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Third, because DRB1 antigens are the most polymorphic and hyper
variable of all the HLA antigens, reagents often give cross-reactions.
As a result ofthese drawbacks, serological HLA-DRB1 typing is more
demanding technically and gives up to 25% typing errors as compared
with genotyping methods, making it less reliable (7, 8). Of the several
available genotyping methods, DNA-RFLP analysis requires 2â€”3
days, a large amount of DNA is needed, and the radioactive labeling
of the cDNA probes is problematic. Although the PCR-single-strand
conformation polymorphism and PCR-sequence-specific oligonucleo
tide methods are less time consuming, the establishment of appropri
ate conditions and the interpretation of results are troublesome. More
over, the PCR-sequence-specific oligonucleotide method theoretically
cannot distinguish 15 pairs of heterozygotes, and the adjustment of the
oligonucleotide probes and determination of suitable conditions for
hybridization are technically difficult and give cross-specificity, mak
ing this method impractical for high-resolution typing (2, 9). At
present, the modified PCR-RFLP method is the quickest (completion
in 6â€”8h), requires only a small amount of template DNA, and gives
highly reproducible, accurate results. Ours is the first report of high
resolution genotyping of RCC patients using the modified PCR-RFLP
method. The results suggest that certain HL.4-DRBJ alleles have a
protective function in the development and prognosis of RCC.

MATERIALS AND METHODS

Patients and Controls. Ninety-six Japanese patients with RCC confirmed
histopathologically were obtained for study from the tumor registries of Kyoto
University Hospital and its affiliated hospitals between 1990and 1996.All had
undergone radical nephrectomy or partial nephrectomy for the primary lesion,
except for one in whom the histopathological diagnosis of RCC was made
from a metastaticlesion.Twentypatientshaddistantmetastasesat thetime of
their first admission and 5 others had developed distant metastases as of the
completionof this study. Determinationsof the histological diagnosisand
clinical stage respectively were based on the WHO classification system (10)
and on the Robson (1 1) and TNM staging systems (UICC, 1987; Ref. 12). The
patients'profilesaregivenin Table1.Only oneof thethreepatientswith von
Hippel Lindau disease had bilateral RCC. As controls, we used the genetic
frequenciesof HL.4-DRBJin 1216healthy Japanesereportedat the 11th
JapaneseHLA Genotyping Workshop held by the Japanese Society for His
tocompatibility and Immunogenetics in 1994 (13).

DNA Extraction and PCR-RFLP. High molecularweight genomicDNA
was extracted from the patients' peripheral blood lymphocytes after proteinase
K digestionusingthe standardphenol-chloroformmethod(14, 15).DRBJ
DRJ, DR2, DR3568, DR4, DR7, DR9, and DRJO were amplified with the
corresponding sense primers (5'R) and a common 3'R antisense primer, as
described elsewhere (2). Briefly, each PCR was amplified in a 25-pJ mixture
of approximately100ng of genomicDNA, 25 pmol of eachprimer,500 ,.@M
each of dATP, dGTP, dCTP, and dTFP, and 1.25 units of AmpliTaq DNA
polymerase(RocheMolecularSystems,Inc., Branchburg,NJ). This mixture
was subjected to 35 PCR cycles, each of which was divided into periods of
94Â°Cfor 30 5, 55Â°Cfor 40 s, and 72Â°Cfor 60 s, with a final 3-mm extension
at 72Â°C.For some primers, the annealing temperature was increased to 62Â°C
on thebasisof preliminaryPCRresultsto eliminatenonallelicbands.Loading
buffer wasmixed with 4 @lof the PCRproductsandelectrophoresedin 2%
horizontal agarose gels in a minigel apparatus (Mupid-2, Cosmo Bio Co. Ltd.,
Tokyo, Japan). Five p1 of the PCR products were digested at the appropriate
temperature for 1 h with 3â€”5units of the following restriction enzymes: AvaIl
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A variety of malignancieshavebeenlinked to major histocompatibiity
complex genes, including the DRBJ alleles, The association of certain
DRB1 antigens with renal cell carcinoma (RCC) has been both claimed
and disclaimed. To determine whether HLA-DRB1 genotypes are associ
ated with RCC, we used the modified PCR-RFLP method for the high
resolution HLA-DRB1 genotyping of 96 Japanese RCC patients. There
were no significantly frequent HL4-DRBJ alleles, whereas the DRBJ*O1O1
and *1J405alleles had significantly lower frequencies [P = 0.004, relative
risk (RR) = 0.2 and P = 0.002, RR = 0.4) in the RCC patients than in the
healthy Japanese controls (n = 1216). Moreover, patients with the HI.A
DRBJ*O1O1 or *@4@5 allele tended to be in earlier stages and to have less

aggressive tumors than patients with neither of these alleles. The corre
sponding serotyping subclassification, however, showed a significantly
lower frequency only for DRB1-DR1 (P = 0.01, RR = 0.3). High-resolu
ton genotyping is essential because the polymorphism of the peptide
binding domain of major histocompatibffity complex class II molecules is
more precisely determined by genotypes than serotypes. In addition,
inherent technical difficulties and potential typing errors render serotyp
ing inefficient. Our data suggest that HLA@DRB1*O1O1and *0405 are
protective alleles for both RCC development and tumor progression.

INTRODUCTION

Immunogenetical evidence points to an association between the
MHC3 genes and RCC. In addition to spontaneous regression and the
disappearance of solitary metastasis after radical nephrectomy, RCC
is one of a number of malignancies that respond to biological response
modifiers, including IFNs and interleukins. Moreover, the progression
of RCC is thought to be associated to some extent with host immunity
(1). In contrast, DRBJ genes are believed to be most important for
controlling the immune response as well as the main allo-antigen
determinants (2â€”4).The way in which DRBJ allele distributions are
related to the biological and histopathological characteristics of RCC
must therefore be determined. Some reports in which conventional
HLA typingmethodswereusedhaveshowna relativerisk of in
creasedDR8 and decreasedDR1 antigen frequencies in RCC patients
(4, 5), whereas others have not (6).

Serological HLA typing has long been used for organ transplants
and for investigating diseases. Serotyping for class I antigens now is
highly reliable because international standardization has been com
pleted, whereas serotyping for class II antigens has a number of
drawbacks that include cell viability and reagent quality. First, the
manipulation of B lymphocytes and monocytes is more difficult than
is that of T lymphocytes. Second, spleen or lymph node material
rather than blood is required for better typing of class H antigens.
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HLA-DRB1 GENOTYPING IN PATIENTS WITH RCC

Table 1 Clinicopathological profiles of the RCC patients the numbers of marker + patients, marker â€”patients, marker + controls, and

marker â€”controls, respectively. The value of@ was estimated according to
Thompson (16). Values of the preventive fractions (PFc, PF) were estimated
accordingto Green(17). Statisticalcomparisonsof alleles with a frequencyof
less than 2% in the healthy Japanese controls were ignored.

RESULTS

The modified PCR-RFLP method produced accurate, reproducible,
and easily discriminative cleavage patterns of high-resolution HLA
DRB1 genotyping, as shown in Fig. 1. Frequencies of the HLA-DRB1
genotypes and corresponding serotypestogether with the RR ratios for
96RCCpatientsversus1216healthyJapanesecontrolsareshownin
Table 2. Genotypically, none of the DRBJ alleles in the RCC patients
showed a statistically significant high frequency, whereas
DRBJ*O1O1 and *t@4@5were significantly less frequent (P 0.004,
PC = 0.048, RR = 0.2 versus P 0.002, P@ 0.024, RR 0.4) as

compared with the healthy controls. The frequency of the DRBJ*0403
allele, however, was almost twice as high in the RCC patients as in the
controls (4.12 versus 2.28), but the P value was not significant
(P = 0.052). In the corresponding serotyping subclassifications, only
DRB 1-DRI (P = 0.01, RR = 0.3) had a low frequencyin the RCC
patients as compared to the healthy controls.

Relationships between the DRB1 genotypes and the Robson stage,
TNM stage, tumor size, and metastatic status also were studied. The
frequency of the DRBJ*O1O1 allele in the RCC patients was one
fourth as high times lower than in the healthy controls (1.56 versus
5.81), and all three patients who carried this allele had tumors with
low Robson and TNM stages, which were of small size and not yet
metastasized. The DRBJ*0405 allele in the RCC patients was one-half
as frequent as in the healthy controls (6.25 versus 13.26). As for tumor

aggressiveness, this relationship was associated with lower Robson
(P = 0.002) and TNM (P 0.008) stages in patients who carried the
DRBJ*O1O1 or *@4@5allele as compared with patients without either
allele. Moreover, patients with the DR.81*O1O1or *0405 allele tended
not to have metastasesas compared to patients with neither of these
alleles (P = 0.02). As to tumor size, patients with one of the signif

@ -84

@!â€”41

DRB 1*0 101

No. of patients 96
Age 20â€”87(62 Â±l4)Â°
Sex

Male 67
Female 29

Grade
GI 26
G2â€”3 70

Tumor structure
Tubular/alveolar 69
Papillary 9
Cystic 8
Solid 10

Celltype
Common 91
Spindle 3
Undefined 2

Robson stage
Iorll 67
fflorW 29

ThM stage
pllor2 62
pT3or4oranyN+,M+ 34

Metastasis
76

+ 20
Tumor size

<5cm 60
@5cm 36

aM@4@an Â± SD.

andPstI for DRBJ-DRJ;FokI, Cfrl3I, andHphI for DRBJ-DR2;SacII,AvaIl,
Hinfl, HaeII, HphI, and MnLI for DRBJ-DR4;andAvail, FokI,KpnI, HaeII,
Cfr131, SfaNI, Sad, BsaJI, Apal, and HphI for DRBJ-DR3568, together with
the corresponding buffer (1â€”2pA), at a final volume of 10 ,il in distilled water.
The digested PCR products were electrophoresed through a vertical polyacryl
amidegel in a microgelapparatusandthenstainedwith 0.5 mg/mIethidium
bromide.

Data Analysis. Depending on the sample size, Fisher's exact probability
test or the @2test was usedto analyzeall the 2 X 2 tables.P < 0.05 was
consideredstatisticallysignificant.In somecases,the P valuewascorrected
(Pa);P@ 1 â€”(1 â€”P)Â°,where n is the numberof comparisonsmade. No P
value correction was made for the relationship of the alleles with the patients'
characteristics. RR was calculated as (a X d)/(b X c), where a, b, c, and d are

Fig. 1. Representative6% polyacrylamide/
ethidium bromide-stained gels showing easily dis
criminativeandaccuratecleavagepatternsof poly
morphic restriction fragments obtained by the
modifiedPCR-RFLPmethod.A, clearlydiscrimi
native pattern of one low frequentallele, HLA
DRBJ*0405, from the nearest pattern of the LILA
DRBJ*0410 allele by restriction enzyme HphI. B,
digestionpattnii of theotherlow frequencyallele,
HLA-DRBJÂ°0101,together with the original PCR
product. At ste completion of digestion, a coding
system dependent on the availability of digested
(1), nondigested (0), and both digested and nondi
gested (2) bands was used. Exact alleles were
searched for in tables described elsewhere (2).
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Table 2 Frequency distribution of HLA-DRBJ alleles in RCC patients and healthy controls and distribution ofpatienzs â€c̃haracteristics versus HLA-DRBJallelesRobson

stage TNM stage Metastasis Size
RCC ControW'

Alleles (n = 96), % (n = 1216),% RR P I, II ifi, IV pTl-2 pT3-4,N+, M+ â€” + @5cm >5cmDRB1*OlOlb

1.56 5.81 0.2 0.004c 3 0 3 0 3 0 30Â°0l03
0.52 0.00 1 0 1 0 1 0 10*0301
0.000.08Â°0302
0.000.04*0401
0.52 0.62 1 0 1 0 1 0 10*0403
4. 16 2.08 2.1 0.052 6 2 5 3 6 2 53Â°0404
1.56 0.45 3 0 2 1 3 0 12*Ã˜4Ã˜5c
6.25 13.26 0.4 0.002c 12 0 11 1 12 0 93Â°0406
2.08 3.03 0.7 2 2 2 2 4 0 22*0407
0.52 0.70 1 0 0 1 1 0 10@0408
0.000.12*Ã˜4Ã˜9
0.52 1 0 1 0 1 0 10Â°04l0
1.04 1.79 0.6 1 1 1 1 1 1 20Â°O7Ã˜Ã˜
1.04 0.25 2 0 1 1 2 0 11Â°080l
1.04 2 0 2 0 2 0 20Â°0802
4.68 4.18 1.2 8 1 8 1 9 0 36Â°0803
10.41 8.29 1.3 13 7 10 10 15 5 128*0804
0.52 0.21 1 0 1 0 1 0 10*f@9(Jl
17.18 14.08 1.3 20 13 20 13 24 9 2211*lfJlJl
0.000.70*1101
2.08 2.59 0.8 3 1 3 1 3 1 22*1102
1.56 0.04 2 1 2 1 2 1 21*1201
3.64 3.65 1.0 3 3 3 3 3 3 42*1202
2.08 1.75 1.2 4 0 4 0 4 0 22*1301
1.04 0.59 2 0 2 0 2 0 11*1302
3.64 6.83 0.5 3 4 3 4 4 3 34Â°l3134
1.56 0.04 1 2 1 2 1 2 12*1305

1.04 0 2 0 2 0 2 025l4Ã˜l
2.08 3.37 0.6 2 2 2 2 2 2 31*@4J@
0.52 0.21 1 0 1 0 1 0 10*l4@33
0.52 1.91 1 0 0 1 1 0 10*l41J5

1.04 2.22 0.5 0.206 0 2 0 2 1 1 02*l4@3@

0.52 1.71 0 1 0 1 0 1 â€¢01*1407
0.000.12Â°lSOl
8.33 7.11 1.2 12 4 12 4 13 3 115*1502
12.50 10.03 1.3 17 7 17 7 19 5 915Â°l@Ã˜l
0.000.04*l@fJ2
1.04 1.04 1 1 1 1 1 1 02Â°Bl'@

3.120.86aRef

13.b

@ = 0.048, 6 = 0.9, PF@ = 0.80, and PF = 0.07. P@, corrected P value; PFc, preventive fraction of exposed individuals; PF, preventive fraction of the totalpopulation.C

p 0.024, & = 0.6, PF = 0.60, and PF =0.04.dBl@

allele.icantly

low frequent alleles tended to have a tumor size equal to or less rying a combination of one of the significantly low frequentallelesthan
5 cm (12 of 15), but this tendency was not statistically signifi- (DRBJ*O1O1 or *0405) and any one of the DRBJ alleles; thosewithcant.

The cell types and structures of tumors are presented in Table 1. one relatively frequent allele (DRBJ*0403, *0803, *0901,*1202,There
was no specific correlation of the histological types of tumors *J5()J, or *1502) and one of the DRBJ alleles; those in whombothwith

patient age or sex. Furthermore, there was no correlation of the alleles were relatively frequent ones; those with a combination ofonealleles
with patients sex or the histological type of tumor. In contrast, relatively frequent allele and one significantly low frequent allele;andall

the patients with protective alleles were over 53 years of age, those carrying relatively frequent alleles but not significantlylowwhereas
26% of the patients without them were under that age. Of the frequent ones (Table 3). These groupings show that the presenceof96

RCC patientsstudied,nonewere homozygousfor the DRBJ*0101 significantly low frequent alleles is highly protectiveagainsttumoror
*0405 allele, nor heterozygous for both alleles. progression. Patients who carry the relatively frequent alleles aremoreWe

reevaluated the relationship of the frequency distribution of the susceptible to tumor progression. Of the 15 patients carryinglow-riskHLA-DRBJ
allelic pattern combinations with the patients' clinico- alleles, 12 had combinations with one of the relativelyfrequentpathological
profiles by grouping the patients as follows: those car- alleles. As compared with the frequency of patients having a combi

Table 3 Frequency distributions of HLA-DRBJ allelic pattern combinations and disease aggressiveness in 96 patients withRCCCombination

of Robson stage, TNM stage, Metastasis, Size,
HLA-DRBJ alleles low (n = 67)/high (n = 29)â€• low (n = 62)/high (n = 34)â€• (n = 76)/+ (n = 20) @5cm (n = 60)/>5 cm (n =36)SLFAd/any(@

15/0 14/1 15/012/3RFAe/any
58/24 55/27 66/1649/49RFA/RFA
22/10 21/11 251715/17RFAISLFA
12/0 12/0 12/09/3RFA/non-SLFA-'@
36/24 43/27 54/16 40/30

HLA-DRBIGENOTYPINGIN PATIENTSWITHRCC

a Low, stage I or II; high, stage III or IV.

b Low, pTl or 2; high. pT3 or 4 or any N (+), M (+).

C Significantly low frequent allele (SLFA), *()J()J, *0405.

d Any one of the HLA-DRBJ alleles.

eRelativelyfrequentallele(RFA),*0403,*@03,@0901,*1202,*1501,*1502.
1Other than significantly low frequent allele (non-SLFA), allele other than *()J()J and *0405.
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HLA-DRB1 GENOTYPING IN PATIENTS WITH RCC

particular disease,a@ value has been assigned (16). Direct compari
son of 6 values shows which allele has the strongest association with
a disease. The DRBJ*0101 allele had a higher 8 value than
DRBJ*0405 (0.886 versus 0.577), and all three patients with RCC
who carried this allele had less aggressive, nonmetastatic, small
tumors. The DRBJ*0405 allele was one-half as frequent in the RCC
patients as in the controls, and patients carrying this allele irrefutably
had less-aggressivetumors. The presenceof significantly low frequent
alleles in the RCC patients was strongly associated with low-stage
tumors. The association of thesealleles with metastatic status was not
strong, and there was no association with tumor size. This is because
the clinicopathological characteristics of the patients were evaluated
at the time of operation. The protective effects of low-frequency
alleles (DRBJ*0101 and *0405) become more obvious when these
alleles are compared with relatively frequent alleles (DRBJ*0403,
*0803, *0901, *1202, *1501, and *1502; Table 3). Twelve of the 15

patients had protective alleles combined with relatively frequent al
leles. A comparison of these 12 with patients bearing relatively
frequent alleles but not protective ones showed that the former group
tended to have tumors of low stage and less-aggressive behavior
(Table 3). These findings indicate that the protective alleles challenge
the development of RCC and that even in combination with relative
susceptibility alleles, their protective effect on aggressive tumor be
havior seems to be dominant. Moreover, the appearance of RCC at
older ages in the patients with significantly low frequent alleles than
in patients without them correlated well with these results.

The incidence or progression of certain diseases, mainly those with
an autoimmune background, reportedly is associatedwith HL4-DRBJ
alleles. These include Vogt-Koyanagi-Harada disease, rheumatoid
arthritis, pemphigus vulgaris, type I diabetes mellitus, Lyme arthritis,
multiple sclerosis, systemic lupus erythematosus, and mixed connec
tive tissue disease(21â€”25).Although there are a number of reports on
the relationship between DRB 1 antigens and diseases, there are few
on their relationship to malignancies. A MHC class II allele,
DQBJ*0301, has been shown to be significantly linked to the mci
dence of melanoma and advanced disease status (26), indicative of the
association of cancer development with MHC class II genes. The
association of cervical carcinoma and MHC class II genes is still a
matter of dispute, mainly because of the typing difficulties discussed
above (27). There are many reports on class I antigens because of
technical improvements in serotyping and the useof (32-microglobulin
as a probe in immunohistochemical studies. Because the modified
PCR-RFLP methodcircumventsDRB1-typing difficulties, new stud
ies on the relationship of different malignancies and MHC class H
alleles are expected. In addition, becausea greater number of class H
geneshave been detected by genomic analysis than by serology, new
standards for bone marrow and other organ transplants have now been
established (18, 19).

RCC accountsfor 70â€”80%of primary adult kidney tumors. For
locally growing and asyptomatic tumors, the chance of 5 years of
survival is now up to 95%. Approximately 25% of the reported cases

show metastases at the time of diagnosis. Radical surgery remains the
standard therapeutic option for localized tumors. There is no practi
cally effective mode of treatment for metastatic RCC (1). Because of
increased detection of incidental low-volume tumors in the presence
of normal-functioning contralateral kidney and of low-volume tumors
in solitary kidneys, nephron-sparing approaches have been advocated.

There is, however, fierce debate about the risk factors that contribute
to the successor failure of nephron-sparing surgery (28). We have
shown that the DRBJ*0101 and *()4()5 alleles protect against RCC
and that patients who carried either of them had tumors that showed
low aggression and were in an early stage. The DRBJ*0101 and

nation of relatively frequent alleles with or without significantly low
frequent alleles, the former combination was associated with low
Robson (P = 0.004) and TNM (P = 0.005) stages.Tumors in patients
bearing a combination of relatively frequent alleles with relatively
frequent alleles or an allele other than a significantly low frequent
ones showed more aggressive behavior.

DISCUSSION

RCC is known for its unique clinical behavior: spontaneous regres
sion of distant metastases, manifestation of metastasis even after 10
years of disease-free survival, and the frequent occurrence of metas
tasesin casesof small tumors. The causeof these individual vagaries
is generally thought to be the association of tumor aggressiveness with
the host immune response. We performed high-resolution typing of
the DRBJ locus because previous reports have both claimed and
disclaimed the association of RCC solely with HLA-DR antigens
(4â€”6).TheHLA-DRBJgenesareextremelypolymorphic(18),and
the amino acids encoded by them are localized in regions lining the
sides and floor of the peptide binding groove, which is related to
immune responsiveness and the ability to bind antigenic peptide and
to be recognized by CD4 T cell receptors (2â€”4).The weaker antige
nicity of HLA-A than HLA-B reported in organ transplants, despite
their structural similarities, is attributed mainly to the weak associa
tion of HLA-A with HLA-DR, whereas HLA-B has a strong associ
ation with HLA-DR (18â€”20).

Despite the difficulties inherent in conventional HLA typing meth
ods, on the basis of NIH microcytotoxicity findings, Kantor et a!. (5)
reported a significantly high expression of DR8 antigen and a signif
icantly low expression of DR1 antigen in RCC patients. In contrast,
Onishi et aL (6), who used the same cytotoxicity method, found no
significantly high expression of HLA-DR antigens in JapaneseRCC
patients. Using the high-resolution genotyping method, we found no
significantly predominant expression of DRBJ alleles in patients with
RCC. Instead, the DRBJ*0101 and *0405 alleles had a significantly
lower frequency in RCC patients than in the healthy controls. Previous
studies that used conventional HLA-DRB1 typing methods of sero
typing and microcytotoxicity failed to demonstrate this allelic asso
ciation, mainly because of the problems inherent in these methods (see
â€œIntroductionâ€•).In our study, the corresponding serotyping subclas
sification showed a lower frequency only for DRB1-DR1 in the RCC
patients, and the frequency of DRB1-DR8 did not reach statistical
significance in the RCC patients. Furthermore, DRB1-DR4 was not
significantly infrequent in the RCC patients. These differences show
the importance of genotyping.

A possible explanation of the association of HLA and disease is that
the association of a particular allele with a disease may be the result
of linkage disequilibrium between the allele and the disease-related
locus. The RR value depends in a complex way on the strength of this
linkage disequilibrium (16). Rukstalis et a!. (4) reported nonrandom
loss of DNA centromeric to the HLA region on chromosome 6 in
RCC. They speculated that there is linkage disequilibrium between the
HLA-D locus, most centromeric in the HLA region, and a null allele
or that there is juxtaposition to a hypermutable genetic region near the
RCC-related gene.

Regarding the statistical analyses of HLA typing, relative risk has
advantagesover significance tests becauseit is not constrained to lie
between 0 and 1 but may take any value from 0 to infinity. In our
study, decreased relative risk of the HLA@DRB1*0101 and *()405
alleles had a negative relationship with RCC, which means that
theoretically, 80% of the persons carrying the DRBJ*0101 allele and
60% ofthose carrying DRBJ*0405 allele were protected against RCC.
In the case of an association of more than one HLA locus with a
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*0405 alleles therefore may be potential positive genetic markers for
theindicationofnephron-sparingsurgery.

In conclusion, our findings show that neither of the DRBJ alleles
gave increased risk for RCC and that the significanfly lower frequen
cies of the DRBJ*0101 and *0405 alleles were associated with an
early-stage and less-aggressivetumor. HLA-DRB1 genotyping there
fore identifies promising genetic markers that can be used to show low
risk for RCC and to predict its cliicopathological behavior. The
relationships between MHC class H alleles and the response to im
munotherapy in RCC and the linkage disequilibrium of alleles with
RCC-related genes must now be studied.
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