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Utility of cytokeratin 7, S100A1 and caveolin-1 as 
immunohistochemical biomarkers to differentiate chromophobe 
renal cell carcinoma from renal oncocytoma
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Background: Differentiation of chromophobe renal cell carcinoma (chRCC) from benign renal 
oncocytoma (RO) can be challenging especially when there are overlapping histological and morphological 
features. In this study we have investigated immunohistochemical biomarkers (cytokeratin 7/CK7, 
Caveolin-1/Cav-1 and S100 calcium-binding protein A1/S100A1) to aid in this difficult differentiation and 
attempted to validate their use in human renal tumour tissue to assess their discriminatory ability, particularly 
for chRCC and RO, in an Australian cohort of patients.
Methods: Retrospective study was carried out of archived formalin-fixed paraffin-embedded renal tumours 
from tumour nephrectomy specimens of 75 patients: 30 chRCC, 15 RO and 30 clear cell RCC (ccRCC). 
Sections were cut and immunostained with specific polyclonal antibodies of CK7, Cav-1 and S100A1. 
Morphometry was used to determine expression patterns of the biomarkers using Aperio ImageScope. 
Results were assessed with student t-test and ANOVA with significance at P<0.05.
Results: From this cohort, male-to-female ratio was 1.9:1. Median age was 64 (45–88 years) and median 
tumour size was 3.8 cm (range, 1.2–18 cm). There were 47 (62.7%) T1, 7 T2, 20 T3 and one T4 stage of 
RCC; with 2 patients presenting with M1 stage. There was significantly higher CK7 expression in chRCC 
compared to RO (P=0.03), and chRCC also had a different staining pattern and higher expression of Cav-1 
compared to RO. There was higher expression of S100A1 in RO compared to chRCC.
Conclusions: Immunohistochemical staining and standard morphometry of CK7, Cav-1 and S100A1 can 
aid in the differentiation of chRCC and RO. This may guide clinicians in management of patients when 
faced with difficult diagnostic histological distinction between the two tumour subtypes.
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Introduction

In the last decade, the incidence of renal tumours has risen 
substantially (1). Despite advances in radiological imaging 
and improved techniques of renal lesion biopsy, accurate 
diagnosis often eludes clinicians and final pathological 
diagnoses are only made postoperatively. A significant 
proportion of these renal lesions are benign, thus subjecting 
patients to unnecessary surgery and significant nephron 
loss (1). The most common malignant renal lesion is 
renal cell carcinoma (RCC). Within RCC, the most 
common histological subtypes of RCC are clear cell RCC 
(ccRCC) at approximately 75%, papillary RCC at 10%, 
chromophobe RCC (chRCC) at 5%, cystic solid RCC at 
1–4% and collecting duct RCC at 1%. Accurate molecular 
biomarkers which can accurately distinguish RCC subtypes, 
and benign from malignant renal tumours, can potentially 
reduce unnecessary surgery, preserve nephron mass, 
and subsequently reduce development of chronic renal 
insufficiency associated with nephrectomy.

While ccRCC has morphological and histological 
characteristics that make its diagnosis relatively routine, 
one significant problem presented to pathologists is 
the distinction of malignant chRCC from benign renal 
oncocytoma (RO), as histological, morphological and 
histochemical features often overlap between these two 
entities. Accurate diagnosis of the pathological specimens 
is crucial as this dictates further surveillance and potential 
management for malignant chRCC compared with benign 
RO cases, where active surveillance may be adequate. 
Therefore novel and reproducible biomarkers which can 
effectively aid in the differential diagnoses of chRCC from 
RO are needed. Further characterisation of molecular 
signatures for renal tumour subtypes will help solve some 
of the diagnostic issues mentioned above. This may in turn 
lead to improved treatment algorithms with reduction of 
overtreatment of benign/indolent renal lesions leading to 
efficient management of healthcare costs. Previous studies 
have investigated the roles of various immunohistochemical 
biomarkers in this respect (2). The use of a panel of 
immunohistochemical biomarkers may be beneficial.

In this study, we evaluate expression patterns of 
cytokeratin-7 (CK7), Caveolin-1 (Cav-1) and S100 calcium-
binding protein A1 (S100A1) in an Australian cohort of 
patients with renal tumours. CK7 is a low molecular weight 
keratin, belonging to a large family of structural polypeptides 
that are the fundamental markers of epithelial differentiation. 
The CKs found in simple epithelia (CK7, CK8, CK18 and 

CK19) are widely expressed in non-neoplastic kidney and 
renal neoplasms (3). Cav-1 is a 24 kDa membrane protein 
present in most cells and is a major component of membrane 
caveolae. Functionally, Cav-1 serves important roles in 
macromolecular transcytosis, endocytosis of pathogens, lipid 
metabolism and cellular signal transduction (4). S100A1 is 
a member of the S100 family of calcium binding molecules, 
most of which are clustered on chromosome 1q21, and are 
expressed in RCC (5). Importantly, these proteins are all 
involved in cell cycle progression and cell differentiation (6), 
and therefore implicated in tumorigenesis, a basis for their 
investigation in renal tumour subtypes. 

Methods

Immunohistochemistry

Retrospective study was carried out of archived formalin-
fixed paraffin-embedded renal tumours from tumour 
nephrectomy specimens of 75 patients for whom clinical 
characteristics were also available: 30 chRCC, 15 RO and 
30 clear cell RCC (ccRCC). Each of the sections had some 
non-cancerous kidney as well as the tumour. This was 
assessed as “non-neoplastic” or “non-cancer” kidney tissue. 
Paraffin blocks of archived human renal tumour tissue were 
obtained from Aquesta Pathology (Toowong, Australia). 
The archived tissue blocks were collected retrospectively 
from a period 2009–2014. The ethics approval for scientific 
use of archived pathology samples was obtained from the 
Aquesta Pathology Ethics Committee (protocol 14/02). 
The immunohistochemistry methods are detailed below. 
Antibody optimisation and positive control tissue samples 
(tissue microarray of human liver, kidney and gut) were used 
to verify the staining activity of the biomarker in human 
tissue. Negative controls without primary antibody were 
prepared for each batch stain.

S 1 0 0 A 1  w a s  m a n u a l l y  b a t c h - s t a i n e d  f o r 
immunohistochemistry. Sections were dewaxed in xylene and 
rehydrated through descending graded alcohols to water 
using standard protocol. The sections were then transferred 
to Tris buffered saline (TBS) pH 7.6. Endogenous 
peroxidase activity in sections was blocked using 2.0% 
hydrogen peroxide (H2O2) in TBS for ten minutes. Sections 
were then washed in three changes of water, and transferred 
into buffer and subjected to 15 minutes antigen retrieval at 
105 °C using a Biocare Medical decloaking chamber. On 
completion of the cooling cycle, the slides were allowed 
to cool for 20 minutes on the bench before transferring 
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back to TBS. They were washed in 3 changes of TBS then 
nonspecific antibody or peroxidase binding was inhibited 
by incubating the sections in Biocare Medical Background 
Sniper for 15 minutes. In a humidified chamber excess 
Sniper was decanted from the sections and the primary 
antibody. Sigma purified rabbit anti-S100A1 (1:125 
dilution) (HPA006462) was applied for 60–90 minutes at 
room temperature. Sections were washed in three changes 
of TBS. A detection kit of specific secondary antibodies 
(MACH 2 Rabbit HRP secondary Ab; Biocare Medical, 
USA) was applied for 30 minutes. Sections were washed 
in three changes of TBS, then signals were developed in 
the chromogen betazoid diaminobenzidine hydrochloride 
(DAB) (MACH1 kit) for 5 minutes. Sections were washed 
in water three times to remove excess chromogen, then 
lightly counterstained in haematoxylin, washed in water, 
dehydrated through ascending graded alcohols, cleared in 
xylene, and mounted using DePex.

The immunohistochemistry for CK7 and Cav-1 was 
performed with an automatic Ventana Discovery ULTRA 
Stainer (Ventana Medical Systems Inc, Roche) using 
set protocols. The slides were placed into the Ventana 
automated stainer with primary CK7 (Santa Cruz mouse 
anti-CK7; 1:75 dilution); Cav-1 (Santa Cruz rabbit anti-
Cav-1 sc-894; 1:250 dilution) and secondary antibodies 
(for CK7, Anti-mouse HQ; for Cav-1, MACH2 HRP 
anti-rabbit polymer) added to the autostainer at specific 
stages. Following staining, the slides were then dehydrated 
and cleared in xylene before coverslips were mounted 
automatically.

Morphometry analysis

B a s e d  o n  t h e  s t a i n i n g  c h a r a c t e r i s t i c s  o f  t h e 
immunohistochemical biomarkers, overall, nuclear and 
membrane expression was analysed on Aperio ImageScope 
(Leica Biosystems, Germany). Stained slides were scanned 
with an Aperio ScanScope XT slide scanning system 
(Aperio Technologies, USA) at 20× Aperio magnification. 
Digital images of the sections were captured using 
Aperio ImageScope software. A quantitative scoring 
of expression intensity and localisation of the various 
immunohistochemical biomarkers was analysed with respect 
to overall, nuclear and membrane expression.

Overall positive pixel expression analysis

Three random fields of the same size were selected for each 

RCC and paired non-neoplastic kidney section, using DAB 
as the positive chromogen. Analysis was carried out using 
the Positive Pixel Count v9 algorithm (for total staining 
intensity) from the Aperio ImageScope software. Staining 
(% positive pixels) was scored according to the intensity 
and percentage of cells stained. The intensity output for the 
Positive Pixel Count v9 algorithm was given as number of 
negative, weak positive, positive or strong positive pixels. 
Overall positive pixel count (%) was calculated by adding 
the values for “positive %” and “strong positive %” pixels.

The average of the three overall positive pixels % from 
the three respective scanned fields of renal tumour sections 
was obtained. Similarly, the average overall % positive 
pixels for three random fields in the non-neoplastic kidney 
sections, paired to a particular tumour, was obtained. 
Subsequently, the intensities of tumour and non-neoplastic 
kidney values were normalised against respective non-
neoplastic kidney regions and the data were expressed as the 
percentage of overall non-neoplastic values.

Nuclear expression analysis

Three random fields of the same size were selected for each 
RCC and paired non-neoplastic kidney section. Analysis 
was carried out using the algorithm IHC Nuclear v1.0 
from the Aperio ImageScope software. The output for IHC 
Nuclear v1 algorithm was given as a percentage of pixels 
with 0, 1+, 2+ or 3+ staining intensity. Nuclear positive 
pixels (%) were calculated by adding the values for 2+ % 
and 3+ % staining. The average of the three nuclear positive 
pixels from three non-neoplastic sections and average of 
three nuclear positive pixels from three tumour regions 
were then calculated. These were then made into average 
nuclear percentage. The nuclear intensities of tumour and 
non-neoplastic kidney were normalised against respective 
non-neoplastic regions and the data were expressed as the 
percentage of non-neoplastic values.

Membrane expression analysis

Three random fields of the same size were selected for each 
RCC and paired non-neoplastic kidney section. Analysis 
was carried out using algorithm IHC Membrane v1.0 from 
the Aperio ImageScope software. The output for IHC 
Membrane v1 algorithm was given as percentage of pixels 
with 0, 1+, 2+ or 3+ staining intensity. Membrane positive 
pixels (%) were calculated by adding the values for 2+ % and 
3+ % staining. The average of the three membrane positive 
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pixels from three non-neoplastic sections and average of 
three membrane positive pixels from three tumour regions 
was then calculated. These were then made into average 
membrane percentage. The membrane intensities were 
normalised against respective non-neoplastic regions and 
the data were expressed as the percentage of normal values.

All the intensity results (overall, nuclear and membrane) 
were calculated using Excel. The results of non-neoplastic 
kidney (overall, nuclear and membrane) % change and 
tumour (overall, nuclear and membrane) % change were 
then tabulated and analysed with Graphpad Prism 6 
(GraphPad Software, Inc). Graphs were generated to show 
the % expression change for tumour versus non-neoplastic 
kidney. Results were assessed with Student t-test and 
ANOVA with significance at P<0.05.

Results

Clinical characteristics of RCC nephrectomy patients

Ratio of males-to-females was 1.9:1, with the median age 
of 64 years (range, 18–88 years), in concordance with more 
RCC in males than females, and most patients being in the 

50–70 age group. The median renal tumour size from this 
series was 3.8 cm (range, 1.2–18.0 cm). Thirty ccRCC, 30 
chRCC and 15 RO were investigated. Although the ultimate 
aim was identifying immunohistochemical biomarkers that 
differentiated chRCC and RO, ccRCC were included for 
completeness as this subtype of RCC is the most common. 
The low number (15 cases) of RO was because RO account 
for approximately only 5% of all adult renal tumours (7). 
Among the ccRCC cases, 63.3% were Fuhrman grade 2, 
20% grade 3 and 16.7% grade 4. The histopathological 
diagnoses were made by an experienced uropathologist. 
Although it is recognised that the system for grading RCC 
has been modified over the past two years (8), these samples 
were graded using the older Fuhrman grading system, and 
these grades are therefore reported for these specimens.

One third of the patients underwent partial nephrectomy 
(25 out of 75 patients). The majority of the patients were 
in stage T1 (62.7%), and the rest were T2 (9.3%), T3 
(26.7%) and T4 (1.3%). The trend of patients presenting 
with smaller confined tumours in T1 stage is due to 
increasing detection rates for incidental renal tumours 
from widespread availability of radiological imaging, as also 
reported by other published series (9). There were only 
two patients with metastatic disease, and these patients 
underwent cytoreductive nephrectomy. These results are 
summarised in Table 1.

Immunohistochemistry of CK7

In the present study, non-cancer kidney cortical tissue 
adjacent to the tumours showed positivity for CK7 in 
the cytoplasm of distal tubular cells. There was strong 
membranous and cytoplasmic expression of CK7 in 
chRCC, with minimal or no staining in ccRCC and RO, as 
seen in Figure 1. In chRCC, there was intense cytoplasmic 
immunostaining with characteristic strong peripheral 
membrane staining. Based on the immunohistochemical 
characteristics, overall positive pixel expression was analysed 
using Aperio ImageScope.

Morphometry and overall expression of CK7

The overall positive pixel expression in tumour (ccRCC, 
chRCC and RO included) was lower compared to non-
neoplastic kidney tissue (Figure 2). When compared 
separately, ccRCC and RO had significantly lower overall 
positive pixel expression compared to non-neoplastic 
tissue (P<0.0001 and P=0.002 respectively) (Figure 2B,D). 

Table 1 Clinicopathological characteristics of the cohort of RCC 
patients 

Patients 75

Period 2009–2014

Gender 49 male; 26 female

Median age (years) 64 [18–88]

Median size (cm) 3.8 (1.2–18)

Subtype 30 ccRCC

30 chRCC

15 RO

T1 stage 47 (62.7)

T2 stage 7 (9.3)

T3 stage 20 (26.7)

T4 stage 1 (1.3)

M1 stage 2 (2.7)

Fuhrman (ccRCC)

Grade 2 63.3%

Grade 3 20%

Grade 4 16.7%
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Figure 1 CK7 immunohistochemistry. (A) Immunostaining in non-neoplastic renal cortical tissue shows CK7 positivity in the vessels and 
some tubular epithelium; (B) in clear cell renal cell carcinoma (RCC), minimal CK7 expression is visible; (C) CK7 expression is strong in 
chromophobe RCC; (D) renal oncocytoma was clear of CK7 staining. Scale bar =200 µm.

A B

C D

Figure 2 Expression of CK7 in renal tumours and matched non-neoplastic renal tissue. (A) Expression of CK7 in non-neoplastic vs. tumour 
tissue; (B) decreased expression of CK7 in clear cell (cc) renal cell carcinoma (RCC) vs. non-neoplastic kidney tissue (****, P<0.001); (C) 
expression of CK7 in chromophobe (ch) RCC vs. non-neoplastic kidney was increased, but differences did not reach conventional levels of 
statistical significance; (D) decreased expression of CK7 in renal oncocytoma (RO) vs. non-neoplastic kidney (**, P=0.002); (E) expression 
of CK7 across all tumour subtypes. Expression of CK7 in chromophobe chRCC was significantly higher compared with RO (*, P=0.03) and 
ccRCC (P=0.003); (F) significantly increased expression of CK7 was seen in chRCC vs. RO (*, P=0.03).
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However, overall expression of CK7 was higher in chRCC 
compared to non-neoplastic kidney tissue (Figure 2C). 
Therefore, the expression of CK7 immunostaining was 
higher in chRCC when compared to RO and ccRCC  
(Figure 2E). Importantly, there was significantly higher 
expression of CK7 in chRCC compared with RO (P=0.03) 
as shown in Figure 2F. This significantly different 
expression pattern of CK7 in both chRCC and RO provides 
a useful and efficient immunohistochemical biomarker that 
can aid in differentiating the two entities.

Immunohistochemistry of Cav-1 

In non-neoplastic kidney tissue, there was minimal 
basolateral membrane and cytoplasmic staining in distal 
convoluted tubules, along with staining of vascular 
endothelial cells. The immunostaining patterns of Cav-1 
were mainly membranous in ccRCC, diffuse cytoplasmic 
in chRCC and patchy cytoplasmic in RO, as shown in  
Figure 3A,B,C,D. On closer inspection, there was a 
distinguishing staining pattern observed in chRCC 
where there was diffuse cytoplasmic staining with 
peripheral membranous enhancement and a perinuclear 

halo; compared to patchy granular cytoplasmic staining 
in RO (Figure 3C,D). This distinctly different Cav-1 
immunostaining pattern between chRCC and RO may 
prove to be useful in separating the two tumour subtypes. 
Based on the immunohistochemical staining patterns, 
overall and membrane expressions were analysed on Aperio 
ImageScope.

Morphometry and overall expression of Cav-1

All tumours (including ccRCC, chRCC and RO) had 
significantly higher overall expression (P<0.0001) of  
Cav-1 compared with non-neoplastic kidney cortical tissue 
(Figure 4A). Individually, ccRCC Cav-1 expression was 
significantly higher compared with non-neoplastic kidney 
(P=0.01, Figure 4B), as was the case for chRCC (P<0.0001, 
Figure 4C), and RO (P=0.003, Figure 4D). There was no 
significant difference in Cav-1 expression between different 
neoplasms (Figure 4E). In particular, there was no significant 
difference in overall Cav-1 expression in chRCC versus RO. 
Notwithstanding, as shown in Figure 3, there may be useful 
discriminatory features in the different staining patterns 
between chRCC and RO.

Figure 3 Caveolin-1 immunohistochemistry. (A) Immunostaining of Cav-1 in non-neoplastic renal cortical tissue localised to cytoplasm 
of the cells of the distal convoluted tubule and vascular endothelial cells. Proximal tubular epithelial cells were clear of Cav-1; (B) in clear 
cell renal cell carcinoma (RCC), Cav-1 staining was mainly membranous; (C) strong diffuse Cav-1 cytoplasmic staining with peripheral 
enhancement and a perinuclear halo was noted in chromophobe RCC; (D) patchy granular cytoplasmic staining was seen in renal 
oncocytoma. Scale bar =200 µm.
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Figure 4 Expression of Cav-1 in renal tumours and matched non-neoplastic renal tissue. (A) Increased expression of Cav-1 in tumour vs. 
non-neoplastic tissue (***, P<0.0001); (B) increased overall Cav-1 expression in clear cell (cc) renal cell carcinoma (RCC) vs. non-neoplastic 
kidney (*, P=0.01); (C) increased overall Cav-1 expression of chromophobe (ch) RCC vs. non-neoplastic kidney (***, P<0.0001); (D) 
increased overall Cav-1 expression in renal oncocytoma (RO) vs. non-neoplastic kidney (**, P=0.003); (E) expression of Cav-1 across tumour 
subtypes; (F) overall expression of Cav-1 in chRCC vs. RO.
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Cav-1 membrane expression

Since there was notable membranous enhancement in 
ccRCC and chRCC, the membranous immunostaining of 
Cav-1 was analysed quantitatively using Aperio ImageScope. 
Membranous expression of all tumours (ccRCC, chRCC, 
and RO) was significantly higher when compared to non-
neoplastic kidney tissue (P<0.0001; Figure 5A). When 
individual subtypes were compared with non-cancer tissue, 
ccRCC, chRCC and RO differed significantly from non-
cancer kidney (P<0.0001, P<0.0001 and P=0.003 respectively; 
Figure 5B,C,D). Membranous expression in ccRCC, chRCC 
and RO did not differ significantly (Figure 5E). Despite a 
higher membranous Cav-1 expression in chRCC compared 
to RO, this difference did not reach statistical significance 
(P=0.10; Figure 5F).

Immunohistochemistry of S100A1

S100A1 stained the cytoplasm of proximal and distal tubular 

cells in non-neoplastic kidney tissue. In ccRCC, there was 
both cytoplasmic and membranous immunostaining noted. 
There was patchy cytoplasmic staining noted in chRCC 
while in RO, there was intense and diffuse cytoplasmic 
and nuclear staining (Figure 6A,B,C,D). Overall and 
nuclear expression was analysed on Aperio ImageScope 
based on the immunohistochemical staining patterns of  
S100A1.

Overall expression patterns of S100A1

All tumours recorded a higher expression of S100A1 
compared to non-neoplastic kidney as shown in Figure 7, 
but this did not reach significance. That trend persisted 
for ccRCC and chRCC, but in RO, there was significantly 
higher expression of S100A1 compared to non-neoplastic 
kidney (P=0.02) (Figures 7B,D). There was no significant 
difference in expression between RO and chRCC  
(Figure 7E,F).
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Immunohistochemistry showing S100A1 nuclear 
expression

When nuclear expression of S100A1 was analysed, there 
was no significant difference between tumour and non-
neoplastic tissue (Figure 8). Separately for ccRCC and RO 
(Figures 8B,D), there was higher expression in the tumours 
compared to non-neoplastic tissue, but the difference did 
not reach significance. However in chRCC, there was lower 
S100A1 nuclear expression in the tumour compared to non-
cancer kidney (P=0.11); however this did not reach statistical 
significance (Figure 8C). There was higher expression of 
S100A1 in nuclear regions of RO in contrast to chRCC but 
this did not reach significance (P=0.06) (Figures 8E,F).

Discussion

Histopathological diagnosis of kidney tumour subtypes poses 
a significant diagnostic dilemma when the morphological 
characteristics of tumour subtypes overlap (10). Obviously, 

the distinction for RO from chRCC will dictate different 
management pathways as RO is benign while chRCC is 
a malignant subtype which, depending on the chRCC 
variants, will require further surveillance or surgery. Another 
important distinction is chRCC from ccRCC, as chRCC 
may have a favourable prognosis compared to ccRCC (11).

Traditionally, Hale colloidal iron staining has been used 
to distinguish chRCC from the other mimics. However, the 
reproducibility of Hale colloidal iron staining is technically-
difficult, due to variations in pH, leading to difficulty in 
interpretation (12), and inconsistent reproducibility of 
results. Ultrastructurally, chRCC has numerous cytoplasmic 
microvesicles and RO, on the other hand, has abundant giant 
mitochondria (13), but electron microscopy facilities are not 
readily available, and this technique is not clinically practical 
in an era when cost and time must always be considered. 
Therefore utility of various immunohistochemical 
biomarkers remains the most readily accessible and efficient 
method of distinguishing RO and chRCC. Biomarkers CK7, 
Cav-1 and S100A1 were chosen following results from our 

Figure 5 Expression of Cav-1 (membranous) in tumours and matched non-neoplastic renal tissue. (A) increased membranous expression 
of Cav-1 in tumour vs. non-neoplastic kidney (****, P<0.0001); (B) increased membranous Cav-1 expression in clear cell (cc) renal cell 
carcinoma (RCC) vs. non-neoplastic kidney (****, P<0.0001); (C) increased membranous Cav-1 expression of chromophobe (ch) RCC vs. 
non-neoplastic kidney (P<0.0001); (D) increased membranous Cav-1 expression in renal oncocytoma (RO) vs. non-neoplastic kidney (**, 
P=0.003); (E) expression of Cav-1 (membranous) across tumour subtypes; (F) expression of Cav-1 (membranous) in chRCC vs. RO.
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Figure 6 S100A1 immunostaining in non-neoplastic renal cortical tissue and renal tumour tissue. (A) Immunostaining of S100A1 in adjacent 
non-neoplastic renal cortical tissue showing mainly cytoplasmic staining; (B) in clear cell renal cell carcinoma (RCC), there was membranous 
and cytoplasmic S100A1 staining; (C) there was patchy cytoplasmic S100A1 staining in chromophobe RCC; (D) intense and diffuse 
cytoplasmic and nuclear staining of S100A1 in renal oncocytoma. Scale bar =200 µm.

A B

DC

recent meta-analysis that identified a panel of significant 
immunohistochemical biomarkers that can discriminate 
between chRCC and RO (2).

CK7

Cytokeratins are important markers of epithelial differentiation. 
They consist of at least 20 distinct molecules, the expression 
of which depends on cell type and differentiation status, 
making them useful in differential diagnosis of many epithelial 
tumours (4). As a result CK7 has been widely investigated as 
a biomarker in kidney neoplasms, including the distinction 
of chRCC from other mimicking kidney tumours (e.g., RO, 
and eosinophilic variants of chRCC). In the current study, 
CK7 immunostaining was seen in cytoplasm of non-neoplastic 
distal tubular cells. This is consistent with published reports 
where CK7 staining in non-neoplastic kidney was expressed 
in distal tubules and collecting ducts (14). There was minimal 
CK7 staining in ccRCC and RO in our study; with diffuse 
cytoplasmic and peripheral membranous enhancement in 
chRCC. This agrees with previous work, where in chRCC 
there was diffuse cytoplasmic staining with peripherally-

enhanced expression while only weak patchy sporadic 
expression was reported in RO (15,16). In addition, CK7 
expression was weak or absent in most of our ccRCC. The 
strong expression of chRCC compared with weak or absent 
expression in RO and ccRCC is consistent with previous 
published results (17-20). The exact reason behind these 
expression differences in these 3 subtypes of kidney tumours 
remains to be elucidated.

The strong and enhanced peripheral membranous 
immunostaining noted in the chRCC cases may reflect the 
peripheral distribution of intermediate filaments within the 
tumour cells. Abundant cytoplasmic microvesicles in chRCC 
may push the intermediate filaments aside in the peripheral 
area of the cytoplasm, because chRCC has more abundant 
cytoplasmic microvesicles (21). Overall expression of chRCC 
was highest amongst the three tumour subtypes and was 
significantly higher compared to RO. This differential 
immunohistochemistry result between positively-stained 
chRCC versus poorly-stained RO in this Australian cohort of 
patients provides further validation of other published results 
(9,11,16,22). However, there were also some authors who 
had results where CK7 expression was prominent on RO 
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compared to chRCC (23,24). Small numbers of chRCC and 
RO used in the investigations may produce disparate results, 
difficult histological interpretation of immunohistochemistry 
and inaccurate initial diagnoses of the cases. Nevertheless, 
the CK7 immunohistochemistry study provided similar 
results as revealed by our meta-analysis, where CK7 has 
been identified as the most studied immunohistochemical 
biomarker in the differentiation between chRCC and  
RO (2). From this meta-analysis, we also recommended 
CK7 as part of a panel of immunohistochemical biomarkers 
than could be useful in differentiating chRCC from RO. 
Other authors have also recommended CK7 as part of their 
panel of immunohistochemical biomarkers for this purpose 
(9,25,26).

The association of CK7 with RCC tumourigenesis 
or progression needs further evaluation. One proposed 
mechanism includes matrix metalloproteinases (MMP). It 
is possible that the clinical behaviour and better prognosis 
of chRCC in contrast to other RCC could be related to the 
association of CK7 with absence of membrane type 1 MMP 
(MT1-MMP). MMPs are zinc-dependent endopeptidases, 

which are largely involved in t issue remodell ing, 
degradation of the extracellular matrix and basal membranes 
leading to tumour invasion and progression (27). One 
study showed the absence of MT1-MMP in CK7-positive 
ccRCC, suggesting that any good prognosis of CK7-
expressing ccRCC can be partially explained by absence of 
MT1-MMP expression (14). Further work should focus on 
pathophysiology responsible for the increased expression of 
CK7 in chRCC compared to minimal or patchy expression 
in RO as both tumours originate from intercalated cells 
of collecting duct, which also expresses CK7. One study 
proposed that most biomarkers that are expressed in the 
collecting duct system may show decreased expression or 
disappear in many RO because cell-to-cell interactions of 
the majority of RO decrease during tumorigenesis (28). In 
addition, the association of expression of CK7 in chRCC 
with cancer specific survival should also be investigated. 
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Caveolae are specialized lipid raft microdomains forming 
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Figure 7 S100A1 expression in renal tumours and matched non-neoplastic renal tissue. (A) S100A1 expression in tumour vs. non-
neoplastic kidney; (B) S100A1 expression in clear cell (cc) renal cell carcinoma (RCC) vs. non-neoplastic kidney; (C) S100A1 expression of 
chromophobe (ch) RCC vs. non-neoplastic kidney; (D) increased S100A1 expression in renal oncocytoma (RO) vs. non-neoplastic kidney (*, 
P=0.02); (E) expression of S100A1 across tumour subtypes; (F) expression of S100A1 in RO vs. chRCC (non-significant).
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50 to 100 nm flask-shaped vesicular invaginations of the 
plasma membrane, which serve as a scaffold for signalling 
molecules related to cell adhesion, growth and survival (29).  
Caveolins are functionally and structurally highly 
conserved, and they initiate caveolae formation from raft 
derived components. Cav-1 is involved in the regulation of 
numerous signalling cascades, including receptor and non-
receptor tyrosine kinases such as epidermal growth factor, 
Neu and the Src family tyrosine kinases, protein kinase C, 
heterotrimeric G-protein α-subunits and endothelial nitric 
oxide synthase (30). Some studies have demonstrated that 
Cav-1 acts as a tumour suppressor protein, inhibiting the 
functional signalling activity of several proto-oncogenes 
and, consequently, disrupting the process of cellular 
transformation (4). Expression of Cav-1 has been studied 
in various types of tumours; and previous authors have 
published results in RCC (31-33).

From our study, there was minimal staining of Cav-1  
noted in distal tubules and more pronounced staining of 
endothelial cells in non-neoplastic kidney tissue. This is 
reflective of previous studies where Cav-1 was localised 

to distal tubular cells, collecting ducts, parietal cells of 
Bowman’s capsule, endothelial and smooth muscle cells (34). 
All three tumours (ccRCC, chRCC and RO) demonstrated 
significantly higher overall and membranous expression of 
Cav-1 compared to non-neoplastic kidney tissue. There was 
prominent membranous staining of Cav-1 in ccRCC. In 
chRCC, intense diffuse cytoplasmic staining with peripheral 
membranous enhancement and a distinctive perinuclear 
halo was noted; while in RO there was patchy cytoplasmic 
staining. Membranous expression of Cav-1 was highest 
in ccRCC followed by chRCC and RO. The staining 
patterns of the 3 tumours were similar to reports published 
by Tamaskar et al., where ccRCC were noted to have 
predominantly membranous expression while chRCC and 
RO had cytoplasmic expression (35). Similarly Mete et al.  
also recorded a difference in staining patterns between 
chRCC (diffuse and peripheral cytoplasmic) and RO 
(diffuse cytoplasmic) (32). The observations by previous 
authors strengthen our findings of differences in staining 
patterns noted in our chRCC and RO. The differential 
immunohistochemistry staining pattern for Cav-1 between 

Figure 8 S100A1 nuclear expression in renal tumours and matched non-neoplastic renal tissue. (A) S100A1 expression in tumour vs. non-
neoplastic kidney; (B) S100A1 expression in clear cell (cc) renal cell carcinoma (RCC) vs. non-neoplastic kidney; (C) S100A1 expression of 
chromophobe (ch) RCC vs. non-neoplastic kidney; (D) increased S100A1 expression in renal oncocytoma (RO) vs. non-neoplastic kidney; (E) 
expression of S100A1 across tumour subtypes; (F) expression of S100A1 in RO vs. chRCC (P=0.06).
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the two entities will aid in the important differentiation of 
the two tumours. 

Although increased overall and membranous expression 
of Cav-1 was noted in chRCC compared with RO, these 
were not statistically significant. Other published results 
have also shown that Cav-1 expression was higher in the 
majority of chRCC versus focal positivity in the minority 
of RO (33,36). However, one contrasting report had RO 
with increased cytoplasmic staining and lower expression 
in chRCC (31). Nonetheless, the different staining patterns 
may be beneficial in differentiation between chRCC and 
RO. The significance of Cav-1 over-expression in RCC 
has been linked to higher tumour grades, venous invasion, 
lymph node metastases, tumour progression and poorer 
prognosis (37). It is well known that ccRCC have a more 
aggressive malignant nature and therefore, as expected, the 
highest expression of Cav-1 was noted in ccRCC compared 
to chRCC (less aggressive but malignant) and benign RO. 
A recent meta-analysis reported the association of Cav-1 
levels with cancer-specific survival in kidney cancers with a 
hazard ratio of 1.98 (38).

The mechanisms by which Cav-1 exerts its tumourigenic 
effect include enhancement of vascular endothelial 
growth factor (VEGF) secretion, thereby stimulating 
angiogenesis (39); and interaction with phospho-ERK-1/2 
to promote tumour survival and growth (40). Also in 
RCC, Cav-1 may serve as a ‘gatekeeper’ for activation 
of the hypoxia-inducible factor (HIF) pathway. HIF is a 
downstream effector molecule of mammalian target of 
rapamycin (mTOR) that accumulates in RCC in response 
to the loss of function of the Von Hippel Lindau (VHL) 
gene and promotes angiogenesis, vascular invasion and 
chemoresistance (41). In summary, Cav-1 can be utilised 
as diagnostic tool, prognostic indicator and also a possible 
therapeutic target in RCC. Here we highlight the use of 
Cav-1 immunohistochemical differential staining patterns 
as an aid to distinguish chRCC from RO. 

S100A1

S100A1 is a member of the S100 family, the largest 
subgroup of the EF-hand proteins (42). S100A1 has been 
reported to be involved in different biological activities 
such as transduction of intracellular calcium signalling, 
cytoskeleton-mediated interactions, as well as cell cycle 
progression and cell differentiation (43). Therefore it has 
been studied in a variety of tumours, including kidney 
cancers. From the present study, S100A1 immunostaining 

was noted in nuclei and cytoplasmic regions of proximal 
tubular cells and collecting ducts in adjacent non neoplastic 
kidney parenchyma. This is similar to previous published 
results (44). In ccRCC, strong S100A1 immunostaining in 
cytoplasmic and membranous regions of tumour cells was 
noted, while there was only patchy minimal cytoplasmic 
expression in chRCC and strong diffuse cytoplasmic and 
nuclear staining in RO. In comparing the recent studies 
examining immunohistochemistry expression of S100A1 
in kidney neoplasms, ccRCC was found to have expression 
in 66–73% of cases and 67–94% of papillary RCC. The 
highest level of expression was identified in RO, with 
92–93% of cases demonstrating reactivity with S100A1 
compared to 0–6% of chRCC, which have been found to 
be negative (5,25,44). Recently, Kuroda et al. reported that 
immunohistochemical cytoplasmic expression of S100A1 
was 100% of ROs compared to only 30% of chRCC (45).

The immunohistochemistry results of the present study 
were in agreement with the differential immunostaining of 
S100A1 in RO compared with chRCC. There was apparent 
higher overall and nuclear expression of S100A1 in RO 
over chRCC in our cohort, but this unfortunately did not 
reach statistical significance. This is perhaps related to 
the small RO sample size of 15 cases. Nevertheless, the 
majority of RO in the study expressed diffusely intense 
cytoplasmic and nuclear staining of S100A1 compared 
with minimal patchy cytoplasmic expression in chRCC, 
similar to other published reports. Therefore, S100A1 is 
another reproducible immunohistochemical biomarker 
from a panel of biomarkers that can differentiate RO from 
chRCC (2). Other authors have suggested a panel of CK7, 
S100A1 and claudin 8 (25), and the utility of cluster analysis 
of S100A1 and CK7 (46), which could discriminate the 
two entities. Conner et al. have reported the usefulness of 
S100A1 immunohistochemistry in fine needle aspirates and 
core needle biopsies that showed positivity in 80% of RO 
versus 8% in chRCC (47). This could provide a valuable 
distinction between the two entities in selective groups of 
patients with indeterminate small kidney masses.

Conclusions

This study of an Australian cohort of patients has validated 
some of the immunohistochemistry results of CK7, S100A1 
and Cav-1 from previous studies: significantly higher 
CK7 expression in chRCC than in RO; higher expression 
of S100A1 in RO than in chRCC; and higher expression 
of Cav-1 with different staining patterns for chRCC 
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when compared to RO. The application of this panel of 
biomarkers may enhance the reliable characterization of 
these histologically difficult to separate kidney lesions. 
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