
Gain of chromosome 8q is a frequent finding
in pleuropulmonary blastoma

Ronald R de Krijger1, Sandra MH Claessen2, Frieda van der Ham1, Ad JM van Unnik1,
Christina A Hulsbergen-van de Kaa3, Leen van Leuven4, Max van Noesel5 and
Ernst JM Speel2

1Department of Pathology, Josephine Nefkens Institute, Erasmus MC-University Medical Center Rotterdam,
Rotterdam, The Netherlands; 2Department of Molecular Cell Biology, Research Institute Growth and
Development (GROW), University of Maastricht, Maastricht, The Netherlands; 3Department of Pathology,
Radboud University Nijmegen Medical Center, Nijmegen, The Netherlands; 4Department of Pathology,
General Hospital Middelheim, Antwerpen, Belgium and 5Department of Pediatric Oncology/Hematology,
Erasmus MC-Sophia, Rotterdam, The Netherlands

Pleuropulmonary blastomas are rare malignant intrathoracic tumors of early childhood. They appear as a
pulmonary- and/or pleural-based mass and their pathogenesis and relationship to other pediatric solid tumors
is not well understood. In this study, paraffin-embedded material of five cases of pleuropulmonary blastoma
was analyzed for genetic alterations by comparative genomic hybridization and five genetic loci by
fluorescence in situ hybridization. Comparative genomic hybridization identified aberrations in all pleuropul-
monary blastomas, including four amplifications in three tumors at chromosomes 5q33–34, 11q22.2–ter, 15q25–
ter, and 19q11–13.2. The most frequent DNA gains involved 8q11–22.2 (four cases) and 20q (two cases),
whereas the most common losses included 9p21–24 (two cases) and 11p14 (three cases). Chromosome 8 gains
were confirmed by fluorescent in situ hybridization, resulting in the detection of up to five copies of
chromosome 8 centromeres per nucleus. In the two surviving patients, chromosome 8 gains were the only
genetic abnormality, suggesting that this might be an early event in pleuropulmonary blastoma carcinogenesis.
The identification of new genetic alterations as well as the confirmation of previously reported ones (especially
8q gains) in pleuropulmonary blastoma should help to improve our understanding of both the molecular
mechanisms underlying the tumorigenesis of pleuropulmonary blastoma and the relationship of pleuropul-
monary blastoma with other pediatric tumors.
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Pleuropulmonary blastomas are uncommon solid
and/or cystic intrathoracic childhood tumors, which
are considered part of the group of dysontogenetic
tumors, such as Wilms’ tumors, hepatoblastomas,
and neuroblastomas. Since their original description
in 1988, they have been recognized as a distinct
entity from adult pulmonary blastoma. The latter
tumor consists of malignant epithelial and mesench-
ymal components, whereas in pleuropulmonary
blastoma only the mesenchymal component is
malignant, the epithelial component being regarded

as entrapped elements.1 The mesenchyme may be
undifferentiated or may show rhabdomyomatous,
chondroid, or fibrosarcomatous differentiation. Gen-
erally, three gross types of pleuropulmonary blas-
toma have been distinguished: type 1, consisting
entirely of multiple cysts; type 2, consisting of solid
and cystic areas; and type 3, entirely composed of
solid tumor tissue.2 Because of the cystic nature of
pleuropulmonary blastoma types 1 and 2, a relation-
ship has been suggested with another cystic lung
lesion, congenital pulmonary airway malformation,
although there appear to be clear clinical, histologi-
cal, and genetic differences.3,4 Patients are usually
diagnosed between birth and 5 years of age and
present relatively late with recurrent respiratory
symptoms and chest pain.5 These tumors carry a
poor prognosis, with a 42–49% 5-year survival rate,
despite aggressive surgical and chemotherapeutic
treatment.5–7 In addition, in 25% of pleuropulmon-
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ary blastoma patients or their family members other
dysplasias or neoplasias occur. The diseases found
to be associated with pleuropulmonary blastoma
included cystic lung disease, cystic nephromas,
Wilms’ tumors, sarcomas, medulloblastomas, thy-
roid neoplasias, malignant germ cell tumors, Hodg-
kin’s disease, leukemia, and Langerhans cell histio-
cytosis.8–10

Owing to the relative rarity of these tumors, little
is known about their genetic basis. Cytogenetic
studies have repeatedly reported trisomy of chromo-
some 8 or, more generally, gains of chromosome 8,
in addition to complex genetic abnormalities.10–19

Furthermore, trisomy of chromosome 2 has been
reported by fluorescence in situ hybridization
(FISH).20 However, altogether these studies have
investigated no more than 17 cases of pleuropul-
monary blastoma. Apart from one case report,21 no
studies have been performed using comparative
genomic hybridization (CGH), a technology that
allows genome-wide analysis of DNA copy number
changes in tumor samples and which has a higher
resolution than conventional karyotyping.22–25 Here,
we describe five patients with pleuropulmonary
blastomas which have been analyzed by CGH and
FISH. We show that pleuropulmonary blastomas
contain multiple chromosomal abnormalities, in-
cluding the previously described gain of chromo-
some 8, now further delineated to the long arm of
chromosome 8, as well as heretofore undescribed
losses and gains and, interestingly, several amplified
chromosomal regions.

Materials and methods

Patients

All clinical data of our series of five patients have
been summarized in Table 1. The patients were
collected in a 10-year period from two pediatric
oncology centers in The Netherlands (Rotterdam,
Nijmegen) and one in Belgium (Antwerp). All
patients were treated surgically, resulting in com-
plete resection in four and incomplete resection of
the tumor in the 28-month-old boy (patient 2). Four
patients received additional chemotherapy accord-
ing to the malignant mesenchymal tumor treatment
protocol of the International Society for Pediatric

Oncology (SIOP). In the remaining patient (patient
2), three preoperative and four postoperative rounds
of chemotherapy (ifosfamide, vincristin, and actino-
mycin (IVA)) were given, followed by five rounds of
cisplatinum and adriamycin after detection of
residual disease. The father of one of the patients
had had a multicystic renal lesion during childhood
(although no slides are available for review, this
most probably represents a cystic nephroma, which
is known to be associated with pleuropulmonary
blastoma), whereas the family history of the other
four patients did not reveal any other relevant
diseases.

Tissues

Formalin-fixed, paraffin-embedded tissue blocks
were retrieved from the files of the Department of
Pathology of the respective hospitals (see above),
and hematoxylin and eosin (HE)-stained slides were
reviewed by two pathologists (RRdK and AJMvU).
All initial diagnoses were confirmed and the tumors
were classified into pleuropulmonary blastoma
types 1, 2, and 3, according to the gross specimen
description and microscopic analysis.1 Routine
immunohistochemical analysis was performed on
4-mm thick tissue sections from a representative
block of each of the tumors, using antibodies to
myoglobin, myogenin, vimentin, pankeratin, actin,
CD34, smooth muscle actin, desmin, S100, and
MyoD1. Incubation of slides was performed using
a standard avidin–biotin–complex method. All
primary antibodies were incubated for 30min at
room temperature, except MyoD1, which was
incubated for 90min. The technical details of the
antibodies and the incubations are summarized in
Table 2.

DNA Extraction

Genomic DNA from paraffin-embedded tumor
blocks was isolated as described previously.25

Briefly, 4-mm thick HE-stained sections were used
to select areas with more than 70% tumor cells.
Selected parts that were easily recognized were
scraped with a scalpel from glass slides with
unstained 10-mm thick sections and collected in

Table 1 Clinical data and patient characteristics

Patient Age (months) Sex Typea Present status Follow-up Treatment

1 23 F Type 2 NOD 96 months Surgery, chemotherapy
2 28 M Type 2 DOD 28 months Surgery, chemotherapy
3 31 F Type 3 DOD 10 months Surgery, chemotherapy
4 35 F Type 3 DOD 11 months Surgery, chemotherapy
5 20 F Type 1 NOD 28 months Surgery, chemotherapy

DOD, dead of disease; NOD, no evidence of disease.
a
Type according to Manivel et al.1
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1.5ml Eppendorf tubes containing 100% ethanol.
This material was spun down (5min 14000 r.p.m.)
and dissolved in 1ml xylol. These steps were
repeated two times, after which the tissue samples
were treated subsequently with 100 and 70%
ethanol, with centrifugation steps in between
(5min 14 000 r.p.m.), and were air-dried prior to
proteinase K digestion. Tissue collected in 1.5ml
Eppendorf tubes was digested overnight with 1mg/
ml Proteinase K (Sigma) in digestion buffer (50mM
Tris pH 8.0, 1mM EDTA, 0.5% SDS) at 551C. The
DNAwas purified either by using the QiaAmp DNA
mini kit (Qiagen, Hilden, Germany) according to the
manufacturer’s recommendations or standard phe-
nol–chloroform (PCI; Fluka) extraction, followed by
ethanol precipitation and quantification by spectro-
photometry.

CGH and Digital Image Analysis

CGH was performed essentially as described ear-
lier.24,25 Briefly, 2 mg tumor DNA was labeled with
Spectrum Green-dUTPs (Vysis, Downers Grove, IL,
USA) by nick translation (BioNick kit, Life Technol-
ogies, Basel, Switzerland). Spectrum Red-labeled
normal reference DNA (Vysis) was used for co-
hybridization. The hybridization mixture consisted
of 800ng Spectrum Green-labeled tumor DNA,
800ng of Spectrum-Red labeled normal reference
DNA and 10–15 mg of human Cot-1 DNA (Life
Technologies) dissolved in 12 ml of hybridization
buffer (50% formamide, 2�SSC, pH 7.0, 10%
dextrane sulfate). Hybridization was carried out for
3 days at 371C to denatured (2�SSC and 70%
formamide, 2�SSC, pH 7, each for 5min at 751C)
normal male human metaphase spreads (Vysis).
Slides were washed at 451C two times for 5min in
50% formamide/2�SSC followed by dehydration in
an ethanol series. The chromosomes were counter-
stained with 0.2 mg/ml DAPI in Vectashield for
identification.

Digital images were recorded from 6 to 10
metaphases using the Metasystems Image Pro
System (black and white CCD camera; Sandhausen,

Germany) mounted on top of a Leica DM-RE
fluorescence microscope equipped with appropriate
filter sets for DAPI, Spectrum Green and Spectrum
Red fluorescence. The images were analyzed using
Isis 4.4.25 CGH software (Metasystems) to calculate
average green to red ratio profiles for each chromo-
some. At least 10 observations per autosome and 5
observations per sex chromosome were included in
each analysis. To confirm the reproducibility of the
detected chromosomal abnormalities, CGH was also
performed with reversed fluorochrome labels for
tumor and reference DNA. Gains and losses of DNA
sequences were defined as chromosomal regions
where both the mean green-to-red fluorescence ratio
and its s.d. were above 1.20 and below 0.80,
respectively. Over-representations were considered
amplifications when the fluorescence ratio values in
a region of a chromosomal arm exceeded 1.5. In
negative control hybridizations, the mean green-to-
red ratio occasionally exceeded the fixed 1.2 cutoff
level at the following chromosomal regions: 1p32–
pter, 16p, 19, and 22. Gains of these known G-C-rich
regions were therefore excluded from all analyses.

Confirmation of CGH Data by FISH

To validate CGH data independently, paraffin-
embedded tissue sections (4 mm) of the pleuropul-
monary blastomas were subjected to FISH and
evaluated as described previously.25 For this pur-
pose, repetitive, fluorochrome-labeled DNA probes
specific for human centromeres 1, 2, 8, X, and Y (in
the male patient) were used. The pleuropulmonary
blastoma showing a 19q11–13.2 amplification by
CGH was moreover hybridized with an AKT gene-
specific BAC probe.

Results

Histology and Immunohistochemistry

All tumors showed a histological picture compatible
with pleuropulmonary blastoma. In types 1 and 2
there were cysts lined by non-tumoral flattened to

Table 2 Primary antibodies used for immunohistochemical analysis of pleuropulmonary blastoma

Antibody Dilution Clone/company Mo/Po Pretreatment

Myoglobin 1:500 MG-1, Biogenex, San Ramon, USA Mo No
Myogenin 1:25 Myf-4/L026, Novocastra, Newcastle-upon-Tyne, UK Mo Citrate, pH 6, 20min
Vimentin 1:3200 V9, Biogenex Mo Citrate, pH 6, 20min
Cytokeratin 1:100 AE1/AE3, Biogenex Mo Citrate, pH 6, 20min
Actin 1:100 HHF-35, Enzo Diagnostics, NY, USA Mo Pronase, 5min
CD34 1:20 Qbend/10, Labvision, Fremont, USA Mo No
SMA 1:150 1A4, Biogenex Mo No
Desmin 1:50 D33, Sanbio, Uden, The Netherlands Mo No
S100 1:5000 DAKO, Copenhagen, Denmark Po No
MyoD1 1:20 5.8A, Novocastra Mo Citrate, pH 6, 20min

Mo, monoclonal antibody; Po, rabbit polyclonal antibody; SMA, smooth muscle actin.
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cuboidal epithelium, underneath which there was a
cambium-like layer of atypical mesenchymal cells
with a variable mitotic frequency. Cellularity varied
from high to low, and sometimes there were areas
with epithelioid mesenchymal cells, mostly in more
solid parts, which predominated in two tumors
(patients 3 and 4). In these two patients, there was
also chondroid differentiation in the solid areas.
Immunohistochemistry yielded similar staining re-
sults in all tumors, with myogenin, vimentin, and
desmin being diffusely and strongly positive, except
for one case (patient 4) where there was only focal
desmin and myogenin staining, which might be
related to the fact that this was a type 3 (solid)
pleuropulmonary blastoma. Furthermore, there was
focal staining of varying intensity for myoglobin,
MyoD1, and actin, again with the type 3 pleuropul-
monary blastoma showing the least staining for
MyoD1 and actin. Finally, pankeratin, CD34, smooth
muscle actin, and S100 could not be detected in
tumor cells. Representative pictures of the immu-
nostainings are shown in Figure 1.

Overview of CGH Findings

Table 3 summarizes all DNA copy number changes
identified in the five pleuropulmonary blastomas.
Genetic alterations were observed in all tumors,
and the average number of chromosome arm aberra-
tions per tumor was 6.6 (range: 1–12). Both losses
and gains were identified, as well as four amplifica-
tions in three tumors. The two surviving patients
showed only gain of chromosome 8 material
and had no amplifications. The most common
chromosome arm copy number change was gain of
the long arm of chromosome 8, which occurred in
four tumors (see Figure 2a). Furthermore, two
pleuropulmonary blastomas showed gain of the long
arm of chromosome 20, whereas loss of the short
arm of chromosomes 9 and 11 were identified in two
and three tumors, respectively. Interestingly, there
were 4 amplifications in three tumors, including
chromosomes 5q33–34, 11q22.2–ter, 15q25–ter, and
19q11–13.2. This latter amplification is shown in
Figure 3.

Figure 1 Immunohistochemical staining of pleuropulmonary blastoma with myogenin (a), MyoD1 (b), and desmin (c). A variable
proportion of tumor cells can be seen with positive staining in the nucleus (a and b) or in the cytoplasm (c). (d) A corresponding
hematoxylin and eosin (HE) staining is shown.
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Comparison of CGH and FISH Results

FISH results with four centromere and one
AKT-specific probes are listed in Table 3. We
could confirm the CGH results of chromosome 8q
gain in all tumors that were analyzed by

FISH, which detected up to five copies of
chromosome 8 centromeres per nucleus, as is
shown in Figure 2b. Also, the amplification of
19q11–13.2 was confirmed by FISH analysis
of the AKT-specific probe, as is shown in
Figure 3b.

Table 3 FISH and CGH results of the five pleuropulmonary blastomas

Patient
no.

FISH CGH

cen1 cen2 cen8 cenX AKT

1 2 2 2 and 3–4 1 2 8q+
2 2 2 2 2 Amp 7p+, 9p21-24�, 11p12�14�, 11q14.3�23.2�, 15q25�terAmp,

18q12�ter�, 19q11�13.2Amp, 20q+
3 2 2 2 and 3–5 2 2 2q12�ter+, 5q22�ter+, 5q33�34Amp, 6q�, 8q+, 11p12�ter�,

16pq�, 17q11.1�23�, 19q13.3�13.4�, 20pq+
4 2 2 2 and 3–5 2 2 7q21.3�ter�, 8p+, 8q11.1�22.2+, 9p21�ter�, 11p14�ter�, 11q+,

11q22.2�terAmp, 13q21.3�22�, 14q31�ter�, 17q+
5 2 2 2 and 3–5 2 2 8pq+

FISH: cen, centromere; n, n copies per cell nucleus in the main population of cells. CGH: np, p arm of chromosome n is gained; nq-: q arm of
chromosome n is lost; Amp, amplification.

Figure 2 Representative comparative genomic hybridization (CGH) picture with corresponding confirmatory fluorescence in situ
hybridization (FISH) analysis of chromosome 8q gain, showing the CGH result in the right upper panel (a), and the result of the FISH
analysis, with a probe for the centromere of chromosome 8, in the right lower panel (b). There is a clear increase in the number of FISH
spots, resulting in up to five copies per nucleus. For comparison, the CGH result of chromosome 1 and the corresponding
FISH experiment with a probe to the centromere of chromosome 1 are shown in the left upper and lower panel, respectively. In the
FISH experiment, only two copies of chromosome 1 are present.
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Discussion

In this study, we have performed CGH analysis on a
series of five pleuropulmonary blastomas and
shown that there are several areas of gain (8qcen-
22.2 and 20q) and loss (9p21–24 and 11p14) of
chromosomal material, and several amplifications,
including 5q33–34, 11q22.2–ter, 15q25–ter, and
19q11–13.2. The gain of 8q and the amplification
of 19q11–13.2 were confirmed by FISH analysis. In
contrast to earlier papers, no abnormalities in
chromosome 2 were found. The areas with gains
and losses may be indications for the presence of
oncogenes or tumor suppressor genes, respectively,
and may direct further investigations to increase our
understanding of the molecular pathogenesis of
these rare tumors.

So far, molecular genetic abnormalities in pleur-
opulmonary blastomas have been investigated in
single cases or in small series of tumors, due to the
rare occurrence. The most consistent chromosomal
anomaly is extra copies of chromosome 8, which has
been found in many studies, approximating 75–80%
of all cases studied.10–19 A single case study has thus
far been performed with CGH, also showing gain of
almost the entire chromosome 8.21 In our study, we

confirm these findings by showing gain of at least
the long arm of chromosome 8 in four of the five
cases studied. Interestingly, the two surviving
patients in our series (patients 1 and 5), both had a
gain of chromosome 8 material as the only genetic
abnormality. Although our series is too small to
draw definitive conclusions, it appears that type 1 or
2 pleuropulmonary blastomas histology presents
with few genetic changes, whereas type 3 histology
presents with more advanced cancer, characterized
by an accumulation of genetic changes and a worse
prognosis.

We were able to pinpoint the smallest region of
overlap in our four cases to 8q11.1–22.2. While
strongly indicating that a gene initiating pleuropul-
monary blastoma tumorigenesis may be located
here, this region is still large and contains many
candidate genes. Interestingly, the MYC and DDEF1
oncogenes can be excluded as candidates, as these
genes are located on 8q24. Conversely, the MOS
oncogene, located on 8q11, might play a role in
pleuropulmonary blastoma tumorigenesis, as has
also been postulated in astrocytic tumors of the
brain and in non-small cell lung cancer.26,27 The
only additional chromosomal region with chromo-
somal gain in more than one patient was 20q. Its

Figure 3 Comparative genomic hybridization (CGH) result for chromosome 19q of patient 3, showing amplification of 19q11–13.2 in the
right upper panel (a). The corresponding fluorescence in situ hybridization (FISH) analysis, using a probe for AKT, is depicted in the
right lower panel (b), in which many nuclear spots of high intensity can be appreciated, as a result of the amplification. For comparison,
the CGH result and corresponding FISH analysis for one of the other patients (patient 1) have been depicted in the corresponding left
upper and lower panel, respectively, showing two weaker signals per nucleus.
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importance in pleuropulmonary blastomas, how-
ever, is unclear because this gain has been described
before in only one patient.

In contrast to the gains, which involved large parts
of chromosomes, the identified losses comprised
relatively limited regions of smallest overlap, in-
dicating loci harboring putative tumor suppressor
genes. Within 9p21–24, which was lost in two of the
pleuropulmonary blastomas investigated, the most
relevant candidate tumor suppressor genes appear
to be CDKN2A (p16INK4A), which inhibits the
action of cyclin-dependent kinase 4 (CDK4), and
CDKN2B (p14ARF), which inhibits the action of
MDM2.28 The inactivation of these genes by loss,
mutation, or hypermethylation are key events in a
variety of tumors, including melanomas, gastrino-
mas, colorectal carcinoma, and non-small cell
carcinomas of the lung.29–32 On the short arm of
chromosome 11 we were also able to pinpoint a
relatively small region that was lost in three
pleuropulmonary blastomas in our series, which
consisted of 11p14 only. While this region does not
appear to contain currently known tumor suppres-
sor genes, it is interesting to note that two genes,
WT1 and PAX6, that are highly relevant to pediatric
tumorigenesis and development are located on
11p13, which is deleted in two patients. WT1 and
PAX6 are involved in the pathogenesis of Wilms’
tumors and the WAGR (Wilms’ tumor, aniridia,
genito-urinary abnormalities, mental retardation)
syndrome.33,34 In addition, 11p15.5, a chromosomal
region known to harbor several imprinted genes, as
well as genes also involved in pediatric tumorigen-
esis, is deleted in two patients. More specifically,
several genes in this region have been implicated in
the Beckwith–Wiedemann syndrome (BWS), such
as CDKN1C and WT2. BWS is characterized by
an increased frequency of childhood cancers, includ-
ing Wilms’ tumors and rhabdomyosarcomas.35,36

Thus, CDKN1C, encoding the CDK inhibitor 1C
(p57KIP2) and WT2 might be considered relevant
candidate genes in this region.37,38 The fact that
11p13 containing WT1, and 11p15.5 containing
WT2, are each lost in two of our patients, is even
more relevant against the background of the associa-
tion that has been reported between the occurrence
of Wilms’ tumors and pleuropulmonary blastomas
in the literature.8,10

Losses at 9p and 11p in pleuropulmonary blas-
tomas had been found in only one other study. It
should be noted, however, that only one previous
study had employed CGH on one patient. All other
studies involved conventional or spectral karyotype
analysis and reported predominantly gains or losses
of entire chromosomes and a large variety of
translocations and other chromosomal rearrange-
ments in highly aneuploid or polyploid tumors.
This may reflect more extensive chromosomal
instability in more advanced tumors. However, it
may well be that CGH is able to detect smaller
regions of chromosomal gains and losses.

In addition to gains and losses, we found four
amplifications that occurred in three tumors. One of
these regions, 15q25–ter, was found to be gained in
another recently reported pleuropulmonary blasto-
ma case, but the other regions so far appear to be
unique findings.18 With the exception of 5q33–34,
which represents a relatively small region, all other
amplified chromosomal regions are much larger and
contain at least 200 genes, making selection of
candidate genes difficult. Yet, a few genes could be
regarded as such, including cyclin G1 on 5q, which
appears to be involved in carcinogenesis in uterine
leiomyomas and in an animal model of hepatic
tumors.39,40 The ETS1 proto-oncogene, encoding a
nuclear transcription factor, is located on 11q23.3
and is involved in various types of human cancers,
including ovarian cancer, endometrium cancer,
and gastric cancer.41–43 Finally, 19q13.1–q13.2 is
the locus for AKT2, an isoform of the phosphoinosi-
tide-dependent serine–threonine protein kinase
Akt.44 While being responsible for a familial form
of autosomal dominant type II diabetes mellitus
when mutated, its overexpression has been found in
various types of cancer and cancer cell lines, such as
breast and ovarian cancer.45–47 Further cancer-
related genes that might be considered in the same
chromosomal region are PAK4, implicated in pan-
creatic cancer, and AXL, a receptor tyrosine kinase.

Taken together, we have analyzed five pleuropul-
monary blastomas by CGH and shown that gain of
the long arm of chromosome 8 is a frequent finding
in pleuropulmonary blastoma tumorigenesis.
Although still lacking support from this or other
studies, the MOS oncogene appears one candidate
gene to be studied in more detail. Further, we have
found losses of 9p and 11p, both containing relevant
candidate tumor suppressor genes to be further
analyzed. While this study presents clues to unravel
the molecular pathogenesis of pleuropulmonary
blastomas, additional genome-wide studies with
larger numbers of patients are required to confirm
the results of the present study and to better
understand this rare neoplasm.
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