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100011 The present application is a
continuation-in-part of U.S. Application No.
101678,765 filed October 2, 2003, which is a
continuation of U.S. Application No. 09/645,432 filed
August 23, 2000, which is a continuation-in-part of
U.S. Application No. 09/255,397 filed February 22,
1999, which derives priority from U.S. Provisional
Patent Application Serial No. 60/075,783, filed on
February 23, 1998, and U.S. Provisional Patent
Application Serial 60/100,950, filed on September 18,
1998, each of which is incorporated herein by
reference in its entirety for all purposes. Commonly
owned co-pending U.S. Patent Application Serial No.
60/110,464, filed December I, 1998 is directed to
related subject matter and is incorporated herein by
reference in its entirety for all purposes. STATEMENT
AS TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT [0002] This
invention was supported by grants from the National
Institutes of Health (Grant Nos. 1R43CA7938-01,
1R43NSO48607, 1R43NS050874, and 2R44CA83256), The
Government may have certain rights in this invention.
BACKGROUND OF THE INVENTION  [0003] Currently,
searches for target-specific therapeutic and
prophylactic compounds that have the ability to
enhance or inhibit angiogenesis activity, enhance or
inhibit cell death activity, and/or exhibit low
toxicity comprise three major focuses of drug
discovery and development. Angiogenesis plays an
important role not only in the further development of
the embryonic vascuarure but also in many post-natal
processes, such as wound healing and tissue and organ
regeneration. Angiogenesis has also been identified as
a critical process for solid tumor growth.
Furthermore, uncontrolled blood cell proliferation and
excessive angiogenesis have been shown to constitute
significant pathogenic components in numerous
diseases, including rheumatoid arthritis,
atherosclerosis, diabetes mellitus, retinopathies,
psoriasis, and retrolental fibroplasia. 



10004) Methods of screening agents for an ability to
inhibit or enhance angiogenesis activity would be
useful in identifying those agents that would be
effective in therapeutic or prophylactic treatment of
a variety of diseases involving angiogenesis
processes. For example, angiogenesis inhibition is a
powerful potential approach for ameliorating cancer
(Folkman, New Eng. J. Med. 333:1757-1763 (1995);
Kerbel, Nature 390:3550997)) and for reversing blood
vessel loss associated with tissue ischemia, such as
diabetic retinopathy (Bonn, Lancet 348:604 (1996);
Breier a at, Haemist. 78(1)478-683 (1997). It appears
that anti-angiogenic therapies do not induce acquired
drug resistance (Boehm et at, Nature 390:404-407
(1997)) - a major problem with current cancer
therapies. However, few therapeutic candidate
molecules exist. It would therefore be desirable to
provide methods of identifying compounds that inhibit
angiogenesis and have therapeutic activities against
diseases that would benefit from angiogenesis
inhibition, such as cancer and diabetes. Similarly,
methods of screening for compounds that enhance
angiogenesis by stimulating blood vessel formation
would be advantageous for use in minimally invasive
approaches for improving circulatory function in
various diseases, such as coronary artery disease,
congestive heart failure, peripheral arterial disease,
and peripheral venous disease. Unfortunately, many
current assays for angiogenesis do not permit in vivo
assessment of compounds or their side effects in whole
animal models, or in multiple tissues or organs of
animal models simultaneously and over time. In
addition, many current assays for angiogenesis
activity are not suitable for rapid, automated, or
extensive compound screening, particularly screening
of compound libraries containing numerous compounds,
due to their complexity. [0005] The search for
compounds that can regulate promote or inhibit cell
death has also been of vital interest. Necrosis and
apoptosis are two known types of cell death. Necrosis
involves the pathologic death of living tissue in a
subject due to non-physiological injury to cells of
the tissue. Apoptosis, which involves programmed cell
death, is a physiological process that ensures that an
equilibrium is maintained between cell proliferation
and cell differentiation in most self-renewing tissues
of multicellular organisms. Regulation of cell death
activity (in particular, apoptosis) constitutes an
important mechanism in therapeutic and prophylactic
approaches to many diseases, including, e.g., cancer
and organ transplantation. Existing models for
assessing apoptosis activity include the nematode
worm, C. elegans. Although the nematode has many
advantages as a model system, it is not the optimum
model  for evaluating vertebrate cell death activity
or for use in screening compounds for potential
therapeutic activity in vertebrates. 100061 There are
currently two approaches for detecting cell death
activity in vertebrate hosts. The first approach uses
standard cell culture techniques and typically relies
on standard microplate readers to detect the death of
cells cultured from an organism. A major drawback of
the cell culture assay format is that it does not
permit analysis of the effects of a compound on cell
types that have not been cultured (i.e., other cell
types). It also does not allow evaluation of the
effects of a compounds on specific tissues or organs
or in an intact whole host in vivo. Furthermore, such
an assay format does not permit the monitoring of cell
death activities in multiple tissues, organs, or
systems of a live host simultaneously or the continued
monitoring of such activities over time. In addition,
the cell culture assay approach does not allow for
rapid or automated high-throughput screening of many
compounds. 100071 A second approach to detecting cell
death activity utilizes a histoehemical staining
technique, designated terminal deoxyuridine nucleotide
end labeling (TUNEL), to detect dead or dying cells in
sectioned tissues of vertebrate embryos.
Unfortunately, with this approach, only a single time
point in the life cycle of the host cart be examined;
the death of cells in various tissues or organs of the
subject over a period of time cannot be monitored.
Because many degenerative diseases occur in stages,
the ability to examine changes in the pattern of cell
death activity caused by a compound and the duration
of direct and side effects of the compound on multiple
tissues and organs would represent a significant
improvement over such methods. Moreover, because the
TUNEL approach requires that cells be fixed for
visualization, effects in a live animal cannot be
monitored. 



10008) The identification of target-specific
therapeutic and prophylactic compounds that exhibit
low toxicity and/or side effects has also been focal
point of drug discovery and development. Evaluation of
the potential impact of different compounds on humans
and animal health is a major component of risk
assessment. There is increasing concern that current
toxicity test procedures are inadequate. A number of
cell-based in vitro toxicity screens have been
developed. Significantly, however, these screens do
not permit evaluation of the toxic effects of a
compound in vivo on an intact animal. Notably, these
cell-based assays are designed at the molecular and
cellular levels; as a result, determining the impact
of a compound of interest on higher levels of cellular
organization, such as the circulatory system and
neurodevelopment, still requires subsequent whole
animal testing. In addition,  current screens do not
permit the assessment of drug effects on all potential
target cells, tissues, or organs of an animal. Nor can
the effects of a compound on multiple target tissues
and organs be studied simultaneously or over time
using current assays. Underscoring the need for the
development of more predictive and comprehensive
toxicity screening methods, many compounds that pass
preliminary cell-based testing fail final large animal
toxicity testing, a prerequisite for eventual FDA
approval. Furthermore, some potential therapeutic
compounds that do not produce immediate lethality
induce toxic effects in specific organs and tissues.
There is a need for a cost-effective, comprehensive
methods for screening compounds for toxic activity in
whole animals and in one or more designated target
tissues and organs in vivo and in cells in vitro and
over time. SUMMARY OF THE INVENTION  (0009) The
present invention relates generally to methods of
screening an agent for an activity in a teleost. In
one aspect, methods of screening an agent for an
angiogenesis activity in vivo or in vitro are
provided. Some such methods comprise administering the
agent to a whole telcost in vivo and detecting a
response in the teleost or in at least one tissue or
organ of the teleost indicating the angiogenesis
activity. Other such methods comprise administering
the agent to cells of a teleost in vitro and detecting
a response in such cells indicating the angiogenesis
activity. In some such methods, the response is a
reduction in blood vessel formation relative to an
untreated teleost. In other such methods, the response
is an increase in blood vessel formation relative to
an untreated teleost. 100101 In another aspect, the
invention provides methods of screening an agent for
an effect on cell death activity in vivo or in vitro.
Some such methods comprise administering the agent to
a whole teleost in vivo and detecting a response in
the teleost or in at least one tissue or organ of the
teleost or cells thereof indicating an effect on cell
death activity. Some such methods comprise
administering the agent to cells of a teleost in vitro
and detecting a response in such cell indicating an
effect on cell death activity. In some such methods,
the response is an increase in cell death activity. In
other such methods, the response is a decrease in cell
death activity. The cell death activity may comprise
apoptotic or necrotic activity. In some such methods,
a fluorescent dye which labels dead or dying cells is
administered to facilitate detection of cell death
activity. In some such methods, the  fluorescent dye
is administered to the teleost prior to the
administration of the agent. In some such methods, the
fluorescent dye is an unsymmetrical cyanine dye, such
as a quinolium dye. 100111 Also provided are methods
of screening an agent for toxic activity in vivo or in
vitro. Some such methods comprise administering the
agent to a whole teleost in vivo and detecting a
response in the teleost or in at least one tissue or
organ of the telcost indicating toxicity. Other such
methods comprise administering the agent in vitro to
cells of a teleost and detecting a response in the
cells indicating toxicity. In some such methods, the
response is detected in two or more organs of the
teleost simultaneously. 



[00121 In another aspect, the present invention
provides methods of screening an agent for
angiogenesis activity and toxicity in vivo or in
vitro. Some such methods comprise administering the
agent to a whole teleost in vivo and detecting a
response in the teleost indicating angiogenesis
activity and/or toxicity. Other such methods comprise
administering the agent in vitro to cells of a teleost
and detecting a response in the cells indicating
angiogenesis activity and/or toxicity. 100131 In yet
another aspect, the present invention includes methods
of screening an agent for angiogenesis activity and an
effect on cell death activity in vivo or in vitro.
Some such methods comprise administering the agent to
a teleost in vivo and detecting a response in the
teleost indicating angiogenesis activity and/or an
effect on cell death activity. Other such methods
comprise administering the agent in vitro to cells of
a teleost and detecting a response in the cells
indicating angiogenesis activity and/or an effect on
cell death activity.  [00141 The present invention
also includes methods of screening an agent for an
effect on cell death activity and toxic activity in
vitro or in vivo. Some such methods comprise
administering the agent in vivo to a teleost and
detecting a response in the teleost indicating an
effect on cell death activity and/or toxicity. Other
such methods comprise administering the agent in vitro
to cells of a teleost and detecting a response in the
cells indicating an effect on cell death activity
and/or toxicity. 100151 The invention further provides
methods of screening an agent for a pharmacological
activity. Such methods entail providing a multi-well
plate, the wells containing teleosts. Agents are then
into different wells of the multi-well plate, and
incubating the agents with the teleosts for sufficient
time to induce a response in the teleosts indicative
of the  pharmacological activity. A labelling reagent
is introduced into each well, which, through
processing by or binding to a component of the
teleost, generates a detectable signal dependent on
the extent of the response in the teleost. A signal is
detected in each well as an indication of the
pharmacological activity of the agent introduced in
the well. In some  methods, the detectable signal is
an optically detectable signal, which can be detected,
for example, by a microplate reader. In some methods,
a single teleost occupies in each well. In some
methods, the teteosts are zebrafish. In some methods,
the teleosts are synchronized embryos. 100161 In some
methods, the labelling reagent is a substrate of an
enzyme, and the response is an increase or decrease in
activity of the enzyme. In some methods, the labelling
reagent comprises an antibody, and the detectable
signal is generated by the antibody bound to a
cellular receptor of the teleost. In some methods, the
response is a change in number of cells or types of
cells of the teleost. In some methods, the labelling
reagent is a nucleic acid, and the detectable signal
is generated by the nucleic acid bound to a nucleic
acid of the teleost. In some methods, the labelling
reagent is contacted with a second labelling reagent
that binds to the labelling reagent thereby generating
the detectable signal. In some methods, the
pharmacological activity is modulation of
angiogenesis, the response is a change in alkaline
phosphatase activity of the teleost and the labelling
reagent is a substrate for alkaline phosphatase. In
some methods, the pharmacological activity is
modulation of apoptosis, the response is a change in
level of a caspase activity of the teleost and the
labelling reagent is a substrate for the caspase.
100171 In some methods, optical density is determined
within each well to distinguish teleosts that survive
incubation with the agent and teleosts that die due to
incubation with the agent. In some methods, subsequent
steps of introducing a labelling agent and detecting
signal are performed on a subset of wells containing
teleosts that survive incubation with the compound.
Some methods are followed by performing a confirmatory
assay on a subset of agents indicated to have the
pharmacological activity. The confirmatory assay
entails detecting a second response of the teleosts,
the same or different than the response, wherein the
second response is a confirmatory indicator of thc
pharmacological activity. In some such methods, the
response and the second response are the same, and the
response is detected with preformed with a plate
reader, and the second response is detected with a
microscope. Some methods further comprise determining
an LD50 on a subset of agents  



indicated to have pharmacological activity. Some
methods further comprise determining organ-specific
toxicity on a subset of agents indicated to have
pharmacological activity. [0018] The invention further
provides methods of monitoring distribution of an
agent between teleosts and a surrounding medium. In
such methods, a multi-well plate is provided in which
the wells containing teleosts in a medium, and either
the medium or the teleosts or both containing an
agent. The teleosts are cultured in the wells. In each
well the amount of the agent in the medium, in the
zebrafish or both is determined. Such methods can be
used to determine absorption rate, excretion rate of
metabolism rate of the agent. 100191 The invention
further provides methods of screening an agent for a
property. Such methods entail providing a multi-well
plate, the wells containing teleosts. Agents are
introduced into different wells of the multi-well
plate, and the agents are incubated with the teleosts
for sufficient time to induce a response. The response
is detected in each well as an indication of the
property of the agent introduced in the well. [0020l
The invention further provides methods of screening an
agent for an activity in the brain or central nervous
system (CNS) in a teleost, preferably a zebrafish, in
vivo. Some such methods comprise administering an
agent in viva to a zebrafish, detecting a response the
brain or CNS of the zebrafish, and comparing the
response in the agent-treated zebrafish with the
response in a zebrafish administered with no agent or
a control agent, in which a difference in the response
in the agent-treated zebrafish compared to the
untreated or control agent-treated zebrafish indicates
the agent has an activity in the brain or CNS of the
zebrafish. in some methods, the agent is known to
penetrate the blood brain barrier (BBB) and the method
is performed on zebrafish of any age. In some methods,
the agent is known not to penetrate the BBB and the
method is perfonned on either zebrafish of age less
than 3 days post-fertilization, or on zebrafish of age
at least 3 days post-fertilization and the agent is
administered by direct delivery to the brain or CM. In
some methods, it is not known whether the agent
penetrates the BBB, or the agent is screened without
regard for whether it penetrates the BBB, and the
method is performed on either zebrafish of age less
than 3 days post-fertilization, or zebrafish of age at
least 3 days post-fertilization. In some methods, the
agent is administered to the zebrafish by dissolving
the agent in the media ((e., fish water) containing
the zebrafish. In some methods, the agent is injected
into the zebrafish. In some methods, the agent is
administered by direct delivery to the brain or CNS of
the zebrafish. In  some methods, direct delivery of
the agent to the brain or CNS of the zcbrafish is by
micminjection into the brain or CNS. In some methods,
the agent is administered to the zebrafish in
conjunction with a carrier. In some methods, the
carrier is a solvent, lipid, or peptide. In some
methods, the agent is administered to the zebrafish in
conjunction with at least one other compound. In some
methods, the agent is fluorescent or radioactive. In
some methods, the agent is a small molecule and a
library of small molecules is screened for the
activity in the brain or CNS. In some methods, the
agent is a nucleic acid, peptide, protein,
glycoprotein, carbohydrate, lipid, or glycolipid. In
some methods, the nucleic acid is DNA or RNA. In some
methods, the method is performed in a multi-well
format. In some methods, a single zebrafish occupies
at least some of the wells. In some methods, a
plurality of zebrafish occupy at least some of the
wells. In some methods, the zebrafish is an embryo,
larva, or adult. In some methods, the zebrafish is a
zebratish embryo. In some methods, the zebnifish is a
wild-type strain. In some methods, the zebrafish is a
transgenic zebrafish. In some methods, the zebrafish
has a heritable mutation. In some methods, the
heritable mutation is associated with a brain or CNS
disease or disorder. 00211 The invention further
provides methods of screening an agent for an effect
on a brain or CNS disease or disorder in a zebrafish
in viva in which the brain or CNS disease or disorder
has been induced in the zebrafish upon administration
of a compound. Some such methods comprise
administering a compound in vivo to a zebrafish, in
which the compound induces a phenotype in the
zebrafish that mimics a brain or CNS disease or
disorder, administering an agent in vivo to the
zebrafish, detecting a response in the brain or CNS of
the zebrafish, comparing the response in the
agent-treated zebrafish with the response in the
compound-treated zebrafish administered with no agent
or a control agent, in which a difference in the
response in the agent-treated zebrafish compared to
the untreated or control agent-treated zebrafish
indicates the agent has an effect on the brain or CNS
disease or disorder in the zebrafish. [002,2I The
invention further provides methods of screening an
agent for an ability to affect blood brain bather
(BBB) permeability in a teieost, preferably a
zebrafish, in vivo. Some such methods comprise
administering an agent to the zcbrafish of age at
least 3 days postfertilization, administering a
fluorescent dye to the zebrafish, detecting a response
in the zebrafish; and comparing the response in the
agent-treated zebrafish with the response in a
zebrafish administered with no agent or a control
agent, in which a difference in the response 



in the agent-treated zebralish compared to the
untreated or control agent-treated zebrafish indicates
the agent has the ability to affect BBB permeability.
In some methods, the response indicating that the
agent has the ability to affect BBB permeability is
retention of the fluorescent dye in the brain or CNS
of the zebrafish. In some methods, the response is an
increase in retention of the fluorescent dye in the
brain or CNS of the zebrafish. In some methods, the
fluorescent dye is rhodamine-123. In some methods, the
fluorescent dye is FITC-HRP. In some methods, the
fluorescent dye is detected by fluorescence
microscopy. In some methods, the fluorescent dye is
administered prior to administering the agent to the
zebrafish. In some methods, the fluorescent dye is
administered after administering the agent to the
zebrafish. In some methods, the fluorescent dye is
administered to the zebrafish by dissolving the dye in
the media (Le., fish water) containing the zebrafish.
In some methods, the agent is administered to the
zebrafish by dissolving the agent in the media (La,
fish water) containing the zebrafish. In some methods,
the agent is injected into the zebrafish. In some
methods, the agent is administered by direct delivery
to the brain or CNS of the zebrafish. In some methods,
direct delivery to the brain or CNS of the zebrafish
is by microinjection of the agent into the brain or
CNS. In some methods, the agent is administered to the
zebrafish in conjunction with a carrier. In some
methods, the carrier is a solvent, lipid, or peptide.
In some methods, the agent is administered to the
zebrafish in conjunction with at least one other
compound. In some methods, the agent is fluorescent or
radioactive. In some methods, the agent is a small
molecule and a library of small molecules is screened
for permeability of the BBB. In some methods, the
agent is a nucleic acid, peptide, protein,
glycoprotein, carbohydrate, lipid, or glycolipid. In
some methods, the nucleic acid is DNA or RNA. In some
methods, the method is performed in a multi-well
format. In some methods, a single zebrafish occupies
at least some of the wells. In some methods, a
plurality of zebrafish occupy at least some of the
wells. In some methods, the zebrafish is an embryo,
larva, or adult. In some methods, the zebrafish is a
zebrafish embryo. In some methods, the zebrafish is a
wild-type strain. In some methods, the zebrafish is a
transgenic zebrafish. In some methods, the zebrafish
has a heritable mutation. In some methods, the
heritable mutation is associated with a brain or CNS
disease or disorder. (00231 The invention further
provides methods of screening an agent for a first
activity in the brain or central nervous system (CNS),
and for a second activity in at least one other tissue
or organ, in a teleost, preferably a zebrafish, in
vivo. Some such methods comprise  administering an
agent in vivo to a zebrafish, detecting a first
response indicating a first activity in the brain or
CNS of the zebrafish, comparing the first response in
the agent-treated zebrafish with the response in a
zebrafish administered with no agent or a control
agent, in which a difference in the response in the
agent-treated zebrafish compared to the untreated or
control agent-treated zebrafish indicates the agent
has the first activity in the brain or CNS of the
zebrafish, detecting a second response in the at least
one other tissue or organ of the zebrafish, and
comparing the second response in the at least one
other tissue or organ of the agent-treated zebrafish
with the second response in the at least one other
tissue or organ of a zebrafish administered with no
agent or a control agent, in which a difference in the
second response in the agent-treated zebrafish
compared to the untreated or control agent-treated
zcbrafish indicates the agent has the second activity
in the at least one other tissue or organ of the
zebrafish. In some methods, the first activity and the
second activity are the same. In some methods, the
first activity and the second activity are different.
100241 The invention further provides methods of
screening an agent for an ability to affect blood
brain barrier (BBB) permeability, and for act activity
in at least one other tissue or orgain, in a teleost,
preferably a zebrafish, in vivo. Some such methods
comprise administering an agent in vivo to a zebrafisa
detecting a first response in the zebrafish, comparing
the response in the agent-treated zebrafish with the
response in a zebrafish administered with no agent or
a control agent, in which a difference in the response
in the agent-treated zebrafish compared to the
untreated or control agent-treated zebrafish indicates
the agent has the ability to affect BBB permeability,
detecting a second response in at least one other
tissue or organ of the zebrafish, and comparing the
second response in the at least one other tissue or
organ of the agent-treated zebrafish with the second
response in the at least one other tissue or organ of
a zebrafish administered with no agent or a control
agent, in which a difference in the second response in
the agent-treated zebrafish compared to the untreated
or control agent-treated zebrafish indicates the agent
has the second activity in the at least one other
tissue or organ of the zebrafish. In some methods, the
at least one other tissue or organ is the brain or
CNS. In some methods, the at least one other tissue or
organ is other than the brain or CNS. 100251 A further
understanding of the nature and advantages of the
inventions herein may be realized by reference to the
detailed description of the specification and the
associated figures.  



BRIEF DESCRIPTION OF THE FIGURES f00261 Fig. I is a
schematic diagram showing the processes of
vasculargenesis and angiogenesis 100271 Figs. 2A, 28,
and 2C are photographs through a dissecting microscope
showing lateral views of zebrafish embryos at 72 hours
(Iv) of development. The embryos have been stained
with alkaline phosphatase (AP). Blood vessels are
visualized by light microscopy after alkaline
phosphatase staining. A control embryo (Fig. 2A)
treated with 0.1% dimethyl suifoxide (DMSO) has normal
morphology and vessel formation. The subintestinal
vessels (SD/s) (arrow) are in the characteristic
pattern. An embryo treated with a fumagillin
derivative at concentration of 10 micromolar (DM)
(Fig. 213) shows both developmental delay (reduced fin
size and axial length) and loss of the SDis (arrow).
The pronepheric duct provides a positive control for
AP staining (arrowhead). An embryo treated with a
fumagillin derivative at a concentration of 100 DM
(Fig. 2C) is dead. Fumagillin derivatives induce
developmental delay and toxic response in the embryos.
The eye (E), yolk (Y) and fin (F) of the embryos are
labeled for orientation. Scale bar = 100 pm. 100281
Figs. 3A and 38 are photographs through a dissecting
microscope showing two lateral views of zebrafish
embryos at 72 hours of development. Each embryo has
been stained with alkaline phosphatasc. Fig. 3A
represents a control; Fig. 313 shows a treated embryos
treated with a compound from the NCI library. Both
embryos are morphologically normal, however, the
treated embryo has failed to form any SIVs (arrow) and
shows a specific loss of the subintestinal vessels.
The eye (F), yolk (Y) and fin (F) of the embryos are
labeled for orientation. Scale bar = 100 pm (0029)
Fig. 4 is a photograph through a dissecting microscope
of a lateral view of an alkaline-phosphatase stained
zebrafish embryo at 72 hours of development. The
embryo has been treated with a compound which induced
truncation, pericardial edema (arrow), and reduction
of SW formation (arrowhead). A loss of lateral vessels
in the Sly basket is shown. The eye (E), yolk (Y) and
fin (F) of the embryo are labeled for orientation.
Scale bar = I 00 Dm. [0030J Fig. 5 is a photograph
through a dissecting microscope showing a lateral view
of a zcbrafish embryo treated with a compound which
induced blebbing of the notocord (arrow),  



but did not effect SW formation (arrowhead). The
embryo been stained with Al'. Axial defects do not
usually effect angiogenesis. The eye (E), yolk (Y) and
fin (F) of the embryo are labeled for orientation.
Scale bar = 100 pm. 100311 Figs. 6A-6D are photographs
through a dissecting microscope showing lateral views
of zebrafish embryos at 72 hours of development.
Embryos have been stained with AP. When VEGF was
injected into the yolk of an embryo (Figs. 6A and 6C),
two angiogenic phenotypes were observed: 1) the
appearance of long spikes projecting from the
subintestinal vessel basket (long arrows); and 2)
increased vessel diameters in the subintestinal basket
(arrowheads). When VEGF was injected into the
perivitelline space (Fig. 6D) of an embryo, we
observed fusion of large vessels, inappropriate vessel
formation (arrow), as well as heart (long arrow) and
developmental defects. Control embryos (Fig. 68), in
which buffer was injected into either the yolk of
perivitelline space, were normal, The eye (E), yolk 00
and fin (F) of the embryos are labeled for
orientation. Scale bar = 100 pm. [0032] Fig. 7 is a
photograph through a compound microscope (10x
objective) of an alkaline phosphatase staining of
zebrafish embryos at day three of development These
dorsal views of an untreated (top) and a treated
(bottom) embryo show the effect of the
antiangiogenesis drug, Ovicillin, on the subintestinal
veins (arrows). In addition to causing a reduction in
the subintestinal vessels, the drug had other effects,
including causing pericardial edema (arrowheads). In
this figure, the letter "E" denotes die eye, and the
letter "Y" denotes the yolkball. [0033] Fig. 8 is a
photograph through a compound microscope (20x
objective) showing a wholemount RNA in situ
hybridization with.f/k4 performed on a day one
zcbrafish embryo. In this lateral view of the trunk,
intersomitic vessels (arrows), which are sprouting
from the dorsal aorta (A), are labeled with the probe.
Anterior is to the left and dorsal is up. 100341 Fig.
9 is a mieroangiograph showing lateral profile of a
zebrafish embryo at day three of development,
depicting the normal vascular pattern, including the
cranial (C), intersegmental (I) and subintestinal (S)
vessels. The letter "H" denotes the heart, and the
letter "F" denotes the eye. The data to construct the
microangiogyaph was acquired from an epifluoreseence
microscope and processed using digital image
processing software.  100351 Figs. 10A and 10B are
compound microscope photographs (I Ox objective) under
a compound microscope showing, respectively, a phase
image of a normal (Fig. OA) zebrafish embryo arid a
retinoic acid-treated (Fig. 10B) zebrafish embryo. The
embryo treated with retinoic acid (vitamin A acid,
Sigma Chemical Co.) was exposed to 1 1AM retinoic acid
(RA) at 12 to 14 hours. Apoptosis occurred in the
hindbrain of the RA-treated embryo, as evidenced by
the disorganization of the hindbrain and the
significant reduction in distance between the otic
vesicle and the eye in the retinoic acid-treated
embryo, as compared with the normal embryo (compare
arrows in Figs. WA and 10B). The letter "E" denotes
the eye, the letters "YB" signify the yolkball, and
the letters "OT" denote the otic vesicle. 



100361 Fig. 11 is a photograph through a dissecting
microscope showing a lateral view of a 5 day zebrafish
embryo stained with streptavidin-conjugated
peroxidase. Both the liver (arrows) and the gut (G)
are stained. The eye (E) and the otic vesicle (OV) of
the embryo are labeled for orientation. The
magnification is comparable to Figs. I2A and I 28.
100371 Figs. I 2A and 128 are photographs through a
dissecting microscope which show a dose response of
zcbrafish embryos to which specific dosages of
dcxamethasone had been administered. Zebrafish embryos
were treated for five days with dexamethasone to
determine the effect of dexamethasone on liver
development and function. The embryos were fixed with
paraforrnaldehyde and incubated with
streptavidin-peroxidase to detect the liver after
incubating with a chromogenic dye. The arrows indicate
the position of the liver. Fig. I2A (top), six day old
untreated embryo (control embryo); Fig. 12B (bottom),
six day old embryo treated with 100 p./s4 of
dexamethasone for five days. Embryos treated with
dexamethasone showed a dramatic reduction in liver
size compared with control embryos. Stale bar = 1
millimeter (mm); Eye (E); Gut(G); Tail (T). 100381
Fig. 13 is a graphical illustration showing a dose
response of zebrafish embryos to -various dosages of
dexamethasone. Zebrafish embryos were exposed to
different concentrations of dexamethasone (i.e.,
concentrations ranging from 1 DM to 100 p.M) for five
days as described for Figs. 12A and 128. After
treatment, the embryos were stained with a soluble dye
to detect liver defects specifically. After staining,
the product formed by peroxides was detected by
absorbance at 405 nanometcrs (rim). The values were
expressed as a percentage of control (% Control),
where the control (i.e., untreated embryos) is 100%.
The standard deviation was also calculated and added
to the data Liver toxicity resulting from
dexamethasone is suggested by a reduction in liver
size. [0039] Fig. 14 is a photograph of a six day old
zebrafish embryo fixed with parafomuildehyde and
stained for alkaline phosphatase. The arrow indicates
the position of the stained embryonic kidney. Scale
bar = 1 mm; Eye (E); Gut(G); Tail (T). 100401 Fig. 15:
Flow chart of an exemplary high throughput screening
assay. 100411 Fig. 16A. Linear relationship between OD
(405nm) and pNPP incubation time. Using I embryo/well
at 24 (red), 48 (blue) and 72 (green) hpf stage, a
linear relationship was observed between 20 and 40
minutes (each point represents mean + SE., n=6).
(0042] Fig. 16B. OD(405nm) difference among embryos
aged 24,48 and 72hp1, incubated with pNPP for 5 (red),
10 (blue), 20 (green), 30 (dark green) and 40
(magenta) minutes (each point represents mean +S.E.,
n=6). 



(00431 Fig. 17. Representative embryos re-stained for
microscopic observation after OD (405nm) measurement.
A. 24 hpf; [3. 48 hpf; and 72 hpf. The arrows indicate
the site of the SPis formation. At 24 and 48 hpf, the
SIVs are not yet present. In contrast, the SIVs are
quite obvious by 72 hpf. 100441 Fig. 18. Dose response
curve of SU5416 (each point represents mean + S.E.,
n=1 0). 100451 Fig 19. Presence of extensive
vasculature and tight junctions in the brain of
zebrafish embryos. A. Microangiography after injecting
dextran-rhodamine beads was used to image the entire
brain vaseulature in 3 day zebrafish embryos: The
major brain ventricles are completely formed,
artgiogenic vessels are well-formed, and the blood
vessel network, which transports nutrients and
compounds to brain cells, can be visualized in the
brain. B. Tight junctions are present during early
development. Whole mount 10-1 antibody inununostaining
showed that tight junctions form in the brain (dark
spots) adjacent to the mesencephalic vein (MsV),
middle cerebral vein (MCeV), and proseneephalie artery
(PrA) (arrows). 10-1 is a tight junction component;
mouse monoclonal antibody against rat 10-1 (Sigma, St.
Louis, MO) was used in this study. BA: basilar artery;
DLV dorsal longitudinal anastomotic vessel; NCA; nasal
ciliary artery; OV: optic vein; H: heart.  100461 Fig.
20. Representative Evans blue extravasation/exclusion
assay An Evans blue dye injection method was used to
confirm the presence of a blood brain barrier (BBB) in
zebrafish embryos. Evans blue dye (MW = 961 Daltons)
was microinjected into the peripheral blood vessels in
2 (A and B) and 3 day (C and D) zebrafish embryos.
Distribution of the dye was assessed in the brain at
15 min (A and C) and 1.5 hours (B and D) after
microinjection. In 2 day zebrafish embryos, Evans blue
dye was observed in the brain blood vessels (arrow) at
15 min (A). However, perfusion of dye to the mid-brain
and hind-brain region was observed at 1.5 hours (B).
In contrast, in 3 day zebrafish embryos, Evans blue
dye was strictly confined in the brain blood vessels
and excluded from the brain tissue at both 15 min (C)
and 1.5 hours (D) after injection. [00471 Fig. 21
shows the effect of compounds on dopaminergic neuron
activity in zebrafish embryos at 2 days
post-fertilization. Zebrafish embryos were treated
with 0.1% DMSO (control), 200 On 6-hydroxydopamine
(60HDA) or 200 pM 6-hydroxydopamine plus 200 p.M
deprenyl, as indicated, fixed and then immunostained
using anti-hydroxylase antibody. 60HDA induces
dopaminergic neuron (DA) loss in diencephalons,
mimicking Parkinson's disease. 60HDA treatment induced
DA neuron loss in zebrafish, however, deprenyl
treatment prevented 601-IDA-induced DA neuron loss.
[00481 Fig. 22 shows the effect of compounds on the
myelin sheath in zebrafish embryos at 4-days
post-fertilization. Zebrafish embryos were treated
with 0.1% DMSO (control), 6.5 mM acrylamide, or 6.5 mM
acrylamide plus 5 pM 4-methylcatechol (4-MC). as
indicated. 4- MC is a potent stimulator of nerve
growth factor (NGF) synthesis. Integrity of the myelin
sheath was detected in the CNS (oligodendrocytes: 0)
and in the PNS (Schwann cells: S) by in situ
hybridization using riboprobes against myelin basic
protein (MBP). Acrylamide decreased expression of MB?
in oligodendrocytes and Schwann cells, however, 4-MC
rescued the aerylamido-induced loss of MB?. [00491
Fig. 23 shows the effect of compounds on
oxidation-induced apoptosis in zebrafish embryos at 3
days post-fertilization. Zebrafish embryos were
treated with L-hydroxyglutaric acid) (LOA) which
caused oxidation and apoptosis in zebrafish. Zebrafish
embryos were treated with vehicle alone (A), 50 mM LGA
alone (B), or LGA plus D-Met (I gM) (C),
indolc-3-carbinol (1 gM) (D), DFO (I pM)(E), DHI3 (1
pM) (F), deprenyl (0.1 jiM) (0), LNAME (1 jtM) (H),
L-NAC (5 pM) (I), OTC (10 p.M) (7), lipoic acid (10
p.M) (K), 



minocycline (10 iiM) (L), isatin (100 p.M) (M),
cortisone 00 give (N), ascorbic acid (100 pM) (0),
a-tocopherol (100 itM) (P), and BSO (10 pM) (R), as
indicated for 24 hours, then AO staining was used to
examine brain apoptosis. All images were focused in
the dorsal brain region (anterior on top, posterior on
bottom, dorsal on front) and inverted. Apoptotic cells
displayed a punctate fluorescent staining pattern
(black dots). 1D-Met, DFO, DHB, deprenyl, L-NAME,
L-NAC, OTC, lipoic acid, minocycline, isatin and
cortisone exhibited protection, whereas
indole-3-carbinol, ascorbic acid and a-tocopherol, and
the negative control BSO, exhibited no significant
protection, from LGA-induced apoptosis. 100501 Fig.
24. Expression of the blood brain bather transporter
protein MRP I in zebrafish embryos. In situ
hybridization was performed to examine expression of
MRP I RNA using sense (negative control) and
anti-sense riboprobes. The sense RNA probe did not
detect any signal (left panel). In contrast, the
anti-sense RNA probe detected expression of MRP1 in
the brain and spinal cord region at 24 hours (right
panel) and in older animals (data not shown)
indicating early development of BBB transporters in
zebrafish. (00511 Fig. 25. Representative
P-glycoprotein (P-gp) efflux assay in zebrafish
embryos. 3- day zebrafish embryos were incubated with
vehicle alone (A and B) or 30 pM verapamil for 24
hours (C and D). Verapamil is a commonly used P-gp
inhibitor in rodent BI313 models in vivo. After drug
treatment, a zebrafish P-gp efflux assay was
performed. F1TC-HPR, a fluorescent P-gp substrate, was
mieroinjected into zebrafish embryo brain tissue and
monitored for retention of this fluorescent dye. In
both controls and verapamil-treated animals, 15 min
after injection fluorescent dye was observed in the
brain. However, 4 hours after injection, only a small
amount of dye was retained in the brain in the control
(B). In contrast, verapamil-treated animals exhibited
retention of high level of fluorescent dye (D),
indicating that the function of P-gp was impaired by
the presence of verapamil. Images in A and B, as well
as in C and D, are of the same animals at the
different time points. 100521 Fig. 26. Representative
morphometric analysis of zebrafish embryos. Inverted
images from Fig. 25 are shown as an example of
morphometric analysis. The fluorescent signals from
the brain region are quantified using Scion Image
software. Total fluorescence was calculated as the
fluorescence intensity X staining area. For control
animals, at 15 min after injection the fluorescence
intensity was 743,323.1 (A), and at 4 hours after
injection, as efflux started, the fluorescence
intensity was 338,740.3 (B). For verapamil-treated
animals, 4  hours after injection the total
fluorescence was 518,871.6 (D), indicating that most
of the fluorescence remained in the brain. The
fluorescence signal in (D) was higher than (C) because
the fluorescent dye was not transported out of the
brain. After 4 hours, fluorescent dye diffused to
other regions of the brain and increased the stained
area. (0053/ Fig. 27. Flow chart for an exemplary
screening method for compounds having an effect on
blood brain barrier permeability in zebrafish. (0054)
Fig. 28 shows the effect of
N-acetyl-L-aspartyl-L-glutamate (NAAG), an agonist at
group!! metabotropic and NRI/NR2D-containing
N-methyl-D-aspartate (NMDA) ionotropic glutamate
receptors, on blood brain barrier integrity in
zebrafish embryos at 4-day postfertilization. In
controls (left panels), Rhodamine 123 was observed in
the blood vessels at 15 and 4 hours after injection.
In NAAG-treated zebrafish, Rhodamine 123 was observed
in the brain tissue 4 hours after injection,
indicating increased BBB permeability. 



DEFINITIONS f0055) Unless defined otherwise, all
technical and scientific terms used herein have the
same meaning as commonly understood by those of
ordinary skill in the art to which this invention
belongs. The following references provide one of skill
with a general definition of many of the terms used in
this invention: Singleton el al., DICTIONARY OF
MICROBIOLOGY AND MOLECULAR BIOLOGY (2d S. 1994); THE
CAMBRIDGE DICTIONARY OF SCIENCE AND TECHNOLOGY (Walker
ed., 1988); and Hale & Marharn, THE HARPER COLLINS
DICTIONARY OF BIOLOGY (1991). As used herein, the
following terms and phrases have the meanings ascribed
to them unless specified otherwise. Although any
methods and materials similar or equivalent to those
described herein can be used in the practice or
testing of the present invention, the preferred
methods and materials are described. For purposes of
the present invention, the following terms and phrases
are intended to have the following general meanings as
they are used herein: [0056) The term "subject" as
used herein includes an animal. The term "animal" as
used herein includes a vertebrate animal, such as a
vertebrate fish. Vertebrate fish include teleosts,
such as, e.g., zebrafislt, me,dalca, Giant rerio, and
puffer fish. The term "teleost" as used herein means
of or belonging to the Teleostei or Teleostomi, a
group consisting of numerous  fishes having bony
skeletons and rayed fins. Teleosts include, for
example, zebrafish, medaka, Giant redo, and puffer
fish. 100571 The term "larva" or "larval" as used
herein means the stage of any of various animals,
including vertebrate animals, such as vertebrate
fishes (including teleosts, such as, e.g., zebrafish,
medaka, Giant rerio, and puffer fish), between
embryogenesis and adult. 100581 "Angiogenesis
activity" or "angiogenic activity" in reference to an
agent is defined herein as the ability of the agent to
enhance, inhibit, or prevent the formation or
outgrowth of blood vessels or lymph vessels.
Angiogenesis activity or angiogenic activity in
reference to a subject refers to activity associated
with angiogenesis within a subject or organ(s) or
tissue(s) of a subject or originating from within a
subject or organ(s) or tissues(s) of the subject.
100591 "Anti-angiogenesis activity" or
"anti-angiogenic activity" in reference to an agent is
defined herein as the ability of the agent to inhibit,
prevent, or greatly reduce the formation or outgrowth
of blood or lymph vessels, or destroy such vessels
during sprouting or outgrowth. . Anti-angiogenesis
activity or anti-angiogenic activity in reference to a
subject refers to activity associated with
anti-angiogenesis within a subject or organ(s) or
tissue(s) of a subject or originating from within a
subject or organ(s) or tissues(s) of the subject. 



10060) The term "apoptotic activity" or "apoptosis
activity" in reference to an agent is defined herein
as the ability of the agent to enhance, inhibit, or
prevent apoptosis. Apoptotic activity or, apoptosis
activity in reference to a subject refers to activity
associated with the death of cells within a subject or
organ(s) or tissue(s) of a subject or originating from
within a subject or organ(s) or tissues(s) of the
subject. [0061j "Cell death activity" in reference to
an agent is defined herein as the ability of the agent
to enhance, inhibit, or prevent the death of one or
more cells within a subject or organ(s) or tissue(s)
of a subject or originating from within a subject or
organ(s) or tissues(s) of the subject. Cell death
activity in reference to a subject refers to activity
associated with the death of cells within a subject or
organ(s) or tissue(s) of a subject or originating from
within a subject or organ(s) or tissues(s) of the
subject. 100621 The term "necrotic activity" or
"necrosis activity" in reference to an agent is
defined herein as the ability of the agent to enhance,
inhibit, or prevent necrosis.  100631 An "effect on
cell death activity" as used herein refers to the way
in which an agent acts upon or influences cell death
activity in a subject. Such effects include an ability
to enhance or inhibit cell death activity in the
subject, as indicated or manifested by, for example, a
clinical manifestation, characteristic, symptom, or
event that occurs or is observed in, associated with,
or peculiar to death of cells in a subject. (0064) An
"effect on apoptotic activity" as used herein refers
to the way in which an agent acts upon or influences
apoptotic activity in a subject. Such effects include
an ability to enhance or inhibit apopiotic activity in
the subject, as indicated or manifested by, for
example, a clinical manifestation, characteristic,
symptom, or event that occurs or is observed in,
associated with, or peculiar to apoptosis of cells in
a subject. 100651 An "endogenously occurring" as used
herein means occurring originating from within. 100661
The term "gene" is used broadly to refer to any
segment of DNA associated with a biological function.
Thus, genes include coding sequences and/or the
regulatory sequences required for their expression.
Genes also include non-expressed DNA segments that,
for example, form recognition sequences for other
proteins. 10067] The term "nucleic acid" or "nucleic
acid segment" refers to a deoxyribonudeotide or
ribonucleotide and polymer thereof which is in either
single- or double-stranded form. 



Unless specifically limited, the term encompasses
nucleic acids containing known analogues (synthetic
and naturally occurring) of nucleotides, which have
similar binding properties as the reference nucleic
acid and are metabolized in a manner similar to the
reference nucleotides. Unless otherwise indicated, a
particular nucleic acid sequence also implicitly
encompasses conservatively modified variants thereof
(e.g., degenerate codon substitutions) and
complementary sequences, as well as the sequence
explicitly indicated. Specifically, degenerate eodon
substitutions can be achieved by generating sequences
in which the third position of one or more selected
(or all) codons is substituted with mixed-base and/or
deoxyinosine residues (Satz& et at ,Nucleic Acid Res.
19:5081 (1990; Ohtsuka et at, J. Biol. Cheat
260:2605-2608 (1985); Rossolini et at, biol. Celt
Probes 8:91-98 (1994)). The term nucleic acid is used
interchangeably with gene, cDNA, and mRNA encoded by a
gene.  100681 The term "isolated nucleic acid" or
"isolated nucleic acid segment" means a single-or
double-stranded nucleic acid (e.g., an RNA, DNA, or a
mixed polymer), which is substantially separated from
other genome DNA sequences as well as proteins or
complexes such as ribosomes and polyrnerase,s, which
naturally accompany a native sequence. The term
embraces a nucleic acid sequence which has been
removed from its naturally occurring environment, and
includes recombinant or cloned DNA isolates and
chemically synthesized analogues or analogues
biologically synthesized by heterologous systems. A
substantially pure molecule includes isolated forms of
the molecule. An "isolated polypeptide" or protein
carries a similar meaning with the polypeptide or
protein being substantially separated from any
cellular contaminants and components naturally
associated with the protein in vivo. 100691 The terms
"polypeptide," "peptide" and "protein" are used
interchangeably herein to refer to a polymer of amino
acid residues. The terms apply to amino acid polymers
in which one or more amino acid residue is an
artificial chemical analogue of a corresponding
naturally occurring amino acid, as well as to
naturally occurring amino acid polymers. [00701 Amin()
acids may be referred to herein by either their
commonly known three letter symbols or by the
one-letter symbols recommended by the tUPAC-TUB
Biochemical Nomenclature Commission. Nucleotides,
likewise, may be referred to by their commonly
accepted single-letter codes. 100711 A "chimeric
molecule" as used herein refers to a linked molecule
obtained after conjugation of two or more different
types of molecules (e.g., lipids, glycolipids,
peptides, proteins, glycoproteins, carbohydrates,
nucleic acids, natural products, synthetic compounds,
organic molecule, inorganic molecule, etc.). 10072)
The term "normal blood vessel formation" as used
herein refers to the typical, usual, or natural
process of fanning or producing blood vessels in a
subject.  100731 The term "gene expression profile" or
"gene expression pattern" as used herein means a
profile or pattern based on the detection of mRNA for
each gene to be included in the profile or pattern.
tnRNA can be detected at a particular time or under a
particular condition(s). mRNA is extracted from cells,
tissues, organs, or an entire organism of interest and
detected. The amount or level of mRNA for a particular
gene can be determined quantitatively.  



(0074) The term "protein expression profile" or
"protein expression pattern" as used herein means a
profile or pattern based on the detection of a
protein. The protein can be detected at a particular
time or under a particular condition(s). Protein is
extracted from cells, tissues, organs, or an entire
organism of interest and detected. The amount or level
of protein can be determined quantitatively. 100751
The term 'agent" includes any element, compound, or
entity, including, but not limited to, e.g.,
pharmaceutical, therapeutic, pharmacologic,
environmental or agricultural pollutant or compound,
aquatic pollutant, cosmeccutical, drug, toxin, natural
product, synthetic compound, or chemical compound.
100761 The term "natural compound" as used heroin
includes a molecule isolated, extracted, or purified
from a plant, animal, yeast bacterium, or other
microorganism. A natural compound includes, e.g.,
among other things, organic molecules belonging to the
broad biochemical classes of peptides, proteins,
glycoproteins, nucleic acids, carbohydrates, lipids,
fats, glycolipids, as well as more complex molecules
which comprise, e.g., elements of more than one of
these basic biochemical classes. (0077) The term
"synthetic compound" as used herein includes a
molecule synthesized de novo or produced by modifying
or derivatizing a natural compound. 100781
"Developmental defect" as used herein means a
deficiency, imperfection, or difference in the
development of a tissue, organ, or other bodily
component of an animal relative to normal development.
Such a defect is identified as a change, difference,
or lack of something necessary or desirable for
completion or proper operation in the development of a
tissue, organ, or other bodily component of the animal
as compared with normal development of the component.
Developmental defects include, for example, the
failure of organ to develop properly, excess or
reduced cell proliferation as compared to normal cell
proliferation, and the malfunctioning of an organ or
tissue. 100791 Generally, the nomenclature used
hereafter and the laboratory procedures in cell
culture, molecular genetics, and nucleic acid
chemistry described below are those well known and
commonly employed in the art. Standard techniques such
as described in Sambrook et at, MOLECULAR CLONING: A
LABORATORY MANUAL (Cold Spring Harbor Laboratory, Cold
Spring Harbor, New York, 2nd ed. 1989) and CURRENT
PROTOCOLS IN MOLECULAR  BIOLOGY, Vols. 1-3 (Virginia
Benson Chanda ed., John Wiley & Sons, 1994-1998), each
of which is incorporated herein by reference in its
entirety for all purposes, are used for recombinant
nucleic acid methods, nucleic acid synthesis, cell
culture, and transgene incorporation, e.g.,
electroporation, injection, ingestion, and
lipofection. Electroporation techniques utilize a
pulse of high electrical current to introduce
molecules of interest into cells, tissues, or
organisms. Lipofection employs lipid-like cationic
molecules that interact strongly with cell membranes,
destabilizing them locally, thereby allowing DNA and
RNA entry into cells. Generally, oligonucleotide
synthesis and purification steps are performed
according to the specifications. The techniques and
procedures are generally performed according to
conventional methods in the art and various general
references which are provided throughout this
document. The procedures therein are believed to be
well known in the art and are provided for the
convenience of the reader  100801 The term
"transgenic" in reference to an organism or animal
includes those organisms or animals that have
developed from a fertilized egg, into a chromosome of
which a foreign gene has been inserted. Such
transgenic organisms and animals carry the foreign
gene insert in every cell. Trartsgenic organisms and
animals are created by using known techniques (see,
e.g., Sambrook, supra and BIOCHEMISTRY WITH CLINICAL
CORRELATIONS (f. Devlin ed., 3d ed. 1992), which is
incorporated herein by reference in its entirety for
all purposes). Transgenic organisms and animals can be
used to study different aspects of the foreign gene,
including the analysis of DNA regulatory elements,
expression of proteins during differentiation, tissue
specificity, and the potential role of oncogene
products on growth, differentiation, and the induction
of twnorigenesis. A "transgene" is a gene, in original
or modified form, that has been introduced into an
organism or animal that does not naturally have such
gene. A "mosaically expressing transgene" is a
transgene that is expressed randomly in a subset of
the cells of the transgenic organism or animal. An
"exogenous gene" is a gene from an organism or animal
that does not belong to the species into which the
gene has been introduced. A "transient transgenic
animal" is transgenic animal which carries an
introduced gene that is not inserted into a
chromosome. 



10081) The term "founder fish" as used herein refers
to the fish from which a line of fish is generated.
Usually, a founder fish is an individual fish which
carries a unique mutation and which is used to
generate progeny that also carry the mutation.  100821
A "physiological activity' in reference to an organism
is defined herein as any normal processes, functions,
or activities of a living organism. 100831 A
"prophylactic activity" is an activity of, for
example, an agent, gene, nucleic acid segment,
pharmaceutical, substance, compound, or composition
which, when administered to a subject who does not
exhibit signs or symptoms of a disease or exhibits
only early signs or symptoms of a disease, diminishes,
decreases, or prevents the risk in the subject of
developing pathology. (0084) A "therapeutic activity"
is defined herein as any activity of e.g., an agent,
gene, nucleic acid segment, pharmaceutical,
therapeutic, substance, compound, or composition,
which diminishes or eliminates pathological signs or
symptoms when administered to a subject exhibiting the
pathology. The term "therapeutically useful" in
reference to an agent means that the agent is useful
in diminishing, decreasing, treating, or eliminating
pathological signs or symptoms of a pathology or
disease.                  DESCRIPTION OF THE SPECIFIC
EMBODIMENTS [0085] I.GENERAL 100861 The present
invention is directed to methods of screening an agent
for an activity. In Section II of the application,
methods of screening an agent for an ability or
capacity to enhance, inhibit, or block angiogenesis
activity are discussed. In Section III, methods of
screening an agent for an ability to enhance, inhibit,
or cause cell death activity are described. In Section
IV, methods of screening an agent for a toxic activity
are presented. In Section V. high throughput screening
methods are described. In Section VI, methods of
screening an agent for an activity in the brain or
central nervous system are described. 10087) A. Animal
Models 



10088( The methods of the present invention, which are
directed to screening agents for activities (e.g.,
angiogencsis activity, cell death activity, and toxic
activity), are generally applicable for use in a
various animals, including vertebrate animals, such as
fish. Various species of fish are suitable, including
teleosts. Suitable teleosts include, for example,
zebrafish (Danio rerio), Medaka, Giant rerio, and
puffer fish. Typically, animal models of  the present
invention are fish that are transparent or translucent
(i.e., optically clear) in at least one of the
following stages: the embryonic, larval, or adult
stage. /00891 Certain teleosts, including the
zebrafish, Medaka, Giant rerio, and puffer fish, offer
important advantages over other animal model systems
for use in screening methods of the present invention.
First, these teleosts are vertebrates whose genetic
makeup is more closely related to that of man than are
other models, such as the Drosophila and nematode. All
essential components of human form and organ
development are mimicked in these teleosts and the
morphological and molecular bases of tissue and organ
development are either identical or similar to other
vertebrates, including man. Chen and Fishman,
Development 123:293-302(1996); Granato and
Nusselien-Volhard, Cur. Op. Gen. Dev. 6:461-468 (Wylie
ed. 1996). As a result, these teleosts serve as an
excellent model for the study of vertebrate
development and human disease states. (0090) Second,
these teleosts provide advantageous animal models
because their embryos are very transparent. Given the
transparency of the embryo, angiogenesis activity,
cell death activity (e.g., apoptosis and necrosis),
and toxic activity produced by administered agents can
be detected and diagnosed much more rapidly than in
non-transparent animals. These activities can also be
detected in the more mature larval and adult forms of
the zebrafish, though somewhat less readily as such
forms become progressively less optically clear. These
activities can also be detected in vivo in all three
forms or in cells thereof in vitro. By contrast, the
mouse, which is commonly used as an animal model
system, is an opaque animal and does not allow a
similar rapid or in vivo assessment of phenotypic or
developmental changes, including those associated with
cell death, angiogenesis, or toxicity, in whole animal
or whole organs or tissues. Significantly, precursor
tissues and components of the brain, eyes, heart, and
musculature of these teleosts are detected and
visualized much more easily and quickly in the
transparent teleosts than in other systems, including
other vertebrate systems (such as the mouse) by a
variety of detection techniques, including, e.g.,
light microscopy, fluorescence microscopy,
colorimetry, chemiluminescence, digital imaging,
microplate reader techniques, in situ hybridization of
RNA, etc. (00911 Another important advantage of
teleosts over other animal models is that teleosts
develop much more rapidly than do other animal models.
In general, the body plan, organs, tissues, and other
systems of teleosts develop much more rapidly than do
such components in  other vertebrate model systems
(e.g., the mouse). The entire vertebrate body plan of
the zebrafish, for example, is typically established
within 24 hours. A functioning cardiovascular system
is evident in the zebrafish within the first 24 hours
of development. Stainier and Fishman, Trends
Cardiovasc. Med. 4:207-212(1994). The remaining organs
of the zebrafish, including the gut, liver, kidney,
and vasculature, are established within 48 hours. The
hatched zebrafish embryo nearly completes
morphogenesis within 120 hours, thereby making it
highly accessible to manipulation and observation and
amenable to high-throughput automated observation and
detection procedures. (00921 The cell death activity,
angiogenesis activity, and toxic activity of an agent
and responses indicating these activities can be
monitored in whole teleosts and/or in vivo or in cells
thereof in vitro over time - a procedure not possible
or readily practiced with other animal embryos which
develop in utero, such as the mouse. Moreover, the
effects of an agent on the whole teleost embryo or on
more than one system (e.g., cardiovascular system,
enteric system, and musculature system), organ, or
tissue can be detected simultaneously using
transparent teleosts. The persistence of such effects
can be monitored by using simple visualization methods
and over selected time intervals. By comparison, it is
extremely difficult to detect and assess developmental
and phenotypic changes in organs, tissues, and systems
(such as inhibition or enhancement of angiogenesis,
cell death or toxic activity due to an agent) over
time in animals which develop in utero. Mouse embryos,
for example, must be removed from the mother - a labor
intensive procedure - before an assay can be
performed. 



100931 Teleosts also offer the advantage that agents
to be evaluated for toxic effects can be administered
directly to the developing teleost. Direct
introduction of candidate compounds is hindered in
animals which develop in utero, such as the mouse
embryo. Further, the teleost embryo is an intact,
self-sustaining organism. It is different from a mouse
embryo, for example, which because it is physically
removed from its mother's womb, it is not
selfsustainingtar intact; a mouse embryo would
function more as an "organ" culture or the like.
100941 Another significant advantage is cost. Mouse
assays are expensive, primarily due to the cost of
breeding and maintenance and the need to manually
perform injections and subsequent analysis. The
average cost of a commercial mouse tumor assay is
approximately $2,900 ($1,600 per government). In
contrast, teleosts, such as zebrafish, are
comparatively  inexpensive to generate and maintain.
For example, the estimate cost of a zebrafish assays
is less than $100. A single mating of a zebrafish
produces 100-200 eggs. Inbred strains are available
and thousands of zebrafish can be raised inexpensively
in a small room of aquaria. Moreover, teleost eggs,
including those of the zebrafish, are externally
fertilized. Teleost embryos (such as zebrafish) can
survive by diffusion of oxygen from the water and
nutrients from the yolk and thus even the absence of
the entire circulatory system is well tolerated during
early development. Weinstein et at, Nature Med.
1:1143-1147 (1995). [00951 Additionally, single whole
telcost embryos can be maintained in vivo in fluid
volumes as small as 100 microliters for the first six
days of development. Intact live embryos can be kept
in culture in individual microtiter wells or
multi-well plates. Test compounds can be added
directly to the solution in which the fish is
immersed. Compounds permeate the intact embryo
directly, making this multi-well format Particularly
attractive for high throughput and automated compound
screening. Both the therapeutic activities and side
effects (e.g., toxicity) of a drug can be assayed in
the fish simultaneously in vivo. (0096) The teleosts
used with the screening methods of the invention are
typically early-stage teleost embryos; however,
transparent larval or adult teleosts can also be used.
Wildtype strains of teleosts are usually employed.
Wildtype strains are typically maintained for about
one year, after which time fertility decreases. Mutant
strains of teleosts (such as zebrafish) can be used to
assess, e.g., the interaction between therapeutic
agents and specific genetic deficiencies. The telcost
can contain a mutation in a selected gene, The
mutation can be a heritable mutation; including, e.g.,
a heritable mutation associated with a developmental
defect_ The teleost can also be transgenic. (0097) B.
Agents to be Screened 100981 A variety of agents from
various sources can be screened for enhancing or
inhibiting angiogenesis activity, cell death activity,
ancUor toxic activity by using the methods of the
present invention. Agents to be screened can be
naturally occurring or synthetic molecules. Agents to
be screened can also obtained from natural SOLITVZS,
such as, e.g., marine microorganisms, algae, plants,
fungi, etc. Alternatively, agent to be screened can be
from combinatorial libraries of agents, including
peptides or small molecules, or from existing
repertories of chemical compounds synthesized in
industry, e.g., by the chemical, pharmaceutical,
environmental, agricultural, marine, cosmeceutical,
drug, and  



biotechnological industries. Agents can include, e.g.,
pharmaceuticals, therapeutics, environmental,
agricultural, or industrial agents, pollutants,
cosmeeeuticals, drugs, organic compounds, lipids,
glueocorticoids, antibiotics, peptides, proteins,
sugars, carbohydrates, chimeric molecules, etc. 100991
Combinatorial libraries can be produced for many types
of compounds that can be synthesized in a step-by-step
fashion. Such compounds include polypeptides,
proteins, nucleic acids, beta-turn mimetics,
polysaccharides, phospholipids, hormones,
prostaglandins, steroids, aromatic compounds,
heterocyclic compounds, benzodiazepines, oligomeric
N-substituted glyeines and oligocarbamates. Large
combinatorial libraries of compounds can be
constructed by the encoded synthetic libraries (ESL)
method described in Affymax, WO 95/12608, Affyrnax WO
93/06121, Columbia University, WO 94/08051,
Pharmacopeia, WO 95135503 and Scripps, WO 95/30642
(each of which is incorporated herein by reference in
its entirety for all purposes). Peptide libraries can
also be generated by phage display methods. See. e.g.,
Devlin, WO 91/18980. Compounds to be screened can also
be obtained from governmental or private sources,
including, e.g., the National Cancer Institute's (NCI)
Natural Product Repository, Bethesda, MD, the NCI Open
Synthetic Compound Collection, Bethesda, MD, NCI's
Developmental Therapeutics Program, or the like. MOO]
C. Administration of Agents [0101] Agents to be
screened for an effect on angiogenesis activity, cell
death activity, and/or toxic activity can be
administered to the teleost by adding the agent
directly to the media containing the live teleost.
Alternatively, the agent can first be dissolved in the
media and the live teleost submerged in the media
subsequently. Such approaches have been used to
introduce anesthetics and other chemicals to fish
embryos. See, e.g., M. Westerfield, THE ZERRAFISH
BOOK: A GUIDE FOR THE LABORATORY USE OF ZEBRAFISH (3d.
ed. 1995), which is incorporated herein in its
entirety for all purposes. Agents can also be
administered to the teleost by using mieroinjection
techniques in which the agent is injected directly
into the live teleost. For example, agents can be
injected into either the yolk or body of a teleost
embryo or both.  01021 Agents can also be administered
to teleosts by electroporation, lipofection, or
ingestion or by using biolistic cell loading
technology in which particles coated with the
biological molecule are "biolistically" shot into the
cell or tissue of interest using a high-  pressure
gun. Such techniques are well known to those of
ordinary skill in the art. See, e.g., Sambrook eta).,
supra; Chow etal., Amer. J. Pathat 2(6):I667-1679
(1998). 101031 Agents can be administered alone, in
conjunction with a variety of solvents (e.g.,
dimethylsulfoxide or the like) or carriers (including,
e.g., peptide, lipid or solvent carriers), or in
conjunction with other compounds. 101041 Agents can he
administered to the teleost before, at the same time
as, or after administration of a dye used for
detection of the response in the animal indicating a
specific activity (e.g., cell death activity,
angiogenesis activity, toxic activity). 



101051 D. Administration of Dyes 10106] A dye used in
methods of screening agents for an activity (e.g.,
cell death activity, angiogenesis activity, toxic
activity) can be administered to the telcost by adding
the agent directly to the media containing the live
tcleost. Alternatively, the dye can first be dissolved
in the media and the live telcost submerged in the
media subsequently. See, e.g., Westerfield, supra.
Dyes can also be administered to the teleost by using
microinjection techniques in which the dye is injected
directly into the live teleost. Dyes can be injected
into either the yolk or body of a teleost embryo or
both.  (01071 Dyes can be administered alone, in
conjunction with a variety of solvents (e.g.,
'dimethylsulfoxide or the like), or in conjunction
with other dyes. Dyes can be administered to the
teleost before, at the same time as, or after
administration of a dye used for detection of the
response in the teleost indicating a specific activity
(e.g., cell death activity, angiogenesis activity,
toxic activity). When fluorescent dyes are used (e.g.,
unsymmetrical cyanine dye, such as a quinolium dye)
for detection of an activity (e.g., cell death
activity), the dye is preferably administered prior to
administration of the agent. 101081 E. Detecting Agent
Activity and Responses in Teleosts 101091 A variety of
techniques can be used together or separately to
generate a signal and to detect and assess the effect
of an agent on cell death activity or angiogenesis
activity or toxic activity of an agent. Signals can be
generated by, for example, in situ hybridization,
antibody staining of specific proteins (e.g., antibody
markers that label signaling proteins involved in
angiogenic vessel formation in teleost, including VEGF
and Angl and 2; terminal deoxyuridine nucleotide end
labeling to detect dead or dying cells, etc.).
Responses indicating toxic or angiogenic activity or
an effect of cell death activity can be detected by,
e.g., visual inspection, colorimetry, fluorescence
microscopy, light microscopy, chemiluminescence,
digital image analyzing, standard microplate reader
techniques, fluorometry, including time-resolved
fluorometry, visual inspection, CCD cameras, video
cameras, photographic film, or the use of current
instrumentation such as laser scanning devices,
fluorometers, photodiodes, quantum counters, plate
readers, epifluorcscence microscopes, scanning
microscopes, confocal microscopes, flow cytometers,
capillary electrophoresis detectors, or by means for
amplifying the signal such as a photomuttiplier tube,
etc. Responses can be discriminated and/or analyzed by
using pattern recognition software. Agents are
identified and selected using the screening methods
according to the activities and responses they
produce. 101101 Changes in the distribution of a
protein both spatially and temporally, including a
complete absence of a protein, can be detected and
protein expression profiles can be generated. Changes
in a level of an enzyme or enzymatic activity within
the intact teleost can also be detected by various
means, including, e.g., alkaline phosphatase staining
and use of streptavidin (avidin) conjugated reporter
enzyme to detect naturally biotinylated carboxylase
enzymes in the liver, gut, and digestive tube of
animals. [01111 F.Automated Methods 



(0112) In addition to manual screening methods, the
present invention also provides methods for rapid
screening of agents for activities, such as
angiogenesis activity, cell death activity, and toxic
activity, using automated procedures. Such automated
methods can be readily performed by using commercially
available automated instrumentation and software and
known automated observation and detection procedures.
Multi-well formats are particularly attractive for
high through-put and automated compound screening.
Screening methods can be performed, for example, using
a standard microplate well format, with a whole
zebrafish embryo in each well of the microplate. This
format permits screening assays to be automated using
standard microplate procedures and microplate readers
to detect enhancement or inhibition of angiogenesis
activity in the zebrafish embryos in the wells. A
microplate reader includes any device that is able to
read a signal from a tnicroplate (e.g., 96-well
plate), including fluorometry (standard or
time-resolved), luminometry, or photometry in either
endpoint or kinetic assays. Using such techniques, the
effect of a specific agent on a large number of
teleosts (e.g., teleost embryos) in vivo or  in vitro
can be ascertained rapidly. In addition, with such an
arrangement, a wide variety of agents can be rapidly
and efficiently screened for their respective effects
on the cells of teleosts contained in the wells.
10113) Sample handling and detection procedures can be
automated using commercially available instrumentation
and software systems for rapid reproducible
application of dyes and agents, fluid changing, and
automated screening of target compounds. To increase
the throughput of a compound administration, currently
available robotic systems (e.g., the lilioRobot 9600
from Qiagen, the Zymate from Zymark or the Biomek from
Beckman Instruments) - most of which use the
multi-well culture plate format - can be used. The
processing procedure involves a large number of fluid
changes that must be performed at defined timepoints.
Non-automated throughput is typically 5 microtiter
plates per investigator (400 teleost embryos and 20
compounds) per week based on using a 96-well plate
with 1 embryo per well and screening 2 concentrations
with 10 embryos per concentration. Using currently
available fluid handling hardware (e.g., Bodhan
Automation, Inc., Zyrnark) and our standard sample
handling procedures, 50-100 plates per day (4800- 9600
teleost embryos and 200-400 compounds) can be
processed. Incorporation of commercially available
fluid handling instrumentation significantly reduces
the time frame of manual screening procedures and
permits efficient analysis of many agents, including
libraries of agents. 101141 11. METHODS OF SCREENING
AN AGENT FOR AN EFFECT ON ANGIOGENESIS ACTIVITY 101151
A. Angiogenesis 101161 The formation and establishment
of a vascular supply is an essential requirement for
the cellular inflow of nutrients, outflow of waste
products, and gas exchange in most tissues and organs.
Two processes for such blood vessel development and
differentiation have been identified. One process of
vascularization, termed "vasculogenesis," occurs in
the embryo and consists of the in situ differentiation
of mesenchymal cells into hemoangioblasts.
Hemoangioblasts are the precursors of both endothelial
cells and blood cells. The second process, termed
"angiogenesis," involves the formation of new blood
and lymph vessels from preexisting endothelium. In
this process, tissues and organs are vascuiarized by
sprouting in which smaller vessels extend from larger
vessels and penetrate a specific tissue. Fouquet et
al., supra. Angiogenesis also involves the migration
and proliferation of endothelial cells,  their
differentiation into a tube-like structure, and the
production of a basement membrane matrix around the
vessel. Herbert et at, L. Cell. BioL 106:1365-1373
(1988). 



101171 Methods for screening agents for inhibition or
enhancement of angiogenesis activity are useful in
identifying agents that would be effective in
therapeutic or prophylactic treatment of a variety of
diseases involving angiogenic processes. (0118) B.
Blood Vessel Formation (0119) New blood vessels form
during normal tissue growth and repair in a series of
sequential steps: an endothelial cell which forms the
wall of an existing small blood vessel (capillary)
becomes activated, secretes enzymes that degrade the
extracellular matrix (the surrounding) tissue, invades
the matrix, and begins dividing. Eventually, strings
of new endothelial cells organize into hollow tubes,
creating new networks of blood vessels that make
tissue and repair possible. Ordinarily, endothelial
cells lie dormant. However, when necessary, short
bursts of blood vessel growth occur in localized parts
of tissues. New capillary growth is tightly controlled
by a finely tuned balance between factors that
activate or inhibit endothelial cell growth. About 15
proteins are known to activate endothelial cell growth
and movement, including angiopoietins, epidermal
growth factor, estrogen, fibroblast growth factors,
prostaglandin, tumor necrosis factor, vascular
endothelial growth factor (VEGF), and granulocyte
stimulating factor (Zetter, Ann. Rev. Med. 49:407-424
(1998)). VEGF binds to tyrosine kinase reeeptorsfit-t
and fik-1/KDR on endothelial cells (Banahan, Science
277(5322):48-50 (1997)). Downstream effects of VEGF
include the activation of matrix proteases and
glucaronidases, loosening of endothelial cell
junctions and proliferation and migration of
endothelial cells. Downstream effects of basic
fibroblast growth factor (bEGF) include the mitogenic
stimulation of endothelial cells (Relou et aL, Tissue
Cell 5:525- 530 0998)). Some of the known inhibitors
of angiogenesis include angiostatin, endostatin,
interferons, interleukin 1, interleukin 12, retinoic
acid, and tissue inhibitors of metalloproteinase 1 and
2 (Zetter, supra). [0120) C. Angiogenesis Inhibition
[0121] Because angiogenesis is essential for solid
tumor growth, inhibition of angiogenesis is one
strategy for preventing tumor growth. By blocking the
development of new blood vessels, a tumor's supply of
oxygen and nutrients can be cut off and, therefore,
the tumors'  continued growth and metastasis can be
arrested. Several strategies can be to design
antiangiogenesis agents including: I) blocking the
factors that stimulate the formation of blood vessels;
2) using natural inhibitors of angiogenesis; 3)
blocking molecules that allow newly forming blood
vessels to invade surrounding tissue; and 4)
incapacitating newly dividing endothelial cells. In
general, tumors with higher densities of blood vessels
are more likely to metastasize and are correlated with
poor clinical outcomes. Also, cell shedding from the
primary tumor begins only after the tumor has a full
network of blood vessels. In addition, both
angiogenesis and metastasis require matrix
metalloproteinases, enzymes that break . down the
surrounding tissue and the extracellular matrix during
blood vessel and tumor invasion. Several differences
between standard chemotherapy and anthangiogenesis
therapy result from the fact that angiogenic
inhibitors target dividing endothelial cells rather
than tumor cells. Anti-angiogenic drugs are not likely
to cause bone marrow suppression, gastrointestinal
symptoms, or hair loss, characteristics of standard
chemotherapy treatments. Also, because anti-angiogenic
drugs may not necessarily kill tumors, but rather hold
them in check indefinitely, the endpoint of early
clinical trials may be different than for standard
therapies. Rather than looking only for tumor
response, it may be appropriate to evaluate increases
in survival and or time to disease progression. 



101221 Drug resistance is a major problem with
chemotherapy agents because most cancer cells arc
genetically unstable and therefore prone to mutations.
Because angiogenic drugs target normal endothelial
cells, which are not genetically unstable, drug
resistance may not develop. So far, resistance has not
been a major problem in long term animal studies or in
clinical trials of potential therapeutic drug
candidates. Anti-angiogenie therapy may prove useful
in combination with therapy directly aimed at tumor
cells. Because each therapy is aimed at different
cellular targets, such combination therapy should more
effective. There is growing recognition that cancer
may become a chronic disease. If treatments are long
term, the toxicity profile of drugs, which can be
examined readily in the transparent telc,ost (e.g.,
zebrafish) embryo, will become an increasingly
important parameter for drug screening and evaluation.
101231 D. Angiogenesis Stimulation [01241 Although
ischemic tissue in the hear' t or limbs secretes VEGF
and bFGF, which stimulate local growth of collateral
blood vessel, natural formation of collateral vessels
feeding into ischemic tissue is rarely sufficient for
full restoration of blood flow in cardiovascular
disease patients. Growth of new blood vessels, induced
by exogenous angiogenic agents, may restore blood flow
to ischemic tissue in patients with various
cardiovascular diseases. Stimulatory angiogenic
therapy may also provide a minimally invasive approach
to improved circulatory function in coronary artery
disease (CAD), congestive heart failure, peripheral
arterial disease (PAD) and peripheral venous disease
(PVD). Stimulatory angiogenic therapies may also
facilitate transplant acceptance or survival.
Disadvantages of angiogenic stimulators include
exacerbation of growth of occult tumors and
progression of diabetic retinopathy. An ideal
angiogenic agent for inducing growth of collateral
arteries around an atherosclerotic plaque should
function only in the locality of or be delivered
locally to ischemic tissue. 101251 Angiogenesis gene
therapy is an experimental technique being used to
trick the heart into performing its own bypass
operation by growing new blood vessels. The gene
coding for a protein, such as VEGF, which encourages
new blood vessels to sprout from existing ones is
injected into the heart of the patient and the body
performs its own coronary bypass. These new vessels
are less inclined to silt up again. In preliminary
experiments with rabbits, the arteries in rabbit legs
have been tied off and the VEGF gene has been applied
directly onto the smooth muscle cells lining the
artery using a catheter and small balloon. Within
three to 10 days, new blood vessels were observed to
sprout and find their way around the blockage. Rivard
etal., Circulation 99111-120(1999). In preliminary
experiments with humans, the gene has been injected
directly into the left ventricle, the pumping chamber
of the heart. Results to date from these studies are
promising. There have been no side effects and the
worst result to date has been no result. The sprouting
of new vessels, if it occurs, seems to stop after four
to six weeks. Losordo et at, Circulation
98(25):2800-2804 (1998). 101261 E. Angiceenesis in
Zebrafsh 10127) In the zebrafish, as in other
vertebrates, blood vessels form from precursors cells
(angiobla.sts) distributed widely throughout the
mesoderm of the embryo. Some angioblasts migrate long
distances, while others remain locally to form vessels
(Fouquet et al., supra). The major vessels, including
the aorta, vena cava, and vessels directed to some
organs, are believed to form by local assembly of
angioblasts into tubes (vasculargenesis). See Fig. I.
In  



addition to vasculargenesis, smaller vessels extend
from larger vessels to penetrate a specific tissue
(angiogenesis) (Fouquet et aL, supra). Experiments
suggest that both processes of vessel formation -
vasculargenesis and angiogenesis - are driven by local
signals. By day three of development, the zebrafish
has developed an intact, functioning vasculature,
including both major vessels and sprouts, which has a
consistent pattern of vessel location. See Figs. 2A
and 3A. Because the zebrafish embryo can survive and
develop for at least 4-5 days without a circulatory
system, with the transparent zebrafish it is possible
to study the effects of a variety of agents on all
aspects of vascular formation in an intact, live
animal. 101281 F.Advantages of Ujpg Zebrafish in
Screening Assays for An io enesis (0129) Currently, a
variety of assays are used to study the process of
angiogenesis in various animal models. These assays
include preparing a transparent window in the skin of
a rabbit or mouse, injecting tumor cells or carrier
matrix into an avascular region, such as the cornea,
and inducing ischemia by constricting existing blood
vessels (Jain er aL, Na:. Med. 11:1203-1208(1997)).
While these and other approaches generate a great deal
of information about the process of angiogenesis, the
tissue manipulation required for each .< assay make
them unsuitable for use as screening tools.
(Comparative assays are further described in detail
below.) Teleosts and zebrafish in particular offer
significant advantages for in vivo screening assays
for angiogenesis. As noted above, zebrafish arc
comparatively inexpensive to generate and maintain and
the embryos can be placed in individual microtiter
wells, making automated analysis with standard liquid
handling equipment possible. (01301 In addition, with
teleosts, such as zebrafish, the side effects of an
agent can be monitored and assessed simultaneously
along with the principal effect of the agent. This
provides a significant advantage in methods for
screening compounds for angiogenesis activity.
Notably, one difficulty associated with identifying
compounds that can be used as anti-angiogenic agents,
such as anti-cancer therapeutics, is that many of the
compounds used to inhibit the proliferation of cancer
cells also have deleterious effects on proliferating
non-cancer cells. This is especially problematic when
dealing with cancers that affect children, because
many of their organs and tissues are still growing and
developing. Using transparent teleost embryos, the
effect of an agent on angiogenesis activity as well as
any toxic or side effects can be assayed
simultaneously. Side effects or toxic effects of
agents on zebrafish cells and/or embryogencsis can be
monitored at time intervals after administration of
the  



agent. Typically, measurements are performed at the
same time as measurements to assess activity of
administered agents. (0131) G. Angiogenesis Screening
Methods (01321 The present invention provides methods
of screening an agent for an ability or capacity of an
agent to enhance, inhibit, or block angiogenesis
activity in a teleost in response to the
administration of a dose of an agent to the teleost.
Angiogenesis activity is assessed relative to
contemporaneous and/or historical control teleosts (or
tissues, organs, or cells thereof) to which the agent
has not been administered. Angiogenesis activity is
reflected in changes in the vasculature of the
teleost. Blood vessel formation and development can be
monitored over time in the teleost to which an agent
has been administered as well as in control teleosts.
A response showing an increase in normal blood vessel
formation suggests that the compound enhances or
increases angiogenesis. A response showing a decrease
or reduction in normal blood vessel formation or the
death or loss of previously established, existing
blood vessels suggests that the compound decreases,
prevents, or inhibits angiogenesis activity (i.e.,
enhances or stimulates anti-angiogenesis activity) or
disrupts existing vessels. Responses indicating an
angiogenic activity can be detected in a whole teleost
or in one or more organs or tissues of a tele,ost,
either simultaneously or separately. Responses can be
detected over time and at predetermined time
intervals. These responses can also be detected in
vitro in cells of a teleost. (0133) The methods of the
present invention are useful in identifying agents
that would be effective in therapeutic or prophylactic
treatment of a variety of diseases involving
angiogettie processes, including cancer, coronary
artery disease, congestive heart failure, peripheral
arterial disease, peripheral venous disease,
neurological diseases, cardiopulmonary diseases,
ischemia, developmental diseases, autoimmune diseases,
and diseases of hone and cartilage. In general, these
methods are useful in screening compounds for
therapeutic activity against diseases that would
benefit from an increase in angiogenesis activity
(e.g., increase in blood vessel formation) or decrease
in angiogenesis activity (i.e., anti-angiogenesis
activity, a reduction in blood vessel formation).
101341 In one aspect, the methods comprise
administering the compound to be screened to a teleost
embryo by submerging the embryo in culture media in
which the compound has been dissolved prior to the
onset of vasculargenesis or angiogencsis. After a
suitable period  (e.g., 24 or 48 hours), the embryos
are fixed and stained for an endogenous blood vessel
marker, such as, e.g., alkaline phosphatase (AP). A
reduction or increase in the formation of blood
vessels and any perturbation in the normal pattern of
blood vessels can be determined visually by light
microscopy after, e.g., alkaline phosphatase staining,
antibody staining of a protein, in situ hybridization.
Organ or tissue function can also be determined by
measuring enzymatic activity. (01351 Compounds
comprising small molecules typically penetrate the
teleost embryos by simple diffusion. For compounds
that do not penetrate the periderm (the outer
ectoderm), dimethyl sulfoxide (DM80) or other solvents
or osmotic shock can be used to transiently
premeabilize the periderm. Compounds can also be
administered by other well-known methods of
administration, including ingestion or direct
injection into either the embryo yolk or the heart of
the teleost embryo. Once inside the embryo, compounds
diffuse freely within the embryo. 



f0136) For example, to screen for an effect of the
compounds on angiogenesis activity, the subintestinal
and intersomitic vessels are typically examined. To
screen for an effect of the compounds on
vasculargenesis activity, the dorsal aorta and ventral
vessels are examined. All of these vessels arc quite
prominent in the unaffected teleost embryo and thus
serve as ideal indicators of changes in the vascular
pattern. In particular, these vessels are examined
for: I) the presence or absence of vessels, which is
indicative of inhibition of angiogenesis; 2) excessive
branching, which is indicative of enhancement of
angiogenesis; and 3) changes in architecture of the
blood vessel formation, which is indicative of changes
in local signaling events. In our methods, the
zebrafish embryo is used because it can survive and
develop for about 4-5 days without a circulatory
system and thus the effects of agents on all aspects
of vascular formation in the intact embryo can be
readily evaluated. 101371 Changes in vascular pattern
can be studied by performing RNA in situ hybridization
analysis, to examine the angioblasts and vascular
growth factors, and microangiography, to examine the
circulation and heart function - all of which have
roles in blood vessel formation. As an example, a
compound to be screened is administered to a 24-hour
teleost embryo by dissolving the compound in the
culture medium containing the embryo in culture (prior
to the onset of vasculargenesis or angiogenesis).
After an additional 24 hours (at 48 hours of
development), the embryo is visually inspected for
morphological defects. 50% of  the embryos are fixed
for in situ hybridization using thellk-1 probe to
identify angioblasts. The remaining embryos are fixed
at 72 hours of development and stained with AP.
Compounds that affect the expression of endogenous AP,
thereby making it difficult to assay vascular pattern
by using AP staining, can be assayed by using
microangiography. The embryos are then examined for
any perturbation in the normal pattern of blood
vessels. 101381 Angiogenesis activity can also be
detected by standard techniques indicated previously,
including, e.g., colorimetry, fluorescence microscopy
(including, e.g., time-resolved fluorometry),
cherniluminescence, digital image analyzing, standard
microplate reader techniques, pattern recognition
software for response discrimination and analysis,
etc. Antibody staining of specific cpitopes can also
be used to detect spatial or temporal changes in
distribution and expression of epitopes in teleost
tissues, as well as molecular modifications. 10139.1
H. Screening Agents for Angiogenesis Activity And/or
Toxic Activity and/or Cell Death Activity
Simultaneously 101401 The methods for screening agents
for angiogenesis or anti-angiogenesis activity can be
combined with other methods of the present invention
described below, including methods of screening agents
for an effect on cell death activity (Section III) or
toxic activity (Section IV). Because the teleosts used
with these methods are transparent, it is possible to
assess angiogenesis or anti-angiogenesis activity in
conjunction with other activities. Responses
indicating various activities can also be detected in
conjunction with one another - either at separate
times or simultaneously.  101411 Such combined methods
are useful in assessing multiple affects of an agent
on a teleost. The agent may cause both a desired
response, such as enhancement of rulgiogenesis, and a
toxic (undesired) response. The ability to assess
multiple activities and responses in a teleost due to
the administration of an agent is of particular
benefit in identifying potential therapeutic compounds
and assessing their side effects. For example, one
difficulty associated with identifying compounds that
can be used as anti-cancer therapeutics against
targeted cancer cells is that some compounds may also
have deleterious effects on non-cancer cells.
Anti-angiogenic cancer therapy, for example, typically
seeks to induce apoptosis in cancer cells by cutting
off the blood supply of such cells. This type of
treatment regime may be designed to induce apoptosis
in the angioblasts as a means of preventing or
diminishing 



vascularization of the tumor. During treatment, a
balance must be achieved such that a negligible level
of cell death is induced in other tissues or locations
in the body (such as the heart) Such undesired ectopic
cell death could be considered a toxic activity. A
combination screen for assessing angiogcnesis, cell
death, and toxic activities of an agent would be
useful in identifying those agents that protect the
heart from agents which induce apoptosis elsewhere.
Dose levels of the agent effective to promote one
activity without promoting the other can also be
ascertained. Such combined screens would also be
useful in identifying and evaluating agents for
pro-angiogenic therapies which typically have the
therapeutic goal of preventing cell death in a damaged
or transplanted tissue. 101421 Multiple
activities/responses can be monitored in the whole
teleost or in one or more tissues or organs of the
teleost. Such activities and responses can be
monitored over time and at predetermined time
intervals. A variety of techniques can be used
together or separately to analyze multiple activities
and responses, including, e.g., fluorescence
microscopy, tight microscopy, digital image analyzing,
standard microplate reader techniques (colorimetry,
fluoroinctry, including time-resolved fluorometry, and
chemiluminescence), in, situ hybridization, antibody
staining of specific proteins, changes in protein
distribution temporally and spatially within the
animal, changes in a level of enzymatic activity in
the whole teleost, or tissues, organs or cells of the
teleost, etc. Furthermore, the response can be -
discriminated and/or analyzed by using pattern
recognition software. 101431 In one aspect, the
present invention provides a method of screening an
agent for an increase or decrease in angiogenesis
activity as described above which further comprises
screening the agent for an increase or decrease in
toxicity by detecting a response in the teleost
indicating an increase or decrease in toxic activity.
Such a method is useful, e.g., in identifying contra
indications to therapeutic value of a compound.
101441 In another aspect, the invention provides a
method of screening an agent for an increase or
decrease in angiogenesis activity as described above
which further comprises screening the agent for an
ability to enhance or inhibit cell death activity by
detecting a response in the tel cost indicating an
enhancement or inhibition of cell death activity. Such
a method is useful, for example, in identifying contra
indications to therapeutic value of a compound. Such
combination screens also allow for the identification
of agents which protect the heart from circulating
agents which induce apoptosis elsewhere.  (0145)
Examples 101461 I.Screening Compounds for Angiogcnesis
Activity in Zebrafish (0147) A. Materials and Methods 



(01481 1)Embryo Collection 101491 Zebrafish embryos
were generated by natural pair-wise mating as
described in Westerfield, supra, which is incorporated
herein by reference in its entirety for all purposes.
Four to five zebrafish pairs were set up for each
mating; on average, 100-150 embryos per pair were
generated. Embryos were collected and placed in egg
culture media prepared by combining 5 grams (g) of
Instant Ocean Salt with 3 g of calcium sulfate in 25
liters of distilled water at 27C for approximately 20
hours (21 somite stage) before being sorted for
viability, using both morphology and developmental
stage as criteria. Healthy embryos were then
dechorionated by enzymatic digestion using 1 mg/ml
protease (Sigma Chemistry Co.) for 5 minutes at room
temperature. The embryos were then washed 5 times in
embryo water. Because the fish embryo receives
nourishment from an attached yolk ball, no additional
maintenance was required. [0150) 2) Compounds Screened
101511 Compounds from the following two sources were
screened for an ability or capacity to enhance or
inhibit angiogenesis activity: NCI Open Synthetic
Compound Collection library, Bethesda, Maryland and
The Center for Cancer Research, Massachusetts
Institute of Technology (MIT), Cambridge,
Massachusetts. 101521 The NCI Open Synthetic Compound
Collection library consists of more than 100,000
unique compound structures; currently, only 12,000 are
available for screening. [01531 Compounds obtained
from MIT consisted of 11 fumagillin derivatives,
including TNP 470 (Turk et at, Bioorg. Med. Chem.
8:1163-1169(1998)) and AGM-1470. Eumagillin is a
natural product isolated from fungus with potent
anti-angiogenic and toxic effects. AGM-1470 and the
other fumagillin derivatives are angiogenesis
inhibitors, which prevent entry of normal, but not
transformed, endothelial cells into the GI phase of
the cell cycle by binding type 2 methionMe
aminopeptidase (MetAP2). The derivatives were supplied
at an initial concentration of 20 mM. Samples were
diluted in dimethyl sulfoxide (DMSO, Sigma Chemical
Co.) to a stock concentration of 10 mM.  101541
Compounds from NCI were randomly selected from the NCI
Open Synthetic Compound Collection library. The
compounds were supplied by NCI in 96 microplate
arrays, each at an initial concentration of 10 mM in
DMSO. No specific information on compound source,
activity, chemical structure, or mechanism of action
was available. (01551 3)Administration of Compounds 



(01561 To determine the effect(s) of a compound on
vessel formation on a fish, the compound was added
directly to the culture medium solution containing the
fish embryos (e.g., to individual microwells
containing the fish embryos). Compounds were added to
the medium solution at 12 or 24 hours of development
of the fish embryo, which is prior to the point at
which angiogenic vessels can first be identified using
theflk-/ in silu hybridization probe. Fouquet ci aL,
supra. Assays were performed in 6-well, 24-well, or
96-well plates. Such plates facilitated automation of
the chemical application and subsequent analysis,
including dose response, and subsequent analysis.
10157) 4)Visual Screening [01581After administering a
compound to the fish embryos, the embryos were
maintained in individual microwells at 28C until day 3
of development. Twenty-four and forty-eight hours
after adding the compound to the medium in which the
fish embryos were cultured, the embryos were visually
inspected for viability, gross morphological defects,
heart rate, and circulation (see Table 1). Circulation
was assayed by following the movement of blood cells
through each embryo. 101591 5) Vessel Stain,i1 (0160)
On the third day of development, embryos were
collected for alkaline phosphatase staining.
Specifically, embryos were fixed in 4%
paraformaldehyde and stained for endogenous alkaline
phosphatase activity. Embryos were fixed for 2 hours
at room temperature. The embryos were then washed two
times in phosphate buffered saline (PBS) and
dehydrated by immersion in 25%, 50%, 75% and 100%
methanol in phosphate buffered saline with 0.1% Tween
(PBT) to permeabilize the embryos. The embryos were
then rchydrated and washed in 100% PBT. For staining,
embryos were equilibrated in NTMT buffer (0. IM
Tris-Ha pH 9.5; 50 ttIM MgCl; 0.1M NaCI; 0.1% Tween
20) at room temperature. After the embryos
equilibrated, embryos were stained by adding 4.5 pl of
75  mg/m1 nitro blue tetrazolium (NBT) and 3.5 pL of
50 mg/ml X-phosphate per ml. After staining for 10
minutes, all the blood vessels in the fish embryo were
labeled (see Figs. 2A-2C, 3A-3B, 4, 7). The staining
reaction was stopped by addition of PEST. Embryos were
then examined on a stereo-dissecting microscope. One
advantage of using the zebrafish for this type of
assay is that the subintestinal vessels, which are
located over the yolk, are both sensitive to factors
which effect vessel formation and easily assayed by
this method (see, e.g., Fig. 7). The subintestinal
vessels are normally present on the dorsolateral
surface of the yolk of zebrafish embryos by 48 hours
of development. They form a distinct basket shape that
extends 50-100 pm from the ventral edge of the somite
over the yolk. By assaying the subintestinal vessels
at 72 hours of development (24 hours after the
subintestinal vessels normally appear), normal
variation in the timing of the vessel formation was
avoided. The staining procedure is easily automated
using commercially available instrumentation. 



101611 6)Bleaching Teleosts 101621 If desired,
teleosts (e.g., zebrafish embryos) can be bleached
before or after alkaline phosphatase staining.
Bleaching removes the melanin pigment from the telcost
and permits the screening of tele:Jost without the
adverse effects of l-phcny1-2-thiourca (PTU)
treatment. Post-stain bleaching also removes the
extracellular staining associated with background
staining. Bleaching effectively enhances visualization
and analysis of the response of the treated teleost to
a compound through the removal pigmentation of some
cells. Bleaching enhances visual detection of
responses indicating toxic, angiogenic, and cell death
activities. 101631 To bleach zebrafish, the fish were
immersed for 10 minutes at room temperature in 5%
formamide, IX sodium chloride/sodium citrate and 10%
hydrogen peroxide. 101641 7) In Situ Hybridization
101651 In addition to performing visual screens,
specific molecular changes in teleost tissues can be
detected by in situ hybridization of RNA or antibody
staining of specific proteins. In situ hybridization
of RNA is a routine molecular approach in zebrafish
(Westerfield, supra). A digoxigenin-labeling kit from
Boehringer Mannheim can be used to label the RNA
probes. Whole mount in situ hybridization can be
carried out as follows: Embryos are fixed with 4%
paraformaldehyde in PBS, lightly digested with
proteinase K, and hybridized with 1 gig of probe in in
situ hybridization solution (50% fomiamide, 5X SSC, 50
jig/nil Heparin, 500 pg/m1 tRNA, 92 pl of I M citric
acid, pH 6.0, and 0.1% Tween 20) at 65C. Alkaline
phosphatose-conjugated anti-digoxigenin antibody is
used to detect signals. Background staining from
endogenous alkaline phosphatase does not pose a
problem, because endogenous alkaline phosphatase does
not survive the in situ hybridization procedure. After
staining with NBT/X-phosphatase (Boehringer Mannheim),
embryos are bleached in 100% methanol, refixed in 4%
paraformaldehyde, and stored in PBS. Multiple in situ
hybridizations can be performed simultaneously on
different teleosts in multi-well dishes. 101661 8)
Additional Assays for Angiogenesis 101671 To determine
if any changes in vascular pattern are due to
inhibition or stimulation of the angioblasts, RNA in
situ hybridization analysis on known angioblast
markers,flk-1, tie, tek, and j7i (Dumont et at, Dev.
Dyn. 203:80-92 (1995); Liao et at, Dev. Suppt
124:381-389 (1996); Fouquet et at, supra) can be
performed using procedures outlined above. Pik-/ (Fig.
8), tie, and tek are receptor tyrosine kinases, which
label angioblasts early in development. Eli is a
transcription factor which labels them at a later
stage. Because flk-I, tie, tek, andfli appear
sequentially during angioblast development in
vertebrates (Dumont et at, supra), assaying for the
presence or absence of these molecules makes it
possible not only to determine if the angioblasts are
affected, but also the stage of development at which
they are affected. 



[01681 Changes in the distribution of a protein both
spatially and temporally, including a complete absence
of a protein, within the intact teleost can be
detected. For example, changes in the pattern of the
vascular endothelial growth factor, VEGF, can be
examined using standard antibody staining procedures
(Westerfield, supra) or in situ hybridization
techniques described above (see also Westerfield,
supra). VEGF is believed to have two roles in vascular
development: 1) a chemo-attractant or guidance role;
and 2) a maintenance role (Dumont etal., supra). Thus,
chemicals which affect VEGF expression are of
particular interest. The above are examples of well
known molecular markers; other molecular markers can
also be employed. [01691 9)Function Assay [01701 In
addition to changes in the vascular architecture,
vascular function (circulation and heart rate) may
also be affected by compounds. To determine whether a
compound  administered to zebrafish affected vascular
functioning (e.g., heart rate and circulation), heart
rate and circulation of the zebrafish embryos are
studied. In this instance, heart rate was assessed by
counting the heart beats/minute. Circulation was
assessed by examining zebrafish embryos under a
dissecting microscope for the movement of blood cells
through the heart and major vessels. lebrafish embryos
were also examined for blood pooling in the yolk (an
indicator of poor blood flow through the heart) and in
the body of the embryo (an indication of leaky
vessels). In those embryos in which a compound was
observed to affect blood cell development,
micro-angiography was performed using the procedures
outlined in Weinstein et aL, Nature Med. 1:1143-1147
(1995) to examine the integrity of the vascular system
for vessel leakage and blockage, which can cause
changes in vessel formation and maintenance. Embryos
were anesthetized with tricaine to stop the heart, a
micro-pipet was inserted into the heart, and
fluorescent beads were injected. The tricaine was then
washed out, and the heart resumed beating. The flow of
fluorescent beads was then observed using an
epifluoreseenee microscope and recorded using a low
light level camera attached to a computer (Fig. 9).
This approach allows examination of the integrity of
the vascular system and assessment of the effects of
the chemicals on the condition of the heart
10171113.Results 101721 1) Determination of Parameters
for the Delivery of Compounds to Target Tissues and
Organs  101731 a).,tribryo Developmental Stage 101741
In our initial studies, we employed 12-hour zebrafish
embryos (6 somite stage) for the assays and began the
assays at the it hour of development. Although this
time point is advantageous because it is just prior to
the onset of angioblast formation (Fouquet et al.,
supra), there are several disadvantages. The most
significant of these is that at 12 hours of
development, many structures of the zebrafish embryo
including the notochord, the somitcs, and the heart
are beginning to form. Because these structures
directly affect both vasculargenesis and angiogenesis,
it is difficult to determine if the observed effects
of compounds on vessel formation are primary (direct
effects on the vessels) or secondary (indirect effects
due to damage to other tissues). 



(0175) To circumvent this problem, we began the assays
at 22 hours of development (26 somite stage). At this
stage of development, the dorsal aorta and ventral
vein are present in the anterior, but not in the
posterior regions of the zebrafish embryo. This
permitted examination of both vasculargenesis and
angiogenesis independently in the same embryo. For
vasculargenesis, we examined the embryos for the
presence of the dorsal aorta and ventral vessel in the
most posterior regions of the tail. For angiogenesis,
we examined the embryos for the presence of sprouting
vessels, including the subintestinal and the
intersomitic vessels. The subintestinal vessels begin
to form at 36 hours of development; therefore, using
the 22-hour time point reduces the time between
compound administration and angiogenic vessel
formation. This is an important consideration for
compounds that are unstable under the culture
conditions. 101761 b) Embryo Maintenance (01771
Initial experiments were performed in 35 min wells in
6-well culture dishes using 50 zebrafish embryos per
well in 5 ml of embryo water. While this approach
worked, it has a number of drawbacks, including that:
1) a relatively large amount of compound must be used
to dose the embryos; 2) the number of compounds that
can be screened simultaneously is limited; and 3)
because there are multiple embryos in a dish, dying
embryos could contaminate living embryos. 101781 In an
attempt to circumvent these drawbacks, we examined two
alternative formats, the 96- and the 24-well plate.
Previous observations indicated that single zebrafish
embryos were capable of surviving and developing
normally in 50-100 p.1 of embryo water for up to 5
days. Therefore, we collected, dechorionated and
sorted 22 hour embryos into either: 1)96 well plates
with one embryo per well in 100 ill; or 2) 24 well
plates with 5 embryos in 500 id of embryo water. The
embryos were allowed to develop for 72 hours before
examination. The embryos were assessed by size,
morphology, and movement. No obvious differences were
observed between the embryos raised in the microwell
plates and control embryos raised in larger
containers. The embryos were fixed and stained for
endogenous alkaline phosphatase to examine vessel
formation. The staining pattern in the experimental
embryos was identical to that observed in the
controls. For the manual screen, we preferred the 24
well format and used it for all experiments described
below. 101791 c) Compound Delivery  l0180I In order to
optimize the parameters for screening compounds, we
performed a series of experiments using the II
furnagillin derivatives obtained from MIT and 10
random compounds obtained from the NCI Open Synthetic
Compound Collection library. We knew from our
feasibility studies that fumagillin inhibited
angiogenesis in the zebrafish; we thus decided to use
these compounds as positive controls to verify the
assay. We also used the 10 compounds from NCI to
verify that the established parameters were
appropriate for other types of compounds. In general,
we expected that the small molecules would diffuse
freely both into the embryo and through the ehorion
membrane that surrounds the embryo for the first 2-3
days of development. However, to avoid potential
problems, we removed the chorion by enzymatic
digestion. This approach is well established and when
done property produces no adverse effects on the
embryos. 



Table I. Summary of Concerto ation Effects of
Compounds Compound 100 pM Effect 10 01V1 Effect 1 pM
Effect MIT (II) 



11/I I Lethal 7/10 Vascular effects Developmental
Delay 11/11 Slight Developmental Delay NCI (10) 4/10 



6/10 Lethal Slight Developmental Delay 1/10 2/ IO
10/10 Lethal Chromatic Change Slight Developmental
Delay 



1/10 10110 Lethal Slight Developmental Delay  [01811
d) Compound Concentration [01821 As a primary screen
for compound effects, we tested each compound at three
different concentrations to determine which
concentration would provide the most information. The
concentrations tested were 100 ply!, 10 pM, and I pM.
Results are summarized in Table I. For these
experiments, we added 50 pl of 10 mM stock solution to
5 ml of embryo water to generate a 1001.IM solution in
1% DMSO. The subsequent concentrations were generated
by 1:10 and 1:100 dilutions in embryo water, for each
concentration, DMSO added to I% of the total solution.
The control solutions consisted of I% DMSO in embryo
water. Ten embryos per compound per concentration were
tested. Of the 21 compounds tested, 15 (11/11 MIT,
4110 NCI) were lethal at the 100 pM concentration. At
the l 0 pM concentration, 7/11 of the fiimagillin
derivatives had an inhibitory effect on angiogenesis.
However, while none of the fumagillin derivatives were
lethal at 10 gM, they all had a deleterious effect on
the growth of the embryo (Fig. 2A), consistent with
previously published results showing that the target
of fumagillin derivatives is methionine aminopeptidase
(type 2), which plays a role in cell cycle control in
eukaryotic cells (Ishikawa et al...1 Exp. Ther. Onto!.
6:390-396 (1996); Kria et at, Curr. Eye Res.
l0:986-993 (1998). 



(01831 In contrast to the fumagillin derivatives, at
10 pM the NCI compounds had no observable effect on
vessel formation. However, I of the 10 NCI compounds
was lethal at this concentration and 2 of the IC
compounds caused a chromatic change in the embryos.
The chromatic changes were not limited simply to
taking up the color of the compound; one of the NCI
compounds caused the melanocytes to turn purple. As
with the furnagillin derivatives, all 9 of the
non-lethal NCI compounds caused a slight developmental
delay, because the embryos appeared by morphological
criteria to be -12 hours delayed in development. At 1
pM, 20/21 compounds caused developmental delay and
1/21 caused lethality. These results show quite
clearly that compounds added to the mcdia were capable
of getting into the zebrafish embryo and inducing an
effect. (01841 e) Use of DMS0 101851 One problem with
the experimental conditions described above was that
the control embryos maintained in 1% DMSO in embryo
water also showed a slight developmental delay,
similar to that observed for all of the concentrations
of the NCI compounds and for the 1 gIVI concentration
the fumagillin derivatives. We repeated the
experiments using 10 pM and I ttM concentrations of
the compounds, respectively, in 0.1% DMSO, The results
were identical to those in Table 1, except that the
developmental delay for all of the compounds except
the fumagillin derivatives at 10 itM concentration was
eliminated. After performing these experiments, we
decided to use 10 pM concentrations with 0,1% DMSO.
The results indicated that at relatively high
concentrations, DMSO has some effect on developing
zebrafish. While DMSO does not appear to have any
effect on developing zebrafish at lower
concentrations, we are aware that synergistic effects
may occur. Unfortunately, many of the  compounds
available for screening were only soluble in DSMO or
similar solvents. As with any primary screen, positive
results will require further verification and
scrutiny. (01861 2)Assessing the Effects of Compounds
on Blood Vessel Formation (01871 After establishing
basic assay parameters, we screened compounds received
from MIT (II compounds) and NCI (190 compounds) for
effects on blood vessel formation (angiogenesis and
vasculargenesis). Embryos were collected at 20 hours
of development and dechorionated. At 22 hours of
development, the embryos were sorted into 24 well
plates with 5 embryos per well in 500 pl of embryo
water. The compounds from MIT and NCI were added at a
concentration of 10 p.M. For each compound, 3 sets of
embryos (15 total) were screened. For convenience,
each set was maintained in a separate multi-well
plate. This permitted testing of 23 compounds/plate
with 1 set of controls per plate.. At 72 hours of
development, embryos were visually screened for gross
morphological defects and cardiac function using a
dissecting microscope. After the visual screen,
embryos were fixed and stained for endogenous alkaline
phosphatase activity in order to analyze vascular
architecture. Experimental results are shown in Table
2 and described below. Table 2. Results of Visual
Screen Compounds 



(Compds) Number Compd.,' Screened Vascular Changes
Develop- mental Delay Axial Defects Cranial Defects
Circulation/ Heart Rate Defects Compds toxic at 10 



uM NCI MIT 190 II tEl 7 16 11 



6 3 7 0 6 0 13 0  



101881 a)Vascular Changes 101891 To assay vessel
formation, embryos were fixed and stained and the
vessels were scored as described above. The
subintestinal vessels form on the dorsolateral surface
of the yolk on both sides of the embryo in the shape
of a basket that extends 50-100 pm from the ventral
edge of the somite over the yolk. For this screen,
anti-angiogenic effects were defined as either the
complete absence of these vessels or the loss of
either the lateral or dorsalventral vessels of the
basket (Figs. 2B-2C, 3B, 4). An angiogenic effect was
defined for this screen as an enlargement of the
basket beyond 150 pm from the somite. This includes
both increases in size of the entire basket and/or
projections from the basket (Figs.  6A, 6C, 6D). In
addition to the overall basket size, we also looked
for increases in the diameter of the vessels. Normal
vessels are less than 10 pm in diameter. Embryos were
also screened for gross changes in the large vessels,
including the dorsal aorta and ventral vein. [0190) Of
the 241 compounds tested, 25 (7/11 from MIT and 181190
from NCI) caused some anti-angiogenic effects (Table
3). Of these, 23/25 were associated with various
degrees of developmental delay; the more severe the
delay, the more dramatic was the reduction in vessel
formation (Figs. 2A-213). Of the two other compounds
that caused a reduction or loss in vessel formation,
one was associated with a truncation of the embryonic
axis (Fig, 4). Axial defects do not generally cause a
loss of the subintestinal vessels, suggesting that the
vessel effect may be distinct from the axial effect.
Only 1 of the compounds tested showed a specific
effect on vessel formation. With this compound, there
was a loss of the subintestinal vessels (Fig. 2B),
with no other observable effects on the embryo. Table
3. Observed Effects of Compounds on Vessel Formation
Compds (Source) Vessel 



Effect Complete Loss of Subintatinal Vessels (SIVs)
Loss of Lateral or Dersadventral Vessels of SI Vs
Increase in 



SIVs Increase in Vessel Diameter Changes in Large
Vcscibls MIT (I I ) 7/1 I 



4 3 0 0 5 NCI (190) 18/190 5 13 



0 0 3  [0191) With 8/25 compounds that caused
angiogenic effect, we observed what appeared to be a
failure of the large vessels to organize properly in
the tail. We only observed this effect with compounds
that induced severe developmental delay. It is likely
that the failure of the aortal and ventral vein to
organize properly may be a secondary effect.
Curiously, none of the compounds screened caused an
increase in vessel formation as assayed by increases
either in size of the subintestinal vessels or the
diameter of the vessels. [0192] To determine if the
toss of the subintestinal vessels was due to the loss
of angioblast, we performed an in situ analysis on
embryos treated with the compounds that had previously
been shown to cause a redaction of vessel formation.
We used a probe againstfikI, a receptor tyrosine
kinase that has been shown to play a pivotal role in
angiogenic vessel formation (Hanahan, supra). Flk-I
has been shown to be the earliest marker for
angioblast in the zebrafish embryo (Fouquct et al.,
supra). Normally,f/k-1 is highly expressed throughout
development in newly forming vessels and expressed at
lower levels in the large vessels after  their
formation. In the absence of angiogenic vessels, we
would not expect to seellk-1 expression in the somitic
and subintestinal region; therefore, we focused on
expression offik/ in the large vessels. 101931 Embryos
were collected at 48 hours of development (24 hours
after addition of the compounds) because Flk-I is
still highly expressed in the large vessels at this
stage. For 17 of the 18 NCI compounds which caused a
reduction in the subintestinal vessels, the pattern of
/1k-I staining appeared normal at 48 hrs of
development. Specifically,flk-/ staining was present
in the dorsal aorta and ventral vein as well as in the
vessels of the head There was no staining in either
the intersomitic space or on the dorsal surface of the
yolk, however; this 



was expected, because these vessels did not form. One
compound caused a loss offlk-1 staining in the large
vessels of the tail, but not in the head. This
compound also caused a truncation of the embryo, a
thinning of the tail and heart malformation (Fig. 5).
It is probable that the loss of flk-1 staining was
part of a more global defect, rather than a specific
antiangiogenic effect. (0194) b) Developmental Delay
(0195) Because a number of the defects included
changes in the size and shape of the embryo, to
distinguish between morphological defects and
developmental delay, we used three distinct
parameters. Normally, zebrafish embryos are staged by
the position of the head on the yolk ball, the length
of the embryo, and the position of the forming
melanocytes. As our 4th criteria, we used the size and
shape of the fins to assist in staging the embryos.
For this screen, developmental delay was defined as at
least 12 hours slower than the control embryos on the
same multi-well plate. As previously noted, all the
fumagillin derivatives caused a substantial
developmental delay of at least 24 hours (Figs.
2A-2C). This is probably because the target of these
compounds is a cell cycle regulating protein (Turk et
al., supra). Developmental delay was also observed in
16 of the 190(8.5%) small molecule compounds from NCI.
In all cases where developmental delay was observed,
there was a change in vascular architecture consistent
with the developmental delay (Figs. 2A-2C). It is
likely that compounds that affect proliferation and
growth will also affect angiogenic vessel formation,
which requires cell proliferation in order to form new
vessels. Eight of these 16 compounds also caused what
appeared to be a disorganization of the large vessels
in the tail. (0196) c)Axial Defects  101971 There were
three typical types of axial defects: I) bending of
the axis either up or down (NCI 3/6, MIT 3/3); 2)
truncation of the axis (NCI 2/6); and 3) Webbing of
the notochord (Fig, 5)(NC1 2/6). A reduction of the
subintestinal vessels was observed with only one of
the compounds that caused an axial defect (Fig. 4).
(0198I d)Cranial Defects (0199) Cranial defects were
defined as either the disruption of the central
nervous system (CNS) morphology, usually at the
tnidbrairVhindbrain border, or the presence of
cellular debris in the ventricular space of the CNS.
Seven of the 190 NCI compounds caused cranial defects;
however, none affected the subintestinal vessel or the
large vessels in the tail. [02001 e)Toxicity 



/02011 For this specific experiment, we defined
toxicity as whole embryo lethality by 72 hours of
development. Using the previously established assay
parameters, we predicted that the 10 gM concentration
of a compound was unlikely to induce toxicity.
Therefore, we were not surprised that only 5% (6.8% of
NCI, 13/190) of the compounds tested were lethal. Of
the 13 lethal compounds, eight killed the embryos
within 24 hours of application. The remaining 5
compounds caused localized cell death (4 in the tail
and I in the head) within 24 hours and whole embryo
lethality by 72 hours of development. It is possible
that at lower concentrations these compounds can
affect angiogenesis without causing toxicity, however,
this seems unlikely, as the toxic effects were quite
global. (0202) 3) Assessing Effects on Vascular
Function  (0203) a) Circulation/Heart Rate Defects
102041 Them were a number of compounds causing
developmental delay and axial defects that also caused
structural changes in the heart. In general, these
effects were consistent with underdevelopment of the
heart. In order to evaluate function, we restricted
our analysis to embryos in which the heart appeared
relatively normal, as defined by the presence of an
atrium and a ventricle, as well as a heartbeat. 6/190
of the NCI compounds caused a reduction in the beat
rate of the heart. For this screen, reduced heart rate
was defined as 50% or less than the rate of controls.
Because biological and environmental factors cause
natural variations in the heart rate, the normal heart
rate was taken as the average heart rate of the 10
embryos in the control wells for each plate. This was
compared to the average heart rate of  the embryos in
the experimental well. In 3/6 compounds, pericardial
edema and blood pooling over the yolk accompanied the
reduced rate. Even though pericardial edema was
evident, blood cells moved through the major vessels.
All three of these compounds caused developmental
delay with an associated reduction in angiogenic
vessels; specifically, the subinte,stinal vessels were
absent. The remaining 3 compounds had no observable
effects other than reduced heart rate.  (02051 None of
the non-lethal compounds tested caused an observable
reduction in the number of blood cells; thus, it was
possible to assay circulation by observing the
movement of blood cells through the vessels. As with
assessment of heart rate, only embryos with
structurally normal hearts were analyzed, because
malformed or underdeveloped heads cannot usually pump
blood. None of the compounds appeared to affect
circulation as assessed by lack of blood flow, blood
pooling, or leaky vessels. (02061 Circulation was
assayed by observing the flow of blood cells through
the embryo. Of the 212 compounds tested in this study,
none affected the formation of the blood cells;
therefore, it was not necessary to perform any
microangiograms to assay circulation. However, because
it is unlikely that this will be the case for all
compounds, the microangiogram technique is typically
included as part of the screening methods. A
microangiogram was performed as part of our initial
studies on a zebrafish embryo at day three of
development. The microangiogram shows the normal
vascular pattern of the zebrafish embryo, including
the cranial, intersegmental, and subintmtinal vessels.
See Fig. 9. j02071 C. Discussion (0208j The above
results demonstrate that the teleost (e.g., zebrafish)
is a viable model for screening small molecules (e.g.,
chemical compounds) for effects on vessel formation.
Such small molecules not only diffuse into the embryo,
but can also induce specific, observable effects on
blood vessel formation. 



(0209j 1) Diffusion of Small Compounds into the
Teleost Embryo 102101 One major concern prior to
experimentation was whether different types of small
molecules would diffuse into the zebrafish embryos
after addition to the media. Our initial studies
demonstrated that fumagillin and ovicillin were
capable of diffusing into the zcbrafish embryo.
However, these compounds are natural products
identified because of their ability to  diffuse into
cells in culture. Of the 201 small molecule compounds
screened, 81 had some observable effect on zebrafish
embryos (70/190 compounds, including 23 which caused
color changes (data not shown), from NCI and 11/11
fumagiltin derivatives). These results suggest that
our initial assumption that small molecules would
enter the embryos by diffusion was correct. 102111 2)
Advantages of Whole Embryo Screening (02121 One
significant advantage of using whole teleost embryos
for assays is the ability to identify effects on
multiple targets simultaneously. In our initial set of
experiments, we restricted additional targets to
events that could be visualized without additional
staining. Developmental delay was the most usefill of
these parameters. Unlike with cell culture assays,
with the whole embryo assay, we were able to observe
that the II MIT compounds caused what appeared to be
general cell proliferation effects, which may or may
not be the same as anti-angiogenic effects. This may
be due to the binding of type 2 methionine
aminopeptidase (MetAP2)(Turk a at, supra) or a related
cell cycle protein. 10213) We also observed a number
of other effects with other compounds. With 6
compounds, we observed effects on heart rate in live
embryos by visual inspection. Because the heart is
quite prominent in the early embryo, it was possible
to observe a slow versus normal heart rate by visual
inspection. Two possible mechanisms for this observed
effect are: 1) the compound may affect development of
the heart in such a way that the conductivity
mechanism required for normal heart beat is absent, or
2) the compound directly antagonizes the conductivity
mechanism in a manner similar to beta-blockers (Reiter
and Reiffel, Ant J. Cordial. 82(4A):9-19 (1998)). We
were also able to score cranial defects in 7/201
compounds, as well as axial defects in 9/201. In
subsequent studies (described below), we used specific
antibodies and staining techniques to analyze the
effects of compounds on other organs, including the
liver and the kidney, to determine adverse effects of
angiogenic compounds. The liver and kidney are highly
vascularized; as a result, these organs represent
potential targets for screening compounds for adverse
effects on blood vessel formation. (0214l 3)Screening
for Anti-Angiogenic Effects [02151 In our first set of
screening experiments for anti-angiogenic effects, we
examined 



the effect of finnagillin, a natural anti-angiogenesis
chemical, on blood vessel formation in  the zebrafish
embryo. The compound was administered by addition to
the fish culture media. This compound caused a
reduction in angiogenesis, indicated by a reduction of
the subintestinal and intersomitic vessels (see, e.g.,
Fig. 7). However, each compound also caused serious
complications in the embryo including pericardial
edema, developmental delay, and axial defects.
Although these experiments demonstrated the
feasibility of the approach for drug screening, they
also underscored the importance of identifying
compounds that affect angiogaiesis selectively. Using
the screening parameters described above, we
identified two compounds that caused apparently
specific anti-angiogenic effects. In addition, we
identified 16 other compounds that caused a reduction
of angiogenic vessel formation in addition to other
effects. These results show that the zebrafish embryo
model can be used to screen for compounds that
specifically affect angiogenesis and antiangiogenesis
activities. [0216] 4) Screening for Angioblast
Formation Using F/k-/ Staining 102171 1 of the 18 NCI
compounds that caused a reduction in subintestinal
vessel formation had an effect on thefik-/ staining
pattern. Because/IN-/ is an early marker for
angioblasts, this result suggests that for 17/18
compounds, the blocking of angiogenesis is not due to
loss of angioblast, but rather to interference with
some other component of the angiogenic pathway. For
the one compound that did affect/elk-I staining, it
was not clear if the loss of staining was due to a
loss of angioblasts or loss of the j/k-/ tyrosine
lcinase expression. This demonstrates the importance
of establishing markers for both angioblasts and the
angiogenic pathway (see discussion below). 102181 5)
Angiogenie Effects [02191 None of the compounds tested
caused an observable increase in vessel formation. Two
possible explanations of this observation are: 1) none
of the compounds tested had angiogenic properties; and
2) the normal zebrafish embryo is refractory to
exogenous angiogenic stimulation. To distinguish
between these two possibilities, we performed
experiments, described below, in which VEGF was
injected into 24 hour embryos. These experiments
suggested that increased angiogenesis can be induced
in the normal zebrafish embryo (Figs. 5A-5C). In order
to increase the likelihood of identifying compounds
which stimulate angiogenesis, we explored the use of
mutant zebrafish lines, such as the gridlock mutant
(Weinstein a al., supra), which has defects which
block angiogenesis.  102201 6)Vasculargenesis 



102211 In the zebrafish as in humans, vasculargenesis
is the process by which the large vessels, including
the aorta, vena cava, and vessels to some organs, form
from local precursors cells (angioblasts) distributed
throughout the mesoderm of the embryo (Fouquet et at,
supra). We observed vascular defects with 8 of the 241
compounds screened. The effects observed were limited
to a disorganization of the dorsal aorta and ventral
vessel in embryos with severe developmental delay. It
is not clear that vasculargenesis requires extensive
cell proliferation, and these observed effects on the
large vessels may be due to a disruption of the
surrounding tissue, rather than a direct effect on the
angioblasts. [0222] 7) Rapid and Automated Methods of
Screening of Agents for Angiogenesis Activity (0223)
Our experiments demonstrated the versatility and value
of the telcost as a model for use in detecting,
identifying, and analyzing compounds that inhibit or
enhance angiogenesis in vivo and in vitro. With
methods of the present invention, teleosts (e.g.,
zebrafish embryos) can be used to screen large numbers
of compounds rapidly for effects on angiogeuesis. For
example, using the 24 well format and manual
techniques for fluid changes, we screened 241
compounds for a variety of effects at multiple time
points. These effects included morphological defects,
functional defects, and lethality. While these target
effects provide a tremendous amount of information,
analysis of other targets such as heart rate,
circulation, and other organs constitute a secondary
level of screening that should be performed only on
compounds pre-screened for angiogenic effects. A
primary screen for compounds which affect angiogcnesis
should focus on the stained subintestinal vessels in
72 hour embryos. (0224) The present invention also
includes automated methods for rapid screening of
compounds that enhance or inhibit angiogenesis
activity in animal models in vivo and in vitro in
cells thereof. Preferred animal models include
transparent teleosts, such as zebrafish. Any of the
compounds described herein can be screened using
automated procedures described previously, including,
e.g., small chemical compounds or larger biological
molecules discussed below. [02251 In our analyses
discussed above, we screened 190 compounds from the
NCI Open Synthetic Compound Collection library.
Although this library consists of more than 100,000
unique compound structures, currently only 12,000 are
available for screening. Using the manual screening
methods of the invention, the entire compound library
can be screened in two years. Incorporation of
commercially available fluid handling instrumentation
significantly reduces this time frame to less than
three months. 102261 2.Screening Biological Molecules
for AnaiOnnesis Activity (02271 The present invention
also includes methods of screening of larger
molecules, including biological molecules, for an
ability to enhance or inhibit angiogenesis activity.
These methods comprise administering the compound to a
teleost and detecting a response indicating an
enhancement or inhibition in angiogenesis activity. No
precise method for screening large biological
molecules for angiogenesis activity currently exists.
Thus, the methods of the invention are thus of
particular value and use in evaluating the use of
biological compounds as therapeutics and/or
prophylactics for treating a variety of diseases in
humans associated with angiogenesis processes,
including neurological diseases, 



cardiopulmonary diseases, ischemia, developmental
diseases, autoimmune diseases, diseases of bone and
cartilage, and cancer. (02281 A wide range of
biological compounds, including peptides, proteins,
glycoproteins, nucleic acids (e.g., DNA and RNA),
lipids, glycolipids, and the like, including, but not
limited to, derivatives, analogues, and chimeras of
such compounds, can be screened by these methods. As
discussed above, compounds from a library of
compounds, including a combinatorial library, can be
screened. [0229] Recently, a number of biological
molecules have been identified that have either
anti-angiogenic or angiogenic effects (Hanahan,
Science 277(5322):48-50 (1997); Zetter, supra). Some
biological compounds have been characterized and
analyzed for angiogenesis activity in cell cultures
and in mice; a few such compounds have been tested in
therapeutic and/or prophylactic treatment programs in
humans. Comparison of the results using these
compounds and the teleost model and screening methods
of the present invention would allow a determination
as to whether the teleost model and screening methods
described herein is predictive of the therapeutic
effect in humans; such a comparison would be of
benefit in determining whether a tested compound would
be useful in programs for therapeutic and/or
prophylactic treatment of angiogenesis-related
disorders in humans. [0230] A. Proteins  102311 To
examine the effects of proteins and protein fragments
(and peptides and peptide fragments) on angiogenesis
in teleost embryos, proteins (and protein fragments
and peptide fragments) were directly injected into the
circulation of 24 hour zebrafish embryos. Embryos were
collected and dechorionated as described above. The
embryos were then sorted into holding ramps made of 1%
agarose in embryo water and oriented with the yolk
ball projecting up. Microinjection injection was
performed as follows: the proteins were suspended in
PBS and backfilled into a pulled glass micropipet. The
micropipet was then attached to a micromanipulator and
a picospritzer (General Valve) attached to a nitrogen
tank. Using the mieromanipulator, the tip of the
micropipet was inserted into the embryo and a small
volume of protein solution was expelled from the tip
using positive pressure. To determine if our animal
model could be used effectively to screen for these
compounds, we performed a series of experiments in
which we injected one of two different proteins having
opposing effects on vessel formation - human
endostatin (O'Reilly etal., Cell 88(2):277-285 (1997))
and human vascular endothelial growth factor (VEGF) -
into an embryo. Endostatin, a collagen XVIII fragment,
is an endogenous protein with potent anti-angiogenic
activity. VEGF has been shown to play a critical role
in both endothelial cell determination, as well as
vessel formation. In preliminary experiments, we
injected VEGF protein either into the yolk ball or
into the perivitelline space between the yolk and the
peridemi, Because the second location is in the path
of the venous return, proteins end up in the
circulation of the embryo. To backfill the injection
pipettes, we used a 2 mg/ml solution of VEGF. When
VEGF was injected into the yolk, we observed two
angiogenic phenotypes: 1) the appearance of long
spikes projecting from the subintestinal vessel basket
(Fig. 6A); and 2) increased vessel diameters in the
subintestinal basket (Fig. 6C). In contrast,
injections of VEGF into the perivetellin space led to
a disruption of vessel formation (Fig. 613) and heart
development. This is consistent with observations in
other vertebrates. Drake et al., Proc. Natl. Acad.
Sci. USA 92(17):7657-7661 (1995); Fouquet at at,
supra. Endostatin was injected into the zebrafish as
was VEGF. In contrast with VEGF, endostatin results
ere inconsistent and thus uninterpretable. These
experiments demonstrated that changes in the vascular
pattern can be induced in our animal model. Moreover,
because human proteins produced these effects, these
experiments suggested that the mechanisms for
angiogencsis in zebrafish and humans are probably
similar. 102321 B. Nucleic Acids  



10233] To deliver nucleic acids to teleosts, we
established a microinjection system. Microinjection of
DNA, RNA, and proteins is a well established procedure
used in a variety of biological systems, including
single cells, frog embryos, mouse embryos, and
zebrafish. Westerfield, supra. in the zebrafish, it is
possible to load every cell of the embryo by injecting
molecules of interest into the yolk of 1-16 cell stage
embryos. See Westerfield, supra. Using these standard
approaches, several hundred embryos can be loaded in a
two-hour period. [0234) 3.Evaluation of Biolistic Cell
Loading Technology (0235) Biolistic cell loading
technology uses coated particles to introduce
molecules of interest into tissues and organs of an
animal. In this technique, particles coated with the
biological molecule are "biolistically" shot into the
cell or tissue of interest of the animal using a
high-pressure gun. This technique has been used
successfully to load primary culture cells as well as
whole mouse embryos with large DNA plasmid constructs.
Chow a al., Amer. Pathol. 2(6)1667-1679 (1998). (0236)
With the methods of the invention, biolistic cell
loading can be used as an alternative to
microinjection techniques to inject compounds into
animals, such as, e.g., adult, larval, and teleost
embryos. DNA can be regionally administered to the
teleost (e.g., introduced to specific locations within
the teleost embryo), such as the tail or the dorsal
surface of the yolk, prior to, after, or at the time
angiogenesis begins. [02371 4.Establishing Parameters
for Quantifying and Characterizing the Effects of
Compounds on Angiogenesis Activity and Endothelial
Cell Toxicity [0238] To determine whether a particular
compound is of potential therapeutic or prophylactic
use, a number of additional parameters, including the
Therapeutic Window and the Effective Windo.w can be
determined. [02391 A. Therapeutic Window [02401 The
Therapeutic Window (TW) is the ratio of the Median
Effective Concentration (EC50) to the Median Lethal
Concentration (LC50) (i.e., LC50/BC50). LC50 is
determined by administering.serial dilutions of an
agent and determining what proportion of teleosts die
at each dilution. LC50 is the concentration needed to
cause lethality in 50% of the teleosts. Agents which
exhibit a high Therapeutic Window (LC50/EC50), such as
100 or 1,000, are 



good potential drug candidates because toxicity at the
therapeutic concentration is low. Agent concentrations
typically range from picomolar to millimolar. 102411
B. Effective Window 102421 The Effective Window (EW)
identifies the point during angiogenesis at which a
compound is effective. This is determined by exposing
embryos to the EC50 of a compound at different stages
of angiogenesis, beginning with the 12 somite stage,
when angioblasts are first detectable, through the 72
hour stage, when vascularization in the embryo is
complete. 102431 In our preliminary studies, we
identified a number of compounds which were toxic at
various concentrations. It is possible that such
compounds are extremely potent and that only low
(pieomolar) concentrations of such compounds effect
angiogencsis. This problem can be addressed by
screening compounds for angiogenic effects at
concentrations well below the concentration at which
induces toxicity. 102441 C. Ouantitation of Vessel
Growth 102451 While visual comparison of an embryo
treated with a compound of interest with an untreated
embryo (control) is an effective means for identifying
changes in the vessel architecture related to
angiogenesis, it does not permit quantitative
assessment. As an alternative or in addition to visual
comparison, image analysis can be used to quantify and
standardize the analysis. A number of commercially
available software packages exist (e.g., Image-Pro
Plusrm, Media Cybernetics; WSR Image Analysis System,
WindSword Software Research; MetaMorph(r), Universal
Imaging Corp.) that permit both distance and area
measurements of vessel dimensions and distribution -
the parameters used for visual analysis. [0246] D.
Evaluation of Additional Markers for Characterizing
Angiogenic Activity [0247] Antibody markers that label
signaling proteins involved in angiogenic vessel
formation in the zebrafish, including VEGF and Angl
and 2 (Hanahan, Science 277(5322):48-50 (1997)), would
assist in identifying compounds that are either
agonists or antagonists of the signaling molecules
that guide vessel development and patterning. A number
of antibody markers have been identified in mouse and
are commercially available (Santa Cruz Biotechnology,
Inc.). These markers cart be tested in teleosts using
standard antibody staining protocols. Westerfield,
supra. Antibodies can be used in place .of RNA probes
to simplify the assay procedure. 



[02481 Briefly, embryos are fixed for 2 hours at room
temperature. The embryos are then washed two limes in
phosphate buffered saline with Tween (PET) and
permeabilized by treatment acetone at -20C for 7
minutes. The embryos are rehydrated and then treated
with a blocking solution (2% goat serum, 1% bovine
scrum albumin (BSA) in PET) for 30 minutes at room
temperature. Next, the embryos are soaked in blocking
solution containing the primary antibody overnight at
4C. The embryos are then be washed 5 times in PET with
1% BSA. The embryos are soaked in blocking solution
containing a secondary HRPconjugated antibody for 4
hours at room temperature. The embryos are then washed
and stained by soaking in DAB solution (I tug
diaminobenzidine, 1 ml 0.1M PO4 buffer, 1 ml dH20 and
20 pl of DMSO) for 15 minutes. 11202 is then added to
the solution for color development. The reaction is
stopped by adding PET. 102491 E. Assays for Compounds
that Induce Endothelial Cell Toxicity 102501 Although
the strategy of blocking new vessel formation has
significant potential for anticancer therapeutics, an
alternative strategy is to destroy vessels already
present in the tumor. With such a strategy, a compound
is administered to the teleost after vessel formation,
not prior to vessel formation. It is not known how
long compounds persist in the media containing teleost
embryos; we assume that effects on blood vessel
formation occur relatively soon after administration
of the compound. To identify compounds that have toxic
effects on blood vessels after formation, we
administered compounds to zebrafish embryos at 60
hours of development, when the subintestinal vessels
were well established. We then assay the embryos at 72
and 84 hours of development. Compounds were screened
for those which caused a loss of the subintestinal
vessel staining, as described above. 102511 F.
Evaluating the Use of Mutant Fish Lines f 0252J
Studies suggest that it may be difficult to induce
additional vessel growth in a normal animal system.
For example, there is evidence of this in the mouse
model for isehemia (Couffirthal et at, Amer. J.
l'athol. 2(6):1667-1679 (1998)). This issue can be
circumvented by performing screens on animals in which
vessel development has been impaired. A few genetic
mutations exist in the zebrafish that disrupt vessel
formation. Examples of such mutations are: 1)
gridlock, alocalized heritable vascular patterning
defect in the zthrafish (Weinstein et at,
Cardiovascular Research Center, Massachusetts General
Hospital, Charleston, MA (1998)), in which vessel
formation is normal in the head region and  absent in
the tail for the first 3-4 days of development, and
after -4 days, collateral vessels begin to appear in
the tail; 2) cloche (Fouquet et at, supra, Thompson ei
al., Dev. Biol. 197(2):248-49 (1998)), in which
angioblast development is impaired; and 3) no tail and
floating head (Fouquet et at, supra), notocord
mutants, in which the formation of the large vessels
is blocked. The usefulness of these and other mutant
lines are readily evaluated by using the methods for
screening compounds for angiogenic activity described
herein. Currently, there are no known mutations that
cause increases in vessel growth in zebrafish. 102531
G. Assessing Effects of Angiogenic/Anti-Angiogenic
Compounds on Organ Systems 



(02541 The effects of a compound on organ systems
other than the vascular system (e.g., kidney, heart
etc.) can be determined by using screening methods
described herein. The ability to make such
determinations is significant, because in evaluating
the potential therapeutic value of any compound
identified using the methods of screening compounds
for angiogenesis activity, it is important also to
identify adverse effects, including adverse effects on
other organ systems. The teleost model is ideal for
this purpose because many of its organs can be
visualized in the transparent teleost embryo by light
microscopy (e.g., the heart and the CNS);
alternatively, a number of organs of the teleost
embryo can be identified by simple staining techniques
(e.g., liver, gut, heart, and kidney). For example,
cardiac function and liver viability can be assayed.
Because the heart is both directly connected to the
vasculature and because the heart and the vessels
share some of the same cell types, the heart is a
likely secondary target of compounds that affect
angiogenesis activity. Because the liver is the site
of accumulation and metabolism of many compounds,
especially toxins, it is an indicator of the toxicity
of both the compounds and the breakdown products.
(02551 As described above, in our initial studies, we
observed that a small number of compounds affected the
heart rate of the zebrafish embryo. With six
compounds, we observed that the zebrafish heart beat
at approximately 1-2 beat(s) per second instead of the
normal 4-5 beats per second. To determine if a
particular compound affected teleost heart
development, or if it acted as an antagonist to the
conductivity mechanism, we administered the compound
of interest to a zebrafish embryo at 72 hours of
development, when a functioning heart and vascular
system is present. The embryos were then evaluated 2
hours after the addition of the compound for immediate
effects on heart rate and contractility and at  24
hours for effects which might require novel gene or
protein expression. If a compound acted as a direct
antagonist on either the conduction or contraction
machinery of the zebrafish heart, its administration
to the zebrafish at any stage would likely show an
effect. However, if a compound affected development of
the zebrafish heart, its presence should show no
effect at the later stage of development. 10256) In
addition to examining the heart rate and
contractility, we also examined the structure of the
heart both by visual inspection (Stainier et at,
Development 123:285-92 (1996)) and by staining the
heart with antibodies against tropomyosin and cardiac
myosin heavy chain (Stainier and Fishman, Trends
Cardiovasc. Med. 4:207-212 (1994), which allowed
identification of the atrium and the ventricle - the
two chambers of the fish heart. Briefly, embryos were
fixed for 2 hours at room temperature. The embryos
were then washed two times in PBT with Tween and
permeabilized by treatment acetone at -20 C for 7
minutes. The embryos were rehydrated and then treated
with a blocking solution (2% goat serum, 1% bovine
serum albumin (BSA) in PBT) for 30 minutes at room
temperature. Next, the embryos were soaked in blocking
solution containing the primary antibody overnight at
4C. The embryos were then washed 5 times in PBT with
1% BSA. The embryos were subsequently exposed to the
appropriate fluorescent conjugated secondary
antibodies for detection. The embryos were analyzed
using an epifluorescence microscope. This method uses
a particular means of detection; alternative secondary
reagents and visualization (or detection) methods,
including, e.g., chromogenic, radiographic or other
methods, may be used. 102571 III. METHODS OF SCREENING
AN AGENT FOR AN EFFECT ON CELL DEATH ACTIVITY 102581
A. Cell Death 102591 The death of cells of
multic,ellular organisms may result from natural
processes or external non-physiological causes. Two
types of cell death are known: necrosis and apoptosis.
Necrosis is the pathologic death of living cells which
results from acute, non-physiological injury to the
cells. Hefts, J. Amer. Med. Assoc. 279(4)100-07
(1998). Necrosis may result from the exposure of a
cell to a number of differing conditions, including
toxins, severe hypoxia, massive insult or physical
injury, or conditions of adenosine 5'- triphosphate
(ATP) depletion. Id. Necrosis occurs, for example, in
the center of infareted 



tissue in an ischemic stroke or at the center of toxin
action. Id. Necrotic cells swell and lyse, thereby
releasing their nuclear contents into the surrounding
intercellular regions and causing an inflammatory
response. Id. Significantly, however, necrosis is not
the only mechanism by which cells die.  102601
Apoptosis, or programmed cell death, is a
naturally-occurring physiological process that plays
an important role in modeling tissues during
development. Kerr et al., Br. J. Cancer 26:239-257
(1972); Clarke, Anat. Embryo!. 181:195-213 (1990).
Apoptosis ensures that a balance is maintained between
cell proliferation and cell differentiation in nearly
all self-renewing tissues of multicellular organisms.
Apoptosis allows the elimination of cells that are,
for example, no longer required, are produced in
excess, have incurred damage, or have developed
improperly. Numerous types of cells undergo cell death
through by apoptotic processes. Hens, J. Amer. Med.
Assoc. 279(4):300-307 (1998). Apoptotic cells undergo
a number of characteristic changes, including
chromatin condensation, nuclear fragmentation and
cytoplasmic blebbing. Liepins and Bustamante, Scanning
Microsc. 8:631-641 (1994). This programmed cell death
mechanism is precise and predictable, and the stages
and genes that govern cell death are highly conserved
among multicellular animals. (02611 Apoptosis appears
to be directed by the dying cells themselves, and
during development, it is involved in maintaining the
appropriate cell number and cell type in a given organ
or tissue. Some apoptotic events are believed to be
regulated by limiting the amount of growth or survival
factors. It can also be triggered in response to
external stimuli, including, for example, radiation,
hyperthermia, hormone withdrawal, immune reactions,
radiation, chemotoxins, temperature extremes, growth
factor deprivation, and infection by - some viruses.
Thompson, Science 267:1456-1462 (1995). [0262)
Abnormal regulation of apoptosis has been implicated
in the onset and progression of a broad range of
diseases resulting from inappropriate cell death or
inhibition of cell death. Apoptotic dysregulation has
been implicated, for example, in some types of cancer
cells which survive for longer periods than do
corresponding normal cells. It is believed that the
suppression or failure of the apoptotic mechanism
allows certain cancer cells to undergo further
mutations leading to a transformed or cancerous state.
netts, J.  Amer. Med. Assoc. 279(4):300-307 (1998).
Uncontrolled apoptosis has also been implicated in
other disorders,  including neurodegenemtive
disorders, lymphoproliferation, autoimmune diseases,
and heart and renal diseases. Id. 102631 In addition,
many therapeutic approaches for diseases (e.g.,
cancer, heart disease, and neurodegenerative
diseases), including various chemotherapies and organ
transplantation, have been shown to induce apoptosis
in normal cells. Id. [02641 Indiscriminate inhibition
of apoptosis can lead to widespread hyperplasia, and
inappropriate promotion of apoptosis may lead to
undesirable tissue degeneration, underscoring the need
for more precise assays for studying cell death.
Multiple pathways to apoptosis mean that different
therapeutic approaches are possible for treating
abnormal apoptotic regulation, demonstrating the need
for assays for screening compounds for their ability
to cause or suppress cell death. 



[0265l Understanding of the mechanisms of cell death
activity, including apoptosis, would facilitate the
development of therapeutic compounds that either
stimulate, trigger, or initiate cell death, or,
alternatively, suppress, inhibit, or block cell death.
For example, the discovery of signaling proteins and
their corresponding receptors presents the opportunity
for the development of tools for correcting the
apoptotic cellular machinery when it goes awry or
harnessing its potential for cell killing. Because
abnormal regulation of apoptosis has been implicated
in the onset and progression of a wide range of
diseases, many disorders can now be classified based
as to whether they are associated with too much or too
little apoptosis. In particular, a number of
approaches aimed at cancer therapy are currently under
investigation, since it is known that tumor cells
proliferate when the apoptotic engine fails to
operate. Potential methods of repair include finding
chemicals that target receptors to restore the
apoptotic function in tumor cells, and inducing
apoptosis in a tumor's developing blood vessel. [02661
Improved understanding of the molecular apoptosis
pathways may also stimulate development of novel
non-pharmaceutical therapies. For example, an
adenovirus that is only able to replicate in and kill
p53-deficient cells is currently in Phase! clinical
trials as a possible antitumor agent that should kill
only p53 deficient tumor cells, leaving normal cells
unaffected. A compound that limits coronary damage if
injected after a heart attack is also presently under
investigation, underscoring the potential for the
development of molecular approaches utilizing small
molecules that both inhibit and induce apoptosis
selectively.  Improved understanding of the
physiological process of apoptosis at the molecular
level would provide insight into disease pathogenesis
and open new avenues for developing diagnostic,
prognostic, and therapeutic tools.  102671 The
genetics and molecular mechanisms of apoptosis were
characterized in the late 1980s and early 1990s in
studies using the nematode worm, C. elegans. Although
the nematode has many advantages as a model system,
including evolutionary conservation of much of the
signaling pathway involved in apoptosis (see, e.g.,
Steller, Science 267:1445-49 (1995)), it is not the
optimum model for an understanding of vertebrate cell
death activity and disease states. Vertebrates are
much more complex and have multiple apoplosis pathways
comprised of many more signaling molecules. There are
currently no rapid in vivo assays of screening a
compound for its effect on cell death activity, such
as apoptosis, in vivo in a vertebrate system. It would
therefore be desirable to provide a rapid in vivo
method of screening a compound for its effects on cell
death activity, including apoptosis and necrosis, in a
vertebrate system. 102681 Currently, there are two
primary approaches for detecting cell death activity
in vertebrates hosts. The first approach uses standard
cells culture techniques and typically relies on
standard microplate plate readers to detect the death
of cells cultured from an organism. A major drawback
of the cell culture assay format is that it does not
permit analysis of the effects of a compound on cell
types that have not been cultured (i.e., other cell
types) or on one or more tissues or organs or an
intact, whole host in vivo. Furthermore, such an assay
format does not permit simultaneous monitoring of cell
death activities in multiple tissues, organs, or
systems of a live host or monitoring over time. 102691
A second approach to detecting cell death activity
utilizes a histochemical staining technique,
designated terminal deoxyuridine nucleotide end
labeling (TUNEL) to detect dead or dying cells (e.g.,
apoptotic cells) in sectioned tissues of vertebrate
embryos. Gavrieli et al.,J Cell. Biol. 119:493-501
(1992). Unfortunately, with this approach, only a
single time point in the life cycle of the host can be
examined; the death of cells in various tissues or
organs over a period of time cannot be monitored. Nor
can side effects due to an administered compound be
monitored simultaneously or over time. Because many
diseases occur in stages, the ability to examine
changes in the pattern of cell death activity caused
by a  compound, the duration of direct and side
effects of the compound of multiple tissues, would
represent a significant improvement over current
methods. 



(02701 Gene products that regulate cell death
activity, including apoptosis, are excellent targets
for therapeutic intervention in alleviating many
disease processes. Few such therapeutic gene products
currently exist. It would be also desirable to provide
a method of screening a compound for its potential
therapeutic effect on cell death activity. Such
methods would be of benefit in alleviating diseases
resulting from abnormal cell death processes,
including those resulting from inappropriate cell
death or inhibition of cell death (e.g., apoptotic
dysregulation). (027i13, Methods of Screening Agents
for Cell Death Activity 102721 The present invention
provides methods of screening an agent for an effect
on cell death activity in a vertebrate animal, such as
a teleost, in vivo or in vitro in cells of the animal.
Cell death activity is the ability or capacity of an
agent to enhance, stimulate, inhibit, or block cell
death in an animal, tissue, organ, or cell in response
to administration of an agent. Cell death activity is
assessed relative to contemporaneous and/or historical
control teleosts (or tissues, organs, or cells
thereof) to which the agent has not been administered.
Such methods are useful for screening an agent for its
ability to trigger, enhance, suppress, or eliminate
apoptotic or necrotic processes. Identified agents can
be used potentially in therapeutic or prophylactic
treatment of diseases which result from abnormal cell
death processes or diseases which would benefit from
the elimination or controlled death of targeted cells
or tissues.  [0273] Some such methods comprise
administering the agent to a whole teleost in vivo and
detecting a response in the teleost indicating an
effect on cell death activity. Other such methods
comprise administering the agent in vitro to a culture
of cells of a teleost and detecting a response in the
cells indicating an effect on cell death activity. In
some such methods, the detected response is an
increase or initiation of cell death activity. In
other methods, the detected response is a decrease or
suppression of cell death activity. In some methods,
the response is an increase or decrease in apoptotic
activity. An effect on apoptotic activity can be
measured by detecting a response indicating such an
effect; the response can be, for example, an increase
or triggering of apoptosis or a decrease or
suppression of  apoptosis. An increase in apoptotic
activity generally comprises an increase in the death
of cells in a tissue or organ of the animal. (02741
Typically, the animal is a teleost, such as a
zebrafish. Usually, the teleost is transparent. The
telcost can be in embryonic, larval, or adult form.
102751 Alternatively, an agent can be screened for an
effect on necrotic activity in vivo in a teleost by
administering the agent to the teleost in vivo and
detecting a response in the teleost indicating an
effect on necrotic activity. An agent can also be
screened for an effect on necrotic activity in vitro
by administering the agent in vitro to cultured cells
of a teleost and detecting in the cells indicating an
effect on necrotic activity. In both such methods, the
response can be an increase or decrease in necrotic
activity.  102761 The effect of a particular agent on
the entire, intact teleost and/or one or more organs,
tissues, or systems of the telcost (e.g., the
cardiovascular system, the enteric system, and the
musculature) can be measured in vivo or in vitro in
cells of the teleost and, if desired, over a period of
time and/or at selected time intervals. Responses in
combinations of organs and/or tissues can be detected
simultaneously or separately; such analyses can be
performed over time at predetermined time intervals.
These methods can also be used with isolated cells or
cell lysates. 



{0277) Cell death activity can be detected in vivo or
in vitro by using at least one of a variety of
techniques, including, e.g., fluorescence microscopy,
light microscopy, digital image analyzing, or standard
microplate reader techniques (colorimetry,
fluorometry, including time-resolved fluorometry, and
chemiluminescence), antibody staining of proteins,
changes in enzyme levels or enzymatic activities in
the whole teleost, or tissues, organs or cells of the
teleost, and changes in protein distribution
temporally and spatially within the animal. The
response can also be discriminated and/or analyzed by
using pattern recognition software. Thus, for example,
an increase in apoptotic or necrotic tissue can be
analyzed in a zebrafish by using such techniques.
102781 Fluorescence-based detection techniques and
fluorescence microscopy can also be used to detect the
effect of an agent on cell death activity in an
animal, such as a teleost For example, teleosts can be
stained with a membrane-impemmant, nuclear-staining
fluorescent dye which permits detection of cell death
activity (e.g., apoptosis or necrosis). A variety of
fluorescent dyes can be used. Preferred dyes include
those of the unsymmetrical cyanine dye family (such as
quinolium dyes, e.g., benzothiazolium-4-quinolium dyes
(Molecular Probes)), including derivatives, analogs,
and substituted or unsubstituted forms thereof. Such
dyes are generally discussed in U.S. Patent No.
5,658,751, which is incorporated herein by reference
in its entirety for all purposes. A number of these
dyes are commercially available. 102791 These dyes,
including monomeric cyanine dyes (such as
benzothiazolium-4- quinolium), cannot pass through
intact membranes of cells of live embryos. However,
these dyes can enter dead or dying cells whose
membranes have become discontinuous or disrupted (a
characteristic of cells undergoing cell death, Liepins
and Bustamante, Scanning Microsc. 8:631-41 (1994)).
Notably, the cytoplasmic blebbing and other properties
in the membrane characteristic of a dead, dying cell,
or apoptotie cell permit such dyes to enter the cell.
102801 Upon passing through the cell membrane,
monomeric cyanine dyes (e.g.,
benzothiazolium-4-quinolium) intercalate into the DNA
of the dead or dying cells. The dense chromatin and
nuclear fragmentation provide an ideal environment for
dye intercalation and signal amplification. Singer,
Biotechnot. Intl. 1:267-276(1997). Upon intercalating
into the DNA, the dye becomes intensely fluorescent,
allowing for rapid detection of the labeled cells
using simple fluorescence microscopy. Notably, when
concentrated in DNA, the fluorescent signal of
benzothiazolium-4-quinolium dye is amplified up to 400
fold. Serbedzija etal., J. Neurobiol. 31(3):275-282
(1996). The magnitude of the signal serves as a
measure of the number of apoptotic or necrotic cells.
102811 Notably, the in vivo methods of screening
agents for cell death activity of the present
invention provide a more sensitive and accurate
detection and measurement of cell death in whole
embryos in vivo than permitted by existing approaches.
Other fluorescent markers of cell death, such as
Acridine Orange, pass through the membranes of cells
of live embryos much more readily and fluoresce under
a variety of conditions than do monomeric cyanine
dyes, such as benzothiazolium-4-quinolium dyes. For
example, Acridine Orange fluoresces when bound to
nucleic acids and when localized in subccllular
compartments such as lysozymes. It has also been
reported that Acridine Orange does not bind
effectively with DNA under some circumstances,
including chromatin compaction which is sometimes
associated with apoptosis. Thus, Acridine Orange arid
similar such dyes do not provide as specific a marker
of cell death as a benzothiazolium-4-quinolium dye.
102823 Monomeric cyanine dyes (e.g.,
benzothiazolium-4-quinolium dyes) also provide a
higher signal-to-background when bound to nucleic acid
than do other fluorescent markers of cell death, such
as Acridine Orange. In addition, the fluorescence
emission spectra of benzothiazolium-4-quinoli um dyes
are typically narrower (i.e., emission occurs over a
narrow wavelength emission band) than arc the emission
spectra of other fluorescence labels, such as, e.g.,
Acridine Orange, which has a very broad fluorescence
emission spectrum. The characteristic emission spectra
of monomeric cyanine dyes permit the use of two or
more additional fluorescence labels simultaneously in
conjunction with the quinolium dye, thereby allowing
characterization of multiple types of physiological
events within the same or different organs or tissues.
A broad emission spectrum (e.g., Acridine Orange)
severely limits the ability to use multiple
fluorescent labels for screening methods described
herein due to overlap between the fluorescence
emission spectra of the labels. Thus, with the methods
of the invention described herein, more than one
fluorescent dye can be used 



together for monitoring multiple cellular and/or
molecular phenomena in response to an agent
administered to the animal in vivo simultaneously over
time. Dyes can be selected to have emission bands that
match commercially available filter sets such as that
for fluorescein or for detecting multiple fluorophores
with several excitation and emission bands. [02831
Furthermore, in contrast with other fluorescent
markers of cell death, benzothiazolium-4-quinolium
dyes are not toxic; thus, apoptotic or necrotic
effects in a living teleost to which the dye has been
administered can be monitored over a significant time
period, without risk that the teleost will be
adversely affected by the dye. In contrast, assays
using other types of markers of cell death require
that the host be sacrificed and fixed (e.g., TUNEL
labeling). [02841 The fluorescent dye is typically
administered to the teleost by adding the dye to the
media containing the teleost. Alternatively, the dye
can be injected directly into the tele,ost. The dye is
typically administered prior to administration of the
agent to be screened for cell death activity. This
procedure provides superior results over existing
approaches, because we have found that if the dye is
added after apoptosis has been induced, the dye is
less effective in labeling dead or dying cells. One of
the apoplotie mechanisms (e.g., the polymerization of
components of intracellular membranes and the plasma
membrane) may make it difficult or impossible for the
dye to enter the cell. As a result, an apoptosing cell
may not be labeled. By applying the dye prior to
application of the agent, this problem is avoided. The
fluorescence emission of the dyes is monitored by
using standard fluorometric techniques, including
visual inspection, CCD cameras, video cameras,
photographic film, or the use of current
instrumentation, such as laser scanning devices,
fluorometers, photodiodes, quantum counters, photon
counters, plate readers, epifluorescence microscopes,
scanning microscopes, confocal microscopes, or by
means for amplifying the signal, such as a
photomultiplier tube. ( 0285) Unlike other known dyes
which involve laborious labeling procedures (e.g.,
TUNEL labeling), the benzothiazolium-4-quinolium dyes
are particularly suitable for high throughput,
automated screening methods. The higher
signal-to-noise ratio inherent in these dyes and our
superior method of administering the dye prior to
administration of the agent to be screened for
apoptosis enable automated data acquisition, more
accurate quantitation of the collected data (e.g.,
digital imaging), and the possibility of feature
extraction/image segmentation of acquired data. These
features allow mapping of the apoptosis signal in
space/time dimensions that can be correlated with fate
map coordinates of the specific teleost's fate map.
Such information permits further characterization of
the screened agents. 102861 As noted above, cell death
activity (e.g., apoptosis and necrosis) can also be
detected by digital imaging. Digital imaging is an
indispensable tool for biological research due to
several advantages when compared to the human eye.
Digital imaging involves the collection of images
using a charge-coupled device (CCD). The higher
sensitivity imaging detector enables one to visualize
very low light objects which are not detectable by the
unaided human eye. The spectrum sensitivity of the
human eye is limited from 400 to 700 nrn. In contrast,
the spectrum sensitivity range of imaging detectors is
more broad, and signals from the range of x-ray to
infrared can be detected. Combining digital mapping
and pattern recognition software enables the
quantification and comparison of multiple data sets
and facilitates comparison of contemporaneous and
historical controls with experimental teleost animals.
(0287) The present invention also provides methods of
screening a compound for its effect on cell death
activity in vivo in a teleost or in vitro in cells of
the teleost over time. Such methods comprise
administering the compound to the telcost in vivo or
in vitro in cells thereof, detecting a response in the
teleost indicating an effect on cell death activity,
and further detecting a response in cell death
activity in the teleost after a predetermined period
of time or time'inteival. The period of time, which is
selected by the practitioner, is typically  



sufficient for detectable cell death to occur in the
presence of the compound. In addition, multiple time
points can be examined to detect any pertinent
physiological activity. Some such methods further
comprise detecting a response in cell death activity
(e.g., apoptosis) after a second predetermined time
interval using the detection techniques described
herein. Such methods are useful in evaluating the
effect of an agent (e.g., chemical compound, drug,
environmental agent, agricultural compound, toxin,
pharmaceutical, cosmeceutical, etc.) on tissues and
organs over time in the intact, live teleost. (0288]
In yet another aspect, the present invention provides
methods of screening an agent for an effect on cell
death activity in vivo or in vitro, as described
above, which further comprise detecting an increase or
decrease in cell death activity in more than one
tissue or organ of the teleost simultaneously. In some
such methods, the increase or decrease in cell death
activity is detected simultaneously in more than one
tissue or organ at predetermined time intervals. The
effect of a particular compound on various cells,
tissues, and organs of the embryo can be monitored and
assessed over time. Cell death activity in multiple
tissues or organs can be detected by using the
detection techniques described throughout this
specification. j02891 The present invention also
provides automated methods of screening a compound for
an effect on cell death activity in vivo or in vitro.
The methods of the invention can be performed using a
standard microplate well format, with one or more
whole teleosts per well of the mimplate. This format
permits screening assays to be automated using
standard microplate procedures and plate readers to
detect cell death in the zebrafish in the wells. With
this setup, the effect of a specific compound on a
large number of telcosts can be ascertained rapidly.
In addition, with such format, a wide variety of
compounds can be rapidly and efficiently screened for
their respective effects on the cells of teleosts
(e.g., teleost embryos) contained in the wells. Both
sample handling and detection procedures can be
automated using commercially available instrumentation
and software systems for rapid reproducible
application of dyes and compounds and automated
screening of target compounds. 102901 The
contemporaneous and/or historical control teleosts
(which includes teleost tissues, organs, or cells)
used with these methods can include those in which at
least one inhibitor of apoptotic molecular mechanisms
(including, e.g., known or specific inhibitors of
apoptotic mechanisms) has been administered to the
teleost (or tissues, organs, or cells thereof) at
specific stages of development, thereby generating a
particular phenotype, such as tissue malformation
(e.g., expansion of the central nervous system;
malformation of the eloacal/anal pore region;
hyperproliferation of cells in any tissues). Agents
can then be screened for the ability to induce the
same or similar phenotype (i.e., phenotypic response).
With such methods, the agent is administered to the
teleost as described above; the phenotypic response in
the teleost can be detected visually by light
microscopy, by fluorescent labeling with unsymmetrical
cyanine dyes discussed above, or by labeling with in
situ hybridization or antibody staining for selected
cell types. Using these types of controls, the agents
can be screened for the ability to "phenocopy" the
effect of the loss of molecular function(s) or
mechanism(s) induced by the apoptotic inhibitor.
Phenceopying in the experimental teleost (or tissues,
organs, or cells thereof) relates to the duplication
or mimicking of the same or similar phenotype observed
in the control. 102911 The present invention includes
screening methods which rely on detecting enzymatic
activity associated with apoptosis. In one aspect, the
invention provides methods of screening an agent for
apoptotic activity which comprise administering the
agent to a teleost and detecting a response in the
teleost indicating apoptotic activity by detecting the
activity of an enzyme (e.g., cleavage of caspase
substrate). (0292] Caspase enzymes, for example, are
well characterized proteases that function as
triggers, effectors, or mediators in a number of
apoptotic pathways. The fluorogenic caspase substrate
can be introduced into the teleost by a variety of
methods, including, e.g., by injection into the
teleost, by dissolving the substrate in the medium
containing the teleost. The manner of introduction of
the substrate depends upon the particular type and
nature of' reporter substrate design (e.g., small
molecule, plasnaid). The fluorogenic caspase substrate
can be introduced at the time or, after, or, usually,
prior to administration of the agent. Caspase activity
(e.g., cleavage of caspase substrate) can be measured
by using, for example, commercially available
colorimetric or fluorometrie enzymatic assays or by
using antibodies which detect cleaved substrates
(e.g., M30 CytoDEATH antibody; Boehringer Mannheim).
Specific patterns of embryo dysgenesis result from the
inhibition of naturally occurring apoptotie events
during development. Inhibition of caspase activity can
cause specific morphological effects including tissue
malformation. Such methods can be conducted in vivo
using whole teleosts or in vitro using cells of the
teleost. Such methods are useful fur  



identifying agents having upoptotic activity that may
have potential therapeutic or prophylactic use for
treating a variety of diseases, such as cancer. [0293]
C.Screening Agents for Cell Death Activity and/or
Angiogenesis Activity and/or Toxic Activity
Simultaneously 102941 The methods for screening agents
for cell death activity can be combined with other
methods of the present invention, including methods of
screening agents for angiogenesis activity (Section
II) or toxic activity (Section IV). Because teleosts
are transparent, it is possible to assess effects of
cell death activity, angiogenesis activity, and/or
toxic effects in teleosts in response to an agent
simultaneously. Responses can be monitored in one or
more tissues or organs and at predetermined time
intervals. (0295) As noted previously, these combined
methods are useful in assessing multiple effects of an
agent, including desired and undesired responses (such
as detrimental side effects) and dose levels of the
agent effective to promote one activity without
promoting the other. The ability to assess multiple
activities and responses in an animal due to the
administration of an agent is of particular benefit in
identifying potential therapeutic compounds and
assessing their sideeffects. Pathological regulation
of apoptosis, for example, is associated with a wide
variety of human diseases including cancer, heart
disease, neurodegenerative disorders, and immune,
renal and viral-induced diseases. Essentially all
cells are poised to commit suicide from the earliest
stages of developmeni Thus, it is imperative that
drugs be exactingly targeted. A balance must also be
achieved during treatment with drugs such that only a
negligible level of cell death and toxic effects in
non-targeted tissues or organs. The combined methods
of the invention are useful in assessing the
specificity and extent of cell death and deleterious
and toxic effects of potential drugs in particular
organs and tissues or within the whole animal. [0296]
A variety of techniques can be used together or
separately to analyze multiple activities/responses,
including, e.g., fluorescence microscopy, light
microscopy, digital image analyzing, standard
microplate reader techniques (colorimetry,
fluorometry, including time-resolved fluorometry, and
chemiluminescence), radiometric analysis, in situ
hybridization, changes in enzymatic activity and
levels in the whole teleost, or tissues, organs or
cells of the teleost, antibody staining of specific
proteins, changes in protein distribution temporally
and spatially within the animal, etc.  {02971 In one
aspect, the present invention provides methods of
screening an agent for an effect on cell death
activity in vivo or in vitro as described above which
further comprise screening the agent for an increase
or decrease in toxic activity by detecting a response
in the teleost indicating an increase or decrease in
toxic activity. In another aspect, the invention
provides methods of screening an agent for an effect
on cell death activity in vivo or in vitro as
described above which further comprise screening the
agent for an increase or decrease in angiogenesis
activity by detecting a response in the teleost
indicating an increase or decrease in angiogenesis
activity. [0298j With such combination methods, the
contemporaneous and/or historical control teleosts (or
tissues, organs, or cells thereof) for the cell death
activity screens can include those described above in
which at least one inhibitor of apoptotie molecular
mechanisms has been administered to the teleost (or
tissues, organs, or cells thereof) at specific stages
of development, thus generating a particular
phenotype. Agents can then be screened for the ability
to induce the same or similar phenotype. 



(0299) Examples 103001 I.Induction of Cell Death in
Zebrafish Embryos  (0301) Treatment of zebrafish with
retinoic acid (RA, vitamin A acid) leads to increased
apoptosis in a number of developing tissues, including
the neural tube. Ellies etal., Mech. Dev. 61:23-36
(1997). Retinoic acid is known to regulate the
expression of the 'fox gene family. Members of this
gene family have been shown to confer positional
identity to cells during development. Hunt etal.,
Nature 353:861-864 (1991). Retinoic acid induced
apoptosis may be a result of a change in a cell's
identity, or a direct effect on the apoptosis pathway.
In either ease, application of rctinoic acid is
different stages of development leads to
characteristic patterns of cell death (see, e.g.,
Figs. 10A-1013). [0302) Normal apoptosis occurs in the
zebrafish embryo throughout the complete morphogenesis
period of 72 hours; however, high levels of apoptosis
can be induced in the 24-hour embryo by administration
of retinoic acid to the embryo. In methods of the
present invention, retinoic acid is used to generate a
reproducible pattern of cell death for assay
optimization. Where cell death activity involves
apoptosis, assays of the present invention can include
a comparison of the effects of apoptosis induced by
retinoic acid in zebrafish  embryos in vivo (i e.,
control) with the effects of a test compound on
zebrafish embryos in vivo. The accuracy of such assays
can be confirmed by performing the TUNEL assay
(described above) on the same zebrafish embryos.
(03031 A method of screening a test compound for an
effect on cell death activity (e.g., apoptosis or
necrosis) in vivo in vertebrate embryos is depicted
below: Generate Embryos Distribute into Multi-Well
Culture Plates 



Induce Cell Death (e.g., apoptosis) with cell-death
inducing compound te Add Test Compound Stain Eintayos
(e.g., Fluorescent Dye) Collect and Compare Images
03041 This method can be readily automated using known
automated software and instrumentation systems. 03051
With this method, zebrafish embryos are first
generated by natural mating and then collected and
placed in egg water prepared by combining 5 gram (g)
of Instant Ocean Salt with 3 g of calcium sulfate in
25 liters of distilled water. Embryos are then be
treated with a 2 mg/m1 pronase solution for 1 minute
at 28C and washed three times in egg water to remove
the chorions. The embryos are maintained in the egg
media throughout the experiments. Because the
zebrafish embryo receives nourishment from an attached
yolk ball, no additional maintenance is required.
After 12-14 hours of development, embryos are treated
with 0.1 gM to 1 p.M retinoic acid in 0.5% dimethyl
sulfoxide (DIv20) for 2 hours to induce cell death in
the forebrain and hindbrain of the zebrafish. Cell
death in the forebrain and hindbrain can be detected
at approximately 24 hours of development (see Figs.
10A-  10B). Embryos are then be washed twice in egg
water and maintained at 28C until they reach the
appropriate developmental stage for staining. 



103061 2.Fluorescent Detection of Cell Death in Live
Zebrafish Embryos  103071 To identify cells undergoing
cell death, embryos are stained with a
membraneimpenneant, nuclear-staining fluorescent dye,
such as a dye of the benzothiazolium-4- quinolium dye
family. Benzothiazolium-4-quinolium dyes are soluble
in DM50 and can be administered to the zebrafish by
adding the dyes directly to the medium, which usually
contains DMSO. Z,ebrafish tolerate high levels of DMSO
well. 103081 Zebrafish embryos are generated and the
chotions arc removed as described above. The embryos
are divided into 4 groups: 103091 I)Untreated,
unstained embryos (autofluorescence + cell death)
(03101 2) Treated, unstained embryos (autofluorescence
w/induced cell death) 103111 3)Untreated, stained
embryos (fluorescent dye + normal cell death) 103121
4) Treated, stained embryos 103131 Embryos from group
2 and 4 are treated with retinoic acid at 12 hours of
development as described above. At 20 hours of
development, individual embryos from each group are
placed in single wells of a multi-well culture plate
(e.g., 96-well culture plate) in 100 microliter (pi)
of egg water. Because zebrafish embryos develop
normally in 100 p.1 of water, test compounds and dyes
can be easily added directly to the medium in which
the fish is maintained. In this procedure, the
fluorescent dye is added to the media of embryos from
groups 3 and 4 in 1/5, 1/10, 1/50, 1/100 and 1/200
dilutions For each dye concentration, embryos are
collected at 30-minute intervals for 4 hours. The
embryos are then washed twice in tank water for 5
minutes. The embryos are viewed using an
epifluorescence microscope equipped with a CCD camera
for low light level detection. Images are collected
and compared using standard software (e.g., Photoshop,
Adobe System). Group I embryos reflect the normal
level of autotluorescence. Group 2 embryos reflect
autofluorescence caused by the apoptotic cells or
retinoie acid. Group 3 embryos indicate normally
occurring cell death. Group 4 embryos provide the
primary baseline for assay development.  



(0314) To confirm the accuracy of fluorescent
detection of cell death (e.g., apoptosis), a
conventional TdT-mediated dUTP-biotin nick end
labeling assay (designated terminal deoxyuridine
nucleotide end labeling or "TUNEL") is performed on
the same embryos (Groups 1-4, described above). The
TUNEL assay is described in Gavrieli etal., J. Cell.
Biol. 119:493-501 (1992). This assay is a method o f
it; situ labeling of DNA breaks in nucleic, in tissue
sections processed through standard histopathological
procedures. The method employs terminal
deoxynucleotidyl transferase (TdT) to end label DNA
fragments within the nucleic of apoptotic cells. TdT
specifically binds to the 3'-OH ends of DNA, ensuring
a synthesis of a polydeoxynucleotide polymer. After
exposure of nuclear DNA on histological sections by
proteolytic treatment, TdT is used to incorporate
biotinylated deoxyuridine at sites of DNA breaks. The
resulting signal is amplified by avidin-peroxidase,
enabling conventional histochemical identification by
light microscopy. 103151 Because the zebrafish embryos
are transparent, TUNEL staining can be done in whole
mount format. Whole embryos are fixed in 4%
paraformaldehyde overnight and stained using the TUNEL
procedure described by Gavrieli supra. Embryos are
rinsed in ddH20 (double distilled water) and 10
mNITris-fiC1, pH 8. Embryos are then pre-treated with
TdT buffer (30 mM Trizma base, 140 mM sodium
cacodylate, pH 7.2, 1 M cobalt chloride (CoCl2)) for 3
hours at 37C. Embryos arc then washed 3 times for 30
minutes in phosphate-buffered saline with 0.1% Twe,en
(PIIST) at pH 7.2. PBST is then replaced with a
reaction mixture of TdT buffer containing 40 p.M
bio-16-dUTP (Enzo Biochemicals) and 0.3 Units/n.1 of
TdT enzyme (IBI/Kodak) overnight at 37C. The reaction
is terminated by washing the embryos in 2x
saline-sodium citrate buffer (SSC). Embryos are then
rinsed in PBS. Biotinylated nucleotides are detected
using a streptavidin complex conjugated to horseradish
peroxidase (HU) according to the manufacturer's
protocol (A+B reagents, Vectastain). URI' is detected
by incubating the sections in a 3,3'-diaminobenzidine
(DAB) solution containing 500 p.g/nd DAB, 0.2% CoC12,
0.2% NiSO4(N144)2304-6H20 and 10% H202 in 1 M
phosphate buffer, pH 7.4. Stained embryos are
visualized on a compound light microscope. [03161 As
an additional test of our cell death detection method,
we also examined the ability of the dye to label cells
in embryos treated with Ibuprofen, a cyelooxygenase
inhibitor, which causes a characteristic pattern of
cell death. This pattern consists of a posterior to
anterior progression of dying cells as indicated by a
progression of opacity changes in the cells of the
embryo. 103171 Embryos as 24 hours of development were
pretreated for I hour with a 100 nanomolar
concentration of the fluorescent dye (e.g. ,
benzothiazolium-4-quinolium dye) in embryo media. The
embryos were then exposed to 100 12M of Ibuprofen by
addition to the media and examined by light and
epifluoreseence microscopy every IS minutes for 2
hours. Control embryos were pretreated with the same
concentration of dye, but were not exposed to the
Ibuprofen. Within 1 hour, fluorescently labeled cells
were detected in the posterior tip of the tail in the
experimental embryos, but not in the control embryos.
At I hour and 30 minutes, labeled cells were detected
in a large patch, extended from the tip of the tail to
the level of the anus. By two hours, fluorescently
labeled cells could be seen throughout the embryo, In
contrast, no such pattern of labeled cells was
observed in the control embryos. This pattern of
fluoreseently labeled cells was identical to the
pattern observed for the opacity changes in the
embryo. 103181 3.Rescue of Induced Cell Death Activity
103191 To determine if the teleost model could be used
to screen for compounds which blocked or reduced cell
death activity, embryos were microinjected with a
Caspase 3 inhibitor (Calbiochem ft 264155) prior to
exposure to Ibuprofen. 103201 Specifically, embryos at
24 hours of development were dechorionated and
microinjected with either 25 pM Caspase 3 inhibitor or
PBS into the yolk. At 26 hours of development, embryos
were exposed to 100 jiM Ibuprofen by addition to the
media. At one hour, opaque cells were observed in
embryos injected with PBS, but not in embryos injected
with the Caspase inhibitor. At two hours after the
addition of Ibuprofen, embryos injected with PBS were
completely opaque. In contrast, embryos injected with
the Caspase inhibitor were still transparent, however,
opaque cells had begun to appear in the most posterior
region of the tail in these embryos. By 24 hours after
the introduction of Ibuprofen, all of the experimental
embryos were dead. 



103211 4.Screening Compounds for an Effect on Cell
Death Activity 103221 A wide variety of compounds can
be analyzed for their potential effect on cell death
activity (e.g., apoptotie or necrotic activity) by
using methods of the present invention.  Therapeutic
or prophylactic drugs, chemicals, toxins, and
pharmaceuticals are among those that can be tested for
their effects on cell death activity, including their
ability to inhibit or trigger apoptosis. [03231
Compounds to be screened can be obtained from various
sources, including the National Cancer Institute's
Natural Product Repository, Bethesda, MD. 103241 A
compound to be tested can be administered to a teleost
(e.g., zebrafish) in vivo by dissolving the compound
in the solution or medium containing the telcost. The
compound is absorbed by the teleost. Alternatively,
the compound can be injected directly into the
teleost. 10325) When screening compounds for their
effects on apoptotic activity, it is useful to compare
an assay utilizing teleost embryos to which the test
compound has been administered with embryos to which
retinoic acid has been administered. For such
comparative assays, teleost embryos are divided into
four groups: 103261 1) No retinoic acid, no test
compound (normal control) [03271 2)Retinoic acid, no
test compound (induced cell death control) 



103281 3)No retinoic acid, test compound 10329)
4)Retinoic acid, test compound 103301 Screening
methods are performed as described above.
Specifically, zebrafish embryos belonging to groups 2
and 4 are treated with rctinoic acid under identical
conditions, as described above, to induce the same
degree of apoptosis. Zebrafish embryos belonging to
groups 3 and 4 are then exposed to the test compound.
All embryos are then stained with the dye and images
are collected using an epifluorescenc,e microscope
(NIKON E600) equipped with a CCD camera for low light
level detection. Zebrafish embryos from each group are
then compared using image and analysis software. Group
1 embryos serve as (normal) control embryos. Group 2
embryos provide a control for the level of apoptosis
induced by retinoic acid. Group 3 embryos demonstrate
the ability of the test compound to induce apoptosis.
Group 4 embryos represent the ability of the test
compound to induce or suppress apoptosis relative to
retinoic acid. Absolute changes in the signsd area of
apoptosis and the number of apoptotic cells are used
to determine if the test compound has had an effect oh
apoptotic activity.  (0331) Notably, methods of the
present invention are performed in live, transparent
teleost embryos. The effect of a test compound on cell
death activity (e.g., apoptotic or necrotic activity)
in vivo can be determined over time by examining the
above-identified zebrafish embryo groups at 24-hour
intervals, for a period of up to 4 days. The effect of
a compound on the death of cells of a particular organ
(e.g., brain) or tissue of a teleost can be examined
over time. Organ-specific and tissue-specific patterns
of cell death can be identified. Furthermore, the
persistence and duration of the effect of the compound
cart be determined by methods of the invention. In
addition, the effect of a compound on either or both
the entire whole embryo or specific organs and tissue
systems (e.g., the cardiovascular system, the enteric
system and the musculature system) can be determined
in vivo simultaneously or independently. Because
teleosts, such as zebrafish, are easy to generate and
the assay is readily reproducible, a large number of
test compounds can be easily and quickly screened for
their respective effects on and regulation of cell
death activity, including apoptosis and/or necrosis.
103321 With methods utilizing
benzothiazolium-4-quinolium dye, one cannot
distinguish between a potential effect a particular
compound may have on apoptotic processes and necrotic
processes. In a developing embryo, necrotic cell death
rarely occurs unless the embryo is damaged by
nonphysiological injury caused by, for example,
physical manipulation. To eliminate nonphysiological
injury to an embryo (and thus to eliminate any cell
death resulting from necrosis), deehorionated embryos
are maintained in agar coated wells. The agar coating
prevents abrasions to the ectoderm of the embryos.
Such abrasions can occur when the embryos contact
plastic surfaces. To prevent further nonphysiological
injury to embryos, each embryo is net handled once it
is placed into a well of the multi-well culture plate.
Staining, compound exposure, and observations on the
embryos can all be performed in the multi-well culture
plate without manipulating the embryos, thereby
reducing the possibility of necrotic damage to the
embryos. Specific Cluorogenic substrates which report
enzymatic activity (e.g., caspase enzymatic activity)
can be used in transparent teleost embryo and can aid
in distinguishing between apoptotic and necrotic
activity. R1333] Because teleost embryos, such as
zebrafish, can be maintained in small fluid volumes
(e.g., 100 pi) for the first four to five days of
development, single embryos can be kept in individual
wells of a multi-well (e.g., 96-well) culture plate.
Alternatively, multiple embryos (e.g.. IC) embryos)
can be kept in each well of a 24- or 48-well culture
plate, or the  like. This makes it possible to detect
signals, including, e.g., fluorescent, calorimetric,
radioactive and chemiluminescent signals using
standard microtiter plate readers and to automate
methods of AP staining and detecting a variety of
compounds for their effects on 



cell death activity. 103341 In addition to automating
detection, sample handling can be automated for rapid
reproducible application of dyes and compounds to the
teleosts using methods described herein. To increase
the throughput of a compound application, currently
available robotic systems (such as the BioRobot 9600
from Qiagen, the Zymate from Zymark or the Biomek from
Beckman Instruments) - most of which use the
multi-well culture plate format - can be used with
methods of the invention. Well-known and commercially
available instrumentation system can be employed to
automate in situ hybridization and data recording and
retrieval systems and other aspects of the screening
methods of the invention. (0335) The present invention
also provides methods of screening a compound for an
effect on cell death activity in vivo which comprise
administering the compound to a teleost in vivo and
detecting a response in the teleost indicating an
effect on cell death activity, wherein a library of
compounds is screened for an effect on cell death
activity, including apoptotic and necrotic activity.
In some such methods, the library of compounds
comprises natural compounds. In other such methods of
the invention, the library of compounds comprises
synthetic compounds. In yet other methods of the
invention, the library is a combinatorial library.
Methods of the invention are useful to screen compound
and chemical libraries for molecules which repress or
trigger cell death, including repressing or triggering
apoptosis or necrosis. 103361 IV. METHODS OF SCREENING
AN AGENT FOR TOXIC ACTIVITY (0337) A. Whole Animal
Toxicity Testing  /0338) The predominant methods for
toxicity testing use cell-based assays to evaluate the
potential impact of different compounds on human and
animal health. The cytotoxie effect of chemicals on
mammalian cells is primarily measured by cell
viability and unscheduled DNA synthesis. Because these
toxicity screens are designed to evaluate the in vitro
effect of a compound against cellular targets, they
are limited in their ability to predict effects at the
organism level, including lethality. In contrast, use
of whole animals for toxicity testing  addresses the
limitations of cell-based assays and permits
simultaneous evaluation at the molecular and cellular
levels. /0339j Whole embryo testing has previously
been performed on invertebrates, including fruitfly
and nematode (Eisses, Teratog. Carcinog. Mutagen
9:315-325 (1989); Hitchcock et al., Arch. Environ.
Contam. Toxicol. 33:252-260(1997)). However, because
invertebrates are not closely related to humans and
lack many of the same organs and enzymes, the use of
such results as predictors of toxic effects in humans
are limited. Embryo toxicity testing in mammals falls
into two categories: 1) culture assays using either
rat or mouse embryos, and 2) in ulero assays in which
compounds are injected into the peritoneum of a
pregnant mouse or rat. Although the whole-embryo mouse
and rat culture technique is a validated method for
toxicity testing in vertebrates (Chatot a aL, Science
207:1471-1473 (1980); Circurel and Schmid, Xenobiotica
18:617-624 (1988)), toxicity testing using this method
is complicated and only a limited number of expensive
assays can be performed. Embryos must be carefully
explanted with the visceral yolk sac and ectoplacental
cone intact at 8.5 days of development. Embryo culture
time is also limited to 48 hours (Bcchter et aL,
Teratol 44:29A (1991)). In addition, due to the
complexity of culture conditions, the incidence of
both false positives and false negatives is high
(Guest et at, Can. J. Physic!. Pharmacol. 72(1):57-62
(1994)). The in utero approach avoids these issues;
however, this approach is complicated by the fact that
the compounds being tested can be metabolized in the
liver of the mother. Further, although the in utero
approach is useful for examining prenatal effects, it
is not helpful in evaluating toxic effects of a
compound on postnatal development. The frog embryo
system is another commonly used model for in vitro
toxicity testing; however, because frog embryos are
not transparent it is very difficult to examine toxic
activities against particular tissues and organs over
time or simultaneously. A method which permits the
screening an agent for toxic activity in multiple
different organs and tissues of an animal
simultaneously and/or in the whole animal in vivo is
needed. 



103401 B. Toxic Activity Screening Methods [03411 The
present invention provides methods of screening an
agent for a toxic activity in an intact, whole animal
and in tissues and organs of whole animals in vivo or
cells in in vitro using cells of the animal. Such
activity can be assessed relative to contemporaneous
and/or historical control teleosts (or teleost
tissues, organs, or cells) to which the agent has not
been  administered. Such methods comprise
administering the agent to a teleost and detecting a
response in the teleost indicating the activity. Such
methods are usetid for rapidly, comprehensively, and
reproducibly screening for and predicting toxic
responses, including harmful and lethal effects on
developing organs and tissues in whole teleosts, due
to particular agents.  103421 The zebrafish is among
the preferred teleosts for these methods. As outlined
in detail above, zebrafish offer a number of
advantages for toxicity testing, including that
zebrafish are transparent (thus facilitating
observation and analysis of multiple tissues and
organs simultaneously), develop rapidly, are easy and
inexpensive to generate and maintain, and amenable to
high throughput toxicity screens. In addition, the
morphological and molecular bases of tissue and organ
development are generally either identical or similar
to other vertebrates, including man, and thus toxicity
screens of compounds in zebrafish provide relevant
information about the effect of compounds in humans.
Moreover, we have determined that teleosts exhibit
dose-responsiveness to toxicity and thus zebrafish and
the toxicity screening methods described herein are
useful in determining the effects of particular doses
of agents on particular organ and tissue systems and
the sensitivity of particular organs and tissues to
such doses. [0343) As described above, the compound to
be screened can be administered to the teleost by
diffusion simply adding it to the media containing the
teleost or by microinjection or similar techniques
which would be known to one of ordinary skill in the
art (03441 The present invention includes in vivo
methods for screening agents for a toxic effect or
activity on one or more organs (e.g., the kidney,
pancreas, cardiovascular system, central nervous
system, liver, etc.) or tissues simultaneously or
independently. Also included are in vitro methods in
which an agent is administered to a culture of cells
of the animal and the response indicating activity is
detected in the cells. All such methods can be used to
screen a wide range of agents and compounds,
including, among other things;chemical compounds,
pharmaceuticals, therapeutics, environmental and
agricultural agents, industrial agents, pollutants,
cosmeceuticals, synthetic or natural compounds, drugs,
organic compounds, lipids, glucocorticoids, peptides,
antibiotics, chimeric molecules. sugars,
carbohydrates, etc. These agents and compounds can be
screened singly or as mixtures, including complex
mixtures.  103451 The methods of the present invention
allow for investigation of molecular methods for
assessing key liver and kidney enzymes as biomarkers
for organ toxicity. Subtractive library techniques and
multiple enzymatic assays, in combination with drugs
of known toxicity, can be used to identify new genes
involved in drug response and metabolic activation
phenomena and thus contribute to establishing and
validating new biomarkers. 



103461 Toxic effects and activity resulting from
administration of a compound to an animal (e.g.,
teleost) can be indicated by a variety of responses in
the animal, including, but not limited to, e.g.,
molecular changes, genetic mutations, developmental
defects, developmental delay, genotoxicity,
reproductive toxicity, organ toxicity or dysgenesis,
behavioral toxicity, teratogenicity, death of the
animal etc.) Responses indicating toxic activity can
be detected in the whole teleost or in at least one
tissue or organ of the teleost. The response can be
detected in multiple tissues and organs simultaneously
or separately over time at predetermined time
intervals. For example, the response can be detected
in at least two different tissues, at least two
different organs, or in at least one organ and at
least one tissue. In in vitro methods, the response is
detected in one or more cells of the teleost. 103471
Additionally, a response indicating toxic activity can
be detected as a change in a gene expression (tnRNA)
profile for one or more cells, tissues, organs of the
animal, or the whole entire animal, by extracting and
measuring the level(s) of one or more mRNAs expressed
in such cell(s), tissue(s), organ(s) or the entire
teleost at a certain time following agent
administration and/or under a specific set of
conditions. To do this, subtractive library
experiments can be performed. mRNA from the control
(untreated) and experimental (treated) embryos are
extracted at an early and late response period. The
subtractive libraries are constructed with the
polymerase chain reaction (PCR)-Select cDNA
Subtraction System (CLONTECH Laboratories, Inc.).
Those genes from the embryo that are differentially
expressed as a consequence of the exposure to the
compound are selectively isolated, cloned and
characterized using standard procedures. The cDNAs are
used to construct a cDNA micro array. 103481 A
response indicating toxic activity can also be
detected as a change in a protein expression profile
for one or more cells, tissues, organs of the animal,
or the whole entire animal, by extracting and
measuring the level(s) of one or more different
proteins expressed in such cell(s), tissue(s),
organ(s), or the entire animal at a certain time
following compound   administration and/or under a
particular set of conditions. In this protein-based
approach, differences in post-translational
modification or processing such as cleavage can be
examined using two-dimensional polyacrylamide get
elcctrophoresis. Extracts from control embryos and
those exposed to compounds can be directly compared in
the same gel by tagging each extract with a different
fluorophore prior to electrophoretic separation. The
tags have no effect on the relative migration of
labeled proteins during electrophoresis. Proteins that
appear unmodified in both samples appear as spots
composed of both fluorescent dyes. Proteins that
differ between the two samples, as a result of
cleaVage, phosphorylation, etc., fluoresce as tagged
in the original extracted sample. 103491 One of
ordinary skill in the art would recognize that a
variety of techniques can be used together or
separately to generate a signal (e.g., in situ
hybridization, antibody staining of specific proteins,
etc.) and to detect and assess responses (e.g.,
colorimetry, fluorescence microscopy, light
microscopy, digital image analyzing, standard
microplate reader techniques, fluorometry, including
time-resolved fluorometry, and chemiluminescence,
visual inspection, CCD cameras, video cameras,
photographic film, or the use of current
instrumentation such as laser scanning devices,
fluorometers, photodiodes, quantum counters, plate
readers, epi fluorescence microscopes, scanning
microscopes, confocal microscopes, flow cytometers,
capillary electrophoresis detectors, or by means for
amplifying the signal such as a photomultiplier tube.
(0350) C. Screening Agents for Toxic Activity And/or
Angiogenesis Activity and/or Cell Death Activity
Simultaneously [03511 The methods for screening agents
for toxic activity described herein can be combined
with other methods of the present invention, including
methods of screening agents for angiogenesis activity
(Section II) and cell death activity (Section III). As
noted previously, with transparent teleosts, it is
possible to assess such multiple activities and the
responses resulting from such activities in the whole
teleost or in one or more tissues or organs
simultaneously and at predetermined time intervals.
Assays combining toxicity screening with screening for
cell death activity are useful as discussed previously
for identifying deleterious and lethal responses
resulting from agent administration, proper dosage
amounts, and in developing effective therapeutics and
treatment programs. 



103521 A variety of techniques can be used together or
separately to analyze multiple activities and
responses, including fluorescence microscopy, light
microscopy, digital image analyzing, standard
microplate reader techniques (colorimetry,
fluorometry, including time-resolved fiuorometry, and
ehemiluminescence), in silt: hybridization, antibody
staining of specific proteins, enzymatic changes,
changes in protein distribution temporally and
spatially in the teleost, etc. 103531 In one aspect,
the present invention provides a method of screening
an agent for a toxic activity as described above which
further comprises screening the agent for an effect on
cell death activity by detecting a response in the
teleost indicating an effect on cell death activity
(as discussed above). Tissue and organ specific
patterns of cell death can be evaluated in addition to
examining various markets to analyze organ toxicity.
Cells undergoing cell death can be identified by a
variety of means, including those discussed above
(e.g., using a membrane-iinperrneant, nuclear-staining
dye from the benzothiazolium4-quinolium dye family,
the TUNEL assay, or calorimetric or fluorometric
enzymatic assay of caspase activity). [0354) In
another aspect, the invention provides a method of
screening an agent for a toxic activity as described
above which further comprises screening the agent for
an increase or decrease in angiogenesis by detecting a
response in the teleost indicating an increase or
decrease in angiogene,sis activity. [0355) Examples
103561 I.Screening Compounds for Toxic Activity on
Liver and Kidney in Z,ebrafislt [03571 A. Methods
[03581 1) Embryo Collection 103591Wildtype zebrafish
embryos were generated by natural pair-wise mating, 



sorted for viability, and collected as described in
Section II for screening methods for angiogcncsis
activity. Embryos before being sorted for viability.
Because the fish embryo receives nourishment from an
attached yolk sac, no additional maintenance was
required. (0360) 2) Compound Screening  10361) As
discussed above, a variety of compounds can be
screened using the methods described for toxic
activity on whole animals (e.g., teleosts) and
specific organs and tissues. The developmental
toxicity effects of therapeutic/ pharmacologie
compounds can also be studied; results with such
compounds using teleosts can be compared with the
results obtained by NCI using mammalian models. By
such comparison, the use of the methods and animal
models of the invention for predictive assays for
developmental toxicity effects of potential
therapeutic compounds can be assessed. f03621 3)
Maintenance of Embryos and Administration ofCompounds
103631 Fertilized zebrafish embryos were obtained by
natural spawning in our aquaculture facility. To
reduce variations between batches, randomized samples
of embryos from 3 or 4 independent matings were used.
The test medium was prepared by combining 5g of
Instant Ocean Salt with 3g of CaSO4 in 25 liters of
distilled water, according to Westerfield, supra. The
embryos were maintained in the test medium throughout
the experiments. Embryos at 24 hours of development
(with chorion) were exposed continuously for five days
to chemical compounds at different concentrations of
the chemical compounds and controls. In general, the
concentrations ranged from 100 nanomolar (nM) to 100
micromolar (MM). Tests were repeated four times for
each series of dilutions, and a standard deviation was
calculated for each treatment (see "Statistical
Methods" section). Ten embryos per concentration were
exposed in a total volume of 1 ml (constant ratio of
100 ulfembryo) using a 24 multi-well plate. (Other
sizes of multi-well plates, such as 96-well plates can
also be used to facilitate screening.) The compounds
were renewed daily. In all cases, 0.1% of dimethyl
sulfoxide (DMSO) was used as a carrier solvent during
the treatment. Controls with and without 0.1% DMSO
were performed in all experiments. This approach has
long been used to introduce anesthetics and other
chemicals into fish embryos (Westerfield, supra).
03641 Experiments were carried out at a constant
temperature (28-28.5C) in the dark to protect the
compounds from decomposition due to light exposure.
Dead embryos were removed daily, counted, and used to
calculate the Median Lethal Concentration (LC50, see
"Statistical Methods" section herein). Each day,
surviving embryos were analyzed visually under a
dissecting binocular microscope (Zeiss, amplification
30-50X). Macroscopic malformations (such as axial
defects, embryolethality, growth inhibition, general
malformations, including microcephaly, macrocephaly,
tail truncation, tail malformation, loss  of axial
structures, such as somites, etc.) were observed,
classified, and counted to assess whole animal
toxicity. Compounds that were lethal or induced these
or any noted malformations or disruptions during
development (e.g., during the first 5 days of
development) were further examined for toxic effects
on organs. The embryonic developmental stage that is
affected by the toxic compound can be determined.
Organ toxicity can be assessed in surviving embryos
using in situ hybridization, enzymatic assays, and
immunochemistry procedures. 



103651 For therapeutic drugs screened for toxic
effects, the Median Effective Concentration (EC50)(the
median concentration needed to caused a desirable
effect on a target) can be determined. The Therapeutic
Window (TW)(e.g., LC50/EC50) can also be determined;
compounds exhibiting a high Therapeutic Window, such
as 100 or 1,000, arc good potential drug candidates
because toxicity at the therapeutic concentration is
low. (03661 4) Tissue and  Organ Toxicity Testing
103671 a)In Situ Hybridization 103681 To assay
specific tissue and organ degeneration, whole mount in
situ hybridization with RNA probes labeled with
digoxigenin (Boehringer Mannheim) can be used. Probes
which stain early embryonic tissues include /V1yoD,
for the paraxial mesoderm during somitogenesis;
brachyury, for the notochord. Probes which
specifically stain organs include icrx20 and pax2 for
detection of abnormal development of the caudal
midbrain and anterior hindbrain; c-ret for the
presumptive brain, spinal cord and excretory system
(developing kidney; nephric duet, and pronephros); and
per for optic tectum, liver primordium, and gut. In
situ hybridization is carried out as follows: embryos
are fixed with 4% paraformaldehyde in PBS and
hybridized at 65C. For visual inspection under a
microscope, alkaline phosphate-conjugated
anti-digoxigenin antibody is used to detect signals
following staining with NBT/X-phosphatase (Boehringer
Mannheim). Toxicity effects on tissue and organ
development and function (e.g., liver and kidney), the
expression and inducibility of a constitutive isozyme
LMC2 and dioxin-inducible isozyme LM4B of cytochrome
(Cyt.) P-450 in different organs and tissues by
immunohistochemical localization can be analyzed by
using methods described in Buchmann et al., Toxicol.
App!. Pharmacol. 123:160-169(1993).  103691 Automated
in situ hybridization image analysis is readily
performed using alkaline phosphatase-conjugated
anti-digoxigenin antibody to detect signals after
staining with NBT/X-phosphatase. 103701 b)Assessing
Toxic Activity in the Liver by Staining 103711 Toxic
activity in the liver of the treated whole animal can
be assessed visually by using a rapid colorimetric
staining procedure. This procedure is based on the use
of a streptavidin (avidin) conjugated reporter enzyme,
such as peroxidase, to detect naturally biotinylated
earboxylase enzymes in the liver, gut, and digestive
tube of whole animals, such as zebrafish embryos.
These biotinyl-lysine containing enzymes, such as
acetyl-CoA carboxylase and other carboxylases, are
predominantly located in the liver and digestive tube.
As a result, staining is organ specific (Fig. II),
Quantitative biotinylated assessment of the liver can
be made. By visual detection of biotinylation, size
and location of the liver can be determined. 103721
Zcbrafish embryos (4, 5 or 6 days old) were fixed with
4% paraformaldehyde for 1 hour at room temperature and
treated with methanol 100% overnight at -20C. The
embryos were rehydrated and washed with PBST. After
washing with PBST, the embryos were incubated in
blocking solution (3% BSA, 100 mM NaCl in PBST) for 1
hour and treated with a bleaching solution (5%
Formamide, 0.5X SSC, 1120210%) for 20 minutes under
natural light illumination. After bleaching, the
embryos were incubated for a second time with the same
blocking solution for 1 hour and incubated with
streptavidin conjugated peroxidase (Pierce) (dilution
1:100 in the same blocking solution) with shaking at
room temperature for 2 hours. The embryos were then
washed twenty minutes three times with PBST and
stained for peroxidase with two different dyes:
Diaminobenzidine (DAB) (Pierce) (insoluble) to assess
liver staining and
2,2'-Azino-bis(3-Ethylbenz-thiazoline-6-sulfonic
acid)(ABTS)(Sigma) (soluble) to measure a quantitative
visual signal using a colorimetric method. The DAB
staining solution used comprised: 1 ml of DAB stock
solution (5 mg of Diaminobenzidine/ml in PBS, pH 7.4),
9 ml of PBS, 10 pl of 11202(30%). Normally, specific
liver staining was visualized in 1-5 minutes. Staining
for the DAB solution was stopped by several washes
with water. The ABTS colorimetrie method used 10 ml of
ABTS solution (10 mg in 33 ml of 0.1 M Citric Acid/OH,
pli 4.35) plus 10 pl ofttydrogen peroxide (30% stock)
and was performed for 30 minutes at room temperature
with at least 5 embryos 



per condition (1 ml of ABTS solution/5 embryos). The
ABTS staining was stopped with 20% SDS/50%
N'N-Dimethyl Formamide. The ABTS signal was detected
by measuring the absorbance of the solution at 405
nanometer (run) using a spectrophotometer. For each
condition, four repetitions were performed and the
standard deviation "S" calculated as indicated in
"Statistical Methods" section below. (03731 c)
Assessing Toxic Activtin the Kidney by Staining 103741
Toxic activity in the kidney (Pronephros) can be
assessed visually by colorimetric staining of the
kidney of the treated whole animal (e.g., zcbrafish).
Zebrafish pronephros express high levels of the enzyme
alkaline phosphatase that can be easily assayed using
a chromogenic dye. To stain kidneys in zebrafish
embryos, embryos were fixed with 2% paraformaldehyde
overnight at 4C and then treated with methanol 100%
for 30 minutes at room temperature. The embryos were
rehydrated and equilibrated in NTMT buffer (50 mM
Mg02, 100 mM NaC1, 100 mM Tris/HC1, pH 9.5,0.1% Tween
20) at room temperature and then stained with stain
solution (75 mg/m1NBT and 50 mg/m1 X- phosphate,
equilibrated in the same buffer). Normally, specific
kidney staining was visualized in 10-20 minutes (Fig.
14). This staining method was used to assess the toxic
activity of aspirin and dexamethasonc on kidney (see
below). 103751 d) Assessing Enzymatic Activity [0376]
The methodology for assessing enzymatic activity
involves in the exposure of the teleost embryos to
different compounds at different times (hour to days)
with the subsequent in vitro analysis of their
different enzyme activities. The embryos are incubated
in a multi-well plate in the presence or not (Le.,
controls) of different compounds. After exposure, they
are used to obtained cell lysate preparations. The
enzymes are assayed by the use of colorimetric or
fluorometric dyes in end-point or kinetic experiments.
The plates are read in an appropriate microplatc
reader. Multienzymatic microarrays can he constructed.
[0377] 5) Assessing Organ Toxic Activity of Aspirin
and Dexamethasone 103781 In feasibility studies,
aspirin and dexamethasone were screened for toxic
activity on zebrafish embryos using the methods of the
invention described herein. Aspirin, a general
inhibitor of cyclooxygenases (Bosman, Skin Pharmacol.
7:324-334(1994)), was previously shown to produce
toxicity in a variety of organs in mammal embryos,
including the kidney  



(Ungvary at al., Teratology 27(2):261-69 (1983)).
Dexamethasone, an immunosuppressor (lida et al.,
Careinogenesls 19:1191-1202 (1998)), was previously
shown to produce liver and gastrointestinal toxicity
and to be hepatotoxic in children undergoing cancer
treatment (Wolff at aL,Anticancer Res. I 8(48):2895-99
( I 998)). 103791 Results are presented in Table 4. As
with aspirin, for dexamethasone the LC50 obtained with
zebrafish embryos was similar to the values previously
described for mice and rats (Table 4). Liver and
gastrointestinal toxicity and a dose-response effect
were also observed (Figs. 12A-128). The quantitative
colorimetric endpoint method discussed above was used
to measure the effect of drug treatment on the liver
(Fig. 13). Treatment with 100 MM dexamethasone reduced
the colorimetric signal by about 70%, compared with
the untreated embryos (control, 0% dexamethasone, Fig.
13). The change in color correlated well with the
reduction in size previously observed in the liver
using a chromogenic dye (Fig. 12B, bottom), suggesting
the reproducibility and accuracy of the assay. The
method was quantitative (with good confidence limits),
rapid, and easy to perform. (03801 The method can be
automated using known instrumentation and techniques
automated toxic screening. Table 4:Five-Day lebrafish
Toxicity Testing Compared with Mammalian Models'
Compound tested &brutish  



Mammalian models         



2. Dexamethasone324liver, gastro410 (mice, i.p.)liver,
gastro-intcstinal (immunosuppressor)intestinal54
(rats, i.p.) 'Including mice and rats. 2 The L3350 was
calculated as indicated in "Statistical Methods."
'Data was obtained from TOXNET Web Search and other
sources. I or. = orally i.p. intraperitnneal 103811
6)Statistical Methods  [03821 a)Estimation of LC50
[03831 For the concentrations tested with aspirin and
dexamethasone in these studies, there was no partial
lethality and the geometric mean of the parameters "no
mortality" (0%) and "mortality" (100%) of the effect
concentration was taken as the LC50 and binomial
confidence limits were calculated according to
Stephan, "Methods for Calculating LD50" in Aquatic
Toxicology and Hazard Evaluation (FL. Mayce and It.
Hamelink eds.) ASTM SIP 634, pp. 65-84. Amer. Soc.
Testing Materials, Philadelphia, PA (1977). 



(0384) b)Standard Deviation 103851 The colorimetric
liver stain method described above was used to obtain
qualitative data (i.e., changes in the size, presence,
or location of the organ) and to study the
significance of the variations found in each
treatment. For each condition, four repetitions were
performed and the statistical value, with its standard
deviation, was used to prepare graphics using
Microsoft Excel 97 or similar known, standard
software/graphics programs. (0386) 7) Teratonenic
Effects [03871 Information about additional toxic
responses/effects indicating toxic activity of a
compound, such as, e.g., growth inhibition and
teratogenesis, including microcephality,
macrocephality, tail truncation, tail malformation,
can be evaluated by visual inspection using a
dissecting microscope (Zeiss, amplification 30-50X).
Multiple toxic responses and effects can be assessed
rapidly and simultaneously in transparent teleost
embryos. [0388) 8) Assessment of Additional Biomarkers
[0389) Commercially available antibodies can be used
to detect expression and inducibility of different
kidney and liver enzymes by immunehistochemistry. With
these biomarkers, the toxicity of drugs and compounds,
including those having known toxicity, can be
investigated. The toxic effects of new drugs to be
used in the subtractive library screen can also be
readily assessed by the methods described herein.
Examples of such antibodies include, e.g., anti-
Proton Pump H:1/1C4- ATPase (kidney, Panvera
Corporation); anti-LMC2 and anti-dioxininducible
isozyme LM4B of cytocluome P-450 (kidney and liver),
as previously described (Buchman etal., Toxicol. Appl,
Pharmacol. 123:160-69 (1993)); anti-Glutathione 8-
Transferase (kidney, liver, Panvera Corporation).
(0390) 2.Identifying Organ Specific Genes Involved in
Compound Toxicity Responses 



Using Subtractive Library Techniques  103911 As a
predictive method for drug toxicity, a
multi-parametric toxicity test would be very valuable
and useful. Subtractive library experiments are useful
in developing such an approach. Such methodology
allows the identification of genes that arc
differentially expressed in a target organ as a result
of chemical/drug exposure. Currently, the
genes/pathways involved in drug/chemical toxicity
response and drug/chemical metabolic activation are
difficult to assay primarily due to the lack of
available probes and substrates. Additional
information regarding organ drug toxicity can be
obtained by isolating new genes in the animal (e.g.,
teleost) using the subtractive library method. The
genes are cloned, the expression profiles of the genes
are evaluated, and their significance as markers for
toxicity is compared with data previously obtained in
mammals. 103921 A. Subtractive Library Techniques
103931 Genes which are differentially expressed in a
target organ as a result of drug/chemical exposure can
be identified by using subtractive library techniques
as follows. Using selected compounds from our LC50 and
organ toxicity methods and analyses described above,
zebrafish embryos are treated to induce organ
toxicity. At different time points during drug
treatment, the liver and/or kidney (treated and
controls) are dissected. This material is used to
prepare subtractive libraries to isolate new genes
differentially expressed in treated and control
embryos. Subtractive library techniques (e.g.,
Clonteeh, Palo Alto, CA) are used to selectively
isolate genes. The Clontech PCR-Select system uses
suppression PCR and requires only one round of
subtractive hybridization to subtract and equalize
cONAs. In addition, the technique requires very low
amounts Of poly A+ RNA prepared from two types of
tissue under comparison; normally 0.5-2.0 pg.
Recently, this technique was used to isolate several
caffeine up-regulated genes from the pre-B cell line
1-8, including IGF-1B, and a predicted homologue of
the natural killer cell antigen, NICR-P I (Hubank and
Schatz, Nucleic Acids Res. 22: 5640-5648 (1994)).
103941 The genes identified by the subtractive library
technique are selected, and the expression pattern of
these genes in the embryos during compound/chug
exposure can be evaluated. The expression pattern can
be compared with the pattern found in mammalian
homologues under similar conditions. Genes that serve
as "good" indicators or marker of toxicity (e.g.,
organ toxicity) can be identified and selected. 103951
B. Transgenic Teleosts (039151 Adequate regulatory
regions upstream from the target genes with predictive
toxicity value response can be used to construct
iransgenic teleosts (e.g., zebrafish) carrying
reporter genes. The 5' upstream region of these genes
is analyzed in order to use the regulatory region to
control the expression of reporter genes in transgenic
zebrafish. In this approach, genes isolated using
subtractive library techniques are used to analyze the
5' regulatory region. To construct plasmids carrying a
reporter gene, such as the Green Fluorescence Protein
(OF?) under the control of those regulatory regions,
those upstream regulatory regions that are adequate in
size (I or 2 kilobases) and expression profile are
employed. These plasmids are used to produce
transgenic fish as described in Long et al.,
Development 124:4105-4111(1997). For example, because
zebra fish are transparent, cells in transgenic
zebrafish that express OFF' (a reporter gene in
specific organs and tissues) can be detected in vivo
using standard fluorescence-based detection
techniques; specifically, when cells expressing OF'
are illuminated with blue or ultraviolet (UV) light, a
bright green fluorescence is observed.
Light-stimulated GFP fluorescence technique does not
require cofactors, substrates or additional gene
products and therefore screenings can be performed in
vivo, and using the same embryos, toxicity effects can
be monitored over time using, e.g., a fluorescence
plate reader. Using this screening method, many genes
involved in a drug response which would otherwise be
difficult to assay can be easily assessed. 



(03971 C. Zebrafish cDNA Microarravs (03981 cDNA
microarray technology can be used to profile complex
combinations of gene expression in drug toxicity
response and metabolic activation phenomena. Gene
expression of specific organ toxicity can be monitored
using a microarray of selected zebrafish genes
isolated by the subtractive library techniques
discussed above and other sources of genes. The cDNA
arrays are simple and permit direct readout of
hybridization results; thus, they constitute an ideal
technique for studying gene expression patterns in
tissues undergoing drug treatment at different
timepoints Weller etal., Proc. Natl. Acad. Sci. USA
94:2150-2155 (1997)).  103991 V. SCREENING AUTOMATION
104001 The multi-parametric methodology described
above can be automated using standard instrumentation
and computer software programs, permitting the
screening of hundreds of agents per week. These
methods combine the physiological advantages of the
teleost and simplicity of agent addition with the ease
of sample handling and detection provided by
microliter plates and associated dispensing and
detection apparatus. The methods are premised, in
part, on the observation that teleosts can be cultured
and develop normally within the confined space of
microtiter wells notwithstanding the accumulations of
waste products and low availability of oxygen due to
the confined space. Accordingly, large numbers of
agents can be screened in parallel in the wells of a
microtiter plate containing fertilized embryos. As for
other screening methods discussed above, because
teleost embryos develop normally in 100 pl of water,
agents and dyes can easily be added to the medium.
Furthermore, because transparent teleost embryos
become opaque when they die, embryo lethality is
comparatively straightforward to identify using a
standard microtiter plate reader to calculate the
LC50. In addition, a OFF transgenic fish can be
monitored over time in a microplate reader. 104011 An
exemplary scheme for performing high throughput
screening is shown in. Fig. 15. Zebrafish embryos are
contacted with agents to be screened for sufficient
time for the agent to elicit a response indicative of
a pharmacological activity in the zebrafish. The
amount of time depends on the assay and can range from
1 hour to 7 days. Different wells can be used to test
different agents, and/or to test the same agent at
different concentrations. In some methods, each well
contains a single zebratish and in some methods, each
well contains multiple zebrafish. After treatment,
wells are analyzed to determine continued viability of
zebrafish (e.g., by determining absorbance at 550 nm).
Death of zebrafish results in high absorbance. Wells
containing agents resulting in high lethality are not
further pursued, but the identity of such agents can
be stored in a computer file.  [0402) Wells containing
viable zebrafish are then assayed for pharmacological
activity of the agents being tested. This activity is
often a change in concentration of a cellular marker
or in the number of cells expressing a cellular
marker. This activity can be detected using a
substrate processed by the enzyme to generate an
optically detectable product. After performing the
assay, the plates are read for an optical signal
indicating pharmacological  



activity. Agents showing good activity in the assay
are then subjected to a confirmatory assay. This assay
can be performed in a microtiter format as before, or
can be performed by a different format on a teleost
(e.g., a microscopic assay), or can be performed on a
higher organism. In some methods, the confirmatory
assay detects the same response as the primary assay
but by a different means. For example, the primary
assay can detect an increase in enzyme activity
colorimetrically using a mieroplate reader, and the
confirmatory assay can detect the same enzyme activity
on a micrograph. Agents showing good activity are also
tested for toxicity and lethality. These assays can be
performed in a microtiter format or using other
methods described above. Suitable enzymes whose
activities arc indicative of a toxicity response in
the heart or liver, and substrate for detecting them
are described in the Examples that follow. (04031 The
equipment used in the above assays typically includes
a multiwell plate, apparatus for dispensing embryos,
apparatus for dispensing small volumes to the wells,
apparatus for mixing fluids in the wells, apparatus
for washing the wells, a coding to label wells and the
plate, a plate reader for detecting an optical signal
from the wells and for reading the code and a computer
for controlling the other apparatus and for storing
data. For dispensing teleosts, an automated particle
handling device equipped with a light scattering
detection system which can contribute about 1mm
particles and distinguish dead embryos (white) from
live embryos ( transparent) is suitable (BD
Biosciences, Bedford, MA). To add and remove liquid
(e.g., media, washing solutions, labeling reagent
solutions), an automatic microplate pippetting and
washing workstation (Biomek, Beckman-Coulter, Zymark,
Hopkinton, MA; Packard Bioscience, Groningen, The
Netherlands) is suitable. The type of plate reader
depends on the nature of the measurement to be made
(i.e., fluorescence, chemiluminescence, colorimetric
or radioactive via scintillation counting). Some
commercially available plate readers can detect
multiple types of signal. Multi-well plates typically
have 96 wells, but larger or smaller number of wells
can be used. In a standard plate, each well has a
volume of about 300 pl but larger or smaller volume
wells can be used. Typically, zebrafish are cultured
in a volume less than 1 ml, sometimes less than 500
pl, sometimes 50-200 p.1, and preferably about 100 pl.
Several laboratory and robotic systems have been
developed for the purpose of processing microtiter
plates. These devices are designed to increase
laboratory throughput and many of these devices also
provide positive sample identification through the use
of analytical software and barcode labels. The
correlation between identity of agents and wells cart
be referred to as a correspondence regime. Examples of
suitable equipment are described below. (04041 The
assays are typically performed on whole teleosts. The
teleosts can be natural or transgenic. The teleosts
are living when contacted with agents. In some
methods, teleosts are killed before detecting signal.
In such methods, the agent being tested is typically
removed. Teleosts can then be fixed or lysed to
facilitate detection of signal. In some methods, the
teleosts remain living throughout the assay including
detection of optical activity (such as GM. In such
methods, a series of measurements of signal can be
made over time on the same teleosts. In such methods,
the agent being tested and the labeling reagent used
to test response can be left in contact with the
teleost throughout the assay. In some methods, in
which an optical signal is generated within a teleost,
the teleost should be sufficiently transparent that
the optical signal can be detected in the whole
teleosts. In other methods, the signal diffuses out of
the teleost, or can be induced to do so by treatment
with lysing agents. In such methods, transparency of
the telcost is not necessary. 104051 The extent or
rate of appearance of a signal depends on the response
of a teleost to an agent, and the response is in turn
an indicator of a pharmacological activity of the
agent. For example, modulation of angiogenesis is a
pharmacological activity, an increase or decrease in
alkaline phosphatase activity is a cellular response
indicative of angiogenesis, and an 0D405 reading due
to processing of the alkaline phosphatase substrate
pNPP is an optical signal that depends on the cellular
response. Similarly, modulation of apoptosis is a
pharmacological activity, an increase or decrease in
caspases activity is a response indicative of
modulation of apoptosis and various substrates of
easpases are suitable labeling reagents for generating
an optical signal dependent on the response. 104061 In
general, a pharmacological activity is a property of
an agent that indicates that the agent is, or may be,
useful for treatment and/or prevention of a disease.
Thus, pharmacological activity includes prophylactic
and therapeutic activities as defined herein. In
general, responses indicative of pharmacological
activity can include: 1) a increase or decrease in the
number of cells or the concentration a cellular
marker, such as an enzyme or secondary metabolite in a
cell, 2) the modulation of a cellular pathway, for
example, by binding of an agent to a cellular
receptor, or 3) the promotion or inhibition of a
physiological event such as cell growth or
differentiation. Examples of cellular markers that can
be 



detected include nucleic acids and proteins and
enzymes. Nucleic acids can be detected by a
hybridization assay using a probe nucleic acid.
Usually, the probe nucleic acid is labelled although
secondary labelling schemes are also possible.
Proteins can be detected using antibodies that
specifically bind to the proteins. In some methods,
the antibody is directly labelled and in other methods
a secondary labelling scheme is used. Enzymes can be
detected using a substrate processed by the enzyme to
generate an optically detectable product. Modulation
of cellular proliferation can be determined from
corresponding modulation of component molecules,
particularly constitutive expressed proteins, or
nucleic acids. 104071 Optical signals useful for
monitoring cellular response include color,
fluorescence, chemiluminescenee, opacity, and
radioactivity, the latter can be detected via
scintillant induced light scattering. Responses can be
detected by light scattering or photon counting or
other methods. In some methods, a product having an
optical signal is generated by a reaction within cells
of the teleosts, and is an indication of the level of
a particular enzyme catalyzing the reaction. In other
methods, the labelling reagent is attached directly to
an agent, such as antibody, that binds to a cellular
molecule. In some methods, the labelling reagent is
attached to a secondary-labelling reagent that binds
to a primary reagent, which in turn binds to a
cellular molecule. [0408] Usually some wells of the
multiwell plate are occupied by positive and negative
controls. Positive controls can be agents (s) known to
have the pharmacological activity being tested for and
negative controls, agent(s) known to lack the
pharmacological activity. In some methods, multiple
positive and/or negative controls are distributed at
different locations on the plate. [0409] Microplate
assays can also be used to monitor absorbance,
excretion, metabolism or intracellular distribution of
a agent in telcosts. in such methods, the wells
provide a means to contain telc,osts while a agent
redistributes between media and the teleosts, and/or
is metabolized within the teleost. Initially, the
agent can be in the medium only, in the teroost only,
or in both the teleost and the medium. After culturing
the teleost for a period, the amount of the agent in
the medium, or the teleost or both is determined. A
decrease in the amount of agent in the medium over the
incubation period is a measure of absorption of the
agent and allows calculation of an absorption rate. An
increase in the amount of agent in the  medium over
the incubation period is a measure of excretion of the
agent and allows calculation of an excretion rate. An
increase in amount of agent in the teleosts over the
incubation period reflects a net absorption. A
decrease in amount of agent in the teleost over the
incubation period reflects a net excretion. By
performing the assay with different initial
concentrations of agent in the media and the teleosts,
it is possible to calculate the rates of both of these
processes. In methods in which the detection assay
distinguishes between the agent and metabolic products
of the agent, it is also possible to calculate a
metabolism rate. 104101 In some methods, the agent
itself generates an optically detectable signal or can
be labelled with a secondary labelling reagent that
gives rise to such a signal. The combined amount of
agent in medium and teleost is detected with
mica-oplate reader. After detection, the medium is
discarded and the amount of agent within the teleosts
is detected. 104111 In some methods, when the agent is
not labeled, the amount of agent in media can be
determined by extracting the medium with chloroform
(most small molecule agents are soluble in chloroform)
or other organic solvent to isolate the agent , and
quantifying the agent by HPLC/MS designed for
automation. The agent within teleosts can be extracted
with an organic solvent such as chloroform. The
extracted agent and its metabolite can be analyzed by
HPLC/MS designed for an automation system. In some
methods, the teleost is fixed after culturing with the
agent, and the location of agent within the teleost is
determined by microscopic examination. 



[0412] Examples 104131 A. Procedure for high
throughput screening 104141 1. Synchronized embryos
are distributed into 96-well assay plate. Embryos
developmental stage (age) can be synchronized by
treating the adult fish with propidium iodide, and
stimulating them to lay egg in a predicted time frame.
Embryos can be distributed using an automated particle
handling devices equipped with a light scattering
detection system (BD Bioscienc,es, Bedford, MA). The
particle handling device should preferably be capable
of dispensing up to 600 pm particles. Alternatively a
liquid dispenser fitted with large bore pipette tip
can be used to dispense embryos into microliter wells
automatically.   [0415) 2. 100 pl of diluted compounds
are added to each well (in fish water). An automatic
microplate pippetting and washing workstation (Zymark,
Hopkinton, MA; Packard Bioscience, Groningen, The
Netherlands) can be used. A simple bar code system to
identify each plate (Decitek, Westborough, MA). 104161
3. Plates are incubated at 28C for designated time
period in an incubator. [0171 4. Plates are assessed
for dead embryos. Such assessment can be performed by
visual inspection or by quantitative determination of
absorbance at 550 rim. Dead embryos become opaque and
disintegrate, and cause the clear culture solution to
become turbid. This turbid solution usually absorbs
light at 550 tun. Absorbances at 550 nm exceeding a
threshold are scored as dead embryos, and this
information is recorded in a lethal compound data base
using the bar code system to read the identity of
compounds causing lethality. Wells containing lethal
compounds are eliminated from subsequent analysis
steps. 104181 5. The plate is washed to remove
residual compound and fish water. In this and other
wash steps, a vacuum manifold with adjustable vacuum
pressure to remove the washing solution, and prevent
the embryo tissue loss. 10419) 6. 100 pl ice cold 70%
Et0H is added to each well. 



(0420) 7. The 70% Et0H is removed. [04211 8. 100 pl of
100% Et0H is added. [04221 9. 'Ile wells are incubated
at -20C for 30 minutes in a -20C freezer j0423) 10.
The 100% Et0H is removed. [0424] 11. 100 p1 of
appropriate buffer is added. The mixture is incubated
for 10 min at room temperature. The procedure is then
repeated 2 more times. 104251 12. The above buffer is
removed. [04261 13. 100 pl substrate solution for an
enzyme assay is added. The mixture is incubated at
room temperature for designated time period [04271 14.
100 pl of stopping solution is added.  [0428] 15. A
colored metabolic product resulting from an enzymic
activity being measured is read at the appropriate
wavelength in an automatic microplate reader (13iotek,
Inc. Winooski, VT) 



(04291 B. Assays for Pharmacological Activity 10430)
I. Detecting Anuiogcnesis  (04311 Angiogenesis was
monitored by quantitative analysis of endogenous
alkaline phosphatase (BA?) levels using the following
procedure. 104321 a. Embryos were dehydrated through
70% Et0H, then 100% Et0H [0433] b. Embryos were
incubated in 100% Et0H 104341 c. Embryos were
re-hydrated and equilibrated by IN( diethanolamine
buffer pH 9.8 104351 d. 100 p.I of 0.5mg/m1
p-nitrophenyl phosphate (pNPP kit #37620, Pierce) was
added as substrate 10436] e. incubation time was
determined by testing (see following results) 104371
f. 50 p.I of 2N NaOH was added to stop the enzyme
reaction 10438) g. OD at 405tun was recorded by a ELBA
plate reader (04391 We used normal zebrafish embryos
at 24, 48 and 72 hours post fertilization with known
patterns of vessel development as controls to
established the optimal conditions for distinguishing
different stages of vessel development quantitatively.
Since the enzyme substrate( pNPP) comes in a fixed
concentration, we defined the optimal incubation time
for assessing different quantities of the enzyme.
Figure 16A shows a typical enzymatic kinetic curve
between the OD reading and the substrate incubation
time. A linear relationship can be established between
the 20 and 40 minute time points. Based on this same
data, the OD reading vs. embryo age for each
incubation time were replotted to determine the
optimal incubation time (Figure 169). 30 minutes is
the optimal incubation time for distinguishing the
difference in EAR level for embryos at 24,48 and 72
hpf. 



[0440] To demonstrate a correlation between results
using the quantitative enzyme assay and microscopic
observation of vessel development, a separate set of
experiments was performed. Embryos, processed as
described above, were measured directly for OD (405
nm) after incubating with pNPP for 30 minutes without
adding the stopping reagent (211 Na0H). The OD results
were similar to those with stopping agent added. The
soluble substrate pNPP was washed off afterwards and
the embryos were re-equilibrated into NTMT buffer and
re-stained, as described in vessel staining for
microscopic examination. The image is shown in Figure
17. This result shows that the enzyme assay detects
differences in vessel development, similar to results
using microscopy. 10441) The enzyme assay was then
used to assess the effect of different concentrations
of 805416 on the embryos. Embryos with intact chorion
at 24 hpf were collected and distributed into a
96-well plate. SU5416 at 0, 0.25, 0.5, 0.75, 1.0 and
1.5 AM (0.1% DMSO as carrier) was added directly into
fish water and embryos were incubated continuously for
2 days at 28C. At the end of the incubation, 505416
was washed off using fish water, and embryos were
dehydrated into Et0H and processed, as previously
described. 24 hpf (day 1), embryos without chorion
were used as the baseline (0%), and 72 hpf (day 3)
normal embryos were used as 100% control. (0442) The
plot shown in Figure 18 demonstrates a clear dose
response curve; 50% of vessel development is inhibited
with a 1.6uM concentration of 805416. It also
indicates that the agent carrier (0.1% DMSO) does not
cause a significant effect on vessel development. The
OD measurement of the vessel development in these
805416 treated embryos was also correlated by
microscopy. Although there was a direct correlation,
as expected, the quantitative enzyme assay was more
sensitive. 104431 2. Detecting Liver/Gut Toxicity
104441 Several carboxylase enzymes containing biotin
wvalently bound as the coenzyme are present in the
liver and gut of zebrafish embryos (Gregolin, et al,
1968). Tile specific expression of these enzymes in
the liver and gut in both control and agent treated
embryos was observed by binding to avidin detected by
microscopy. These parameters were then used to develop
an ELISA-type as.say to measure the level of
carboxylase, which reflects liver and gut
formation/ffinction. The process involves the
following steps. [0445] (1) embryos are dehydrated
through 70% Et0H, then 100% Et0H [04461 (2) embryos
are incubated in 100% Et0H 



104471 (3) endogenous peroxidase activity is
suppressed by adding 25p1 of peroxidase suppressor
(Prod. #35000, Pierce) for 30 minutes 104481 (4)
Embryos are washed with PBS, pH 7.4 three times, 10
minutes each 104491 (5) Embryos are incubated with LOO
p1 of Avidin-Biotin-horseradish peroxidase (A-B-HRP)
(Kit if 32050, Pierce) for 1 hour 104501 (6) Excess
A-B-HRP is washed off with PBS 104511 (7) Equilibrate
embryos into 1M citrate buffer pH 5.0  104521 (8) The
embryos are incubated with 100p1 HRP substrate
3,3',5,5'- tetramethylbenzidine (['MB, kit #34021,
Pierce) at various time interval to determine the
optimal incubation time 104531 (9) 100p1 of IM 112504
is added to stop the reaction 104541 (10) OD at 450nm
is recorded to determine the carboxylase level 



104551 The linear relationship between the OD (450run)
reading and incubation time is established, and the
optimal substrate incubation time determined (at the
mid-point in the linear range). OD (450nm) is plotted
against embryo stage. The slope between two points
defines the difference in 013 reading (OOD) between
embryos at different stages. The sharpest slope gives
the greatest difference in 013 measurement, which is
most useful in distinguishing the difference in
carboxylase level, and reflects the difference in
organ development. This parameter is used to determine
the optimal embryonic stage for agent testing. 104561
Correlation of quantitative measurement and
qualitative observation of liver/gut is also performed
based on the principle described above. Embryos 24
hours post fertilization (hpf) to 144 hpf are assayed
at the determined optimal substrate incubation time as
above, except, instead of adding IM H2SO4 to slop the
enzymatic reaction, the supernatant is removed from
each well and transferred to a new plate to be
measured for OD at either 370nm or 652nm. The embryos
are washed in PBST (PBS plus 0.1% Tween 20) to remove
residual TivI13 substrate and re-equilibrated for DBA
staining. The DBA staining solution is prepared
following the manufacturer's recommended protocol (1
ml of 0.5%DBA stock solution, 9 ml of PBS, 10 pl of
30%1-1202). Specific liver & gut staining is
visualized in 1-5  minutes. Staining is stopped by
several washes with water. Embryos are visualized on a
dissecting microscope (Zeiss Stemi 2000-C). The size
of the visualized image of liver/gut is compared to OD
measurements. (04571 Additional enzymes and their
substrates that can be used to assess liver function
in this format include: Enzyme Cytochrome P450 I Al
Superoxide Dismutasc trihydoxybenzo[e]fluorene Table 5



Substrate methoxyresorufin
5,6,6a,Ilb-tetrahydro-3,9,I0   Source . Sigma
Catbiochem Kit  Glutathione-S-transferase Pt
-I5-1(4'-(S-Glutathiony1))-2',3'Molecular Probes,
5',6'-tetra(luorobenzoylamino) fluoresein Glutathione
perox MaseGlutatInorte Proxidase Assay kitCalbiochem
Kit 



(0458) 3. Detecting Heart Toxicity (0459] Heart
toxicity can be determined using specific heart
proteins, tropomyosin and cardiac myosin heavy chain,
as markers. Antibodies against these proteins are used
as ligands for these markers. The antibodies are
conjugated with horse radish perodixase (HRP), which
is quantified by incubating with the substrate TMB.
The steps are similar to those described in liver/gut
toxicity assay, embryos are blocked by 0.2% bovine
serum albumin (BSA) in PBS, then incubated with
primary antibody against the specific protein for 2
hours at room temperature, washed in PBST to remove
unbound primary antibody, secondary antibody
conjugated with IIRP is added instead of A-B-HR?.
104601 4. Detecting Apoptosis 04611 In response to a
variety of apoptotic signaling cascades, caspases,
which are nonnally present in the cell as pro-enzymes
(zymogens), are either cleaved or auto-catalytically
activated by intracellular sequestration. Caspase
activity plays a pivotal role in the initiation and
execution phases of apoptosis. The presence of caspase
activity can be monitored in the embryonic zebrafish
using commercially available fluorogenic and
colorimeteric caspase substrates specifically
engineered to penetrate the cell.  10462] All reagents
(fluorescent stains, chemical agents, and
'pretreatment' apoptosis inducers for anti-apoptotic
screen) are added directly to the fish water in 96
well plates. DMSO (0.2% unless otherwise indicated)
was used as a vehicle or carrier. Controls I) with
tested agent alone, 2) without tested agent, but
equivalent amount of carrier plus dye, and 3) no
treatment, are usually carried out in parallel. 10463]
After brief period of recuperation, the embryos are
analyzed with a microplate reader. Table 6
EnzymeSubstrateSource 



Caspase IAC-YVAD-AMCCalbiochem AC-YVA D-pNACalbiochem
Caspase 3AC-DEVD-AMCCalbiochem AC-DEVD-pNACalbiochem
Caspase 2Z-VDVAD-AFCCalbiochem Caspase
4AC-LEVD-AFCCalbiochem Caspase 5AC-WHED-AFCCalbioehem
Caspase 6AC-VEID-AMCCalbiochem AC-VEID-pNACalbiochem 



Caspase 8Z-IETD-AFCCalbiochem AC- IETD -pNACalbiochem
Caspasc 9Ac-LEHD-AFCCalbiochem 104641 5. Detecting
Change in Cellular Receptor Expression 104651 The
processes described above can be modified by adding a
embryo lysing step after the agent incubation to
improve the accessibility of receptors to ligands.
Ligands for the specific cellular receptors can be
either labeled by fluorescent dye or conjugated with
horse radish peroxidase and assessed by the enzymatic
reaction. 10466J VI. METHODS OF SCREENING AN AGENT FOR
AN ACTIVITY IN ITIE BRAIN OR CENTRAL NERVOUS SYSTEM
[04671 A. Central Nervous System   (04681 The central
nervous system (CNS), which includes the brain and
spinal cord, represents the largest part of the
nervous system. Together with the peripheral nervous
system, the CNS has a fundamental role in the control
and coordination of behavior and all essential
functions of an animal. The CNS is contained within
the dorsal cavity, with the brain within the cranial
subeavity, and the spinal cord in the spinal cavity.
The spinal cord carries signals from the body to the
brain, where they are analyzed and interpreted.
Response signals are then passed from the brain
through the spinal cord and to the rest of the body. 



(04691 Neurons, the cells that carry signals
throughout the nervous system, are the basic
functional unit of the nervous system. All neurons
have the same physical parts: the cell body, dendrites
and one axon. Neurons carry electrical signals known
as impulses in only one direction. There are three
types of neurons. (1) Sensory neurons carry impulses
from the sense organs (receptors) to the brain and
spinal cord. Receptors detect external or internal
changes and send the information to the central
nervous system in the form of impulses by way of the
sensory neurons. (2) Motor neurons carry impulses from
the brain and spinal cord to specific organs (e.g.,
muscles or glands). Muscles and glands are two types
of effectors. (3) Intemeurons connect sensory and
motor neurons and carry impulses between them. These
neurons are found entirely within the CNS. (04701 In
vertebrate embryos, neural development involves
several steps and starts with the induction and
patterning of the neural plate during gastrulation.
The CNS originates from the neural plate, a
specialised region of the ectoderm. The neural plate
folds and forms the neural tube. The whole neural tube
will differentiate into its two major subdivisions:
spinal cord and brain. (0471] Due to its relative
simplicity as well as similarity to other vertebrates,
the CNS in the zebrafish provides a powerful tool in
assessing CNS diseases and toxicity. During zebrafish
embryogenesis the brain rudiment is already visible at
the end of gastrulation (9 hpf) as a distinctly
thickened structure. Within the next 20 hours the
primary organization and morphology of the zebrafish
brain is established (Kimmel et at, Devi. Dyn.
203:253-310 (1995)). Neurulation of the zebrafish
differs slight)/ from that of other vertebrates. In
mammals, neurulation proceeds by invagination of the
neural plate whereas in zebrafish, neurulation
proceeds by the formation Of a dense nerve rod, which
then forms a lumen by caviation (Schmitz et at Dev.
Biol. 202:250-259 (1993)). Following the neural tube
formation, however, the anterior end of the embryonic
neural tube in every verbrate, from fish to human,
subdivide into three primary brain vesicles,
forebrain, midbrain and hindbrain. 104721 As in other
vertebrates, the zebrafish forebrain consists of the
telencephalon, optic vesicles, hypothalamus, ventral
and dorsal thalamus and pretectum. The telencephaton
in mammals includes cerebral cortex, olfactory bulb
and basal ganglia. The midbrain (mesencephalon)
consists of the tectum and torus tegmenturn, which
contain major relay centers for sensory information,
and the tegmentum, which contains motor nuclei,
especially those involved in eye movement. The
midbrain also contains the substantia nigra, a group
of dopamine-producing neurons that control movement
and is the region affected in Parkinson's disease. The
most rostral part of hindbrain, the isthmus
rhombencephali (rhombencephalon), contains the
cerebellar primordium dorsally. (04731 During
somitogcnesis, sections of the neural tube giving rise
to midbrain and isthmus fold up as two clearly
separable domains, forming the midbrain-hindbrain
boundary. This boundary region becomes an organizer
involved in subsequent patterning of the brain.
Iiindbmin segmentation occurs at 18 scathes (Schier et
at, Development 123:165-178, (1996)). By 24-28 hpf,
the zebrafish brain has the typical morphology of
embryonic verterbrate brains (Kimmel eta?., Annu. Rev.
Neuroset 16:707-732(1993)). 104741 Neurons of the
zebrafish spinal cord develop in two waves; the first,
or primary wave, occurs shortly after gastrulation and
consists of relatively few, large neurons (Eisen,
Development S2:141-147, (1990). Primary neurons
include all functional classes and are responsible for
initial axon path finding. The subsequent wave of
secondary neurons produces fewer, finer neurons and
intemeurons and motor neurons exclusively. There are 3
types of glial cells in zebrafish, including
oligodendrocytes that myelinate neurons in larval and
adult spinal cord. As in other vertebrates,
motorneurons, oligodentrocytes and probably also
secondary neurons, arise from same set of cells in the
ventral spinal cord on both sides of the floor plate
(reviewed in Lewis and Eisen, Frog. Neurobiol.
69(6):419-449, (2003)). 



104751 The spinal cord and trunk of all vertebrate
embryos are organized into segments called somites;
this segmental organization results in a predictable
repeating pattern of neurons. By 18 - 20 hpf each
segment contains 18 neurons in 3 classes:
mechanosensory neurons, interneurons and primary motor
neurons (Kuwada etComp. Neurol.   302(2):617-628
(1990)), Because of the simplicity of this segmental
organization, it is possible to identify individual
neurons and follow specific axons during pathfinding.
104761 Spatial and temporal expression patterns of
regulatory genes such as those involved in the
hedgehog and nodal signaling pathways, followed by the
Fgf, wilt and hex family members are highly conserved
between zebrafish and mammals Wilson et at, (2002)).
In many cases, function has also been shown to be
conserved, suggesting common mechanisms control
vertebrate CNS patterning. Several genes specifying
functional regionalization in the mammalian brain are
conserved in zebrafish; for example, Zash- 1 a
(Wullimann and Mueller, , Brain Res, Gene &pr.
Patterns 1:187-192 (2002)) and hbcl (North et al.,
In!. J. Day. Biol. 46(4):583-96 (2002)). In addition,
genes involved in neurotransmitter metabolism have
recently been described, including tyrosine
hydroxylase and the dopamine transporter (Holzschuh et
at, Mech. Dev. 101:237-243(2001)), as well as a
regulator of noradrenergic neuronal gene expression,
Tfap2a (1-folzschuh at at, Development
I30(23):5741-5754 (2003)). 104771 B. Blood Brain
Barrier 104781 The blood brain barrier (BOB) is the
network of capillaries that controls the passage of
substances from the blood into the brain and other
parts of the central nervous system (CNS). In mammals,
the BBB is'rnade of specialized endothelial cells,
pencytes embedded in the basal membrane, perivascular
macrophages and astrocyte endfeet (Gloor etal., Brain
Res. Rev. 258-264 (2001); Ballabh at al., Neurobiot
Dis. 16:1-13 (2004)). While allowing essential
substances including nutrients to transit into the
CNS, the BOB functions as a primary physical barrier
to harmful substances. In its neuroprotective role,
the BOB also provides protection for the CNS against
common infections by keeping out pathogens, 104791
Unlike peripheral capillaries that permit some level
of free exchange of molecules through the pores, the
131313 strictly limits transport into the brain by
physical bard= (Cordon-C-ardo et al., Proc. Natl.
Acad. Sci. USA 86:695-698 (1989); Ghersi-Egea at al.,
J. Neurochem. 62:1089-1096 (1994); Orion et at, J.
Neurochent. 67:1688-1693 (1996); Engelhardt, Cell
Tissue Res. 314:119-129 (2003)). The main physical
characteristic which differentiates endothelial cells
in the BOB from those in peripheral capillaries is
that BBB endothelial cells are organized much more
tightly due to the presence of tight junctions (zonate
occludens) (Wolburg and Lippoldt, Vase, Pharmacol.
38(6):323-337 (2002)). Tight  



junctions securely join the plama membranes of BBB
endothelial cells, leaving no gaps for the passage of
fluid or molecules between endothelial cells, and
thereby creating a physical barrier (Engelhardt,
supra).  (0480) In addition to tight junctions, the
BBB also functions as an enzymatic barrier in which a
variety of enzymes in BBB endothelial cells,
astrocytes, and pericytes (e.g., endopeptidase,
aminopeptidases, carboxypeptidases, and
cholinestaerases) effectively degrade or inactivate
substrates that have entered the BBB (Pardridge,
Malec. Interventions 3:90-103 (2003)). 104811 It has
been widely accepted that the BBB prevents virtually
all molecules with a molecular weight higher than 500
Dattons from traversing its capillary wall. However,
some small molecules which can cross the plasma
membrane by means of lipid solubility (e.g.,
steroid-based hormones, ethanol and carbon dioxide),
as well as those that have a molecular weight less
than 400 - 500 Daltons are able to transit across the
BBB by passive diffusion (Pardridge, supra). All other
molecules capable of crossing the BBB are strictly
dependent on transport systems such as
carrier-mediated transport, receptor-mediated
transcytosis (e.g., antibody vehicle) or absorption
mediated transcytosis (Greig ci al.".1. Pharmacol.
Exp. liter. 245:581-586(1988); Bobo eral., Proc. Natl.
Acad. Sci USA 91:2618-2622(1994); Pardridge, supra).
104821 The BBB not only functions as a diffusion
barrier to molecules but also actively mediates
transport of molecules between the blood and the
brain. In manunals, xenobiotic transporters, including
efflux and uptake trasporters, have been shown to
mediate drug transport cross the BBB. Three groups of
transporters are: (1) the active efflux transporter
(AET); (2) carrier-mediated transporter (CMT); and (3)
receptor-mediated transporter (RMT). By imposing
selective transports, these BBB transporters function
as gate keepers to regulate influx or/and efflux of
substances between the blood and the CNS. These BBB
transporters are localized in both the lumina! (on the
blood side of the capilliary) and abluminal (on the
brain side of the capillary) enthothelial membranes.
The luminal and ablwninal membranes are separated by
about 300am of the endothelial cytoplasm. Thus,
molecules must traverse two membranes in order to
reach the brain without being targeted by digestive
enzymes and efflux transporters.   104831 Efflux
transporters are of particular interest for drug
development because of their importance in uptake,
distribution and excretion of drugs (i.e., the
concentration of a drug in the CNS is greatly affected
by actions of efflux pumps). In mammals,
P-glycoprotein (P-gp) is known to be the most
significant active efflux transporter responsible for
maintaining a ffinctional blood-brain barrier
(Schumacher and Mollgard, Histochetn. Cell Biol.
108(2):I 79- 182 (1997)). P-gp is a ATP-dependent drug
transport protein encoded by the multidrug resistance
gene (MDRUMRP1). P-gp expression is known to be an
early marker of the blood-brain bather in the
developing human brain (Schumacher and Mollgard,
supra). The factors that make P-gp a key determinant
of drug entry into the brain or the CNS are location,
potency, and broad multi-specificity (Begley, Curr.
Pharm. Des. 10:3295-1312(2004)). First, the ubiquitous
localization of P-gp at both lumina] and abluminal
sides of the BOB supports P-gp's role as a barrier to
drug entry because abluminal P-gp removes substrates
from the CNS into the endothelial cytoplasm and
luminal P-gp from the endothelial cell into the
vascular space (Stewart et at, J. Histochetn.
Cytochem. 44:679-685 (1996); Demeule et al., Vascut
Pharmacot 38:339-348 (2002)). Second, powerful ATP
energy driven pumping bolsters the export capacity.
Third, the remarkably wide range of specificity of
P-gp ensures that it handles a large number of
compounds (Bauer etal., Exp. Biol. Med. 231:118-127
(2005)). As a result, inhibition of P-gp activity or
down-regulation of P-gp expression leads to prolonged
retention of drugs in the CNS (Schinkel et al., Cell
77:491-502 (1994); van Asperen a al., .f. Natl. Cancer
Inst. 88:994-999 (1996); Rittierodt a at, Pat ho
biology 71(3):123-128 (2004)), 104841 1. Delivery of
drugs into the brain and CNS is limited by the blood
brain barrier 10485] A major challenge for treatment
of most CNS disorders is overcoming the difficulty of
delivering therapeutic agents to specific regions of
the CNS. For treating a variety of CNS disorders, the
BBB, therefore, presents the most difficult obstacle
in designing a CNS therapeutic agent. In order for an
agent to transit the BOB, it must possess the
following characteristics: (1) a molecular weight (MW)
less than 400- 500 daltons; (2) lipid soluble; and (3)
not a substrate for a BBB active efflux transporter or
the digestive enzymes (Pardridge, NeuroRx 2(1)-3-13
(2005)). [0486] Moreover, most biotechnology-based
therapeutics, such as monoclonal antibodies 



(mAbs), recombinant proteins, antisense RNA, gene
therapeutics and polypeptides, and the  like, cannot
cross the BBB due to their molecular mass, which
exceeds the SOO Dalton threshhold, as well as their
lipid insolubility (Pardridge, supra). It is generally
believed that virtually all large molecules, and 98
percent of small molecules, do not transit the BBB
(Pardridge, supra). To date, very few brain disorders,
including depression, schizophrenia, chronic pain, and
epilepsy, are known to be responsive to small molecule
treatments. The major brain disorders, including
Alzheimer's disease, Parkinson's disease, Huntington's
disease, amyotrophic lateral sclerosis (ALS), multiple
sclerosis (MS), brain cancer, stroke, brain injury,
autism, lysosomal storage disorder, inherited ataxias,
and blindness, are largely refractory to small
molecule drugs. The majority of therapeutics are
impermeable to the BBB and must be delivered
invasively either via direct injection or by
implanting a medication dispensing device into the
brain or cerebrospinal fluid (CSF). 104871 As the
population ages, the number of patients with CNS
diseases is increasing. It is easy to predict that the
cost and demand for CNS treatments will rise over the
next decade. Despite the large number of patients with
CNS disorders and the fact that only a small number of
therapeutic agents can transit the BBB, there are only
a few pharmaceutical companies that have research
programs focused on drug targeting to the CNS, in part
due to the difficulty in designing and testing
potential therapeutics that can transit the BBB.
104881 2. Disadvantages of conventional BBB
permeability assays {04891 Currently, there is no
efficient in vivo model for assessing drug transport
across the BBB. Many potential drugs that show
efficacy in cell culture systems, subsequently fail in
animal testing or clinical trials due to their
inability to penetrate the BBB (Pardridge, supra). An
effective assay that can predict drug transport in the
BBB in humans is a priority for drug development for
brain diseases. Methods currently available for
assessing drug transport across the BBB include: 1) in
silica predictive models; 2) cell-free systems; 3)
cell culture systems, and 4) in vivo models. [04901 I)
In silico predictive models: Computer models are used
to predict BBB transport of small molecules, based on
physico-chemical properties of the drug, including
molecular weight, hydrogen bonding, lipid solubility,
molecular weight, and polar surface area. These models
are typically validated by one of three measurements:
(1) drug distribution into cerebrospinal fluid (CSF);
(2) intra-cerebral dialysis fibers; and/or (3) the
brain-plasma ratio (logBB). However, there are
disadvantages that limit the predictive power of in
silica  models. First, the capillary endothelium of
the BBB and chomid plexus (the blood - CSF) exhibit
different expression profiles of transporter genes
with different transport properties. For example,
azidothyrnine (AZT), a treatment for H1V-1 infection
in the CNS (neuro-AIDS), is readily transported into
the CSF, but is blocked from transiting across the BBB
(Takasawa et at, J. Pharmacot Exp. Ther.
182:1509-15170997)). Second, insertion of a dialysis
fiber into brain tissue may cause various injuries to
the brain or disrupt the intact BBB, thereby exposing
the brain to undesirable substances. 



10491] 2) Cell-free systems: Several cell-free systems
have been used to predict passive permeability across
the BBB, including the oetanol-water partition
coefficient assay. In this approach, the octanol-water
phase boundary represents only a physical interface.
Further, the hydrophilidlipophilic conditions, which
have not been standardized, were employed. As a
result, a high variability of data exists in the
literature (Lehmann etDrug Targeting 10:263-267
(2002)). The cell free system using lipid mono- and/or
bi-layer vesicles appear to be superior to other
cell-free systems because this system attempts to
mimic the biological environment. The major draw back
of this cell free assay, however, is that it cannot
predict transport mechanisms other than passive
diffusion because the assay focuses only on the lipid
moiety of the membrane while disregarding the
complexity of membrane associated and soluble enzymes
which may affect the property of drugs. (04921 3) Cell
culture systems (in vitro models): To estimate the
characteristic of a drug relating to BBB penetration,
isolated brain capillaries and mixed cell culture
systems (primary, immortalized endothelial cells and
endothelial astrocyte co-culture) have also been
established as in vitro BBB and blood-cerebrospinal
fluid bather (BCSFB) models. To determine cellular
accumulation or transport of labeled substrates,
radio- or fluorescein-labeled P-gp substrates are
used. Although these studies have provided significant
information on the molecular mechanisms of drug
efflux, in vitro systems may not predict in vivo
effects. Isolated brain capillaries cannot be used to
examine the trans-endothelial transport of substrates
because in vitro systems provide no information
regarding which side of the endothelium the labeled
substrates accumulate (e.g., the CNS or vascular
space).  104931 On the other hand, immortalized cells
culture systems exhibit the advantages of high yield,
homogeneity and easy quantitative analysis. Yet, all
in vitro assays have failed to correlate to in vivo
assays due to significant down-regulation of transport
functions found in  cultured cells (Regina etal., J.
Neurochem. 71:705-715 (1998); Terasaki el at, Drug
Disc. Today 8:944-954 (2003)). Further,
non-cerebral-derived epithelial cell lines, such as
Caco-2 and MDCK, exhibit poor con-elation to the BBB
because they lack certain essential BBB
characteristics such as tight junctions (Lundquist et
al., Pharm. Res. 19:976-981 (2002)). Another popular
BBB cell culture model relies on bovine brain
microvessel endothelial cells (BBMEC) co-cultured with
primary astrocytes (Baehmeier and Miller, ?harm. Res.
22: 11)- 121 (2005)). This cell culture system
exhibits many of the BBB components such as tight
junctions as well as efflux and influx transporters.
This model, however, exhibits attendant donor to donor
variability and high inter-laboratory variability.
Moreover, these cell lines lack intact metabolic
machinery, which makes it difficult to assess the
effects caused by drug metabolites. (04941 4) In viva
models: In vivo drug permeation through the BBB can be
performed in rodents using radiolabeled materials,
imrnunohistochemistry, HPLC and microprobe/liquid
chromatography approach. In the mouse brain uptake
assay (MBUA), the test substance is directly injected
into the mouse tail vein. Usually, concentrations of
the test substance in plasma and the brain are
measured after 5 minutes. In the rat micro-dialysis
assay, probes are inserted into, the jugular vein of
the brain striatum and concentrations of the test
substance in brain, blood and muscle are recorded over
3 hours, and analyzed by liquid chromatography
(non-labeled substrates) or using a scintillation
counter (radiolabeled substrates). These in vivo
assays arc extremely long, laborious and expensive.
(04951 3. The blood brain barrier in zebrafish and
other fish 



04961 It has not been established previously whether
zebrafish possesses a blood brain barrier (BBB). In
zebrafish, initial neurulation occurs during the late
stage of gastrulation, namely 9 hours post
fertilization (hpf) (Wilson et at, Recent Probt Cell
Diff. 40:181-205 (2002)). By 30 hpf, four separate
brain ventricles form and are visible throughout
embryonic development (Wilson et al., supra). By 3
dpf, an extensive vasculature surrounding the brain
can be observed and continues remodeling throughout
development (Lawson and Weinstein, Dev. Biol.
248:307-318 (2002). These data were collected from
zebrafish embryos cultured at 28C. However, it is well
known in the art that the rate of embryonic
development of the zebutfish may change depending on
the growth conditions (e.g., the water
terrriperature), as well as the strain (Westerfield,
supra).  104971 There is evidence supporting that the
BBB exists in some species of fish. For example, in
teleosts, several studies have analyzed the flow of
blood, as well as neural amino acid, into the brain.
The brain tissue in catfish ktalurus punclattis,has
been found receive less than 1% of total blood flow,
suggesting that a certain type of barrier exists
between the periphery capillary and the brain (Schultz
etal., J. Fish Biol. 54:1275-1286 (1999)).
Furthermore, rainbow trout has been shown to possess a
specialized neural tryptophan transport system which
is saturable and stereo-specific for large neutral
amino acids (Aldegunde et al.,J. Exp. Zoo!.
282:285-289 (1998)). In elasmobranches, the existence
of a transport system for neural amino acid, namely
glycine, has been demonstrated in the dogfish (Abbott
et al.,J. Physiol. 25P (1988)). [0498) C. Methods of
Screening an, Agent for an Activity in the Brain or
CNS  104991 The present invention provides methods of
screening an agent for an activity in the brain or
central nervous system (CNS) in a vertebrate animal,
such as a teleost, preferably a zebrafish, in vivo.
The term "activity" as used herein refers to a
process, function, or activity of the living organism.
Such an activity can be a biological activity that
normally occurs in the organism, or it can be an
activity that occurs in response to the agent being
administered to the organism. An activity in the brain
or CNS includes, for example and not for limitation,
developmental defects as defined in Section II above,
cell death activity (Le., apoptosis or necrosis) as
defined in Section III above, and toxic activity as
defined in Section IV above. The methods are
applicable for use in zebrafish that are transparent
or translucent (i.e., optically clear) at the
embryonic, larval, or adult stage. 105001 In one
aspect, the invention provides methods of screening an
agent for an activity in the brain or CNS in a
zebrafish in vivo. Some such methods of screening
involve screening an agent for an activity in the
brain or CNS of a zebrafish based on the knowledge as
to whether the agent is able to penetrate, diffuse, or
be transported into the brain or CNS of the zebrafish,
and whether the BBB of the zebrafish has been formed
and/or is functional to transport molecules out of the
brain or CNS. 105011 First, an agent known for its
ability to transit the BBB of an organism may be
examined in zebrafish in which the BBB has fully
developed, thereby allowing assessement of its ability
to exert a desired activity. An agent known for its
ability to transit the BBB of an organism may also be
examined in zebrafish in which the BBB has not yet
formed.  



105021 Second, an agent known for its inability to
transit the BBB may be examined in zebrafish embryos
that have not yet formed a functional BBB.
Alternatively, the agent may he directly delivered to
the brain or CNS in zebnifish in which the BBB has
formed, thereby testing the agent's ability to exert
the desired activity without impediment associated
with its inability to transit the BBB.  105031 Third,
an agent unknown for its ability to transit the BBB of
an organism may be tested in zebrafish embryos whose
BBB has not yet formed (i.e., zebrafish prior to 3
dpf). This approach allows the assessment of the
agent's property relating to a desired biological
activity. If the agent exhibits the desired biological
activity, it can be further tested for its ability to
exert the desired biological activity using zebrafish
embryos in which the BBB has fully developed. lithe
agent is able to exert the desired activity in
zebrafish with a ffinctional BBB (i.e., zebrafish at
least 3 dpf), it may be concluded that the agent can
transit the BBB. if not, it may be concluded that the
agent is unable to transit the BBB. Alternatively, the
agent may be directly delivered to the brain or CNS in
zebrafish in which the BBB has formed, thereby testing
the agent's ability to exert the desired activity
without impediment associated with its inability to
transit the BBB. 105041 The invention is applicable to
screening for an agent wherein the agent is assessed
for a biological effect that alters an activity or
function in the brain or CNS, and the biological
effect can be therapeutic, prophylactic, or toxic.
105051 The invention is applicable to screening for an
agent to determine whether the agent exerts a
beneficial (e.g., therapeutic or prophylactic) or
harmful (e.g., toxic or drug side effects to the CNS)
biological effect. 105061 A varietyof methods to test
for the presence of the BBB in early development of
the zebrafish were performed to demonstrate the
feasibility of using zebrafish as an in vivo model for
screening drugs for an activity in the brain or CNS.
105071 1. The Presence of Tight Junctions in 3 dpf
Zebrafish 105081 The first level of physical barrier
in the BBB is presented by the endothelial tight
junction. Tight junctions are the closely associated
areas of two endothelial cells whose membranes are
joined together forming a virtually impermeable
barrier to fluid. They perform three vital functions:
(1) they hold cells together; (2) they block the
movement of  integral membrane proteins; and (3) they
prevent the passage of molecules through the
paracellular space (the space between the cells).
Thus, in order for an agent to penetrate the BBB,
materials must actually enter the endothelial cells
either via diffusion or the transport systems. 



(05091 The presence of tight junctions between BBB
endothelial cells in 3 dpf zebrafish embryos cultured
under standard conditions as described above was
demonstrated using inununostaining (Fig. 19). ZO-1 is
a component of tight junctions formed between
endothelial cells in the mammalian brain. A mouse
monoclonal antibody against rat ZO-1 (Sigma, St.
Louis, MO) was used in whole mount iminunostaining.
Zebrafish embryos at 3 dpf were fixed in Dent's
fixative (DMSO: Me0H = 1:4) for at least 3 hours at
room temperature or overnight at 4C. Embryos were
dehydrated to 100% methanol and incubated for at least
1 hour at -20C. Embryos were then rehydrated step-wise
to 100% PEST (0.1% Tween-20 in PBS). Embryos were
treated with 1M NI-14C1 for 2-3 hours at room
temperature to quench auto-fluorescence. Embryos were
washed in PEST twice for 30 minutes each at room
temperature by gentle shaking. Embryos were then
washed with POST three times for 10 minutes each.
Embryos were incubated in blocking solution for I hour
at room temperature with gentle shaking. Embryos were
then incubated with primary antibody at 4C overnight.
Embryos were washed extensively with large volume of
PEST, at least 4 times for 1 hour each. Embryos were
then incubated with secondary antibody for 2 hours at
room temperature. Embryos were washed with POST twice
and three times with PBS for 10 minutes in each wash,
Embryos were equilibrated into citrate buffer (pH 5)
for at least 20 minutes. Citrate buffer was drained
off and HRP substrate TMB (100 gl) was added. Embryos
were incubated for 30 minutes. The reaction was
stopped with 2M H1SO4 and embryos were examined under
a fluorescence microscope. [0510] Fluorescence
microscopy was performed using a Zeiss M2bio
fluorescence microscope (Carl Zeiss Mieroimaging Inc.,
Thomwood, NY), equipped with a rhodamine cube and a
green Fac filter (excitation: 488 nm, emission: 515
nm), and a chilled CCD camera (Axiocam MRM, Carl Zeiss
Mic-roimaging Inc., Thornwood, NY). 1.6X, 10X and 20X
objective archrornats and 1.0X eye pieces were used
for the magnification. The system is also equipped
with a z-motorized stage, deconvolution software and
4-D reconstruction software (Axiovision, Carl Zeiss
Mircinimaging Inc., Thomwood, NY), which permits
reconstruction of 3-D objects and analysis of
Z-stacks. Images were processed with  Axiovision
software Rd 4.0 (Carl Zeiss Micmimaging Inc.,
Thomwood, NY),and the Adobe Photoshop 6.0 computer
program (Adobe, San Jose, CA). All procedures were
performed according to the manufacturer's
specifications. 105111 As shown in Fig. 19, whole
mount ZO-1 antibody immunostaining revealed that tight
junctions form in the 3 dpf zebrafish brain (brown
spots) adjacent to the mescncephalic vein (MW), middle
cerebral vein (MCeV), and prosencephalic artery (PrA)
(Arrows). This result demonstrates that tight
junctions arc present in zcbrafish at 3 dpf, but are
not seen in zebrafish at 2 dpf (data not shown).
[05121 2. Evans Blue Extravasation/Exclusion Assay
105131 Evans blue (MW = 961 Daltons) has been widely
used as a vital dye to investigate vascular structures
and injuries, and the Evans blue dye extravasation
assay has been used in other organisms to determine
BBB permeability. Injected into circulation, this dye
is confined to the blood vessels within the zebrafish
brain at 3 dpf, but freely diffuses through vessels
and tissue outside the brain (Fig. 20). No such
impediment to diffusion through any vessels is seen at
zebrafish embryos at 2 dpf (Fig. 20). This result, in
combination with the presence of tight junction shown
in Fig. 19 above, clearly indicates that a functional
BBB forms in zebrafish and is capable of excluding
molecules larger than 961 Daltons as early as 3 dpf.
Because the BBB is formed gradually with time, the
size of compounds that are excluded by the BBB may get
smaller as the formation of the BBB progresses beyond
3 dpf. Furthermore, it is well known in the art that
zebrafish development (e.g., embryonic development) is
affected by the conditions under which the zebrafish
is cultured, in particular the water temperature, and
can be controlled to some extent by varying such
conditions. For example, a zebrafish embryo develops
more rapidly at higher temperatures (e.g., 35C) and
more slowly at lower temperatures (e.g., 18C) than it
does at a standard temperature (i.e.,      as used
herein. Accordingly, the time of formation of a
functional BBB system as described herein may vary
depending upon the particular growth conditions under
which the zebrafish are maintained, as well as the
zebrafish strain. 105141 3. Agents to Be Screened 



105151 Agents to be screened for an activity in the
brain or CNS in vivo in teleosts, preferably
zebrafish, are described in Section I (B) above.
105161 4. Administration of Agents 105171 Agents to be
screened for an activity in the brain or CNS in viva
in tele,osts, preferably zebrafish, can be
administered as described in Section I (C) above.
105181 Examples (0519) As provided hereinabove in
Sections II, III and IV, several compounds were
screened for in viva activity in the brain or CNS of
zebrafish embryos, cultured under standard conditions,
at various times post-fertilization. The results are
summarized below in which the compounds tested are
classified according to the knowledge, at the time of
testing, of their ability to transit the BBB. (0520)
I. Compounds Known to Transit the Blood Brain Barrier
[0521) As shown in Table 7 below, several compound
known in the art to transit the BBB in mammaliam
organisms were tested for, and demonstrated,
biological activity in the brain or CNS of zebrafish
embryos cultured under standard conditions when
administered for various periods of time, including
prior to 3 days post-fertilization or after at least 3
days post-fertilization. [0522) 1 Compounds Known Not
to Transit the Blood Brain Bather 



(0523) As shown in Table 7 below, several compound
known in the art not to transit the BBB in marrunaliam
organisms were tested for biological activity in the
brain or CNS of zebrafish embryos cultured under
standard conditions when administered for various
periods of time, including prior to 3 days
post-fertilization or after at least 3 days
post-fertilization. Neither VEGF nor dexamethasone
demonstrated any activity in the brain or CNS of
zebrafish embryos. [0524) 3. Compounds Not Known to
Transit the Blood Brain Bather [05251 As shown in
Table 7 below, compounds that were unknown as to their
ability to transit the BBB in mammaliam organisms were
tested for biological activity in the brain or CNS of
zebrafish embryos cultured under standard conditions
when administered for various periods of time up to 3
days post-fertilization. Some compounds from the NCI
and MIT compound libraries demonstrated developmental
defects in the brain or CNS of zebrafish embryos.
Table 7  Compound Type Compound Name Treatment 



Activity* I. Compounds known to transit the BBB
Fumagillin derivative TNP-470, some MIT compounds 24
hpf-72 hpf, soaking Developmental delay, axial defects



Some NCI compounds 24 hpf-72 hpf, soaking
Developmental delay, axial defects, cranial defects
Retinoic Acid 24 hpf for 24 hours: 



12-14 hpf for 2 hours Apoptosis  Ibuprofen 24 hpf for
2 hours Apoptosis  Aspirin 24 hpf-120 hpf 



Toxicity (teratogen, kidney, muscle contraction,
erratic meovements)  2. Compounds known not to transit
the BBB VEGF 24 hpf-72 hpf, microinjection into the
blood stream 



Angiogenesis, no observed effect in brain or CNS
Dexatnethasone 24 hpf-72 hpf, soaking; 24 hpf-120 hpf,
soaking; 96 hpf-120 hpf, soaking 



Toxicity (liver and gastrointestinal) 3. Compounds
with unknown ability to transit the BBB Majority of
NCI compounds 24 hpf-72 hpf, soaking Developmental
delay, 



axial defects, cranial defects  Some MIT compounds 24
hpf-72 hpf, soaking Developmental delay, axial defects
*Compounds were tested for the following activities:
developmental defects (i.e., developmental delay,
axial defects, cranial defects) in Section II;
apoptosis in Section III; and toxic activity (e.g. ,
organ-specific toxicity, growth inhibition,
teratogenesis) in Section III. 



[0526] 4. Zebrafish Models of Brain or ClI$ Diseases
or Disorders 105271 To date, very few brain diseases
or disorders, including depression, schizophrenia,
chronic pain, and epilepsy, are known to be responsive
to small molecule treatments. The major brain
disorders, including, Alzheimer's disease, Parkinson's
disease, Huntington's disease, arnyotrophic lateral
sclerosis (ALS), multiple sclerosis (MS), brain
cancer, stroke,  brain injury, autism, lysosomal
storage disorder, inherited ataxias, and blindness,
have been largely refractory to small molecule drugs.
One strategy to identify new small molecule drugs to
treat brain or CNS diseases or disorders is to
administer a compound to a teleost, preferably a
zebrafish, in which the compound induces a phenotype
that mimics a brain or CNS disease or disorder, and
then screen agents for their ability to alter or
modify the compound-induced brain or CNS disease or
disorder. Two examples of such a strategy are provided
below. (05281 I) Compound Effects in a Zebrafish Model
of Parkinson's Disease  (0529) 2 day
post-fertilization zebrafish embryos cultured under
standard conditions as described above were used to
examine effects of deprenyl on dopaminergie neuron
activity. Zebrafish embryos were treated with 0.1%
DMSO (control), 200 jtM 6-hydroxydopamine (601-1DA),
or 200 gM 6-hydroxydopamine plus 200 1.1.M deprenyl
(Fig. 21). Zebrafish embryos were fixed and then
immunostained using anti-hydroxylase antibody to
examine dopaminergie neurons (DA) in diencephalons.
60HDA induces DA neuron loss which mimics neuron loss
observed in Parkinson's disease. 601-IDA treatment
induced DA neuron loss in zebrafish, however, deprenyl
treatment prevented 60HDA-induced DA neuron loss (Fig.
21). (05301 2) Compound Effects in a Zebrafish Model
of Multiple Sclerosis 10531) 4-day post-fertilization
zebrafish embryos cultured under standard conditions
as described above were used to examine effects of
4-methyleateehol on integrity of the myelin sheath.
Z,ebrafish embryos were treated with 0.1% DMSO
(control), 6.5 mM acrylamide, or 6.5 mM acrylamide
plus 5 gM 4-methyleatechol (4-MC) (Fig. 22). The
myelin sheath was examined in the CNS
(oligodendrocytes: 0) and in the PNS (Schwann cells:
5) by in situ hybridization using riboprobes against
myelin basic protein (MBP). 4-MC is a potent
stimulator of nerve growth factor (NGF) synthesis.
Acrylamide treatment decreased expression of MBP in
oligodendrocytes and Schwalm cells, mimicking the loss
of MB? expression and reduced myelin sheath integrity
seen in multiple sclerosis patients. As shown in Fig.
22, 4-MC treatment was able to rescue the
acrylamide-induckd loss of MBP. [0532) 5. Screening
for Neurotoxicity or Neuroproteetive Activity in
Zebrafish 



105331 3-day post-fertilization zebrafish embryos
cultured under standard conditions as described above
were used to screen for neuroprotectants in vivo.
Zebrafish embryos were treated with L-hydroxyglutaric
acid (LGA), which caused oxidation and apoptosis in
zebrafish. Zebrafish embryos were treated with vehicle
alone (A), 50 mM LGA alone (B), or 50 mM LGA plus
D-methonine (0-Met, 1 MM) (C), indole-3-earbinol (1
MM) (D), deferoxamine (DFO, I gM) (E),
dihydroxybenzoatc (DUB, I gM) (F), deprenyl (0.1 MM)
(G), N(0)-nitro-L-argininc methyl ester (LNAME. I gM)
(H), N-acetyl L-cystein (L-NAC, 5 g.M) (1),
2-oxothiazolidine (OTC, 10 MM) (1), lipoic acid (10
gM) (K), minocycline (10 gM) (L), isatin (100 gM) (M),
cortisone (10 gM) (N), ascorbic acid (100 MM) (0),
a-tocopherol (100 MM) (P), or buthionine sulfoximine
(BSO, 10 MM) (Q) (Fig. 23). BSO was used as a negative
control. (0534) After exposure for 24 hours, zebrafish
were washed with fish water three times, and immersed
in 1 gg/ml acridinium chloride hcmi-[zinc chloride]
(Sigma-Aldrich) (A0)in fish water for 60 min.
Zebrafish were rinsed thoroughly in fish water three
times (5 min/wash), and anaesthetized with 0.5 mM
3-aminobenzoic acids ethyl ester, 2inM Na2PO4 (MESAB),
then oriented on their ventral side and mounted with
meythlcellulose in a depression slide for observation
by fluorescence microscopy to examine brain apoptosis.
All images were focused in the dorsal brain region
(anterior on top, posterior on bottom, dorsal on
front) and inverted. Apoptotic cells displayed a
punctate fluorescent staining pattern (black dots).
D-Met, DFO, DHB, deprenyl, L-NAME, L-NAC, OTC, tipoic
acid, minocyclinc, isatin and cortisone exhibited
protection from the effects of WA, whereas
indole-3-carbinol, ascorbic acid and a-tocopherol
showed no significant protection from WA, at the
concentrations tested (Fig. 23). Dose-response curves
of neuroprotectants at different concentrations (0-250
ftM) were generated (data not shown). One-way ANOVA
and Dunnett's t-test were used to determine the
significance: D-Met, DFO, DHB, deprenyl, L-NAME,
L-NAC, OTC, lipoic acid, minocycline, isatin and
cortisone exhibited significant protection (P<0.05),
whereas indolc-3-carbinol, ascorbic acid and
a-tocopherol, which are not EBB permeable, showed no
significant protection (P>0.05). [0535] D. Methods of
Screening an Agent for an Ability to Affect Blood
Brain Barrier  Permeability  105361 The present
invention provides methods of screening an agent for
its ability to exert an activity on the permeability
of the blood brain barrier (BBB) of a vertebrate
animal, such as a teleost, preferably a zebrafish, in
vivo. The term "activity" as used herein refers to a
process, function, or activity of the living organism.
An activity can be a biological activity that normally
occurs in the organism, or it can be an activity that
occurs in response to the agent being administered to
the organism. The methods are applicable for use in
zebrafish that are transparent or translucent (i.e.,
optically clear) at the embryonic, larval, or adult
stage.  105371 In one aspect, the invention provides
methods ofscreening an agent for an ability to affect
BBB permeability in a zebrafish in vivo. Some such
methods of screening involve screening an agent for an
ability to affect BBB permeability in a zebrafish
based on the knowledge as to whether the agent is able
to penetrate, diffuse, or be transported into the
brain or CNS of the zebrafish, and whether the BBB of
the zebrafish has been fanned and/or is functional to
transport molecules out of the brain or CNS. (0538] 1.
The BBB Efflux/Influx assay [0539l A reproducible
fluorescent method was developed to detect drug influx
and efflux across the BBB. Efflux transporters are of
particular interest for drug development because of
their importance in uptake, distribution and excretion
of drugs. The best known and most widely studied
efflux transporter is P-glyeaprotein (P-gp), which is
an ATP-dependent drug transporter encoded by the
multidrug resistance gene (MDRI/MRP l). P-gp is the
most 



important active efflux transporter and responsible
for the majority of efflux transportation in the BBB
(Tsuji etal., Life Sc!. 51:1427-1437 (1992); Stewart
et at, 3. Histochetn. Cytochem. 44:679-685 (1996);
Schinkel, Adv. Drug Deity. Rev. 36:179-194 (1999)).
Inhibition of P-gp leads to drug retention in the CNS.
For example, MDR I a knockout mice lacking P-gp showed
a hundred-fold increase in drug absorption and
decrease in drug elimination in the CNS, indicating
the importance of P-gp in drug efflux (Schinkel etal.,
Cell 77:491-502 (1994); van Asperen etal., J. Natl.
Cancer Inst. 88::994-999 (1996)). Enhanced drug
sensitivity has also been observed in collie dogs with
a homozygous deletion of the MDR1 gene and a premature
termination of P-gp (Mealey et at, Pharmacogentics
11:723-733 (2001)). In addition, a number of
preclinical and clinical studies have shown that
polymorphisms of MDR genes can be a factor in the
overall outcome of pharmacotherapy (Bauer et at, Exp.
Biol. Med. 231:118-127(2005)). In dogfish shark,
xenobiotic efflux  pumps, MRP2, have been identified
in brain capillaries which are sensitive to different
glycoprotein inhibitors and substrates, similar to the
responses exhibited by those in mammals (Miller etal.,
Am. J. Reg. (meg. Comp. Physiol. 282:RI91-R198
(2002)). 105401 Design of drugs that are not P-gp
substrates is one strategy to increase drug
permeability to the CNS. Finding compounds that are
P-gp specific inhibitors is another strategy because
inhibitors may be useful in increasing drug
permeability to the brain in a co-treatment drug
regimen (Keinper et al., Eur. I Cancer 40:1269-1274
(2004)). To develop a predictive zebrafish BBB assay
to determine if drugs are potential P-gp inhibitors,
two P-gp fluorescent substrates, rhodarnine 123 and
F1TC-HRP, were administered to zebrafish in the
presence of known P-gp modulators (i.e., inhibitors).
105411 2. Expression of P-gp (MRP I ) in Zebrafish
105421 To confirm whether the zebrafish possesses a
BBB and expresses P-gp, expression of MRP I was
assessed in zebrafish cultured under standard
conditions as described above at 24 hpf (Fig. 24).
Whole mount in situ hybridization was performed to
examine expression of MRP I RNA using sense (negative
control) and anti-sense riboprobes. As shown in Fig.
24A, the sense RNA probe did not detect any signals.
In contrast, the anti-sense RNA probe detected
expression of MRP I in the brain and spinal cord
regions at 24 hours (Fig 246). 105431 0 Ribop robe
labeling: This procedure utilized plasmid vectors
containing SP6, T3, or 17 promoters for RNA
polymerase. Zebrafish EST sequence was purchased from
Research Genetics (currently Invitrogen, Carlsbad,
CA). The vector was linearized depending on whether or
not 'sense' or 'antisense' RNA is required. The full
length cDNA (EST clone) was used as template to
synthesize digoxigcnin-labeled RNA probes according to
the manufacturer's protocol (Bochringer Mannheim
Biochemicals, Indianapolis, IN). 105441 2) Whole mount
in situ hybridization: Embryos were fixed with 4
percent paraformaldehyde in PBS and re-hydrated with
?BST. The RNA probes were hybridized at 65C in
hybridization solution (50% forrnamide, 5X SSC, 0.1%
Tween 20, 0.05 mg/ml Heparin, 0.5 mg/m1 tRNA, 10 mivl
sodium Citrate buffer pH 6.0). Alkaline
phosphataseconjugated anti-digoxigenin antibody was
used to detect signals. For staining, embryos were
equilibrated in NTMT buffer (0.1 M Iris / HC1 pH 9.5,
50 mM MgC1, 0.1 M NaCI, 0.1% Tween 20) at room
temperature. Once the embryos were equilibrated, 4.5
Id of 75 mg/ml  



NBT (Nitro Blue Tetrazolium) and 3.5 pl of 50rngiml
BC1P (5-Bromo-4-Chloro-3-IndolylPhosphate) per ml were
added to the staining solution. The staining reaction
was stopped by washing the embryos with PBST. Embryos
were then examined on a stereo-dissecting microscope.
[05451 3. Expression of Transporter Genes in Zebrafish
05461 Table 8 below summarizes RNA expression data
demonstrating the expression in zebrafish of
transporter genes that are known to be involved in
regulating 1313B function in other organisms, anther
indicating the presence of a functional I3BB in
zebrafish. Table 8 Protein Product Gene name Function
Accession t1 P-glycoprotein 



(multictrug resistance protein) MDRI/MRP1 Efflux
transport 131533101 Multidrug resistance associated
protein 2 MRP2 Efflux transport 8CO56740 Blood-brain
barrier specific anion 



transporter 1 (Organic anion transporting polypeptide
ICI)  81C21;14 Efflux transport CA472133 Organic anion
transporting polyveptide 2 OATP 2 Efflux transport
AI353630 Breast cancer resistance protein 



13CRP1 or ABCG2 Efflux transport AL920336 Glucose
carrier, LI amino acid transporter GLUT1 Uptake
carrier AW175259 Large neutral amino acid transporter
LAT I 



Uptake carrier 8I887805  0547) 4. Efflux MachinerV and
Inhibition of Zcbrafish P-gp by Verapamil (0548) To
confirm that zebrafish P-gp is sensitive to inhibition
to known manunalian P-gp inhibitors, 3-dpf zebrafish
cultured under standard conditions as described above
were incubated with vehicle alone (A and B) or 30 p.M
verapamil for 24 hours (C and D) (Fig. 25). Verapamil
is a commonly known P-gp inhibitor in in vivo rodent
BOB models (Bentham et at, Pharmacology 289:1084-1089
(1999). (0549) In control (vehicle alone), after 4
hours, the fluorescent dye entered blood vessels
including the peripheral blood vessel (data not shown)
and exhibited a less intense staining pattern,
indicating active efflux transport of FITC-HRY (Fig.
258). In contrast, with verapamil treatment, after 4
hours, the fluorescent dye was retained in the brain
region and exhibited strong staining throughout the
brain (Fig. 250), indicating that vcrapamil inhibited
P-gp efflux in zebrafish. Similar results were
obtained in efflux studies using another  common P-gp
substrate, rhodamine 123 (data not shown). Two
compounds, caffeine and phenytoin, which are known to
transit the BBB by a P-gp independent pathway (he.,
passive diffusion), were also used as negative
controls. Treatment of zebrafish with these P-gp
independent compounds did not affect P-gp efflux (data
not shown). Together, these data provide supporting
evidence that a functional BBB exists in zebrafish
during early zebrafish development and that zebrafish
P-gp is functionally equivalent to P-glycoproteins
found in mammals. (05501 I) Microinfection of dye:
PITC-HRP (100 nM), a fluorescent P-gp efflux
substrate, was delivered by microinjection (Meng
etal., Meth. Cell Biol. 60:133-148 (1997)) into the
brain region (injection site is the middle line of the
hindbrain ventricle) of 4 dpf zebrafish following the
drug treatment. Other vital dyes (e.g., rhodamine 123)
can be also employed for the same purpose.
Microinjection was performed using an air-pressure
controlled microinjector (WPI, Sarasota, PL). The
distribution of fluorescent dyes was recorded at both
15 minutes and 4 hours after microinjection in the
same animals to monitor efflux using epifluortscence
microscopy. 



f05511 2) Fluorescence microscopy and image analyses:
All fluorescence microscopy was performed using a
Zeiss M2Bio fluorescence microscope (Carl Zeiss
Microimaging Inc., Thomwood, NY), equipped with a
rhodamine cube and a green FITC filter (excitation:
488nm, emission: 515nm), and a chilled CCD camera
(Axiocain MRM, Carl Zeiss Microimaging Inc.,
Thornwood, NY). Screens were routinely performed
using: 1.6X, 10X and 20X objective archromats and IOX
eye pieces. The system is also equipped with a
z-motorized stage, deconvolution software and 4-D
reconstruction software (Axiovision, Carl Zeiss
Microimaging Inc., Thomwood, NY), which permits
reconstruction of 3-1) objects and analysis of
Z-stacks. Images were processed with Axiovision
software Rd 4.0 (Carl Zeiss Microimaging Inc.,
Thomwood, NY) and the Adobe Photoshop 6.0 computer
program (Adobe, San Jose, CA). All procedures were
performed according to the manufacturer's
instructions. (05521 3) Morphometric analysis:
Fluorescence intensity in the brain was measured using
Scion Image System (Scion Corporation, Frederick,
Maryland). Images of the dorsal side in each animal
were obtained using the same exposure time and
fluorescence gain. Ten animals for each treatment were
quantified and intensity of fluorescent signals was
averaged.  Retention and efflux of fluorescent dye in
the brain regions was quantified by comparing the
fluorescent signals at 15 minutes after dye injection
(55: 0: staining signals at zero time point), and at 4
hours after dye injection (SS4: staining of signal at
the end of time point) (Fig. 26). Retention of
fluorescent signals (RFS) in each animal was
calculated using the following formula: RFS= 884/850 X
100%.  105531 A working example of morphometric
analysis is provided in Fig. 26 in which the
fluorescent signals in the brain were quantified. In
controls, SSO was 9,658,955 (A) and 584 was
541,787(8); the RFS was 5.6%, indicating that most of
fluorescent dye in the brain had been eliminated. With
verapamil treatment, the SSO was 10,085,802 (C), 8S4
was 5,575,444 (D), and the RFS was 55.3%. Compared to
untreated control (B), verapamil increased RFS from
5.6% to 55.3% (D), a significant 10-fold increase in
fluorescence retention. This result suggested that
verapamil impaired P-gp function, thereby increasing
retention of fluorescent dye in the zebrafish brain.
10554) 4) Statistics: All data were presented as mean
z SE (standard error of the mean). Student's (-test
was employed to compare drug treated fish with the
controls. Efficacy was defined as P<0.05, n=5. All the
variables were independent. In addition analysis of
variance between groups (ANOVA) was used to compare
drug effects for multiple comparisons. One-factor
ANOVA was used first and Tukey HSD pair wise
comparison post hoc tests was used next to determine
significant differences between treatments. P values
<0.05 was considered significant. 105551 5) Embryo
handling: Zebrafish were generated by natural
pair-wise mating in our aquaculture facility, as
described by Westerfield, The Zebrafish Book: a Guide
for the Laboratory use of lebrafish, The University of
Oregon Press (1993). 4-5 pairs were set up for each
mating; on average 100-150 embryos per pair will be
generated. Embryos were maintained in embryo water (5
g of Instant Ocean Salt with 3 g of CaSO4 in 25 liters
of distilled water) at 28C for approximately 24 hours
before sorting for viability. Because the fish embryo
receives nourishment from an attached yolk ball, no
additional maintenance was required. To preserve
optical clarity, fish water containing 0.003% PTU
(1-pheny1-2- thiourea, Sigma, St Louis, MO) was
employed during the entire experimental period because
low concentration of PT U has been shown to cause
depiwnentation, but no significant effect  



on any biological fin-tenon (Westerfield, supra).
Alternatively, if PTU causes unexpected problems, an
albino zebrafish, which has mutated pigmentation, can
be used. 105561 5. Zebrafish P-gp Efflux Assay 105571
The P-gp transporter can transport a wide range of
structurally unrelated compounds. To examine the
pharmacologic response of zebrafish P-gp, different
classes of compounds can be employed. Zebrafish at
least 3-dpf can be treated for 24 hours by soaking
with different concentrations of test agents, 0
(vehicle control), I, 10, 100 and 1000 tiM. Each agent
can be tested in 10 animals. After 24 hours drug
treatment, the P-gp efflux assay is performed. To
dekamine time course response, initially two time
points after injection is assessed: 15 min. and 4
hours. If necessary, other time points, for example
and not for limitation, 2, 6, 8, 16,24 hours or longer
time, can be recorded for the same animals. [05581 The
rationale for this approach is that if the function of
P-gp is compromised in the presence of P-gp
inhibitors, efflux of FITC-FIRP or rhodamine-123
should decrease and the dye will accumulate in the
zebrafish brain. In contrast, in the presence an agent
which has no effect on P-gp function (P-gp
non-inhibitor), efflux of FITC-HRP or rhodamine-I 23
should resemble that of negative controls (e.g., P-gp
independent compounds: caffeine and phenytoin). [05591
6. Agents to Be Screened (0560] Agents to be screened
for in vivo activity in the brain or CNS in tcleosts,
preferably zebrafish, are described in Section 1(B)
above. [05611 7. Administration of Agents [0562]
Agents to be screened for in vivo activity in the
brain or CNS in teleosts, preferably zebrafish, can be
administered as described in Section I (C) above.
[0563] 8. Administration of Dyes 



105641 Dyes used in methods of screening agents for an
ability to affect in vivo BBB permeability in
teleosts, preferably zebrafish, can be administered as
described in Section I (D) above. [0565]  A dye can be
rhodamine-123 or F1TC-HRP or any equivalents thereof.
105661 A dye can be administered atone, in conjunction
with a variety of solvents (e.g., 10% DOH, Saline,
dimethylsulfoxide or the like) or carriers (including,
e.g., peptide, lipid or solvent carriers), or in
conjunction with other compounds. 105671 The dye
efflux assay is performed on zebrafish embryos of age
at least) dpf in which a functional BBB with active
P-gp have been established. 105681 9. Morphometric
Analysis 105691 Although qualitative, visual
assessment of staining is sufficient for assessing
significant changes in efflux of fluorescent
substrate, quantitative information is desirable for
dose-response analysis and comparison of efficacy. The
aim of quantitative analysis is to assign a value (or
range of values) to the visual photomicrograph which
can provide a measure of efflux of fluorescent
substrate. 105701 To quantify the fluorescence
intensity within the brain region, the fluorescence
images of the brain from each animal (anterior on the
top; posterior on the bottom; dorsal on the front) can
be obtained using Scion Image System (Scion
Corporation, Frederick, Maryland) or any equivalents
thereof. Images of the brain in each animal can be
obtained using the same exposure time and fluorescence
gain. 105711 The sum of staining signals (SS) in the
midbrain can be quantified by image analysis (e.g.,
Scion Image) which measures positive staining signals
in the midbrain using strict logarithms in defined
areas and signal threshold. 



(0572) Multiple animals for each treatment can be
employed to obtain an average of the staining signals
(the average fluorescent intensity). (0573] The
retention of fluorescent dye in the brain region can
be further quantified by the following calculation:
fluorescent signals (SS) = staining area X average
fluorescent intensity. (05741 Analytic parameters
including signal threshold, stained area and
background can be further defined for automated
high-content analysis. Because all quantitative
analysis inherently includes some method based errors,
a preferred embodiment is the variable frame method
instead of the fixed frame method in order to minimize
epurs in quantifying the fluorescence signals.
[05751 The dye efflux in each animal can be further
calculated by comparing the fluorescent signals within
the brain at 15 min after dye injection (SSO; staining
signals at zero time point; 15 min is required for
sample preparation and fluorescence imaging), and
fluorescent signals at 4 hours after dye injection
(3S4; staining of signals at the end of time point).
Although the preferred method is to measure the
fluorescent intensity at the initial time point and 4
hours following the administration of dye, the
fluorescent intensity within the brain can be obtained
in various time points depending on the conditions of
the assay. [0576] The retention of fluorescent signals
(RFS) in each animal is further refined by normalizing
the amount of injected fluorescent dye. (0577) The
retention of fluorescent signals (RFS) in each animal
is further calculated using the following formula:
RFS= 354/SSO X 100%. 



(0578J The RFS of drug treated animal (RFSe) can be
compared to RFS of untreated control (R_FSd) to
evaluate drug effects on efflux. Significant
inhibition of P-gp is defined as >200% increase in RFS
in the brain (RFSd >2X RFSc) after drug treatment.
10579) A dose response curve for each compound can be
generated by drawing a correlation between RFS and
drug concentration (RFS vs. concentration). 10580] Dye
efflux kinetics for a test agent can be obtained by
measuring the fluorescent intensity of dye in a time
course manner, thereby identifying an optimal efflux
time point inherently associated with the test agent.
105811 A working embodiment of morphometrie analysis
is provided in Fig, 26 wherein fluorescent signals in
the brain was quantified, [0582] An exemplary flow
chart of screening method for compounds having an
effect on blood brain barrier (BBB) permeability in
zebrafish as quantified by morphometric analysis is
provided in Fig. 27. In this screening method, the
compounds are optionally assayed for an activity in
the brain or CNS of zebrafish. The assays to screen
the compounds for an activity in the brain or CNS and
ability to affect BBB permeability can be performed
simultaneously, sequentially in either order, or
separately, depending on whether the compounds are
known to transit the BBB, known not to transit the
BBB, or it is not known whether the compounds  transit
the BBB. Compounds known to transit the BBB may be
screened for an activity in the brain or CNS using
zebrafish embryos of any age. Such compounds can be
assayed for their effect on BBB permeability
simultaneously, sequentially in either order, or
separately. Compounds known not to transit the BBB,
and compounds not known as to their ability to transit
the BBB, may be screened for an activity in the brain
or CNS using zebrafish embryos of age less than 3 dpf
(i.e., before the formation of the BBB). Such
compounds can be assayed for their effect on BBB
permeability sequentially, with the BBB permeability
assay performed second, or separately. 105831 Example
105841 1. Effect of N-acetyl-L-aspartyl-L-glutamate
(NAAG) on Blood Brain Barrier Permeability in
Zebrafish 



(0585) 4 day zebrafish embryos cultured under standard
conditions as described above were used to examine
effects of N-acetyl-L-aspartyl-L-glutamate (NAAG), an
agonist at group II metabotropic and
NRI/NR2D-containing N-methyl-D-aspartate (NMDA)
ionotropic glutamate receptors, on BBB integrity.
Rhodarnine 123 was injected to the tail veins to
detected BBB integrity. In control zebrafish,
Rohdamine 123 was observed in the blood vessels at 15
min and 4 hours after injection indicating a
functioning BBB system (Fig. 28, left panels). In
contrast, Rhodamine 123 was observed in brain tissue 4
hours after injection, indicating increased BBB
permeability in response to NAAG (Fig. 28, right
panels). This data further demonstrates that
ze,brafish embryos are useful for screening agents for
their ability to affect BBB permeability in vivo.
(0586] While the foregoing invention has been
described in some detail for purposes of clarity and
understanding, it will be clear to one skilled in the
art from a reading of this disclosure that various
changes in form and detail can be made without
departing from the true scope of the invention. The
above examples are provided to illustrate the
invention, but not to limit its scope; other variants
of the invention will be readily apparent to those of
ordinary skill in the art and are encompassed by the
claims of the invention. The scope of the invention
should, therefore, be determined not with reference to
the above description, but instead should be
determined with reference to the appended claims along
with their full  scope of equivalents. All
publications, references, and patent documents cited
in this application are incorporated herein by
reference in their entirety for all purposes to the
same extent as if each individual publication or
patent document were so individually denoted.  What is
claimed is: 1.A method of screening an agent in vivo
for a toxic activity in the brain or central nervous
system (CNS), the method comprising:         (a)
administering the agent to a teleost; 



(b) detecting cell death, if any, in the brain or CNS
of the teleost; and         (c) comparing the cell
death, if any, in the brain or CNS of the
agent-treated teleost with cell death, if any in the
brain or CNS of an untreated or control teleost,
wherein an increase in cell death in the agent-treated
teleost compared to the untreated or control teleost
identifies the agent as having toxic activity in the
brain or CNS. 2.The method of claim 1, wherein the
agent is administered to the teleost by dissolving the
agent in the media containing the teleost. 3.The
method of claim 1, wherein the agent is injected into
the teleost. 4.The method of claim 1, wherein the
agent is administered by direct delivery to the brain
or CNS of the teleost. 5.The method of claim 4,
wherein the direct delivery to the brain or CNS is
microinjection of the agent into the brain or CNS of
the teleost. 



6.The method of claim 1, wherein the agent is
administered to the teleost in conjunction with a
carrier. 7.The method of claim 6, wherein the carrier
is a solvent, lipid, or peptide. 8.The method of claim
1, wherein the agent is administered to the teleost in
conjunction with at least one other compound. 9.The
method of claim 1, wherein the agent is fluorescent or
radioactive. 10.The method of claim 1, wherein the
agent is a small molecule and a library of small
molecules is screened for toxic activity in the brain
or CNS.  



11. The method of claim 1, wherein the agent is a
nucleic acid, peptide, protein, glycoprotein,
carbohydrate, lipid, or glycolipid.  12. The method of
claim 1, wherein the teleost is an embryo, larva, or
adult.  13. The method of claim 12, wherein the
teleost is an embryo.  14. The method of claim 1,
wherein the teleost is a wild-type strain.  15. The
method of claim 1, wherein the teleost is transgenic.
16. The method of claim 1, wherein the teleost has a
heritable mutation.  17. The method of claim 16,
wherein the heritable mutation is associated with a
brain or CNS disease or disorder.  18. The method of
claim 1, wherein the teleost is a zebrafish. 



19. The method of claim 1, wherein the agent is
administered to the teleost within 24 hours post
fertilization.  20. The method of claim 1, wherein the
agent is administered to the teleost within 48 hours
post fertilization.  21. The method of claim 1,
wherein the agent is administered to the teleost
within 72 hours post fertilization.  22. The method of
claim 1, wherein the agent is a nucleic acid analogue.
23.The method of claim 1, wherein the cell death is
apoptosis. 










