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Apart from single reported aberrant karyotypes, ge-
netic alterations in thymic epithelial neoplasms have
not been investigated so far. In this study, 12 World
Health Organization classification type A thymomas
(medullary thymomas), 16 type B3 thymomas (well-
differentiated thymic carcinomas), and nine type C
thymomas, all of them primary thymic squamous cell
carcinomas, were analyzed by comparative genomic
hybridization and fluorescence in situ hybridization.
With the exception of one single case, type A thymo-
mas did not reveal chromosomal gains or losses in
comparative genomic hybridization. In contrast, all
type B3 thymomas showed chromosomal imbal-
ances, with gain of 1q, loss of chromosome 6, and
loss of 13q occurring in 11 (69%), six (38%), and five
(31%) of 16 cases, respectively. In primary thymic
squamous cell carcinoma, the most frequent chromo-
somal losses were observed for 16q (six of nine cases,
67%), 6 (4 of 9, 44%), and 3p and 17p (three of nine
each, 33%), whereas recurrent gains of chromosomal
material were gains of 1q (5 of 9, 56%), 17q, and 18
(three of nine each, 33%). This study shows that the
distinct histological thymoma types A and B3 exhibit
distinct genetic phenotypes, whereas type B3 thy-
moma and primary thymic squamous cell carcinoma
partially share genetic aberrations. In addition to the
possible tumorigenic role, the deletion in type B3
thymoma of chromosome 6, harboring the HLA lo-
cus, might play a role in the pathogenesis of paraneo-
plastic autoimmunity characteristic of thymoma.
(Am J Pathol 2000, 157:257–266)

Thymomas and thymic carcinomas are rare mediastinal
neoplasms arising from thymic epithelial cells. In the new
World Health Organization (WHO)1 classification, several
types of thymomas are distinguished based on histolog-

ical criteria: 1) type A thymomas (also called medullary or
spindle-cell thymoma); 2) type AB thymomas (also called
mixed thymoma); 3) type B thymomas which are subclas-
sified as type B1 thymomas (also called lymphocyte-rich
thymoma, lymphocytic thymoma, predominantly cortical
thymoma, or organoid thymoma), type B2 thymomas
(also called cortical thymoma) and type B3 thymomas
(also called epithelial, atypical, or squamoid thymoma or
well-differentiated thymic carcinoma, respectively) and;
4) type C thymomas (thymic carcinomas) which exhibit
morphological similarities to corresponding neoplasms in
organs other than the thymus (eg, primary thymic squa-
mous cell carcinoma). Although tumor stage has been
shown to be the most important prognostic factor in thy-
moma,2,3 the histological subtypes seem to be of inde-
pendent prognostic significance.4,5 Whereas type A and
type AB thymomas frequently follow a benign clinical
course, types B1–3 need to be considered as low to
moderate malignant neoplasms.6 Thymic carcinomas
usually follow a highly malignant clinical course.7,8

An important aspect of thymoma biology is the occur-
rence of paraneoplastic autoimmune phenomena, which
are frequently the presenting symptoms of these tumors.9

In particular, myasthenia gravis commonly manifests in
thymoma patients, the frequency depending on the his-
tological type of thymoma.10,11 Whereas much has been
learned about the pathogenesis of paraneoplastic auto-
immunity in thymoma,12,13 little is known about the mo-
lecular mechanisms of thymoma oncogenesis. In partic-
ular, in contrast to many other solid tumors, the genetic
background of thymoma remains unknown so far. There
are only few case reports of aberrant thymoma and thy-
mic carcinoma karyotypes published in the litera-
ture.14–21 Apart from occasional reports of a recurrent
translocation, t(15;19)(q15;p13), in an unusual, high-
grade thymic carcinoma occurring in pediatric and
young adult patients,19–21 no recurrent genetic aberra-
tions were shown.

In this study, we investigated the genetic aberrations of
thymomas by comparative genomic hybridization (CGH)
and fluorescence in situ hybridization (FISH) in 37 cases
of type A, type B3, and type C thymomas, all of them
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primary thymic squamous cell carcinomas. This study
demonstrates that type A thymomas infrequently show
genetic aberrations detectable by CGH, whereas type B3
thymomas and primary thymic squamous cell carcino-
mas are characterized by frequent and recurrent genetic
changes. These aberrations might both help to under-
stand the pathogenesis and interrelationship of these
neoplasms and might further contribute to the under-
standing of pathogenetic mechanisms of paraneoplastic
autoimmunity in thymomas.

Materials and Methods

Specimen Selection

Twelve cases of type A thymomas (medullary thymomas),
16 cases of type B3 thymomas (well-differentiated thymic
carcinomas) and nine cases of type C thymomas, all of
them primary thymic squamous cell carcinomas, were
selected from the files of the Institute of Pathology at the
University of Würzburg. All cases were independently
reviewed by two of the authors (HKMH and AM) following
previously published criteria.1,4,11,22 To assure a suffi-
ciently high content of neoplastic epithelial cells for sub-
sequent CGH analysis (which requires a tumor cell con-
tent of .50%),23 only cases with ,40% lymphocytes
were included into the series. In borderline cases, immu-
nohistochemical stains for cytokeratin CK19, CD1, and
CD3 were performed to control tumor cell content. This
series did not include type AB, B1, and B2 thymomas
because of the exceedingly high and diffuse admixture of
lymphocytes in these tumors. In none of the thymic squa-
mous cell carcinomas was there any evidence for a pri-
mary extrathymic malignancy with secondary spread to
the thymus or of an additional type A, AB, or B1–3 thy-
moma component as occasionally reported.24

DNA Extraction

Before DNA extraction, a hematoxylin and eosin (H&E)-
stained reference slide of each block was screened to
decide if only a part or the whole material contained
sufficient thymoma epithelial cells. A dissection of tumor
tissue was carried out if the whole tissue was not suitable
for analysis because of focal lymphocyte-rich areas.

In five of 12 type A, in 10 of 16 type B3 thymomas, and
in four of nine primary thymic squamous cell carcinomas,
fresh-frozen tissue material was available. DNA extrac-
tion was performed according to routine protocols using
the phenol-chloroform extraction method.25 Briefly, be-
tween 20 to 30 5-mm cryostat tissue sections were sus-
pended for overnight digestion at 50°C in digestion buffer
containing 100 mmol/L NaCl, 10 mmol/L Tris-HCl, pH8.0,
25 mmol/L ethylenediaminetetraacetic acid (EDTA), pH
8.0, and 0.5% sodium dodecyl sulfate (SDS) (all chemi-
cals provided by Sigma, St. Louis, MO) with 0.1 mg/ml
proteinase K (Roche Diagnostics, Mannheim, Germany).
DNA was isolated by subsequent washes with phenol,
Tris-HCl equilibrated phenol/chloroform, and chloroform,
respectively. DNA was precipitated by addition of 1/10

volume of 3 mol/L sodium acetate and 1 ml of 100% cold
ethanol at 270°C for 2 hours. After a wash with 70% cold
ethanol, the DNA pellet was air-dried and resuspended in
0.5 mol/L TE buffer (10 mmol/L Tris-HCl, pH 7.6, 1 mmol/L
EDTA).

In seven type A thymomas, 6 type B3 thymomas, and
five thymic squamous cell carcinomas, only formalin-
fixed material was available. Ten to 50 6-mm sections of
paraffin-embedded tissue blocks were deparaffinized by
two washes each with xylene and 100% ethanol, respec-
tively, followed by drying of the material for 2 hours at
50°C. The completely dried tissue pellets were subse-
quently incubated for 12 to 24 hours in 1 mol/L NaSCN at
room temperature. The tissue was then digested for 72
hours in a buffer containing 75 mmol/L NaCl, 0.5% Tween
20, 25 mmol/L EDTA, pH 8, and 600 ml/ml proteinase K at
56°C. After 24 and 48 hours, the digestion procedure was
controlled; if necessary, proteinase K was added again.
DNA was then isolated from the completely digested
tissue material following the above described phenol-
chloroform extraction procedure and ethanol/sodium ac-
etate precipitation.

Comparative Genomic Hybridization

CGH was performed according to a standard protocol.26

Briefly, tumor DNA was labeled by nick translation with
biotin-16-dUTP (Roche Diagnostics, Mannheim, Germa-
ny). Reference DNA, extracted from lymphocytes from a
healthy donor, was labeled with digoxigenin-11-dUTP
(Roche Diagnostics). The amount of DNase I (Roche
Diagnostics) and DNA polymerase I (Promega, Mann-
heim, Germany) were adjusted to obtain DNA fragment
sizes of ;500 to 1000 bp. After inactivation of DNase I,
unincorporated nucleotides were removed by gel filtra-
tion on Sephadex G50-packed columns (Sigma). Equal
amounts of test and reference DNA (1 mg each), together
with 70 mg of Cot-1-DNA for blocking repetitive se-
quences, were co-hybridized on commercially available
metaphase slides (Vysis, Downers Grove, IL). Denatur-
ation of the prewarmed slides before hybridization was
performed with 70% deionized formamide/23 standard
saline citrate (SSC)/50 mmol/L sodium phosphate, pH
7.0, for 3 to 5 minutes at 70°C in a water bath, followed by
dehydration in cold ethanol. After overnight hybridization
at 37°C, the slides were washed four times with 50%
formamide/23 SSC, pH 7.0, at 42°C and three times at
60°C with 0.13 SSC. Detection of biotin and digoxigenin-
labeled DNA probes was accomplished with fluorescein-
isothiocyanate avidin (Vector Laboratories, Burlingame
CA) or Cy3-conjugated anti-digoxigenin antibodies (Di-
anova, Hamburg, Germany), respectively. After detec-
tion, a 4,6-diamidino-2-phenylindole counterstain was
performed for chromosome identification. The slides
were then covered with antifade solution (Vectashields,
Vector Laboratories).

Signals were visualized with a Zeiss Axiophot fluores-
cence microscope and analyzed with the ISIS digital
image analysis system (MetaSystems, Altlussheim, Ger-
many). At least 15 metaphases per case were analyzed.
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Ratio values of 1.25 and 0.8 were used as upper and
lower thresholds for identification of chromosomal gains
or losses. A high-level amplification was defined as an
overrepresentation of genetic material with the fluores-
cence ratio values exceeding 2.0 or based on the obser-
vation of strong focal signals in the fluorescein isothio-
cyanate fluorescence with the corresponding ratio profile
being diagnostic for overrepresentation.

Fluorescence In Situ Hybridization

Fluorescence in situ hybridization was performed on cells
isolated from the identical frozen tissue blocks used for
DNA extraction according to previously published proto-
cols.27 Briefly, 10 to 20 10-mm cryostat tissue sections
were minced with scissors and treated with C50T (0.05
mol/L citric acid monohydrate and 0.5% Tween 20) for 10
minutes. After washing in phosphate-buffered saline and
centrifugation at 130 3 g for 10 minutes at 4°C, the pellet
was resuspended in 220°C cold Carnoy’s solution. The
cell suspension was dropped onto glass slides and dried
overnight at room temperature.

After washing twice in 23 SSC, hybridization without
previous digestion was performed. Biotin- or digoxigenin-
labeled centromeric repetitive satellite DNA probes spe-
cific for chromosomes 1, 6, and 11 were purchased from
Oncor (Gaithersburg, MD). They were used in double
FISH experiments at concentrations of 1 ng of DNA probe
in 10 ml of hybridization mixture containing 60% form-
amide, 23 SSC, 10% dextran sulfate, and 0.1% salmon
sperm DNA according to the manufacturer’s instructions.
Simultaneous denaturation of the slides and the hybrid-
ization mixture containing the probe under a coverslip
sealed with rubber cement was performed at 75°C for 5
minutes, followed by overnight hybridization at 37°C. Af-
ter removing the coverslips, slides were washed three
times for 5 minutes in 0.13 SSC at 60°C and subse-
quently in PN buffer (0.085 mol/L NaH2PO4, 0.085 mol/L
Na2HPO4, 0.77 mol/L NaOH) for one minute at room
temperature. Signal detection was accomplished using
appropriate Cy3- and fluorescein isothiocyanate-conju-
gated antibodies (Roche Diagnostics). Visualization of
the signals was performed with a Zeiss Axiophot fluores-
cence microscope. Illustrations were made using the ISIS
imaging system (MetaSystems).

For signal evaluation, nuclear signals from at least 100
cells were analyzed per case. Generally, only slides with
a good hybridization efficiency were evaluated. Nuclear
signals had to be observed after hybridization in .80% of
cells. Only cells with clearly discernible nonoverlapping
nuclei were counted. Signals should have the same in-
tensity, split signals were counted as one signal. Cut-off
level was determined for the probes at 8% (mean 6 3SD)
according to hybridization results in cases with no gains
of 1q and losses of 6 in CGH.

Clinical Data

The series included 16 female and 21 male patients
(Table 1). Patients’ ages ranged from 57 to 74 years

(average age, 66 years) in type A thymoma, from 29 to 73
years (average age, 55 years) in type B3 thymoma, and
from 43 to 72 years (average age, 59 years) in thymic
squamous cell carcinoma. For clinical stage according to
the Masaoka staging system28 and the frequency of
paraneoplastic autoimmunity see Table 1.

In two cases, follow-up material of recurrent thymic
neoplasia was available for CGH analysis: recurrent type
B3 thymoma relapsing 2 years after initial diagnosis (case
13) and recurrent type C thymoma (squamous cell carci-
noma) relapsing 4 years after initial diagnosis (case 30).

Results

Type A Thymoma (Medullary Thymoma)

Out of 12 type A thymomas, 11 cases did not show gains
or losses of chromosomal material by CGH (Table 1 and
Figure 1). In one case, however, a partial loss of the short
arm of chromosome 6 was observed (rev ish dim(6)(p21-
pter)).

Type B3 Thymoma (Well-Differentiated Thymic
Carcinoma)

Sixteen cases of type B3 thymoma were analyzed by
CGH, all of them showing gains or losses of chromosomal
material (Table 1 and Figure 2). Gains (n 5 20) and
losses of chromosomal material (n 5 15) occurred with
overall similar frequencies. Recurrent gains of chromo-
somal material were gains of 1q (11 of 16 cases, 69%)
and Xq (three of 16 cases, 19%). One case showed a
high-level amplification of chromosomal band 8p12.

The most frequent recurrent losses were observed for
the whole or parts of chromosome 6 (six of 16 cases,
38%) and for 13q (five of 16, 31%). In one case, recurrent
thymoma could be compared with the initial lesion.
Whereas gain of 1q and loss of chromosome 6 were
detected in both specimens, additional gain of parts of
chromosome 5 (5p, 5cen-q21) and X (Xq22-qter) were
noted in the recurrent thymoma.

FISH analysis was performed with centromeric probes
for chromosome 1 in four cases and for chromosome 6 in
five cases of type B3 thymoma. In accordance with CGH
data, FISH analysis revealed three to four signals with the
centromeric probe of chromosome 1 in 19 to 72% of cells
and one signal with the centromeric probe of chromo-
some 6 in 28 to 91% of cells in thymoma cases in which
CGH had shown gains of 1q and loss of 6, respectively
(Table 2 and Figure 3). FISH with centromeric probe of
chromosome 11 showed diploidy in all cases analyzed.

Primary Thymic Squamous Cell Carcinoma
(Type C Thymoma)

All nine cases of primary thymic squamous cell carci-
noma showed genetic aberrations in CGH analysis (Ta-
ble 1 and Figure 4). Altogether, there were 19 gains and
22 losses of chromosomal material. Recurrents gains
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observed were gains of 1q (five of nine cases, 56%), and
17q and 18 (3 of nine cases each, 33%). Recurrent
losses were observed for chromosomal material of 16q
(six of nine cases, 67%), 6 (four of nine, 44%), and 3p and
17p (three of nine cases each, 33%).

In one case, recurrent primary thymic squamous cell
carcinoma could be compared with the initial lesion. Both
specimens consistently showed loss of chromosome 3.

FISH analysis was performed with centromeric probes
for chromosomes 1 and 6 in two cases (cases 34 and 36;
Table 2). In accordance with CGH data, FISH analysis
revealed only one signal with the centromeric probe of
chromosome 6 in 32 and 91% of cells, respectively. In
case 36, FISH analysis with centromeric probes of chro-
mosome 1 showed three to four signals in 14 and 15% of
cells, respectively. In case 34, however, no additional

signals were detected. In view of a clear CGH profile
indicative of a gain of 1q in this case, this is probably
attributable to a gain of 1q not involving the centromere.

Discussion

Genetic aberrations associated with thymic epithelial
neoplasms are unknown so far. Currently, there are only
very few reported aberrant karyotypes of thymoma and
thymic carcinoma in the literature, which, in addition,
were derived from different types of thymoma. Apart from
occasional reports of a recurrent translocation t(15;19)
(q15;p13) in an uncommon mediastinal neoplasm possi-
bly related to thymic carcinoma and occurring in children
and young adults,19–21 no recurrent genetic aberrations

Table 1. Comparative Genomic Hybridization of Type A Thymoma (Medullary Thymoma), Type B3 Thymoma (Well-Differentiated
Thymic Carcinoma), and Primary Thymic Squamous Cell Carcinoma: Patient Data and Chromosomal Gains and Losses
Detected by CGH

Case Age Sex WHO Type Stage MG rev ish enh rev ish dim

1 65 m A I ng — —
2 66 m A I yes — —
3 74 f A I ng — —
4 60 f A I no — —
5 73 f A II no — —
6 57 f A I ng — —
7 68 m A III no — —
8 74 m A II yes — 26p21-pter
9 65 m A I no — —

10 71 m A I ng — —
11 47 m A III no — —
12 57 m A I no — —
13 46 m B3 IVb yes 11q 26

48 m B3 R IVb yes 11q, 15p, 15cen-q21,
1Xq22-qter

26

14 45 m B3 III yes 11q22-qter, 1Xq24-qter 213q21-q31
15 63 f B3 II ng 117q —
16 65 m B3 IVb yes 116 —
17 73 f B3 II yes 11q 26
18 42 f B3 ng yes 11q —
19 46 f B3 III yes 11q, ampl 8p12 26, 218q
20 63 m B3 IVb ng 11q, 17 —
21 29 m B3 II yes — 213q
22 42 f B3 II yes 11q 26
23 53 f B3 III ng — 213q21-qter
24 61 m B3 ng ng 11q 26
25 47 f B3 II yes 11q23-qter —
26 63 m B3 IV no 18, 1Xq21-qter 213q
27 57 m B3 II yes 11q 26q, 212p, 212cen-12q21
28 63 m B3 III yes 11q 23p, 23q13, 213q14-qter,

216q12-q21
29 ng f C(TSSC) ng ng 15p, 18q 23p13-pter, 28p, 25q15-q23
30 57 f C(TSSC) III ng — 23

61 f C(TSSC) R IVa ng — 23
31 57 f C(TSSC) ng ng — 26, 216q
32 45 m C(TSSC) III no 11q, 117q, 118q23 216q21-qter, 217p13
33 67 m C(TSSC) III no 11q, 13q21-q22 22q32-q33, 23p, 29,

213cen-q31, 216q, 217p13
34 63 m C(TSSC) II no 11q, 15, 118 26, 213q, 216q
35 43 m C(TSSC) ng no — 216q
36 64 f C(TSSC) III no 11q, 18, 117q, 118 26, 216q, 217p
37 72 f C(TSSC) ng no 11q, 15q33, 114q22-

qter, 115, 117q
26q

Abbreviations: m, male; f, female; WHO type, type of thymoma according to the WHO classification 1; TSSC, primary thymic squamous cell
carcinoma; R, recurrent tumor; stage, stage of thymoma according to Masaoka28; MG, myasthenia gravis; ng, not given; rev ish enh, chromosomal
gains detected by CGH; rev ish dim, chromosomal losses detected by CGH.
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were found.14–18 CGH has been shown to be a powerful
tool in detecting chromosomal imbalances of solid tu-
mors.23,26 As far as thymomas are concerned, the diffuse
admixture of numerous lymphocytes among neoplastic
thymic epithelium in many thymomas, however, limits the
application of CGH. We focused our study on cases of
WHO type A, type B3, and type C thymomas with a high
content of neoplastic epithelial cells to detect genetic
aberrations potentially involved in thymomagenesis.

In type A thymoma, genetic aberrations detectable by
CGH were found in only one of 12 cases. All other cases
were devoid of chromosomal gains or losses. This finding
correlates well with the usually benign clinical course of
medullary thymoma.4,5 Similar results have been ob-
tained by CGH on other benign tumors.29–32 The failure
to detect chromosomal imbalances in most type A thy-
momas could be because of a lack of net DNA copy
number changes in this thymoma type or because of
small sizes of genetic imbalances not detectable by
CGH. In addition, because CGH can only detect net
gains or losses of chromosomal material, balanced ge-
netic aberrations might be involved in the development of
type A thymoma.

In contrast, all type B3 thymomas in our series re-
vealed chromosomal imbalances by CGH. The most fre-
quent gain of chromosomal material involved parts of, or
the entire, 1q, which was detected in 68% of this thy-

moma entity, as confirmed by FISH analysis. Interest-
ingly, Sonobe et al18 reported an abnormal karyotype
containing isochromosome 1q in addition to two normal
copies of chromosome 1 in a case of “thymoma of the
mixed lymphocytic and epithelial type.” This tumor type
most likely corresponds to WHO type B2 thymoma
thought to be closely related to type B3 thymoma.33

Gains of the entire long arm of chromosome 1 are fre-
quently detected in a variety of human neoplasms.34

Several potentially important growth promoting genes
have been mapped to 1q.35–42 Because all cases with 1q
aberrations showed gains of large parts of 1q, no minimal
overlapping region could be defined.

The second most frequent genetic aberration detected
in type B3 thymoma was loss of chromosome 6. Interest-
ingly, in two reported karyotypes of thymoma, deletions
involving chromosome 6 have been reported—
del(6)(q15) in a case of “cortical thymoma”16 and ring
chromosome r(6)(p2?2q2?) in a case of “benign encap-
sulated thymoma.”15 Loss of chromosome 6 may have
two implications, one for thymomagenesis, the other for
the immunological properties of thymomas.

First, both 6q and 6p are known to harbor potentially
important tumor suppressor genes. Deletions of 6q are
known to be among the most frequent chromosomal
losses in human neoplasms.43 Several chromosomal re-
gions on 6q are assumed to harbor tumor suppressor

Figure 1. CGH analysis of type A thymoma (medullary thymoma). Out of 12 type A thymomas, only one case showed a chromosomal imbalance detectable by
CGH (del 6p21-pter).
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genes, eg, 6q21-q22.1 and 6q23.3-q25 in lymphoma,44

the latter bearing the LOT-1/hZAC gene as a candidate
tumor suppressor gene.45 In contrast to deletions of 6q,
deletions of 6p have only occasionally been reported as
recurrent genetic aberrations in human neoplasms.43 6p
harbors the cyclin-dependent kinase inhibitor 1A (p21/
WAF/CDKN1A) at 6p21.2.46

Second, for thymoma, deletion of 6p is of major interest
because of the presence of the human leucocyte antigen
(HLA) locus on 6p21.3. Thymomas, in particular type B3
thymoma, are frequently associated with autoimmune
phenomena.10,11 The diversity of expressed HLA mole-
cules on neoplastic thymic epithelial cells has not been
investigated in detail so far. Because thymomas presum-

Figure 2. CGH analysis of type B3 thymoma (well-differentiated thymic carcinoma). All 16 type B3 thymomas showed chromosomal imbalances, with gain of 1q,
loss of chromosome 6, and loss of 13q occurring in 11 (69%), six (38%), and five (31%) of 16 cases. Bar on the left: loss of chromosomal material; bar on the
right: gain of chromosomal material. Thick bar: high-level amplification.

Table 2. Comparison of Data Obtained by Comparative Genomic Hybridization and Fluorescence in Situ Hybridization with
Probes for Centromeric Regions of Chromosomes 1 and 6

Case
WHO type
thymoma CGH rev ish enh CGH rev ish dim

FISH 1cen number of signals
(percentage of cells)

FISH 6cen number of signals
(percentage of cells)

8 A — 26p21-pter not done normal
13 B3 11q 26 4 (19%) 1 (40%)
13 B3, R 11q, 15p,

15cen-q21,
1Xq22-qter

26 4 (72%) 1 (67%)

16 B3 11q 22 not done normal
17 B3 11q 26 4 (50%) 1 (56%)
22 B3 11q 26 3 (42%), 4 (12%) 1 (28%)
34 C(TSCC) 11q, 15, 118 26, 213q, 216q normal 1 (91%)
36 C(TSCC) 11q, 18, 117q,

118
26, 216q, 217p 3 (14%), 4 (15%) 1 (32%)

TSCC, primary thymic squamous cell carcinoma; FISH 1cen, FISH 6cen; fluorescence in situ hybridization with probes for centromeric region of
chromosome 1 and 6, respectively; rev ish enh, chromosomal gains detected by CGH; rev ish dim, chromosomal losses detected by CGH. Analysis
with centromeric probes of chromosome 11 showed diploidy in all cases examined.
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ably are clonal neoplasms, the loss of chromosome 6
should involve the identical parental chromosome. Given
the co-dominant expression of HLA genes, the diversity
of expressed HLA haplotypes on neoplastic thymic epi-

thelium in cases with monosomy 6 will be reduced. For
certain autoimmune disorders such as rheumatoid arthri-
tis and insulin-dependent diabetes mellitus, in addition to
disease-favoring HLA haplotypes, HLA molecules pro-
tective of autoimmunity have been reported.47,48 The
pathogenesis of paraneoplastic autoimmune disorders in
thymomas has been linked to the generation of T cells
sensitized against various autoantigens.9,12,13 In thy-
moma cases with deletion of chromosome 6, it may be
speculated whether loss of protective HLA molecules on
neoplastic epithelial cells might contribute to the forma-
tion of an autoaggressive T cell repertoire with subse-
quent development of autoimmune disorders.

Alternatively, monosomy 6 might lower the expression
level of those HLA isotypes that are shared among the
parental chromosomes, eliciting autoimmunity because
of nontolerogenic T cell selection as reported in mice with
reduced levels of HLA selectively on thymic epithelial
cells.49

Another immunological consequence of reduced HLA
diversity because of monosomy 6 could be the abnormal
intratumorous selection of T cells exhibiting quasi-allo-
reactivity against HLA molecules that are lacking on the
neoplastic thymic epithelial cells but occur outside the
tumor. This hypothetical scenario resembles the pre-
sumed pathogenesis of myasthenia gravis after bone

Figure 3. Fluorescence in situ hybridization of a WHO type B3 thymoma
(case13). A: Green signals, centromeric probe for chromosome 11; red
signal, centromeric probe for chromosome 6, corresponding to a loss of
chromosome 6 observed in this case in CGH. B: Green signals, centromeric
probe for chromosome 1; red signal, centromeric probe for chromosome 6,
corresponding to a gain of 1q observed in this case in CGH in addition to a
loss of chromosome 6.

Figure 4. CGH analysis of primary thymic squamous cell carcinoma. In primary thymic squamous cell carcinoma, the most frequent chromosomal losses were
observed for 16q (six of nine cases, 67%), 6 (four of nine, 44%), 3p and 17p (three of nine each, 33%), whereas recurrent gains of chromosomal material were
gains of 1q (five of nine, 56%), 17q and 18 (three of nine each, 33%). Bar on the left: loss of chromosomal material; bar on the right, gain of chromosomal
material.
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marrow transplantation.50 There is some evidence
against the escape of anti-self HLA reactive T cells from
thymomas to the periphery;51 however, in that study, only
two myasthenia gravis-associated thymomas were inves-
tigated, and none of them seems to have been a type B
thymoma.

Deletion of the HLA locus may thus play a role in
paraneoplastic autoimmunity in type B3 thymoma. Inter-
estingly, the only case of type A thymoma in our series
with a genetic aberration also showed a deletion involv-
ing the HLA locus; the patient suffered from myasthenia
gravis that is uncommon in this thymoma entity. Clearly,
further studies are necessary to investigate the role of
HLA allele loss in thymoma-associated autoimmunity.

The third most frequent genetic imbalance detected in
type B3 thymoma was loss of material of 13q in 33% of
cases. 13q contains various tumor suppressor genes,
among them RB1 and BRCA2.52 Abnormal expression of
RB1 based on immunohistochemistry has been reported
in few cases of thymoma.53

In one case of type B3 thymoma, a high-level amplifi-
cation was detected involving chromosomal band 8p12.
This chromosomal region harbors a potential oncogene,
namely the fibroblast growth factor receptor I, which has
been reported to be amplified in other epithelial neo-
plasms, eg, in breast cancer and ovarian cancer.54

In contrast to type A, AB, and B thymomas, which are
tumors unique to the thymus, type C thymomas make up
a heterogeneous group of nonorganotypic carcinomas.
These neoplasms are virtually indistinguishable from cor-
responding carcinomas arising in organs other than the
thymus and are not associated with paraneoplastic auto-
immunity.11 In this series, we only included cases of
primary thymic squamous cell carcinoma, as suggested
by a characteristic tumor localization in the anterior me-
diastinum, absence of an extrathymic squamous cell car-
cinoma, characteristic histomorphology, and immunohis-
tochemistry.1

The most frequent genetic imbalances detected in
primary thymic squamous cell carcinoma were loss of
16q and—similar to type B3 thymoma—gains of 1q and
loss of chromosome 6. 16q is known to harbor a variety of
candidate tumor suppressor genes, among them RB2/
p130,55 CTCF,56 the cadherin-encoding genes CDH1,
CDH8, and CDH13,57,58 and CMAR.59 None of these
genes has been implicated in the pathogenesis of pri-
mary thymic squamous cell carcinoma so far. However,
Sonobe et al17 recently reported a karyotype of a single
case of thymic squamous cell carcinoma which showed
two copies of der(16)t(1;16)(q12;q21.1) along with a
structurally normal chromosome 16. These data suggest
that genes on 16q might be involved in the pathogenesis
of thymic squamous cell carcinoma. Of note, deletion of
genes such as CMAR, and the cadherins, located on
16q, the most frequently deleted chromosomal regions in
thymic squamous cell carcinoma, have been linked to the
manifestation of invasive and metastasizing growth pat-
terns in a variety of malignancies, eg, in breast can-
cer.58,60

Further recurrent losses noted in thymic squamous cell
carcinoma were losses of 17p, involving the location of

p53 at 17p13 and losses of 3p, harboring the putative
tumor suppressor gene FHIT at 3p14.2, both of which
have been reported to be involved in the oncogenesis of
squamous cell carcinoma of other locations.61,62

The histogenetic relationship between type B3 thy-
moma and thymic squamous cell carcinoma has been a
matter of debate; thymic squamous cell carcinomas have
been reported to occasionally develop in thymomas, im-
plying the possible clonal evolution of thymic carcinoma
from thymoma.24 Although none of our cases exhibited
features of a combined thymoma, our data suggest that
type B3 thymoma may in some instances be genetically
related to thymic squamous cell carcinoma: in three
cases of primary thymic squamous cell carcinoma, we
found simultaneous gain of 1q and loss of chromosome
6, aberrations frequently detected in type B3 thymomas.
In contrast, a relationship between type A thymoma and
thymic squamous cell carcinoma seems less likely given
the lack of shared recurrent genetic aberrations.

Although our study suggests that loss of chromosome
6, including the HLA locus, occurs as a recurrent genetic
aberration both in WHO type B3 thymoma and primary
thymic squamous cell carcinoma, the latter tumors are
not associated with paraneoplastic autoimmunity.11 In
addition to loss of one HLA allele, further functional prop-
erties of neoplastic thymic epithelial cells required for the
intratumorous generation of autoreactive T cells may
have been lost in thymic squamous cell carcinoma.

In summary, our study for the first time shows that,
similar to other epithelial neoplasms, distinct types of
thymoma are associated with distinct, although not thy-
moma-specific recurrent chromosomal imbalances.
Whereas type A thymomas, which usually are clinically
benign, mostly are devoid of chromosomal gains or
losses, usually malignant type B3 thymomas commonly
show genetic aberrations, in particular involving 1q, chro-
mosome 6, and 13q. Primary thymic squamous cell car-
cinoma frequently shows deletions of 16q and, in addi-
tion, may comprise neoplasms showing genetic
relationship to type B3 thymoma.
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Schröck E, Latham C, Blegen H, Zellerberg A, Cremer T, Auer G:
Comparative genomic hybridization of formalin-fixed paraffin-embed-
ded breast tumors reveals different patterns of chromosomal gains
and losses in fibroadenomas and diploid and aneuploid carcinomas.
Cancer Res 1995, 55:5415–5423

33. Kirchner T, Schalke B, Buchwald J, Ritter M, Marx A, Müller-Her-
melink HK: Well-differentiated thymic carcinoma: an organotypic low-
grade carcinoma with relationship to cortical thymoma. Am J Surg
Pathol 1992, 16:1153–1169

34. Knuutila S, Björkqvist AM, Autio K, Tarkkanen M, Wolf M, Monni O,
Szymanska J, Larramendy ML, Tapper J, Pere H, El-Rifai W, Hemmer
S, Wasenius VM, Vidgren V, Zhu Y: DNA copy number amplifications
in human neoplasms. Am J Pathol 1998, 152:1107–1123

35. Sturm RA, Eyre HJ, Baker E, Sutherland GR: The human OTF1 locus
which overlaps the CD3Z gene is located at 1q22–q23. Cytogenet
Cell Genet 1995, 68:231–232

36. Miozzo M, Pierotti MA, Sozzi G, Radice P, Bongarzone I, Spurr NK,
Della Porta G: Human TRK proto-oncogene maps to chromosome
1q32–q41. Oncogene 1990, 9:1411–1414

37. Gibbs S, Fijneman R, Wiegant J, van Kessel AG, van De Putte P,
Backendorf C: Molecular characterization and evolution of the SPRR
family of keratinocyte differentiation markers encoding small proline-
rich proteins. Genomics 1993, 16:630–637

38. Engelkamp D, Schafer BW, Mattei MG, Erne P, Heizmann CW: Six
S100 genes are clustered on human chromosome 1q21: identification
of two genes coding for the two previously unreported calcium-
binding proteins S100D and S100E. Proc Natl Acad Sci USA 1993,
90:6547–6551

39. Waterman MAJ, Stoopen GM, van Muijen GNP, Kuznicki J, Ruiter DJ,
Bloemers HPJ: Expression of calcyclin in human melanoma cell lines
correlates with metastatic behavior in nude mice. Cancer Res 1992,
52:1291–1296

40. Chaganti RS, Balazs I, Jhanwar SC, Murty VV, Koduru PR, Grzeschik
KH, Stavnezer E: The cellular homologue of the transforming gene of
SKV avian retrovirus maps to human chromosome region 1q22–q24.
Cytogenet Cell Genet 1986, 43:181–186

41. Willis TG, Zalcberg IR, Coignet LJA, Wlodarska M, Stul DM, Jadayel
DM, Bastard C, Treleaven JG, Catovsky D, Silva MLM, Dyer MJS:
Molecular cloning of translocation t(1;14)(q21;q32) defines a novel
gene (BCL9) at chromosome 1q21. Blood 1998, 91:1873–1881

42. Nishimura DY, Purchio AF, Murray JC: Linkage localization of TGFB2
and the homeobox gene HLX1 to chromosome 1q. Genomics 1993,
15:357–364

43. Knuutila S, Aalto Y, Autio K, Björkqvist AM, El-Rifai W, Hemmer S,
Huhta T, Kettunen E, Kiuru-Kuhlefelt S, Larramendy ML, Lushnikova
T, Monni O, Pere H, Tapper J, Tarkkanen M, Varis A, Wasenius VM,
Wolf M, Zhu Y: DNA copy number losses in human neoplasms. Am J
Pathol 1999, 155:683–694

44. Starostik P, Greiner A, Schultz A, Zettl A, Peters K, Rosenwald A,
Kolve M, Müller-Hermelink HK: Genetic aberrations common in gas-
tric high-grade large B-cell lymphoma. Blood 2000, 95:1180–1187

45. Abdollahi A, Roberts D, Godwin AK, Schultz DC, Sonoda G, Testa JR,
Hamilton TC: Identification of a zinc-finger gene at 6q25: a chromo-
somal region implicated in development of many solid tumors. On-
cogene 1997, 1979, 14:1973

46. El-Deiry WS, Tokino T, Velculescu VE, Levy DB, Parsons R, Trent JM,
Lin D, Mercer WE, Kinzler KW, Vogelstein B: WAF1, a potential
mediator of p53 tumor suppression. Cell 1993, 75:817–825

47. Zanelli E, Gonzalez-Gay MA, David CS: Could HLA-DRB1 be the
protective locus in rheumatoid arthritis? Immunol Today 1995, 16:
274–278

48. Pugliese A, Gianani R, Moromisato R, Awdeh ZL, Alper CA, Erlich HA,
Jackson RA, Eisenbarth GS: HLA-DQB1*0602 is associated with
dominant protection from diabetes even among islet cell antibody-
positive first-degree relatives of patients with IDDM. Diabetes 1995,
44:608–613

Genetic Aberrations in Thymoma 265
AJP July 2000, Vol. 157, No. 1



49. Fukui Y, Ishimoto T, Utsuyama M, Gyotoku T, Koga T, Nakao K,
Hirokawa K, Katsuki M, Sasazuki T: Positive and negative CD41
thymocyte selection by a single MHC/peptide ligand affected by its
expression level in the thymus. Immunity 1997, 6:401–410

50. Sherer Y, Shoenfeld Y: Autoimmune diseases and autoimmunity post-
bone marrow transplantation. Bone Marrow Transplant 1998, 22:873–881

51. Fujii Y, Okumura M, Inada K, Nakahara K: Lymphocytes in thymomas
are tolerant to self-MHC. Cell Immunol 1991, 137:438–447

52. Wooster R, Neuhausen SL, Mangion J, Quirk Y, Ford D, Collins N,
Nguyen K, Seal S, Tran T, Averill D, Fields P, Marshall G, Narod S,
Lenoir GM, Lynch H, Feunteun J, Devilee P, Cornelisse CJ, Menko
FH, Daly PA, Ormiston W, McManus R, Pye C, Lewis CM, Cannon-
Albright LA, Peto J, Ponder BAJ, Skolnick MH, Easton DF, Goldgar
DE, Stratton MR: Localization of a breast cancer susceptibility gene,
BRCA2, to chromosome 13q12–13. Science 1994, 265:2088–2090

53. Hirabayashi H, Fujii Y, Sakaguchi M, Tanaka H, Yoon HE, Komoto Y,
Inoue M, Miyoshi S, Matsuda H: p16INK, pRB, p53 and cyclin D1
expression and hypermethylation of CDKN2 gene in thymoma and
thymic carcinoma. Int J Cancer 1997, 73:639–644

54. Theillet C, Adelaide J, Louason GFB, Jacquemier J, Adnane J, Longy
M, Katsaros D, Sismondi P, Gaudray P: FGFR1 and PLAT genes and
DNA amplification at 8p12 in breast and ovarian cancers. Genes
Chromosomes Cancer 1993, 7:219–226

55. Yeung RS, Bell DW, Testa JR, Mayol X, Baldi A, Grana X, Klinga-
Levan K, Knudson AG, Giordano A: The retinoblastoma-related gene,
RB2, maps to human chromosome 16q21 and rat chromosome 19.
Oncogene 1993, 8:3465–3468

56. Filippova GN, Lindblom A, Meincke LJ, Klenova EM, Neiman PE,
Collins SJ, Doggett NA, Lobanenkov VV: A widely expressed tran-
scription factor with multiple DNA sequence specificity, CTCF, is
localized at chromosome segment 16q22.1 within one of the smallest
regions of overlap for common deletions in breast and prostate
cancers. Genes Chromosomes Cancer 1998, 22:26–36

57. Berx G, Cleton-Jansen AM, Nollet F, de Leeuw WJ, van de Vijver M,
Cornelisse C, van Roy F: E-cadherin is a tumor/invasion suppressor
gene mutated in human lobular breast cancers. EMBO J 1995, 14:
6107–6115

58. Lee SW: H-cadherin, a novel cadherin with growth inhibitory functions
and diminished expression in human breast cancer. Nat Med 1996,
2:776–782

59. Koyama K, Emi M, Nakamura Y: The cell adhesion regulator CAR
gene, Taq1 and insertion/deletion polymorphisms, and regional as-
signment to the peritelomeric region of 16q by linkage analysis.
Genomics 1993, 16:264–265

60. Pullman WE, Bodmer WF: Cloning and characterization of a gene that
regulates cell adhesion. Nature 1992, 356:529–532

61. Virgilio L, Shuster M, Gollin SM, Veronese ML, Ohta M, Huebner K,
Croce CM: FHIT gene alterations in head and neck squamous cell
carcinomas. Proc Natl Acad Sci USA 1996, 93:9770–9775

62. Takahashi T, Nau MM, Chiba I, Birrer MJ, Rosenberg RK, Vinocour
M, Levitt M, Pass H, Gazdar AF, Minna JD: p53: a frequent target
for genetic abnormalities in lung cancer. Science 1989, 246:491–
494

266 Zettl et al
AJP July 2000, Vol. 157, No. 1


