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Summary. We compared the expression of major 
histocompatibility complex (MHC; HLA class 1 and 11) 
antigens and the presence of tumor-infiltrating 
mononuclear cells presenting S 100 protein (S 100), 
CD68 antigen, or CD45RO antigen in formalin-fixed, 
paraffin-embedded tissue sections of 10 renal cell 
carcinomas and 9 renal cell adenomas using immuno- 
histochemistry. The expression of B2-microglobulin 
(B2MG) as an HLA class 1 antigen in al1 10 cases 
(100%) and that of HLA-DR/a as an HLA class 11 
antigen in 7 of 10 cases (70%) of carcinoma was 
stronger than that in the adjacent proximal convoluted 
tubule, but was respectively not different to weaker in 8 
of 9 cases and not different to markedly weaker in al1 
cases of adenoma. Furthermore, there was comparatively 
dense infiltration by S 100(+) antigen-presenting cells in 
the carcinomas, but almost none in the adenomas and 
generally dense infiltration by CD45RO(+) T cells and 
CD68(+) macrophages in the carcinomas, but little to 
none in the adenomas. We concluded that the generaily 
enhanced expression of MHC antigens in carcinomas 
must be an immunophenotypic deviation from not only 
the adjacent proximal convoluted tubule but also 
adenomas, and that the predominant infiltration of 
antigen-presenting cells, T cells and macrophages in the 
carcinomas, but not in the adenomas, reflects the anti- 
cancer immune reaction 
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lntroduction 

Class 1 HLA-A, -B, -C antigens are expressed by 
most somatic cells and are fundamental to the 
recognition of foreign antigens by T cells (Bjorlunan et 
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al., 1987; Dasgupta et al., 1987). Class 11 HLADPR, 
DP, DQ antigens play an irnportant role in the regulation 
of the immune response to T-cell dependent antigens as 
key antigens in the T to B and T to T cell recognition 
process that is the basis of the irnmune response network 
(Winchester and Kunkel, 1979). The distribution of HLA 
class 1 antigens in normal tissues of non-lymphoid origin 
have been exarnined (Natali et al., 1984). HLA class II 
antigens have a more restricted tissue distribution than 
HLA class 1 antigens and are normally presented on the 
surface of B cells, tumor-infiltrating mononuclear cells 
such as activated T cells, monocytes/macrophages and 
antigen-presenting dendritic cells, endothelial ceils, and 
some epithelial tissue (Daar et al., 1984; Edwards, 
1985). In the renal epithelial tissue, HLA class 1 and 11 
antigens are consistently expressed in the proximal 
convoluted tubule (Natali et al., 1984; Heinemann et al., 
1987). The aberrant (enhanced or decreased) expression 
of HLA class 11 antigens in epithelial tumors has been 
reported (Edwards, 1985; Stefanini et al., 1989; Banner 
et al., 1990). There have been many studies on the 
relationship between tumor prognosis and tumor- 
infiltrating mononuclear cells (Heinemann et al., 1987; 
Mamno et al., 1989; Stefanini et al., 1989; Banner et al., 
1990; Furihata et al., 1992). However, to our knowledge, 
there have been no reports of an immunohistochemical 
observation of the intensity of MHC antigen expression 
and the density of tumor-infiltrating mononuclear cells 
in renal cell carcinomas, particularly in comparison to 
the adjacent proximal convoluted tubule and renal cell 
adenomas. 

In this paper, we describe the generally enhanced 
expression of MHC antigen expression and 
comparatively dense presence of tumor-infiltrating 
mononuclear cells, particularly S100(+) cells (antigen- 
presenting cells) (Kapsenberg et al., 1986), CD68(+) 
cells (macrophages) (Pulford et al., 1989) and 
CD45RO(+) cells (subtypes of T cells including 
activated T cells of the helper/inducer subtype (Smith et 
al., 1986), in renal cell carcinomas, but not in renal 
cell adenomas, and discuss the anti-tumor immune 
reaction. 
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Materlals and methods 

Samples, 2-4 mm thick, taken from sagittal halves 
of single kidneys fixed in 10% formalin solution 
from autopsy cases were embedded in paraffin, and 
each paraffin-embedded block was cut into 5 pm- 
thick tissue sections which were stained with 
haematoxylin-and eosin (H&E). We selected 9 out of 
14 cases of renal cell adenoma (from 7 kidneys) found 

,by microscopic observation of these H&E-stained 
sections. Regarding histological type, of the 9 adenomas, 
2 cases (#3 and #4) were the granular cell/cystic 
papillary type and 7 cases were the granular celll 
papillary type. Next we selected 10 cases of renal cell 
carcinoma from the surgical pathology files of Ehime 
University Hospital (8 cases) and the Matsuyama Adult 
Disease Center (2 cases). Of the 10 carcinomas, 
7 cases (#1 to #7) were the clear cell/alveolar type, 
2 cases (#8 and #9) were the granularlpapillary type 
and 1 case (#lo) was the granular cell/alveolar type. 
Regarding the tumor stage of the carcinomas, 1 case 
(#6) was T I ,  7 cases were T2 and 2 cases (#5 and 
#9) were T3. Two cases (#9 and #lo) showed a broad 
area of necrosis with innumerable infiltrates of 
neutrophil. 

Immunostaining 

Formalin-fixed and deparaffinized serial tissue 
sections 5pm thick were stained by the streptoavidin- 
biotin immunocomplex technique-alkaline phosphatase 
method (LsAB al-phos) using a commercial kit (DAKO 
Co., Santa Barbara, Cal, USA). Tissue sections were 
incubated in methanol/0.3% hydrogen peroxide solution 
for 30 minutes and then incubated in 10% normal 
goat serum for 30 minutes at room temperature. 
Pnmary antibodies were applied for 14 hours (ovemight) 
in a refrigerator at 4 *C, incubated with a biotin- 
linked second antibody, which was B2-microglobulin 
(B2MG) (Bjorkman et al., 1987), HLA-DR/a (Epenetos 
et al., 1985), S100, CD68 (KP-l), or CD45RO (UCHL 
l), for 10 minutes at room temperature, and incubated 
with HRP-labelled streptoavidin solution for 10 minutes 
at room temperature. Between each incubation the 
sections were rinsed 5 times for 5 rninutes each in 0.05 
M TRIS-buffered saline (pH 7.6). Immunoreactive sites 
were visualized with 3% AEC (3-amino-9-ethyl- 

carbazo1)-hydrogen peroxide solution. Finally, 
the sections were counterstained with Meyer's 
haematoxylin solution for 10 seconds. As the negative 
control, normal rabbit serum was substituted for 
the primary antiserum. As the positive control, 
neighbouring normal proximal convoluted tubule 
was used for B2MG and HLA-DR/a, peripheral 
nerves for S100 and infiltrating inflammatory 
mononuclear cells for CD68 and CD45RO. The tissue 
sections for CD68 antigen only were digested with 
pepsin for 10 minutes before processing. The 
characteristics of the primary antibodies used are 
summarized in Table 1. 

Grading the imrnunoreactivity of the lesions and the 
presence of tumor-infiltrating mononuclear cells 

The degree of mean staining intensity of the 
lesions was estimated microscopically in comparison 
with that of the adjacent PCT as follows: 2-, markedly 
weaker; 1-, slightly to moderately weaker; +/-, no 
difference; 1+, slightly to moderately stronger; 2+, 
markedly stronger. The presence of immunostaining- 
positive mononuclear inflammatory infiltrates in and 
around the lesions was estimated by microscopy at xlOO 
as follows: 0, none; +/-, very few (no more than 3 
infiltrates); 1+, a few (4 to 19 infiltrates); 2+, many 
(more than 20 but numerable infiltrates); 3+, 
innumerable. 

Results 

lntensity of HLA class 1 (02-microglobulin) and HLA 
Class 11 (HLA-DR/a) expression (Table 2) 

As is shown in Table 2, in the 9 cases of adenoma, 
B2MG expression was stronger in 1 (case #1), weaker 
in 2 (cases #6 and 9), and not different in 6 (Fig. la); 
HLA-DR/a expression was weaker in 3 (cases #3,5 and 
6), markedly weaker in 3 (cases #4, 7 and 8) (Fig. lb), 
and not different in 3 (cases #1,2 and 9). In the 10 cases 
of carcinoma, B2MG expression was markedly stronger 
in 9 cases (Fig. 2a) and stronger in 1 (case #1); HLA- 
DR/a expression was weaker in 2 (cases #1 and 6), 
markedly weaker in 1 (case #8), stronger in 7 (cases #2- 
5, 7 and 10) ( (Fig. 2b) and markedly stronger in 1 (case 

Table 1. Charactenstics of antibodies used. 

ANTIGEN ANTIGEN IMMUNE POLY-/MONO- ANTIBODY CONCENTRATION COMMERCIAL STAlNlNG 
SOURCE ANIMAL CLONAL (IJgIml) SOURCE METHOD 

BPMG Human Rabbit Poly. 10.0 DAKO LsAb 
HLA-DWa Human Mouse Mono. 19.8 DAKO LsAB 
S1 O0 Cow Rabbit Poly. Kit dilution x 10 Biomeda LsAB 
CD68 Human Mouse Mono. 19.0 DAKO LsAB 
CD45RO Human ~ o $ s e  Mono. 6.5 DAKO LsAB 

, . :, 
BPMG: O2-rnicroglobulin; LsAB: streptdavidin-biotin irnmunocomplex technique-alkaline phosphatase rnethod. 
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Density of tumor-infiltrating mononuclear cells 
immunoreactive to HLA-DRh, S 100, CD68 or CD45RO 
(Table 2) 

HLA-DR/a positive infiltrates (B cells, subtypes of 
T cells, monocytes/macrophages and antigen-presenting 
dendritic cells): very few in 3 (cases #1, 2 and 9), a few 
in 5 (Fig. lb) and many in 1 (case #6) of the 9 cases of 
adenoma; very few in 2 (cases #7 and 8), many in 3 
(cases #2, 3 and 6) and innumerable in 5 (Fig. 2b) of the 
10 cases of carcinoma. S 100-positive infiltrates (antigen- 
presenting dendritic cells, T-zone histiocytes): none in 5 
(cases #1, 4, 5, 8 and 9) and very few in 4 (Fig. 3a) of 
the 9 cases of adenoma; very few in 6 (cases #2, 4, 7- 
lo), a few in 1 (case #3) and many in 3 (cases #1, 5 and 
6) (Fig. 4a) of the 10 cases of carcinoma. CD68-positive 
infiltrates (macrophages): none in 3 (cases #1, 5 and 9), 
very few in 4, a few in 1 (case #6) and many in 1 (case 

#7) (Fig. 3b) of the 9 cases of adenoma; many in 6 (Fig. 
4b) and innumerable in 4 (cases #1, 4, 9 and 10) of the 
10 cases of carcinoma. CD45RO-positive infiltrates 
(subtypes of T cells including activated T cells of the 
helperlinducer subtype): none in al1 9 adenomas (Fig. 
3c); and a few in 4 (cases #1,3 ,8  and lo), many in 5 and 
innumerable in 1 (case #5) (Fig. 4c) of 10 carcinomas. 

Discussion 

To date, there have been many studies concerning 
the expression of HLA class 1 and 11 antigens by tumor 
cells and the characteristics of inflammatory infiltrates 
for various types of carcinoma: renal cell carcinoma 
(Natali et al., 1984; Heinemann et al., 1987; Banner et 
al., 1990; Onishi et al., 1993); gastric carcinoma (Natali 
et al., 1984); laryngeal carcinoma (Eteban et al., 1990), 
hepatocellular carcinoma (Paterson et al., 1988); 

Fig. 1. Immunohistochernical stain for BPMG (a) and HLA-DWu (b) of adenoma cells (case #7) showing no difference (a) and rnarkedly weaker (b) in 
comparison to proxirnal convoluted tubules. Endothelial cells of blmd vesseis are strongly positie to HLA-DWa and a few HLA-DWa-positive 
infiltrates are seen (b). LsAB melhod-haematoxylin, x 50 

Fig. 2. Immunohistochemical stain for B2MG (a) and HLA-DWa.(b) of carcinoma cells (case #5) showing rnarkgdlq stronger (a) and stronger (b) i 
cornparison to proximal convoluted tubules. Endothelial cells of blood vescels are strongly positive to HLA-DWa antisen and innumerable HLA-DWo 
positive infiltrates are seen (b). LsAB rnethod-haernatoxylin, x 100 
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colorectal carcinoma (Van den Ingh et al., 1987); in renal cell adenomas and carcinomas, and considered 
transitional cell carcinoma (Stefanini et al., 1989); the relationships between the findings. The origin of 
esophageal squamous cell carcinoma (Furihata et al., renal cell carcinoma and adenomas has been imrnuno- 
1982); and cervical squamous cell carcinoma (Glew et histochemically confirmed to be the tubular epithelial 
al., 1992). HLA class 1 antigens, which are presented in cells lining the proximal convoluted tubule (Oosterwijk 
nearly ali nucleated cells in man, are fundamental to the 
recognition of foreign antigens by T cells (Dagupta et 
al., 1987). HLA antigen expression has been particularly Table 2. lntensity of major histocompatibility complex antigen (B2MG as 

studied in conelation with tumor prognosis (Schroder et HLA Class I and HLA-DWa as HLA Class II) expression in comparison 
with adjacent proximal convoluted tubules and density of antigen- al., 1988; Colloby et al., 1992; Furihata et al., 1992) in positive tumor-infiltrating mononuclear cells. 

association with the presence of tumor-infiltrating 
mononuclear cells, S U C ~  as S100(+) cells (Schroder et LESION INTENSITY OF DENSITY OF ANTIGEN- 
al., 1988; Ambe et al., 1989; ~su j i t an i  &t al., 1990; - POSITIVE TIMC 

Furihata et al., 1992) or tumor-infiltrating lymphocytes EXPRESSION 

(Onishi et al., 1993) or interleukin-2-receptor(+) cells B ~ M G  HLA-DWU HLA-DWU ~ 1 0 0  CD68 CD45RO 

(Mamno et al., 1989), in the tumor tissue, which may *denomas 
signal a favourable prognosis. #I 1 + +/- +/- O O o 

In our study, we examined the expression of HLA #2 +!- +!- +/- +/- +/- O 
class 1 and 11 (B2MG and HLA-DR/a) antigens in #3 +/- 1- 1 + +!- +!- o 
comparison with that of the adjacent proximal i z  +/- 

2- I+ o +/- o 
convoluted tubule and the presence of three different +/- 1- 1 + o o O 

1 - 1 - 2+ +/- 1+ O 
immunophenotypic tumor-infiltrating mononuclear cells #, +/- 2- I+ +/- 2+ O 

#E +/- 2- 1+ o +/- O 
#9 1 - +/- +/- o O o 

Carcinomas 
#1 1+ 1- 3+ 2+ 3+ 1+ 
#2 2+ 1+ 2+ +/- 2+ 2+ 
#3 2+ 1 + 2+ 1+ 2+ 1+ 
#4 2+ 1+ 3+ +/- 3+ 2+ 
#5 2+ 1 + 3+ 2+ 2+ 3+ 
#6 2+ 1 - 2+ 2+ 2+ 2+ 
#7 2+ 1 + +/- +/- 2+ 2+ 
#8 2+ 2- +/- +/- 2+ 1+ 
#9 2+ 2+ 3+ +/- 3+ 2+ 
#1 o 2+ 1 + 3+ +/- 3+ 1+ 

lntensity of B2MG (02-microg(obulin) and HLA-DWa expression and 
density of antigen-positive tumor-infiltrating mononuclear cells. Intensity: 
2-, markedly weaker; 1-, weaker; +/-, no difference; 1+, stronger; 2+, 
markedly stronger. Density: O, none; +/-, very few; 1+, a few; 2+, many; 
3+, innumerable. 

Fig. 3. lmmunohistochemical stain for S1 00 (a), CD68 (b) and CD45RO (c) of adenoma (case #7) in serial section of Figure 1. lnfiltrates of S100(+) 
cells are very few, CD68(+) cells are fiany and CD45RO(+) cells are none. Nerve fibres (arrows) are strongly positive to S100 (a). LsAB method- 
haematoxylin, x 5$1 
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et al., 1986). Natali et al. (1984) examined the 
distribution of HLA class 1 antigen in normal and 
malignant tissues of nonlymphoid origin and reported 
that the proximal convoluted tubule and 9 out of 10 
renal cell carcinomas expressed it. Heinemann et al. 
(1987) reported that HLA class 1 and 11 antigens were 
consistently expressed by the glomeruli and proximal 
convoluted tubule of the normal kidney, as was found in 
our study, but that in 10 carcinomas, the antigens were 
not present in 8, which had more tumor-infiltrating 
mononuclear cells, composed principally of macro- 
phages, in the tumor tissue than the other 2 carcinomas, 
which did express the antigens and in which there were 
fewer tumor-infiltrating mononuclear cells, , composed 
principally of T cells; they then suggested that the 
absence of HLA antigens on carcinoma cells rnitigates 
attempts to potentiate the patient's immune response to 
the tumor. On the other hand, Banner et al. (1990) 
reported that tumor cells expressed B2MG (HLA class 1 
antigen) in 4 of the 13 cases of carcinoma (30.8%) and 
HLA-DR (HLA class 11 antigen) in 9 of the 12 cases of 
carcinoma (75.0%) available for examination. 

Flg. 4. Imrnunohistochemical stain for S100 (e), ~ ~ 6 a a n d  CD45R( 
cells and C m ( + )  cells are many and CD45RO(+) cells are innumerable 

In each of the studies described above, the 
expression of MHC antigen in the proximal convoluted 
tubule was always observed, but in the carcinomas it was 
not, which may indicate enhanced or decreased 
expression in comparison with that of the adjacent 
proximal convoluted tubule. In addition, the 
observations of Banner et al. (1990) of HLA-DR 
expression and tumor-infiltrating mononuclear cells in 
carcinomas were similar to those of our study. That is, 
HLA-DR expression by tumor cells tended to correlate 
with increasing stage and grade, T-helper cells and 
monocytes infiltrated the carcinomas, but dendritic cells 
(antigen-presenting cells) were infrequent in carcinomas. 

In our study, MHC antigen expression was generally 
stronger than that of adjacent proximal convoluted 
tubule in renal cell carcinomas but not in adenomas, and 
tumor-infiltrating mononuclear cells were generally 
dense in carcinomas but infrequent to absent in 
adenomas. That is, antigen-presenting (S100+) cells 
were comparatively dense in carcinomas but there were 
almost none in adenomas. Therefore, the markedly 
stronger MHC antigen expression, and generally1 
comparatively denser S100+, CD68+, and CD45RO+ 
tumor-infiltrating mononuclear cells in carcinomas than 
in adenomas must be significant. The marked infiltration 
in 2 cases of carcinoma (cases #9 and #lo) by CD68(+) 
cells (macrophages) together with numerous neutrophils 
would indicate scavengers responding to the presence of 
tumor necrosis. 

The report by Furihata et al. (1992) that esophageal 
squamous cell carcinomas with dense infiltration by 
HLA-DR antigen-positive and S100-positive dendritic 
cells suggest a good prognosis, is of much interest. In 
our study, the carcinomas exhibited a markedly 
enhanced expression of HLA class 1 and 11 antigens and 
generally dense infiltration of tumor-infiltrating 
mononuclear cells. 

We concluded that, firstly, the enhanced expression 
of MHC (HLA class 1 and 11) antigens, that is, B2MG 

3 (c) of carcinoma (case #5) in serial seciion of Figure 2. Infiltrate of S1 m(+) 
. LsAB method-haematoxylin. x 50 
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and HLA-DR/a, may be one of the characteristics of 
carcinomas, which may be associated with malignant 
transformation and, secondly, the comparatively dense 
infiltration of antigen-presenting cells in carcinomas 
may reflect its malignant biological behaviour and 
suggest a poor prognosis, whereas that never occurs in 
adenomas. 
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