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Summary

Background: Intratumoral hemorrhage, as one of the cerebrovascular complications in various tumor-related
conditions, occurs mainly in malignant brain tumors. Recent studies have shown that the overexpression of vascular
endothelial growth factor (VEGF) and metalloproteinase (MMP) may play a role for the loss of vascular integrity
and the subsequent hemorrhage in several instances, in addition to their well-known properties in tumor devel-
opment and metastasis.

Methods: To investigate the potential role of VEGF and MMP in hemorrhagic complication of metastatic brain
tumor, we estimated the expression of VEGF, MMP-2 & -9 by immunohistochemical studies in pathological
specimens of metastatic brain tumors obtained from 16 patients, 7 in hemorrhagic and 9 in non-hemorrhagic group.
We also examined the expression of collagen type IV, CD34, Factor VIII in order to evaluate the status of tumor
vasculature.

Results: Patients in hemorrhagic group showed a higher VEGF expression with neovascularization than those in
non-hemorrhagic group. The basement membranes of newly formed vessels were disrupted in cases with high
expression in both MMP-2 and -9. These results indicate that rapid growing nascent blood vessels, responding
vigorously to VEGF, are concentrated around the hemorrhagic tumors. Besides, these results suggest a possibility
that the basement membranes of these nascent vessels could be disrupted proteolytically by MMP.

Conclusion: We conclude that overexpression of VEGF and MMP may play a role in metastatic brain tumor-
associated hemorrhage. Presumably, the underlying pathophysiological mechanisms are through rapid growth and
breakdown of vessels around the tumors caused by overexpression of VEGF and MMP of tumor cells.

Introduction

Spontaneous intracranial hemorrhage occurs in 3.9% of
all brain tumors, mostly metastatic tumors or malignant
gliomas [1]. Although hemorrhage from metastatic brain
tumors has often been observed, the pathogenesis of
intracerebral hemorrhagic occurrence in metastatic
brain tumor has not been fully understood.

It has well known that vascular endothelial growth
factor (VEGF), also called vascular permeability factor,
plays an important role in developmental, physiological,
and pathological neovasculization. Overexpression of
VEGF in tumor cells enhances tumor growth and
metastasis by stimulating neovasculization, thereby
increasing microvessel density [2–4]. Previous animal
model studies have shown that the fine structure of
newly formed blood vessels induced by VEGF tend to
be permeable [5] and fragile to cause hemorrhagic event
[2]. Recent studies have also shown that the level of
VEGF expression is correlated with a propensity for
hemorrhage in other tumor cases [6–8]. Hemorrhage is
also apparent in cerebral infarctions that often devel-

oped from ischemic stroke [9]. The fact that brain
ischemia induces increased VEGF expression [10]
and hemorrhagic transformation usually occurs within
2–3 days after an ischemic stroke suggests that two
events, increased VEGF expression and hemorrhagic
transformation may be mechanistically related.

Metalloproteinases (MMPs), a family of proteolytic
enzymes, degrade extracellular matrix (ECM) proteins,
cell surface molecules, and other pericellular substances.
In cancer development and metastasis, tumor cells
produce these enzymes that destroy the matrix barriers
surrounding the tumors, thereby permitting invasion
into surrounding connective tissues, and metastasis to
distant organs [11]. Excessive degradation of the vas-
cular matrix by MMPs in various aneurysmal diseases
results in the destabilization of vessels, which potentially
leads to weakening of the vessel wall, passive dilatation,
and rupture [12–17]. Abnormal balance between MMP-
9 and TIMPs may contribute to vascular instability of
brain AVMs [18]. MMPs may play a primary role in
basal lamina degradation, partly responsible for the loss
of vascular integrity during focal cerebral ischemia
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[19–24]. Hemorrhagic MMPs, isolated from the venom,
degrade ECM proteins which maintain basement
membrane structural/functional integrity, and lead to
the loss of capillary integrity resulting in hemorrhage
[25].

Although some studies reported that the expression of
VEGF and MMP may reveal a possible explanation of
hemorrhagic event in some other conditions [26,27], the
role of these factors in metastatic brain tumor-
associated hemorrhage has not been fully understood
due to the lack of relevant data. In this study, we
investigated the relationship between the expression le-
vel of VEGF and MMP-2 & -9 and the occurrence of
hemorrhage in metastatic tumor specimens using im-
munohistochemistry. We also analyzed the correlation
between their expressions and abnormalities in vascular
structure of tumor specimens.

Materials and methods

Specimen selection and preparation of tissue sections

Seven hemorrhagic (Group 1; hemorrhagic brain
metastases) and 9 non-hemorrhagic (Group 2; non-
hemorrhagic brain metastases) metastatic brain tumors
were selected from a pool of paraffinized tumor speci-
mens from patients who underwent surgery at Chonnam
National University Hospital in previous 2 years. To
assess hemorrhagic events more accurately, we classified

those tumors with overt hemorrhagic evidence on
radiological studies as hemorrhagic (Figure 1).

In all selected patients, the metastatic tumors were
completely removed. The specimens obtained by surgi-
cal resection were fixed in 4% buffered paraformalde-
hyde and embedded in paraffin, and 5 lm-thick sections
were cut. To confirm hemorrhagic changes in metastatic
tumor specimens, paraffin sections were stained with
hematoxylin and eosin. All specimens were stained im-
munohistochemically with antibodies for VEGF and
MMP-2 & -9. We also examined the expression of col-
lagen type IV, CD 34, Factor VIII for evaluation of the
status of tumor vasculature. Only central area of speci-
men was examined in order to eliminate the potential
environmental effects.

Immunohistochemistry

Immunohistochemical stains for VEGF (Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA), MMP-2 & -
9 (Santa Cruz Biotechnology Inc., Santa Cruz, CA,
USA), collagen type IV (Zymed Laboratoies Inc., San
Francisco, CA, USA), CD 34 (Dako, Denmark), Factor
VIII (Dako, Denmark) were performed by standard
immunohistochemical staining techniques. The paraffin-
embedded sections of metastatic brain tumor tissues
were deparaffinized and incubated in Pepsin solution
(Research Genetics, Huntsville, AL, USA) for 3 min.
Endogenous peroxidase activity was quenched with
3% hydrogen peroxide in methanol, and non-specific

Figure 1. Radiological findings of multiple hemorrhagic brain metastases in case 6 (a & b; Brain MRI, c & d; Brain CT). The simultaneous

occurrence of hemorrhagic events can lead to assume that some metastatic brain tumors have a tendency to bleed as basic characteristics.
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binding sites were blocked with normal goat serum for
15 min at room temperature. A primary polyclonal anti-
VEGF antibody was then added at a previously deter-
mined optimum dilution of 1 : 200 and allowed to
incubate at 45 �C for 15 min. Biotin-labeled secondary
antibody (GAR-HRP, Sigma, St. Lois, MO, USA)
was utilized at 45 �C for 7 min. The streptavidin-
horseradish peroxidase (Zymed Laboratoies Inc., San
Francisco, CA, USA) detection system was then applied
to capillary channels, followed by 7 min of incubation at
45 �C. After drainage, the tissue sections were ready for
chromogen reaction with 3-amino-9-ethyl carazole
(AEC). Counterstaining was performed with Harris-
hematoxylin. Control experiments were performed on
all specimens at the time of immunostains using only
secondary antibody. Immunostaining for other factors
were performed in similar way above mentioned.

Microscopic examination of all specimens was con-
ducted by two investigators simultaneously without prior
knowledge of final pathological diagnosis or radiological
findings. For VEGF and MMPs, the immunoreaction of
the cytoplasm of tumor cells, endothelium and/or the
perivascular tissue was judged. Immunohistochemical
data were described semiquantitatively; no staining was
recorded as ); very weak staining as ±; weak, patchy
staining as +; strong, patchy staining as ++; strong,
diffuse staining as +++.

Statistical analysis

Mann–Whitney U test was used to determine the sig-
nificance of the difference in the level of expression of
MMPs and VEGF between hemorrhagic and non-
hemorrhagic groups. The difference was considered
statistically significant when P < 0.05.

Results

Clinical and immunohistochemical profiles of the pa-
tients under study are summarized such as pathological

diagnosis, primary origin site, presence or absence of
hemorrhage, the presence of basement membrane dis-
ruption, VEGF expression, and MMP-2 & -9 expressions
(Table 1). The mean age of group 1 (Hemorrhagic group)
was 61 years (four men and three women) with origin
sites of lung (three patients), uterus (2), thyroid (1), and
skin (1). Histopathologic diagnosis was adenocarcinoma
(1), large cell carcinoma (1), choriocarcinoma (2), papil-
lary carcinoma (1), small cell carcinoma (1), and mela-
noma (1). Non-hemorrhagic group (Group 2) with mean
age of 60 years (five men and four women) was developed
from lung (5), gastrointestinal tract (2), breast (1), and
unknown origin (1) at the time of surgery. Histopatho-
logical diagnosis was adenocarcinoma (7), squamous
carcinoma (1), and infiltrating ductal carcinoma (1).

Two tumors in group 1 exhibited strong & diffuse
staining pattern of VEGF and the remaining tumors
showed strong patchy pattern. In group 2, all specimens
except one case were stained with weak expression. The
level of VEGF expression in hemorrhagic group tended
to be higher than that in non-hemorrhagic group
(P < 0.005). Among seven specimens in group 1, one
case expressed strong & diffuse staining pattern of
MMP-2 and three cases showed strong patchy pattern,
whereas all specimens except one case in group 2 de-
monstrated weak expression. Furthermore, in im-
munohistochemical study for MMP-9, only three cases
in group 2 exhibited weak staining pattern and the re-
maining tumors showed negative, contrary to group 1
showing similar patterns found in MMP-2 expressions.
There was also higher expression of MMP-2 (P < 0.05)
and MMP-9 (P < 0.005) in the hemorrhagic group than
in the non-hemorrhagic group.

To analyze the integrity of blood vessels in these
specimens, we used several antibodies against the endo-
thelial cell, collagen type IV, CD 34, and Factor VIII.
Apart from the presence of hemorrhagic change,
numerous newly formed blood vessels were stained in
VEGF overexpressing specimens (Figure 2, 3). However,
the breakdown of newly formed nascent vessels was
observed in hemorrhagic case that showed both VEGF

Table 1. Summary of clinical data and immunohistochemical study

No Age/sex Origin Tumor bleeding Biopsy BM breakdown VEGF MMP-2 MMP-9

1 73/M Lung Y Adenoca + ++ ++ ++

2 55/M Lung Y Small cell ca ) ++ + ±

3 53/F Uterus Y Chorioca ) ++ + +

4 32/F Uterus Y Chorioca ) ++ ± ±

5 66/M Thyroid Y Papillary ca ) ++ ++ +

6 69/F Lung Y Large cell ca +++ +++ +++ +++

7 79/M Skin Y Melanoma + +++ ++ ++

8 74/F GI N Adenoca ) + + ±

9 38/F Breast N Infiltrating ductal ca ) ± + )
10 60/M Lung N Squamous cell ca ) ± + )
11 72/M GI N Adenoca ) + ++ +

12 72/M –* N Adenoca ) + + )
13 54/F Lung N Adenoca ) ++ ± )
14 61/M Lung N Adenoca ) + + )
15 65/M Lung N Adenoca ) ± + )
16 49/F Lung N Adenoca ) + ± ±

–* Unknown primary origin, BM; Basement membrane, VEGF; Vascular endothelial growth factor, MMP; Matrix metalloproteinase.
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and MMP-2 & -9 overexpressing specimens (Figure 2).
The structures of nascent vessels in cases of only VEGF
overexpresion were not disrupted (Figure 3). Taken to-
gether, these results indicate that rapid growing nascent
blood vessels which respond vigorously to VEGF are
concentrated around the hemorrhagic tumors during the
development of hemorrhagic change in metastatic brain
tumor. Additionally, the basement membranes of these
fragile vessels could be disrupted proteolytically byMMP.

Discussion

Hemorrhage into metastatic brain tumor is commonly
reported. According to one study, 50% of metastatic
malignant melanoma patients showed intratumoral
bleeding, while adenocarcinoma, squamous carcinoma,
and anaplastic carcinoma patients showed significant
lower bleeding rates [28]. Previous studies have also shown
that in order to produce brainmetastases, tumor cellsmust
satisfy the following steps; (1) reach the vasculature of the
brain, (2) attach to the endothelial cells of microvascula-
ture, (3) extravasate into the parenchyma, (4) proliferate
and induce the formation of new blood vessels [29].

The growth and spread of neoplasm depends on the
establishment of an adequate blood supply. VEGF
stimulates the proliferation and migration of endothelial
cells and induces the expression of MMPs and plas-
minogen activity [30–33]. Accumulated evidence sug-
gests that VEGF may be a major factor in hemorrhagic

pathologic processes, in addition to its playing pivotal
role in angiogenesis in tumor growth. For example,
levels of VEGF were increased in hemorrhagic pleural
fluids of patients with lung cancer [6], and in ocular
fluids of patients with proliferative diabetic retinopathy,
which often led to vitreous hemorrhage [34]. Bloody
ascites due to malignant murine tumors contained a
higher concentration of VEGF than non-bloody ascites,
and anti-VEGF antibody treatment effectively reduced
the leakage of erythrocytes into ascites [7]. Similarly,
those cases of hemorrhage associated with perfusion of
the cerebral vasculature after ischemic stroke reveal a
significant role of VEGF in developing of hemorrhagic
infarction [9,10]. Another example supporting the asso-
ciation of VEGF expression with hemorrhage comes
from hemangioblastoma in von Hippel-Lindau patient
[8]. Thus, VEGF expression is correlated with a propen-
sity for hemorrhage in various pathologic conditions.

Although the molecular mechanism by which VEGF
mediates the development of these hemorrhagic changes
has remained obscure, VEGF-overexpressing glioblas-
toma cells implanted into mouse brain indicated that
numerous nascent blood vessels and blood cells or sub-
stances were concentrated around the hemorrhagic tumors
[2]. That is, during the development of such hemorrhage,
the brain vasculature experiences rapid growth and
breakdown of newly formed vessels as a result of response
to VEGF. Cao et al. [5] also reported that VEGF stimu-
lated formation of disorganized and nascent vasculatures
that resulted in high permeability of blood vessels.

Figure 2. Photomicrographs of immunohistochemical study in case 6. (a; H&E, b; Immunostaining for VEGF, c; for Collagen type IV, d; for

Factor VIII, e; for MMP-2, f; for MMP-9, Original magnification; a: ·40, b–f: ·200). Note that hemorrhagic metastatic brain tumor with

overexpression of VEGF and MMP-2 & -9 demonstrates disruption of basement membrane in newly formed nascent vessels.
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The MMP family, initially classified as zinc-
dependent proteinases capable of digesting the various
structural components of the ECM, are generally ex-
pressed at high levels when tissues undergo proteolytic
remodeling, such as in inflammation, wound healing,
and cancer [11]. MMP-2 and MMP-9 specifically attack
type IV collagen, laminin, and fibronectin, the major
components of the basal lamina around cerebral blood
vessels [35]. As a result of degradation of ECM com-
ponents of the basal lamina, MMP may play a major
role in loss of microvascular integrity leading to hem-
orrhagic transformation and secondary brain edema
after ischemic and hemorrhagic brain injury [21,23,36].
The role of MMP expression in destruction of vascular
integrity has been established since elevated serum level
[13,14,17] and localized expression [12,15,18] of MMP
contribute to degradation of EMC, leading to weaken-
ing of the vessel wall, passive dilatation, and rupture in
various aneurysmal diseases and AVMs.

Some previous studies suggested that the expression
of VEGF and MMP might be related to hemorrhagic
event in some conditions. In polycystic kidney disease,
neovasculization induced by VEGF and MMP may re-
sult in cyst expansion and aneurysmal formation
responsible for the renal bleeding [26]. A case report for
ovarian hemorrhagic leiomyosarcoma revealed positive
staining for these factors [27].

Considering all these experimental evidence, it could
be concluded that MMP and VEGF may have a role for
the loss of vascular integrity and the onset of hemor-

rhage in several circumstances. In our study, we dem-
onstrated that hemorrhagic metastatic brain tumors
expressed significantly higher levels of VEGF and
MMP-2 & -9 compared with non-hemorrhagic group.
Although all of hemorrhagic group were not showing
disruption of the basement membrane on the pathologic
tissue specimen, the basement membranes were dis-
rupted in cases with high expression in both MMP-2 & -
9. These data may indicate that rapid growing nascent
blood vessels, responding vigorously to VEGF, are
concentrated around the hemorrhagic tumors. Addi-
tionally, the basement membranes of these fragile vessels
could be disrupted proteolytically by MMP. The present
study postulated MMP and VEGF as possible critical
factors in metastatic brain tumor associated hemor-
rhage. The functional association between the overex-
pression of MMP and VEGF could not be investigated
in our study. However, considering evidence that MMP
may be direct transcriptional target of VEGF [33,37],
anti-VEGF therapy can be implicated in prevention of
hemorrhagic occurrence in metastatic brain tumor by
reducing angiogenic property of VEGF, and by reduc-
ing MMP expression partly.

Conclusion

Abnormally high expression of VEGF andMMPdetected
in hemorrhagic brain metastases may lead to, in part, the
structural instability of newly formed tumor vessels.

Figure 3. Photomicrographs of immunohistochemical study in case 13. (a; H&E, b; Immunostaining for VEGF, c; for Collagen type IV, d; for

Factor VIII, e; for MMP-2, f; for MMP-9, Original magnification; ·200). Note that non-hemorrhagic metastatic brain tumor with only

overexpression of VEGF demonstrates newly formed vessels without disruption of basement membrane.
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We conclude that overexpression of VEGF and MMP
may play a role in metastatic brain tumor-associated
hemorrhage. Our findings suggest that rapid growth and
breakdown of vessels caused by overexpression of VEGF
and MMP may be postulated as a possible mechanism in
hemorrhagic change of metastatic brain tumor, although
further studies should be required in a large number of
patients.
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