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Abstract Sarcomatoid carcinomas (SC) of the lung are a
heterogeneous group of nonsmall cell lung carcinomas
(NSCLC) containing a sarcoma or sarcoma-like component.
SC may represent an epithelial neoplasm undergoing
divergent tissue differentiation originating from a single
clone. Epithelial–mesenchymal transition (EMT) best
describes the origin of the spindle and giant cells. We
aimed to define chromosomal aberrations within the
subgroups of SC and if EMT does play a role in SC.
Twenty-two SC were investigated by chromosomal com-
parative genomic hybridization (CGH). Immunohistochem-
ical staining was performed with antibodies for E-cadherin,
Vimentin, c-Fos, c-Jun, Snail, TGFβ1, Notch1, β-catenin,
Glycogen synthase kinase 3β (GSK3β), and Fascin. Gains
occurred more frequently than losses (70.5 vs 29.5%). The
shortest regions of overlap were gains on chromosomes 8q
and 7 followed by 1q, 3q, and 19, supporting the common
origin of the different subtypes of SC. The immunohisto-
chemical staining suggests that the sarcomatoid compo-
nents of SC might have undergone EMT, not triggered by
the signaling pathways Notch1, Snail, and TGFβ1, but
probably initiated by an upregulation of c-Jun and a
consecutive overexpression of Vimentin and Fascin. The
Wnt-pathway was not deregulated because combined
membrane and cytoplasmic reactivity for β-catenin and
GSK3β was observed.
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Introduction

Sarcomatoid carcinomas (SC) of the lung are a group of
rare malignancies, accounting for approximately 1% of all
lung tumors. The average age of diagnosis is 60 years; the
men to women ratio is almost 4:1. More than 90% of the
patients are smokers or suffered from heavy tobacco abuse
in the past [18]. In general, they have a worse prognosis
than conventional nonsmall cell lung carcinomas (NSCLC)
[15]. This type of malignant neoplasm consists of poorly
differentiated NSCLC that contain a component of sarcoma
or sarcoma-like differentiation, i.e., spindle and/or giant
cells [15].

Five subgroups representing a pathological–morphologic
continuum are currently recognized: pleomorphic carcino-
ma, pure spindle-cell carcinoma, pure giant cell carcinoma,
carcinosarcoma, and pulmonary blastoma [18]. Histogeneti-
cally, SC may represent malignant epithelial neoplasm
undergoing divergent tissue differentiation originating from
a single clone [6, 8, 16].

In our present study, we tried to find concordant
chromosomal aberrations within these five subgroups of
SC to prove their similar histogenesis. It has been proven in
the past that the different phenotypically appearing epithe-
lial- and spindle-cell components within some subgroups of
SC (urinary bladder and pharynx) might originate from the
same clone [17]. Furthermore, epithelial–mesenchymal
transition (EMT) could best describe the origin of the
sarcoma-like appearing components of the SC [4]. Different
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signaling pathways that induce EMT are reported. The best
known of these, the Notch, the Wnt, and the c-Jun [5, 9, 11,
21], were investigated in this study by immunohistochem-
istry (IHC) for key proteins.

The ancient cell-signaling system Notch could imply
through Snail transduction the loss of cell polarity, a
decrease in intercellular adhesion and an increase of
motility, which leads to a mesenchymal phenotype [5].
Alternatively, abnormalities in the Wnt-signaling pathway
could generate the mesenchymal appearing cells typical for
SC [9]. Finally, we investigated c-Jun, which by synergiz-
ing with the activator protein Sp1 and binding to GC-box 1
can enhance Vimentin gene expression. Thus, Vimentin
overexpression itself could also lead to EMT [21]. In
addition, Fascin might contribute to a migratory phenotype
of SC [1, 13].

Materials and methods

Study samples

Twenty-two cases of SC of the lung (including 16 cases of
pleomorphic carcinomas, 2 of which have a predominant
giant-cell and a minor large-cell component), 1 spindle-cell
carcinoma, 2 cases of carcinosarcoma, 1 blastoma, and 2
cases of GC were collected as formalin-fixed, paraffin-
embedded tissue blocks from the lung disease archive of
the Institute of Pathology, Medical University of Graz,
Austria.

DNA isolation

An experienced pathologist classified the tumor samples.
Tumors were microdissected with needles, and tumor DNA
was isolated from six consecutive, deparaffinized sections.
Comparative genomic hybridization (CGH) [12, 20] was
essentially done as previously described by Halbwedl et al.
[7]. We did not separate the histologically different
pleomorphic carcinoma components because in a previous
report, no genetic differences between the epithelial- and
spindle-cell component were found by CGH [17].

On the average, ten metaphase spreads were evaluated
per case. Thresholds for chromosomal gains and losses
were set to 1.2 and 0.8, respectively. Telomeres, centro-
meres, the Y-chromosomes, and gains on well-known CGH
critical regions (1p36, 17p, 19p, and 22) were not
evaluated. In two cases (one pleomorphic carcinoma and
one blastoma), CGH could not be performed due to DNA
degradation.

Aberrations of each case were listed in a Microsoft
Access© database and displayed in a diagram to show
overlapping genetic alterations.

Immunohistochemistry (IHC)

The same 22 paraffin-embedded tissue blocks as used for
CGH were investigated. The immunohistochemical staining
experiments were performed using primary antibodies and
commercially available detection kits as recommended by
the manufacturers (Table 1). Using not only tissues
recommended by the manufacturer but also normal lung

Table 1 Immunohistochemical staining methods used for each antibody

Antibody for Clone number, company, clonality Blocka Pretreatment Detection

E-cadherin 4A2 C7, Zymed, monoclonal Yes WBb, DAKO Epi.c LSAB+AECd

Vimentin E034, Linaris, monoclonal Yes Without pretreatment CM+DABe

TGF-β1 TB 21, Cymbus Biotech, monoclonal Yes MWf, Na-Citrat pH 6.0 CM+DABe

SNAIL E-18, Santa Cruz, polyclonal Yes MW, Na-Citrat pH 6.0 Multi Link+AECg

Notch1 A6, Neomarkers, monoclonal Yes MW, Tris–HCl+5% Urea
pH 9.5

HRP+Envis. DABh

c-Jun H-79, Santa Cruz, polyclonal Yes MW, DAKO Tar.i pH 9.0 CM+DABe

c-Fos K-25, Santa Cruz, polyclonal Yes MW, Na-Citrat pH 6.0 LSAB+AECd

β-catenin M3539, Dako, 1:100, polyclonal Yes WBb LSAB+AECd

GSK3β AB8687, Chemicon, 1:100, polyclonal Yes MW, Na-Citrat pH 6.0 HRP+Envis. DABh

Fascin 55K2, Chemicon, 1:500 Yes MW, Na-Citrat pH 6.0 HRP+Envis. DABh

a Blocking ChemoMate peroxidase-blocking solution
bWB Waterbath 98°C/ 40 min
c DAKO Epi. Epitope retrieval solution, Dako
d LSAB+AEC LSAB peroxidase-blocking solution and AEC substrate chromogen
e CM+DAB ChemoMate detection kit peroxidase/DAB rabbit/mouse chromogen
f MW Microwave 160°C/30 min
gMultiLink+AEC MultiLink 2/3. Antibody and AEC substrate chromogen
h HRP+Envis. DAB ChemoMate Dako Envision, horseradish peroxidase, rabbit/mouse
i DAKO Tar. Target retrieval solution pH 9.0, Dako
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parenchyma, we tested reactivity and staining intensity.
Internal positive and negative controls were identified
within the tissue section. After having defined weak and
strong stainings (1+ and 3+), the sections were evaluated
for the percentage of positively stained tumor cells for each
antibody at once (in increments of ten). The site of the
reaction was also evaluated as nuclear, cytoplasmic, and
membranous.

Statistical analysis of the IHC results was performed
using Spearman’s rank-sum test for correlation used in
Microsoft Excel© add-in program Winstat©.

All patient data were anonymized and thus they were in
accordance with the rules of the ethical committee of our
University.

Results

In our cases, we found more chromosomal gains than losses
(70.5 vs 29.5%). Frequent chromosomal alterations were
gains on chromosome 1 (seven cases, 31.8% of all cases),
chromosome 8q (six cases, 27.3%), chromosome 3 (six
cases, 27.3%), chromosome 7 (five cases, 22.7%), and
chromosome 19q (five cases, 22.7%). In addition, we
detected gains on chromosomes 11, 12p, 17q, and 20q.
Deletions of genetic material were seen only in a few cases
(most frequently on chromosomes 4q, 5q, 6q, and 13).

Furthermore, two other cases (one pleomorphic carcinoma
and one giant-cell carcinoma) did not exhibit any chromo-
somal aberrations as detected by CGH. In addition, two
pleomorphic carcinomas characterized by predominant
giant-cell components and minor large-cell carcinomas
differed from the other SC by showing gains of 11p and
12p but not the common aberrations on chromosomes 1,
8q, 3, and 7. A detailed karyotype of all chromosomal
alterations is shown in Fig. 1.

In all control experiments, the 99% confidence interval
was within the thresholds set to 1.2 and 0.8 except of the
sex chromosomes. The deviation of the ratio at X-
chromosomes was clearly detected in each control experi-
ment hybridized in a sex-mismatch manner.

All immunohistochemical markers were evaluated semi-
quantitatively for their staining pattern and intensity. Anti-
bodies for E-cadherin stained the epithelial components of
SC more intensively, whereas Vimentin preferentially
stained spindle and giant cells. Vimentin not only showed
a positive immunoreactivity in the cytoplasm but in a few
cases also stained the nuclei (Table 2, Fig. 2a). Immuno-
histochemical staining of the cell-cycle control proteins
c-Jun and c-Fos was mostly confined to the mesenchymal
parts of SC. C-Jun (on chromosome 1p32) showed a
strongly positive nuclear reaction; however, in most
cases also, a cytoplasmic positive immunostaining pat-
tern could be observed (Fig. 2b). C-Fos (mean: 30%, 2+

Fig. 1 Overlapping karyograms of sarcomatoid carcinomas. Losses of
genetic material are displayed to the right, while gains are pictured to
the left of each chromosome. Pleomorphic carcinoma (green),

carcinosarcoma (red), pleomorphic carcinoma with giant- and large-
cell components (yellow), pure giant-cell carcinoma (blue)
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intensity) was less intensively stained compared to c-Jun
(mean: 70%, 3+ intensity). Weak overall immunoreac-
tivity could be seen for proteins belonging to the Notch1/
TGFβ1/Snail signaling pathway. Snail in most SC
showed a low percentage of positive cells (mean: 5%);
in Notch1, most cells were weakly stained (mean: 45%, 1+).
In addition, with both markers only cytoplasmic and no
nuclear reaction was seen (see Table 2). Reactivity for TGFβ
was overall weak, and only a small percentage of the tumor
cells were stained (mean: 5%, 1+).

In addition, diffuse cytoplasmic and membrane-confined
staining was seen for Glycogen synthase kinase 3β
(GSK3β) (Fig. 2c) and β-catenin (Fig. 2d), both represent-
ing the Wnt-signaling pathway. Fascin (fascin 1 and 3 on
chromosome 7, fascin 2 on chromosome 17q), an actin-

cross-linking protein, showed the strongest reaction of all
antibodies used in this study and was remarkably only
positive in the mesenchymal parts of SC (Fig. 2e). All
results of the immunohistochemical study are given in
Table 2.

The statistical analysis (n=22) revealed a strong positive
correlation for Fascin and c-Jun, correlation factor r=0.48
(p=0.011), Fascin/Vimentin, r=0.52 (p=0.006), and c-Jun/
Vimentin, r=0.37 (p=0.046). In contrast, we did not
evaluate any significant positive correlation between
Notch/TGFβ1/Snail and Vimentin or Fascin. Because β-
catenin did not show a nuclear staining pattern and
therefore might not function as a transcription factor, we
did not include it in our statistical analysis.

Fig. 2 a Immunohistochemistry
for Vimentin. In most cases,
there is positive reaction in the
mesenchymal parts of SC,
whereas the differentiated epi-
thelial component is negative.
Bar 20 μm. b Immunohisto-
chemistry for c-Jun. Strong
positive nuclear and a focal
cytoplasmatic reaction is seen in
this SC. There is no difference
between the SC components.
Bar 20 μm. c Immunohisto-
chemistry for GSK3β. A posi-
tive staining is seen in the
cytoplasm. Bar 50 μm. d Im-
munohistochemistry for β-cate-
nin. Overall positive reaction at
the cell membrane. Bar 20 μm.
e Immunohistochemistry for
Fascin. Strong overall reaction
in the mesenchymal parts of SC.
Most epithelial cells are nega-
tive. Bar 20 μm
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Discussions

CGH results for SC revealed some overlaps of chromo-
somal aberrations indicating a possible common histoge-
netic origin of the different subtypes of SC.

Pleomorphic and spindle-cell carcinomas all showed
gains on either 8q, 7, 5, 3q, 1 or 19, and 5p. In addition to
pleomorphic carcinoma, carcinosarcoma also showed gains
on 3q, 5p, and 19. This might be interpreted that
carcinosarcoma and pleomorphic and spindle-cell carcino-
ma are closely related according to their genetic origin,
which is also supported by the studies of Rossi et al., Pelosi
et al., and Fishback et al. [3, 13–15]. Gains of genetic
material on chromosomes 2q and 14q separate carcinosar-
coma from the other subtypes of SC. This, however, should
be interpreted with caution due to the small numbers of
cases investigated.

The chromosomal aberrations of giant-cell carcinomas
also showed gains on chromosomes 1q, 3q, and 7,
indicating a genetic relation to pleomorphic carcinoma
and carcinosarcoma. Nevertheless, chromosomal losses on
13p and 15p were only found in giant-cell carcinoma,
probably pointing to the differences in the phenotypic
appearance as well as their much more aggressive
behavior [3].

The two cases of pleomorphic carcinomas with giant-
and large-cell components did clearly show chromosomal
alterations, which are not found in the other subgroups of
SC. Gains on chromosomes 11p, 12p, 9q, and 17q and
losses on 13q were exclusively detected at that type of
carcinomas. There was no similarity with pure giant-cell
carcinoma; however, the number of cases is probably too
small to draw a final conclusion.

Some of the chromosomal aberrations found in SC are
not commonly seen in adenocarcinomas (7+ and 12p+) and
gains of 1q, 7+, and 8+ not in squamous cell carcinomas
[10, 19]. This clearly separates SC from adenocarcinomas
and squamous cell carcinomas, although both are the most
frequent found components in SC. In one study, the
various parts of SC were investigated separately by CGH,
and no influence on the chromosomal aberrations was
seen [17].

With respect to EMT [2, 4, 5], it seems that the well-
known signaling-pathway Notch and its downstream
ligands such as TGF-β do not play a crucial role in our
cases. Moreover, the combined membranous and cytoplas-
mic staining for β-catenin and the cytoplasmic staining for
GSK3β could implicate a normally regulated Wnt-pathway
[9, 11]. The weak staining for E-cadherin might be
interpreted as a result of mutation, which would cause β–
catenin to dissociate from its membranous partners and
shed into the cytoplasm. High expression of GSK3β in the
cytoplasm could be an indicator of immediate ubiquitiny-

lation of β-catenin; however, GSK3β needs to be phos-
phorylated. This was not proven in our experiments.

It is interesting to note that we could show that high
nuclear activity of the transcription factor c-Jun might be
responsible for the expression of Vimentin in SC, as
previously investigated by Wu et al. [21] in cell lines, and
probably also Fascin, which is also substantiated by our
statistical analysis [13]. Vimentin might therefore be
responsible for the EMT and Fascin for an increase in cell
motility.

In conclusion, our CGH data point to a close relationship
of all subgroups in SC, except the pleomorphic, giant-, and
large-cell carcinomas. We provide some evidences that the
newly described signaling pathway of c-Jun/ Vimentin acts
as probable promoter of EMT in SC. Thus, the members of
the c-Jun pathway might be the targets for a new
therapeutic treatment concept in these highly aggressive
carcinomas.
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