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Abstract

The mutationalexpansionof triplet repeat microsatellitesequences
underliesthe transmissionof a numberof heritableneurologicaldisor
ders. However, this form of microsatellite instability has not previously
been observed in association with malignant disease. Because trinucleotide
expansions can dramatically alter gene expression and protein function,
wehypothesizedthat theymightoccurin neoplasticcellsasa mechanism
through which to alter cancer genes.Accordingly, we used the repeat
expansiondetectiontechniqueto determinewhether (CAG)@triplet repeat
expansions were present In DNA from malignant cells. No expansions
wereobservedm a surveyof 20 tumorcelllinesderivedfrom neoplasms
of thebreast,ovary,cervix,endometrium,lung,colon,placenta,or hema
topoietic system. However, we did observe expanded (CAG),, tracts in
DNA from 5 of 11 testiculartumor cell linesand in 1 of 11 sporadic
testicular tumors. Examination of the corresponding normal DNA, when
available,revealedthat someof theexpansionsweregermlinein nature.
To assessthe possibilitythat (CAG)@expansionsunderliesomecasesof
inherited testicular cancer, we also analyzedgermline DNA from mem
hers of five kindreds predisposedto this malignancy. An increase in
(CAG)@tract sizewasobservedin all five familiesand wasparticularly
strildng In onelarge pedigreein which expansionswereobservedin three
of four affectedsiblings.Theseobservationsraisethe possibilitythat the
germlinetransmissionof expanded(CAG)@tracts may play a role in
testicular tumorigenesis.

Introduction

Microsatellite sequences exhibit two forms of disease-associated
genetic instability. One form, detectable through PCR-based analyses,
is observed in a subset of malignancies and is characterized by a
genome-wide pattern of microsatellite alterations involving small
increases or decreases in repeat copy number. This phenomenon is
most commonly associated with a familial form of colorectal cancer,
hereditary nonpolyposis colorectal cancer, and is also observed with
variable frequency in a variety of sporadic neoplasms. In hereditary
nonpolyposis colorectal cancer, tumor-associated microsatellite insta
bility results from the dysfunction of specific components of the DNA
mismatch repair pathway, resulting in a generalized mutator pheno
type that is thought to accelerate tumor progression (reviewed in
Ref. 1).

A second form of microsatellite instability is associated with 10
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heritable genetic diseases: myotonic dystrophy, SBMA,3 Hunting
ton's disease, SCA-l, DRPLA, the allelic Haw River syndrome, the
fragile X and fragile X E syndromes, MJD, and Friedreich's ataxia
(reviewed in Refs. 2 and 3). In these diseases, the dramatic intergen
erational locus-specific expansion of (CAG)@, (CCG)@, or (GAA)@
tnnucleotide repeat tracts embedded in specific genes leads to the
alteration of gene expression or protein product in specific somatic
tissues. In this form of microsatellite instability, repeat tract size can
increase by as much as 2â€”1000-fold. Many of the triplet repeat
expansion disorders display a pattern of anticipation, in which disease
occurs at an earlier age and with increasing clinical severity in
successive generations. The molecular basis of anticipation seems to

lie in the progressive expansion of abnormally large trinucleotide
tracts during gametogenesis and/or early embryogenesis (2).

Triplet repeat expansions have not been reported previously in
association with malignant disease. Because repeat expansions can
affect gene expression and protein function, we questioned whether
they occur during tumor progression in sporadic malignancies and/or
whether such mutations are transmitted through the germline of mdi
viduals with inherited cancers. To this end, we used the recently
developed RED technique (4) to examine malignancies for expanded
triplet repeat tracts. RED reveals the presence but not the location of
expanded repeats within a given genomic DNA of interest. We used
the technique to analyze a variety of tumor cell lines, sporadic
testicular tumors, and germline DNA from individuals from testis
cancer families for (CAG)n tract expansions. No (CAG)0 expansions
were observed in any of the 20 tumor cell lines derived from neopla
sias of the breast, ovary, cervix, endometrium, lung, colon, placenta,
or hematopoietic system. However, expanded (CAG)@ tracts were
observed in 5 of I I testicular tumor cell lines and 1 of I 1 sporadic
testicular tumors, and an increase in (CAG)@ tract size was observed
in most family members of testicular cancer families. We conclude
that there is a significant association between the presence of ex
panded (CAG)n tracts and the occurrence of germ cell cancers of the
testis.

Materials and Methods

Cell Linesand Control DNA. Breast(MCF-7, BT-20, T47D), cervical
(HeLa), ovarian (NIH-OVCAR-3, SKOV3, PA-l), lung (A549), placental
(JAR), hematopoietic [KG-I. K562, MOLT-4, Ramos (RAI), Raji], colon
(HT29, DLD-l, HCT1 16, LoVo, LSI8O), endometrial (AN3CA), and testicu
lar (TERA-l, TERA-2, CATES-IB) tumor cell lines were obtained from the

American Type Culture Collection (Rockville, MD). The 577M-F, 833K-E,
I 156Q, 1618K, 1685M, 2102E-P, 2956L, and 2806B testicular tumor cell lines
are described in Refs. 5 and 6 and the references therein. DNAs were extracted

3 The abbreviations used are: SBMA, spinobulbar muscular atrophy; SCA-l, spinoc

erebellar ataxia type I; RED, repeat expansion detection; DRPLA, hereditary denta
torubral-pallidoluysian atrophy; MiD, Machado-Joseph disease.
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using standard protocols. DNA from an individual previously characterized for
a (CAG)@expansion was used as a positive control.4

RED. RED was performed according to the methods of Schalling et aL (4),
as optimized by Sirugo et aL (7). Before ligations, the (CTG)17oligonucleo
tides were phosphorylated in kinase reactions (New England Biolabs, Beverly,
MA) containing I mM AlP (Sigma, St. Louis, MO). Twenty-@tlligation
reaction mixtures contained 2â€”5 @gof genomic template DNA, 50 ng of
phosphorylated (CTG)17, 5 units of Ampligase, 1X Ampligase buffer (Epi
centre Technologies, Madison, WI), and distilled H20. Reactions were over
laid with 20 p1of mineraloil andplacedin a PCR-l000 Perkin-ElmerCorp.
(Norwalk, C@)DNA thermal cycler programmed for 400 cycles of 94Â°Cfor
10 s and 70Â°Cfor 30 s. Fresh mixtures of enzyme, buffer, and distilled H20
were added after the first 100cycles, resulting in final volumes of 25 @lfor the
remaining 300 cycles. Reaction products were resolved in 6% denaturing
polyacrylamide gels (Sequagel; National Diagnostics, Atlanta, GA) subjected
to 1500 V for 90 mm in 1X Tris-borate EDTA. Products were transferred to

Hybond N+ membranes (Amersham. Arlington Heights, IL) by capillary blot
transfer. After transfer, membranes were separated from gels by 1 mm expo
sure to 5X SSC and dried at room temperature. DNA was cross-linked by UV
transillumination. For detection, the complementary oligonucleotide (CAG),0
was tailed with [a-32P]dATP (AA0074; Amersham) using terminal de
oxynucleotidyl transferase (Bethesda Research Laboratories, Bethesda, MD) to

achievespecificactivitiesof 2â€”9X l0@cpm/@.tgâ€˜.Filterswerehybridizedto
labeled oligonucleotide probes for 16 h at 65Â°Cin Rapid-hyb buffer (Amer
sham),washedtwice in 5X SSC/0.l% SDSat 60Â°Candtwice in 1X SSCat
42Â°C,and exposed to X-ray film for 1â€”3days.

Primary Testicular CancerSpecimens.WeextractedDNA from 11fresh
frozen primary testicular germ cell tumors comprising 6 seminomas, 1 embry
onal carcinoma, I teratoma, and 3 mixed tumors (2 immature teratoma/
embryonal carcinomas and I immature teratoma/endodermal sinus tumor).
Matched normal DNA was prepared from either normal adjacent tissue or
peripheral blood lymphocytes. All tumors were subjected to light microscopic
review by a pathologist experienced in the diagnosis of testicular cancer. Only
those specimens in which tumor cells represented 60% of the tumor tissue
were accepted for analysis.

TestisCancerFamilies.Familiesweredefinedashavinga predisposition
to testicular tumors if two or more males within a kindred developed this
malignancy. DNA was extracted from the peripheral blood ofboth affected and
unaffected family members of five kindreds.

PCR Amplification of Microsateffite LocL Standard PCR reactions were
perfonned in 25-@dreaction volumes containing 50â€”1000ng ofgenomic DNA
from cell lines, frozen and paraffin-embedded tissues, and blood obtained from
sporadic testis cancer patients and testis cancer family members. Primers were
used to amplify the triplet repeat loci associated with SBMA, MID, SCA-l,
and DRPLA (8â€”11) and two tetranucleotide loci mapping to 5q14 (D5S1459
and D5S1487; Research Genetics, Huntsville, AL). Products were resolved by
denaturing PAGE, transferred to a membrane, and detected by hybridization of
labeled oligonucleotides (7).

Statistical Analysis of Data. A comparison of the frequencies of RED
ligation product sizes between nontesticular cell lines and testicular cell lines
was performed using Fisher's exact test. The same test was used to compare
the frequencies of RED ligation product sizes between sporadic testicular
cancer patients and a nonnal control population, as well as comparing the

estimated number of expanded alleles in testis cancer families to a normal
population.

Results

RED Analysis of Tumor Cell Lines. In the RED assay, triplet
repeat tracts throughout the genome serve as templates for the ligation
of small synthetic complementary oligonucleotides. The example in
Fig. la illustrates the detection of an expanded (CAG)@ locus, using
synthetic (CTG)17 oligonucleotides. In a reaction mixture containing
genomic DNA, oligonucleotides, and thermostable ligase, (CTG)17
oligonucleotides anneal to (CAG)n tracts throughout the genome,

generating a variety ofligation products that are multiples of 51 bases.
The maximum size of these products will be determined by the
number of (CTG)17 oligonucleotides that can bind to the largest
available (CAG)n tract. Expansion of a (CAG)@locus within the
genome will allow the hybridization and ligation of additional
(CTG)17oligonucleotides,resultingin the formationoflonger ligation
products.

The RED autoradiograph in Fig. lb shows representative banding
patterns of some of the 31 tumor cell lines analyzed for (CAG)@
expansions. We tested 19 non-germ cell tumor cell lines derived from
neoplasias of the breast (MCF-7, BT-20, T47D), ovary (NIH
OVCAR-3, SKOV3), cervix (HeLa), lung (A549), colon (HT29,
DLD-l, HCT1 16, LoVo, LS18O), endometrium (AN3CA), placenta
(JAR), and hematopoietic system [KG-l, K562, MOLT-4, Ramos
(RA1), Raji]. We also tested an ovarian teratocarcinoma tumor cell
line (PA- 1). The (CAG)n tract sizes observed in these cell lines were
similar to those observed in normal individuals from Northern Europe
and Northern America (4, 12, 13),5 with I 3 of 20 (65%) having a
maximum band size of 102 bases, and 7 of 20 (35%) having a
maximum band size of 153 bases. In contrast, 4 of 11 (36%) of the
testicular tumor cell lines had a maximum band size of 102 bases,
whereas 7 of 11 (64%) were found to have (CAG)n tract sizes of 153
bp or longer. Of note, 5 testicular tumor cell lines contained (CAG)n
tracts that were 204 or 255 bp long. The results of the RED analysis
of (CAG)n tracts in tumor cell lines are summarized graphically in
Fig. 2. The higher frequency of (CAG)@tracts 153 bases or longer in
testicular versus nontesticular cell lines was statistically significant
(P = 0.006; see Table 1A). Four of the somatic cell lines in our study
(DLD-l, HCT1 16, LoVo, and LS 180) were derived from colorectal
cancer patients, whereas the AN3CA line was derived from a patient
withendometrialcarcinoma.All five lineshadbeenpreviouslychar
acterized for genome-wide microsatellite alterations and mismatch
repair gene defects (14). The RED reaction products from the cob
rectal lines all contained maximal bands measuring 153 bp, but none
yielded bands comparable to the 204- and 255-bp bands seen in some
of the testicular tumor cell lines.

In the case of three testicular cell lines, we were able to analyze
DNA extracted from corresponding lymphoblastoid cell lines. Cell
lines l156Q and 833K-E demonstrated identical patterns in both the
tumor and lymphoblastoid DNAs (maximal bands measuring 102 and
153 bases, respectively). In the 577M-F cell line, the tumor line
demonstrated a major band at 204 bases and a faint band at 255 bases,
whereas the corresponding lymphoblastoid DNA sample demon
strated a maximal band at 204 bases. We conclude that there is a
general concordance between the maximal RED products in normal
and malignant DNA, but we cannot rule out an increase in (CAG)n
repeat size in cell line 577M-F.

RED Analysis of Primary Testicular Tumors. To determine if
(CAG)n expansions would be observed in primary testicular tumors,
we analyzed normal and tumor DNA from 11 patients with sporadic
testis cancer. Eight patients (73%) had maximum band sizes of 102
bases, whereas 2 patients (18%) had maximum bands of 153 bases,
and 1 of the patient samples (9%) had a maximum band size of 204
bases in both the normal and tumor DNA. However, this distribution
is not significantly different than that observed in other studies of
normal populations (Refs. 4, 12, and 13; P 0.432; see Table lB).5

CAGRepeatNumberIs Increasedin MembersofTesticular
Cancer Families. As noted above, the maximum size of the cx
panded trinucleotide repeat tracts in the sporadic cancer patient sam

4 G. Sirugo. T. Haaf, J. Pamas. S. Matthysse, D. L Levy. A. J. Pakstis. P. S. Holzman,

and K. K. Kidd. Detection of a large CAG/CTG trinucleotide repeat expansion in a
sehianphrenia kindred, submitted for publication.

S G. Sirugo, A. S. Deinard, I. R. Kidd, and K. K. Kidd. Expanded CfG/CAG repeats

in humansand non-humanprimates:A total genomescanin populationsusingthe RED
method,submittedforpublication.
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a
(CTG@+ (CTG@i. (CTG@+ (CTG) Ã· (CTG) =2.55bp
â€”17 â€”17 â€”17' â€”17 @17

(CTG)+ @17102bp

(CTG) + (CTG)+ (CTG)@ 153bp
@17 @t7 @I7

(CTG) + (CTG) + (CTG) + (CTG) â€”204 bp
@17 @I7 @17 @17

(CTG) â€˜I.(CTG) + (CTG) i. (CTG)+ (CTG) â€”255bp
17 @17 @1T @17 17

Fig. 1. RED analysis of tumor cell lines. a,
diagram illustrating the detection of an expanded
(CAG),locususingsynthetic(CTG),7oligonucleo
tides.(CAG)@tractsthroughoutthe genomicDNA
serve as templates for the tandem hybridization and
ligation of (CTG)17 oligonucleotides. This process
producesa varietyof ligation products,the lengths
of whichreflectthedifferentsizesof (CAG),tracts
within the genome. The reaction products are then
resolved by PAGE, transferred to membrane, hy
bridized with radiolabeled (CAG),0 probes, and
exposed to film to produce an autoradiograph. b,
autoradiograph showing banding patterns generated
by RED analysis of tumor cell lines. Lanes a and b
contain reaction products generated with 5 and 2 @g
of positivecontrolDNAfroma patientwithschiz
ophrenia. Two concentrations of positive control
DNAare shownto emphasizethat the amountof
templateDNAdoesnotdeterminethedetectionof
long tracts.Lanescâ€”fcontainproductsfrom the
MCF-7breast,A549lung.HT29colon.and Raji
lymphomatumorcelllines.Lanesgâ€”icontainRED
reaction products from the testicular male germ cell
lines TERA-l, TERA-2, and CATES-lB. Lane j
contains the products generated from the PA-l
ovarian teratocarcinoma cell line.

plc was identical in the testicular tumor specimen and in the corre
sponding germline DNA. Accordingly, we questioned whether the
germline transmission of expanded (CAG)0 repeat tracts might be
associated with the development of testis cancer. To examine this
possibility, we analyzed the germline DNA from members of five
testicular cancer pedigrees for (CAG)n tract expansions. RED reac
tions were performed on the DNAs of affected and unaffected mem
bers from each family. As seen in Fig. 3, all families demonstrated an
increase in the average size of the RED products. This increase was
particularly striking in family 1, in which 3 of the 5 affected males had
(CAG)@tracts measuring 204 bp or greater. However, on the left side
of this pedigree, which contains 1 of the affected males, all individuals
have maximum tract sizes of only 102 bases. Analysis of the other 4
pedigrees revealed tract sizes of 153 bp in all 6 of the affected males

b
8 X (CTG)17= 408 bp

7 X (CTG)17= 357 bp

6 X (CTG)17= 306 bp

5 X (CTG)17 = 255 bp

4X(CTG)17204bP

S

3X(CTG)17=153bp

2 X (CTG)17= 102 bp@@ â€˜

S.

S, . -4

..@

a b c d e f g h I j
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analyzed and in most of the female and unaffected members of those
families. Collectively, 33 of 44 (75%) of the individuals (affected and
unaffected) from the 5 testicular cancer families had (CAG)@ tract
sizes measuring I53 bp or longer.

When compared to individuals from Northern European control
populations,5 there was a skew of (CAG)n tract sizes in testis cancer
families toward higher values that was statistically significant
(P < 0.001; see Table 1B).However, concluding that the frequency of
(CAG)n tract sizes differs between normal populations and individuals
from testiculas @sncerfamilies may be problematic in that the mem
bers of each family@ @. .c@cr@ tr. 1@.n'iependent of one
another. To address this problem, we treated maximum detected
(CAG)n tract length as a dominant trait and used the conservative
approach of estimating the number of segregating chromosomes for
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Size of repeat (bases) Nontesticular linesTesticular celllinesâ€•102

13(65)
153 7(35)

>153 0(0)4(36)
2(18)

5(45)B.

In sporadictumorsandinfamiliesSize

of repeat Normal population Sporadic tumors@'Familymembersc102

28(67) 8(73)
153 4(10) 2(18)

>153 10(24) 1 (09)9(20)
26(59)

9(20)C.

In familiesby chromosomenumberSize

of repeat Normal populationFamilymembersâ€•102

28(67)
153 4(10)

>153 10(24)4(29)
7(50)
3(21)

TRINUCLEOTIDEEXPANSIONIN TESTICULARGERMCELL CANCER

(CAG)n
bp

Fig. 2. (CAG), tract lengths detected by RED analysis of 20 nontes
ticular tumor cell lines and 11 testicular germ cell lines. The replication
error-positive cell lines (RER+) include the colorectal tumor cell lines
previously characterized for the genome-wide form of microsatellite
instability. The higher frequency of (CAG),, tracts measuring 153 bp or
greater in testicular versus nontesticularcell lines was significant as
analyzed by the Fisher's exact test (see Table IA).

non-testicular RER+ testicular

all of the families. We then compared the frequency distribution of
ligation product sizes among them versus the normal population.
Using this approach, the number of (CAG)0 tracts measuring 102 bp
was significantly decreased, whereas those of 153 bp were signifi
cantly increased in the families with testicular cancer compared to the
normal population (P = 0.004; Table 1C).

LackofGenome-wideFormof Tumor-associatedMicrosatellite
Instability Detected by PCR Analysis. The increase in (CAG)n tract
size detected by the RED assay in the cell lines, sporadic tumors, and
family germline DNA might represent an increase in a single trinu
cleotide repeat. Conversely, this increase might reflect a genome-wide
process leading to either mitotic instability of trinucleotide repeats or
the intergenerational expansion of many such repeats. Moreover, such
a process might affect the stability of other types of microsatellites as
well. To distinguish between these possibilities, we used PCR analysis
to evaluatethe stability of four trinucleotideand two tetranucleotide
repeats in DNA from our series of germ cell tumor lines, sporadic
tumors, and testis cancer family members. We amplified the triplet
repeats of the genes associated with SCA-l, MJD, DRPLA, and

Table I Statistical analysis of RED ligation product sire frequency

Thesizeof repeatindicatesthemaximumbanddetectedon REDanalysis.Thenumber
of samplesobservedat eachrepeatsizeis followedby the correspondingpercentageof
these samples in parentheses. The sum of the percentages may not equal 100. due to
rounding errors. Frequencies of ligation product sizes are compared using the Fisher's
exact test.

A. In cell lines

SBMA as well as two tetranucleotide boci repeats, D5S1459 and
D5S1487, both of which are on chromosome 5ql4. We observed no
instability at any of these loci, as detected by the presence of addi
tional bands, in any of the cell lines or sporadic tumors, with the
exception of tumor 59. This tumor demonstrated an additional band
only with the marker D5S1487. We also examined germline DNA
from all affected and unaffected members of the testicular cancer
families using the same markers. No increase in the size of the
polymorphic repeats in either affected or unaffected members was
identified relative to normal controls. We conclude that the tumor
DNAs in our study did not exhibit the genome-wide form of micro
satellite instability previously reported in a variety of malignancies.
Thecell linesTERA-l andTERA-2,whichdemonstratelargerepeat
sizes of 255 and 204 bases, respectively, on RED analysis, were also
amplified at the triplet repeat loci within the genes associated with
Huntington's disease and myotonic dystrophy. The amplification re
actions yielded bands reflecting normal allele sizes. These results,
coupled with the above microsatellite analyses, indicate that the
(CAG)n expansions we have detected in the testicular tumor cell lines
are not coincident with any of the known (CAG)@loci associated with
disease. In addition, the microsatellite profiles generated in our PCR
analyses confirmed the independent origin of all I I testicular tumor
cell lines used in our study (15).

212

Discussion

(CAG)n triplet repeat expansion mutations have been identified as
the cause of five inherited neurodegenerative disorders; Huntington's
disease, Kennedy's disease, SCA-l, DRPLA, and MiD (8â€”11, 16). In
the genes associated with these diseases, the (CAG)n tracts are tran
scribed and encode polyglutamine. The expansion of these tracts
produces disease phenotypes in a variety of nerve cells through
mechanisms that are as yet incompletely characterized. In normal
individuals, these loci contain 5â€”36(CAG)n repeats, whereas the
range observed in individuals afflicted with disease is 37â€”121.Thus,
the known disease-producing (CAG)n expansions generally result in a
2â€”3-foldincrease in tract size (2).

We observed (CAG)n tracts of up to 204â€”255bp, or 68â€”85triplet
repeats, in testicular tumor cell lines and in members of testicular
cancer kindreds. The increased frequency of longer (CAG)@tracts was
statistically significant in testicular versus nontesticular tumor cell
lines and in testis cancer kindreds compared to normal populations.
There are several possible explanations for this association. First, it is

a p O.006 by Fisher's exact test.

b ,@ 0.432 by Fisher's exact test.
C p < 0.001 by Fisher's exact test.

d p o.oo'@by Fisher's exact test.
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3
Fig. 3. Pedigrees of testicular cancer families with (CAG), tract lengths. The pedigrees of families 1â€”5are illustrated. In some cases, these have been simplified or rearranged to

maintain patient confidentiality. The (CAG),, tract lengths are noted undemeath each patient that was tested. U. testis cancer; @]. other cancer.

possible that there is an ethnic or population bias involved in the
sampling of testicular cancer patients. Exceptionally long (CAG)n
tracts have been observed in a number of Asian and African popula
tions.5 However, the normal populations that we have used as controls
in our comparisons are from Northern Europe and from North Amer
ica (4, 12, l3).@The majority of the tumor cell lines (18 of 23 in our
analysis) originated from whites in the United States, and the testic
ular cancer families are of Ukrainian, French-Canadian, Jewish, and
English descent. Therefore, it is unlikely that a population sampling
bias is responsible for the observed association. Second, we may be
observing linkage of an expanded (CAG)n allele(s) to a gene(s) that
plays a role in testis cancer.

A third possibility is that these expansions may play a role in
testicular tumorigenesis. The size of the (CAG)n tracts that we ob
served with RED analysis is comparable in magnitude to those that
occur in neurodegenerative diseases. Although the location of these
tracts has not been established, it is likely that they reside within
transcribed regions of genes, encoding for polyglutamine polymers of
length known to be to toxic to nerve cells. A GenBank survey by
Stallings (17) failed to identify any (CAG)@ tracts within intronic
sequences, a pattern that has been explained by the use of a CAGQ
motif as a splice-site consensus sequence.

Taken together, our observations suggest that the germline trans
mission of expanded (CAG)@tracts may be associated with a predis
position to testicular cancer. A number of previous studies have
described inherited testicular cancer in some families (Refs. 18 and 19
and references therein) and suggested that this malignancy may show
a pattern of anticipation (20). However, the gene(s) that predispose to
familial testis cancer have not yet been identified (21). According to
one detailed analysis (19), the pattern of inheritance, in which brothers
are at higher risk of developing testicular cancer than fathers, is best
accounted for by a recessive pattern of inheritance with a penetrance

of approximately 45%. In light of the possible recessive nature of
inherited testicular cancer, it is of interest to examine the pattern of
(CAG)n repeat tracts in our families with testis cancer. As seen in Fig.
3, most members of each family, including unaffected individuals,
demonstrate an increase in the (CAG)@repeat size. This is particularly
obvious in family 1, in which 3 of the 4 siblings who developed
testicular cancer have expansions of 204â€”255bases, whereas the 4th
sibling has a maximum repeat size of 153 bases. Overall, the fact that
expanded (CAG)@ tracts are observed in most family members, al
though only a subset of males develop the disease, is consistent with
a recessive mechanism of tumorigenesis. Triplet repeat expansion
mechanisms are compatible with a recessive tumor suppressor model,
in which dysfunction of a gene product could arise through homozy
gous expansion of both alleles or through expansion of one allele in
combination with a mutation or deletion in the contralateral allele.

The majority of the currently recognized triplet repeat expansion
mutations occur at (CAG/CTG)n or (CCG)n repeat tracts. We focused
our analysis of tumors primarily on (CAG)n tract expansion. For
reasons that are not understood, the RED reaction, in its current form,
has not consistenfly yielded long ligation products from expanded
(CCG)n repeat tract templates. Thus, on the basis of our present
analysis, we cannot draw conclusions about expansions of other triplet
repeat motifs in somatic or germ cell tumors. The expanded (CAG)n
tracts that we have detected in germ cell tumors may only constitute
a subset of a more comprehensive phenomenon. Furthermore, because
our original survey of tumor cell lines revealed expansions in germ
cell tumor lines, we focused on this tumor type. Thus, we cannot
exclude the possibility that further analysis will reveal triplet repeat
expansions in other sporadic malignancies. Application of the RED
technique has the potential to reveal a broad spectrum of tumor

associated repeat instability phenomena generated by previously rec
ognized as well as novel mechanisms.
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In summary, using the RED technique, we have identified the
presence of expanded (CAG)n tracts in testicular tumor cell lines and
in the germline DNA of families with inherited testis cancer. At
present, the mechanism generating these expansions is unknown. Our
data have led to the generation of two hypotheses: (a) a single
expanded (CAG)n tract may define a locus that resides within or near
a gene important to testicular tumorigenesis; and (b) a form of
genomic instability affecting multiple triplet repeats may be associ
ated with this malignancy (22). Work is currently in progress to
distinguish these two possibilities.
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