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Introduction

Renal cell carcinoma (RCC) is a promising target for
immunotherapy. The response rate should be enhanced
by selecting patients expressing relevant tumor antigens

Received: Sept 11, 2000; revised: Dec 20, 2000; accepted: Jan 15, 2001
Correspondence: Tamás MAGYARLAKI, Department of Clinical
Biochemistry, University Med.School of Pécs, Ifjúság útja 13,
7624 Pécs, Hungary; Tel: +36-72-536-120 Fax: +36-72-536-120
Email: mlaki@clinics.pote.hu
*This work was supported by the grants of the Hungarian Acade-
my of Sciences (BOLYAI-BO/00049/99 and OTKA-T0220986)
Abbreviations:
CCRCC: clear cell renal cell carcinoma; RCC: renal cell carcino-
ma; VHL: von Hippel Lindau gene; pVHL: protein; TIL: tumor
infiltrating lymphocytes; TIC: tumoral immune complexes; MHC:
major histocompatibility complex; MHC-I and II: Class I and II.

Human clear cell renal cell carcinoma (CCRCC) is
characterized by specific von Hippel-Lindau (VHL)
gene alterations and “immunogenic” features. In the
present study, the immunohistochemical expression
of the von Hippel-Lindau gene protein (pVHL) was
compared with the presence of major histocompati-
bility complex (MHC I-II), tumor infiltrating lym-
phocytes (TIL) and tumoral immune complexes
(TIC) in CCRCC. Native tumor tissues of 132 RCC
patients (95 with the common clear cell subtype),
diagnosed according to the Heidelberg classifica-
tion, were obtained for immunohistochemistry.
Tumor stainings with pVHL, MHC I-II and tumor
infiltrating lymphocytes (T and B lymphocytes,
monocytes) were detected by immunoperoxidase
methods using monoclonal antibodies. Tumoral
immune complexes (IgG, IgA, IgM and C1q, C3
complement proteins) were visualized by fluores-

cent polyclonal antibodies. Immune stainings were
semiquantitatively evaluated. Specificity and sensi-
tivity of these markers in relation to the common
histological subtype of RCC (CCRCC) were calculat-
ed. CCRCC was characterized by specific pVHL
expression. At the same time, CCRCC was associat-
ed with constitutional MHC I-II expression and
highly specific degree of TIL and TIC. It is conclud-
ed that specific pVHL expression of CCRCC is fre-
quently associated with “immunogenic” features.
Immunohistochemical analysis aims the initial
tumor staging of RCC patients to achieve better
patient selection for immunotherapy. However, the
association of pVHL expression with the “immuno-
genic” CCRCC is statistically relevant, the mecha-
nism and its clinical relevance in immunotherapy
still remains to be tested. (Pathology Oncology Rese-
arch Vol 7, No 1, 42–45, 2001)
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with active antigen presentation through major histo-
compatibility complex (MHC I-II) and characterized by
effective antitumor mechanisms (tumor infiltrating lym-
phocytes [TIL] and immune complexes [TIC]).2,13,16

MHC-restricted T lymphocytes with specific cytotoxic
activity for autologous tumor cells persist in some RCC
patients for years after removal of the primary tumor
even in the absence of immunotherapy.8 Immunohisto-
chemical studies proved a significant TIL infiltration of
RCC by preoperative interferon-gamma (IFN-gamma)
administration.9,15 The phenotype of TIL isolated from
RCC patients is heterogenous (predominant MHC class
I-restricted CD8+ T lymphocytes; few gamma/delta T
cells, monocytes and NK cells).11 Activation markers
(CD69, CD25, HLA-DR) are expressed on TIL, but
autologous tumor lytic activity is impaired in most of the
RCC patients.6,7 The contribution of cytokines and co-



stimulatory molecules in TIL-tumor cell interaction is
under evaluation.7 The clinical relevance of intratumoral
lymphocytic invasion is still controversial in interleukin-
2 (IL-2) and TIL-based therapy.1,2,16

Routine histology does not improve on prediction of
antitumor response in RCC. Some studies, however, found
MHC-I expression,4,12 TIL6,14 and TIC13,14 exclusively in
the clear cell subtype of RCC. This “immunogenic” sub-
type of RCC (the typical clear cell renal tumor of von Hip-
pel-Lindau [VHL] syndrome and 75% of sporadic renal
neoplasms) was separated from others on the basis of spe-
cific genetic alterations on chromosome 3p.3,10 Mutations
of a single allele of the VHL gene are associated with dele-
tion of the remaining functioning VHL allele (“loss of het-
erozygosity”). Recent development of monoclonal anti-
bodies against VHL protein (pVHL) enabled the detection
of tumoral pVHL expression by immunohistochemistry.5

Since pVHL is known as an antigen of RCC-associated
paraneoplastic immune complex nephropathies,14 mutant
pVHL can be a target antigen of antitumor immunity and
specific immunotherapy. 

In the present study pVHL expression and immunohis-
tochemical markers accepted as tags of immunotherapy
(MHC I or II, TIL and tumor immune complexes) were
compared in 132 RCC patients.

Materials and Methods

Patients

Native tumor tissues with adjacent renal parenchyma
were obtained from 132 resected kidneys of RCC patients.
The histology according to the Heidelberg classification10

revealed a subtype distribution (common clear cell, 72%;
sarcomatous, 5%; mixed, 6%; chromophobe, 3%; papil-
lary, 7%; renal oncytoma, 7%); pathological grade (I-II,
73%; III-IV, 17%); stage (Std I-II, 68%; III, 24%; IV, 8%)
and metastatic cases (22%) comparable with those in the
literature.16

Immunohistochemistry

Stainings was performed on acetone-fixed cryostat sec-
tions. For demonstration of TIC, fluorescent isothio-
cyanate (FITC)-labeled polyclonal rabbit antihuman IgG,
IgA, IgM and complement (C1q, C3) antibodies (DAKO,
diluted 1:10) were used.14 An immunoperoxidase method
using a secondary biopolymer reagent (Envision kit,
DAKO) detected pVHL (Pharmingen monoclonal IG32,
0.5 mg/ml, recognizing amino acids 1-213 of human
pVHL).5 The ABC-immunoperoxidase method detected
TIL (UCHL-1 for “memory T lymphocytes”, Mac387 for
monocytes, CD45RB for B lymphocytes), the β-chain of
MHC-I (β2-microglobulin) and HLA-DR -chain of the
MHC-II (DAKO monoclonals, dilution 1:50).13

Evaluation of the immunohistochemistry 
and statistical methods

Immunohistochemical staining was graded microscopi-
cally by two independent observers as described before in
detail.13 Briefly, tumor tissues of RCC cases with mild, focal
or negative staining, were estimated as negative, in contrary
to cases with moderate to strong diffuse positivity categorized
as positive. Tumor infiltrating lymphocytes were counted in
20 microscopic fields of an 0.05 mm2 eyepiece graticule at
x200 magnification. Cases with marginal immune cell infil-
tration or intratumoral TIL below 100 cells/mm2 were esti-
mated as negative. In contrast, RCC cases with TIL present
exclusively in the tumor area and exceeding 100 cells/mm2

were positive. Specificity and sensitivity of these immuno-
histochemical markers in relation to the common clear cell
histological subtype of RCC were calculated as follows:

Specificity = true negative cases / true negative + false
positive cases x 100,

Sensitivity = true positive cases / true positive + false neg-
ative cases x 100.

As an example, by calculating the specificity and sensi-
tivity of pVHL staining in relation to CCRCC histological
subtype, all CCRCC cases stained positive with pVHL
were “true positive”, while CCRCCs with negative pVHL
staining were estimated as “false negative”. Renal cell car-
cinomas with non-CCRCC morphology, which exhibited
negative pVHL staining, were estimated as “true nega-
tive”, while the remaining cases with pVHL positivity, as
“false positive”. The specificity and sensitivity of the other
markers were calculated similarly.

Results

Von Hippel-Lindau protein (pVLH) was exclusively
present in RCC with clear cell morphology (CCRCC)
(Table 1, specificity). Figure 1 presents the typical clear
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Table 1. Statistical analysis of immunohistochemical
(IHC) markers in relation to the common clear cell sub-
type of renal cell carcinoma (CCRCC). 

IHC staining
CCRCCs / total specificity (%) sensitivity (%)

RCCs tested to CCRCC to CCRCC

pVHL 68/95 100 91

MHC-I 55/76 25 91

MHC-II 63/86 32 98

TIL 95/132 96 45

TIC 87/121 89 55

pVHL = von Hippel-Lindau protein, MHC-I and II = major
histocompatibility complex, types-I and II, TIL = tumor infil-
trating lymphocytes, TIC = tumoral immune complexes.



cell histological pattern of CCRCC morphology. Most of
CCRCCs were stained by pVHL on the tumor cell surfaces
diffusely by immunoperoxidase reaction (Figure 2).
Exceptionally, a strong focal cytoplasmic pVHL positivi-
ty of some localized areas (Figure 3) was observed in 3
grade III CCRCC cases. Only 6 out of 68 CCRCCs (4 of
them with poorly differentiated sarcomatous parts) were
negative for pVHL (Table 1, sensitivity, “false nega-
tives”). All oncocytomas (n=9), papillary and chromo-
phobe (n=12) tumors were pVHL negative (specificity,
“true negatives”). The clear cell component – but not of
the oncocytomatous, papillary or chromophobe part) – of
mixed type RCC (n=3;2;1, respectively) was also positive
for pVHL (data not shown). Tumor MHC-I and II expres-
sion was simultaneously present in most of the CCRCCs
(sensitivity). The specificity was, however, low (16 out of
21 and 15 out of 23 renal cell carcinomas with non-
CCRCC morphology were “false positive” for MHC I and
MHC II, respectively). TIL and/or TIC were highly spe-
cific for CCRCC, but present in only half the cases (speci-
ficity and sensitivity). RCC subtypes other than that of the
“common” CCRCC type, were rarely “false positive” for
TIC (in 3 oncocytomas) or TIL (in 1 papillary RCC). No
correlation of “immunogenic” RCCs with grade, stage and
metastasis was observed.

Discussion

Related to the specific mutations of the VHL gene,3,10,16

the protein poduct (pVHL) is readily detectable by
immunohistochemistry in the clear cell type of renal cell
carcinoma (CCRCC). In contrast with the cytoplasmic
pVHL positivity of renal proximal tubules,5 we have found
an almost consistent (except 3 cases) cell surface staining
of pVHL in CCRCC. An “immunogenic” potential of the
“superficialized” pVHL to induce RCC-associated parane-
oplastic immune complex nephropathy has recently been
published.14 Mutant pVHL may either be a target antigen
of antitumor immunity, or as a specific gene product of the
CCRCC subtype modulate the expression of other relevant
tumor antigens by the failure of its transcriptional regula-
tory function.3,5,16 Further studies are needed to prove or
exclude the causal relationship between pVHL expression
and antitumor immunity. 

“Immunogenic” features are restricted to CCRCC in
many studies.3,4,6,12-14 In our study, the well known consti-
tutional tumoral MHC class I or II expression2,4 was
accompanied with TIL and TIC presence in CCRCC
cases. While no patients with preoperative cytokine-thera-
py9,15 were included in the study, these results reflect the
status of the tumor immune recognition in RCC patients at
the time of tumor removal. Impaired TIL function6,7 is
probable in our cases (massive TIL infiltration without
associated histological signs of tumor necrosis). However,
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Figure 1. Clear cell renal cell carcinoma (CCRCC). A charac-
teristic acinar tumor growth of the typical tumor cells with
“clear cell” morphology. HE staining. x250.

Figure 2. Von Hippel-Lindau protein (pVHL) expression of a
CCRCC. A fine linear superficial staining of the tumor cells
arranged in the acini is well seen. Immunoperoxidase staining
with a pVHL monoclonal antibody. x250.

Figure 3. Von Hippel-Lindau protein (pVHL) expression of a
grade III CCRCC. A strong cytoplasmic positivity of the tumor
cells in some foci of a diffuse sarcomatous tumor parenchyma is
visible. Immunoperoxidase staining with a pVHL monoclonal
antibody. x250.
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significant correlation between the advanced tumor stage
and genetic VHL alterations has recently been reported,3

in our study the pVHL expression, the degree of TIL or
TIC was independent of tumor grade, stage and the pres-
ence of metastasis. The prognostic relevance of these find-
ings to immunotherapy1,2,16 remains to be tested.

Conclusions

Renal cell carcinoma of the common clear cell type
(CCRCC) is characterized by mutant von Hippel-Lindau
protein (pVHL) expression. Constitutional MHC class I
and II expression with highly specific degree of TIL and
tumoral immune complexes render the CCRCC subtype to
be “immunogenic”. Mutant pVHL is either a potential tar-
get antigen of antitumor immunity or it may modulate the
expression of other relevant tumor antigens. Immunohis-
tochemical analysis aims the initial tumor staging of RCC
patients to achieve better patient selection for immuno-
therapy.
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