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This study aimed to analyze expression of S100A10, annexin II and
B-FABP genes in renal cell carcinoma (RCC) and their potential
value as tumor markers. Furthermore, any correlation between the
gene expression and prognostic indicators of RCC was analyzed.
Expression of each gene was estimated by RT-PCR in the non-
neoplastic (normal) and tumorous parts of resected kidney samples.
Also, each antigen was immunostained in RCC and normal kidney
tissues. Expression of the S100A10 gene averaged 2.5-fold higher
in the tumor than that in the normal tissues (n = 47), after
standardization against that of ββββ-actin. However, expression of
annexin II, a natural ligand of S100A10, was only 1.64-fold
higher. In the tissue sections of RCC, S100A10 and annexin II were
immunostained in membranes. In the normal renal epithelia, how-
ever, both antigens were stained in the Bowman’s capsule and the
tubules from Henle’s loop through the collecting duct system, but
not in the proximal tubules, from where most RCC are derived. In
contrast, expression of the B-FABP gene was 20-fold higher in the
tumor. No B-FABP was immunohistochemically detected in normal
kidney sections, but it was stained in the cytoplasm of RCC tissue
sections. S100A10 and B-FABP genes were overexpressed regardless
of nuclear grade and stage of RCC. Immunopositivity in RCC tissues
(n = 13) was 100% for S100A10 and annexin II, and 70% for B-FABP;
however, no clear relationship was observed in either antigen with
nuclear grade and stage. It was found that all three performed
well as RCC markers. B-FABP was most specific to RCC, as it was
expressed little in normal kidney tissues. (Cancer Sci 2007; 98: 77–82)

We have previously described the overexpression of
S100A10 in renal cell carcinoma (RCC) cells compared

with the normal human kidney cDNA library.(1) Such
overexpression has been confirmed in RCC and non-neoplastic
(normal) tissues in surgically resected kidneys (n = 7).(1,2)

S100A10 is a member of the S100 family of proteins that are
small acidic calcium-binding proteins with two helix-loop-helix
EF-hand motifs. Twenty human S100 family members are expres-
sed in a cell- and tissue-specific manner, and are responsible for a
variety of cellular processes including cell proliferation and different-
iation.(3,4) Sixteen of their genes (designated S100A1–S100A16)
are clustered on the chromosome 1q21 region, where a number
of chromosomal abnormalities occur with neoplasias.(4) S100A10
forms a heterotetramer with annexin II (S100A10)2 (annexin II)2, and
the complex localizes in the extracellular membrane of various
cancer cells.(5–7)

In the present study, we estimated the gene expression of
S100A10 and annexin II by reverse transcription-polymerase
chain reaction (RT-PCR) in a larger number of surgically resected
RCC samples (n = 47) after standardization for the expression
of β-actin in each sample. Then we immunohistochemically
investigated the expression of S100A10 and annexin II in RCC
and normal kidney tissues (n = 13). The extracellular S100A10/
annexin II complex functions as a receptor for plasminogen and

regulates the stimulation of plasminogen activator-dependent
plasminogen activation and plasmin formation on cancer cells.
These processes are thought to be correlated with tumor inva-
siveness, metastasis and angiogenesis.(8) Therefore, we examined
any correlation between expression of S100A10 and annexin II
and prognostic predicators of RCC. As prognostic markers, we
chose nuclear grade and stage. Unfavorable prognosis in RCC is
frequently associated with high nuclear grades.(9,10) Also, the
TNM staging system allows good separation of prognostic groups
of RCC patients.(9,11)

We have systematically examined transcriptional expression
of eight fatty acid binding protein (FABP) family members
found in human tissues. It was noticed that the brain-type FABP
(B-FABP) gene is overexpressed in RCC samples.(12) In the present
study, we evaluated B-FABP expression as an RCC marker as
well as S100A10 and annexin II, after which we immunohisto-
chemically investigated the expression of B-FABP in RCC and
normal kidneys. Furthermore, any correlation between B-FABP
and prognostic indicators was also examined.

Materials and Methods

RCC samples for RT-PCR. Kidneys were surgically resected at
Hamamatsu University Hospital and stored at −80°C. Informed
consent for the use of the samples was obtained from each patient.
The current study was approved by the Ethical Committee of
Hamamatsu University School of Medicine and University of
Shizuoka.

The samples were divided into three types: clear cell (n = 44),
papillary (n = 2) and chromophobe (n = 1), based on the Union
Internationale Contre Le Cancer (UICC) and the American Joint
Committee on Cancer (AJCC) workshop on RCC.(13) Nuclear
grading was determined by comparing the nuclear size of the
epithelial cells of normal proximal tubules as follows: G1 (n = 9),
smaller than the nuclear size of the tubular epithelium; G2
(n = 31), equal to the nuclear size of the tubular epithelium; G3
(n = 7), larger than the nuclear size of the tubular epithelium and
occasionally displaying unusual characteristics.(14) Each RCC was
classified by the predominant nuclear grade exhibited. The stage
was determined according to the UICC TNM classification.(15)

RT-PCR for S100A10, annexin II and B-FABP. Total RNA was isolated
from surgically resected tissues using Trizol solution (Invitrogen,
Tokyo, Japan). First-strand cDNA was synthesized in a volume
of 20 µL containing 2 µg total RNA, SuperScript III kit
(Invitrogen) and oligo(dT)20 primer. PCR amplification was
performed for each gene using the indicated primers. The PCR
protocol was at 95°C for 5 min followed by 30 cycles of 95°C for
30 s, X°C for 30 s and 72°C for 30 s in a GeneAmp PCR system
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2700 (Applied Biosystems, Tokyo, Japan). The PCR product
was analyzed on 3% agarose, as described previously.(1)

Primers used for the PCR-amplification were as follows: for
S100A10 (NM_002966), forward: CTTCAACGGACCACAC-
CAAA, reverse: GCCCACTTTGCCATCTCTAC, and X = 62;
for Annexin II (BC068065), forward: CAGCCTTATCTGGCCAC-
CTG, reverse: CCAGCGTCATAGAGAGATCCCG, and X = 58;
and for B-FABP (NM_001446), forward: GTGGGAAATGT-
GACCAAACC, reverse: CTCATAGTGGCGAACAGCAA and
X = 62. The primers for β-actin were as previously reported.(1)

Immunohistochemistry. We retrieved 13 conventional clear cell
RCC from surgical files at Shizuoka General Hospital. All of
the RCC were limited to the kidney, without node and distant
metastasis. Three were G1, eight were G2 and two were G3. In
terms of pT category,(15) eight were pT1a, two were pT1b and
three were pT2; inevitably, the stage grouping was ten Stage I
cases and three Stage II cases.

Immunohistochemical study was performed on 10% formalin-
fixed, paraffin-embedded tissues derived from the RCC and non-
neoplastic parts of each resected kidney. Serial sections
from each representative tissue block were deparaffinized and
dehydrated. For S100A10 and annexin II staining, the sections
were subjected to heat antigen retrieval in a 10 mM sodium cit-
rate buffer (pH 6.0) for 15 min at 100°C. No antigen retrieval
was performed for B-FABP staining. Endogenous peroxidase
was blocked with 0.3% hydrogen peroxide in methanol for
15 min. Then mouse antihuman S100A10 monoclonal antibody
(mAb S100A10), mouse antihuman annexin II monoclonal anti-
body (mAb annexin II, BD Bioscience, Tokyo, Japan) or goat
antihuman B-FABP polyclonal antibody (Santa Cruz Biotech-
nology, Santa Cruz, CA, USA) was applied to the sections at a
dilution ratio of 1/200, 1/100 and 1/50, respectively, and incu-
bated for 30 min at room temperature. In these labeled antigens,
S100A10 and annexin II were detected with a ChemMate
EnVision (Dako, Carpinteria CA, USA), and B-FABP was
detected with a LSAB Kit/HRP (Dako). Reaction products
were visualized with 3,3′-diaminobenzidine. These sections were
finally counterstained with Mayer’s hematoxylin and mounted.

For the examination of the immunospecificity of mAb
S100A10 and anti-B-FABP antibody, the antibodies absorbed
by an excess of recombinant S100A10 or B-FABP were used
instead of the primary antibody, respectively. No apparent
immunoreactivity was found in the negative-control sections.

RCC cells and culture. Human RCC cell line TUHR14TKB
(RCB 1383) and RCC10RGB9 (RCB 1151) cells were obtained
from Riken Cell Bank (Tsukuba, Japan) and cultivated in F12
medium with 10% heat-inactivated fetal bovine serum (Sigma,
St. Louis, MO, USA) and antibiotics in a 5% CO2 incubator.(16)

Pull-down assay. Membrane fractions were prepared from cultured

cells as described previously.(17) Membrane and whole cells
were made soluble with 0.5% NP-40 in 0.15 M NaCl, 0.05
M HEPES, pH 7.5. The mAb S100A10 was conjugated to
CNBr-activated Sepharose 4B beads (GE Healthcare, Piscataway,
NJ, USA) according to the manufacturer’s instructions and
suspended to 50% in 0.1 M Tris-HCl, pH 8.0, 0.5 M NaCl. The
NP-40 lysate (500 µL) was incubated with 50 µL beads with
gentle shaking at 4°C for 60 min. The beads were then pulled
down in a bench-top centrifuge, washed twice with a detergent
solution (0.3 M Tris-HCl, pH 8.6, 0.3 M NaCl, 0.1% SDS,
0.05% NP-40) and three times with a high-salinity buffer (0.6 M
NaCl, 12.5 mM NaP, pH 7.4). Finally, beads were suspended in
the sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) sample buffer, boiled for 3 min, briefly centrifuged,
and then the supernatant was subjected to SDS-PAGE. After
blotting on a polyvinylidene difluoride (PVDF) membrane,
S100A10 and annexin II were detected by immunostaining.

Immunofluorescent staining of RCC cells. Cells grown on cover-
slips were fixed with 3% paraformaldehyde in phosphate-buffered
saline (PBS) for 15 min and blocked with 3% bovine serum
albumin (BSA) in PBS. Cells were then stained with mAb
S100A10 or mAb annexin II followed by TRITC-conjugated
goat antimouse IgG (Sigma), which was repeatedly preabsorbed
with paraformaldehyde-fixed RCC cells. As a control, cells were
stained with mouse pre-immune serum. Cells were then scanned
under a confocal laser microscope (Bio-Rad MRC-1024).

Statistical analysis.  Each value of t-test or χ2-test was calculated
according to the Free JSTAT 8.2 for Windows.

Results

Expression of S100A10, annexin II and B-FABP genes in the resected
RCC samples. Transcriptional expression of S100A10, annexin II,
B-FABP and β-actin genes in RCC and normal kidney samples
was measured by RT-PCR, and the intensity of each amplified
band, imaged by Scion Image beta 4, was plotted against the
PCR cycles. The PCR products of these genes increased in a
cycle-dependent manner up to 30 cycles (data not shown).

Expression of S100A10, annexin II and B-FABP in normal
and tumor tissues (n = 47) was standardized against that of cor-
responding β-actin (Fig. 1). Expression of the S100A10 gene
was on average 0.38 and 0.95 arbitrary units in the normal and
tumor tissues, respectively, indicating that S100A10 is overex-
pressed 2.5-fold in RCC (P < 0.0001, t-test; Fig. 1A). Also, the
annexin II gene was overexpressed 1.6 fold in RCC (0.73 and
1.20 units, respectively, P < 0.003; Fig. 1B). Furthermore, gene
expression of B-FABP was negligible in the normal tissues,
resulting in a 20-fold overexpression in RCC (0.04 and 0.78
units, respectively, P < 0.0001; Fig. 1C).

Fig. 1. Transcriptional expression of (A)
S100A10, (B) annexin II and (C) B-FABP genes
in renal cell carcinoma. The arbitrary unit
represents the PCR-amplified expression of
the gene plotted against that of the β-actin
gene in the normal and tumor parts of
surgically resected kidney samples (n = 47). N,
normal, T, tumor.
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Immunohistochemical detection of S100A10, annexin II and B-FABP
in RCC samples. Expression of S100A10, annexin II and B-FABP
in RCC and non-neoplastic kidney tissues (n = 13) was investigated
immunohistochemically (Fig. 2). The immunolocalization of
S100A10 and annexin II was basically the same, regardless of
whether the kidney tissue was non-neoplastic (Fig. 2D–G) or
cancerous (Fig. 2A,B). In non-neoplastic kidney tissues, positive
reactions were clearly and ubiquitously found in the collecting
duct system, the thin portion of Henle’s loop and Bowman’s
capsule. Moreover, reaction was also observed in many of the
distal convoluted tubules, a part of the thick portion of Henle’s
loop and some glomerular podocytes. Few of the proximal
tubules showed reaction. The immunoreactivity in the tubular
epithelia showed a membranous, especially luminal, staining
pattern with or without faint, granular cytoplasmic staining. In
RCC samples, immunopositivity was also seen on the plasma
membrane with some faint cytoplasmic-staining (Fig. 2A,B). In
addition, positive reactions were found in endothelial cells in
non-neoplastic and cancerous tissues.

In contrast, B-FABP was immunohistochemically detected in
nine of the 13 RCC cases. Immunoreactivity for B-FABP was
heterogeneous and showed a fine granular cytoplasmic staining
pattern (Fig. 2C). No apparent immunopositivity for B-FABP
was seen in the normal kidney tissues (n = 13).

Localization of S100A10 and annexin II complex on the membrane
of cultured RCC cells. We initially tested gene expression of
S100A10 and annexin II in human RCC cell lines. Two cultured
RCC cells, TUHR14TKB and RCC10RGB9, were confirmed to
express S100A10 and annexin II genes by RT-PCR (data not
shown). Furthermore, both proteins were detected by western
blotting not in the cytosol, but on the membrane of these cells
(Fig. 3A). Annexin II was coprecipitated with mAb S100A10
in the NP-40-treated membrane solution (Fig. 3A), indicating
S100A10/annexin II complex formation on the membrane.

The RCC10RGB9 cells were then fixed with 3% paraformal-
dehyde, treated with or without NP-40 and immunostained with
mAb S100A10 and mAb annexin II followed by the TRITC-
conjugated antimouse IgG antibody (Fig. 3B). The cell mem-
branes were stained by each mAb (Fig. 3B), even without NP-40
being made permeable. Taken together, S100A10 and annexin II
formed a complex on the outer surface of RCC10RGB9 cells, as
reported in other cultured cancer cells.(5–7) Exactly the same
result was obtained with TUHR14TKB cells (data not shown).

Relationship between gene expression and prognostic factors of RCC.
First we determined the number of overexpressed cases for each
gene (Table 1). We have classified overexpression as expression
in a tumor tissue being 1.33-fold higher than that in the normal
tissue.(18) Overexpression of S100A10 and B-FABP was confirmed

Fig. 2. Immunohistochemistry for the three
antigens on the serial sections of cancerous and
normal renal tissues. (A–C) Serial sections of G2
renal cell carcinoma (original magnification ×14).
Positive staining for S100A10 (A) and annexin II
(B) is diffusely found on the plasma membrane
and occasionally appeared faintly in the cytoplasm.
Immunopositivity of B-FABP (C) is seen in the
cytoplasm of the carcinoma cells. (D, E) Normal
renal cortex (original magnification ×14). Bowman’s
capsule and some of the distal convoluted
tubules (asterisks) and glomerular podocytes
(arrows) are positively stained for S100A10 (D)
and annexin II (E). Immunostaining is also found
in endothelial cells (arrowheads). The few proximal
tubules (PT) represent the signals. (F, G) Normal
renal medulla (original magnification ×14). The
immunopositivity for S100A10 (F) is in agreement
with that for annexin II (G). Positive reactions
observed are mainly associated with the plasma
membrane of the collecting duct (asterisks) and
the thin portion of Henle’s loop (arrows).
Endothelium (arrowheads) is also diffusely
positive for both proteins.
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(P < 0.05 and P < 0.005, respectively, χ2-test), but annexin II
was not defined as overexpressed under this criterion. Then the
47 RCC cases were classified according to the nuclear grade and
stage, and overexpression of three genes in each class was
summarized (Table 1). S100A10 and B-FABP was overexpressed
regardless of nuclear grade and stage. Conversely, annexin II was
not overexpressed except for in nuclear grade G1 (P < 0.05).

Next, the relationship between the immunoreactivity against
three antigens and nuclear grade, T category or stage in the 13
RCC cases was determined (Table 2). All RCC sections showed
S100A10- and annexin II-positivity, whereas only 70% were B-
FABP positive. No other relationship was found between the
antibody immunoreactivity and nuclear grade, T category or
stage, except that S100A10 staining represented a stable reaction.

Discussion

We have previously reported overexpression of the S100A10
gene in seven RCC cases, although the experimental procedure
(RNA extraction, primer sequence and PCR cycle) was slightly
different from the current study.(1,2) Nevertheless we confirmed
here overexpression of the S100A10 gene in 47 RCC samples
(Fig. 1A). Furthermore, the annexin II gene, the natural ligand
of S100A10, was also overexpressed in the RCC (Fig. 1B). We
immunohistochemically demonstrated the expression of S100A10
and annexin II in the normal renal cortex and medulla (Fig. 2D–
G). As most RCC originate from proximal tubules,(19) the normal
kidney tissues used as controls were sampled from the non-
neoplastic cortex where proximal tubules localize. In the cortex,

Fig. 3. Localization of S100A10 and annexin II
complex on the membrane of cultured renal cell
carcinoma cells. (A) Pull-down assay for S100A10
and annexin II complex. S100A10 and annexin II
were analyzed in the lysate from membrane (m)
and cytosol (c) fraction of TUHR14TKB and
RCC10RGB9 cells (a) by western blotting or (b)
after being pulled down with mAb S100A10–
Sepharose beads. M indicates the marker for
S100A10 and annexin II. (B) Immunofluorescent
detection of (a) pre-immune serum, (b) S100A10 and
(c) annexin II on RCC10RGB9 cells. Cells were stained
without being made permeable with NP-40.

Table 1. Relationship between overexpression of genes and nuclear grade or stage in 47 surgically resected kidney samples

Grade or stage n
S100A10 overexpression Annexin II overexpression B-FABP overexpression 

Positive P value† Positive P value† Positive P value†

Total 47 34 <0.05 26 NS 36 <0.005
Nuclear grade

G1 9 8 <0.025 8 <0.025 8 <0.025
G2 31 21 <0.05 14 NS 22 <0.025
G3 7 5 NS 4 NS 6 NS

Stage
Stage I 26 19 <0.025 15 NS 20 <0.01
Stage II 4 2 NS 2 NS 1 NS
Stage III 9 7 NS 5 NS 8 <0.025
Stage IV 8 6 NS 4 NS 7 <0.05
Stage II–IV 21 15 <0.05 11 NS 16 <0.025

†χ2-test; NS, not significant.
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S100A10 and annexin II were scarcely immunostained in the
proximal tubules but stained in the Bowman’s capsule and
glomerular podocytes (Fig. 2D,E). Therefore, it is probable that
both genes are not expressed in the normal proximal tubules but
are induced upon malignant transformation of the normal cells.
Furthermore, elevated gene expression of S100A10 and annexin
II in the normal tissues (Fig. 1A,B) would reflect the expression
of these genes in Bowman’s capsule and glomerular podocytes.

In the renal medulla, both antigens were found in the collect-
ing duct system, the thin portion of Henle’s loop, the distal con-
voluted tubules and a part of the thick portion of Henle’s loop
(Fig. 2F–G). Recently, the S100A10/annexin II complex was
demonstrated to be associated with epithelial Ca2+ channel
ECaC1 (TRPV5), and to play a role in active Ca2+ reabsorption
in the kidney.(20,21) The Ca2+ reabsorption through active trans-
port takes place from Henle’s loop, through the distal convoluted
tubules to the collecting duct system.(22) Therefore, our immuno-
histochemical staining pattern would strongly support a physio-
logical role of the S100A10/annexin II complex in Ca2+

reabsorption in the kidney.
In contrast, we demonstrated that the B-FABP gene, another

candidate for an RCC marker, is overexpressed in RCC tissue
(Fig. 1C) and that the gene product was immunohistochemically
detectable in 70% of RCC sections (Fig. 2C, Table 2). As gene
and protein expression of B-FABP was negligible in the normal
kidney tissue (Fig. 1C; Table 2), B-FABP could be considered
highly specific to RCC.

In the study using two human RCC cell lines, S100A10 and
annexin II formed a complex on the extracellular membrane of
those cells (Fig. 3), as shown on many other cancer cells.(5–7)

The cell surface S100A10/annexin II complex activates plas-
minogen to form plasmin.(8) The loss of S100A10 from the
extracellular surface of cancer cells results in a significant loss
in plasmin generation.(8) Furthermore, S100A10 knock-down
cells exhibit a dramatic loss in extracellular matrix degradation
and invasiveness as well as reduced metastasis.(8) Therefore, it is
predictable that overproduction of S100A10 and annexin II in
RCC would be correlated with poor prognostic indicators.

Nuclear grade is one of significant predictors of RCC-specific
survival.(9,10) Also, the TNM staging system separates prognostic
groups of RCC patients.(9,11) The S100A10 and B-FABP genes

were overexpressed regardless of nuclear grade or stage (Table 1).
Conversely, the annexin II gene was not overexpressed except
for in G1. Seven of eight G1 samples concurrently overex-
pressed S100A10 and annexin II (P < 0.05, χ2-test), whereas 13
of 26 G2 (not significant [NS]) and four of seven G3 samples
(NS) concurrently overexpressed these genes. Therefore, simul-
taneous gene expression of S100A10 and annexin II was charac-
teristic to G1 samples and might be a favorable sign for RCC
prognosis.

It is known that growth of cancer cells requires new blood
supply through angiogenesis, which is balanced between pro-
and anti-angiogenic factors produced by cancer and host
cells.(23) Cancer cells produce an angiogenic inhibitor such as
angiostatin,(24) which is a fragment of plasmin produced by
cleavage of disulfide bonds of kringle 5 of plasmin followed by
autoproteolysis.(25) Recently, it was demonstrated that the
S100A10/annexin II heterotetramer stimulates angiostatin for-
mation through direct involvement of the tetramer in the reduc-
tion of plasmin disulfide.(26) Our present result suggesting that
overexpression of S100A10 and annexin II in RCC might be a
favorable sign for RCC diagnosis could be explainable if angi-
ostatin formation in RCC is considered. It is essential to study
the level of circulating anti-angiogenic factors(27) and long-term
follow up for the clinical outcome on a larger number of RCC
patients, in order to fully understand the current result. In the
immunohistochemical studies shown in Table 2, S100A10 and
annexin II were stained in all RCC sections (n = 13) regardless
of nuclear grade, although the number of sections was small.

The B-FABP gene is not expressed in normal human tissues
except for the brain.(12) In the current study, we showed that the
B-FABP gene and protein were well expressed in RCC tissues.
Recently it was demonstrated that the serum level of B-FABP is
a sensitive marker for brain injury.(28–30) B-FABP in the serum or
urine as a potential diagnostic and prognostic marker for RCC
is currently under investigation.
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