
TITLE OF THE INVENTION [0001] Oral Formulations For
Delivery Of Catecholic Butanes Including NDGA
Compounds CROSS-REFERENCE TO RELATED APPLICATIONS
[0002] This application claims the benefit of U.S.
Provisional Patent Application Kos. 60/647,495 and
60/647,648, both filed January 27, 2005, which
applications are incorporated herein by reference in
their entireties. This application is also related to
an International Patent Application filed
simultaneously with the present application and
identified as Attorney Docket No. 682714- 1OWO,
entitled "Formulations For Injection Of Catecholic
Butanes, Including NDGA Compounds, Into Animals," the
disclosure of which is hereby incorporated herein by
reference in its entirety. BACKGROUND .OF THE
INVENTION [0003] This application relates to
compositions and methods for administration of
catecholic butanes, such as NDGA derivatives, to
animals, such as humans, for treatment of diseases,
for example, cancer or other proliferative or
inflammatory diseases, metabolic diseases or
neurodegenerative diseases. [0004] Catecholic butanes
such as nordihydroguaiaretic acid ("NDGA") have been
tested for therapeutic applications in experimental
animals by intratumor injection or topical application
of such compounds. For example, Jordan et al. in US
5,008,294 described the effect of NDGA on human
mammary carcinoma, MX-I , which was implanted
subcutaneously into mice on day 0 (Example 2). Mice
containing tumors were injected with various doses of
NDGA on day 1, in a single intratumor injection. In
another experiment, Jordan et al. injected a human
breast adenocarcinoma, MX-I, intradermally into mice
and treated the animals by topical application of NDGA
after day 23 (Example 7). [0005] Huang et al.
described the testing of certain derivatives of NDGA
(i.e., "NDGA derivatives") in US 6,214,874. In one
experiment, mice were injected with an immortal mouse
cell line, C3 cells, and treated by intratumor
injection with M N alone or in combination with G N,
both being derivatives of NDGA. [0006] It would be
desirable if an oral formulation of these anti-cancer
compounds were discovered which would allow for easier
administration, especially self-administration without
the need for hospitalization. The present invention
provides these desirable benefits.BRIEF SUMMARY OF THE
INVENTION [0007] It is, therefore, one of the objects
of the present invention to provide one or more novel
oral formulations of catecholic butanes anaVorNDGA
compounds, such as NDGA derivatives, for treatment of
diseases by oral administration of such formulations
to subjects in need of such treatment. [0008] It is
another one of the objects to provide formulations as
above that are safe and have few adverse side effects
when administered to animals, including humans. [0009]
It is another one of the objects to provide
formulations as one or more of the foregoing that have
a commercially reasonable period of stability. [0010]
It is another one of the objects to provide for
formulations as one or more of the foregoing that have
a commercially reasonable half-life in circulation
upon administration to animals. [0011] In accordance
to the foregoing one or more objects of the invention,
there is provided embodiments of the present invention
as exemplified below: [0012] A composition for oral
administration to an animal comprising an active
pharmaceutical ingredient and a pharmaceutically
acceptable carrier, wherein the active pharmaceutical
ingredient comprises a catecholic butane, and the
carrier comprises at least one of a solubilizing agent
and an excipient selected from the group consisting
of: (a) a water-soluble organic solvent other;
provided that when the water-soluble organic solvent
is propylene glycol, the propylene glycol is in the
absence of white petrolatum, in the absence of xanthan
gum (also known as xantham gum and 



xanthum gum) and in the absence of at least one of
glycerine or glycine, when the water-soluble organic
solvent is polyethylene glycol, the polyethylene
glycol is present in the absence of ascorbic acid or
butylated hydroxytoluene ("BHT"), and when the
polyethylene glycol is polyethylene glycol 400, the
polyethylene glycol 400 is present in the absence of
polyethylene glycol 8000; (b) a cyclodextrin; (c) an
ionic, non-ionic or amphipathic surfactant, provided
that when the surfactant is a non-ionic surfactant,
the non-ionic surfactant is present in the absence of
xanthan gum; (d) a modified cellulose; (e) a
water-insoluble lipid, provided that when the
water-insoluble lipid is castor oil, the castor oil is
present in the absence of beeswax or carnuba wax; and
a combination of any of the carriers (a) - (e). [0013]
A method of treatment of a disease in a subject
comprising: (a) providing the composition of the
invention; and (b) administering the composition
orally to the subject, wherein the composition
comprises an effective amount of the active
pharmaceutical ingredient.[0014] A kit for treatment
of a disease comprising the composition of the present
invention and instructions for use thereof. BRIEF
DESCRIPTION OF THE DRAWINGS [00151 The foregoing
summary, as well as the following detailed description
of the invention, will be better understood when read
in conjunction with the appended drawings. For the
purpose of illustrating the invention, there are shown
in the drawings embodiments which are presently
preferred. It should be understood, however, that the
invention is not limited to the precise arrangements
and instrumentalities shown. [0016] In the drawings:
[0017] Fig. 1 comprises Figs. IA and IB and depicts
the results of cell proliferation assays conducted for
the C-33A cell line and the HeLa cell line after M4N
treatment. Fig. IA is a graphical representation of
the ratio of number of cells present after M N
treatment over the number of cells present in the
absence OfM N treatment, where M4N was provided in
amounts varying from 0 mM to 80 mM in a DMSO
formulation. Fig. IB is a graphical representation of
the ratio of number of cells present after M4N
treatment over the number of cells present in the
absence OfM4N treatment, where M4N was provided in
amounts varying from 0 mM to 80 mM in a HP-b-CD/PEG
formulation ("CPE" formulation). [0018] Fig. 2
comprises Figs. 2A and 2B and is a graphical
representation of cell death measurements based on
percentage of dead cells for C-33A cells and HeLa
cells in the absence or presence of varying
concentrations of M N in a DMSO (Fig. 2A) formulation
or in a HP-b-CD/PEG formulation (Fig. 2B). The M4N
concentrations varied from 0 mM to 80 mM. [0019] Fig.
3 is a is a histogram showing the absorption of M4N in
Sprague Dawley rats at time points 0.5 hr, 1 hr, 2 hr
and 3 hr after oral administration of a single 500
mg/kg dose of M4N in different liquid solubilizing
agents and/or excipients ("carrier"). M4N was present
at a concentration of about 60 mg/mL in all the
carriers. The carriers include: (a) HP-b-CD (500
mg/mL) + HPMC (5 mg/mL); (b) HP-b-CD (500 mg/mL) + CMC
(5 mg/mL); (c) TPGS (200 mg/mL); (d) TPGS (100 mg/mL)
+ PEG 400 (50% v/v); (e) Tween(r) 20; (f) PEG 400 (50%
v/v) + Tween(r) 20 (50% v/v); (g) PEG 400 (33% v/v) +
Tween(r) 20 (33% v/v) + Peppermint oil (33%); (h)
Peppermint oil (50%) + PEG 400 (50% v/v); (h)
Peppermint oil (50%) + Tween(r) 20 (50% v/v); (i)
Peppermint oil (50%) + Sesame Oil (50%).;[0020] Fig. 4
is a graphical representation of the absorption OfM4N
by beagle dogs at time points 0.5 hr, 1 hr, 1.5 hr, 2
hr, 4 hr, 6 hr and 8 hr after oral administration of a
single 100 mg/kg dose of M in a powder form or in
different solid carriers, as follows: (a) M4N powder ;
(b) Lyophilized HP-b-CD (81%) + M4N (185 mg/g) ; (c)
TPGS (20%) + M4N (133 mg/g); (d) soybean oil (95%) +
beeswax (5%) + M4N (200 mg/g); and (d) olive oil (95%)
+ beeswax (5%) + M4N (200 mg/g).; [0021] Fig. 5
comprises Figs. 5A and 5B and is a graphical
representation of absorption of nonmicronized M N in
glycerol monooleate by beagle dogs at time points 0.5
hr, 1 hr, 1.5 hr, 2 hr, 4 hr, 



8 hr, 12 hr, 24 hr and 36 hr after oral administration
of a single 100 mg/kg dose. Fig. 5A is on a
non-logarithmic scale. Fig. 5B is on a logarithmic
scale. [0022] Fig. 6 comprises Figs. 6A and 6B and is
a graphical representation of absorption of micronized
M4N in glycerol monooleate by beagle dogs at time
points 0.5 hr, 1 hr, 1.5 hr, 2 hr, 4 hr, 8 hr, 12 hr,
24 hr and 36 hr after oral administration of a single
100 mg/kg dose. Fig. 6A is on a non-logarithmic scale.
Fig. 6B is on a logarithmic scale. [0023] Fig. 7
comprises Figs. 7A and 7B and is a graphical
representation of serum levels of M4N in various
carriers at various concentrations by male beagle dogs
at time points 0.5 hr, 1 hr, 1.5 hr, 2 hr, 4 hr, 8 hr,
12 hr, 16 hr, 24 hr and 36 hr after oral
administration of a single 75 mg/kg oral dose. The
abbreviations of the carrier used, concentration of M
N administered, and an indication of whether the
administration was to dogs that fasted or were fed are
best shown in Fig. 7B. Fig. 7A presents the data on a
non-logarithmic scale. Fig. 7B presents the data on a
logarithmic scale. [0024] Fig. 8 comprises Figs. 8A
and 8B and is a graphical representation of serum
levels of M N in various carriers at various
concentrations by female beagle dogs at time points
0.5 hr, 1 hr, 1.5 hr, 2 hr, 4 hr, 8 hr, 12 hr, 16 hr,
24 hr and 36 hr after oral administration of a single
75 mg/kg oral dose. The abbreviations of the carrier
used, concentration of M4N administered, and an
indication of whether the administration was to dogs
that fasted or were fed are best shown in Fig. 8B.
Fig. 8A presents the data on a non-logarithmic scale.
Fig. 8B presents the data on a logarithmic scale.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0025] The present invention provides for novel
compositions, kits and methods for treatment of
diseases, including proliferative diseases such as
cancer and psoriasis, hypertension, obesity, diabetes,
type I or type II, central nervous system diseases or
neurodegenerative disorders including, without
limitation, pain, Alzheimer's disease, stroke, and
inflammatory disease, premalignantneoplasia or
dysplasia, infection including viral infections such
as HIV, HTLV, HPV, HSV, HBV, EBV, Varicella-zoster,
adenovirus, parvovirus, JC virus or others. The
present invention provides for novel compositions,
kits and methods for treatment of diseases, including
proliferative diseases such as cancer and psoriasis,
hypertension, obesity, type I or type II diabetes,
central nervous system diseases or neurodegenerative
diseases including, without limitation, pain,
Alzheimer's disease, amyotrophic lateral sclerosis,
Parkinson's disease, dementia, stroke, and
inflammatory disease, premalignant neoplasia or
dysplasia, infection including viral infections such
as human immunodeficiency viruses ("HIV"), human
T-cell lymphotropic virus ("HTLV"), human papilloma
virus ("HPV"), herpes simplex viruses ("HSV"),
hepatitis B virus ("HBV"), Epstein-Barr virus ("EBV"),
Varicella-zoster, adenovirus, parvovirus, Jakob
Creutzfeldt virus ("JC virus") or others. [0026] The
present invention provides for novel compositions
containing the catecholic butanes including NDGA
compounds, such as NDGA derivatives, for example M N,
that are dissolved in certain pharmaceutically
acceptable solubilizing agents, which together with
other diluents, excipients and the like (collectively,
"carrier") constitute formulations appropriate for
administration to subjects, such as humans, for
treatment of diseases. Such formulations are suitable
for oral administration. A suitable pharmaceutically
acceptable carrier includes at least one selected
from: (a) a water-soluble organic solvent other than
DMSO, such as polyethylene glycol ("PEG"), for
example, PEG 300, PEG 400 or PEG 400 monolaurate,
propylene glycol ("PG"), polyvinyl pyrrolidone
("PVP"), ethanol, benzyl alcohol or dimethylacetamide;
(b) a cyclodextrin or modified cyclodextrin such as
hydroxypropyl- b-cyclodextrin ("HP-b-CD") or
sulfobutyl ether b-cyclodextrin ("SBE-b-CD"); (c) an
ionic, non-ionic or amphipathic surfactant, such as
polyoxyethylene sorbitan monolaurate (also known as
polysorbate), which is a non-ionic surfactant, for
example, polysorbate 20 and polysorbate 80,
commercially available as Tween(r) 20 or Tween(r) 80,
d-alpha-tocopheryl polyethylene glycol 1000 succinate
("TPGS"), glycerol monooleate (also known as glyceryl 



monooleate), an esterified fatty acid or a reaction
product between ethylene oxide and castor oil in a
molar ratio of 35:1, commercially available as
Cremophor(r) EL; (d) a modified cellulose, such as
ethyl cellulose ("EC"), hydroxylpropyl methylcellulose
("HPMC"), methyl cellulose ("MC") or carboxy
methylcellulose ("CMC"); and (e) a water-insoluble
lipid, such as a wax, oil or a fat emulsion, for
example Intralipid(r). Preferably, when PG is used, it
is used in the absence of white petrolatum, in the
absence of xanthan gum, and in the absence of at least
one of glycerine or glycine. Preferably, when PEG is
used, it is used in the absence of ascorbic acid or
BHT; when a non-ionic surfactant is used, it is used
in the absence of xanthan gum; and when the oil is
castor oil, it is in the absence of beeswax or carnuba
wax.[0027] In one embodiment of the invention, the
compounds herein are dissolved or dissolved and
diluted in different carriers to form an oral liquid
composition for administration into animals. For
example, in one aspect of the embodiment, the present
active pharmaceutical ingredient ("API") compounds are
dissolved in a water-soluble organic solvent such as a
PEG 300, PEG 400 or a PEG 400 monolaurate (the "PEG
compounds") or in PG. In another embodiment, the
compounds herein are dissolved in a modified
cyclodextrin, such as HP- b-CD or SBE-b-CD. In yet
another embodiment, the present compounds are
solubilized and/or diluted in a combination
formulation containing a PEG compound and HP-b-CD. In
a further embodiment, the compounds herein are
dissolved in a modified cellulose such as HPMC, CMC or
EC. In yet another embodiment, the compounds herein
are dissolved in another combination formulation
containing both a modified cyclodextrin and modified
cellulose, such as, for example, HP-b-CD and HPMC or
HP-b-CD and CMC. [0028] In yet another embodiment, the
compounds herein are dissolved in ionic, non-ionic or
amphipathic surfactants such as Tween(r) 20, Tween(r)
80, TPGS or an esterified fatty acid. For example, the
present compounds can be dissolved in TPGS alone, or
Tween(r) 20 alone, or in combinations such as TPGS and
PEG 400, or Tween(r) 20 and PEG 400. [0029] In a
further embodiment, the present compounds are
dissolved in a water-insoluble lipid such as a wax,
fat emulsion, for example Intralipid(r), or oil. For
example, the present compounds can be dissolved in
peppermint oil alone, or in combinations of peppermint
oil with Tween(r) 20 and PEG 400, or peppermint oil
with PEG 400, or peppermint oil with Tween(r) 20, or
peppermint oil with sesame oil. [0030] Of course,
ethyl cellulose may be substituted or added in place
of the HPMC or CMC in the foregoing examples; PEG 300
or PEG 400 monolaurate can be substituted or added in
place of PEG 400 in the foregoing examples; Tween(r)
80 may be substituted or added in place of Tween(r) 20
in the foregoing examples; and other oils such as corn
oil, olive oil, soybean oil, mineral oil or glycerol,
may be substituted or added in place of the peppermint
oil or sesame oil in the foregoing examples. [0031]
Further, heating may be applied, for example, heating
to a temperature of about 3O0C to about 9O0C, in the
course of formulating any of these compositions to
achieve dissolution of the compounds herein or to
obtain an evenly distributed suspension of the present
compounds. [0032] In still a further embodiment, the
present API compounds are administered orally as
solids either without any accompanying carrier or with
the use of carriers. In one embodiment, the compounds
herein are first dissolved in a liquid carrier as in
the foregoing examples, andsubsequently made into a
solid composition for administration as an oral
composition. For example, the present compounds are
dissolved in a modified cyclodextrin such as HP- b-CD,
and the composition is lyophilized to yield a powder
that is suitable for oral administration. [0033] In a
further embodiment, the present compounds are
dissolved or suspended in a TPGS solution, with
heating as appropriate to obtain an evenly distributed
solution or suspension. Upon cooling, the composition
becomes creamy and is suitable for oral
administration. [0034] In yet another embodiment, the
present compounds are dissolved in oil and beeswax is 



added to produce a waxy solid composition. [0035] In
as yet a further embodiment of the invention, the
compounds herein are solubilized in modified
celluloses such as EC. The modified celluloses such as
ethyl cellulose can be diluted in ethanol ("EtOH")
prior to use. [0036] The present invention also
provides water-insoluble lipids as solubilizers for
the present compounds. The water-insoluble lipids
include, for example, oils as well as mixed fat
emulsion compositions such as Intralipid(r) (Pharmacia
& Upjohn, now Pfizer), used as per the manufacturer's
recommendation. For example, adult dosage is
recommended to be not exceeding 2 g of fat/kg body
weight/day (20 mL, 10 mL and 6.7 mL/kg of
Intralipid(r) 10%, 20% and 30%, respectively).
Intralipid(r) 10% is believed to contain in 1,000 mL:
purified soybean oil 10Og, purified egg phospholipids
12 g, glycerol anhydrous 22 g, water for injection
q.s. ad 1,000 mL. pH is adjusted with sodium hydroxide
to pH approximately 8. Intralipid(r) 20% contains in
1,000 mL: purified soybean oil 200 g, purified egg
phospholipids 12 g, glycerol anhydrous 22 g, water for
injection q.s. ad 1,000 mL. pH is adjusted with sodium
hydroxide to pH approximately 8. Intralipid(r) 30%
contains in 1,000 mL: purified soybean oil 300 g,
purified egg phospholipids 12 g, glycerol anhydrous
16.7 g water for injection q.s. ad 1,000 mL. pH is
adjusted with sodium hydroxide to pH approximately
7.5. These Intralipid(r) products are stored at
controlled room temperature below 250C and should not
be frozen. [0037] In general, in preparing the oral
formulations, the compounds herein are first
solubilized before other excipients are added so as to
produce compositions of higher stability. Unstable
formulations are not desirable. Unstable liquid
formulations frequently form crystalline precipitates
or biphasic solutions. Unstable solid formulations
frequently appear grainy and clumpy and sometimes
contain runny liquids. An optimal solid formulation
appears smooth, homogenous, and has a small melting
temperature range. In general, the proportions of
excipients in the formulation may influence stability.
For example, too little stiffening agent such as
beeswax may leave the formulation too runny.[0038]
Hence, in general, for the liquid formulations of the
present invention, the excipients used should be good
solvents of the API or compounds herein, such as M4N,
for example. In other words, the exipients should be
able to dissolve the API without heating. The
excipients should also be compatible with each other
independent of the API such that they can form a
stable solution, suspension or emulsion. Also, in
general, for the solid formulations of the present
invention, the excipients used should also be good
solvents of the API to avoid clumps and non-uniform
formulations. To avoid solid formulations that are too
runny or heterogeneous in texture, which are
undesirable, the excipients should be compatible with
each other such that they form a smooth homogeneous
solid, even in the absence of the API. [0039] The
present invention also provides for "placebo"
formulations which parallel the formulations
containing the API and yet do not contain the API.
These placebo formulations are useful for determining
compatibility of the different components or
excipients in a formulation. [0040] The terms used
herein have their ordinary dictionary meaning and as
used by persons skilled in the art unless otherwise
provided. In particular, the present invention can be
better understood in light of the following
definitions, which are used with other terms as
defined elsewhere herein: [0041] The term "about" as
used herein in reference to a concentration or dose
means the specified number up to  10% to 20%. [0042]
The term "active pharmaceutical ingredient," "API" or
reference to the "compounds" herein means one or more
of the catecholic butanes of Formula I or the NDGA
compounds, such as NDGA derivatives, present in the
pharmaceutical compositions herein. [0043] "Alkylene
dioxy" as used herein refers to methylene or
substituted methylene dioxy or 



ethylene or substituted ethylene dioxy. [0044]
"Unsubstituted or substituted amino acid reside or
salt thereof in reference to one of the - R groups in
Formula I or Formula II as used herein means an amino
acid or a substituted amino acid with one less "H" at
its C-terminus by virtue of its linkage to an aromatic
group in Formula I or Formula II, where the amino acid
or substituted amino acid includes but is not limited
to: alanine, arginine, asparagine, aspartate,
cysteine, glutamate, glutamine, glycine, histidine,
isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan,
tyrosine, valine, 5- hydroxylysine, 4-lrydroxyproline,
thyroxine, 3-methylhistidine, e-N-methyllysine,
e-N,N,Ntrimethyllysine, aminoadipic acid,
g-carboxyglutamic acid, phosphoserine,
phosphothreonine, phosphotyrosine, N-methylarginine,
N-acetyllysine, and an N,N-dimethyl-substituted amino
acid, or a salt of any of the foregoing, such as a
chloride salt.[0045] The "buffer" suitable for use
herein includes any buffer conventional in the art,
such as, for example, Tris, phosphate, imidazole, and
bicarbonate. [0046] A "carrier" as used herein refers
to a non-toxic solid, semisolid or liquid filler,
diluent, vehicle, excipient, solubilizing agent,
encapsulating material or formulation auxiliary of any
conventional type, and encompasses all of the
components of the composition other than the active
pharmaceutical ingredient. The carrier may contain
additional agents such as wetting or emulsifying
agents, or pH buffering agents. Other materials such
as anti-oxidants, humectants, viscosity stabilizers,
and similar agents may be added as necessary. [0047]
"Catecholic butane" as used herein means a compound of
Formula I : wherein R1 and R2 each independently
represents -H, a lower alkyl, a lower acyl, an
alkylene; or -RiO and - R2O each independently
represents an unsubstituted or substituted amino acid
residue or salt thereof; R , R R5, R6, Rio, R R and R
each independently represents - H or a lower alkyl;
and R7, Rg, and R9 each independently represents -H,
-OH, a lower alkoxy, a lower acyloxy, an unsubstituted
or substituted amino acid residue or a salt thereof,
or any two adjacent groups together may be an alkyene
dioxy. [0048] A "cyclodextrin" as used herein means an
unmodified cyclodextrin or a modified cyclodextrin,
and includes with out limitation a-cyclodextrin,
b-cyclodextrin, g-cyclodextrin and any modified
cyclodextrins containing modifications thereto, such
as HP-b-CD or SBE-b-CD. Cyclodextrin typically has 6
(a-cyclodextrin), 7 (b-cyclodextrin), and 8
(g-cyclodextrin) sugars, up to three substitutions per
sugar, and 0 to 24 primary substitutions are therefore
possible (primary substitutions are defined as
substitutions connected directly to the cyclodextrin
ring). The modified or unmodified cyclodextrins used
in the present invention may have any appropriate
number and location of primary substitutions or other
modifications. [0049] A "derivative" of NDGA as used
herein means an "NDGA derivative" (see below). [0050]
The term "disease" as used herein includes all
diseases, conditions, infections, syndromes or
disorders for which the application of the present
composition produces a therapeutic effect.Such
"disease" includes, for example without limitation,
cancer, psoriasis and other proliferative diseases,
inflammatory disorders including rheumatoid arthritis,
osteoarthritis, ulcerative colitis, Crohn's disease,
atherosclerosis, chronic obstructive pulmonary disease
("COPD"), hypertension, obesity, diabetes, pain,
stroke and/or other neuronal disorders or
neurodegenerative diseases or conditions, including
Alzheimer's disease, Parkinson's disease, multiple
sclerosis, amyotrophic lateral sclerosis ("ALS") and
premalignant conditions such as intraepithelial
neoplasia or dysplasia, and infectious diseases.
[0051] "G N" or "tetra-N,N-dimethyl glycinyl NDGA" or
"tetra dimsthylglycinyl NDGA" as used herein is an
NDGA derivative of Formula II in which R 4, R1 , Ri
and R17 each independently represents -O(C=O)CH
2N(CH3)2 or -0(C=O)CH 2N+(CHs) -Cl", in either a solid
form or in solution; and R1 and R19each represents -CH
3. 



[0052] "Lower acyl" as used herein means C - C acyl,
preferably, C1 - C3 acyl. [0053] "Lower alkyl" as used
herein means C1 - C alkyl, preferably, C1 - C3 alkyl.
[0054] "M4N" or "tetra-O-methyl NDGA" as used herein
is an NDGA derivative of Formula II in which Ri4, R ,
Ri and R1 each independently represents -OCH 3, and R1
and R are each -CH 3. [0055] A "modified cellulose" as
used herein means a cellulose that contains one or
more modifications to the cellulose molecule and
includes, for example EC, HPMC, CMC and MC. [0056]
"NDGA" as used herein means nordihydroguaiaretic acid
and has the following formula: [0057] "NDGA compound"
as used herein means singly or collectively NDGA
and/or any one or more of the NDGA derivatives.[0058]
"NDGA derivative" as used herein means a derivative of
NDGA having a Formula II wherein R 4, R15, R16 and R
each independently represents -OH, a lower alkoxy, a
lower acyloxy, or an unsubstituted or substituted
amino acid residue or pharmaceutically acceptable salt
thereof; and Ris and Ri9 each independently represents
- H or a lower alkyl, wherein R1 , Ri5, R16 and Ri7
are not simultaneously -OH. Thus, the term includes a
compound that is a methylated derivative of NDGA, such
as tetra-O-methyl NDGA (M4N), tri-O-methyl NDGA (M3N),
di-O-methyl NDGA (M2N) and mono-O-methyl NDGA (MiN).
Alternatively, a NDGA derivative may be a compound in
which one or more of the hydrogens in the hydroxyl or
methyl groups of NDGA are substituted, such as, for
example where R14, R15, Ri6 and R17 each independently
represents a lower alkoxy, a lower acyloxy, or an
amino acid or substituted amino acid or salt thereof;
and Ri and R19 each independently represents - H or an
alkyl such as a lower alkyl. The term includes, for
example, a compound in which R14 , R15, R]6 and R each
independently represents -OCH 3 or -0(C=O)CH or a
disubstituted amino acid residue, such as a
N,N-dimethyl substituted amino acid residue, such as
and R18 and Ri9 each independently represents - H or a
lower alkyl, for example, -CH 3 or -CH 2CH3. [0059] As
used herein, "percent," "percentage" or the symbol "%"
means the percent of the component indicated in the
composition based on the amount of the carrier present
in the composition, on a weight/weight (w/w),
weight/volume (w/v) or volume/volume (v/v), as
indicated with respect to any particular component,
all based on the amount of the carrier present in the
composition. Thus, different types of carriers may be
present in an amount of up to 100% as indicated, which
does not preclude the presence of the API, the amount
of which may be indicated as a % or as a certain
number of mg present in the composition or a certain
number of mg/g present, or a certain number of mg/mL
present, where the % or or mg/g or mg/mL is based on
the amount ofthe total carrier present in the
composition. Certain types of carriers may be present
in combination to make up 100% of the carrier. [0060]
A "pharmaceutically acceptable carrier" as used herein
is non-toxic to recipients at the dosages and
concentrations employed, and is compatible with other
ingredients of the formulation. For example, the
carrier for a formulation containing the present
catecholic butane, NDGA compounds or NDGA derivatives
preferably does not include oxidizing agents and other
compounds that are known to be deleterious to such. A
pharmaceutically acceptable carrier comprises a
solubilizing agent. Suitable pharmaceutically
acceptable carriers include, but are not limited to,
water, dextrose, glycerol, saline, ethanol, buffer,
Cremaphor(r) EL, phosphate buffered saline, PEG 300,
PEG 400, modified cyclodextrin, and combinations
thereof, all as set forth above. [0061] The term
"pharmaceutically acceptable excipient," includes
vehicles, adjuvants, or diluents or other auxiliary
substances, such as those conventional in the art,
which are readily available to the public, and which
are non-toxic to recipients at the dosages and
concentrations employed, and is compatible with other
ingredients of the formulation.. For example,
pharmaceutically acceptable auxiliary substances
include pH adjusting and buffering agents, tonicity
adjusting agents, stabilizers, wetting agents and the
like. 



[0062] The term "solubilizing agent" as used herein
means a composition in which one or more of the
catecholic butanes or NDGA compounds, such as NDGA
derivatives, dissolves. A solubilizing agent may also
be a carrier or a pharmaceutically acceptable carrier.
[0063] The terms "subject," "host," and "patient," are
used interchangeably herein to refer to an animal
being treated with the present compositions,
including, but not limited to, simians, humans,
felines, canines, equines, bovines, porcines, ovines,
caprines, mammalian farm animals, mammalian sport
animals, and mammalian pets. [0064] A "substantially
purified" compound in reference to the catecholic
butanes or NDGA derivatives as used herein is one that
is substantially free of materials that are not the
catecholic butane, NDGA compounds or NDGA derivatives
(collectively, "non-NDGA materials"). By substantially
free is meant at least about 50% free of non-NDGA
materials, preferably at least about 70%, more
preferably at least about 80%, even more preferably at
least about 90%, and still more preferably at least
about 95% free of non-NDGA materials. [0065] As used
herein, the terms "treatment," "treating," and the
like, refer to obtaining a desired pharmacologic
and/or physiologic effect. The effect may be
prophylactic in terms of completely or partially
preventing a condition or disease or symptom thereof
and/or may be therapeutic in terms of a partial or
complete cure for a condition or disease and/or
adverse effect attributable to thecondition or
disease. "Treatment," of a subject covers, for
example, any treatment of a disease in a mammal,
particularly in a human, and includes: (a) preventing
the disease from occurring in a subject who may be
predisposed to the disease but has not yet been
diagnosed as having it; (b) inhibiting the disease
from developing or progressing, such as, arresting its
development; and (c) relieving, alleviating or
ameliorating the disease, such as, for example,
causing regression or remission of the disease. [0066]
Before the present invention is further described, it
is to be understood that this invention is not limited
to particular embodiments described, as such may, of
course, vary. It is also to be understood that the
terminology used herein is for the purpose of
describing particular embodiments only, and is not
intended to be limiting, since the scope of the
present invention will be limited only by the appended
claims. [0067] Where a range of values is provided, it
is understood that each intervening value, to the
tenth of the unit of the lower limit unless the
context clearly dictates otherwise, between the upper
and lower limit of that range and any other stated or
intervening value in that stated range, is encompassed
within the invention. The upper and lower limits of
these smaller ranges may independently be included in
the smaller ranges, and are also encompassed within
the invention, subject to any specifically excluded
limit in the stated range. Where the stated range
includes one or both of the limits, ranges excluding
either or both of those included limits are also
included in the invention. [0068] It must be noted
that as used herein, the singular forms "a", "an", and
"the" include plural referents unless the context
clearly dictates otherwise. Thus, for example,
reference to "a compound" includes a plurality of such
compounds and reference to "the NDGA compound"
includes reference to one or more NDGA compounds, such
as NDGA derivatives, and equivalents thereof known to
those skilled in the art. [0069] AUpublications
mentioned herein, including patents, patent
applications, and journal articles are incorporated
herein by reference in their entireties including the
references cited therein, which are also incorporated
herein by reference in their entireties. [0070] The
publications discussed herein are provided solely for
their disclosure prior to the filing date of the
present application. Nothing herein is to be construed
as an admission that the present invention is not
entitled to antedate such publication by virtue of
prior invention. Further, the dates of publication
provided may be different from the actual publication
dates which may need 



to be independently confirmed. Citations to references
mentioned in the text of this application are
identified more fully in the bibliography preceding
the claims.[0071] The invention described below is
given by way of example only and is not to be
interpreted in any way as limiting the invention.
[0072] Preparation of Catecholic Butanes [0073] The
catecholic butanes of the present invention can be
prepared by any method known in the art. For example,
such compounds can be made as described in US
5,008,294. [0074] Preparation of the NDGA Derivatives
[0075] NDOA may be purchased from any available
commercial sources, such as, for example, Alexis
Biochemicals Corp., San Diego, CA, U.S.A. (Cat. No.
LKT-N5669), or A.G. Scientific, Inc., San Diego, CA,
U.S.A. (Cat. No. N1071), or Cayman Chemical Company,
Ann Arbor, MI, U.S.A. (Cat. No. 70300). [0076] The
NDGA derivatives and formulations thereof may made by
any process conventional in the art. For example, the
NDGA derivatives can be made as described in, US
Patent 5,008,294; US Patent 6,291,524; Hwu, J.R. et
al. (1998); or McDonald, R.W. et al. (2001). [0077] In
one embodiment of the present invention, an NDGA
derivative, tetra-O-methyl NDGA, also known as
meso-l,4-bis(3,4-dimethoxyphenyl)-2,3-dimethylbutane,
or M4N, is made as follows: a solution is made
containing NDGA and potassium hydroxide in methanol in
a reaction flask. Dimethyl sulfate is then added to
the reaction flask and the reaction is allowed to
proceed. The reaction is finally quenched with water,
causing the product to precipitate. The precipitate is
isolated by filtration and dried in a vacuum oven. The
compound is then dissolved in a solution of methylene
chloride and toluene and subsequently purified through
an alumina column. The solvents are removed by rotary
evaporation and the solid is resuspended in
isopropanol and isolated by filtration. The filter
cake is dried in a vacuum oven. The resulting
tetra-O-methyl NDGA (M4N) is crystallized by refluxing
the filter cake in isopropanol and re-isolating the
crystals by filtration. [0078] In some embodiments of
the present invention, certain NDGA derivatives of the
present invention, such as G N, also known as
meso-l,4-bis[3,4-(dimethylaminoacetoxy)phenyl]-(2R,3S)
- dimethylbutane or tetra-dimethylglycinyl NDGA, or a
hydrochloride salt thereof, and similar compounds
having amino acid substituents, can also be prepared
according to conventional methods, as described in,
for example, US Patent 6,417,234. [0079] Preparation
of the Therapeutic Compositions [0080] The present
invention provides compositions, including
pharmaceutical compositions, comprising the catecholic
butanes, including the NDGA compounds and NDGA
derivatives, asactive pharmaceutical ingredients
("APH) and pharmaceutically acceptable carriers or
excipients. Typically, the compositions of the instant
invention will contain from less than about 0.1 % up
to about 99 % of the API, that is, the catecholic
butanes, including the NDGA compounds andNDGA
derivatives herein; optionally, the present invention
will contain about 2% to about 90% of the API. [0081]
The present invention additionally provides
compositions in which the catecholic butanes,
including the NDGA compounds, such as NDGA
derivatives, for example M4N, are present in
concentrations of about 1 mg/mL to about 200 mg/mL, or
about 10 mg/mL to about 175 mg/niL, or about 20 mg/mL
to about 150 mg/mL, or about 30 mg/mL to about 125
mg/mL, or about 40 mg/mL to about 100 mg/mL, or about
50 mg/mL to about 75 mg/mL. In one embodiment, the
NDGA compounds are present in the compositions herein
at a concentration of about 1mg/mL, about 2 mg/mL,
about 2.5 mg/mL, about 5 mg/mL, about 10 mg/mL, about
15 mg/mL, about 20 mg/mL, about 25 mg/mL, about 30
mg/mL, about 35 mg/mL, about 40 mg/mL, about 45 mg/mL,
about 50 mg/mL, about 55 mg/mL, about 60 mg/mL, about
75 mg/mL, about 80 mg/mL, about 90 mg/mL, about 100
mg/mL, about 120 mg/mL, about 125 mg/mL, about 150
mg/mL, about 175 mg/mL or about 200 mg/mL. [0082] The
present invention additionally provides compositions
in which the catecholic butanes, 



including the NDGA compounds, such as NDGA
derivatives, for example, M4N, are present in
concentrations in the range of about 1 mg/g to about
250 mg/g, or optionally about 20 mg/g to about 200
mg/g, or about 40 mg/g to about 180 mg/g, or about 60
mg/g to about 160 mg/g, or about 80 mg/g to about 130
mg/g, or about 50 mg/g to about 100 mg/g. In one
embodiment, the present compounds are present in the
compositions herein at a concentration of about 133
mg/g, about 185 mg/g, about 200 mg/g, and about 250
mg/g. Exemplary amounts of the API in the composition
include, without limitation, about 20 mg/g, about 50
mg/g, about 75 mg/g, about 100 mg/g, about 120 mg/g,
about 130 mg/g, about 140 mg/g, about 150 mg/g, about
175 mg/g or about 200 mg/g. [0083] Expressed
alternatively, other embodiments of the composition of
the present invention may contain less than about 0.1
mg to about 200 mg or more of the API, such as about
10 mg, about 20 mg, about 25 mg, about 30 mg, about 40
mg, about 50 mg, about 60 mg, about 75 mg, about 100
mg or about 200 mg of the API. [0084] In one
embodiment of the invention, there is provided a
composition containing an API and a carrier, where the
API is a catecholic butane, and the carrier contains a
solubilizing agent and/or an excipient for dissolving
the API, where the solubilizing agent and/or excipient
contains at least one but may contain more of the
following: (a) a water-soluble organic solvent, such
as PG (propylene glycol) or a PEG (polyethylene
glycol) compound, wherein the PEG compound is PEG300,
PEG 400 or PEG 400 monolaurate, for example; (b) a
cyclodextrin, such as a modified cyclodextrin; (c) an
ionic, non-ionic or amphipathic surfactant, such as
Tween(r) 20, Tween(r) 80 or TPGS, glycerol monooleate
and an esterified fatty acid; (d) a modified
cellulose, such as EC, HPMC, MC or CMC; and (e) a
water-insoluble lipid such as an oil, wax or a fat
emulsion, such as Intralipid(r), provided that when
the composition contains castor oil, it does not
contain beeswax or carnuba wax; and mixtures of the
foregoing agents (a) - (e). [0085] In one embodiment,
the invention provides a composition as above that is
a liquid composition that is suitable for oral
administration. In another embodiment, the invention
provides a composition as above that is a solid
composition that is also suitable for oral
administration. [0086] In yet another embodiment, the
invention provides a composition as above that does
not also contain (a) one of glycerine or glycine; or
(b) white petrolatum; or (c) xanthan gum, when the
composition contains propylene glycol. [0087] In still
another embodiment, the invention provides a
composition as above that does not also contain
xanthan gum when the composition contains a non-ionic
surfactant. [0088] In a further embodiment, the
invention provides a composition as above, that does
not also contain PEG 8000 or BHT when the composition
contains PEG 400. [0089] Among preferred water-soluble
organic solvents are ethanol, benzyl alcohol,
dimethylacetamide, PVP, PG and PEG compounds such as:
PEG 300, PEG 400, or PEG 400 monolaurate. The PEG
compound in the present compositions is provided in an
amount of about 5% to about 100%, or about 5% to about
60%, or about 10% to about 90%, or about 20% to about
80%, or 30% to about 70%, or about 40% to about 60%,
all concentrations being a percentage of volume/volume
(v/v). PG may be present at a concentration of about
2.5% to about 100% (v/v). [0090] The concentration of
the PEG compounds in the present compositions can vary
depending on what other solubilizers or diluents or
excipients are also present. For example, the PEG 300,
PEG 400 or PEG 400 monolaurate of the present
invention can be at a concentration of about 5%, about
10%, about 12.5%, about 15%, about 20%, about 25%,
about 30%, about 35%, about 40%, about 45%, about 50%,
about 55%, about 60%, about 65%, about 70%, about 75%,
about 80%, about 85%, about 90%, or about 95%, all
such concentrations being given as a percentage of
volume/volume (v/v). [0091] The present invention also
provides compositions of catecholic butanes or NDGA
compounds in a cyclodextrin, which includes modified
cyclodextrins. The cyclodextrins herein may 



be a-cyclodextrin, b-cyclodextrin, g-cyclodextrin, and
the modified cyclodextrins may include HP- b-CD and
SBE-b-CD, for example. In one embodiment, the present
composition contains amodified cyclodextrin in a
concentration of about 5% to about 80%, or about 10%
to about 70%, or about 20% to about 60%, or about 30%
to about 50%, all such concentrations being given as a
percentage of weight/volume (w/v). [0092] In yet
another embodiment, the modified cyclodextrins, such
as HP-b-CD, is present in the compositions at a
concentration of about 12.5%, about 15%, about 20%,
about 25%, about 30%, about 35%, about 40%, about 45%,
about 50%, about 55%, about 60%, about 65%, about 70%
or about 75%, all such concentrations being given as a
percentage of weight/volume (w/v). [0093] Another
pharmaceutically acceptable carrier or excipient that
may be used alone or with others in the composition of
the present invention is an ionic, non-ionic or
amphipathic surfactant, such as Cremophor(r) EL,
polysorbates, which are non-ionic surfactants, for
example, polysorbate 20 and polysorbate 80,
commercially available as Tween(r) 20 or Tween(r) 80,
TSGS, which is an amphipathic surfactant, among many
others. Further examples of suitable surfactants
include, without limitation, glycerol monooleate and
an esterified fatty acid, such as those typically made
by transesterification of vegetable oils, available in
several varieties and grades as Labraf l(r),
Labrasol(r), and Gelucire(r), from Gattefosse Corp.,
Paramus, NJ, U.S.A. The surfactant can be present in
any desired effective amount, such as at a
concentration of about 1% (v/v) to about 100% (v/v),
preferably about 9% (v/v) to about 80% (v/v), and more
preferably, about 10% (v/v) to about 50% (v/v). As
specific examples, preferred concentrations of a
non-ionic surfactant are Tween(r) 20 at a
concentration of about 9% (v/v) to about 100% (v/v)
and Tween(r) 80 of about 33% (v/v) to about 100%
(v/v). All percentages of the surfactant are volume
percentages (v/v). [0094] Another pharmaceutically
acceptable carrier or excipient that may be used alone
or with others in the composition of the present
invention is a modified cellulose, such as EC, HPMC,
MC and CMC. The modified cellulose can be present in
any desired effective amount, such as a concentration
of about 0.1% to about 25%, or about 0.5% to about
7.5%, or about 1.0% to about 5%. As specific examples,
EC may be present at a concentration of about 5% to
about 20%; HPMC may be present at a concentration of
about 0.5% to about 1%; MC may be present at a
concentration of about 1% to about 3%; and CMC may be
present at a concentration of about 1% to about 4%.
The percentages of modified cellulose are in weight
per volume (w/v). [0095] In another embodiment, the
present invention provides a composition as above that
contains a PEG compound, such as PEG 400, for example,
and a surfactant, such as Tween(r) 20, for example, as
the solubilizing agent and/or excipient. [0096]
Another pharmaceutically acceptable carrier or
excipient that may be used alone or with others in the
composition of the present invention is a
water-insoluble lipid, such as an oil, fatemulsion or
wax. The water-insoluble lipid carriers can be present
in any desired effective amount, such as a
concentration of about 10% to about 100%, or about 15%
to about 85%, or about 25% to about 75%. [0097]
Non-limiting examples of oils include corn oil, olive
oil, peppermint oil, soy bean oil, sesame seed oil,
mineral oil and glycerol. In one embodiment, the oil
is present at a concentration of about 10% (v/v) to
about 100% (v/v). Mixed fat emulsion compositions are
available, such as Intralipid(r) emulsion, as
described above. In various embodiments, mixed fat
emulsions may be present at a concentration of about
10% (w/v) to about 30% (w/v); and preferably about 20%
(w/v). Non-limiting examples of suitable waxes are
beeswax and camuba wax. In one embodiment, the wax is
present at a concentration of about 5% (w/w) to about
50% (w/w). [0098] The water-insoluble carriers may be
used in combination with any or more of the
watersoluble carriers, such as PEG compounds, and the
surfactants, such as Tween(r) 20 or Tween(r) 80. As a
further example, the present composition contains a
combination of solubilizing agent and/or excipient
such as, for example, oil and surfactant, like
peppermint oil and Tween(r) 20 or oil and a 



PEG compound, such as peppermint oil and PEG 400.
[0099] In a further embodiment, the composition of the
invention contains oil, a surfactant and a PEG
compound, such as, for example, peppermint oil,
Tween(r) 20, and a PEG 400 compound. [0100] As a
further example, the present composition includes a
combination of oils or oil and wax, such as, for
example, peppermint oil and sesame oil, soybean oil
and beeswax or olive oil and beeswax. The beeswax may
be present at a concentration in the range of between
about 5% to 50% (w/w). [0101] Alternatively, in other
embodiments, Tween(r) 80 may be substituted for
Tween(r) 20, and PEG 300 or PEG 400 monolaurate may be
substituted for PEG 400, and any of the oils can be
substituted for the peppermint oil, soybean oil, and
olive oil. [0102] Still other excipients include
glycerol monooleate and various types of esterified
fatty acids, such as Labrafil(r), Labrasol(r), and
Gelucire(r) products. These typically are classified
as surfactants or emulsifiers, but the Labrasol(r),
and Gelucire(r) products are also used as
bioavailability enhancing agents. [0103] Labrafil(r),
and particularly Labrafil(r) M 1944 CS, can be used as
an excipient with an API, such as M N, with the API
dissolved in a concentration of about 5 mg/mL to about
500 mg/mL. The final product may be a solution,
suspension or solid.[0104] Labrasol(r) can be used as
an excipient with an API, such asM4N, with the API
dissolved in a concentration of about 1 rag/niL to
about 500 rag/mL. The final product may be a solution,
suspension or solid. [0105] Gelucire(r), and
particularly Gelucire(r) 44/14, can be used as an
excipient with an API, such as M4N, with the API
dissolved in a concentration of about 30 mg/mL to
about 500 mg/mL. The final product is a solid. [0106]
Glycerol monooleate can be used as an excipient with
an API, such as M4N, with the API dissolved in a
concentration of about 0.1 mg/mL to about 500 mg/mL.
The final product can be a solution, suspension or a
solid. [0107] Combinations of the various carrier
components may be used with the API, as noted above.
One non-limiting example of such an embodiment is a
composition of 10 mg/ml M4N in 25% (w/v) PEG 300, 30%
(w/v) HP-b-CD, balance of the carrier being "water
suitable for injection" into animals ("WFI," which
designates a recognized grade of water in the
pharmaceutical industry). In this preferred
embodiment, the HP-b-CD has 6 to 8 degrees of
substitution, but other substitutions in other
embodiments are well within the scope of this
invention, as noted above. [0108] Yet other excipients
and additives, such as bioavailability enhancing
agents, may be used in combination with any of the
carriers, in the compositions of the present
invention. Suitable bioavailability enhancing agents
include, for example without limitation, eugenol,
cinnamaldehyde, lecithin, naringenin, naringin and
piperin (also known as piperine), in addition to those
mentioned above. [0109] It is to be understood that as
long as the catecholic butanes herein are dissolved
and remain in solution, suspension or maintained
within a semi-solid or solid form of the composition,
one or more of the solubilizers or diluents or
excipients herein may be added to the composition to
optimize delivery of such to a subject in need of such
treatment. [0110] Other pharmaceutically acceptable
carriers or excipients suitable for use herein are
described in a variety of publications. Examples of
useful carriers or excipients are described in, for
example, Gennaro, A.R. (2003); Ansel, H.C. et al.
(2004); Rowe, R.C. et al. (2003); and Garg, S. et al.
(2001). [0111] The compositions in liquid form may
include a buffer, which is selected according to the
desired use of the catecholic butanes or NDGA
compounds, such as the NDGA derivatives, and may also
include other substances appropriate for the intended
use. Those skilled in the art can readily 



select an appropriate buffer, a wide variety of which
are known in the art, suitable for an intended
use.[0112] Therapeutic Methods [0113] The compositions
containing the catecholic butanes, including the NDGA
compounds, such as the NDGA derivatives, find use as
therapeutic agents or for treatment in subjects in
need of such treatment in any number of diseases in
which such catecholic butanes or NDGA compounds or
derivatives can be used. [0114] The present invention
provides for methods and compositions for treatment of
disease including, for example, proliferative diseases
such as benign and malignant cancer, psoriasis and
premalignant conditions and neoplasia, such as
intraepithelial neoplasia, or dysplasia. The present
invention also provides for treatment of diabetes,
including type I and type II diabetes, obesity and
complications resulting from such, including
cardiovascular diseases, stroke and hypertension. The
present invention further provides for treatment of
inflammatory diseases including rheumatoid arthritis,
osteoarthritis, multiple sclerosis, ulcerative
colitis, Crohn's disease, chronic obstructive
pulmonary disease (COPD) and other immune system
associated diseases. Additionally, the present
invention provides for treatment of neurological
diseases, including central nervous system diseases
and neurodegenerative diseases such as Alzheimer's
disease, dementia, amyotrophic lateral sclerosis (ALS)
and Parkinson's disease. In a further embodiment, the
present invention provides for treatment of
infections, such as viral infections including viruses
that require SpI binding for transcription or
replication. Examples of such viruses that require SpI
binding include: HIV, HTLV, HPV, HSV, HBV, EBV,
Varicella-zoster virus, adenovirus, parvovirus and JC
virus. [0115] A variety of animal hosts are treatable
according to the subject methods, including human and
non-human animals. Generally such hosts are "mammals"
or "mammalian," where these terms are used broadly to
describe organisms which are within the class
mammalia, including the orders carnivore (e.g., dogs
and cats), rodentia (e.g., guinea pigs, and rats), and
other mammals, including cattle, goats, horses, sheep,
rabbits, pigs, and primates (e.g., humans,
chimpanzees, and monkeys). In many embodiments, the
hosts will be humans. Animal models are of interest
for experimental investigations, such as providing a
model for treatment of human disease. Further, the
present invention is applicable to veterinary care as
well. [0116] Formulations, dosages, and routes of
administration [0117] In one embodiment of the
invention, an effective amount of the present
composition is administered to the host, where an
"effective amount" means a dosage sufficient to
produce adesired result. In some embodiments, for
example, the desired result is at least an inhibition
of progression of the neoplasia or dysplasia. [0118]
The present invention additionally provides
compositions in which the active pharmaceutical
ingredients such as the catecholic butanes, including
the NDGA compounds, such as NDGA derivatives, for
example, M4N, are administered to animals at an oral
dose of about less than 1mg/kg to about 600 mg/kg
weight of the animals, such as humans, for example.
Optionally, the animals may be treated with 1 mg/kg,
or 50 mg/kg, or 100 mg/kg, or 150 mg/kg, or 200 mg/kg,
or 250 mg/kg, or 300 mg/kg, or 350 mg/kg, or 400
mg/kg, or 450 mg/kg, or 500 mg/kg, or 550 mg/kg. Such
a dose may be administered once or repeatedly over a
period of days or weeks or months. Alternatively, such
a dose may also be spread out over a period of time,
depending on the health of the subject, the subject's
sensitivity, the extent of the disease to be treated,
the subject's age and the like. [0119] In one
embodiment, the therapeutic compositions herein are
made by first dissolving the active pharmaceutical
ingredient in a solubilizing agent, with stirring and
heating as necessary. Other excipients are added to
the solubilized mixture to create the desired
proportions in terms of texture and stability
requirements. In another embodiment, the active
pharmaceutical ingredient may not actually dissolve in
the solubilizing agent but may simply be evenly
distributed in a 



suspension. In a further embodiment, the solubilized
composition may be lyophilized and used in a powder
form. The final oral compositions may be in the form
of a liquid solution or suspension or may be a solid
powder, tablet, or capsule. [0120] As indicated above,
.the appropriate dose to be administered depends on
the subject to be treated, such as the general health
of the subject, the age of the subject, the state of
the disease or condition, the weight of the subject,
the extent of the disease such as the size of the
tumor, for example. Generally, about 0.1mg to about
500 mg or less may be administered to a child and
about 0.1 mg to about 5 grams or less may be
administered to an adult. The active agent can be
administered in a single or, more typically, multiple
doses. Preferred dosages for a given agent are readily
determinable by those of skill in the art by a variety
of means. Other effective dosages can be readily
determined by one of ordinary skill in the art through
routine trials establishing dose response curves. The
amount of agent will, of course, vary depending upon
the particular agent used. [0121] The frequency of
administration of the active agent, as with the doses,
will be determined by the care giver based on age,
weight, disease status, health status and patient
responsiveness. Thus, the agents may be administered
one or more times daily, weekly, monthly or as
appropriate asconventionally determined. The agents
may be administered intermittently, such as for a
period of days, weeks or months, then not again until
some time has passed, such as 3 or 6 months, and then
administered again for a period of days, weeks, or
months. [0122] In pharmaceutical dosage forms, the
active agents may be administered alone or in
appropriate association, as well as in combination,
with other pharmaceutically active agents or
therapeutics including other small molecules,
antibodies or protein therapeutics. [0123] In
addition, if desired, the carrier or excipient may
contain minor amounts of auxiliary substances such as
pH adjusting and buffering agents, tonicity adjusting
agents, stabilizers, wetting agents or emulsifying
agents. Actual methods of preparing such dosage forms
are known, or will be apparent, to those skilled in
the art. See, e.g., Remington's Pharmaceutical
Sciences, 20th ed., Mack Publishing Co. Rawlins EA,
(1997). The composition or formulation to be
administered will, in any event, contain a quantity of
the API adequate to achieve the desired state in the
subject being treated. [0124] Kits with multiple or
unit doses of the active agent are included in the
present invention. In such kits, in addition to the
containers holding the multiple or unit doses of the
compositions containing the catecholic butanes
including the NDGA compounds, such as the NDGA
derivatives, will be an informational package insert
with instructions describing the use and attendant
benefits of the drugs in treating pathological
condition of interest. Optionally, an applicator for
administration of the present composition is included
in each kit. [0125] The Examples set forth below are
exemplary in nature and are not to be interpreted as
limiting the present invention. [0126] Example 1.
Formulations Containing M4N in HP-b-CD and/or PEG 300.
[0127] In this example, M N was prepared as described
in PCT/US2004/0 16117 and was solubilized in a
solubilizing agent. The resulting solution was
optionally mixed with an excipient and/or a diluent.
The solubilizing agent and the excipient may be used
interchangeably or in combination with each other. One
solubilizing agent or excipient used was
endotoxin-controlled hydroxypropyl- b-cyclodextrin
("HP-b-CD") obtained from Research Diagnostics, Inc.
(Cat. No. RDI-82004HPB, lot no. H3N188P) (Flanders,
NJ, U.S.A.). Another solubilizing agent or excipient
used was PEG 300, obtained from Spectrum Chemicals,
Inc. (Cat. No. P0108, lot no. TB1228) (Gardena, CA,
U.S.A.).[0128] In one embodiment of the invention,
HP-b-CD and PEG 300 were present in a single
formulation. To make this formulation, M4N was first
dissolved in PEG 300 to form a M4N in PEG 300 solution
("M4N/PEG 300"). The M4N/PEG 300 solution was then
added to a pre-made solution of HP-b-CD to form a M4N
solution in a PEG 300 and HP-b-CD (hereafter, a "CPE"
formulation). 



[0129] When preparing the HP-b-CD solution, a volume
expansion must be accounted for. For example, for a
40% (w/v) HP-b-CD solution, a volume expansion of 0.7
mL/g (i.e., 0.7 mL of water displaced per gram of
HP-b-CD added) must be accounted for. [0130] A 100 mL
solution of 40% HP-b-CD for use as a solubilizing
agent and/or excipient was made as follows: 65 mL of
WPI were placed in a glass beaker containing a stir
bar. The beaker was placed on a magnetic plate, and
the stir bar was set to stir at medium speed. About
forty (40) grams of HP-b-CD were added slowly to the
stirring WFI, using a spatula to direct the HP-b-CD to
the center of the beaker so as to prevent HP-b-CD
crystals from sticking to the beaker wall. The HP- b-
CD solution was stirred for about 24 hr or until the
HP-b-CD was dissolved completely upon visual
inspection. The resulting solution measured about 93
mL. About 7 mL of WFI were added to this resulting
solution to obtain 100 mL, producing a final solution
of about 40% HP-b-CD. The final solution was stirred
for about 1 hr, stored at room temperature, and was
protected from light. This method of making the
modified cyclodextrin solution may be scaled up or
down to obtain the desired volume or concentration.
Other concentrations or other modified cyclodextrin
solutions may be similarly made, for example, by
substituting HP-b-CD with other modified
cyclodextrins, adjusted for the appropriate
concentrations in the process described above. [0131]
A 10 mL solution of M4N at a concentration of about 10
mg/mL in 40% HP-b-CD was made as follows. About 10 mL
of the 40% HP-b-CD solution were added to a glass
beaker containing a stir bar. The beaker was placed on
a magnetic plate and the stir bar was set to stir at
medium speed. About 10 mg OfM4N were slowly added to
the 40% HP-b-CD in the center of the beaker with the
aid of a spatula. The M4N/40% HP-b-CD mixture was
stirred for 2 hr or until all M4N was uniformly
suspended without any clumps being present. The
M4N/40% HP-b-CD mixture was optionally heated at 8O0C
for about 30 min. (or longer if a larger volume of
solution was desired, for example, 1 hr at 80 C for
100 mL of the M4N/HP- b-CD mixture), or longer as
needed to ensure complete dissolution of M N. The
M4N/HP- b-CD mixture or solution was observed for
presence of any undissolved M4N by holding the beaker
against a white background followed by a dark
background, looking for presence of particulates. The
final M N/40% HP-b-CD solution wasstored at room
temperature and was kept protected from light. This
process may be scaled up or down to obtain the
requisite volume or concentration of M4N. Formulations
containing M4N in other cyclodextrin solutions may be
similarly made, such as, for example, by substituting
HP- b-CD in the process described above with other
cyclodextrins. Results shown in Table 1 demonstrate
that M N remained in solution after cooling at
concentrations of 1 mg/mL and 10 mg/mL in the 40%
HP-b-CD formulation for greater than 7 days. [0132] A
100 mL solution of M4N at a concentration of about 25
mg/mL in PEG 300 was made as follows. About 100 mL of
PEG 300 were added to a glass beaker containing a stir
bar. The beaker was placed on a magnetic plate and the
stir bar was set to stir at medium speed. About 2.5 g
OfM N were slowly added to the PEG 300 in the center
of the beaker with the aid of a spatula to prevent M4N
from sticking to the beaker wall. The M4N/PEG 300
mixture was stirred for 24 hr or until all M4N had
dissolved or was uniformly suspended without any
clumps being present. The M4N/PEG 300 mixture was
optionally heated at about 60 C for about 30 rain (or
longer if a larger volume of solution was desired, for
example, 1 hr at 60 C for 500 mL of the M4N/PEG 300
mixture), or longer as needed to ensure complete
dissolution OfM N. The M4N/PEG 300 mixture or solution
was observed for presence of any undissolved M4N by
holding the beaker against a white background followed
by a dark background, looking for presence of
particulates. After all M N was observed to be
dissolved, the resulting M4N/PEG 300 solution was used
immediately or before the expiration of 48 hr,
otherwise crystals or other precipitates might form.
If crystals formed, the M N /PEG 300 solution could be
heated again at 60 C for about 1 hr, with stirring, on
a hot magnetic plate until all M4N was dissolved back
in solution. The final M4NZPEG 300 solution was stored
at 



room temperature and was kept protected from light.
This process may be scaled up or down to obtain the
requisite volume or concentration OfM4N. Formulations
containing M4N in other PEGs may be similarly made,
such as, for example, by substituting PEG 300 in the
process described above with PEG 400 or PEG 400
monolaurate. [0133] A 100 mL stock solution of a
formulation containing 50% PEG 300 (v/v), 20% HP- b-CD
(w/v) and 12.5 mg M4N was made by adding 50 mL of the
40% pre-made HP-b-CD solution (made as described
above) to a glass beaker containing a stir bar on a
magnetic plate, with the stir bar stirring at medium
speed, and slowly adding 50 mL of the pre-made M4N/PEG
300 solution (made as described above), for example,
at a rate of about 10 mL per min. The M4NZPEG 300 was
added by use of a pipette to the center of the beaker
to avoid its sticking to the walls of the beaker and
to ensure complete dissolution. The addition of M4WPEG
300 to the HP-b-CD solution initiallyappeared as a
white solution, but eventually became clear upon
continuous mixing. This recipe may be scaled up or
down as appropriate to produce the desired volume or
concentration of M4N/PEG 300 and HP-b-CD. The stock
solution was filter-sterilized using a 0.22 mm PVDF
membrane, such as a pre-sterilized vacuum driven
disposal bottle-top filter membrane obtained from
Millipore (Cat. No. SCGV T05 RE) (Billerica, MA,
U.S.A.). The filtration process was driven by vacuum
force and the filtrate is collected in pre-sterilized
250 niL glass bottles. The bottles were then sealed
tightly, stored at room temperature and protected from
light. A stock solution of M4N/PEG 400 or M4N/PEG 400
monolaurate in HP-b-CD can be similarly made by
substituting PEG 300 with PEG 400 or PEG 400
monolaurate in the processes described above. [0134]
The M4N/PEG 300/HP-b-CD, M4N/PEG 400/HP-b-CD or
M4N/PEG 400 monolaurate/HP-b-CD stock solution made in
the foregoing manner can be diluted prior to use in
vitro or for administration into animals. If dilution
is necessary, the stock solution is preferably diluted
in WFI, instead of saline, for example, so as to keep
the osmolality down. To make a 100 mL of a 1: 1
dilution of the stock solution in WFI, about 50 mL of
the stock solution was added to a glass vial. About 50
mL of WFI was added to the 50 mL of the stock solution
in the vial to form a diluted solution. The glass vial
was closed and the diluted solution was mixed well by
shaking and inverting the vial a few times. The
diluted solution was filter-sterilized using a 0.22 mm
PVDF membrane, such as a pre-sterilized vacuum driven
disposal bottle-top filter membrane obtained from
Millipore (Cat. No. SCGV T05 RE) (Billerica, MA,
U.S.A.). The filtration process was driven by vacuum
force and the filtrate was collected in pre-sterilized
250 mL glass bottles. The bottles were then sealed
tightly, stored at room temperature and protected from
light. This process may be scaled up or down to obtain
the requisite volume or dilutions, such as 1:2 or 1:4
dilutions, for example. [0135] A formulation suitable
for use as placebo control containing 50% PEG 300 and
20% HP- b-CD can be made as follows. To make a 100 mL
solution of the placebo or control formulation, about
50 mL of 40% HP-b-CD are added to a glass beaker
containing a stir bar on a magnetic plate. The
magnetic plate is set to stir the HP-b-CD solution at
medium speed. About 50 mL of PEG 300 are slowly added
to the 50 mL of HP-b-CD in the glass beaker by pipette
to the center of the beaker to prevent the PEG 300
from sticking to the wall of the beaker. The mixture
is stirred for about 1 hr or until mixing is complete.
This placebo formulation is filter-sterilized using a
0.22 mm PVDF membrane filter driven by vacuum force.
The filtrate is collected in pre-sterilized 250 mL
glass bottles. The glass bottles are sealed tightly,
stored at room temperature, and kept protected from
light. This recipe may be scaled up or down as
required to produce the desired concentration
andvolume amounts. Further, PEG 300 may be substituted
with PEG 400 or PEG 400 monolaurate, as desired.
10136] Results of the solubility of M4N in
formulations containing HP- b-CD and/or PEG 300, PEG
400, and in formulations containing HP-b-CD and
propylene glycol ("PG"), hydroxypropyl methylcellulose
(HPMC), carboxyl methylcellulose (CMC), polyvinyl
pyrrolidone (PVP), or Tween(r) 80 made in accordance
to the foregoing or similar processes as well as
characteristics of 



the resulting formulations are shown in Tables 1- 5,
where N represents "No" and Y represents "Yes." Table
1. Modified Cyclodextrins as Solubilizing Agents
and/or ExcipientsSELECTION PROBE AMPLIFICATION
BACKGROUND [0001] The present invention pertains to
methods, probes, apparatus, kits, etc. for selecting,
isolating, and/or amplifying pre-specified sequences
in a nucleic acid sample. The invention employs
multiple selection probes (often thousands) in a
single reaction mixture. [0002] Conventionally,
Polymerase Chain Reaction (PCR) is used to amplify a
pre-specified region or fragment of a nucleic acid
sample. Over multiple cycles of denaturing and
annealing, PCR generates many additional copies of a
fragment. Often, the nucleic acid sample contains many
other sequence regions that are excluded from
amplification. In such cases, PCR effectively selects
or isolates the pre-specified sequence of interest
from the remainder of the nucleic acid sequence.
[0003] In many applications of interest, PCR is
employed to amplify multiple distinct sequences within
a nucleic acid sample. This can be an effective tool
when the sample contains relatively few sequences to
be amplified but it becomes expensive and time
consuming when there are many sequences under
consideration. Each sequence to be amplified requires
its own unique set of PCR primers. These can be
expensive to produce or obtain. Further, until
recently, each sequence required a separate PCR
amplification reaction performed in its own reaction
vessel with its own PCR reactants. [0004] Multiplex
PCR is a process that addresses some of these
difficulties. It amplifies multiple sequences in a
single reaction vessel. In multiplex PCR, the vessel
includes the sample under analysis, a unique primer
set for each sequence to be amplified, as well as
polymerase and deoxyribonucleotide triphosphates
(dNTPs - e.g., dATP, dCTP, dGTP, and dTTP) to be
shared by all amplification reactions. Thus, it has
become possible to simultaneously amplify hundreds of
sequences in a single reaction mixture. This can
greatly improve efficiency. However, it still requires
a unique set of primers for each sequence to be
amplified and therefore thecost of the procedure is
nearly proportional to the number of sequences to be
amplified or isolated. Further, there are many
applications where far more than a few hundred
sequences must be amplified. For example, to fully
genotype an individual of a higher species requires
amplification of many thousands of sequences. Thus,
many separate multiplex PCR reactions must be
conducted. Obviously, even with the efficiency gains
brought by multiplex PCR, the process can become very
costly and time consuming. [0005] The human genome
presents a particularly complex sample for analysis.
It appears to contain between about five million and
about eight million Single Nucleotide Polymorphisms
(SNPs). Of these approximately 250,000 are believed
necessary to fully genotype an individual. To capture
information for this entire set of SNPs requires
possibly thousands of different multiplex PCR
reactions. This represents a significant practical
hurdle to unlocking the therapeutic potential recently
achieved by mapping the entire human genome. [0006]
More efficient techniques for isolating or selecting
multiple sequences from a nucleic acid sample would
provide an important advance in the field. SUMMARY
[0007] The present invention provides an advanced
technique for isolating or 



selecting multiple sequences from a nucleic acid
sample by employing multiple unique selection probes
in a single medium (typically thousands of such
probes). Each selection probe has a sequence that is
complementary to a unique target sequence that may be
present in the sample under consideration. For
example, each selection probe may be complementary to
a sequence that includes one or more of the SNPs used
to genotype an organism. Methods of this invention
allow single-stranded (e.g., denatured,
double-stranded) selection probes to anneal or
hybridize with sample sequences having the unique
target sequences specified by (e.g., complementary to)
the selection probe sequences. Sequences from the
sample that do not anneal or hybridize with the
selection probes are separated from the bound
sequences by an appropriate technique. The bound
sequences can then be freed to provide a mixture of
isolated target sequences, which can be used as needed
for the application at hand.For example, the isolated
target sequences may be contacted with a nucleic acid
array to genotype an organism from which the sample
was taken. [0008] One aspect of the invention provides
a method of selecting or isolating target nucleic acid
sequences from a nucleic acid sample. The method may
be characterized by the following sequence of
operations: (a) generating nucleic acid fragments from
the sample; (b) amplifying the nucleic acid fragments;
(c) exposing the amplified nucleic acid fragments to
at least about 2000, or at least about 5000, or at
least about 10,000 distinct selection probes in a
single reaction medium under conditions that promote
annealing between the selection probes and the
amplified nucleic acid fragments that are
complementary to the selection probes; (d) removing
the amplified nucleic acid fragments that are not
strongly bound to the selection probes; and (e)
releasing annealed amplified nucleic acid fragments
from the selection probes. In this method, it is
understood that the selection probes have sequences
complementary or nearly complementary to the target
nucleic acid sequences. Thus, the annealed amplified
nucleic acid fragments contain the target nucleic acid
sequences. The method effectively selects or isolates
the target nucleic acid sequences. [0009] The method
may contain a further operation of characterizing the
nucleic acid sample on the basis of the target nucleic
acid sequences released in (e). In one embodiment,
this is accomplished by applying the target nucleic
acid sequences to a nucleic acid array. To facilitate
this, the process may also (i) amplify the target
nucleic acid sequences released in (e), and (ii) label
the target nucleic acid sequences prior to contacting
them with the nucleic acid array. According to another
implementation detail, the method further fragments
the target nucleic acid fragments prior to labelling
and/or contact with the array. [0010] The conditions
employed to generate fragments the sample (operation
(a)), are chosen to provide fragments of a size and
structure appropriate for the remainder of the
process. In one embodiment, fragmentation produces
nucleic acid fragments having an average length of
between about 25 and about 2,000 base pairs or more,
and preferably about 500 base pairs. For some
processes, the fragmentation produces nucleic acid
fragments having an average size that allows
genotyping on amicroarray without further
fragmentation. In some cases, avoidance of a
phenomenon known as PCR suppression requires that
fragmentation be conducted in two stages, one prior to
and the other after amplification (operation (b)).
[0011] hi a specific embodiment, amplification is
accomplished using PCR on substantially all of the
nucleic acid fragments produced by the fragmentation
operation (a). The process may be designed so that
this is accomplished without 



providing unique primers for each fragment. For
example, the process may involve attaching "adaptors"
to the ends of the nucleic acid fragments. The
adaptors include relatively short sequences
complementary to general-purpose primers employed in
the PCR amplification. When all adaptors have the same
sequence or when the adaptors comprise only a few
different sequences, then only one or a few primer
sets are needed to amplify all fragments. Stated
another way, a limited set of primers can amplify all
fragments having the adaptors, without regard to the
specific sequences embodied in the fragments. In one
specific embodiment, the adaptors are doublestranded
sequences with a single-stranded tail or overhang hi
another specific embodiment, the adaptors have an
additional function: they act as PCR primers in the
subsequent amplification operation, hi this
embodiment, some, but not all, adaptors ligate to
sample fragments. Those that remain in solution serve
to provide the subsequently needed primers. [0012] hi
a specific embodiment, amplification is accomplished
using PCR on substantially all of the nucleic acid
fragments produced from the target nucleic acids prior
to further analysis, e.g., through contact with a
microarray after operation (e). This embodiment may
employ a primer having the same sequence as those used
to amplify nucleic acid fragments (in operation (b)),
but that instead of excess doublestranded adaptors
being used, a single-stranded primer may be added.
[0013] The described method separates fragments that
bind to selection probes from those that do not. This
may be accomplished in many ways, hi one approach, the
selection probes (which may be single- or
double-stranded) bind to a solid substrate, which can
be washed or otherwise treated to remove unbound
sample fragments. To implement this approach, the
selection probes may be initially contacted with the
amplified nucleic acid fragments (operation (c)) and
then linked tothe solid substrate. At least a subset
of the selection probes will be annealed to the
amplified nucleic acid fragments between operations
(c) and (d). To facilitate linking the selection
probes to the solid substrate, the probes may include
moieties that tightly bind to the solid substrate.
[0014] To remove the amplified nucleic acid fragments
that are not strongly bound to the selection probes
(and are hence not strongly bound to the solid
substrate), the process may involve washing the
substrate to remove the unbound or weakly bound
nucleic acid fragments. In one approach, this involves
exposing the solid substrate to a solution under
conditions that remove partially annealed amplified
nucleic acid fragments from bound selection probes.
Such partially annealed amplified nucleic acid
fragments may contain one or more mismatches relative
to the target sequence and therefore may not be frilly
complementary to any of the selection probes. [0015] A
significant benefit of the invention is the ability to
select or isolate thousands of distinct target
sequences in a single reaction medium. To this end,
the reaction medium may include thousands of sequence
specific selection probes; e.g., between about 105 and
about 10s such selection probes. Within this range,
significant advantages over multiplex PCR can still be
realized when using only a few thousand unique
selection probes, e.g., at least about 1,000, 2,000,
5,000, 10,000, 50,000, 100,000, 1,000,000 or
10,000,000. [0016] Another aspect of the invention
pertains to methods employing a single primer for
initial amplification. Such methods may be
characterized by the following operations: (a)
applying an adaptor sequence to the ends of the target
and non-target 



nucleic acid fragments in the mixture; (b) performing
a polymerase chain reaction to amplify the target and
non-target fragments, wherein no primer sequence is
necessary to amplify the target and non-target
fragments besides that provided by denaturation of
excess adaptors; (c) contacting the amplified target
and non-target fragments with a plurality of selection
probes simultaneously, under conditions that promote
annealing of the selection probes and the target
nucleic acid fragments; and (d) separating the
non-annealed and partially-annealed non-target nucleic
acid fragments from the annealed target nucleic acid
fragments, which are bound to said selection
probes,thereby selecting the target nucleic acid
fragments. As with the method described above, the
selection probes comprise sequences complementary to
sequences of the target nucleic acid fragments.
Preferably, the adaptor sequence comprises a sequence
of between about 15 and 40 base pairs in length and/or
is present in excess to the number of fragment ends in
the range of about 10- to 100-fold excess. [0017] In
one embodiment, the adaptor sequence is a
double-stranded nucleic acid sequence. It may have one
blunt end and one non-blunt (sticky) end. In this
embodiment, the blunt end may be used for attachment
to the ends of the nucleic acid fragments. To prevent
self-annealing, a double-stranded adaptor having a
sticky end may be designed to have an overhang that is
not complementary to itself. Further, to prevent
self-ligation of adaptors, one strand of the adaptor
may lack a moiety necessary for ligation at the blunt
end of the adaptor (e.g., a 5' phosphate group).
[0018] Still another aspect of the invention pertains
to a set of selection probes for use in simultaneously
isolating target nucleic acid fragments from
non-target nucleic acid fragments. Such probe set may
be characterized as follows: (a) having at least about
1,000, or 5,000 or 10,000 distinct selection probes in
a common medium, and (b) wherein each of the distinct
selection probes is between about 20 and 1000 base
pairs in length, hi one embodiment, each selection
probe has a sequence complementary to a distinct
target sequence including at least one distinct SNP,
all found in a single genome. In certain embodiments,
each distinct target sequence comprises only one SNP.
In other embodiments, each distinct target sequence
comprises at least two or more SNPs. hi still further
embodiments, some target sequences comprise only one
SNP, while others comprise two or more SNPs. [0019]
The selection probes may be either double- or
single-stranded. They may be prepared by various
techniques such as specific PCR reactions. The set may
include between about 104 and 107 distinct selection
probes, or between about 104 and 105 distinct
selection probes in a more specific case, hi certain
embodiments, the selection probes are PCR amplicons
between about 50 and 200 base pairs in length.[0020]
In a further embodiment, each of the distinct
selection probes contains a moiety, apart from the
selection probe sequence, that facilitates binding to
a solid substrate. As an example, the moiety may be
biotin or streptavidin. [0021] Another aspect of the
invention provides a kit for selecting target nucleic
acid fragments from non-target nucleic acid fragments.
Such kit includes (i) a set of selection probes as
described above (e.g., at least about 1,000 or 2,000
or 5,000 or 10,000 distinct selection probes in a
common medium); and (ii) a solid substrate having a
surface feature for binding with the moiety on the
selection probes and thereby facilitating
immobilization of the selection probes on the solid
substrate. As an example, the solid substrate may take
the form of beads. Further, the selection probes may
include a moiety to facilitate binding to the solid
substrate (via the surface feature). In some cases,
the kit will also include primers and polymerase for
amplifying the nucleic acid fragments. It may also
include a microarray comprising 



sequences complementary to the target nucleic acid
fragments. [0022] In a specific embodiment of the
invention, the complete sequence of operations
involves (1) generating nucleic acid fragments of
appropriate size from a genome, (2) adding universal
adaptors to both ends of the fragments in order to
allow amplification with one primer or a simple primer
set, (3) amplifying the fragments, (4) annealing the
amplified fragments with selection probes
complementary to sequences at SNP locations of
interest (the probes contain biotin or other molecular
feature that allows affixation to a solid substrate),
(5) linking the selection probes (together with the
complementary sequences) to a solid substrate, (6)
washing the substrate to remove unbound and loosely
bound genomic fragments, (7) separating the
complementary genomic fragments from the immobilized
selection probes by denaturation, (8) amplifying the
selected genomic fragments using primers that have the
same nucleotide sequence as those that were employed
in the initial amplification process, (9) fragmenting
the amplified fragments into smaller fragments
appropriate for binding with a microarray, and (10)
hybridizing the fragments to target probes on the
microarray to genotype the genome. [0023] These and
other features and advantages of the present invention
will be described in more detail below with reference
to the associated drawings.BRIEF DESCRIPTION OF THE
DRAWINGS [0024] Figure 1 is a process flow chart
depicting a specific method for isolating target
nucleic acid sequences from a sample in accordance
with an embodiment of this invention. [0025] Figures
2A and 2B diagrammatically depict fragmentation of a
nucleic acid strand into multiple fragments, some of
which contain a target sequence of interest. [0026]
Figure 3A depicts the fragments of Figure 2B with
adaptors attached to the ends of the fragments to
facilitate subsequent amplification. [0027] Figure 3B
diagrammatically depicts a ligation process for
attaching a double-stranded adaptor to a blunt end of
a nucleic acid fragment. [0028] Figure 3C shows an
adaptor structure in which blunt ends of the adaptors
are designed to lack a linking moiety (e.g., a
phosphate group) and thereby prevent self-ligation.
[0029] Figure 3D diagrammatically depicts
polymerization of a fragment strand with attached
adaptors to remove adaptor sequences beyond nick
positions in a double-stranded structure. [0030]
Figure 4A depicts a medium in which selection of
target sequences can be accomplished through use of
selection probes. [0031] Figure 4B depicts the medium
of Figure 4A after treatment to denature the initial
sequences and then reanneal them under conditions
promoting binding between single-stranded selection
probes and single-stranded target nucleic acid
fragments. [0032] Figure 5 diagrammatically depicts
immobilization to a solid substrate of double-stranded
nucleic acids containing selection probes.[0033]
Figure 6 shows three examples of the alignment between
a selection probe and a SNP position in a target
nucleic acid sequence. [0034] Figure 7 depicts two
different scenarios by which a sample nucleic acid
fragment may be "bound" to a selection probe, in one
case tightly bound and in another case loosely bound.
[0035] Figure S depicts the process of amplifying and
further fragmenting the 



isolated target nucleic acid sequences. [0036] Figure
9 diagramniatically depicts contacting the isolated
target sequences with a nucleic acid array such as a
DNA microarray. DESCRIPTION OF A PREFERRED EMBODIMENT
Introduction and Ovennew [0037] The present invention
employs a single medium containing at least about
1000, 2000, 5000, 10,000, 30,000, 50,000, 80,000,
100,000, 1,000,000, or 10,000,000 distinct selection
probes. Each selection probe has a sequence
complementary to a distinct target of interest, such
as the sequence associated with a particular SNP.
Using the selection medium, fragments of a nucleic
acid sample (e.g., genomic DNA) are allowed to anneal
with selection probes and thereby become "selected."
Thus, in a single step using a single medium,
thousands of target fragments are concurrently
selected from the non-target fragments in the sample.
This method compares favorably with multiplex PCR,
where only a few hundred selective amplifications can
occur simultaneously in a single reaction medium. In
short, the invention efficiently enriches target
sequences in very complex nucleic acid samples. [0038]
The selection medium itself represents an advance in
the art. In one example, it contains at least about
10,000 different selection probes, each about 50 to
500 base pairs in length and containing a moiety that
facilitates linkage to a solidsubstrate, thereby
facilitating separation of annealed target fragments
from unannealed non-target fragments. [0039] Another
point of interest, which will be explained in more
detail below, is use of a universal adaptor sequence,
which allows a single primer to amplify all of the
many thousands of nucleic acid fragments generated
from a genomic sample. The simultaneously amplified
sample fragments will have many different sequences.
If a second amplification is employed later in the
process, the same single primer can be used again. For
example, if target fragments selected by binding to
the selection probes are to be further amplified, the
same primer may be used to separately amplify those
target fragments. [0040] A general outline of a
sequence of operations for an exemplary method of this
invention is depicted in Figure 1. As shown there a
reference number 101 identifies the overall method,
which begins with fragmentation of a nucleic acid
sample (e.g., a complex genomic sample). See operation
103. As explained below, various fragmentation
techniques may be employed for this purpose. The one
chosen for a given implementation will produce
fragments of a desired size range and end structure.
[0041] Next, as depicted in a block 105, the adaptors
are attached to the sample fragments generated in
operation 103. Adaptors are employed to permit
amplification of all fragments, regardless of
sequence, using a limited number of primers, in some
embodiments only one. The adaptor has a sequence
chosen to be complementary to the primer. As explained
below, excess adaptors in solution can, in some
embodiments, serve as the primers themselves. After
the adaptors have been attached, the sample is
amplified as indicated at a block 107. Typically, this
involves a PCR process with the appropriate primers,
e.g., free adaptor sequences. [0042] Next, in an
operation 109, the amplified sample fragments are
denatured to produce single-stranded sequences which
are subsequently annealed with a large collection of
selection probes, each having a sequence complementary
to a 



specific target sequence to be isolated from the
genomic sample. Selection probes may be introduced in
single-stranded form, or may be introduces in
double-strandedform and denatured simultaneously with
the amplified sample fragments. As indicated above, a
single fluid medium contains many different probe
sequences, often many thousands of different probe
sequences. This allows much more efficient selection
of target sequences than was afforded by prior
techniques. [0043] After the annealing process
concludes, many of the single-stranded selection
probes will have annealed with complementary target
fragments from the sample to produce double-stranded
nucleic acid sequences. These are then attached to a
solid substrate as indicated at block 1 1 1. In one
embodiment, the selection probes contain a moiety that
facilitates linking to a solid substrate, thereby
limiting immobilization to nucleic acids containing at
least one single strand from the selection probes.
[0044] Next, as indicated at a block 113, unbound
fragments are removed from the solid substrate. Of
course, the substrate will still contain immobilized
selection probes, some of which are annealed with
complementary genomic fragments. Removal operation 113
may employ a defined washing protocol such as the one
described below. [0045] The next operation in process
101 involves releasing captured singlestranded
fragments (which have target sequences) from selection
probes linked to the solid substrate. This may simply
involve exposing the solid substrate to conditions
that denature the bound double-stranded fragments.
Because only the selection probes contain moieties
linking them to the solid substrate, the captured
target fragments are free to reenter solution for
further analysis. Before such analysis, the target
fragments may be optionally amplified as indicated at
block 117. And, depending on the analysis technique,
the fragments may need to be further fragmented to a
smaller size to facilitate their capture, handling and
further analysis. Finally, as indicated at a block
119, the isolated target fragments are further
analyzed, e.g., to determine exactly which target
sequences are present in the genomic sample. As
indicated, this may be accomplished using a microarray
of immobilized nucleic acid sequences. Other
techniques such as direct sequencing may be employed
as well.[0046] Not all of the operations in process
101 are necessary in all implementations of the
invention. For example, some embodiments may hybridize
sample fragments with pre-immobilized single-stranded
selection probes. In such embodiments, the selection
probes are provided with the solid substrate (e.g.,
beads, columns, microarrays, etc.) to which they are
immobilized, i this case, the target sample fragments
will hybridize with single-stranded selection probes
already on the solid substrate. No separate step of
attaching the probes hybridized to the target
fragments to the solid substrate is required in this
embodiment. Obviously, the probes may be attached to
the substrate in a separate operation, prior to
hybridization. Other specific steps from the process
can be generalized. Thus, an alternative
characterization of the method involves the following:
(1) fragmenting a nucleic acid sample to produce
multiple nucleic acid fragments; (2) annealing or
hybridizing the amplified nucleic acid fragments with
selection probes having sequences complementary to
genomic sequences proximate to SNPs or other features
of interest; (3) separating nucleic acid fragments
that are not bound to the selection probes from those
that are; and (4) genotyping the target nucleic acid
fragments that were previously bound to the selection
probes, thereby selectively genotyping the nucleic
acid sample only at the loci of interest (e.g. SNPs). 



The Sample and its Fragments [0047] As indicated,
processes of this invention act on nucleic acid
samples. The samples will have target and non-target
sequences. The process enriches the sample by
selecting or isolating the target sequences. In so
doing the process may also amplify the target
sequences. Generally, the invention provides its
greatest advantages over current technologies in
situations where there are at least a few hundred or a
few thousand or tens of thousands of distinct target
features or sequences found within a complex sample.
[0048] The nucleic acid sample is obtained from an
organism under consideration and may be derived using,
for example, a biopsy, a post-mortem tissue sample,
and extraction from any of a number of products of the
organism. In many applications of interest, the sample
will comprise genomic material. The genome ofinterest
may be that of any organism, with higher organisms
such as primates often being of most interest. Genomic
DNA can be obtained from virtually any tissue source.
Convenient tissue samples include whole blood and
blood products (except pure red blood cells), semen,
saliva, tears, urine, fecal material, sweat, buccal,
skin and hair. The nucleic acid sample may be DNA,
RNA, or a chemical derivative thereof and it may be
provided in the single or double-stranded form. RNA
samples are also often subject to amplification hi
this case amplification is typically preceded by
reverse transcription. Amplification of all expressed
mRNA can be performed, for example, as described by
commonly owned WO 96/14839 and WO 97/01603. [0049] hi
a specific embodiment, the target features of interest
are relatively short sequences containing SNPs. As
indicated above, in the case of the human genome,
there are between about five million and about eight
million known SNPs. This invention provides a method
for efficiently isolating and amplifying sequences
associated with such SNPs. Other target features
(aside from SNPs) that can be isolated using the
invention include insertions, deletions, inversions,
translocations, other mutations, microsatellites,
repeat sequences - essentially any feature that can be
distinguished by its nucleic acid sequence. These
features may occur, e.g., in exons or other genie
regions, in promoters or other regulatory sequences,
or in structural regions (e.g., centrosomes or
telomeres). Regardless of whether SNPs or other
features serve as targets, the invention finds use in
a broad range of applications including pharmaceutical
studies directed at specific gene targets (e.g., those
involved in drug response or drug development),
phenotype studies, association studies, studies that
focus on a single chromosome or a subset of the
chromosomes comprising a genome, studies that focus on
expression patterns employing, e.g., probes derived
from mRNA, studies that focus on coding regions or
regulatory regions of the genome, and studies that
focus on only genes or other loci involved in a
particular biochemical or metabolic pathway, hi other
words, target sequences may be selected and isolated
from a sample based on many different criteria or
properties of interest. In other examples, target
sequences are selected based on how the target
sequences will be further analyzed and processed,
e.g., based on the design of a DNA microarray to which
the target sequences will be applied.[0050] As
explained, the original nucleic acid sample may be
fragmented to produce many different nucleic acid
fragments, some of them harboring a target feature or
sequence of interest and others not. Of course, it is
possible that the initial sample will be provided in
fragmented form of appropriate size and condition,
which requires no separate fragmentation operation.
All fragments (target fragments and non-target
fragments alike) will typically possess certain common
features such as 



general size ranges and end characteristics (e.g.,
blunt versus sticky). The population of fragments may
be further characterized by an average size and a size
distribution, as well as an occurrence rate of the
target sequence. The fragmentation conditions
determine these characteristics. [0051] Figure 2A
depicts a continuous strand of nucleic acid 203 that
may form part of a sample to be analyzed; e.g., a
double-stranded segment of genomic DNA taken from a
human donor. Strand 203 is shown to have multiple
target features 207, 207', 207", . . . . These may
represent SNPs or other features under investigation.
At operation 103 in method 101, the sample is
fragmented. This is depicted in Figure 2B, where
continuous strand 203 is fragmented into multiple
strands 209, 209', 209", etc. Some of these strands,
such as strand 209, contain a target feature of
interest. Other strands such as strands 209' and 209"
contain no target sequence. As explained, when nucleic
acid fragments are processed in accordance with this
invention many or most of the target containing
fragments are separated from many or most of the
non-target containing fragments. [0052] Various
considerations come into play when selecting an
average or mean fragment length. In a typical case,
the mean fragment size is between about 20 and 2000
base pairs in length or even longer, but preferably
between about 50 and 800 base pairs in length. In
certain embodiments, the mean fragment size is between
about 400 and 600 base pairs in length. In other
embodiments, the mean fragment size is between about
100 and 200 base pairs in length. As one of skill will
readily recognize, the optimal mean fragment length
may depend on the specific application. For example,
the fragment must be large enough to contain unique
sequence. If hybridization will be used to select or
analyze the target sequences, the fragment must be
large enough to hybridize well with its complementary
sequence in the particular hybridization conditions.
The fragments should be small enough so that they are
noteasily sheared during subsequent manipulations, and
so that they do not interfere with hybridization to
the selection probes. Further, they should be of an
appropriate size as required by the subsequent
manipulations, e.g., long-range PCR, short-range PCR,
etc. [0053] Another factor to consider in determining
an appropriate fragment length is the final sequence
analysis technique to be considered. For example, if a
nucleic acid microarray is employed, the desired
fragment size will be approximately 25 to 100 base
pairs. If the initially produced fragments are
significantly larger than this, a second fragmentation
must be performed prior to genotyping with a
microarray. Ideally, the initial fragmentation would
produce fragments of a size suitable for analysis so
that no further fragmentation would be necessary.
Unfortunately, it has been found that fragments of 25
to 100 base pairs in size may exhibit "PCR
suppression." This results when the
primer-complementary ends of a given fragment bind to
one another in a single strand to form a hairpin
structure. Such hairpin structures cannot participate
in the PCR amplification. Only when the fragments are
significantly larger (e.g., greater than at least
about 300 base pairs) is the probability of the end to
end binding of a single strand reduced to a point
where PCR suppression is not a significant concern.
[0054] One might minimize the likelihood that these
haiipin structures will form by employing two
different adaptor sequences which are not
complementary to one another. For example, the use of
adaptor sequences A and B will result in approximately
one quarter of the ligated products having two A
adaptors, 



approximately one quarter of the ligated products
having two B adaptors, and approximately one half of
the ligated products having one A and one B adaptor.
Thus, a significant fraction of the resulting ligated
products will still be susceptible to PCR suppression.
[0055] To facilitate attachment of adaptor sequences,
the fragment ends preferably have a consistent
structure, e.g., either all blunt or all sticky. In
the later case, all sticky ends preferably have the
same overhang sequence in order to provide a
consistent structure for attachment to corresponding
adaptor ends. In a preferredembodiment, however, the
fragments are blunt-ended. A specific embodiment in
this invention, which is detailed below, employs fully
blunt-ended adaptors. [0056] Fragmentation of the
sample nucleic acid can be accomplished through any of
various known techniques. Examples include mechanical
cleavage, chemical degradation, enzymatic
fragmentation, and self-degradation. Self-degradation
occurs at relatively high temperatures due to DNA' s
acidity. The fragmentation technique can provide
either double-stranded or single-stranded DNA. US
Patent Application No. 10/638,1 13, filed August 8,
2003, describes various methods, apparatus, and
parameters that can be controlled to provide desired
levels of fragmentation. That application is
incorporated herein by reference for all purposes.
[0057] Enzymatic fragmentation is accomplished using a
nuclease such as a DNAse. In one example, DNaseI is
used in the presence of manganese (II) ions. Cleavage
with this enzyme gives relatively blunt-ended
double-strand fragments. Still there may be a one or
two base overhang in the resulting fragments, hi such
cases, fully blunt-ended fragments can be produced
from the moderately sticky ended fragments by
treatment with certain exonucleases such as that
exhibited by Pfu DNA polymerase. The Pfu enzyme acts
by trimming back 3' extensions on both ends of the DNA
fragments. It also fills in 3 recessive ends by
polymerase activity. Other methods for generating
blunt-ended fragments include mechanical shearing and
acid hydrolysis both of which produce some blunt ends
and some overhangs. Thus the fragments will still
require some "blunting" as with Pfu polymerase.
Further, certain restriction enzymes that leave blunt
ends (e.g., AIuI, Haelll, HinDII, Smal) can be
employed. Other restriction enzymes that leave
overhangs which can be "blunted" may also be used. Of
course, any of the techniques which leave sticky ends
(including random overhang sequences) can be used
without subsequent blunting so long as the process
uses compatible adaptors (e.g., ones with random ends
so that no matter what the overhang was it would still
get an adaptor).Adaptors and Amplification [0058] To
amplify the sample fragments but avoid the cost of
preparing or purchasing many different primers, the
invention optionally employs one or more universal
adaptor sequences. These adaptors are attached to both
ends of all sample fragments where they provide common
sequences for primer annealing. See block 105 of
Figure 1. See also Figure 3A, which depicts in cartoon
fashion the fragments of Figure 2B after adaptors 303
have been attached. Preferably only a single adaptor
sequence is provided for attachment to all the many
fragments produced from a sample. With this approach
only one primer sequence is needed to amplify all fr
agments hi alternative embodiments, more than one
adaptor sequence is employed, but generally it will be
advantageous to employ no more than a few. This
section describes both the structure of the adaptors
and a method of attaching them to the fragments.
[0059] The adaptors should have a length that is
appropriate for their purpose: 



i.e., to provide a site for annealing with a PCR
primer. Thus, the adaptors are typically about 25 to
50 base pairs long. In one preferred embodiment, they
are double-stranded with one blunt end and one sticky
end. As explained below, this allows the adaptor to
bind to the fragments in a consistent orientation and
it also permits excess adaptors to serve as PCR
primers during subsequent amplification. Of course,
the invention is not limited to this structure, and in
some cases the adaptors may be single-stranded
sequences. [0060] In many cases, the concentration of
the adaptor should be well in excess of the fragment
concentration. This ensures that there will be
sufficient adaptors available to promote rapid
fragment-adaptor ligation. It also reduces the
likelihood of fragment-to-fragment ligation, hi one
embodiment, the adaptor concentration is between about
10- to 100-fold excess over the concentration of
fragment ends (which is normally double the
concentration of fragments). At this concentration,
the unreacted excess adaptor sequences can server as
primers for the subsequent amplification. During
denaturation, the double-stranded adaptors will
separate into single-stranded sequences, one of which
can then serve as a primer when annealed to its
complementary sequence on the single-stranded
fragments.[0061] In the embodiment depicted in the
Figure 3B, the adaptor 303 includes a sticky end 313
and a blunt end 311. The blunt end always attaches to
the DNA fragment 209 and the sticky end always faces
away from the fragment. Because, the sticky end 313
will not ligate with the blunt-ended fragments, the
adaptor is forced to attach in a single orientation
dictated by the blunt end to blunt end ligation
between the fragment and adaptor. In the example
shown, sticky end 313 has a 3' recess. Ligation may be
accomplished with a conventional DNA ligase. [0062]
Precautions may be taken to reduce or eliminate
self-ligation between adaptors. A blunt end of one
adaptor will not link to the sticky end of another
adaptor, but it is possible that the blunt ends of two
adaptors will link. It could also be possible for
sticky ends of two adaptors to link, but only if the
overhangs of the adaptors are complementary to one
another. This possibility can be eliminated by
designing adaptors with non-complementary overhangs.
To prevent self-ligation of the adaptors at their
blunt ends, the blunt ends may be designed so that one
of the single strands contains a chemical feature that
renders it unable to link with an adjacent strand in
the blunt end of an aligned adaptor. [0063] For
example, the 5' strand in the blunt end of the adaptor
may lack a phosphate group. If the blunt ends of two
such adaptors were aligned in a manner to promote
ligation, the appropriate DNA ligase would be unable
to ligate them as each strand would be lacking a
phosphate bridge between the two adaptors. Note that
the 5' end of a DNA strand typically has a free
phosphate group for ligating with a 3' hydroxide
group. Such binding creates a continuous strand. If
the 5' phosphate group is lacking from one of the
blunt end terminal strands of the adaptor, it camiot
form a continuous strand. In such cases, it will be
impossible to ligate two adaptors as each 5' to 3'
coupling of the single strands will be prevented. This
situation is depicted in Figure 3C where adaptors 303a
and 303b each have a blunt end at which the 5' strand
lacks a phosphate group. When these adaptors are
aligned end-to-end as shown, it is impossible for them
to ligate because no continuous single strand can
form, either between the top strands or the bottom
strands. It should be understood that the missing
phosphate moiety is but one approach to preventing
self-ligation and various chemical blocking mechanisms
may be employed. For example, a similarembodiment
employs adaptors in which the 3' OH is missing in the
blunt end, instead 



of the 5' phosphate. [0064] When the blunt end of an
adaptor lines up with the blunt end of a DNA fragment,
only one of the single strands is prevented from
ligating. The strand with a 5' end donated by the DNA
fragment will have a phosphate group, which allows
ligation with the 3' end of one of the single strands
on the adaptor sequence. The resulting ligated product
will, however, have a nick 315 at the interface with
each adaptor. See Figure 3D. The adaptor sequence
beyond the nick can be replaced with a fully
continuous single strand propagating outward from the
genomic fragment by a polymerase reaction as shown in
the lower portion of Figure 3D. [0065] In one
embodiment, the Pfu DNA polymerase remains present in
the reaction mixture during ligation of the adaptors.
Because the Pfu DNA polymerase is a thermophilic
enzyme, it may be activated by raising the temperature
of the mixture (to e.g. about 680C). In the presence
of dNTPs, the Pfu polymerase will fill in 3' recesses
and possesses strand displacement activity. As such,
it acts on the fragments containing the adaptors by
initiating DNA polymerization at the nick left due to
the lack of a 5' phosphate, thereby extending the 3'
end of the fragment and displacing the strand of the
adaptor lacking the 5' phosphate as depicted in Figure
3D. This results in the production of a nick-free
double-stranded sequence comprising two adaptor
sequences straddling the DNA fragment. Self-ligation
between blunt ends of genomic fragments is generally
avoided because the concentration of adaptors is so
great in comparison to the concentration of nucleic
acid fragments that the probability of
fragment-to-fragment ligation is minimal. [0066] After
the nucleic acid fragments have been modified with
adaptors, they can be amplified as indicated above.
See block 107 of Figure 1. A primer or set of primers
that is complementary to the adaptor or adaptors is
provided to the solution containing the fragments. As
indicated, excess adaptor sequences may themselves
serve as the primers, in which case no additional
primers need be added. Other components necessary for
amplification may be provided as necessary (e.g.,
particular polymerases, dNTPs, buffers, etc.). In the
specific embodiment described above, the PfU
polymerase remains in solution and participates in the
PCR alone or together withanother polymerase such as
"Klentaql" available from AB Peptides, Inc. of St.
Louis, Missouri, or other polymerases known in the
art. PCR amplification is then performed to amplify
all of the fragments. In a specific embodiment, the
amplification is performed for about twenty cycles,
but this is by no means a minimum or maximum
requirement. The resulting DNA sequences will have the
adaptor sequences straddling the individual DNA
fragments produced in operation 103. In some
embodiments, the fragment concentration after
amplification is between about l g to lmg total yield.
[0067] The PCR method of amplification is described in
PCR Technology: Principles and Applications for DNA
Amplification (ed. H.A. Erlich, Freeman Press, NY, NY,
1992); PCR Protocols: A Guide to Methods and
Applications (eds. Innis, et ah, Academic Press, San
Diego, CA, 1990); Mattila et ah, Nucleic Acids Res.
19, 4967 (1991); Eckert et ah, PCR Methods and
Applications 1, 17 (1991); PCR (eds. McPherson et ah,
IRL Press, Oxford); and U.S. Patent 4,683,202, each of
which is incorporated by reference for all puiposes.
The amplification product can be RNA, DNA, or a
derivative thereof, depending on the enzyme and
substrates used in the amplification reaction. Certain
methods of PCR amplification that may be used with the
methods of the present invention are further
described, e.g., in LTS Patent 



Application No. 10,042,406, filed January 9, 2002; US
Patent No. 6,740,510 issued on May 25, 2004; and US
Patent Application No. 10/341,832, filed January 14,
2003, each of which is incorporated herein by
reference for all purposes. [0068] Other methods exist
for producing amplified sample fragments that may be
employed with this invention (e.g., for isolation with
selection probes). Some of these techniques involve
other methods of tagging nucleic acid fragments, e.g.,
DOP-PCR, tagged PCR, etc., and are discussed in great
detail in Kamberov et al. US2004/0209298 Al, which is
incorporated herein by reference for all puiposes.
Selection and Isolation of TargetFragments [0069]
After amplification of the sample fragments, multiple
oligonucleotide selection probes are added to the
mixture. Preferably, at least about 1000 or 2000
or5000 or 10,000 or 30,000 or 50,000 or S0,000 or
100,000, 1,000,000, or 10,000,000 distinct sequences
are provided as selection probes in the mixture
(approximately 85,000 probes were employed in one
example). As explained, the selection probes are
brought into contact with the amplified nucleic acid
fragments in a single reaction medium and exposed to
conditions promoting annealing between the selection
probes and the amplified nucleic acid fragments that
are complementary to the selection probes. [0070] Each
sample probe has a sequence complementary to a target
sequence that is believed to be present in the sample
(or at least believed to be potentially present).
Thus, if 1000 probes are used, 1000 target sequences
may be selected. As such, only sample fragments
possessing the target sequences will bind with a
selection probe and ultimately be isolated from the
sample mixture. The probe sequence may be of any
length appropriate for uniquely selecting a target
sequence. In the case of target SNPs, appropriate
lengths range from about 20 to 1000 base pairs, more
preferably between about 20 and 200 base pairs (e.g.,
about 80 base pairs). Other size ranges may be
appropriate for other applications. [0071] The
selection probes may be single-stranded or
double-stranded and may comprise RNA, DNA, or a
derivative thereof. In some embodiments discussed
below, single strands of the selection probes include
a chemical moiety or other feature that facilitates
binding to a solid substrate. Functionally, a "probe"
is a nucleic acid capable of binding to a target
nucleic acid of complementary sequence through one or
more types of chemical bonds, usually through
complementary base pairing, usually through hydrogen
bond formation. A nucleic acid probe may include
natural (i.e. A, G, C, or T) or modified bases (e.g.,
7-deazaguanosine, inosine). In addition, the bases in
a nucleic acid probe may be joined by a linkage other
than a phosphodiester bond, so long as it does not
interfere with hybridization. Thus, nucleic acid
probes may be peptide nucleic acids in which the
constituent bases are joined by peptide bonds rather
than phosphodiester linkages. [0072] Typically, the
annealing mixture will contain multiple copies of each
selection probe. Preferably, the concentration of each
selection probe in the mixturewill be between about
1-100 ng in a 100 ml reaction mixture, and the
concentration of fragments will be between about 1-10
g in a 100 ml reaction mixture. [0073] Broadly the
invention may employ any number of distinct selection
probes. It is expected that many applications of
interest will employ at least about 1000 distinct
selection probes, e.g., between about 104 and 107. A
more specific quantity contemplated for use in this
invention is at least about 2000 distinct probes, and
an even more specific amount is at least about 5000 or
at least about 10,000 or at least about 50,000
distinct probes. All the selection probes are used in
a single 



solution or mixture which is contacted with all the
sample fragments so that selection of thousands of
distinct target sequences can take place
simultaneously, in a single reaction mixture. For
complex samples employing tens or hundreds of
thousands of distinct target sequences, about 10,000
to 100,000 or even to 1,000,000 distinct probes may be
employed. Preferably, though not necessarily, all
selection probes are provided in a single solution or
mixture. [0074] Thus, one embodiment of the invention
provides a set of selection probes for use in
simultaneously selecting target nucleic acid fragments
from nontarget nucleic acid fragments. The set
includes at least about 1000 (preferably at least
about 10,000) distinct selection probes in a common
medium. As indicated, each selection probe has a
sequence complementary to a distinct target sequence
such as a sequence associated with a distinct SNP.
Preferably any given selection probe will be
complementary to a sequence having only a single SNP.
All target sequences may be found in a single sample
such as a genome. The medium used to contain the probe
set will be a buffered aqueous solution. In a specific
embodiment, the solution contains approximately IM
Na++ salt, preferably with 50% formamide and 10%
dextran sulfate. [0075] Because the set of selection
probes represent targets within a larger genome that
contains both target and non-target sequences, the
selection probes of the common medium contain few if
any non-target sequences, or at least they contain
only an amount that does not significantly impair the
ability of the probes to select their target
sequences. At a minimum, the common medium will
contain a significantly enriched amount of selection
probes complementary target sequences incomparison to
non-target sequences (when compared to the relative
amounts of target and non-target sequences in the
native genome or other sample). This is true whether
the relative amount of target-specific selection
probes to non-target sequences is measured on the
basis of the number of different target-specific probe
sequences to number of different non-target fragment
sequences or the total number of targetspecific probe
sequences to the total number of non-target fragments
in solution. [0076] Further, a set of selection probes
need not contain probes for each and every target
sequence identified as relevant to the
characterization of the sample. For example, 50,000
distinct SNP alleles may be identified as relevant to
the characterization of a sample, but the selection
probe set may contain probes to only 40,000 of these
alleles. It is within the scope of this invention to
apply 40,000 member probe set to the sample mixture in
order isolate at least a fraction of the target
sequences potentially present in the sample. Further,
a probe set may contain more target sequences than are
present in a particular sample. For example, a sample
may be derived from mRNA from a particular tissue so
any target sequence that is not expressed in that
tissue will not be present in the sample. [0077] The
selection probes may be produced by any appropriate
method including oligonucleotide synthesis techniques
and isolation from organisms. In the latter case, PCR
or other amplification technique may be employed to
produce the probe in relatively high concentrations.
In a specific example, probes are obtained using PCR
(or multiplex PCR) on sequences of the human genome
found to hold specific SNPs. In such situations, the
individual selection probes may be prepared by PCR
reactions using primers specific for such probes. Such
genomic sequences may be identified by any method
known in the art, e.g., through association studies,
linkage analysis, etc. 



[0078] Many service providers make custom probes
available on a contract basis. Selection probes for
use with this invention may be ordered from such
providers, some of which are the following: Agilent
Technologies of Palo Alto, CA, NimbleGen Systems, Inc.
of Madison, WI, SeqWright DNA Technology Services of
Houston, TX, and Invitrogen Corporation of Carlsbad,
CA. In another approach, the selection probes may be
produced by fragmenting genomic DNA (e.g., a
singlechromosome or clone(s) from a genomic library)
known to have target features. Still further, the
selection probes may be created from mRNA by
conversion to cDNA to select expressed target
sequences. In other words, the expressed mRNA
possesses the target sequences. [0079] As indicated
the selection probe may also include a moiety that
facilitates linking to a solid substrate after the
annealing process is complete. Examples of such
moieties include modification of the DNA to include
biotin, avidin, fluorescent dyes, digoxigenin, or
other nucleotide modifications. In a specific example,
the moiety is biotin or streptavidin, with the
substrate surface having streptavidin or biotin,
respectively. In alternative embodiments, the
selection probes will be provided pre-linked to the
solid substrate. In such embodiments, the solid
substrate is contacted with the solution of amplified
fragments and under conditions promoting
hybridization. No separate linking step is required.
[0080] Aspects of the invention pertain to kits
containing a set of selection probes as identified
above together with one or more other items that
facilitate enrichment and/or analysis of the target
sequences. In one embodiment, the kit also includes a
solid substrate (e.g., beads, microarray, column,
etc.) having a surface feature for binding with the
moiety on the selection probes and thereby
facilitating immobilization of the selection probes on
the substrate. The kit may also include primers and
polymerase for amplifying the nucleic acid fragments.
Still further, the kit may be provided with a nucleic
acid array or other tool for identifying target
sequences contained within the target fragments.
[0081] In accordance with embodiments of this
invention, the complete set of selection probes and
the sample fragments are provided in a single reaction
mixture. To promote formation of hybrid annealing
products, the relative concentrations of these two
components are preferably about 100-fold to about
10,000-fold more fragments than selection probes and
more preferably about 500-fold to about 5000- fold
more fragments; e.g., about 1000-fold more fragments
than selection probes. Note that many applications
will employ subsets of a larger "complete" set of
selection probes. For example, an association study
may link certain SNPs to a condition of interest. A
"complete" probe set may include hundreds of thousands
oreven millions of distinct selection probes for SNP
alleles, while the probe set employed for the
condition of interest employs only a few thousand of
these selection probes. [0082] To actually select the
target fragments, the process must provide both the
fragments and the selection probes as single strands.
So if either of these are present in a double-stranded
form, the process begins by first denaturing the
doublestranded sequences in the mixture. The
conditions in the mixture are then gradually changed
to drive annealing. In some implementations, the
temperature is changed in a step-wise fashion to
promote annealing. In a typical implementation, the
annealing takes place for about 10 to 50 hours (36
hours in a specific implementation). [0083] In one
embodiment, double-stranded probes and double-stranded
fragments are denatured using a 50% formamide solution
at a temperature of about 



94C for about two minutes. Note that an increase of 1%
in formamide concentration lowers the melting
temperature of double-stranded DNA by about 0.60C, so
the combination of temperature and formamide
concentration can be tailored as needed. After
denaturing, the sequences are annealed by a slow cool
process with certain gradation as described here.
Initially, the mixture is cooled from 94C to about
420C over a period of about 2 hours. Then, the
temperature is held at 420C for about 12 hours.
Thereafter, the solution is slow cooled from 42C to
about 370C over a period of about 5 hours. It is in
this temperature range (about 37 to 420C) that most of
the annealing takes place. After reaching 370C, the
mixture is held at this temperature for about 12
hours. Of course, the invention is not limited to
these denaturing conditions. For example, it may be
possible to anneal over significantly shorter periods
of time, possibly as short as 12 hours. [0084]
Generally, annealing refers to the binding, duplexing,
or hybridizing of a molecule only to a particular
nucleotide sequence under stringent conditions when
that sequence is present. Stringent conditions are
conditions under which a probe hybridizes to its
target subsequence, but to no other sequences.
Stringent conditions are sequence-dependent and vary
by circumstance. Generally, stringent conditions are
selected to be about 50C lower than the thermal
melting point (Tm) for thespecific sequence at a
defined ionic strength and pH. The Tm is the
temperature (under defined ionic strength, pH, and
nucleic acid concentration) at which 50% of the probes
complementary to the target sequence anneal to the
target sequence at equilibrium. (As the target
sequences may be present in excess, at Tm, 50% of the
probes are theoretically occupied at equilibrium.)
Typically, stringent conditions include a salt
concentration of at least about 0.01 to 1.0 M Na ion
concentration (or other salts) at pH 7.0 to S.3 and
the temperature is at least about 30C for short probes
(e.g., 10 to 50 nucleotides). Stringent conditions can
also be achieved with the addition of destabilizing
agents such as formamide. For example, conditions of
5X SSPE (750 IBM NaCl, 50 mM NaPhosphate, 5 mM EDTA,
pH 7.4) and a temperature of 25-30 0C are suitable for
allele-specific probe hybridizations. [0085] The
starting and ending points of the selection process
are depicted schematically in Figures 4A and 4B. As
shown, each of these represents a molecular scale
volume 407 of the reaction mixture 405 provided in a
single vessel 403. Volume 407 from Figure 4A has
numerous double-stranded species. Selection probes are
identifiable by the attached "B" species for biotin.
These include probes 411 and 415. In addition, each
selection probe will include a target sequence
indicated by an "X." The sample fragments are
identifiable by the rectangular adaptor sequences at
the ends. Some of the fragments have target sequences
X (e.g., fragments 413) while other fragments do not
(e.g., fragments 409). [0086] In the idealized example
of Figure 4A, the selection probes hold target
sequences Xl through X6. The sample fragments hold
only target sequences Xl, X2, X4, and X6. Sequence X3
and X5 are not present in the sample. After annealing,
as depicted in volume 407' of Figure 4B, some probes
have hybridized with target fragments and others have
not. As shown, sample fragments such as fragment 409,
which does not have a target sequence, remains intact.
The same is true of the selection probes having
targets X3 and X5, as well as probe 411 which holds
target X6. This probe did not anneal with the sample
fragment 413, which also holds target sequence X6. Of
course, some fraction of the complementary selection
probes and target fragments will not anneal with each
other. In the depicted example, fragments 



with targets Xl, X2, and X4 cross-annealed. Of course,
normally there will be multiple copies of the
fragments holding the targets, as well as multiple
copies of thecomplementary selection probes. Thus,
while typically not all complementary strands will
find and anneal to one another, under the proper
conditions a significant fraction will anneal to
produce probe-sample double-stranded products. [0087]
After the sample fragments and selection probes have
annealed, they are immobilized by exposing the
solution to a solid substrate having an affinity for
the selection probes. As indicated, the selection
probes can include a moiety that links with a
complementary moiety on the substrate surface (e.g.,
biotin and streptavidin). The solid substrate may take
many different forms including beads, disks, columns,
microarrays, porous glass surface, membranes,
plastics. In a specific embodiment, the substrate
comprises beads of approximately 1 micron diameter,
each having approximately 105-107 probes per 1 micron
bead. Magnetic beads coated with streptavidin,
available from Dynal (Oslo, Norway), are suitable for
immobilizing biotin-labeled DNA. Procedures for
performing enrichments of nucleic acids using
immobilized DNA on beads are described by Birren et
al., at ch. 3, which is incorporated herein by
reference for all puiposes. [0088] In an embodiment
depicted in Figure 5, the annealed mixture is
contacted with beads having strepavidin moieties
distributed over their surfaces. As shown, a plurality
of beads 503 is added to the annealed mixture 405'.
Initially, the individual beads have no immobilized
selection probes. But they do have streptavidin
moieties distributed over their surfaces as indicated
by the "S"s on individual beads 505 shown in Figure 5.
After remaining in solution for a period of time, the
beads capture some of the selection probes in
solution. Some captured probes have annealed with
target fragments as shown in Figure 5; see bead 505'.
[0089] In a specific embodiment, the contact between
the solution and beads takes place for a period of
about 30 minutes to 1 hour at a temperature of about
2O0C to 370C. This allows sufficient time for the
biotin and strepavidin moieties to link with one
another and effectively immobilize the double-stranded
sequences of the selection probe and the complementary
DNA fragments.[0090] As indicated above, the sequence
of the selection probe should be chosen to select
target sequences including features of interest (e.g.,
one or more SNPs). Often the feature of interest will
be centered in the probe sequence, but this is not
necessary. In some cases, the feature of interest will
be off-center or even outside the probe sequence. If
the feature of interest is located outside the probe
sequence, the probe sequence should be complementary
to a region of the target sequence that is
sufficiently proximate to the feature of interest that
the probe will pick up fragments having such feature.
These implementations are depicted in Figure 6, which
shows (a) a SNP or other feature of interest 603
centered in a selection probe 605, (b) the SNP 603
within a selection probe 607, but off center, and (c)
the SNP 603 located outside the extent of a selection
probe 609 but near one end of such probe. [0091] At
least a subset of the target fragments become attached
to the solid substrate in the procedure outlined
above. To enrich these fragments, the unattached
fragments should be washed away or otherwise separated
from the substrate. Recognizing that the target
fragments are complementary to the immobilized probe
sequences, various separation techniques will become
apparent to those of skill in the art. For example, a
two-stage washing procedure may be employed, with a
first stage employed to remove DNA fragments that are
on the substrate but are not bound through DNA-DNA
interactions and a second stage performed under more
stringent 



conditions to remove loosely hybridized sample nucleic
acid strands, which may contain mismatches to one or
more of the selection probes within a region that is
otherwise complementary to the one or more selection
probes. [0092] As an example, the first stage is
conducted with 6x SSPE buffer at room temperature and
the second stage is performed under most stringent
conditions employing a lower salt concentration
(representing more severe conditions) at a relatively
higher temperature. For example, this may be employed
with 0.2x SSPE at a temperature of about room
temperature up to about 370C. Again, this second wash
will remove relatively loosely bound DNA fragments
that may be partially complementary with the selection
probes. Figure 7 shows how fully complementary
hybridized fragment 7 11 (which typically would not be
removed by the second stage wash) and a partially
hybridized fragment 713 (which much more likely would
beremoved by the second stage wash). Both fragments
are shown hybridized to a selection probe 705. [0093]
After the non-annealed and loosely annealed sample
fragments have been removed by the two washes
described above, only the target DNA fragments should
remain on the solid substrate i other words, the
substrate will at this point contain (ideally) only
those nucleic acid fragments that are strongly
complementary to the selection probes, which fragments
are presumably target DNA fragments. Thus, the process
to this point has effectively isolated the target
fragments from the remainder of the sample. At this
point, the target may be further processed or analyzed
in a variety of ways as described below. Although the
examples specifically describe analysis with DNA
microarrays, it should be understood that the
invention is not limited to this method. [0094] As
indicated in Figure 1, block 113, the target DNA
fragments are removed from the immobilized selection
probes by, e.g., denaturation. In a specific example,
this is accomplished by treatment with 0.15 M sodium
hydroxide at room temperature. Thereafter, the
solution is neutralized with 0.15 M hydrochloric acid.
After denaturation, in which the target fragments have
been removed from the substrate, the substrate itself
(e.g., the beads) may be removed from the solution.
The resulting solution contains the isolated and
enriched target nucleic acid fragments. Analysis of
Isolated TargetFragments [0095] In some embodiments,
the isolated target fragments can be analyzed
directly. For certain applications, however, they must
first be further amplified and/or fragmented. As
indicated above, the possibility of PCR suppression
may limit the initial fragmentation procedure to
production of fragments no smaller than approximately
300-400 base pairs. Such fragments may be too large to
be effectively interrogated using a DNA microarray.
Therefore, it may be necessary to further fragment the
target stands.[0096] Assuming that the enriched target
fragments must be amplified (see operation 117 of
Figure 1), then PCR is performed using primers of the
same sequence as were employed in the initial
amplification (operation 107). The isolated target
fragments will still have adaptor sequences attached,
which can serve as the annealing site for PCR primers.
In many cases, only a single primer sequence will be
required for the second amplification because only a
single adaptor sequence was employed earlier in the
process (see operation 105 of Figure 1). Typically,
however, single-stranded primers will be employed here
rather than the double-stranded adaptor sequences used
in the initial amplification. The degree of
amplification will depend upon the quantity of
fragments that were captured and immobilized as well
as the 



requirements of the sequence analysis technique. In a
typical case, approximately 20 to 40 PCR cycles are
employed. [0097] After amplification, the isolated
fragments are possibly too large to effectively
hybridize with immobilized oligonucleotide probes on a
DNA microarray. As indicated, it will then be
desirable to further fragment the target strands. If a
second fragmentation is employed, the conditions are
chosen to produce fragments having a size that is
appropriate for the analysis technique to be
performed. For genotyping by a DNA microarray, the
final fragment size is preferably between about 25 and
150 base pairs in length, or in some embodiments,
between about 40 and 100. Contact with a DNase for an
appropriate period of time may be employed to fragment
the isolated target sequences and produce final
fragments of this size. In other embodiments, the
additional fragmentation is accomplished using
shearing, restriction enzymes, etc as described above.
[0098] Figure 8 follows the progression of the
selected target fragments through a second round of
amplification and fragmentation. As shown, target
fragments 613 having adaptors 303 are amplified to
produce additional copies 613'. The amplified target
fragments are then fragmented to produce smaller
target fragments 623, 623', etc. As illustrated some
of these fragments will not contain the target
sequences of interest. [0099] It is of course within
the scope of the invention to use only a single
fragmentation reaction. In such embodiments, the
initial fragmentation producesfragments of an
appropriate size for analysis of the isolated target
fragments, e.g., genotyping using a conventional DNA
microarray. Alternatively, the method employs a
sequencing tool suitable for sequencing relatively
large sequences (e.g., sequences of about 300 base
pairs and larger). For example, a direct sequencing
technique may be employed. Other embodiments employ
sequencing platforms of Illumina, Inc. (San Diego, CA)
and 454 Corporation (New Haven, CT). In general, the
invention is not limited to any particular methodology
or product for analyzing the target fragments isolated
using this invention. [00100] If a DNA microarray is
employed to sequence the isolated target fragments,
the fragments are first labelled and then contacted
with the microarray under conditions that facilitate
hybridization with the immobilized oligonucleotides.
Any suitable label and labelling technique may be
employed. Many widely used labels for this purpose
provide fluorescent signals. In a specific example,
terminal transferase enzyme is employed to label the
fragments. After the labels are attached to the
fragments and the fragments hybridize with the
oligonucleotides on the microarray, the array may be
stained and/or washed to further facilitate detection
of the fragments bound to the array. The binding
pattern on the array is then read out and interpreted
to indicate the presence or absence of the various
target sequences in the sample. In the case of SNP
targets, a reader identifies the alleles present in
the target sequences by virtue of, for example, (1)
the known sequence and location of individual probes
on the array; (2) knowing that a fragment is
complementary to one or more probes on array; (3)
therefore knowing the sequence of the fragment; and
finally (4) therefore knowing the genotype of
fragment. Labels, oligonucleotide microarrays, and
associated readers, software, etc. are provided with
various conventionally available DNA microarray
products such as those commercially available from,
e.g., Affymetrix, Inc., (Santa Clara, CA). As
indicated, other methods are also suitable; for
example, direct sequencing of the regions encoding
each marker, 



creation of a library comprising the target sequences,
use of the target sequences as probes in further
experiments or methodologies, or use in functional
assays in cell lines. [00101] Figure 9 shows a
sequence of operations employed to sequence isolated
target fragments in a specific embodiment as described
above. In anoperation 921, the free isolated target
fragments are provided in a fluid medium. These were
obtained by first washing the solid substrate to
remove non-specific fragments and then releasing the
specifically bound target fragments. 83,000 SNPs are
represented in the target fragments. In an operation
923, the free target fragments are amplified using a
single PCR with a single primer to amplify all 83,000
SNPs. Thereafter, in an operation 925, the fragments
are further fragmented and labelled. Finally, in an
operation 927, the labelled fragments are interrogated
using a DNA microarray. Example Preparation of DNA
sample [00102] Genomic DNA from human blood
lymphocytes was isolated using commercially available
kits following manufacturer-supplied protocols.
Approximately 100 ng of genomic DNA was fragmented
using DNase I in the presence of 1 mM MnCl . The
fragmented DNA sizes range from about 200 bp to 1 kb
when visualized by ethidium bromide staining after
separation through agarose gel electrophoresis. The
fragmented DNA was made blunt-ended by treatment with
Pfii DNA polymerase at 650C in the presence of 200 mM
dNTPs. Next, the blunt-ended fragments were ligated to
a double-stranded adaptor at 40C using T4 DNA ligase
for 16 hours. The ligated DNA was then used as
template in a 20 to 24-cycle PCR reaction with the
residual unligated adaptors from the ligation reaction
serving as PCR primers. This reaction can be catalyzed
by the Pfn DNA polymerase previously used to blunt the
DNA fragment ends, or by other DNA polymerase enzymes
added into the reaction. Typically, the PCR product
ranges in size from about 300 bp to 1.2 kb, with the
majority of the products at about 500 - 600 bp.
Annealing reaction [00103] Approximately 5 mg of the
PCR product was mixed with 10 mg of COT-I DNA and 100
mg of Herring Sperm DNA and the mixture was
lyophilized to dryness by vacuum centrifagation. The
dried DNA was then resuspended in a suitable
hybridization buffer, such as 6X SSC or 6X SSPE, which
may contain 50%formamide and/or hybridization
accelerators such as 10% dextran sulfate or 10%
polyethylene glycol. Approximately 50 ng of
biotin-labeled DNA selection probe was added to the
reaction and after denaturation at 950C for 2 min, the
reaction was allowed to slowly cool to 370C over 2
hours. The annealing reaction was allowed to proceed
at 370C for 20 to 36 hours. Selection of annealed DNA
fragments [00104] 100 g of streptavidin coated 1
micron paramagnetic beads was added to the reaction
and the biotinylated DNAs were allowed to bind to the
beads at 370C for 30 min. Following binding, the beads
were washed sequentially 2 times with 1ml of 6X SSPE
buffer at room temperature and 2 times with 1ml of
0.2X SSPE at 370C for 30 min. The DNA captured on the
beads was then released by incubation in 0.1 5M NaOH
and the denatured DNA was neutralized by addition of
an equal volume of 0.1 5M HCl. The neutralized DNA was
then used in a PCR reaction with a singlestranded PCR
primer having a DNA sequence corresponding to the
ligated adaptor at the end of the DNA fragment.
Amplified DNA was then purified, fragmented and 



end-labeled with Terminal transferase enzyme in
preparation for microarray hybridization following
standard procedures. [00105] As illustrated by this
example and the above description of a preferred
embodiment, the invention provides a considerable
reduction in complexity for processing large samples
such as the human genome. As a point or reference, the
human genome contains approximately 3 billion base
pairs. Applying a set of 80,000 selection probes in
accordance with this invention, can easily reduce the
quantity of DNA to be analyzed by a factor of
approximately 20; e.g., to about 80 million base pairs
in the case of 500 bp sample fragments. Obviously,
greater reductions in complexity will result when
fewer selection probes are employed and/or when the
sample fragments are smaller.Other Embodiments [00106]
The present invention has a broader range of
implementation and applicability than described above.
For example, while the methodology of this invention
has been described in terms of genotyping using a DNA
microarray, the inventive methodology is not so
limited. For example, the invention could easily be
extended to the selection and isolation of nucleic
acids such as full-length cDNAs, rnRNAs and genes, as
well as other methods requiring complexity reduction
such as gene expression analysis and cross-species
comparative hybridizations.. Those of ordinary skill
in the art will recognize other variations,
modifications, and alternatives. [00107] It is to be
understood that the above description is intended to
be illustrative and not restrictive. It readily should
be apparent to one skilled in the art that various
embodiments and modifications may be made to the
invention disclosed in this application without
departing from the scope and spirit of the invention.
The scope of the invention should, therefore, be
determined not with reference to the above
description, but should instead be determined with
reference to the appended claims, along with the full
scope of equivalents to which such claims are
entitled. All publications mentioned herein are cited
for the purpose of describing and disclosing reagents,
methodologies and concepts that may be used in
connection with the present invention. Nothing herein
is to be construed as an admission that these
references are prior art in relation to the inventions
described herein. Throughout the disclosure various
patents, patent applications and publications are
referenced. Unless otherwise indicated, each is
incorporated by reference in its entirety for all
puiposes.CLAIMS what is claimed is: 1. A method of
isolating target nucleic acid sequences from a nucleic
acid sample, the method comprising: (a) generating
nucleic acid fragments from the sample; (b) amplifying
the nucleic acid fragments; (c) exposing the amplified
nucleic acid fragments to at least about 2,000
distinct selection probes in a single reaction medium
under conditions promoting annealing between the
selection probes and the amplified nucleic acid
fragments that are complementary to the selection
probes, wherein the selection probes have sequences
complementary to the target nucleic acid sequences;
(d) removing the amplified nucleic acid fragments that
are not strongly bound to the selection probes; and
(e) releasing annealed amplified nucleic acid
fragments from the selection probes, wherein said
annealed amplified nucleic acid fragments are said
target nucleic 



acid sequences, thereby isolating said target nucleic
acid sequences. 2. The method of claim 1, further
comprising characterizing the nucleic acid sample on
the basis of the target nucleic acid sequences
released in (e). 3. The method of claim 2, wherein the
characterizing is performed by applying the target
nucleic acid sequences to a nucleic acid array. 4. The
method of claim 3, further comprising: amplifying the
target nucleic acid sequences released in (e); and
labelling said target nucleic acid sequences prior to
contacting them with said nucleic acid array. 5. The
method of claim 4, further comprising further
fragmenting the target nucleic acid fragments prior to
labelling.6. The method of any of claims 1-5, wherein
fragmenting the nucleic acid sample produces nucleic
acid fragments having an average size of between about
25 and about 2,000 base pairs. 7. The method of claim
6 wherein the average size of the nucleic acid
fragments is about 500 base pairs. 8. The method of
any of claims 1-5, wherein generating nucleic acid
fragments in (a) produces nucleic acid fragments
having an average size that allows genotyping on a
nucleic acid array without further fragmentation. 9.
The method of any of claims 1-5, wherein amplifying
the nucleic acid fragments comprises performing a
Polymerase Chain Reaction (PCR) on substantially all
of the nucleic acid fragments produced in (a). 10. The
method of any of claims 1-5, further comprising, prior
to amplifying the nucleic acid fragments, attaching
adaptors to the ends of the nucleic acid fragments,
wherein the adaptors comprise sequences complementary
to primers employed in the amplification operation.
11. The method of claim 10, wherein the adaptors each
comprise the same sequence. 12. The method of claim
10, wherein the adaptors comprise dsDNA with ssDNA
tail. 13. The method of claim 10, wherein excess
adaptors that do not attach to the ends of the nucleic
acid fragments serve as primers in amplifying the
nucleic acid fragments. 14. The method of claim 10,
wherein attaching the adaptors comprises ligating the
adaptors to blunt ends of the nucleic acid
fragments.15. The method of any of claims 1-5, wherein
the selection probes comprise moieties that facilitate
linkage to a solid substrate. 16. The method of claim
15, further comprising linking the selection probes to
a solid substrate, wherein at least a subset of the
selection probes is annealed to the amplified nucleic
acid fragments between operations (c) and (d). 17. The
method of claim 16, wherein the solid substrate
comprises a plurality of beads. 18. The method of
claim 16, wherein removing the amplified nucleic acid
fragments that are not strongly bound to the selection
probes comprises washing the solid substrate to remove
unbound nucleic acid fragments. 19. The method of
claim 18 wherein washing the solid substrate comprises
exposing the solid substrate to a solution under
conditions that remove partially annealed amplified
nucleic acid fragments from bound selection probes.
20. The method of any of claims 1-5, wherein exposing
the amplified 



nucleic acid fragments to the distinct selection
probes in a single reaction medium, comprises
providing at least about 50,000 distinct selection
probes, each complementary to a distinct target
nucleic acid sequence, in the single reaction medium.
2 1. The method of claim 20, wherein the number of
distinct selection probes employed in the single
reaction medium is between about 50,000 about 107. 22.
The method of any of claims 1-5, wherein exposing the
amplified nucleic acid fragments to distinct selection
probes in a single reaction medium comprises exposing
the amplified nucleic acid fragments to at least about
5,000 distinct selection probes in said single
reaction medium. 23. The method of claim 22, wherein
exposing the amplified nucleic acid fragments to
distinct selection probes in a single reaction medium
comprises exposingthe amplified nucleic acid fragments
to at least about 10,000 distinct selection probes in
said single reaction medium. 24. A method of isolating
target nucleic acid fragments from a mixture of target
and non-target nucleic acid fragments, the method
comprising: (a) applying an adaptor sequence to the
ends of the target and non-target nucleic acid
fragments in the mixture, wherein the adaptor sequence
comprises a sequence between about 15 and 40 base
pairs in length, and is present in excess to the
number of nucleic acid fragment ends; (b) performing a
polymerase chain reaction to amplify the target and
nontarget fragments, wherein no primer sequence is
necessary to amplify the target and non-target
fragments besides that provided by denaturing excess
adaptors; (c) contacting the amplified target and
non-target fragments with a plurality of selection
probes simultaneously, under conditions that promote
annealing of the selection probes and the target
nucleic acid fragments, wherein the selection probes
comprise sequences complementary to sequences of the
target nucleic acid fragments; and (d) separating the
non-annealed and partially-annealed non-target nucleic
acid fragments from the annealed target nucleic acid
fragments, which are bound to said selection probes,
thereby isolating the target nucleic acid fragments.
25. The method of claim 24, wherein the adaptor
sequence is a doublestranded nucleic acid sequence.
26. The method of claim 25, wherein the adaptor has a
blunt end for attachment to the ends of the nucleic
acid fragments. 27. The method of claim 26, wherein
the adaptor has a sticky end having an overhang that
is not complementary to itself, whereby the sticky
ends of the adaptor do not anneal to one another. 28.
The method of claim 26, wherein one strand of the
adaptor is lacking a moiety necessary for ligation at
the blunt end of the adaptor, whereby the blunt ends
of the adaptor do not ligate to one another.29. The
method of any of claims 24-28, wherein the adaptor is
present in an excess of between about 10-100 fold over
the number of nucleic acid fragment ends. 30. A set of
selection probes for use in simultaneously selecting
target nucleic acid fragments from non-target nucleic
acid fragments, wherein the set comprises: at least
about 10,000 distinct selection probes in a common
medium, each selection probe having a sequence
complementary to a distinct target sequence 



including a distinct SNP, all found in a single
genome, wherein each of the distinct selection probes
is between about 20 and 1000 base pairs in length. 31.
The set of selection probes of claim 30, wherein the
individual selection probes of the set are
double-stranded nucleic acid sequences. 32. The set of
selection probes of claim 30 or 31, wherein the set
comprises between about 104 and 108 distinct selection
probes. 33. The set of selection probes of claim 30 or
31, wherein the set comprises between about 104 and
105 distinct selection probes. 34. The set of
selection probes of any of claims 30-33, wherein each
of the distinct selection probes further comprises a
moiety, apart from the selection probe sequence, that
facilitates binding to a solid substrate. 35. The set
of selection probes of claim 34, wherein the moiety is
biotin or streptavidin. 36. The set of selection
probes as recited in any of claims 30-33, wherein the
individual selection probes of the set are prepared by
PCR reactions specific for the individual selection
probes.37. A kit for isolating target nucleic acid
fragments from non-target nucleic acid fragments, the
kit comprising: the set of selection probes as recited
in claim 34; and a solid substrate comprising a
surface feature for binding with the moiety on the
selection probes and thereby facilitating
immobilization of the selection probes on the
substrate. 3S. The kit of claim 37, further comprising
primers and polymerase for amplifying the nucleic acid
fragments. 39. The kit of claim 37 or 38, further
comprising a nucleic acid array comprising sequences
complementary to the target nucleic acid fragments.
40. The kit of any of claims 37-39, wherein the solid
substrate comprises beads. 


