
THERAPEUTIC RNAi AGENTS FOR TREATING PSORIASIS
BACKGROUND OF THE INVENTION [0001] Utilization of
double-stranded RNA to inhibit gene expression in a
sequence-specific manner has revolutionized the drug
discovery industry. In mammals, RNA interference, or
RNAi, is mediated by 15- to 49-nucleotide long,
double-stranded RNA molecules referred to as small
interfering RNAs (RNAi agents). RNAi agents can be
synthesized chemically or enzymatically outside of
cells and subsequently delivered to cells (see, e.g.,
Fire, et al., Nature , 391 :806-1 1 ( 1998); Tuschl,
et al., Genes and Dev.. 13:3191-97 (1999); and
Elbashir , et al., Nature, 4 11:494-498 (2001)); or
can be expressed in vivo by an appropriate vector in
cells (see, e.g., US Pat. No. 6,573,099). [0002] In
vivo delivery of unmodified RNAi agents as an
effective .therapeutic for use in humans faces a
number of technical hurdles. First, due to cellular
"and serum nucleases, the half life of RNA injected in
vivo is only about 70 seconds (see, e.g., Kurreck,
Eur. J. Bioch. 270:1628-44 (2003)). Efforts have been
made to increase stability of injected RNA by the use
of chemical modifications; however, there are several
instances where chemical alterations led to increased
cytotoxic effects. In one specific example, cells were
intolerant to doses of an RNAi duplex in which every
second phosphate was replaced by phosphorothioate
(Harborth, et al., Antisense Nucleic Acid Drug Rev.
13(2): 83-105 (2003)). Still efforts continue to find
ways to delivery unmodified or modified RNAi agents so
as to provide tissue-specific delivery, as well as
deliver the RNAi agents in amounts sufficient to
elicit a therapeutic response but that are not toxic.
[0003] Other options being explored for RNAi delivery
include the use of viralbased and non-viral based
vector systems that can infect or otherwise transfect
target cells, and deliver and express RNAi molecules
in situ. Often, small RNAs are transcribed as short
hairpin RNA (shRNA) precursors from a viral or
non-viral vector backbone. Once transcribed, the shRNA
are processed by the enzyme Dicer intothe appropriate
active RNAi agents. Viral-based delivery approaches
attempt to exploit the targeting properties of viruses
to generate tissue specificity and once appropriately
targeted, rely upon the endogenous cellular machinery
to generate sufficient levels of the RNAi agents to
achieve a therapeutically effective dose. [0004] One
useful application of RNAi therapeutics is to treat or
prevent psoriasis. Psoriasis is a common skin
condition, affecting about 3% of the population. It
can occur constantly or in bouts, following triggers
such as stress and skin damage, most often appearing
in humans between the ages of 10 and 30 years.
Although the cause of psoriasis is unknown, there are
heredity factors in the majority of cases. [0005]
Psoriasis causes the thickening and scaling of the
skin due to an increased rate of skin turnover and
regeneration. Also the capillaries (small blood
vessels under the skin) expand, making the skin appear
red and inflamed. Flakes of skin may fall off the
scalp, which can be mistaken for dandruff. In
addition, about 5% of patients will also suffer
painful joints (arthritis) or spine (ankylosing
spondylitis). [0006] Epidermal hyperproliferation is a
major characteristic of psoriasis. The underlying
cause of the aberrant keratinocyte growth control is
thought to be the presence of activated T lymphocytes
at the dermal/epidermal interface (Kreuger et al., J.
Invest. Dermatol. 94: 135s-140s, (1990); Nickoloff,
Arch. Dermatol. 127: 871 - 884, 1991 ; Gottlieb, Arch.
Dermatol. 133: 781-782, (1997)). The effects of
uncontrolled epidermal growth can be severe, and
include a loss of normal epidermal barrier function,
cosmetic disfigurement, and discomfort caused by the
shedding of epidermal flakes. Histologically,
psoriatic epidermal hyperproliferation is
characterized by an overrepresentation of basaloid
keratinocytes (Leigh, et al., Br. J. Dermatol. 113:
53-64, (1985)), abnormally thick epidermal layer, or
acanthosis, and the persistence of cell nuclei into
the upper comified layer (parakeratosis). Keratinocyte
transit time through the epidermis is accelerated
10-fold compared with normal skin (Van Scott and Ekel,
Arch Dermatol. 88: 373-381 , (1963)), and
differentiated characteristics do not develop.[0007]
There are a number of factors which can stimulate or
worsen psoriasis. These includes skin infection,
physical and emotional stress, and sunburn. In
addition, there are a number of drugs which also
adversely affect psoriasis, including some antimalaria
drugs, beta-blockers, lithium, NSAIDS, and oral
contraceptives. [0008] Current treatments for
psoriasis generally include treatments based on:
[0009] (i) Tar: Coal tar is known to assist in
psoriasis treatment and is available 



as crude coal tar coal, tar lotion, and in refined
forms incorporated into ready made creams, lotions and
shampoos. A chemical similar to those found in tar may
be used on its own-known as Dithranol or Anthralin.
[0010] (ii) UV light: Summer is the best source of
ultra-violet light, and many people find psoriasis
abates in summer. Treatment in winter can be aided by
artificial lamps. Unfortunately, some psoriasis
sufferers are sensitive to sun light, and may not be
improved with this treatment. [0011] (iii) Cortisone:
External cortisone in various different bases can help
psoriasis, but cortisone treatments usually provides
relief for 1-2 days at most. There are certain areas
such as ears and the backs of hands where tar
treatments are not very helpful, and in these areas
cortisone applications are usually best. Internal
cortisone tablets are best avoided in psoriasis unless
other treatments have not been effective. The main
problem with cortisone tablets is that they may help
initially, but when cortisone treatments are stopped,
psoriasis then may flare causing the symptoms to
become worse than they were originally. [0012]
(iv)Calcipotriol: Calcipotriol is a synthetic form of
vitamin D. Vitamin D has been recognised for many
years to address some of the abnormalities present in
psoriasis skin, but ingestion of even slightly above
the daily recommended amount of Vitamin D can lead to
problems with calcium metabolism in the body (possible
kidney stones and irregular heart beats). In addition,
there is a risk of facial dermatitis if the ointment
is used on the face or neck, so application is
recommended only for the trunk and limbs, and it is
important that the hands are thoroughly washed after
application to avoid inadvertent transfer to the skin
of theface. [0013] (v) PUVA phototherapy: PUVA is the
name given to treatment comprising the use of
psoralen, which sensitises the skin to the effect of
artificial ultraviolet radiation in the A range (UVA),
in conjunction with UVA. The combination has a
powerful effect on the plaques of psoriasis, slowing
down the rapid division of cells recognized to occur
in active psoriasis. The dose of UVA exposure is
carefully increased as burning of the skin can occur
if the treatment is introduced too rapidly. A
variation on PUVA phototherapy has been developed.
Rather than ingesting psoralen by mouth, a bath
containing psoralen is taken for ten minutes
immediately before UVA exposure. Sun protection with
all forms of PUVA therapy is vital on the days of the
treatment. [0014] (vi) Methotrexate: Methotrexate has
been used for treating psoriasis. Methotrexate is also
used in higher doses to treat some cancers and
leukaemias. Since methotrexate is strong, it is
ordered only for people with stubborn psoriasis. Care
is taken that ulcers do not develop in the mouth and
that blood formation is not affected in early stages
after treatment. Methotrexate must not be taken during
pregnancy. [0015] (vii) Tigason: Tigason is a
"retinoid" (a synthetic derivative of Vitamin A) and
may be used in the management of very severe cases of
psoriasis, and with pustular forms of psoriasis.
However, women must avoid pregnancy during the
treatment with this agent and for one year after
completing the course. Dry skin side effects are
prominent and cholesterol and fats in the blood must
be monitored during the course of treatment. [0016]
(viii) Cyclosporin: Cyclosporin is known to suppress
inflammation that occurs during psoriasis. However,
during treatment kidney function and blood pressure
must be monitored closely. [0017] None of the
above-listed treatments is able to provide a "cure"
for psoriasis and, as set out above, each potentially
involves side effects such as increased cancer risk,
skin damage and kidney damage. Therefore, there is a
needfor an effective treatment for psoriasis that is
administered relatively simply and has no side effects
or less severe side effects than existing available
treatments. Thus, there is a need in the art to
develop stable, effective RNAi therapeutics for the
treatment of psoriasis. The present invention
satisfies this need in the art. SUMMARY OF THE
INVENTION [0018] The present invention provides
stable, effective ddRNAi therapeutics and methods for
use thereof to control the onset, development,
maintenance or progression of psoriasis by altering
the level of expression of one or more
transcriptionally active genetic regions that are
directly or indirectly associated with the onset,
development, maintenance or progression of psoriasis.
[0019] The present invention provides a method for
treating or preventing 



psoriasis in an animal together with genetic agents
for use therewith, as well as genetically modified
ceils comprising the genetic agents. The present
invention is predicated in part on the use of genetic
agents that facilitate gene silencing via RNAi to
downregulate or silence one or more transcriptionally
active genetic regions directly or indirectly
associated with the onset, development, maintenance or
progression of psoriasis. Such transcriptionally
active regions are also referred to herein as
"psoriasis associated genetic targets" or "PATs".
ddRNAi-mediated silencing of one or more PATs effects
control of any of the onset, development, maintenance
or progression of psorasis and thereby provides a
modality to treat, prevent or control psoriasis in a
subject. [0020] Accordingly, one aspect of the present
invention contemplates a method for treating or
preventing psoriasis in a subject, said method
comprising administering to said subject a genetic
construct comprising at least one ddRNAi expression
cassette which encodes an RNA molecule comprising a
nucleotide sequence which is at least 70% identical to
at least part of a nucleotide sequence comprising a
PAT or a derivative, ortholog or homolog thereof and
which delays, represses or otherwise reduces the
expression of the PAT in said subject.[0021] In
another aspect, the present invention provides
genetically modified cells comprising a ddRNAi
expression construct as described herein. Preferably
the cell is a mammalian cell, even more preferably the
cell is a primate or rodent cell and most preferably
the cell is a human or mouse cell. Furthermore, in yet
another aspect, the present invention provides a
multicellular structure comprising one or more
genetically modified cells of the present invention.
Multicellular structures include, inter alia, include
a tissue, organ or complete organism. [0022] Other
objects and advantages of the present invention will
be apparent from the detailed description that follows
BRIEF DESCRIPTION OF THE DRAWINGS [0023] So that the
manner in which the above recited features, advantages
and objects of the present invention are attained and
can be understood in detail, a more particular
description of the invention, briefly summarized
above, may be had by reference to the embodiments that
are illustrated in the appended drawings. It is to be
noted, however, that the appended drawings illustrate
only certain embodiments of this invention and are
therefore not to be considered limiting of its scope,
for the present invention may admit to other equally
effective embodiments. [0024] Figures 1A, 1B and 1C
are simplified block diagrams of three embodiments of
methods for delivering RNAi agents to treat psoriasis
according to the present invention. [0025] Figures 2A
and 2B show two embodiments of single-expression RNAi
cassettes, and Figures 2C and 2D show two embodiments
of multiple-expression RNAi cassettes. [0026] Figures
3A and 3B show two embodiments of multiple expression
cassettes that code for RNAi agents initially
expressed as shRNA precursors, and Figures 3C and 3D
show two embodiments of multiple expression cassettes
that code for RNAi agents that are not expressed as
shRNA precursors.[0027] Figures 4A and 4B show
alternative methods for producing viral particles for
delivery of ddRNAi agents to epithelial tissue. [0028]
Figure 5 shows a list of exemplary PAT sequences.
DETAILED DESCRIPTION [0029] Before the present
compositions and methods are described, it is to be
understood that this invention is not limited to the
particular methodology, products, apparatus and
factors described, as such methods, apparatus and
formulations 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 limit the scope of the present
invention, which will be limited only by appended
claims. [0030] 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 factor" refers to one or mixtures of,
factors, and reference to "the method of production"
includes reference to equivalent steps and methods
known to those skilled in the art, and so forth.
[0031] Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the
art to which this invention belongs. All publications
mentioned herein are incorporated 



herein by reference, without limitation, for the
purpose of describing and disclosing devices,
formulations and methodologies which are described in
the publication and which might be used in connection
with the presently described invention. [0032] In the
following description, numerous specific details are
set forth to provide a more thorough understanding of
the present invention. However, it will be apparent to
one of skill in the art that the present invention may
be practiced without one or more of these specific
details. In other instances, well-known features and
procedures well known to those skilled in the art have
not been described in order toavoid obscuring the
invention. [0033] The present invention is directed to
innovative, robust genetic compositions and methods to
treat psoriasis. The compositions and methods provide
stable, lasting inhibition of a target gene. [0034]
Generally, conventional methods of molecular biology,
microbiology, recombinant DNA techniques, cell
biology, and virology within the skill of the art are
employed in the present invention. Such techniques are
explained fully in the literature, see, e.g.,
Maniatis, Fritsch & Sambrook, Molecular Cloning: A
Laboratory Manual ( 1 982); DNA Cloning: A Practical
Approach , Volumes I and Il (D.N. Glover, ed. 1985);
Oligonucleotide Synthesis (MJ. Gait, ed. 1984);
Nucleic Acid Hybridization (B.D. Hames & S.J. Higgins,
eds. (1984)); Animal Cell Culture (R.I. Freshney, ed.
1986); and RNA Viruses: A practical Approach , (Alan,
J . Cann, Ed., Oxford University Press, 2000). [0035]
A "vector" is a replicon, such as plasmid, phage,
viral construct or cosmid, to which another DNA
segment may be attached. Vectors are used to transduce
and express the DNA segment in cells. As used herein,
the terms "vector", "construct", "ddRNAi expression
vector" or "ddRNAi expression construct" may include
replicons such as plasmids, phage, viral constructs,
cosmids, Bacterial Artificial Chromosomes (BACs),
Yeast Artificial Chromosomes (YACs) Human Artificial
Chromosomes (HACs) and the like into which one or more
ddRNAi expression cassettes may be or are ligated.
[0036] A "promoter" or "promoter sequence" is a DNA
regulatory region capable of binding RNA polymerase in
a cell and initiating transcription of a
polynucleotide or polypeptide coding sequence such as
messenger RNA, ribosomal RNAs, small nuclear of
nucleolar RNAs or any kind of RNA transcribed by any
class of any RNA polymerase. [0037] A cell has been
"transformed", "transduced" or "transfected" by an
exogenous or heterologous nucleic acid or vector when
such nucleic acid has been introduced inside the cell,
for example, as a complex with transfection reagents
orpackaged in viral particles. The transforming DNA
may or may not be integrated (covalently linked) into
the genome of the cell. With respect to eukaryotic
cells, a stably transformed cell is one in which the
transforming DNA has become integrated into a host
cell chromosome or is maintained extra-chromosomally
so that the transforming DNA is inherited by daughter
cells during cell replication or is a nonreplicating,
differentiated cell in which a persistent episome is
present. [0038] The term "RNA interference" or "RNAi"
refers generally to a process in which a
double-stranded RNA molecule changes the expression of
a nucleic acid sequence with which the double-stranded
or short hairpin RNA molecule shares substantial or
total homology. The term or "RNAi agent" refers to an
RNA sequence that elicits RNAi; and the term "ddRNAi
agent" refers to an RNAi agent that is transcribed
from a vector. The terms "short hairpin RNA" or
"shRNA" refer to an RNA structure having a duplex
region and a loop region. In some embodiments of the
present invention, ddRNAi agents are expressed
initially as shRNAs. The term "RNAi expression
cassette" refers to a cassette according to
embodiments of the present invention having at least
one [promoter-RNAi agent-terminator] unit. The term
"multiple promoter RNAi expression cassette" refers to
an RNAi expression cassette comprising two or more
[promoter-RNAi agent-terminator] units. The terms
"RNAi expression construct" or "RNAi expression
vector" refer to vectors containing an RNAi expression
cassette. [0039] "Derivatives" of a gene or nucleotide
sequence refers to any isolated nucleic acid molecule
that contains significant sequence similarity to the
gene or nucleotide sequence or a part thereof. In
addition, "derivatives" include such isolated nucleic
acids containing modified nucleotides or mimetics of
naturallyoccurring nucleotides. [0040] Figures 1A, 1B
and 1C are simplified flow charts showing the steps of



methods according to three embodiments of the present
invention in which an RNAi agent according to the
present invention may be used. Method 100 of Figure 1A
includes a step 200 in which a ddRNAi expression
cassette is constructed. Such a ddRNAi expression
cassette most often will include at least one
promoter, a ddRNAisequence to be expressed, and at
least one terminator. Various configurations of such
ddRNAi expression cassettes are described in detail
infra. In step 300, the ddRNAi expression cassette is
ligated into viral delivery vector, and at step 400,
the ddRNAi viral delivery vector is packaged into
viral particles. Finally, at step 500, the viral
particles are delivered to target cells, tissues or
organs. Figure 1B shows a method 101 where again, at
step 200, a ddRNAi expression cassette is constructed.
In Figure B, however, the ddRNAi expression cassette
is ligated into a non-viral delivery vector at step
600. Then, at step 700, the non-viral ddRNAi delivery
vector is delivered to target cells, tissues or
organs. Figure 1C shows a method 102 where at step
800, an siRNA agent is constructed for delivery. At
step 900, the siRNA is formulated with an appropriate
carrier for delivery. Finally, at step 1000, the siRNA
agent/carrier is delivered to target cells, tissues,
or organs. [0041] RNAi agents according to the present
invention can be generated synthetically or
enzymatically by a number of different protocols known
to those skilled in the art and purified using
standard recombinant DNA techniques as described in,
for example, Sambrook et al., Molecular Cloning: A
Laboratory Manual , 2nd Ed., Cold Spring Harbor Press,
Cold Spring Harbor, NY (1989), and under regulations
described in, e.g., United States Dept. of HHS,
National Institute of Health (NIH) Guidelines for
Recombinant DNA Research. [0042] RNAi agents may
comprise either siRNAs (synthetic RNAs) or DNAdirected
RNAs (ddRNAs). siRNAs may be manufactured by methods
known in the art such as by typical oligonucleotide
synthesis, and often will incorporate chemical
modifications to increase half life and/or efficacy of
the siRNA agent, and/or to allow for a more robust
delivery formulation. Many modifications of
oligonucleotides are known in the art. For example,
U.S. Pat. No. 6,620,805 discloses an oligonucleotide
that is combined with a macrocycle having a net
positive charge such as a porphyrin; U.S. Pat.
No.6,673, 6 11 discloses various formulas; U.S. Publ.
Nos. 2004/0171570, 2004/0171032, and 2004/0171031
disclose oligomers that include a modification
comprising a polycyclic sugar surrogate; such as a
cyclobutyl nucleoside, cyclopentyl nucleoside, proline
nucleoside, cyclohexene nucleoside, hexose nucleoside
or a cyclohexane nucleoside; and oligomers that
include anon-phosphorous-containing internucleoside
linkage; U.S. Publ. No 2004/0171579 discloses a
modified oligonucleotide where the modification is a
21substituent group on a sugar moiety that is not H or
OH; U.S. Publ. No. 2004/0171030 discloses a modified
base for binding to a cytosine, uracil, or thymine
base in the opposite strand comprising a boronated C
and U or T modified binding base having a
boroncontaining substituent selected from the group
consisting of -BH 2CN, -BH 3, and - BH2COOR, wherein R
is C 1 to C18 alkyl; U.S. Publ. No. 2004/0161844
discloses oligonucleotides having phosphoramidate
internucleoside linkages such as a
3'aminophosphoramidate, aminoalkylphosphoramidate, or
aminoalkylphosphorthioamidate internucleoside linkage;
U.S. Publ. No. 2004/0161844 discloses yet other
modified sugar and/or backbone modifications, where in
some embodiments, the modification is a peptide
nucleic acid, a peptide nucleic acid mimic, a
morpholino nucleic acid, hexose sugar with an amide
linkage, cyclohexenyl nucleic acid (CeNA), or an
acyclic backbone moiety; U.S. Publ. No. 2004/0161777
discloses oligonucleotides with a 3' terminal cap
group; U.S. Publ. No. 2004/0147470 discloses
oligomeric compounds that include one or more
crosslinkages that improve nuclease resistance or
modify or enhance the pharmacokinetic and
phamacodynamic properties of the oligomeric compound
where such cross-linkages comprise a disulfide, amide,
amine, oxime, oxyamine, oxyimine, morpholino,
thioether, urea, thiourea, or sulfonamide moiety; U.S.
Publ. No. 2004147023 discloses a gapmer comprising two
terminal RNA segments having nucleotides of a first
type and an internal RNA segment having nucleotides of
a second type where nucleotides of said first type
independently include at least one sugar substituent
where the sugar substituent comprises a halogen,
amino, trifluoroalkyl, trifluoroalkoxy, azido,
aminooxy, alkyl, alkenyl, alkynyl, O-, S-, or
N(R*)-alkyl; O-, S-, or N(R*)-alkenyl; O-, S- or
N(R*)-alkynyl; O-, S- or N-aryl, O-, S-, or N(R*
)-aralkyl group; where the alkyl, alkenyl, alkynyl,
aryl or aralkyl may be a substituted or unsubstituted
alkyl, alkenyl, alkynyl, aralkyl; and where, if
substituted, 



the substitution is an alkoxy, thioalkoxy,
phthalimido, halogen, amino, keto, carboxyl, nitro,
nitroso, cyano, trifluoromethyl, trifluoromethoxy,
imidazole, azido, hydrazino, aminooxy, isocyanato,
sulfoxide, sulfone, disulfide, silyl, heterocycle, or
carbocycle group, or an intercalator, reporter group,
conjugate, polyamine, polyamide,polyalkylene glycol,
or a polyether of the formula (~O-alkyl) m, where m is
1 to about 10; and R* is hydrogen, or a protecting
group; or U.S. Publ. No. 2004/0147022 disclosing an
oligonucleotide with a modified sugar and/or backbone
modification, such as a 2'-OCH 3 substituent group on
a sugar moiety. [0043] Alternatively, DNA-directed
RNAi (ddRNAi) agents may be employed. ddRNAi agents
comprise an expression cassette, most often containing
at least one promoter, at least one ddRNAi sequence
and at least one terminator in a viral or non-viral
vector backbone. For example, In one preferred
embodiment, the ddRNAi expression cassette comprises a
nucleic acid molecule comprising the general structure
(I): 5' - C 3' 3 ' (I) 5' wherein: I represents a
promoter sequence; represents a ddRNAi targeting
sequence comprising at least 10 nucleotides, wherein
said sequence is at least 70% identical to a PAT
sequence or part thereof; A' represents a sequence of
10 to 30 nucleotides wherein at least 10 contiguous
nucleotides of A' comprise a reverse complement of the
nucleotide sequence represented by A; represents a
"loop" encoding structure comprising a sequence of 5
to 20 non-self-complementary nucleotides; and
represents a terminator sequence. The ddRNAi agent
generated by the expression of the ddRNAi
expressioncassette represented by general structure
(I) comprises a stem-loop structured precursor (shRNA)
in which the ends of the double-stranded RNA are
connected by a single-stranded, linker RNA. The length
of the single-stranded loop portion of the shRNA may
be 5 to 20 bp in length, and is preferably 5 to 9 bp
in length. Accordingly, in a preferred embodiment, L
in general structure (I) comprises 5, 6, 7, 8 or 9
non-self-complementary nucleotides. [0044] In another
embodiment, the ddRNAi expression cassette comprises a
nucleic acid molecule of the general structure (II):
3' 5' wherein: represents a promoter sequence;
represents a ddRNAi targeting sequence comprising at
least 10 nucleotides, wherein said sequence is at
least 70% identical to a PAT sequence or part thereof;
A' represents a sequence of 10 to 30 nucleotides
wherein at least 10 contiguous nucleotides of A'
comprise a reverse complement of the nucleotide
sequence represented by A; and represents a terminator
sequence. [0045] In yet another embodiment, the ddRNAi
expression cassette comprises a nucleic acid molecule
of the general structure (III):wherein: = > represents
a promoter sequence; represents a ddRNAi targeting
sequence comprising at least 10 nucleotides, wherein
said sequence is at least 70% identical to a PAT
sequence or part thereof; cA represents a nucleic acid
sequence complementary to A; and represents a
terminator sequence. [0046] In yet another preferred
embodiment, the ddRNAi expression cassette comprises a
nucleic acid molecule of the general structure (IV):
wherein: i= > represents a promoter sequence;
represents a ddRNAi targeting sequence comprising at
least 10 nucleotides, wherein said sequence is at
least 70% identical to a PAT sequence or 



part thereof;cA represents a nucleic acid sequence
complementary to A; and represents a terminator
sequence. [0047] Although the ddRNAi expression
cassettes represented by general structures (I), (II),
(III) and (IV) represent preferred embodiments of the
invention, the present invention is in no way limited
to these particular general structures. As would be
evident to one of skill in the art, the above
structures may be modified while retaining
functionality. For example, the elements of the
cassettes may be separated by one or more nucleotide
residues. Furthermore, elements which are present on
complementary strands, such as the terminator and
promoter elements shown in structures (III) and (IV)
may overlap or may be discreet. For example, the
terminator elements shown in structure (III) may occur
within the complementary strand of the promoter
element or may be upstream or downstream of this
region. Other modifications which would be evident to
one of skill in the art and which do not materially
effect the functioning of the cassette in encoding a
dsRNA stucture may also be made and such modified
cassettes are within the scope of the present
invention. [0048] Figures 2A through 2D show
additional examples of ddRNAi expression cassettes.
Figures 2A and 2B are simplified schematics of
single-promoter RNAi expression cassettes according to
embodiments of the present invention. Figure 2A shows
an embodiment of a single RNAi expression cassette
(10) comprising one promoter/RNAi/terminator component
(shown at 20), where the ddRNAi agent is expressed
initially as a short hairpin (shRNA). Figure 2B shows
an embodiment of a single RNAi expression cassette
(10) with one promoter/RNAi/terminator component
(shown at 20), where the sense and antisense
components of the ddRNAi agent are expressed
separately from different promoters. [0049] Figures 2C
and 2D are simplified schematics of multiple-promoter
RNAi expression cassettes according to embodiments of
the present invention. Figure 2C shows an embodiment
of a multiple-promoter RNAi expression cassette (10)
comprising three promoter/RNAi/terminator components
(shown at 20), and Figure2D shows an embodiment of a
multiple-promoter expression cassette ( 10) with five
promoter/RNAi/terminator components (shown at 20). P
1, P2, P3, P4 and P5 represent promoter elements.
RNAiI , RNAi2, RNAi3, RNAi4 and RNAi5 represent
sequences for five different ddRNAi agents. T 1, T2,
T3, T4, and T5 represent termination elements. The
multiple-promoter RNAi expression cassettes according
to the present invention may contain two or more
promoter/RNAi/terminator components where the number
of promoter/RNAi/terminator components included in any
multiple-promoter RNAi expression cassette is limited
by, e.g., packaging size of the delivery system chosen
(for example, some viruses, such as AAV, have
relatively strict size limitations); cell toxicity,
and maximum effectiveness (i.e. when, for example,
expression of four ddRNAi agents is as effective
therapeutically as the expression of ten ddRNAi
agents). [0050] When employing a multiple promoter
RNAi expression cassette, the two or more ddRNAi
agents in the promoter/RNAi/terminator components
comprising a cassette all have different sequences;
that is RNAiI , RNAi2, RNAi3, RNAi4 and RNAid are all
different from one another. However, the promoter
elements in any cassette may be the same (that is,
e.g., the sequence of two or more of P 1, P2, P3, P4
and P5 may be the same); all the promoters within any
cassette may be different from one another; or there
may be a combination of promoter elements represented
only once and promoter elements represented two times
or more within any cassette. Similarly, the
termination elements in any cassette may be the same
(that is, e.g., the sequence of two or more of T 1,
T2, T3, T4 and T5 may be the same, such as contiguous
stretches of 4 or more T residues); all the
termination elements within any cassette may be
different from one another; or there may be a
combination of termination elements represented only
once and termination elements represented two times or
more within any cassette. Preferably, the promoter
elements and termination elements in each
promoter/RNAi/terminator component comprising any
cassette are all different to decrease the likelihood
of DNA recombination events between components and/or
cassettes. Further, in a preferred embodiment, the
promoter element and termination element used in each
promoter/RNAi/terminator component are matched to each
other; that is, thepromoter and terminator elements
are taken from the same gene in which they occur
naturally. [0051] Figures 3A and 3B show
multiple-promoter RNAi expression constructs 



comprising alternative embodiments of
multiple-promoter RNAi expression cassettes that
express short shRNAs. shRNAs are short duplexes where
the sense and antisense strands are linked by a
hairpin loop. Once expressed, shRNAs are processed
into RNAi agents. A, B and C represent three different
promoter elements, and the arrows indicate the
direction of transcription. Termi , Term2, and Term3
represent three different termination sequences, and
shRNA-1 , shRNA-2 and shRNA-3 represent three
different shRNA sequences. The multiple-promoter RNAi
expression cassettes in both embodiments extend from
the box marked A to the Term3. Figure 3A shows each of
the three promoter/RNAi/terminator components (20) in
the same orientation within the cassette, while Figure
3B shows the promoter/RNAi/terminator components for
shRNA-1 and shRNA-3 in one orientation, and the
promoter/RNAi/terminator component for sh-RNA2 in the
opposite orientation (i.e., transcription takes place
on both strands of the cassette). Other variations may
be used as well. [0052] Figures 3C and 3D show
multiple-promoter RNAi expression constructs
comprising alternative embodiments of
multiple-promoter RNAi expression cassettes that
express RNAi agents without a hairpin loop. In both
figures, P 1, P2, P3, P4, P5 and P6 represent promoter
elements (with arrows indicating the direction of
transcription); and T 1, T2, T3, T4, T5, and T6
represent termination elements. Also in both figures,
RNAiI sense and RNAiI antisense (a/s) are complements,
RNAi2 sense and RNAi2 a/s are complements, and RNAi3
sense and RNAi3 a/s are complements. [0053] In the
embodiment shown in Figure 3C, all three RNAi sense
sequences are transcribed from one strand (via P 1, P2
and P3), while the three RNAi a/s sequences are
transcribed from the complementary strand (via P4, P5,
P6). In this particular embodiment, the termination
element of RNAiI a/s (T4) falls between promoter P 1
and the RNAi 1 sense sequence; while the termination
element ofRNAiI sense (T1) falls between the RNAi 1
a/s sequence and its promoter, P4. This motif is
repeated such that if the top strand shown in Figure
3C is designated the (+) strand and the bottom strand
is designated the (-) strand, the elements encountered
moving from left to right would be P 1(+), T4(-),
RNAiI (sense and a/s), T 1(+), P4(-), P2(+), T5(-),
RNAi2 (sense and a/s), T2(+), P5(-), P3(+), T6(-),
RNA3 (sense and a/s), T3(+), and P6(-). [0054] In an
alternative embodiment shown in Figure 3D, all RNAi
sense and antisense sequences are transcribed from the
same strand. One skilled in the art appreciates that
any of the embodiments of the multiple-promoter RNAi
expression cassettes shown in Figures 3A through 3D
may be used for certain applications, as well as
combinations or variations thereof. [0055] In some
embodiments, promoters of variable strength may be
employed. For example, use of two or more strong
promoters (such as a Pol Ill-type promoter) may tax
the cell, by, e.g., depleting the pool of available
nucleotides or other cellular components needed for
transcription. In addition or alternatively, use of
several strong promoters may cause a toxic level of
expression of RNAi agents in the cell. Thus, in some
embodiments one or more of the promoters in the
multiple-promoter RNAi expression cassette may be
weaker than other promoters in the cassette, or all
promoters in the cassette may express RNAi agents at
less than a maximum rate. Promoters also may or may
not be modified using molecular techniques, or
otherwise, e.g., through regulation elements, to
attain weaker levels of transcription. [0056]
Promoters useful in some embodiments of the present
invention may be tissue-specific or cell-specific. The
term "tissue specific" as it applies to a promoter
refers to a promoter that is capable of directing
selective expression of a nucleotide sequence of
interest to a specific type of tissue (e.g.,
epithelial tissue) in the relative absence of
expression of the same nucleotide sequence of interest
in a different type of tissue (e.g., muscle). The term
"cell-specific" as applied to a promoter refers to a
promoter which is capable of directing selective
expression of a nucleotide sequence of interest in a
specific type of cell in the relative absence of
expression of the same nucleotide sequence of interest
in a different type of cell within the sametissue
(see, e.g., Higashibata, et al., J. Bone Miner. Res.
Jan 19(1):78-88 (2004); Hoggatt, et al., Circ. Res. .
Dec. 9 1(12):1 151-59 (2002); Sohal, et al., Circ.
Res. JuI 89(1 ):20-25 (2001); and Zhang, et al.,
Genome Res. Jan 14(1):79-89 (2004)). The term
"cell-specific" when applied to a promoter also means
a promoter capable of promoting selective expression
of a nucleotide sequence of interest in a region
within a single tissue. Alternatively, promoters may
be constitutive or regulatable. 



Additionally, promoters may be modified so as to
possess different specificities. [0057] The term
"constitutive" when made in reference to a promoter
means that the promoter is capable of directing
transcription of an operably linked nucleic acid
sequence in the absence of a specific stimulus (e.g.,
heat shock, chemicals, light, etc.). Typically,
constitutive promoters are capable of directing
expression of a coding sequence in substantially any
cell and any tissue. The promoters used to transcribe
the RNAi agents preferably are constitutive promoters,
such as the promoters for ubiquitin, CMV, b-actin,
histone H4, EF-1 alfa or pgk genes controlled by RNA
polymerase II, or promoter elements controlled by RNA
polymerase I. In other embodiments, a Pol Il promoter
such as CMV, SV40, U 1, b-actin or a hybrid Pol Il
promoter is employed. In other embodiments, promoter
elements controlled by RNA polymerase III are used,
such as the U6 promoters (U6-1 , U6-8, U6-9, e.g.), H
1 promoter, 7SL promoter, the human Y promoters (hY1 ,
hY3, hY4 (see Maraia, et al., Nucleic Acids Res
22(15):3045-52 (1994)) and hY5 (see Maraia, et al.,
Nucleic Acids Res 24(18):3552-59 (1994)), the human
MRP-7-2 promoter, Adenovirus VA1 promoter, human tRNA
promoters, the 5s ribosomal RNA promoters, as well as
functional hybrids and combinations of any of these
promoters. [0058] Alternatively in some embodiments it
may be optimal to select promoters that allow for
inducible expression of the RNAi agent. A number of
systems for inducible expression using such promoters
are known in the art, including but not limited to the
tetracycline responsive system and the lac
operator-repressor system (see WO 03/022052 A 1; and
US 2002/0162126 A1), the ecdyson regulated system, or
promoters regulated by glucocorticoids, progestins,
estrogen, RU-486, steroids, thyroid hormones, cyclic
AMP, cytokines, the calciferol family of regulators,
or themetallothionein promoter (regulated by inorganic
metals). [0059] One or more enhancers also may be
present in the viral multiple-promoter RNAi expression
construct to increase expression of the gene of
interest. Enhancers appropriate for use in embodiments
of the present invention include the Apo E HCR
enhancer, the CMV enhancer that has been described
recently (see, Xia et al, Nucleic Acids Res 31-17
(2003)), and other enhancers known to those skilled in
the art. [0060] The RNAi sequences encoded by the RNAi
expression cassettes of the present invention result
in the expression of small interfering RNAs that are
short, double-stranded RNAs that are not toxic in
normal mammalian cells. There is no particular
limitation in the length of the ddRNAi agents of the
present invention as long as they do not show cellular
toxicity. RNAis can be, for example, 15 to 49 bp in
length, preferably 15 to 35 bp in length, and are more
preferably 19 to 29 bp in length. The double-stranded
RNA portions of RNAis may be completely homologous, or
may contain non-paired portions due to sequence
mismatch (the corresponding nucleotides on each strand
are not complementary), bulge (lack of a corresponding
complementary nucleotide on one strand), and the like.
Such nonpaired portions can be tolerated to the extent
that they do not significantly interfere with RNAi
duplex formation or efficacy. [0061] The termini of a
ddRNAi agent according to the present invention may be
blunt or cohesive (overhanging) as long as the ddRNAi
agent effectively silences the target gene. The
cohesive (overhanging) end structure is not limited
only to a 31 overhang, but a 5' overhanging structure
may be included as long as the resulting ddRNAi agent
is capable of inducing the RNAi effect. In addition,
the number of overhanging nucleotides may be any
number as long as the resulting ddRNAi agent is
capable of inducing the RNAi effect. For example, if
present, the overhang may consist of 1 to 8
nucleotides, preferably it consists of 2 to 4
nucleotides. [0062] The ddRNAi agent utilized in the
present invention may have a stem-loop structured
precursor (shRNA) in which the ends of the
double-stranded RNA areconnected by a single-stranded,
linker RNA. The length of the single-stranded loop
portion of the shRNA may be 5 to 20 bp in length, and
is preferably 5 to 9 bp in length. [0063] The nucleic
acid sequences that are targets for the RNAi
expression cassettes of the present invention include
genes that are involved in psoriasis in general,
including but not limited to epithelial
hyperproliferation. The sequences for the RNAi agent
or agents are selected based upon the genetic sequence
of the target gene sequence(s); and preferably are
based on regions of the target gene sequences that are
conserved. Methods of alignment of sequences for
comparison and RNAi sequence selection are well known
in the art. The determination of 



percent identity between two or more sequences can be
accomplished using a mathematical algorithm.
Preferred, non-limiting examples of such mathematical
algorithms are the algorithm of Myers and Miller
(1988); the search-for-similaritymethod of Pearson and
Lipman (1988); and that of Karlin and Altschul (
1993). Preferably, computer implementations of these
mathematical algorithms are utilized. Such
implementations include, but are not limited to:
CLUSTAL in the PC/Gene program (available from
Intelligenetics, Mountain View, Calif.); the ALIGN
program (Version 2.0), GAP, BESTFIT, BLAST, FASTA,
Megalign (using Jotun Hein, Martinez, Needleman-Wunsch
algorithms), DNAStar Lasergene (see www.dnastar.com)
and TFASTA in the Wisconsin Genetics Software Package,
Version 8 (available from Genetics Computer Group
(GCG), 575 Science Drive, Madison, Wis., USA).
Alignments using these programs can be performed using
the default parameters or parameters selected by the
operator. The CLUSTAL program is well described by
Higgins. The ALIGN program is based on the algorithm
of Myers and Miller; and the BLAST programs are based
on the algorithm of Karlin and Altschul. Software for
performing BLAST analyses is publicly available
through the National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov/). [0064] For
sequence comparison, typically one sequence acts as a
reference sequence to which test sequences are
compared. When using a sequence comparison algorithm,
test and reference sequences are input into a
computer, subsequence coordinates are designated if
necessary, and sequencealgorithm program parameters
are designated. The sequence comparison algorithm then
calculates the percent sequence identity for the test
sequence(s) relative to the reference sequence, based
on the designated program parameters. [0065]
Typically, inhibition of target sequences by RNAi
requires a high degree of sequence homology between
the target sequence and the sense strand of the RNAi
molecules. In some embodiments, such homology is
higher than about 70%, and may be higher than about
75%. Preferably, homology is higher than about 80%,
and is higher than 85% or even 90%. More preferably,
sequence homology between the target sequence and the
sense strand of the RNAi is higher than about 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%. [0066]
In addition to selecting the RNAi sequences based on
conserved regions of a target gene, selection of the
RNAi sequences may be based on other factors. Despite
a number of attempts to devise selection criteria for
identifying sequences that will be effective in RNAi
based on features of the desired target sequence
(e.g., percent GC content, position from the
translation start codon, or sequence similarities
based on an in silico sequence database search for
homologs of the proposed RNAi, thermodynamic pairing
criteria), it is presently not possible to predict
with much degree of confidence which of the myriad
possible candidate RNAi sequences corresponding to a
target gene, in fact, elicit an optimal RNA silencing
response. Instead, individual specific candidate RNAi
polynucleotide sequences typically are generated and
tested to determine whether interference with
expression of a desired target can be elicited. [0067]
As stated, the ddRNAi agent coding regions of RNAi
expression cassette are operatively linked to
terminator elements. In one embodiment, the
terminators comprise stretches of four or more
thymidine residues. In embodiments where multiple
promoter cassettes are used, the terminator elements
used all may be different and are matched to the
promoter elements from the gene from which the
terminator is derived. Such terminators include the
SV40 poly A, the Ad VA1 gene, the 5S ribosomal RNA
gene, and the terminators for human t-RNAs. In
addition, promoters and terminators may be mixed and
matched, as is commonly done withRNA pol Il promoters
and terminators. [0068] In addition, the RNAi
expression cassettes may be configured where multiple
cloning sites and/or unique restriction sites are
located strategically, such that the promoter, ddRNAi
agents and terminator elements are easily removed or
replaced. The RNAi expression cassettes may be
assembled from smaller oligonucleotide components
using strategically located restriction sites and/or
complementary sticky ends. The base vector for one
approach according to embodiments of the present
invention consists of plasmids with a multilinker in
which all sites are unique (though this is not an
absolute requirement). Sequentially, each promoter is
inserted between its designated unique sites resulting
in a base cassette with one or more promoters, all of
which can have variable orientation. Sequentially,
again, annealed primer pairs are inserted into the
unique sites 



downstream of each of the individual promoters,
resulting in a single-, double- or multiple-expression
cassette construct. The insert can be moved into, e.g.
an AAV backbone using two unique enzyme sites (the
same or different ones) that flank the single-,
double- or multiple-expression cassette insert. [0069]
When using a ddRNAi agent, the RNAi expression
cassette is ligated into a delivery vector. The
constructs into which the RNAi expression cassette is
inserted and used for high efficiency transduction and
expression of the ddRNAi agents in various cell types
may be derived from viruses and are compatible with
viral delivery; alternatively, non-viral delivery
method may be used. Generation of the construct can be
accomplished using any suitable genetic engineering
techniques well known in the art, including without
limitation, the standard techniques of PCR,
oligonucleotide synthesis, restriction endonuclease
digestion, ligation, transformation, plasmid
purification, and DNA sequencing. If the construct is
a viral construct, the construct preferably comprises,
for example, sequences necessary to package the RNAi
expression construct into viral particles and/or
sequences that allow integration of the RNAi
expression construct into the target cell genome. The
viral construct also may contain genes that allow for
replication and propagation of virus, though in other
embodiments such genes will be supplied in trans.
Additionally, the viral construct may contain genes or
geneticsequences from the genome of any known organism
incorporated in native form or modified. For example,
a preferred viral construct may comprise sequences
useful for replication of the construct in bacteria.
[0070] The construct also may contain additional
genetic elements. The types of elements that may be
included in the construct are not limited in any way
and may be chosen by one with skill in the art. For
example, additional genetic elements may include a
reporter gene, such as one or more genes for a
fluorescent marker protein such as GFP or RFP; an
easily assayed enzyme such as beta-galactosidase,
luciferase, beta-glucuronidase, chloramphenical acetyl
transferase or secreted embryonic alkaline
phosphatase; or proteins for which immunoassays are
readily available such as hormones or cytokines. Other
genetic elements that may find use in embodiments of
the present invention include those coding for
proteins which confer a selective growth advantage on
cells such as adenosine deaminase, aminoglycodic
phosphotransferase, dihydrofolate reductase,
hygromycin-Bphosphotransferase, drug resistance, or
those genes coding for proteins that provide a
biosynthetic capability missing from an auxotroph. If
a reporter gene is included along with the RNAi
expression cassette, an internal ribosomal entry site
(IRES) sequence can be included. Preferably, the
additional genetic elements are operably linked with
and controlled by an independent promoter/enhancer. In
addition a suitable origin of replication for
propagation of the construct in bacteria may be
employed. The sequence of the origin of replication
generally is separated from the ddRNAi agent and other
genetic sequences that are to be expressed in the
epithelial tissue. Such origins of replication are
known in the art and include the pUC, CoIEI , 2-micron
or SV40 origins of replication. [0071] A viral
delivery system based on any appropriate virus may be
used to deliver the RNAi expression constructs of the
present invention. In addition, hybrid viral systems
may be of use. The choice of viral delivery system
will depend on various parameters, such as efficiency
of delivery into epithelial tissue, transduction
efficiency of the system, pathogenicity, immunological
and toxicity concerns, and the like. It is clear that
there is no single viral system that is suitable for
all applications. When selecting a viral delivery
system to use in the present invention, it isimportant
to choose a system where RNAi expression
construct-containing viral particles are preferably:
1) reproducibly and stably propagated; 2) able to be
purified to high titers; and 3) able to mediate
targeted delivery (delivery of the multiplepromoter
RNAi expression construct to the epithelial tissue
without widespread dissemination). [0072] In general,
the five most commonly used classes of viral systems
used in gene therapy can be categorized into two
groups according to whether their genomes integrate
into host cellular chromatin (oncoretroviruses and
lentiviruses) or persist in the cell nucleus
predominantly as extrachromosomal episomes
(adenoassociated virus, adenoviruses and
herpesviruses). [0073] For example, in one embodiment
of the present invention, viruses from the
Parvoviridae family are utilized. The Parvoviridae is
a family of small singlestranded, non-enveloped DNA
viruses with genomes approximately 5000 



nucleotides long. Included among the family members is
adeno-associated virus (AAV), a dependent parvovirus
that by definition requires co-infection with another
virus (typically an adenovirus or herpesvirus) to
initiate and sustain a productive infectious cycle. In
the absence of such a helper virus, AAV is still
competent to infect or transducer a target cell by
receptor-mediated binding and internalization,
penetrating the nucleus in both non-dividing and
dividing cells. [0074] Once in the nucleus, the virus
uncoats and the transgene is expressed from a number
of different forms-the most persistent of which are
circular monomers. AAV will integrate into the genome
of 1-5% of cells that are stably transduced (Nakai, et
al., J. Virol. 76:1 1343-349 (2002)). Expression of
the transgene can be exceptionally stable and in one
study with AAV delivery of Factor IX, a dog model
continues to express therapeutic levels of the protein
4.5 years after a single direct infusion with the
virus. Because progeny virus is not produced from AAV
infection in the absence of helper virus, the extent
of transduction is restricted only to the initial
cells that are infected with the virus. It is this
feature that makes AAV a preferred gene therapy vector
for the present invention. Furthermore, unlike
retrovirus, adenovirus, and herpes simplex virus, AAV
appears to lack humanpathogenicity and toxicity (Kay,
et al., Nature . 424: 251 (2003) and Thomas, et al.,
Nature Reviews. Genetics 4:346-58 (2003)). [0075]
Typically, the genome of AAV contains only two genes.
The "rep" gene codes for at least four separate
proteins utilized in DNA replication. The "cap" gene
product is spliced differentially to generate the
three proteins that comprise the capsid of the virus.
When packaging the genome into nascent virus, only the
Inverted Terminal Repeats (ITRs) are obligate
sequences; rep and cap can be deleted from the genome
and be replaced with heterologous sequences of choice.
However, in order produce the proteins needed to
replicate and package the AAVbased heterologous
construct into nascent virion, the rep and cap
proteins must be provided in trans. The helper
functions normally provided by co-infection with the
helper virus, such as adenovirus or herpesvirus
mentioned above, also can be provided in trans in the
form of one or more DNA expression plasmids. Since the
genome normally encodes only two genes it is not
surprising that, as a delivery vehicle, AAV is limited
by a packaging capacity of 4.5 single stranded
kilobases (kb). However, although this size
restriction may limit the genes that can be delivered
for replacement gene therapies, it does not adversely
affect the packaging and expression of shorter
sequences such as RNAi. [0076] The utility of AAV for
RNAi applications was demonstrated in experiments
where AAV was used to deliver shRNA in vitro to
inhibit p53 and Caspase 8 expression (Tomar et al.,
Oncogene . 22: 5712-15 (2003)). Following cloning of
the appropriate sequences into a gutted AAV-2 vector,
infectious AAV virions were generated in HEK293 cells
and used to infect HeLa S3 cells. A dose-dependent
decrease of endogenous Caspase 8 and p53 levels was
demonstrated. Boden et al. also used AAV to deliver
shRNA in vitro to inhibit HIV replication in tissue
culture systems (Boden, et al., J. Virol . 77(21):
115231 -35 (2003)) as assessed by p24 production in
the spent media. [0077] However, technical hurdles
must be addressed when using AAV as a vehicle for RNAi
expression constructs. For example, various
percentages of the human population may possess
neutralizing antibodies against certain AAVserotypes.
However, since there are several AAV serotypes, some
of which the percentage of individuals harboring
neutralizing antibodies is vastly reduced, other
serotypes can be used or pseudo-typing may be
employed. There are at least eight different serotypes
that have been characterized, with dozens of others,
which have been isolated but have been less well
described. Another limitation is that as a result of a
possible immune response to AAV, AAV-based therapy may
only be administered once; however, use of alternate,
non-human derived serotypes may allow for repeat
administrations. Administration route, serotype, and
composition of the delivered genome all influence
tissue specificity. [0078] Another limitation in using
unmodified AAV systems with the RNAi expression
constructs is that transduction can be inefficient.
Stable transduction in vivo may be limited to 5-10% of
cells. However, different methods are known in the art
to boost stable transduction levels. One approach is
utilizing pseudotyping, where AAV-2 genomes are
packaged using cap proteins derived from other
serotypes. For example, by substituting the AAV-5 cap
gene for its AAV-2 counterpart, Mingozzi et al.
increased stable transduction to approximately 15% of 



hepatocytes (Mingozzi, et al., J. Virol . 76(20):
10497-502 (2002)). Thomas et al., transduced over 30%
of mouse hepatocytes in vivo using the AAV8 capsid
gene (Thomas, et al., J. Virol in press). Grimm et al.
(Blood . 2003-02-0495) exhaustively pseudotyped AAV-2
with AAV-1 , AAV-3B, AAV-4, AAV-5, and AAV-6 for
tissue culture studies. The highest levels of
transgene expression were induced by virion which had
been pseudotyped with AAV-6; producing nearly 2000%
higher transgene expression than AAV-2. Thus, the
present invention contemplates use of a pseudotyped
AAV virus to achieve high transduction levels, with a
corresponding increase in the expression of the RNAi
multiple-promoter expression constructs. [0079]
Another viral delivery system useful with the RNAi
expression constructs of the present invention is a
system based on viruses from the family Retroviridae.
Retroviruses comprise single-stranded RNA animal
viruses that are characterized by two unique features.
First, the genome of a retrovirus is diploid,
consisting of two copies of the RNA. Second, this RNA
is transcribed by the virion-associated enzyme reverse
transcriptase into double-stranded DNA. This
double-strandedDNA or provirus can then integrate into
the host genome and be passed from parent cell to
progeny cells as a stably-integrated component of the
host genome. [0080] In some embodiments, Antiviruses
are the preferred members of the retrovirus family for
use in the present invention. Lentivirus vectors are
often pseudotyped with vesicular stomatitis virus
glycoprotein (VSV-G), and have been derived from the
human immunodeficiency virus (HIV), the etiologic
agent of the human acquired immunodeficiency syndrome
(AIDS); visan-maedi, which causes encephalitis (visna)
or pneumonia in sheep; equine infectious anemia virus
(EIAV), which causes autoimmune hemolytic anemia and
encephalopathy in horses; feline immunodeficiency
virus (FIV), which causes immune deficiency in cats;
bovine immunodeficiency virus (BIV) which causes
lymphadenopathy and lymphocytosis in cattle; and
simian immunodeficiency virus (SIV), which causes
immune deficiency and encephalopathy in non-human
primates. Vectors that are based on HIV generally
retain <5% of the parental genome, and <25% of the
genome is incorporated into packaging constructs,
which minimizes the possibility of the generation of
reverting replication-competent HIV. Biosafety has
been further increased by the development of
self-inactivating vectors that contain deletions of
the regulatory elements in the downstream
long-terminal-repeat sequence, eliminating
transcription of the packaging signal that is required
for vector mobilization. [0081] Reverse transcription
of the retroviral RNA genome occurs in the cytoplasm.
Unlike C-type retroviruses, the lentiviral cDNA
complexed with other viral factors-known as the
pre-initiation complex-is able to translocate across
the nuclear membrane and transduce non-dividing cells.
A structural feature of the viral cDNA-a DNA
flap-seems to contribute to efficient nuclear import.
This flap is dependent on the integrity of a central
polypurine tract (cPPT) that is located in the viral
polymerase gene, so most lentiviral-derived vectors
retain this sequence. Lentiviruses have broad tropism,
low inflammatory potential, and result in an
integrated vector. The main limitations are that
integration might induce oncogenesis in some
applications. The main advantage to the use of
lentiviralvectors is that gene transfer is persistent
in most tissues or cell types. [0082] A
lentiviral-based construct used to express the ddRNAi
agents preferably comprises sequences from the 5' and
3' LTRs of a lentivirus. More preferably the viral
construct comprises an inactivated or
self-inactivating 3' LTR from a lentivirus. The 3' LTR
may be made self-inactivating by any method known in
the art. In a preferred embodiment, the U3 element of
the 3' LTR contains a deletion of its enhancer
sequence, preferably the TATA box, Sp1 and NF-kappa B
sites. As a result of the self-inactivating 3' LTR,
the provirus that is integrated into the host cell
genome will comprise an inactivated 5' LTR. The LTR
sequences may be LTR sequences from any lentivirus
from any species. The lentiviral-based construct also
may incorporate sequences for MMLV or MSCV, RSV or
mammalian genes. In addition, the U3 sequence from the
lentiviral 5' LTR may be replaced with a promoter
sequence in the viral construct. This may increase the
titer of virus recovered from the packaging cell line.
An enhancer sequence may also be included. [0083]
Other viral or non-viral systems known to those
skilled in the art may be used to deliver the RNAi
expression cassettes of the present invention to
epithelial tissue, including but not limited to
gene-deleted adenovirus-transposon vectors that 



stably maintain virus-encoded transgenes in vivo
through integration into host cells (see Yant, et al.,
Nature Biotech . 20:999-1 004 (2002)); systems derived
from Sindbis virus or Semliki forest virus (see Perri,
et al, J. Virol . 74(20) :9802-07 (2002)); systems
derived from Newcastle disease virus or Sendai virus;
or mini-circle DNA vectors devoid of bacterial DNA
sequences (see Chen, et al., Molecular Therapy .
8(3):495-500 (2003)). [0084] In addition, hybrid viral
systems may be used to combine useful properties of
two or more viral systems. For example, the
site-specific integration machinery of wild-type AAV
may be coupled with the efficient internalization and
nuclear targeting properties of adenovirus. AAV in the
presence of adenovirus or herpesvirus undergoes a
productive replication cycle; however, in the absence
of helper functions, the AAV genome integrates into a
specific site on chromosome 19.Integration of the AAV
genome requires expression of the AAV rep protein. As
conventional rAAV vectors are deleted for all viral
genes including rep, they are not able to specifically
integrate into chromosome 19. However, this feature
may be exploited in an appropriate hybrid system. In
addition, non-viral genetic elements may be used to
achieve desired properties in a viral delivery system,
such as genetic elements that allow for site-specific
recombination. [0085] In step 400 of Figure 1A, the
RNAi expression construct is packaged into viral
particles. Any method known in the art may be used to
produce infectious viral particles whose genome
comprises a copy of the viral RNAi expression
construct. Figures 4A and 4B show alternative methods
for packaging the RNAi expression constructs of the
present invention into viral particles for delivery.
The method in Figure 4A utilizes packaging cells that
stably express in trans the viral proteins that are
required for the incorporation of the viral RNAi
expression construct into viral particles, as well as
other sequences necessary or preferred for a
particular viral delivery system (for example,
sequences needed for replication, structural proteins
and viral assembly) and either viral-derived or
artificial ligands for tissue entry. In Figure 4A, a
RNAi expression cassette is ligated to a viral
delivery vector (step 300), and the resulting viral
RNAi expression construct is used to transfect
packaging cells (step 410). The packaging cells then
replicate viral sequences, express viral proteins and
package the viral RNAi expression constructs into
infectious viral particles (step 420). The packaging
cell line may be any cell line that is capable of
expressing viral proteins, including but not limited
to 293, HeLa, A549, PerC6, D17, MDCK, BHK, bing
cherry, phoenix, Cf2Th, or any other line known to or
developed by those skilled in the art. One packaging
cell line is described, for example, in U.S. Pat. No.
6,218,1 8 1. [0086] Alternatively, a cell line that
does not stably express necessary viral proteins may
be co-transfected with two or more constructs to
achieve efficient production of functional particles.
One of the constructs comprises the viral RNAi
expression construct, and the other plasmid(s)
comprises nucleic acids encoding the proteins
necessary to allow the cells to produce functional
virus (replication and packaging construct) as well as
other helper functions. The method shownin Figure 4B
utilizes cells for packaging that do not stably
express viral replication and packaging genes. In this
case, the RNAi expression construct is ligated to the
viral delivery vector (step 300) and then
co-transfected with one or more vectors that express
the viral sequences necessary for replication and
production of infectious viral particles (step 470).
The cells replicate viral sequences, express viral
proteins and package the viral RNAi expression
constructs into infectious viral particles (step 420).
[0087] The packaging cell line or replication and
packaging construct may not express envelope gene
products. In these embodiments, the gene encoding the
envelope gene can be provided on a separate construct
that is co-transfected with the viral RNAi expression
construct. As the envelope protein is responsible, in
part, for the host range of the viral particles, the
viruses may be pseudotyped. As described supra, a
"pseudotyped" virus is a viral particle having an
envelope protein that is from a virus other than the
virus from which the genome is derived. One with skill
in the art can choose an appropriate pseudotype for
the viral delivery system used and cell to be
targeted. In addition to conferring a specific host
range, a chosen pseudotype may permit the virus to be
concentrated to a 'very high titer. Viruses
alternatively can be pseudotyped with ecotropic
envelope proteins that limit infection to a specific
species (e.g., ecotropic envelopes allow infection of,
e.g., murine cells only, where amphotropic envelopes
allow infection of, e.g., both human 



and murine cells.) In addition, genetically-modified
ligands can be used for cellspecific targeting, such
as the asialoglycoprotein for hepatocytes, or
transferrin for receptor-mediated binding. [0088]
After production in a packaging cell line, the viral
particles containing the RNAi expression cassettes are
purified and quantified (titered). Purification
strategies include density gradient centrifugation,
or, preferably, column chromatographic methods. [0089]
Multiple-promoter RNAi expression cassettes used in
certain embodiments of the present invention are
particularly useful in treating psoriasis because RNAi
agents against multiple genes involved in psoriasis
can be targetedsimultaneously. For example, one or
more genes that regulate blood clotting and/or
epithelial hyperproliferation can be repressed at the
same time. [0090] A variety of techniques are
available and well known for delivery of nucleic acids
into cells, for example liposome- or micelle-mediated
transfection or transformation, transformation of
cells with attenuated virus particles or bacterial
cells, cell mating, transformation or transfection
procedures known to those skilled in the art or
microinjection. The RNAi agents, whether siRNAs or
ddRNAs, are formulated with an appropriate carrier,
which may then be associated with a delivery vehicle
such as a matrix such as a compress or bandage,
ultimately forming a therapeutic device. The delivery
vehicle may be the carrier itself that is a flowable
liquid, lotion or gel that is applied to the skin, or
a synthetic or naturally-occurring matrix such as a
compress or bandage that is applied to the skin.
Various chemical formulations for carrier/coatings,
and matrices are presented in detail below. [0091] One
delivery vehicle appropriate for use in the present
invention is a matrix such as a compress or bandage.
In general, a matrix is a scaffold comprising
synthetic, semi-synthetic or naturally-occurring
compounds that can be used as a delivery vehicle to
deliver the RNAi agent to a site that is to be
treated. The matrix can be coated with a coating or
carrier comprising the RNAi agent, or the RNAi agent
can be incorporated directly into the matrix compound,
in which case the matrix acts as both the carrier and
the scaffold. [0092] RNAi Agents [0093] Any RNAi agent
that is capable of retarding or arresting the
formation of psoriasis is appropriate for
incorporation into the coating or carrier, and
ultimately the therapeutic device of the present
invention. Psoriasis is a chronic skin disease marked
by periodic flare-ups of sharply defined red patches
covered by a silvery, flaky surface. The primary
activity leading to psoriasis occurs in the epidermis,
specifically, the top five layers of the skin. [0094]
The process starts in the basal layer, where
keratinocytes are produced. Keratinocytes, in turn,
manufacture keratin, a protein that forms part of
hair, nailsand skin. In normal cell growth,
keratinocytes mature and migrate from the basal layer
to the surface and are shed unobtrusively. Typically
this process takes approximately one month. However,
in psoriatic skin, the keratinocytes proliferate very
rapidly and travel from the basal layer to the surface
in approximately four days. The skin cannot shed these
cells quickly enough so they accumulate in thick, dry
patches, or plaques. Silvery, flaky areas of dead skin
are shed from the surface of these plaques. The
underlying area in the dermis is, in turn, red and
inflamed due to increased blood supply to the
abnormally multiplying keratinocytes. Increasingly, it
is believed that these destructive changes originate
from genetic abnormalities in the immune system that
are triggered by environmental factors. [0095] A
number of psoriasis variants exist. Some can occur
independently or at the same time as other variants,
or one may follow another. The most common psoriasis
variant is called plaque psoriasis. "Psoriatic
arthritis" is an important disorder that includes both
psoriasis and arthritis. Psoriatic arthritis should be
understood to be encompassed by the term "psoriasis"
as used herein. [0096] Plaque psoriasis patches may be
defined as follows: (i) the patches start off in small
areas; (ii) they gradually enlarge and develop thick,
dry plaque--if the plaque is scratched or scraped,
bleeding spots the size of pinheads appear underneath
(known as the Auspitz sign); (iii) some patches may
become ring shaped (annular) with a clear center and
scaly raised borders that may be wavy and snake-like;
(iv) patches usually appear symmetrically, that is, in
the same areas on opposite sides of the body; and (v)
eventually separate patches may join together to form
larger areas as the disorder develops. In some cases,
the patches can become very large and cover wide areas
of the back or chest (known as geographic 



plaques because they resemble maps). [0097] Plaque
psoriasis most often occurs on the elbows, knees, and
the lower back. Patches also can appear on the palms
and soles, in the genital areas of both men and women,
above the pelvic bone, and on the thighs and calves of
the legs. Although psoriasis rarely affects the face
in adults, about half of patients develop psoriasis in
the scalp. Many patients have only a few patches in
this location. Insome cases, however, psoriasis can
cover the scalp with thick plaques that may even
extend down from the hairline to the forehead. In
children, psoriasis is most likely to start in the
scalp and spread to other parts of the body; unlike in
adults, it also may occur on the face and ears. Plaque
psoriasis may persist for long periods. More often it
flares up periodically, triggered by certain factors,
such as cold weather, infection, or stress. [0098]
Psoriatic arthritis (PsA) is an inflammatory condition
that is associated with psoriasis and some evidence
suggests that both psoriatic arthritis and psoriasis
are caused by the same autoimmune process. Psoriatic
arthritis is characterized by stiff, tender, and
inflamed joints. Arthritic and skin flare-ups tend to
occur at the same time. Psoriatic arthritis usually
affects less than five joints, often causing
deformities in the fingers and toes. About 80% of PsA
patients have psoriasis in the nails, and the
arthritis may occur in the knees, hips, elbows, and
spine. When PsA affects the spine, it most frequently
targets the sacrum (the lowest part of the spine).
Although estimates of spine involvement have ranged
between 30% and 50%, one study suggests that the
sacrum may be affected in more than three-quarters of
patients with psoriatic arthritis. [0100] Although
patients with psoriatic arthritis tend to have mild
skin manifestations, the disease is systemic; that is,
it affects the body as a whole. PsA, therefore, is
more serious than the common psoriatic condition.
[0101] Infrequently, the course of PsA has been
associated with a syndrome known by the acronym SAPHO,
whose letters form the symptoms: Synovitis
(inflammation in the joints), Acne, Pustule eruptions,
Hyperostosis (abnormal bony growths) and Osteolysis
(bone destruction). Estimates on its prevalence among
psoriasis patients range from 2% to as high as 42%.
Patients at highest risk are those with severe
conditions or who have AIDS. [0102] In addition to
plaque psoriasis and psoriatic arthritis, a number of
other less common forms of psoriasis have also been
described. Examples of these variants of psoriasis,
that in no way limit the present invention, are shown
in Table 2.Table 2 - Less common forms of
psoriasisAQUEOUS POLYUEETHANE DISPERSIONS MADE FROM
HYDROXYMETHYLCONTAININGPOLYESTER POLYOLSDERIVED FROM
FATTYACIDS This application claims benefit of United
States Provisional Application No. 60/622,217, filed
October 25, 2004. The invention relates to dispersions
of polyurethane and/or polyurea polymers in an aqueous
continuous phase. Aqueous polyurethane dispersions are
used in a variety of films, coatings, adhesives and
sealant applications. These dispersions are commonly
prepared by forming an isocyanate-terminated
prepolymer, dispersing the prepolymer in an aqueous
phase, and then forming the polyurethane and/or urea
polymer by chain-extending the prepolymer. The
prepolymer itself is made by reacting an excess of a
polyisocyanate with a polyol. Two types of polyols are
commonly used. The first type is a polyether polyol,
which is typically a polymer of propylene oxide or a
propylene oxide/ethylene oxide mixture. The second
main type of polyol is a polyester polyol, which may
be a derived from a cyclic lactone such as
caprolactone, or may be derived from a low molecular
weight diol and a dicarboxylic acid anhydride. These
polyether and polyester polyols are almost always
derived from oil, gas or coal feedstocks. As these
feedstocks are not renewable, there are concerns about
the depletion of the natural resources from which they
are derived. In addition, geopolitical factors often
make the cost of these resources unpredictable. For
these reasons, there is a desire to develop polyols
that are derived from renewable resources. Various
types of such polyols have been developed. However,
these polyols differ significantly in structure,
reactivity and other characteristics from the commonly
available polyether and polyester polyols, and
therefore have not represented drop-in replacements
for these materials in most applications. So far,
polyols derived from renewable resources have found
limited applications. In the aqueous polyurethane
dispersion applications, even polyether and polyester
polyols have found some limitations to their use.
Polyurethane coatings, rHms 



and sealants made from a polyether polyol-based
dispersion tend to be degraded when exposed to light.
These polyurethanes sometimes have properties inferior
to those made using polyester polyols. Inferior stress
crystallizability is a common example of such a
property. On the other hand, polyurethanes based on
polyester polyols tend to hydrolyze due to the
reaction of the ester groups with water molecules in
the aqueous6401 9AWO phase of the dispersion. This
reduces the polymer molecular weight and crosslink
density, and causes a concomitant deterioration in the
physical properties of the polymer. Accordingly, it
would be desirable to provide a dispersion of
polyurethane particles in an aquous phase, in which a
significant portion of the raw materials used to make
the polyurethane are derived from renewable resources.
It would be further desirable that the resulting
polyurethanes have good stability to light and
hydrolysis, and otherwise have good physical and other
properties. This invention is a dispersion of polymer
particles in a continuous aqueous phase, wherein the
dispersed polyurethane particles include a
polyurethane resin that is the reaction product of a
polyisocyanate, at least one curing agent and at least
one high equivalent material having
isocyanate-reactive groups, in which the high
equivalent weight material includes at least one
hydroxymethyl-containing polyester polyol derived from
a fatty acid. This invention is also a method for
preparing a dispersion of polyurethane particles in a
continuous aqueous phase, comprising dispersing a
urethane group- or urea group-containing prepolymer in
an aqueous phase to form dispersed droplets containing
the prepolymer, and curing the prepolymer to form
solid polymer particles dispersed in the aqueous
phase, wherein the prepolymer is the reaction product
of reactants including a polyisocyanate and an
isocyanate-reactive material, the isocyanate-reactive
material including at least one high equivalent weight
hydroxymethyl-containing polyester polyol derived from
a fatty acid. The high equivalent weight material
suitably includes at least 10% by weight of one or
more hydroxymethyl-containing polyester polyols
prepared by reacting a hydroxymethyl group-containing
fatty acid having from 12 to 26 carbon atoms, or an
ester of such a hydroxymethyl group-containing fatty
acid, with a polyol or polyamine initiator compound
having an average of at least 2 hydroxyl, primary
amine and/or secondary amine groups, such that the
hydroxymethyl-containing polyester polyol contains an
average of at least 1.3 repeating units derived from
the hydroxmethylgroup- containing fatty acid or ester
for each hydroxyl, primary amine and secondary amine
group on the initiator compound, and the
hydroxymethyl-containing polyester polyol has an
equivalent weight of at least 400 up to 15,000. Other
aspects of the invention include coating, sealant or
adhesive compositions containing the dispersion of the
invention or made from a dispersion prepared
in64019AWO accordance with the invention. In still
other aspects, this invention is a film, a coating, a
cured sealant or a cured adhesive prepared from the
dispersion of the invention or a dispersion made in
accordance with the invention. A significant
proportion of the mass of the dispersed polyurethane
particles is derived from renewable plant resources
such as corn, soybeans and other oil-producing plants,
or from animal fats. Surprisingly, the dispersions can
be made easily in wellknown manufacturing processes,
and the polymers themselves have properties that are
comparable to and in some respects better than those
prepared using conventional polyether and polyester
polyols. For example, the polymeric materials in some
instances exhibit improved hydrolytic
resistance/stability over similar materials made using
conventional aliphatic polyester polyols, e.g.
adipates and even caprolactone based polyester
polyols. The polymeric materials often exhibit lower
water absorption than similar materials made from
conventional polyether polyols, making them
particularly useful for applications such as
waterproofing membranes, for example. The low water
absorption also makes the polymeric material useful
for many adhesive applications, and in general for any
application in which the final product is exposed to
humid conditions or direct contact with water. The
polymer materials also sometimes exhibit good
acid-etch resistance, which is an important parameter
from a weatherability standpoint. Coatings made using
the invention often exhibit good flexibility,
particularly in applications where a balance of
hardness and flexibility is desired. In this
invention, the term "polyurethane" is used as a
shorthand for a chainextended 



isocyanate-terminated prepolymer. The "polyurethane"
may contain urethane linkages, urea linkages, silane,
ester or other groups or, as is usual, combinations of
two or more of these of these. The prepolymer itself
may contain urethane or urea groups, or combinations
of these even prior to chain extension. Although not
critical to the invention, the prepolymer is
preferably waterdispersible. By "water-dispersible",
it is meant that the prepolymer is capable of being
dispersed in water to form a dispersion without
significant separation of the aqueous and prepolymer
phases into layers. A water-dispersible prepolymer
tends to provide at least two advantages: first, it
facilitates making a stable dispersion of prepolymer
droplets during the dispersing step and second, it
promotes the formation of smaller droplets (which also
tends to improve stability). However, it is possible
to achieve these properties even with a prepolymer
that is not water-dispersible, using an
appropriate6401 9AWO selection of external
surfactant(s) and/or costabilizer as described more
fully below, or by using a continuous process. Water
dispersibility is promoted by incorporating
hydrophilic groups such as poly(ethylene oxide)
chains, carboxylic acid, carboxylate, phosphate,
sulfonate or ammonium groups into the prepolymer
structure, as discussed more fully below. The
prepolymer is preferably liquid, or a solid having a
melting temperature of less than about 800C,
especially less than 500C. Most, preferably, the
prepolymer is a liquid at 22C. If composite
polyurethane/vinyl polymer particles are to be made
(as discussed more fully below), the prepolymer is
also suitably soluble in the ethylenically unsaturated
monomer(s) that are used. The prepolymer contains free
reactive functional groups. These may include, for
example, isocyanate, hydroxyl, amino, hydrolyzable
silane, ethylenic unsaturation, epoxide, carboxylic
acid or carboxylic anhydride groups, for example. The
prepolymer suitably has a molecular weight of no
greater than about 200,000, especially no greater than
about 50,000. A preferred prepolymer has a number
average molecular weight from about 500, or from about
800, or from about 1,000, or from about 1,200, to
about 25,000, or to about 15,000, or to about 12,000,
or to about 8,000, or to about 6,000. A preferred
prepolymer contains free isocyanate groups. The
isocyanate content of such a prepolymer can range very
broadly, such as from 0.5 wt. %to 35 wt. %based on the
total weight of the prepolymer. Optimal isocyanate
contents will vary depending on the application. In
general, hard, more rigid polyurethanes are made when
the isocyanate content is relatively high, such as
from 15 to 35 wt. %, whereas softer, less rigid
polyurethanes are made when the isocyanate content is
lower. A preferred isocyanate content for many
applications is from 0.5 to 12 wt. %, more preferably
from 1 to 10 wt. %and especially from 4 to 9 wt. %.
Another preferred prepolymer contains hydroxyl groups.
Such a prepolymer can have a hydroxyl equivalent
weight of from about 150 to about 8,000. Hard, more
rigid polyurethanes are generally made using lower
equivalent weight prepolymers, such as those having a
hydroxyl equivalent weight of about 150 to about 500.
More elastomeric hydroxyl-terminated prepolymers have
a hydroxyl equivalent weight of from 500 to about
3000. The prepolymer contains on average at least 1.5,
preferably at least 1.8 functional groups/molecule,
and may contain up to 8 or more functional6401 9AWO
groups/molecule, preferably up to 6 functional
groups/molecule, more preferably up to 4 functional
groups/molecule and especially up to 3 functional
groups per molecule. The viscosity of the prepolymer
is suitably no greater than 50,000 cps (50 Pa-s) at
25C, preferably no greater than 20,000 cps (20 Pa-s),
especially no greater than 10,000 cps (10 Pa-s) and
most preferably no greater than 1000 cps (1.0 Pa-s).
This lower viscosity facilitates the control of
particle size and polydispersity index (particle size
distribution). If a higher viscosity prepolymer is
used, it is generally desirable to dissolve the
prepolymer into some suitable solvent to reduce its
viscosity. Volatile solvents have the advantage of
being strippable from the product dispersion so as to
reduce VOCs. The solvent may perform some other useful
function as well. For example, a monomeric isocyanate
may be used as the solvent, in which case the
monomeric isocyanate will polymerize into the
dispersed polyurethane polymer. Another option is to
use an ethylenically unsaturated monomer or mixture
thereof as the solvent. The ethylenically unsaturated
monomer can be polymerized to form composite
polyurethane/vinyl polymer particles. These particles
may have an 



interpenetrating network or core shell morphology. The
prepolymer is the reaction product of an organic
polyisocyanate material and an isocyanate-reactive
material having two or more isocyanate-reactive
groups. In order to provide the prepolymer with free
isocyanate groups, an excess of the polyisocyanate is
used. Free hydroxyl groups are provided when the
isocyanatereactive material is provided in excess. The
isocyanate-reactive material includes a
hydroxymethyl-containing polyester polyol derived from
a fatty acid. The term "derived from a fatty acid" is
used herein to refer to materials made using fatty
acids or fatty acid esters as a starting material or
intermediate. The hydroxymethyl-containing polyester
polyol is characterized as having an average of at
least one ester group per molecule and at least one
hydroxymethyl (- CH2OH) group per molecule. The
hydroxymethyl-containing polyester polyol suitably has
an average of at least 2, preferably at least 2.5,
more preferably at least 2.8, to about 12, more
preferably to about 6, even more preferably to about
5, hydroxyl, primary and secondary amine groups
combined per molecule. The hydroxymethylcontaining
polyester polyol also suitably has an equivalent
weight of at least 400, such as at least about 600, at
least about 650, at least about 700, or at least about
725, to about 15,000, such as to about 6000, to about
3500, up to about 1700, up to about 1300, or to about
1000. Equivalent weight is equal to the number average
molecular weight of64019AWO the molecule divided by
the combined number of hydroxyl, primary amine and
secondary amine groups. The hydroxymethyl-containing
polyester polyol is conveniently prepared by reacting
a hydroxymethyl-group containing fatty acid having
from 12 to 26 carbon atoms, or an ester of such a
hydroxymethylated fatty acid, with a polyol,
hydroxylamine or polyamine initiator compound having
an average of at least 1.0 hydroxyl, primary amine
and/or secondary amine groups/molecule. Proportions of
starting materials and reaction conditions are
selected such that the resulting
hydroxymethyl-containing polyester polyol contains an
average of at least 1.3 repeating units derived from
the hydroxymethyl-group containing fatty acid or ester
thereof for each hydroxyl, primary amine and secondary
amine groups in the initiator compound, and the
hydroxymethylcontaining polyester polyol has an
equivalent weight of at least 400 up to about 15,000.
The hydroxymethyl-containing polyester polyol
advantageously is a mixture of compounds having the
following average structure: [H- X]( -P)-R-[X- Z]p (I)
wherein R is the residue of an initiator compound
having z hydroxyl and/or primary or secondary amine
groups, where z is at least two; each X is
independently -O-, - NH-or -NR'-in which R' is an
inertly substituted alkyl, aryl, cycloalkyl, or
aralkyl group, p is a number from 1 to z representing
the average number of [X-Z] groups per
hydroxymethyl-containing polyester polyol molecule, Z
is a linear or branched chain containing one or more A
groups, provided that the average number of A groups
per molecule is > 1.3 times z, and each A is
independently selected from the group consisting of
Al, A2, A3, A4 and A5, provided that at least some A
groups are Al, A2 or A3. Al is: O -C-(CH2)m-CH-CH 2-OB
(H) (CHa)nCH364019AWO wherein B is H or a covalent
bond to a carbonyl carbon atom of another A group; m
is number greater than 3, n is greater than or equal
to zero and m + n is from 8 to 22, especially from 11
to 19. A2 is: (HI) wherein B is as before, v is a
number greater than 3, r and s are each numbers
greater than or equal to zero with v + r + s being
from 6 to 20, especially 10 to 18. A3 is: (TV) wherein
B, v, each r and s are as defined before, t is a
number greater than or equal to zero, and the sum of
v, r , s and t is from 5 to 18, especially from 10 to
18. A4 is O -C-(CH2)w-CH3 (V) where w is from 10-24,
and A5 is O -C-R' (VI) where R' is a linear or
branched alkyl group that is substituted with at least
one cyclic 



ether group and optionally one or more hydroxyl groups
or other ether groups. The cyclic ether group may be
saturated or unsaturated and may contain other inert
substitution. "Inertly substituted" groups are groups
that do not react with an isocyanate group and which
do not otherwise engage in side reactions during the
preparation of the hydroxymethyl-group containing
polyester polyol. Examples of such inert substituents
include as aryl, cycloalkyl, silyl, halogen
(especially fluorine, chlorine or bromine), nitro,
ether, ester, and the like. The hydroxyl groups may be
on the alkyl chain or on the cyclic ether group, or
both. The alkyl group may include a second64019AWO
terminal -C(O)- or -C(O)O- group through which it may
bond to another initiator molecule. A5 groups in
general are lactols, lactones, saturated or
unsaturated cyclic ethers or dimers that are formed as
impurities during the manufacture of the
hydroxylmethyl-group containing fatty acid or ester.
A5 groups may contain from 12 to 50 carbon atoms. In
formula I, z is preferably from 2 to 8, more
preferably from 2 to 6, even more preferably from 2 to
5 and especially from about 3 to 5. Each X is
preferably -O-. The total average number of A groups
per hydroxymethylated polyol molecule is preferably at
least 1.5 times the value of z, such from about 1.5 to
about 10 times the value of z, about 2 to about 10
times the value of z or from about 2 to about 5 times
the value of z. A is preferably Al, a mixture of Al
and A2, a mixture of Al and A4, a mixture of Al, A2
and A4, a mixture of Al, A2 and A3, or a mixture of
Al, A2, A3 and A4, in each case optionally containing
a quantity of A5. Mixtures of Al and A2 preferably
contain Al and A2 groups in a mole ratio of 10:90 to
95:5, particularly from 60:40 to 90:10. Mixtures of Al
and A4 preferably contain Al and A4 groups in a mole
ratio of 99.9:0.1 to 70:30, especially in a ratio of
from 99.9:0.1 to 85:15. Mixtures of Al, A2 and A4
preferably contain from about 10 to 95 mole percent Al
groups, 5 to 90 percent A2 groups and up to about 30
percent A4 groups. More preferred mixtures of Al, A2
and A4 contain from 25 to 70 mole-% Al groups, 15-40%
A2 groups and up to 30% A4 groups. Mixtures of Al, A2
and A3 preferably contain from 30 to 80 mole-% Al,
from 10 to 60% A2 and from 0.1 to 10% A3 groups.
Mixtures of Al, A2, A3 and A4 groups preferably
contain from 20 to 50 mole percent Al, 1 to about 65
percent A2, from 0.1 to about 10 percent A3 and up to
30 percent A4 groups. Especially preferred polyester
polyols of the invention contain a mixture of from 20
to 50% Al groups, from 20 to 50% A2 groups, 0.5 to
4%A3 groups and from 15 to 30% A4 groups. In all
cases, A5 groups advantageously constitute from 0 to
7%, especially from 0 to 5%, of all A groups.
Preferred mixtures of A groups conveniently contain an
average of about 0.8 to about 1.5 -CH2OH and -CH2OB
groups/A group, such as from about 0.9 to about 1.3
-CH2OH and/or -CH2OB groups/A group or from about 0.95
to about 1.2 -CH2OH and/or -CH2OB groups/A group. Such
mixtures of A groups (1) allow the initiator
functionality to mainly determine the functionality of
the polyester polyol and (2) tend to form less densely
branched polyester polyols.6401 9AWO
Hydroxymethyl-containing polyester polyols according
to structure I can be prepared in a multi-step process
from vegetable or animal fats that contain one or more
carbon-carbon double bonds in at least one constituent
fatty acid chain. Suitable fats include, for example,
chicken fat, canola oil, citrus seed oil, cocoa
butter, corn oil, cottonseed oil, lard, linseed oil,
oat oil, olive oil, palm oil, peanut oil, rapeseed
oil, rice bran oil, safflower oil, sesame oil, soybean
oil, sunflower oil, or beef tallow. The vegetable or
animal fat is conveniently first ' subjected to a
transesterification reaction with a lower alkanol,
especially methanol or ethanol, to produce alkyl
esters of the constituent fatty acids. The resulting
alkyl esters may be hydrolyzed to the corresponding
fatty acids if desired, but this step is usually not
necessary or desirable. The alkyl esters (or fatty
acids) are conveniently hydroformylated by reaction
with carbon monoxide and hydrogen. This introduces -
CHO groups onto the fatty acid chain at the site of
carbon-carbon unsaturatkm. Suitable hydroformylation
methods are described in U. S. Patent Nos. 4,731,486
and 4,633,021, for example, and in WO 04/096744. Some
fatty acid groups contain multiple carbon-carbon
double bond sites. In such cases, the hydroformylation
reaction may not introduce -CHO groups at all of the
double bond sites. A subsequent hydrogenation step
converts the -CHO groups to hydroxymethyl (-CH2OH)
groups while hydrogenating residual carbon-carbon
bonds to remove essentially all carbon-carbon
unsaturation. The resulting mixture of
hydroxymethylated fatty acids is then reacted 



with an initiator compound, with removal of water or
lower alkanol to form the polyester polyol. The
initiator contains at least one, preferably two or
more hydroxyl, primary amine or secondary amine
groups, and can be a polyol, an alkanol amine or a
polyamine. Initiators of particular interest are
polyols. Polyether polyol initiators are useful,
including polymers of ethylene oxide and/or propylene
oxide having from 2 to 8, especially from 2 to 4
hydroxyl groups/molecule and a molecular weight of
from 150 to 3000, especially from 200 to 1000.
Hydroxymethyl-containing fatty acids made in the
foregoing process tend to be a mixture of materials
having no hydroxymethyl groups and materials having 1,
2 or 3 hydroxymethyl groups. The proportion of
materials having 2 and 3 hydroxymethyl groups is
typically somewhat lower than the proportion of
starting fatty acids (or alkyl esters) containing 2
and 3 carbon-carbon double bonds, as the
hydroformylation reaction often does not take place
across all the carbon-carbon double bonds unless
stringent64019AWO reaction conditions are used.
Carbon-carbon double bonds that are not
hydroformylated generally become hydrogenated. Methods
of making such hydroxymethyl-containing polyester
polyols are described in WO 04/096744 The
hydroxymethyl-containing polyester polyol so produced
generally contains some unreacted initiator compound,
and may contain unreacted hydroxymethylated fatty
acids (or esters). Initiator compounds often react
only monofunctionally or difunctionally with the fatty
acids (or esters), and the resulting polyester polyol
often contains free hydroxyl or amino groups bonded
directly to the residue of the initiator compound. The
hydroxymethyl-containing polyester polyol may be
alkoxylated, if desired, to introduce polyether chains
onto one or more of the hydroxymethyl groups. The
hydroxymethyl-containing polyester polyol may also be
aminated through a reactive amination process The
hydroxymethyl-containing polyester polyol may be
blended with one or more other materials that react
with isocyanate groups, including materials having one
or more hydroxyl, primary amine, secondary amine or
epoxide groups. These other isocyanate-reactive
materials may be of various types. For example, other
isocyanatereactive materials having an equivalent
weight of 400 or greater, especially from about 400 to
about 8,000, or about 500 to about 3,000 or from about
600 to about 2,000 can be used. Examples of such
higher equivalent weight materials include polyether
polyols, polyester polyols and aminated polyethers.
They typically will have a functionality (number of
isocyanate-reactive groups/molecule) of about 1 to
about 8, especially from about 1.8 to about 3.5. The
polyethers of interest include homopolymers of
propylene oxide, ethylene oxide or tetrahydrofuran,
for example, and random and/or block copolymer of
propylene oxide and ethylene oxide. Polyesters of
interest include polylactones and butanediol/adipate
polyesters. The hydroxymethyl-containing polyeter
polyol may also be blended with a chain extender and
or a crosslinker, as are described more fully below.
It is especially preferred to include at least one
material that imparts hydrophilic characteristics to
the prepolymer. Such a property tends to make the
prepolymer more easily water-dispersable, which in
turn facilitates the formation of fine prepolymer
droplets and, ultimately, a more stable polymer
dispersion. Among the materials of this type are
polymers of ethylene oxide, including copolymers
thereof with64019AWO propylene oxide or other
copolymerizable monomers thereof. The polymer
containing oxyethylene units may be a homopolymer of
ethylene oxide, a random copolymer of ethylene oxide
and another alkylene oxide, or a block copolymer of
ethylene oxide and another alkylene oxide. It
advantageously contains at least one
isocyanate-reactive group/molecule on average.
Examples of such isocyanate-reactive polymers are (A)
random copolymers of propylene oxide and ethylene
oxide, in which oxyethylene units comprise from about
5 to 95, especially from 10 to 75 percent of the total
weight of the copolymer; (B) poly(propylene oxide)
polymers that have terminal poly(ethylene oxide)
blocks that together constitute from 5 to 90,
especially from 5 to 60% of the total weight of the
polymer; (C) polyethers having one or more internal
poly(ethylene oxide) blocks that together constitute
from 5 to 80, especially from 5 to 50% of the total
weight of the polyether, and (D) homopolymers of
ethylene oxide. Another especially preferred material
for use in preparing the prepolymer is a 



hydroxy-functional carboxylic acid or salt thereof,
wherein the counterion is a monovalent metal or
ammonium group. The presence of carboxylate groups
also tends to impart hydrophilic character to the
prepolymer. This material preferably contains at least
two hydroxyl groups/molecule. A commonly available
material of this type is dimethylolpropionic acid
(DMPA) or a salt thereof. c Other preferred materials
for use in making the prepolymer are polymers of
propylene oxide and polyester polyols, such as
1,4-butandiol/adipate polyester polyols. The
hydroxymethyl-containing polyester polyol will
typically constitute at least 10%, at least 25%, at
least at least 35%, or at least 50% of the total
weight of the isocyanate-reactive materials used to
make the prepolymer. The hydroxymethylcontaining
polyester polyol may constitute 75% or more, 85% or
more, 90% or more, 95% or more or even 100% of the
total weight of the isocyanate-reactive material. For
example, the hydroxymethyl-containing polyester
polyol(s) may constitute from 20 to 65%, from 35 to
65%, from 35 to 100% or from 50 to 80% of the total
weight of isocyanate-reactive materials. Collectively,
the isocyanate-reactive materials advantageously have
an average of at least 1.5, preferably at least 1.8,
isocyanate-reactive groups per molecule. They
preferably have on average up to 8, more preferably up
to 6, even more preferably up to 4 and especially up
to 3 isocyanate-reactive groups per molecule.
Individual isocyanatereactive materials may have as
few as one isocyanate-reactive group per molecule,
when used with other isocyanate-reactive materials
having more isocyanate-reactive groups6401 9AWO such
that the mixture on average has at least 1.5
isocyanate-reactive groups per molecule. Organic
polyisocyanates that may be used to make the
prepolymer include aliphatic, cycloaliphatic,
arylaliphatic aromatic isocyanates and mixtures
thereof. Aromatic isocyanates, especially aromatic
polyisocyanates are preferred. Examples of suitable
aromatic isocyanates include the 4,4'-, 2,4'- and
2,2'- isomers of diphenylmethane diisocyanate (MDI),
blends thereof and polymeric and monomeric MDI blends,
toluene-2,4- and 2,6-diisocyanates (TDI), m- and
pphenylenediisocyanate,
chlorophenylene-2,4-diisocyanate,
diphenylene-4,4'-diisocyanate,
4,4'-dsocyanato-3,3'-dimethyldiphenyl,
3-methyldiphenyl-methane-4,4'- dsocyanate,
diphenyletherdiisocyanate, 2,4,6-triisocyanatotoluene
and 2,4,4'- trsocyanatodiphenylether. Mixtures of
isocyanates may be used, such as the commercially
available mixtures of 2,4- and 2,6-isomers of toluene
diisocyanates. A crude polyisocyanate may also be used
in the practice of this invention, such as crude
toluene diisocyanate obtained by the phosgenation of a
mixture of toluene diamine isomers or the crude
diphenylmethane diisocyanate obtained by the
phosgenation of crude methylene diphenylamine. TDI/MDI
blends may also be used. Examples of aliphatic
polyisocyanates include ethylene diisocyanate, 1,6-
hexamethylene diisocyanate, 1,3- and/or
l,4-bis(isocyanatomethyl)cyclohexane (including cis-
and/or trans isomers), isophorone diisocyanate,
saturated analogues of the above mentioned aromatic
isocyanates (such as H12MDI) and mixtures thereof. The
prepolymer is made by mixing the polyisocyanate and
the isocyanatereactive materials) under conditions
sufficient to cause the isocyanate and
isocyanatereactive groups to react. The preparation of
such prepolymers is well-known, and no particular
reaction conditions are critical to this invention
provided that a prepolymer is formed having functional
groups as described before. Typically, the reaction is
performed in the presence of a catalyst, such as (a)
tertiary amines such as trimethylamine, triethylamine,
N-methylmorpholine, N-ethylmorpholine,
N,Ndimethylbenzylamine, N,N-dimethylethanolamine,
N,N,N',N'-tetramethyl-l,4- butanediamine, N,N-dimethyl
piperazine, l,4-diazobicyclo-2,2,2-octane,
bis(dimethylaminoethyl)ether and triethylenediamine;
(b) tertiary phosphines such as trialkylphosphines and
dialkylbenzylphosphines; (c) chelates of various
metals such as those which can be obtained from
acetylacetone, benzoylacetone, trifluoroacetyl
acetone,64019AWO ethyl acetoacetate and the like with
metals such as Be, Mg, Zn, Cd, Pd, Ti, Zr, Sn, As, Bi,
Cr, Mo, Mn, Fe, Co and Ni; (d) acidic metal salts of
strong acids such as ferric chloride, stannic
chloride, stannous chloride, antimony trichloride,
bismuth nitrate and bismuth chloride; (e) strong bases
such as alkali and alkaline earth metal hydroxides,
alkoxides and phenoxides; (f) alcoholates and
phenolates of various metals such as 



Ti(OR)4, Sn(0K>4 and A1(OR)3, wherein R is alkyl or
aryl, and the reaction products of the alcoholates
with carboxylic acids, b-diketones and
2-(N,N-dialkylamino)alcohols; (g) salts of organic
acids with a variety of metal such as alkali metals,
alkaline earth metals, Al, Sn, Pb, Mn, Co, Ni and Cu,
including, for example, sodium acetate, stannous
octoate, stannous oleate, lead octoate and metallic
driers such as manganese and cobalt naphthenate; (h)
organometallic derivatives of tetravalent tin,
trivalent and pentavalent As, Sb and Bi and metal
carbonyls of iron and cobalt and (i) mixtures of two
or more of the foregoing. Reaction temperatures of
from ambient (220C) to 1500C or more can be used. The
prepolymer made be made neat or in a solvent if
desired. The reaction product of the polyisocyanate
and isocyanate-reactive materials will in most cases
contain either isocyanate groups or hydroxyl groups.
Other types of functionality usually must be
introduced separately. This functionality can be
introduced in several ways. One approach is to
chemically modify the existing functional groups to
convert them to another desirable functional group. An
example of this is to convert terminal isocyanate
groups to urethane or urea groups by reaction with a
monoalcohol or water, and the hydrolyze the urethane
or urea groups to form terminal primary amino groups.
A second example is to oxidize terminal hydroxyl
groups to form carboxylic acid groups. Another
approach is to react the existing functional groups
with a bireactive material that contains both the new
functional group that is desired, and a second
reactive group that will react with the existing
functional group on the prepolymer to form a covalent
bond. Bireactive materials useful for imparting
specialized functionality to isocyanateterminated
urethanes include hydroxyl- or amino-functional,
ethylenically unsaturated compounds such as
hydroxyalkyl acrylates and methacrylates, aminoalkyl
acrylates and methacrylates, hydroxyl-functional
carboxylic acids and carboxylic acid anhydrides,
hydroxyl-containing epoxide compounds such as
bisphenol-A/glycidyl ether-type epoxies, hydroxyl- or
amino-functional alkoxy silanes, and the like.
Diamines used in excess can be used to introduce
terminal amino groups to an isocyanate-terminated
prepolymer.64019AWO Bireactive materials useful for
imparting specialized functionality to
hydroxyterminated urethanes include ethylenically
unsaturated isocyanates such as
isocyanatoethylmethacrylate, ethylenically unsaturated
carboxylic acids, acid halides or acid anhydrides,
epoxy-functional isocyanates, carboxylic acids, acid
halides or acid anhydrides, ethylenically unsaturated
alkoxy silanes such as vinyl trimethoxysilane, as well
as many others. Methods of making epoxy-functional
adducts from hydroxyl-functional materials are
described, for example, in U. S. 4,599,401 and EP
139,042, EP 143,120 and EP 142,121. Those methods can
be adapted to use herein. A particular method of
introducing terminal alkoxysilane groups is described
in U. S. Patent No. 6,762,270. It is further possible
that the prepolymer will contain two or more different
types of functional groups. Such a prepolymer is
capable of engaging in multiple types of curing
reactions. This is particularly true when the
prepolymer contains ethylenic unsaturation. In such a
case, the prepolymer advantageously contains
isocyanate and/or hydroxyl groups in addition to
ethylenic unsaturation. A prepolymer of that type can
be cured to form dispersed polyurethane particles
having ethylenic unsaturation. The polyurethane
particles can undergo a secondary cure or crosslinking
reaction by exposure to a source of free radicals or
UV radiation. To make the dispersion, the prepolymer
is dispersed into the aqueous phase in a batch or
continuous process. If the prepolymer is solid at room
temperature, it may be heated to above its melting
temperature in order to mix it with the prepolymer.
The prepolymer is dispersed into an aqueous phase
under conditions that the prepolymer forms droplets
dispersed in the aqueous phase that have an average
diameter of from 2000 nm or less. Preferably, the
droplets thus formed have average diameters of from 50
nm, more preferably 70 nm, to 1000 nm, more preferably
800 nm, even more preferably 500 nm and especially 250
nm. The weight of the disperse phase ("solids", after
the subsequent curing reaction) may vary widely, from
just above zero weight percent of the dispersion to
60% or more. The solids preferably constitute from
10%, more preferably from 20%, even more preferably
from 30% to 60%, more preferably to 50% of the weight
of the dispersion. In order to produce the required
droplet size, high shear mixing techniques such as
homogenization or high pressure impingement mixing are
useful. A suitable high 



shear impingement mixing device is a MICROFLUIDIZER(r)
emulsifier, available from Microfluidics Corporation.
Such a mixing device is described in U. S. Patent
No.64019AWO 4,533,254. Ultrasonic mixing is also
suitable. Electric dispersers and ultrasonfiers that
convert electrical energy to high frequency mechanical
energy can also be used. In addition, mechanical
dispersing equipment, such as IKA or OMNI type mixers,
may be used to disperse the prepolymer/monomer mixture
in the aqueous phase. The dispersal of the prepolymer
into the aqueous phase, as well as the subsequent
processing steps to create the dispersed polymer
particles, can be performed continuously or
batch-wise. The aqueous phase includes water. In
addition, the aqueous phase may contain an external
surfactant that provides stabilization for the
particles. By "external", it is meant that the
surfactant does not include the prepolymer or form
part of the prepolymer. However, if the prepolymer
contains hydrophilic groups (such as poly(oxyethylene
groups), these may provide sufficient compatibility
with the aqueous phase to form stable droplets. The
external surfactant will contain relatively
hydrophilic groups as well as relatively hydrophobic
groups, and is more soluble in the aqueous phase than
in the dispersed prepolymer droplets. The hydrophobic
groups adsorb onto the droplets while the hydrophilic
groups extend into the aqueous phase to bring about
stabilization. The surfactant preferably will adsorb
onto the dispersed droplets and reduce the interfacial
tension between the droplets and the aqueous phase to
5 dynes/cm or below. Among the useful surfactants are
a wide range of anionic, cationic and nonionic
surfactants. Anionic and nonionic surfactants are
generally preferred. Anionic and cationic surfactants
can be characterized generally in that they contain
one or more ionic (anionic or cationic) groups and a
hydrophobic group. Suitable anionic groups include
carboxylate groups and sulfonate groups. Suitable
cationic groups include ammonium and phosphonium
groups. The hydrophobic group is preferably an
aromatic group having 6 or more carbon atoms, an
aliphatic group having 6 or more, preferably 8 to 30,
carbon atoms, or a combination of aromatic and
aliphatic groups that contain a total of from 6 to 30
carbon atoms. Preferred anionic and cationic
surfactants contain at least one acyclic alkyl or
alkenyl group having 6 or more carbon atoms. In
addition, the anionic and cationic surfactants can
contain other moieties such as oxyalkylene groups,
including oxyethylene and/or oxypropylene groups.
Examples of suitable anionic and cationic surfactants
include sodium lauryl sulfate, linear dodecyl benzyl
sulfonate, triethanolaminelauryl sulfate, sodium
dodecyl diphenyl oxide disulfonate, sodium ndecyl
diphenyl oxide disulfonate, sodium hexyl diphenyl
oxide sulfonate, dodecyl benzene sulfonic acid, sodium
or ammonium stearate, sodium abietic acid, and the
like.64019AWO Examples of commercially available
surfactants of these types include Polystep(tm) A-15
and Bisfot(tm) S-100 from Stepan Chemical, Desulf(tm)
TLS-40 from Deforest, Dowfax(tm) 2Al, 3B2 and C6L from
The Dow Chemical Company, Emkapol(tm) PO-18 from
Emkay, Dresinate(tm) TX from Hercules and Triton(tm)
X-100, X-405 and X-165 from Dow Chemical. Suitable
nonionic surfactants include, for example, polymers of
ethylene oxide and/or propylene oxide, especially
polymers of ethylene oxide, that contain a hydrophobic
group as described in the preceding paragraph, as well
as the various organosilicone surfactants. Examples of
suitable commercially available surfactants are
Pluronics(tm) L43 and L44 surfactant, Tetronic(tm) 701
and 704 surfactants, all from BASF, Tween(tm) 20
surfactant, available from ICI, and Igepal(tm) CO-850
and CO-630 surfactants, available from Rhone-Poulenc.
The most preferred surfactants are alkyl sulfate and
alkyl sulfonate-type anionic surfactants, and mixtures
of either or both of them with a nonionic surfactant.
The surfactant is preferably added to the aqueous
phase before dispersing the prepolymer. The dispersed
prepolymer is subjected to conditions under which it
cures to form a high molecular weight polymer having
urethane and possibly urea or other groups (depending
on the curing mechanism). Curing refers to any type of
reaction in which the prepolymer reacts with itself or
a curing agent to form solid polymer particles
dispersed in the aqueous phase. Isocyanate on the
prepolymer will react with water in the aqueous phase
to form urea linkages and liberate carbon dioxide.
Hydrolyzable silane groups also will react with water
in the aqueous phase. A certain amount of these
reactions will tend to occur when the prepolymer is
dispersed. Conditions can be selected which promote
the water/prepolymer reaction, such as, for example,
heating 



the dispersed prepolymer to moderately elevated
temperatures (Le., from 30 to 1000C). Alternatively,
or in addition to curing with water, the prepolymer
may be chain extended by contacting the dispersed
prepolymer droplets with an added curing agent, and
subjecting the resulting mixture to conditions under
which the curing agent reacts with the prepolymer. The
curing agent is a material other than water that has
two or more groups/molecule that react with functional
groups on the prepolymer. The curing in most cases
will have a weight per reactive group of 400 or less,
preferably 150 or less, especially 80 or less, and
reacts with functional groups on prepolymer molecules
to form a covalently bonded linkage between them.
Suitable curing agents for use with64019AWO
isocyanate-functional prepolymers include polyols,
alkanolamines, various hydrazines, aminoalcohols and
polyamines. Hydrazines and polyamines are preferred
due to their generally higher reactivity with
isocyanate groups. Specific examples of useful chain
extenders include ethanolamine, isopropanol amine,
diethanol amine, diisopropanol amine, ethylene
diamine, diethylene triamine, triethylenetetraamine,
propylene diamine, butylene diamine,
cyclohexylenediamine, piperazine, 2-methyl piperazine,
phenylenediamine, toluene diamine,
tris(2-aminoethyl)amine, 4,4'-methylene-bis(2-
chloroaniline), 3,3'-dichloro-4,4'-diphenyldiamine,
4,4'-diphenyldiamine, 2,6- diaminopyridine,
4,4'-diamine diphenylmethane, isophorone diamine,
diethyltoluene diamine, aminoethylethanolamine,
adducts of diethylene triamine diethanol amine,
monoethanol amine, and the like. Amines are preferred
because they react rapidly with polyisocyanates and
isocyanate groups generally react with amines in
preference to reacting with water. Suitable curing
agents for use with hydroxy-terminated prepolymers
include diand polyisocyanate compounds as described
before. Emulsified water-borne polyisocyanates are
especially useful. The isocyanate-functional chain
extenders and crosslinkers may include biuret,
carbodiimide, urea, allophonate and/or isocyanurate
linkages. Other curing agents that can be used with
hydroxy-terminated prepolymers include carboxylic acid
anhydrides, polycarboxylic acids, polyacid halides,
and the like. Curing agents for use with
epoxide-functional prepolymers include diamine and
polyamine compounds. Photoinitiators may be used to
promote the curing of prepolymers having ethylenic
unsaturation, particularly those having acrylate and
methacrylate groups. If the curing agents is
water-soluble, it is most preferred to add it to the
aqueous phase after the prepolymer has been dispersed
into it. If a water-insoluble curing agent is used, it
is preferably mixed in with the prepolymer before the
dispersion is made. In this case, conditions such as
reduced temperatures are desirably selected to prevent
premature curing. The dispersed prepolymer is then
subjected to conditions sufficient to cure the
prepolymer. Such conditions generally include an
elevated temperature, such as from 35 to 1500C, more
preferably from 70-1300C, although primary amine
curing agents often will react quickly enough with
isocyanate groups even at room temperature (220C). The
dispersion is usually mixed during the chain extension
process in order to prevent the prepolymer droplets
from coagulating, to facilitate heat transfer and,
when64019AWO the curing agent is added during the
polymerization, facilitating material transfer as
well. A catalyst for the curing reaction can be used
if desired, but it is usually not necessary,
particularly when the curing reaction is an
amine-isocyanate reaction. Suitable catalysts for
reactions of isocyanates with curing agents include
the wellknown urethane catalysts, such as tertiary
amines, organo-tin, -mercury, -iron, -lead, -bismuth
and -zinc compounds, among others. Various
transesterification catalysts can be used to cure
hydroxyl-terminated prepolymers with carboxylic acid,
carboxylic acid anhydride or carboxylic acid halide
curing agents. Similarly, well-known epoxy resin
curing catalysts can be used when the prepolymer is
epoxide terminated. As the curing reaction becomes
completed, the dispersed droplets form solid polymer
particles that remain dispersed in the aqueous phase.
Particle size generally is in the range described
before with respect to the size of the dispersed
prepolymer droplets, but sometimes particle
re-nucleation and/or coagulation can occur during the
manufacturing process, skewing the average particle
size upwardly or downwardly, or in some cases forming
a multimodal particle size distribution including a
fraction of very fine particles. The dispersion may
also contain other ingredients, such as solvents and
the like, 



but these ingredients, particularly volatile organic
solvents, are preferably omitted. The dispersion of
the invention can also be blended with other aqueous
dispersions, including aqueous dispersions of epoxies,
vinyl ester, polyolefin, other polyurethane, acrylate
and styrene-butadiene resins. Another optional
ingredient of significance is one or more
ethylenically unsaturated monomers. These monomers can
be blended with the prepolymer, with the resulting
blend being dispersed together within the aqueous
phase. At least one of the ethylenically unsaturated
monomers is a liquid or solid at room temperature, and
is most preferably a liquid at room temperature. The
monomer is a preferably a solvent for the prepolymer
at the relative proportions that are mixed together to
form the dispersion. Preferably, the monomer(s) are
substantially insoluble in water, Le., are soluble to
an extent of less than 10 grams, preferably less than
5 grams, more preferably less than 2 grams, especially
less than 1 gram, of monomer per 100 grams of water at
25C. More highly water-soluble monomers can be used,
especially if they form oligomers (containing up to 10
repeating units) that are substantially
water-insoluble. However, the use of more highly
water-soluble monomers is less preferred. When64019AWO
monomers that are relatively soluble in water are
used, it is sometimes necessary to use a more
hydrophilic prepolymer and/or employ additional
stability additives (such as a costabilizer as
discussed below) in order to keep the monomers
dispersed in the prepolymer droplets. Suitable
monomers include aliphatic conjugated dienes such as
butadiene and isoprene; monovinylidene aromatic
monomers such as styrene, a-methyl styrene, armethyl
styrene, ar-(t-butyl)styrene, ar-chlorostyrene,
ar-cyanostyrene, ar-bromostyrene, dibromostyrene,
tribromostyrene, 2,5-dichlorostyrene, bromostyrene,
fluorostyrene and trifluoromethylstyrene;
a,b-ethylenically unsaturated carboxylic acids and
esters thereof, including itaconic acid, acrylic acid,
methacrylic acid, and acrylic and methacrylic esters
such as methyl methacrylate, ethyl acrylate,
2-hydroxyethyl acrylate, 2-hydroxyethylmethacrylate,
n-butyl acrylate, t-butyl acrylate, n-butyl
methacrylate, t-butyl methacrylate, n-hexyl acrylate,
maleic anhydride and the like; a,b-ethylenically
unsaturated nitriles and amides such as acrylonitrile,
methacrylonitrile, acrylamide, methacrylamide,
N,N-dimethylacrylamide, N- (dimethylaminomethyl)
acrylamide and the like, vinyl esters such as vinyl
acetate; vinyl ethers; vinyl ketones; vinyl and
vinylidene halides such as vinylidene chloride and
vinyl chloride; maleimide, N-arylmaleimide, and
N-alkymaleimides such as maleimide and N-ethyl
maleimide, l-vinyl-2-pyrrolidinone and vinyl pyridine.
Mixtures of two or more of the aforementioned monomers
are also suitable in making the copolymer. Among
these, the monovinyl aromatic and acrylic or
methacrylic esters are preferred. Monomers containing
more than one site of polymerizable carbon-carbon
unsaturation can be used if desired to form a
crosslinked polymer. Such monomers will typically
constitute no more than about 10 mol-%, preferably
from about 0.25-5 mol-%, of total monomers. Except
when a conjugated diene monomer is used, it is most
preferred not to use a crosslinking monomer. In
addition, ethylenically unsaturated monomers
containing other functional groups that also can react
form a covalent bond to the prepolymer. Suitable
monomers of this type will include one site of
polymerizable carbon-carbon unsaturation and an
isocyanate-reactive group such as a hydroxyl group, an
epoxide or a primary or secondary amino group. Among
the monomers of this type are 2-hydroxyethyl
methacrylate, 2-hydroxyethyl acrylate, 2- hydroxybutyl
methacrylate, allyl alcohol, glycidyl methacrylate,
diaminoethyl methacrylate, and the like.64019AWO If
additional ethylencially unsaturated monomers are
used, the weight ratio of prepolymer to monomers may
range from 10:90, preferably from 30:70, more
preferably from 40:60 to 90:10, preferably to 80:20
and most preferably to 75:25. Monomers that are
low-boiling or gaseous at room temperature (such as
isoprene and butadiene) are conveniently added to an
already-formed dispersion of the prepolymer/monomer
mixture, before conducting the chain extension and
polymerization step. To use such monomers, a pressure
vessel is conveniently charged with the dispersion of
the prepolymer/monomer mixture in the aqueous phase,
and the vessel is pressurized with the gaseous
monomer. The contents of the pressure vessel are then
held, optionally with agitation, until the desired
quantity of the gaseous monomer becomes dissolved in
the dispersion. Because the gaseous monomer is
typically hydrophobic, it will migrate through the
aqueous phase and into the 



prepolymer/monomer particles. In this way, particle
size is set before polymerization occurs. The
subsequent polymerization in this case is likewise
conducted under pressure. When an ethylenically
unsaturated monomer is present, a free radical
initator is conveniently provided to promote the
polymerization of the monomer to form a vinyl polymer.
The initiator is preferably one that preferentially
partitions into the organic (prepolymer/monomer)
phase, i.e., is not substantially soluble in the
aqueous phase. The use of initiators of this type
tends to minimize polymerization in the aqueous phase.
However, water-soluble initiators can be used, it
being believed that in most instances aqueous phase
polymerization will create oligomeric species that
partition into the organic phase where further
polymerization proceeds. Among the useful initiators
are free-radical initiators such as peroxy compounds
and azo compounds. Redox systems that include reducing
agents and oxidizing agents are also useful. Among the
useful initiators are organic peroxides such as
di-t-butyl peroxide, t - butylhydroperoxide, lauryl
peroxide, dichlorobenzoyl peroxide, cumene
hydroperoxide and the like; hydrogen peroxide,
peroxycarbonates such as dsopropyl peroxydicarbonate,
dicyclohexyl peroxy dicarbonate and the like, sulfonyl
peroxides such as acetyl cyclohexyl sulfonyl
peracetate, sulfonylhydrozides, azo compounds such as
2,2'-azobis(2,4-dimethylpentanenitrile) and
2,2'-azobis)2-methylpropanenitrile (AIBN),
2,2-azobis(isobutyronitrile) t-butylhydroperoxide,
inorganic peroxides such as ammonium peroxydisulfate,
and potassium peroxy disulfate, sodium
metabisulfite/ferrous ammonium sulfate and the like.
Among these, the oil-soluble ones64019AWO (i.e., those
that are more soluble in the droplets than the aqueous
phase) are most preferred. A controlled living free
radical polymerization where a metal containing
initiator, 2,2,6,6-tetramethylene piperadine-1-oxy
(TEMPO), is used is also suitable. Such initiators,
although often water-soluble, can be emulsified into
the prepolymer/monomer mixture. This last type of
polymerization allows for particularly good control of
polymer molecular weight. The amount of initiator is
selected to provide a controlled reaction that
proceeds at an economically attractive rate. The
precise amounts will vary somewhat with the particular
initiator, but in general 0.05 to 5% by weight based
on monomers is sufficient. The initiator is preferably
blended into the prepolymer/monomer mixture before it
is dispersed into the aqueous phase. Generally,
premature polymerization can be controlled by
maintaining the temperature below that at which the
initiator generates significant quantities of free
radicals. To provide further particle stability, a
costabilizer may be used, especially when
ethylenically unsaturated monomers are present. As
used herein, a costabilizer is a material other than a
prepolymer or ethylenically unsaturated monomer, which
has a molecular weight below 300, preferably below
200, and is soluble in water to the extent of about 10
g/liter or less at 250C. The costabilizer is believed
to promote the absorption of surfactant at the
water/droplet interface, thus enhancing the stability
of the dispersion. Among the suitable costabilizers
are alkanes and alkanols, each having from about 6 to
30 carbon atoms. Preferred alkane costabilizers
include straight-chain alkanes having from 8 to 18,
especially from about 10 to about 16 carbon atoms.
Hexadecane is especially preferred. Among the
preferred alkanol stabilizers are straight chain
alcohols having from 8 to 22 carbon atoms, especially
12-20 carbon atoms. Although the amount of external
surfactant and costabilizer used will depend somewhat
on the particular system, in general from 0.1 to 5
parts by weight of surfactant are used, per 100 parts
by weight of the dispersion. If used, costabilizers
generally constitute from 0.1 to 3 percent of the
total weight of the dispersion. The costabilizer, when
used, can be added either to the aqueous phase or the
prepolymer before adding the ethylenically unsaturated
monomer. It is generally preferred to cure the
prepolymer simultaneously with the polymerization of
the ethylenically unsaturated monomer(s), although
these can be done sequentially if desired.
Simultaneous polymerization and curing is achieved
by64019AWO adding both the curing agent and free
radical initiator to the dispersed prepolymer, and
subjecting the mixture to conditions at which both
reactions will occur. In many cases, at least some of
the resulting polymer particles are hybrid particles
containing both polyurethane and vinyl polymers. The
polymers may take the form of an interpenetrating
polymer network or assume a core-shell morphology.
Techniques that 



favor the formation of core-shell particles are
described, for example, in WO 02/055576A2. The
resulting dispersion is useful in various
applications. It is useful in making a variety of
films and coatings. To this end, the dispersion can be
blended with a variety of types of useful additives,
including, for example, pigments, dyes, fillers,
dryers, rheological and viscosity modifiers,
dispersants, surfactants, preservatives,
antimicrobials, pesticides, fertilizers and the like.
The formulated dispersion can be applied to any number
of types of substrates. Films can be made by
coagulation processes or by simple casting and drying,
using techniques that are well known in the art.
Similarly, coatings are readily prepared by forming a
layer of the dispersion on a substrate and drying
and/or coagulating the polymer particles to form a
continuous coating. The dispersion is also useful for
making cast articles, particularly thin-walled
articles such as gloves, including medical or surgical
gloves, condoms, and the like. If desired, the
dispersion can be formulated with various types of
additives, such as those described before. The casting
process typically includes applying the formulated
dispersion to a suitable form and allowing the aqueous
phase to evaporate so that the individual polymer
particles coalesce to form a film over the form.
Drying can be done at ambient or elevated temperature.
To increase thickness, the casting process can be
repeated as necessary. The following examples are
provided to illustrate the invention, but are not
intended to limit the scope thereof. AU parts and
percentages are by weight unless otherwise indicated.
Examples 1-5 Aseries of isocyanate-terminated
prepolymers are made from the following
ingredients:64019AWO Sample Comp. Comp. Comp. Ex. 1
Ex. 2 Ex. 3 Ex. 4 Ex. 5 Sample A Sample B Sample C
Polyether Polyol A 61.7 Polyether Polyol B 64.4
Polyester Polyol A 63.9 HMPPA 69.3 64 HMPP B 71.80
HMPPC 63.3 59 Poly (EO) A 3.5 3.5 3 3.0 3.0 3 3 Poly
(EO) B 1.8 2 1.5 1.5 - DMPA 3.5 Aromatic Isocyanate .
3 1 28 26.2 23.7 - A Aliphatic Isocyanate . 33.1 33
33.7 37.5 A %NC0 (wt%) 6.0 6.0 5.0 5.53 5.54 5.5 5.5
5.0 Viscosity (4OC, cps) 6003 6098 53,260 6900 10,780
9700 53,000 14,080 Polyether Polyol A is an ethylene
oxide-capped poly(propylene oxide), available
commercially as Voranol(tm)9287 polyol from Dow
Chemical. It has a hydroxyl equivalent weight of about
2000. Polyether Polyol B is an ethylene oxide-capped
poly(propylene oxide), available commercially as
Voranol(tm) 4701 polyol from Dow Chemical. It has a
hydroxyl equivalent weight of about 1600. Polyester
Polyol A is a polycaprolactone diol having a number
average molecular weight of about 850. It is sold
commercially by Dow Chemical a s Tone(tm) 0210 polyol.
HMPP A is a hydroxymethylcontaining polyester polyol
having a hydroxyl equivalent weight of about 1000. It
is the reaction product of methyl
(9,10)-hydroxylmethyl stearate and a difunctional
initiator. It has a functionality of about 2.0. HMPP B
is a hydroxymethyl-containing polyester polyol having
a hydroxyl equivalent weight of about 1600 and a
hydroxyl functionality of about 3. HMPP C is a
hydroxylmethyl-containing polyester polyol having an
equivalent weight of about 420 and a functionality of
about 2.0. It is a reaction product of methyl
(9,10)-hydroxymethyl stearate and cyclohexane
dimethylol. Poly (EO) A is a 1000 molecular weight
poly(ethylene oxide) diol. PoIy(EO) B is a 950
molecular weight poly(ethylene oxide) monol. DMPA is
dimethylolproprionic acid. Aromatic Isocyanate A is a
mixture containing 4,4'-diphenylmethane diisocyanate
as a main component and a small quantity of
2,4'-diphenylmethane diisocyanate. Aliphatic
Isocyanate A is 



isophorone diisocyanate. All prepolymers except for
Example 5 are prepared by charging the polyol,
poly(EO) and isocyanate to a stirred reactor. The
reactor is purged with dry nitrogen and kept at 600C
for 10-15 minutes. Enough benzoyl chloride is added to
neutralize the basicity of polyols if needed. The
reactor is then heated at 70 to 9O0C until the
desired6401 9AWO level of conversion is attained (~2-4
hours). Prepolymers are characterized by their % NCO
content according to ASTM method D5155-96. The
viscosities of the resulting prepolymers are then
measured using a Brookfield LVF viscometer at 4O0C
according to ASTM D 4878-88. Prepolymer Example 5 is
made in the same manner, except N-methyl pyrrolidone
(NMP) is used as a solvent to facilitate the solution
of the DMPAinto the other components and reduce the
viscosity of the resulting prepolymer. In addition,
the prepolymer is neutralized with triethyl amine
during the chain-extension step to convert
approximately 90% of the carboxylic acid groups of the
dimethylolpropionic acid to carboxylate groups.
Dispersions are prepared from each of the foregoing
prepolymers by continuously feeding the prepolymer
into a high shear mixer at a constant rate. A
predetermined amount of surfactant is merged with a
chilled (10-150C) deionized water stream (initial
aqueous) at a constant rate and fed into the mixer
where the prepolymer is emulsified to form a first
stage emulsion containing ~75-85 wt% of the
prepolymer. The high concentration dispersion exiting
the IKA mixer first stage emulsion is continuously
passed into a second mixer where it is diluted with an
aqueous chain extender solution. The product is
collected in an oversized container to allow CO2 gas
(which evolves from reaction of the excess isocyanate
groups with water) to be released. The viscosities of
each dispersion are measured at room temperature using
a Brookfield viscometer. The solids content is in each
case about 54-58 wt%, as measured by an IR-200
Moisture Analyzer (Denver Instrument Company). The
solids are calculated using this instrument by
removing the volatile aqueous phase followed by a
gravimetric determination of the amount of
non-volatile dispersed polymer phase that remains. The
particle size of the dispersions ranges from 0.08 to
1.0 micrometer, as determined by dynamic light
scattering techniques using a Coulter LS 230
apparatus. Shear stabilities of the dispersions are
measured by using a Hamilton beach mixer and AR2000
Rheometer, supplied by TA Instruments. Coatings are
prepared from each of the dispersions by drawing them
down on polished and dried cold rolled steel panels
using a #60 wire wound rod to achieve a target dry
film thickness between 1.5 to 2.0 mils. The wet
coating films are allowed to dry at room temperature
for 30 minutes and then forced dried in an oven at
8O0C for 120 minutes.64019AWO Example 6 and
Comparative Sample D A hydroxymethyl-containing
polyester polyol is prepared by charging 330.4 grams
of methyl (9, 10)-hydroxymethylstearate, 72.4 grams of
an approximately 1:1 mixture of 1,3 and
1,4-cyclohexanedimethanol, and 0.411 grams of
dibutyltin oxide catalyst to a 500 milliliter
five-neck round bottom glass flask equipped with a
mechanical stirrer, condenser, addition funnel,
nitrogen inlet, and a sensor to monitor/control
reaction temperature. The mixture is heated to 15O0C
with stirring using an external hot oil bath and
maintained at that temperature for one hour. The
temperature is then raised in 100C increments every 45
minutes until a final reaction temperature of 2000C is
obtained. A total of 30 grams of methanol are
collected (90% of theoretical production) and the
resulting hydroxymethyl-containing polyester polyol is
collected. It has a hydroxyl equivalent weight of
about 400. 78.15 grams of the hydroxymethyl-containing
polyol, 8.21 grams of dimethylolpropionic acid, 49.14
grams of NMP, and 0.0882 grams of dibutyl tin
dilaurate catalyst are added to a 250 milliliter
five-neck round bottom glass flask equipped with a
mechanical stirrer, condenser, addition funnel,
nitrogen inlet, and a Therm-O-Watch sensor to
monitor/control reaction temperature. The mixture is
heated to 800C with stirring using an external hot oil
bath. Nitrogen is sparged through the solution for two
hours until the concentration of water is measured to
be below 200 ppm. The reactor contents are then cooled
to 75C. 58.82 grams of isophorone diisocyanate are
slowly added to the reaction mixture at such a rate
that the reaction temperature is maintained at about
75C. After all the isocyanate is added, the reaction
temperature is increased to about 83C and maintained
at that temperature 



for 3 hours. 4.67 grams of triethylamine are added and
the temperature maintained at about 830C for an
additional 20 minutes. The reactor contents are then
cooled to 600C and a total of 166.7 grams of the
reaction mixture are added to an 8 ounce glass bottle
containing 112.3 grams of .deionized water under high
speed agitation. 5.07 grams of ethylene diamine in 55
grams of deionized water are then added to the aqueous
dispersion and high speed agitation is maintained for
an additional 20 minutes to produce dispersion Example
6. Comparative Dispersion Sample D is prepared in a
similar manner using 67.47 grams of a polycaprolactone
diol (Tone(r) 210, from Dow Chemical) 6.75 grams of
dimethylolpropionic acid, 41.45 grams of NMP, 45.17
grams of isophorone diisocyanate64019AWO and 0.0767
grams of dibutyl tin dilaurate to form the prepolymer;
3.78 grams of triethylamine t o neutralize the
carboxylate groups supplied by the DMPA; and 4.10
grams of ethylene diamine to chain extend the
prepolymer. Dispersion Example 6 and Comparative
Sample D are each drawn down into films as described
with respect to Examples 1-5. The oven-cured coatings
are allowed to stand for 24 hours before their
physical properties are measured. Film thickness is
determined according to ASTM D 1186. Gloss
measurements are made using a BYK Labotron Gloss Unit
in accordance with ASTM D 526. Impact resistance is
determined using a Gardner Impact Tester and following
ASTM D 2794. Abrasion resistance is evaluated using a
Taber abrader with CS- 17 wheels, lOOOg weights and
500 cycles. Pencil hardness is determined in
accordance with ASTM 3 3363. Acid etch resistance is
determined by placing drops of a 10% solution of
sulfuric acid on the coatings for 60 hours and
observing the visual effect on the film. A whitening
of the coating surface indicates moderate etch and
severe etch is indicated by a blistered coating
surface. Water resistance is evaluated in a similar
way, using deionized water. Solvent resistance of the
coating is reported as the number of methyl ethyl
ketone (MEK) rubs that are required to cut through the
coating to the substrate. Results are as indicated in
the following table. The coating made using dispersion
Example 6 has excellent toughness (balance of hardness
and flexibility), good appearance (high gloss), and
excellent abrasion resistance, as does the coating
made from Comparative Sample D. The water and solvent
resistance of the coatings made from dispersion
Example 6 are superior relative to Comparative Sample
D.64019AWO WHATIS CLAIMED IS: 1. A dispersion of
polymer particles in a continuous aqueous phase,
wherein the dispersed particles include a polyurethane
resin that is the reaction product of a
polyisocyanate, at least one curing agent, and at
least one high equivalent material having
isocyanate-reactive groups, in which the high
equivalent weight material includes at least one
hydroxymethyl-containing polyester polyol derived from
a fatty acid. 2. The dispersion of claim 1, wherein
the hydroxymethyl-containing polyester polyol is a
reaction product of a hydroxymethyl-group containing
fatty acid having from 12 to 26 carbon atoms, or an
ester of such a hydroxymethylated fatty acid, with a
polyol, hydroxylamine or polyamine initiator compound
having an average of at least 2.0 hydroxyl, primary
amine and/or secondary amine groups/molecule. 3. The
dispersion claim 1 or 2, wherein the
hydroxymethyl-containing polyester polyol has the
following average structure: [H- X]( -P)-R- |X-Z]p (I)
wherein R is the residue of an initiator compound
having z hydroxyl and/or primary or secondary amine
groups, where z is at least two; each X is
independently -O-, - NH-or -NR'-in which R' is an
inertly substituted alkyl, aryl, cycloalkyl, or
aralkyl group, p is a number from 1 to z representing
the average number of [X-Z] groups per
hydroxymethyl-containing polyester polyol molecule, Z
is a linear or branched chain containing one or more A
groups, provided that the average number of A groups
per molecule is > 1.3 times z, and each A is
independently selected from the group consisting of
Al, A2, A3, A4 and A5, provided that at least some A
groups are Al, A2 or A3, wherein Al is:64019AWO (II)
wherein B is H or a covalent bond to a carbonyl carbon
atom of another A group; m is number greater than 3, n
is greater than or equal to zero and m + n is from 11
to 19; A2 is: 



wherein B is as before, v is a number greater than 3,
r and s are each numbers greater than or equal to zero
with v + r + s being from 10 to 18, A3 is: wherein B,
v, each r and s are as defined before, t is a number
greater than or equal to zero, and the sum of v, r , s
and t is from 10 to 18; A4 is where w is from 10-24,
and A5 is O -C-R' (VI) where R' is a linear or
branched alkyl group that is substituted with at least
one cyclic ether group and optionally one or more
hydroxyl groups or other ether groups.64019AWO 4. A
method for preparing a dispersion of polymer particles
in a continuous aqueous phase, comprising dispersing a
urethane group-containing prepolymer in an aqueous
phase to form dispersed droplets containing the
prepolymer, and curing the prepolymer to form solid
polymer particles dispersed in the aqueous phase,
wherein the prepolymer is the reaction product of
reactants including a polyisocyanate and an
isocyanate-reactive material, the isocyanate-reactive
material including at least one high equivalent weight
hydroxymethyl-containing polyester polyol derived from
a fatty acid. 5. The method of claim 4, wherein the
hydroxymethyl-containing polyester polyol is a
reaction product of a hydroxymethyl-group containing
fatty acid having from 12 to 26 carbon atoms, or an
ester of such a hydroxymethylated fatty acid, with a
polyol, hydroxylamine or polyamine initiator compound
having an average of at least 2.0 hydroxyl, primary
amine and/or secondary amine groups/molecule. 6. The
method of claim 4 or 5, wherein the prepolymer
contains isocyanate groups. 7. The method of claim 6,
wherein the prepolymer is cured by a reaction with
water or a curing agent containing amine groups. 8.
The method of claim 4 or 5, wherein the prepolymer
contains hydroxyl groups. 9. The method of claim 8,
wherein the prepolymer is cured by reaction with a
curing agent containing isocyanate, carboxylic acid,
carboxylic acid halide, or carboxylic acid anhydride
groups. 10. The method of claim 4 or 5, wherein the
prepolymer contains epoxide groups. 11. The method of
claim 4 or 5, wherein the prepolymer contains
ethylenically unsaturated groups. 12. The method of
11, wherein the prepolymer is cured in a free radical
polymerization of the ethylenically unsaturated
groups.64019AWO 13. The method of claim 12, wherein
the prepolymer is cured by exposure to UV radiation.
14. The method of claim 4 or 5, wherein the prepolymer
contains both isocyanate groups and ethylenically
unsaturated groups. 15. The method of claim 14,
wherein the prepolymer is cured by reaction with water
or a curing agent having amine groups, to form solid
dispersed polymer particles having ethylenically
unsaturated groups. 16. The dispersion of any of
claims 1-3, wherein the polymer particles contain
ethylenically unsaturated groups. 17. The dispersion
of claim 16, wherein the polymer particles are
UVcurable. 18. The dispersion of any of claims 1-3,
wherein the polymer particles contain silyl groups.
19. The dispersion of any of claims 1-3, wherein the
polymer particles contain carboxylic acid, carboxylic
acid salt, sulfonate or quaternary ammonium groups.
20. The dispersion of any of claims 1-3, wherein the
polymer particles contain a poly(ethylene oxide)
block. 21. The dispersion of any of claims 1-3,
wherein the polymer particles contain at least one
group derived from a polyether polyol, a polyester
polyol or a polycarbonate polyol. 22. The dispersion
of any of claims 1-3, which contains at least one
additive selected from the group consisting of
surfactants, catalysts, pigments, dyes, fillers,
dryers, rheological and viscosity modifiers,
dispersants, surfactants, preservatives,
antimicrobials, pesticides, fertilizers and the
like.64019AWO 23. An adhesive, sealant or coating
composition comprising the dispersion of any of claims
1-3. 


