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Abstract: Despite the notion that monozygotic (identical) twins share 100% identical genetic information, genetic
differences among monozygotic twin pairs do occur and can be explained by mechanisms occurring during post-
zygotic events. Despite such twins being fundamentally “identical”, these post-zygotic genetic changes may give rise
to phenotypic differences and genetic diseases. Consequently, studies of monozygotic twin pairs discordant for spe-
cific genetic diseases represent an important tool for the identification of disease genes. We used array compara-
tive genomic hybridization (aCGH) and methylation arrays to search for genetic and epigenetic differences in blood
drawn from four monozygotic twin pairs discordant for testicular germ cell tumors. No consistent differences were
identified. A larger twin study would be required to achieve confident discovery of very subtle differences between

monozygotic twins discordant for testicular germ cell tumors.
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Testicular germ cell tumors (TGCT) are the most
common malignancies occurring in young,
white men. Epidemiologic studies demonstrate
a rising incidence of TGCT during the last sev-
eral decades, and implicate unknown environ-
mental factors in the etiology of this neoplasm
[1]. However, the observation that TGCT has a
tendency to cluster in families (with very high
TGCT relative risks among sons of affected
fathers and brothers of affected sibs) and the
discovery through genomewide association
studies (GWAS) of comparatively strong TGCT
risk variants in or near an increasing number of
genes (including KITLG, BAK1, SPRY4, TERT,
ATF7IP, and DMRT1) has now shown that TGCT
is truly, in part, due to genetic factors. The pre-
vailing hypothesis is that the combined effect
of multiple common, low-penetrance genetic
variants forms the heritable substrate for tes-
ticular cancer. To date, there are 30 published
variants in 18 genomic regions which have
achieved GWAS levels of statistical significance
[2-9], and two candidate genes (AFCz gr/gr;
PDE11A) which have been implicated in TGCT
susceptibility [10, 11]. Cumulatively, the GWAS
risk alleles published to date account for ~15%

of the excess familial risk to brothers of men
with TGCT and ~22% of the excess familial risk
to sons of men with TGCT [9]. Thus, a significant
fraction of TGCT'’s genetic susceptibility remains
undiscovered, and additional gene discovery
efforts are warranted.

Monozygotic (identical) twins discordant for
TGCT offer the possibility of identifying post-
zygotic genetic or epigenetic differences that
may explain disease discordance [12]. Much of
the literature related to monozygotic twins who
are discordant for specific diseases pre-dates
the availability of current genomic technologies.
Nonetheless, this research strategy is now
being productively applied in the neuropsychia-
try domain [14-16], autoimmune disease [17-
19], and cancer or inherited cancer susceptibil-
ity disorders [20-25]. In some instances, rela-
tively small sample sizes have permitted impor-
tant observations. Here we report on the
genomic analysis of four identical twin pairs
discordant for TGCT.

Seven hundred twenty-four subjects from 147
multiple-case families were enrolled in the NCI
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Figure 1. Comparison of the affected and unaffected twins shows no obvious differences in segmentation.

Clinical Genetics Branch Familial Testicular
Germ Cell Tumor Study (NCI Protocol 02-C-
0178; NCT-00039598) after recruitment/
ascertainment through physician and self-
referral. We confirmed the cancer diagnoses by
reviewing medical records, pathology reports,
and/or stored histological material. Written
informed consent was obtained from all partici-
pants, and the study was approved by NCI's
institutional review board [13]. Aliquots of fro-
zen whole blood from the twin pairs underwent
DNA extraction using the Autogen™ system
(Holliston, MA), with an added RNase A step in
preparation for the array comparative genomic
hybridization (aCGH).

aCGH was employed to adjudicate any possible
gains or losses within the chromosomal stru-
ture of the respective twin pairs that could be
linked to tumor development. Purified DNA
samples were tested on Agilent SurePrint G3™
Human CGH microarrays, 4x180K, following
the manufacturer's recommendations. Data
were analyzed using Nexus software (BioDis-
covery™, Hawthorne, CA).

DNA methylation profiling utilized the Illumina
HumanMethylation450 BeadChip Kit™ (lllu-
mina, Inc., San Diego, CA), and used the manu-
facturer’s instructions. Liquid handling robotics
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(Tecan Group Ltd., Mannedorf, Switzerland)
allowed the testing in a batch format with other
specimens. Data were processed and analyzed
using R software with the Pattern Match™ pro-
gram to look for methyation patterns specific to
the DNA of the cancer patients. Pairwise
Student t-tests were performed using M values
(assuming a normal data distribution) convert-
ed from beta values in Partek™ (Partek Inc.,
Saint Louis, MO).

For both CGH and methylation datasets, only
minimal differences between each sibling pair
were observed. Nexus quality score ranges for
aCGH were acceptable (0.14 - 0.18) for all sam-
ples. Scatter plots showed no gross abnormali-
ties in any of the samples (Figure 1). Even
though minor aCGH differences did exist
(Figure 1), there were no consistent, focal gains
or losses of chromosomal segments among all
four twin pairs.

The methylation data as analyzed by R showed
that, when looking for differential methylation
between the affected and unaffected twin
pairs, no significant adjusted p-values for pair-
wise t-tests were identified in any of the four
twin sets. All the targets with p < 0.05 had very
small beta value differences (-0.02 to 0.02).
Accounting for the false discovery rate due to
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multiple statistical comparisons, none of the
adjusted p-value were statistically significant.
These data suggest that there were no repro-
ducible methylation targets that were associat-
ed with the prescence of TGCT in our subjects.
Many of the differences between twin pairs
probably arose from stochastic noise in the
assays. These results were confirmed by manu-
al inspection of the data in genome browsers.

We considered two hypotheses in our data
analysis: (1) there might be a single aberration
shared among all four affected pairs to account
for the occurence of TGCT; or (2) both twins of a
pair might have a predisposing aberration that
require a second hit to create the cancer.
However, no evidence to support either hypoth-
esis was found. Our analysis was complicated
by observing that all detected CNVs were in
known CNV regions, thus reducing the likeli-
hood that any of these aberrations were biologi-
cally signifigant. A much larger twin study will
be required to achieve confident discovery of
very subtle but statistically significant differ-
ences between affected and unaffected twins.
We present this report of our initial experience
with this novel gene discovery strategy to
remind investigators of the potential value
inherent in this study design now that we have
at our disposal a wide array of genomic tech-
nologies which can help tease apart these sub-
tle differences. Finally, we hope that this report
might stimulate referral of additional TGCT dis-
cordant identical twin pairs as the basis for an
expanded analysis, which we are eager to
pursue.
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