
Abstract. Background: To study the neuropathology and
selected tumour markers of malignant gliomas, an
animalglioma model was developed using the implantation
of U87 human glioblastoma cells into chick chorioallantoic
membrane. The immunohistochemical characteristics were
studied and compared with an orthotopic rodent model.
Materials and Methods: The U87 cell suspension was
inoculated onto the chick chorioallantoic membrane on
embryonic day seven and into the brain of nude rats. Brain
tumour sections were examined for various known tumour
markers by routine haematoxylin and eosin staining and
immunohistochemical analyses. Results: The immuno-
histochemical analyses showed that S100 protein, glial
fibrillary acidic protein and synaptophysin expressions,
initially present in tissue culture, were lost in both modeìs.
Persistent kallikrein, CD68 and vimentin expressions in U87
cells, as well as in both animal tumour models, were
detected. The percentage of p53-positive nuclei, which was
higher in the tumours grown on the chick chorioallantoic
membrane than in rats, did not correlate with the Ki-67
labelling index. Strong cathepsin expression was maintained
from the cell culture to both tumour models. CD3-positive
cells and numerous leukocytes, but no CD20-positive cells
were detected in any of the animal samples, indicating the
immunological response of the host to be primarily cellular.
Stronger immune reaction for vascular endothelial growth
factor in rats correlated with an observed increase in
vascular proliferation in these tumours. Conclusion: A
simple, fast-growing, cheap and well-defined chick

chorioallantoic membrane model of glioma was established,
providing a basis for further experimental studies of genetic
and protein expression during human glioma tumourigenesis.
This model may possibly replace some rodent models for
selective studies.

Malignant brain tumours represent an outstanding problem in
human cancer treatment since infiltrative growth enables the
disease to evade all forms of control. Diffuse infiltration
renders complete surgical resection difficult and contributes
to the high incidence of recurrence. Stereotactic biopsies of
astrocytomas have demonstrated the existence of tumour cells
at considerable distances from the main tumour (1) and it has
also been shown that tumour cells are present at a distance
greater than 4 cm from the gross tumour (2). There has been
little improvement in the glioblastoma multiforme (GBM)
survival rate since the 1980s in the United States (3), despite
improved microsurgical techniques and introduction of new
drugs. Relatively little information about the mechanisms
which underlie diffuse local invasion can be obtained from
the study of histological sections of human brain tumours (4).
To this end, the development of several animal models has
provided specific clues about the formation of gliomas. Such
animal models are also beneficial for selective molecular and
biochemical analysis of tumour markers. Existing GBM
models are based on inoculation of glioma cells into rodent
brains or the use of transgenic mice (5-7). These rodent
models are limited not only by high costs, long experimental
duration, variability and major ethical concerns, but also by
the difficulty of obtaining morphological data during tumour
progression, resulting in large numbers of animals required
to obtain conclusive results (8). A reproducible, cheap and
fast in vitro GBM model would enable researchers and
clinicians to gain additional diagnostic (prognostic)
information for planning individualised therapies. This would
also contribute to a better understanding of brain tumour cell
biology and facilitate discovery and validation of new
therapeutic targets. The system used in the current study
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consisted of a human tumour grown in a xenogeneic host, the
chick embryo. A tumourigenesis model, originating from the
U87 human glioblastoma cell line, on the chick
chorioallantoic membrane (CAM), a densely vascularised
extra-embryonic tissue, was developed. A few studies in chick
embryos have been undertaken by others, but the primary
focus was to demonstrate metastatic potential and not local
invasiveness (9-11). This study aimed to compare the
expression of various immunohistochemical markers of U87
cells and spheroids in culture and in rat brain with those
grown on the CAM membrane. This model, if similarities
with in vivo human glioma progression are found, has the
potential to offer the opportunity to better understand the
biology of tumour progression and the possible interference at
molecular levels by down-regulating the most relevant factors. 

Materials and Methods

U87 glioma cell culture conditions. U87 is a highly malignant
anaplastic glioma clone derived from a 44-year-old Caucasian
woman and was kindly provided by Tamara T. Lah (Department of
Genetic Toxicology and Cancer Biology, National Institute of
Biology, Ljubljana, Slovenia). Its in vitro and in vivo growth
characteristics have been described in detail previously (12-14). The
cells were grown in plastic 75 cm2 flasks with Vent Cap (Corning,
Acton, MA, USA). The cell lines were routinely maintained in
tissue culture medium, consisting of Dulbecco’s modified Eagle’s
medium (DMEM) (Sigma, St. Louis, MO, USA) containing 10%
heat-inactivated foetal bovine serum, 2% L-glutamine, penicillin
(100 IU/ml) and streptomycin (100 μg/ml). The flasks were kept in
a standard tissue culture incubator (100% relative humidity, 95% air
and 5% CO2) (Forma Scientific, USA) and studied daily by phase-
contrast microscopy (Euromex, the Netherlands). The culture
medium was exchanged twice weekly. 

For transplantations, the monolayer of cells in culture was
trypsinized (Trypsin-EDTA; Gibco, Invitrogen Corporation,
Carlsbad, CA, USA), washed in phosphate-buffered saline (PBS),
pH 7.4, (Sigma-Aldrich Cheme, Steinheim, Germany) and
suspended in tissue culture medium. The cell number and viability
was determined by trypan blue (Sigma-Aldrich Cheme) exclusion
in a haemocytometer (Neubauer improved; Labor Optik). 

Spheroid cell growth. For spheroid formation, either the U87 cell
suspension or the 0.5 mm tumour fragments were put into a 60 mm
Ultra Low Attachment Dish (Corning Inc., NY, USA). The Ultra
Low Attachment surface is a covalently bound hydrogel layer that is
hydrophilic and neutrally charged, preventing cell attachment.
Fifteen minutes prior to the addition of either cells or tumour
fragments, medium was added to the surface for rehydration, the
medium was aspirated and 5 ml of fresh medium were added.
Dishes were kept in a standard tissue culture incubator as described
above. The spheroids were studied daily by phase-contrast
microscopy, for up to 30 days, at which time they were fixed for
histology and immunohistochemistry.

Chick chorioallantoic membrane (CAM) model. Fertilised chicken
eggs (Gallus gallus domesticus) were obtained from a local supplier
(Perutnina Ptuj d.d., Slovenia) and kept in a humidified incubator

at 37.0˚C and 80% humidified atmosphere. On embryonic day (E)
seven, twenty eggs were candled and the outside surface was
sterilised with ethanol. After puncturing the air chamber, the shell
was thinned under the stereomicroscope with a high speed drill
above the CAM near the intersection of major blood vessels. U87
cell suspension (3-5×106 cells in 40 μl of medium) was deposited
on the intact CAM and the opening in the shell was sealed with a
piece of transparent tape (TESA). On day E 14, eggs were opened,
embryos, if alive, were decapitated and CAMs with tumour were
excised and fixed in 10% buffered formalin and processed for
histological and immunohistochemical analysis. 

Nude rat model. The research protocol was reviewed and approved
by the Institute Animal Care and Use Committee, Roswell Park
Cancer Institute, Buffalo, New York and conformed to the National
Institute of Health guidelines. Nude rats (Hsd:RH-Foxn1rnu)
originally obtained from Harlan Sprague Dawley Co. (Indianapolis,
IN, USA) were bred and maintained in specific pathogen-free
conditions. All animal procedures were performed in a laminar flow
hood. Three-month-old male nude rats were anesthetised with a
ketamine (90 mg/kg) xylazine (4 mg/kg) mixture and placed in a
stereotaxic frame (Kopf Instruments, Tjunga, CA, USA).
Subsequently, 2.5×104 U87 cells in 2.5 μl serum-free DMEM
medium were deposited in a procedure outlined previously (15).
Sixteen days after tumour implantation, animals were euthanised by
CO2 asphyxiation and perfused transcardially with PBS followed by
10% formalin. Brains were removed and post-fixed in 10%
formalin. The brains were then placed into a rodent brain matrix,
cut in the coronal plane and processed for paraffin embedding.
Thereafter, 5 μm transverse sections were cut and stained with
haematoxylin and eosin (H&E) or labelled for the presence of
different markers. 

Immunohistochemical analysis. Immunohistochemical staining was
performed using a standard technique, according to the protocol of
the Department of Pathology at the University Clinical Centre
Maribor, Slovenia. The U87 cell suspension was centrifuged at 2500
rpm for 15 minutes, the supernatant poured off and the cell sediment
resuspended in 0.5% bovine serum albumin (BSA; Serva,
Heidelberg, Germany). Smears were fixed in methanol for one hour
and then treated with methanol peroxide solution for 15 minutes.
Pre-cultured spheroids were fixed in 10% buffered formalin,
embedded in paraffin, and 5 μm sections were cut and mounted on
glass slides. Deparaffinisation and staining with the antibodies was
performed on a Ventana Benchmark XT automatic immunostainer
(Ventana Medical Systems, Tucson, AZ, USA) with an EDTA-based
retrieval solution (Ventana CC1, Tucson, AZ, USA). An UltraView
universal DAB (diaminobenzidine) detection kit was employed
(Ventana Tucson). The slides were incubated with the primary
antibodies raised against the Ki-67 marker of proliferation
monoclonal antibody (MAb) (1:100 dilution), p53 tumour
suppressor protein MAb (1:150 dilution), vimentin developmentally-
regulated intermediate filament MAb (1:300 dilution), S100 protein,
glial and ependymal cells marker polyclonal antibody (PAb) (1:3000
dilution), astrocyte-specific glial fibrillary acidic protein (GFAP)
PAb (1:2500), synaptophysin marker of neuroendocrinal function
PAb (1:50 dilution), cathepsin B cystein protease MAb (1:100
dilution), cathepsin L cysteine protease MAb (1:100 dilution), CD68
macrophage and microglia marker anti-human MAb (1:100
dilution), VEGF, a potent mitogen, specific for vascular endothelial
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cells which may directly stimulate the growth of new blood vessels
MAb (1:100 dilution) (16), CD3 most specific T-cell antibody PAb
(1:100 dilution), CD20-specific B-cell antibody MAb (1:100
dilution). Leukocytes contain esterase, an enzyme that splits esters
into an acid and an alcohol. Esterase stain is able to show leukocyte
infiltration within the tumour. Leukocyte esterase presence was
demonstrated according to the method of Burstone (17), using
naphthol AS-LC acetate as substrate. All antibodies were purchased
from DAKO, Glostrup, Denmark except for cathepsins B (clone
3E1) and L (clone N135), both KRKA, d.d., Novo mesto, Slovenia.

The Ki-67 labelling index (LI) and the percentage of p53-positive
nuclei was counted on a minimum of ten randomly selected ×40
high-power fields containing representative sections of tumour and
calculated as the percentage of cells with positively stained nuclei to
total cells. Immunoreactivity for the other brain-associated cell
markers listed above was evaluated as negative (–) when no positive
immunoreaction was observed within the tumour or endothelial
cells, weak (+) when fewer than 30% of the tumour cells were
positive, moderate (++) when 30-60% of the cells were positive, and
strong (+++) when more than 60% of cells were positive. Twenty
representative fields were counted using ×40 magnification. 

Slides stained with omission of the primary antibody served as
negative controls for Ki-67 and p53 staining. Positive controls for
S100 protein, synaptophysin, GFAP, vimentin kallikrein, VEGF
(vessels) and cathepsin L (nerve cells) were performed using normal
brain sections. Liver tissue sections were used as a positive control
for cathepsin B and spleen for the macrophage surface marker CD68
and CD20. Thymus was used as positive control for CD3. Appendix
was used as positive control for esterase stain. 

Results
Macroscopic findings: CAM. Seven days after inoculation
(day E 14), 17 out of 20 chick embryos were viable and all
showed tumour growth. Area of tumour infiltration ranged
from 3 mm2 to 21 mm2. Tumour nodules were mostly solid
and spherical in shape. Five CAM tumours were more star-
like in shape, with spreading of the tumour along the vessels
(Figure 1). Tumours were surrounded with a zone of oedema. 

Nude rats. In all three rats, a solid, spherical tumour
growth with a zone of peritumoural oedema in the ipsilateral
hemisphere was observed. Tumour volume ranged from 45
mm3 to 140 mm3. 

Histopathology: CAM. Within the CAMs blood vessel-rich
connective tissue, multiple small tumour nodules were
observed (Figure 2). Their size ranged from 0.2×0.3 mm (to
0.8×0.9 mm). Apart from gross tumour mass, small groups
of infiltrative tumour cells were seen within the connective
tissue and attached to vessel walls. This focal infiltration of
neoplastic cells into perilesional tissue was a common
finding. In most cases, a narrow band of leukocyte infiltrate,
consisting of granulocytes and lymphocytes, surrounded the
tumour nodules. The tumour cells were spindle-shaped or
polygonal with round or oval hyperchromatic nuclei with
nucleoli. They had a tendency to grow closely packed in
whorls and streams. Small anaplastic and giant cells were

also observed. Necrosis in these tumours was not common
(only 20% of cases) and there was no evidence of nuclear
pallisading around the necrotic foci. Little endothelial
proliferation was seen within the tumour nodules. 

Nude rats. All tumours were sharply demarcated against
the surrounding brain tissue (Figure 3). There were neither
bands of leukocyte infiltrates surrounding the tumour nor any
focal lymphocyte infiltration. Within the tumour, polygonal
cells were densely packed. The tumours diameter ranged from
5×7 mm to 3×5 mm and irregular with extensive peritumoural
oedematous reactions, especially in the white matter of the
ipsilateral hemisphere. In the tumour periphery, numerous
blood vessels demonstrated tumour neovascularisation.
Necrosis in these tumours was not observed at this time point
(16 days after inoculation). The full range of cytological
features of human glioblastoma was observed in these
tumours, including astrocytes, small anaplastic cells, spindle
cells and giant cells.

Immunohistochemistry. Results of the immunostaining are
summarised in Table I. The index of proliferation, Ki-67 LI,
was high in all samples, but the fraction of Ki-67-positive cells
was higher in the rat model (Figure 4A) (mean value 75%),
compared to CAM (Figure 4B) (30%). In cell suspension and
in tumours on CAM, more nuclei stained positively for p53
(Figure 4C) (mean value 50%) compared to tumours in rats
(Figure 4D) (mean value 30%). All of the tumour cells
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Table I. Immunohistochemistry of U87 cell smears, spheroids and
tumour samples.  

Sample U87 susp Sph CAM Immunosuppressed Nude rats
markers§ (n=5) (n=3) (n=5) rats (n=3) (n=3)

Ki-67 LI† 55% 35% 30% 80% 75%
p53‡ 40% 10% 50% 10% 30%
Vimentin +++ +++ +++ +++ +++
S100 ++ + – – –
GFAP ++ + – – –
CD3 – – + + ++
CD20 – – – – –
Synaptophysin + + – – –
Cathepsin B +++ ++ ++ +++ +++
Cathepsin L +++ ++ +++ ++ ++
CD68 +++ +++ ++ +++ +++
VEGF – – + ++ ++
Esterase / / / / +++

Susp: Cell suspension; Sph: spheroids; no: number of samples; GFAP:
glial fibrillary acidic protein. †Percentage of K-67-positive nuclei (mean
value of samples); ‡percentage of p53-positive nuclei (mean value of
samples); §immunoreactivity for other brain-associated cell markers
listed in the table was evaluated as negative (–) when no positive cells
were observed within the tumour, weak (+) when <30% of the cells
were positive, moderate (++) when 30-60% of the cells were positive
and strong (+++) when >60% of cells were positive. 



presented a strong immune reaction for vimentin. Reactive
astrocytes, cells of the ependyma, choroid plexus and vascular
endothelia were vimentin negative, whereas vessel walls in
CAM stained positively for vimentin (Figure 5A). The
expression of S100 protein was moderate in the cells in
suspension and minimal in the tumour cells of the spheroids.
Tumour cells on the CAM and in the rats were S100 negative,
whereas strong immunostaining was noted in the surrounding
normal and oedematous brain tissue, especially reactive
astrocytes. The cell suspension expressed GFAP to a moderate
degree; in the spheroids only weak staining was noted,
whereas the tumours in chick CAM and in rats were GFAP
negative. Normal and oedematous brain tissue showed an
intense expression of GFAP in nearly all astroglial cells
(Figure 5B). Reactive astrocytes within the peritumoural
oedema lesion revealed strong positive immunoreactivity. No
CD3-positive cells were observed in cell suspension or in the
spheroids, whereas CD3-positive lymphocytes were observed
in small numbers in tumours on CAM and especially in nude
rats, where more intense lymphocyte T infiltration was seen
(Figure 5C). No CD20 staining was observed in any of the
samples. Tumour cells in the suspension and in the spheroids
expressed weak synaptophysin immunoreactivity, whereas
tumours on CAM and in rats were synaptophysin negative.
The surrounding brain tissue displayed an intense expression
of synaptophysin. Strong immunostaining for cathepsin B was
noted in all samples; especially in rats (Figure 5D). Vascular
endothelia were also positive for cathepsin B. Staining with
the cathepsin L antibody revealed a strong positive reaction in
the cells in suspension. The spheroids presented a moderate
reaction. The expression of cathepsin L in the tumour cells of
the tumours was strong, whereas there was no reaction in the
vascular endothelia (Figure 5E). In some tumours, staining
was stronger in the centre of the tumour. The cortical
pyramidal cells also stained positively for cathepsin L.

Staining with the CD68 antibody revealed a strong positive
reaction in most of the cells in suspension, spheroids and both
animal tumour models (Figure 5F). The tumour periphery,
with widespread leukocyte infiltration, showed only weak
immunoreactivity for the CD68 antibody, whereas perivascular
cell cuffs near the tumour showed a strong positive reaction.
There was no expression of VEGF in the tumour cells in
suspension or in the spheroids, whereas tumour vascular
endothelia displayed a weakly positive reaction. More
endothelial proliferation was seen in tumours in rats compared
to CAM (Figure 5G). No staining was detected outside the
tumour in the rat brains, but some weak staining of the vessels
of CAM was detected. In tumours grown on CAM, esterase-
positive leukocytes were seen primarily at the tumour margin,
whereas in rats, no leukocytes could be observed on the
tumour border. However, leukocyte infiltration could be seen
inside the tumour (Figure 5H). 
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Figure 1. Tumour nodules were seen on CAM one week after inoculation
of U87 cells. Note small satellite tumours apart from the main tumour
mass (arrow).

Figure 2. Within the CAMs, loosely connective tissue with blood vessels
two tumour nodules can be seen (arrows) (HE, ×4).

Figure 3. All tumours in rats were sharply demarcated against the
surrounding brain tissue (HE, ×40). 



Discussion

The advantages and disadvantages of tumour cell line
implantation models of gliomas are well known (18-20). A
valid animal model for brain tumours should demonstrate the
following characteristics: it must be composed of glial-
derived neoplastic cells, the growth rate of the tumour should
be predictable and reproducible, the species used should be
small and inexpensively maintained, the time to tumour
induction should be relatively short, the tumour should have
glioma-like intraparenchymal growth and the tumour should
also be able to grow in culture (21). The nature of malignant
glioma is poorly understood and its study would be
facilitated by an in vivo model that is easy to manipulate and
inexpensive. Current rodent models are limited by high costs,
long experimental duration, variability and major ethical
concerns. The developing chick embryo CAM was assessed
as a xenograft model for the study of human glioma cell
lines. The macroscopic tumour appearance, histopathology
and immunohistochemistry of selected relevant tumour
progression markers were monitored in U87 human
glioblastoma cells xenografted on the chick embryo CAM

and in the brain of nude rats. The main objective of the
current work was to compare the histological and
immunohistochemical characteristics of the tumours grown
on CAM with an established rodent model. 

In accordance with other reports, tumour growth was
observed and well established tumours were seen after seven
days in the CAM model. There were few differences in
histological appearance between tumour models. In both
tumour models, the full range of cytological features of
human glioblastomas were observed, including astrocytes,
small anaplastic cells, spindle cells and giant cells. In rats,
tumours were more sharply demarcated from the surrounding
brain, while on CAM, tumour nodules grew, with smaller
groups of tumour cells growing apart from the gross tumour
mass. These cells were usually within the connective tissue
with some also attached to the vessel walls. This might be
the result of how the tumour cells initially seeded upon
inoculation; however, it may possibly mean that this model is
more suitable for studying tumour invasiveness. In nude rats,
some neovascularisation, especially on the periphery, was
detected. A narrow band of leukocyte infiltrate surrounded
the tumours grown on CAM but not in nude rats. 
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Figure 4. The index of proliferation, Ki-67 LI, was high in all samples, but the fraction of Ki-67-positive cells was higher in rat brain (×40) (A) than
in tumours grown on CAM (×40) (B); more nuclei stained positively for p53 in tumours grown on CAM (×40) (C) than in rat tumours (×40) (D). 
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Ki-67 antigen expression is a measure of the extent of
cellular, and hence biological, aggressiveness in malignancy
(22, 23). The proliferative activity, defined by Ki-67 LI, has
been correlated with progression and prognosis in a number
of malignant tumours, including glioma (24, 25). Higher
levels of this antigen were found in the U87 cell suspension
and in rats compared to the spheroids and CAM tumours,
indicating increased proliferation in the rat model. 

The p53 tumour suppressor gene is frequently mutated in
glioblastomas (26). Mutations within the p53 gene often
result in aberrant expression of the p53 protein, leading to
protein accumulation within the nucleus of the cells. The p53
protein is involved in regulation of the cell cycle and it has
been speculated that the presence of abnormal amounts of
p53 protein is associated with increased rates of proliferation
(25). It was found that the percentage of p53-positive nuclei,
which was higher in the tumours grown on the CAM than on
rats, did not correlate with the Ki-67 LI. Other workers have
also reported little correlation between this pair of
immunohistochemical markers (25, 27).

Vimentin is an intermediate filament protein, which marks
the mesenchymal cell phenotype. In the course of
development of the nervous system, vimentin appears first in
immature glial cells (28), but rapidly decreases as GFAP
appears concomitantly with myelination (29). In the present
work, it was revealed that high production of vimentin by the
tumour cells was preserved in the host in both animal models,
thus showing that the U87 clone consists of immature cells.
Due to strong and specific staining of the tumour cells, it
facilitated of visualisation satellite tumours and migrating
tumour cells away from the main tumour mass.

GFAP is also an intermediate filament protein and is
mostly restricted to mature astrocytes (30). In human

malignant gliomas, co-expression of GFAP and vimentin has
been reported (31). This was not the case in the animal
models used in the current study. Although the U87 cell
suspension presented a moderate immune reaction for GFAP,
this was completely absent from the induced tumours. This
does not necessarily mean that a cell is of non-glial origin,
but similarly to that observed for S100, the ability to
synthesise GFAP after further dedifferentiation of the U87
cells in the host is gradually lost. 

The S100 family of calcium-binding proteins contains
approximately 16 members, each of which exhibits a unique
pattern of tissue/cell type-specific expression. Although the
distribution of these proteins is not restricted to the nervous
system, the implication of several members of this family in
nervous system development, function, and disease has
sparked new interest in these proteins. Different forms of
malignant tumours exhibit dramatic changes in the
expression of S100 proteins (32, 33). Only moderate S100
immunoreactivity was detected in the U87 cell suspension
and weak expression in the spheroids. Tumours in both
animal models were S100 negative, which can be explained
by the possible down-regulation of S100 expression
following tumour dedifferentiation (34).

CD3 is a marker of T lymphocytes. Heterologous
transplantation of human tumour cells into animals inevitably
leads to immunological response of the host. Cytotoxic T
lymphocytes have been implicated as the effectors cell
mediating graft rejection (35). Only small numbers of CD3-
positive cells were seen in tumours grown on CAM, whereas
in nude rats more CD3-positive cells were seen, indicating
that some sort of immune response is also present in this
immunoincompetent hosts. These CD3-positive cells might
be ‘T-like’ cells, but not actual T-cells, which adopted T
lymphocytes phenotype during the dedifferentiation. As
expected, no CD3-positive cells were observed in suspension,
in spheroids nor outside the tumour.

CD20 is expressed on all stages of B cell development,
except the first and the last stages. It is also found on skin
melanoma cancer stem cells (36). No CD20-positive cells
were detected in any of the models used in the current study.
This might be partially explained by the fact that neither B
lymphocytes nor antibodies in the circulation nor in the graft
itself are required for first-set graft rejection (37). 

Synaptophysin is a reliable marker for neurogenic cells.
It is an acidic integral membrane glycoprotein of
presynaptic vesicles in various neurons and neuroendocrine
cells and in tumours derived from such cells (38). Only
weak staining was observed in some of the tumour cells in
suspension and in spheroids, but no staining was observed
in animal tumour models, indicating that tumours induced
by U87 clone underwent further dedifferentiation in the
host. In humans, pure glial tumours do not usually express
synaptophysin. 
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Figure 5. A: All of the tumour cells presented a strong and specific
immune reaction for vimentin, so it was possible to use vimentin staining
to visualise satellite tumours and migrating tumour cells away from main
tumour mass (arrowheads). Vessel walls in CAM stained positively for
vimentin (arrow) (×40). B: Tumours on CAM and in rats were GFAP
negative. Normal and oedematous brain tissue showed an intense
expression of GFAP in nearly all astroglial cells (×10). C: CD3-positive
cells were observed in very small numbers in tumours on CAM and in
nude rats where more intense staining was seen (×10). D: Stronger
staining for Cat B was noted in tumours in nude rats compared to
chicken embryos (×40). E: Stronger staining for Cat L  was observed in
tumours grown on CAM (×40). F: Staining with the CD68 antibody
revealed a strong positive reaction in most of the tumour cells grown on
CAM (×40). G: More endothelial proliferation was seen in tumours on
rats compared to CAM (×40). H: In tumours grown on CAM, esterase-
positive leukocytes could be seen primarily on the tumour margin,
whereas in rats, no leukocytes were observed on the tumour border,
instead leukocyte infiltration was seen inside the tumour (arrows) (×40).
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Cathepsin B is a member of the lysosomal cathepsin family
(Cats), which is comprised of intracellular proteinases of
different classes. Malignant progression of human gliomas has
been found to be associated with an increase in cysteine
proteases (39-42). Cat B expression has been found in tumour
cells, macrophages and endothelial cells and the
immunostaining of Cat B has been correlated with high
histological score and has been significantly associated with
poor clinical outcomes (43). As expected, this study found
strong staining in culture and in all of the animal models, where
not only tumour cells but also endothelial cells stained
positively for Cat B. Interestingly, stronger staining for Cat B
in tumours was noted in rats than in chicken embryos. This
could partially be explained by the relative ease of spreading of
the tumour cells in the loose connective tissue of the CAM
compared to the brain where more proteolytic activity is needed. 

Cat L is also a member of the lysosomal cathepsin family.
This study found positive Cat L staining in culture and in all
of the animal models. Stronger staining for Cat L in tumours
was noted in chicken than in rat embryos. Staining with Cat
L antibody revealed strong reaction in tumour cells, but there
was no reaction in the vascular endothelia. Cat L
immunolabelling in glioma tissue sections was previously
demonstrated, where it was mostly localised to the tumour
cells and was significantly higher in malignant than in
benign gliomas (41). Both Cat B and Cat L activity
participate in local brain tumour invasion. However, whereas
the level of expression of Cat B in tumour and endothelial
cells was found to be prognostic for the survival rate of brain
tumour patients, Cat L was not (43, 44). Stronger Cat L
staining has been noted in the tumour centre, indicating
slightly different roles of both cysteine proteases in local
invasiveness and in the malignant transformation of brain
tumour cells. 

CD68 is a specific marker for resting microglia (45).
Tumour cells are occasionally reactive to some macrophage
markers (46, 47). Leenstra et al. (47) investigated six
specimens of cultured astrocytoma cells and reported that
nine macrophage markers, including CD68, were clearly
reactive in neoplastic astrocytes, whereas astrocytes in
normal brain specimens were not reactive. In accordance to
quoted studies, this study also found strong CD68 expression
in U87 human glioblastoma cell suspension, in U87
spheroids, as well as in rat and chick embryo U87 tumours
(48). They stained for CD68 in the same way as
macrophages do. Again, only minor differences in CD68
expression between the animal models were noted. 

VEGF is a potent mitogen specific for vascular endothelial
cells and may directly stimulate the growth of new blood
vessels (16). Angiogenesis is induced by tumour cell hypoxia
and pro-angiogenetic factors (49). Both brain tumour models
showed only low VEGF expression. The slightly higher
levels of vascular endothelial proliferation seen in rat

tumours may be explained by the likelihood of greater
hypoxia associated with larger tumour size It is well known
that hypoxia is a potent VEGF trigger. 

Leukocyte esterase is an enzyme present in most white
blood cells. Neutrophils are present in glioblastoma tissue
and not limited to necrotic areas. Fossati et al. reported
correlation between tumour grade and the extent of the
neutrophil infiltration (50). Their role in glioma progression
remains unclear. Extensive leukocyte infiltration was
observed in the brain tumour models of the current study.
This might partially be explained by the fact that
xenotransplant acts as a foreign body in both animal models,
and perhaps that esterase acts similarly to cathepsins thus
contributing to the degradation of extracellular matrix.

Conclusion 

In conclusion, the U87 human glioblastoma cell line
inoculated onto the chick embryo CAM provides an excellent
system for experimental studies of human malignant brain
tumours. Data from the comparison of a panel of
immunohistochemical markers between the CAM and rat
models indicates that tumour protein expression in the CAM
model is sufficiently similar to that of the rat model. The
Authors believe that the chick embryo CAM model is a good
alternative to rodent brain tumour models, and may provide
the basis for easier and less expensive multigenetic and
multimolecular glioma tumour cell analyses. It also has a
potential use in testing individualised therapies.
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