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Recent application of molecular cytogenetic tech-
niques bas resulted in a new type of genetic clas-
sification of renal cell tumors. The key aspect of
the novel diagnostic concept is reflected by bio-
logically distinct entities, each characterized by
a specific combination of genetic changes. To
work out a diagnostic/prognostic approach, we
bave applied polymorpbic microsatellite mark-
ers for a quick analysis, based on polymerase
chain reaction, of 82 tumor specimens. We com-
pared the results to previously evaluated cytoge-
netic and bistological data. All nonpapillary and
chromopbobe renal cell carcinomas, which
make up approximately 90% of all malignant re-
nal cell tumors, and a subset of renal oncocyto-
mas were correctly diagnosed by detection of
loss of beterozygosity at chromosomal sites 1, 2,
and 3p. Allelic losses at chromosomal regions 8p,
9p, and 14q are associated with an advanced
patbological stage of nonpapillary renal cell car-
cinomas. A loss of beterozygosity at chromo-
somes 6, 10, 13, 17, and 21, in addition to those
at chromosomes 1 and 2, confirm the diagnosis
of chromophobe renal cell tumors. Using this ap-
Dproach, the differential diagnosis of renal cell
tumors could be carried out within 1 or 2 days.
(Am J Pathol 1996, 149:2081-2088)

Renal cell carcinoma (RCC) is the most common
malignant tumor arising from the kidney and affects
approximately 7 in 100,000 adults. Approximately
40% of the patients have a metastatic disease at the
time of diagnosis, and one-third of the remainder will
progress during the first 2 years of the postoperative
course. There is no adequate chemo- or immuno-
therapy for advanced disease. Therefore, it is impor-
tant to establish a diagnosis, which is relevant for the

biological behavior of the tumor, ie, for the clinical
outcome. Generally, a RCC is diagnosed and its
cytological features (clear, granular, chromophilic,
chromophobe, oncocytic, mixed, or spindle cells)
and growth patterns (solid, acinar, tubular, cystic,
papillary, or mixed) are described.'? However, renal
cancers display a heterogeneous morphology and
the phenotype may change dramatically during pro-
gression. These findings suggest that a transition
between different cell types takes place and, there-
fore, the phenotype cannot be used for a correct
diagnosis.®* Even the same pathologist might obtain
conflicting results in the same lesion, albeit at differ-
ent times.

Recent advances in our understanding of how
cancer develops have shown that tumor is a genetic
disease resulting in the abnormal proliferation of a
clone of cells. As soon as a gene or DNA alteration
occurs in a progenitor cell, it marks all descendent
cells for their entire life span. Carcinogenesis ap-
pears to be a multistep process in which a series of
genetic alterations occur within one cell.® Primary
genetic changes are associated with the develop-
ment and growth of tumor, whereas additional
changes are required for an autonomously growing
clone of cells to metastasize. The combination of
genetic alterations may be characteristic for one
type of malignancy and, therefore, molecular mark-
ers may be used to identify distinct entities among
tumors of an organ. Over the past decade, specific
genetic alterations have been detected in RCC.6~°
The evaluation of molecular cytogenetic as well as
histopathological and clinical data resulted in a new
type of classification of kidney cancers.'® The key
aspect of the novel diagnostic concept is reflected
by genetically and biologically distinct entities.®*
The major advantage of the new classification is that
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the genetic alterations associated with a given type
of tumor are constant. Moreover, recent develop-
ments in DNA technologies offer simple methods to
detect specific genetic changes and thus may allow
a quick and correct diagnosis. A polymerase chain
reaction (PCR)-based analysis of the DNA polymor-
phism by microsatellites might be the technique of
choice until the genes are cloned.”” To work out a
diagnostic approach, we have applied polymorphic
microsatellite markers mapped to tumor-specific de-
letions for the evaluation of renal cancers.

Materials and Methods

Tumors and Histological Diagnosis

Sporadic RCCs were collected at the Department of
Urology, University of Heidelberg, between May
1994 and September 1995. To increase the number
of rare types of tumors, we have also analyzed chro-
mophobe and papillary RCCs as well as renal onco-
cytomas collected earlier. Thus, 52 nonpapillary
RCCs, 10 papillary RCCs, 10 chromophobe RCCs,
and 10 renal oncocytomas were evaluated in this
study. A macroscopically homogeneous part of the
tumors was excised under sterile conditions. One
part of this material was used for short-term culture,
another part was frozen in liquid nitrogen and kept at
—80°C, and the third part was processed for refer-
ence histology. The entire nephrectomy specimen
was then subjected to a routine histological diagno-
sis. All histological specimens were reviewed by a
pathologist (G. Kovacs) experienced in the new ge-
netic classification system.® The pathological stage
was then established for each tumor according to
the UICC and AJCC classifications.'?'® Results of
the microsatellite analysis were then evaluated re-
garding the pathological stage. Briefly, T1 and T2
tumors with NO and MO were assigned as stage | and
I, respectively, whereas tumors with T3a-c NO
MO and any tumor with N1-3 and/or M1 were as-
signed to stage groups Ill and IV.

DNA Isolation

Analysis of tumor DNA without contamination by nor-
mal DNA is the most critical step to determine a loss
of heterozygosity (LOH) by applying microsatellite
markers. Therefore, for this study, DNA was ex-
tracted from short-term cultures of tumor cells.
Briefly, tumor tissue was minced or cut into thin
slices with a surgical scalpel and washed in RPMI
1640 medium. The small tumor pieces were then
incubated in 0.1% collagenase dissolved in culture

medium containing 10% fetal calf serum in a 25-cm?
Falcon flask at 37°C until small cell clumps could be
released by gentle shaking (usually 30 to 60 min-
utes). Tissue fragments were then washed and re-
suspended in medium and dispersed vigorously by
a Pasteur pipette. The suspension was then allowed
to sediment for 3 to 5 minutes. The supernatant
containing single and damaged cells was dis-
carded, and the interphase containing small tumor
cell clusters was placed into 25-cm? Falcon flasks
containing 5 ml of RPMI 1640 medium supplemented
with 10% fetal calf serum in a CO,, incubator at 37°C.
Cells were monitored under an inverted microscope
for growth and contamination with normal cells. DNA
was extracted from cell cultures containing only tu-
mor cells and also from corresponding normal kid-
ney tissues after proteinase K digestion followed by
phenol/chloroform extraction and ethanol precipita-
tion. The DNA concentration of each sample was
adjusted to 10 ng/ul, and 10 ul (100 ng) each were
used as a template in the 20-ul PCR reactions.

It is also possible to use the same protocol of
tumor cell isolation for routine diagnosis. As the in-
terphase after sedimentation contains small cell
clusters with minimal contamination of attached
macrophages or endothelial cells, it could be used
without culturing for DNA isolation and PCR assay. In
our hands, tumor DNA isolated in this way contains
far less than 10% of nucleic acid from normal cells.
Incubation of the small tumor cell clusters for 5to 10
minutes in the Petri dish or culture flask may further
decrease the contamination. Macrophages attach to
the surface within a couple of minutes and remain in
the flask whereas tumor cells do not. Using this short
approach, there is no need for handling tumor sam-
ples under sterile conditions, and the DNA is useful
for the microsatellite assay.

Microsatellite Analysis

The DNA samples were coded and microsatellite
analysis was carried out without knowledge of histo-
logical, cytogenetic, and clinical data. The polymor-
phic microsatellite markers used in this study were
D1S1656 (1qg), D1S162 (1p), D2S1391 (2q),
D3S1560 (3p25-26), and D3S1300 (3p14.2) for the
diagnostic primer set; D6S1040 (6q), D8S261 (8p),
D9S171 (9p), D14S61 (14q24), and D14S73 (14g31)
for the nonpapillary primer set; and D10S1239 (10q),
D13S317 (13q), D17S783 (17p), D17S807 (17q),
D21S1270 (21q), and D21S1436 (21q) for the chro-
mophobe primer set. Microsatellite markers for loci
D1S1656, D251391, and D3S1300 as well as for loci
D1S162 and D3S1560 were used in multiplex PCR
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Table 1. Differential Genetics of Nonpapillary and Chromophobe Renal Cell Tumors and Renal Oncocytomas
H (o)
Type of Frequency of karyotype alterations (%)
tumor -3p +5q —-6q —8p -9 —14q -1 -2 -10 -13 -17 =21
Nonpapillary 98 70 14 22 14 41 - - - - - -
RCC
Chromophobe 25 - 88 25 18 - 100 95 88 95 76 88
RCC
Renal - - - - - 40 40 - - - - -
oncocytomas

reactions. Additional microsatellite markers were
used in cases that were not informative for loci at
chromosomes 1, 2, and 3p. Microsatellites localized
to the smallest overlapping deletions were selected
for this study. The locus D9S171 is flanking the pu-
tative tumor suppressor gene CDKN2/p16 at chro-
mosome 9p21.14

To perform 10 standard PCR reactions, 20 pmol of
forward strand primer were 5'-labeled with 10 uCi of
[v-32P]ATP in a 10-ul kinase reaction with 10 U of T4
kinase (MBI-Fermentas, Heidelberg, Germany) for 1
hour at 37°C, followed by 10 minutes at 80°C to
inactivate the enzyme. A PCR mixture for 10 stan-
dard reactions contained 20 ul of 10X PCR buffer
(100 mmol/L Tris/HCI, pH 8.3, 500 mmol/L KCI, 15
mmol/L MgCl,, 1% bovine serum albumin), 20 ul of
10X dNTP (2 mmol/L each of dATP, dCTP, dGTP,
and dTTP), 20 pmol of reverse primer, 10 ul of ra-
diolabeled forward primer, 10 ul of 10% Tween 20, 1
ul of Tag polymerase (5 U/ul; Perkin Eimer, Norwalk,
CT) adjusted to a final volume of 100 ul with sterile
water. A 10-ul aliquot of this PCR mixture was added
to 10 wl of template DNA, which results in a final
concentration of 10 mmol/L Tris/HCI, 50 mmol/L KCI,
1.5 mmol/L MgCl,, and 100 nmol/L each of forward
and reverse primer. Cycling was performed in a
PTC100 thermal cycler (MJ Research, Watertown,
MA) with an initial denaturing step for 2 minutes at
95°C followed by 28 cycles of 94°C for 40 seconds
and 55°C for 30 seconds. After a final extension step
at 72°C for 10 minutes, 10 ul of sequencing stop
solution was added to the reaction. The PCR prod-
ucts were separated on 5% denaturing polyacryl-
amide gels for 1.5 to 2 hours at a constant 80 W. The
dried gels were exposed to x-ray fiims for 1 to 16
hours at room temperature without using screens.

Experimental Design

As with leukemias, the new diagnosis is related to
specific genetic alterations, which mark subsets of
renal cell tumors.®* Each type has a unique natural
history with a strong impact on the clinical course. ™

We must constantly be aware that we are not dealing
with a single disease called RCC or its cytomorpho-
logical subtypes but with genetically well character-
ized entities with distinct molecular pathology. Al-
though the molecular basis of genetic changes, with
exception of the von Hippel-Lindau disease (VHL)
gene, is not yet established, the combination of DNA
alterations determine unequivocally distinct types of
renal cell tumors.® The crucial point in the differen-
tial diagnosis of renal cell tumors is the detection of
the LOH at chromosome 3p (Table 1). This genetic
alteration occurs in a large proportion (98%) of non-
papillary RCCs of sporadic as well as hereditary
origin, similar to the frequency with which the Phila-
delphia chromosome, ie, the bcr rearrangement is
observed in chronic myelogeneous leukemia.®” ' A
LOH at chromosome 3p has not been found in pap-
illary renal cell tumors and in renal oncocytomas, but
it occurs in approximately 25% of chromophobe
RCCs.22:1® However, a monosomy of chromosome 1
and 2, which occurs in 100 and 95% of chromo-
phobe RCCs, respectively, has not been found in
papillary and nonpapillary RCCs.®'© Monosomy of
chromosome 1 has also been found in a subset of
renal oncocytomas.'”'® Thus, it is possible to sep-
arate nonpapillary and chromophobe RCCs and
some renal oncocytomas and exclude papillary renal
cell tumors by detection of LOH at chromosomal
sites 1, 2, and 3p (Figure 1). As chromophobe RCCs
display additional losses of chromosomes 6, 10, 13,
17, and 21, a detection of LOH at these chromo-
somal regions will unequivocally confirm the diagno-
sis of chromophobe RCC.° Comparative genetic and
clinical data suggested that loss of chromosome 3p
and also the gain of chromosome 5g sequences are
associated with the development of nonpapillary
RCCs, whereas LOH at chromosome 6q, 8p, 9, and
14q occur at a higher frequency in advanced stages
of the disease.®* Thus, microsateliite analysis of
these regions will not only confirm the diagnosis of a
nonpapillary RCC but may also give information
about the biological behavior, ie, about the progno-
sis. Approximately one-third of renal oncocytomas
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Figure 1. Schematic illustration of molecular differential diagnosis of
renal cell tumors by microsatellite analysis. Screening the tumor sam-
Dples with polymorphbic markers from the chromosomal regions 1, 2, and
3p differentiates nonpapillary RCCs (only —3p) from chromophobe
RCCs (— 1, — 2, and sometimes — 3p); the rest belong to papillary renal
cell tumors or renal oncocytomas. Subsequently, nonpapillary RCCs
can be characterized for progression-associated genetic changes at
chromosomes 6q, 8p, 9p, and 14q and chromophobe RCCs for addi-
tional LOH at chromosomes 6, 10, 13, 17, and 21. *In a subgroup of
renal oncocytomas, a combination of loss of the Y chromosome and
monosomy of chromosome 1 occurs, which can be delineated by LOH
at chromosome 1 and lack of LOH at all other autosomal regions
analyzed.

show a loss of the Y chromosome and monosomy of
chromosome 1 and 14.7%'7:'® Based on the LOH at
other specific chromosomal regions such as chro-
mosome 2, 3p, 6, 8, 10, etc, these tumors can be
separated from nonpapillary and chromophobe
RCCs. Papillary renal cell tumors, which make up
approximately 10% of epithelial kidney tumors, are
characterized by highly specific combination of tri-
somies of chromosomes 3q, 7, 8, 12, 16, 17, and
20.81° However, an allele duplication cannot be un-
equivocally diagnosed with microsatellite markers.

Results

Molecular Differential Diagnosis of Renal Cell
Tumors

We used a diagnostic set of polymorphic microsat-
ellites mapped to chromosomes 1, 2, and 3p in a
multiplex PCR reaction for the differential diagnosis
of eighty-two renal cell tumors. Applying this screen-
ing set of markers, we found LOH at chromosome 3p
in fifty-four cases. Fifty-two tumors showed only 3p
deletion, whereas two tumors showed also an addi-
tional LOH at chromosome 1p and 2. Eleven of
eighty-two tumors, including those two with chromo-
some 3p loss, showed LOH at chromosome 1p

and/or chromosome 2. Thereafter, we applied the
nonpapillary set of primers mapped to chromosomes
64, 8p, 9, and 14q to all tumors showing LOH at chro-
mosome 3p in the first round. Tumors with chromo-
some 3p alterations displayed additional changes at
chromosomes 64, 8p, 9, and 144, with the exception of
the two cases showing LOH at chromosomes 1p and 2
during the first round of amplification. These two cases,
together with nine additional tumors showing LOH at
chromosome 1p and/or 2 were then subjected to the
analysis with the chromophobe set. Ten tumors had
LOH at chromosomes 6, 10, 13, 17, and 21 in addition
to those found in the first round. One of the eleven
tumors showing LOH at chromosome 1 retained het-
erozygosity at all other regions tested with both the
nonpapillary and chromophobe primer sets. This tumor
was therefore diagnosed as an oncocytoma. Al fifty-
two tumors with chromosome 3p deletion and addi-
tional changes at chromosomal regions of the nonpap-
illary set or lack of alteration at chromosomal sites of the
chromophobe set were diagnosed as a nonpapillary
RCC. All ten tumors showing chromosome 1p and/or 2
alterations in the first round and also LOH with the
chromophobe primer set were diagnosed as a chro-
mophobe RCC. Some examples are shown in Figure 2.
Those tumors without any changes after analysis with
all three sets of markers were designated as papillary
renal cell tumor or renal oncocytoma. The molecular
diagnosis, which was obtained by a molecular genet-
icist (P. Bugert) from coded DNA samples, matched
the previously established cytogenetic and histological
diagnosis of tumors.

Genetic Alterations Associated with the
Pathological Stage of Nonpapillary RCCs

As nonpapillary RCCs used in this study were operated
recently, an evaluation of the impact of secondary ge-
netic changes on the 5-year survival of these patients is
not yet available. However, it is possible to compare
the genetic changes to the stage of progression at the
time of nephrectomy. In this study, we found LOH at the
chromosome 6q region in 8 of 44 informative cases
(18%), at chromosome 8p in 18 of 50 cases (36%), at
chromosome 9 in 10 of 43 tumors (23%), and at chro-
mosome 14q in 16 of 52 tumors (31%). We have eval-
uated the genetic changes in nonpapillary RCCs of
stage | and Il versus stage lll and IV at the time of
surgery (Table 2). LOH at chromosome 6q did not
show any correlation with the stage of tumors. How-
ever, an increased frequency of LOH at chromosomal
regions 8p, 9p, and 14q was found in the group of
tumors with stage Ill and IV in comparison with those
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Figure 2. Result of a molecular differential diagnosis by microsatellite
analysis. Two examples for nonpapillary (cases 2 and 63) and two for
chromophobe (cases 29 and 315) RCCs are shown. The screening of
the normal (N) and tumor (T) samples was performed with markers
Jfrom the chromosomal regions 1, 2, and 3p. Both nonpapillary tumors
showed LOH only at 3p and, when further analyzed with microsatellite
markers, at chromosomal regions 6q, 8p, 9p, and 14q. The chromo-
phobe RCCs showed LOH at chromosome 1 and 2 and additionally at
3p in case 315. Additional allelic losses have been found in the
chromophobe RCCs at chromosomal regions 6, 10, 13, 17, and 21.

with stage | and Il. Only 2 of 21 nonpapillary RCCs with
stage | and Il showed LOH at chromosome 14q,
whereas 14 of 31 tumors with stage Il and IV had LOH
at chromosome 14q.

Discussion

The major aim of this study was to establish a quick,
reproducible approach for the differential diagnosis
of RCCs. For genetic diagnosis and prognosis to
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Table 2. Genetic Changes and the Pathological Stage of
Nonpapillary Renal Cell Carcinomas

Allelic loss at chromosome
Tumor stage

groups 69 8p 9p 14q
land Il 317 4/19 1/20 2/21
Il and IV 5/27 14/31 9/23 14/31

*LOHy/informative cases.

become a practical approach, multiple tumor sup-
pressor gene loci or genes involved in the genetics
of distinct types of tumors must be identified. Previ-
ously, we have shown that highly specific cytoge-
netic, DNA, and mitochondrial DNA alterations sep-
arate entities among kidney cancer.'® This type of
genetic stratification was a prerequisite for the diag-
nostic and prognostic approach applied in this
study. For example, the LOH at chromosome 1 oc-
curs in approximately 5 to 7% of RCCs in general.
Therefore, LOH at chromosome 1p has not been
proven to be a specific genetic alteration in previous
allelotyping studies.’” However, LOH at chromo-
some 1 becomes a highly specific genetic alteration
when data are evaluated according to the new clas-
sification; it occurs in 100% of chromophobe RCCs,
which make up 5% of all renal tumors, and also in a
subset of renal oncocytomas.® %1718

Until now, only one tumor suppressor gene, the
recently cloned VHL gene, has been shown to be
involved in a specific manner in the genetics of renal
cell tumors. However, the VHL gene is mutated in
only approximately 50% of the nonpapillary RCCs,
whereas LOH at chromosome 3p occurs in 98% of
cases.'®'® A mutation of the p53 tumor suppressor
gene has been found in only 25% of the chromo-
phobe RCCs (unpublished data), whereas the loss of
chromosome 17p occurs in 76% of all cases.® There-
fore, a cytogenetic or DNA analysis is more efficient
in the differential diagnosis of renal tumors than the
mutation analysis of the VHL and p53 genes or other
known tumor-related genes.

Current morphological classifications use the
granular or eosinophilic cellular phenotype to char-
acterize renal cell tumors.™2 Granular or eosinophilic
cells may occur in genetically distinct types of tu-
mors. The cytomorphological features of eosinophilic
nonpapillary RCCs and eosinophilic chromophobe
RCCs as well as of renal oncocytoma may be very
similar, and a histological diagnosis in cases with
overlapping phenotype remains often uncertain.
However, a differential diagnosis is highly significant,
given the implications for the expected clinical
course of the disease. Patients with a nonpapillary
RCC have a poor prognosis; less than 50% of the
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patients are alive 5 years after the diagnosis.2° Re-
cent clinical follow-up showed that nearly 100% of
the patients with a chromophobe RCC have a 5-year
survival.2' Renal oncocytoma is a benign tumor,
which never metastasizes. Therefore, it is of clinical
importance to establish the correct diagnosis in each
individual case. This study shows that all nonpapil-
lary and chromophobe RCCs, which make up ap-
proximately 90% of malignant renal cell tumors as
well as a subset of renal oncocytomas could be
correctly assigned to genetic subtypes when using
special sets of microsatellite markers. We used
short-term cultures of tumors for this study to be sure
of having tumor DNA without contamination of nor-
mal DNA. However, it is possible to separate tumor
cells by an enzymatic/mechanical approach within 1
or 2 hours. After gentle sedimentation of the cell
clusters, cell suspension containing more than 90%
of tumor cells may be separated, which is useful for
the microsatellite assay described here. It is also
possible to isolate DNA from paraffin-embedded ma-
terial within 5 hours. By applying three sets of mark-
ers simultaneously, a microsatellite analysis could be
carried out within 1 or 2 days. A higher diagnostic
output and easier material handling might be
achieved by using the recently developed auto-
mated fragment-length analysis systems. The sensi-
tive fluorescence detection system will allow the de-
termination of allelic duplications occurring in
papillary renal cell tumors.

When diagnosis has been established, the ques-
tion of clinical outcome of the disease becomes im-
portant. The most effective therapy for tumors con-
fined to the kidney is surgery, whereas a metastatic
tumor is practically incurable. Therefore, we have to
estimate the patients’ chance to survive, especially
in cases with a cancer confined to the kidney. It is
possible to estimate the prognosis by clinical and
pathological staging at the time of nephrecto-
my." 121320 However, more often than one would
desire, a significant degree of doubt remains as to
the nature and biological potential of a given lesion.
By introducing modern imaging diagnostic tech-
nigues, an increasing number of tumors confined to
the kidney are detected incidentally, and the patho-
logical staging is not informative in such cases.
Therefore, it is imperative to find molecular markers
predicting the clinical outcome of patients having a
RCC localized to the kidney.

Comprehensive cytogenetic analysis and an al-
lelotyping study showed that loss of chromosome
8p, 9, and 14q regions is associated with the devel-
opment nonpapillary RCCs.'%'" A prevalent loss of
DNA sequences at chromosome 3p, 6q, 8p, 9, 13q,

and 14qg was detected by comparative genomic hy-
bridization in nonmetastatic RCC and a correlation
between LOH at chromosome 9p and progression of
the disease has been suggested.?? In this study, we
found a correlation between LOH at chromosomes
8p, 9p, and 14q and the pathological stage of non-
papillary RCC. Frequent LOH at the chromosome 8p
region has also been found in prostate, colon, lung,
urinary bladder, and liver cancers.2*2® Emi et al®®
demonstrated a higher frequency of allelic losses on
chromosome 8p in hepatocellular carcinomas at an
advanced stage and also in poorly differentiated
tumors. The loss of DNA sequences at chromosome
9p has also been found in many types of tumors
including RCCs.262° A candidate tumor suppressor
gene, CDKN2/p16, was cloned from the chromo-
somal region 9p21 and found to be homozygously
deleted in different types of cancer.?° A correlation
between the clinical outcome and LOH at chromo-
some 14q has been described in a subset of neuro-
blastomas, and it was suggested that loss of chro-
mosome 14qg sequences marks a more aggressive
type of meningioma as well as urinary bladder and
colorectal tumors.®'=3* Thus, alteration of putative
tumor suppressor genes at these chromosomal re-
gions may be involved in the initiation and progres-
sion of distinct types of tumors.

Our present and previous studies showed clearly
that we are not dealing with a single disease called
RCC or its morphological variants but with entities
having distinct molecular pathology and natural his-
tory. As soon as the genetics and nature of tumors of
other organs are clarified, modern DNA technologies
may be applied to their diagnostic and prognostic
assessment. The goal of future therapy is to target
tumor suppressor genes. Introducing new molecular
approaches in cancer treatment will require a new
type of diagnosis. Therefore, it is important to incor-
porate our actual knowledge of the genetics of tu-
mors into the process of diagnostic evaluation. The
histopathological analysis remains important, but the
new techniques of molecular biology are providing
new tools of extraordinary power to sharpen the di-
agnosis and give it a molecular biological interpre-
tation. Once the genes are identified, they may be
used for diagnostic screening, for estimating the
clinical outcome, and ultimately for a possible indi-
vidual gene therapy.
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