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Abstract: It has been documented that some tissues, such as salivary gland, liver, cardiac and skeletal muscles
and kidney, have high level endogenous biotin or endogenous avidin binding activity (EABA). Limited data is
available on EABA in renal cell neoplasms. A tissue microarray (TMA) was constructed that included oncocytoma
(n=30), chromophobe renal cell carcinoma (RCC) (n=18), clear cell RCC (n=45), clear cell RCC with
granular/eosinophilic (G/E) features (n=19), papillary RCC (n=21), papillary RCC with G/E features (n=29) and
benign renal tissues (n=31). The TMA slides were stained with or without biotin blocker and analyzed using the
automated cellular imaging system (ACIS®). Without biotin blocker, a high positive rate of EABA was found in
oncocytoma (56/60, 93%) and normal renal tubules (46/60, 77%). A moderate positive rate of EABA was found in
clear cell and papillary RCCs with G/E features (13/39, 33% and 19/55, 35%, respectively). Chromophobe RCC
and RCC without G/E features had essentially no EABA. With biotin blocker, benign renal tissue and clear cell RCC
were negative for EABA; but a significant number of renal oncocytoma (29/60, 48%) and a few papillary RCC with
G/E features (5/52, 10%) remained positive for EABA. In conclusion, high EABA may be used to differentiate
oncocytoma from chromophobe RCC, and the staining results must be interpreted with caution when avidin-biotin
detection system is used in diagnosing renal neoplasms.
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Introduction laboratories to increase target antigen

detecting sensitivity. It has been well

Biotin is a member of the vitamin B family (B7)
that is involved in the biosynthesis of fatty
acids, gluconeogenesis, energy production,
and the metabolism of the branched-chain
amino acids and the de novo synthesis of
purine nucleotides. Biotin is the coenzyme for
four carboxylases and several synthetases:
pyruvic acid carboxylase and propionyl CoA
carboxylase, methyl-crotonyl carboxylase, and
acetyl CoA carboxylase; carbamoyl phosphate
synthetase |, carbamoyl phosphate synthetase
Il. The first four are localized in mitochondria,
and the last two are in cytosol [1, 2]. Large
amounts of endogenous biotin (EB) are
present in the liver, kidney, pancreas,
mammary gland, skeletal muscle, salivary
gland and adipose tissue [3, 4].

Avidin-biotin complex (ABC) detection system
is commonly used in immunohistochemical

documented that high level of EB in some
tissues results in a high level of EABA in
formalin fixed paraffin-embedded tissue
sections [5-8].

Recently, while performing a study on a group
of renal tumors, we noticed a significantly
higher level of EABA in renal oncocytoma
compared to other renal cell neoplasms. In
this study, we extended our observation by
comparing the staining quality of EABA in renal
cell neoplasms using 7 different antigen
retrieval methods and investigated whether
high EABA is unique to oncocytoma among
renal cell neoplasms and whether high EABA
will pose a problem for immunohistochemical
diagnosis of renal cell neoplasms.

Materials and Methods
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A renal cell neoplasm tissue microarray (TMA)
was constructed using formalin fixed, paraffin
embedded tissue blocks from the pathology
archive at University of Wisconsin-Madison.
The TMA included oncocytoma (n=30),
chromophobe renal cell carcinoma (chrRCC,
n=18), clear cell RCC (cIRCC, n=45), clRCC
with granular/eosinophilic(G/E) features
(cIRCC G/E, n=19), papillary RCC (pRCC,
n=21), pRCC with G/E features (pRCC G/E,
n=29) and benign renal tissues (n=31). The
pathological diagnoses were made according
to the Heidelberg classification for renal
tumors [9], and verified by a genitourinary
pathologist (WH). Duplicate cores were
obtained from each tumor/tissue. The core
size was 0.6 mm in diameter. The cores were
arranged 0.2 mm apart vertically and
horizontally.

Three TMA slides were studied for EABA in
renal neoplasms. BioCare Bull's Eye buffer
(BioCare Medical, Concord, CA) with pressure
cooking for 3 minutes was used for antigen
retrieval. No target-specific primary antibody
was applied to any of these three TMA slides.
The three TMA slides were stained as follows:
Slide #1 was stained according to the
standard protocol for negative controls on
Ventana Autostainer Benchmark XT (Ventana
Medical, Inc, Tucson, AZ) with application of
biotin blocker (endogenous biotin blocking kit,
Ventana). Slides #2 and #3 were stained
manually with BioCare avidin-biotin detection
kit. Endogenous peroxidase (EP) blocker was
applied to slides # 2 and #3 at room
temperature for 10 minutes. Then BioCare
background terminator was applied to the
slides for 15 minutes at room temperature. No
biotinylated secondary antibody was applied to

Table 1 EABA in renal neoplasms

slide #2 before adding avidin-horseradish
peroxidase (HRP). No avidin-HRP was applied
to slide #3. Immunohistochemical reactions
were developed with diaminobenzidine as the
chromogenic substrate. Hematoxylin was used
as the counterstain. ACIS® (Clarient, Inc, Alisa
Viego, CA), was used to evaluate the staining
results [10, 11]. The core staining intensities
(INT) varied from O to 255; core staining areas
(S %) ranged from O to 100%. A composite
score (CS = INT x S %) for each core is
obtained and analyzed. A positive threshold
was defined as CS = 25% of maximal INT x
15% (staining area) = 10.

Seven different antigen retrieval conditions
were also tested on TMA slides to compare
their effect on EABA in renal neoplasms:
BioCare Bull's Eye (pressure cooking, 2

minutes), BioCare Borg (pressure cooking, 2
minutes), BioCare Diva (pressure cooking, 2
minutes), BioCare EDTA (pressure cooking, 2
minutes), Ventana (VMS) Cell Conditioning

Solution 1 (CC1, online 37 C, 60 minutes),
VMS Cell Conditioning Solution 2 (CC2, online
37°C, 60 minutes), and VMS Protease 1
(online 37°C, 4 minutes). After antigen
retrieval, the TMA slides were manually
stained with BioCare streptavidin-biotin
detection Kkit, without using biotin block.
Briefly, EP blocker was applied to all slides for
10 minutes at room temperature. Then
BioCare background terminator was applied to
all slides for 15 minutes at room temperature,
and then streptavidin-HRP was applied to all
slides for 30 minutes at room temperature.
Hematoxylin was used as counterstain. Cores
with poor quality were excluded from analysis.
In this study, less than 5% of the cores in each
group were disqualified.

EABA Staining Positivity (%) (CS>=10)

EABA AQUA™ Score
(mean CS of positive cores)

Diagnosis N w/0 EB blocker w/ EB blocker w/0 EB blocker w/ EB blocker
Benign 31 77 (46/60)* 0(0/62) 37.4

Onco 30 93 (56/60) 48 (29/60)* 64.9 26.2
chrRCC 18 6 (2/36) 0(0/34) 25.8

cIRCC 45 0 (0/87) 0(0/88)

pRCC 21 0 (0/39) 0 (0/39)

clRCC G/E 19 33 (11/39) 0 (0/38) 55.6

pRCC G/E 29 35 (19/55) 10 (5/52) 65.3 37.6

EABA, endogenous avidin binding activity; EB, endogenous biotin; RCC, renal cell carcinoma; Onco, oncocytoma;
chr, chromophobe; cl, clear cell; p, papillary; G/E, granular/eosinophilic; AQUA™, automated quantitative
analysis; N, number of cases; CS, composite score; * numbers in parentheses = positive cores over total cores

evaluated in each group; w/, with; w/o, without.
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Results

The results are summarized in Table 1.
Without EB blocker (slide #2), a high positive
rate of EABA was found in oncocytoma (56/60,
93%, Figures 1A and 1B) and normal renal
tubules (46/60, 77%, Figures 1C and 1D). A
moderate positive rate of EABA was found in
clear cell and papillary RCCs with G/E features
(pPRCC G/E, 19/55, 35%, Figures 1E and 1F;
clRCC G/E, 13/39, 33%; Figures 1G and 1H).
Two cores of chromophobe RCC showed weak
positive EABA (2/36, 6%, Figures 1l and 1J);
and RCCs without G/E features had essentially
no EABA. With EB blocker (slide #1), the EABA
was removed almost completely from benign
renal tissue, chrRCC and clear cell RCC; but a
significant amount of EABA remained in renal
oncocytoma (29/60, 48%, Figures 2A and 2B),
and in a few pRCC with G/E features (pRCC
G/E, 5/52, 10%, Figures 2C and 2D).

Similar staining pattern was also observed in
all 7 TMA slides with the aforementioned
different antigen retrieval conditions. We
found that the EABA staining quality varied
when different antigen retrieval conditions
were applied. Antigen retrieval with BioCare
Borg, BioCare EDTA, VMS CC1, and VMS CC2
showed stronger signal and higher background
staining. Strong staining signal yet less
background was observed in slides pretreated
with BioCare Bull's eye, BioCare Diva and VMS
Protease 1.

Discussion

Our data confirmed previous reports [3, 4, 6]
that kidney tissue has high level endogenous
biotin. We found that the Ventana endogenous
biotin blocking kit is efficient in removing
endogenous biotin from normal renal tissue.
However, it has limited blocking effect on
some renal neoplasms that have high EB, such
as oncocytoma and renal cell carcinoma with
granular/eosinophilic features. This finding
indicates that a false positive result may be
produced using  biotin-avidin  complex
detection system in diagnosing renal
neoplasms, which could potentially create a
problem for pathologists, especially when only
a small amount of tissue, such as needle core
biopsy, is available for diagnosis.

Not surprisingly, high level EABA was found in

renal oncocytoma which has abundant
cytoplasmic mitochondria [12-14], and very
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low level of EABA was found in chromophobe
RCC which is rich in cytoplasmic microvesicles
[13]. As we know that chromophobe RCC
sometimes presents as an imitator of
oncocytoma, especially when there is only
limited tissue to evaluate. Differentiating
chromophobe RCC from oncocytoma can be a
daunting task for pathologists especially when
a kidney sparing surgery is necessary. Hale's
colloidal iron remains the most commonly
used stain so far in differentiating
chromophobe RCC from oncocytoma, yet it is
often a technical and interpretive challenge
[13, 15]. Therefore, markers capable of
distinguishing  chromophobe RCC from
oncocytoma have been explored [10, 16-18].
Based on our findings, we propose that EABA
may be useful as a marker in differentiating
chromophobe RCC from oncocytoma. We
believe EABA as a marker is advantageous, as
the detection reagents are readily available,
the test of EABA is easier to perform, and cost-
effective, over other proposed antibody-based
markers such as S100A1 [19], ankyrin-
repeated protein with a proline-rich region
(ARPP) [20], caveolin-1 [17], CD63 [21], and
claudin-7 [22]. However, since EABA is also
present in some clear cell and papillary RCCs
with granular/eosinophilic features, additional
markers that are distinctive for clear cell or
papillary RCCs such as RCCma, CD10, CK7
and vimentin should be also included to make
a differential diagnosis [23, 24].

ACIS® is a robust system and is precise and
high throughput in quantifying core staining
intensities of a TMA. However, it lacks
accuracy sometimes, as it does not
discriminate real staining signals from other
similar pigments, such as hemosiderin. We
found that high composite scores were
produced from a few tissue cores of papillary
RCC with abundant hemosiderin yet with
minimal or without EABA. Therefore, validation
of the results by correlating staining
morphology with composite score is necessary
to avoid robotic bias.

In conclusion, high level of EABA was present
in oncocytoma whereas little EABA was found
in chromophobe RCC. We believe EABA could
be used as a marker in differentiating
oncocytoma from chromophobe RCC. When
biotin-avidin detection system is used in
diagnosing renal cell neoplasms, false positive
staining may result from high EB content in
some tumors such as oncocytoma, clear cell
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Figure 1 Endogenous avidin binding activity (EABA)
in renal neoplasms. A pair of panels (objective
maghnification 4x and 40x) for each group are
shown. EABA was detected in 93% of oncocytomas
(1A and 1B); 77% of normal kidney tubules (1C and
1D); in 35% of papillary RCCs with G/E features (1E
and 1F); in 33% of clear cell RCCs with G/E features
(1G and 1H). Weakly positive EABA was detected in
two cores of chromophobe RCC (11 and 1J).

and papillary RCC with granular/eosinophilic
features. Antigen retrieval with BioCare Bull's
eye, BioCare Diva and VMS Protease 1
produced less background staining when EABA
was used in differentiating oncocytoma from
chromophobe RCC.
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Figure 2 Endogenous biotin blocker (endogenous
biotin blocking kit, Ventana Medical, Inc) has limited
power in blocking EABA in renal neoplasms with
high EB content. A pair of panels (objective
maghnification 4x and 40x) for each group are
shown. With EB blocker, EABA was detected in 48%
of oncocytomas (2A and 2B) and in 10% of papillary
RCCs with G/E features (2C and 2D).
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