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Clear cell renal cell carcinoma (CCRCC) is the most common metastatic clear cell tumor in the head and
neck. The most common primary tumor of the head and neck with clear cell morphology is
mucoepidermoid carcinoma (MEC). The distinction between MEC with clear cells (CMEC) and metastatic
CCRCC can be challenging in a small biopsy specimen. Expression of PAX2 and renal cell carcinoma
antigen (RCCma) has been widely used to aid of diagnosis for both primary and metastatic RCC. The aim
of this study is to evaluate the utility of expression of PAX2 and RCCma between CMEC and metastatic
CCRCC in a clinical setting using tissue microarrays (TMASs). In primary CCRCC, the nuclear
immunoreactivity for PAX2 was found in 47 of 120 cases (39%), and the membranous staining pattern for
RCCma was revealed in 69 of 120 cases (58%). The immunostain profiles of metastatic RCC showed
positive staining for PAX2 in 21 of 94 cases (22%) and RCCma in 19 cases (20%b), respectively. Two of six
cases (33%) of metastatic RCC to the head and neck region display immunoreactivity for either PAX2 or
RCCma. For MEC, positive membranous and cytoplasmic staining of RCCma was found in 3 of 23 cases
(13%), and diffuse cytoplasmic reactivity for PAX2 was noted in 19 cases (83%). However, none of MEC
showed nuclear reactivity that is specific for PAX2. Results of our study suggest that although PAX2 and
RCCma are relatively specific for CCRCC, one should be cautious when interpreting the results of RCCma
and PAX2 expression in the setting of CMEC versus metastatic CCRCC, particularly in a biopsy specimen.
Clinicopathologic correlation combined with histomorphology and a panel of immunohistochemical
markers is essential to render correct diagnosis.
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INTRODUCTION

Mucoepidermoid carcinoma (MEC) is the most common
malignant tumor of salivary origin. It represents about 20
and 34 percent of malignant tumors in the major and minor
salivary gland, respectively.’® MEC is a heterogeneous
neoplasm composed of variable proportions of mucinous,
epidermoid, intermediate, columnar, and clear cells organized
in solid and cystic growth patterns.*> In most of MEC, clear
cells account for about 10 percent of tumor cells, but can
comprise a large portion of the tumor in some rare cases.’
The distinction of MEC with predominant clear cell
morphology (CMEC) from metastatic clear cell renal cell
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carcinoma (CCRCC) can be a diagnostic challenge in some
cases, particularly with a small biopsy specimen.

Expression of renal cell carcinoma antigen (RCCma) has
been widely used as an aid in the diagnosis of both primary
and metastatic RCC.*® In addition, expression of PAX2, a
transcriptional factor of paired-box family expressed during
the development of epithelial and mesenchymal components
in urogenital system, has recently been shown to have a
higher specificity and sensitivity for metastatic RCC than
RCCma.”™ The role of these two markers in the differential
diagnosis of CMEC and metastatic CCRCC, however, has
not been explored. The aim of this study is to evaluate the
utility of the expression of RCCma and PAX2 for the most
common metastatic clear cell tumor in the head and neck,
CCRCC, versus MEC, the most common primary clear cell
tumor in the head and neck region.
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Figure 1. Immunostaining pattern of RCCma and PAX2 in mucoepidermoid carcinoma (MEC). 1A and 1B: H &
E sections of MEC containing predominantly epidermoid component (1A) and clear cell component (1B); The
immunoreactivity for RCCma is detected on both cytoplasm and membrane of the tumor cells. The positive
staining is predominantly on the epidermoid component (1C) and less in the clear cell component (1D). The
cytoplasmic staining of PAX2 was found in both epidermoid (1E) and clear cell (1F) components of MEC with

former showing strong and diffuse reactivity.

METHODS

Patients

All patients for this study were diagnosed with either MEC or
primary or metastatic RCC at Roswell Park Cancer Institute
(RPCI) from 2000 to 2010. A total of twenty-three patients
with MEC were identified, 11 of major salivary gland origin
(parotid and submaxillary glands), 11 of minor salivary gland
origin, and 1 involving a cervical lymph node. Tumors were
graded according to the criteria by World Health
Organization as low, intermediate and high-grade lesions. In
addition, one hundred twenty patients with primary clear cell
RCC and ninety-four patients with metastatic RCC were
identified for the study. This study was approved by
Institution Review Board at RPCI.

Tissue Microarray and Immunohistochemistry

Tissue blocks from identified cases of MEC and RCC were
used to construct tissue microarray (TMA) as previously
described." Three tissue cores, 0.6 mm in diameter, were
taken from a representative area of each case and used to
assemble the arrays. Five-micrometer sections were cut from
the TMA and subjected to immunohistochemical studies.
Quality of histomorphology of the TMA was assessed on H
& E stained sections before immunohistochemical staining.

Paraffin sections were cut at 5pm, placed on charged slides,
and dried at 60<C for one hour. Slides were cooled to room
temperature, deparaffinized in three changes of xylene, and
rehydrated using graded alcohols. For antigen retrieval, slides
were heated in the microwave for 20 minutes in citrate
buffer, followed by a 15 minute cool down and a PBS/T
wash. Endogenous peroxidase was quenched with aqueous
3% H,0, for ten minutes and washed with PBS/T. Slides
were then loaded on the Dako Autostainer and blocked for
five minutes with a serum-free protein block (Dako). The
primary mouse monoclonal antibody PAX2 (Lifespan
Biosciences) was applied at a concentration of 1 pg/ml for
one hour. An isotype-matched control (1 pg/ml mouse
1gG2a) was used on a duplicate slide in place of the primary
antibody as a negative control. A PBS/T wash was followed
by incubation with biotinylated goat anti-mouse 1gG (Jackson
ImmunoResearch Laboratories, Inc.) for 30 minutes, another
PBS/T wash and application of the Elite ABC Kit
(Vectastain). Slides were washed with PBS/T and the DAB
chromagen (Dako) was applied for 5 minutes. The same
general procedures were used for the mouse monoclonal
antibody RCCma (Thermo Scientific, Fremont, CA) with the
following exceptions: antigen retrieval consisted of target
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retrieval solution (Dako) in a vegetable steamer for 40
minutes followed by a 20 minute cool down. Mouse 1gG1 (1
o/ml) was used as an isotype control, and subsequently anti-
mouse Envision+ reagent (Dako) and DAB+ chromagen
(Dako) were applied. After immunohistochemical staining,
slides were counterstained with Hematoxylin, dehydrated,
cleared and coverslipped.

Scoring of Immunostains
TMA sections with satisfactory immunostains for RCCma
and PAX2 were scanned by Spectrum automated microscope

(Aperio Technologies, Vista, CA). Sections were scored
using semi-quantitative scale for each individual tissue cores
on the TMA slides. Sub-cellular (membrane, cytoplasm or
nuclear) expression of RCCma and PAX2 was evaluated by
two independent pathologists (CM and BX). Immunostain
intensity (ranging from 0 to 3 with 0 = negative, 1 = weak, 2
= moderate, 3 = strong) and percentage of positive tumor
cells (1 < 10%, 2 = 11-30%, 3 > 30%) were recorded. The
final score was the product of multiplying the staining
intensity by percentage of positive cells and expressed as +
for score 1-3; ++ for score 4-6 and +++ for score 7-9.

Figure 2. Expression of RCCma and PAX2 in primary renal cell carcinoma (RCC). 2A: H & E section of RCC;
2B: Strong membranous staining pattern for RCCma; 2C: Specific nuclear staining for PAX2.
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Figure 3. Immunoreactivity of PAX2 and RCCma in primary and metastatic RCC TMA:s.
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RESULTS

The 23 cases of MEC were classified according to their
histological grade of malignancy in low grade (14 cases,
61%), intermediate grade (5 case, 22%) and high grade (4
case, 17%). Eleven cases (48%) show variable clear cell
component (CMEC), ranging from 20-60% of the tumor.
Among the CMEC, 9 cases were low grade (82%), 1
intermediate (9%) and 1 high grade (9%).
Immunohistochemical staining results show that RCCma was
positive in three of the eleven CMEC (27%) with variable
degree of membranous and cytoplasmic staining. All RCCma
positive cases were low grade and staining is primarily
involving the epidermoid cell population (Table 1, Figure
1C-1D). Immunohistochemical studies for PAX2 revealed 19
cases (83%) with diffuse cytoplasmic reactivity and higher
intensity in the epidermoid cells (Figure 1E-1F, Table 1).
However, no cases showed nuclear staining that is specific
for PAX2.

For primary RCC, the membranous staining pattern for
RCCma was demonstrated in 69 of 120 cases (58%) (Figure
2B and Figure 3). PAX2 nuclear staining was found in 47 of
120 cases (39%) (Figure 2C and Figure 3), and weak
cytoplasmic staining was observed in 13 cases (11%).
Twenty-nine cases (24%) of RCC show both membranous
staining for RCCma and nuclear reactivity for PAX2 (Figure
3). Thirty-two cases (27%) of RCCs fail to show either
membranous staining for RCCma or nuclear staining for
PAX2 (Figure 3). In metastatic RCC, the membranous
staining for RCCma was found in 19 cases (20%) and the
nuclear staining for PAX2 was demonstrated in 21 of 94
cases (22%) (Figure 3). For the six cases of metastatic RCC
to the head and neck, only two cases were either positive for
RCCma or PAX2. Three cases that metastasize to salivary
glands and thyroid were negative for both RCCma and
PAX2.

Table 1. Immunoreactivity of RCCma and PAX2 in MEC TMA.

Case Site Grade RCCma PAX?2
Mem Cyto Nuc Cyto
5 maxilla H - - - ++
7 parotid IM - - - +++
8 palate L - - - ++
9 maxilla L - - - B
10 maxilla L - - - +
CMEC 13 neck L - - - et
14 maxilla L - - - B
15 parotid L - - - +++
21 bronchus L - - - +++
22 palate L + + - +++
23 palate L + + - ++
1 maxilla H - - - +
2 trachea IM - - - B
3 cervical LN H - - - B
4 palate L - - - +
6 parotid L - - - ++
11 parotid IM - - - +++
MEC 12 parotid IM - - - +++
16 lung H - - - ++
17 Palate L + + - ++
18 Parotid L - - - ++
19 Maxilla IM - - - +4++
20 lung L - - - ++

H: High grade; IM: Intermediate grade; L: Low grade; N: No; Y: Yes;

Mem: Membranous; Cyto: Cytoplasmic; Nuc: Nuclear; LN: lymph node

DISCUSSION

MEC is the most common primary tumor of the head and
neck with clear cell morphology.™® In our study, almost one-
half of MEC contained a variable clear cell component

ranging from 20-60% of the tumor, which may pose a
challenge in the distinction from the common metastatic
CCRCC in the head and neck.'**® Two relative sensitive and
specific RCC makers, RCCma and PAX2, have become
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widely used for aid of diagnosis of both primary and
metastatic RCC.®® RCCma antigen is a 200-kd glycoprotein
expressed in normal human renal proximal brush border.
Although the expression of RCCma antigen has also been
reported in normal breast duct and lobules, thyroid follicles
and parenchyma of parathyroid glands, only rare non-renal
tumors show immunoreactivity to RCCma.?’ In primary
RCC, antibody against RCCma has a sensitivity ranging from
20% for sarcomatoid type to 90% for papillary RCC, and 72-
84% for CCRCC. The RCCma sensitivity drops to 40-67%
for metastatic RCC."** PAX2 is homogenously expressed
during the kidney development. Recently, Gokden et al
reported that antibody against PAX2 has higher sensitivity
and specificity than that of RCCma in metastatic CCRCC.
However, the nuclear reactivity of PAX2 has also been
shown in tumors from other organs.' It is not surprising that
neither RCCma nor PAX2 is 100% sensitive or specific for
CCRCC.

Our data have shown that specific nuclear PAX2
immunopositivity was found in 39% of primary RCC
(47/120). Specific membranous staining pattern for RCCma
was noted in 58% of primary RCC cases (69/120). The
positive reactivity of PAX2 and RCCma on metastatic RCC
is lower than that of primary tumor (22% and 20%,
respectively). The positive percentage of the two markers in
both primary and metastatic RCC in this study is lower
compared to those from previous studies. These could be
attributed to several factors, such as higher stringent scoring
system, tissue size in TMA and different antibodies used in
various studies.

Among six cases of metastatic RCC to head and neck, only
two cases (33%) display positivity for either RCCma or
PAX2 and none of the three cases that metastasize to salivary
glands or thyroid were positive for either PAX2 or RCCma.
These findings are interesting and have not been reported
previously. Although the percentage of positive cases is small
and staining is predominantly in the epidermoid component
of the tumor, caution should be made when one interprets
positive RCCma results on immunostaining work-up for
differential diagnosis between CMEC and metastatic
CCRCC. Clinicopathologic correlation combined with a
panel of immunohistochemical markers, such as CD10 and
vimentin for RCC, CK7 and CK14 for MEC, is essential to
render correct diagnosis.

ACKNOWLEDGEMENT

Research pathology services for this study were provided by the Pathology
Resource Network, which is funded by the National Cancer Institute and is a
Roswell Park Cancer Institute Cancer Center Support Grant shared resource.

REFERENCES
1. Spiro RH. Salivary neoplasms: overview of a 35-year experience with
2,807 patients. Head Neck Surg. 1986; 8(3):177-184.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lopes MA, Kowalski LP, da Cunha Santos G, Paes de Almeida O. A
clinicopathologic study of 196 intraoral minor salivary gland
tumours. J Oral Pathol Med. 1999; 28(6):264-267.

Luna MA. Salivary mucoepidermoid carcinoma: revisited. Adv Anat
Pathol. 2006;13(6):293-307.

Goode RK and EI-Naggar AK. Mucoepidermoid carcinoma. In: Barnes
L, Eveson JW, Reichart P, et al eds. World Health Organization
classification of tumor. Pathology & Genetics of Head and Neck
tumors. Lyon: IARC Press, 2005:219-220.

Ellis GL, Auclair PL. Tumor of the salivary gland. AFIP Atlas of
tumor pathology, ed. Washington, DC: ARP Press, 2008: Vol. 9.
Gokden N, Mukunyadzi P, James JD, Gokden M. Diagnostic utility of
renal cell carcinoma marker in cytopathology. Appl Immunohistochem
Mol Morphol. 2003;11(2):116-119.

McGregor DK, Khurana KK, Cao C, et al. Diagnosing primary and
metastatic renal cell carcinoma: the use of the monoclonal antibody
'Renal Cell Carcinoma Marker'. Am J Surg Pathol. 2001;25(12):1485-
1492.

Bakshi N, Kunju LP, Giordano T, Shah RB. Expression of renal cell
carcinoma antigen (RCC) in renal epithelial and nonrenal tumors:
diagnostic Implications. Appl Immunohistochem Mol Morphol.
2007;15(3):310-315.

Rothenpieler UW and Dressler GR. Pax-2 is required for mesenchyme-
to-epithelium conversion during kidney development. Development.
1993;119(3):711-720.

Gokden N, Gokden M, Phan DC, McKenney JK. The utility of PAX-2
in distinguishing metastatic clear cell renal cell carcinoma from its
morphologic mimics: an immunohistochemical study with comparison
to renal cell carcinoma marker. Am J Surg Pathol. 2008;32(10):1462-
1467.

Xu B, Thong N, Tan D, Khoury T. Expression of thyroid transcription
factor-1 in colorectal carcinoma. Appl Immunohistochem Mol
Morphol 2010;18(3):244-249.

Ficarra G, Pierleoni L, and Panzoni E. Metastatic renal cell carcinoma
involving Wharton's duct: a case report. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 1996;81(5):580-583.

Kohli M and Schaefer R. Management of solitary palatal metastasis
from renal cell carcinoma. Nat Clin Pract Urol. 2006;3(7):392-396;
quiz following 396.

Torres-Carranza E, Garcia-Peria A, Infante-Cossio P, Belmonte-Caro
R, Loizaga-Iriondo JM, Gutierrez-Perez JL. Airway obstruction due to
metastatic renal cell carcinoma to the tongue. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2006;101(3):e76-78.

Sastre J, Naval L, Munoz M, Gamallo C, Diaz FJ. Metastatic renal cell
carcinoma to the mandible. Otolaryngol Head Neck Surg. 2005;
132(4): 663-664.

Sabo R, Sela M, Sabo G, Herskovitz P, Feinmesser R. Metastatic
hypernephroma to the head and neck: unusual case reports and review
of the literature. J Otolaryngol. 2001;30(3):140-144.

Seijas BP, Franco FL, Sastre RM, Garck AA, L&ez-Cedrin
Cembranos JL. Metastatic renal cell carcinoma presenting as a parotid
tumor. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2005;99(5):554-557.

Ankem MK, Hartanto VH, Han KR, et al. Metastatic renal cell
carcinoma presenting as an oral tumor. Can J Urol. 2001; 8(3):1295-
1296.

Pan CC, Chen PC, and Ho DM. The diagnostic utility of MOC31,
BerEP4, RCC marker and CD10 in the classification of renal cell
carcinoma and renal oncocytoma: an immunohistochemical analysis of
328 cases. Histopathology. 2004; 45(5):452-459.

Koga F, Kawano K, Honda M, et al. Sarcomatoid renal cell carcinoma
with scant carcinomatous components. Int J Urol. 2000; 7(2):58-60;
discussion 61.

Avery AK, Beckstead J, Renshaw AA, Corless CL. Use of antibodies
to RCC and CD10 in the differential diagnosis of renal neoplasms. Am
J Surg Pathol. 2000; 24(2):203-210.


http://www.ncbi.nlm.nih.gov/pubmed?term=Belmonte-Caro%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16504856
http://www.ncbi.nlm.nih.gov/pubmed?term=Belmonte-Caro%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16504856
http://www.ncbi.nlm.nih.gov/pubmed?term=Loizaga-Iriondo%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=16504856
http://www.ncbi.nlm.nih.gov/pubmed?term=Gutierrez-Perez%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=16504856
http://www.ncbi.nlm.nih.gov/pubmed?term=Gamallo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15806067
http://www.ncbi.nlm.nih.gov/pubmed?term=Diaz%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=15806067
http://www.ncbi.nlm.nih.gov/pubmed?term=Herskovitz%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11771041
http://www.ncbi.nlm.nih.gov/pubmed?term=Feinmesser%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11771041
http://www.ncbi.nlm.nih.gov/pubmed?term=Garc%C3%ADa%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=15829877
http://www.ncbi.nlm.nih.gov/pubmed?term=L%C3%B3pez-Cedr%C3%BAn%20Cembranos%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=15829877
http://www.ncbi.nlm.nih.gov/pubmed?term=L%C3%B3pez-Cedr%C3%BAn%20Cembranos%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=15829877
http://www.ncbi.nlm.nih.gov/pubmed?term=Corless%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=10680888

