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Gain of chromosome 7 by chromogenic in situ hybridization
(CISH) in chordomas is correlated to c-MET expression
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Abstract Chordomas are low to intermediate grade
malignancies that arise from remnants of embryonic noto-
chord. They often recur after surgery and are highly resistant
to conventional adjuvant therapies. Recently, the develop-
ment of effective targeted molecular therapy has been
investigated in chordomas that show receptors for tyrosine
kinase (RTKSs) activation. Expression of specific RTKs such
as Epidermal Growth Factor Receptor (EGFR) and Mesen-
chymal-epithelial transition factor (c-MET) in chordomas
may offer valuable therapeutic options. We investigated
changes in copy number of chromosome 7 and correlated it
with EGFR gene status and EGFR and c-MET protein
expression in 22 chordoma samples. Chromosome 7 copy
number was evaluated by chromogenic in situ hybridization
(CISH) and protein expression of EGFR and ¢-MET by
immunohistochemistry. Tumors mostly showed conven-
tional histopathologic features and were found mainly in
sacral (41%) and cranial sites (54.5%). Aneusomy of chro-
mosome 7 was seen in 73% of the samples, 62% of primary
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tumors and in all recurrent chordomas. EGFR and c-MET
were both expressed, but only c-MET protein expression
was significantly correlated with chromosome 7 aneusomy
(P < 0.001). c-MET overexpression may represent an early
chromosome 7 alteration that could play an important role
during chordoma pathogenesis. c-MET overexpression
shows promise as a molecular marker of response to targeted
molecular therapy in the treatment of chordomas.
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Abbreviations

CISH Chromogenic in situ hybridization
RTKs Receptors tyrosine kinase

EGFR Epidermal growth factor receptor

c-Met  Mesenchymal-epithelial transition factor
Introduction

Chordomas are considered low to intermediate grade
malignancies, accounting for 1-4% of all primary bone
tumors. They arise from remnants of embryonic notochord,
and are typically located along the axial skeleton. Cranial,
spinal and sacral sites are the most common locations,
although they can also be found in extra-axial locations. In
the United States, the incidence rate for chordoma is 0.08
per 100,000. Chordomas are more common in males and are
rare among patients 40 years old and younger [1]. The
standard treatment for chordoma is surgery with clean
margins, which is often difficult due to the proximity of
tumor to important anatomical structures. It is well
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recognized that these tumors are highly resistant to radio-
therapy and conventional chemotherapy, thus presenting a
high metastasis rate and poor patient outcome [2—4].

Recently, molecular studies have been performed to
identify chromosomal and genetic changes that may be
involved in chordoma pathogenesis. More specifically,
targeted molecular therapy has been investigated in tumors
with tyrosine kinase receptors (RTKs) activation as a
possible novel therapeutic option. Previous studies have
reported that downstream tyrosine kinase signaling is
activated in chordomas that express certain RTKs [5-7],
which has been related to tumor development and pro-
gression [8, 9].

Expression of specific tyrosine kinase receptors such as
Epidermal Growth Factor Receptor (EGFR), platelet-
derived growth factor receptor (PDGFR) alpha and beta,
mesenchymal-epithelial transition factor/hepatocyte growth
factor receptor (c-MET) and HER2/neu have been previ-
ously reported in chordomas [10, 11]. Activation of tyrosine
kinase induces signaling of several downstream proteins
within MAPK, Akt and JNK pathways, which have been
associated with tumorigenesis and tumor progression
through effects on the cell cycle, apoptosis, angiogenesis
and metastasis [8, 12]. Some RTKSs, especially EGFR and c-
MET [13] have been identified as potential therapeutic
targets in many solid tumors [14, 15]. Previous studies in
chordomas have shown that tumors that express EGFR
among other RTKs may also respond to specific targeted
molecular therapy inhibiting TK activation [16, 17].

Ostroumov et al. concluded that c-MET oncoprotein
may play a leading role during metastasis by showing
positive chemotactic and migration activities of a chord-
oma cell line in response to hepatocyte growth factor
(HGF) [18]. On the other hand, Naka et al. have shown that
positive c-MET expression in young patients with primary
skull base chordomas was related to longer survival.
Interestingly, it was also associated with tumor invasive-
ness in recurrent lesions, suggesting a role for c-MET
based on clinical status. However, this association was not
significantly demonstrated in spinal chordomas, [11, 19].
Therefore, it is still under investigation whether c-MET
oncoprotein is related to tumor progression, metastatic
potential or if its function is related to tumor location.

Cytogenetic and molecular genetic studies of chordomas
reveal a complex karyotype, showing multiple chromo-
somal aberrations, either gains or losses in different chro-
mosomes [20]. Gain of chromosome 7 is the most common
chromosomal alteration reported to date [21, 22]. From a
genetic perspective, gains in chromosome 7 seem to be
particularly related to gene amplification in different
tumors that exhibit activation of the tyrosine kinase
domain. Interestingly, EGFR and c-MET are found on
chromosome 7, at loci 7p12 and 7q31, respectively [23].
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Although both are expressed in tumors with chromosome 7
alterations [16, 17, 24], increased copy number of chro-
mosome 7 and their relation to RTK genes expressions
have not been investigated in chordomas.

Therefore, the aim of this study was to evaluate the
presence of gain or loss of chromosome 7 and to correlate it
with protein expression of certain RTKs genes within this
domain, specifically EGFR and c-MET oncoprotein. The
association between clinicopathological features and pro-
tein expression of c-MET and EGFR was also evaluated.

Methods
Patients and samples

A total of 22 samples from 18 patients including primary
and recurrent tumors were obtained from the archives of
the Department of Pathology at the A.C. Camargo Hospi-
tal, Sao Paulo, Brazil after IRB approval. Patient clinico-
pathological data was retrieved from the medical records.
Hematoxylin and Eosin (H&E) stained slides were
reviewed independently by a neuropathologist to confirm
the diagnosis and to tabulate the presence of some histo-
pathological features as necrosis, mitotic activity or high
degree of nuclear pleomorphism.

Chromogenic in situ hybridization (CISH)

CISH for the centromere region of chromosome 7 and
EGFR gene status was performed on serial 5 pm thick
formalin-fixed paraffin-embedded chordomas sections.
Briefly, slides were deparaffinized in xylene and rehydrated
in graded ethanol. Tissue sections were rinsed in deionised
water and then placed in a beaker containing Tissue Pre-
treatment Buffer (SpoT-Light® Tissue Pre-treatment Kit,
Invitrogen, CA, USA) heated at >98°C for 15 min. The
slides were immediately washed in deionised water fol-
lowed by enzymatic digestion with pepsin (SpoT-Light®
Tissue Pre-treatment Kit) for 10 min at room temperature.
The slides were washed with deionised water, dehydrated
with graded ethanol and air-dried. Ready-to-use biotin-
labeled chromosome 7 centromere or digoxigenin-labeled
EGFR DNA probes (Zymed, South San Francisco, CA)
were applied to each section, respectively. Tissue sections
containing the added probe were denatured at 94°C for
5 min and incubated at 37°C overnight in a slide hybridizer
(StatSpin, Thermobrite®, MA, USA). The sections were
washed in 0.5x standard saline citrate (SSC) at 75°C for
5 min and then with distilled water. Sections were placed
in 3% H,0, in absolute methanol for 10 min to block
endogenous peroxidase. To block unspecific staining,
slides were incubated with CAS-Block for 10 min. After
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that, for the detection of the centromere probe, the SpoT-
Light® CISH™ Centromere Detection Kit (Invitrogen,
CA, USA) was used, and to detect the EGFR probe, the
SpoT-Light® CISH™ Polymer Detection Kit was used.
The biotin-labeled chromosome 7 centromere probe was
detected by incubation with HRP-conjugated streptavidin
for 30 min, followed by diaminobenzidine chromogen
(DAB). For the digoxigenin-labeled EGFR probe, mouse
anti-digoxigenin antibody was applied for 30 min and then
incubated with anti-mouse HRP-polymer and finally visu-
alized with DAB. Sections were lightly counterstained with
hematoxylin, dehydrated and mounted. CISH signals were
easily visualized as dark brown scattered dots in a con-
ventional bright-field microscope.

Interpretation of CISH signals

In situ hybridization signals were evaluated under light
microscopy using a 40x objective. Signals within the
nuclei in three different areas of the sample were counted.
As previously reported [14], interpretation of chromosome
7 centromere signals resulted in two categories as follows:
disomy (<2 copies in >90% of cells) and aneusomy (three
and more copies). The aneusomy category was further
divided into trisomy (>3 copies in >90% of cells or >4
copies in less than 50% of cells) and polysomy (>4 copies
in >50% of cells). Hence, the disomy group included only
normal samples, while the polysomy group consisted of
samples that showed a high degree of chromosomal alter-
ations in most of the tumor cells. To evaluate the EGFR
gene, gene amplification was defined by the presence of
>15 copies of the gene in more than 10% of tumor cells, as
has been previously described [14].

Immunohistochemistry

Five micron-thick slides were deparaffinized, rehydrated in
graded ethanol and rinsed in water. Antigen retrieval was
performed for EGFR staining using enzyme digestion
(Pepsin, Digest All 3, Zymed) applied for 10 min at 37°C.
For c-MET staining, heat-induced antigen retrieval was
performed with 1 mM EDTA buffer, pH 8.0 in a micro-
wave oven for 20 min. Endogenous peroxidase blocking
solution was applied for 10 min followed by incubation
with the primary antibodies for 1 h at room temperature
(either mouse anti-EGFR monoclonal antibody (31G7,
Zymed, San Francisco, CA, 1:100 dilution) or rabbit
polyclonal anti-MET (C-28, SC-161, Santa Cruz Biotech-
nology, Santa Cruz, CA, 1:1000 dilution). Incubation with
the EnVision™ Dual Link System-HRP (DAB™) (Dako
North America, Carpinteria, CA, USA) for 30 min and
DAB chromogen was used for detection. Tissue sections
were subsequently counterstained, dehydrated and

mounted. During all the staining procedures, positive and
negative controls were run simultaneously.

Evaluation of immunohistochemistry (IHC)

EGFR and C-MET cytoplasmic/membranous expression
was determined by consensus evaluation of three observ-
ers. Interpretation of IHC was scored based on staining
intensity and distribution as previously described [25, 26].

The intensity score was defined as follows: 0 = non-
detectable staining, 1 = weak staining, 2 = moderate
staining and 3 = strong staining in cytoplasm. Samples
with a score of two or more were considered positive. The
staining pattern was determined as the presence of positive
staining in some tumor areas (focally) or in the entire tumor
(diffuse) within a tissue section.

Statistical analysis

Correlation between protein expression, chromosome 7
status and clinicopathological data were estimated with
either Chi-square or Fisher’s exact tests using SPSS soft-
ware version 13 (Chicago, IL). Statistical significance was
defined as a 2-sided P value < 0.05. A sample size of
N = 22 allowed for an 80% power to detect at least a 70%
change between any two categories in the Chi-square tests.

Results
Clinical findings

Twenty-two samples from 18 different patients diagnosed
with chordomas were evaluated, which included 19 pri-
mary conventional chordomas and 3 recurrent tumors. Case
7 presented two primary tumors at different locations. In
cases 5, 7 and 8, both primary and recurrent tumors were
evaluated (Table 1).

Patient age at diagnosis ranged from 18 to 77 years
(median 47 years). Fifty-nine percent of the patients were
40 years old or more and female preponderance was
observed, representing 59% of the patients. Of the 18
patients studied, 3 cases presented recurrent disease
(16.6%). Ninety-five percent of the tumors were located in
the axial skeleton, distributed either in cranial (41%) or
sacral (54.5%) locations. Within the cranial sites, clivus,
nasopharynx and mandible were the most common. One
recurrent tumor was found extra-axially within the soft
tissue of the lower limb. In young patients (<26 years old),
there was also a female preponderance (P = 0.049). This
group of patients showed mostly cranial chordomas
(P = 0.010), while patients older than 40 years presented
more often with tumors in the sacral region (P < 0.001).
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Table 1 Clinicopathological features of chordoma samples

Case Age Gender Tumor Tumor type Location

1 37 Female Primary Classic Clivus

2 18 Female Primary Classic Clivus

3 20 Female Primary Classic Clivus

4 63 Female Primary Classic Sacrum

5 54 Female Primary/recurrence Classic/chondroid Sacrum/soft tissue lower limb
6 68 Male Primary Classic Sacrum

7 26 Female Primary/recurrence Classic Nasopharynx/mandible/clivus
8 32 Male Primary/recurrence Classic Clivus

9 58 Male Primary Classic Sacrum

10 75 Male Primary Classic Sacrum

11 50 Female Primary Classic Sacrum

12 59 Male Primary Classic Sacrum

13 58 Female Primary Classic Sacrum

14 56 Male Primary Classic Sacrum

15 42 Male Primary Chondroid Sacrum

16 26 Female Primary Classic Nasopharynx

17 29 Male Primary Chondroid Sacrum

18 77 Female Primary Classic Sacrum

Microscopic findings

Histologically, tumors contained characteristic physaliph-
orous cells with vacuolated cytoplasm, or in some instan-
ces, cells with a clear or signet-ring appearance organized
in a chord-like manner. The diagnosis of chordoma was
supported by the positive expression of cytokeratin (AE1/
3), epithelial membrane antigen (EMA) and S-100 anti-
bodies. Tumors with necrotic areas were seen in 9% of the
cases; however, only a few mitotic figures were identified.
Forty-five percent of cases showed variable nuclear pleo-
morphism. In one case, the tumor consisted of two types of
cells: small uniform non-vacuolated cells with hyperchro-
matic nucleus arranged in nests, and in other areas, large
physaliphorous cells arranged in groups. However, on
statistical analysis, none of the histological features cor-
related with clinical data, tumor type or recurrence.

Fig. 1 Representative tissue
sections showing EGFR
expression detected by
immunohistochemistry. a EGFR
negative sample (score 0). No
brown staining is seen in tumor

Expression of EGFR and c-MET

Both antibodies showed membranous or cytoplasmic
immunoreactivity within tumor cells. Positive EGFR
expression was seen in 32% (7/22) of the cases (Fig. 1).

There was a significant correlation between EGFR
immunohistochemical reactivity and female gender
(P = 0.01). Chromosome 7 status or c-MET gene expres-
sion did not correlate with EGFR either gene amplification
or protein expression.

c-MET expression was evaluated using the same score
applied for EGFR, including intensity of staining and
staining distribution. Weak staining (score 1) was seen only
in 5% of the cases (1/22), moderate expression (score 2) in
59% of the cases (13/22), and strong staining (score 3) was
found in 18% (4/22) (Fig. 2). Negative c-MET expression
approached 20% of the cases (4/22, 18%).

cells. b Moderately positive
section (score 2). Staining is
seen delineating cell membrane
and disperses throughout the
cytoplasm of the cells. Insert
shows EGFR expression in a
skin tissue used as positive
control
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Fig. 2 c-MET expression
evaluated by immunoperoxidase
staining in chordoma.

a Negative sample (score 0). No
appreciable staining is observed
within the tissue. b Score

1 = weak. Some brown
reaction product is observed
delineating the membrane of the
cells and weakly within some
tumor cells. ¢ Moderately
positive sample (score 2).
Membranous and cytoplasmic
brown staining is easily seen in
the tumor cells. d Intense brown
staining is appreciated in the
tumor cells (score 3). Small
insert shows breast tissue used
as a control

Most of the tumor samples showed positive c-MET
expression (77% of the cases) (score >2), which was dif-
fusely distributed in 82% of the samples, and focally in
only a few cases.

Positive expression of ¢c-MET correlated with increased
copy number of chromosome 7, being significantly corre-
lated with aneusomic (trisomy or polysomy) samples
(P < 0.001). c-MET or EGFR expression were not found
to correlate with any other clinicopathological features.

Copy number of chromosome 7 by chromogenic in situ
hybridization (CISH)

Twenty-seven percent (6/22) of cases showed normal dis-
omy for chromosome 7. Trisomy was seen in 59% (13/22)
and polysomy in 14% (3/22) of samples, accounting for
almost 73% of aneusomy (Table 2). No significant

Table 2 Chromosome 7 copy number status in the chordoma
samples

Chromosome 7 status Cases %
Disomy 6/22 27
Aneusomy 16/22 73
Trisomy 13/22 59
Polysomy 3/22 14

correlation was found between aneusomy and EGFR
expression (Table 3). However, aneusomy (trisomy and
polysomy combined) correlated with positive c-MET
expression with 84% of diploid cases showing negative
expression, whereas all trisomy and polysomy cases were
positive for c-MET expression (P < 0.001) (Table 4,
Fig. 3).

Although not statistically significant, 87.5% of the cases
that demonstrated polysomy of chromosome 7 were in
patients 26 years old or older (P = 0.100) and 62% of the
patients that presented sacral chordomas had chromosome
7 polysomy (P = 0.513). According to tumor status, 68.4%
of primary tumors showed polysomy of chromosome 7;
all recurrent cases had this chromosomal alteration

Table 3 Correlation between chromosome 7 copy number and
EGFR expression

Chromosome 7 status EGFR protein expression

Negative Weak Moderate Strong P value®

n (%) n (%) n (%) n (%)
Disomy 5(23) 00 1@5 0@ 0227
Aneusomy
Trisomy 7 (44) 0 6(37.5 0(©)
Polysomy 3(19) 00 0 0 (0)

% Fisher’s Exact Test
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Table 4 Correlation between chromosome 7 copy number and c-
METexpression

Chromosome 7 c-MET protein expression

status
Negative Weak Moderate Strong P value®
n (%) n (%) n (%) n (%)
Disomy 4 (18) 145) 145 0@ 0.006
Aneusomy
Trisomy 0 (0) 0(0) 10 (45.5) 3 (14)
Polysomy 0 (0) 0 (0) 209 1 (4.5)

% Fisher’s Exact Test

(P = 0.346). There was no correlation between histologi-
cal features, diploidy, trisomy or polysomy of chromosome
7 and the presence of necrosis or mitoses in the tumor cells.
Interestingly, nuclear pleomorphism was seen in 80% of
cases where tumor cells showed an increase in copy
number for chromosome 7.

EGFR gene amplification by chromogenic in situ
hybridization (CISH)

CISH of the EGFR gene was performed in 13 samples of
this series. Fifty-three percent (8/15) of cases that lacked
protein expression for EGFR by immunohistochemistry
also lacked amplification of the EGFR gene.

Fig. 3 Chromogenic in situ
hybridization (CISH) of
chromosome 7 in chordomas.

a and ¢ Hematoxylin and Eosin
staining. a Nest and cluster of
cells, with vacuolated and clear
cytoplasm that represent tumor
cells is shown. b Note the high
grade of nuclear pleomorphism
in the chordoma cells that are
distributed within a myxoid
matrix. b and d CISH technique
was performed to evaluate copy
number for chromosome 7.
Dark brown dots can be seen
within the nuclei of the cells.

b Representative diploid cells
showing two dots within each
nucleus. d High degree of
aneusomy is appreciable within
the nuclei of the cells, where
three or more dots are observed
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Discussion

The presence of multiple chromosomal alterations in
chordomas has been reported previously [27-29], but this
observation has not been implicated in the pathogenesis of
chordomas [30, 31]. In a study of using comparative
genomic hybridization (CGH) and fluorescence in situ
hybridization (FISH) to detect chromosomal alterations in
six sacral chordomas, the most frequent gain (66%) was
found on chromosome 7 [21]. Sheil et al. reported that gain
on chromosome arm 7q [22] was a common finding in 69%
of chordomas studied. The authors concluded that the 7q
gain may be related to overexpression of c-MET via 7q
amplification and that it may represent an early event
during chordoma progression [16].

In our study, we investigated changes in copy number of
chromosome 7 by chromogenic in situ hybridization
(CISH). This technique has advantages over FISH, because
it uses conventional peroxidase reactions that can be
observed under light microscopy at the sites where the probe
hybridized, thus allowing simultaneous visualization of the
signal and surrounding tissue morphology. Using this tech-
nique, we detected an increase in copy number of chromo-
some 7. Trisomy was found in around 59% of the cases and
polysomy in 14%. Our results confirm previously published
findings that gain of chromosome 7 is a frequent alteration in
chordomas, supporting its possible pathogenetic role [20].
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Molecular cytogenetic techniques have mapped the most
frequent gains at the following loci: 7p15 [29], 7p21-p22
and portions of arms 7q [22]; 7q22 [22], 7q33 [32], 7q34 and
7q36 [22]. However, candidate genes present in these
chromosomal areas have not being positively correlated
with chordoma formation.

Interestingly, gains of chromosome 7 have been reported
in primary and recurrent chordomas [32]. No significant
differences among tumors at different anatomic sites were
found [22]. We observed gain of chromosome 7 in primary
and recurrent tumors, with a high percentage (83%) of
sacral tumors showing polysomy of chromosome 7.

Despite our limited sample size, we believe that both
primary and recurrent chordomas exhibit a high incidence
of polysomy of chromosome 7. In addition, we found that
this alteration is more frequent in patients older than
26 years and that it is common in sacral tumors. These
facts imply that this chromosomal aberration is not only an
early effect for chordoma formation, but also, that it per-
sists during tumor progression.

In the present study, we focused our investigation on the
differential expression of receptors TKs genes on chro-
mosome 7 that may be related to the presence of the
chromosomal aberration. Since the proto-oncogene c-MET
and EGFR are currently being investigated as potential
therapeutic targets and biomarkers for chordoma, we
selected to study their expression [7, 33]. Previous reports
on EGFR expression in chordomas have not achieved a
consensus regarding its role in disease onset and progres-
sion; however, it has been noted that chordomas overex-
press EGFR and c-MET. In addition, HER2/neu and EGFR
expression has been reported between 48 and 66% of the
cases, and c-MET expression in 90% of them in previous
studies [6, 16, 17].

The EGF pathway is involved in tumor growth and cell
survival. Drugs such as cetuximab and gefitinib have
demonstrated reduced tyrosine kinase activity and its
downstream signals. Different types of tumors, which have
been treated with these agents have shown encouraging
response rates. In a patient with progressive sacral chord-
oma, a partial response was achieved inhibiting the EGF
pathway with a combination of two monoclonal antibodies
[6]. In the present study, we found that 32% of the cases
showed EGFR protein overexpression but none of the cases
showed EGFR gene amplification. The role of c-MET
proto-oncogene in many cellular processes and during
tumor progression and invasion has been reported in dif-
ferent types of tumors [9, 16, 34]. In chordomas, c-MET
expression is seen in up to 94.5% of primary lesions and
88% of recurrent lesions, without much distinction between
skull-base and non-skull base chordomas [5, 11, 19]. In a
human chordoma cell line established from a primary
sacral tumor in which ¢c-MET expression was studied, the

authors suggested that in vivo, c-MET oncoprotein plays a
leading role during tumor growth and metastasis [18].
Furthermore, different investigators have reported that c-
MET expression may either correlate with tumor invasion
and progression, or alternatively, with favorable prognosis.
These conflicting results suggest that its role may vary with
the clinical status of the disease; however, further investi-
gation is warranted to resolve the issue of this apparent
differential function.

Nonetheless, our results confirm that c-MET expression
is a common event in both primary and recurrent lesions.
These results confirm previous observations by Ostroumov,
et al. that c-MET overexpression may be a result of chro-
mosome 7 alteration during an early stage of chordoma
formation, which persists during disease progression until
recurrent lesions occur. We hypothesize that further accu-
mulation of ¢c-MET gene in chordomas may lead to a
break-point in which loss of c-MET gene may occur, thus
promoting aggressive and invasive behavior.

In conclusion, polysomy of chromosome 7 in primary
and all recurrent tumors confirmed by CISH is associated
with c-MET expression alterations, thus suggesting a role
in chordomas progression. These results contribute to the
understanding of the pathogenesis of chordoma and support
the development of targeted therapies that inhibit c-MET
activation. Further studies are needed to evaluate the
effectiveness of treatment, especially focusing on therapies
inhibiting different TK receptors.
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