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Interleukin-1f induces the upregulation of caveolin-1
expression in a rat brain tumor model
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Abstract. The aim of the present study was to investigate the
expression of caveolin-1 in rat brain glioma tissue, and to deter-
mine whether interleukin-1f (IL-1f) has a role in this process.
Using glioma cells, a tumor-burdened rat model was established,
and the expression of caveolin-1 protein in the tumor sites was
significantly increased following intracarotid infusion of IL-13
(3.7 ng/kg/min), as indicated by western blot analysis. The
maximum value of the caveolin-1 expression was observed in
tumor-burdened rats after 60 min of IL-1f perfusion, and which
was significantly enhanced by vascular endothelial growth
factor (VEGF). In addition, VEGF also significantly increased
IL-1p-induced blood tumor barrier (BTB) permeability. The
results suggest that the IL-1p-induced BTB permeability
increase may be associated with the expression of caveolin-1
protein, and VEGF may be involved in this process.

Introduction

Glioma is one of the most common tumors of the central nervous
system, and its high invasiveness leads to a high fatality rate (1).
Chemotherapy is one of the most common clinical treatments;
however, as a result of the existence of the blood tumor barrier
(BTB), the effects of chemotherapy are limited (2); therefore,
how to selectively open BTB without damage to the normal
blood brain barrier is an urgent problem in the brain tumor
treatment. Recent studies show that interleukin-1§ (IL-1()
could selectively increase the BTB permeability (3), but the
exact mechanism remains to be elucidated.

Antitumor drugs cross the BTB into the brain tumors by
two pathways: The paracellular and transcellular pathways (4).
Due to different physical and chemical properties of drugs,
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the vast majority of antineoplastic drugs cross the brain tumor
tissue by the transcellular pathway (5). IL-1f has been shown
to induce transcellular transport (6), suggesting that IL-13
induced an increase in BTB permeability that may be caused
by vesicular transport rather than via the opening of endothe-
lial tight junctions.

Caveolae participate in cell transport, metabolism and
signal transduction. In the biochemical process, the caveolins
protein family has a key role (7).

Caveolin-1 is the main structural protein of caveolae,
which has an extremely important role in the activation and
positioning of cell signaling molecules for vesicle rupture,
endocytosis, fusion and exocytosis (8). Studies have shown that
the protein expression level of caveolin-1 associated with BBB
permeability regulation (9). Recently, a study has shown that
vascular endothelial growth factor (VEGF) can be combined
with caveolae to form a ‘small hole’ in the endothelial cell
membrane, thereby promoting the transmembrane transport
of biomolecules. IL-1f could induce the production of VEGF
in stellate cells (10). Based on the aforementioned, we hypoth-
esize that IL-1 could enhance transcellular transport of brain
tumor microvascular through regulating the expression of
caveolin-1, and this process can be mediated by VEGF.

To test the hypothesis, a model of rat C6 glioma was estab-
lished, and investigated the effects of IL-1f3 to enhance BTB
permeability by Evans blue (EB). In addition, whether IL-13
had an effect on caveolin-1 protein expression in brain tumor
tissues and whether VEGF regulates this process by western
blots and immunohistochemistry methods was investigated.

Materials and methods

Preparation of the rat C6 glioma model. The clean level male
Wistar rats (200-220 g) were purchased from the Laboratory
Animal Center of North China University of Science and
Technology (Hebei, China). All the animal experiments were
conducted in accordance with the National Institute of Health
Guide for the Care and Use of Laboratory Animals, in addition
to the policies of the North China University of Science and
Technology and Chinese authority. First, 10% chloral hydrate
(3.5 ml/kg, intraperitoneal injection) anesthesia was used in
the rats, and subsequently 1x10° C6 cells were injected into
the intracranial using a Hamilton syringe. Using a stereotaxic
instrument, the coordinates were a location on the right side of
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the brain that targets the caudate nucleus, the coordinates of
anterior fontanelle before 1 mm and sagittal suture immedi-
ately next to 3 mm. Intracranial tumor formation was ~2 weeks
after transplantation into the intracranial C6 cells.

Treatment of tumor-burdened rats. Tumor-burdened rats
were randomized into two groups: Control and IL-1f. For
the control group, the rats were treated with saline solution.
For the IL-1f3 group, IL-1f (3.7 ng/kg/min) was infused into
tumor-burdened rat brain via the common carotid artery
for 30, 60 and 120 min, respectively.

Measurement of BTB permeability by EB seepage quantity.
First, rats were injected 2% EB (2 ml/kg) via the tail vein for
2 h, rats in the control and IL-13 groups were anesthetized
with chloral hydrate and the brain with a tumor was weighed.
Subsequently, brain tumor tissue was immersed in formamide
solution (1 m1/100 mg) at 60°C for 24 h.

The optical density value was determined by spectropho-
tometry (at 620 nm) to assess EB of the supernatant.

Western blot analysis of caveolin-1 and VEGF. The influ-
ence of IL-1B on caveolin-1 and VEGF protein expression
levels were analyzed by western blot analysis. The protein
homogenates of the brain tissue were prepared by homogeni-
zation in 10 volumes of pyrolysis buffer, and centrifugation
at 17,000 x g for 1 h. The soluble protein content was deter-
mined by the Coomassie G250 binding method. The protein
lysate was placed on a 12% SDS-polyacrylamide gel fraction
(each sample was 12 pug/lane), and subsequently transferred
to a nitrocellulose membrane (Merck Millipore, Darmstadt,
Germany). The membranes were blocked in blocking buffer
overnight at 4°C. The samples were incubated with rabbit poly-
clonal antibodies anti-caveolin-1 (cat. no. HYK-1453R; 1:400;
Abcam, Cambridge, UK) and anti-VEGF (cat. no. sc-152;
1:400; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA)
were incubated for 2 h. Caveolin-1 and VEGF bands were
visualized using the enhanced chemiluminescene (ECL Kkit;
Santa Cruz Biotechnology, Inc.).

Immunohistochemistry analysis of caveolin-1. The glioma
tissues in the control and IL-1B groups at 15 min after infu-
sion were fixed with 4% paraformaldehyde to carry out the
immunohistochemical investigation. The sections were immu-
nohistochemically stained with the donkey polyclonal antibody
anti-caveolin-1 (diluted 1:100; Santa Cruz Biotechnology, Inc.)
following standard procedures.

Statistical analysis. All the statistical analyses were performed
with computer software (SigmaStat; SPSS, Inc., Chicago, IL,
USA). All the data are expressed as mean + standard deviation.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Assessment of BTB permeability by EB. Brain glioma tissue
was stained in blue, while normal tissue did not stain. EB
content in the glioma tissue was significantly increased in the
IL-1B group at 60-min infusion compared with the control

QIN et al: EXPRESSION OF CAVEOLIN-1 IN A RAT BRAIN TUMOR MODEL

40 -
35-
30-
25-
20-

15-

10
5l
0

Control group

45 Exs

Evans blue content (pg/g brain tissue)

IL-16 60 min

Figure 1. Permeability of the blood tumor barrier was assessed by Evans
blue. Data are presented as mean + standard deviation (n=7 each). “P<0.01
vs. control group.
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Figure 2. VEGF protein expression in the brain glioma tissues of the rats
treated with IL-1f. (A) Lane 1, control group; lane 2, IL-1f3 30 min group;
lane 3, IL-1f3 60 min group; lane 4, IL-1f3 120 min group. Representative
western blots illustrating the differences of caveolin-1. (B) Changes of the
relative IDV of caveolin-1 (n=7 each). “P<0.01 vs. control group. VEGF,
vascular endothelial growth factor; IL-1f, interleukin-1{3; IDV, integrated
density value.

group (40.4+1.9 and 17.2+0.8 ug/g, respectively; P<0.05), as
shown in Fig. 1.

IL-103 increases the expression of VEGF in tumor capil-
laries. VEGF expression in the rat brain glioma tissues
in the control group was lower compared to the IL-1f
group. Compared with the control group, the expression of
VEGEF protein was increased significantly at IL-1f group.
The integrated density value (IDV) of VEGF at control,
30, 60 and 120 min groups were 0.127+0.011, 0.462+0.015,
0.895+0.013 and 0.574+0.062, respectively, as shown in
Fig. 2.

IL-10 increases the expression of caveolin-1 in the rat brain
glioma model. Compared with the control group, the expres-
sion of caveolin-1 protein was increased significantly in the
IL-1p infusion group. The IDV of caveolin-1 in the control,
30, 60 and 120 min groups were 0.369+0.019, 1.158+0.041,
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Figure 3. Caveolin-1 protein expression in the brain tumor tissues of the rats
treated with IL-1P. (A) Lane 1, control group; lane 2, IL-1f 30 min group;
lane 3, IL-1$ 60 min group; lane 4, IL-13 120 min group. Representative
western blots illustrating the differences of caveolin-1. (B) Changes of rela-
tive IDV of caveolin-1 (n=7 each). “P<0.01, "P<0.05 vs. control group. IL-1f3,
interleukin-1f3; IDV, integrated density value.
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Figure 4. Caveolin-1 expression in the brain tumor tissues of the rats treated
with IL-1P. A representative example of caveolin-1 immunohistochemical
images in the different groups. (A) Control and (B) IL-18 60 min groups.
Mean optical density value is shown (n=7, each). “P<0.01 vs. control group.
IL-1p, interleukin-1f.

1.365+0.078 and 1.172+0.084, respectively, as shown
in Fig. 3.

Expression of caveolin-1 in tumor capillaries and cells
following the IL-1f infusion. Caveolin-1-like immunoreactivity
showed that caveolin-1 protein expression was further enhanced
in tumor capillaries and tumor cells following the IL-1f infu-
sion, and reaches its maximum after IL-13 infusion for 60 min.
The mean optical density values of caveolin-1 were 0.192+0.021
and 0.359+0.018, respectively, as shown in Fig. 4.
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Discussion

Malignant glioma is the most common type of brain tumor.
The blood brain barrier (BBB) is the main factor limiting its
drug treatment (1,11). Selective destruction of BBB, using
antitumor drugs through the BBB, is a promising therapy for
invasive glioma.

BBB consists of capillary endothelial cells, the basement
membrane, pericytes and astrocytic foot processes. There are
close continuous tight junctions between the brain capillary
endothelial cells. Our previous studies demonstrated that IL-1§,
a cell factor, could increase BTB permeability (12). However,
the exact mechanism of the increase of IL-1B-induced BTB
permeability remains to be elucidated.

The study by Allan and Rothwell (13) demonstrated
that the main functional role of IL-1{ is in the vascular
endothelial cells. VEGF has an extremely important role
in the proliferation, migration and formation of blood
vessels (14-18). Our experimental results show that IL-1f
could induce the expression of VEGF in tumor capillaries;
the peak appears at 60 min after infusion and subsequently
decreased. This trend is consistent with the temporal
changes in the permeability of BTB. Those results suggest
that VEGF may mediate the process of BTB permeability by
IL-1p; however, the associated mechanism requires further
investigation.

Caveolin-1 is the symbolic protein of the caveolae, and
has an important role in maintaining the shape, structure
and function of caveolae, particularly the endocytosis of
endothelial cells (19). Endocytosis of endothelial cells did
not occur following knockout caveolin-1 (20). Furthermore,
caveolin-1 is associated with the transport of BBB, and
its protein expression is associated with the increase in
BBB permeability (9,21). To clarify the mechanism of the
IL-1B-induced BTB permeability increase, in the present
study, IL-1p was shown to increase the expression of
caveolin-1 protein, and the maximum expression level
appeared at 60 min after IL-1p infusion. The permeability
of BTB increased following IL-1f3 infusion and its peak also
appeared at 60 min, which corresponds with the increased
expression of caveolin-1 and VEGF. Those results suggest
that VEGF is a key signaling molecules in IL-1f increased
BTB permeability.

In conclusion, the mechanism of the IL-1f increase in BTB
permeability is extremely complex. The present results show
that the VEGF/caveolin-1 signaling pathways may be one of
its mechanisms. These results suggest that the mechanism of
the IL-1f increase of BTB permeability may be through the
VEGF increase in the endocytosis of cerebral microvascular
endothelial cells.
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