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The process of metastasis consists of a series of sequen-
tial, selective steps that few cells can complete. The out-
come of cancer metastasis depends on multiple interac-
tions between metastatic cells and homeostatic mecha-
nisms that are unique to one or another organ microenvi-
ronment. The specific organ microenvironment determines 
the extent of cancer cell proliferation, angiogenesis, inva-
sion and survival. Many lung cancer, breast cancer, and 
melanoma patients develop fatal brain metastases that do 
not respond to therapy. The blood-brain barrier is intact in 
and around brain metastases that are smaller than 0.25 
mm in diameter. Although the blood-brain barrier is leaky 
in larger metastases, the lesions are resistant to many 
chemotherapeutic drugs. Activated astrocytes surround 
and infiltrate brain metastases. The physiological role of 
astrocytes is to protect against neurotoxicity. Our current 
data demonstrate that activated astrocytes also protect 
tumor cells against chemotherapeutic drugs.  
 
 
INTRODUCTION 
 
The major cause of death from cancer is metastases that are 
resistant to conventional therapy. Metastases can be located in 
different organs or in different regions of the same organ, and 
the anatomic location of metastases plays a critical role in de-
termining response to therapy. Primary tumors in general and 
metastatic lesions in particular are biologically heterogeneous 
and contain multiple cell populations with diverse characteris-
tics of growth rate, karyotype, cell surface receptors, antigenic-
ity, immunogenicity, enzyme profile, hormone receptor compo-
sition, sensitivity to different cytotoxic drugs, production of ex-
tracellular matrix proteins, adhesion molecule profile, angio-
genic potential, invasiveness, and metastatic potential (re-
viewed in Talmadge and Fidler, 2010).  

The outcome of the metastatic process depends on multiple 
and complex interactions of metastatic cells with host homeo-
static mechanisms (Fidler, 2003; Langley and Fidler, 2007).  
Clinical observations of cancer patients and studies with ex-
perimental rodent tumors have concluded that certain tumors 
produce metastasis to specific organs independent of vascular 
anatomy, rate of blood flow, and number of tumor cells deliv-
ered to each organ. Indeed, the distribution and fate of he-

matogenously disseminated, radiolabeled melanoma cells in 
experimental animals conclusively demonstrated that tumor 
cells can reach the microvasculature of many organs, but 
growth in the organ parenchyma occurred in only specific or-
gans (Fidler and Talmadge, 1986; Weiss, 1985).  

More than a century ago, the English pathologist, Stephen 
Paget, questioned whether the organ distribution of metastases 
produced by different human neoplasms was due to chance 
and analyzed more than 900 autopsy records of women with 
breast cancer. His research concluded that the nonrandom 
pattern of metastasis was not due to chance but, rather, that 
certain tumor cells (the “seed”) had a specific affinity for the 
milieu of certain organs (the “soil”). Metastases resulted only 
when the seed and soil were compatible (Paget, 1889).  

Some 40 years later, J. Ewing challenged Paget’s seed and 
soil theory and proposed that metastatic dissemination oc-
curred by purely mechanical factors that are a result of the 
anatomical structure of the vascular system (Ewing, 1928). 
Clinical observations of cancer patients and studies with ex-
perimental rodent tumors have revealed that certain tumors 
produce metastasis to specific organs independent of vascular 
anatomy, rate of blood flow, and number of tumor cells deliv-
ered to each organ. Experimental data supporting the “seed 
and soil” hypothesis of Paget were derived from studies on the 
preferential invasion and growth of B16 melanoma metastases 
in specific organs. The mouse melanoma cells were injected 
into the circulation of syngeneic mice. Tumor growths devel-
oped in the lungs and in fragments of pulmonary or ovarian 
tissue implanted intra-muscularly. In contrast, metastatic le-
sions did not develop in renal tissue implanted as a control or at 
the site of surgical trauma. This study confirmed that sites of 
metastasis are determined not solely by the characteristics of 
the neoplastic cells but also by the microenvironment of the 
host tissue (Hart et al., 1981).  

Ethical considerations rule out the experimental analysis of 
cancer metastasis in patients, but the introduction of peritone-
ovenous shunts for the palliation of ascites in women with pro-
gressive ovarian cancer has provided the opportunity to study 
some of the factors that affect metastatic spread in humans. 
Good palliation with minimal complications was reported for 29 
patients with ovarian cancer. The autopsy findings in 15 pa-
tients substantiated the clinical observations that the shunts do 
not significantly increase the risk of metastasis. In fact, despite 
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continuous entry of millions of tumor cells into the circulation, 
metastases in the lung (the first capillary bed encountered) 
were rare (Tarin et al., 1984). 

A current definition of the “seed and soil” hypothesis consists 
of three principles. First, neoplasms are biologically heteroge-
neous and contain subpopulations of cells with different biologic 
properties (Fidler, 1990; Fidler and Kripke, 1977; Hart et al., 
1981; Talmadge and Fidler, 1982). Second, the process of 
metastasis is highly selective for cells that can complete all of 
the steps in the pathogenesis of metastasis (Fidler, 1973; Fidler 
and Talmadge, 1986). Although some of the steps in this proc-
ess contain stochastic elements, as a whole, metastasis favors 
the survival and growth of a few subpopulations of cells that 
preexist within the parent neoplasm (Fidler and Kripke, 1977; 
Talmadge and Fidler, 1982). Thus, metastases can have a 
clonal origin, and different metastases can originate from the 
proliferation of different single cells (Hu et al., 1987; Talmadge 
et al., 1982). Third, the outcome of metastasis depends on 
multiple interactions of metastatic cells with homeostatic 
mechanisms that include the organ microenvironment which 
tumor cells exploit for their own gain (Fidler, 2003; Langley and 
Fidler, 2007).   
 
Brain metastasis 
Of tumors found in the brain, more than 30% are metastatic 
lesions produced by cancers such as lung, breast, melanoma, 
colon, and renal (Landis et al., 1998; Norden et al., 2005; Sa-
waya et al., 2001). The progressive growth of metastases in the 
brain is often associated with the terminal stage of the disease. 
The treatment of choice for a solitary metastasis is surgical 
excision plus radiation (Sawaya et al., 2001) while, for multiple 
metastases in the brain and meningeal carcinomatosis, radia-
tion and/or chemotherapy are employed. Although brain metas-
tases can be surgically removed without producing severe neu-
rological complications, the prognosis is poor. After surgery 
alone, the median survival time ranges from 4 to 6 months; with 
surgery and radiation, the median survival time may exceed 6 
months. A major reason for these poor results is the recurrent 
growth of tumors at the site of resected lesions, as well as the 
development of multiple metastases in other areas of the brain 
(Sawaya et al., 2001). Improvements in treatment of brain me-
tastasis can only come from a better understanding of the biol-
ogy of these lesions. 
 
In vivo models to study the biology of brain metastasis 
To better understand the biology of cancer metastasis to the 
brain, we developed a murine model in which tumor lesions in 
the brain are produced by the injection of metastatic cells into 
the internal carotid artery of anesthetized mice. In this model, 
the high incidence of brain lesions and the low incidence of 
visceral lesions allow for studies of pathogenesis of brain tu-
mors and especially brain metastases. 

We developed a specialized injection technique by introduc-
ing cells into the external or internal carotid artery (Fujimaki et 
al., 1993; Schackert and Fidler, 1988a). Mice are anesthetized 
by i.p. injection of pentobarbitol sodium, restrained on a cork 
board on the back, and placed under a dissecting microscope. 
The carotid artery is prepared for an injection distal to the point 
of division into the internal and external carotid arteries. A liga-
ture of 5-0 silk suture is placed in the distal part of the common 
carotid artery. A second ligature is placed and tied loosely 
proximal to the injection site. A sterile cotton tip applicator was 
inserted under the artery just distal to the injection site to ele-
vate the carotid artery. This procedure controls bleeding from 
the carotid artery by regurgitation from distal vessels. The artery 

is nicked with a pair of microscissors, and a < 30-gauge glass 
cannula is inserted into the lumen. To assure proper delivery, 
the tumor cells are injected slowly, and the cannula is removed. 
The second ligature is tightened, and the skin is closed by su-
tures. Since the injection of cells into the carotid artery of nude 
mice simulates the hematogenous spread of tumor emboli to 
the brain, we use this technique to examine the last steps of the 
metastatic process: release of tumor cells into the circulation, 
arrest in capillaries, penetration and extravasation into the brain 
through the blood-grain barrier, and continuous growth of cells 
in the brain tissue (Poste and Fidler, 1980). 
 
The origin of brain metastases 
Clinical observations have suggested that brain metastases 
produced by many solid tumors occur late in the disease (Tsu-
kuda et al., 1983) and have raised the question of whether 
brain metastases are produced by cells populating lymph node 
or visceral metastases, i.e., metastasis of metastases. Indeed, 
it has been proposed that metastasis by solid tumors occurs by 
the initial spread of cells to a generalizing site, such as regional 
lymph nodes, where malignant cells proliferate and then spread 
to additional organs. This process has been termed the “metas-
tatic cascade” (Viadana et al., 1978; Weiss, 1985). One conse-
quence of this process is that metastasis can occur after a pri-
mary lesion has been surgically removed because the general-
izing site remained intact (Kanematsu et al., 1988). For the 
pathogenesis of brain metastasis, this is not an academic issue. 
If brain metastasis occurs by the metastasis of metastases, 
then aggressive, prophylactic resection of lymph node or vis-
ceral metastases may reduce the risk of development of fatal 
brain lesions. On the other hand, if brain metastasis occurs by 
the direct spread of specialized metastatic cells from the pri-
mary lesion (Nicolson, 1988), then prophylactic dissection of 
extracranial metastases may not prevent brain metastasis from 
occurring. Thus, it is important for neurooncologists to deter-
mine whether or not brain metastasis represents shedding from 
generalizing site metastases or the primary tumor. One surro-
gate for that determination is the metastatic potential of the cells. 

We studied the correlation between the formation of brain 
metastasis and the malignant growth potential of seven human 
melanoma cell lines, isolated from lymph node metastases or 
from brain metastases, and the potential of three variants of the 
mouse K-1735 melanoma (Zhang et al., 1991). Growth rates in 
different concentrations of fetal bovine serum and colony-
forming efficiency in semisolid agarose were measured, and 
the tumorigenicity and metastatic ability were determined in 
nude mice (for the human melanoma cell lines) or in syngeneic 
mice (for the K-1735 variants). The ability to form brain metas-
tasis was tested by injection of cells into the carotid artery. A 
high colony-forming efficiency in agarose, especially at concen-
trations of agarose greater than 0.6% (Li et al., 1989) corre-
sponded with high tumor take rates, rapid tumor growth rates, 
and metastatic colonization of the lungs of the recipient mice 
(Zhang et al., 1991). For the human melanomas, the lymph 
node metastasis-derived cells were more tumorigenic and me-
tastatic than the brain metastasis-derived cells. In the K-1735 
mouse melanoma, the tumorigenic and metastatic behavior of 
the cells after i.v. and s.c. injection corresponded with growth in 
agarose cultures (Li et al., 1989; Zhang et al., 1991). However, 
for growth in the brain after intracarotid injection, the different 
melanoma cell lines showed similar frequencies of tumor take, 
regardless of tumorigenicity in other sites of the recipient mice. 
The results from the human and mouse melanoma cell lines 
show that the brain metastasis-derived cell lines were not more 
malignant than the lymph node or lung metastasis-derived cells. 
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Thus, the data imply that the production of brain metastasis is 
not always the final stage of a metastatic cascade (Zhang et al., 
1991). 
 
Unique patterns of brain metastasis produced by different 
human carcinomas 
Human tumor cells from carcinomas of the colon, breast, kid-
ney, and lung were injected into athymic mice either by a direct 
intracerebral route or into the internal carotid artery. All carci-
noma cells invaded through the blood-brain barrier and pro-
duced progressively growing lesions in the brain parenchyma. 
Unique patterns of growth were discernible among the carci-
nomas. Subsequent to direct i.c. injection, all the human carci-
noma cell lines grew in the brain of nude mice, thus demon-
strating that if carcinoma cells can reach the brain parenchyma, 
they can proliferate there. There was more tumor growth in the 
parenchyma than in other regions of the brain. The seeding of 
tumor cells in the brain parenchyma reveals that some cells 
from all of the carcinoma cell lines tested were able to cross the 
blood-brain barrier (Gay et al., 1987; Groothuis et al., 1982). 

Discrete colony formation by the colon carcinomas was seen 
in both cell lines injected. Notable is the growth by extension via 
the corpus callosum to the left hemisphere subsequent to injec-
tion of tumor cells into the right hemisphere. This result demon-
strates a possible mechanism of secondary metastasis within 
the brain, leading to undetected satellite micrometastases at 
the time of diagnosis and surgery that could give rise to early 
recurrences of tumors close to the surgical cavity (Schackert et 
al., 1988). 
 
Neoplastic angiogenesis 
To produce metastasis, tumor cells must complete a series of 
sequential and selective steps (Fidler, 2003; Langley and Fidler, 
2007). Failure to complete even one step eliminates the cells 
from the process (Aukerman et al., 1986). As discussed previ-
ously, to produce brain metastasis, tumor cells must reach the 
vasculature of the brain, attach to the microvessel endothelial 
cells, extravasate into the parenchyma, proliferate (by respond-
ing to growth factors), and induce the formation of new vascula-
ture (Fujimaki et al., 1993; Schackert and Fidler, 1988b). 

The growth and spread of neoplasms is dependent on the 
establishment of adequate blood supply, i.e., angiogenesis 
(Carmeliet and Jain, 2000; Folkman, 1995). The onset of an-
giogenesis is determined by the balance between proangio-
genic and antiangiogenic molecules at the local tissue level 
(Folkman, 1995; Liotta et al., 1991). Angiogenesis can occur by 
either sprouting or nonsprouting processes (Risau, 1997). 
Sprouting angiogenesis occurs by branching (true sprouting) of 
new capillaries from preexisting vessels. Nonsprouting angio-
genesis results from the enlargement, splitting, and fusion of 
preexisting vessels produced by the proliferation of endothelial 
cells within the wall of a vessel. Transcapillary pillars (or trans-
luminal bridges) are sometimes observed in enlarged vessels 
produced by nonsprouting angiogenesis (Risau, 1997). This 
type of angiogenesis can concurrently occur with sprouting 
angiogenesis in the vascularization of organs or tissues such 
as the lung, and heart (Carmeliet et al., 1996). The mechanism 
of nonsprouting angiogenesis in metastasis regulated by vas-
cular endothelial growth factor (VEGF), also called vascular 
permeability factor (VPF) (Ferrara and Henzel, 1989; Senger et 
al., 1983). VEGF stimulates the proliferation and migration of 
endothelial cells and induces the expression of metallopro-
teinases and plasminogen activity by these cells (Ferrara and 
Henzel, 1989; Senger et al., 1983; Unemori et al., 1992).  
 

Vascular remodeling in brain metastases 
Since the original observation of Weidner (1998), many investi-
gators suggest that the mean vessel density (MVD) within or at 
the periphery of neoplasms correlates with the aggressiveness 
of the disease. This generalization, however, does not extend 
to brain metastases. Circulating tumor cells that reach the brain 
vasculature are initially aligned along existing blood vessels. 
Enlargement of the tumor lesions is associated with dilation 
(ectasia) of blood vessels. Murine melanoma fibrosarcoma, 
human colon carcinoma, and human lung adenocarcinoma 
cells produced well-demarcated lesions in the brain paren-
chyma of nude mice (Fidler et al., 2002). These metastases 
contained large blood vessels with dilated lumens. Moreover, 
the lumen of blood vessels on the periphery of these experi-
mental brain metastases was also dilated. The MVD within 
these lesions was 15-20 times lower than the MVD in the sur-
rounding uninvolved brain parenchyma or brain parenchyma of 
normal uninjected nude mice. The experimental brain metasta-
ses produced by the colon or lung cancer cells contained blood 
vessels with dilated lumens, and large metastases contained 
large blood vessels with transverse bridges and multilumen 
structures that were lined with CD31+ endothelial cells (Fidler et 
al., 2002). The formation of multilumen vessels, originally de-
scribed as vascular hyperplasia (Feigin et al., 1958), is thought 
to be a form of vascular remodeling from a vessel with large 
lumen to smaller size vessels (Holash et al., 1999; Nagy et al., 
1995; Patan et al., 1996) by a process called nonsprouting 
angiogenesis, i.e., new blood vessels are formed by the “split-
ting” of preexisting dilated blood vessels (Patan, 1998). 

The dilation of blood vessel lumen in both the experimental 
brain metastases and surgical specimens of human lung can-
cer brain metastases was associated with the division of endo-
thelial cells. We base this conclusion on the data showing that 
BrdU+, CD31+ cells were located within the walls of the vessel 
among nondividing endothelial cells. The observed vessel dila-
tion, i.e., angioectasia, therefore, did not occur merely by 
stretching of the blood vessel wall but rather as a consequence 
of endothelial cell division within the wall of the blood vessel 
(Fidler et al., 2002). 

The progressive growth of experimental brain tumors and 
experimental brain metastases (Brown and Giaccia, 1998) is 
dependent on expression of VEGF/VPF. We base this conclu-
sion on the data from experiments where cancer cell lines were 
injected into the carotid artery of nude mice (Yano et al., 2000). 
Although this injection bypassed the initial steps of metastasis 
(separation from the primary neoplasm, invasion, and release 
into blood vessels or lymphatics), to produce brain metastases, 
all subsequent steps in the process (arrest in brain capillary bed, 
extravasation, growth, and angiogenesis) had to occur. The 
differences in growth pattern of experimental brain metastasis 
did not correlate with the initial arrest of tumor cells (measured 
by radiolabeling of tumor cells with 125I-IdUrd) or collagenase 
activity (measured by gelatin zymography) but, rather, due to 
unique pattern of vascularization (Brown and Giaccia, 1998). 

Human colon carcinoma (KM12SM) and lung adenocarci-
noma (PC14PE6, PC14Br) cells produced large, fast-growing 
parenchymal brain metastases in nude mice (Yano et al., 2000), 
whereas lung squamous cell carcinoma (H226) and renal cell 
carcinoma (SN12PM6) cells produced only a few slow-growing 
brain metastases. Rapidly progressing brain metastases con-
tained many enlarged blood vessels with transluminal bridges 
of endothelial cell processes (the hallmark of nonsprouting 
angiogenesis). The expression of VEGF mRNA and protein by 
the tumor cells directly correlated with nonsprouting angio-
genesis and growth of brain metastasis. Causal evidence for 
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the essential role of VEGF in these processes was provided by 
transfecting PC14PE6 and KM12SM cells with antisense-
VEGF165 gene, which significantly decreased the incidence of 
brain metastasis and enlarged blood vessels. In contrast, trans-
fection of H226 human lung squamous carcinoma cells with 
sense-VEGF121 or sense-VEGF165 neither enhanced nor in- 
hibited formation of brain metastases (Yano et al., 2000). Col-
lectively, the results indicate that VEGF expression is neces-
sary but not sufficient for the production of brain metastasis and 
nonsprouting angiogenesis and that the inhibition of VEGF 
represents an important therapeutic target (Stewart et al., 1987; 
Yano et al., 2000). 
 
Location of dividing and apoptotic tumor cells in relation 
to the vasculature 
The diffusion coefficient of oxygen within tissues is on the order 
of 150-200 µm (Jain, 2001; Russ, 1989; Tannock, 1968). Since 
cell viability is dependent on oxygen, we determined whether 
the location of dividing or apoptotic tumor cells within brain 
metastases correlates with their distance from the nearest 
blood vessel. Because the growth of discrete-focal experimen-
tal brain metastases was associated with fewer but larger blood 
vessels per unit area, we determined whether the proximity of 
tumor cells to blood vessels correlated with DNA synthesis by 
double-labeling tissue sections for BrdU (cell division) and 
CD31 reactivity (endothelium). The spatial distribution of BrdU+ 
nuclei of CD31- cells relative to the nearest blood vessel was 
determined using the Euclidean distance map (EDM) (Chalkley, 
1943; Gavrieli et al., 1992). Since actively synthesizing endo-
thelial cells stained for both CD31 and BrdU, they did not affect 
the analysis. In autochthonous human lung cancer, brain me-
tastasis dividing cells were located mostly within 75 µm of the 
nearest vessel (Fidler et al., 2002). 

The distance of apoptotic cells from the nearest blood vessel 
was determined by an end-labeling assay (Tdt-mediated dUTP-
biotin nick-end labeling, or TUNEL) (Russ, 1995). Apoptotic cells 
(TUNEL+) in autochthonous human lung cancer brain metasta-
ses were mostly located 160-170 µm from the nearest blood 
vessel (Fidler et al., 2002). Collectively, the data demonstrate 
that the location of both dividing and apoptotic tumor cells within 
clinical specimen of brain metastases correlates with the diffu-
sion coefficient of oxygen within tissues (Jain, 2001; Russ, 
1989; Tannock, 1968). 
 
The blood-brain barrier in brain metastasis 
The microvasculature of the brain parenchyma is lined by a 
continuous, nonfenestrated endothelium with tight junctions and 
little pinocytic vesicle activity (Felgenhauer, 1986; Gregoire, 
1989; Johansson, 1990). This structure, designated the blood-
brain barrier (BBB), limits the entrance of circulating macro-
molecules into the brain parenchyma. The BBB and the lack of 
a lymphatic system are responsible for maintaining the brain as 
an immunologically privileged site (Shapiro and Shapiro, 1986) 
and protecting the brain against the entry of most drugs and 
invasion by microorganisms (Stewart et al., 1987). The BBB 
does not prevent the entry of circulating metastatic cells into the 
brain parenchyma. In fact, some but not all neoplastic cells can 
affect the integrity of this structure (Schlingemann et al., 1990; 
Zagzag et al., 1989; Zuelch, 1986). 

In general, primary brain neoplasms and brain metastases 
are resistant to treatment by most chemotherapeutic drugs 
(Greig et al., 1990; Stewart et al., 1987), and this resistance has 
been attributed to the inability of drugs to cross the BBB (Zhang 
et al., 1992). We investigated the functional viability of the BBB 
in an experimental model of brain metastases (Holash et al., 

1999; Schackert and Fidler, 1988b). Different human tumor cell 
lines were injected into the internal carotid artery of nude mice 
(Tomlinson, 1987). To study the permeability of the BBB, we 
chose sodium fluorescein (Felgenhauer, 1986). 
 
Astrocytes protect tumor cells from chemotherapy 
Astrocytes maintain homeostasis of the brain microenvironment 
(Abbott et al., 2006; Sofroneiw, 2005) by transporting various 
nutrients from the circulation to the neurons, participating in 
neural signal transduction, and buffering the ionic balance of 
the extracellular matrix (Allen and Barres, 2009; Bullock et al., 
2005; Fields and Stevens-Graham, 2002; Miller, 2005). Under 
pathological conditions, astrocytes became activated, as indi-
cated by their upregulation of glial fibrillary acidic protein 
(GFAP) (Crooks et al., 1991). Since these reactive astrocytes 
have been shown to protect neurons from injury induced apop-
tosis (Chen et al., 2005; Mahesh et al., 2006; Siofroniew, 2005), 
we determined whether reactive astrocytes can also protect 
tumor cells in brain metastases from cytotoxicity induced by 
chemotherapeutic drugs. To test this hypothesis, we studied 
the sensitivity of different tumor cells to chemotherapeutic 
agents when co-cultured with mouse astrocytes or fibroblasts. 
We utilized an immortalized astrocyte cell line derived from the 
brain of H-2Kb

-tsA58 mice (Langley et al., 2009) and co-
cultured these astrocytes with tumor cells at a ratio of 1:1. A 
scanning electron microscopic examination revealed that the 
astrocytes formed direct contacts with tumor cells through mul-
tiple podia.  

Next, we evaluated chemotherapy-induced apoptosis in tu-
mor cells in the absence and presence of astrocytes. Co-
culture with astrocytes dramatically reduced 5-fluorouracil (5-
FU)-induced apoptosis in the human tumor cells. This protec-
tion was not specific to the chemotherapeutic agent because 
astrocytes demonstrated similar reductions in cytotoxicity in 
tumor cells treated with Cisplatin. Astrocytes cultured alone or 
co-cultured with tumor cells did not undergo apoptosis when 
incubated with the chemotherapeutic agents under similar con-
ditions. To determine whether protection by astrocytes required 
secreted factors or direct physical contact, we repeated the 
experiments but separated the astrocytes from tumor cells by a 
trans-well membrane (0.4 µm pore size). Under these condi-
tions, the astrocytes failed to protect tumor cells from chemo-
therapy-induced apoptosis. Substituting murine NIH3T3 fibro-
blasts for astrocytes in the co-culture experiments failed to pro-
vide protection. This chemo-protective nature of astrocytes was 
also demonstrated in various human melanoma cells (Lin et al., 
2010), human breast cancer cells, and human lung cancer cells 
(Kim et al., 2010). 

Resistance to chemotherapy is a major cause of death in pa-
tients with brain metastasis. This resistance has been attributed 
to the impermeable nature of the BBB and the expression of P-
glycoprotein by metastatic cells. Our data provide a novel alter-
nate mechanism that requires direct contact between activated 
astrocytes and tumor cells in the brain tumor microenvironment. 
These data underscore the ability of metastatic brain tumors to 
exploit the neuroprotective properties of resident astrocytes for 
their own survival.  
 
Conclusion and perspective 
More than 40% of patients with lung cancer and breast cancer 
develop brain metastasis. With improved local control and ther-
apy of metastasis to visceral organs, the morbidity and mortality 
due to late diagnosed brain metastasis are projected to rise. 
The median survival for untreated patients is 1-2 months, which 
may be extended to 6 months with radiotherapy and chemo-
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therapy. 
The development of a relevant mouse model for the estab-

lishment and growth of brain metastasis has been instrumental 
for studies of the biology and therapy of this most feared con-
sequence of cancer. Injection of human tumor cells into the 
internal carotid artery of mice produces experimental metasta-
ses in specific regions of the brain that are not due to patterns 
of initial cell arrest, motility, or invasiveness, but rather to the 
ability of metastatic tumor cells to grow. Immunohistochemical 
and morphometric analyses demonstrate that the density of 
blood vessels within experimental metastases in brains of nude 
mice or clinical specimen of human lung cancer brain metasta-
ses is lower than that in the adjacent tumor-free brain paren-
chyma. However, brain metastasis-associated blood vessels 
are dilated and contain numerous dividing endothelial cells. 
Immunohistochemical analysis also reveals that tumor cells 
located less than 100 µm from a blood vessel are viable, 
whereas more distant tumor cells undergo apoptosis. Tumor 
cells within brain metastasis produce VEGF which induces 
permeability in adjacent vessels. The BBB in metastases that 
are larger than 0.25 mm in diameter is leaky. The lesions, nev-
ertheless, are resistant to chemotherapeutic drugs.  

The respected “seed and soil” hypothesis suggests that the 
outcome of metastasis depends on the interaction between 
unique tumor cells and the specific organ microenvironment. 
The demonstration that activated astrocytes whose physiologi-
cal role is to protect neurons from toxic substances can be 
exploited by tumor cells for protection from chemotherapeutic 
drugs suggests new approaches to the treatment of this fatal 
disease.  
 
REFERENCES 

 
Abbott, N.J., Rönnbäck, L., and Hansson, E. (2006). Astrocyte-

endothelial interactions at the blood-brain barrier. Nat. Rev. Neu-
rosci. 7, 41-53. 

Allen, N.J., and Barres, B.A. (2009). Neuroscience: glia - more than 
just brain glue. Nature 457, 675-677. 

Aukerman, S.L., Price, J.E., and Fidler, I.J. (1986). Different defi-
ciencies in the prevention of tumorigenic-low-metastatic murine 
K-1735 melanoma cells from producing metastasis. J. Natl. 
Cancer Inst. 77, 915-924. 

Brown, J.M., and Giaccia, A.J. (1998). The unique physiology of 
solid tumors: opportunities (and problems) for cancer therapy. 
Cancer Res. 58, 1408-1416. 

Bullock, T.H., Bennett, M.V., Johnston, D., Josephson, R., Marder, 
E., and Fields, R.D. (2005). Neuroscience. The neuron doctrine, 
redux. Science 310, 791-793. 

Carmeliet, P., Ferreira, V., Breier, G., Pollefeyt, S., Kieckens, L., 
Gerstenstein, M., Fahrig, M., Vandenhoeck, A., Harpal, K., 
Eberhardt, C., et al. (1996). Abnormal blood vessel development 
and lethality in embryos lacking a single VEGF allele. Nature 
380, 435-439. 

Carmeliet, P., and Jain, R.K. (2000). Angiogenesis in cancer and 
other diseases. Nature 407, 249-257. 

Chalkley, H.W. (1943). Method for the quantitative morphologic 
analysis of tissues. J. Natl. Cancer Inst. 4, 47-53. 

Chen, L.W., Yung, K.L., and Chan, Y.S. (2005). Reactive astrocytes 
as potential manipulation targets in novel cell replacement ther-
apy of Parkinson’s disease. Curr. Drug Targets 6, 821-833. 

Crooks, D.A., Scholtz, C.L., Vowles, G., Greenwald, S., and Evans, 
S. (1991). The glial reaction in closed head injuries. Neuropathol. 
Appl. Neurobiol. 17, 407-414. 

Ewing, J. (1928). Neoplastic Diseases, 6
th
 eds., W. B. Saunders, 

(Philadelphia, USA). 
Feigin, I., Allen, L.B., Lipkin, L., and Gross, S.W. (1958). The endo-

thelial hyperplasia of the cerebral blood vessels with brain tu-
mors and its sarcomatous transformation. Cancer 11, 264-277. 

Felgenhauer, K. (1986). The blood-brain barrier redefined. J. Neurol. 
233, 193-194. 

Ferrara, N., and Henzel, W.J. (1989). Pituitary follicular cells secrete 

a novel heparin-binding growth factor specific for vascular endo-
thelial cells. Biochem. Biophys. Res. Commun. 161, 851-859. 

Fidler, I.J. (1973). Selection of successive tumour lines for metasta-
sis. Nat. New Biol. 242, 148-149. 

Fidler, I.J. (1990). Critical factors in the biology of human cancer 
metastasis: twenty-eighth GHA Clowes memorial award lecture. 
Cancer Res. 50, 6130-6138. 

Fidler, I.J. (2003). The pathogenesis of cancer metastasis: the 
‘seed and soil’ revisited (Timeline). Nat. Rev. Cancer 3, 453-458. 

Fidler, I.J., and Kripke, M.E. (1977). Metastasis results from pre-
existing variant cells within a malignant tumor. Science 197, 
893-895. 

Fidler, I.J., and Talmadge, J.E. (1986). Evidence that intravenously 
derived murine pulmonary melanoma metastases can originate 
from the expansion of a single tumor cell. Cancer Res. 46, 5167-
5171. 

Fidler, I.J., Yano, S., Zhang, R.D., Fujimaki, T., and Bucana, C.D. 
(2002). The seed and soil hypothesis: vascularization and brain 
metastasis. Lancet Oncol. 3, 53-57. 

Fields, R.D., and Stevens-Graham, B. (2002). New insights into 
neuron-glia communication. Science 298, 556-562. 

Folkman, J. (1995). Clinical approaches of research on angiogene-
sis. N. Engl. J. Med. 333, 1757-1763. 

Fujimaki, T., Fan, D., Staroselsky, A.H., Gohji, K., Bucana, C.D., 
and Fidler, I.J. (1993). Critical factors regulating site-specific 
brain metastasis of murine melanomas. Int. J. Oncol. 3, 789-799. 

Gavrieli, Y., Sherman, Y., and Ben-Sasson, S.A. (1992). Identifica-
tion of programmed cell death in situ via a specific labeling of 
nuclear DNA fragmentation. J. Cell Biol.119, 493-501. 

Gay, P.C., Litchy, W.J., and Carcino, T.L. (1987). Brain metastasis 
in hypernephroma. J. Neurooncol. 5, 51-56. 

Gregoire, N. (1989). The blood-brain barrier. J. Neuroradiol. 16, 
238-250. 

Greig, N.H., Soncrant, T.T., Shetty, H.U., Momma, S., Smith, Q.R., 
and Rapoport, S.I. (1990). Brain uptake and anticancer activities 
of vincristine and vinblastine are restricted by their low cere-
brovascular permeability and binding to plasma constituents in 
rat. Cancer Chemother. Pharmacol. 26, 263-268. 

Groothuis, D.R., Fischer, J.M., Lapin, G., Bigner, D.D., and Vick, 
N.A. (1982). Permeability of different experimental brain tumor 
models to horseradish peroxidase. J. Neuropathol. Exp. Neurol. 
41, 164-185. 

Hart, I.R., Talmadge, J.E., and Fidler, I.J. (1981). Role of organ 
selectivity in the determination of metastatic patterns of B16 
melanoma. Cancer Res. 41, 1281-1287. 

Holash, J., Maisonpierre, P.C., Compton, D., Boland, P., Alexander, 
C.R., Zagzag, D., Yancopoulos, G.D., and Wiegand, S.J. (1999). 
Vessel cooption, regression, and growth in tumors mediated by 
angiopoietins and VEGF. Science 284, 1994-1998. 

Hu, F., Wang, R.Y., and Hsu, T.C. (1987). Clonal origin of metasta-
sis in B16 murine melanoma: a cytogenetic study. J. Natl. Can-
cer Inst. 67, 947-956. 

Jain, R.K. (2001). Delivery of molecular and cellular medicine to 
solid tumors. Adv. Drug Del. Rev. 46, 149-168. 

Johansson, B.B. (1990). The physiology of the blood-brain barrier. 
Adv. Exp. Med. Biol. 274, 25-39. 

Kanematsu, T., Matsumata, T., Takenaka, K., Yoshida, Y., Higashi, 
H., and Sugimachi, K. (1988). Clinical management of recurring 
hepatocellular carcinoma after primary resection. Br. J. Surg. 75, 
203-206. 

Kim, S.J., Baker, C.H., Kitadia, Y., Nakamuyra, T., Kuwai, T., Sa-
saki, T., Langley, R., and Fidler, I.J. (2010). Astrocytes upregu-
late survival genes in tumor cells and induce protection from 
chemotherapy. In Proc. 101

st
 Ann. Meeting of the Amer. Assoc. 

Cancer Res., 2010 Apr 17-21, Washington, DC. Abst nr 3428. 
Landis, S.H., Murray, T., Bolden, S., and Wingo, P.A. (1998). Can-

cer statistics. CA Cancer J. Clin. 48, 6-29. 
Langley, R.R., and Fidler, I.J. (2007). Tumor cell-organ microenvi-

ronment interactions in the pathogenesis of cancer metastasis. 
Endocr. Rev. 28, 297-321. 

Langley, R.R., Fan, D., Guo, L., Zhang, C., Lin, Q., Brantley, E.C., 
McCarty, J.H., and Fidler, I.J. (2009). Generation of an immortal-
ized astrocyte cell line from H-2K

b
-tsA58 mice to study the role 

of astrocytes in brain metastasis. Int. J. Oncol. 35, 665-672. 
Li, L., Price, J.E., Fan., D., Zhang, R., Bucana, C.D., and Fidler, I.J. 

(1989). Correlation of growth capacity of human tumor cells in 
hard agarose with their in vivo proliferative capacity at specific 



98 The Brain Microenvironment and Cancer Metastasis 

 

 

 

 

metastatic sites. J. Natl. Cancer Inst. 81, 1406-1412. 
Lin, Q., Balasubramanian, K.K., Fan, D., Kim, S.J., Guo, L., Wang, 

H., Bar-Eli, M., Aldape, K.D., and Fidler, I.J. (2010). Reactive as-
trocytes protect melanoma cells from chemotherapy by seques-
tering intracellular calcium through gap junction communication 
channels. Neoplasia (in press). 

Liotta, L.A., Steeg, P.S., and Stetler-Stevenson, W.G. (1991). Can-
cer metastasis and angiogenesis: an imbalance of positive and 
negative regulation. Cell 64, 327-332. 

Mahesh, V.B., Dhandapani, K.M., and Brann, D.W. (2006). Role of 
astrocytes in reproduction and neuroprotection. Mol. Cell. Endo-
crinol. 246, 1-9. 

Miller, G. (2005). Neuroscience: the dark side of glia. Science 308, 
778-781. 

Nagy, J.A., Morgan, E.S., Herzberg, K.T., Manseau, E.J., Dvorak, 
A.M., and Dvorak, H.F. (1995). Pathogenesis of ascites tumor 
growth: angiogenesis, vascular remodeling, and stroma forma-
tion in the peritoneal lining. Cancer Res. 55, 376-385. 

Nicolson, G. (1988). Organ specificity of tumor metastasis: role of 
preferential adhesion, invasion, and growth of malignant cells at 
specific secondary sites. Cancer Metastasis Rev. 7, 143-188. 

Norden, A.D., Wen, P.Y., and Kesari, S. (2005). Brain metastasis. 
Curr. Opin. Neurol. 18, 654-661. 

Paget, S. (1889). The distribution of secondary growths in cancer of 
the breast. Lancet 1, 571-573. 

Patan, S. (1998). Tie1 and Tie2 receptor tyrosine kinases inversely 
regulate embryonic angiogenesis by the mechanism of intus-
susceptive microvascular growth. Microvasc. Res. 56, 1-21. 

Patan, S., Munn, L.L., and Jain, R.K. (1996). Intussusceptive mi-
crovascular growth in a human colon adenocarcinoma xeno-
graft: a novel mechanism of tumor angiogenesis. Microvasc. 
Res. 51, 260-272. 

Poste, G., and Fidler, I.J. (1980). The pathogenesis of cancer me-
tastasis. Nature 283, 139-146. 

Risau, W. (1997). Mechanisms of angiogenesis. Nature 386, 671-
674. 

Russ, J.C. (1989). Uses of the Euclidean distance map for the 
measurement of features in images. J. Comp. Assist. Miscrosc. 
1, 343-375. 

Russ, J.C. (1995). The Image Processing Handbook, 2nd ed., 
(Boca Raton, USA: CRC Press), pp. 463-469. 

Sawaya, R., Bindal, R., and Lang, F.F. (2001). Metastatic brain 
tumors. In Brian Tumors, A.H. Kaye, and E.E. Laws, eds. (New 
York, USA: Churchill-Livingsone), pp. 999-1026. 

Schackert, G., and Fidler, I.J. (1988a). Development of in vivo 
models for studies of brain metastasis. Int. J. Cancer 41, 589-
594. 

Schackert, G., and Fidler, I.J. (1988b). Site-specific metastasis of 
mouse melanomas and a fibrosarcoma in the brain or meninges 
of syngeneic animals. Cancer Res. 48, 3478-3484 

Schackert, G., Simmons, R.D., Buzbee, T.M., Hume, D.A., and 
Fidler, I.J. (1988). Macrophage infiltration into experimental brain 
metastasis: occurrence through an intact blood-brain barrier. J. 
Natl. Cancer Inst. 80, 1027-1034. 

Senger, D.R., Galli, S.J., Dvorak, A.M., Perruzzi, C.A., Harvey, V.S., 
and Dvorak, H.F. (1983). Tumor cells secrete a vascular 
permeability factor that promotes accumulation of ascites fluid. 
Science 219, 983-985. 

Schlingemann, R.O., Rietveld, F.J., de Waal, R.M., Ferrone, S., and 
Ruiter, D.J. (1990). Expression of the high molecular weight 
melanoma-associated antigen by pericytes during angiogenesis 

in tumors and in healing wounds. Am. J. Pathol. 136, 1393-1405. 
Shapiro, W.R., and Shapiro, J.R. (1986). Principles of brain tumor 

chemotherapy. Semin. Oncol. 1, 56-69. 
Sofroniew, M.V. (2005). Reactive astrocytes in neural repair and 

protection. Neuroscientist 11, 400-407. 
Stewart, P.A., Hayakawa, K., Farrell, C.L., and Del Maestro, R.F. 

(1987). Quantitative study of microvessel ultrastructure in hu-
man peritumoral brain tissue: evidence for a blood-brain barrier 
defect. J. Neurosurg. 67, 697-705. 

Talmadge, J.E., and Fidler, I.J. (1982). Cancer metastasis is selec-
tive or random depending on the parent tumor population. Na-
ture 27, 593-594. 

Talmadge, J.E., and Fidler, I.J. (2010). AACR Centennial Series: 
The biology of cancer metastasis: historical perspective. Cancer 
Res. 70, 5649-5669. 

Talmadge, J.E., Wolman, S.R., and Fidler, I.J. (1982). Evidence for 
the clonal origin of spontaneous metastasis. Science 217, 361-
363.  

Tannock, I.F. (1968). The relation between cell proliferation and the 
vascular system in a transplanted mouse mammary tumour. Br. 
J. Cancer 22, 258-273. 

Tarin, D., Price, J.E., Kettlewell, M.G.W., Souter, R.G., Vass, A.C., 
and Crossley, B. (1984). Mechanisms of human tumor metasta-
sis studied in patients with peritoneouvenous shunts. Cancer 
Res. 44, 3584-3591. 

Tomlinson, E. (1987). Theory and practice of site-specific drug 
delivery. Adv. Drug Deliv. Rev. 1, 187-198. 

Tsukuda, T., Fouad, A., and Pickren, J.W. (1983). Central nervous 
system metastasis from breast carcinoma: autopsy study. Can-
cer 52, 2349-2354. 

Unemori, E.N., Ferrara, N., Bauer, E.A., and Amento, E.P. (1992). 
Vascular endothelial growth factor induces interstitial colla-
genase expression in human endothelial cells. J. Cell. Physiol. 
153, 557-562. 

Viadana, E., Bross, I.D.J., and Pickren, J.W. (1978). The metastatic 
spread of cancers of the digestive system in man. Oncology 35, 
114-126. 

Weidner, N. (1998). Tumoral vascularity as a prognostic factor in 
cancer patients: the evidence continues to grow (Editorial). Am. 
J. Pathol. 184, 130-135. 

Weiss, L. (1985). Principles of Metastasis (Orlando, USA: Aca-
demic Press). 

Yano, S., Shinohara, H., Herbst, R.S., Kuniyasu, H., Bucana, C.D., 
Ellis, L.M., Davis, D.W., McConkey, D.J., and Fidler, I.J. (2000). 
Expression of vascular endothelial growth factor is necessary 
but not sufficient for production and growth of brain metastasis. 
Cancer Res. 260, 4959-4967. 

Zagzag, D., Goldenberg, M., and Brem, S. (1989). Angiogenesis 
and blood-brain barrier breakdown modulate CT contrast en-
hancement: an experimental study in a rabbit brain-tumor model. 
Am. J. Roentgenol. 153, 141-146. 

Zhang, R.D., Price, J.E., Schackert, G., Itoh, K., and Fidler, I.J. 
(1991). Malignant potential of cells isolated from lymph node or 
brain metastases of melanoma patients and implications of 
prognosis. Cancer Res. 51, 2029-2035. 

Zhang, R.D., Price, J.E., Fujimaki, T., Bucana, C.D., and Fidler IJ.. 
(1992). Differential permeability of the blood-brain barrier in ex-
perimental brain metastases produced by human neoplasms 
implanted into nude mice. Am. J. Pathol. 141, 1115-1124. 

Zuelch, K.G. (1986). Brain tumors: their biology and pathology, 3rd 
eds., (Berlin, Germany: Springer-Verlag), pp. 480-498. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


