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applicable G. Brief summary [0001] Embodiments
disclosed herein provide formulations, derivatives and
modifications of proislet peptides designed to
increase their solubility, bioavailability and
inserum- resistance to protease cleavage thereby
improving their effectiveness as a therapeutic agent
and methods of using the same. [0002] In one
embodiment, proislet peptides and derivatives thereof
are blocked with a N-terminal acetyl group and a
C-terminal amide group. [0003] In one embodiment, HIP
and derivatives thereof are blocked with a N-terminal
acetyl group and a C-terminal amide group (HIP3Blocked
(SEQ ID NO: 5), HIPl Blocked (SEQ ID NO: 6) and
HIP2Blocked (SEQ ID NO:7)). Such modifications appear
to render the sequence less susceptible to protease
cleavage in serum with those proteases that normally
recognize free ends, thereby effectively increasing
the Tmax and bioavailability of the peptide. Peptides
modified in this manner demonstrate increased efficacy
thereby requiring decreased dosages when administered
by for example, IV, IM, SubQ or intraperitoneal
routes. [0004] In another embodiment, proislet
peptides and derivatives thereof are modified by
adding a cysteine residue to the N-terminal of the
peptide. [0005] In another embodiment, HIP and
derivatives thereof are modified by adding a cysteine
residue to the C-terminal of HIP (HIP3Cys (SEQ ID NO:
8), HIPlCys (SEQ ID NO: 9) and HIP2Cys (SEQ ID NO:
10)); resulting in a compound which is capable of
forming dimers in solution (HIP3CysDimer (SEQ ID NO:
11), HIPlCysDimer (SEQ ID NO: 12) andHIP2CysDimer (SEQ
ID NO: 13)). Such a modification appears to increase
the stability of HIPCys variants by avoiding those
proteases which recognize HIP or HIPCys variants in
monomer form. [0006J In another embodiment, cysteine
proislet peptide variants are blocked with a Nterminal
acetyl group and a C-terminal amide group. [0007] In
another embodiment, HIPCys variants are blocked with a
N-terminal acetyl group and a C-terminal amide group
(HIP3CysBlocked (SEQ E) NO: 14), HIPlCysBlocked (SEQ
ID NO: 15) and HIP2CysBlocked (SEQ ID NO: 16)). Such
modifications appear to render the sequence less
susceptible to protease cleavage in serum with those
proteases that normally recognize free ends and
resulting in a compound which is capable of forming
dimers in solution (HIP3CysBlockedDimer (SEQ ID NO:
17), HIPlCysBlockedDimer (SEQ ID NO: 18) and 



HIP2CysBlockedDimer (SEQ ID NO: 19)) thereby
increasing the stability of HIPCysBlocked variants by
avoiding those proteases which recognize HIP or
HIPCysBlocked variants in monomer form. [0008] In
another embodiment, the cysteine proislet peptide
variants are modified by covalently binding a dimeric
maleimide activated 40Kd PEG construct to the
C-terminal cysteine residue. [0009] In another
embodiment, HIPCys variants are modified by covalently
binding a dimeric maleimide activated 40Kd PEG
construct to the C-terminal cysteine residue
(fflP3CysPEG (SEQ ID NO: 20), HIPlCysPEG (SEQ ID NO:
21) and HIP2CysPEG (SEQ ID NO: 22)). Such a
modification appears to improve the stability of
HIPCys in serum resulting in increased bioavailability
and dosing efficacy of HIPCys variants in therapeutic
strategies for stimulating islet neogenesis and
reversing diabetes in vivo. [0010] In another
embodiment, the CysBlocked proislet peptide variants
are modified by covalently binding a dimeric maleimide
activated 40Kd PEG construct. [0011] In another
embodiment, HIPCysBlocked variants are modified by
covalently binding a dimeric maleimide activated 40Kd
PEG construct (HIP3CysBlockedPEG (SEQ ID NO: 23),
HIPlCysBlockedPEG (SEQ ID NO: 24) and
HIP2CysBlockedPEG (SEQ ID NO: 25)). Such a
modification appears to improve the stability of
HIPCysBlocked variants in serum resulting in increased
bioavailability and dosing efficacy of HIPCysBlocked
variants in therapeutic strategies for stimulating
islet neogenesis and reversing diabetes in vivo.[0012]
Further embodiments provide methods for administering
the Optimized proislet peptide compounds, including
Optimized HIPs (SEQ ID NOs: 5-25), alone or in
combination with other therapeutic agents for
stimulating pancreatic islet cell regeneration. In
various embodiments, the methods disclosed herein can
be practiced by administration of a therapeutically
effective amount of Optimized proislet peptide alone,
in combination with insulin, in combination with
insulin and another agent, and in combination with one
or more agents other than insulin. [0013] Other
embodiments provide pharmaceutical formulations and
unit dose forms of Optimized proislet peptide
compounds, including Optimized HIP. In one embodiment,
the pharmaceutical formulation provided contains
Optimized HIP alone or in combination with one or more
other active pharmaceutical ingredients (APIs). In one
embodiment, the API is an or agents in soluble
liposome preparations that allow the Optimized HIP to
be administered by a variety of routes, including
subcutaneously, intramuscularly, intravenously, and
even orally, depending on the formulation selected. In
one embodiment, the formulation is for general
systemic administration, but in other embodiments, the
formulation comprises a targeting agent for targeted
administration to specific locations, receptors,
cells, tissues, organs, or organ systems within a
subject. [0014] In other embodiments , provided are
methods of treating a pathology associated with
impaired pancreatic function in a subject in need of
such treatment. The method may comprise the step of
administering one or more agents for stimulating
pancreatic islet cell regeneration in addition to the
Optimized proislet peptide compounds, including
Optimized HIP. In one aspect of this embodiment, the
agents are selected from HIP or HIP-related peptide
other 



than Optimized HIP, amylin/Pramlintide (SYMLIN(tm)),
exendin-4 (EXENATIDE(tm)), GIP, GLP- 1, GLP-I receptor
agonists, GLP-I analogs, hamster INGAP peptide and
related peptides, Liraglutide (NN221 1), and a
dipeptidyl peptidase inhibitor, which blocks the
degradation of GLP-I. [0015] In another embodiment,
methods of treating a pathology associated with
impaired pancreatic function in a subject in need of
such treatment are provided. The method may comprises
one or more of the steps of (1) intensifying glycemic
control; (2) administering oral vitamin D3
(cholecalciferol) or vitamin D2 (ergocalciferol) to
maintain 25-hydroxyvitamin levels above 40 ng/ml; (3)
administering one or more immune therapies for
protecting new isletcell formation, including
administration of immunosuppressive agents; (4)
administering Optimized proislet peptide compounds,
including Optimized HIP in combination with insulin
but decreasing the insulin administered over time; and
(5) repeatedly administering a therapy for protection
of islets, preferably on a 3 to 24 month basis,
depending on the selected immune therapy, in addition
to the step of administering Optimized HIP. [0016] In
another embodiment, methods of treating a pathology
associated with impaired pancreatic function in a
subject in need of such treatment are provided. The
method may comprise one or more of the steps of: (1)
intensifying glycemic control; (2) administering oral
vitamin D3 (cholecalciferol) to maintain
25-hydroxyvitamin levels above 40 ng/ml; (3)
administering an agent for stimulating pancreatic
islet regeneration in addition to Optimized proislet
peptide compounds, including Optimized HIP, including
but not limited to HIP and HIP analogs other than
Optimized HIP; (4) co-administering an agent selected
from the group consisting of amylin/Pramlintide
(SYMLIN(tm)), exendin-4 (EXENATIDE(tm); BYETTA(tm)),
Gastrin, Epidermal Growth Factor and Epidermal Growth
Factor analog GIP, GLP-I, GLP-I receptor agonists,
GLP-I analogs, INGAP, Liraglutide (NN221 1), and a
dipeptidyl peptidase IV inhibitor, which blocks the
degradation of GLP-I; and (5) reducing, or tapering
off, administration of another diabetes therapy.
[0017] In another embodiment, methods of treating a
pathology associated with impaired pancreatic function
in a subject in need of such treatment are provided.
The method may comprise in addition to administering
Optimized proislet peptide compounds, including
Optimized HIP, the step of administering one or more
agents that inhibit, block, or destroy the autoimmune
cells that target pancreatic islets. Such therapies
are termed ''immune therapies" above. In various
aspects of this embodiment, the agents that inhibit,
block, or destroy the autoimmune cells that target
pancreatic islets are selected from the group
consisting of the following given individually or in
combination with one another. Anti CD-3 antibodies
including hOKT3g 1(AIa-Ala) (teplizumab); ChAglyCD3
that target the immune response and specifically block
the T-lymphocytes that cause beta cell death in type 1
diabetes; the Cytotoxic T-lymphocyte antigen 4, CLTA-4
Ig (Abatacept); Sirolimus (Rapamycin) alone in
combination with either Tacrolimus (FK506) or IL-2
(rapamune); Rapamune alone or in combination with
Proleukin (aldesleukin); a heat-shock protein 60
(Diapep277); an anti- Glutamic Acid Decarboxylase 65
(GAD65) vaccine; the diabetes-suppressive dendritic
cellvaccine, GSKl 89075, diazoxide and statin drugs
including atorvastatin utilized as an agent to
presever beta cell function, Mycophenolate Mofetil
alone or in combination with Daclizumab; the anti-CD20
agent, Rituximab; Campath-1H (Anti-CD52 Antibody),
lysofylline; polyclonal 



anti-T-lymphocyte globulin (ATG/Thymoglobulin),
Granulocyte colony-stimulating factor, Neulasta
(Pegfilgrastim), Vitamin D, both 25 hydroxy and 1,25
hydroxyvitamin D supplementation; IBC-VSO vaccine,
which is a synthetic, metabolically inactive form of
insulin designed to prevent pancreatic beta-cell
destruction; interferon-alpha; a vaccine using
CD4+CD25+ antigen-specific regulatory T cells or any
agent or agents designed to suppress the immune attack
upon beta cells within the islets of Langerhans,
Prochymal (Human Adult Stem Cells), the
anti-inflamatory Anakinra and the antinflamatory
agent, Deoxyspergualin, an antiinflamatory agent that
blocks proinflammatory cytokine production and
inhibits T-cells and Bcells, These or similar agents
can be used in the combination therapies that utilize
regulatory T cells either directly or through the use
of immunotherapy to arrest the destruction of
insulinproducing cells. [0018] In another embodiment,
methods of treating a pathology associated with
impaired pancreatic function in a subject in need of
such treatment, wherein at least one symptom of the
pathology associated with impaired pancreatic function
is treated or reduced as a result of the
administration of Optimized proislet peptide
compounds, including Optimized HIP are provided. In
one aspect of this embodiment, the symptom is selected
from low levels of insulin or insulin activity,
insulin resistance, hyperglycemia, hemoglobin AlC
level greater than 6.0%, frequent urination, excessive
thirst, extreme hunger, unusual weight loss or gain,
being overweight, increased fatigue, irritability,
blurry vision, genital itching, odd aches and pains,
dry mouth, dry or itchy skin, impotence, vaginal yeast
infections, poor healing of cuts and scrapes,
excessive or unusual infections, loss or worsening of
glycemic control, fluctuations in blood glucose,
fluctuations in blood glucagon, and fluctuations in
blood triglycerides, with hyperglycemia ultimately
leading to microvascular and macrovascular
complications, which include visual symptoms that lead
to blindness, accelerated kidney impairment that can
lead to renal failure necessitating dialysis and
kidney transplant and neuropathy leading to foot
ulcers and amputations. Additionally, recent studies
have demonstrated both microvascular and
macrovascular/cardiovascular risk reduction among type
1 diabetes patients who have improved glycemic
control.[0019] In another embodiment, methods of
treating a pathology associated with impaired
pancreatic function in a subject in need of such
treatment are provided. The pathology associated with
impaired pancreatic function is any one of type 1
diabetes, new onset type 1 diabetes, type 2 diabetes,
latent autoimmune diabetes of adulthood, pre-diabetes,
impaired fasting glucose, impaired glucose tolerance,
insulin resistant syndrome, metabolic
syndrome/dysmetabolic syndrome, being overweight,
obesity, hyperlipidemia, hypertriglyceridemia, eating
disorders, anovulatory cycles and polycystic ovarian
syndrome. [0020] Embodiments of the disclosure also
provide antibodies which selectively bind to an
Optimized proislet peptide compounds, including
Optimized HIP. i one embodiment, the antibody is a
monoclonal antibody. In another embodiment, the
antibody is a polyclonal antibody. Such antibodies can
be used in diagnostic methods provided herein, which
methods comprise detecting Optimized HIP levels in the
serum or tissue of a mammal. In one embodiment the
diagnostic method is used to monitor treatment with
Optimized HIP to ensure that therapeutically effective
levels are being achieved in a patient receiving such
therapy. 



[0021] Embodiments of the disclosure also provide kits
for treating a patient having type 1 or type 2
diabetes or other condition in which there are
aberrant insulin levels, perturbation in glucose
metabolism or insulin resistance, comprising a
therapeutically effective dose of Optimized proislet
peptide compounds, including Optimized HIP and
optionally at least one agent for stimulating GLP-I
receptors or enhancing GLP-I levels, promoting beta
cell regeneration, increased satiety, decreased food
intake and weight loss, either in the same or separate
packaging, and instructions for its use. Further
embodiments provide a kit for measuring Optimized
proislet peptide compounds, including Optimized HIP
levels in a sample, the kit comprising a Optimized
proislet peptide antibody, including Optimized
HIP-specific antibody and optionally Optimized
proislet peptide compounds, including Optimized HIP
and optionally a labeling means. H. Description of
Drawings [0022] The file of this patent contains at
least one photograph or drawing executed in color.
Copies of this patent with color drawing(s) or
photograph(s) will be provided by the Patent and
Trademark Office upon request and payment of necessary
fee.[0023] For a fuller understanding of the nature
and advantages of the present invention, reference
should be had to the following detailed description
taken in connection with the accompanying drawings, in
which: [0024] Fig. 1 is a graph depicting the insulin
levels after incubation in culture with human
pancreatic ductal tissue with HIPl, HIP2 and HIP3.
[0025] Fig. 2 is a graph depicting the insulin
requirements in mice treated with HIPl, HIP2 and HIP3.
[0026] Fig. 3 is a graph depicting the mean reduction
in glucose from baseline in mice treated with HIPl,
HIP2 and HIP3. [0027] Fig. 4A is a graph depicting the
number of islets in mice treated with HIP2 and HIP3.
Fig. 4B provides representative images of insulin
immunostaining in placebo- and HIPtreated mice and
insulin-stained islets are outlined in yellow to
differentiate these structures from auto-fluorescent
blood cells. Scale bar 50 mm in all images. [0028]
Fig. 5 is an immunofluorescent stain for insulin on
mouse pancreatic tissue treated with HIP. [0029] Fig.
6 is a graph depicting the half- life of HIP delivered
intramuscularly in rats. [0030] Fig. 7 is a graph
depicting the half-life of HIP delivered
subcutaneously to rats. [0031] Fig. 8 is a graph
depicting the in vitro stability of HIP 2 and HIP 2B
in plasma over time. [0032] Fig. 9A is a Western Blot
analysis demonstrating human insulin expression from
PANC-I cells under non-reducing and reducing
conditions in response to incubation with various HIP
and Optimized HIPs. Fig. 9B are Ponceau Stains under
non-reducing and reducing conditions in response to
incubation with various HIP and Optimized HIPs. [0033]
Fig. 1OA demonstrates PANC-I cells treated with H1P2,
and Optimized HIP peptides for four days, with
pictures taken on day 7 at 200X magnification. Fig.
1OB demonstrates the progression of PANC-I cell
morphology changes through 7 days (control, HIP2 and
HIP2B), with pictures taken on days 1, 2, 3, 5 and 7
at 200X magnification. Fig. 1OC 



demonstrates progression morphological changes of
PANC-I cells treated with control and Optimized HIPs
(HIP2 Dimer and HIP2 PEG). [0034J Fig. 11 is a stain
for CK19 and DAPl to show nuclei and insulin in human
pancreatic cells following administration of
HIP2B.[0035] Fig. 12 is graph depicting glucose levels
of three NOD mice after treatment with placebo and
lysophylline (LSF), HIP 2 and LSF, and HIP2B and LSF.
[0036] Fig. 13 is a Cy3 double antibody
immunohistochemical staining of PANC- 1 cells after
treatment with 150mM HIP and Optimized HIP peptides
for 48 hours, demonstrating the translocation of the
HIP receptor from the cell membrane of PANC-I cells to
the cytoplasm upon stimulation with HIP and Optimized
HIP. [0037] Fig. 14 demonstrates exposure adjusted
PANC-I cells in SFM and TSFM with HIP and Optimized
HIP2B peptides. [0038] Fig. 15 demonstrates repeat
evaluation of the impact of Optimzed H1P2 peptides on
PANC-I cells utilizing immuno fluorescent analyses
indicating that HIP2B interacts with the HIP receptor
(EXTL) resulting in engulfment of the HIP receptor
from the cytoplasmic membrane into the cytoplasm to
the nucleus upon stimulation with HIP. [0039] Fig. 16
demonstrates a western blot of Optimized HIP2B
enhances HIP receptor (EXTL3) translocation time from
the cytoplasmic membrane to the nucleus in PANC-I
cells. [0040] Fig. 17 is a graph depicting the average
daily glucose levels in an STZ-Diabetic Mouse Model
following administration of HIP2, HIP2B and placebo.
[0041] Fig. 18 is a graph depicting the daily glucose
levels among HIP2B treated (green) and control
(purple) and placebo groups of mice. [0042] Fig. 19 is
a graph depicting the glucose levels among HIP2B
(yellow), HIP2 (green) and control (blue) treated
groups of mice at the beginning and end of
intervention. [0043] Figure 20, demonstrates the
impact of Optimized HIP2B restoring fasting glucose
levels to nondiabetic ranges and to levels below that
of baseline glucose levels prior to STZ treatment .
[0044] Figure 2 1 demonstrates the results of glucose
tolerance testing among treatment groups at the close
of the study with lower glucose levels seen in the
Optimized HIP2B treatment group. [0045] Figure 22
demonstrates a dose response analysis study of
Optimized HIP2B in STZ-rendered diabetic mice to
compare the effects of Optimized HIP2B on glucose
control when delivered at differing dosages in a
diabetes model in mice in order to determine the
lowest potential dosage that produces the maximum
efficacy.[0046] Figure 23 depicts the impact of
differing concentration of HIP2B on the attenuation of
diabetes. [0047] Figure 24 demonstrates the
pharmacokinetic analysis of HIP2B, HIP2 and INGAP post
subcutaneous and intravenous administration to Sprague
Dawley rats at 4mg/kg. [0048] Fig. 25 demonstrates the
pharmacokinetic analysis of Optimized HIP2B delivered
subcutaneously. I. Detailed Description [0049] Before
the present compositions and methods are described, it
is to be understood that this invention is not limited
to the particular processes, compositions, or
methodologies 



described, as these may vary. It is also to be
understood that the terminology used in the
description is for the purpose of describing the
particular versions or embodiments only, and is not
intended to limit the scope of the present invention
which will be limited only by the appended claims.
Unless defined otherwise, all technical and scientific
terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art.
Although any methods and materials similar or
equivalent to those described herein can be used in
the practice or testing of embodiments of the present
invention, the preferred methods, devices, and
materials are now described. All publications
mentioned herein are incorporated by reference in
their entirety. Nothing herein is to be construed as
an admission that the invention is not entitled to
antedate such disclosure by virtue of prior invention.
[0050] Insulin has been, since 1922, the primary if
not only available therapy for the treatment of type 1
diabetes and other conditions related to the lack of
or diminished efficacy or production of insulin.
However, diabetic patients on insulin do not have
normal glucose metabolism, because insulin is only
part of the missing and aberrant pancreatic function.
[0051] To date, there has been no single or
combination therapy that has been successfully used to
treat the underlying disease mechanisms of either type
1 or type 2 diabetes. Development of a successful
treatment that stimulates regeneration of
insulin-producing cells within the pancreas will
represent a significant treatment breakthrough for
patients with diabetes. Some literature misleadingly
uses the term "islet cells" to refer either just to
beta cells or to entire islets. However, it is
important to distinguish between beta cells and islets
because some treatment alternatives seek to increase
the number of beta cells, whereas there have been no
treatments available to endogenously replace entire
islets other than islet transplantation.[0052J Despite
decades of research and the advent of pancreatic islet
transplantation in 1974 and newer claims of success
resulting from the Edmonton Protocol for islet
transplantation, these approaches have not been very
successful in the United States. For example, at four
years post-transplant, fewer than 10% of patients who
have received islet transplants remain insulin
independent. Additionally, there is an 18% rate of
serious side effects. It is well established that at
the onset of type 1 diabetes, patients have already
lost the majority of their islets and their number of
islets continues to steadily decline. However, more
recent studies have found that at the time of
diagnosis of type 2 diabetes, patients exhibit a loss
of at least 50% of the islet mass and number. As with
type 1 patients, the number and mass of islets
continues to decline, not from autoimmune attack, but
because the beta cells effectively become "burned
out." Although this decline occurs more rapidly in
type 1 patients, there is still a decline of 10-20%
per year among type 2 patients. [0053] In a normally
functioning pancreas, small numbers of islets die
naturally on a dayby- day basis and are replaced as
required to keep glucose levels under control. On
average, this regenerative process known as islet
neogenesis replaces islets at a rate of approximately
2% per month hi nondiabetic patients, the beta cell
mass within the existing islets can expand or contract
depending on the insulin needs of the individual. This
process is referred to as "beta cell proliferation"
does not occur in patients with type 1 diabetes and is
limited in type 2 patients. [0054] The study of islet
neogenesis is not new. In 1920, it was reported that
an obstructive pancreatic stone resulted in atrophy to
most of the pancreas but an increase in islets. 



It was then hypothesized that ligating (binding) the
pancreatic ducts might lead to the identification of a
substance that could be useful in the treatment of
diabetes. Surgeons ligated the pancreatic ducts of
diabetic children in the hopes of producing substances
that would form new islets. Although the positive
effects of these procedures were short-lived, they
demonstrated the potential for islet restoration in
man. [0055] Pancreatic ductal ligation studies that
were intended to create a hamster model for
pancreatitis resulted in the formation of many new
islets. This research led to the isolation of a
hamster peptide referred to as the Islet Neogenesis
Associated Peptide, or INGAP. In the clinical
development of INGAP, it was further demonstrated that
new human islets could be differentiated from the
stem-cell-like islet progenitor cells that reside
throughout the adult pancreas even decades after the
onset of type 1 diabetes.[0056] Separate from the
concept of using ductal ligation to produce new
islets, research was carried out regarding the
potential regeneration of islets during pregnancy. It
has been reported that islets were being formed in
late embryogenesis and stated that the islet
population continues to grow postnatally through a
process of metamorphosis from surrounding ductal
tissue. [0057] The primary way in which patients with
type 1 or late-stage type 2 diabetes manage their
disease is by administering insulin, either via
subcutaneous injection or by using a subcutaneous pump
infusion. As well as the obvious lifestyle
disadvantages, insulin therapy does not match the
body's normal control mechanisms and therefore does
not fully manage glucose fluctuations. As shown by the
adjacent chart, even the best-controlled type 1
diabetic patients do not have anything remotely like a
normal glucose metabolism. This is because insulin
secretion is only part of the missing pancreatic
function. [0058] Investigators have evaluated whether
endogenous production of insulin can be stimulated by
drug treatment. For example, over the past several
decades, several therapies have been studied in which
a peptide involved in glucose metabolism, or analogs
of such peptides, have been administered to diabetic
patients. These therapies include the administration
of peptides with amino acid sequences similar to those
of Glucagon Like Peptide- 1 (GLP-I), and such peptides
include: GLP-I receptor analogs, Exendin-4,
Exenatide/BYETTA(tm), which is derived from the GiIa
Monster, Januvia (tm), Gastric Inhibitory
Peptide/Glucose-Dependent Insulinoptropic polypeptide
(GIP), compounds homologous to GLP-I, such as
Liraglutide (NN221 1), Dipeptidyl Peptidase-4
Inhibitors, which inhibit the breakdown of GLP-I,
Gastrin, Epidermal Growth Factor and Epidermal Growth
Factor Analogs, and Hamster derived Islet Neogenesis
Associated Peptide (INGAP). [0059] None of these
treatments have proven effective in reversing the
underlying mechanisms of diabetes. Generation of new
islets not only forms insulin-producing beta cells, it
also forms the other cells involved in the glucose
metabolism. Consequently, if enough new islets are
generated, the patient is ultimately able to recover
glycemic control. Therefore, islet neogenesis presents
the possibility not only to treat, but actually to
reverse diabetes. [0060] For any islet cell neogenesis
agent to be effective, the pancreas must be "elastic"
with respect to its ability to generate new islet
cells. Proof of the elasticity of the pancreas with
respect to the generation of new pancreatic islets
throughout one's lifetime in response topancreatic
islet death or apoptosis has replaced the long held
concept that the number of insulin 



producing islet structures is fixed at birth and
maintained throughout life, whereas the plasticity and
ability of beta cells to proliferate within existing
islets has been well established. It is currently
accepted that pancreatic islet neogenesis occurs from
preexisting pancreatic cells through differentiation
of progenitor cells found amongst both the endocrine
and exocrine fractions of the pancreas. Data
demonstrates that, even decades after the onset of
type 1 diabetes, pancreatic islets can be regenerated.
[0061 ] For example, patients with type 1 diabetes are
able to make normal levels of Cpeptide during
pregnancy. Several teams have found a paradoxical rise
in C-peptide levels during the first trimester of
pregnancy into the normal range in as many as
one-third of all pregnant type 1 patients. This rise
in C-peptide is accompanied by a significant reduction
in insulin requirements with some patients being able
to discontinue insulin transiently during the first
trimester of pregnancy. This rise in C-peptide during
pregnancy that occurs within 10 weeks of gestation
among patients, despite no measurable C-peptide prior
to pregnancy, implies the restoration of functioning
islet structures. It is hypothesized that the islet
neogenesis that occurs during pregnancy results from
the concomitant rise in endogenous steroid production
and a down regulation of the immune system preventing
immune attack on the fetus, which likely also plays a
role in suppression of lymphocyte attack on the
islets. Along with immune suppression, it is also
speculated that there is an up regulation of maternal
islet growth promoting factors during pregnancy to
compensate for the lowering of the maternal glucose
setpoint in pregnancy. Animal models have also
demonstrated that islet neogenesis precedes the
development of beta cell expansion during pregnancy
and it has been demonstrated that human pancreatic
progenitor cells differentiate into islets. Similarly,
patients who have been on long term immunosuppression
for kidney transplantation have been observed to
regenerate insulin producing islets. [0062] Over the
past decade, clinical trials have been conducted to
evaluate the impact of a number of immune modulators
that may arrest the destruction of the beta cells of
the pancreas. Anti CD-3 antibodies such as hOKT3g
1(AIa-Ala) and ChAglyCD3 that target the immune
response and specifically block the T-lymphocytes that
cause beta cell death in type 1 diabetes have been
utilized for this purpose, as have treatments
involving the administration of Sirolimus (Rapamycin),
Tacrolimus (FK506), a heat-shock protein 60
(DIAPEP277(tm)), an anti-GlutamicAcid Decarboxylase 65
(GAD65) vaccine, Mycophenolate Mofetil alone or in
combination with Daclizumab, the anti-CD20 agent,
polyclonal Anti-T-lymphocyte globulin (ATG),
lysofylline, Rituximab, Campath-1H (Anti-CD52
Antibody), Vitamin D, IBC-VSO vaccine, which is a
synthetic, metabolically inactive form of insulin
designed to prevent pancreatic beta-cell destruction,
and interferon-a vaccination using CD4+CD25+
antigen-specific regulatory T cells. These therapeutic
approaches are intended to utilize regulatory T cells
either directly or through the use of immunotherapy to
arrest the destruction of insulin-producing cells. The
aim of these trials is to determine the ability of
such agents to preserve islet function by preventing
further immune attack on the beta cells of the islets
of the pancreas. [0063] Additionally, recent studies
have found that vitamin D may play an important immune
modulating role in the prevention of type 1 diabetes.
Up to 54.7% of populations in the US, regardless of
latitude, have low 25 hydroxyvitamin D levels. Vitamin
D deficiency has been 



demonstrated, not only to be associated with the
increased risk of type 1 diabetes and seen at the
onset of type 1 diagnosis, but also is commonly seen
among both patients with type 1 and 2 diabetes.
Maintaining levels above 40 ng/ml are recommended to
sustain normal immune function. No adverse effects
have been seen with doses up to 10,000 IU/day. [0064]
The following definitions are provided to assist the
reader. Unless otherwise defined, all terms of art,
notations and other scientific or medical terms or
terminology used herein are intended to have the
meanings commonly understood by those of skill in the
chemical and medical arts. In some cases, terms with
commonly understood meanings are defined herein for
clarity and/or for ready reference, and the inclusion
of such definitions herein should not necessarily be
construed to represent a substantial difference over
the definition of the term as generally understood in
the art. [0065] It must also be noted that as used
herein and in the appended claims, the singular forms
"a", "an", and "the" include plural reference unless
the context clearly dictates otherwise. Thus, for
example, reference to a "fibroblast" is a reference to
one or more fibroblasts and equivalents thereof known
to those skilled in the art, and so forth. [0066] As
used herein, the term "about" means plus or minus 10%
of the numerical value of the number with which it is
being used. Therefore, about 50% means in the range of
45%- 55%.As used herein, "proislet peptide" refers to
proteins or peptides derived from such proteins that
stimulate islet cell neogenesis, including, but not
limited to, human REG3A (SEQ ID NO: 1), human REG3G
(SEQ ID NO: 28), human REGlA, human REGlB, human REG4,
hamster INGAP (SEQ ID NO: 27), hamster REG2, hamster
REG3G, rat REGl, rat PAP/REG3B, rat PAP3, rat REG3G,
mouse REGl, mouse REG2, mouse REG3A, mouse REG3B,
mouse REG3G, mouse REG3S, mouse REG4, bovine PTP,
chimpanzee, cow, dog, sheep and analogs and homologs
of such proteins, and peptides fragments derived from
such proteins or homologs thereof. The protein
sequences of such proislet peptides are publicly
available. Proislet peptides further include peptides
which are fragments of REG3A, INGAP or homolog
proteins that contain the active fourteen amino acid
sequence of HIP2 (or the corresponding sequence for
each homolog) (see Table 1 below) and are less than
150 amino acids, less than 125 amino acids, less than
100 amino acids, less than 75 amino acids, less than
50 amino acids or less than 25 amino acids. Examples
of such peptides (which provide the active fourteen
amino acid sequence) include, but are not limited to,
the following:PHOTOCATALYTIC COATING FIELD OF
INVENTION [0001] The present invention relates to
compositions for imparting a photocatalytic coating on
a surface. More specifically, the invention relates to
depolluting, self-cleaning paints comprising titanium
dioxide particles which do not require prior
activation to achieve high initial photocatalytic
activity. BACKGROUND OF THE INVENTION [0002] The
photocatalytic properties of the semiconductor
material titanium dioxide result from the promotion of
electrons from the valence band to the conduction band
under the influence of ultraviolet (UV) and near-UV
radiation. The reactive electron-hole pairs that are
created migrate to the surface of the titanium dioxide
particles 



where the holes oxidize adsorbed water to produce
reactive hydroxyl radicals and the electrons reduce
adsorbed oxygen to produce superoxide radicals, both
of which can degrade NOx and volatile organic
compounds (VOCs) in the air. In view of these
properties, photocatalytic titanium dioxide has been
employed in coatings and the like to remove pollutants
from the air. Such coatings may also have the
advantage of being selfcleaning since soil (grease,
mildew, mold, algae, etc.) is also oxidized on the
surface. [0003] Despite the benefits of existing
photocatalytic titanium dioxide coatings, there is
room for improvement in the art. Particularly, it has
been observed that the initial activity of
conventional photocatalytic titanium dioxide coatings
is poor unless the coating has been pre-activated,
such as by washing with water. While not wishing to be
bound by any theory, it is believed that the
activation step is required to remove organic
constituents present in the coating composition from
the surface of the catalyst or possibly to provide a
hydrated surface on the titanium dioxide particles
from which reactive radical species are formed.
However, this additional step makes application of a
photocatalytic titanium dioxide coating somewhat
inconvenient because it is time consuming and adds
additional costs to the application process. It would
be desirable to provide a photocatalytic titanium
dioxide coating, particularly in the form of a paint,
which does not require pre-activation (e.g., a washing
step or exposure to elements) to achieve high initial
activity levels.[0004] It has also been difficult to
provide coatings having high levels of photocatalyst
because the catalyst tends to oxidize and break down
the polymeric binder of the coating. This problem is
exacerbated when the coating is exposed to intense UV
radiation from direct sunlight, as is the case with an
exterior paint. Such coatings are often formulated
with inorganic binders or with organic polymers which
are resistant to photocatalytic oxidation at
relatively low catalyst concentrations. However, in
low light conditions the de-pollution properties of
the coating are less than optimal. It would be
desirable to provide a coating for use in low light
environments (e.g., indoors) that incorporates high
levels of photocatalyst for optimal de-pollution and
which is resistant to degradation, yet provides high
catalytic activity under indoor lighting conditions.
[0005] It is therefore an object of the present
invention to provide coating compositions,
particularly paint compositions, which comprise
titanium dioxide photocatalysts capable of removing
pollutants from the air, which photocatalysts have
high initial activity without prior activation. It is
a further object of the invention to provide durable
coatings having high levels of photocatalytic titanium
dioxide which coatings have de-pollution activity in
low light environment, and in particular in the
presence of visible light. [0006] The foregoing
discussion is presented solely to provide a better
understanding of nature of the problems confronting
the art and should not be construed in any way as an
admission as to prior art nor should the citation of
any reference herein be construed as an admission that
such reference constitutes "prior art" to the instant
application. SUMMARY OF THE INVENTION 



[0007] In accordance with the foregoing objectives and
others, it has surprisingly been found that coatings
comprising titanium dioxide of crystallite size in the
range of about 1 nm (nanometers) to about 150 nm, more
particularly about 5 nm to about 30 nm, and preferably
about 5 to about 10 nm, do not require pre-activation
(e.g., by washing with water) to achieve a high
initial level of photocatalytic activity in the
presence of light. The inventive coatings show
substantial photocatalytic activity in the presence
ofvisible light which makes them ideal for use as
de-polluting coatings in low light environments,
including the indoors. [0008] In one aspect of the
invention, the self-cleaning, de-polluting coating
compositions are in the form of water-based paints
which include (i) from about 5% to about 40% by volume
photocatalytic titanium dioxide, preferably in
substantially pure anatase form, the photocatalytic
titanium dioxide being characterized by an average
crystallite size between about 5 nm and about 30 nm
and having photocatalytic activity in the presence of
visible light; (ii) one or more additional pigments,
such that the total pigment volume concentration
("PVC") of the paint, inclusive of said photocatalytic
titanium dioxide, is at least about 65%; and (iii) a
styrene acrylic copolymer binder; the paint being
capable of substantially reducing NOx compounds in the
absence of prior activation with water. [0009] Another
aspect of the invention provides substrates having
deposited thereon a layer of the self-cleaning,
de-polluting coating compositions according to the
invention, and optionally further comprising an
overcoat disposed on said paint layer comprising a
second photocatalytic titanium dioxide having a
crystallite sizes in the range of 5 nm to 30 nm, the
overcoat being formed by applying a sol over the paint
layer. [0010] In another aspect of the invention, a
method is provided for removing NOx or other
pollutants from the air, comprising applying to a
surface, such as a wall, floor, ceiling, or the like,
a layer of de-polluting coating according to the
invention, with or without prior activation by washing
with an aqueous solvent, and preferably without a
washing step, said coating being capable of
substantially removing pollutants from the air in the
presence of UV and/or visible light, preferably in the
presence of visible light, and optionally applying a
sol topcoat comprising photocatalytic titanium dioxide
over said paint layer. [0011] These and other aspects
of the present invention will be better understood by
reference to the following detailed description and
accompanying figures. BRIEF DESCRIPTION OF THE FIGURES
[0012] Figure 1 compares the NOx activities of two
photocatalytic titanium dioxide coatings which have
not been pre-activated under various lighting
conditions,where "Comp. 1" is a coating comprising
photocatalytic titanium dioxide powder having an
average crystallite size of about 5-10 nm and "Comp.
2" is a coating comprising photocatalytic titanium
dioxide powder having an average crystallite size of
about 15-25 nm. [0013] Figure 2 compares the NOx
activities of various coating systems comprising a
styrene acrylic photocatalytic paint according to the
invention having various photocatalytic titanium
dioxide sol topcoats (B-G) disposed thereon. 



DETAILED DESCRIPTION [0014] All terms used herein are
intended to have their ordinary meaning unless
otherwise provided. All references to "% by weight"
herein relate to the weight % of the total paint
formulation, including solvent, rather than the dried
paint, unless otherwise specified. Reference to "% by
volume" or "pigment volume concentration" refers to
the volume % of the dry paint or coating, unless
otherwise specified. The term "NOx" refers to the
species NO (nitrogen oxide) and NO (nitrogen dioxide),
either collectively or individually. [0015] In the
broadest sense of the invention, the self-cleaning,
de-polluting coating compositions comprise
photocatalytic titanium dioxide particles, an organic
binder, and optionally one or more additional
pigments, such as calcium carbonate. The coatings may
be in the form of paints (interior or exterior), in
particular water-based paints, and ideally will have a
high (e.g., greater than 60%) total pigment volume
concentration ("PVC"). [0016] The coatings or paints
are capable of substantially reducing NOx compounds in
the absence of prior activation with water. It will be
understood that while the coatings of the invention
are capable of substantially reducing pollutants in
the absence of prior activation with water, it is
nevertheless within the scope of the invention to
activate the coatings by treatment with water after
application to further enhance the photocatalytic
activity. [0017] Where it is stated that a paint has
substantial "initial" photocatalytic activity, in the
absence of prior activation with water, it is meant
that the paint has substantial measurable activity
against NOx compounds immediately after a coating
ofthe paint formed onto a substrate has fully dried
and/or cured to the extent customarily permitted
before such a paint is put into service (e.g., it is
non-tacky and does not readily transfer on touching,
etc.). [0018] Where reference is made to "removal" of
pollutants from the air, it will be understood to
include complete or partial removal of pollutants from
the air. Whether removal is "substantial" can be
determined by the methods provided in the examples,
where "substantial" removal refers to reduction in the
total concentration of a fixed amount of given
pollutant by at least about 2.5%, preferably at least
about 5%, and more preferably at least about 7.5%.
[0019] The self-cleaning, depolluting paints of the
invention comprise particles of photocatalytic
titanium dioxide (TiO2) which are capable of forming
electron-hole pairs in the presence of electromagnetic
radiation, particularly ultraviolet (UV), near-UV,
and/ or visible light. Preferably, the photocatalytic
titanium dioxide is capable of substantial
photoactivity in the presence of visible light. To
this end, it has surprisingly been discovered that
careful control over the crystalline form and particle
size of the titanium dioxide provides photocatalyts
which are capable of removing pollutants in low UV
light environments, particularly indoor environments,
and which have substantial initial activity, even in
the absence of activation by washing with a solvent
(e.g., water). [0020] The photocatalytic titanium
dioxide particles for use in the paint 



compositions is preferably predominantly in the
anatase crystalline form because of its higher
photoactivity than the rutile form. "Predominantly"
means that the level of anatase in the titanium
dioxide particles of the paint is greater than 50% by
mass, although it is preferred that the level of
anatase is greater than about 80%, and more preferably
greater than about 90%. In some embodiments, the
photocatalytic titanium dioxide particles of the paint
will be in substantially pure anatase form, meaning
that the content of the rutile crystalline form is
less than about 5%, more particularly, less than about
2.5%, and more preferred still, less than about 1% by
mass. In some embodiments, the photocatalytic titanium
dioxide particles will be free of the rutile form,
meaning that the rutile crystal form is not detectable
by crystallography. Put another way, the
photocatalytic titanium dioxide particles may comprise
100% anatase form. The degree of crystallization and
the nature of the crystalline phase are measured by
X-ray diffraction.[0021] The photocatalytic titanium
dioxide particles for use in the paint compositions
will typically have an average particle size which
enables the particles to predominately absorb, rather
than scatter, light. As the particle sizes become very
small, the band gap between the valence and conduction
bands decreases. Thus, with sufficiently small
particle sizes, it has been observed that titanium
dioxide particles are capable of absorbing light in
the visible spectrum. The titanium dioxide particles
for inclusion in the inventive paints will typically
have a particle size between about 1 nm and about 150
nm. More typically, the particle size will be between
about 5 nm and about 20 nm, 25 nm, or about 30 nm. In
a preferred embodiment, the particle size of the
titanium dioxide in the paint will be between about 5
nm and about 15 nm, and more particularly between
about 5 and about 10 nm. Reference herein to the size
of titanium dioxide particles (or crystallites) will
be understood to mean the average particle size of the
titanium dioxide particulates. Where the particle size
is modified by the term "about," it will be understood
to embrace somewhat larger or smaller particles sizes
than the indicated value to account for experimental
errors inherent in the measurement and variability
between different methodologies for measuring particle
size, as will be apparent to one skilled in the art.
The diameters may be measured by, for example,
transmission electron microscopy (TEM) and also XRD.
[0022] Alternatively, the particles may be
characterized by surface area. Typically, the powdered
titanium dioxide photocatalyst will have a surface
area, as measured by any suitable method, including
5-point BET, of greater than about 70 m2/g, more
typically, greater than about 100 m2/g, and preferably
greater than about 150 m2/g. In some embodiments, the
titanium dioxide photocatalyst will have a surface
area greater than about 200 m /g, greater than about
250 m /g, or even greater than about 300 m /g. [0023]
The photocatalytic titanium dioxides available from
Millennium Inorganic Chemicals under the designations
PCS300 and PC500 have been found to be particularly
useful for inclusion in the paints according to the
invention. PCS300 is a 100% anatase titanium dioxide
powder having an average crystallite size between
about 5 nm and about 10 nm. PC500 is also a 100%
anatase titanium dioxide powder, which has a TiO
content between about 82 % and about 86 % by weight,
and which has a surface area of about 



250 to about 300 m2/g, as measured by 5-point BET,
which translates to an averageparticle size of about 5
nm to about 10 nm. The product designated PC105, also
from Millennium Inorganic Chemicals, will also find
utility in some embodiments of the invention. This
photocatalytic powder comprises greater than 95% by
weight titanium dioxde, the TiO2 being 100% anatase,
and has an average crystallite size of about 15 nm to
about 25 nm and a surface area between about 80 and
about 100 m2/g. [0024] The photocatalytic titanium
dioxide will typically comprise from about 2 to about
40 % by volume of the paint formulation. More
typically, the photocatalytic titanium dioxide will
comprise from about 5 % to about 20% by volume of the
paint, and preferably from about 7.5 % to about 15 %
by volume. In a representative embodiment, the
photocatalytic titanium dioxide comprises about 10% by
volume of the paint formulation. The foregoing amounts
represent the volume of photocatalyst in the final
paint formulation (e.g., including solvent), rather
than the volume percentage in the dried paint coating.
Typically, the weight percent of titanium dioxide in
the paint formulation will be between about 1% by
weight and about 20% by weight, more typically between
about 5 and about 10% by weight, and preferably about
7.5% by weight. [0025] It is within the scope of the
invention to provide paints having two or more
different titanium dioxide photocatalysts, where at
least one, and preferably each, of the titanium
dioxide photocatalyst materials meet the
specifications described above. Thus, for example, the
invention embraces the use of bimodal photocatalytic
titanium dioxide material, formed by combining two
different titanium dioxide powders or sols, wherein at
least one, and preferably both, have a particle size
and/or surface area as defined above. In other
embodiments, the photocatalyst will "consist
essentially of a particular titanium dioxide material
described herein, by which is meant any additional
photocatalyst having materially different activities
is excluded, or that amounts of additional
photocatalyst which materially impact the durability,
de-polluting, or self-cleaning properties of the paint
are excluded. [0026] The paints of the invention
comprise an organic binder. In the broadest aspect of
the invention, it is contemplated that any polymeric
binder may be employed. In one embodiment, the
polymeric binder is a water-dispersible polymer,
including but not limited to latex binders, such as
natural latex, neoprene latex, nitrile latex, acrylic
latex, vinyl acrylic latex, styrene acrylic latex,
styrene butadiene latex, and the like.Exemplary
polymers for these compositions include, but are not
limited to, methyl methacrylate, styrene, methacrylic
acid 2-hydroxyethyl acrylate polymer (CAS # 70677-
00-8), acrylic acid, methyl methacrylate, styrene,
hydroxyethyl acrylate, butyl acrylate polymer (CAS #
7732-38-6), butyl acrylate, methyl methacrylate,
hydroxyethyl acrylate polymer (CAS # 25951-38-6),
butyl acrylate, 2-ethylhexyl acrylate, methyl
methacrylate, acrylic acid polymer (CAS # 42398-14-1),
styrene, butylacrylate polymer (CAS # 25767- 47-9),
butyl acrylate, 2-ethylhexyl acrylate, methacrylic
acid polymer C (CAS # 31071- 53-1), acrylic polymers,
and carboxylated styrene butadiene polymers to name a
few. Combinations of more than one organic binder are
also contemplated to be useful in the practice of the
invention. [0027] In particular, the organic binder
may be chosen among copolymers of 



styrene/butadiene, and polymers and copolymers of
esters of acrylic acid and in particular copolymers of
polyvinylacrylic and styrene/acrylic esters. In the
present invention, styrene acrylic copolymer includes
copolymers of styrene/acrylic esters thereof. The
styrene acrylic emulsion sold under the tradename
ACRONAL(tm) 290D (BASF) has been found to be
particularly useful as an organic binder in the
inventive paints. [0028] In some embodiments, the
organic binder in the inventive paints will "consist
essentially of the preferred styrene acrylic binder,
by which is meant that the presence of additional
organic binders in amounts which materially reduce the
durability of the paint coating on a substrate, as
compared to an otherwise identical paint coating
comprising only styrene acrylic binder as the organic
binder, are excluded. [0029] In some embodiments, the
inventive paints will be substantially free of
inorganic binders, by which is meant that the levels
of inorganic binder is not sufficient to form a
continuous adherent film on a substrate, in the
absence of organic binder. In representative
embodiments, the paints comprise less than 0.5% by
weight, preferably less than about 0.2% by weight, and
more preferred still, less than about 0.1% by weight
inorganic binders. In some embodiments, the inventive
paints are free of inorganic binders. Inorganic
binders include, without limitation, alkali metal
silicates such as, for example, potassium silicate,
sodium silicate, and/or lithium silicate. [0030] The
paints according to the invention may further comprise
one or more pigments. The term "pigments" is intended
to embrace, without limitation, pigmentarycompounds
employed as colorants, including white pigments, as
well as ingredients commonly known in the art as
"opacifying agent" and "fillers." Included are any
particulate organic or inorganic compound able to
provide hiding power to the coating, and in particular
at least one inorganic compound like
non-photocatalytic titanium dioxide. Such titanium
dioxide pigments which are not photoactive are
disclosed in U.S. Patent No. 6,342,099 (Millennium
Inorganic Chemicals Inc.), the disclosure of which is
hereby incorporated by reference. In particular, the
titanium dioxide pigment may be the particles of
Tiona(tm) 595 sold by Millennium Inorganic Chemicals
Ltd. Pigments also include calcium carbonate, which is
typically added to paint as a filler. One suitable
calcium carbonate material is that sold under the
tradename Setacarb(tm) 850 OC (Omya). [0031] The
paints according to the invention typically, but not
necessarily, have a pigment volume concentration (PVC)
between about 60% and about 90%, more typically
between about 65% and about 80%, and preferably
between about 70% and about 75%. The term "pigment
volume concentration" refers to the total percentage
by volume of all pigments in the composition, wherein
the term "pigment" includes all forms of titanium
dioxide, whether photocatalytic (e.g., PC500) or
non-photocatalytic (e.g., Tiona(tm) 595), as well as
any other components generally regarded in the art as
pigments, including without limitation calcium
carbonate and other particulate fillers. [0032] If
necessary, various other compounds may be added to the
composition of the invention, but preferably such an
addition does not compromise the shelf life,
photoactivity, durability or non-staining properties
of the resulting coating. Examples of such additional
compounds include filler(s) such as quartz, calcite,
clay, talc, barite 



and/or Na-Al-silicate, and the like; pigments like
TiO2, lithopone, and other inorganic pigments;
dispersants such as polyphosphates, polyacrylates,
phosphonates, naphthene and lignin sulfonates, to name
a few; wetting agents, including anionic, cationic,
amphoteric and/or non-ionic surfactants; defoamers
such as, for example, silicon emulsions, hydrocarbons,
and long-chain alcohols; stabilizers, including for
example, mostly cationic compounds; coalescing agents
including, without limitation, alkali-stable esters,
glycols, and hydrocarbons; rheological additives like
cellulose derivatives (e.g., carboxymethylcellulose
and/or hydroxyethylcellulose), xanthane gum,
polyurethane, polyacrylate, modified starch, bentone
and other lamellar silicates; water repellents suchas
alkyl siliconates, siloxanes, wax emulsions, fatty
acid Li salts; and conventional fungicide or biocide.
Example 1 [0033] The ability of the inventive coatings
to remove NOx pollutants, its selfcleaning properties,
and its durability was investigated by preparing three
water-based styrene acrylic paints. Comparative
samples "Comp. 1" and "Comp. 2" each comprised 10%
photocatalytic titanium dioxide by volume, whereas no
photocatalyst was present in the control sample. The
photocatalytic titanium dioxide used in Comp. 1 was
PCS300 from Millennium Inorganic Chemicals. PCS300 is
a photocatalytic titanium dioxide powder having an
average crystallite size of about 5 to about 10 nm
(nanometers). The photocatalytic titanium dioxide used
in Comp. 2 was PC105, also from Millennium Inorganic
Chemicals, which has an average crystallite size of
about 15-25 nm. PCS300 and PC105 both have an anatase
content of about 100%. The complete paint formulations
are provided in Table 1. Table 1.[0034] The remaining
components of Table 1 are as follows: The thickener is
a 3% solution of hydroxyethylcellulose sold under the
designation Natrosol(tm) 250 MR (Hercules). The
antifoaming agent Foammaster(tm) NXA is proprietary,
sold by Henkel Corp. Setacarb(tm) 850 OG is a calcium
carbonate filler obtained from Omya. Antiprex(tm) A is
water-soluble polymer dispersant from Ciba Specialty
Chemicals. Tiona(tm) T595 is pigmentary titanium
dioxide from Millennium Inorganic Chemicals.
Acronal(tm) 290D is a styrene acrylic copolymer latex
used as an organic binder available from BASF.
Acronal(tm) 290D comprises 50% by weight solids in
water. Texanol(tm) is an ester alcohol coalescing
solvent sold by Eastman Kodak. Acticide SPX is a
bacteriocide from Acti Chem Specialties Inc. [0035]
The Part A and Part B ingredients were separately
mixed under high shear mixing. Part A was then added
to Part B under high shear mixing to form the finished
paints. Each paint sample is applied at a coverage of
770 g/m2 (based on the dried weight of the coating) on
a substrate and the substrates were submitted to the
following tests. [0036] I-Determination of NOx Removal
by Coatings [0037] The complete methodology for
determining NOx removal is described in U.S. Patent
Pub. 2007/0167551, the disclosure of which is hereby
incorporated by reference. Briefly, the samples were
placed in an air-tight sample chamber and sealed. The
sample chamber is in communication with a three
channel gas mixer (Brooks 



Instruments, Holland) through which NO (nitric oxide),
NO2 (nitrogen dioxide), and compressed air containing
water vapor are introduced into the chamber at
predetermined levels. The samples are irradiated with
8 W/m2 UV radiation in the range of 300 to 400 nm from
a UV Lamp Model VL-6LM 365 & 312 nanometer wavelengths
(BDH). Initial values and final values (after five
minutes irradiation) of NOx were measured by a
Nitrogen Oxides Analyser Model ML9841B (Monitor
Europe) connected to the sample chamber. The %
reduction in NOx was measured as (D NOx / Initial NOx)
x 100. Each sample was investigation without
pre-activation and with pre-activation (after washing
with water). The results are summarized in Table
2.Table 2 [0038] The results indicate that the paint
comprising photocatalytic titanium dioxide powder
having an average crystallite size of about 5 to about
10 nm (Comp. 1) exhibits a surprisingly high NOx
activity even without the conventional washing step to
pre-activate the photocatalyts. By comparison, Comp. 2
which comprises titanium dioxide powder having an
average crystallite size of about 15 nm to about 25 nm
exhibits a far lesser degree of NOx reduction in the
absence of a pre-activation step. Comp. 1 and Comp. 2
both display excellent NOx removal properties after
washing to pre-activate the catalyst. However, Comp. 1
with no pre-activation was unexpectedly superior to
Comp. 2 even in the case where the Comp. 2 sample was
pre-activated. [0039] II-Determination of Coating
Photoactivity Towards Methylene Blue [0040] The
methodology employed for determining photoactivity
toward methylene blue is similar to that described in
U.S. Patent Pub. 2007/0167551, the disclosure of which
is hereby incorporated by reference, and is modified
as described herein. The self-cleaning properties of
each paint sample were investigated based on their
ability to degrade the organic dye methylene blue. As
the dye is degrades to water, carbon dioxide, and
nitrogen containing species, a loss of color is
observed. The photoactivity is monitored by measuring
L* (brightness). The protocol is as follows: [0041]
Prepare a film of the paint on a suitable substrate
such as Melinex film, aluminium panel, or glass plate.
The film thickness should be similar to that used in
the final application and generally not less than 25
microns thick when dry. The paint film is allowed to
dry at least overnight. [0042] Prepare a solution of
methylene blue in water by dissolving 0.3739g in one
liter of water to give a concentration of 1 mmol/L.
Pour the methylene blue solution into a suitable dish
in which to immerse the paint film. Soak the paint
films in themethylene blue solution for 30 to 60
minutes to ensure that the methylene blue is
chemically absorbed onto the surface of the TiO2.
[0043] Remove the paint film from the solution and
remove excess with absorbent tissue. Thoroughly dry
the paint films and then measure the brightness (L*)
value using a colorimeter or spectrophotometer. [0044]
Expose the paint films to UV light for a period of
between 18 to 48 hours at an intensity of 30 to 60
W/m2 (300-400 nm wavelengths) such as in an Atlas
Suntest cabinet. [0045] Re-measure the L* value. The
difference between the initial and final L* 



measurements is a measure of the self-cleaning power
of the coating. The larger the difference in L* value
the greater the self-cleaning effect. The results for
each paint after 18 hours and 36 hours of irradiation
are shown below in Table 3. Table 3 [0046] The results
indicate that the paint comprising photocatalytic
titanium dioxide powder having an average crystallite
size of about 5 to about 10 nm (Comp. 1) exhibits
substantially greater self-cleaning activity than the
Comp. 2 sample after 18 hour and 36 hours of
irradiation. [0047] III-Determination of Coating
Durability [0048] The complete methodology for
determining durability of the paints is described in
U.S. Patent Pub. 2007/0167551, the disclosure of which
is hereby incorporated by reference. The methodology
involves accelerated weathering of 20 to 50 micron
thick paint films on a stainless steel substrate in a
Ci65A Weatherometer (Atlas Electric Devices, Chicago)
under a 6.5 kW Xenon source emitting 550 W/m2 UV at
340 nm. The samples were heated to about 63C and water
spray was applied for 18 minutesout of every 120
minutes, with no dark cycle. The durability is
measured as a function of the weight loss of the
sample following exposure. [0049] Table 4 summarizes
the results for durability testing for Comp. 1 and
Comp. 2 at various time intervals up to 1,551 hours.
Table 4 [0050] As shown in Table 4, the durability of
the Comp. 2 paint is substantially identical to the
durability of the less photoactive Comp. 1 paint after
about 1,000 hours of exposure. This result was
unexpected as it would have been anticipated that the
more highly photoactive paint of Comp. 2 would have
deteriorated substantially more rapidly than the less
active Comp 1. under these conditions. It is noted
that through 765 hours the % weight loss was
marginally greater for the more active Comp. 1 paint
with the maximum difference observed after about 451
hours. This is likely due to the fact that Comp. 1 has
a much greater initial activity without pre-activation
as compared to Comp. 2 (see Table 2). However, during
weathering, both paints become fully activated, due to
the presence of water, and the % weight loss is seen
to converge at longer intervals. Over the entire
period of accelerated weathering, Comp. 1 exhibited
excellent durability which was comparable to Comp.
2.[0051] III-Determination of NOx Removal Under
Different Light Sources [0052] The procedure for
determination of NOx removal, described above in part
I of this Example, was employed to determine the
respective abilities of paint samples Comp. 1 and
Comp. 2 to remove NOx under different light sources.
In addition to UV, low intensity fluorescent strip
lighting, day light (as filtered through glass), and
Osram incandescent light sources were employed. In
each case, the paints were tested without prior
activation. The results are tabulated below (Table 5)
and illustrated in Figure 1. Table 5 [0053] The UV
light was from a UV Lamp Model VL-6LM 365 & 312
nanometer wavelengths (BDH) as employed in part I of
this Example. The fluorescent light was light produced
from conventional indoor fluorescent strip lighting.
The 



daylight was filtered through glass to provide an
intensity of 2.4 microW/cm2. The incandescent light
was provided by an Osram incandescent lamp. [0054] The
results shown in Table 5 demonstrate that the Comp. 1
paint displays substantial NOx removal activity,
without pre-activation, under each of the lighting
sources, whereas the Comp. 2 paint, in the absence of
pre-activation, has no activity under fluorescent
strip or incandescent lighting and insubstantial
activity in daylight (2.4 microW/cm2) . The excellent
performance of the Comp. 1 paint under these ultra-low
UV lighting conditions is believed to arise due to the
ability of the PCS300 photocatalyst to absorb in the
visible spectrum. Without wishing to be bound by any
particular theory, it is believed that the very small
crystallite size (e.g., about 5-10 nm) results in a
decrease in the band gap between the valence and
conduction bands, thereby allowing the particles to
create electron-hole pairs in the presence of visible
light. ISExample 2 [0055] While paints having
photocatalyst crystallite sizes between about 5 and
about 15 nm represent a preferred embodiment of the
invention, including, for example, the paint
designated Comp. 1 in Example 1 having a
photocatalytic TiO2 particle size of about 5-10 nm,
the benefits of high PVC (pigment volume
concentration) achievable through the use of a styrene
acrylic binder are also seen, albeit more modestly,
with less preferred titanium dioxide crystallite sizes
(i.e., about 15 to about 50 nm). For example, paints
employing high levels of PC105 photocatalyst (about 15
nm to about 25 nm crystallite size) will also find
utility in coatings for removing NOx. [0056] This
example illustrates the efficacy of the paint
designated Comp. 2 in Example 1 in removing pollutants
under "real world" conditions. A corner of a parking
garage was sealed off by constructing two walls to
provide a 917 m3 closed area with a ceiling height of
2.85 m. The 322 m2 ceiling surface was coated with the
Comp. 2 paint of Example 1 while the walls (existing
and artificial) were covered with nylon. The
photocatalytic paint was not pre-activated by washing
with water. During the NOx removal experiments, the
enclosure was illuminated by twenty UV lamps fixed
symmetrically 20 cm from the ceiling to provide a
total UV irradiance of 1 W/m . [0057] The exhaust from
a vehicle placed outside of the enclosure was
connected by a pipe to the enclosed area such that
exhaust gases were released 4.74 m inside the
enclosure. Ventilation (inlet and outlet) was provided
in the room through the artificial walls in order to
maximize the concentration of pollutants near the
ceiling and to provide an airflow and velocity of 566
m3/h and 14.3 m/h, respectively. The airflow and
velocity of exhaust gas from the car were estimated to
be 50.6 m3/h and 2 m/s, respectively, such that a
positive pressure was maintained in the enclosed space
in order to avoid the inflow of air from outside the
enclosure. [0058] The NOx exhaust gases from the car
were continuously measured using a portable gas
analyzer. NOx measurements were also taken
continuously at the inlet and outlet ventilator and at
a third sampling point near the ceiling about 15 m
from the outlet ventilator. 



[0059] After the exhaust gas was allowed to reach a
steady state in the enclosure (approximately 3 hours),
the UV lamps were turned on for four or five hours.
Thereduction in NO and NO was measured as the
difference between the steady state concentration and
the final concentration after irradiation. The values
were corrected for the decrease in NO concentration
and the increase in NO2 concentration in the car
exhaust over the test period in order to isolate the
contribution of the photocatalytic paint to the total
reduction in these pollutants. The experiments were
repeated over three consecutive days. On the fourth
day, control measurements were taken in the absence of
UV irradiation. The results are shown in Table 6 (% NO
photocatalytic degradation) and Table 7 (% NO2
photocatalytic degradation). Table 6. Table 7. [0060]
It is evident from the data in Tables 6 and 7 that a
styrene acrylic paint comprising about 15-25 nm
average size photocatalytic titanium dioxide
crystallites at a level of 10% by volume (about 8% by
weight) is effective in reducing NOx pollutants from
the air, even in the absence of prior activation.
Further, this example highlights theusefulness of the
inventive paint coating in applications such a parking
garage interiors where it is desirable to remove
concentrated pollutants from the air. Example 3 [0061]
A styrene acrylic paint was prepared substantially as
described in Example 1 except that PCS300 was replaced
with a comparable 100% anatase photocatalytic titanium
dioxide powder available from Millennium Inorganic
Chemicals under the trade designation PC500. PC500 has
a surface area of about 300 m2/g which translates to
an average crystallite size of about 5 to about 10 nm.
PC500 was included in the paint at a level of 8% by
volume and the styrene acrylic binder comprised about
50% by volume. The ability of this paint to remove NOx
without prior activation was studied as a function of
UV intensity across a range of intensities from 0.5
W/m2 to 8 W/m2 according to the procedure described
above in Example 1. The results are given in Table 8.
Table 8. [0062] These results demonstrate that even at
very low UV intensities, the inventive paints provide
high removal of pollutants, even without
pre-activation. In fact, the difference in NOx
reduction was only 16% (47.3% - 31.3%) over more than
one order of magnitude increase in UV intensity.
[0063] The PC500 paint was over-coated with various
photocatalytic TiO sols listed in Table 9 to
investigate whether further improvements in the de-NOx
properties could be attained.Table 9. [0064] Sample A
represents styrene acrylic paint comprising PC500
photocatalyst without any sol topcoat. Samples B-G
represent the paint of sample A having the indicated
sol topcoat applied thereto. S53OOA is a
photocatalytic titanium dioxide sol available from
Millennium Inorganic Chemicals. It is an aqueous
colloidal dispersions of ultrafine TiO (anatase)
peptised with acid at a pH of about 1.1 ( 0.4), having
a titanium dioxide content of about 20 ( 2) % by
weight, a density of about 1.2 g/ml, and a surface
area greater than 250 m2/g by 5-point BET (on dried
product). S5300B, also available 



from Millennium Inorganic Chemicals, is also an
aqueous colloidal dispersions of ultrafine TiO2
(anatase) peptised with base at a pH of about 11.4 (
1), having a titanium dioxide content of about 17.5 (
2.5) % by weight, a density of about 1.1 g/ml, and a
surface area greater than 250 m2/g by 5-point BET (on
dried product). The various S53OOB sols in Table 9
were modified to have the indicated titanium dioxide
contents on a weight basis. AW1610 is a sol comprising
photocatalytic TiO 2 having an average crystallite
size of about 3.6 nm, pH of 9.2, a density of about
1.00g/ml, and a TiO content of about 0.25%. SP300N is
a slurry of photocatalytic TiO2 (about 17% by weight)
having an average crystallite size of about 5-10 nm,
pH of 7.0, and a density of about 1.15 g/ml. [0065]
The ability of each coating system (paint + sol) to
remove NOx was investigated as a function of UV light
intensity from 0.5 W/m2 to 8 W/m2. The results are
shown in Figure 2. As can be seen, coating system D
comprising the PC500 paint with an overcoat of S5300B
(23.6% w/w TiO2) showed unexpectedly superior
de-NOxacross the entire range of UV intensities with
only minimal variation in % NOx reduction across the
range. [0066] All references including patent
applications and publications cited herein are
incorporated herein by reference in their entirety and
for all purposes to the same extent as if each
individual publication or patent or patent application
was specifically and individually indicated to be
incorporated by reference in its entirety for all
purposes. Many modifications and variations of this
invention can be made without departing from its
spirit and scope, as will be apparent to those skilled
in the art. The specific embodiments described herein
are offered by way of example only, and the invention
is to be limited only by the terms of the appended
claims, along with the full scope of equivalents to
which such claims are entitled.Claims: 1. A
self-cleaning, de-polluting paint comprising: (i) from
about 5% to about 40% by volume photocatalytic
titanium dioxide in substantially pure anatase form,
said photocatalytic titanium dioxide being
characterized by an average crystallite size between
about 5 nm and about 30 nm and having photocatalytic
activity in the presence of visible light; (ii) one or
more additional pigments, such that the total pigment
volume concentration of said paint, inclusive of said
photocatalytic titanium dioxide, is at least about
65%; and (iii) a styrene acrylic copolymer binder;
said paint being capable of substantially reducing NOx
compounds immediately after a dried coating of said
paint is formed on a substrate, in the absence of
prior activation with water. 2. The paint according to
claim 1, wherein said photocatalytic titanium dioxide
has an average crystallite size between about 5 nm and
about 10 nm. 3. The paint according to claim 1,
wherein said photocatalytic titanium dioxide comprises
from about 7% to about 15% by volume of said paint. 4.
The paint according to claim 1, wherein said
photocatalytic titanium dioxide 



comprises about 10% by volume of said paint. 5. The
paint according to claim 1, wherein said one or more
additional pigments include non-photocatalytic
titanium dioxide. 6. The paint according to claim 1,
wherein said one or more additional pigments include
calcium carbonate. 7. The paint according to claim 1
wherein said one or more additional pigments comprise
non-photocatalytic titanium dioxide and calcium
carbonate, and wherein the total pigment volume
concentration is between about 70 and about 75%.8. The
paint according to claim 1, wherein said paint is
substantially free of inorganic binders. 9. The paint
according to claim 1, further comprising one or more
ingredients selected from the group consisting of
solvent, thickeners, dispersants, coalescents,
antifoaming agents, bateriocides, and combinations
thereof. 10. A method for forming a self-cleaning,
de-polluting coating on a substrate, comprising: (a)
applying a paint composition to said substrate, said
paint composition comprising: (i) from about 5% to
about 40% by volume photocatalytic titanium dioxide,
said photocatalytic titanium dioxide being
characterized by an average crystallite size between
about 5 nm and about 30 nm and having photocatalytic
activity in the presence of visible light; (ii) one or
more additional pigments, such that the total pigment
volume concentration of said paint, inclusive of said
photocatalytic titanium dioxide, is at least about
65%; and (iii) a styrene acrylic copolymer binder; and
(b) optionally, applying over said paint a topcoat
comprising a titanium dioxide sol comprising
photocatalytic titanium dioxide particles; wherein
said coating is capable of substantially reducing NOx
compounds in the absence of prior activation with
water. 11. The method according to claim 10, wherein
said paint composition comprises photocatalytic
titanium dioxide having an average crystallite size
between about 5 nm and about 10 nm. 12. The method
according to claim 10, wherein said photocatalytic
titanium dioxide comprises from about 7% to about 15%
by volume of said paint composition.13. The method
according to claim 10, wherein said photocatalytic
titanium dioxide comprises about 10% by volume of said
paint composition. 14. The method according to claim
10, wherein said one or more additional pigments
include non-photocatalytic titanium dioxide. 15. The
method according to claim 10, wherein said one or more
additional pigments include calcium carbonate. 16. The
method according to claim 10, wherein said one or more
additional pigments comprise non-photocatalytic
titanium dioxide and calcium carbonate, and wherein
the total pigment volume concentration of said paint
composition is between about 70% and 



about 75%. 17. The method according to claim 10,
wherein said paint composition is substantially free
of inorganic binders. 18. The method according to
claim 10, wherein said paint composition further
comprising one or more ingredients selected from the
group consisting of solvent, thickeners, dispersants,
coalescents, anti-foaming agents, bacteriocides, and
combinations thereof. 19. A substrate having applied
thereto a coating system comprising: (a) a layer of
de-polluting paint, said de-polluting paint layer
being formed by applying to said substrate a paint
composition comprising: (i) from about 5% to about 40%
by volume photocatalytic titanium dioxide in
substantially pure anatase form, said photocatalytic
titanium dioxide being characterized by an average
crystallite size between about 5 nm and about 30 nm
and having photocatalytic activity in the presence of
visible light; (ii) one or more additional pigments,
such that the total pigment volume concentration of
said paint, inclusive of said photocatalytic titanium
dioxide, is at least about 65%; and(iii) a styrene
acrylic copolymer binder; and (b) a top-coat disposed
on said de-polluting layer of paint, said top-coat
being formed by applying to said layer of paint a sol
comprising and aqueous colloidal dispersion of
photocatalytic ultrafine titanium dioxide in anatase
crystalline form having a surface area greater than
250 m2/g as measured by 5-point BET. 20. The substrate
according to claim 19, wherein said paint composition
comprises photocatalytic titanium dioxide having an
average crystallite size between about 5 nm and about
10 nm and wherein said photocatalytic titanium dioxide
comprises from about 7% to about 15% by volume of said
paint composition. 


