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Papillary renal cell carcinoma is now a well-
established entity with distinct histological and
cytogenetic features. A subdivision has been
proposed in correlation with prognosis. Type 1
is the most frequent subtype and appears to
have a better prognosis than Type 2. The subdi-
vision is based on microscopic criteria. To in-
vestigate these 2 types of papillary renal cell
carcinoma, we have compared the clinical fea-
tures, ancillary factors (TNM stage, Fuhrman
grade), survival and MUC1 expression in 25
Type 1 and 12 Type 2 papillary renal cell carci-
nomas. Type 2 tumors were significantly asso-
ciated with a higher Fuhrman grade (Grade III
frequent; P < .001). Type 2 tumors were also
associated with a poorer prognosis than Type 1
(P < .005). Fuhrman grade was significantly as-
sociated with prognosis (P < .005). The type and
the prognosis were not correlated with the TNM
stage. We have shown a differential expression
of MUC1 between Type 1 and Type 2 with a
polarized expression in Type 1 and a rare ex-
pression in Type 2. In conclusion we confirm
that the morphologic sub-typing and Fuhrman
grade are valuable factors of outcome of papil-
lary renal cell carcinomas and that MUC1 im-
munostaining is useful in differentiating Type 1
and Type 2 tumors.
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Papillary renal cell carcinoma is the second most
frequent malignant neoplasm of the adult kidney. It
accounts for 10–15% of all renal carcinomas (1).
Papillary renal cell carcinoma is now a well-
established entity with specific morphological, im-
munohistochemical, and cytogenetic features.
Classical prognostic factors used for renal carcino-
mas are the TNM stage and the Fuhrman grade.
Usually, papillary renal cell carcinoma has been
considered to have a better prognosis than clear
renal cell carcinoma (1–2). Delahunt and Eble (3)
have proposed to divide papillary renal cell carci-
nomas in two morphological types. Type 1 tumor is
characterized by small cuboidal cells covering thin
papillae with a single line of uniform nuclei and
small nucleoli. In Type 2 tumors, the papillae are
covered by large eosinophilic cells with pleomor-
phic nuclei, prominent nucleoli, and nuclear
pseudostratification (3). Recently studying a series
of 66 cases, Delahunt et al. (4) showed that this
morphologic subtyping is an independent predic-
tive factor of outcome. Indeed, Type 2 was associ-
ated with a significantly higher Fuhrman grade and
a poorer prognosis (4).
MUC1 is a large transmembrane glycoprotein ex-

pressed in many normal and tumor epithelial cells.
MUC1 is frequently overexpressed in carcinoma
and is associated with tumor progression and
poorer prognosis (5–6). In clear renal cell carci-
noma, MUC1 is overexpressed, and the level of
expression is associated with the Fuhrman grade
and with the tumor progression (7–9).
The current study was performed to investigate

the prognostic value of histologic typing in papillary
renal cell carcinoma and to evaluate the expression
of MUC1 in the two types.
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MATERIALS AND METHODS

Case Selection
All of the cases of papillary renal cell carcinoma

(37 cases) in the archives of the Department of
Pathology, Lille University hospital, France, from
January 1992 to December 2000 were investigated.
All histological slides were reviewed (XL). Cytologic
nuclear grading was applied as described by Fuhr-
man et al. (10). The subtype was determined using
the criteria proposed by Delahunt and Eble (3–4).
All tumor stages were defined using the TNM clas-
sification (UICC, 1997). All of the patients were
treated by radical nephrectomy, and all patients’
histories and follow-up were recorded.

Immunohistochemistry
Immunohistochemistry (IHC) was performed on

formalin-fixed, paraffin-embedded tissue sections
of 4-�m thickness using an automated immunos-
tainer (ES, Ventana medical systems, Strasbourg,
France). After deparaffinization, IHC was per-
formed using a three-step indirect process based on
streptavidin-biotin complex. The primary antibody
used is directed against MUC1. Antibody to MUC1
recognizes the tandem repeat sequences (monoclo-
nal LICR-LON-M8, pretreatment by microwave 20
min, dilution 1/50). This antibody was a gift from
the Ludwig Institute for Cancer Research (Dr. D.
Swallow, London, UK). The sections were incu-
bated for 32 minutes with goat serum to block the
nonspecific antibody-binding sites. Endogenous bi-
otin was blocked by adding an excess amount of
avidin, followed by washing and addition of free
biotin. Slides were counterstained with hematoxy-
lin. Positive and negative controls were used. Neg-
ative controls consisted of (1) slides run without the
primary antibody and (2) negative normal renal
structures (glomeruli, proximal convoluted tu-
bules). Normal bronchus was used as external pos-
itive control, and distal convoluted tubules, as in-
ternal positive control.

A tumor was judged positive if �5% of tumor
cells were stained.

Statistical Analysis
Results are presented as mean and range. The

associations of age and tumor size with other clin-
ical variables were tested with the nonparametric
Kruskall-Wallis test or Mann-Whitney test. A �2 test
or Fisher’s exact correction, as appropriate, was
used to analyze the associations between sex,
Fuhrman grade, pT category, and MUC1 expres-
sion. Survival curves were constructed according
the method of Kaplan-Meier. Differences between
the curves were assessed using the log rank test. A P

of � .05 was considered statistically significant. Sta-
tistical analyses were performed using SPSS soft-
ware, version 9.0 (SPSS, Chicago, IL).

RESULTS

Patients and Tumor Classification
Patients were 29 men and 8 women with a mean

age of 60 years (range, 27 to 81 y) at time of diag-
nosis. The mean size of tumors was 5.2 cm (range,
2 to 11 cm). Twenty-five tumors were Type 1 (Fig.
1), and 12 tumors were Type 2 (Fig. 2). There were
19 men and 6 women with Type 1 tumors and 10
men and 2 women with Type 2 tumors.

Pathological details are summarized in Table 1.
The mean follow-up period was 35.6 months

(range, 6 to 86 mo). During the follow-up, six pa-
tients (16.2%) developed metastases. Five of these
patients died of the disease, one was alive with
metastasis. Four patients died of unrelated cause.
Five of 6 patients with metastases had a Type 2

FIGURE 1. Type 1 papillary renal cell carcinoma: thin papillae
covered by small basophilic cells with round nuclei.

FIGURE 2. Type 2 papillary renal cell carcinoma: tumor papillae
covered by large eosinophilic cells with irregular nuclei.
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tumor (Fuhrman Grade 3 in 4 cases, Fuhrman
Grade 2 in one case), 1 in 6 had a Type 1 tumor
(Fuhrman Grade 3). Among the six metastatic pa-
tients, two were Stage pT3, two were Stage pT2, and
two were Stage pT1.

Immunohistochemistry
20/37 (54%) tumors were positive for MUC1:

18/25 (72%) Type 1 tumors and 2/12 (16.6%) Type 2
tumors. In Type 1 the staining was diffuse (�50% of
stained cells) with an apical cellular distribution
(Fig. 3). In Type 2, the staining was always focal
(5–10% of tumor cells; Fig. 4). No staining with
MUC1 was observed in tumors with metastatic evo-
lution (Type 1 and 2).

Statistical Analysis
Type 2 tumors were significantly associated with

a higher Fuhrman grade than Type 1 (P � .001). No
statistical relationship was observed between the
pT category, the patients’ age, the sex, the tumor
size, and the histological type. Studying survival

curves, we observed that Type 2 was significantly
more frequently associated with the metastatic
spread and a poorer outcome than Type 1 (P � .005;
Fig. 5). The Fuhrman grading was also a prognostic
factor, with a difference between low Fuhrman
grades (Grades 1 and 2) and high Fuhrman grade
(Grade 3; P � .005). The pT category was not pre-
dictive of the outcome. MUC1 expression was more
significantly associated with Type 1 (P � .005), but
MUC1 expression was not correlated with the out-
come. Because of the moderate number of events,
no multivariate analysis was carried out.

DISCUSSION

Papillary renal cell carcinoma was individualized
from other renal cell carcinomas by its predomi-
nantly papillary or tubulo-papillary architecture
(�75% of the tumor; 1). Genetic studies of papillary
renal cell carcinoma have confirmed that it is a real
separate entity with specific recurrent chromo-

FIGURE 3. Type 1 papillary renal cell carcinoma: diffuse apical
MUC1 expression.

FIGURE 4. Type 2 papillary renal cell carcinoma: rare and focal
MUC1 expression (arrows).

FIGURE 5. Kaplan-Meier survival curves for patients divided
according to histological type.

TABLE 1. Histological and Immunohistochemical

Findings in Subtypes of Papillary Renal Cell Carcinoma

Parameters Type 1 Type 2

No. of tumors 25 12
TNM

T1 19 8
T2 6 2
T3 0 2
T4 0 0

Fuhrman grade
G1 2 0
G2 21 4
G3 2 8
G4 0 0

MUC1 staining
� 18 2
� 7 10

�, positive staining; �, negative staining
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somal abnormalities, trisomy of chromosomes 7
and 17, and no alteration of chromosome 3 (11).
The prognosis of papillary renal cell carcinoma re-
mains debatable in the literature. Previous studies
reported a better prognosis than conventional clear
renal cell carcinoma, but this notion is extensively
discussed (2, 10–13). Recently, Delahunt and Eble
(3) have proposed to distinguish two morphologic
types of papillary renal cell carcinoma, based on
microscopic criteria. Using this classification the
authors observed that the Type 2 tumor was asso-
ciated with a larger tumor size, a higher Fuhrman
grade (Grade 3 common) and a more advanced
stage (T3–4 TNM) in comparison with the Type
1(3). Several other studies confirmed that papillary
renal cell carcinomas composed of Type 1 have a
lower-grade and a lower-stage than Type 2 (14–16).
In our series, Type 1 tumor was more frequent than
Type 2. The Fuhrman grade was significantly higher
in Type 2 (Grade 3 frequent) with no Grade 1. In
contrast, the stage TNM and the tumor size were
not significantly different between Type 1 and 2. In
a more recent publication, Delahunt et al. (4) con-
cluded that morphologic typing of papillary renal
cell carcinoma is an independent predictive factor
of outcome on multivariate analysis. Indeed they
showed that Type 2 tumor was independently as-
sociated with the global survival. In their study, the
nuclear grade and the pathological stage were not
predictive of the outcome. Onishi et al. (15) con-
firmed also that the prognosis is better in basophilic
tumors (Type 1) than in eosinophilic tumors (Type
2). In the present study, we have shown that Type 2
tumors are significantly associated with metastatic
progression and a poorer survival rate than Type 1.
These findings suggest that patients with Type 2
tumors should benefit from a more strict follow-up.

In our series, the TNM stage was not significantly
associated with prognosis, but we observed, like
other authors, that the Fuhrman grade remains a
valuable prognostic factor of papillary renal cell
carcinomas (10, 12, 14).

The biological and genetic basis of different sub-
types of papillary renal cell carcinomas remains
unclear. Jiang et al. (17), using comparative
genomic hybridization found that gains of chromo-
somes 7p and 17p were more frequently encoun-
tered in Type 1 than in Type 2. Interestingly, these
authors identified also Xp deletions in tumors with
a poor outcome. But unfortunately, these deletions
Xp were not associated with a particular morpho-
logic subtype. Delahunt et al. (4), studying cell cycle
markers (Ki-67, AgNORs), have demonstrated sig-
nificant differences between Type 1 and 2. Indeed,
Ki-67 index and AgNORs score were higher in Type
2 than in Type 1, suggesting a more aggressive
biological feature of Type 2.

In the present series, we have investigated the ex-
pression of MUC1 in the two subtypes of papillary
renal cell carcinomas. MUC1 belongs to the family of
human mucins, which are large O-glycoproteins ex-
pressed by many epithelial cells. MUC1 is a trans-
membrane mucin that is expressed in many nor-
mal glandular and carcinomatous cells (5). MUC1
is known to be frequently up-regulated in carci-
noma. This overexpression in tumor cells is often
associated with a loss of the apical polarity ob-
served in normal cells (18). This abnormal over-
expression with loss of polarity is suspected to
destabilize cell–cell and cell–extracellular matrix
interactions and then to favor metastases (19–
20). In the normal kidney, MUC1 is largely ex-
pressed in the convoluted distal tubules and in
collecting ducts with an apical pattern staining.
In clear renal cell carcinoma, MUC1 is frequently
up-regulated, and the level of expression is cor-
related both with the Fuhrman grade and the
survival rate (7–9). So MUC1 is overexpressed in
high-grade tumors and is inversely correlated
with prognosis (7–9).

In papillary renal cell carcinomas, no previous
study has investigated MUC1 expression. We
demonstrated MUC1 expression in 54% of papil-
lary renal cell carcinomas. We observed that
MUC1 was predominantly expressed in Type 1
(72%) with a respect of the apical polarity seen in
normal renal distal convoluted tubules. In Type 2,
MUC1 expression was lost in tumors with only a
focal and weak staining in two cases (Fig. 4).
MUC1 expression was correlated with the Type,
but no relationship was found with Fuhrman
grade nor prognosis.

In conclusion, our findings confirmed that the
morphologic subtyping is an important prognostic
factor of papillary renal cell carcinomas. Type 2
tumor is associated with higher Fuhrman grade,
metastatic progression, and poorer prognosis. We
have also shown that MUC1 expression is polarized
in Type 1 tumor and is down-regulated in Type 2.
We hypothesize that the loss of MUC1 expression
may be a marker of dedifferentiation in Type 2
papillary renal cell carcinoma. [13]
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