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METHODS OF IMMUNE OR HEMATOLOGICAL ENHANCEMENT, INHIBITING
TUMOUR FORMATION OR GROWTH, AND TREATING OR PREVENTING
CANCER, CANCER SYMPTOMS, OR THE SYMPTOMS OF CANCER
TREATMENTS

FIELD OF THE INVENTION .

[0001] The présent invention relates to methods of immune or hematological enhancement,
inhibiting tumour formation or growth, and treating or preventing cancer, cancer symptorns,
or the symptoms 6f cancer treatments by administration of milk fat or a milk fat analogue,
optionally-with at least one additional therapeutic agent such as an anti-tumour agent,
preferably selected from lactoferri,n (including iron-lactoferrin). The methods and medicinal
uses of the invention may be carried out 'by employing dietary (as foods or food supplements),
nutraceutical or pharrﬁaceutical compositions. Compositions useful in the methods of the

invention are also provided.

BACKGROUND OF THE INVENTION

[0002]  Milk is a rich biological fluid that provides nutrition at a time of rapid growth and

development in the neonate. Because of this, it contains many growth regulators, in addition

to the substrates necessary for infant development.

[0003]  The heaith benefits of ingesting milk in terms of the risk of developing cancer have
been a topic of investigation and wide debate. Tt has been reported that the consumption of
either high-fat dairy foods (Larsson, et al., 2005) or low-fat milk (Ma, et al., 2001 and
Goodman, et al., 2002) may reduce the risk of certain cancers, including colorectal and
ovarian cancer. Conversely, other studies report that high intakes of low fat milk increase the

risk of certain cancers (Larsson, et al., 2006). A review of the literature reported that the

_evidence for association of milk products with ovarian cancer risk is limited and inconsistent .

(Schulz, et al., 2004). Both whole milk and low-fat milk have been associated with a reduced
risk of breast cancer (Shin, ef al., 2002 and Bradlow and Sepkovic, 2002), whereas they were
reported to be risk factors in other studies (Knekt, et al., 1996 and Gaard, et al., 1995). Low
fat milk promotes the development of carcinogen-induced mammary tumours in rats (Qin, et
al., 2004), and low fat milk has been associated with an increased risk of prostate cancer
(Tseng, et al., 2005 and Veierod, et al., 1997). One large prospective study reported that adult
milk consumption tended to be negatively related to breast cancer incidence (Hjartaker, et al.,

2001), whereas recent reviews concluded that there was no consistent pattern of increased or

1
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decreased breast cancer risk with high consumption of either low or high fat dairy products
(Moorman and Terry, 2004 and Parodi, 2005). In conclusion, the epidemiological evidence

regarding the cancer risks and benefits of ingesting milk is inconsistent.

[0004]  Milk fat contains a number of components, including conjugated linoleic acid

(CLA), sphingomyelin, butyric acid, vaccenic acid, branched chain fatty acids, ether lipids, B-

* carotene, and vitamins A and D, that have been investigated to assess their anti-caricer -

potential (reviewed in Parodi, 1999 and Parodi, 1997). For example, the cis 9, trans 11 (c9,
t11)-CLA isomer, and its precufsor vaccenic acid reportedly inhibit the growth of tumour cell
lines (Miller, et al., 2003 and O’Shea, et al., 2000). Dietary CLA reportedly reduces the
incidence of colon tumours in 1,2-dimethylhydrazine-treated rats by increasfng apoptosis
(Kim and Park, 2003). Other studies report dietéry CLA inhibits the initiation of mouse skin
carcinogenesis by 7,12-dimethyl-benz[ajanthracene (DMBA) (Ha, et al., 1987), and of mouse
fore-stomach neoplasia induced by benzo[a]pyrene (Chen, et al., 2003). Tt has been
reported that the feeding of vaccenic acid and ¢9, t11 CLA as butter fat inhibited the
development of mammary carcinomas in rats (Corl, et al., 2003, Banni, et al., 2001). CLA
has been reported to inhibit angiogenesis which may contribute to its efficacy as a

chemopreventive agent (Masso-Welch, et al., 2002).

[0005]  In contrast, other studies report that dietary CLA, either alone or in combination

with a soy protein isolate, failed to inhibit the in vivo growth and development of prostate

tumour cells in rats (Coben, et al., 2003), and the azoxymethane-induced development of
aberrant crypt foci in colons of male Sprague-Dawley rats (Ealey, et al., 2001). Further, the
weight of rat hepatomas was reported to be significantly higher in rats fed a CLA diet
(Yamasaki, et al., 2001). An epidemiology study reported that the intake of CLA-containing
food groups was not related to breast cancer incidence (Voorrips, ef al., 2002). As with the
epidemiological studies of milk fat consumption in humans, the results of the different studies

of CLA and anti-tumour activity are inconsistent.

[0006] It has previously been reported that tumours do not respond well to chemotherapy
in all cases. For example, chemotherapy efficacy varies for cancer sufferers depending on the
cancer type, the nature and doses of the drugs used for treatment, the mechanisms by which

the drugs work, and the therapeutic regimes.

[0007] It is known in the field that cancers differ in their sensitivity to chemotherapy, from

the vsually and often sensitive (e.g. lymphomas, acute lymphoblastic leukemia (ALL),
chronic lymphocytic leukemia (CLL), Hodgkin's disease, intermediate and high grade non-
2
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Hodgkin's lymphoma, for example, diffuse large cell lymphoma, Burkitt's lymphoma,
lymphoblastic lymphoma, choriocarcinoma, embryonal tumours, myelomatosis, oat cell
carcinoma of broﬁchus, testicular carcinoma, Ewing's sarcoma, Wilms' tumor, skin cancer)
where complete clinical cures can be achieved to the largely resistant (bladder cancer,
esophageal cancer, non-small cell lung cancer, hepatocellular carcinoma, renal carcinoma,
pancreatic carcinoma, head and neck cancer, cervical carcinoma, liver carcinoma, lung
carcinomas that are not oat cell). It has previously been reported that EL-4 tumours larger
than 0.3 cm in diameter become completely non-responsive to immunotherapy and anti-
angiogenic therap:y (Kanwar, et al., 1999 and Sun, et al., 2001), and chemotherapy (Kanwar et
al. — WO 2006/054908). : '

[0008] Moreover, the treatment of cancer, whether by radiotherapy, surgery, chemotherapy

. or other methods, frequently causes or exacerbates associated symptoms or disorders. For

example, cancer patients undergoing therapy are frequently cachectic, while chemotherapy
can cause mucositis of the small intestine associated with cellular apoptosis in the crypts

which precedes villous atrophy (Keefe, et al., 2000).

[0009] It would therefore be desirable to provide an improved method of inhibiting tumour

formation or growth or reducing the symptoms of or severity of disorders associated with
cancer or the treatment of cancer using milk fat, optionally with one or more additional

therapeutic agents or to at least provide the public with a useful choice.
SUMMARY OF THE INVENTION

[0010]  Accordingly, one aspect of the invention relates to a method of inhibiting tumour
formation, inhibiting tumour growth, inhibiting tumour metastasis or treating or preventing
cancer in a subject, the method comprising separate, simultaneous or sequential
administration of an effective amount of milk fat or a milk fat analogue and one or more
therapeutic agents, such as one or more anti-tumour agents, to a subject in need thereof,
preferably the one or more anti-tumour agents are selected from anti-tumour food factors,
chemotherapeutic agents, immunotherapeutic agents, hematopoietic agents, anticachectic
agents, or antimucositic agents, more preferably the one or more therapeutic agents is a
lactdferrin (Lf).

[0011]  Another aspect of the invention relates to a method of stimulating the immune
system of a subject, the method comprising administration of an effective amount of milk fat

or a milk fat analogue to a subject in need thereof. In one embodiment, the method of

3
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stimulating the immune system comprises separate, simultaneous or sequential administration

~ to the subject of milk fat and one or more anti-tumour agents, preferably the one or more anti-

tumour agents is selected from anti-tumour food factors, chemotherapeutic agents,
immunotherapeutic agents, hematopoietic agents, anticachectic agents, or antimucositic

agents, more preferably the one or more therapeutic agents is a lactoferrin.

[0012]  In one émbodiment, the administration increases the production of Th1 and Th2
cytokines within a tumor of the subject. In one embodiment, the administration increases the
production of Thl and Th2 cytokines within the intestine of the subject. In one embodiment,
the administration increases the level of Thl and Th2 cytokines in the systemic circulation of
the subject. In one embodiment, the administration increases an anti-tumour immune response

in the subject.

[0013]  Another aspect of the invention relates to a method of inducing apoptosis in a
subject, the method comprising administration of an effective amount of milk fat or a milk fat
anaio guetoa subj'ect in need thereof. In one embodiment the method of inducing apoptosis
in a subject in need thereof comprises separate, simultaneous or sequential administration to
the subject of milk fat and at least one anti-tumour agent, preferably the at least one anti-
tumour agent is selected from anti-tumour food factors, chemotherapeutic agents,
immunotherapeutic agents, hematopoietic agents, anticachectic agents, or antlmucosmc
agents, more pr eferably the at least one addltlonal therapeutic agent is lactoferrln In one

embodiment the apoptosis is of tumour cells.

[0014]  Another aspect of the invention relates to a method of inhibiting angiogenesis in a
subject, the method comprising administration of an effective amount of milk fat or a milk fat
analogue to a subject in need thereof. In one embodiment the method of inhibiting
angiogenesis in a subject in need thereof comprises separate, simultaneous or sequential
administration to the subject of milk fat and at least one anti-tumour agent, preferably the at
least one anti-tumour agent is selected from anti-tumour food factors, chemotherapeutic
agents, immunotherapeutic agents, hematopoietic agents, anticachectic agents, or
antimucositic agents, more preferably the at least one additional therapeutic agent is

lactoferrin. In one embodiment the angiogenesis is tumour angiogenesis.

[0015]  Another aspect of the invention relates to a method of treating or preventing anemia
caused by low hemoglobin or red blood cell levels, cachexia, mucositis, or leukopaenia, or of

maintaining or improving one or more of the white blood cell count, the red blood cell count,
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and the myeloid cell count of a subject, the method comprising administration of an effective

amount of milk fat or a milk fat analogue to a subject in need thereof.

[0016] Another aspect of the invention relates to a method of maintaining or improving
one or more of the white blood cell count, the red blood cell count, or the myeloid cell count
of a subject comprising administration to the subject of milk fat or a milk fat analogue,
preferably with the separate, simultaneous or sequential administration to the subject of at
least one anti-tumour agent, preferably the at least one anti-tumour agent is selected from anti-
tumour food factors, chemotherapeutic agents, immunotherapeutic agents, hematopoietic
agents, anticachectic agents, or antimucositic agents, more preferably the at least one

additional therapeutic agent is lactoferrin.

[0017]  Another aspect of the invention relates to a method of treating or preventing anemia
in a subject comprising administration to the subject of milk fat or a milk fat analogue,
preferably with the separate, simultaneous or sequential administration to the subject of at
least one anti-tumour agent, preferably the at least one anti-tumour agent is selected from anti-
tumour food factors, chemotherapeutic agents, immunotherapeutic agents, hematopoietic
agents, anticachectic agents, or antimucositic agents, more preferably the at least one

additional therapeutic agent is lactoferrin.

[0018]  Another aspect of the invention relates to a method of treating or preventing
cachexia in a subject comprising administration to the subject of milk fat or a milk fat
analogue, preferably with the separate, simultaneous or sequential administration to the
subject of at least one anti-tumour agent, preferably the at least one anti-tumour agent is
selected from anti-tumour food factors, chemotherapeutic agents, immunotherapeutic agents,
hematopoietic agents, anticachectic agents, or antimucositic agents, more preferably the at

least one additional therapeutic agent is lactoferrin.

[0019]  Another aspect of the invention relates to a method of treating or preventing
mucositis in a subject comprising administration to the subject of milk fat or a milk fat
analogue, preferably with the separate, simultaneous or sequential administration to the
subject of at least one anti-tumour agent, preferably the at least one anti-tumour agent is i
selected from anti-tumour food factors, chemotherapeutic agents, immunotherapeutic agents,
hematopoietic agents, anticachectic agents, or antimucositic agents, more preferably the at

least one additional therapeutic agent is lactoferrin.
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[0020]  Another aspect of the invention relates to a method of inhibiting tumour formatiAon,
inhibiting tumour growth, inhibiting tumour metastasis or treating or preventing cancer in a
subject comprising the administration to the subject of a milk fat fraction such as a
phospholipid fraction, hard milk fat fraction, soft milk fat fraction, sphingolipid fraction, milk

fat globular membrane fraction, phospholipid fraction, or complex lipid fraction, or a

- combination of any two or more thereof, optionally with at least one additional therapeutic

agent, preferably the at least one additional therapeutic agent is selected from anti-tumour
food factors, immunotherapeutic agents, hematopoietic agents, anticachectic agents, or
antimucositic agehts, more preferably the at least one additional therapeutic agent is (

lactoferrin (L£).

[0021]  Another aspect of the invention relates to a method of increasing the responsiveness
of a subject to a cancer therapy comprising administration to the subject of milk fat or a milk
fat analogue, preferably with the separate, simultaneous or sequential administration to the
subject of at least one anti-tumour agent, preferably the at least one anti-tumour agent is
selected from anti-tumour food factors, chemotherapeutic agents, immunotherapeutic agents,
hematopoietic agents, anticachectic agents, or antimucositic agents, more preferably the at

least one additional therapeutic agent is lactoferrin.

[0022]  Another aspect of the invention relates to a method of increasing the sensitivity of a
tumour in a subject to a cancer therapy comprising administration to the subject of milk fat or
a milk fat analogue, preferably with the separate, simultaneous or sequential administration to
the subject of at least one anti-tumour agent, preferably the at least one anti-tumour agent is
selected from anti-tumour food factors, chemotherapeutic agents, immunotherapeutic agents,
hematopoietic agents, anticachectic agents, or antimucositic agents, more preferably the at

least one additional therapeutic agent is lactoferrin.

[0023]  Another aspect of the invention relates to a method of speeding the recovery of a
subject undergoing cancer therapy comprising administration to the subject of milk fat or a
milk fat analogue, preferably with the separate, simultaneous or sequential administration to
the subject of at least one anti-tumour agent, preferably the at least one anti-tumour agent is
selected from anti-tumour food factors, chemotherapeutic agents, immunotherapeutic agents,

hematopoietic agents, anticachectic agents, or antimucositic agents, more preferably the at

- least one additional therapeutic agent is lactoferrin.

[0024]  Another aspect of the invention relates to use of milk fat in the manufacture of a

composition for a purpose as herein described, preferably the composition comprises or is
6
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administered separately, simultaneously or sequentially with at least one additional
therapeutic agent, preferably the at least one additional therapeutic agent is an anti-tumour
agent, preferably the anti-tumour agent is selected from anti-tumour food factors,
immunotherapeutic agents, hematopoietic agents, anticachectic agents, or antimucositic

agents, more preferably the at least one additional therapeutic agent is lactoferrin.

[0025]  Another aspect of the invention relates to use of milk fat, optionally with at least
one additional therapeutic agent, in the manufacture of a composition for a purpose as herein

described.

[0026] Another aspect of the invention relates to use of milk fat and at least one additional
therapeutic agent in the manufacture of a composition for a purpose as herein described,

wherein the composition is formulated to provide separate, simultaneous or sequential

- administration of the milk fat and the at least one additional therapeutic agent.

[0027]  Another aspect of the invention relates to use of milk fat and at least one additional
therapeutic agent in the manufacture of a composition for a purpose as herein described,
wherein the milk fat is administered separately, simultaneously or sequentially with the

additional therapeutic agent.

[0028]  Another aspect of the invention relates to use of milk fat and at least one additional
therapeutic agent in the manufacture of a composition for a purpose as herein described,
wherein the milk fat is formulated for administration separately, simultaneously or

sequentially with the additional therapeutic agent.

[0029]  Another aspect of the invention relates to a composition comprising, consisting
essentially of or consisting of milk fat and one or more, two or more or three or more

additional therapeutic agents.

[0030] Another aspect of the invention relates to a product comprising, consisting
essentially of or consisting of milk fat and one or more, two or more or three or more
additional therapeutic agents as a combined preparation for simultaneous, separate or

sequential use for a purpose as described herein.
[0031] The following embodiments may relate to any of the above aspects.

[0032] In preferred embodiments, the at least one therapeutic agent is an anti-tumour

agent. In preferred embodiments, the anti-tumour agent is lactoferrin.



WO 2008/140335 PCT/NZ2008/000105

[0033] Inone embodiment the lactoferrin is selected from the group comprising a
lactoferrin polypeptide, a functional lactoferrin variant, a functional lactoferrin fragment,
metal ion Iactoferfin, a metal ion lactofefrin functional variant, and a metal ion lactoferrin
functional fragment, or a mixture of any two or more thereof. In one embodiment the
lactoferrin is apo-lactoferrin. In another embodiment the lactoferrin is naturally iron-

saturated. In another embodiment the lactoferrin is substantially fully iron saturated.

[0034]  Purposes described herein include a purpose selected from inhibiting tumour
formation, inhibiting tumour growth, inhibiting tumour metastasis or treating or preventing
cancer in a subject in need thereof, stimulating the immune system of a subject in need
thereof, increasing the production of Th1 and Th2 cytokines within a tumor of a subject in
need thereof, increasing the production of Thl and Th2 cytokines within the intestine of a
subject in need thereof, increasing the level of Th1 and Th2 cytokines in the systemic
circulation of a subject in need thereof, increasing an anti-tumour immune response in a
subject in need thereof, inducing apoptosis in a subject in need thereof, inducing apoptosis of
tumour cells in a subject in need thereof, inhibiting angiogenesis in a subject in need thereof,
inhibiting tumour angiogenesis in a subject in need thereof, maintaining or improving one or
more of the white blood cell count, the red blood cell count, or the myeloid cell count in a
subject in need thereof, treating or preventing anemia in a subject in need thereof, treatlng or

' preventing cachexia in a subject in need thereof, treating or preventing muoosms ina subJ ect
in need thereof, increasing the responsiveness of a subject to a cancer therapy, increasing the
sensitivity of a tumour in a subject to a cancer therapy, and speeding the recovery of a subject

undergoing cancer therapy.

[0035]  In one embodiment, the at least one therapeutic agent or anti-tumour agent is
selected from the group consisting of anti-tumour food factors, immunotherapeutic agents,

hematopoietic agents, anticachectic agents, or antimucositic'agents.

[0036] In one embodiment the anti-tumour food factor is selected from vitamin D and
vitamin D analogues (including but not limited to those referenced below), soy protein, one or
more soybean components (including those those referenced below), polyphenols, lycopene,
wheat bran, flavonoids, inositol, resveratrol, propolis, mushroom extract, anthocyanins,

almonds, ginseng, casein hydrolysate, and combinations thereof.

[0037]  In one embodiment the anti-tumour food factor is selected from the group
comprising anti-tumour foods and anti-tumour food components. Preferably one or more, two

or more or three or more anti-tumour food factors are administered.
8
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[0038] In one embodiment the anti-tumour food may be a functional food or derivative

thereof that has anti-cancerous properties including those described herein.

[0039] In one embodiment the anti-tumour food component may be selected from those

described herein.

[0040] In one embodiment a method of the invention comprises administration of a
composition consisting essentially of or consisting of milk fat and at least one additional
therapeutic agent, preferably the at least one additional therapeutic agent is selected from a
lactoferrin, a functional lactoferrin variant, a functional lactoferrin fragment, metal ion
lactoferrin, a metai ion lactoferrin functional variant, a metal ion lactoferrin functional
fragment, or a mixture thereof. Pr;:ferably the composition consists essentially of or consists

of one or more, two or more or three or more anti-tumour food factors.

[0041] In one embodiment of a use of the invention, a composition is manufactured for
inhibiting tumour formation in a subject, inhibiting tumour growth in a subject, inhibiting
tumour metastasis in a subject, treating or preventing cancer in a subject, stimulating the
immune system in a subject, increasing the production of Thl and Th2 cytokines within a
tumor in a subject, increasing the production of Th1 and Th2 cytokines within the intestine of
a subject, increasing the level of Thl and Th2 cytokines in the systemic circulation of a
subject, increasing an anti-tumour immune response in a subject, inducing apoptosis in a
subject, inducing apoptosis of tumour cells in a subject, inhibiting angiogenesis in a subject,
inhibiting tumour angiogenesis in a subject, maintaining or improving one or more of the
white blood cell count, the red blood cell count, or the myeloid cell count of a subject, treating
or preventing anemia in a subject in need thereof, treating or preventing cachexia in a subject
in need thereof, treating or preventing mucositis in a subject in need thereof, treating or

preventing leukocytopenia in a subject in need thereof, increasing the responsiveness of a

subject to a cancer therapy, increasing the responsiveness of a tumour in a subject to a cancer

therapy or speeding the recovery of a subject undergoing cancer therapy.
[0042] In one embodiment the administration is oral, topical or parenteral administration.

[0043] Inone embodiment the subject is suffering from or is susceptible to cancer; has
undergone therapy, but is in relapse or is susceptible to relapse; has a tumour refractory to
therapy with a chemotherapeutic, radiotherapeutic, anti-angiogenic or immunotherapeutic
agent; or has préviously undergone surgery, unsuccessful surgery or unsuccessful therapy

with a chemotherapeutic, radiotherapeutic, anti-angiogenic or immunotherapeutic agent.

9
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[0044]  In one embodiment, the milk fat is selected from dairy lipids, dairy lipid fractions,
dairy lipid hydrolysates, and dairy lipid fraction hydrolysates. Preferred milk fats are dairy
fats, particularly bovine milk fats.

[0045]  In other embodiments, the milk fat is any mammalian milk fat including but not

limited to sheep, goat, pig, mouse, water buffalo, camel, yak, horse, donkey, llama or human

" milk fat,

[0046]  In one embodiment the lactoferrin is any mammalian lactoferrin including but not
limited to sheep, goat, pig, mouse, water buffalo, camel, yak, horse, donkey, llama, bovine or

human lactoferrin. Preferably the lactoferrln is bovine lactoferrin.

[0047]  In one embodiment the lactoferrin is apo-lactoferrin. In one embodiment the
lactoferrin, functional lactoferrin variant or functional lactoferrin fragment is free of metal
ions. In one embodiment the lactoferrin or functional variant or functional fragment thereof is

at least about 5, 10, or 20% metal ion saturated on a stoichiometric basis.

[0048]  In one embodiment the metal ion is an ion selected from the group comprising
aluminium, bismuth, copper, chromium, cobalt, gold, iron, manganese, osmium, platinum,
ruthenium, and zinc ions, or any combination of any two or more thereof, or other ions that
will coordinate specifically in a lactoferrin metal ion binding pocket. Preferably the metal ion

is an iron ion.

[0049]  In one embodiment, the lactoferrin, functional lactoferrin variant or functional
lactoferrin fragment is involved in non-specific ion binding. Preferably, the ions that may be
non-specifically bound to the lactoferrin, functional lactoferrin variant or functional
lactoferrin fragment are selected from aluminium, calcium, bismuth, copper, chromium,
cobalt, gold, iron, manganese, osmium, platinum, ruthenium, selenium, and zinc ions, or any
combination of any two or more thereof. The ion may be any jon or mixture of ions that will
non-specifically bind to the lactoferrin, functional lactoferrin variant or functional lactoferrin

fragment, preferably calcium and selenium ions.

[0050]  In one embodiment the metal ion lactoferrin or a metal jon functional variant or
functional fragment thereof is at least about 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.5 or 100% metal ion saturated on a stoichiometric

. basis.

[0051]  In one embodiment the metal ion lactoferrin or a metal ion functional variant or
functional fragment thereof'is at least about 105, 110, 115, 120, 125, 130, 135, 140, 145, 150,
10
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155, 160, 165, 170, 175, 180, 185, 190, 195 or 200% metal ion saturated on a stoichiometric

basis.

[0052] In one embodiment, a composition useful herein comprises about 2 grams to about
210 grams of milk fat or a milk fat analogue and from about 0.1 grams to about 210 grams of
one or more anti-tumour agents. In one embodiment the composition comprises about 2, 4, 6,
8, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120,
125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175, 180, 185, 190, 195, 200, 205 or 210
grams of milk fat or a milk fat analogue and useful ranges may be selected between any of
these values. In one embodiment the composition comprises about 2, 4, 6, 8, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135,
140, 145, 150, 155, 160, 165, 170, 175, 180, 185, 190, 195, 200, 205 or 210 grams of one or

. more anti-tumour agents and useful ranges may be selected between any of these values.

Preferably the one or more anti-tumour agents are selected from the group éomprising
lactoferrin, apo-lactoferrin, a lactoferrin polypeptide, a functional lactoferrin variant, a

functional lactoferrin fragment, metal ion lactoferrin, naturally iron-saturated lactoferrin,

, suBstantially fully iron-saturated lactoferrin, a metal ion lactoferrin functional variant, a metal

ion lactoferrin functional fragment, or a mixture thereof. In various embodiment the

composition comprises

(a) about 2 grams to about 210 grams of milk fat or a milk fat analogue and from about
0.7 grams to about 70 grams of the one or more anti-tumour agents;

(b) about 35 grams to about 210 grams of milk fat or a milk fat analogue and from about
0.35 grams to about 210 grams of the one or more anti-tumour agents;

(c) about 10 grams to about 200 grams of milk fat or a milk fat analogue and from about
2.5 grams to about 70 grams of the one or more anti-tumour agents;

(d) about 10 grams to about 200 grams of milk fat or a milk fat analogue and from about
0.25 grams to about 5 grams of the one or more anti-tumour agents;

(e) about 15 grams to about 30 grams of milk fat or a milk fat analogue and frorh about 1
grams to about 6 grams of the one or more anti-tumour agents; or

(f)  about 3 grams to about 8 grams of milk fat or a milk fat analogue and from about 0.1

grams to about 1 grams of the one or more anti-tumour agents.

[0053] In one embodiment the method comprises administration with milk fat of a mixture
of metal ion lactoferrin and at least one metal ion functional variant or functional fragment

thereof.

11
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[0054]  In one embodiment the milk fat and the additional therapeutic agent, preferably
lactoferrin, provide a synergistic therapeutic effect that is greater than the effect of either one
alone or greater than the additive effects of either one alone. For example, there is a greater
effect on inhibition of tumour formation or growth, tumour regression, cytolytic effects,
immune enhancement, generation of Thl and Th2 cytokines, maintenance or improvement in
white blood cell count, red blood cell count, or myeloid cell count, treatment or prevention of
anemia, cachexia,_mucositis, or the responsivenesé of a subject or a tumour to the treatment
method. In one embodiment, the lactoferrin and the anti-tumour food factor allow the
administration of ;':1 co-administered or sequentially administered cancer therapy to be reduced

or increased in dose or in length of administration, as appropriate.

[0055] In one embodiment a method of the invention further comprises separate,

simultaneous or sequential administration of at least one cancer therapy.

[0056] In one embodiment the cancer therapy is an anti-tumour agent or anti-tumour

therapy.

[0057] Inone embodiment the milk fat, optionally with at least one additional therapeutic
agent, and at least one anti-tumour agent or anti-tumour therapy are administered separately,

simultaneously or sequentially.

' [0058]  In one embodiment the anti-tumour therapy is selected from therapies such as, but
not limited to, surgery, chemotherapies, radiation therapies, hormonal therapies, biological -
therapies/immunotherapies, cellular therapies, anti-angiogenic therapies, cytotoxic therapies,
vaccines, nucleic acid-based vaccines (e.g. nucleic acids expressing a cancer antigen such as
DNA vaccines including p185 vaccines), viral-based therapies (e.g. adeno-associated virus,
lentivirus), gene therapies, small molecule inhibitor therapies, nucleotide-based therapies (e.g.
RNAI, antisense, ribozymes etc), éntibody—based therapies, oxygen and ozone treatments,
embolization, and/or chemoembolization therapies. In one embodiment the anti-tumour agent

comprises one or more angiogenesis inhibitors.

[0059]  In one embodiment the anti-tumour agent is a chemotherapeutic agent or an
immunotherapeutic agent. In one embodiment the at least one anti-tumour agent is a
chemotherapeutic agent. Preferably the chemotherapeutic agent is selected from tubulin
disruptors,'DNA intercalators, and mixtures thereof. In one embodiment tubulin disruptors
include but are not limited to those listed in published international patent application WO

2006/054908 that is incorporated by reference herein. In one embodiment DNA intercalators
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include but are not limited to those listed in published international patent application WO
2006/054908 that is incorporated by reference herein. In one embodiment the
chemotherapeutic‘agent is paclitaxel, doxorubicin, epirubicin, fluorouracil, cyclophosphamide

or methotrexate.

[0060] In one embodiment the anti-tumour agent is an immunotherapeutic agent.
Preferably the immunotherapeutic agent is an expression plasmid encoding the T cell co-
stimulator B7-1, a2 T cell co-stimulator, or a functionally related molecule, for example a
soluble B7-Ig chimera. In one embodiment the anti-tumour agent comprises immune cell

therapy. Preferably the therapy is dendritic cell therapy.

[0061] In one embodiment the chemotherapeutic agent is paclifaxel, doxorubicin,

epirubicin, fluorouracil, cyclophosphamide or methotrexate.

[0062] In one embodiment the anti-tumour agent is an immunotherapeutic agent.
Preferably the immunotherapeutic agent is an expression plasmid encoding the T cell co-

stimulator B7-1, a T cell co-stimulator, or a functionally related molecule, for example a

soluble B7-Ig chimera.

[0063] In one embodiment the anti-tumour agent comprises immune cell therapy.

Preferably the therapy is dendritic cell therapy.

[0064] Inone embodiment the anti-tumour agent comprises one or more angiogenesis
inhibitors.

[0065] In one embodiment the at least one anti-tumour agent is administered orally or

parenterally, preferably by intravenous, intraperitoneal or intratumoural injection.

[0066] In one embodiment the milk fat, optionally with at least one additional therapeutic

. agent,is administered daily for at least about 1, 2, 3, 4, 5, 6, 7,38, 9 or 10 weeks before

administration of the anti-tumour agent or anti-tumour therapy.

[0067] Inone embodiment the milk fat, optionally with at least one additional therapeutic
agent, is administéred for at least about 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,

18, 19, 20 or 21 days or for at least about 1, 2, 3, 4, 5, 6, 7 or 8 weeks or for at least about 1,

2,3, 4, 5 or 6 months before administration of the anti-tumour agent or the anti-tumour

therapy.

[0068] In one embodiment the milk fat, optionally with at least one additional therapeutic

agent, is adminiétered for at least about 1, 2, 3,4, 5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17,
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18, 19, 20 or 21 days or for at least about 1,2, 3, 4, 5, 6, 7 or 8 weeks or for at least about 1,
2,3, 4, 5 or 6 months after administration of the anti-tumour agent or the anti-tumour therapy

has begun.

[0069] In one embodiment the milk fat, optionally with at least one additional therapeutic

agent, is administered at least once daily including continuously over a day orally or by

parenteral drip or a combination of administrative routes, with or without a cancer therapy.

[0070] In one émbodiment the tumour or the cancer is a solid tumour, a leukemia,
lymphoma, multiple myeloma, a hematopoietic tumor of lymphoid lineage, a hematopoietic
tumor of myeloid lineage, a colon carcinoma, a breast cancer, a melanoma, a skin cancer or a

lung cancer.

[0071] In one embodiment the tumour or the cancer is a leukemia such as but not limited
to, acute leukemia, acute lymphocytic leukemia, acute granulocytic leukemia, acute
myelocytic leukemia such as myeloblastic, promyelocytic, myelomonocytic, monocytic,
erythroleukemia leukemia and myelodysplastic syndrome, chronic leukemia such as but not
limited to, chronic myelocytic leukemia, chronic granulocytic leukemia, chronic lymphocytic

leukemia, and hairy cell leukemia.

[0072] In one embodiment the tumour or the cancer is a lymphoma such as but not limited

to Hodgkin's disease and non-Hodgkin's disease.

[0073] In one embodiment the tumour or the cancer comprises a hematopoietic tumor of
myeloid lineage such as but not limited to acute and chronic myelogenous leukemia,

smoldering multiple myeloma, nonsecretory myeloma and osteosclerotic myeloma.

[0074] In one embodiment the tumour or the cancer comprises a hematopoietic tumor of
lymphoid lineage, including leukemia, acute and chronic lymphocytic leukemia, acute and

chronic lymphoblastic leukemia, B-cell lymphoma, T-cell lymphoma, Burkitts lymphoma.

[0075] In one embodiment the tumour or the cancer comprises a hematopoietic tumor of B

lymphoid lineage.

[0076] In one embodiment the tumour or the cancer comprises a hematopoietic tumor of T

lymphoid lineage.

-[0077] Inone embodiment the tumour is a large tumour. In one embodiment the tumour is

or the cancer comprises

(a) a tumour that is at least about 0.3, 0.4 or 0.5 cm in diameter, or

14



30

WO 2008/140335 PCT/NZ2008/000105

(b) a tumour that is refractory to therapy with one at least one immunotherapeutic, anti-

angiogenic or chemotherapeutic agent.

[0078] In one embodiment one or more of the white blood cell count, the red blood cell

count, or the myeloid cell count of the subject is maintained or improved.
[0079]  In one embodiment the tumour is reduced in size or substantially eradicated.

[0080] In one embodiment, when administered the lactoferrin is administered in a dosage
form comprising digestible protein, preferably casein or other protein such as other edible

proteins.

[0081] In one embodiment the composition is a food, drink, food additive, drink additivé,

dietary supplement, nutritional product, medical food, nutraceutical, medicament or

. pharmaceutical. Preferably the composition is formulated for oral or topical administration. -

Preferably the composition is formulated for oral or parenteral administration. In one

embodiment the composition comprises milk fat and a milk protein fraction.

[0082] In one embodiment the composition comprises a milk composition selected from
fresh or recombined whole milk, recombined or fresh skim milk, reconstituted whole or skim
milk powder, skim milk concentrate, skim milk powder, skim milk retentate, concentrated
milk, buttermilk, ultrafiltered milk retentate, milk protein concentrate (MPC), milk protein
isolate (MPI), calcium depleted milk protein concentrate (MPC), low fat milk, low fat milk
protein conc¢entrate (MPC), colostrum, a colostrum fraction, colostrum protein concentrate
(CPC), colostrum whey, an immunoglobulin fraction from colostrum, whey, whey protein
isolate (WPI), whey protein concentrate (WPC), sweet whey, lactic acid whey, mineral acid

whey, or reconstituted whey powder.

[0083]  In one embodiment the milk fat is formulated for coadministration with the at least
one additional therapeutic agent. In one embodiment the milk fat is formulated for sequential

administration with the at least one additional factor.

[0084] In one embodiment when a composition of the invention or a composition
employed in a method of the invention comprises lactoferrin, the composition provides a
population of lactoferrin polypeptides or functional variants or fragments thereof wherein at
least about.25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 99.5 or 100% of the available metal ion-binding pockets in the population are bound to a

metal ion, preferably an iron ion.
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[0085]  In one embodiment when a composition of the invention or a composition
employed in a method of the invention comprises lactoferrin, the composition provides a
population of lactoferrin polypeptides or functional variants or fragments thereof wherein
about 100% of the available metal ion-binding pockets in the population are bound to a metal
ion, preferably an iron ion, and additional metal ions are bound to the lactoferrin molecules in
non-specific binding sites so that the lactoferrin is at least about 105, 110, 115, 120, 125, 130,
135, 140, 145, 150, 155, 160, 165, 170, 175, 180, 185, 190, 195 or 200% metal ion saturated

on a stoichiometric basis.

[0086] In one émbodiment, the milk fat or milk fat analogue comprises
(a) between about 23%(w/w) and about 32%(w/w) palmitic acid,

(b)  between about 15%(w/w) and about 22%(W/W) oleic acid;

(c) between about 10%(w/w) and about 15%(w/w )stearic acid;

(d)  between about 9%(w/w) and about 12%(w/w) myristic acid;

(e) = between about 3%(w/w) and about 5%(w/w) butyric acid;

€3 any two of a), b), ¢), d), or €) above;

(g) any three of a), b), ¢), d), or e) above;

(h) any four of a), b), ¢), d), or e) above; or

(i)  eachofa),b),c),d), and €) above.

[0087] Itis intended that reference to a range of numbers disclosed herein (for example, 1
to 10) also incorporates reference to all rational numbers within that range (for example, 1,
1.1,2,3,3.9,4,5,6,6.5,7, 8,9 and 10) and also any range of rational numbers within that
range (for example, 2 to 8, 1.5 to 5.5 and 3.1 to 4.7) and, therefore, all sub-ranges of all ranges
expressly disclosed herein are hereby expressly disclosed. These are only examples of what is
specifically intended and all possible combinations of numerical values between the lowést
value and the highest value enumerated are to be considered to be expressly stated in this

application in a similar manner.

[0088]  In this specification where reference has been made to patent specifications, other
external documents, or other sources of information, this is generally for the purpose of
providing a context for discussing the features of the invention. Unless specifically stated
otherwise, reference to such external documents is not to be construed as an admission that
such documents, or such sources of information, in any jurisdiction, are prior art, or form part

of the common general knowledge in the art.
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[0089] The invention may also be said broadly to consist in the parts, elements and
features referred to or indicated in the specification of the application, individually or
collectively, in any or all combinations of two or more of said parts, elements or features, and
where specific integers are mentioned herein that have known equivalents in the art to which
the invention relates, such known equivalents are deemed to be incorporated herein as if

individually set forth.
BRIEF DESCRIPTION OF THE DRAWINGS

[0090] Figure 1 is a graph showing that milk fat inhibits the growth of lymphomas and
inhibits tuﬁorigeﬁesis. Mice were fed the control AIN93G diet or the same diet where a
proportion of the fat was substitutéd with either milk fat, or enriched milk fat. After 2 weeks
on the diets, 2 x 105 EL-4 cells were injected into the flanks of mice. Tumour size as
measured by two perpéndicular diameters (in centimetres) was monitored until day 91, or
until tumours reached 1 cm in diameter. Each point represents the mean tumour size with 95%

confidence intervals for either 6 mice, or the number of mice indicated.

[0091]  Figure 2 is a graph showing that milk fat augments B7-1 immunogene therapy to
eradicate tumours. Mice were fed the control AIN93G diet or the same diet where a
proportion of the fat was substituted with either milk fat, or enriched milk fat. After 2 weeks
on the diets, 2 x 10° EL-4 cells were injected into the flanks of mice. Tumour size as
measured by two perpendicular diameters (in centimetres) was monitored. The tumours were
injected with DNA-liposome complexes containing 60 pg of a B7-1 expression plasmid when
tumours reached ~0.4 cm in diameter. The timing of administration of the plasmid is indicated
by the arrow. Tumour size as measured by two perpendicular diameters (in centimetres) was

monitored until day 91, or until tumours reached 1 cm in diameter. Each point represents the

mean tumour size with 95% confidence intervals for either 6 mice, or the number of mice

indicated.

[0092]  Figure 3 is four graphs showing that milk fat synergizes with iron-saturated
lactoferrin (Lf+) to completely prevent tumorigenesis. (A) Effects on tumorigenesis. Mice
were fed the control AIN93G diet or the same diet where a proportion of thefat and protein
was substituted with either Lf+, milk fat, or a combination of Lf+ and milk fat. Day 0 refers to
the day the-mice were placed on their diets. After 2 weeks on the diets, 2 x 105 EL-4 cells
were injected into the flanks of mice. Tumour size as measured by two perpendicular
diameters (in centimetres) was monitored until day 56. Each point represents the mean tumour

size with 95% confidence intervals for either 6 mice, or the number of mice indicated. (B)
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Effects on anti-tumour cytolytic activity. Splenocytes were harvested from mice in (A) at day
56 and tested for their cytolytic activity against EL-4 target cells. The percent cytotoxicity is
plotted against various effector-to-target cell ratios (E:T ratios). Each point represents the
mean percent cytotoxicity obtained from 6 mice or the number of mice indicated. Error bars

represent 95% confidence intervals. (C) Effects on tumour cell apoptosis. Sections were

" prepared from tumours as in (A) at day 56, and were stained by the terminal

deoxynucleotidyltransferase-mediated deoxyuridine triphosphate-digoxigenin nick end
labeling (TUNELj method, and also by the annexin-V-fluos method. The number of apoptotic
cells detected by ’i“UNEL or annexin-V-fluos staining of tumour sections was determined for
10 randomly selected fields viewed at x40 magnification. The apoptqtic index (A/l)isthe
number of apoptotic (TUNEL or annexin-V-fluos positive) cells x (100/total number of cells).
Bars indicate 95% confidence intervals. (D) Effects on tumour angiogenesis. Sections were
prepared from mice in (A) at day 56, and stained with either the anti-CD31 mAb MEC13.3 or
an anti-CD105 mAD to visualize blood vessels, or alternatively DiO7 was injected into the tail
vein one minute prior to collecting tissues in order to visualize blood flow. Stained blood

vessels were counted from six mice in six blindly chosen random fields.

[0093] Figure 4 is six graphs showing that alpha lipid powder (Phospholac 600TM) and
sphingomyelin inhibit the growth of tumours. Mice were fed the control AIN93G diet (A) or
the same diet where a proportion of the fat or protein was substituted with either Lf+ (B),
Phospholac 600TM (C), sphingomyelin (D), a combination of Lf+ and Phospholac 600TM
(E), or a combination of Lf+ and sphingomyelin (F). Tumour size as measured by two
perpendicular diameters (in centimetres) is plotted against time for each individual mouse.

The time scale on the x-axis is not linear.

[0094]  Figure 5 is a graph showing that milk fat suppresses the growth of primary breast
cancer tumours. Balb/c mice were placed on a milk fat diet or the corresponding control diet.
Two weeks later, tumours were established by s.c. injection of 2 x 104 4T1 tumour cells into
the right flank of mice. Paclitaxel was administered i.p. when the tumours reached O..5 cm in
diameter. The miée were monitored for tumour growth, and tumour size was measured every
three days. *Significant (P < 0.05) difference versus mice fed the control diet. #Significant (P

< 0.05) difference versus mice fed the control diet and treated with paclitaxel.

' [0095]  Figure 6 is a graph showing that milk fat suppresses the growth of breast cancer

tumours that metastasize to the lung, and augments the effects of paclitaxel. Mice in Figure 5

were euthanased at day 35 and their lungs removed. The numbers of metastatic tumours on
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the surface of the lungs from mice fed either the control diet, the control diet and treated with
paclitaxel, the milk fat diet, or the milk fat diet and treated with paclitaxel were counted, and
are expressed as rﬁean number + SEM. *Significant (P < 0.05) difference versus mice fed the
control diet. #Signiﬁcant (P < 0.05) difference versus mice fed the control diet and treated

with paclitaxel.

[0096] Figure 7isa graph showing that milk fat suppresses the growth of breast cancer
tumours that metastasize to the liver, and augments the effects of paclitaxel. Mice in Figure 5
were euthanased at day 35 and their livers removed, sectioned, and stained with
hematoxylin/eosin. The numbers of metastatic tumours inside livers from mice fed either the
control diet, the control diet and treated with paclitaxel, the milk fat diet, or the milk fat diet
and treated with paclitaxel were counted, and are expressed as mean number = SEM.

’ *Significant (P < 0.055 difference versus‘ mice fed the control diet. #Significant (P < 0.05)

difference versus mice fed the control diet and treated with paclitaxel.

[0097] Figure 8 is two graphs showing that milk fat inhibits tumour angiogenesis. 4T1
tumours from mice in Figure 5 were excised, sectioned, and stained with an anti-CD31 mAb
to identify vascular endothelial cells. Blood vessels stained with the anti-CD31 mAb were
counted in blindly chosen random. fields to record mean vessel density (A), or the median
distance to the nearest CD31 mAb-labeled blood vessel from an array point (B). Error bars
represent = SEM. *Significant difference (P < 0.05) versus mice fed the control diet. #

Significant difference (P < 0.05) versus mice fed the control diet and treated with paclitaxel.

[0098] Figure 9 is two graphs showing that milk fat protects agéinst chemotherapy-induced
gut damage. Mice in Figure 5 were euthanased at day 35 and their jejuni excised, sectioned,
and stained with hematoxylin/eosin. (A) Mean (= SEM) length of the jejunal villi. (B) Mean
(x SEM) activity of y-GGT. *Significant difference (P < 0.05) versus mice fed the control
diet. # Significant difference (P < 0.05) versus mice fed the control diet and treated with

paclitaxel.

[0099] Figure 10isa graph showing that milk fat prevents chemotherapy-induced
apoptosis of gut cells. Jejuni as in Figure 9 were stained by the TUNEL method. Apoptotic
bodies were counted in 10 randomly selected crypts and expressed as apoptotic bodies per
crypt (meail + SEM). *Significant difference (P < 0.05) versus mice fed the control diet. #

Significant difference (P < 0.05) versus mice fed the control diet and treated with paclitaxel.
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[0100] Figure 11 is three graphs showing that milk fat inhibits the loss of body weight due
to chemotherapy, as described in Example 14. (A) Milk fat in the diet does not significantly
increase body Weight in healthy mice. Mice were fed the control AIN93G diet or the same
diet where a proportion of the fat was substituted with either 70%, 25%, or 5% milk fat for 4
weeks prior to chemotherapy. At the end of the 4 week period the average body weights of the
mice were recorded (actual figures provided at the tops of the bars). (B, C) Milk fat in the
diet prevents body weight loss due to chemotherapy, and hastens weight gain. After 4 weeks
on the above diets:the mice in (A) were injected with 300 mg/Kg of cyclophosphamide. The
peréent change in body weight was recorded 4 (B) and 12 (C) days later and compared to
initial body weight. *** P<0.001 and ** P<0.01 compared to control diet.

[0101] Figure 12 is a graph showing that milk fat at high doses inhibits the loss of
peripheral WBC due to chemotherapy, as described in Example 15. The peripheral WBC
count was recorded for mice in Figure 11 on the day of injection of cyclophosphamide, and 4,

8, and 12 days later.

[0102] Figure 13 is two graphs showing that milk fat inhibits the loss of spleen cellularity
due to chemotherapy, and hastens renewal of spleen cellularity, as described in Example 15.

(A) Milk fat prevents loss of spleen cellularity. Milk fat had no effect on spleen cellularity

when fed to mice for 4 weeks prior to chemotherapy. Significant inhibition of the loss in

spleen cellularity was achieved at day 4 after chemotherapy by all three milk fat diets, by the
70% and 25% milk fat diets at day 8, and by the 70% milk fat diet at day 12; compared to the
control diet. (B) Milk fat stimulates the formation of splenic colony forming units. Significant
stimulation of the formation of splenic colony forming units was achieved at day 8 after
chemotherapy by all three milk fat diets, compared to the control diet, whereas by day 12 the
situation had reversed as progenitor cells formed by the milk fat diets were no longer

required. * Significant difference (P<0.05) versus mice fed the control diet.

[0103] Figure 14 is three graphs showing that the milk fat diets attenuate aspects of
anemia, as described in Example 16. The RBC count, the HCT level, and hemoglobin levels
in cardiac éamples were recorded for mice in Figure 11 on the day of injection of
cyclophosphamide, and 4, 8, and 12 days later. (A) Milk fat diets increase the RBC count, but
the results are not significant. (B) Milk fat diets increase the HCT level (RBC volume). The
two highest doses of milk fat significantly increased HCT levels at days 8 and 12. (C) Milk fat

diets increase haemoglobin levels. The two highest doses of milk fat significantly increased
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hemoglobin levels at day 12, and the 25% milk fat diet also increased haemoglobin levels at

day 8.

[0104] Figure 15 is a graph showing that the milk fat diets prevent dmnaée to the small
intestine, as described in Example 17. The lengths of the villi of the jejunum were recorded
for mice in Figure 11 on the day of injection of cyclophosphamide, and 4, 8, and 12 days

later.

[0105] Figuré 16 is a graph showing the recovery of the intestinal villi following
cyclophosphamidé-mediated damage to the small intestine. Mice were fed one of four diets
(control diet, and diets substitured with 0.025% Lf+, milk fat, and a combination of the latter),
and the lengths of the villi of the jéjunum were recorded on the day of injection of
cyclophosphamide, and 4, 8, and 12 days later. On day 8, the average villi length for the
combination of milk fét and 0.025% Lf+ was significantly greater than for the milk fat only or
the 0.025% Lft+ only, providing evidence of a synergistic effect.

[0106] Figure 17 is a graph showing the WBC counts recovered faster following
cyclophosphamide chemotherapy for mice fed diets containing milk fat, 0.025% Lf+, or a
combination of the latter than for mice fed the control diet. WBC counts were recorded in
cardiac blood samples from mice in Figure 16 on the day of injection of cyclophosphamide,
and 4, 8, and 12 days later. The increase in WBC count between day 4 and day 8 for the
combination of milk fat and 0.025% Lf+ was significantly greater than for the milk fat only or
the 0.025% Lf+ only, providing evidence of a synergistic effect.

[0107]  Figure 18 is a graph showing that the RBC counts recover faster following
cyclophosphamide chemotherapy for mice fed diets containing milk fat, 0.25% Lf+, or a

combination of the latter than for mice fed the control diet. RBC counts were recorded in

" cardiac blood samples from mice in Figure 16 on the day of injection of cyclophosphamide,

and 4, 8, and 12 days later. On day 12, the RBC count for the combination of milk fat and
0.25% Lf+ was significantly greater than for the milk fat only or the 0.25% Lf+ only,

providing evidence of a synergistic effect.

[0108]  Figure 19 is a graph showing that HCT recovers faster following cyclophosphamide
chemotherapy for mice fed diets containing milk fat, 0.25% Lf+, or a combination of the latter
than for mice fed the control diet. HCT (RBC volume) was recorded in cardiac blood samples
from mice in Figure 16 on the day of injection of cyclophosphamide, and 4, 8, and 12 days

later. On day 12, the HCT for the combination of milk fat and 0.25% Lf+ was significantly
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greater than for the milk fat only or the 0.025% Lf+ only, providing evidence of a synergistic
effect.

[0109] Figure 20 is a graph showing that hemoglobin recovers faster following
cyclophosphamide chemotherapy for mice fed diets containing milk fat, 0.25% Lf+, or a

_ combination of the latter than for mice fed the control diet. Hemoglobin was recorded in

cardiac blood samples from mice in Figure 16 on the day of injection of cyclophosphamide,
and 4, 8, and 12 days later. On day 12, the hemoglobin for the combination of mllk fat and
0.25% Lf+ was greater than for the milk fat only or the 0.25% Lf+ only. The comparison with
0.25% Lf only was significant.

[0110] Figure 21 is a graph shewing that milk fat increases body weight following
cyclophosphamide chemotherapy for mice fed diets containing milk fat with or without Lf+.
Body weights were recorded in mice in Flgure 16 on the day of injection of
cyclophosphamide, and 4, 8, and 12 days later. When records from all days were pooled, the
weights for any mice supplemeted with milk fat were significantly greater than for the groups

not suppleinented with milk fat.
DETAILED DESCRIPTION OF THE INVENTION
1. Definitions

[0111]  The terms “anhydrous milk fat” and “AMF” are used interchangeably herein and
refer to the milk fat fraction produced by phase inversion of cream, or from melted butter.
Milk fat may be any mammalian milk fat including but not limited to bovine, sheep, goat, pig,
mouse, water buffalo, camel, yak, horse, donkey, llama or human milk fat, with bovine milk
fat being a preferred source. Methods commonly used for the preparation of AMF are
disclosed in Bylund (Ed., 1995), incorporated herein in its entirety. Preferred AMF is
typically about 60%, about 70%, about 80%, about 90%, about 95%, greater than about 95%,
about 96%, about 97%, about 98%, about 99%, about 99.5%, or 100% fat, with AMF of about
99% fat, 99.5% fat or greater being more preferred. AMF is frequently further fractionated
into “hard”(H) and “soft”(S) fractions, the latter can be further fractionated into “soft
hard”(SH) and “soft soft”(SS) fractions, the latter can again be further fractionated into “soft
soft hard”(SSH) and “soft soft soft”(SSS) fractions. As will be appreciated, each fraction

- differs in fatty acid composition. Non-limiting exemplary fatty acid compositions for AMF

and derivative fractions are shown in Tables 1 to 5 below.
Table 1. Exemplary AMF composition
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. Mean Min Max

Fatty acid component (% wiw) (% wiw) (% Wiw)
¢4:0 (butyric acid) 3.6 3.3 4.1
¢6:0 (caproic acid) 2.2 1.9 2.4
¢8:0 (caprylic acid) 1.2 1.1 1.4
¢10:0 (capric acid) 2.6 2.2 2.8
¢10:1 (2-decenoate) 0.3 0.3 0.3
¢12:0 (lauric acid) 2.9 2.5 3.2
¢12:1 (11-dodecenoic acid) 0.1 0.1 0.1
¢13:0 br (tridecanoic acid br) 0.1 0.1 0.1
¢13:0 (tridecanoic acid) 0.1 0.1 0.1
¢14:0 br (myristic acid br) 0.2 0.1 0.2
¢14:0 (myristic acid) 10.4 9.5 10.8
¢14:1 (myristoleic acid) 0.9 0.6 1.0
c15:0 iso 0.4 0.3 0.5

. ¢15:0 ante-iso 0.6 0.5 .07
¢15:0 (pentadecanoic acid) 1.4 1.1 1.5
c16:0 br 03 02 03
¢16:0 (palmitic acid) 287 25.4 304
c16:1 (palmitoleic acid) 1.9 1.6 2.0
¢17:0 iso 0.7 0.6 0.7
¢17:0 ante-iso 0.5 0.5 0.5
¢17:0 (margaric acid) 0.7 0.6 0.8
cl7:1 03 0.3 0.4
c18:0 (stearic acid) - 11.5 108 - 13.6
¢18:1 (oleic acid) 23.4 21.8 264
¢18:2 (linoleic acid) 1.4 1.3 1.7
c18:2 conj . 1.3 1.0 1.8
c18:3 0.8 0.7 0.9
¢20:0 (arachidic acid) 0.2 0.1 0.2
c20:1 0.3 0.2 0.3
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Table 2. Exemplary Fraction H composition

<3 Mean Min Max
Fatty acid component (% wiw) (% wiw) (% wiw)
c4:0 (butyric acid) 2.0 1.8 2.1
¢6:0 (caproic acid) 1.3 1.2 1.4
¢8:0 (caprylic acid) 0.8 0.8 0.9
¢10:0 (capric acid) 2.2 1.9 2.4
¢10:1 (2-decenoate) 0.2 0.1 0.2
¢12:0 (lauric acid) 3.0 2.6 34
¢12:1 (11-dodecenoic acid) 0.0 0.0 0.1
¢13:0 br (tridecanoic acid br) 0.1 0.1 0.1
¢13:0 (tridecanoic acid) 0.1 0.1 0.1
¢14:0 br (myristic acid br) , 0.1 0.1 0.2
¢14:0 (myristic acid) 11.8 10.7 12.6
c14:1 (myristoleic acid 0.6 0.3 0.7
c15:0iso - : 0.4 0.3 0.5
¢15:0 ante-iso 0.5 0.4 : 0.6
¢15:0 (pentadecanoic acid) 1.6 1.2 1.7
¢16:0 br L ; ‘ 03 03 0.3
¢16:0 (palmitic.acid) -~ = - - 348 - 315 . 366
¢16:1 (palmitoleic acid) 1.3 1.1 1.6
c17:01so 08 0.7 0.8
¢17:0 ante-iso 0.5 0.5 0.6
¢17:0 (margaric acid) 09 0.8 0.9

171 o 02 02 03 -

¢18:0 (stearic acid) 152 - 139 197
c18:1 (oleic acid) FEI T 17.0 155 19.8
c18:2 (linoleic acid) 13 1.1 1.5
c18:2 conj 0.8 0.6 1.1
cl8:3 0.5 0.4 ) 0.6
¢20:0 (arachidic acid) 0.2 0.2 0.3
c20:1 0.2 0.1 0.2
Table 3. Exemplary Fraction SH composition

. Mean Min Max
Fatty acid component (% wiw) (% wiw) (%o Wiw)
c4:0 (butyric acid) 4.0 3.7 4.3
¢6:0 (caproic acid) 2.4 2.1 2.6
¢8:0 (caprylic acid) : 1.2 1.1 14
¢10:0 (capric acid) 2.4 2.2 2.7
c10:1 (2-decenoate) 0.3 0.2 0.3
¢12:0 (lauric acid) 2.5 2.3 2.7
¢12:1 (11-dodecenoic acid) 0.1 0.0 0.1
¢13:0 br (tridecanoic acid br) 0.1 0.1 0.1
¢13:0 (tridecanoic acid) 0.1 0.1 0.1
¢14:0 br (myristic acid br) 0.1 0.1 0.2
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¢17:0 (margaric acid)

. Mean Min Max
Fatty acid component (% wiw) (% wiw) (% wiw)
c14:0 (myristic acid) 9.8 9.0 10.3
c14:1 (myristoleic acid) 0.8 0.5 0.9
cl15:0 iso 0.4 0.3 0.4
c15:0 ante-iso 0.5 0.4 0.6
c15:0 (pentadecanoic acid) 1.4 1.1 1.5
c16:0br 02 02 03
¢16:0 (palmitic acid) 328 0 29.8 34.0
cl6:1 (palmitoleic¢ acid) 1.5 1.3 1.8
c17:0 iso 0.6 0.6 0.7
c17:0 ante-iso 0.4 0.4 0.5
¢17:0 (margaric acid) 0.8 0.8 0.9
cl7:1 - 0.3 0.2 0.3
¢18:0 (stearic acid) 132 125 16.1
c18:1 (oleic acid) 19.5 174 22.2
¢18:2 (linoleic acid) 1.3 1.2 1.5
c18:2 conj 1.2 1.0 1.6
cl8:3 0.7 0.6 0.7
¢20:0 (arachidic acid) 0.2 0.2 0.3
c20:1 0.2 0.2 0.3
Table 4. Exemplary Fraction SSH composition
. Mean Min Max
Fatty acid component (% wiw) (% wiw) (% wiw)
c4:0 (butyric acid) 4.0 3.9 4.3
¢6:0 (caproic acid) 2.4 2.2 2.6
¢8:0 (caprylic acid) 1.4 1.2 1.6
¢10:0 (capric acid) 2.8 2.4 34
c10:1 (2-decenoate) 0.3 0.3 0.3
¢12:0 (lauric acid) 3.2 2.7 3.8
c12:1 (11-dodecenoic acid) 0.1 0.1 0.1
- ¢13:0 br (tridecanoic acid br) 0.1 0.1 - 0:1
¢13:0 (tridecanoic acid) 0.1 0.1 . 0.1
c14:0 br (myristic acid br) 0.2 0.1 0.2
c14:0 (myristic acid) 11.5 10.6 12.2
cl4:1 (myristoleic acid) 0.9 0.7 1.0
c15:0 iso 0.4 0.4 0.5
c15:0 ante-iso 0.6 0.6 0.7
¢15:0 (pentadecanoic acid) 1.4 1.2 1.5
c16:0 br 0.3 0.2 0.3
¢16:0 (palmitic acid) 28.6 25.7 30.0
c16:1 (palmitoleic acid) 1.8 1.6 2.0
cl17:0 iso 0.7 0.6 0.7
c17:0 ante-iso 0.5 0.5 0.5
0.7 0.6 0.8
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. Mean Min Max
Fatty acid component (% wiw) (% wiw) (% wiw)
cl7:1 : 0.3 0.3 0.4
¢18:0 (stearic acid) 10.6 10.2 11.3
c18:1 (oleicacid) 22.2 203 24.8
c18:2 (linoleic acid) 1.4 1.3 1.5
"¢18:2 conj 1.3 ' 1.1 17
cl18:3 : 0.8 0.8 1.0
¢20:0 (arachidic acid) 0.2 0.1 0.2
c20:1 ' 0.2 0.0 0.3
Table 5. Exemplary Fraction SSS composition
. Mean Min Max
Fatty acid component (% wiW) (% wiw) (% wiw)
c4:0 (butyric acid) 4.4 4.0 4.7
¢6:0 (caproic acid) 2.7 24 2.8
¢8:0 (caprylic acid) 1.6 1.4 1.8
¢10:0 (capric acid) 3.4 2.8 3.7
¢10:1 (2-decenoate) 0.4 0.3 0.4
¢12:0 (lauric acid) 3.7 3.2 4.1
c12:1 (11-dodecenoic acid) 0.1 0.1 0.1
¢13:0 br (tridecanoic acid br) 0.2 0.1 0.2
¢13:0 (tridecanoic acid) 0.1 0.1 0.1
¢14:0 br (myristic acid br) 0.2 0.2 0.2
¢14:0 (myristic acid) 10.2 9.5 11.0
c14:1 (myristoleic acid) 1.2 0.8 1.3
¢15:0 iso 0.5 0.4 0.5
c15:0 ante-iso 0.8 0.7 0.9
¢15:0 (pentadecanoic acid) 1.1 0.9 1.2
¢16:0 br ’ 0.3 0.2 03
¢16:0 (palmitic acid) 20.0 18.4 21.1
c16:1 (palmitoleic acid) 2.6 2.2 3.0
c17:0 iso ’ 0.6 0.5 0.6
¢17:0 ante-iso 0.5 - 0.5 0.5
¢17:0 (margaric acid) 0.4 0.4 0.5
cl7:1 o 0.5 0.5 0.6
¢18:0 (stearic acid) 6.7 5.8 7.8
c18:1 (oleic acid) - 30.8 28.2 334
¢18:2 (linoleic acid) 1.9 1.7 2.1
c18:2 conj 1.7 1.3 2.3
c18:3 1.3 1.1 1.4
-¢20:0 (arachidic acid) 0.1 0.1 0.1
c20:1 0.3 0.1 0.4
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[0112] The terms “anti-tumour food factor”, “anti-tumour food” and “anti-tumour food
component” refer to foods and food components that are capable of inhibiting tumour
formation or grovﬁh and preferably capable of augmenting the ability of milk fat and/or

lactoferrin to inhibit tumour formation or growth.

[0113] The term “anti-tumour factors” refers at least to apoptosis inducing factors and may

include anti-tumour cytolytic antibodies and tumoricidal cytokines such as TNF-c.

[0114] The term “anti-tumour immune response” refers to the ability of milk fat or
lactoferrin to stimulate the generation of antigen-specific cytolytic activity (the activity of
immune cells, particularly cytotoxic T-lymphocytes) and/or NK cell activity, improve the

cellular immune response to antigens (through the activity of at least cytotoxic T-

" lymphocytes), improve immune protection (by at least restoring the activity of eytotoxic T~

lymphocytes and/or NK cells and enhancing cytokine production), restore immune protection
(by at least restoring or stimulating the activity of cytotoxic T-lymphocytes and/or NK cell
activity and enhaﬁcing cytokine production), generate pro-inflammatory and
immunoregulatory mediators (Thl and Th2 cytokines), and/or generate anti-tumour cytolytic

antibodies and tumoricidal cytokines such as TNF-o.

[0115] The term “anticachectic agent” and its grammatical variant anticachetic agent means
an agent capable of reversing, retarding or halting cachexia or having activity to relieve one or
more of the symptoms of cachexia including progressive loss of body weight (inclusive of
weight loss due to lipolysis and weight loss due to myolysis), anemia, edema, and anorexia in
a subject. Anticachectic agents include cyclooxygenase inhibitors (e.g. indomethacin)
corticosteroids and glucocorticoids, such as prednisolone, methylprednisolone, and
dexamethasone, progestational agents, such as megestrol acetate, medroxyprogesterone
acetate, cannabinoids, such as tetrahydrocannabinols and drqnabinol, serotonin antagonists,
such as cyproheptadine, prokinetic agents, such as metoclopramide and cisapride, anabolic
steroids, such as nandrolone decanoate and fluoxymesterone, inhibitors of
phosphoenolpyruvate carboxykinase, such as hydrazine sulfate, methylxanthine analogs, such
as pentoxifylline and lisofylline, thalidomide, cytokines and anticytokines, such as Anti-IL-6
antibody, IL-12, branched-chain amino acids, lipid metabolism improving agents, such as
eicosapentanoic acid, inhibitors of prostaglandin synthesis, such as indomethacin and
ibuprofen, hormones, such as melatonin, B2-adrenoceptor agonists such as clenbuterol,
metoclopramides, growth hormone, IGF-1, and antibodies to the cachexia-inducing factors
TNF-alpha, LIF, IL-6, and oncostatin M.
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[0116] The term “antimucositic agent” means an agent capable of ameliorating gut damage
such as alceration or reversing, retarding or halting mucositis or having activity to relieve the

symptoms of mucositis.

[0117] The term “comprising” as used in this specification means “consisting at least in part
of”. When interpreting statements in this specification that include that term, the features,
prefaced by that térm in each statement, all need to be present but other features can also be
present. Related terms such as “comprise” and “comprised” are to be interpreted in the same

manner.

[0118] An “cffective amount” is the amount required to confer therapeutic effect. The
interrelationship of dosages for animals and humans (based on milligrams per meter squared
of body surface) is described by Freireich, et al. (1966). Body surface area can be
approximately detemﬁned from height and weight of the subject. See, e.g., Scientific Tables,
Geigy Pharmaceuticals, Ardley, New York, 1970, 537. Effective doses also vary, as
recognized by those skilled in the art, dependent on route of administration, excipient usage,

and the like.

[0119] The terms “enhance the immune system” and “stimulate the immune system” (and

. different tenses of these terms) refer to the ability of milk fat to stimulate the generation-of

antigen-specific cytolytic activity (the activity of immune cells, particularly cytotoxic T-
lymphocytes) and/or NK cell activity, improve the cellular immune response to antigens
(through the activity of at least cytotoxic T-lymphocytes), improve immune protection (by at
least restoring the activity of cytotoxic T-lymphocytes and/or NK cells and ehhancing
cytokine production), restore immune protection (by at least restoring or stimulating the
activity of cytotoxic T-lymphocytes and/or NK cell activity and enhancing cytokine
production) or generate pfo-inﬂammatory and immunoregulatory mediators (Thl and Th2

cytokines).

[0120] The term “functional lactoferrin fragment” is intended to mean a naturally occurring
or non-naturally occurring portion of a lactoferrin polypeptide that has activity when assayed
according the examples below, and includes metal ion functional fragments. Useful
lactoferrin fragments include truncated lactoferrin polypeptides, metal ion-binding
hydrolysates of lactoferrin, fragments that comprise the N-lobe metal ion binding pocket,
fragments that comprise the C-lobe metal ion binding pocket, and metal ion-binding
fragments generated (by artificial or natural processes) and identified by known techniques as

discussed below. Published international patent applications WO 2006/054908 and WO
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2007/043900 report preparation and use of lactoferrin fragments and are incorporated herein

by reference.

[0121] The term “functional lactoferrin variant” is intended to mean a variant of a
lactoferrin polypeptide that has activity when assayed according the examples below, and

includes metal ion functional variants.

[0122] The term “glycosylated” when used in relation to a lactoferrin polypeptide,
functional variant ‘or functional fragment is intended to mean that the lactoferrin is fully or
partially glycosylated with naturally occurring or non-naturally occurring human or bovine
glycosyl groups. Glycosylated and aglycosyl forms of lactoferrin are known (see Pierce, et al.
(1991); Metz-Boutigue, et al. (198'4); van Veen, et al. (2004)).

[0123] The term “hematopoietic agent” means an agent capable of regulating and preferably
stimulating hematopoiesis and/or lymphopoiesis, and includes agents which improve the
quality of the blood, whether by increasing the number of blood cells such as erythrocytes,
lymphocytes or myeloid cells, or by increasing the level of hemoglobin. Preferred
hematopoietic agents are useful in the treatment of anemia. Exemplary hematopoietic agents
include hematopoietic, lymphopoietic, and myeloid growth factors and recombinant
equivalents, such as erythropoietin including epoetin alpha, thrombopoietin, IL-1-12, IL-
20granulocyte/macrophage colony-stimulating factor (GM-CSF) including sargramostim
(LEUKINE), monocyte/macrophage colony-stimulating factore (M-CSF or CSF-1),
macrophage colony-stimulating factore (M-CSF) granulocyte colony-stimulating factor (G-
CSF) including filgrastim (NEUPOGEN), stem cell factor (SCF), FTL-3 ligand (FL), iron and
iron salts such as ferrous sulphate, ferrous fumarate, ferrous gluconate etc, ferric edetate, iron

dextran, sodium ferric gluconate complex‘(FERRLECIT), pyridoxine, riboflavin, vitamins

' including B12, and folic acid. See also Goodman & Gilman's The Pharmacologic.;al.Basi's of

Therapeutics, 10th Edition, Harman JG and Limbird LE eds:, McGraw-Hill, New York,
Chapter 54. Hematopoietic Agents: Growth Factors, Minerals, and Vitamins, pp1487-1517.

[0124] The term “increasing the responsiveness of a subject” is intended to mean that a
subject exhibits a greater reduction in the rate of tumour growth, in tumour size, or in clinical
symptoms of disease than a subject who is not subjected to a method of the invention. In one
embodiment, the treated subject also benefits from one or more of restored vitamin status,
reduced time on chemotherapy, reduced chemotherapy dose, increased immune stamina,
increased nutritional health, reduced cachexia, reduced mucositis, reduced anemia, reduced

hematological suppression, or increased hemapoesis.
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[0125] The term “increasing the sensitivity of a tumour” is intended to mean that a tumour
exhibits a greater reduction in the rate of tumour growth, in tumour size, or is eradicated
whereas a tumour that is not subjected to a method of the invention will not exhibit these

effects.

" [0126] The term “immunotherapeutic agent” is intended to mean an agent that stimulates

anti-tumour immunological activity, also referred to herein as anti-tumour immunity and anti-
tumour immune response(s). Agents that stimulate anti-tumour immunological activity are
preferably those that directly or indirectly stimulate T-cells and/or NK cells to kill tumour
cells. An exemplary in vitro assay for assessing whether a selected agent stifnulates anti-

tumour immunological activity is the CTL assay described below.

[0127] The term “inhibiting tumour formation” is intended to mean that tumours do not
form, or that tumours form but do not esfablish or grow, or that tumours form but remain
small, benign and do not become cancerous or metastasize, or that tumours grow more
slole. Tumour formation may be monitored through CT scans and tumor markers where

avajlable.

[0128] The term “inhibiting tumour growth” is intended to mean that tumours do not form
in a subject treated according to the invention, or that one or more tumours that may be
present in a subject treated according to the invention do not grow in size or become
cancerous or metastasize, or that one or more tumours present in a subject treated according to
the invention reduce in size (preferably by at least about 20, 30, 40, 50, 60, 70, 80, 90 or
100% by volume) or that one or more tumours present in a subject treated according to the
invention are eradicated. Tumour size may be monitored through CT scans and tumor

markers where available.

[0129] The terms “iron-lactoferrin” and “iron-saturated lactoferrin” as used herein are
intended to refer to a population of lactoferrin polypeptides providing a population of iron-
binding pockets where at least about 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 91,
92,93, 94, 95, 96, 97, 98, 99, 99.5, 99.9 or 100% of the metal ion-binding pockets present in

the population have an iron ion bound.

[0130] The term “lactoferrin polypeptide” refers to a non-glycosylated or glycosylated wild-

type lactoferrin amino acid sequence or homologous lactoferrin sequences from other species
such as those described below. A lactoferrin polypeptide has two metal-ion binding pockets

and so can bind meta] ions in a stoichiometric ratio of 2 metal ions per lactoferrin molecule.
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One metal ion-binding pocket is present in the N-terminal lobe (N-lobe) of lactoferrin and the
other pocket is present in the C-terminal lobe (C-lobe) (Moore et al, 1997). Verified
sequences of bovine and human lactotransferrins (lactoferrin precursors), lactoferrins and
peptides therein can be found in Swiss-Prot (hitp://au.expasy.org/cgi-bin/sprot-search-ful).
Indicative lactoferrin polypeptides include the bovine lactotransferrin precursor accession
number P24627, bovine lactoferrin, the human lactotransferrin precursor accession number
P02788 and human lactoferrin. Published international patent applications WO 2006/054908
and WO 2007/043900 report preparation and use of lactoferrin polypeptides and amino acid
seqﬁences thereof; and each application is incorporated herein by reference. Lactoferrin
pqupeptides may bind “natural” levels of metal ions, typically iron ions. For example,
_bovine lactoferrin is naturally about 10% to 20% (preferably 15%) iron saturated. Apo-,

lactoferrin and lactofetrin of at least 1 % metal ion saturation is useful herein.

[0131] The term “large tumour” is intended to mean a tumour that is refréétory to therapy
with one at least one immunotherapeutic, anti-angiogenic or chemotherapeutic agent,
preferably refractory to therapy with at least one at least one immunotherapeitic or
chemotherapeutic agent. In one embodiment a large tumour is a tumour that is at least about
0.3,0.4,0.5, 0.6, 0.7 or 0.8 cm in diameter. In one embodiment a large tumour is a tumour
that is about 0.3 to about 0.8, about 0.4 to about 0.8, about 0.5 to about 0.8, about 0.6 to about
0.8 or about 0.7 to about 0.8 cm in diameter. In one embodiment a large tumour is a tumour

that is refractory to therapy by immunotherapy or anti-angiogenic therapy or chemotherapy.

[0132] The term “metal ion-binding” is intended to refer to binding of a metal ion in an iron
binding pocket of a lactoferrin polypeptide or in an iron binding pocket of a fragment of a

lactoferrin polypeptide that is still able to form the iron binding pocket.

[0133] The terms “metal ion lactoferrin” and “metal ion-saturated lactoferrin” are intended
to refer to a population of lactoferrin polypeptides that provide a population of metal ion-
binding pockets where at least about 25% of the metal ion-binding pockets present in the
population have a metal ion bound. It should be understood that the population may contain
polypeptides of different species; for example, some molecules binding no ion and others
each binding one or two ions. In cases where different metal ions are used, some molecules
may bind a metal ion selected from, for example, the group comprising aluminium, bismuth,
copper, chromium, cobalt, gold, iron, manganese, osmium, platinum, ruthenium, zinc ions, or
other ions that will coordinate specifically in a lactoferrin metal ion binding pocket, and

others may bind a different ion. In some cases, the population may comprise polypeptides
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involved in non-specific ion binding, where one or more ions, preferably metal ions, are non-
specifically bound, i.e., not bound in the metal-ion binding pocket, to the polypeptide. Non-
limiting examples of ions that may be non-specifically bound to lactoferrin polypeptides are

calcium and selenium.

[0134] E(jually, the terms “metal ion lactoferrin fragment” and “metal ion-saturated
lactoferrin fragment” are intended to refer to a population of lactoferrin polypeptide fragments
that provide a population of metal ion-binding pockets where at least about 25% of the metal

ion-binding pockets present in the population have a metal ion bound.

[0135] The present invention may employ a mixture of lactoferrin polypeptides and
lactoferrin fragments. In such an embodiment, the population of metal ion-binding pockets is
made up of two pockets for every lactoferrin polypeptide and one or two pockets for every

lactoferrin fragment, depending on the nature of the fragments.

[0136] The degree of saturation may be determined by spectrophotometric analysis (Brock
& Arzabe, 1976; Bates et al, 1967; Bates et al, 1973). It should be understood that there may

be metal ion-exchange between lactoferrin polypeptides. In one embodiment, iron saturated

lactoferrin may be prepared by the method of Law et al., (1977). In another embodiment, iron

- saturated lactoferrin may be prepared by the method of Kawakami et al (1993). Metal-ion

saturated lactoferrin may be prepared by binding metal ions to the metal ion binding sites in
lactoferrin, including the metal ion binding pockets such as the Fe binding pockets and other

non-specific binding sites on the lactoferrin molecule or lactoferrin fragment.

[0137] In one embodiment at least about 25, 30, 35, 40, 45, 50, 55, 60, 65, .70, 75, 80, 85,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.5, 99.9 or 100% of the metal ion-binding pockets
present in the population of lactoferrin molecules have a metal ion bound and useful ranges
may be selected between any of the foregoing values (for example, about 25 to about 100%,
about 30 to about 100%, about 35 to about 100%, about 40 to about 100%, about 45 to about
100%, about 50 to about 100%, about 55 to about 100%, about 60 to about 100%, about 65 to
about 100%, about 70 to about 100%, about 75 to about 100%, about 80 to about 100%, about
85 to about 100%, about 90 to about 100%, about 95 to about 100% and about 99 to about

100%). In one embodiment the metal ion lactoferrin is super-saturated lactoferrin.

[0138] The term “metal ion lactoferrin functional fragment” is intended to mean a naturally
occurring or non-naturally occurring portion of a lactoferrin polypeptide that has one or two

metal ion binding pockets and that has activity when assayed according the examples below.
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