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Background : The authors of this study wanted to confirm the prognostic implication of the
histologic subtype; further, we wanted to explore the expression of phosphorylated extracel-
lular signal-regulated kinase 1/2 (pERK) in papillary renal cell carcinoma (PRCC) and deter-
mine its clinicopathologic and prognostic significance. Methods : A total of 45 patients who
underwent nephrectomy for PRCC were enrolled in this study. The hematoxylin and eosin
slides were reviewed and pERK immunohistochemistry was performed. Results : Type 2
PRCC was significantly correlated with a larger tumor size (p=0.030), a higher nuclear grade
(p<0.001), a more advanced tumor stage (p=0.041) and more frequent distant metastasis
(p=0.019). The tumors were pERK-low (0 and 1+) in 30 cases (66.7%) and pERK-high (2+)
in 15 cases (33.3%). The pERK-high PRCC was significantly associated with a smaller tumor
size (p=0.001) and an earlier tumor stage (p=0.004). On the univariate analysis, the histolog-
ic subtype, the TNM stage and the pERK status were significantly associated with progres-
sion-free survival (PFS). Multivariate analysis showed that the histologic subtype (hazard ratio
22.81, p=0.042) and the TNM stage (hazard ratio 23.48, p=0.009) were independent prog-
nostic factors for PFS. Conclusions : Type 2 PRCC, together with the TNM stage, was iden-
tified as one of independent poor prognostic factors for PFS. The pERK status was a prog-
nostic factor for PFS on the univariate analysis, but not on the multivariate analysis.
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Papillary renal cell carcinoma (PRCC) is a well-defined dis-
ease entity with specific histologic, immunohistochemical and
genetic features, comprising approximately 10% of all RCCs.!
It is debatable whether PRCC shows a better prognosis compar-
ed to the other types of RCC including clear cell RCC (CCRCC),
although some studies have reported PRCC has a more favor-
able outcome when detected at an early stage.” Other studies
have reported that no survival benefit for patients with PRCC.?

The classical prognostic factors used for PRCC have been the
TNM stage, the Fuhrman grade and some other histologic fea-
tures, including necrosis, the presence of foam cells, angiolym-
phatic invasion and so on. Since Delahunt and Eble’ first pro-
posed two subtypes of PRCC (type 1 and type 2) in 1997, a
series of reports have also compared the clinicopathologic fea-
tures and prognosis between type 1 and type 2 PRCC, and sev-
eral molecular markers have recently been explored to predict
the clinical outcome in PRCC.> However, it remains controver-
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sial whether these clinicopathologic features are, in fact, inde-
pendent prognostic factors,”® and the prognostic role of the vari-
ables for PRCC still needs to be confirmed.

The extracellular signal-related kinase (ERK) 1/2 mitogen-
activated protein kinases (MAPKs) are protein serine/threonine
kinases that are located within protein kinase cascades and acti-
vated by various stimuli, and these kinases play a crucial role in
the control of cell proliferation via induction of G1- to S-phase
progression by phosphorylating various nuclear substrates.” The
ERK signaling pathway is also known to play a crucial role in
tumorigenesis, tumor invasion and metastasis iz vitro."" ERK
activation and its prognostic relevance have also been studied
in a variety of human tumors.

With regard to RCC, ERK 1/2 has been reported to be con-
stitutively activated in several tumor cell lines and tissues from
kidney, and to be linked to tumor cell invasion, growth and angio-

genesis in a variety of RCC cell lines and iz vivo systems.""”
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Although the number of cases was limited and the histologic
type of the enrolled RCC was mostly clear cell type, Oka ez a/."
reported constitutive activation of the MAPK cascade in human
RCC tissues and there was a relationship between MAPK acti-
vation and a high nuclear grade. It has recently been reported
that the genes involved in G1-S checkpoint regulation (cyclin
D2, cyclin-dependent kinase 6, retinoblastoma-like 2 and p21°¥"),
which are closely associated with ERK 1/2 activation, showed a
relatively increased expression in type 1 PRCC," suggesting the
possibility of ERK activation in PRCC. However, the degree of
ERK activation in PRCC and its clinicopathologic and prognos-
tic significance still remain unclear.

Thus, the aims of this scudy were to confirm the prognostic
utility of the clinicopathologic features, particularly the histologic
subtype. We also wanted to explore the expression of pERK in
PRCC by immunohistochemistry, and to determine its clinico-
pathologic and prognostic significance.

)
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MATERIALS AND METHODS
Patients and the clinicopathologic evaluation

A total of 45 patients who underwent partial or radical nephrec-
tomy for PRCC from January 1995 to December 2004 at Seoul
National University Hospital were included in this study. The
hematoxylin and eosin (H & E) stained slides were reviewed by
a single pathologist for determining the histologic type of RCC
and the subtype, according to the WHO 2004 classification
(Fig. 1).! The tumor was graded according to the Fuhrman
grade system® and staged using the 2002 TNM classification
system." The clinical darta, including cancer-specific death or
disease progression, was obtained from the patients’ medical
records.

Fig. 1. The PRCC histology and the immunohistochemical staining of pERK: (A) Type 1 PRCC exhibits papillae covered by small cells with
scanty cytoplasm, arranged in a single layer. (B) Type 2 PRCC exhibits cells with eosinophilic cytoplasm and pseudostratified nuclei on
papillary cores (Hematoxylin-eosin stain). (C) The pERK-low and (D) pERK-high expression in the nucleus and cytoplasm of tumor cells

is shown ( x 200, respectively).
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Construction of the tissue microarray

The most representative tumor area was carefully marked on
the H & E stained slide to sample tissue cores (0.2 cm in diam-
eter) from the formalin fixed, paraffin embedded tissue blocks.
The representative cores were arranged in a new tissue microat-
ray block. One core from each PRCC specimen was obtained
for TMA construction and the block also contained nonneoplas-
tic renal parenchyme. One section from the block was stained
with H & E for tissue confirmation.

Immunohistochemistry

Immunohistochemical staining was performed on the forma-
lin-fixed, paraffin-embedded tissue microarray slides with using
a mouse monoclonal antibody specific for phosphor-p44/p42
MAPK (Thr202/Tyr204) (Cell Signaling Technology, Beverly,
MA, USA). Briefly, after deparaffinization, the sections were
rehydrated, washed, and subjected to microwave antigen retrieval
in citrate buffer. The sections were then immersed in 3% H.O,
for 15 min to block the endogenous peroxidase activity and
next they were incubated overnight at 4°C with the primary
antibody for pERK at a 1:100 dilution. The expressions were
detected using a LSAB+ kit and 3,3’-diaminobenzidine (Dako,
Carpinteria, CA, USA). The sections were counterstained with
Mayer’s hematoxylin.

The proportion of tumor cells showing positive staining was
semiquantitatively evaluated as negative (0%), 1+ (1% to 10%)
and 2+ (more than 10%) without the reviewer having any knowl-
edge of the clinical outcome.

Statistical analysis

The SPSS 12.0K® program for Microsoft Windows® (SPSS
Inc, Chicago, IL, USA) was used for statistical analysis. The
clinicopathologic characteristics according to the histologic
subtype or the pERK status were compared using X” tests (or
Fisher’s exact test) and Student’s t test. The cancer-specific sut-
vival (CSS) was determined from the date of surgery to death
by disease or the last follow-up date, and progression-free su-
vival (PFS) was calculated from the date of surgery to the first
relapse or metastasis, or the last follow-up date. The survival
rates were calculated by the Kaplan-Meier method. Univariate
and multivariate analyses were performed using the log-rank
test and the Cox proportional hazards model, respectively. p
values <0.05 were considered to be statistically significant.
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RESULTS
Clinicopathologic characteristics of PRCC

The patients with PRCC included 33 men and 12 women
with an age at presentation ranging from 22 to 76 (mean age:
51.2) years. The PRCC was type 1 in 27 patients (60%) and
type 2 in 18 patients (40%) with a predominance of type 1. The
mean tumor size was 4.5 cm. The tumors were grades I-II in 25
patients and grades III-IV in 20 patients. There were 33 patients
with pT1 PRCC and 12 patients with pT2-4 PRCC. Lymph
node (LN) metastases and distant metastases were found in 3
and 9 patients, respectively.

Correlation between the histologic subtype and the
clinicopathologic characteristics

The clinicopathologic features according to the histologic
subtype of tumor are shown in Table 1. There was no signifi-
cant difference in age or gender distribution between the type
1 and type 2 PRCC, but the type 2 PRCC had a significantly
larger tumor size (p=0.030), a higher nuclear grade (p<0.001),
a more advanced tumor stage (p=0.041) and more frequent dis-

Table 1. The comparison of clinicopathological characteristics
between type 1 and type 2 papillary renal cell carcinomas

Characteristic Type 1 (%) Type 2 (%) p value
Number of cases 27 (60) 18 (40)
Mean age £SD (years) 51.15+11.06 51.22+15.95 0.985
Sex
Male 21(77.8) 12(66.7)  0.499
Female 6(22.2) 6(33.3)
Tumor side
Right 14(51.9) 8(44.4) 0763
Left 13 (48.1) 10 (55.6)
Mean tumor size+SD (cm)  3.77+£2.20 546+282  0.030

Fuhrman nuclear grade

Low (I-II) 22(81.5) 3(16.7)  0.000
High (Il-1V) 5(18.5) 15(83.3)

pT category

pT1 23(85.2) 10(55.6)  0.041
pT2-4 4(14.8) 8(44.8)

pN category

pNO 27 (100) 15(83.3) 0.058
pN1-2 0(0) 3(16.7)

Distant metastasis

MO 25(92.6) 11(61.1)  0.019
M1 2(7.4) 7 (38.

TNM stage

I-Il 24 (88.9) 9(50.0) 0.006
-1V 3(11.1) 9(50.5)
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tant metastasis (p=0.019), as compared to the type 1 PRCC.
Type 2 PRCC had a tendency of more frequent LN metastasis,
but this was not statistically significant (p=0.058).

The pERK expression and its correlation with the
clinicopathologic characteristics

Phospho-ERK immunohistochemistry was available for all
the 45 enrolled cases. The tumor tissue showed nuclear and/or
cytoplasmic staining (Fig. 1), whereas the nonneoplastic renal
tissue exhibited none or, if any, minimal cytoplasmic staining
in the tubular epithelial cells (figures not shown). In total, the
immunohistochemical staining for pERK in the tumor was
negative in 20 cases (44.4%), 1+ in 10 cases (22.3%) and 2+ in
15 cases (33.3%); a pERK expression in the PRCC was detected
in 25 out of the 45 cases (55.6%). For the statistical analysis,
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the cases were subdivided into 2 groups: the pERK-low (0 and
1+) status group and the pERK-high (2+) status group. The
tumors were pERK-low in 30 cases (60.7%) and pERK-high in
15 cases (33.3%). Among the 15 pERK-high PRCCs, 7 tumors
exhibited both nuclear and cytoplasmic staining, while 7 tumors
only displayed cytoplasmic staining, and a single tumor demon-
strated only nuclear staining.

The clinicopathologic features of the patients with pERK-
low and pERK-high PRCC are shown in Table 2. There was
no significant difference in the age, the gender distribution, the
histologic subtype or the nuclear grade between the pERK-low
and pERK-high PRCC, but the pERK-high PRCC was signif-
icantly associated with a smaller tumor size (p=0.001) and an
earlier cumor stage (p=0.004). In fact, all of the 15 pERK-high
PRCCs were pT'1 and there were no pT2-4 tumors. The differ-
ence in LN or distant metastasis between the 2 groups was not
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Fig. 2. Kaplan-Meyer survival curves: (A) The cancer-specific survival and (B) progression-free survival according to the histologic type is
shown. (C) The cancer-specific survival and (D) progression-free survival according to the pERK status is shown.
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Table 2. The comparison of clinicopathological characteristics
according to pERK status of papillary renal cell carcinomas

Characteristic pERK-Low (%) pERK-High (%) p value
Number of cases 30 (66.7) 15(33.3)
Mean age £SD (years) 50.27+£12.48 53.00+14.42 0514
Sex
Male 23 (60.0) 10(26.7)  0.496
Female 7 (40.0) 5(73.3)
Tumor side
Right 18 (51.9) 4(44.4)  0.057
Left 12 (48.1) 11 (55.6)
Histologic subtype
Type 1 18 (60.0) 9(60.0)  1.000
Type 2 12 (40.0) 6 (40.0)

Mean tumor size+SD (cm)  5.28+2.62 2.89+165 0.001
Fuhrman nuclear grade
Low (I-IT) 17 (56.7) 8(53.3)  1.000
High (llI-IV) 13 (43.3) 7(468.7)
pT category
pT1 18 (60.0) 15 (100) 0.004
pT2-4 12 (40.0) 0(0)
pN category
pNO 28 (93.3) 14(93.3)  1.000
pN1-2 2(6.7) 1(6.7)
Distant metastasis
MO 27 (90.0) 15 (100) 0.540
M1 3(10.0) 0(0)
TNM stage
I-Il 19(63.3) 14 (93.3)
M-IV 11(36.7) 1(6.7) 0.038

PERK, phosphorylated extracellular signal-regulated kinase 1/2.
significant.
Survival analysis

The median follow-up was 52 months (range: 5 to 137 months).
Cancer-specific deaths occurred in 8 patients and disease progres-
sion occurred in 6 patients. One patient died of an unrelated
cause. The 5-year cancer-specific and disease-free survival rates
were 86.7% and 82.2%, respectively. The Kaplan-Meier sur-
vival curves are presented in Fig. 2. The 5-year CSS & PES rates
were both 96.3% for type 1 and they were 72.2% and 61.1%,
respectively, for type 2. Meanwhile, the 5-year CSS & PFS rates
were 80% and 73.3%, respectively, for the pERK-low PRCC,
while they were both 100% for the pERK-high PRCC.

Univariate analysis showed the histologic subtype, the tumor
size and the TNM stage were significantly associated with CSS
and PES. Phospho-ERK had a significant effect on PES, but not
on CSS (Table 3). Multivariate analysis showed that the histo-
logic subtype (hazard ratio 22.81, p=0.042) and TNM stage
(hazard ratio 23.48, p=0.009) were independent prognostic
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Table 3. Univariate analysis (Kaplan-Meier survival analysis,
log-rank test) of progression-free survival in 45 cases with pap-
illary renal cell carcinoma

Log-rank p-value

Prognostic factor
CSS PFS

Age 0.738 0.731
Sex 0.693 0.907
Histologic subtype 0.015 0.001
Tumor size <0.001 <0.001
Grade 0.245 0.051
TMN stage <0.001 <0.001
pERK 0.079 0.037

CSS, cancer-specific survival; pERK, phosphorylated extracellular sig-
nal-regulated kinase 1/2; PFS, progression-free survival.

Table 4. Multivariate analysis (Cox proportional hazards model)
to determine the independent prognostic factors in relation to
progression-free survival (Phospho-ERK did not fit the model
and was omitted)

Prognostic factor p value HR (95% Cl)

Age 0.323 0.463 (0.101-2.132)
Histologic subtype 0.042 22.81(1.117-465.8)
Grade 0.170 0.166 (0.013-2.159)
TNM Stage 0.009 23.48 (2.213-249.1)

Cl, confiden interval; HR, hazard ratio; Phospho-ERK, phosphorylated
extracellular signal-regulated kinase 1/2.

factors for PFS (Table 4).

DISCUSSION

In this study, we demonstrated that the histologic subtype,
together with the stage, was a useful prognostic factor for PFS,
and type 2 PRCC had a more unfavorable outcome. Since Dela-
hunt and Eble’ first proposed two subtypes of PRCC (type 1
and type 2) in 1997, a series of reports have compared the clin-
icopathologic features and prognosis between type 1 and type 2
PRCC, and these studies have shown conflicting results regard-
ing the prognostic significance of subtyping. However, there are
an increasing number of reports that the two subtypes are dif-
ferent entities in their clnicopathologic and prognostic aspects,
with type 2 being associated with a poorer prognosis. Mejean et
al.® and Yamashita ez al.” reported that type 2 PRCC had a signifi-
cantly higher grade and stage, and this was significantly associ-
ated with prolonged survival on univariate analysis, although
the histologic subtype was not retained on multivariate analy-
sis. On the other hand, Pignot ¢ /. have shown that the tumor
type and TNM stage were the independent prognostic factors
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affecting disease-free survival on multivariate analysis, with over-
all and disease-free survival rates of 89% and 92%, respectively,
for type 1 PRCC and 55% and 44%, respectively, for type 2
PRCC. Therefore, our findings that the histologic subtype and
the TNM stage independently have a significant prognostic effect
on survival concur with the other recent studies.

This explains the conflicting results when comparing the prog-
nosis between PRCC and CCRCC in previous different stud-
ies,”” and most of these studies did not classify the subtype of
PRCC. However, type 1 and type 2 are indeed disparate enti-
ties with different biologic behaviors, and it is not logical that
the PRCC group as a whole can be compared with the CCRCC
group without considering the heterogeneity between the two
types within the PRCC group. With regard to the survival of
RCC patients in South Korea, Kim ¢z #/."" have reported that
the overall survival was not significantly related to the histo-
logical type (clear cell vs papillary, p=0.8651), but they did not
divide the PRCC into subtypes either. As far as we know, there
have been no large-scale studies that have fully taken into account
of the heterogeneity of PRCC when comparing the prognostic
relevance among the histologic types of RCC. Therefore, it is
likely that exact comparison is possible only when the appro-
priate subtyping of PRCC has been performed.

The reason for the poorer prognosis for type 2 PRCC is part-
ly because type 2 PRCC is significantly associated with poor
prognostic factors such as a larger tumor size, a higher nuclear
grade, a more advanced tumor stage and more frequent distant
metastasis, but these factors alone do not explain the entire pic-
ture; the histologic subtype was still an independent prognos-
tic factor even after adjusting for the confounding factors, which
included the nuclear grade and stage, in the multivariate analy-
sis. Kyle e 2/." have recently revealed that MYC activation was
specifically correlated with high-grade type 2 PRCC, and inhi-
bition of MYC signaling disrupted the growth of a cell line
model of type 2 PRCC. Accordingly, they showed that the acti-
vation of MYC was associated with the aggressiveness or pro-
gression of type 2 PRCC. Delahunt and Eble'” have also report-
ed that the rates of cellular proliferation, based on the Ki-67
indices, were significantly higher for type 2 PRCC. It appears
that the increased cytogenetic changes,” including the MYC
activation in type 2 PRCC compared with type 1 PRCC, is relat-
ed to a poorer prognosis for type 2 PRCC.

The ERK signaling pathway plays an important role in the
tumorigenesis, invasion and metastasis of various tumor cells in
vitro,"" and several reports have explored the effects of ERK
activation on the prognosis of human tumors, yet these reports
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showed inconsistent results according to the tumor’s origin.
While strong pERK staining was, as expected, related to aggres-
sive tumor behaviors or short overall survival for carcinomas
from colon” and liver,” and salivary gland mucoepidermoid
carcinoma,” it was associated with a low grade, an early stage,
a negative nodal status and long relapse-free survival or better
overall survival in carcinomas from breast” and endometrium,”
and serous ovarian carcinoma.”” The ERK 1/2 staining did not
significantly predict survival for cervical cancer on univariate or
multivariate analysis.”” Thus, the pathogenetic role and prog-
nostic effect of ERK activation seem to be different for tumors
of different origins.

With regard to human RCC, Oka ¢ 4/.” reported constitu-
tive activation of the ERK cascade in 48% of human RCC tis-
sues and there was a relationship between ERK activation and
a high nuclear grade; those results stand in contrast to our find-
ings. This might be explained by the fact that the number of
cases in the previous study was limited (n=25) and the histo-
logic type of the enrolled RCC was mostly confined to the clear
cell type. Furthermore, Oka ¢z /. used western blots and immuno-
precipitation to investigate the constitutive activation of the
ERK pathway; these are methods that require a large amount
of tumor tissue, and contamination by the adjacent nonneoplas-
tic tissue cannot be excluded. In our study, we utilized immuno-
histochemistry, which has been used in recent studies to evalu-
ate the expression of pERK in tumor.”

To the best of our knowledge, this is the first study that exam-
ined the expression of pERK 1/2 and its prognostic significance
in human PRCC. We demonstrated that the expression of pERK
was obvious in PRCC, and it was higher in tumor than in the
adjacent nonneoplastic tissue. Unexpectedly, the pERK-high
status was significantly correlated with a small tumor size and
an early stage. It was also significantly correlated with prolonged
progression-free survival on univariate analysis, but this could
not be identified on Cox multivariate regression analysis due to
failure to fit the model. These results suggest that activation of
the ERK signaling pathway plays an important role in tumori-
genesis in the early stage of PRCC, but loss of ERK activation
is required for disease progression as a pathogenetic aspect; at
the same time, the results suggest that the pERK status might
be clinically useful as a prognostic factor.

It remains unclear how the loss of pERK is related to disease
progtession, and ERK activation predicts a better outcome for
PRCC. These might be partly explained by the studies that have
shown that hyperactivation of the ERK1/2 pathway elicits cell
cycle arrest by inducing the accumulation of cyclin-dependent
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kinase inhibitors (e.g., p21, p16™* and/or p15™'") in not only
cell lines, but also in non-immortalized primary cells.” How-
ever, this interpretation has its limits in that the nuclear staining
in this study was found only in 8 out of 15 pERK-high PRCCs,
and cell cycle arrest mediated by hyperactive ERK 1/2 signal-
ing in tumor cells has not yet been proven. Another possible
explanation for the correlation is that cytoplasmic retention of
active ERK has no activity in DNA replication and cell trans-
formation.”” Tohgo ¢t a/.*" have demonstrated that S-arrestins
inhibit ERK-dependent transcription by binding to pERK,
leading to its retention in the cytosol. In this study, cytoplas-
mic staining alone was found in 7 out of 15 pERK-high PRCCs.
However, this interpretation is not deemed complete because
the action of B-arrestins in renal cell carcinoma has not yet been
shown. Further studies including RCC cell lines and 7 vivo sys-
tems are needed to elucidate the pathogenetic role and the prog-
nostic significance of ERK activation in PRCC.

In conclusion, this study confirms that the histologic sub-
type, together with the TNM stage, is an independent prog-
nostic factor for PES and that type 2 PRCC has a poorer prog-
nosis that that of type 1 PRCC. Phospho-ERK 1/2, known to
be expressed in various human tumors, obviously more highly
expressed in PRCC than in the adjacent nonneoplastic tissue,
and the pERK-high status is unexpectedly correlated with a
small tumor size and an early stage. A high expression of pERK
is also significantly correlated with prolonged progression-free
survival on univariate analysis, but this cannot be identified on
Cox multivariate regression analysis due to failure to fit the model.
It is unclear how loss of pERK is related to disease progression,
and ERK activation predicts a better outcome in PRCC. Fur-
ther studies including RCC cell lines and 7z vivo systems are
needed to elucidate the pathogenetic role and the prognostic
significance of ERK activation in PRCC.
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