible false-positive staining owing to endo-
genous biotin present in the tissue.

S100A1 was evaluated as the percentage of
positively stained neoplastic cells in a selected
tumor section of each case of clear cell or papillary
renal cell carcinoma and oncocytoma and in at least
two different sections of tumor from each case of
chromophobe renal cell carcinoma. The extent of
immunoreactivity was categorized as focal (r10%
positively reacting neoplastic cells), moderate (from
10 to 50% positively reacting neoplastic cells), and
diffuse (450% positively reacting neoplastic cells).
Cytoplasmic and/or nuclear staining was considered
positive; S100A1 expression was considered nega-
tive in tumors completely lacking positive reactions.

External positive controls were provided by five
samples of skeletal muscle, three samples of myo-
cardium and 10 reactive lymph nodes.

Quantitative RT-PCR Analysis of mRNA Expression

Total RNA was extracted with the RNeasy Kit
(QIAGEN, Valencia, CA, USA) from frozen tumor
samples and, where available, from normal renal
tissue as control.

Oligonucleotide primers were: S100A1, GATGCC
CAGAAGGATGTGGAT and AGCCACAAGCACCA
CATAC; glyceraldehyde-3-phosphate dehydrogen-
ase (GAPD) ATCATCAGCAATGCCTCCT and GGAC
TGTGGTCATGAGTCCT.

cDNAwas synthesized from 1mg of total RNAwith
the First Strand cDNA Synthesis Kit (AMV) (Roche
Diagnostic, Mannheim, Germany).

Real-time analysis was performed on an ABI
Prism 7000 SDS (Applied Biosystems, Foster City,
CA, USA) using the SYBR Green PCR Master Mix
(Applied Biosystems). Each assay included a no-
template control and cDNA template equivalent to
20ng of total RNA (in triplicate). The expression levels
of S100A1 were calculated by relative quantification
using GAPD transcript levels for normalization.

Data were analyzed as indicated in the User
Bulletin no. 2 (Applied Biosystems).

Statistical Analysis

The Pearson w2 analysis was used to compare
S100A1 immunoexpression in clear cell vs chromo-
phobe renal cell carcinomas and renal oncocytomas
vs chromophobe renal cell carcinomas (significant
value: Po0.05).

SigmaPlot Student’s t-test was used to compare
relative expression levels (fold-change) of S100A1
mRNA obtained by quantitative RT-PCR.

Results

Morphological Findings

Clear cell renal cell carcinomas showed nuclear
grade 1 in six tumors, grade 2 in 11 tumors, grade 3
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in 17 tumors, and grade 4 in seven cases. Papillary
renal cell carcinomas showed nuclear grade 2 in 17
tumors and grade 3 in 15 tumors. Chromophobe
renal cell carcinomas included 48 examples of the
classic type (Figure 1a) and three of the eosinophilic
variant. Oncocytomas displayed a solid-alveolar
pattern (Figure 1b) in 38 cases and a tubulo-cystic
pattern in two cases.

All chromophobe renal cell carcinomas stained
positively with Hale’s colloidal iron, whereas there
was no diffuse cytoplasmic staining in oncocyto-
mas. Clear cell and papillary renal cell carcinomas
showed only focal and dust-like granular or luminal
and coarsely granular staining.

Immunohistochemical Findings

S100A1 immunostaining was observed in 30 of 41
clear cell renal cell carcinomas (73%); six showed
focal positivity, whereas 24 displayed an immunor-
eactivity ranging from moderate (12 cases) to diffuse
(12 cases) expression. Five of the 11 negative cases
(45%) showed a tubulo-cystic growth pattern,
whereas 21 out of 30 (70%) S100A1-positive clear
cell renal cell carcinomas exhibited a solid-alveolar
architecture. Antibody to S100A1 stained 21/24
(88%) high-grade (grade 3–4) vs 9/17 (52%) low-
grade (grade 1–2) clear cell renal cell carcinomas.

S100A1 was detected immunohistochemically in
30 of 32 papillary renal cell carcinomas (94%), six
showing focal, 12 moderate, and 12 diffuse immu-
noreactivity.

Forty-eight of the 51 chromophobe renal cell
carcinomas (94%) showed no reaction with anti-
body to S100A1 (Figure 1c). Although we tested at
least two different sections for each tumor, and up to
five sections of larger neoplasms, these tumors did
not show even focal S100A1 expression. Only three
chromophobe renal cell carcinomas (6%) were
positive, two classic variant showing scattered
S100A1 immunoreactive cells and an eosinophilic
variant with nucleo-cytoplasmic staining in about
40% of the neoplastic cells.

Thirty-seven of 40 renal oncocytomas (93%),
including the two with the tubulo-cystic growth
pattern, gave positive reactions with antibody to
S100A1. Most of them showed both cytoplasmic and
nuclear moderate to strong immunostaining (Figure
1d). Of the 37 positive tumors, four (11%) showed
focal expression, 17 (46%) moderate expression, and
16 (43%) diffuse expression of S100A1. In the
oncocytomas with a pattern of moderate expression
the S100A1 staining showed an alternation between
positive and negative areas in the same tumor.
Further examination of additional sections of tu-
mors from the negative cases confirmed the absence
of even focal immunoreactivity.

We found significant differences in S100A1
immunoexpression between clear cell and
chromophobe renal cell carcinomas (Po0.001) and

between chromophobe renal cell carcinomas and
oncocytomas (Po0.001).

S100A1 was detected in all the samples of non-
neoplastic renal tissue from the kidneys harboring
the tumors. The reactions were moderate to strong in
both the nuclei and the cytoplasm of the cells lining
proximal tubules, loops of Henle, and collecting
ducts. Variable and focal immunostaining was also
seen in the cells lining distal convoluted tubules
and in Bowman’s capsules. The other glomerular
components were negative (Figure 1e).

S100A1 was expressed in normal fetal kidney,
staining exclusively proximal tubules in all the 13
cases (Figure 1f).

Immunohistochemical S100A1 expression data
are summarized in Table 1.

External positive controls showed diffuse immu-
noreactivity in all skeletal muscle and myocardium
tissues and specific cytoplasmic immunostain in
follicular dendritic cells of reactive lymph node
specimens.

Quantitative RT-PCR Analysis of mRNA Expression

S100A1 mRNA was detected in all nine normal
kidneys and 22 renal epithelial neoplasms, although
at very different levels (Figure 2). Tumor samples
were compared considering the expression levels of
normal kidney as baseline. Using this reference,
clear cell renal cell carcinomas expressed 2.9-fold
less S100A1 mRNA than normal kidney, chromo-
phobe renal cell carcinomas 7.8-fold less than
reference, oncocytomas 1.4-fold more than refer-
ence, papillary renal cell carcinomas sixfold more
than reference. The cycle threshold differences (DCt)
between the reference gene (GAPD) and the test gene
(S100A1) were much lower for chromophobe renal
cell carcinomas (range �2.13 to �0.3) than for
oncocytomas (range 1.08–3.09) and normal kidneys
(range 0.8–2.36). These values are indicative of RNA
levels of S100A1 that are on average 11.47-fold
higher (range 2.14- to 37.27-fold) in oncocytomas
than in chromophobe renal cell carcinomas.

Clear cell renal cell carcinomas overexpressed
S100A1 mRNA in comparison with chromophobe
renal cell carcinomas (Po0.001). Comparison be-
tween chromophobe renal cell carcinomas and
oncocytomas showed that oncocytomas expressed
on average 11 times more S100A1 mRNA than
chromophobe renal cell carcinomas. These differ-
ences were highly significant (Po0.001).

Normal kidneys showed RNA levels on average
7.78-fold higher than chromophobe renal cell
carcinomas.

All nine samples of normal renal parenchyma,
five papillary renal cell carcinomas, and five renal
oncocytomas with both immunohistochemical and
quantitative RT-PCR analyses showed agreement
between the high levels of S100A1 mRNA and
detection of the protein by immunohistochemistry.
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All six chromophobe renal cell carcinomas with low
levels of S100 mRNA expression did not contain
immunohistochemically detectable S100A1. The
clear cell renal cell carcinomas with low level (five
cases) and high level (2 cases) mRNA expression
had immunohistochemically detectable S100A1.

Discussion

Current options for the treatment of renal cell
neoplasms include radical nephrectomy, nephron-
sparing surgery, and minimally invasive approaches
such as cryo- and radiofrequency ablation.20–24 In

Figure 1 Chromophobe renal cell carcinoma, classic type (a); renal oncocytoma (b); absence of S100A1 immunoexpression in
chromophobe renal cell carcinoma (c); diffuse S100A1 expression in renal oncocytoma showing a moderate to strong cytoplasmic and
nuclear immunostaining (d); S100A1 immunoreactivity in both nuclei and cytoplasm of the cells lining proximal tubules, Henle loops,
and variable and focal stain in distal convoluted tubules. Glomerular components were negative (e); S100A1 expression in the proximal
tubules of the normal fetal kidney (f).
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the context of a surgical sparing approach, a
preoperative diagnosis by needle-core biopsy is
needed to guide management decisions.7,10,25 How-
ever, the diagnostically specific morphological fea-
tures of tumors may not be appreciable in small
samples and immunohistochemical analysis may be
needed to support a definitive diagnosis.8,9

Among calcium-binding proteins, the diagnostic
utility of parvalbumin has already been demon-
strated in distinguishing oncocytoma and chromo-
phobe renal cell carcinoma from clear cell and
papillary renal cell carcinomas.11,15 Another cal-
cium-binding protein, S100A1, has been recently
found in renal cell neoplasms. This protein is a
member of the S100 family, the largest subgroup of
the EF-hand proteins, which consists of several
members that display amino-acid sequence homol-
ogy ranging from 25 to 65%.26 Thirteen of their
genes are clustered on the chromosome 1q21,
whereas the others are located on different chromo-
somes.27 Recent investigations have emphasized the
potential diagnostic and oncogenetic role of S100
proteins in a variety of tumors.28–34

In this study, we found that S100A1 protein is
expressed in renal oncocytomas, and in clear cell
and papillary renal cell carcinomas but not in
chromophobe renal cell carcinomas. We found
significant statistical differences between S100A1
immunoexpression in clear cell and chromophobe
renal cell carcinomas (Po0.001), which suggests
that S100A1 could be a useful tool in their
differential diagnosis. Most papillary renal cell
carcinomas stained with S100A1 and constantly
showed high levels of S100A1 mRNA expression.

The potential utility of S100A1 immunodetection
is strongest in the differential diagnosis between
chromophobe renal cell carcinoma and oncocytoma.
Ninety-four percent of chromophobe renal cell
carcinomas were immunohistochemically negative
for S100A1, whereas 93% of the oncocytomas,
including both tumors with the tubulo-cystic pat-
tern, were positive with most of them showing
moderate to strong immunostaining.

The three chromophobe renal cell carcinomas
with neoplastic cells reacting positively for S100A1
antibody also stained positively with Hale’s colloi-
dal iron stain.

Among the oncocytomas studied by quantitative
RT-PCR analysis, the tumor with the lowest level of

S100A1 mRNA expression was one of the three
oncocytomas negative for S100A1 by immunohisto-
chemistry. This parallels the observation that chro-
mophobe renal cell carcinoma, in which the level of
S100A1 mRNA expression is extremely low, showed
immunohistochemical negativity for S100A1. Lin
et al17 reported the immunohistochemical detection
of S100 protein in 87% (13/15) of oncocytomas,
with strong and diffuse staining in 60% of cases,
whereas only one (6%) of 16 chromophobe renal
cell carcinomas showed focal positivity. They used a
rabbit polyclonal antibody for S100 protein that has
been shown to react with both human and cow S100
protein, with a stronger reaction to S100B, but a
weak reaction to S100A1 and S100A6.17 In our
study, we used a monoclonal mouse antihuman
antibody specifically recognizing S100A1 protein.

In our study, S100A1 mRNAwas detected in all 22
renal cell neoplasms by quantitative RT-PCR analy-
sis, although at very different levels. These differ-
ences were significant (Po0.001). Li et al18 reported
an high percentage of S100A1 gene expression
profile by RT-PCR in papillary renal cell carcinomas
(11/15, 73%), in renal oncocytomas (7/8, 87%) but a
low percentage was found in clear cell renal cell
carcinomas (2/15, 13%) and negative expression in
chromophobe renal cell carcinomas (0/7, 0%). Lin et
al studied the S100A1 mRNA expression measured
by microarray gene profiling in 14 renal oncocyto-
mas and 14 chromophobe renal cell carcinomas.
Comparison between chromophobe renal cell carci-
nomas and oncocytomas showed that oncocytoma
expressed on average 11 times more S100A1 mRNA
than chromophobe renal cell carcinomas.17

Wide variation of mRNA expression for clear cell
renal cell carcinomas may be due to the more
heterogeneity of these renal neoplasms.

Renal parenchyma from the kidneys bearing the
tumors always displayed cytoplasmic and/or a

Table 1 S100A1 immunoexpression in renal cell neoplasms

Histotype No. of
cases

S100A1
immunoexpression-

positive cases

Clear cell RCC 41 30 (73%)
Papillary RCC 32 30 (94%)
Chromophobe RCC 51 3 (6%)
Oncocytoma 40 37 (93%)

Figure 2 S100A1 mRNA expression levels in normal renal
parenchyma and different types of renal cell neoplasms: levels
were detected in all nine normal kidneys and 22 renal epithelial
neoplasms, although at very different levels. Focus that mRNA
levels of S100A1 are on average 11.47-fold higher (range 2.14- to
37.27-fold) in oncocytomas than in chromophobe renal cell
carcinomas.
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nuclear immunostaining for S100A1 in the cells
lining proximal tubules, loops of Henle, collecting
ducts, and Bowman’s capsule, whereas S100A1 was
selectively expressed in the proximal tubules of the
normal fetal parenchyma of the kidney. According
with the finding of S100A1 immunoexpression in
normal parenchyma of adult kidney, quantitative
RT-PCR analysis showed the presence of specific
S100A1 mRNA in frozen samples of non-neoplastic
adult renal tissue in all nine tested cases. These
results are in agreement with those obtained by
Lin et al17 but in contrast with those by Teratani
et al16 and Li et al.18 The absence of S100A1
mRNA detection reported by Teratani et al16 is
probably due to some differences in the primer,16

whereas we cannot comment on the results of Li
et al because the sequence of the primer was not
reported in that study.

In conclusion, we evaluated the expression of
S100A1 in renal cell neoplasms with an immuno-
histochemical study, and verified our results by a
quantitative RT-PCR analysis and demonstrated the
potential usefulness of the monoclonal antihuman
S100A1 antibody in the differential diagnosis
among renal cell neoplasms, particularly in the
differential diagnosis of chromophobe renal cell
carcinoma vs renal oncocytoma.
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