WD 2004/ 030690 PCT/ NZ2003/ 000222 THERAPEUTI C USES OF
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to the use of j3-casein A2 for the reduction of
certain disease risk factors, such as chol esterol,
lipid, and triglyceride levels, and LDL:HDL rati os.
In particular, the invention relates to the prevention
or treatnment of diseases or disorders associated with
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diseases and stress, leading to heart attacks and sirokes at an early age.

Hypercholesterolemia is a condition with elevated levels of circulating total
cholesterol, (low density lipoprotein) LDL-cholesterol and (very low density
lipoprotein) VLDL-cholesterol. In particular, high levels of LDL and VLDL are
positively associated with coronary arteriosclerosis while high levels of HDL are
negative risk factors. The role of LDL oxidation has gained much attention in the
literature. It is well documented that modified LDL, or more specifically oxidised
LDL, has an increased ability to bind endothelial and smooth muscle cell walls
thus promoting further injury by continued oxidation within the lumen of arteries.

Furthermore, oxidised LDL is known to invoke a range of physiological responses
directly involved in the atherosclerotic process. These responses include the



interleukin-1, interleukin-6, tunmour necrosis factor
al pha and nacrophage colony stinulating factor) which
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the oxidised LDL within the subendothelial space and
actively engulf them subseguently turning into foam
cells. The foamcells then aggregate to formfatty
streaks. Such fatty streaks are the first identifiable
characteristic | esion of advanced atherosclerosis

a al so coronan%Sheart

Hyper | i pi redjs es on

disg'é'éi?@g“ \)'Jé? IS‘%@BB %:d’ﬁ%‘g? °%§n(§° o'B npgtory ponse (e.g.
rbrmterp]éukm ﬂermeaeuran-enemszfur Fbﬁoéﬂs %btdir:c aﬂ;kha{] &l @asropRgfedolony
In ] nosi s o hese |.ife threatenin
iunEseS et rh e At e e AR B TaOALeS W recognise
b|ﬂ$@®xidisl@k:ldLIDafvaﬂﬁ’( ehe sabéndoiraval eshceThed detivldengulf them,
fra‘gtions [ cuI atl

Pt Dring i fith B4 Phe o83t <D Freiadtragapeto form fatty

| eyrehis. ofsadhemyastmakdlare the firbte identfidbizahilestetistic lesion of
ASP@OCI ati %' | delines are represented bel ow. Active
a%'?ﬁ}

enests ¥P%odi fications and drugs are
necessary to reduce the risk of fatality when the
I |s. .ab Tot | est TC) >240 / dL
| BPeliaREEi€ AR HuBPoRg e Ao ARt dRsebe ot A P o
Hlb_bﬂfﬁﬂdnel_s%basﬁy €ypertipitetnial ip (cmpe oﬁt;lmh@gﬁ'rs:kdaétarst lfmeful in the
Tr cerides erchol esterol em a,
ey HEgh e PR P R r et A s R o ety T estl 6.
envi ronment, famlial diseases, or stress. The
SRR R Efer B B R o BB RRE Bl i e
( BpiE}, fradhypmnmymmrcmcwatmgnblphd are dotsly nhblesterol QLBIhi Vigdls and
Sgpgﬂ 2 sd'S%P { &s%?ltrlresteua%b rd?@et%'t{"r%An?r’:lrr%gnﬂe'arct'ﬁssociation
cOMYYCOSTEr 570 herapy or <L rogen er apy.
I—I;gueiebrhmsl est mpodsentes heidwhy/pﬂrr/éitmatfemtdoyadiet acslificatignsrand

ar8 c QF‘;HB%&B $k étf& it l R §els§re abnormal
reque)‘c'ns 3 nor e %ﬁ ?LQ%@E ﬁsﬁ

ot her single condl ti on At her oscl eroti c heart d| sease

mveHérl BHoLLE FOr onar¥c&§§$§%{gﬁs is the nost common

singlhe cause o ccoun for one third of all
deat-Bs-Chaldsterolscl er ota1@0|nnu/érfépe(ﬁdéthﬂrmgenmfe@iqr supply

10 i Shdbdlefofaus! nocain gD A3 NGRRo AP0 000222

Triglycerides >150 mg/dL

As with' hypercholesterolemia, hyperlipidemia results from diet, heredity, lifestyle,
environment, familial diseases, or stress. The condition may be inherited or may
be secondary to another disorder, such as systemic lupus erythematosus (SLE),
hypothyroidism, nephrotic syndrome, Cushing's syndrome, diabetes mellitus,
obesity, alcoholism, corticosteroid therapy or estrogen therapy.

Hypercholesterolemia and hyperlipidemia are also major causes of
atherosclerosis. Atherosclerosis is responsible for more deaths in the U.S. than
any other single condition. Atherosclerotic heart disease involving the coronary
arteries is the most common single cause of death, accounting for one third of all
deaths. Atherosclerotic interference with blood supply to the brain (causing



stroke) is the third nost common cause of death (after
cancer). Atherosclerosis also causes a great deal of
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and the intestines. Atherosglerosis is a
cardi ovascul ar condition that occurs as a result of
narrowi ng down, or stenosis, of the arterial walls.
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1K s RS &1osh PaGUIEE GO PLIewtr (BIEr dPaEt L nroscisrosi
“lell@ﬁl NéL};%%jsJ a”@r‘éé?@éﬁgﬂ%ené@am&%:cH;}f;reddalﬁggﬁfl bldMSf(ﬂ\AEm other
cells i brous, tissu S 0 ate
c ARt e P SuEnas Titsmte Medneup ot IF0S PRESTS BIRRYEE: 1 or
in regions of turbul ent blood flow and are found nost
CHSF et aRBS 8 ROV PO aLA TP et B8rR At of narowing

t rdom}nnessteﬁésnsqloameemeriacwam e'EheNhérl‘bvﬁ@ is duaLiwi thg forhnatisn of
of .the snooth ood

rRFag AT RSP AERRSIn MNP Bo GBIt Ay, These

| tplaciied @bngistad aRidised-Q.OLf magoeytdss matrdphage) ifodno celfse damaged
of f

d _formenbol.i, which t t.h h, th
oyl ekt THER Whseetrihed B8R st anc
arstoefetlete)a caleaeh. n'ghéyotend; thivemiirc reggomsgd tubulenskloeq flow and are -
, SBOBF TR . 500y LB ¥ Prosept i e
bekﬂmﬁs&eamu Ghe ofuntbee additmg@em)oftpimu@stlmryaml With #ges causing

aI IE esadfytpg %ﬁm}ﬁ%@ ég{yecocl) e%?élts aqd%%ogl%éﬁg%g rforH?a%gn of

trn
f dhmmbl aniood)urbtsl) héisie rimauacdnnmom éardragmena‘ piethrorolbi to heeak off

pr orglrfgerﬁx Sg\fb Iﬁ;}cq\' t?ﬁ%fﬁr?ugyatﬁ? gfo%@étpe;angjéw Elo@l& gmHﬁ’e@%assels

omre

Ve(bl,ge corﬁuarglactahes) nmmnsqhaerawadahsagle@fﬂ&uec er lse.ﬁ\aemlc heart
hi@% rlsk situations. Balloon angioplasty can open up
nalTowed vessel s and pronote an unproved bl ood

supply. The bl ood supply to the heart nuscle,

f q\/l!ecﬂgétﬁg i§ R6P Q}r ¥ﬁf\é8t§>é’e{reatmeﬂi‘%? P?érB@Wdlsgé’é% because

|'SO restore Vel n
atmml'onhmeaiama@al toithe edelarwaibsl hals abieady @G@lﬂ slese.c amtipeagulant

T SHELUE LY, bR APEIBS i ciol

plfaemattpnt lbb‘eﬂ'@safmye e 2004y effent om memspbmzé@ease
Vasodilator drugs are used to provide symptom relief, but are of no curative

value.

Surgicai treatment is available for certain high-risk situations.  Balloon
angioplasty can open up narrowed vessels and promote an unproved blood
supply. The bléod supply to the heart muscle, following coronary vessel
blockage or damage, can also be restored through a vein graft bypass. Large
atheromas and calcified arterial obstructions can be removed by endarterectomy,
and entire segments of diseased peripheral vessels can be replaced by woven
plastic tube grafts.
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risk of fatality fromthe disease. Reduction of serum
chol esterol in humans has been achi eved by
consunption of dietary plant fibre and other effective
conmponents of foods. However, there remains a need
for a safe and effective treatnent for the above
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amino acid proline at position 67. The other B-casein variants, though they may
differ at other amino acid positions, can also be distinguished on the basis of
whether histidine or proline resides at position 67. Thus, B-caseins B, C and F
have histidine at position 67 and B-caseins A, D and E have proline at position
67.

Epidemiological evidence strongly suggests that dietary p-casein A' is harmiul to
human health. For example, WO 96/14577 describes the impact of B-casein A’
on Type | diabetes. The epidemiological evidence suggests that B-casein A'
stimulates diabetogenic activity in humans. Furthérmore, WO 96/14577
describes the induction of autcimmune, or Type |, diabetes in the non-obese
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and therefore that B-casein A' should be eliminated from the diet of human
populations. Most herds of cows produce milk which contains predominantly -
casein A' and B-casein A% and little (if any) of the other B-casein variants. The
desire to eliminate B-casein A' from the dietary intake of a population can
therefore be achieved by providing milk for human consumption which contains
only B-casein A? of the possible B-casein variants. In other words, the drive for
milk (and foods processed from that milk) to contain only B-casein A® has been
motivated by the avoidance of B-casein A' and the consequent minimising of
risks associated with diabetes, coronary heart disease, and neurological
disorders.



di sorders. WO 2004/ 030690 PCT/ NZ2003/ 000222 6 WO

01/ 00047 discloses a dietary supplenent conprising a
woéo/opico@uct whi ch contains predom nantly theCHRZ2003/000222
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casomorphin-9 and accurately predict whether p-casein A? will have the same

biological activity.

It is noted in WO 01/00047 that there is a causal connection between diabetes
and coronary heart disease. However, the suggestion that the diabetes-
attenuating properties of B-casomorphin-9 mean B-casein A®> may, at least
indirectly, have a protective effect against coronary heart disease is based on an
entirely tenous link and is considered a surprising suggestion given the
experiments conducted.
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circulating triglyceride Ilevels, reduces LDL
concentrations and thus LDL: HDL ratios, reduces serum
| evel s of apolipoprotein B and is atheroprotective. It
is therefore an object of the invention to provide a
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by the ingestion of a composition containing B-casein where the B-casein is
comprised of at least 95% B-casein A%. Preferably, the B-casein is comprised

solely of B-casein A2,

The invention also provides a method for treating any disease or disorder
associated with mammalian serum total cholesterol levels, LDL cholesterol levels,
apolipoprotein B levels, or triglyceride levels by the ingestion of a composition

containing B-casein where the -casein is comprised of at least 95% B-casein A2,

The diseases or disorders include hypercholesterolemia, hyperlipidemia, and
atherosclerosis.
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pfmedﬁdweagrdu;eb@fs}stlﬁgl pPperaniantodud exeycisd) evetghtlidsspweight
of f3-caseln r_drink for human consunpti on

. f.ood
\Nf?@l‘rb”?%Elejbﬁ”é"g%ga@fj%%f%%c@%l:|sed of at |east 95%

f3-casein A2, preferably solely J3-casein A2. In a

| R 3R5ELr b B YGRS ok b o Bt an

C QLR of PRrabdin ACaMiffiziong td BRRersserurm dheleslerdlnevilsranfal serum
e or, m?]He of the follow ng: a) 'cholesterol;

of .any .
b)t”@%%//?”ﬁléll?é’?ls))n Bi5fot ein (LDL) chol esterol relative
to high density |ipoprotein (HDL) cholesterol; c) |ow
density lipoprotein, (LDL) ch Ies ver ow
deDrf§felr%/P rfﬁotgme& A %%%5%5‘ ¢ figm ?é‘?'bﬂ °fd9°¥u*e 35“'6 of from the
apaid &gﬁk@‘b@ﬁﬂo%heéﬁﬁr oatriglycerides. WO 2004/ 030690
PCT/ Nz2003/ 000222 Rl EF DESCRI PTI ON OF FI GURES
In another aspect of the invention there is provided a dietary supplement formed
by the addition of B-casein to a food or drink for human consumption where the 3-

casein is comprised of at least 95% [3-casein AZ, preferably solely B-casein A2

In a further aspect of the invention there is provided the use of B-casein A?in the
manufacture of a composition for reducing the serum level in a mammal of any
one or more of the following:

a) ‘cholesterol;

b) low density lipoprotein (LDL) cholesterol relative to high density

lipoprotein (HDL) cholesterol;

c) low density lipoprotein (LDL) cholesterol;

d) very low density lipoprotein (VLDL) cholesterol;

e) apolipoprotein B; and

f) triglycerides.



Figure 1 shows average intima to nedia ratios

(indicative of arterial thickening) of the aorta, for
woe@assicno A2, (3-casein A and whey-fed NZ whi PET/NZ2003/000222

rabbits. Figure 2 shows the extent of neointimal

t hi ckeni ng of the de-endotheld alised right carotid

artery (indicative of arterial disease progression

following insult to arterial walls). A Exanple from

Goup 1 shovvi ng no neointinmal thickening, B: Exanple

fromG show n sorreIeS|onforrrat|on|nthe

i rﬁmﬁﬁlnﬁ Pﬂ%@ FIGHRES) e  from Group 5 showi ng
~severe intinmal thickeni ng Figure 3 shovvs ser um

chgl esterol levels for casein A2-fe caseip. .

A'F'$‘é"& bﬁlaowwwaseewﬂmz A .r%mﬁ.qr@ca&vega ariciial fisening)

FHB , 1o ptdkein 2B @-%aéé?rﬁ APaf@RBéRfeONS ﬁﬂlte B‘b@ﬁée' n
d anhd whey-fed white rabbits. DETAIL
DESCRI PTI ON As used her ein the term"LDL" neans | ow
::iq:q@["teyz éHd@\%pthQ'ieﬁﬂeﬂt of Hﬂﬂtm@mel‘iﬂnﬁ Ryt tHeet!eSer‘idbthehahsed right

i poprotein, and "VLDL" neans ver ow densi ty
| igpERidcRrienn(indieatiye of aﬁerﬁchdrﬁee%pfogrqss,snoprfp@%mﬁ%to arterial

! | hé&d |0fhickEhiMg,8: Exampl
TS 3SR AILp kRS S g i

hdrogn Fravre? BRine sameliesiRhsetmaliondn fieAimal %Veérﬂi‘d C: Example

difeRRBroRf 5 vk 88@re ingFacthickefing.he circul ation
system caused by, facilitated by or shown to be |inked

to abnormally high concentrations of lipids in the

Vqﬁiéﬁlle% sHSweEP G REPRER I f h&ﬁ/eIsefBFE casdi® AP-RsC Basagsih ' -féfand
a degeneration of the arteries due to

t heydeaii wiitedgabkitsam ceI |'s and aortic streaks which
narrow the arteries. This |imts blood circul ati on
and predi sposes an individual to thronbosi As
hdrighie 4 weowersmunaﬂ-wérf@sldpbrre%%sfor iBscagein; %efﬁgeﬁﬁﬁs?'ﬂ@ -fed

én%rv{/l'%@ féglN\ﬁ% }4@%004/ 030690 PCT/ Nz2003/ 000222 10
fatty plaques eve op on the inner walls, with

eventual obstruction of blood flow As used herein

trm__-_-f i BD DESCRFGMORL €i n B" or "apoprotein B" or "Apo
B" ers to the protein conmponent of the LDL
choI est erol transport proteins. Chol esterol

SYAY &R RPN A5 REMOLDE” HeaRs RAV d&dith Gisoprbtam, FiiBer maaw high

intestine to peripheral tissues in the f orm of
| i geeiholirapraiein, VEPLT Reapp ¥ery fyp Aonsly fireprrieinsecr et ed
into
As used herein the term "triglyceride” means a lipid or neutral fat consisting of
glycerol combined with three fatty acid molecules. -

As used herein the term "cardiovascular disease" is any disease of the blood
vessels of the circulation system caused by, facilitated by or shown to be linked
to abnormally high concentrations of lipids in the vessels.

As used herein the term "arteriosclerosis” is a degeneration of the walis of the
arteries due to the formation of foam cells and aortic streaks which narrow the

arteries. This limits blood circulation and predisposes an individual to thrombosis.

As used herein the term "atherosclerosis” is a disease of the arteries in which



the circulatory systemas VLDL. As used herein the
term "hyperchol esterol em a" neans el evated | evel s of
w@ 200a0B@bo ng total chol esterol, LDL-chol ester oPCBNZ2003/000222

VLDL-chol esterol as per the guidelines of the Expert
Panel Report of the National 1£hol esterol Educati onal
Program (NCEP) of Detection, Evaluation of Treatnent

of Hi gh Cholesterol in Adults (Arch. Int. Med. (1988)
148, 36-39). As used herein the term "hyperli pi dem a"

| Bt UPB e BIoE OB BBy HElsaviih eYaTa. 4 0BELCUF PEblood ow.
condition manifests an abnornmally high concentration
g];%sf 8{%& I'éﬁ-lzrgigﬁllb% &%2’@&5@83 q?ﬁc’ B%@{aggprgtﬁ% H" gF J'f@p% QJ r%%?'s to
t fthﬁ'pf@l%_fri desporfsht WS &He NEILEbholédierot GaRdpdr prjing. eCislesterol
o SRR s & oS Bk T il Php pronere
ar{ssuePpr thadorni 6f lipdprdtkitls t Mastsgatid apdiipepobemBeial secreted into
c%ggosi ti.on of each Léfoprotei n differs in that the

HOP® [reulafory; sYRtEM 3% ¥H3ti on of protein versus |ipid,
whereas the VLDL has a |ower proportion of protein
S b Bl R, 5 DPE RE 8 mEB PR e o
pL@@u%ﬁné Rotah ehasl&starot, elsil-thogstdrolo andl &M -dtwlesferblads per the
The .pr.esen 0 xant h s are, usugl | Q ni .

! ABREE B0 FepdE PaPY e pL e atcbaliCRAFRRR iiyRbtonal
t eProglGRASCERE af Petaptionr BVdiyative gé rMTdeatmest shiHigh Gholasterol in
re ct.to f [ ol an € 1 Nventors have shown
fd?é)ﬁtﬁe(‘t\ rlggcﬂ%qﬁgﬁsﬁz\fﬁ@ Fgeéi'ti ng and surprising

result that consunption of R-casein A2 has positive

ey K0 RPBnS 3y ™ TRSHBRRRR ol ShiRRsRi & g gonditon where
c hibe dddoelrlipid parembkters are dleddiet indhe dfoodi Tl kcanditign manifests an
trial ' lLevel s,..an UGL . .
ety 8 STt Vs, TR 5% fRuBle e greulating blood
obarer totd chyledtrel, iLbLenViddls, aedtriglykatdeshe consunpti on of
3-casein A2 is beneficial for the prevention or

treatnment of a variety of diseases or disorders
i n&$ uskdhiggrein the term "lipoprotein”, such as in VLDL, LDL and HDL, refers to a

group of proteins found in the serum, plasma and lymph which are important for
lipid transport. The chemical composition of each lipoprotein differs in that the
HDL has a higher proportion of protein versus lipid, whereas the VLDL has a
lower proportion of protein versus lipid.

As used herein the term "xanthomatosis" is a disease evidence by a yellowish
swelling or plaques in the skin resulting from deposits of fat. The presence of
xanthomas are usually accompanied by raised blood cholesterol ievels.

As used herein the term "GRAS" means “generally regarded as safe’ with
respect to food additives.

The inventors have shown for the first time the interesting and surprising resuilt

that consumption of B-casein A? has positive beneficial effects, including:



1. hyperchol esterolema, 2. hyperlipidema, and 3.
at herosclerosis. This inportant finding alters the

W@ or@si6od hi nki ng that (3-casein A2 is benefi cP@l/Nz2003/000222
sinply because (3-casein A contributes to certain
di seases, such as diabetes and coronary heart
di sease. The inventors' finding is that P-casein A2
has a positive beneficial effect inits own right.
The finding is supported by experinental studies where
ten groups of NZ white rabbits were fed ad |ibitum
with controlled diets. Follow ng sacrifice of the
am‘.nr}al sr,hesgwlmgwlebw erickstéreMeVets, LDL: HDtbr at i(;s and3
trd gl ycerjde ve were neasured. |In rabbit oups
LY oo S eteial eV e R el and A and A2 (5%
1®6 anRed0ign ofDiLhsdndértttatiosy and ESL:BIBL ratiéd) whey
protein added such that a total of 20% mlk protein
was present in each diet (i.e. 15% 10% 0% added whey

priviest Rffedte dpSHed BY Yo intdrabre sh&drPihaf theXbnsUmpticH §0B-casein
agﬁed to tf.h.e[s)? djets to ensure neasurable |esions. As
c efi {5

t Pobenefigia e RISHPRIONR; Hepisend o, wiayielyr ok gisgases or
ardfisomligrs hoRidimgbbi ts were fed 20% whey protein plus
0.5% chol esterol. Goups 9 -and 10 were fed 10%
(3-casein A (or A plus 10% whey only. The rabbits on
the speci alhyyerphsipstetendiaet ate only an average of
30.05 ,0.97 ragsdger day. WD 2004/ 030690
PCT/ NzZ003/ (5‘85? yacnis, RB‘%( surprisingly, alnost all
rabbi t 8. | ostatheedggidrosiyer the 6 week experi nment al
period, with a 5.62% average wei ght |loss. This did not
affect their overall health and the rabbits were

alTais impotapovsding aRéerd BB BUBEnNBirkirghao B-¢clsein’ A5 f& beneficial

This i consistent with an earlier study which found

¢ FIRIY Rpgaiios Mssepl A' SanilbIERtasaTiak fiseases; s4ch as diabetes and

CQBERHaR Mehric@s&iss, TrREni&dls! MHaRtges 3 prelaht ADRS i

reduced by hal f Sas t hgvdl ets mgﬁn%t r%slgwp‘ac@ée%?gg%twe

albenRefirigh efferd in éHown g9kl i | | appeared healthy. Rabbits

pl aced on a high | evel of dietary casein (50% failed

to gain weight during the course of that study. 10%

13hedeing imauppariedrity expsemeniabpiugies vtere roarpupspf NZ white

Prasbis eerd 0Bk iBRt With controlled diets. Following sacrifice of the
animals, serum cholesterol levels, LDL:HDL ratios and triglyceride levels were

measured.

In rabbit Groups 3 - 8, three concentrations of B-casein A" and A? (5%, 10% and
20%) in the diet were tested, with whey protein added such that a total of 20%
milk protein was present in each diet (i.e. 15%, 10%, 0% added whey protein
respectively). Cholesterol (0.5%) was also added to these diets to ensure
measurable lesions. As controls, Group 1 rabbits were fed 20% whey protein
and Group 2 rabbits were fed 20% whey protein plus 0.5% cholesterol. Groups 9
and 10 were fed 10% B-casein A' (or A%) plus 10% whey only. The rabbits on the

specially prepared diet ate only an average of 30.05 + 0.97 grams per day.



| ower serum chol esterol level at t = 6 weeks than all

ot her Groups including whey only (Goup 1) and 10%
wa3eoaasebn A' (G oup 9). The R-casein A G oupPOENZ2003/000222

serum chol esterol |evels higher than the whey only

Group. This highlights the ngcessity to exam ne the

effect of the specific j3-caseins rather than

m xtures, and is the first tine that the differenti al

effects of 13-casein variants on serum chol esterol

| evel s have been descri bed. The nean serum chol est er ol
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(0] S -casel n . I A I N tnhe . .
| b Blagtd BaadiEEge B §olrg pessiruisgr) fAiee 6 gl weight during
s ehelBourEd of that@todyp 10 (J3-casein A2) was significantly

lower than that in Goups 9 @B-casein A) or 1 (whey
only), all with no dietary cholesterol. The Ievel of
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n ni can €. prese e | e
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different fromeach other. A simlar pattern_occur

ed
f Serwa chefesierol é%(?@ph'gh?faﬁha“ @q)mgel@n{y,agrqy@t This hlghhghts the

S'rﬁsﬁégéltg%‘&éﬁuh@w effdRpEF th biflk: - %&Q%hg?’ﬂgﬁ%xtures and
PCT/ NZ2003/ 000222 13 The anti - atherogeni ¢ potenti al

ofis 1Be cfgte fimeAthajdbe f differaetial reftpsts ghtfechssin varantstdnoserum
ofCh[ngﬁ?Bﬁ, ‘halB®etn WBScrReguch greater difference in
m eveq &

seru bet ween oups 9 ((3-casein A) and
10 (P-casein A) than in serum HDL | evels. Thus the

L o/ 1 R- '
oA ATREUERNS D 51 ARGl o
I mksé'ﬂbhdr treanltPbsd in Giblp 1 divhey afly)Gnimals 1 Thwe $-casein A' may be

|cantl Iovvertha al | .ot he n
o B rR  ciern@T ish e prarBine HusorlBE: cleplerf o cets
diifdreasedcdhe betumeholahﬂerqi;ﬂm[ssatfleastw foid, wihdeh @as nmarch greater
h%ré) ﬁ’et ee'ffggt of A' B-casein compared with whey alone. There was no
significant difference between the serum cholesterol levels of rabbits fed B-casein

A" or A? in the presence of added dietary cholesterol.

The level of serum LDL in Group 10 (B-casein A?%) was significantly lower than
that in Groups 9 (B-casein A') or 1 (whey only), all with no dietary cholesterol.
The level of LDL for Group 9 was higher than that for Group 1, but not
significantly. In the presence of added dietary cholesterol, serum LDL was
significantly elevated in all Groups (2 — 8) and these were not significantly
different from each other. A similar pattern occurred for serum HDL except that
Group 10 was not significantly lower than Group 1.



Thus, dietary R-casein A2, in the absence of a
chol esterol -enriched diet, leads to |ower serum

W@ bakmesicer ol | evels (total,'LDL and HDL) than BOI/NZ2003/000222
43-casein A and whey. It was found that both
J3-casein A and A2 |led to fadty streaks conpared with
20% whey, but J3-casein A2 produced | ess extensive
| esions than (3-casein A'. Indeed, 10% (3-casein A
wi t hout dietary chol esterol produced about the sane
amount of | esions as 10% (3-casein A2 with added

di eeanji-atheipesnie pefentiat ReB-careikhewss dirtheahigpliohied yibe ratios
| et ?@HE%LC ar"thé Qhs 2 cﬁ Sgré@tgr BiffeASRENNALruRl LHEevels

with or w thout letary ol'esterol,_was zero or else
v drepvednoSeups 9z@raasein m ):amrt @ §t-caseleAD Khask inesssura fHDL levels.
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I‘hlgq%?knests of the fatty streaks in the aortic arch was

WFIy smaller for both 20% and 5% 13- casei n
A2-fed aninmals conpar ed vvlth whey (0.03 0.015), wth

7 Rk PRt B ingfiEmhoentaal f sbfier ey riRa o fas t

arbRén SuRodHidiesioVibidls aotahaiDesarel BDLE tanchul poiaekini A' and
known to produce lesions in rabbits that closely

r ¥l e advanced human at heroma. WO 2004/ 030690
PCT/ Nz2003/ 000222 14 There was no si gni fi cant
difference in intim a, rati g%of th al | oon
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However, gr oups fed P-casein A2 (bo wi t hout

adtfsa B- Qah@néstvemm) digfaty eheistasel m@djmﬂuabaut mhusgk@rﬁm@mt of
|

| B0aheL ok TGRSR fin s (PGB BRI 7P PR et
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ch er.o These esu W th t

¢ FRCIRSTBIAY S5 7 o 2B0EY CHET BLrBPol I BIBaSE deF Jickness of
SIawnmJ ar@arfét{yystn‘e@mern raBbitsfed Bajagsih ' alad syrficantiphighéd. Thus,
ot her groups including whey only and 10% R-casei.n A,

deneRstit AL 8 rasp aiseodenicdban bof why gnekthe A° cassin variant

In the presence of 0.5% dietary cholesterol, only 20% B-casein A® produced a
smaller surface area of aorta covered by fatly streaks than 20% whey. However,
the thickness of the fatty streaks in the aortic arch was significantly smaller for
both 20% and 5% B-casein A%fed animals compared with whey (0.03 + 0.015),
with a low (but not significant) value for 10% B-casein A? fed animals (0.01
0.008).

Balloon injury of arteries combined with a cholesterol-enriched diet is known to
produce lesions in rabbits that closely resemble advanced human atheroma.



casein A2 has an atheroprotective effect while

j 3-casein A is atherogenic. These results are
wa@oongiosicemt wi t h the epi dem ol ogi cal studies, nI/ERA2003/000222

suggest a strong relationship between nortality from

cardi ovascul ar di sease and ¢pnsunption of f3-casein

A" . The conposition of the invention may be in the

formof R casein A2 adm xed with one or nore

substances, and may be in the form of an aqueous

sol ution or  suspension or enul sion, or be olid
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or quark, cheeses including full fat, partial
de-fatted and fat-free processed cheeses, mlk whey,

f qws@fr@ﬁul‘%tée eﬁh'sigthmdwitﬂntmeﬂstdém@rm Eil.ﬂréspflvhnfh!skxggest a

i, St ot B P OBRee an
2%4%3&@9,%@@@{3%1003/ 000222 15 such as chocol at e,

carbonated m | k products, including those with added
phosphate and/or citrate, infant fornmulati ons which

”%e%mﬁsﬁloﬁ ¥k the lﬁ\s'tHn'hb@HaX/ BéQn theétdrRbf BLcaRenf Aftadmixdd with

liquid powdered drink m xtures, butterm |k, and
blﬂn?eWnﬂORe splestarges, #ne Mavebe it dae frae oban aqueous solution or

adkpdridrebl Sulfon! Bema® MBOS sblidosuchf a§ Byrariye Bri gdihdi S form.
by oral ingestion. However, it may eapro&lateto

ad?ﬁ%‘%?%mpt)ﬁ@f@o‘?ﬁrfbg|‘@W66H°fb9“ayo‘??1é} their aipdurally, efcugng form,

I rétsbamgwﬁlkyor TH8dEmesived bt ProdeBed rfmntth@m iRy b®ther

i ngeste or otherwi se adm nistered, in any Ssbq

| é:\og]pgs@ﬁ@s gbthggavention may be substarces supplemente y the addition
of B-casein A%, which B-casein A? has been purified from or obtained as a fraction
from milk or a product processed from that milk, or which B-casein A? is present

in milk or a product processed from that milk.

It will be clear to those skilled in the art that the composition or food product of
the invention may include, but is not limited to, milk or milk products, nutritional
supplements, for example weight gain formulations, food additives, ice-cream or
other frozen dairy based confections, fermented milk products such as yoghurt or
quark, cheeses including full fat, partial de-fatted and fat-free processed cheeses,
milk whey, food products enriched through the addition of milk products such as
soups, milk from which allergenic molecules have been removed, confections



frequencies suitable for controlling cholesterol, LDL
and triglyceride levels. Typically, an anpbunt of the

W@ oorposiche on Wil | be ingested daily or weekly bgT/az2003/000222
human. It will also be clear to the skilled
practitioner that the anount j9f (3-casein A2 to be
i ngested or otherwi se admnistered will vary between
subjects. The invention is further described with
reference to the follow ng exanples. However, it is
to be appreciated that the invention is not limted to
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SRRy e SETRSBAR e Po drosetss d%lﬁuﬂywe% By
pehuredrs di stributed daily; blood collection at t=0, 3,
6 weeks; weights recorded weekly; sacrifice at t:6
weeks Surgery
It will also be clear to the skilled practitioner that the amount of B-casein A? to be

ingested or otherwise administered will vary between subjects.

The invention is further described with reference to the following examples.
However, it is fo be appreciated that the invention is not limited to these

examples.
EXAMPLES
Materials and Methods

Sixty New Zealand White/Lop cross rabbits of both sexes (16-24 weeks old) were
obtained from the University of Queensland Central Animal Breeding House.

Protocol summary

At time = 0, the right carotid artery of all rabbits was balloon de-endothelialised.
The rabbits were then randomly divided into 10 Groups and fed the specified
diets for 6 weeks. Blood samples were taken at t=0, 3 and 6 weeks for analysis
of serum constituents. At t=6 weeks, all animals were sacrificed and tissue
samples taken. A summary of the study protocol is shown in Table 1.



At time = 0, all 60 rabbits were anaesthetised with a
m xture of ketam ne (30 ny/kg) and xylazine (7 ng/kg)
wamo4@smoorai Nt ai ned on Hal ot hane (Laser Ani nmal PCHaakaob/po0222
Qd, Australia). An incision was made through skin and
fascia, and blunt dissectiom and incision through the
styl ohyoi d nuscl e exposed the upper part of the right
common carotid artery. The |left, uninjured common
carotid artery served as a contral ateral control
Si de branches were tenporarily ligated with 5/0 silk
(Davis & Geck, Danbury, CT, USA) and a 2 French (2F)
Faabld 4 Protdeol Samesgiycat het er (Baxter Heal thcare

Corporation, Irvine, CA USA) was introduced through
n-—arteriotoms de in the sy eri ior fh\/rnl d :\an1|r_\]L a

amak thye p‘ﬁ er nal zt‘arn:q'T au:av (Figure 2 ?6
he"¥8Phet'er was advanded 10 ¢m (to he aoftic arth),
ne Bl | o SRKIRT | |at a0 | tPPOBE | POUBIX ¢ P9 althe
nt Aleqder (W t hdrawn i n|order tj& deendothelialise th®
[ t Weights e I njury prodedure Was perflarnmed thkree t|xes
HEE nimal—Tjo ensure  conplrete Tenoval pf The [X
dottret7T um—After T njury, —the catheter was renoved,
the superior thyroid artery ligated with 5/0 silk and
t ISeirgesy att=61 stivdidpelistssipibatedahadyi bldndadotection at trke S, 6 weeks;
( Sisighisoredonnied weakly; sSerifiqenalita§ wieks USA) . A
br oad-spectrum antibiotic (5 ng/kg Baytril, Bayer

? ia Ltd, Pynble, Australia) containing 50 ng/m
enrof [ 0xacin was adm ni stered sub-cutaneously at the
conpl etion of the procedure. The rabbits were

‘P'tﬁr%r ecb pa?SéO PRBRAWeYE |a¥a@§iﬁetfs@& %fheéi rhiQuld8f ketamine (30

cages wh conscl ous. For hree

o) g oo v isE (R Tl Shul M vdrs! MR DB bBthane (Laser Animal
ngah@@l@%\@s@%@)z Ar@lﬂcig%\ﬁ%é%dm%é fhr@tﬁb@l" &l a7 f’a's&algr% blunt

par acet anol ( i ne Beecham 1 nternati onal

E.%pﬁSﬁ@ttO@randAD@walthraygfam sylehyoist BWee/s $xaeRedi e LpaeT RATt of
Ofhe "f‘@ﬁt‘ BoRfoR ScaBtRi Qﬂé‘rﬂ/' nygd. leﬁabﬁhﬁlréﬂ ebpmbRecabiitf artery

i nvol ved 10 diets, the conpositions of which are shown
i §ervasee axontraigiees| cpairqly SideAyAndies wesd faMRoRdY barggd with 5/0

t gfal (pavisk gPIccR] r'DanIBH dC'ﬁ'f ‘U@Q} laRdt Be Pfé?féﬁr@F‘?nF@éarty
caseln rotein-to ?[eoteln Di ets of

afabpgclapnh eatheled (ﬁ@(t?ru alhcary Grarperation, V\IIFM'Wee Qﬁ\’ep@%fwas
GirfitRiBced thbugh anrtefotorhydnatiedin WeE Superior thyroid artery, a branch of

the external carotid artery (Figure 2.2). The catheter was advanced 10 cm (to the
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aortic arch), the balloon inflated with 0.2 ml of saline and the catheter withdrawn
in order to deendothelialise the artery.

The injury procedure was performed three times in each animal to ensure
complete removal of the endothelium. After injury, the catheter was removed, the
superior thyroid artery ligated with 5/0 silk and the wound closed using 2/0 Dexon
braided sutures (Sherwood Medical, St Louis, MO, USA). A broad-spectrum
antibiotic (5 mg/kg Baytril, Bayer Australia Ltd, Pymble, Australia) containing 50
mg/ml enrofloxacin was administered sub-cutaneously at the completion of the
procedure. The rabbits were monitored post operatively and returned to their
cages when fully conscious. For three days post-surgery each animal was



suppl enented with 0.5% chol esterol. There were 6
rabbits in each group and the diet was continued for
W6 200808190 WO 2004/ 030690 PCT/ NZ2003/ 000222  13PCDNZAD3/000222
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gavaged with approximately 170 mg of paracetamol (SmithKiine Beecham
International, Ermington, Australia) and sub-cutaneous administration of

antibiotics was continued.
Rabbit diets

The study involved 10 diets, the compositions of which are shown in Table 2.
Essentially, each diet contained 20% total milk protein, but differed in the
proportion of casein protein to whey protein. Diets of Groups 1, 9 and 10
contained no further additives, while diets of Groups 2, 3, 4, 5, 6, 7 and 8 were
supplemented with 0.5% cholesterol. There were 6 rabbits in each group and the
diet was continued for 6 weeks.
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PCT/ Nz2003/ 000222 19 It was found that it took
several days for the rabbiti® to becone accustoned to
their new diets, which differed fromtheir nornal
pellets in colour, snell, texture and weight. Pellets
fed in the new diets were white, while normal pellets
It wae éounddinat. it tdblussvefadafs foe thedapkitspioibecorne asa:usgmgd todhéir new
abhi t s
dle{s %lcﬁw dlﬁ%@?eﬁﬁﬁgg% %hrﬁ?lsgegffe{st Leétﬂgl\% Ig%’ﬁll e%%ﬁé}bd weight.
Pelﬁa@%edﬂs%e rl@/@%etswel’e whiteysithile abbmal pefiets lape browro Thatsafor five
dayéoerogrt@%)goe allt r&‘%b?é) WeYe tQ@é’P]@ae H?)t ﬁ\g#l?rgg@e%p\zés'ﬁiegs:ﬁy mixing
incfeabing vénmayings miemnamcbaﬂatse(%?/uaéo&&/ﬂﬂ"@bﬂ@)"/a)jvwith triormah rabbit

pelllgéﬁ qcée ﬁaééf gg%aéarﬁgt I_Flgc\;\ag(s c}nﬁ/ @%%pémts n%z%)v\%r%ggér Qéy% ave{e offered
(ex¢eptions, see lvelope rforstb@followm &\M@el@mndwaéerom aj/arldd@ adiibjeim. 1t

is kﬁ‘\g\gﬁ thet rdBERs I%a?@ 1 f P?le Ebe d@gs l-fU\A%\(/éﬂ %80 ggébrh%/ was

he anount uneat
reqiised trefileihei h@pebysuol@‘t@q’mth@ aamﬁﬂs gayld raclre‘rfel fonéas%fresh 200
r [
graﬁfs & ;?Jﬁ@ SQM%j pFon%@cﬂ’dPa%rﬁ}othgtearﬁ@g r?? eegs ‘i?é'?f u%ahger{‘ﬁy’v each
rabaﬂwgpéateanm@dbwewm eAchide¥. f ood hoppers to
stimul ate the rabbits' appetites. Secondly, |f a

rabbit was still not eating its new diet or
Sevgsalgrgasutesvaia smpiped de Rneryragmihe ralhits 4o mal thg@ey diet. Firstly,

a s%llgmoud?cﬁfr@lséeﬁogl was d?'gé’p?éili b%o thBSaRk <r 1AL fgg?d hé&pers to

50 m xtures. When this occurred, the white diet

Stmpjé@treéfe% rahbite appefites.uSpgonslp £ereblbit ves il Aet antipauits new diet or
its \Wéﬁ?ﬁﬁbs&ﬁéé %&omd’\ﬁ}% B?Qngﬁﬁé} 'Boéi)a%efgﬁt "ASFn%! %Jbewaé ARied to

al anmount_ of experinental diet consuned. Fina

the; ot M2 BD L7576, SSXEH | FHHER 11 1oRBUITaEbi3Rg hiigiciet pelids wers
car@ﬁ‘ul;fé@&r@c@@ frlaFrPRB PEwm ABIR pEFPéIQ aR& weiliéd %Tch lday ReHétermine

the actual amount of experimental diet consumed. Finally, if the weight loss continued,
the rabbits were offered 200 grams of normal food per day until their body weight
" increased.

Rabbit weights

All rabbits wereAweighed weekly, commencing the day of surgery, until the week of
sacrifice.

Blood collection

Blood was collected from each rabbit prior to surgery, at the commencement of diet
and at t=3 and 6 weeks. Each rabbit was wrapped securely and the fur covering the
central ear artery was shaved. A 24 gauge catheter (Becton Diskinson Pty Ltd, NSW,
Australia) was inserted and 5 mL of blood was collected into sterile tubes. The blood
was allowed to clot and was centrifuged at 4500 rpm for 10 minutes. The serum



i ncreased. Rabbit weights Al rabbits were wei ghed

weekl y, commencing the day of surgery, until the week
w@b004®3000 fi ce. Bl ood col |l ection Bl ood was col PEr/N&zh03/000222

fromeach rabbit prior to surgery, at the comencenent

of diet and at t=3 and 6 wweks. Each rabbit was

wr apped securely and the fur covering the central ear

sufirhdtb Wi euh 0o o udlfsS0HE B Rb A oSl Plugerdes b
LDhiandhombeysteinms col | ected into sterl | e tubes. The
bl ood was allowed to clot and was centrifuged at 4500
rpmfor 10 m nutes. The serum WO 2004/ 030690
Rabgt sapgthf®3/ 000222 20 supernatant was extracted and
anal ysed for total serumcholesterol, triglycerides,
HDL, LDL and honocystei ne. Rabbit sacrifice Six weeks
Sixavaeks aftey iojtyy, 1000 0U] haparinépavid Bull Delvdratomed, IMulgrave, Victoria) in

1 ﬂi%ﬁ@ﬁé\kﬁ%i ﬁécteMHtQ LAVSY véfh %? 8£éhar)abb|¥‘ Fné'e r?ﬂn ?e%' 1hBE tP(%Fa%bnts

|njecte to an ear vel each ra Ive mhn
wetegghanasp@ withldrn overdogsr ef rantdhankitood (325 mgéml lathahpols, (Virbac

AuélFaanrﬂH&OBef K’/lc&@%g) (%5 lﬁHﬂIJFl \A}agthggé‘rfgm (tp/é rclﬂfﬁcto Belvis and

cortinged ttméha:hindhmbs @ewp@hmha Tdf@nww@@l peVlWh\@as then carefully
incRbA & E{HEJ%? %?rﬁa%@lahgg d 1 'fo BEYd WA eR o @Vﬂot&g@the CFeart

then care I sed to expose Intern

Th@ Iedt yangicenyyas \ﬁa@m&@tﬁd iy w&e@m@weﬁﬁ@ ai@ahedq to tphimg which
was §f fury %Sr‘ir{éc@detov‘ﬁﬁeﬁ@snéw Lgtatuy Wsuﬂal%é’&nog%’gﬁe ﬁ‘l‘?é?ﬂ" Yena

attached to tubing was I n turn connected
CaV@eWﬁwiQ@rﬁdaap%rS@m@d th ricHiatose syBemowas Husheds w\th dr litre of

Dufﬁ@&i‘) s Pﬁé!s%h\é%s BQ#&@H %Ilﬁé‘QDPBS?bS@m ZH@rné?'ﬂeﬁHéléﬁ @kation was
stemwas fl us th tre of Dul becco'

[
PeM@@BM@hé lEr@qué /e@rrsa!ﬂewe( bﬁB@aCtﬂéﬁﬁE@alﬁv Coerigals Ltd, NSW,

Augﬁg]lg)qﬁlmigs‘étx@olrﬁm 1s performed with 1 litre of 4%
formal dehyde (Asia Pacific Speciality Chemicals Ltd,

NSW Australia) in DPBS at 100 mm Hg. Tissue
Tiset tenddtidn The entire aorta, fromthe iliac

bi furcation to the aortic arch, was exposed and

renoved. The right (injured) and the left (control)

Thé GRERN a6, 0frb@l et Mkt asifuyei6n ftd| th¥ aortic arch, was exposed and
removed. The right (injured) and the left (control) common carotid arteries were fully
exposed and removed. All vessels were cleaned of fat and adherent connective tissue
before being placed into tubes with 4% formaldehyde in DPBS.

Tissue analysis
En face Oil-Red-O staining for luminal lesions

The aortic arch was removed for fixation and histological sectioning. The remainder of
the aorta (approximately 16 cm) was opened longitudinally and cut into four segments.
Each segment was sewn (lumen side up) onto small pieces of clear plastic to ensure
they remained flat. The segments were then stained en face in-a saturated solution of
the lipophilic dye Oil Red O to enable determination of luminal surface area covered by
fatty streaks.



exposed and renoved. Al vessels were cleaned of fat
and adherent connective tissue before being placed
WO paoa/0sosbes with 4% f or mal dehyde in DPBS. Ti SSPET/NZ2003/000222
anal ysis En face O l-Red-O staining for |um nal
| esions The aortic arch was renpved for fixation and
hi st ol ogi cal sectioning. The remai nder of the aorta
(approxi mately 16 cm) was opened | ongitudinally and
cut into four segnents. Each segnment was sewn (| unen
Anaysie ofipmioal surfacel drepcevared by faltyatregksastic to ensure
they remained flat. The segnents were then stained en
face ina saturated solution of the lipophilic dye Gl
Imafes] of etch ewdisl segietnd rwere atcomedo fisihgi rPeskl Seanr flaersine2.31a,
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corl 55 5 AR RS ER A rH fe fn g gg aveve
surfaess (whitasapelé pirsd) ng he esulismegpes exprassgidnas thefoereentage of surface
areérﬁcﬁ);e?ésﬂg/ Lsigdy. National Institute of Health, U S A).

ram conpares the intensity of the | esi ons
(stained bright red) against the rest of the arteri al
Acriidat@re (white to pale pink). The results were
expressed as the percentage of surface area covered
by | esions. Aortic arch Three segments of
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ort ar ch wo washes
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dehl &P‘éfe%%'lﬁ‘&egé?ﬁﬁ: %@Meﬂ{réﬁlﬁ% &*fetﬁ‘ér{%@ﬁ@ 70% @thaﬁglo/f’o?%b"’}ﬂiﬁhtes

m nut es, hen 95% et hanol for 30 m nutes an

thery i9ﬁ"é>| etizanqden/@@trwaﬁf@ﬁ a‘nérflrtaﬂy,e@%@ﬁw%forsbreerﬁv?ﬁheesof 30
mmI n?%acﬂ_he?'h WErel 18R pﬁéé@?jeﬂ the firfeoff Mosﬁ'uf@fag%ﬂ\@esm solutions

trati o resin solutions (Technovit
(Tegknoxie 7400, daeraaisy \Cmany)eand l6ff e  gotatasrovetnighti giie. segrents

weré QHé’FP%ﬁsfeN‘@d & tHeBedohanedindoRfioh ArdhRezeagid 16F€8h 3 rotator
solution and were again left on a rotator ~ overnight

ovepight Fagheseomrat wan dhercagrefully plpcgd apeantuipta @rﬁbecmgomoulds
helc?fﬁbp%’&' B\Da FRHin LS amohﬁﬂ & édﬁe@l@:& thY b@s@‘of‘tH’éBi*noé‘IHD%E same

superglue at the base of the nould. The sane
reSlmmeﬁuﬁeuwefar ingiration WP% ANt Barenaang hfs was pipetied into

the NAGEENGH AN dsddMentdaver® RMJIREyY ddvered. The plastic was left to
polymerise at room temperature for two hours before being placed into a 37°C oven
overnight. The plastic blocks were then gently removed from their moulds and
mounted onto Histoblocks, using Technovit 3040 (Heraeus, Germany) as glue. Each
block was securely fitted to the microtome (LKB Bromma, Germany) and trimmed by
cutting approximately 60-70 sections of 10 um each. These were discarded and the
microtome was set to cut 5 um sections. These sections were collected with forceps
and stretched in distilled water held at room temperature. They were then collected
onto glass slides and dried for approximately 15 minutes at 60°C. The sections were
then stained for 10 minutes with Toluidine Blue before being washed four times with
tap water and allowed to air dry.



the mould until all segnments were conpletely covered.
The plastic was left to polynerise at room
wo eovpes@sbur e for two hours before bei ng pl acedPCTINZ2@3/000222
37C oven overnight. The plastic blocks were then
gently renoved fromtheir mpulds and nounted onto
Hi st obl ocks, using Technovit 3040 (Heraeus, Gernany)
as glue. Each block was securely fitted to the
m crotone (LKB Bronma, Cermany) and trimed by
Rigbtiand reft cqrptidartesieel y 60- 70 secti ons of 10 m each
These were discarded and the mcrotone was set to cut
5 msections. These sections were collected with
Four and digs segmenist eathcamutoximaiiys3-#1 rhmdinvertgih, werk duaifromdbenleft
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emmewmmmgame@ usthg the mathod gfr¢viausiyoddsdribed for thesaortic
five segnents, each approximtely 3-4 mMmmin
arc#gérgm%?gv\ere cut fromthe left (control) and the
right (ballooned) carotid arteries respectively. A
lntiﬁiiagf)ﬁ@tﬂér LQiger of sections was used in the control
. a e experinmental vessels, to avoid confusion
bet ween .ti ssues during enbeddi ng and secti oni ng. The
h t;
A B e e Bma (S TRee Fetioso (8D, R Bllbged and
contyelr gargtid @ﬂ@ﬁe% ég%élﬂﬁ §ortl|crﬂrpfqur ® pesfamedrusingotheaAMpcha Image
Anawgrspbﬁmroﬁsrsmah YS9 ddURiHALCHR U S ATPUinedsichfits were
| 'ooned and control carotid arteries
tak%ht? drteratiet the izg Kinweixals)pet belfetreuistimg anse megiehigyers in all
seghﬁﬁ&e of @é@h Yaﬁ’te?y Syg%i‘ﬁg‘ &y E?fx%laloﬂ\/h%rokof’c‘]@8!‘?9‘<3Patlon N. Y U S.A)
Scientifi Measurenents were take
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Excel (M crosoft Corporation, NY
ballagies £a&ticsements- ratio of intima to msdl a vvas
cal cul ated and recorded for each of the three aortic
arch segnents per rabbit, the four control carotid
Stalighfifent s and the five ballooned carotid segnents.
Statistics

All statistical analyses were performed using the SigmaStat (Jandel Scientific, Ca.,
U.S.A.) statistical software package. Comparison of data from the morphometric
analyses were carried out with One-Way Multiple ANOVAs, using the “Kruskal-Wallis”
Analysis of Variance on Ranks test. Extreme outliers were identified using Tukey's
Outlier Test. In all statistical analyses a P value of less than 0.05 was considered
significant. The information has been presented graphically using Microsoft Excel
(Microsoft Corporation, N.Y., U.S.A.). All data has been reported as mean t standard

error of mean.
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be compared. P

Rabbit Weights

Almost all rabbits lost weight over 6 weeks, with only Group 9 (10% A" without added
cholesterol) recording an average weight gain of 2.15 + 1.2%. Group 10 rabbits (10%
A? without added cholesterol) showed only a small weight loss of -0.92 + 0.97%.
Group 1 rabbits on 20% whey only (no added cholesterol) lost 4.5 +'6% of their original
body weight over the 6 week study, while the remaining Groups 2 — 8 (all with added
cholesterol) lost mean 7.57 + 4.72% of their original body weight.
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Effect of Diet on Triglycerides

By week 6 triglyceride levels from Groups 5 (20% A') and 9 (10% A" without added
cholesterol) had increased from week 0 and Groups 4 (10% A" and 10 (10% A?
without added cholesterol) had shown no change. The serum triglyceride levels for all
other Groups had fallen from those at week 0. '
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Effect of Diet on LDL. to HDL ratio

The LDL to HDL ratios were determined by dividing the individual‘rabbit’s serum LDL
levels by the same rabbit's serum HDL levels. The mean LDL:HDL for each Group
was then determined. It was found that the LDL:HDL of Group 10 (10% B-casein A?
alone) was signifif;antly lower than all other groups including whey alone and B-casein
A" alone. The LDL to HDL ratios of all Groups with dietary cholesterol (Groups 2 — 8)
were not significantly different from each other. As with the serum LDL and HDL
levels, there was a trend for higher levels with higher doses of p-casein A' and lower

levels with higher doses of B-casein A%
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The abdominal aorta isolated from animals fed A® in the absence of dietary cholesterol
(Group 10) had only minimal surface area covered by plaque and was not significantly
different from Group 1 (whey only) which had 0% covered by plaque. Group 10 was
significantly lower than all other Groups including Group 9 (A, no dietary cholesterol).
Group 3 (5% A’ with dietary cholesterol) was sngnlflcantly higher than Group 2 with
20% whey and dietary cholesterol.

Thus, both casein variants without dietary cholesterol produce more extensive fatty
streaks than whey alone but A? is less atherogenic than A'. In addition, A! is more
atherogenic than A% in the presence of dietary cholesterol.
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ratio in A? fed animals (Group 10) was lower than in the A’-fed Group 9.
There was no neointimal thickening observed in all of the control vessels.

Although the invention has been described by way of example, it should be appreciated
that variations and modifications may be made without departing from the scope of the
claims. Furthermore, where known equivalents exist to specific features, such
equivalents are incorporated as if specifically referred in this specification.
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4. A method as claimed in claim 3 where the disease or disorder is selected from
hypercholesterolemia, hyperlipidemia, and atherosclerosis.

5. A method as claimed in any one of claims 1 to 4 where the composition is a food or
food product.

6. A method as claimed in claim 5 where the food or food product is milk or a product
containing or processed from milk.

7. A method as claimed in any one of claims 1 to 6 where the composition is a dietary
supplement.

8. A method as claimed in claim 7 where the dietary supplement is a nutriceutical
which is ingested for optimising any one or more of the group consisting of



a) cholesterol; b) low density |ipoprotein (LDL)
chol esterol relative to high density |ipoprotein
wQ biDup3hol esterol ; c) |ow density |i poprotei NnPCL/BE2003/000222
chol esterol; d) very |low density |ipoprotein (VLDL)
chol esterol; e) apolipoprapein B, and f)
triglycerides. 14. A dietary supplenent formed by the
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IreRgit 95% R-casein A2. 15. A dietary suppl enent as
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9. & micthed ancleimadiinidyweng ef elaims( 8ie Sswhere Ae icomppsitiom sdmilk

¢ _ C 1 : ¢ . | o

;gﬁt';ar!m%@?éﬁéﬁwgﬁrgggé’ %—?Sa%@{s&o%p?éeé bR o8Y, |k Rbin A2,

10. A method as claimed in claim 9 where the B-casein is comprised solely of B-casein
A%

11. A method as claimed in any one of claims 1 to 10 where the composition has been
formed by the addition of an amount of B-casein A? sufficient to alter serum
cholesterol levels and/or serum triglyceride levels in a human.

12. A method as claimed in any one of claims 1 to 11 where the B-casein A? is obtained

from the milk of bovine cattle or from the milk of yaks, buffalo, sheep or goats.

13. The use of B-casein A? in the manufacture of a compossition for reducing the serum
level in a mammal of any one or more of the following:
a) cholesterol;
b) low density lipoprotein (LDL) cholesterol relative to high density lipoprotein
(HDL) cholesterol;
c) low density lipoprotein (LDL) cholesterol;
d)  very low density lipoprotein (VLDL) cholesterol;
e) apolipoprotein B; and
f) triglycerides.

14. A dietary supplement formed by the addition of B-casein to a food or drink for

human consumption where the B-casein is comprised of at least 95% B-casein A%

15. A dietary supplement as claimed in claim 13 where the B-casein is comprised solely

of B-casein AZ.

16. A dietary supplement as claimed in claim 13 where the p-casein A? is obtained from
the milk of bovine cattle or from the milk of yaks, buffalo, sheep or goats.



