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ABSTRACT 
Objectives: To determine the validity of immunohistochemistry in classifying Renal cell carcinoma (RCC) 
subtypes. 
Methods: Eighty-three cases of RCC were retrieved. Immunohistochemical staining of Vimentin, CD10, CK7, 
P504s, Parvalbumin, TFE3, and CD117 were done by using tissue microarray blocks. RCC subtypes were placed 
and compared with the previous diagnosis.  
Results: Seventy-eight of 83 cases showed agreement with the original diagnosis. Vimentin expressions were 
observed in Clear cell RCC(CRCC) and Papillary RCC(PRCC). CD10 staining was detected in CRCC (82%) 
and in PRCC (77%) and Chromophobe RCC (CHRCC) (50%). CK7 was positive in all cases of CHRCC, and 
negative in 93% of CRCC. P504s was expressed in 88% of PRCC and negative in 96% of CRCC and 84% of 
CHRCC. Parvalbumin was expressed in 32% of CHRCC, and negative in all CRCC and PRCC. CD117 was 
positive in all CHRCC and negative in CRCC and PRCC. TFE3 was negative in all cases. 
Conclusion: The expression patterns of the IHC markers in RCC subtypes were concluded.  Vimentin, CD10 
and CK7 were suggested as the first-stepped IHC markers. CD117, Parvalbumin, and P504s were suggested as 
the second stepped IHC markers to confirm the diagnosis. 
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InTROduCTIOn
 Renal cell carcinoma(RCC) is the third 
most common cancer of the genitourinary tract and 
the most lethal urologic cancer, accounting for ap-
proximately 2% of adult malignancies and 90-95% 
of neoplasms arising from the kidney.[1] More than 
90% of the renal cell carcinoma arise from the renal 
tubules[2]. Formally, RCC was divided into 5 main 
histologic subtypes: Clear cell, Papillary, Chromo-

phobe, Collecting duct and unclassified RCC [3,23]. 
Clear cell, Papillary and Chromophobe RCC are 
the three most common types, comprising 70-80%,  
14-17% and 4-8% of all RCCs, respectively.  
Collecting duct carcinoma is the rarest type of 
RCC(<1%). Unclassified RCCs include those that 
do not fit into any of the above 4 subtypes either 
morphologically or cytogenetically.[3,4]
 Almost all malignant renal tumors arise 
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from the renal tubules, collecting duct, or renal  
pelvic urothelium [5]. In the last few years, new 
types of RCC have been described, including Xp11 
translocation renal cell carcinoma. Xp11 transloca-
tion RCC, a recently recognized distinct subtype is a 
rare tumor predominantly in young patients.
 Adult renal epithelial tumors are hetero- 
genous neoplasms. The World Health Organization 
(WHO) classification recognized a growing number  
of relevant clinicopathological subtypes with  
different pathogenetics and prognoses[6]. Although, 
in most cases, the diagnosis is based on morphologi-
cal examination, cytogenetic changes, fusion tran-
script detection and immunohistochemical analysis 
are useful ancillary techniques to refine the classifi-
cation [2,7]. In this study, we aimed to identify the 
IHC panel which would be reliable to increase preci-
sion of the diagnosis of the RCC subtypes. 

MATeRIAl And MeThOdS
Tissue specimens:
 All cases of renal cell carcinoma diagnosed 
between 2004 and 2009 were retrieved from the 
departments of pathology, Faculty of Medicine, 
Chulalongkorn University and King Chulalongkorn 
memorial hospital. Eighty-three renal tumor cases  
obtained from patients treated by radical nephrec-
tomy were included. All microscopic sections of 
these 83 cases were reviewed to select the proper 
tissue blocks for tissue microarray (TMA) by a  
pathologist. The previous diagnoses were recorded 
for comparison. The histological types were deter-
mined according to the WHO 2004 classification [6].

Immunohistochemical techniques:
 Representative areas were identified on 
H&E slides and marked for sampling with TMAs, 
Using the manual TMA blocks, cores 4.0 mm in di-
ameter were extracted from 1 to 2 paraffin-embedded  

tissue blocks from each case (one TMA block  
including four cases, 20 cores). All TMA tissue  
blocks were cut into 2 µm sections and placed on 
Superfrost Plus slides. The following antibodies 
were included in this study: CK7 (MU255-UC Clone 
OV-TL 12/30, BioGenex, CA, USA; dilution 1:100), 
CD10 (NCl-L-CD10-270 clone 56C6, Novocastra, 
LEICA,UK; dilution 1:25), P504s (Mob 438 Mouse 
anti P504s clone 13H4, Diagnostic BioSystem, CA, 
USA; dilution 1:800), Vimentin (M702U clone Vim 
3B4, DAKO, Denmark; dilution 1:200), Parvalbu-
min (AB50338, Mouse monoclonal clone PARV-19, 
Abcam, UK; dilution 1:2000), TFE3 (TFE3(P-16) 
sc-5958, goat polyclonal IgG, SantaCruz Biotech- 
nology, CA, USA; dilution 1:4000) and CD117(rabbit 
polyclonal, DAKO, Denmark; dilution 1:500).  
Sections were then processed in a Ventana automated  
immunostainer (Ventana, Tucson, AZ) for 6  
antibodies and using Ultraview Universal DAB  
detection Kit (Ventana, Tucson, AZ) according to 
the manufacturer’s instructions for visualization. 
For TFE3 antibody, manual immunohistochemical  
staining was applied.
 Tumor cells were considered positive only 
when the appropriate staining patterns were achieved 
(CD10 gives cell surface staining, CK7 gives cyto-
plasmic and membranous staining, Vimentin gives 
cytoplasmic staining, P504s gives cytoplasmic stain-
ing, Parvalbumin gives cytoplasmic staining, TFE3 
gives nuclear staining and CD117 gives cell mem-
brane staining). The extent of immunoreactivity was 
categorized into levels as (0), no positive tumor cell; 
(1+), positive cell <10%; (2+), positive cell 10-50% 
and (3+), positive cell >50%; and defined score 0 
and 1+ as negative and score 2+ and 3+ as positive 
[8]. With combination of the IHC markers together 
with morphology, diagnoses were redone case by 
case. Then the new diagnoses were compared with 
the previous ones. 
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ReSulT  
 Seventy-eight from 83 cases, the diagnoses 
of the RCC subtypes were concordant, which con-
sisted of 55 CRCC, 17 PRCC and 6 CHRCC. Disa-
greement in diagnosis was found in 5 cases, some 
of which the diagnoses were not achieved with IHC. 

Thereafter, we used CD117 antibody as an additional 
immunostaining for supporting the result.
 The results of immunohistochemical  
staining in 78 cases were detailed (Table 1).  
Representative H&E and IHC staining was  
illustrated  (Figure 1).

Table 1 The results of Immunohistochemical staining

 Immunohistochemical staining

 RCC types  P504s CD10 CK7 TFE3 PARV-19 Vimentin CD117

   n(%) n(%) n(%) n(%) n(%) n(%) n(%)

  0 33 (60)  1 (2) 50 (91) 54 (98) 55 (100)  8 (14) 45 (82)
 CRCC (N=55) 1+ 20 (36)  9 (16) 1 (2)   1 (2)  0 11 (20) 7 (13)
 No.(%) 2+ 2 (4)  20 (36) 4 (7)  0 0 17 (31) 3 (5)
  3+ 0  25 (46) 0 0 0 19 (35) 0

  0 0 3 (17) 6 (35) 15 (88) 17 (100) 1 (6)  10 (59)
 PRCC (N=17)  1+ 2 (12)  1 (6) 0  2 (12)  0 2 (12) 5 (29)
 No.(%) 2+ 6 (35)  11 (65) 5 (30)  0 0 9 (53) 2 (12)
  3+ 9 (53)  2 (12) 6 (35) 0 0 5 (29) 0

  0 4 (68) 2 (34) 1 (16) 6 (100) 4 (68) 6 (100) 0
 CHRCC (N=6)  1+ 1 (16) 1 (16) 0 0 0 0 0
 No.(%) 2+ 1 (16) 1 (16) 1 (16) 0 1 (16) 0 4 (67)
  3+ 0 2 (34) 4 (68) 0 1 (16) 0 2 (33)

 Xp11 - - - - - - - -
 translocation
 (N=0) 

CRCC = Clear cell renal cell carcinoma
PRCC = Papillary renal cell carcinoma
CHRCC = Chromophobe renal cell carcinoma
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Figure 1 The microscopic feature and Immunohistochemical illustrations
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 CD10 staining was expressed in most (45/55; 
82%) CRCC. CD10 expression was also observed in 
77% (13/17) of PRCC and 50% (3/6) of CHRCC.  
Vimentin staining was absent in all CHRCC, where-
as diffuse cytoplasmic staining was presented in 36 
of 55 CRCC (66%) and in 14 of 17 PRCC (82%). 
Five cases (84%) of CHRCC showed cytoplasmic 
staining with membrane accentuation for CK7, while 
CRCC were negative in 93% (51/55). CK7 expres-
sion was also observed in 11 of 17 cases (65%) of 
PRCC. None of the CRCC and PRCC showed Par-

valbumin staining. Positive cytoplasmic and nuclear  
staining was present in 2 of 6 (32%) CHRCCs.  
Immunoreactivity for P504s was presented in 15 
of 17 (88%) PRCC. P504s staining was absent in 
5 of 6 (84) CHRCC and faintly expressed in 4% of 
CRCC (2/55). TFE3 was nonreactive in all cases. In 
addition, CD117 was positive in all CHRCC with 
moderate intensity. The staining was complete mem-
branous pattern. In contrast, all CRCC and PRCC 
were negative for CD117. (Table 2)

Histomorphology of Clear cell RCC (1A), Papillary RCC (2A) and Chromophobe RCC (3A); Strongly posi-
tive staining of CD10 along the cytoplasmic border in CRCC (1B), in the cytoplasm of PRCC (2B) and weakly 
staining in some cases of CHRCC (3B); Strongly positive staining of Vimentin in the cytoplasm of CRCC 
(1C) and PRCC (2C) but negative in CHRCC (3C); Negative staining of CK7 in CRCC (1D), positive stain-
ing of CK7 in the cytoplasm of PRCC (2D) and CHRCC (3D); P504s positive in the cytoplasm of PRCC (2E) 
and negative in CRCC (1E) and CHRCC (3E); Negative staining of Parvalbumin in CRCC (1F) and PRCC 
(2F) and positive in CHRCC with more intensity in the nucleus than the cytoplasm (3F); Negative staining of 
CD117 in CRCC (1G) and PRCC (2G) but positive staining in the cytoplasmic membrane of CHRCC (3G)

Table 2  The summary of Immunohistochemical staining

Immunohistochemical and histochemical evaluation of renal cell carcinoma subtypes

   RCC types
                 Antibody P504s CD10 CK7 TFE-3 PARV-19 Vimentin CD117

 Clear cell RCC Pos/Neg Pos/Neg Pos/Neg Pos/Neg Pos/Neg Pos/Neg Pos/Neg
  (%) 4/96 82/18 7/93 0/100 0/100 66/34 5/95   

 Papillary RCC Pos/Neg Pos/Neg Pos/Neg Pos/Neg Pos/Neg Pos/Neg Pos/Neg
 (%) 88/12 77/23 65/35 0/100 0/100 82/18  12/88

 Chromophobe 
 RCC 0/100 50/50 84/16 0/100 32/68 0/100 100/0
  (%)

 Xp11   _ _ _ _ _ _ _
 translocation 
 RCC
 (%)
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dISCuSSIOn
 The usefulness of IHC staining for discrimi-
nating subtypes of RCC was documented [2,7,9,10 
]. We use 6 antibodies as the first-stepped immu-
nopanel. The expression patterns of the IHC panel 
in  most cases of each subtype were summarized as 
follow: CRCC-- Vimentin (+), CD10 (+), and CK7 
(-); PRCC--Vimentin (+), CD10 (+), CK7 (+), and 
P504s (+); and CHRCC-- Vimentin (-), CD10 (±), 
CK7 (+), Parvalbumin (+). Our results were agreed 
with the studies of Bazille et al [9]  and Tretiakava 
et al [11] who found that Vimentin was positive in 
CRCC and negative in CHRCC; and P504s was pre-
sented in 88% of PRCC, 4% of CRCC, and absent 
in CHRCC, respectively. These results were agreed 
with the studies of Lin et al [12] and Allory et al 
[13]. It also supported the study of Zhou et al [14] of 
which expression of  CD10 was found in 94-100% of 
CRCC and in 67-93% of PRCC.  Invariable expres-
sions …..in CHRCC and negative staining in CRCC 
of CK7 were documented in the studies by Adley et 
al [15]and Skinnider et al [16]. Parvalbumin was ex-
pressed in only CHRCC as many as 80% of cases in 
previous studies [17,18].  The diagnoses were unable 
in some of the five cases with incongruent diagnoses.  
The immunoprofiles of these cases were not appli-
cable to any subtype. While some cases, the immu-
noprofiles were disagreed with the morphology. Ad-
ditional immunostaining, CD117 were applied in the 
second step to support the diagnosis of CHRCC [7]. 
The study by Pan et al [19] and Wang et al [20] dis-
covered the expression of CD117 in CHRCC, while 
the other subtypes were non-reactive . None of our 
cases were positive with TFE3 markers. The TFE3 
was specific for Xp11 translocation RCC, which was 
recently added as a new subtype of RCCs [6]. There-
fore, incidence of the Xp11 translocation RCC could 
not be determined in this study.  However, other sub-
types of translocation RCC, such as t(6;11)(p21;q13) 

translocation  were not completely excluded. This 
type of tumor could be stated by detection of TFEB 
expression [21].
 We recommended using Vimentin, CK7, and 
CD10 as the first-stepped IHC panel. Then the second  
step, IHC would be used to confirm subtypes. We 
suggested P504s (to confirm PRCC), CD117 and 
Parvalbumin (for CHRCC). However, there were 
cases which the morphologic features and the  
immunoprofiles were incongruent. According to  
the recent WHO classification of the renal cell  
carcinoma subtypes, genetic derangement of the  
tumor was the most reliable information to deter-
mine the RCC subtype [6]. Therefore, cytogenetic  
means should be the most appropriate or gold  
standard to use in diagnosis[22]. However, the  
cytogenetic methods were costly and inapplicable 
in our study or even routine pathological laboratory 
service. Immunohistochemical studies are still an  
appropriate and advantageous techniques in  
providing information for accurately categorizing 
most cases of the renal cell carcinoma.          
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