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Università di Verona, Verona, Italy

CD10 has been considered a useful marker in the diagnosis of renal carcinomas, because of its expression in
clear cell and papillary renal cell carcinomas and its absence in chromophobe renal cell carcinomas. On the
other hand, chromophobe renal cell carcinoma expresses parvalbumin, which is absent in clear cell and
papillary renal cell carcinomas. To further address the relevance of these markers, we studied the expression of
CD10 and parvalbumin in 42 samples of chromophobe renal cell carcinoma (seven of which had aggressive
features, including invasion beyond the renal capsule, renal vein invasion, metastases, or sarcomatoid
transformation), 75 clear cell renal cell carcinomas (eight metastatic) and 51 papillary renal cell carcinomas (two
metastatic). CD10 was found in 100% of clear cell renal cell carcinomas, 63% of papillary renal cell carcinomas
and in all metastatic cases of both types. At variance with previous studies, we found CD10 expression in from
30 to 90% of the neoplastic cells, in 11 of 42 (26%) chromophobe renal cell carcinomas. The CD10-positive cases
included five of the seven (71%) chromophobe renal cell carcinoma with aggressive features. Statistical
analysis showed significant association of CD10-positive tumors with clinicopathologic aggressiveness
(P¼ 0.003) and mitotic figures (P¼ 0.04). Parvalbumin was strongly expressed in all primary and metastatic
chromophobe renal cell carcinomas. Western blot analysis was utilized to confirm the expression of both CD10
and parvalbumin in chromophobe renal cell carcinomas.
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The importance of distinguishing the different types
of renal cell carcinoma is underscored by the fact
that they have different prognoses.1–3 CD10, a cell
surface metalloproteinase localized to the proximal
nephron of the normal adult kidney,4 has been
proposed as a useful tool in the differential
diagnosis of renal epithelial neoplasms.5–7 This
molecule has been described as a positive immuno-
histochemical marker for the two most common
types of kidney cancer, clear cell and papillary renal
cell carcinomas.5–9 Previous studies analyzing CD10

immunoreactivity in a total of 25 chromophobe
renal cell carcinomas have found negative reac-
tions,5,7 whereas Holm-Nielsen et al10 found CD10
expressed in all three chromophobe carcinomas
studied and Higgins et al11 found a positive reaction
in one of three tumors tested. In this study we
undertook to investigate CD10 and parvalbumin
immunoreactivity in a large series of clear cell,
papillary, and chromophobe renal cell carcinomas.

Materials and methods

Patients and Tissue Samples

We studied the immunohistochemical expression of
CD10 and parvalbumin in 75 clear cell renal cell
carcinomas, 51 papillary renal cell carcinomas and
38 chromophobe renal cell carcinomas (including 36
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of the classic type and two eosinophilic variants),
retrieved from the files of the Renal Tumor Registry
of the Department of Pathology of the University of
Verona, Verona, Italy. These included eight metas-
tases of clear cell renal cell carcinoma (three
adrenal, one pulmonary, one hepatic and four
pancreatic), two lymph nodal metastases of papil-
lary renal cell carcinoma and one pancreatic
metastasis of chromophobe renal cell carcinoma.

CD10 expression was considered negative in cases
with completely absent immunohistochemical reac-
tions or with a few scattered positive neoplastic
cells.

After we found expression of CD10 in a subset of
chromophobe renal cell carcinomas, including cases
with aggressive features (pT3a and pT3b and
pancreatic metastasis), we added four cases of
chromophobe renal cell carcinoma, two with lymph
nodal and pulmonary metastases and two with
sarcomatoid transformation, coming from the De-
partments of Pathology of Innsbruck University,
Austria, Indiana University, Indianapolis, IN, USA,
Istituto Europeo di Oncologia, Milano, Italy, and
Hôpital Européen George Pompidou, Paris, France,
to further attempt to correlate CD10 expression with
clinicopathologic parameters.

We evaluated the following clinicopathologic
parameters: sex, age, type of surgery and follow-up
data; size, laterality and involvement of perinephric
adipose tissue; Hale’s colloidal iron stain (a diag-
nostic hallmark of chromophobe renal cell carcino-
ma), Fuhrman’s grade, mitotic activity (mitotic
figures per 50 high power fields), necrosis, vascular
invasion, extrarenal extension, and metastases. The
tumors were staged using the AJCC/TNM Staging
System 2002 and the histopathological parameters
were evaluated on an average of 3.7 tumor sections.

The immunohistochemical expression of CD10
was also evaluated in five fetal kidneys (from 16 to
23 weeks of gestation) and in unaffected samples of
the kidneys harboring the tumors.

Immunohistochemical Analysis

For all tumors, serial 5mm sections were immunos-
tained with antibodies recognizing the following
markers: CD10 (anti-CD10, 56C6 Novocastra, Bur-
lingame, CA, USA; dilution, 1:20), and parvalbumin
(PA-235, Sigma Chemical Company, St Louis, MO,
USA; dilution, 1:500). Immunoreactions were devel-
oped using three different nonbiotin, highly sensi-
tive systems (Envision peroxidase detection system,
DAKO, Carpinteria, CA, USA; Envision-alkaline-
phosphatase detection system, DAKO, Carpinteria,
CA, USA; polymer-system, Biogenex, San Ramon,
CA, USA) preventing possible false-positive staining
due to endogenous biotin present in the tissue.

Sections of normal adult and fetal renal parench-
yma were immunostained using single and multiple
marker procedures. In the latter procedure, the

sections were consecutively tested for CD10 and
parvalbumin, utilizing double Envision-peroxidase
immunostaining, followed by Envision-alkaline-
phosphatase immunostaining.

Western Blot Analysis

The samples of two chromophobe renal carcinomas
and their normal controls (a chronic lymphocytic
leukemia cell line as negative control, and a
follicular lymphoma cell line as positive control
for CD10) were lysed in a buffer containing 20mM
Tris-HCl, pH 8, 100mM NaCl, 0.5% Triton X-100,
10mM NaF2, 1mM Na3VO4, 200mM DTT, 1mM
PMSF and a cocktail of protease inhibitors for 1 h
on ice.

After centrifugation at 12 000 g for 10min, protein
extracts were recovered and protein concentration
was measured by protein assay (Bio- Rad).

Proteins (30 mg) were separated on a 12% SDS–
PAGE and transferred into Hybond-P PVDF mem-
branes. Equal loading of samples was checked by
staining with Ponceau-S. Membranes were then
incubated for 1 h at room temperature with the
blocking reagent: 5% nonfat dried milk in PBST,
washed three times in PBST and than incubated
overnight at 41C with mouse monoclonal antibodies:
anti-CD10 (56C6 Novocastra) and anti-parvalbumin
(PA-235, Sigma Chemical Company) at, respectively,
1:33 and 1:2500 final dilution. After three washes in
PBST, membranes were incubated for 1 h at room
temperature with an anti-mouse Ig horseradish-
peroxidase-coniugated antibody from sheep (NXA
931 Amersham Pharmacia Biotech Europe Freiburg,
Germany) at 1:10 000 diluition.

After three washes in PBST membranes were
revealed with an enhanced chemiluminescence
(ECL) system (Amersham Life Science, Freiburg,
Germany).

Full range rainbow (Amersham Life Science,
England) was run on each gel as standard molecu-
lar-weight marker.

Statistical Analysis

The Pearson w2 and the Student’s t-test analyses
were used to compare categorical and continuous
variables. We tested the possible association be-
tween CD10 expression and the clinicopathologic
features including gender, age, tumor size, Fuhr-
man’s grade, necrosis, mitotic figures and clinical
aggressiveness, which was defined as pathologically
proven locally advanced tumors (pT3a and pT3b),
presence of synchronous or metachronous distant
metastases, or presence of sarcomatoid transforma-
tion. Linear regression was used to perform multi-
variate analysis, which included only the variables
significant at univariate analysis. In all the statistical
analyses, a two-sided Po0.05 was considered
significant. All data were analyzed using the 10.1
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Statistical Package for the Social Sciences (SPSS)
software.

Results

Clinical and Pathologic Findings

The clinical and pathologic findings of chromo-
phobe carcinomas of our series are summarized in
Table 1.

Ages ranged from 28 to 81 years (mean 55 years).
The female-to-male ratio was 1.3:1. Nephrectomy
was the rule, but in six cases a tumorectomy or
polar/wedge resection (one case) had been per-
formed. A nephrectomy and a controlateral tumor-
ectomy were performed in a patient affected by
bilateral tumors.

Tumors ranged from 25 to 170mm in diameter
(mean 70mm). A total of 23 tumors affected the left
kidney and 19 the right kidney. TNM stages (2002)
were: T1a in seven cases, T1b in 14 cases, T2 in 17

Table 1 Clinical, macroscopic, histopathological and immunohistochemical findings of 42 cases of chromophobe renal cell carcinomas

Case
no.

Sex/age
(years)

Surgical
treatment

Maximun
diameter

T G Necrosis Mitosis Follow-up
(months)

Immunostain

(mm) Parvalbumin CD10

1 F/71 N 120 T2 2 Yes No n.a. 40% Negative
2 M/67 T 30 T1a 2 No 25/50HPF 165 a&w 70% Negative
3 F/53 N 70 T2 2 No 3/50HPF 180 a&w 70% Negative
4 M/58 N 130 T2 2 No 3/50HPF 140 a&w 90% Negative
5 M/76 N 80 T2 2 Yes No 140 a&w 90% Negative
6 M/67 T 25 T1a 2 No No 140 a&w 40% Negative
7 F/37 N 110 T2 3 No No 120 a&w 90% Negative
8 M/54 N 34 T1a 2 No 2/50HPF 120 a&w 50% Negative
9 M/60 N 90 T2 2 No 3/50HPF 125 a&w 80% Negative
10 F/28 N 25 T1a 2 No 3/50HPF 100 a&w 80% Negative
11 F/64 N 110 T2 3 Yes 12/50HPF 80 a&w 80% Negative
12 F/42 N 40 T1b 3 Yes 19/50HPF 60 a&w 70% Negative
13 F/73 T 40 T1b 3 No 2/50HPF 35 a&w 80% Negative
14 F/35 T 40 T1b 3 No No 35 a&w 90% Negative
15 F/62 N 40 T1b 2 No No 38 a&w 90% Negative
16 F/81 N 40 T1b 2 No 4/50HPF n.a. 60% Negative
17 F/63 N 90 T2 2 No 3/50HPF n.a. 70% Negative
18 F/46 N 75 T2 2 No No n.a. 70% Negative
19 F/42 N 80 T2 3 No 2/50HPF n.a. 80% Negative
20 F/74 N 45 T1b 2 Yes 4/50HPF n.a. 80% Negative
21 M/54 N 40 T1b 3 No No n.a. 80% Negative
22 M/64 N 50 T1b 2 No 2/50HPF n.a. 90% Negative
23 M/30 N 100 T2 3 No No 32 a&w 70% Negative
24 F/43 P. RES. 30 T1a 2 Yes 9/50HPF 72 a&w 80% Negative
25 F/34 N 100 T2 2 No 5/50HPF 60 a&w 70% Negative
26 M/58 N 50 T1b 3 No 2/50HPF 70 a&w 80% Negative
27 M/75 N 75 T2 3 Yes No n.a. 70% Negative
28 M/66 T 25 T1a 2 No No n.a. 80% Negative
29 M/67 N 35 T1a 2 No No n.a. 70% Negative
30 n.a. N n.a. n.a. 3 Yes 8/50HPF n.a. 80% Negative
31a F/53 N 100 T2 2 Yes No n.a. 90% Negative
31b F/63 Pulmonary

metastasis
M1 Yes No 120 alive 90% Negative

32a M/43 N 90 T2 2 Yes 32/50HPF n.a. 90% 80%
32b M/55 Pancreatic

metastasis
M1 Yes 18/50HPF 144 alive 80% 80%

33 M/61 N 170 T2 2 Yes 8/50HPF 180 a&w 90% 70%
34 M/46 N 65 T1b 3 No 1/50HPF 110 a&w 80% 50%
35 M/66 N 150 T3b 3 Yes 2/50HPF 40 a&w 90% 90%
36 F/51 N 40 T1b 2 No 1/50HPF 180 a&w 70% 80%
37 F/48 N 70 T2 3 No 7/50HPF n.a. 90% 70%
38 F/59 N 40 T1b 3 No 1/50HPF n.a. 80% 30%
39 M/39 N 140 T3a 3 Yes No n.a. 70% 50%
40 M/45 N 50 T1b 2 No 4/50HPF n.a. 70% 90%
41a M/66 N 64 T1b 3 Yes 3/50HPF n.a. 70% 60%
41b M/71 Lymph nodal

metastasis
N1 Yes 2/50HPF 60 alive 80% 90%

42 n.a. N n.a. n.a. 3 Yes 18/50HPF n.a. 80% 70%

N, nephrectomy; T, tumorectomy; P. RES., polar resection; T, local invasiveness; HPF, high power field; %, percentage of positive neoplastic cells;
n.a.: not available; a&w, alive and well; alive, alive without evidence of disease.
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cases, T3a and T3b in one case, respectively, at the
time of the nephrectomy or tumorectomy.

Morphologically, nuclei of the neoplastic cells
were grade 2 in 25 tumors and grade 3 in 17 (Figure
1a). No mitotic figures could be found in 14 tumors,
whereas in 9 primary neoplasms there were more
than 5 mitotic figures per 50 high-power fields

(Figure 1b). Necrosis was seen in 15 primary tumors,
including both gross (10 cases) and microscopic (five
cases) foci. Involvement of the renal vein and perine-
phric fat invasion were observed in one case each.

Retroperitoneal lymph nodal (Figure 1c), pulmon-
ary (Figure 1d) and pancreatic (Figure 1e) metachro-
nous metastases of chromophobe carcinoma were

Figure 1 (a) Chromophobe renal cell carcinoma (hematoxylin and eosin, �20). (b) Chromophobe renal cell carcinoma with focus on two
mitotic figures (arrows) (hematoxylin and eosin, �40). (c) Metastasis of chromophobe renal cell carcinoma to retroperitoneal lymph
node (hematoxylin and eosin, � 20). (d) Pulmonary metastasis of chromophobe renal cell carcinoma (hematoxylin and eosin, �40). (e)
Pancreatic metastasis of chromophobe renal cell carcinoma (hematoxylin and eosin stain, � 10). (f) Chromophobe renal cell carcinoma
with sarcomatoid transformation (hematoxylin and eosin, � 20).
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found 5, 10 and 12 years after surgery, respectively.
Sarcomatoid changes were present in two cases
(Figure 1f). A median follow-up of 103 months (8.6
years) was available for 25 patients. No follow-up
information was available regarding the two cases
with sarcomatoid changes. All patients with follow-
up data are alive, including those with metastatic
disease. The patient with the bilateral tumors dis-
played a classic chromophobe renal cell carcinoma

(nephrectomy) and a synchronous contralateral
clear cell renal cell carcinoma (50mm in diameter,
nuclear grade 2, treated with tumorectomy).

Histochemical Findings

All but one chromophobe renal cell carcinomas
stained with Hale’s colloidal iron histochemical
method.

Figure 2 (a) CD10 immunostain (Envision peroxidase detection system, DAKO) in fetal kidney (23th week): CD10 was extensively
expressed in the podocytes of the glomeruli, in Bowman’s capsule, in the epithelial cells of the proximal tubules, and in the collecting
duct cells of the medullary region (frame). CD10 immunostain was not expressed in the renal structures of the nephrogenic zone, as well
as in the midplane of the cortical columns of Bertini, the zone of contact between adjacent lobes. (b) Section of normal adult renal
parenchyma consecutively immunostained for CD10 (Envision alkaline-phosphatase detection system, DAKO) and parvalbumin
(Envision peroxidase detection system, DAKO). CD10 stained the glomerular epithelium, Bowman’s capsule and the normal proximal
tubular cells, which showed strong surface membrane staining. Parvalbumin was constantly and strongly expressed, with a cytoplasmic
and nuclear pattern, in a variable number of cells of distal convoluted tubules, connecting tubule, and in a subset of collecting duct cells,
likely intercalated cells. (c) A case of CD10-positive chromophobe renal cell carcinoma: the neoplastic cells displayed a strong,
cytoplasmic granular staining with a surface immunoreactivity highlighting microlumina (Envision alkaline-phosphatase detection
system, DAKO). (d) CD10 immunostain in a case of chromophobe renal cell carcinoma (Envision peroxidase detection system, DAKO)
underlining the patchy staining pattern. (e) CD10 immunostain in the retroperitoneal lymph nodal metastasis of chromophobe renal cell
carcinoma (Envision peroxidase detection system, DAKO). (f) Parvalbumin immunostain in the retroperitoneal lymph nodal metastasis
of chromophobe renal cell carcinoma (Envision peroxidase detection system, DAKO). (g) Parvalbumin immunostain in the pulmonary
metastasis of chromophobe renal cell carcinoma (Envision peroxidase detection system, DAKO). (h) Parvalbumin immunostain in a case
of chromophobe renal cell carcinoma with sarcomatoid transformation: positive stain in the epithelial component and negative in the
sarcomatoid area (Envision peroxidase detection system, DAKO).
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Immunohistochemical Findings

Fetal and normal adult kidney
In fetal kidney, CD10 was extensively expressed in
podocytes within the glomeruli, in the Bowman’s
capsule, in the epithelial cells of the proximal
tubules and collecting duct cells of the medullary
region. CD10 immunostain was absent in the renal
structures of the nephrogenic zone, which is present
at the capsular surface of the kidney as well as in the
midplane of the cortical columns of Bertin, the zone
of contact between adjacent lobes (Figure 2a).

In normal adult kidney, CD10 stained the glomer-
ular epithelium, Bowman’s capsule and the normal
proximal tubular cells, which showed a strong
surface membrane staining (Figure 2b).

Parvalbumin was constantly and strongly ex-
pressed, with a cytoplasmic and nuclear pattern,
in a variable number of cells of distal convoluted
tubules, connecting tubules, and in a subset of
collecting duct cells, likely intercalated cells
(Figure 2b).

Renal tumors
The results describing the immunoreactivity of
CD10 and parvalbumin on the chromophobe renal
cell carcinomas are summarized in Table 1.

Of 42 primary chromophobe renal cell carcino-
mas, 11 (26%) were immunoreactive for CD10.
These included five (71%) of the seven cases with
aggressive features, whereas only three (9%) of the
35 without aggressive features. In the positive
tumors, the neoplastic cells displayed a strong,
cytoplasmic granular staining, with an immunor-
eactivity highlighting intercellular and intracellular
microlumina (Figure 2c). No significant differences
in the immunoreactivity of the three different cell
types described by Akhtar et al12 in chromophobe
renal cell carcinoma were observed. The percentage
of CD10 positive tumor cells varied from 30 to 90%
in different tumors, with an alternation between
positive and negative areas (Figure 2d).

Two of the three cases with distant metastases
were CD10 immunoreactive (Figure 2e). The CD10
reactivity was always concordant in the primary and
metastatic tumors. One of the two chromophobe
renal cell carcinomas with areas of sarcomatoid
transformation was CD10-positive both in the
residual chromophobe cell component and in the
spindle cell component.

All 75 of the clear cell renal cell carcinomas and
32 of 51 (63%) papillary renal cell carcinomas
showed membranous immunostaining for CD10.
The metastases of both types were also positive.

Figure 2 Continued.
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All chromophobe renal cell carcinomas, including
the metastases (Figure 2f, g), showed a strong
cytoplasmic and nuclear immunoreactivity for par-
valbumin. Sarcomatoid areas, when present, were
negative (Figure 2h). All of the clear cell and
papillary renal cell carcinomas did not express
significant levels of parvalbumin.

Western Blot Findings

The specificity of immunodetection of both CD10
and parvalbumin was confirmed by Western blot
analysis in two samples of chromophobe renal cell
carcinomas (Figure 3). The Western blots showed
bands consistent with the 100 kDa CD10 protein in
the CD10-positive samples (chromophobe renal cell
carcinoma, normal renal parenchyma and a follicu-
lar lymphoma cell line used as control). The band
was not found with CD10-negative tumors. The
analysis for anti-parvalbumin displayed a band
consistent with the 12 kDa parvalbumin protein in
a chromophobe renal cell carcinoma and in normal
renal parenchyma, but not in the control.

Statistical Findings

The statistical findings are summarized in Tables 2
and 3. The statistical analysis of the data showed
significant association of CD10-positive chromo-
phobe renal cell carcinomas with clinical aggres-
siveness (P¼ 0.003), as previously defined, and with
the presence of mitotic figures (P¼ 0.04). At uni-
variate analysis, only the presence of necrosis
(Po0.001) and CD10 expression (P¼ 0.003) were
significant. Both of them were independent pre-
dictive variables in multivariate analysis (Table 3).

Discussion

In this study, we detected the expression of CD10 in
26% of chromophobe renal cell carcinomas. This is
significant because it shows that CD10 is not a
specific marker for clear cell and papillary renal cell
carcinomas as has been asserted in previous reports.
However, by including parvalbumin in the immu-
nohistochemical panel for the differential diagnosis
of primary and metastatic renal cell carcinomas,
diagnostic specificity can be improved, especially in
assessing metastases where oncocytoma is not a
consideration. Parvalbumin is a calcium-binding
protein proposed recently as a useful marker to
identify renal epithelial neoplasms with differentia-
tion toward the distal nephron such as chromo-
phobe renal cell carcinoma and oncocytoma.13–15

In this study, we demonstrated that parvalbumin
immunostained all 42 chromophobe renal
cell carcinoma and used Western blot analysis to

Figure 3 Western blot for anti-CD10 showing bands correspond-
ing in size to the 100 kDa protein in one case of chromophobe
renal cell carcinoma and in the positive control (follicular
lymphoma cell line), but not in the negative control (chronic
lymphocytic leukemia). Lane 1: chromophobe renal cell carcino-
ma; lane 2: normal kidney adjacent to chromophobe renal cell
carcinoma; lane 3: chronic lymphocytic leukemia cell line; lane 4:
follicular lymphoma cell line. Western blot for antiparvalbumin
showing bands corresponding in size to the 12kDa protein in a
case of chromophobe renal cell carcinoma but not in the negative
control (chronic lymphocytic leukemia cell line). Lane 1:
chromophobe renal cell carcinoma; lane 2: normal kidney
adjacent to chromophobe renal cell carcinoma; lane 3: chronic
lymphocytic leukemia.

Table 2 Correlation between clinical and pathological variables
with CD10 analysis

Variables CD 10
negative
(31 cases)

CD 10
positive
(11 cases)

P-value
(o0.05)

Gender 0.11
Male 14 (64%) 8 (36%)
Female 17 (85%) 3 (15%)

Age (years, mean7s.d.) 57715 53710 0.43
Size (mm, mean7s.d.) 65733 89750 0.1
Fuhrman grading 0.1
Grade 2 20 (83%) 4 (17%)
Grade 3 11 (61%) 7 (39%)

Necrosis 0.12
Absent 22 (71%) 5 (19%)
Present 9 (29%) 6 (40%)

Mitosis 0.04
Absent 13 (93%) 1 (7%)
Present 18 (64%) 10 (36%)

Clinical aggressivenessa 0.003
Absent 29 (83%) 6 (17%)
Present 2 (29%) 5 (71%)

a
One patient pT3a–one patient pT3b–one patient with synchronous
metastasis–two patients with metachronous metastasis–two patients
with carcinoma with sarcomatoid transformation.

Table 3 Clinical aggressiveness: univariate and multivariate
analyses (Po0.05)

Variable Univariate analysis Multivariate analysis

Gender 0.053 n.a.
Age 0.956 n.a.
Size 0.056 n.a.
Fuhrman grading 0.094 n.a.
Necrosis 0.001 0.001
Mitosis 0.77 n.a.
CD10 0.003 0.002

n.a., not applicable.
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confirm the presence of parvalbumin in the neo-
plastic cells. In our study, we found that all
metastatic clear cell and papillary renal cell carci-
nomas and two of the three metastatic chromophobe
renal cell carcinomas were positive for CD10.
Immunohistochemistry for parvalbumin would
clarify this differential diagnosis since it is con-
sistently positive in chromophobe renal cell
carcinoma and negative in clear cell and papillary
renal cell carcinomas. The same approach can be
used with primary tumors if oncocytoma is not
a consideration.

Endogenous biotin in kidney tissue and renal
tumors can lead to confusing results. In this study,
three different developing systems that are not
sensitive to endogenous biotin were used to over-
come this problem. The results were identical with
each of the developing systems. Using these sys-
tems, clear cell renal cell carcinoma appears to be
consistently negative for parvalbumin. This differ-
ence in methodology may account for differences
between the results of this study and the results of
previous studies that used methods sensitive to
endogenous biotin.

CD10 immunoreactivity was observed in the
collecting duct cells of the fetal kidney between
the 16th and 23rd weeks of gestation. This correlates
with the observation of CD10 expression in chro-
mophobe renal cell carcinomas, since these tumors
exhibit other forms of differentiation toward the
collecting duct phenotype.13,16 The presence of
markers of different segments of the nephron may
reflect abnormal gene expression associated with
the neoplastic changes of chromophobe renal cell
carcinoma. Our investigation of fetal kidney has
shown that CD10 expression is present in epithelial
cells of both the proximal and distal nephron.

This study also found a statistically significant
relationship between CD10 expression and clinico-
pathologic aggressiveness in chromophobe renal cell
carcinomas (P¼ 0.003). CD10 expression was also
correlated with the presence of mitotic figures
(P¼ 0.04). The measures of clinicopathologic aggres-
siveness included renal vein involvement, peri-
nephric fat invasion and distant metastases, all of
which are quite uncommon in chromophobe renal
cell carcinomas.17,18 This suggests that detection of
CD10 in a chromophobe renal cell carcinoma may
indicate the potential for more aggressive behavior
than is expected in other chromophobe renal cell
carcinomas. Moreover, among the traditional patho-
logical parameters, only the presence of necrosis
predicted clinical aggressiveness in this set of
chromophobe renal cell carcinomas. Multivariate
analysis showed independent predictive roles for
both CD10 expression and presence of necrosis.

Most renal epithelial neoplasms can be diagnosed
reliably by experienced pathologists on the basis of
hematoxylin and eosin morphology alone, but
numerous difficult cases exist. Data about the
expression profiling of renal epithelial neoplasms

have been growing in the recent literature15,19–22 and
the search for immunohistochemical markers un-
iquely positive for the most common renal cell
neoplasms is extensive.5,13,15,22–25

CD10 has been suggested as a marker useful in the
differential diagnosis of renal tumors.5–8 Droz et al8

observed CD10 immunoreactivity in all 28 renal cell
carcinomas tested and Chu and Arber6 reported 41
out of 46 renal cell carcinomas (clear cell and
papillary renal cell carcinomas) positive for CD10,
but no chromophobe renal cell carcinomas were
evaluated in these studies. Avery et al5 found CD10
in 58 of 62 (94%) clear cell and 13 of 14 (93%)
papillary renal cell carcinomas, whereas all 19
chromophobe renal cell carcinomas were consid-
ered negative in that study. Kim and Kim7 also
reported most clear cell and papillary renal cell
carcinomas as positive for CD10, but found chro-
mophobe renal cell carcinoma to be negative for this
marker.

At variance with these studies, we found that 11
of 42 (26%) chromophobe renal cell carcinomas
were immunoreactive for CD10. The neoplastic cells
displayed a strong cytoplasmic granular staining,
with an immunoreactivity highlighting intercellular
and intracellular lumens, this latter corresponding
to the intracytoplasmic lumens described in chro-
mophobe renal cell carcinoma by Krishnan and
Truong.26 We confirmed the presence of the CD10
protein in the neoplastic cells by Western blot
analysis. The population of CD10-positive neoplas-
tic cells ranged from 30 to 90% of the entire
population with an alternation between positive
and negative areas in the same tumor that could
cause negative results if CD10 immunohisto-
chemistry is used in tissue microarray analysis.
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