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[0003] Currently, searches for target-specific therapcunc and prophylactic compounds that

have the ability to enhance or inhibit angiogenesis activity, enhance or inhibit cell death

activity, andfor 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 vasculature, but also in many post-natal processes, such as wound healing and

tissue and organ regeneration. Angiogencsis has also been identificd as a critical process for

solid tumor growth. Furthermore, uncontrotled blood cell proliferation and excessive

angiogenesis have been shown to constitute significant pathogenic components in numerous
- diseases, including theumatoid arthritis, atherosclerosis, diabetes mellitus, retinopathies,

psoriasis, and retrolental fibroplasia.



10004) Met hods of screening agents for an ability to
i nhi bit or enhance angi ogenesis activity would be
useful in identifying those agents that would be
effective in therapeutic or prophylactic treatnent of
a variety of diseases involving angi ogenesis
processes. For exanple, angiogenesis inhibitionis a
power ful potential approach for aneliorating cancer
(Fol kman, New Eng. J. Med. 333:1757-1763 (1995);

Ker bel , Nature 390: 3550997)) and for reversing bl ood
vessel |oss associated with tissue ischem a, such as
di abetic retinopathy (Bonn, Lancet 348:604 ;199
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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 mcroplate readers to detect the death of
cells cultured froman organism A major drawback of
the cell culture assay format is that it does not
permt analysis of the effects of a conpound on cel
types that have not been cultured (i.e., other cel



10008) The identification of target-specific
t herapeutic and prophyl actic conpounds that exhibit
|l ow toxicity and/or side effects has al so been foca
poi nt of drug di scovery and devel opnent. Eval uation of
the potential inpact of different conpounds on humans
and animal health is a major conponent of risk
assessment. There is increasing concern that current
toxicity test procedures are inadequate. A nunber of
cell-based in vitro toxicity screens have been
devel oped. Significantly, however, these screens do
not permt evaluation of the toxic effects of a )
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tel eost or cells thereof indicating an effect on cel
death activity. Sonme such nethods conprise
adm nistering the agent to cells of a teleost in vitro
and detecting a response in such cell indicating an
effect on cell death activity. In sone such nethods,
the response is an increase in cell death activity. In
ot her such nmethods, the response is a decrease in cel
death activity. The cell death activity may conprise
apoptotic or necrotic activity. In sonme such nethods,



[00121 In another aspect, the present invention

provi des net hods of screening an agent for

angi ogenesi s activity and toxicity in vivo or in
vitro. Some such nethods conprise admnistering the
agent to a whole teleost in vivo and detecting a
response in the teleost indicating angi ogenesis
activity and/or toxicity. O her such methods conprise
adm nistering the agent in vitro to cells of a tel eost
and detecting a response in the cells indicating

angi ogenesi s activity and/or toxicity. 100131 In yet
anot her aspect, the present invention includes nethods
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signal is generated by the antibody bound to a
cellular receptor of the teleost. In sone nethods, the
response i s a change in nunber of cells or types of
cells of the teleost. In sosere nethods, the | abelling
reagent is a nucleic acid, and the detectable signa

is generated by the nucleic acid bound to a nucleic
acid of the teleost. In some nethods, the |abelling
reagent is contacted with a second | abelling reagent
that binds to the labelling reagent thereby generating
the detectable signal. In sone nethods, the

phar macol ogi cal activity is nodul ati on of



i ndi cated to have pharnacol ogi cal activity. Sone
nmet hods further conprise determ ning organ-specific
toxicity on a subset of agents indicated to have
phar macol ogi cal activity. [0018] The invention further
provi des net hods of nonitoring distribution of an
agent between tel eosts and a surroundi ng nedium In
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the mediumor the teleosts or both containing an
agent. The teleosts are cultured in the wells. In each
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ed., 1988); and Hale & Nhrharn THE HARPER COLLI NS
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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. [0061] "Cell death activity" in reference to
an agent is defined herein as the ability of the agent
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Unl ess specifically limted, the term enconpasses
nucl ei ¢ aci ds contai ni ng known anal ogues (synthetic
and naturally occurring) of nucleotides, which have
simlar binding properties as the reference nucleic
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ref erence nucl eotides. Unless otherw se indicated, a
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(0074) The term "protein expression profile" or
"protein expression pattern” as used herein neans a
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RNA entry into cells. Cenerally, oligonucleotide
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10081) The term "founder fish" as used herein refers
to the fish fromwhich a line of fish is generated.
Usual Iy, a founder fish is an individual fish which
carries a unique nutation and which is used to
generate progeny that also carry the nutation. 100821
A "physiological activity' in reference to an organi sm
is defined herein as any normal processes, functions,
or activities of a living organism 100831 A
"prophylactic activity" is an activity of, for

exanpl e, an agent, gene, nucleic acid segnent,
pharmaceuti cal, substance, conpound, or conposition
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[0652) 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 arca. For control animals, at |5 min
after injection the fluorcscence 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
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10088( The nethods of the present invention, which are
directed to screening agents for activities (e.g.,

angi ogencsis activity, cell death activity, and toxic
activity), are generally applicable for use in a

vari ous animals, including vertebrate animals, such as
fish. Various species of fish are suitable, including
tel eosts. Suitable teleosts include, for exanple,
zebrafish (Danio rerio), Medaka, G ant rerio, and
puffer fish. Typically, aninmal nodels of the present
invention are fish that are transparent or transl ucent
(i.e., optically clear) in at |east one of the
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RNA, etc. (00911 Another inportant advantage of

tel eosts over other aninmal mpdels is that tel eosts
devel op nmuch nore rapidly than do other ani mal nodels.
In general, the body plan, organs, tissues, and other
systens of teleosts devel op nmuch nore rapidly than do
such conponents in other vertebrate nodel systens
(e.g., the nouse). The entire vertebrate body plan of
the zebrafish, for exanple, is typically established
wi thin 24 hours. A functioning cardi ovascul ar system



100931 Tel eosts al so offer the advantage that agents
to be evaluated for toxic effects can be adm ni stered
directly to the devel oping teleost. Direct
i ntroduction of candi date conmpounds is hindered in
ani mal s which develop in utero, such as the nouse
enbryo. Further, the teleost enbryo is an intact,
sel f-sustaining organism It is different froma nouse
enbryo, for exanple, which because it is physically
renoved fromits nother's wonb, it is not
sel fsustai ni ngtar intact; a nouse enbryo mould
function nore as an culture Qr t he
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Agents to be Screened 100981 A variety of agents from
vari ous sources can be screehed for enhancing or

i nhi biting angi ogenesis activity, cell death activity,
ancUor toxic activity by using the nmethods of the
present invention. Agents to be screened can be
naturally occurring or synthetic nolecules. Agents to
be screened can al so obtained from natural SOLI TVZS,
such as, e.g., marine mcroorgani sns, algae, plants,
fungi, etc. Alternatively, agent to be screened can be



bi ot echnol ogi cal industries. Agents can include, e.qg.,
phar maceutical s, therapeutics, environnental,
agricultural, or industrial agents, pollutants,
cosneeeuti cal s, drugs, organic conmpounds, |ipids,

gl ueocorticoids, antibiotics, peptides, proteins,
sugars, carbohydrates, chineric nolecules, etc. 100991
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e.g., peptide, lipid or solygent carriers), or in '
conjunction with other conpounds. 101041 Agents can he
adm nistered to the tel eost before, at the sane tine
as, or after admnistration of a dye used for
detection of the response in the animal indicating a
specific activity (e.g., cell death activity,
angi ogenesi s activity, toxic activity).



101051 D. Adm nistration of Dyes 10106] A dye used in
nmet hods of screening agents for an activity (e.qg.,

cell death activity, angiogenesis activity, toxic
activity) can be adm nistered to the tel cost by adding
the agent directly to the nedia containing the live
tcleost. Alternatively, the dye can first be dissol ved
in the nedia and the live tel cost subnmerged in the
medi a subsequently. See, e.g., Westerfield, supra.
Dyes can also be adm nistered to the teleost by using
m croi njection techniques in which the dye is injected
dlrecthy into the live teleost. Dyes can be injected
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PPYRHEEY 101101 Changes in the distribution of a
protein both spatially and tenporally, including a
conpl ete absence of a protein, can be detected and
protein expression profil esocan be generated. Changes
in a level of an enzyme or enzymatic activity within
the intact tel eost can al so be detected by various
means, including, e.g., alkaline phosphatase staining
and use of streptavidin (avidin) conjugated reporter
enzyme to detect naturally biotinylated carboxyl ase
enzynmes in the liver, gut, and digestive tube of
animals. [01111 F. Autormated Met hods



(0112) In addition to manual screening nethods, the
present invention also provides nethods for rapid
screeni ng of agents for activities, such as
angi ogenesis activity, cell death activity, and toxic
activity, using automated procedures. Such autonmated
nmet hods can be readily performed by using commercially
avai | abl e automated i nstrunmentati on and software and
known aut omat ed observati on and detection procedures.
Multi-well formats are particularly attractive for
hi gh t hrough-put and aut omat ed conpound screeni ng.
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A. Angi ogenesi s 101161 The formati on and establi shnment
of a vascular supply is an essential requirenment for
the cellular inflow of nutriaitents, outflow of waste
products, and .gas exchange in nost tissues and organs.
Two processes for such bl ood vessel devel opnent and
differentiati on have been identified. One process of
vascul ari zation, terned "vascul ogenesis,"” occurs in
the enbryo and consists of the in situ differentiation
of mesenchymal cells into henpangi obl asts.
Henoangi obl asts are the precursors of both endothelia



101171 Methods for screening agents for inhibition or
enhancenent of angi ogenesis activity are useful in
identifying agents that woul d be effective in
therapeutic or prophylactic treatnment of a variety of
di seases invol vi ng angi ogeni ¢ processes. (0118) B.

Bl ood Vessel Formation (0119) New bl ood vessels form
during normal tissue growh and repair in a series of
sequenti al steps: an endothelial cell which forns the
wal | of an existing small bl ood vessel (capillary)
becones activated, secretes enzynes that degrade the
extracellular matrix (the surroundi ng) tissue, invades
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poor clinical outconmes. Also, cell shedding fromthe
primary tunor begins only after the tunor has a ful
network of bl ood vessels. In addition, both
angi ogenesi s and netastasis require nmatrix
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surroundi ng tissue and the extracellular matrix during
bl ood vessel and tunor invasion. Several differences
bet ween st andard chenot herapy and ant hangi ogenesi s
therapy result fromthe fact that angi ogenic
i nhibitors target dividing endothelial cells rather



101221 Drug resistance is a major problemwth

chenot her apy agents because nost cancer cells arc
genetically unstable and therefore prone to mutati ons.
Because angi ogeni ¢ drugs target normal endotheli al
cells, which are not genetically unstable, drug

resi stance may not devel op. So far, resistance has not
been a major problemin long termanimal studies or in
clinical trials of potential therapeutic drug

candi dates. Anti-angi ogeni e therapy may prove useful
in conbination with therapy directly ainmed at tunor
cells. Because each therapy is ainmed at different
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etal., Crculation 99111-120(1999). In prelimnary
experinments with humans, the gene has been injected
directly into the left ventzicle, the punping chanber
of the heart. Results to date fromthese studies are
prom sing. There have been no side effects and the
worst result to date has been no result. The sprouting
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98(25):2800-2804 (1998). 101261 E. Angiceenesis in
Zebraf sh 10127) In the zebrafish, as in other




addition to vascul argenesis, smaller vessels extend
fromlarger vessels to penetrate a specific tissue
(angi ogenesi s) (Fouquet et alL, supra). Experinents
suggest that both processes of vessel formation -
vascul argenesi s and angi ogenesis - are driven by |oca
signals. By day three of devel opnent, the zebrafish
has devel oped an intact, functioning vascul ature,

i ncludi ng both maj or vessels and sprouts, which has a
consi stent pattern of vessel |ocation. See Figs. 2A
and 3A. Because the zebrafish enbryo can survive and
devel op for at |least 4-5 days without a circul atory
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agent. Typically, neasurenents are perforned at the
sane tinme as neasurenents to assess activity of
adm ni stered agents. (0131) G Angi ogenesi s Screening
Met hods (01321 The present invention provides methods
of screening an agent for an ability or capacity of an
agent to enhance, inhibit, or block angi ogenesis
activity in a teleost in response to the
adm ni stration of a dose of an agent to the tel eost.
Angi ogenesi s activity is assessed relative to
cont enpor aneous and/ or historical control teleosts (or
ti ssues, organs, or cells thereof) to which the agent
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f0136) For exanple, to screen for an effect of the
conpounds on angi ogenesis activity, the subintestina
and intersomtic vessels are typically exam ned. To
screen for an effect of the conpounds on

vascul argenesi s activity, the dorsal aorta and ventra
vessel s are exam ned. Al of these vessels arc quite
prom nent in the unaffected tel eost enbryo and thus
serve as ideal indicators of changes in the vascul ar
pattern. In particular, these vessels are exam ned
for: 1) the presence or absence of vessels, which is
-indicative of inhibition of angiogenesis; 2) excessi ve
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vascul ari zation of the tunor. During treatnent, a

bal ance nust be achi eved such that a negligible |evel

of cell death is induced in other tissues or |ocations

in the body (such as the heart) Such undesired ectopic

cell death could be considered a toxic activity. A

conbi nation screen for assessing angi ogcnesis, cel

death, and toxic activities of an agent would be

useful in identifying those agents that protect the

heart from agents which i nduce apoptosis el sewhere.
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(01481 1)Enbryo Col I ection 101491 Zebrafish enbryos
were generated by natural pair-w se 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

mati ng; on average, 100-150 enbryos per pair were
generated. Enbryos were collected and placed in egg
cul ture nedia prepared by conmbining 5 granms (g) of
Instant Ocean Salt with 3 g of calciumsulfate in 25
liters of distilled water at 27C for approxi mately 20
hours (21 somite stage) before being sorted for
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(01561 To determ ne the effect(s) of a compound on
vessel formation on a fish, the conpound was added
directly to the culture medi um sol ution containing the
fish enbryos (e.g., to individual mcrowells
containing the fish enbryos). Conpounds were added to
the medi um solution at 12 or 24 hours of devel opnent
of the fish enbryo, which is prior to the point at

whi ch angi ogeni ¢ vessels can first be identified using
thefl k-/ in silu hybridization probe. Fouquet ci aL,
supra. Assays were perfornmed in 6-well, 24-well, or
96-wel | plates. Such plates facilitated automati on of
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101611 6) Bl eachi ng Tel eosts 101621 If desired,

tel eosts (e.g., zebrafish enbryos) can be bl eached
before or after al kaline phosphatase stai ning.

Bl eachi ng renoves the nelanin pignent fromthe tel cost
and permts the screening of tele:Jost w thout the
adverse effects of |-phcnyl-2-thiourca (PTU)

treatment. Post-stain bleaching al so renpves the
extracel lul ar staining associated wi th background

stai ning. Bleaching effectively enhances visualization
and anal ysis of the response of the treated teleost to
a conpound through the renoval pignentation of sone
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[01681 Changes in the distribution of a protein both
spatially and tenporally, including a conplete absence
of a protein, within the intact tel eost can be
detected. For exanple, changes in the pattern of the
vascul ar endothelial growh factor, VEGF, can be

exam ned using standard anti body staining procedures
(Westerfield, supra) or in situ hybridization

techni ques descri bed above (see al so Wsterfield,
supra). VEG- is believed to have two roles in vascul ar
devel opnent: 1) a cheno-attractant or gui dance role;
and 2) a maintenance role (Dunont etal., supra). Thus,
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(0175) To circunmvent this problem we began the assays
at 22 hours of devel opnent (26 somte stage). At this
stage of devel opnent, the dorsal aorta and ventra
vein are present in the anterior, but not in the
posterior regions of the zebrafish enbryo. This
permtted exam nation of both vascul argenesis and
angi ogenesi s i ndependently in the sane enbryo. For
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menbrane that surrounds the enbryo for the first 2-3
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probl ens, we renoved the chorion by enzymatic



Table I. Sunmary of Concerto ation Effects of
Conpounds Conpound 100 pM Effect 10 01Vl Effect 1 pM
Effect MT (11)

feeding into ischemic tissue is rarely sufficient for full restoration of biood 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 occutt
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.

[0125] Angiogenesis genc therapy is an expermental 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 iegé 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 et al.; Circulation 99(1):111-120 (1999}. In preliminary experiments
with humans, the genc 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
oceurs, seems to stop after four to six weeks, Losordo et al, Circulation 98(25):2800-2804
(1998).

[0126] E. Angiogenesisin Zebrafish

[0127} In the zebrafish, as in other vertebrates, blood vessels form from precursors cells
(angioblasts) 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 aotta, vena cava, and vessels dirccted to some organs, are

believed to form by local assembly of angioblasts into tubes (vasculargenesis). See Fig. 1. In
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addition to vasculargenesis, smaller vessels extend from larger vessels to penetrate a specific
tissue (angiogenesis} (Fouquet ef al., supra). Expeniments suggest that both processes of
vessel fonmation — 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 2¢brafish embryo can survive and develop for at least 4-5
days without a circulatory system, with the transparent zebrafish it is possibie to study the

effects of a variety of agents on all aspects of vascular formation in an intact, live animal.

{0128} F. Advantages of Using Zebrafish in Screening Assays for Angiogenesis

[0129] Currently, a variety of assays are used to study the process of anglogenesis 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
comca, and inducing ischemia by constricting existing blood vessels (Jain ez al., Mat. Med.
11:£203-1208 (1997)). While these and other approaches generate & great deat of
information about the process of angiogenesis, the tissue manipulation required for each
assay make them unsuitable for use as screening tools. (Comparai{ve 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 individusl microtiter

wells, making automated analysis with standard liquid handling equipment possible.

{6130] In addition, with teleosts, such as zebrafish, the side effects of un agent can be
monitored and assessed simultaneously along wilh the principal effect of the agent. This
provides a significant advantage in methods for screening compounds for angiogenesis
aclivity, 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 cetls. 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 cffects of agents on z¢brafish

cells and/or embryogencsis can be monitored at time intervals after administration of the
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agent. Typically, measurements are performed at the same time as measurements to assess

activity of administered agents.

{0131] G. Angiogenesis Screening Methods

{0132} 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
contrai 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 disrupis
existing vessels. Responses indicating an angiogenic sctivity can be detected in & whole
teleost or in onc or more organs or tissues of a teleost, 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 discases involving
angiogenic processes, including cancer, coronary artery disease, congestive heart failure,
peripheral arterial discase, peripheral venous disease, neurological diseuses,
cardiopulmonary diseases, ischemia, developmental discases, autoimmune diseases, and
diseases of bone and cartilage. In general, these methods are useful in screening
compounds for therapeutic activity against diseases that would benefit from an increase in
angiogeresis activily (e.g., increase in blood vessel formation) or decrcase in angiogenesis
activity (i.e., anti-angiogenesis activity, a reduction in blood vessel formation).

[0134] 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 angiogenesis. After a suitable period
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d) Conpound Concentration [01821 As a primary screen
for conpound effects, we tested each conpound at three
different concentrations to determ ne which
concentration woul d provide the nost information. The
concentrations tested were 100 ply!, 10 pM and | pM
Results are summarized in Table |I. For these
experinments, we added 50 pl of 10 mM stock solution to
5 mM of enbryo water to generate a 1001.I M solution in
1% DVMSO. The subsequent concentrations were generated
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| gt%é@%e(tég)g%)nbwo. Once inside the embryo, compounds diffuse freely within
the embryo.

{0136) For example, to screen for an effect of the compounds on angiogenesis activity, the
subintestinal and intersomitic vessels are typically cxamined. To screen for an effect of the
compounds on vasculargenesis activity, the dorsal sorta and ventral vessels are exumined.

All of these vessels arc quite prominent in the unaffected teleost embryo and thus serve as
ideal indicators of changes in the vascular paitern. In particular, these vessels are examined
for: 1) 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 aspecty of

vascular formation in the intact embryo can be readily evalualed.

{#137] 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 1o a 24-hour teleost
cmbryo 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
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(01831 In contrast to the fumagillin derivatives, at
10 pMthe NCI conpounds had no observable effect on
vessel formation. However, | of the 10 NCI conpounds
was | ethal at this concentration and 2 of the IC
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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 angiogenesis, cell death, and toxie 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 promole 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 typicaily have the
therapeutic goal of preventing cell desth in a damaged or transplanted tissue.

{0142] 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, light microscopy, digital image analyzing, standard microplate reader techniques
{colorimetry, fluorometry, including time-resoived fluorometry, and chemiluminescence), in,
situ hybridization, antibody staining of specific proteins, changes in protein distribution
temporally and spatially within the animal, changes in 2 level of enzymatic activity in the
whole teleost, or tissues, organs or cells of the teleost, ete. Furthermore, the response can be-

discriminated and/or analyzed by using pattern recognition software.

[0143] In one aspect, the present invention provides a mcthod of screening an agent for an
increase or decrease in angiogenesis activity as described ebove which further comprises
screening the agent for an increase or decrease in toxicily by detecling 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.

[0144] 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 cnhance or inhibit cell death activity by detecting a
responsc in the teleost indicating an enhancement or inhibition of cell death activity. Sucha
method is useful, for exarmple, 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.
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§0145] Examples

[0146] 1.  Screening Compounds for Angiogenesis Activity in Zebrafish

14147] A, Matertals and Methods

{0148} 1) Embryo Collection

{0149] 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 Occan Salt with 3 g of calcium sulfate in 25 liters of
distilled water at 27°C for approximately 20 hours (21 somite stage) before being sorted for
viability, using both morphotogy 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 rcoom 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.

{0158] 2) Compounds Screened

f0151] Compounds from the following two sources were scrcened 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.

[0152]) The NCI Open Synthetic Compound Cotlection library consists of more than

100,000 unique compound structures; currently, only 12,000 are available for screening.

[0153] Compounds obtained from MIT consisted of 11 fumagillin derivatives, including
TNP 470 (Turk et al., Bivorg. Med. Chem. 8:1163-1169 {1998)) and AGM-1470,
Fumagillin is & natural product isolated from fungus with potent anti-angiogenic and toxic
cffects. AGM-1470 and the other fumagillin derivatives are angiogenesis inhibitors, which
prevent entry of normal, but not transformed, endothelial cells into the G1 phase of the coll
cycle by binding type 2 methionine aminopeptidase (MetAP2). The derivatives were
supplied at an initial concentration of 20 mM. Samples were diluted in dimethy] sulfoxide

(DMSEQ, Sigma Chemical Co.) to a stock concentration of 10 mM.
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{0154] Compounds from NCI werc 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 DMSQO. No specific information on

compound source, activity, chemical structure, or mechanism of action was available.

{0155] 3) Administration of Compounds

{0156] 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 the fIk-1 in situ hybridization

probe. Fouquet er al., supra. Assays were performed in 6-well, 24-well, or 96-well platcs.
Such plates facilitated automation of the chemical application and subsequent analysis,
including dose response, and subscquent analysis.

{0157} 4) Visual Scresning

{0188] After administering a compound to the fish embryos, the embryos were
maintained in individual microwells at 28°C 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 celis through each embryo.
[015%] 5) Vessel Staining

{0160] On the third day of development, cmbryos 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 (0.1M Tris-HCl pH 9.5; 50 mnM MgCl; 0.1M NuCl; 0.1% Tween 20} at room
temperature. After the embryos equilibrated, embryos were stained by adding 4.5 pl of 75
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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.

[0163] To bleach zebrafish, the fish were immersed for 10 minutes at room temperature in

5% formamide, 1 X sodium chloride/sodium citrate and 10 % hydrogen peroxide.

{0164}y 7)  [nSite Hybridization

{0165] Tn addition to performing visual screens, specific molecular changes in teleost
tissues can be delected by in situ hybridization of RNA or antibody staining of specific
proteins. I 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 sitie hybridization can be carried out as follows:
Embryos are fixed with 4% paraformaldehyde in PBS, lightly digested with proteinase K, and
hybridized with 1 pg of probe in in situ hybridization solution (50% formamide, 5X 83C, 50
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I ncrease in

pg/ml Heparin, 500 pg/ml tRNA, 92 pl of 1M citric acid, pH 6.0, and 0.1% Tween 20) at
65°C. Alkaline phosphatase-conjugated anti-digoxigenin antibody is used to detect signals.
Background staining from cndogenous alkaline phosphatase does not pose a problem,
beeause endogenous alkaline phosphatase does not survive the in situ hybridization
procedure. Afler staining with NBT/X-phosphatase (Bochringer Mannheim), embryos are
bleached in 100% methanol, refixed in 4% paraformatdehyde, and stored in PBS. Multiple in

situ hybridizations can be performed simultaneously on different teleosts in multi-well dishes.

[0166] 8) Additional Assays for Anpiogenesis

|[0167] 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, fik-1, tie,
tek, and j1i (Dumont et al., Dev. Dyn. 203:80-92 (1995); Liao et al., Dev. Suppl. 124:381.389
(1996); Fouquet ef al., supra) can be performed using procedures outlined above. Flk-/ (Fig.
8), tie, and tek are receptor tyrosine kinases, which label angioblasts earty in development.
Fli is a transcription factor which labels them at a later stage. Because fIk-1, tie, tek, and fli
appear sequentially during angioblast development in veriebrates (Dumont ef al., supra),
assaying for the presence or absence of these molecules makes it possible not only to
determine i[ the angioblasts are affected, but also the stage of development 4t which they are

affected.

[06168] Changes in the distribution of a protein both spatially and temporally, including a
complete abserice of a protein, within the intact tclcost 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 hybrdization
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 ef al., supra). Thus, chemicals which affect VEGF expression arc of particular
interest. The above are examples of well known molccular markersi other molecular markers

can also be employed.

{0169] 9) Funclion Assay

{0170] In addition o changes in the vascular architecture, vascular function (circulation

and heart rate) may also be affected by compounds. To determine whether a compound
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administered to zebrafish affected vascular functioning (e.g., heart ratc and circulation), heart
rate and circulation of the zebrafish embryos are studied. In this instance, heart rate was
asscssed 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. Zebrafish 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 ef al., Nature Med. 1:1143-1147 (1995) to examine the integrity of the vascular
systern for vessel leakage and blockage, which can causc changes in vessel formation and
maintenance. Bmbryos 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 epifluorescence 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.

[0171] B. Results

(6172} 1) Detennination of Parameters for the Delivery of Compounds to Target Tissues

and Organg

{0173] a) Embryo Devclopmental Stage

{0174} In our initial studies, we employed 12-hour zebrafish embryos (6 somite stage) for
the assays and began the assays at the 12® hiour of development. Although this time poind is
advantsgeous 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 somites,
and the heart arc 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).

43



43005 NC (190) 18/190 5 13

[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 pennitted
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 anpiogenesis, we examined the
embryos for the presence of sprouting vessels, including the subintestinal and the intetsomitic
vessels. The subintestinal vessels begin to form at 36 hours of development; therefore, using
the 22-hour time point reducces the time between compound administration and angiogenic
vessel formation. This is an important consideration for compounds that are unstable under

the culture conditions.

{6176] b) Embrye Maintenance

[0177] Initial experiments were performed in 35 mm 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.

[0178] in an attempt to circumvent thesc 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 normatly in 50-100 jul of embryo water forup to 5
days. Therefore, we coilected, dechorionated and sorted 22 hour embryos into either: 1) 96
well plates with one embryo per well in 100 ul; or 2) 24 well plates with 5 embryos in 500 pl
of embryo water. The embryos were allowed to develop for 72 hours before examination.
The embryos were assessed by size, morphology, and movement. No abvious differences
were observed between the embryos raised in the microwell plates and control cmbryos
raised in largor containers. The cmbryos were fixed and stained for endogenous alkaline
phosphatase to examine vessel formation. The staining pattern in the experimental embryos
was identical to thal observed in the controls. For the manual screen, we preferred the 24

well format and used it for all expeciments described below.

{01791 ¢ Compound Delivery
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{0181} d) Compound Concentration

{0182] 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 uM, 10 uM, and 1 pM. Resulls are
summarized in Table 1. For these experiments, we added 50 pl of 10 mM stock solution to 5
mi of embryo water to generate a 100 M solution in 1% DMSQ. The subsequent

concentrations were generated by 1:10 and 1:100 difutions in embryo water, for each
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these experiments, we decided to use 10 pM concentrations with 0.1% DMSO. The results
indicated that at relatively high concentrations, DM SO 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
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/02011 For this specific experinent, we defined
toxicity as whole enbryo lethality by 72 hours of
devel opnent. Using the previously established assay
paranmeters, we predicted that the 10 gM concentrati on
of a conpound was unlikely to induce toxicity.
Therefore, we were not surprised that only 5% (6. 8% of
NCI, 13/190) of the conpounds tested were lethal. O
the 13 lethal conpounds, eight killed the enbryos
within 24 hours of application. The remaining 5
compounds caused | ocalized cell death (4 in the tai
and | in the head) within 24 hours and whol e enbryo
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therefore, it was not necessary to perform any

m croangi ograns to assay circul ati on. However, because

it 1is unlikely that this w441 be the case for al

compounds, the m croangi ogramtechnique is typically

included as part of the screening nethods. A

m croangi ogram was perfornmed as part of our initial

studi es on a zebrafish enbryo at day three of

devel opnent. The m croangi ogram shows the nor nal

vascul ar pattern of the zebrafish enbryo, including

the cranial, intersegnental, and subintntinal vessels.




(0209] 1) Diffusion of Small Conpounds into the

Tel eost Enbryo 102101 One nmj or concern prior to
experimentati on was whether different types of snal
nol ecul es woul d diffuse into the zebrafish enbryos
after addition to the nedia. Qur initial studies
denonstrated that fumagillin and ovicillin were
capabl e of diffusing into the zcbrafish enbryo.
However, these conpounds are natural products
identified because of their ability to diffuse into
cells in culture. O the 201 snmall nol ecul e conpounds
screened, 81 had sone observable effect on zebrafish
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the effect of finnagillin, a natural anti-angi ogenesis
chem cal, on bl ood vessel formation in the zebrafish
enbryo. The conpound was adnini stered by addition to
the fish culture nedia. This conpound caused a
reduction in angi ogenesis, indicated by a reduction of
the subintestinal and intersomtic vessels (see, e.qg.,
Fig. 7). However, each conmpound al so caused seri ous
conplications in the enbryo including pericardia
edema, devel opnental del ay, and axial defects.
Al t hough these experinents denonstrated the
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102211 In the zebrafish as in humans, vascul argenesi s
is the process by which the | arge vessels, including
the aorta, vena cava, and vessels to some organs, form
fromlocal precursors cells (angioblasts) distributed
t hroughout the nesoderm of the enbryo (Fouquet et at,
supra). W observed vascul ar defects with 8 of the 241
compounds screened. The effects observed were limted
to a disorgani zation of the dorsal aorta and ventra
vessel in enbryos with severe devel opnental delay. It
is not clear that vascul argenesi s requires extensive
cell proliferation, and these observed effects on the
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tel eost and detecting a response indicating an
enhancement or inhibition in angi ogenesis activity. No
preci se method for screening | arge biol ogica
nol ecul es for angi ogenesis activity currently exists.
Thus, the nethods of the invention are thus of
particul ar value and use in evaluating the use of




cardi opul ronary di seases, ischem a, devel opnenta

di seases, autoi mune di seases, di seases of bone and
cartilage, and cancer. (02281 A wi de range of

bi ol ogi cal conpounds, including peptides, proteins,
gl ycoproteins, nucleic acids (e.g., DNA and RNA),
l'ipids, glycolipids, and the like, including, but not
limted to, derivatives, anal ogues, and chi nmeras of
such compounds, can be screened by these nethods. As
di scussed above, compounds froma library of
conpounds, including a conbinatorial |ibrary, can be

screened. [0229] Recently, a nunber of bi ol ogica
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10233] To deliver nucleic acids to teleosts, we
established a mcroinjection system M croinjection of
DNA, RNA, and proteins is a well established procedure
used in a variety of biological systens, including
single cells, frog enbryos, nouse enbryos, and
zebrafish. Westerfield, supra. in the zebrafish, it is
possible to | oad every cell of the enbryo by injecting
nol ecul es of interest into the yolk of 1-16 cell stage
enbryos. See Westerfield, supra. Using these standard
approaches, several hundred enbryos can be | oaded in a
t wo- hour period. [0234) 3. Evaluation of Biolistic Cel
L aatdicnge dciraluag i (0 28 5inalBinatkduicbrapogels kerdeasid 1rhgd some

t gfs@r@@qieog%clgﬁq ge%raﬁs%%&? osQ?({/F‘)b %n%%u erQ |d¢§1§iﬂ8%ﬁch caused color

teres nto tissues an ans of
arliangg (date notishiwg), frem HEH é{\dé 111 plimegibp desveiyes)-e RSS!

birl RO G s TRbIRE HaBinidli Rolekiied bbidd dntlnt Ymbridd 0 ditiid wabhe
cell or tissue of interest of the animal using a
hfYK'pr essure gun. This techni que has been used

aﬂgfﬁs§% t [ r, culture cells as well as
uelvanigees o v I

eﬂl
; GEBNA pl asnid constructs.

a]ﬁ#] Cﬁmcs 1%%&1\*&?@1: usm \gféﬁl Igeggs? %@yﬁglfcgr%lggﬁ sthe(agrar’)‘;ﬁc)
| (;iardifnfd?egtaw ‘b‘ét'ﬂi@é"@e‘h%m'dﬁméP#YerIW%\’fi“ﬂ}@l selpf expenments we

m&tﬁ&bﬂd@i@n&daﬂﬁrg&?l@h%@ URSoliObd mua&w ﬁmmn@gmbaaustamg
nd. te

anl @8@“‘%@\‘%"% the, g‘%g gdéf“g%l'i'efv’ At V%I g?ler i %eh cﬁﬁ'
t edsygstith (e whole embniye woucedveteabls pebidniethal be bit MG resmpgupdsi n
the ehgjhﬁ‘ﬁ?ﬂear@m by ?%eral%HPﬁolﬁéatIoh rde] hi@mal; BemdI Ab TR ke

surface o prior

- ottearsepedTne. TR peoor bt bbfraing? s S or
f @rinéeptibdcyibtABR)eintk CQN@6D erd czliteteet helcpfdiaect s of
Compounds on Angi ogenesi s Activity and Endot hel i al
CHR13) To¥d adsoolyse{veDBBnba of efkdr effasts mréth othasicrenoveds.ppk 6 cul ar
C IROLHAE weSbRfve PPN 1RAt hRENIARSHE G b LisRl RPEYbA Gk Aise

use, a_ nunber of additional parame [ i ncludi ng t he
T%F‘E‘Béﬁﬁ“i"tWW‘ﬁﬂ‘bW‘%‘Yt%@'yﬁ‘f‘éﬁp?s\?gewqu&c&c\ﬁlsh’ﬁﬁ &
dedrasintaaaate b Q23 Qdspdition] IToH gpeitite inechMinckafin thi® 246 led Bifert
T el i Qs Madi an

P?egtl3%%%%nceﬂiﬁ%%§%%m%%gggﬁlh@&lgegkbgggawggtha
CenndusHvipyatecksnisp rgioy fqrinorgnel hea@e‘/lM} or 2) e gorprgund directly
daﬁ biTked o&Mucﬁdim rﬁldc%@hlunzgmzﬁﬁ&lsﬂ{xlaﬂb bwi-m?m&s eit@nd

n oportio el e |e
Gl S Bp oy RECRGE e Bt - RRT Ry

cm@ewinmuh@l, astwell anax B0 eoff int 4191 t blsedusent st ﬂtﬁ@nb&tilbelh\ﬂ
e&gbs@s £peagmna&a£b§{a ARRME ten P RAPWaly LRGSR bR oRS

other organs, mc!udmg, 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 cffects on blood vessel formation.

[0214] 3) Screening for Anti-Angiogenic Effects

[0215] Inour first set of screening experiments for anti-angiogenic effects, we examined

the effect of fumnagillin, a naturel anti-angiogenesis chemical, on blood vessel formation in
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good potential drug candi dates because toxicity at the
t herapeutic concentration is | ow Agent concentrations
typically range frompiconolar to mllinolar. 102411
B. Effective Wndow 102421 The Effective Wndow (EW
identifies the point during angi ogenesis at which a
conpound is effective. This is determ ned by exposing
enbryos to the EC50 of a conpound at different stages
of angi ogenesi s, beginning with the 12 somte stage,
when angi obl asts are first detectable, through the 72
hour stage, when vascul arization in the enbryo is
conplete. 102431 In our prelimnary studies, we
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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
emhryo (Figs. 5A-35C). Inorder to increase the likelihood of identifying compounds which
stimulate angiogenesis, we explored the use of mutant zebrafish lines, such as the gridlock

mutant (Weinstein ef ai., supra), which has defects which block angiogenesis.
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[02481 Briefly, enbryos are fixed for 2 hours at room
tenperature. The enbryos are then washed two lines in
phosphat e buffered saline with Tween (PET) and
perneabi l i zed by treatnent acetone at -20C for 7

m nutes. The enbryos are rehydrated and then treated
with a bl ocking solution (2% goat serum 1% bovi ne
scrum al bunmin (BSA) in PET) for 30 m nutes at room
tenperature. Next, the enbryos are soaked in bl ocking
solution containing the primary anti body overni ght at
4C. The enbryos are then be washed 5 tines in PET with
1% BSA. The enbryos are soaked in bl ocking sol ution
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angi obl ast devel opnent is inpaired; and 3) no tail and
fl oati ng head (Fouquet et at, supra), notocord
mutants, in which the format4d on of the | arge vessels

i s blocked. The useful ness of these and ot her nutant
lines are readily evaluated by using the nmethods for
screeni ng conpounds for angi ogenic activity described
herein. Currently, there are no known nutations that
cause increases in vessel growh in zebrafish. 102531
G Assessing Effects of Angi ogenic/ Anti-Angi ogenic
Conmpounds on Organ Systens




(02541 The effects of a conmpound on organ systens

ot her than the vascul ar system (e.g., kidney, heart
etc.) can be determ ned by using screeni ng nethods
descri bed herein. The ability to make such

determ nations is significant, because in evaluating
the potential therapeutic value of any conpound
identified using the methods of screening conpounds
for angiogenesis activity, it is inportant also to
identify adverse effects, including adverse effects on
ot her organ systens. The tel eost nodel is ideal for
this purpose because many of its organs can be
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identification of the atriumand the ventricle - the
t WBhdnbFdei®F the fish heart. Briefly, embryos were
fixed for 2 hours at roomtenperature. The enbryos
were then washed two tinmes s PBT with Tween and
perneabilized by treatnent acetone at -20 C for 7

m nutes. The enbryos were rehydrated and then treated
with a bl ocking solution (2% goat serum 1% bovi ne
serum al bumn (BSA) in PBT) for 30 m nutes at room
tenperature. Next, the enbryos were soaked in bl ocking
sol ution containing the primry antibody overnight at
4C. The enbryos were then washed 5 tinmes in PBT with




tissue in an ischemc stroke or at the center of toxin
action. Id. Necrotic cells swell and |yse, thereby

rel easing their nuclear contents into the surroundi ng
intercellular regions and causing an inflammtory
response. Id. Significantly, however, necrosis is not
the only nechani sm by which cells die. 102601
Apoptosi s, or programed cell death, is a

nat ural | y-occurring physi ol ogi cal process that plays
an inportant role in nodeling tissues during

devel opnent. Kerr et al., Br. J. Cancer 26:239-257
(1972); darke, Anat. Enbryo!. 181:195-213 (1990).
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c r,phe ase, and neurodegenerative

dﬁgggséé) f%%gﬁ§§ng vari ous chenot herapi es and organ

transpl antati on, have been shown to i nduce apoptosis

in normal cells. 1d. [02641 skndi scrimnate inhibition

of apoptosis can lead to w despread hyperpl asia, and

i nappropriate pronotion of apoptosis may lead to

undesirabl e ti ssue degeneration, underscoring the need

for nore precise assays for studying cell death.

Mul ti pl e pathways to apoptosis nean that different

t herapeuti c approaches are possible for treating

abnormal apoptotic regul ation, denonstrating the need



[ 02651 Understandi ng of the mechani snms of cell death
activity, including apoptosis, would facilitate the
devel opnent of therapeutic conpounds that either
stimulate, trigger, or initiate cell death, or,
alternatively, suppress, inhibit, or block cell death.
For exanple, the discovery of signaling proteins and
their correspondi ng receptors presents the opportunity
for the devel opnent of tools for correcting the
apoptotic cellular machinery when it goes awy or
harnessing its potential for cell kiIIing Because
abnormal regul ation of apopt08|? has been i nplicated
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vertebrate system 102681 Currently, there are two

pri mary approaches for deteéfing cell death activity
in vertebrates hosts. The first approach uses standard
cells culture techniques and typically relies on
standard mcroplate plate readers to detect the death
of cells cultured froman organism A major drawback
of the cell culture assay format is that it does not
permt analysis of the effects of a conpound on cel
types that have not been cultured (i.e., other cel



(02701 Gene products that regulate cell death
activity, including apoptosis, are excellent targets
for therapeutic intervention in alleviating many

di sease processes. Few such therapeutic gene products
currently exist. It would be also desirable to provide
a nethod of screening a conpound for its potentia
therapeutic effect on cell death activity. Such

nmet hods woul d be of benefit in alleviating diseases
resulting fromabnormal cell death processes,

i ncl udi ng those resulting fron1inappropriate cel

death or inhibition of cell death apoptotic
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{0277) Cell death activity can be detected in vivo or
invitro by using at | east one of a variety of

techni ques, including, e.g., fluorescence m croscopy,
l'ight mcroscopy, digital imge analyzing, or standard
m cropl ate reader techniques (colorinetry,
fluoronetry, including tinme-resolved fluoronetry, and
chem | um nescence), antibody staining of proteins,
changes in enzynme |evels or enzymatic activities in
the whole tel eost, or tissues, organs or cells of the
tel eost, and changes in protein distribution
tenporally and spatially within the aninmal. The
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102811 Notably, the in vivo nethods of screening
agents for cell death actividy of the present
i nvention provide a nore sensitive and accurate
detecti on and neasurenment of cell death in whole
enbryos in vivo than permtted by existing approaches.
O her fluorescent markers of cell death, such as
Acri di ne Orange, pass through the nmenbranes of cells
of live enbryos nuch nore readily and fluoresce under
a variety of conditions than do nononeric cyanine




together for nonitoring nultiple cellular and/or

nmol ecul ar phenonena in response to an agent

adm nistered to the animal in vivo simultaneously over
time. Dyes can be selected to have em ssion bands that
mat ch commercially available filter sets such as that
for fluorescein or for detecting nultiple fluorophores
with several excitation and em ssion bands. [02831
Furthernore, in contrast wth other fluorescent

mar kers 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
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Such information permts further characterization of
the screened agents. 1028616s noted above, cell death
activity (e.g., apoptosis and necrosis) can al so be
detected by digital imaging. Digital inmaging is an

I ndi spensabl e tool for biological research due to
several advantages when conpared to the human eye.
Digital imging involves the collection of inmges
usi ng a charge-coupl ed device (CCD). The higher
sensitivity imaging detector enables one to visualize




sufficient for detectable cell death to occur in the
presence of the conpound. In addition, nmultiple tine
poi nts can be exami ned to detect any pertinent
physi ol ogi cal activity. Sonme such nethods further
conprise detecting a response in cell death activity
(e.g., apoptosis) after a second predeterm ned tine
i nterval using the detection techni ques descri bed
herei n. Such nethods are useful in evaluating the
effect of an agent (e.g., chem cal conpound, drug,
envi ronnent al agent, agricultural conpound, toxin,
pharmaceutical, cosmeceutical, etc.) on tissues and
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cyani ne dyes di scussed above, or by labeling with in



i dentifying 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
Angi ogenesi s Activity and/or Toxic Activity
Si mul t aneously 102941 The net hods for screening agents
for cell death activity can be conbined with other
nmet hods of the present invention, including nethods of
screeni ng agents for angi ogenesis activity (Section
Il) or toxic activity (Section 1V). Because teleosts
are transparent i S possible to assess, effects
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activity in vivo or in vitro as described above Whi ch
further conprise 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 @spect, the invention
provi des net hods of screening an agent for an effect
on cell death activity in vivo or in vitro as
descri bed above which further conprise screening the
agent for an increase or decrease in angi ogenesis
activity by detecting a response in the tel eost
i ndicating an increase or decrease in angi ogenesi s
activity. [0298] Wth such conbinati on nethods, the



(0299) Exanples 103001 I.Induction of Cell Death in
Zebrafish Enbryos (0301) Treatnent of zebrafish with
retinoic acid (RA, vitamin A acid) leads to increased
apoptosis in a nunber of devel oping tissues, including
the neural tube. Ellies etal., Mech. Dev. 61:23-36
(1997). Retinoic acid is known to regul ate the
expression of the 'fox gene famly. Menbers of this
gene fam |y have been shown to confer positiona
identity to cells during devel opnment. Hunt etal.,

Nat ure 353:861-864 (1991). Retinoic acid induced
apoptosis may be a result of a change in a cell's
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zebrafish enbryos in vivo. The accuracy of such assays
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C%Lrgelégu?g :tpslpgttcnum 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 investipation,
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.

{0266] Improved undenstanding 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 I 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.
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I nduce Cell Death (e.g., apoptosis) wth cell-death

i nduci ng conpound te Add Test Conpound Stain Eintayos
(e.g., Fluorescent Dye) Collect and Conpare | nmages
03041 This nethod can be readily automated usi ng known
aut omat ed software and instrunentation systens. 03051
Wth this nmethod, zebrafish enbryos are first
generated by natural mating and then collected and

pl aced in egg water prepared by conbining 5 gram (Q)
of Instant Ocean Salt with 3 g of calciumsulfate in
25 liters of distilled water. Enbryos are then be
treated with a 2 ng/ml pronase solution for 1 mnute
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Wéls"é‘f’e séﬁ‘Fd We'?fﬁ‘ﬁﬁ %@6“"5?"2’8’@“%]?1’% f b p@yltiplazpepiogigpathvays
a paMipRisddi ol inéh YRVl Bl FR AoRbulS ! ARe: steliur&tiahd Yagi@in vivo assays of
screening a compound for its effect on cell death activity, such as apoptosis, in vive in a
vertebrate system. [t would thercfore be desirable to provide a rapid in vive method of
screening a compound for its effects on cell death activity, including apoptosis and necrosis,

in a vertcbrate system.

10268] Currentiy, 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 nicroplate plate readers to detect the death of cells cultured from an
orémism. 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 caltured (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 simultancous monitoring of celt death activities in multiple

tissues, organs, or systems of a live host or monitoring over time.

j0269] A second epproach to detecting cell death activity utilizes a histochemical staining
technique, designated lerminal deoxyuridine nucleotide end labeling (TUNEL) to detect dead
or dying cells (e.g., apoptotic cells) in sectioned tissues of vertebrate embryos. Gavrieli ef
al.,J. Cell. Biol. 119:493-501 (1992). Unfortunstcly, with this approach, only & single time
point in the lifc oycle of the host can be examined; the death of cells in various lissues or
organs over a period of time cannot be monitored. Nor can side effects due to an
administered compound be monitored simultaneousty or over time. Because many diseases

oceur in stages, the ability to examine changes in the pattern of cell death activity caused by a
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103061 2. Fl uorescent Detection of Cell Death in Live
Zebrafish Enbryos 103071 To identify cells undergoing
cell death, enbryos are stained with a
menbr anei npenneant, nucl ear-staining fluorescent dye,
such as a dye of the benzothi azolium4- quinoliumdye
fam ly. Benzothi azol i um 4-qui nolium dyes are sol uble
in DMbO and can be administered to the zebrafish by
addi ng the dyes directly to the nedium which usually
contains DVMBO. Z, ebrafish tolerate high | evels of DVSO
wel | . 103081 Zebrafish enbryos are generated and the
chotions arc renoved as descri bed above. The enbryos
arcemwlduvd the duritivt of dreq Brals RIS £ffct G 808 compdnd sfeddtiplt tissues, would
%@%M‘Egg fRoveAUE Qe HAE dﬁﬁl@lﬁ&i@e + cell death)

reat ed, unstal ned enbryos (autofl uorescence
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[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
detocting 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
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(0314) To confirmthe accuracy of fluorescent
detection of cell death (e.g., apoptosis), a
conventional TdT-nedi ated dUTP-biotin nick end
| abel i ng assay (designated term nal deoxyuridine
nucl eoti de end | abeling or "TUNEL") is perfornmed on
the sane enbryos (G oups 1-4, described above). The
TUNEL assay is described in Gavrieli etal., J. Cell
Biol. 119:493-501 (1992). This assay is a nethod o f
it; situ labeling of DNA breaks in nucleic, in tissue
sections processed through standard hi stopat hol ogi ca
procedures, The method enpl oys term nal _
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concentration of the fluorescent dye (e.gqg.
benzot hi azol i um 4-qui nol i um dye) in enbryo nedia. The
enbryos were then exposed t& 100 12M of | buprofen by
addition to the nedia and exam ned by |ight and
epi fl uoreseence microscopy every IS mnutes for 2
hours. Control enbryos were pretreated with the sane
concentration of dye, but were not exposed to the
| buprofen. Wthin 1 hour, fluorescently |abeled cells
were detected in the posterior tip of the tail in the
experimental enbryos, but not in the control enbryos.



103211 4. Screeni ng Conpounds for an Effect on Cel
Death Activity 103221 A wide variety of conpounds can
be anal yzed for their potential effect on cell death
activity (e.g., apoptotie or necrotic activity) by
usi ng nmet hods of the present invention. Therapeutic
or prophylactic drugs, chem cals, toxins, and
pharmaceutical s are anong those that can be tested for
their effects on cell death activity, including their
ability to inhibit or trigger apoptosis. [03231
Conpounds to be screened can be obtained fromvarious
sources, including the National Cancer Institute's
Natdsésadnt (REQQ:UE‘J usd3e PaSrbOd s m&ﬁﬁ hﬁ&dﬂt,hc Moyma&ddddanine dye
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{0280} Upon passing through the cell membrane, monomeric cyaning dyes (e.g.,
benzothiazolium-4-quinolium) intercalate into the DNA of the dead or dying cells. The dense
chromatin and nuclear fragmentation provide an idcal environment for dye intercalation and
signal amplification. Singer, Biotechnol. {ml. 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 benzothiazolivm-4-quinolium dye is amplified up to 400 fold. Serbedzijaetal, /.
Newrobiol 31(3):275-282 {1996). The magnitude of the signal serves as a measure of the

number of apoptotic or necrotic cells.

{0281] 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 vive 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 benzothiazotivm-4-quinolium dyes. For example, Acridine Orange
fluoresces when bound fo nucleic acids and when localized in subceliular compartments such
as lysozymes. It has also been reported that Acridine QOrange does not bind effectively with
DNA under some circumstances, including chromatin compaction which is sometimes
associated with apoptosis. Thus, Acridine Orange and similar such dyes do not provide as

specific a marker of cell death as a benzothiazolium-4-quinolium dye.
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4) Retinoic acid, test conpound 103301 Screeni ng
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103401 B. Toxic Activity Screening Methods [03411 The
present invention provides nethods of screening an
agent for a toxic activity in an intact, whole ani mal
and in tissues and organs of whole animals in vivo or
cells inin vitro using cells of the animal. Such
activity can be assessed relative to contenporaneous
and/or historical control teleosts (or teleost

ti ssues, organs, or cells) to which the agent has not
been adm nistered. Such nethods conprise
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103461 Toxic effects and activity resulting from

adm ni stration of a conpound to an animal (e.g.,

tel eost) can be indicated by a variety of responses in
the animal, including, but not limted to, e.qg.,

nol ecul ar changes, genetic nutations, devel opnent al

def ects, devel opnental del ay, genotoxicity,
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103521 A variety of techniques can be used together or
separately to analyze multiple activities and
responses, including fluorescence m croscopy, |ight

m croscopy, digital imge analyzing, standard

m cropl ate reader techniques (colorinetry,
fluoronetry, including tinme-resolved fiuoronetry, and
ehem | um nescence), in silt: hybridization, antibody
stai ning of specific proteins, enzymatic changes,
changes in protein distribution tenporally and
spatially in the teleost, etc. 103531 In one aspect,
the present invention provides a nethod of screening
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example, is associated with a wide variety of human diseases including cancer, heart discasc,
neurodegenerative disorders, and immune, renal and viral-induced discascs. Essentially all
cells are poised to comumit suicide from the carlicst stages of development. Thus, it i
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 mﬁltipte
activities/responses, including, e.g., flucrescence microscopy, light microscopy, digital unage
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.
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sorted for viability, and collected as described in
Section Il for screening nethods for angi ogcncsis
activity. Enbryos before being sorted for viability.
Because the fish enbryo receives nourishnent from an
attached yol k sac, no additional naintenance was
requi red. (0360) 2) Conpound Screening 10361) As

di scussed above, a variety of conpounds can be
screened using the nethods described for toxic
activity on whole animals (e.g., teleosts) and
specific organs and tissues. The devel opnent al
toxicity effects of therapeutic/ pharnmacol ogie
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103651 For therapeutic drugs screened for toxic
effects, the Median Effective Concentration (EC50)(the
medi an concentrati on needed to caused a desirable
effect on a target) can be determ ned. The Therapeutic
W ndow (TW (e.g., LC50/EC50) can al so be determ ned;
conpounds exhibiting a high Therapeutic Wndow, such
as 100 or 1,000, arc good potential drug candi dates
because toxicity at the therapeutic concentration is

l ow. (03661 4) Tissue and Organ Toxicity Testing
103671 a)ln Situ Hybridization 103681 To assay
specific tissue and organ degeneration, whole nmount in
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Hybridized at 65C. For visual inspection under a
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evel opnent ané functi (e.g., liver and kidney), the
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MC2 and di oXi BrihBAUGHNL.L, FISOZYMEDIMB of cytochrone
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nmmunohi st ochem cal "l ocal i zati on can be anal yzed by
si ng et hods ddecnideehpan Bgehmann et al ., Toxi col .
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and | ocation of the liver can be determ ned. 103721
Zcbrafish enbryos (4, 5 or 6 days old) were fixed with
4% par af or mal dehyde for 1 hour at roomtenperature and
treated with nmethanol 100% gyerni ght at -20C. The
enbryos were rehydrated and washed with PBST. After
washi ng with PBST, the enbryos were incubated in

bl ocki ng solution (3% BSA, 100 nM NaC in PBST) for 1
hour and treated with a bl eaching solution (5%

For mam de, 0.5X SSC, 1120210% for 20 m nutes under
natural light illum nation. After bleaching, the
enbryos were incubated for a second tinme with the sane



per condition (1 m of ABTS solution/5 enbryos). The
ABTS st ai ning was stopped with 20% SDS/ 50%

N N D net hyl Formam de. The ABTS signal was detected
by neasuring the absorbance of the solution at 405
nanonmeter (run) using a spectrophotoneter. For each
condition, four repetitions were perfornmed 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 colorinetric staining of the
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bel ow). 103751 d) Assessing Enzymatic Activity [0376]
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compared using standard softwarc (e.g., Photoshop, Adobe System). Group | embryos

reflect the normal leved of autofluorescence., Group 2 embryos reflect autofluorescence
caused by the apoptotic cells or retinoic acid. Group 3 embryos indicate normaily occumring

cell death. Group 4 embryos provide the primary baseline for assay development.
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(Ungvary at al., Teratology 27(2):261-69 (1983)).
Dexanet hasone, an i mmunosuppressor (lida et al.

Car ei nogenesl s 19:1191-1202 (1998)), was previously
shown to produce l|iver and gastrointestinal toxicity
and to be hepatotoxic in children undergoi ng cancer
treatnment (Wol ff at aL, Anticancer Res. | 8(48):2895-99
(1 998)). 103791 Results are presented in Table 4. As
with aspirin, for dexanethasone the LC50 obtained with
zebrafish enbryos was simlar to the values previously
described for mce and rats (Table 4). Liver and
gastrointestinal toxicity and a dose-response effect
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Ogrmpl%%vt:rﬁi%a?gst&%dﬁul %ntiﬁcation by light microscopy.

[0315] 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 mM Tris-HCI, 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 (CoCly)) for 3 hours at 37°C. Embryos arc then washed 3 tires for 30 minutes in
phosphate-buffered saline with 0.1% Tween (PBST) at pH 7.2. PBST s then replaced with a
reaction mixture of TdT buffer containing 40 pM bio-16-dUTP (Enzo Biochemicals) and 0.3
Units/ul of TdT enzyme (IBYKodak) ovemight at 37°C. The reaction is terminated by
washing the embryos in 2x saline-sodium citrate buffer (S8C). Embryos are then rinsed in
PBS. Biotinylated nucleotides are detected using a streptavidin complex conjugated to
horseradish peroxidase (HRP) according to the manufacturer's protocol (A+B reagents,
Vectastain). HRY is detected by incubating the sections in a 3,3'-diaminobenzidine (DAB)
solution containing 500 pg/ml DAB, 0.2% CoCly, 0.2% NiSO4(NH;)2804-0H;0 and 10%
H,0; in | M phosphate buffer, pH 7.4. Staired embryos are visualized on a compound light

Microscope.

{0316] As an additional test of our cell death detection mnethod, we alse examined the
ability of the dye to label cells in embryos treated with [buprofen, a cyclooxygenase inhibitor,

which causes a characteristic pattern of cell death. This paltern consists of a posterior to
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Mammal | an nodel s

anlerior progression of dying cells as indicated by a progression of opacity changes in the

celis of the embryo.

{0317 Embryos as 24 hours of development were pretreated for 1 hour with a 100
nanomolar concentration of the Mluorescent dye (e.g., benzothiazolium-4-quinolium dye) in
embryo media. The embryos were then exposed to 100 uM of [buprofen by addition to the
media and examined by light and epifluorescence microscopy every 15 minutes for 2 hours.
Control embryos were pretreated with the same concentration of dye, but were not exposed to
the huprofen. Within 1 hour, fluorescently labeled cells were detected in the posterior tip of
the tail in the experimental cmbryos, but not in the control embryos. At | 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 pattem of labeled cells was observed in the control embryos.
This patiern of fluorescently labeled cells was identical to the pattern observed for the opacity

changes in the embryo,

[0318] 3. Rescue of induced Cell Death Activity

{0319] To determine if the teleost model could be used to screen. for compounds which
blocked or reduced celt death activity, embryos were microinjected with a Caspase 3 inhibitor

{Calbiochem # 264155) prior to exposure to Tbuprofen.

{0320] Specifically, embryos al 24 howrs of d_evelopment 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 pM Ibuprofen by addition to the media. Atone
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 Tbuprofen, embryos injected
with PBS were completely opaque. In contrast, embryos injected with the Caspase inhibitor
were still transparent, however, opaguc colls had begun to appear in the most postetior region
of the tail in these embryos. By 24 hours after the introduction of Tbuprofen, all of the

experimental embryos were dead.

[0321] 4.  Screening Compounds for an Effect on Cell Death Activity

[0322) A wide variety of compounds can be analyzed for their potential effect on cell death

activity {e.g., apoplotic or necrokic activity) by using methods of the present invention.
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2. Dexanet hasone324liver, gastro410 (mce, i.p.)liver,

gastro-intcstinal (i rmunosuppressor)l nt esti naI 54

(rats, i.p.) "Including mce and rats. 2 The L3350 was

calculated as indicated in "Statistical Methods."

"Data was obtai ned from TOXNET Wb Search and ot her

sources. | or. =orally i.p. intraperitnneal 103811

6) Statistical Methods [03821 a)Estimation of LC50

[ 03831 For the concentrations tested with aspirin and

dexanet hasone in these studies, there was no parti al

lethality and the geonetric nean of the paraneters "

nortality” (0% and "nortality” (1009 of the effect
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Hanmel i nk eds.) ASTM SI P 634, . 65-84. Aner. Soc

TSR nGomrtvets iapsserepid F%@P%}es froerioyspRryes, inoding the

National Cancer Institute's Natural Product Repository, Bethesda, MD.

no

{0324] 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 teleost. The compound is

absorbed by the teleost. Alternatively, the compountd can be injected directly into the teleost.

[0325] When sereening 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:

[0326] 1) No retinoic acid, no test compound (normal control)

103271 2) Retinoic acid, no test compound (induced cell death control)
[0328] 3) No retinoic acid, test compound

[0329] 4) Retinoic acid, test compound

{0330] Screening methods are performed as described above. Specifically, zebrafish
embryos belonging to groups 2 and 4 are treated with retinoic acid under identical conditions,
a3 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 epifluorescence 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 | embryos serve as (normal)
control embryos. Group 2 embryos provide a control for the level of apoptosis induccd by
rctinoic acid. Group 3 embryos demonstrate the ability of the test compound to induce
apoptosis. Group 4 embryos represent tlie abilily of the test compound {0 induce or suppress
apoptosts relative to retinoic acid. Absolute changes in the signal area of apoptosis and the
number of apoptotic cells are used to determine if the test compound has had an effect on

apoptotic activity.
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(0384) b) Standard Devi ati on 103851 The colorinetric
liver stain nethod 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
treatnent. For each condition, four repetitions were
performed and the statistical value, with its standard
devi ati on, was used to prepare graphics using

M crosoft Excel 97 or simlar known, standard

sof t war e/ graphi cs prograns. (0386) 7) Teratonenic

Ef fects [03871 Information about additional toxic
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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 nonphysiclogical
injury to embryos, each embryo is not handled onc 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 cmmbryos. Speeific fluorogenic substrates which
report cnzymatic activity (e.g., caspase enzymatic activity) can be used in transparent teleost

embryo and can aid in distinguishing between apoplotic and necrotic activity.

[0333] Because teleost embryos, such as zebrafish, can be maintained in small fluid
volumes (e.£., 100 ui) for the first four to five days of development, single embryos can be
kept in individual wells of a mulli-well (e.g., 96-well) culture plate. Altenatively, multiple

embryos (e.g., 10 embryos) can be kept in each well of a 24- ot 48-well culture plate, or the
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Usi ng Subtractive Library Techni ques 103911 As a
predictive nmethod for drug toxicity, a

mul ti-parametric toxicity test would be very val uabl e
and useful. Subtractive library experinents are usef ul
i n devel opi ng such an approach. Such net hodol ogy
allows the identification of genes that arc
differentially expressed in a target organ as a result
of chem cal /drug exposure. Currently, the
genes/ pat hways i nvolved in drug/chem cal toxicity
response and drug/chem cal netabolic activation are
difficult to assay primarily due to the | ack of
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reporter genes. The 5' upstreamregion of these genes
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control the expression of regorter genes in transgenic
zebrafish. In this approach, genes isol ated usi ng
subtractive library techniques are used to anal yze the
5' regulatory region. To construct plasm ds carrying a
reporter gene, such as the Green Fluorescence Protein
(OF?) under the control of those regul atory regions,
those upstreamregul atory regions that are adequate in
size (I or 2 kilobases) and expression profile are



(03971 C. Zebrafish cDNA Mcroarravs (03981 cDNA

m croarray technol ogy can be used to profile conpl ex
conbi nati ons of gene expression in drug toxicity
response and netabolic activation phenonena. Gene
expression of specific organ toxicity can be nonitored
using a mcroarray of selected zebrafish genes

i sol ated by the subtractive library techni ques

di scussed above and ot her sources of genes. The cDNA
arrays are sinple and permt direct readout of
hybri di zation results; thus, they constitute an idea
techni que for studying gene expression patterns in
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vi abl e zebrafish are then assayed for pharmacol ogi ca
activity of the agents being tested. This activity is
often a change in concentration of a cellular marker
or in the nunber of cells expressing a cellular
marker. This activity can be detected using a
substrate processed by the enzyne to generate an
optically detectable product. After perform ng the
assay, the plates are read for an optical signa
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activity. Agents show ng good activity in the assay
are then subjected to a confirmatory assay. This assay
can be performed in a mcrotiter format as before, or
can be perforned by a different format on a tel eost
(e.g., a mcroscopic assay), or can be perfornmed on a
hi gher organism |In sone nethods, the confirmatory
assay detects the sane response as the prinmary assay
but by a different nmeans. For exanple, the primary
assay can detect an increase in enzyne activity
colorinetrically using a meroplate reader, and the
confirmatory assay can detect the sane enzyne activity
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detected include nucleic acids and proteins and
enzynes. Nucleic acids can be detected by a
hybri di zati on assay using a probe nucleic acid.

Usual Iy, the probe nucleic acid is | abelled although
secondary | abelling schenes are al so possible.
Proteins can be detected using anti bodi es that
specifically bind to the proteins. In sonme nethods,
the antibody is directly | abelled and in other nethods
a secondary | abelling schenme is used. Enzynmes can be
detected using a substrate processed by the enzyne to
generate an optically detectable product. Mdul ation

Ofoae! Ik ﬁ\ah&{«, Of thd ,ﬁssa& InQEhi S0 or dﬁa&sagammdofemﬂmmods
caorrespondi ng ation of

co nt
i T AT Braiiop e ByprekeRl %‘.g“%“”‘““‘é  Sgjrcive
n Uﬁrhx@flt&hfﬁtﬁjleﬁﬁd mix(t‘lél@i’rﬂzywﬁzplt ko, istoghmhtenyste fuks of brrown
r;ucgtor | q)g usc(da ﬁcn?ﬁ' nc»ﬁ? n%ﬁﬁ%iv%ﬁ ldMg?cs&QicQEd meaabohc

f IUGrEsCence, escenee, opacit
r adivetion Pheppragpa andnies Fosirbe toeapbligtingdad &‘ftiaé'dg R piomarkers.
scintillant induced |ight scatterlnq onses can, be
d 388t Saxisyiiacts gartachityreuinedigmafmipiitigne cf' pomprlo gp anima
Oké'be rteiEBEﬁj &Q@S md:hdledﬂa@ ARari¥Bohegsnsesin P adltall mhmmgrtgu ain
m{t e, gl 91 %%ular chagenefrén%% ﬁrgu :ng é%e??gp?]&egl The KE Ia!é‘)\%lgr;rﬁénlafs
a dgak gqnexg*law, reprodptye (oA iy, PR gritityer %eefeeft"o‘whaﬂor?’ BEiREY
el Sioity! A&t bARE nlnlange. y ﬁ@g&m lddﬁ:atﬁﬁ;ttcﬁt&:hadutﬁibah Geﬁdte)tte! a
an agent such as ant| a cel I Iar

i e Qg 498 BRSPS TS PRl
atittamdd érdmtitplatissies oW deppns-singhiekdusingr aeeiafg@m‘feit tI‘mtﬂt bi n d S
. g Fcu [Py TAA aﬁt@:@gg NHor cxm%l@ Ifhe'ngfdn%r dan B RA&ed iR ataeast zwo

ar nol ecul e. [0408] Usua sone wel | s
lETepar s i GTSETEPea Dy GOSRE P e S g
C Ok ki@ SnethPRSthE icapdnse BRIEE@IdSn ganr hee afjesfits: télekt. known t o
have the pharmacol ogi cal activity being tested for and
newatii veldtiomdly,elrsponageditalie) tokarmtinitycan Yedetketedppa change in a

P i le Ydr I r%QH%HBJB &S of thMnirkap et
p g%?ﬁ%% gﬁ%%%%dﬁghgyibﬁﬁkgﬁfro ssﬁ |s€r|bu%§g;atc

divhele i anjmsh Ay PRSI rsE edede Ve D ABBT ONPUF B
A% HRghSed Gbslchale e, iBuelsh OGart() ontbantianel @iy @am tme fo§!owing
e)z(agermeatdl ?nﬁ‘mt{zgwo?ud%m gandc% toﬁ&)ﬁ{% (gxlsa{'o (ﬁhﬁ& rsabk}y&wafw

['’costs

pﬁwm@wm@m@bw e /aliom the peatreldvnireatys) prd eépea'@@r‘ﬂ‘

I et hychBybESe KelNA ethnre;ﬁgdatad I@ﬁ%‘sﬁdﬂﬁ: ptcﬁ&,ae Q5¢ SbtradtnG AiBrries
el e

is metaboliz
a@@ﬁ?nswkgf ﬁqﬁ p?lwgerﬁgg]a&ﬁ?ag}ﬂn&?&{) Sc{gﬁ é:bﬁels}oﬁiotra(f‘tion Srstcm
OCLONTBIH sbbhretodiea) le0)s Than gentsfmontbekmbnyo Uit redifforentioly | ng

t %gprésgég %%éomfegwm% oPRL {e,@simttg@e gog{amp g&%eei%cgferlnﬁ%gﬂéd P%ci’h;d
e

d eedrféla@eerizw ttSﬁeSfma procegpres JER PN FTsedR EANEIC R

| RGHEALY. 0N period is a neasure of absorption of the

agent and al l ows cal cul ati on of an absorption rate. An

| pEESASK rds;fdmiehrﬁiuﬁﬁf@lﬂﬁc a@iﬁvuﬂgﬁm‘m bdxetchied asnebhngein @ y@tein

GERTAHIOAT e SEuP ot R Pl SRa S BosFAEEhL Alyche €

| roimeRseexiaptiagmd measmfmga)gzéwpt(aa nf anprer mast d B end protping expisesed
t?éﬁpt@éeh@f] tu§9 Q> aﬁ(@)f $e8hd ot aldBl 2PRSRLIREH OB oWing compound

decrease I'n agent in the tel eost over the

I ncubati on perlod reflects a net excretion. By

performng the assay with d% ferent initia

concentrations of agent in the nmedia and the tel eosts,

it is possible to calculate the rates of both of these
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nmet abolismrate. 104101 In sone nethods, the agent

itself generates an optically detectable signal or can



[0412] Exanples 104131 A. Procedure for high
t hr oughput screening 104141 1. Synchroni zed enbryos
are distributed into 96-wel| assay plate. Enbryos
devel opnental stage (age) can be synchroni zed by
treating the adult fish with propidiumiodide, and
stimulating themto lay egg in a predicted tine frane.
Enbryos can be distributed using an automated particle
handl i ng devi ces equi pped with a Iight scattering
detection system (BD Bi osci enc,es, Bedford, MA). The
particle handling device should preferably be capable
of dispensing up to 600 pmparticles. Alternatively a
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{0350) C. Screening Agents for Toxic Activily And/or Anglogenesis Activit

and/or eath Activity Simultaneous|

f0351)  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 angiogenests activity (Section II) and cell death activity (Section HI), As noted
previously, with transparent teleosts, it is possible to assess such multiple activities and the
respomses resulting from such activities in the whole teleost or in onc or more tissues or
organs simultancously and at predetermined time intervals. Assays combining toxicity
screening with screening for ceil death activity are useful as discussed previousty for
identifying deleterious and lethal responses resulting from agent administration, proper

dosage amounts, and in developing effective therapeutics and treatment programs.
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(0420) 7. The 70% EtOH is renoved. [04211 8. 100 pl of
100% EtOH i s added. [04221 9. 'Ile wells are incubated
at -20C for 30 minutes in a -20C freezer j0423) 10.
The 100% EtOH is renoved. [0424] 11. 100 pl of
appropriate buffer is added. The m xture is incubated
for 10 mn at roomtenperature. The procedure is then
repeated 2 nore tines. 104251 12. The above buffer is
renmoved. [04261 13. 100 pl substrate solution for an
enzynme assay i s added. The m xture is incubated at
roomtenperature for designated tine period [04271 14.
100 pl of stopping solution is added. [0428] 15. A
cdP¥RedA netetteblethoiapes odhbe tisof tegeiber prsepaferchite ealyesmptivicc

aGkdiWiick ¥ndR&b NSk TRARIME Bhrds&endcGRbloRbpy! ISt APRLOR! digaBimage
wavel ength 1n an automatic n1cr%E%ate readerh&%ilotek,

| ﬁ:e{zlyzwgn%ga}zq :}vucw{e reader technigues (co efry, fluorometry, ng lime-

resolved fluorometry, and chemiluminescence), in situ hybridization, antibody staining of
specific proteins, enzymatic changes, changes in protein distribution temporally and spatially

in the teleost, erc.

[0353]) 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 pattemns of cell death can be
evaluated in addition to examining various markers to analyze organ toxicity. Cells
undergoing cell death can be identified by a variety of means, including those discussed
above (e.g., using & membrane-impermeant, nuclear-staining dye from the benzothiazolium-
4-quinolium dye family, the TUNEL assay, or colorimetric or fluorometric enzymatic assay

of caspase activity),

{0354} [n 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 angiogenesis activity.
{0355) Examples

[0356] 1. Screening Compounds for Toxic Activity on Liver and Kidney in Zebrafish

{0357} A. Methods

{0358] 1) Embryo Coliection

{0359] Wildtype zebrafish embryos were generated by natural pair-wise mating,
sorted for viability, and collected as described in Section T for screening methods for
angiogencsis activity. Embryos hefore being sorted for viability. Because the fish embryo

receives nourishment from an attached yolk sac, no additiona]l mainienance was required.

{0366] 2) Compound Screening
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(04291 B. Assays for Pharmacol ogi cal Activity 10430)
|. Detecting Anuiogcnesis (04311 Angi ogenesis was
nonitored by quantitative anal ysis of endogenous

al kal i ne phosphat ase (BA?) |evels using the follow ng
procedure. 104321 a. Enbryos were dehydrated through
70% Et OH, then 100% EtOH [ 0433] b. Enbryos were

i ncubated in 100% Et OH 104341 c. Enbryos were
re-hydrated and equilibrated by I N( diethanol am ne
buffer pH 9.8 104351 d. 100 p.l of 0.5ny/nl

p- ni trophenyl phosphate (pNPP kit #37620, Pierce) was
added as substrate 10436] e. incubation tinme was
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Figure 16A"shows a typical enzymatic kinetic curve
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d i2f h@iraTaeelofmdrXRith ehsadn) fvere egiied yosimatis! by 46 daﬂ ¢ cfénical

ngpounds at different concentrations of the chemical compounds and controls. In general,
the concentrations ranged from 100 nanomolar (nM) to 100 micromolar (UM). 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 2 total volume of 1 mi (constant ratio of 100 pl/embryo) using a 24 muolti-well
plate. (Other sizes of multi-well plates, such as 96-well plates can also be used o facilitate
screening.) The compounds were renewed daily. In all cases, 0.1% of dimethyl sulfoxide
(DMSQ) 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).

[0364] Experiments were carried out at a constant temperature (28-28.5°C) it 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, sce
“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, macrecephaly, tail truncation, tail malformation, loss
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[ 0440] To denonstrate a correl ation between results
using the quantitative enzynme assay and m croscopic
observation of vessel devel opnent, a separate set of
experinments was perfornmed. Enbryos, processed as
descri bed above, were neasured directly for OD (405
nm after incubating with pNPP for 30 m nutes w thout
addi ng the stopping reagent (211 NaOH). The OD results
were simlar to those with stopping agent added. The
sol ubl e substrate pNPP was washed off afterwards and
the enbryos were re-equilibrated into NTMI buffer and
re-stained, as described in vessel staining for
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in different organs and tissucs by immunohistochemical localization can be analyzed by using
methods described in Buchmann ef al., Toxicol. Appl. Pharmacol. 123:160-169 (1993),
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104471 (3) endogenous peroxi dase activity is
suppressed by addi ng 25pl1 of peroxi dase suppressor
(Prod. #35000, Pierce) for 30 mnutes 104481 (4)
Enbryos are washed with PBS, pH 7.4 three tines, 10
m nut es each 104491 (5) Enbryos are incubated with LOO
pl of Avidin-Biotin-horseradi sh peroxi dase (A-B-HRP)
(Kit if 32050, Pierce) for 1 hour 104501 (6) Excess
A-B-HRP is washed off with PBS 104511 (7) Equilibrate
enbryos into 1Mcitrate buffer pH 5.0 104521 (8) The
enbryos are incubated with 100pl HRP substrate
3,3 ,5 5 - tetranethyl benzidine (['MB, kit #34021,

Pii@®69€) Auvidmalainl sQuiSbEdiFRor iR Qralaysis isQeadi®l R FfeFinBERustng elkaline

sty <DaiaP b PR R bk AR By b i M

i NBTéCoehbdast.0 det ermi ne the carboxyl ase | eve
10370] b)  Assessing Toxic Activity in the Liver by Staining

[0371] 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 carboxylase enzymes in the liver, gut, and digestive tube of whole animals, such
as zebrafish embryos. These bictinyl-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. 11). Quantitative biotinylated assessment of the
liver can be made. By visual detection of biotinylation, sizc and location of the liver can be

determined.

{0372] Zcbrafish cmbryos (4, 5 or 6 days old) were fixed with 4% paraformaldehyde for |
hour at room temperature and treated with methanol 100% overnight at —20°C. 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 | hour and treated with
& bleaching solution (5% Formamide, 0.5X 8§SC, H,O; 10%) for 20 minutes under natural
light illumination. Afer bleaching, the embryos were incubated for a second time with the
same blocking solution for 1 hour and incubated with streptavidin conjugated peroxidase
(Pierce) (ditution 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: | ml of DAB stock solution (5 mg of
Diaminobenzidine/ml in PBS, pH 7.4), 9 ml of PBS, 10 ut of HyO, (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 colorimetric method used 10 ml of ABTS
solution (10 mg in 33 ml of 0.1 M Citric Acid/OH, pH 4.35) plus 10 pi of hydrogen peroxide

(30% stock) and was performed for 30 minutes at room temperature with at least 5 embryos
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104551 The linear relationship between the OD (450run)
readi ng and incubation tine is established, and the
opti mal substrate incubation tinme determ ned (at the
m d-point in the linear range). OD (450nn) is plotted
agai nst enbryo stage. The sl ope between two points
defines the difference in 013 reading (OOD) between
enbryos at different stages. The sharpest sl ope gives
the greatest difference in 013 neasurenent, which is
nost useful in distinguishing the difference in
carboxyl ase level, and reflects the difference in
organ devel opnment. This paranmeter is used to determ ne
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{0375] d) Asgessing Enzymatic Activity

[0376] The methodology for assessing enzymatic activity involves in the exposure of the
teleost embryos to different compounds at different {imes (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 {i.e., controls) of different compounds. After exposure, they
are used to obtained cell lysate preparations. The enzymes are assayed by the use of
colorimetsic or fluorometric dyes in end-point or kinetic cxperiments. The plates are read in

an appropriate microplate reader. Multienzymatic microarrays can be constructed.

{0377] S)  Assessing Organ Toxic Activity of Aspirin and Dexamethasone

{0378] In feasibility studies, aspirin and dexamethasone were screened for toxic activity on
zebrafish embryos using the methods of the invention described herein. Aspirin, 8 gencral
inhibitor of cyclooxygenases (Bosman, Skin Pharmacol. 7:324-334 (1994)), was previousty

shown fo produce toxicity in a variety of organs in mammal embryos, including the kidney
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Substrate nmethoxyresorufin
5,6,6a,llb-tetrahydro-3,9,10 Source . Sigma

Cat bi ochem Kit @ utat hi one-S-transferase Pt
-15-1(4'-(S-d utathionyl))-2', 3 Ml ecul ar Probes,
5',6'-tetra(l uorobenzoyl am no) fluoresein @ utathione
perox Mased utatlnorte Proxidase Assay kit Cal bi ochem
Ki t

(Ungvary et al., Teratology 27(2):261-69 (1983)). Dexamethasone, an immunosuppressor
(lida et al., Carcinogenesis 19:1191-1202 (1998)), was previousty shown to produce liver
and pastrointestinal toxicity and fo be hepatotoxic in children undergoing cancer treatment
(Wolffer al., Anticancer Res. 18(4B).2895-99 (1998)).

{03791 Results are presented in Tablc 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-12B). The quantitative colorimetric endpoint method discussed above
was used to measure the effect of drup treatment on the liver {(Fig. 13). Treatment with 100
uM dexamethasone reduced the colorimetric signal by about 70%, compared with the
untreated embryos (control, 0% dexamcthasone, Fig. 13). The change in color cormrelated
well with the reduction in sizce 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.

{0380] The method can be automated using known instrumentation and techniques

automated toxic screening.

Tabtle 4: Five-Day Zebrafish Toxicity Testing Compared
with Mammalian Models'

Compound tested Zebrallsh Mammalizn models
LD, Specific toxicity Specific toxicity (from
(rag/liter)  observed LDso (mg'ke) the literature®)
" 1. Aspirin 101 teratogen, kidney, 250 (mice, or)*  kidney, wreter,
(Clycooxigenase muscle contcactiosns, 200 (rats, or) cardiovascular,
inhibitor) erratic movenments 167 (mice, i.p.)’ craniolacial,

musculoskeletal

2. Dexamethasone 324 fiver, pastro- 410 (mice, i.p.} liver, gastro-intestinal
{immunosuppressor) intestinal 54 (rats, i.p.}

! {tncluding mice end rats.
I The LD,y was calculated as indicated in “Statistical Methods.”
3 Data was obtained from TOXNET Web Search and other sources.
Y or. = omlly
i.p. = intraperitoneal

[0381] ©6) Statistical Methods
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(0458) 3. Detecting Heart Toxicity (0459] Heart
toxicity can be determ ned using specific heart
proteins, tropomyosin and cardi ac nyosin heavy chai n,
as markers. Antibodi es agai nst these proteins are used
as ligands for these markers. The anti bodies are
conjugated with horse radi sh perodi xase (HRP), which
is quantified by incubating with the substrate TMB.
The steps are simlar to those described in Iiver/gut
toxicity assay, enbryos are bl ocked by 0.2% bovi ne
serum al bumn (BSA) in PBS, then incubated with
prlnary anti body agai nst the specific protein for 2
hd¥383l ) rbtimetonwpeCsdt ure, washed in PBST to renove
unbound primary anti body, secondary anti bod

c dP383lg affor the odnedatratiompesied Wikiefaifin prisiemmehespnean Bespiptpdies, there
1%%&41@! !Qﬁsﬁ:@patwﬁ e g HRERE QS Sf tgé'ﬁguinelleﬁ “ERRANSC0VPard

wney DopBte el bt ifon AR E R B R STPBORRS ) s
( g grenbinifs varessalei!litileccoling acHephoy * Mt@itoeis LatdduatipgddhsPYin

a%b&(@ﬁfﬁ%}%@(y e As LML R, (151? VSR hALL, PmelGRERIAS TM STP
activit i votal rol in the initiation and
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ag ié % can b rmnjtored in the enbryonic zebrafish
i ail abl e fl uorogenic and

ter ase. su at, ecific , o
e e i R TRR T B PRLIFLR SRSt Aapilos amiimie
( fdhtwbleedm ingteaize preseptveqriicsation afykaytrarn) aad th study the significance
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added dj re in
oA e SHiptse) ok 5o i ntied G b eyt
msngxdﬁdsca@xaeloebn smhlar kaowiG atbrridird softw@aataplobsprégyamal t h
tested agent al one, 2) w thout tested agent, but
edi#Bélal Bnt Tentapam¢ Efbtscarri er plus dye, and 3) no
treatment, are usually carried out in parallel. 10463]

MPBEH dplomretineabpud addgionyl i praronter/effeots et BR iy GLivigy of 2
aa@hpezl&x;lsu\ea ishe. ga, FOvEH ARbiadrtind RABGIesis] ABLEndmicrocephality,

Epnzagrgéeep% P ta:?trunc ?lon taq 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 simultancously in transparent teleost embryos.

(0388] 8) Asscssment of Additional Biomarkers

[0389] Commercially available antibodies can be used to detect expression and inducibility
of different kidney and liver enzymes by immunohistochemistry. 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, £ g, anti-
Proton Pump H+/K+ ATPase (kidney, Panvera Corporation); anti-LMC2 and anti-dioxin-
inducible isozyme LM4B of cytochrome P-450 (kidney and liver), as previously described
(Buchman et al., Toxicol. Appl. Pharmacol. 123:160-69 (1993)); anti-Glutathione S-
Transferase (kidney, liver, Panvera Corporation),
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Caspase | AC YVAD- AMCCal bi ochem AC- YVA D- pNACal bi ochem
Caspase 3AC- DEVD- AMCCal bi ochem AC- DEVD- pNACal bi ochem
Caspase 2Z- VDVAD- AFCCal bi ochem Caspase

4AC- LEVD- AFCCal bi ochem Caspase 5AC- WHED- AFCCal bi oehem
Caspase 6AC- VEI D- AMCCal bi ochem AC- VEI D- pNACal bi ochem

(0390 2. Identifying Qrgan Specific Genes Invotved in Compound Toxicity Responses
Using Subtractive Library Techniques

[0391]  As a predictive method for drug toxicity, a multi-parametric toxicity {est 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 invelved 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.

[0392] A. Subtractive Library Techniques

{0393]) 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/er kidney (treated and controls) are dissected. This material és
uged to prepare subtractive libraries to isolate new genes differentially expressed in treated
and control embryos. Subtractive library techniques (e.g., Clontech, Palo Alto, CA) are used
to selectively isolate genes. The Clontech PCR-Select system uses suppression PCR and
requires only one round of subtractive hybn'dizétion to subtract and equalize cDNAs. 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, NKR-P1 (Hubank and Schatz, Nucleic
Acids Res. 22: 5640-5648 (1994)),

[0394} The genes identified by the subtractive library technique are selected, and the
expression pattern of these genes in the embryos during compound/drug exposure cun be

evaluated. The expression pattemn can be compared with the paitern found in mammalian
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Caspase 8Z-1 ETD- AFCCal bi ochem AC- | ETD - pNACal bi ochem
Caspasc 9Ac- LEHD- AFCCal bi ochem 104641 5. Detecting
Change in Cellular Receptor Expression 104651 The
processes described above can be nodified by adding a
enbryo lysing step after the agent incubation to

i nprove the accessibility of receptors to |igands.

Li gands for the specific cellular receptors can be
either | abeled by fluorescent dye or conjugated with
horse radi sh peroxi dase and assessed by the enzymatic
reaction. 10466J VI. METHODS OF SCREENI NG AN AGENT FOR
AN ACTIVITY IN ITIE BRAIN OR CENTRAL NERVOUS SYSTEM

[ Q4fcAdeu-unbee Bnli@lcodRibNO BEneSHE k@M as “ foBdHGRilcaibhiar BaRdrbal
SHTHA Faobae prgpbabh AR R ot of the
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t MEueewap cap A%/ 1ed/ 1o CofisiEUst ARRBETT 1Pt (6 & FF s amying rgrter
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The. spi nal ,cord carries si nal§mﬁrq@g£5h£pﬁMﬁgg &Qﬁ
bF%ioR © ALY e PARESS e R RNE &R AT T & preted: TP
Respondacdsisignabiachvedibtatydrshpassachstd to malaethp ' aégnlatory
t RLRHIT, L8 RIBRks GRYiRk AR QedeNS S Bl CBden FlIGeRGGY -
Protein (GFP) under the control of lhose regulatory regions, those upstream regulatory
regions that are adequate in size () or 2 kilobases) and expression profile are employed.
These plasmids are used to produce transgenic fish as described in Long ef al,, Development
124:4105-4111 (1997). For example, because zebrafish are transparent, cells in transgenic
zebrafish that express GFP (a reporter gene in specific organs and tissucs) can be detected in
vive using standard fluorescence-based detcetion techniques; specifically, when cells
expressing GFP are illuminated with bluc or ultraviolet (UV) light, a bright green
fluorescence is observed. Light-stimulated GFP fluorescence technique does not requise co-
factors, substrates or additional gene products and therefore screenings can be performéd 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.

{03977 C. Zebrafish cDNA Microarrays

[0398]) cDNA microarray technology can be used to profile complex combinations of gene
expression in drug toxicity response and metabolic activation phenomena. Geae expression
of specific organ toxicity can be moutlored using a microartay ol 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 resulls; thus, they
constitute an ideal technique for studying gene cxpression patterns in tissues undergoing drug
treatment at different timepoints (Heller et al., Proc. Natl. Acad. Sci. USA 94:2150-2155
{1997)).
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(04691 Neurons, the cells that carry signals
t hr oughout the nervous system are the basic
functional unit of the nervous system All neurons
have t he sane physical parts: the cell body, dendrites
and one axon. Neurons carry electrical signals known
as inpulses in only one direction. There are three
types of neurons. (1) Sensory neurons carry inmpul ses
fromthe sense organs (receptors) to the brain and
spinal cord. Receptors detect external or interna
changes and send the information to the centra
nervous systemin the formof inpulses by way of the
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104751 The spinal cord and trunk of all vertebrate
enbryos are organi zed into segnents called somtes;
this segnental organization results in a predictable
repeating pattern of neurons. By 18 - 20 hpf each
segnent contains 18 neurons in 3 cl asses:
mechanosensory neurons, interneurons and primary notor
neurons (Kuwada et Conp. Neurol . 302(2):617-628
(1990)), Because of the sinplicity of this segnental
organi zation, it is possible to identify individua
neurons and follow specific axons during pathfinding.
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junctions securely join the plama nenbranes of BBB
endot helial cells, |eaving no gaps for the passage of
fluid or nol ecul es between endothelial cells, and

t hereby creating a physical barrier (Engel hardt,
supra). (0480) In addition to tight junctions, the
BBB al so functions as an enzymatic barri-er in which a
vari ety of enzynes in BBB endothelial cells,
astrocytes, and pericytes (e.g., endopeptidase,

am nopepti dases, carboxypepti dases, and

chol i nest aerases) effectively degrade or inactivate
substrates that have entered the BBB (Pardridge,
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108(2):1 79- 182 (1997)). Pygp is a ATP-dependent drug
transport proteln encoded by the nultidrug resistance
gene (MDRUVRP1l). P-gp expression is known to be an
early marker of the blood-brain bather in the
devel opi ng human brain (Schumacher and Mol | gard,
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(mAbs), reconbi nant proteins, antisense RNA, gene

t herapeutics and pol ypepti des, and the 1|ike, cannot
cross the BBB due to their nol ecul ar mass, which
exceeds the SOO Dalton threshhold, as well as their
lipid insolubility (Pardridge, supra). It is generally
believed that virtually all |arge nol ecul es, and 98
percent of small nolecules, do not transit the BBB
(Pardridge, supra). To date, very few brain disorders,
i ncl udi ng depression, schizophrenia, chronic pain, and
epi |l epsy, are known to be responsive to small nolecul e
treatments. The major brain disorders, including
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the BBB and chomi d plexus (the blood - CSF) exhibit
different expression profiles of transporter genes
wth different transport preperties. For exanple,

azi dothyrnine (AZT), a treatnment for HLV-1 infection
in the CNS (neuro-AIDS), is readily transported into
the CSF, but is blocked fromtransiting across the BBB
(Takasawa et at, J. Pharnacot 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



10491] 2) Cell-free systens: Several cell-free systens
have been used to predict passive perneability 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 standardi zed, were enployed. As a
result, a high variability of data exists in the
literature (Lehmann etDrug Targeting 10: 263- 267
(2002)). The cell free systemusing |ipid nono- and/or
bi -1 ayer vesicles appear to be superior to other
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honogeneity and easy quantitative anal ysis. Yet, al
| fOMIR) rExemslsays have failed to correlate to in vivo
assays due to significant down-regul ation of transport
f yovasli oksPrbedmdio ingh tbrabghpntececv| s (Regi na etal ., J.
Neur ochem 71:705-715 (1998); Terasaki el at, Drug
Diledd4] mdwc}gowegmos(amgued [t oreal! assay plate. Embryos
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junctions as well as efflux and influx transporters.
Thi s nodel, however, exhibits attendant donor to donor
variability and high inter-laboratory variability.
Moreover, these cell lines |lack intact nmetabolic
machi nery, which makes it difficult to assess the
effects caused by drug netabolites. (04941 4) In viva.
nodel s: I n vivo drug perneation through the BBB can be
perfornmed in rodents using radiol abel ed materi al s,
i mrnunohi stochem stry, HPLC and m croprobe/liquid
chr omat ogr aphy approach. In the nouse brain uptake
assay (MBUA), the test substance is directly injected



04961 It has not been established previously whether
zebrafi sh possesses a blood brain barrier (BBB). In
zebrafish, initial neurulation occurs during the |ate
stage of gastrulation, nanely 9 hours post
fertilization (hpf) (WIlson et at, Recent Probt Cel
Diff. 40:181-205 (2002)). By 30 hpf, four separate
brain ventricles formand are visible throughout
enbryoni c devel opnment (WIlson et al., supra). By 3
dpf, an extensive vascul ature surrounding the brain
can be observed and conti nues renodel i ng throughout
devel opnent (Lawson and Weinstein, Dev. Biol.
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et al.,J. Physiol. 25P (1988)). [0498) C. Methods of
SWABRENiIoGNd 0y iccpgld % EGIH iapddettoieschivgll.i n t he Brain or
CNS 104991 The present invention provides nethods of
sEABENI N FhafPvalOhts ®iopvedn activity in the brain or
central nervous system (CNS) in a vertebrate animal,
si#éHi as. éOQ@PéH§ﬁG&QHé$§W%ny a zebrafish, in vivo.
The term"activity" as used herein refers to a
pllébs S, Thendls prgincutgied alc 4 Cifery0 einutehia 21 904 Repz@r gani sm
Such an activktg can be a biological activity that
n@ﬁﬁ%lFQ'BE&ﬂP§‘pﬁ‘%ﬁﬁoﬁﬁganlsnl or it can be an
activity that occurs in response to the a%ent bei ng
aldfadhi éi/elrﬂg yi "‘tféppf‘ﬁéa%\’ﬁfﬁhis §ﬁiﬁ°d ARe BERSF ’P pef PHiQ “BP %in
Ofoorf bimpbritGde UTIRSirockdaFe ieaiop@tc@N ol Gined Or I imtation,
devel opnental defects as defined in Section Il above,
cohls] deat the atmicé Miffeyis (eh@ved. apopt 0Si S or necrosi s) as
defined in Section Il above, and toxic activity as
diefacneds.i o S@ﬁlﬁslrﬂasonx}ﬁoam@meemﬂmmts htids The eixture is

use zebh ish that are transparent
IRBJ%%}%dﬁ ag fosm éeﬁx%pereture for desdgia{ogl LII“F g/eno ear) at the

onj ¢, vaI adul t,.stage. 105001 In one
%ggﬁXt &Qﬂ%”ﬁﬁvg%?ﬁéﬁum¥%VTies %ethods of screening an
agent for an activity in the brain or CNSin a
zebrafish in vivo. Some such nethods of screening
I nvol ve screening an agent for an activity in the
brain or CNS of a zebrafishgpased on the know edge as
to whet her the agent is able to penetrate, diffuse, or
be transported into the brain or CNS of the zebrafish,
and whet her the BBB of the zebrafish has been forned
and/or is functional to transport nol ecul es out of the
brain or CNS. 105011 First, an agent known for its
ability to transit the BBB of an organi sm nmay be
exam ned in zebrafish in which the BBB has fully



105021 Second, an agent known for its inability to
transit the BBB may be exam ned in zebrafish enbryos
that have not yet fornmed 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 w thout inpedinent associ ated
with its inability to transit the BBB. 105031 Third,
an agent unknown for its ability to transit the BBB of
an organi sm may be tested in zebrafi sh enbryos whose
BBB has not yet formed (i.e., zebrafish prior to 3

d W&SI Thi & cARRS %Bll@f&d@%sﬂhﬁ f@ﬁﬁlﬁ%&%ﬁﬁcti@fzy Heh@ measured
ag ent's prop ert rel ati ng
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(05091 The presence of tight junctions between BBB
endot helial cells in 3 dpf zebrafish enbryos cul tured
under standard conditions as descri bed above was
denonstrated using i nununostaining (Fig. 19). ZO1 is
a conmponent of tight junctions forned between
endothelial cells in the manmalian brain. A nouse
nonocl onal anti body against rat ZO-1 (Sigm, St.
Louis, MD was used in whole nmount im nunost ai ning.
Zebrafish enbryos at 3 dpf were fixed in Dent's
fixative (DMSO. MeOH = 1:4) for at |least 3 hours at
roomtenperature or overnight at 4C. Enbryos were
dethgbdﬁmreqbam w0 ORE Pt Hanodtesanitlou miginb ik exdppirgreagdnt 2ast
L faiin, Al o2 FADLYRS oA ,thfgﬁ)gp (ERUAEALE IS LR s
to 10 % PEST (0. 1% Tween- 2 nbryos were
t rWhstrate PP es pvahed d&n&*erawmnd ﬁwsmm@fr\'@feaf equ&@fﬁed into NTMT
t armaraact 14lsRintd)asGeRAKA nﬁléisﬂ'sfalnth@ R FRRIEDic eliMal@S THEr €
lma els (l)njxsrfn em ggguraz%;:ﬁg,r Hié.?(owsnlug Eﬁgt%g;rgcg gsg%?écctrtsgdgfﬂgmnces in
V\mﬁe‘dewovrhenpwﬁmtlhree@s @ﬂlﬂmcnﬁse@ylo m nut es each.
Enbryos were incubated in bl ocking solution for | hour
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obj ective archrornats and 1.0X eye pi eces were used

f giaaiihey, _gainﬁtgaatmeX1cT[be systemis al so equi pped
wWth a z-notorized stage, deconvol ution software and
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homwod Phot osh : onmput er
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speci fications. 105111 As shown in Fig. 19, whole
mpdind] 40 dmtapdsiaReielyydéFItHAREH ANEDY, heviead &tbH hat ti ght
junctions formin the 3 dpf zebrafish brain (brown
SpEdd]) (2dpaleedstiretiaubded ineswm@phal ic vein (MY, mddle
cerebral vein (MeV), and prosencephalic artery (PrA)
(Arrows). This result denonstrates that tight
junctions arc present in zcbrafish at 3 dpf, but are
not seen in zebrafish at 2 gpf (data not shown).
[05121 2. Evans Bl ue Extravasati on/ Excl usi on Assay
105131 Evans blue (MW= 961 Daltons) has been wi dely
used as a vital dye to investigate vascul ar structures
and injuries, and the Evans bl ue dye extravasation
assay has been used in other organisns to determ ne
BBB perneability. Injected into circulation, this dye
is confined to the blood vessels within the zebrafish




105151 Agents to be screened for an activity in the
brain or CNSin vivo in teleosts, preferably
zebrafish, are described in Section | (B) above.
105161 4. Administration of Agents 105171 Agents to be
screened for an activity in the brain or CNS in viva
intele,osts, preferably zebrafish, can be

adm ni stered as described in Section | (C) above.
105181 Exanples (0519) As provi ded herei nabove in
Sections Il, Ill and IV, several conmpounds were
screened for in viva activity in the brain or CNS of
zebrafish enbryos, cultured under standard conditions,
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Prifl & RB(Kitd 380 50 eideres fof é)l’lfzur and denonstr at ed,
bi ol ogi cal activity in the brain or CNS of zebrafish
o0 (3 etsp ecP-HBes vested Al FBSdi t | ons when
adm ni stered_for variaqus ﬁ i ods_of tinme, including

pr 0% ¢ §) Byt spapyossiplp {3 G P BRPS P Caf t er at | east 3
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letramethylbenzidine {TMB, kit # 34021, Pierce} at various time interval to determine the

optimal incubation time
[0453) (9 100ul of 1M H2504 is added to stop the reaction
(0434} {(10) OD at 450nm is recorded to determine the carboxylase level

{0455] The linear relationship between the OD (450nm) reading and incubation time is
established, and the oplimal 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 OD reading (AOD) between embryos at different stages. The
sharpest slope gives the greatest ditference in OD 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.

[0456] 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 arc assayed at the determined optimal substrate incubation time as above,
except, instead of adding 1M H2804 to siop 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 TMB substrate and re-cquilibrated for DBA staining. The DBA slaining solution is
prepared following the manufacturer’s recommended protocel (1 ml of 0.5%DBA stock
solution, 9 ml of PBS, 10 p of 30% H202). Specific liver & gui staining is visualized in 1-5
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(0523) As shown in Table 7 bel ow, several conpound
known in the art not to transit the BBB in marrunal i am
organi sns were tested for biological activity in the
brain or CNS of zebrafish enbryos cul tured under
standard condi ti ons when adm ni stered for various
periods of tine, including prior to 3 days
post-fertilization or after at |east 3 days
post-fertilization. Neither VEGF nor dexamnethasone
denonstrated any activity in the brain or CNS of
zebrafish enbryos. [0524) 3. Conpounds Not Known to
Transit the Blood Brain Bather [05251 As shown in
Tam‘ﬁcs 73@,@,' ?;e/smp&@pp&mas wgsh@tww@r um&p&w& Vaalz@1 dohiei r

lity ansi t am_or gani sns wer
t é’ésf"é%f’gf"ﬁ?“%‘?"é (i Sgmi @89 FX/ Ff*weﬁf %@S%Wﬁ? waé?ofémsws
z ebingfdd sh0R mdssyesengsul t ur ed under standard conditions
when admi ni stered for various periods of time up to 3
da§457p osdditiost trizkm@atd t6eir sulSeares e btuveksto hesewitdn indlch in
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Tabl e 7 Conpound Type Cor¥#8l8dd Nane Treat nent

Enzyme Substrate Source

Cytochrome P450 1A methoxyresorufin . Sigma

Superozide Dismutase 5,6,6a,t 1b-tetrahydro-3,9,10 Calbiochem Kit

trikydoxybenzo[c]fluorene

Glutathione-S-transferase Pi-1  5-((4'(S-Glutathionyl))-2’,3’ Molecular Probes,
5*,6'-tetrafluorobenzoylamino)
fluoresein

Glutathione peroxidase (Glutathione Proxidase Assay kit Cafbiochem Kit

[0458] 3. Detecting Hear 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 blacked 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 HRP is added instead of A-B-HRP,

j0460] 4. Detecting Apoptosis

[0461] In response to a variety of apoptotic signaling cascades, caspases, which are
normally 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

coloritneteric caspase substrates specifically engineered to penetrate the cell.
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{0462]  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 carder. Controls 1) with
tested agent alone, 2) without tested agent, but equivalent amount of camier plus dye, and 3)

no treatment, are usually carried out in parallel,

[0463] Afler brief period of recuperation, the embryos are analyzed with a microplate

reader,
Yable 6
Enzyme Substrate Source
Caspase | AC-YVAD-AMC Calbiochem
AC-YVAD-pNA Calbiochem
Caspuse 3 AC-DEVD-AMC Calbiochem
AC-DEVD-pNA Calbiochem
Caspase 2 Z-VDVAD-AFC Calbiochem
Caspase 4 AC-LEVD-AFC Calbiockhem
Caspase 5 AC-WHED-AFC Calbiochem
Caspase 6 AC-VEID-AMC Calbiochem
AC-VEID-pNA Calbiochem
Caspase 8 Z-IETD-AFC Calbiochem
AC- [ETD -pNA Calbiochem
Caspasc 9 Ac-LEHD-AFC Calbiochem

10464} 5. Detecting Change in Cellular Receptor Expression

[0465] The processes described above can be madified by adding a embryo lysing step
after the agent incubation to improve the accessibility of receptors to ligands. Ligands for the
specific celtular receptors can be either labeled by fluorescent dye or conjugated with horse

radish peroxidase and assessed by the enzymatic reaction.

{0466] VI, METHODS OF SCREENING AN AGENT FOR AN ACTIVITY IN THE
BRAIN OR CENTRAL NERVOUS SYSTEM

[0467) A. Cecntral Nervous System

{04



Some NCI conmpounds 24 hpf-72 hpf, soaking
Devel opnental del ay, axial defects, cranial defects
Retinoic Acid 24 hpf for 24 hours:

[0468] The central nervous system {CNS), which includes the brain and spinal cord,
rcpresents 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 subcavity, and the spinal cord in the spinal cavity. The spinal cord
carries signals from the body to the brain, where they arg analyzed and interpreted. Response

signals are then passed from the brain through the spinal cord and to the rest of the body.

{046%] Neurons, the cells that carry signals throughout the nervous systetn, 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 clectrical signals known as impulses in only
one direction. There are three types of neurons. (1) Sensory neurons carry impulses from the
sense organs (recepiors) 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 eftectors.
{3} Interneurons connect sensory and motor neurons and camry impulses between them.

These neurons are found entirely within the CNS.

[6470] In vertebrate embryos, ncural development involves several steps and starts with the
induction and pattcrning of the neura) plate during gastrulation. The CNS originates from the
ncural plate, a specialised region of the ectodenui. The neural plate folds and forms the neural

tube. The whole neural tube will differentiate into its two major subdivisions: spinal ¢otd and

brain.

{0471] Dueto 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 ef al, Devl. Dyn. 203:253-310
{1995)). Neurulation of the zebrafish differs slighly from that of other vertebratcs. In
mammals, newrulation proceeds by invagination of the ncural plate whereas in zebrafish,
neurulation procecds by the formation of a dense nerve rod, which then forms a lumen by

caviation (Schmitz et af. Dev, Biol. 202:250-259 (1993)). Following the neural tube
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formation, however, the anterior end of the embryonic neural tube in every verbrate, from

fish (o human, subdivide into three primary brain vesicles, forebrain, midbrain and hindbrain,

[0472]  Asin other vertcbrates, the zebrafish forebrain consists of the telencephalon, optic
vesicles, hypothalamus, ventral and dorsal thalamus and pretectum. The telencephalon in
mammals includes cercbral cortex, olfactory bulb and basal ganglia. The midbrain
{mesencephalon) consists of the tectum and torus tegmentum, which contain major relay
centers for sensory information, and the tegmentum, which contains motor nuclei, especially
those involved in eye movement. The midbrein alsc contains the substantia nigra, a group of
dopamine-producing neurons that control movement and i3 the region affected in Parkinson’s
disease. The most rostral pant of hindbrain, the isthmus rhombencephali (thombencephalon),

containg the cerebellar primordium dorsally,

{0473] During somitogenesis, sections of the neural tube giving rise 1o midbrain and
isthimus fold up as two ¢learly separable domains, forming the midbrain-hindbrain boundary.
This boundary region becomes an organizer involved in subsequent patteraing of the brain.
Hindbrain segmentation occurs at 18 somites (Schier et al., Development 123:165-178,
(1996)). By 24-28 hpf, the zebrafish brain has the typical morphology of embryonic
verterbrate braing (Kimmel er al., Annu. Rev. Neurosci. 16:7G7-732 (1993)).

{0474} 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 $2:141-147, (1991)). Primary neurons inciude 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 oligcdendrocytes that myelinate neurons in larval
and adult spinal cord. As in other vertebrates, motorneurons, oligodentrocytes and probably
also secondary neurons, acise from same set of cells in the ventral spinal cord on both sides of

the floor plate (reviewed in Lewis and Eisen, Prog. Neurobiol. 69(6):419-449, (2003)).

[04751 The spinal cord and trunk of all vertebrate embryos are organized into segments
calied somites; this seginental organization results in a predictable repeating pattem of
neurons. By 18 - 20 hpf each segment containg 18 neurons in 3 classes: mechanosensory

neurons, interneurons and primary motor neurons (Kuwada et af., J. Camp. Neurol.
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302(2):617-628 (1990)). Because of the simplicity of this segmental orgenization, it is

possible to identify individual neurons and follow specific axons during pathfinding.

[0476] Spatial and temporal expression patterns of regulatory genes such as those involved
in the hedgehog and nodal signaling pathways, followed by the Fgf, wnt and hox family
members are highly conserved between zebrafish and mammals Wilson et al, (2002)). In
many cases, fuaction has also been shown lo be conserved, suggesting common mechanisms
control vertebrate CNS patterning. Sevceral genes specifying functional regionalization in the
mammalian brain are conserved in zebrafish; for example, Zash-la (Wulimann and Mueller,

. Brain Res. Gene Expr, Patterns 1:187-192 (2002} and hix! (Hjorth et al., fnt. J. Dev. Biol.
46(4):583-96 (2002)). In addition, genes involved in neurotransmitter metabolism have
recently been deseribed, including tyrosine hydroxylase and the dopamine transporter
(Holzschuh et al., Mech. Dev. 101:237-243 (2001)), as well as a regulator of noradrenergic
neuronal gene expression, Tfap2a (Holzschuh et al., Development 130(23):5741-5754
(2003)).

{0477] B. Biood Brain Barder

[0478] The blood brain bardier (BBB) 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'made of specialized endothelial cells, pericytes embedded
in the basal membrane, perivascular macrophages and astrocyte endfeet (Gloor et al., Brain
Res. Rev. 258-204 (2G01); Ballabh et al., Neurobiol. Dis. 16:1-13 (2004)). While allowing
essential substances including nutnients to transit into the CNS, the BBB functions as a
primary physical barrier to harmful substances. In its neuroprotective role, the BBB also

provides protection for the CNS against common infections by keeping out pathogens.

[0479] Unlike peripheral capillarics that permit some level of free exchange of molecules
through the porces, the BBB strictly limits transport into the brain by physical bamiers
(Cordon-Cardo et al., Proc. Natl. Acad. Sei. USA 86:695-698 (1989), Ghersi-Egea et al., J.
Neurochem. 62:1089-1096 (1994}; Drion et al., J. Newrochem. 67.1688-1693 (1996);
Engethardt, Cell Tissue Res. 314:119-129 (2003)). The main physical characteristic which
differentiates endothelial cells in thel BBB from thosc in poripheral capillacies is that BBB
endothelial cells Aarc organized much more tightly due to the presence of tightjunctioné

(zonula occludens) (Wolburg and Lippoldt, Vasc. Pharmacol. 38(6):323-337 (2002)). Tight
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junctions securely join the plama membranes of BBB endothelial cells, leaving no gaps for
the pagsage 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, Molec. Interventions

3:90-103 (2003)).

{0481} 1t has been widely accepted that the BBB prevents virtually all molecules with a
molecular weight higher than 500 Daltons 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 us those that have a molecular
weight less than 400 - 500 Daltony are able to transit across the BBB by passive diffusion
(Pardcidge, 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 et al., J. Pharmacol. Exp. Ther.
245:581-586 (1988); Bobo e al,, _Proc. Natl, Acad, Sci USA 91:2618-2622 (1994); Pardndge,

supra).

[0482] 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 mamumals, xenobiotic
transporters, including efflux and uptake trasporiers, have been shown to mediate drug
transpott cross the BBB. Three groups of transporters are: (1) the active efflux transporter
(AET); (2) camier-mediated transporter (CMT); and (3) receptor-mediated transporter
(RMT). By imposing selective transports, these BBB transporters furiction 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 luminal (on the blood side of the capilliary) and
abluminal (on the brain side of the capillary) enthothelial membranes. The luminal and
abluminsl membranes are separated by about 300nm 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.
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{0483} Efflux transporters are of particular interest for drug development because of their
importance in uptake, distribution and excretion of drugs {i.¢., 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
functional blood-brain barrier (Schumacher and Mollgard, Histochem. Cell Biol. 108(2):179-
182 (1997)). P-gpis a ATP-dependent drug transport protein encoded by the multidrug
resistance gene (MDRI/MRP1). P-gp expression is known to be an early marker of the
blood-brain barrier 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. 10:1295-1312 (2004)).
First, the ubiguitous localization of P-gp at both fuminal and abluminal sides of the BBB
supports P-gp's role as a barmicr 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 er al., J. Histochem. Cytochem. 44:679-685 (1996); Demeule et
al., Vascul. Pharmacol. 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 (Baucr et al., 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 et al., J. Nail. Cancer Inst. 88:994-999 (1996); Rittierodt et al., Pathobiology
71(3):123-128 (2004)),

{0484] 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 s 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 BBB, it must possess the following
characteristics: (1) a molecular weight (MW) less than 400 - 500 datons; (2) lipid soluble;
and (3) not 4 substrate for 2 BBB active efflux transporier or the digestive enzymes
(Pardridge, NeuroRx 2(1)-3-13 (2005)).

[0486] Moreover, most biotcchnology-based therapeutics, such as monoclonal antibodies

(mAbs), recombinant proteins, antisense RNA, gene therapeutics and polypeptides, and the
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like, cannot cross the BBB due 10 their molecular mass, which exceeds the 500 Dalton
threshhold, as well as their lipid insolubility (Pardridge, supra). It is generally belicved that
virtuaity all large molccules, and 98 percent of small molecules, do not transit the BBB
(Pardridge, supra). To dale, very few brain disorders, including depression, schizophrenia,
chronic pain, and epilepsy, arc known lo be responsive to smatt molecule treatments. The
major brain disorders, including Alzheimer's disease, Parkinsoa’s disease, Hunlingtoﬁ‘s
disease, amyotrophic lateral sclerosis (ALS), multiple sclerosis (MS), brain cancer, stroke,
brain injury, autism, {ysosomal storage disorder, inherited ataxias, and blindness, are largely
refractory to small molecule drugs. The majonity 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).

{0487] 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 pharmaceitical
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.

[6488] 2. Disadvaniages of conventionu! BBB permeability assays

(0489] 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 & priority for drug
development for brain diseases. Methods currently available for assessing drug {ransport
across the BBB include: 1) in silico predictive models; 2) cell-free systems; 3) cell culture

systems, and 4) in vivo models,

[0498] 1) In silico predictive models: Computer models are nsed to predict BBB transport
of small molecules, based on physico-chemical propertics of the drug, including molecular
weight, hydrogen bonding, lipid solubility, molecular weight, and polar surface area. These
modcls 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 silico
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[0526] 4. Zebrafish Mddels of Brain or CI1$ 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 nol ecule treatnments. The major brain

di sorders, including, Alzheiner's disease, Parkinson's
di sease, Huntington's di sease, arnyotrophic |atera
sclerosis (ALS), nultiple sclerosis (Ms), brain
cancer, stroke, brain injury, autism |ysosonal
storage disorder, inherited ataxias, and blindness,
have been largely refractory to snmall nol ecul e drugs.
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105331 3-day post-fertilization zebrafish enbryos

cul tured under standard conditions as descri bed above
were used to screen for neuroprotectants in vivo.
Zebrafish enbryos were treated with L-hydroxyglutaric
acid (L&), which caused oxi dation and apoptosis in
zebrafish. Zebrafish enbryos were treated with vehicle
alone (A), 50 nM LGA al one (B), or 50 nMLGA plus
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i nportant 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);

Schi nkel, Adv. Drug Deity. Rev. 36:179-194 (1999)).

I nhibition of P-gp leads to drug retention in the CNS.
For exanple, MDR | a knockout mce |acking P-gp showed
a hundred-fold increase in drug absorption and
decrease in drug elimnation in the CNS, indicating
the i nportance of P-gp in drug efflux (Schinkel etal.,
Cell 77:491-502 (1994); van Asperen etal., J. Natl.
Camoey Thasts. eviB8ice SPbrtQ ha(LIFH) Iistsiindomp ereclesaht figh. For
S%Hﬁr}?oe' a 'la%stpg&e@lsﬁgxm dhn %Sjw M%lo%@la!; lv@l HAG5a Whikd

ous ['etion o ene and remature
t Sl tmthp drainof’ hemwlse%ma@w lephos P“"F‘H‘éﬁ ﬁﬁ‘d’é P fegeive
1%/ Ry lz/f?’gf tdA9R4I aow Ld@g@ﬂ@ltﬁai Qd&mﬁtyﬁ&—ﬂmﬁﬁcr@iﬁlsts between the

PGP G e O TG ae S L T2 (oot HORhe
oV@nmmﬁm@umwwmnuwﬁmphaBMEm@UhemapWEQBQaQWM@UGaNWwExp.
Bittq}wgod\é? em %@h 1!‘ ;a%r:;logg Q@QQ@%eudc Bor ?&Q{Qz ku?txlal a?rht@)r akids

Xeno Ic e have been identified
i KAKPEInds ceatpi Ern 9o 253 PR 2P %\?9@))3 Eypespebyaschey tgierpece i
glnyﬁspm Fhteh Br hddhi DhihdeR, amely glytisd iabes densdntiated in theodogthe

IR RS S Rl

(2088) )c. 11%&&21151& S o MO ALy iR 1€ nAGLor EngP

Sstrates TS ONe€E s egy to 1ncrease drug

p?@@ﬁa byt bltc%nttxﬁ’veﬁthﬁ p:gl}@cs n%kh@&'o@&rc@ﬂﬁ@éﬁ@@@«ﬂot mt:tnﬁly & the
B RS i BT |G B S S SRAES

n 8 i ost, ably &

pezehmlb i \ivioy Thegertulectibit@lianuskdheginoeferts roegturestfurdtiengor activity
g!hg?\;) g( @hsgvg C8uchhn z@l:vu’y ch)re a b#olog}@z{[‘ Q&t(/ll)ﬂlgdt l&'ﬁl%ﬂ);]l%(?lﬁ's in

evel op pfedi ctive zebrafish BBB a
t dheesrpipRriopis cqe m&@gty éhdbocﬁis% ia FpRoate tvh@tﬁe?‘r‘fﬂ%?dt“&% red
t \M)mPorg@lsﬁ:l U @STER theS S CHE @Rludds Hackamitildwd 43 Bor timblation,

OHJB “%&Tf? Qe%bg! :Ee%lrxo&q‘ Jb?vezceet? zjgithl a%ttln Pﬂh %}%{)wsas r
1@5@@@) B defiRppinSeadionHl a@ﬁvepmg [XE Rty asylefingd MESHTigR Wswo"e

1 %é&&mﬁ@ar@ %fléabmrwh&tlm%mm%ambmﬁpam P OSSRESESe. A

BBB, expres ressi.on of MRP | was
a SRy ecé“a‘i At B Q‘P?‘gﬁﬁlﬁaﬂlf’f HhdPginder st andard

V\E"&gbelt :"}I% gr?]etag'qseﬁtdtglsjtnvenﬁ )e/r%roav V ti{aogsn 02f4 chee?unéguf (ﬁgﬂt fofs%% activity
exrathe brain exiis 8 ikdmfigf in MRP SlomRMh usthedy Oﬁﬁﬁwg(lw@yat ive
c Qa&mhz.n 2B (A9 AuSS e Baa.hgpm@m zetRtis P EHOMM ':H& kEd“Qedge

e sense RNA probe did not detect any Si 8N
| A5 L Shehase age@ﬁéa%wf’w’g'é%@w br Gtseored! @ g fran or CS of
emrzasﬁism AndfhelfRRhd BBmoﬂt}hﬁclbifﬁh s dendl f@pédwmbi/ooefudctional to
SRl IS, (TLegS) . 105431 O R bop 1 obe

rocedure utilized pl asm d vectors

ng. SPo6 T3
ooy Bl 8 S5l ekt R 1 & K e e .
Remtreé fn 2eafish iincxhighgiprBRSHap 911 Y Wﬁlﬁﬁeég’?ﬂfﬁb)’ ellpringlyppessement
Cati its a%—h%( Y @;&& Q Besv@iﬁac!uh@eﬁﬁ h%ﬁ%@ﬁﬁ@ﬂ@aﬁ%%ra&%lﬁhm B&r

not 'sense' ant j sense' The 23'

| &R MU SETINK atSEE"re"&%‘ﬁ’é)’ 2hglsh g ghictybe EB%TS&P‘J% fgrm

synt hesi ze di goxi gcni n-1 abel ed RNA probes according to
the manufacturer's protocol jzGBochringer Mannhei m

Bi ochemi cal s, Indianapolis, IN. 105441 2) Wol e nount
in situ hybridization: Enbryos were fixed with 4

per cent paraformal dehyde in PBS and re-hydrated with
?BST. The RNA probes were hybridized at 65C in
hybri di zati on solution (50% forrnam de, 5X SSC, 0.1%
Tween 20, 0.05 ng/m Heparin, 0.5 ng/nl tRNA, 10 m vl
sodiumCitrate buffer pH 6.0). Alkaline




NBT (Nitro Blue Tetrazoliunm) and 3.5 pl of 50rngin
BC1P (5-Brono- 4- Chl or o- 3-1 ndol yl Phosphate) per m were
added to the staining solution. The staining reaction
was stopped by washing the enbryos with PBST. Enbryos
were then exam ned on a stereo-dissecting m croscope.

[ 05451 3. Expression of Transporter Genes in Zebrafish
05461 Tabl e 8 bel ow summari zes RNA expressi on data
denonstrating the expression in zebrafish of
transporter genes that are known to be involved in
regul ating 1313B function in other organi sns, anther

i ndicating the presence of a functional 13BB in

Z eiH0T | Binnd, Eabicet oW ot ielinbiRyodtetit (GEBBE Raye ket inon

ACGERRY %r}o}mﬁ’rrﬁwn%P}%F RL.&h D functional BBB. Altermatively, 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 agsociated with its

inability to transit the BBB.

[0503] Third, an agent unknown for its ability to transit the BBB of an organism may be
tested in 2ebrafish embryos whose BBB has not yet formed (f.e., zebrafish prior to 3 dpf).
This approach allows the asscssment of the agent’s property relaling to a desired biological
activity. 1fthe agent exhibils 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. If the agent is able to exert the desired activity in zebrafish with a functional
BBB (i.e., zebrafish at least 3 dpf), it may be concluded that the agent ¢an transit the BBB. 1f
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.

[0504] 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.

10505] 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.

[0506] A variety-of methods to test for the presence of the BBB in carly development of the
zebrafish were performed to demonstrate the feasibility of using zebrafish as an in vivo model

for screoning drugs for an activity in the brain or CNS.

{0507} 1. The Presence of Tight Junctions in 3 dpf Zebrafish

[0508] The first ieve!l of physical barrier in the BBB is presented by the endothelial tight
junction. Tight junctions are the closely associated areas of two endothclial cells whose
membranes are joined together forming a virtually impermeable bamier to fluid. They

perform three vital functions: (1) they hold cells together; (2) they block the movement of
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(rmultictrug resistance protein) MDRI/MRPL Effl ux
transport 131533101 Multidrug resistance associ ated
protein 2 MRP2 Efflux transport 8C066740 Bl ood-brain
barri er specific anion

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.

{0509] The presence of tight junctions between BBB endothelial cclis in 3 dpf zebrafish
embryos cultured under standard conditions as described above was demonstrated using
immunostaining (Fig. 19). Z0O-1 is a component of tight junctions formed between
endothelial cclls in the mammalian brain. A mouse moncclonal antibody against rat ZO-1
(Sigma, St. Louis, MO} was used in whole mount immmunostaining. Zebrafish embryos at 3
dpf were fixed in Dent's fixative (DMSO: MeOH = 1:4) for at least 3 hours at room
temperature or overnight at 4°C. Embryos were dehydrated to 100% methanol and incubated
for at least | hour at -20°C. Embryos were then rehydrated step-wise to 100% PBST {(0.1%
Tween-20 in PBS). Embryos were treated with 1 M NHLC! for 2-3 hours at room temperature
to quench auto-fluorescence. Embryos were washed in PBST twice for 30 minutes each at
room temperature by gentle shaking. Embryos were then washed with PBST three times for
10 minutes each. Embryos were incubated in blocking solution for { hour at room
temperature with gentle shaking. Embryos were then incubated with primary antibody at 4°C
ovemight. Embryos were washed extensively with large volume of PBST, at Jeast 4 limes for
1 hour cach. Embryos were then incubated with secondary antibody for 2 hours at room
temperature. Embryos were washed with PBST twice and three times with PBS for 10
minutes in each wash. Embryos were equilibrated into citcate buffer (pH 5) for at least 20
minutes. Citrate buffer was drained off and HRP substrate TMB (100 pl) was added.
Embryos were incubated for 30 minutes. The reaction was stopped with 2M H;80, and

embryos were examined under a fluorescence microscope.

{0510] Fluorescence mpicroscopy was performed using a Zeiss M2bio fluorescence
microscope (Carl Zeiss Microimaging [nc., Thormwood, NY), equipped with a rhodamine
cube and a green FITC filter (excitation: 488 nm, emission: $15 nm), and a chilled CCD
camera (Axiocam MRM, Carl Zeiss Microimaging Inc., Thornwood, NY). 1.6X, 10X and
20X objective archromats and 10X 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 Mircroimaging Inc., Thomwood, INY), which permits

reconstruction of 3-D objects and analysis of Z-stacks. Images were processed with
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transporter 1 (Organic anion transporting pol ypeptide
ICl) 81C21;14 Efflux transport CA472133 Organi c anion
transporting pol yveptide 2 QATP 2 Efflux transport

Al 353630 Breast cancer resistance protein

Axiovision software Rel 4.0 (Carl Zeiss Microimaging Inc., Thormwood, NY},and the Adobe
Photoshop 6.0 computer program {Adobe, San Jose, CA). All procedures were performed

according to the manufacturer's specifications.

{0511] As shown in Fig. 19, whole mount ZO-| antibody immunostaining revealed that
tight junctions form in the 3 dpf 2ebrafish brain (brown spots) adjacent to the mesencephalic
vein (MsV), middle cerebral vein (MCeV), and prosencephalic artery (PrA) (Amrows). This
result demonstrates that tight junctions are present in zebrafish at 3 dpf, but are not seen in

zebrafish at 2 dpf (date not shown).

{0512} 2. Evans Blue Extravasation/Exclusion Assay

{0513} Evans blue (MW = 961 Daltons) has been widely used as a vital dye {o 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
cxcluded 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 tempcratures (e.g., 35°C) and
more slowly at lower temperatures (e.g., 18°C) than it does at a standard temperature (ie.,
28°C), 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.
[0514} 3. Agents to Be Screened

{0515] Agents to be screened for an activity in the brain or CNS in vive i teleosts,

preferably zebrafish, are described in Section I (B) above.
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13CRP1 or ABCX Efflux transport AL920336 d ucose
carrier, LI amno acid transporter GQ.UT1 Upt ake
carrier AW75259 Large neutral am no acid transporter
LAT |

{0516} 4. Administration of Apents

[0517] Agents to be screened for an activity in the brain or CNS in vivo in teleosts,

preferably zebrafish, can be administered as described in Section 1(C) above.

[0518] Examples

{0519] As provided hereinabove in Sections I, [l and IV, several compounds were
screened for in vive 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.

[6520] 1. Compounds Knowan to Transit the Blood Brain Barrier

[6521] 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] 2. Compounds Known Not to Transit the Blood Brain Barrier

[0523] As shown in Table 7 below, several compound known in the art not 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, including prior to 3 days post-fertilization or after at least 3 days post-fectilization.
Neither VEGF nor dexamethasone demonsirated any activity in the brain or CNS of zebrafish

embryos.

[0524] 3. Compounds Not Known to Transit the Blood Brain Barrier

[@525] Asshown 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 condilions when adrinistered for various
periods of time up to 3 days post-fertilization. Some compounds from the NCI and MIT
compound libraries demonstrated developmental defects ia the brain or CNS of zebrafish

embryos.
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Upt ake carrier 81887805 0547) 4. Efflux MachinerV and
I nhi bition of Zcbrafish P-gp by Verapam | (0548) To
confirmthat zebrafish P-gp is sensitive to inhibition
to known manunal i an P-gp inhibitors, 3-dpf zebrafish
cul tured under standard conditions as descri bed above
were incubated with vehicle alone (A and B) or 30 p. M
verapam | for 24 hours (C and D) (Fig. 25). Verapan |
is a conmmonly known P-gp inhibitor in in vivo rodent
BOB nodel s (Bentham et at, Pharnmacol ogy 289: 1084-1089
(1999). (0549) In control (vehicle alone), after 4
hours, the fluorescent dye entered bl ood vessels

i ncluding the peripheral Habed vessel (data not shown)
and exhibited a less intense staining pattern,
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[0526] 4. Zebrafish Models of Brnin or CNS Diseases or Disorders

[0527] To date, very fow brain diseases or disorders, including depression, schizophrenia,
chronic pain, and epilepsy, are known to be responsive to small molecule reatments. The
major brain diserders, including, Alzheimer's disease, Parkinson’s disease, Huntington’s

diseage, amyotrophic lateral sclerosis (ALS), multiple sci_erosis (M8), brain cancer, stroke,

118



f05511 2) Fluorescence nicroscopy and image anal yses:
Al'l fluorescence mcroscopy was performed using a

Zei ss M2Bio fluorescence mcroscope (Carl Zeiss

M croi magi ng I nc., Thomwod, NY), equipped with a
rhodami ne cube and a green FITC filter (excitation:
488nm em ssion: 515nm, and a chilled CCD canera
(Axiocain MRM Carl Zeiss M croimging Inc.,

Thor nwood, NY). Screens were routinely perforned
using: 1.6X, 10X and 20X objective archromats and | OX
eye pieces. The systemis also equipped with a
z-notorized stage, deconvolution software and 4-D
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on any biological fin-tenon (Westerfield, supra).
Alternatively, if PTU causes unexpected probl ens, an
al bi no zebrafish, which has nmutated pignmentation, can
be used. 105561 5. Zebrafish P-gp Efflux Assay 105571
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with different concentrations of test agents, O
(vehicle control), I, 10, 100 and 1000 ti M Each agent
C q&abﬁ i &%B&dfehﬂ?allgn @&bﬂ%'e&bry&fchlﬁf ed2AdeN QaNdSd chimtigions as

ux r
d é’ﬁ%ﬁf‘ﬁnﬁ ébotv? %c \tsschlg §CéceP éosr nta;lg]o ro ec!.)énis I{J vtpﬁ? | iegi[a%mex%gs were
P QiesttcswiafLt lgtok y3j ueait haih( Lﬁs), a@sh}@s@d oxulaigmrﬁﬂﬁ apogesis i

h% n§ﬁsh I ?ebpa?&lee?rﬁaf’%y werPLDRH wtﬂ'x mncﬂgiom&t (?\} sb Qv %ﬁﬁf@ﬁe@ﬂ)

2, h
o midip AL hasBHE | R EinRRRe O U581 Tho

I alefe@Radi®: (DPO, 1th)$E)a@Wd®aﬁianﬁoac¢mm; 1 1) (Fn@erfranpic 0.1 ©M) Of
R e e
shoO ) 2ehecthiemtiéine RACE IReMI (o lippie =rc‘da(&l&\ﬁm<aworv‘wh@q{éﬁ uM)
z Qb{ éﬁ:in% fbo mtm} coln%o&q F;rmh), adeBtoi Red po(emnog casopgent
a0 & B oipits S AR B B B0 vas v

shegitice vasenbl e t hat of negative controls (e.g., P-gp
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m niste escri above.
[ O58B!I®. by Aekrispinest MIgOCORY 16 PAMips grain apoptosxs [l 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, DEO, DHB, deprenyl, L-NAME, L-NAC, OTC, lipoic acid, minocycling, 1satin and
cortisone exhibited protection from the effects of LGA, whereas indole-3-carbinol, ascorbic
acid and a-tocopherol showed no significant protection from LGA, at the concentrations
tested (Fig. 23). Dose-tesponse curves of neuroprotectants at different concentrations (0-250
uM) were generated (data not shown). One-way ANOVA and Dunnett’s t-test were used to
determine the significance: D-Met, DFQ, DHB, deprenyl, L-NAME, L-NAC, OTC, lipoic
acid, minocycline, isatin and cortisone exhibited significant protection (P<0.05), whercas
indole-3-carbinol, ascorbic acid and a-tocopherol, which are not BBI3 permeable, showed no

significant protection (P>0.05).

[0535] D. Methods of Screening an Agent for an Ability to Affect Blood Brain Barrier

Permeability
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105641 Dyes used in nmethods of screening agents for an
ability to affect in vivo BBB perneability in

tel eosts, preferably zebrafish, can be adm ni stered as
described in Section | (D) above. [0565] A dye can be
rhodam ne- 123 or F1TC- HRP or any equival ents thereof.
105661 A dye can be adm ni stered atone, in conjunction
with a variety of solvents (e.g., 10% DOH, Sali ne,

di met hyl sul foxi de or the like) or carriers (including,
e.g., peptide, lipid or solvent carriers), or in
conjunction wth other conpounds. 105671 The dye

ef fl ux assay is performed on zebrafish enbryos of age
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ol fadch& thiBiR@rloRcSARR ceHPBSMbECKs.Me and fl uorescence
gain. 105711 The sumof staining signals (SS) in the
m{@be)ai In TeaBBEMGURNELdkdaed by i nage anal ysis (e.g.,

Sci on I nmage) which neasures positive staining signals
i (P58%e Avepibduaibia flusesngt Bithddotas devgjapreil tolamsct dmg chiifnt ane elfflux

ARL&S 12 BHB S EARALanl BRESHO Garticutar 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-glycoprotein (P-gp), which is an ATP~dependent drug
transporter encoded by the multidrug resistance gene (MDRI/MRP1). P-gp is the most
important active efflux transporter and responsible for the majority of efflux transportation in
the BBB (Tsuji et af., Life Sci. 51:1427-1437 (1592); Stewart et al., J. Histochem, Cytochem.
44:679-685 (1996), Schinkel, Adv. Drug Deliv. Rev. 36:179-194 (1999)). Inhibition of P-gp
" leads to drug retention in the CNS. For example, MDR 1a 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 efftux (Schinkel e/ af., Cell 77:491-502
{1994); van Asperen et al., J. Nutl. Cancer Inst. 88::994-999 (1996)). Enhanced drug
sensitivily has also been observed in collie dogs with & homozygous deletion of thc MDR1
gene and a premature termination of P-gp (Mealey et al., 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 al., Exp. Biol. Med. 231:118-127 (2005)). in dogfish shatk, xenobiotic efflux
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(0572) Multiple animals for each treatnent can be

enpl oyed 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 follow ng cal cul ation:
fluorescent signals (SS) = staining area X average
fluorescent intensity. (05741 Anal ytic paraneters

i ncluding signal threshold, stained area and
background can be further defined for automated

hi gh-content anal ysis. Because all quantitative

anal ysis inherently includes sonme nethod based errors,
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RP! RNA usung sense {negatwe control) and anti-sense riboprobes. As shown in Fig. 244,
the sense RNA probe did not detect any signals. In contrast, the anti-sense RNA probe
detected expression of MRI'| ia the brain and spinal cord regions at 24 hours (Fig, 24B).

[0543] 1) Riboprobe labeling: This procedure utilized plasmid vectors containing SP6, T3,
or T7 promoters for RNA polymerase. Zebrafish EST sequence was purchased from
Research Qenetics (cutrently 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 1o synthesize digoxigenin-labeled RNA probes according

to the manufacturer’s protocol {Bochringer Mannheim Biochemicals, Indianapolis, IN).

[0544])  2) Whole mount in situ hybridization: Embryos were fixed with 4 percent
paraformaldehyde in PBS and re-liydrated with PBST, The RNA probes were hybridized at
65°C in hybridization solution (50% formamide, 5X $8C, 0.1% Tween 20, 0.05 mg/m|
Hepann, 0.5 mg/ml {tRNA, 10 mM sodium Citrate buffer pH 6.0). Alkaline phosphatase-
conjugated anti-digoxigenin antibody was used to detect signals. For staining, embryos were
equilibrated in NTMT buffer (0.1 M Tris / HCl pH 9.5, 50 mM MgCl, 0.1 M NaCl, 0.1%
"Fween 20) at room temperature. Once the embryos were equilibrated, 4.5 pl of 75 mg/ml
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(0578J The RFS of drug treated animal (RFSe) can be
conpared to RFS of untreated control (R FSd) to

eval uate drug effects on efflux. Significant
inhibition of P-gp is defined as >200% i ncrease in RFS
in the brain (RFSd >2X RFSc) after drug treatnent.
10579) A dose response curve for each conpound can be
generated by drawing a correl ati on between RFS and
drug concentration (RFS vs. concentration). 10580] Dye
efflux kinetics for a test agent can be obtained by
nmeasuring the fluorescent intensity of dye in a tine
course manner, thereby identifying an optinmal effl ux
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provided in Fig. 27. In this screening nmethod, the
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( Nﬁmm odpBeloddh Britaied vidar standard @ﬂlMabldlmtﬂyﬂd |ah>ve were
Zﬁ\gﬁaﬁfﬂ \§i|a: vehicle alone {A and B) or 30 uM verapamil for 24 hours (C and D} (Fig. 25).
Verapamil is & commonly known P-gp inhibitor in in vivo rodent BBB models (Henthom et

al., Pharmacology 289:1084-1089 (1999).

WJ

{0549] In control (vchicle alore), afier 4 hours, the fluorescent dye entered blood vessels
including the peripheral blood vessel {data not shown) and exhibited & less intense staining
pattern, indicating active efllux transport of FITC-HRP (Fig. 25B). 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. 25D), indicating that verapamil inhibited

P-gp efflux in zebrafish. Similar results were obtained in efflux studies using another
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(0585) 4 day zebrafish enbryos cultured under standard
condi tions as descri bed above were used to exam ne
effects of N-acetyl-L-aspartyl-L-glutanmate (NAAG, an
agoni st at group Il netabotropic and

NRI / NR2D- cont ai ni ng N-net hyl - D-aspart at e ( NVDA)
ionotropic glutamate receptors, on BBB integrity.
Rhodarnine 123 was injected to the tail veins to
detected BBB integrity. In control zebrafish,

Rohdam ne 123 was observed in the bl ood vessels at 15
mn and 4 hours after injection indicating a
functioning BBB system (Fig. 28, left panels). In
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motorized stage, deconvolution software and 4-D reconstruction software (Axiovision, Carl
Zeiss Microimaging Ine., Thorawood, NY), which permits reconstruction of 3-I> objects and
analysis of Z-stacks. Images were processed with Axiovision software Rel 4.0 (Cart Zetss
Microimaging Inc., Thormwood, NY) and the Adobe Photoshop 6.0 computer program
(Adobe, San Jose, CA). All procedures were performed according to the manufacturer’s

insteuctions.

[0552) 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,
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(b) detecting cell death, if any, in the brain or CNS
of the teleost; and (c) conparing the cel
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
tel eost conpared to the untreated or control teleost
identifies the agent as having toxic activity in the
brain or CNS. 2. The nethod of claim1, wherein the
agent is admnistered to the tel eost by dissolving the
agent in the media containing the teleost. 3. The
netereibnahd dllwiofilbreswhigyen thebha regpantasiqgant figdde teebanmgttio

t hRiodeRbR Qérta!s afts MlRudiBkdI of ngtf,cu@rl (§‘5 r@ Sainif G A 248 Eme

agent is admnistered by direct del |ver§¥to the brain
orPoBRIGT N APl et i ety @Sﬁe@“\*f’é'tgwéasf@’rdt & grne point)
W"(EI@ €36 Relettiof iof MOtesd@ sigh®I(FL) h dabt@aniatabivad cOtul LNIBsihgSthe

E%%@ ECPIOH of the agent into the brain or CNS of
the t el"eos

RFS= §34/850 X 100%.

[0583] A working example of morphometric analysis is provided in Fig. 26 in which the
fluorescent signals in the brain were quantified. In controls, S50 was 9,658,955 (A) and 554
was 541,787 (B); the RFS was 5.6%, indicating that most of fluorescent dye in the brain had
been eliminated. With verapamil treatment, the SS0 was 10,085,802 (C), S54 was 5,575,444
(D}, and the RES was 55.3%. Compared to untreated control (B), verapami! 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.

[0554) 4) Statistics: All data were presented as mean + SE (standard error of the mean).
Student's i-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. {n addition, analysis of variance
between groups (ANOVA) was used to compare drug effects for muliiple comparisons. One-
factor ANOVA was used first and Tukey HSD pair wise comparison post hoc tests was used

next to determince significant differences between treatments. P values <0.05 was considered

significant.

[0555] 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 Zebrafish, The University of Orcgon 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 embryn water (5 g of Instant Ocean Salt with 3 g of CaSQq in 25 liters of
distilled water) al 28°C 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% I"TU (I-phenyl-2-
thiourca, Sigma, St Louis, MO) was employed during the entire experimental period because

low concentration of PTU has been shown to cause depigmentation, but no significant effect
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6. The nmethod of claim 1, wherein the agent is
adm nistered to the teleost in conjunction with a
carrier. 7.The nmethod of claim®6, wherein the carrier
is a solvent, lipid, or peptide. 8.The nmethod of claim
1, wherein the agent is admnistered to the teleost in
conjunction with at |east one other conpound. 9. The
nmet hod of claim1l1l, wherein the agent is fluorescent or
radi oactive. 10.The nethod of claim1l, wherein the
agent is a small nolecule and a |ibrary of small
nol ecul es is screened for toxic activity in the brain
or CNS.

on any biological function (Westerfield, supra). Altematively, if PTU causes unexpected

problems, an albino zebrafish, which has mutated pigmentation, can be used.

[0556] 5. Zebrafish P-pp Efflux Agsay

{0557] The P-gp transporter can transport a widc 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}), |, 10, 100 and 1000 pM.
Each agent can be tested in 10 animals. Afler 24 hours drug treatment, the P-gp efflux assay
is performed. To determine 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 antmals.

{0558} 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-HRP or thodamine-123 should decrease and the
dye will sccumulate in the zebrafish brain. [n contrast, in the presence an agent which has no
cffect on P-gp function {P-gp non-inhibitor), efflux of FITC-HRP or rhodamine-123 shouid
resemble that of negative controls (e.g., P-gp independent compounds: caffeine and

phenytoin).

[0559} 6. Agents to Be Screened

{05601 Agents to be screened for in vivo activity in the brain or CNS in telcosts, preferably
zebrafish, are described in Section I (B) above.

(0561} 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) shove.

[0563] 8. Administeation of Dyes

105641  Dvyes used in methods of screening agents for an ability to affect in vivo BBD
permeability in teleosts, preferably zebrafish, can be administered as described in Section |
(D) sbove.

[0565} - A dye can be rhodamine- 123 or FITC-HRP or any equivalents thereof.
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11. The method of claim1l, wherein the agent is a
nucl ei ¢ acid, peptide, protein, glycoprotein,
carbohydrate, |ipid, or glycolipid. 12. The nethod of
claim1, wherein the teleost is an enbryo, larva, or
adult. 13. The nethod of claim 12, wherein the
teleost is an enbryo. 14. The nethod of claiml,
wherein the teleost is a wild-type strain. 15. The
met hod of claim11, wherein the teleost is transgenic.
16. The nmethod of claim1l, wherein the tel eost has a
heritable nmutation. 17. The nethod of claim 16,
wherein the heritable nutation is associated with a
briadén) of dgNG: ingmiasercdstond| is omihattion witi8a vaftigofivevdrode of
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solver carriers), or in conjunction with other compeunds.

[0567] The dye efflux assay is performed on zebrafish embryos of age at least 3 dpfin
which a functional BBB with active P-gp have been established.

(0568] 9. Momhometric Analysis

[{0569] Although qualitative, visual assessment of staining is sufficient for asscssing
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.

10570} 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 lmage System (Scion Corporation, Frederick,
Muaryland) or any equivalents thereof, Images of the brain in each animal can be obtained

using the same exposure time and fluorescence gain.

[0571] The sum of staininp signals (SS) in the midbrain can be quantified by image
analysis (e.g., Scion Image) which measures positive staining signals in the midbrain using

strief logarithms in defined areas and signal threshold.

[0572] Multiple animals for each treatment can be employed to obtain an average of the

staining stgnals (the average fluorescent intensity).

{0573} The retention of fluorescent dye in the brain region can be further quantified by the

following calculation:
fluorescent signals (55) = staining area X average fluorcscent intensity.

[0574] Analytic parameters including signal threshold, stained aces and background can be
further defined for automated high-conlent 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 crrors in quantifying the

fluorescence signals.
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19. The nmethod of claim1l, wherein the agent is
adm nistered to the teleost within 24 hours post
fertilization. 20. The nethod of claim1, wherein the
agent is adm nistered to the teleost within 48 hours
post fertilization. 21. The nethod of claim1,
wherein the agent is admnistered to the tel eost
within 72 hours post fertilization. 22. The method of
claim1l, wherein the agent is a nucleic acid anal ogue.
23. The nmethod of claim1l1l, wherein the cell death is
apopt osi s.
[0575] The dye efftux in each animal can be further calcutated by comparing the
fluorescent signals within the brain at 15 min after dye injection (S80: 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 (S$84; staining of signals at the end of time
point). Atthough the preferred method is 1o measure the fluorescent intensity at the initial
{ime point and 4 hours following the administration of dye, the fluorcscent 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 cach 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= $54/880 X 100%.

{0578] The RFS of drug treated animal (RFSe) can be compared to RES of untreated
control (RFSd) 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.

[0579] A dose response curve for each compound can be generated by drawing a

correlation between RES and drug concentration (REFS vs. concentration).

{0580] 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.

[0581] A working embodiment of torphometnie 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 eftect 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 simultancously,
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
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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
cffect on BBB permeability simultaneously, sequeatially 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.

{0583] Example

[0584]) 1. Effect of N-acetyl-L-aspartvl-L-glutamate (INAAG) on Blood Brain Barrier

Permeability in Zebrafish

{0585] 4 day 2ebrafish embryos cultured under standard conditions as described above
were used to examinc cffeets of N-acetyl-L-aspartyl-L-glutamate (NAAG), an agonist at
group Il metabotropic and NRI/NR2D-contgining N-methyl-D-aspartate {NMDAY} ionotropic
glutamate receptors, on BBB integrity. Rhodamine 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 afler injection indicating a functioning BBB system (Fig. 28,
lefi 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 pancls). This
data further demonstrates that zebrafish embryos arc uscful for screcning agents for their

ability to affect BBB permeability in vive.

¥EERE

[0586] While the foregoing invention has been described in some detail for purposes of
clarity and understanding, it will be ¢lear to one skilled in the art fom 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
nol to fimit 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
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scope of equivalents. All publications, references, and patent documents cited in this
appliculion are incorporated herein by reference in their entirety for all purposcs to the same

extent as if each individual publication or patent document were so individually denoted.
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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 unireated 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.

8. 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 {o 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.
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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.

18. The method of claim 1, wherein the teleost has a heritable mutation.

17. The method of claim 18, 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 fo 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.
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