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Diagnostic Utility of AMACR and Claudin-7 for the Classification
of Renal Cell Carcinoma

Sang Hwa Shim - Mee Joo - Han-Seong Kim - Sun Hee Chang - Ki-Young Kwon'

Department of Pathology, llsan Paik Hospital, Inje University College of Medicine, Goyang;
'Department of Pathology, Samsung Medical Center, Sungkyunkwan University School of

Background : The histologic classification of renal cell carcinoma (RCC) is based on the
cytoarchitectural features, yet sometimes this requires correlation with the immunophenotype.
Alpha-methylacyl-CoA racemase (AMACR) and claudin-7 have recently been introduced as
useful markers that are frequently expressed in papillary RCC (PRCC) and chromophobe RCC
(ChRCC), respectively. The aims of this study are to evaluate the expressions of AMACR
and claudin-7 in RCCs and to investigate whether they are helpful for making the histological
classification of RCCs. Methods :
atin (CK)7, CD117, AMACR and claudin-7 was performed for 104 RCCs, and these consist-
ed of 54 clear cell RCCs (CCRCC), 26 PRCCs and 24 ChRCCs. Results : For diagnosing
PRCC, the sensitivity and specificity of AMACR were 92.3% and 71.8%, respectively, and
using AMACR(+)/CK7(+), the specificity was increased by 23.1% to 94.9%. For diagnosing
ChRCC, the sensitivity and specificity of claudin-7 were 91.7% and 78.8%, respectively, and
using claudin-7(+)/AMACR(-), the specificity was significantly improved (to 96.3%). For diag-
nosing CCRCC, CK7(-)/claudin-7(-)/CD117(-) was the most useful immunohistochemical panel
(sensitivity, 96.3%; specificity, 98%). Conclusions : AMACR and claudin-7 are helpful markers
for the histologic classification of RCCs, and their diagnostic utility is strengthened when they are
used as an immunohistochemical panel, AMACR(+)/CK7(+) for PRCC, claudin-7(+)/AMACR(-)
for ChRCC and CK7(-)/claudin-7(-)/CD117(-) for CCRCC.

Immunohistochemistry for CD10, RCC marker, cytoker-

Key Words : Carcinoma, renal cell; Alpha-methylacyl-CoA racemase; Claudin-7; Immunohis-

A% 725 BolA gE Afde 7% BRIt ofF
o ool g Aot 23 £R7E SsiMe MERA
8P AH cytogenetics) Bv wAHAS AAE 7 sty
Lgol He Zog 484 Jou A7l Arbt $olskA &
Bl s e zstetd o] 71 de oldHe 78

@ B ¥ 4 9
QA7 AEE) ZAa3 ERol 1% Eabl A
I 9= = CD10, RCC marker (RCC), vimentin (Vim),
cytokeratin 7 (CK7), epithelial membrane antigen (EMA),
E-cadherin, CD117 (c-kit) 5°] 9t} ©]& = CDI10, RCC
et Vlmﬁ %W?i” A Z o H] 0}04 HAE A ESE
_._ ];\1 }\h—,ﬂﬂoi h:_O_ HL&] 0_0_

Hol
oLZ:_,,]. ?53)\_11)\/\4 7\/("]—101——7-‘-0]]}\1_‘5 ga



156

o
O

>, flo uZ o
rd Ol >
o Mo o2
OO
N

i
] of

AE AAEQFANNE 5% ve] 2 P98
o E# EMAE 374 o RReld 1% wdshy
doll ApolE Hols Ao® 4EA ¢1oH, E-cadherin
]i%L%o]]/qb }\]—];H;Q o7 xzo ob\gg% Hoj
ERAE AAERES G AAEFENNE 23
;‘E}ﬁ g 4 9ok 282 CDI17S @4
FolA 50-100% 2] FHES HelA|

EE 4 AEYEIAE 22 15%
28%94 OWE—% HO E}”’ o9} 7o] z}z7te] A7} o7 o}
57 glomg zAetz By G840

e RN

0,

of
o

>,
[
x
=

Xﬂﬂ"] 9113}.
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Expression of AMACR and Claudin-7 in RCCs

AN EREL] ol B A, WY Az mE A 2
9] z}o|= Chi-square test®} Fisher's exact testZ ]%3}2311}
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Table 1. Clinical and pathological features of RCCs

Clear cell Papillary Chromo-
RCC RCC phobe
(n=54) (n=26) RCC (n=24)

Age (mean = SD, yr) 584 +£129 62495 517+94
Male : Female ratio 42:12 20:6 11:13
Tumor size

(mean £ SD, cm) 53+ 37 56 + 3.8 533
Fuhrman nuclear grade

| 0(0) 1(3.9) 1(4.2)

Il 32(59.3) 7(26.9) 14 (58.3)

I 16 (29.6) 13 (50.0) 9(37.5)

I\ 6 (111 5(19.2) 0(0)
T stage

T1a 23 (42.6) 13(50.0) 10 (41.7)

T1b 20(37.0) 4(15.4) 9(37.5)

T2 3(5.6) 5(19.2) 4(16.7)

T3a 6(11.1) 1(3.9) 1(4.1)

T3b 0(0) 3(11.5) 0(0)

T4 2(3.7) 0(0) 0(0)
Renal vein invasion

Yes 5(9.3) 3(11.5) 1(4.2)

No 49(90.7) 23(88.5) 23(95.8)
Sarcomatoid transformation

Yes 1(1.9) 1(3.8) 0(0)

No 53(98.1) 25(96.2) 24 (100)
Tumor necrosis

Yes 7(13.0) 3(11.5) 0(0)

No 47 (87.0) 23(88.5) 24 (100)

Values are presented as number (%).
RCC, renal cell carcinoma.

Fig. 1. Alpha-methylacyl-CoA racemase (AMACR) shows a cytoplasmic granular pattern in the renal cell carcinomas (RCCs). (A) Papillary
RCC. (B) Clear cell RCC with papillary architecture.
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T2 Z9AEH AZM LAY
T % 469(44.2%) 1A F9E JERISUTHFig. 1A).
7b ol B = fF AMENTS] 923% (24/26), FEAE
AN EZRF] 333% (18/54), FRAA AHNEYES] 16.7%
(4/24) 1A FdolAtH Table 2). F77 AAMELTol et
Wy UAEE 923%, 24 dEEE 9%66%FE WS =9kou,
Eo|5E 718%, YA dEEE 522%F 2otk wdk -S54
AN EYE 80#101%1 #H2E A EFe 34 W3k AMACR
5] Z_oﬂ Aol Y, HERAo R §FA AALE Hal
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AN EE(CCRCC with papillary growth) 5 =
T AE 50% olgolx wdo] HEAHUH(Fig. 1B).
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Table 2. Results of the immunohistochemical staining accord-
ing to different types of RCCs

Clear cell Papillary Chromo p-value
RCC RCC phobe RCC

(n=54) (n=26) (n=24)
AMACR 18(33.3)  24(92.3) 4(16.7)  <0.0001
Claudin-7 0(0) 17(654)  22(917)  <0.0001
CD10 44(815)  13(50) 11 (45.8) 0.0079
RCC 37(685)  11(42.3) 0(0) <0.0001
CK7 3(5.6) 20(76.9) 19(79.2)  <0.0001
CD117 0(0) 14 (53.9) 21(87.5)  <0.0001

Values are presented as number (%).
RCC, renal cell carcinoma; AMACR, alpha-methylacyl-CoA racemase;
CK, cytokeratin.
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Fig. 2. Claudin-7 expression in the renal cell carcinoma (RCCs). (A) The chromophobe RCC reveals a diffuse membranous expression.
(B) Papillary RCC shows a positive expression in the basal and lateral borders.



Expression of AMACR and Claudin-7 in RCCs

Table 3. Diagnostic value of the immunohistochemical panel

Sensi- Speci- PPV NPV

tivity ~ ficity
Claudin-7(-)/CK7(-)/CD117(-) for CCRCC 96.3 980 98.1 96.1
AMACR(+)/CK7(+) for PRCC 654 949 810 892
Claudin-7(+)/AMACR(-) for ChRCC 792 963 864 939

Values are presented as percentage.

PPV, positive predictive value; NPV, negative predictive value; CK,
cytokeratin; CCRCC, clear cell renal cell carcinoma; AMACR, alpha-
methylacyl-CoA racemase; PRCC, papillary renal cell carcinoma;
ChRCC, chromophobe renal cell carcinoma.
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