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Introduction

Brain metastases are the most frequently occurring intracranial tumors, outnumbering primary
brain tumors by a ratio of 10:1 (Shaffrey et al., 2004) and presenting the major causes of
systemic cancer morbidity and mortality(Nathoo et al., 2005). Their incidence is increasing
because of improved cancer therapy for the systemic disease (Shaffrey et al., 2004; Tosoni et al.,
2004). Among patients with breast cancer, at least 10-15% of them develop brain metastases,
making breast cancer the second most common cause of brain metastases(Boogerd, 1996; Ewend
et al., 2001; Fenner and Possinger, 2002). Patients with brain metastases have a generally poor
outcome with a median survival after diagnosis of approximately 4 months (Bradley and Mehta,
2004). It is predicted that brain metastases will become more problematic with the improved
systemic control of metastatic diseases, because it is believed that most systemically
administered agents have poor central nervous system penetration.
However, our knowledge about how brain metastases develop has, for the most part, been
extrapolated from observation in other tissues. This has led to the concept that brain metastasis
develops after extravasation of metastatic tumor cells into the surrounding tissue. Dogma also
dictates that the blood-brain barrier (BBB) prevents the delivery of therapeutic agents through
the BBB (Ewend et al., 2001; Landonio et al., 2001). We have developed a unique breast cancer
brain metastasis model that allows us to visualize the development of brain metastasis and
monitor BBB function with unprecedented high resolution. High expression of green fluorescent
protein (GFP) allows us to trace the very few tumor cells and find the early tumor metastasis, and
intravenous injection of rhodamine conjugated albumin facilitates monitoring the function of
BBB under fluorescence microscope. Serendipitous observations indicate that our current
concepts about pathogenesis and BBB function of brain metastasis (Fenner and Possinger, 2002;
Walsh, 1996) might be incorrect. Accordingly, it is very important to further understand the
mechanisms of the brain metastasis of cancer in order to design effective and specific therapeutic
interventions for this devastating complication in cancer. Advances in this understanding of the
pathobiology of brain metastasis may lead to novel targeted treatment paradigms and a better
prognosis for patients with brain metastatic disease.
Based on this background, we proposed a new concept on the pathogenesis of breast cancer brain
metastasis. The results obtained with financial support from DOD support most of what we
hypothesized and tremendously broadened and enriched our understanding of the mechanisms of
brain metastasis and the role of chemotherapy in brain tumors.
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Body
Pathogenesis and blood-brain barrier heterogeneity of breast cancer brain metastasis

Background: Brain metastases are the most frequently occurring intracranial tumors,
outnumbering primary brain tumors by a ratio of 10:1 (Shaffrey et al., 2004) and representing the
major causes of systemic cancer morbidity and mortality(Nathoo et al., 2005). Their incidence is
increasing because of improved cancer therapy for the systemic disease (Shaffrey et al., 2004;
Tosoni et al., 2004). Among patients with breast cancer, at least 10-15% of them develop brain
metastases, making breast cancer the second most common cause of brain metastases (Boogerd,
1996; Ewend et al., 2001; Fenner and Possinger, 2002). Most of these patients die within a few
months of diagnosis since many systemic therapies are ineffective within the brain(Bradley and
Mehta, 2004). Our knowledge about how brain metastases develop has, for the most part, been
extrapolated from observation in other tissues. This has led to the concept that brain metastasis
develops after extravasation of metastatic tumor cells into the surrounding tissue. Dogma also
dictates that the blood-brain barrier (BBB) prevents the delivery of therapeutic agents through
the BBB (Ewend et al., 2001; Landonio et al., 2001). We have developed a unique breast cancer
brain metastasis model that allows us to visualize the development of brain metastasis and
monitor BBB function with unprecedented high resolution. Serendipitous observations indicate
that our current concepts about pathogenesis and BBB function of brain metastasis (Fenner and
Possinger, 2002; Walsh, 1996) may be incorrect. The development of rational therapeutic
strategies for the treatment of brain metastasis requires a complete understanding of the
mechanism by which lesions develop.

Rationale/Purpose: We hypothesized that the anatomic structure of BBB prevents tumor cell
extravasation. This results in local intravascular growth that embolizes and ultimately ruptures
the vasculature. Once tumor ruptures the vessel wall, the characteristic perivascular growth
spreads tumor cells far from ruptured site and then gains BBB protection. This model dictates
that brain metastasis has a prolonged intravascular growth stage and the BBB is functionally
heterogeneous in different tumor areas. Based on the unique pattern of brain metastasis proposed
here, we assumed that the function of BBB in brain metastatic tumors should be temporally and
spatially heterogeneous.

Objectives: The objectives of this proposal were to clarify the primary mechanism by which
breast cancer develop brain metastasis with the emphasis on identifying the role of BBB in the
process. The different models of breast cancer brain metastases developed in this laboratory
allow us to visualize the whole procedure of brain metastasis development, interaction of tumor
cells with BBB and the dynamic changes of the function of BBB with unprecedented clarity in
direct in vivo natural tumor settings. By serial examination of the interactions between breast
cancer brain metastasis and host vessels at different stages of brain metastasis growth, we would
be able to provide a general framework of the mechanisms that underlie brain metastatic process.
The proposal had the following specific aims:

1. Determine how breast cancer brain metastases initiate and grow with the particular
emphasis on their interaction with the BBB.

2. Determine the changes in the function of the BBB in brain metastasis at different stages
of tumor progression.

Original experimental design:
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Analyses of the brain metastatic process and function of the BBB in brain metastasis at

different stages of tumor progression.

Months 1-12: Nude mice will be injected with MDA-MB435GFP breast cancer cells into the left
ventricle of the heart. At weekly intervals mice will be injected i.v. with rhodamine-
albumin and sacrificed.

A) Superficial tumors will be localized by green fluorescent protein (GFP) using
stereoscopic fluorescence microscopy. Tumor bearing regions will be further
analyzed for supporting vasculature and intact/permeable BBB by red fluorescence
(rhodamine-albumin) imaging. The areas will be surveyed, mapped and recorded.

B) Confocal microscopy - Thick slide frozen sections will be prepared and, where
appropriate, fixed and stained with eosin-yellow CD31 antibodies to identify supporting
endothelial cells. This will facilitate three-dimensional three color imaging of tumor
(green fluorescence), blood vessel walls (yellow fluorescence) and patency of the BBB
(red fluorescence).

Materials and Methods:

Mice. female athymic nude mice were purchased from the Animal Production Area of the
National Cancer Institute-Frederick Cancer Research Facility (Frederick, Md.). The animals
were maintained in facilities approved by the American Association for Accreditation of
Laboratory Animal Care and in accordance with current regulations and standards of the United
States department of Agriculture, Department of Health and Human Services, and National
Institutes of Health. All the mice were used when they were 8- to 12- weeks old.

Establishment of GFP-expressing MDA-MB 435 (MDA-MB 435GFP) and 4T1 cell lines.
The mammary carcinoma MDA-MB-435 (human) and 4TI (mouse) cell lines were transfected
with a plasmid, pEGFP-N1, that constitutively expresses an enhanced version of the GFP
(Clontech Laboratories, Inc., Palo Alto, CA). FuGENE 6 Transfection Reagent (Roche
Molecular Biochemicals, Indianapolis, IN) was used to aid the transfections. A protocol
recommended by the manufacturer was followed. G418 selection at 500 tg/ml started 2 days
after transfection. Two to 3 weeks later, colonies that emerged in Petri dish cultures were
examined for GFP expression under a fluorescence microscope. Those colonies with robust GFP
expression were picked, pooled, and expanded for further experiments.

Intracardiac injection of tumor cells. Female nu/nu mice were anesthetized by i.p. injection of
Nembutal (45 mg/kg of diabutal (50 mg/ml) /saline/ethanol/propylene glycol 10/63/7/18). The
anterior chest wall were scrubbed with 70% alcohol. A 30 gauge needle on a tuberculin syringe
were inserted slowly into the second intercostal space 3 mm to the left of the sternum and aimed
centrally. The spontaneous and continuous entrance of pulsating red blood into the transparent
needle hub indicated proper positioning of the needle into the left ventricle of the heart. Gentle
aspiration of the syringe were necessary to determine if the needle is in the left ventricle of the
heart if red blood failed to enter the needle hub. 106 cells in 0.1ml saline were injected into the
left ventricle of the heart over a 20-40 second period.

Selection of MDA-MB 435GFP cells preferentially metastasizing to brain. MDA-MB
435GFP cells were injected into the left cardiac ventricles of nude mice, brain metastases were
harvested when mice became moribund, tumor cells were cultured, amplified and then injected
back into the left heart of the nude mice to generate brain metastases again. By selecting brain
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metastatic lesions for four cycles we established a unique human breast cancer cell line
expressing green fluorescent protein that preferentially metastasizes to the brain. At least 80% of
nude mice died of brain metastasis 2-3 months after the cell line was injected into their left
cardiac ventricle.

Labeling of vasculature in vivo. Systemic labeling of vascular network was done by i.v.
injection of I mg rhodamine conjugated albumin (Molecular Probes, Eugene, OR).

Examination of brain metastases and function alteration of BBB. At every time point or
when the mice show signs of morbidity, the animals were injected i.v. with Rhodamine-albumin,
0.5-1 hr later the mice euthanized by inhalation of carbon dioxide in a closed chamber. The
brains were removed and examined under fluorescence stereoscope ((Leica Model LZI2),
equipped with narrow bandpass excitation and emission filters mounted in a selectable filter
wheel (Ludl Electronic Products, Hawthorne, New York). Real-time images were directly
captured with an Evolution MP camera (Media Cybernetics Inc., Silver Spring, Maryland or by
frame capture from videotaped images.) or a Zeiss LSM 510 laser scanning confocal microscope
(LSM510, Carl Zeiss Inc. Thornwood, New York) with krypton-argon and helium-neon lasers.
The brain metastases were also harvested, frozen sections cut and fixed immediately in cold
acetone for 5 min. Fluorescence microscopy for Rhodamine-albumin permeability in brain
tissues was performed with an epifluorescence microscope equipped with a mercury vapor lamp
and appropriate narrow bandpass excitation and emission filters (Ludl Electronic Products,
Hawthorne, New York).

Immunostaining for CD31. Since the rhodamine labeled albumin was washed away and green
fluorescence of GFP tumor cells quenched during the process of staining, so we failed to
complete three-dimensional three color imaging of tumor (green fluorescence), We performed
our routine CD31 staining and the results demonstrated the points all the same as we proposed.
Briefly, acetone-fixed frozen sections were sequentially incubated with rat anti-mouse CD31
(PharMingen, San Diego, California), peroxidase-conjugated goat anti-rat antibodies (Jackson
ImmunoResearch Laboratories, West Grove, Pennsylvania) and diaminobenzidine.

Results:

Sequential observation of pathogenesis of brain metastasis using MDA-MB-435GFP and
4T1GFP revealed the complexity of mechanisms by which breast cancer develop brain
metastases and functional heterogeneity of BBB in brain metastases.

Coexistence of different mechanisms in breast cancer brain metastases.

1) Extravasation and extravascular growth. At weeks I and 2, among 28 superficial
MDA-MB-435GFP metastatic nodules consisting of cells cluster or a single cell, 22 of 28
were extravascular (Fig. 1), indicating that extravasation was the dominant mechanism of
brain metastases. Perivascular nodular foci most located around capillaries and arterioles.
The single cell outside vessels at week 1 indicated that some metastatic cells did not go
proliferation immediately after tumor cell inoculation. After extravation, metastatic cells
migrate and grow towards the adjacent blood vessels of the neighbor vessel network, and
then proliferate along the vasculature perivascularly to distant sites (Fig. 2). For brain
metastases at advanced stage tumor cells did not grow randomly at the tumor periphery,
but aligned themselves longitudinally along the blood vessels. The longitudinal alignment
could be continuous or discontinuous, indicating the migration of tumor cells along the

7



W81XWH-04-1-0628 01 Weixin Lu
vasculature. And perivascular tumor growth could encompass the vascular perimeter
completely or just partially (Fig. 2c). When cells divided and migrated along an existing
vessel, they could spread almost as far as the whole hemisphere of brain without notable
tumor nodule.

2) Intravascular proliferation, vessel rupture, and extravascular expansion. 6 of 28
metastatic nodules were intravascular at weeks I and 2. The intravascular nodules could
also be found in brain at late stages and the nodular foci were larger. They were confined
in arterioles or intermediate-size arteries and extended as strings in the shape of vessel,
CD 31 staining showed that tumor cells were surrounded by CD 31 positive endothelial
cells(Figs. 3). Cell division must have been occurring within the brain vasculature since
strings of cells were never present at times earlier than 3 days. In our system, both
vasculature and tumor cells were clearly visible under fluorescence microscope. The
results suggest that the intravascular stage of brain metastasis be much more prolonged
than has been predicated from other organ metastasis models. In addition to the direct
observation of intravascular growth of metastatic cells, there were two additional
evidences supporting the intravascular origin of brain metastasis. The first was the
occlusion of the blood vessels (Fig. 4). This feature was quite apparent by the atrophy of
local tissue under dissecting microscope and the necrosis of brain tissue during the early
brain metastasis in H/E slides. The necrotic areas usually occurred in the deep
parenchyma of the brain, and the size usually depended on the size of the blood vessel
occluded. The second was the releasing of tumor emboli into the downstream area of
brain. This phenomenon was clearly demonstrated in 4T1 cells model in Fig. 5. The
shaded tumor cells from the intravascular metastatic colony could become the constant
source of releasing tumor emboli to distant regions, causing the metastases of metastasis.
Although the intravascular pattern of brain metastasis was not the dominant mechanism,
it could easily lead to extensive tumor dissemination through the vasculature and damage
the host tissues located in the downstream area by blocking blood flow. In the late stages
(when the mice were moribund or 30 days later after tumor cell inoculation), continuous
intravascular proliferation of tumor cells led to disruption of the surrounding blood walls
(fig 6). After disruption of blood vessels, a completely different event took place. The
overflowing (escaped) metastatic cells migrate and grow towards the adjacent blood
vessels of the neighbor artery network, and then proliferate along the vasculature
perivascularly to distant sites.

Heterogeneity of BBB function. At weeks 1-2, Rhodamine-albumin was not leaky if the tumor
nodules were inside the vessels (Fig. 7). If the tumor cells were outside the vessels, the vessels
could be leaky (Fig. 8) or not leaky (fig 1). When at the late stages of metastasis, the tumor size
became bigger; the vessels became leaky, especially in the tumor center. But in the periphery of
metastasis, the vessels were heterogeneous to the penetration of rhodamine-albumin, indicative
of the heterogeneity of BBB function in brain tumors (Fig. 9).

Discussion:

High-resolution observation of GFP-labeled tumor cells metastases in isolated, perfused lung
made A1-Mehdi at al conclude that hematogenous metastasis originates from the proliferation of
attached intravascular tumor cells rather than extravasated ones (Al-Mehdi et al., 2000). This
contradicts the traditional view that circulating metastatic cells must extravasate before
proliferating into colonies (Fidler, 1990; Koop et al., 1995). This issue is extremely important for
brain metastasis in that intravascular metastasis formation would offer us the opportunity to cure
brain metastases by developing new approaches to early detection and giving intravascular drugs
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despite the BBB existence. In fact, intravascular growth has been described in B 16 melanoma
brain metastases(Alterman and Stackpole, 1989; Raz and Hart, 1980), but it was termed as an
exception because it has not been observed in other tumor systems and B 16 melanoma brain
metastasis almost always occurred in leptomeninges and the B 16 tumor cells within the
leptomeninges artery were enmeshed in large fibrin-like clots that disable tumor cells undergo
active extravasation. Current concept dictates that brain metastases begin from malignant cells
extravasation(Kawaguchi et al., 1982; Walsh, 1996). The view that tumor cells proliferate after
their penetration of BBB is very discouraging and devastating, this makes the diagnosis and
treatment of early brain metatstasis extremely difficult because of the specialty of BBB in
hindering penetration of most systemically administered agents. Although the idea that tumor
cells can affect BBB permeability(Kohn et al., 1989; Stewart et al., 1987; Zhang et al., 1992), the
interpretation of this result in terms of the inefficacy of chemotherapy remains a fundamental
problem.
The in vivo application of GFP-labeled tumor cells (Hoffman, 1998) allows us to observe
pathogenesis of brain metastasis with unprecedented spatial resolutions. This greatly facilitates a
broad investigation of development of brain metastasis. This is the first clear evidence that the
same tumor cells can establish metastases by different mechanisms - extravasation and
intravascular proliferation. The reasons why some brain metastases began intravascularly and
some extravascularly, whether they were due to the difference of biological properties in tumor
cells or the different vascular structure of various locations, remain unknown. The two deadly
complications of intravascular growth of brain metastasis - the occlusion of blood vessel and the
constant releasing of tumor cells into the downstream area- explain why brain metastasis is so
calamitous and emphasize the necessity of chemotherapy. This will also explain why in some
patients the imaging findings are of only a small tumor nidus but with a large amount of
vasogenic edema or necrosis(Loeffler et al., 1997) . The existence of intravascular initiation of
brain metastasis makes early detection and treatment clinically important and more practical.
Though we hypothesized that the unique feature of richness of tight junctions among endothelia
in BBB would prevent the metastatic cells from extravasation, it was obviously not the case,
because in the very early stage single GFP tumor cell was quite often found outside the vessels.
The function of the BBB is an important issue with regard to drug treatment of brain tumors. For
the first time we demonstrated the temporal and spatial heterogeneity of the BBB function in the
same brain metastatic setting, whether the difference in BBB function in small brain metastases
in early stage was temporal, or due to the structural difference in BBB, or biologic properties in
tumor cells remain important issues. Our results will not only explain the controversy between
the evidence that BBB function is not intact and the lack of efficiency of chemotherapy but also
suggest the necessity of drug therapy to prolong patient life.
More importantly, all the observations were made in the natural brain metastasis settings (with
all the multiple cell types, the cytokines, etc. from the blood and the brain in place to interact
with the metastatic cells) and from a large number of mice with different stages of brain
metastases, the results should have more accurately reflected the clinical situations.
In conclusion, our results provide a framework about how breast cancer brain metastases initiate
and progress and the heterogeneity of BBB function in brain metastases. They are important for
us to better understand clinical presentations and develop new approaches to detecting and
treatment of brain metastases.
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Figure Legends

Fig. 1. Extravascular growth of breast cancer brain metastases. MDA-MB-435GFP breast
cancer cells were injected into the left heart of female Nude mice. On day 14, mice were
sacrificed and brain metastases examined with confocal microscope 1 hr after i.v.
injection of rhodamine-albumin. The perivascular growth of metastatic cells indicates the
completion of extravasation.

Fig 2. Perivascular distant migration of metastatic breast cancer cells. MDA-MB-435GFP cells
were injected into the left heart of nude mice. Eight weeks later, the brain metastases
were examined under fluorescence stereoscope. The micrographs show that tumor cells
could travel far away from their primary sites (arrow) along the vascular network. Images
were taken under fluorescence alone (a) or under dual fluorescence and bright
illumination (b). c: H/E staining shows tumor cells completely or partially surrounded
vessels.

Fig. 3. Intravascular growth of breast cancer brain metastasis at early stage. MDA-MB-
435GFPBr cells were injected into the left heart of nude mice, one week later, the brain
metastasis was examined under fluorescence stereoscope (a, b). The micrographs showed
that the tumor cells were confined in vessels as strings. c shows immunostaining of the
brain metastasis with CD31 antibody. Arrow indicates that tumor cells were wrapped by
vascular wall.

Fig. 4. Intravascular proliferation of breast cancer brain metastasis and cerebral infarction.
MDA-MB-435GFP cells were injected in the left heart of nude mice. Two weeks later,
the brain metastases were examined by fluorescence stereoscope. Confinement of green
tumor cells in the vessel under low (a) and high (b) magnification. c: H/E staining
showed necrosis areas (indicated by white arrows) from cutting 1. d: Red arrow
indicated tumor cells in vessel from cutting 2.

Fig. 5. Intravascular spread of brain metastasis under green fluorescence only (a) and with slight
bright illumination (b). 4TIGFP cells were injected into the left heart of nude mice, two
wks later, brain metastases were examined using fluorescence stereoscope. The arrow
indicates the direction through which intravascular brain metastasis released tumor cells
into downstream of vascular network.

Fig. 6. Vessel rupture by intravascular growth of brain metastasis. MDA-MB-435GFP breast
cancer cells were injected into the left heart of female Nude mice. Four weeks later, mice
were sacrificed and brain metastases examined with confocal microscope 1 hr after i.v.
injection of rhodamine-albumin. The arrow points to the rupture site of vessel wall where
tumor cells leaked out.

Fig. 7. Intact BBB in brain metastasis of early stage. MDA-MB-435GFP breast cancer cells
were injected into the left heart of female Nude mice. One week later, mice were
sacrificed and brain metastases examined with confocal microscope 1 hr after i.v.
injection of rhodamine-albumin. The green tumor cells were confined in the vessels
without the increase of BBB permeability.

Fig. 8. Increased permeability of BBB in brain metastasis of early stage. MDA-MB-435GFP
breast cancer cells were injected into the left heart of female Nude mice. Two weeks
later, mice were sacrificed and brain metastases examined with confocal microscope 1 hr
after i.v. injection of rhodamine-albumin. The arrow points to the area of increased
permeability for rhodamine-albumin.
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Fig. 9. Heterogeneity of the BBB function induced by perivascular growth of brain metastasis.

MDA-MB-435 GFP cells were injected into the left heart of nude mice, when the mice
were moribund, their brain metastases were examined under fluorescence stereoscope 1
hrs after i.v. injection of Texas red-albumin. Note: the white arrow indicates increased
vascular permeability but most vessels did not show increased permeability despite
engulfed by tumor cells. a.GFP tumor. b. Rhodamine-albumin penetration.
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Fig. 5

16



W81XWH-04-1--0628 01 Weixin Lu

Fig. 6
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Fig. 7
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Fig. 8
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Fig. 9
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Key Research Accomplishments:

"* Abstract for Era of Hope, Breast Cancer Program Meeting 2005: Pathogenesis and blood-brain
barrier heterogeneity of breast cancer brain metastasis

"* Manuscript for publication: Pathogenesis and blood-brain barrier heterogeneity of breast
cancer brain metastasis. In preparation
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Reportable Outcomes:

The experiences obtained from the grant contributed to the application for the new idea award in DOD
program: Breast cancer growth and metastasis vascularize by tumor cell adaptive migration
into and replacement of normal tissue.
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Conclusions:

The data from this proposal revealed the complexity of mechanisms by which brain metastases
were developed. Breast cancer brain metastases could be established by tumor cells proliferation
after extravasation or direct intravascular growth. The latter mechanism makes the brain
metastasis extremely aggressive in that it serves as a consistent source to spread tumor cells to
other areas of the brain and the block of blood supply by tumor growth in vessel damages brain
tissue. The results showed the temporal and spatial heterogeneity of the BBB function in brain
metastases. These results will significantly improve our understanding of the mechanisms behind
the clinical presentation of patients with brain metastases, and help clinicians to optimize the
therapeutic strategies addressing the complexities of the mechanisms and BBB function in brain
metastases.

23



W81XWH-04-1-0628 01 Weixin Lu

References:

AI-Mehdi, A. B., Tozawa, K., Fisher, A. B., Shientag, L., Lee, A., and Muschel, R. J. (2000).
Intravascular origin of metastasis from the proliferation of endothelium-attached tumor cells: a
new model for metastasis. Nat Med 6, 100-102.

Alterman, A. L., and Stackpole, C. W. (1989). B16 melanoma spontaneous brain metastasis:
occurrence and development within leptomeninges blood vessels. Clin Exp Metastasis 7, 15-23.

Boogerd, W. (1996). Central nervous system metastasis in breast cancer. Radiotherapy &
Oncology 40, 5-22.

Bradley, K. A., and Mehta, M. P. (2004). Management of brain metastases. Semin Oncol 31,
693-701.

Ewend, M. G., Carey, L. A., Morris, D. E., Harvey, R. D., and Hensing, T. A. (2001). Brain
metastases. Current Treatment Options in Oncology 2, 537-547.

Fenner, M. H., and Possinger, K. (2002). Chemotherapy for breast cancer brain metastases.
Onkologie 25, 474-479.

Fidler, I. J. (1990). Critical factor in the biology of human cancer metastasis: twenty-eighth G. H.
A. Clowes Memorial Award lecture. Cancer Res 50, 6130-6138.

Hoffman, R. M. (1998). Orthotopic transplant mouse models with green fluorescent protein-
expressing cancer cells to visualize metastasis and angiogenesis. Cancer Metastasis Rev 17, 271-
277.

Kawaguchi, T., Tobai, S., and Nakamura, K. (1982). Extravascular migration of tumor cells in
the brain: an electron microscopic study. Invasion Metastasis 2, 40-50.

Kohn, S., Front, D., and Nir, I. (1989). Blood-brain barrier permeability of human gliomas as
determined by quantitation of cytoplasmic vesicles of the capillary endothelium and
scintigraphic findings. Cancer Invest 7, 313-321.

Koop, S., MacDonald, I. C., Luzzi, K., Schmidt, E. E., Morris, V. L., Grattan, M., Khokha, R.,
Chambers, A. F., and Groom, A. C. (1995). Fate of melanoma cells entering the
microcirculation: over 80% survive and extravasate. Cancer Res 55, 2520-2523.

Landonio, G., Sartore-Bianchi, A., Giannetta, L., Renga, M., riva, m., and Siena, S. (2001).
Controversies in the management of brain metastases: the role of chemotherapy. Forum Trends
in Experimental and clinical medicine 11, 59-71.

Loeffler, J. S., Patchell, R. A., and Sawaya, R. (1997). Treatment of Metastatic Cancer, In
Cancer: Principles and Practice of Oncology, J. Vincent T. DeVita, S. Hellman, and S. A.
Rosenberg, eds. (Lippincott-Raven), pp. 2523-2606.

Nathoo, N., Chahlavi, A., Barnett, G. H., and Toms, S. A. (2005). Pathobiology of brain
metastases. Journal of Clinical Pathology 58, 237-242.

Raz, A., and Hart, I. R. (1980). Murine melanoma: a model for intracranial metastasis. British
Journal of Cancer 42, 331-341.

Shaffrey, M. E., Mut, M., Asher, A. L., Burri, S. H., Chahlavi, A., Chang, S. M., Farace, E.,
Fiveash, J. B., Lang, F. F., Lopes, M. B., et al. (2004). Brain metastases. Current Problems in
Surgery 41, 665-741.

24



W81XWH-04-1-0628 01 Weixin Lu
Stewart, P. A., Hayakawa, K., Farrell, C. L., and Del Maestro, R. F. (1987). Quantitative study of
microvessel ultrastructure in human peritumoral brain tissue. Evidence for a blood-brain barrier
defect. J Neurosurg 67, 697-705.

Tosoni, A., Ermani, M., and Brandes, A. A. (2004). The pathogenesis and treatment of brain
metastases: a comprehensive review. Critical Reviews in Oncology-Hematology 52, 199-215.

Walsh, J. W. (1996). Biology of a brain metastasis. Management of Cerebral metastases 7, 369-
376.

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

25



W81XWH-04-1-0628 01 Weixin Lu

Appendices:
Invivin and eavtaysr Wl Era qf Hope. June 8-11, 2005

between Itint Wmend idyFPa ten1co~i O(1imf eetpie lw o id, rair heir vnj The highv me-tastt~ii MAT Mill sýt='t:M 1376 m!~t rrwmý
U, uziaife' i Of dineor m ltu4~ r4gs d~;=-1"! at rald'ib:i~ ng ene'- wo rcinonwa eel twctzd b~tt zir.- Wtr- 0,c lZ mprnere gene

PohlsfN Vernbly on breatteentesttcat elmrfa;4en. thnenbý pmniTintgab~in~ leto I enn=e eltiri'ed inaxdw b~ V "~/ Nb-s1twkc-
W1PI onr~jn h tin4 o! Itt i -.,night Mt,~e ztr~io..wn fw'r a ps L' IWeub iaee vtai

ednee~nedtept rhf iteT. dyek if% leip' atne,, i& etwnc!Uzvxat nnwcSxry.

P604: INVY-T(CATION' OF THlE ROLE OF THlE ARHGAPS GENE S& ' of inr oýamcb& 0) nlimr-rC1 v x netdb

IN' EGUAMONOF uwsrTumR cEL mtvas IN antd 45 me"yoa Ueertees throtig the bvjuitl'esrc 'tamed hvuihernittcally (X-ynI
VASION. AND EPITI{ELALU-TO-NMESENCITYMAL TRANSIMON neSub=txcto resent uv-pix tam. eit

Camerar X. jolnitdooe."t *1rk J. BDoac."' 1jur M. OmA30r' and Ain I K.) Si~nTfir setood,. TheW injX: Jye.A4 tsX W349dil sewnteod -a the telne
F~vrolt. t-wrueg the ene end mc bnght green fir. 0Me t.~ (wk 0"10 cotecro the blood flow),.

'G.Uenteoltv~y Pst.Deparnetw of Medkinme 'Abemso CariTCeir :mde ra i
r.uedh Canre= Resenech ltsigittote and )qne-mert of CGnetetc, Unecet of =n~ b=& in othe bra n~ein cu o-4the Ow yia wxtt trx Mwer bys Uatint the

I'etet~~~le~~ett~vi. vbawk' ~. This pvreens tate itod ut-Aii. and te. ortn fcx.PttfL~ttt. (2) endy
TUtMWt enmewrnuiMtonetta h rame k o'te P foAurvoes ;oPpearet M a *rdi

Re=en workinon at at-:bomxtn y bi-; 'h r-'s ot' e Wweucx of proratise tut~ pate'ott rine ihc thc*ere vf ijetio~an. Tattr w-, !ht to tr in prowe. toeininges
WPPM~r RneJS().ti I Meptkwset0^) i=al navsm 4"- I in zod nehro"'e Tbn. Itrot wss ohtteeo c etcituelm-lyresl'er
breair and tokwmlectut ý cutter-s :, L rTSG (AKHGAMil wmioo fc, SW- oncnle erote e'trv dw-t o.bto. bid=o appreearru itveetdeýt
orotyto ot the hotit of hnomo~my W. the ine," TSGS N*Fl toi AE)GM-,IX'-!.
ARiTGAV eicodes. H M~ aRI stotiveatWe Mosrrinrt GAF lbrlWOA.RAC% m Cnbsm: Ih oddý1antedm',w- fl*-m ntv vtebi
(SrAi) &inoirercarirt. th ~m te)olt lidS' Sit bomoogene; 0.'cl of brow mtt~c. OWric5. xvd6.tii ChekoI OwXS. Ctator to thte irj!on1itr

(SHi omift th i.&' fh.s'l otnnc~w itle ts co=,tti wirtheol the bf~ leow, Door liatt and chetetrtg (Set ioraiin itot dr
Seenatle rerrnrenr of APGA" as not Wberreti in ci rt-Ocuo br vd a* .reeral votm-I w6rietrcsm eoroe b s The o.1)ilwy to visenl= the caeiiene
totottes ennmino& Horvn,. riwte ARH(;AfY euotaired x robusnt CpG-Weand in illts-OUfP h %w old aprprn 'ýc en~ (W- of rom Mly. Snd the

pceximrd ~ ~ ~ ~ ~ ~ opaim- bcic. mnmire 60IAIt mILNA enpmaoo =11ric indc prienre biain. tt ~ ~ tei ~ tft ' w ill aicy intiras
nero.~ Dfft Careinoton efimdies ot'bilokeg &n yiep for nasmtielenenen h bra~aawi in

cell lines, AR3IOA"rPg Ae~spminosat teducineit hopproasinardry o6: Wi~rd Vf Oo'1ogsna4. mtrno'ee15, Me Vn !.l A- Vi'et1kC4 Aeser-o- anid AW0,4ci Cvmn-onoo

(MODsMYB-fl), bIPA-MB-43$. and BTW4). otod rumidltydowangied in afourthi

dwe to AI1MGAM' ooeeie lrnbetlrý,oel~rsc folr cel) RhePn0, akinente #60-lM PATHOGENESIS AND BLOOD-BRAIN BkRRIER IET-
qdr.2bc etor---,on3 -- iton'it (IM'! Whkuinclde&sr T-,dktrdimW ho.p EROGENEITYOFTBRLEAST CAN(TM BRAIN MET USTAiS
fty aid lim ofE-cdhrm oeepwmlmt..

aes.nd lx.Sb*
Ur.h inhonicre or MNA methylatio nod bisteni de nttstatimo in tin ilrreniomg to Detomrtuet o'f Can=cer M Uitrgyaireerey oa Teun .D.I ) An&-, wst Cance:Cr acte.
ARTIIAMr mvevngret ii) borast enore at~ Jime wo exeosinere Trnatin -40, &vt tir itooe0AerX
himne ocadearytre (IIACI )thihibte Triehoosonin A OUS) roboustly inducd 15-4ail: uiwraderooo erg
ABJIG.V8 mL'ttA *qperAoa ho MDA-MII2l A*-+ f8TS45 cells bunt cat ioID'A-
M8435 OCel. CeosmcetY. trenronfer, wit% the dSetnetrvsý 2g=e 5127A A tae.- cumber ol'younrg bntnt catcer patoetsdeed ofbraoi memnute. Oat kneel-
2doloxyeytiie (SanodC) weakely irteslero A MtCIP mttNIA onpotnione in MDA4- *B. edg.b brtachinn measmusadevetttt *ftel toetnatntc 4,til ertssav and localiz and
=U1 and MOA-M"35I celLs buot am ns a, T.0 cellteTheo d=noagpm tt tbot he gtra. aithitr brain tisvue. has largely beeau ovpetned frtom ohar-attoo ic other
leinrat &oetoybtiO anm DNA Medotbyl&oe -my be ftvooleed Mn tin tilenein of fiwssoeýn theenocsteen of iwle -briut birtrrir (DEW)B bas beenv tin Pmiorcam ore h
AM~GAPS aspemim in limW =Mer. le the tinerms of etnomot dheniaeonopeutwi regimees. Ocenlegowro of effectiv

To ~~ F tb4e'pe WMili`cud en a Lb=arewdoervaninotrs of ibe ogi"4neeSi, ofleig tcirsatais
To 6 oxitina mola, mtanitj AO-onSggd A~rlAft rutodued ,am ;w w rlet eolrofB in iu ttrteeiat

Ml)A-B-4323 1. MDA4.ID-43S, and Fl~7lTin tand abo-ttirimainrilizcdd santoomy
*zepiinrn cell b.n WHO ilA TheEA-R, ASt-oeee el atig inn Wsit AF wltv a a tdcl ee fltedegr c 1 eenv Ptounri eopeeoooog bream =cvoetcl lie(otD
aew ted& ocaltotetro in cell cectete .kin tibs dmbio to oMt&eo40ii~aoow dinvicrt MSB435FP?) thatt preicrmrlisfly ==smswi=e in rho boraie. we analyed tbepeni
raes, u wdi oa ilnotelgeniote in Soni gar. inogcthadnl abily biten. mmaus~~tntlsino O-i-OiPn it, mhfioenbi* to fth RSBSemtrenteano
and reerrtl of the MWol phoa~ro AL tabt'intftrlooaonid neeni emoatn der l AgeftherL M tn~o Ithe cell into le" beaif o s~Mie k mod

ARMOPI ralsbgg l~neanfy~t'ctioo 'fsnos jcaliz sm!tmixSos laeled alontoto beor te oseejinur eg oticeu 9" fttog

.atdgertciit ~~~ ~lba reel Thturaep to the ohio-no Wnhaninieri w=r as fo~llow. For~te rr de setT~wfyntmr o

P6-t A NOVIEL RAT MODIEL OF SPOR)IWC, DLOOD-BOIE(E mme luvnna i ona roieaeribr h nrdtr.Sd
V1SUALIZABLE. MC1 -IETAST4SM 10F NI.MAR CARCI- on anrei eds innei e mpiaioaoba
.KMtrA IN TM #RAiN K enohesnstedoor.Tud i nceo iorbon elat n

tA&AttomprellisitetaToelyeot" Uwmeinthrooo atnrcivaniamo

E-onotj. bapsum~oic.hwtrJlmerteddo uics. bM Log thoolepe nc f an lopmemroid eegatoaig the jiwotoma on=;

Bain awntlanlos are iwencninatMy jootams A catie Of nauzity for nexercaft'- e'eWe Coclutic *noo joetanteni , Caenotctaer oteit Peof~ti~eno ino diteoate , ' L
Puktnts, so*Cw %in~r 00=e Anostms. To deselop ,oe* rteraoim, More- SOPpipt- neu athelyogeaebknpoeogornemntion dot
orfeatnirorl model, e-igyen for d nhelmneTewomsae~ o teot uniqu. T e totoopte gt motnts oflritbe WNi ~n artie seog SO ade the
amit Lc todettetep a laetarl tsamot attoro moMe wtha~ imopoeot pooi dvarilen-
tion or sisroohzaienhl biaod-itree soto-moatnses. we report vmfbrlrd mcthods.
natonio the mIdet morae gcrenently iefrrt. sod deserro eaely umoeecniq Mute bimn,

422

Best Available Copy
26



W81XWH-04-1-0628 01 ýWeixin Lu

Era o~f~ope, Juiw 8-1J. 2005 Invatsion ýnd.Xkzavtasis WI

,a ~t~ BBe ofR3.tn I4= m~tumlzt'5 ~t ixtS cvt ion fo uThb Pi -SlOS niks onhs dct'nt d-stos Im fioo W E Z11 lover disr-4ow'

& rc ons conwom W os: to ccfI d.s 1 itoh roc:'AFM. Ll= w io ve

tvem.O O'lr-O "00. .-l,' * tvit nt0"4ap &c- CPwrlmnSS W5 SS.?' OftSrOc
P60.1 1: A MODEL OF COX-2 MEDIATED BONE METASTASIS IN "V h clt'? t-war tS minrSfl cm S0il 4,c d;,ru.tl wrorsron,ll ýd of sEsts
HUMAN BREAST CANCER rViin A vsst vziori0± of E th cli tbit wesrssooný ironnos ot he bscotoot

'Aatlmvu, Ilasco. IOU. Wgdoe 'Siao,, P.D I'o.. cbo A. NýY R-; ad A"~d rlnt~iml zd :h. %- snw a6bo EP. rlop while Ell =11stiw cl ttscow-
Shoher. r&D.~~'cot nppnns n T noosoer of ER peotol o~s end =r-,, ti~olt1~n n

iTppret ovoelU -at homi i~m ccwnso.ci cjwii Aoornlomy of

Contoosyeosn-2 (CX..) s ovonsponino! s 4O~' 'iiooss c TEn's&*d susggos d6= wosl ER tlt~giit coIs novnol e focal NME cll irves dn-

tco :? the otbcsisq that oosee! p nodixt of COX-2 ms the t'sess tac cells ins, ~ ~
tho bacn. Q=Oo cn s otonss ploceth ns jcwlcd 1) the &tooiooo ge ~nes. oif~ls rot yMVS '. A%~
,.,. V'0212 n'o r.tno so- iono cvcoo cell Soo' 2) to dciouxwusso t"s. dieo 2=s l ~(o(S oo Ud4 siooosiroICtosn
ssopnrtsii lwlltice -is .nsodo. in wo oopn:Tlp~rvi mossotdc or bones c-n-o

tonooii boo-_ snot 3: olernosti osrl din-c is aý tsosne~ion 1hetwoetr MX-'.
cxrsin i pnirrw tslou brcakt-career and oth porsc=oTn booto Lnosor ccl, so P6,011. TRAPFICYC(NG Of BREAST CANCER METASTATIC

bonue =3 oow. Thcen res-t-o <xbon- hr 's co"' x boricosss r oononob boson eot-A CELLS 1". ONE

Robyn J. Muer, brA bokn aufrI krOtlfl C C",.(;s
We hxon idontirinl sevcnas ls.p-O of COX. nelsenon = brt'ss vaimn el. rrml0E55  Vieploo1oauxam' 0ý R.W ~ tosr~

=~d oloc inuip 55 mc= -bn'tsdt ianr-6L'u, IIS (waV. MoItabonik- Bon Dwoo. 
0

5Cnn o -aRnso loonstooonn o
Aýluncbds CkL vo bor sdennzn doss M'X: noposs in bosotcmno cc

t
i, Malsoomt~tot Rironitnýs AL.

cesribnosf btine orxsnotos end thrn aPtonn CoOX.,m~ilon isoblenobNi'it kol:nAsne
iooa oocLUsiao, " bolhot pre-onnos=d otal nm=no nntcriinci Azwnissi ;f th'~ boon.-
snolso; dotes. olin, osolont"r a.8 eilobonmo true Oo. hosne muom bss oAooli thanont' smeat coon..'s cd!5 o'tqumkl torlmms to bowomwhet.- ibtey no_-snosonisloron letoco
z.oaK ýprs~os ibsnsrsop olslnls~'. onoo~ noioso ti oils ol robnh 2 ti nonn 'diitt sf Ii-Itýfc booo. lois tbsdon ~lenineso loonnons nob" hX-nos :V lborvdon

('021-2~ ~ ~ ~~~~~~~~~~~~~~~~h nosthnseononpsotono.oeedss.I snln sbP1. iSnt-r, mmsues monstsly violb In te enids of the 1oo= boano. azs of active
Ilse boeie~scncki" tlonc;oss onooproond melA. IL-S. nod 11,-1, wh'ichas h stwel sortS- . bsnwops'ssbesonvonl- s nw loorlonztn poto
hosedl role, in inzsonss inn 5boooeln. mcwbroncn. onon.td oootinborie oonsosno cells. *Men poopos of thi5 stuely tono deteonirwtoosd 'osmmnnl of boens
mccotoroels. ospsod At ponen en nt- we ath unl v ssoye sttg ot'=11rcn data frosozt LUse enocel c=ll in Ten Icalg boonei nove tiLýc
hoonno towmixse vln ('donrlic "u_,s %,cot nsonopn de to 0.4 rbang", f Smotte,

greenS 11mcnsonoo peIn (Gwere iroocclored 1=t rho "tt cunicke ogf tie bee of
're d=_~ fccet the ccll I sýt nd lhot litonono monoin poslo ott/- s7M mion~td for the tolo oednklzin h fost owSo tedS124.4 o 2 r;odi., o

dos-stonis nsýoooot , COX.2 inA e bonsoonet nof boson non~en sell, %rtr,7& loomut fi=s wornc towo lixe aid decoldoibed lbon h~bmiumdn or sunormellmc

tumornponp-_ oosowsnd onlbo cobesnone ano rurn-lxv nhotht =11 fn in.= nods owdto n enbooluce.Mnsoon casndo
wouse: momee of bone lslnoemsti i.Awons door ('02-2 inhoble- ny nnbe =fsit f!on Wth-l 4ýws hy itow'*teontei noolsris to deomt GP orbft. DNA nonosotnocblnst for deteldic
ponnotomon and ornonetw ao bhenoct =anot-m~z 1 moontaos '4in 4isanl illow uos fo o f th e pessoososof a hsoaotnum S .E WVK (AWc.5 0 MtZi eoartis1C
cl,,vcpnbsoccb ni vo ornod in pewent ng ,i ~os Sotý otlua inhsNCOX-2. olA s.01 npnoo ec.telcudbelwlsenoononrboson.

x~ppoted .L- sos femum we (Wtcls. to hebone&1= c*a me ise.k lmnooobgwon itdiw a*d ot lIo

P6&-12 'CELL. CLUSTERS OVERLJoMG FOCALLY DISRUPITED fiorotppone yonsnol is.Te h un ~odi oimno
.end. ,.ssosos es oi nnceir don cecio iio Atw. so*%,fe beat. 'l on's

WOI'OEPFYHELIAL.CELL LAYERS CH~ANCE STATUS OF, ESTRO, S-1oopncm Piio wow onto is .b lotir cyoooeoy =Wbocd* dien~bno cellt
GEN~ RECEIPTOR EXPRESSIOIN DL0RNG TIZ4IR LDVASION MA. spwbo nslldn~w ticoo ood nebocb ~

DI -of`G1>Ioltxqic ond Wot-Pdot*mooý. Aro Fotz I.-t of ftbolos Illoeow fhentanr-d ineoMolsropndbtowx

bai-am the =me~i ýt 4 doteie we&;,tio atbtn'dcoenenf

Oar po'nooess erood-o tehe.o zh sublet cor suoeon seceplor JkR) pusoose duconl b~on re,'ro It s is ril doecli t th e flco;lcsdý bemootopsNeo Osmu-o doe etsdn o e
=ine in=,Wsttaooi ilbSeosnsd liocal opocpiq=%ellof E) cell *r d=Vopicoto.Is 00 oo dnttrh nnoo =hes A;s' Itim =ksens el

ot, Wss'f or these divallonsorftv overlain by, tell vhzoonu th tol otal losls os onsoolsd ~ s~nWo nlt ocre0 ior"'.mn

wreotoool eER cposmmv i'dn cmtw to t Bonol mi scneh Ret ir ill =.S-.4I '001)to do esc elsnnbotod Tn nolo'acntis esdolI vdmltt~
n-ni bobowenottuilon~hig~opoenyof osseon no whichno thecasner dens *toe blodebi oneinhooo..nol bnoeou =&A

wseere AlnlyMomnnsitv (M est W, olkodnenno (Me Res _A T_!e-141 ConNec P Tenh. eC~ 'o'MdcS eeroomdodlosI osodo~l!'3fO5

in-ate cnl;oon.e IEE obodltiaoi bosse'ven. l Wal hai eat a=R*Tzr IhcU&Aý k"dti Dn sennil osiob COPe Wdns SoU noses 400ssfoo1743440fonfite

WA of the inoneis 1xtesoroorucs are 1111 poxi& The oment' sooý- mtnpcmml to
jtnil~t~s punosbnloesooinofrosoofinlding.

('m~cutlmv w-nittis vownrpncpwe'd 64m oeof mljo-frod and partiffin-emeddod Etnon

faroiloones muckl anctic to AtiziddfyiceMt ceillcdnoeo>no for ERtal loieet

27



W81XWH-04-1-0628 01 Weixin Lu
Curriculum Vitae

NAME: Weixin Lu, M.D. Ph.D.
PRESENT TITLE AND AFFILIATION
Instructor, Cancer Biology, MD Anderson Cancer Center, Houston, TX
CITIZENSHIP AND VISA STATUS
Chinese and Green Card
HOME ADDRESS (current)
5606 Bissonnet Street #132, Houston, TX 77081
OFFICE ADDRESS (current)
SRBI.265, 7777 Knight Road, Houston, TX 77054

EDUCATION
1983, 9-1989, 7: Department of Medicine, Shanghai Medical University, M.D.
1989, 9-1994, 7: Department of Internal Medicine, the Graduate School, Shanghai Medical
University, Ph. D.
1994, 9-1997,2: Postdoctoral Fellow, Shanghai Institute of Cell Biology, Chinese Academy
of Sciences

1997,2-Present: Postdoctoral Fellow, Research associate, Instructor, Cancer Biology, UT
MD Anderson Cancer Center

CREDENTIALS
N/A

EXPERIENCE/SERVICE
N/A

HONORS AND AWARDS
N/A

RESEARCH
Patents Granted and Pending

Patents pending:

1. Therapy of cancer by insect cells containing recombinant baculovirus encoding genes. Isaiah
J. Fodler, Zhongyun Dong, and Weixin Lu. International patent application No.
PCT/USOO/07200 and U.S. Serial No. 09/271,01

2. Adjuvant preparation for the induction of specific immunity. Isaiah J. Fidler, Zhongyun
Dong and Weixin Lu. International patent application No. PCT/USOI/17948 and U.S. serial
No. 60/208,436

3. Active specific immunotherapy of brain metastasis. Isaiah J. Fidler, Zhongyun Dong and
Weixin Lu. International patent application No. PCT/US03/33395 and U.S. serial No.
60/453,330

4. Active specific immunotherapy of cancer metastasis. Isaiah J. Fidler, Zhongyun Dong and
Weixin Lu. U.S. serial No. 60/420,209, Australian Patent Application No. 1003280000 and
Japanese Patent Application No. 2005-501643

PUBLICATIONS

28



W81XWH-04-1-0628 01 Weixin Lu
Lu, W., and Dai, R. Fructose-i, 6-diphosphate and ischemia. New drugs and Clinical Remedies.,
11:27-29, 1991.

Cha, J., Lu, W., Fan, W., and Dai, R. Characteristics of ventricular tachycardia detected in 80
patients. J. Clin. Electrocardiol., 1:77s-78s, 1992.

Zhou, J., Lin, S., and Lu, W. Quantitative changes of endothelin and atrial natriuretic polypeptide
in experimental hyperthyroid and hypothyroid rats. Acta Academiae Medicinae Shanghai,
20(suppl): 19-23, 1993.

Lu, W., Zhang, J., Fan, W., and Dai, R. Hyperglycemia and in-hospital prognosis of acute
myocardial infarction in patients without diabetes mellitus. Acta Academiae Medicinae Shanghai,
20(suppl):47-50. 1993.

Lu, W., Dai, R., Zhu, L., Fei, J., Ding, J., Fan, W., Guo, L., and Zhu, X. Change of lipoprotein
lipase activities in patients with hypertriglyceridemia. Chinese Int. Med., 34:174-175, 1995.

Lu, W., Dai, R., Zhu, L., Fei, J., Ding, J., Fan, W., Jing, C., and Guo, L. SSCP screening of exon-
5 in lipoprotein lipase gene in patients with hypertriglyceridemia. Acta Academiae Medicinae
Shanghai, 23(suppl):45-48, 1996.

Lu, W., Dai, R., Zhu, L., Guo, L., Ding, J., Fan, W., Jing, C., and He, J. Deletion polymorphism
in the gene for angiotensin converting enzyme in-patients with myocardial infarction. Chinese
Med. Gene., 13:15-18, 1996.

Lu, Y., Lu, W., and Ge, X. Cellular immune response induced by mIL-2 secreting mouse
melanoma cells. Chinese J. Immunol., 14:317-321, 1998.

Dong, Z., Juang, S. H., Kumar, R., Eue, I., Xie, K., Bielengerg, D., Lu, W., Bucana, C. D., Yang,
X, and Fidler, 1. J. Suppression of tumorigenicity and metastasis in murine UV2237 fibrosarcoma
cells by infection with a retroviral vector harboring the interferon-beta gene. Cancer Immunol.
Immunother., 46:137-146, 1999.

Dong, Z., Killion, J. J., Kumar, R., Eue, I., Yang, X., Lu, W., Su, B., and Fidler, I. J. Activation
of cytokine production, tumoricidal properties, and tyrosine phosphorylation of MAPKs in human
monocytes by a new synthetic lipopeptide, JBT3002. J. Leukocyte Biol., 63:766-774, 1998.

Dong, Z., Greene, G., Pettaway, C., Dinney, C. P., Eue, I., Lu, W., Bucana, C. D., Balbay, M. D.,
Bielenberg, B., and Fidler, I. J. Suppression of angiogenesis, tumorigenicity, and metastasis by
human prostate cancer cells engineered to produce interferon-beta. Cancer Res., 59:872-879,
1999.

Lu, W., Fidler, I. J., and Dong, Z. Eradication of primary murine fibrosarcoma and induction of
systemic immunity by adenovirus-mediated interferon-beta gene therapy. Cancer Res., 59:5202-
5208, 1999.

Cao, G., Su, J., Lu, W., Zhang, F., Zhao, G., Marteralli, D., and Dong, Z. Adenovirus-mediated
interferon-b gene therapy suppresses growth and metastasis of human prostate cancer in nude
mice. Cancer Gene Ther., 8:497-505, 2001.

29



W81XWH-04-1-0628 01 Weixin Lu

Lu, W., Dong, Z., Donawho, C., Fidler, I. J. Specific immunotherapy against occult cancer
metastases. lnt J Cancer 100: 480-5, 2002

Zhang, F., Lu, W., Dong, Z. The role of host macrophage in suppressing growth of cutaneous

neoplasms by interferon-cr. Clin Cancer Res., 8:2942-51, 2002

Harmey, J., Bucana, C., Lu, W., Byrne, A., McNonnell, S., Lynch, C., Bouchier-Hayes, D., and
Dong, Z. Lipopolysaccharide-induced metastatic growth is associated with increased
angiogenesis, vascular permeability and tumor cell invasion. Int J Cancer, 101:415-22, 2002.

Lu, W., Su, J., Lee, S. K., Bucana, C. D., Killion, J. J., He, J., Fidler, I. J., and Dong, Z. Active
specific immunotherapy against occult brain metastasis. Cancer Res, 63:1345-1350, 2003

Ozawa, S., Lu, W., Bucana, C. D., Kanayama, H., Shinohara, H., Fidler, 1. J., and Dong, Z.
Regression of primary colon cancer and occult liver metastases by intralesional injection of
lyophilized preparation of insect cells producing murine interferon-P. Int J Oncology, 22: 977-
984, 2003

Kim LS. Huang S. Lu W. Lev DC. Price JE. Vascular endothelial growth factor expression
promotes the growth of breast cancer brain metastases in nude mice. Clinical & Experimental
Metastasis. 21(2):107-18, 2004

Lu, W., Schroit, A. J. Vascularization of melanoma by mobilization and remodeling of preexisting
latent vessels to patency. Cancer Res, 65(3): , 2005

Abstracts (Last five years only)

Pathogenesis and blood-brain barrier heterogeneity of breast cancer brain metastasis. W. Lu, C.
Bucana, A. Schroit. Era of Hope Department of Defense Breast Cancer Research Program
Meeting 2005. June 8-11 , 2005. Philadelphia, PA.

Vascular endothelial growth factor promotes the growth of breast cancer brain metastases in
nude mice. L. Kim, W. Lu, J.E. Price. 93rd Annual Meeting for American Association for
Cancer Research. April 6-10, 2002. San Francisco, CS.

Regulation of osteolysis in bone metastases by stromelysin 3. W. Lu, N. Shih, R. Tsan, Z. Dong,
H. Uehara, S.J. Kim, R. Zhou, and I. J. Fider. 93rd Annual Meeting for American Association
for Cancer Research. April 6-10, 2002. San Francisco, CS.

Regression of subcutaneous tumors and induction of specific immunity against brain metastasis
by lyophilized insect cells producing interferon-beta. W. Lu, J. Su, I.J. Fidler, C.D. Bucana, L.
S. Kim, J. J. Killion, and Z. Dong. 93rd Annual Meeting for American Association for Cancer
Research. April 6-10, 2002. San Francisco, CS.

Insect Cells Transduced with a Baculoviral Vector Encoding Murine Interferon-P3 as a Novel
Therapeutic Cancer Vaccine. W. Lu, Z. Dong, C. Donawho, A.Z. Luo, C. D. Bucana, and I. J.
Fidler. 9 2nd Annual Meeting for American Association for Cancer Research. March 24-28,
2001. New Orleans, LA.

Suppression of orthotopic murine colon cancer and liver metastasis by a baculoviral vector
system-mediated interferon-3 gene therapy. Shutaro Ozawa, Weixin Lu, Zhongyun Dong,

30



W81XWH-04-1-0628 01 Weixin Lu
Corazon D. Bucana, Hiro-Omi Kanayama, Hisashi Shinohara, and Isaiah J. Fidler. 9 2nd Annual
Meeting for American Association for Cancer Research. March 24-28, 2001. New Orleans, LA.

The role of host in suppressing growth of cutaneous neoplasms by interferon-3. Fahao Zhang,
Weixin Lu, Guiling Zhao, and Zhongyun Dong. 92' Annual Meeting for American Association
for Cancer Research. March 24-28, 2001. New Orleans, LA.

Eradication of primary tumors and induction of systemic immunity by an intralesional injection
of baculovirus system-mediated interferon-beta gene therapy. Weixin Lu, Zhongyun Dong,
Isaiah J. Fidler. 9 1 st Annual Meeting for American Association for Cancer Research. April 1.-5,
2000. San Francisco, CA.

EDITORIAL AND REVIEW ACTIVITIES
N/A

TEACHING
N/A

PROFESSIONAL MEMBERSHIPS/ACTIVITIES
Professional Society Activities, with Offices Held

Associate Member, AACR

31


