Whey and thymus function The present invention generally relates to the field of nutrition and health.
In particular, the present invention provides a composition for use in treating or presenting thymus
atrophy. 5 The thymus gland has many important functions, for example it is a key player for a
powerful immune system. The thymus is the organ responsible for the generation of functional T cells.
One role of the thymus is the education Wity eirithtihgrand Maigtrsion) of T lymphocytes, resulting in a
negative selection of autoreactive T cells and a positive selection of useful T cells 10 (Marrack et al.
1998. Cell 53:627; Lo et al. 1997. Immunol Res 16:3; Anderson et al. 1996. Annu Rev Immunol 14:73).
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in its anatomy associated with loss of thymic epithelial cells and a decrease in thymopoiesis. This
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T-cell output 20 with age (Henso et al., Exp Gerontol. 2004 39:673; Virts 6 Rejuvenation
Res. 9:134). results in diminished number of circulating naive T cells and impaired cell-

20 mediated immunity.

In addition to the age-related thymic involution (i.e. chronic thymus atrophy), the
thymus also shows a reversible involution (i.e. acute thymus atrophy) in
response to various physiological or pathological conditions (Taub & Longo
2006 Immunological Reviews 205:72). For instance, alterations in thymocyte
25 numbers and thymic size have been reported during pregnancy, various
inflammation conditions, bacterial and viral infections, physical and emotional

stress, malnutrition, chemotherapy and exposure to toxin.

A compromised immune response contributes to poor health, fatigue and many

disease states. The ability to regenerate the thymus represents, hence, one of
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Some nutritional approaches, such as oral administration of zinc (Dardenne et al., 1993 Clin Immunol
Immunopathol. 66:127; Mocchegiani et al., 1995 Int J Immunopharmacol. 17:703) have also been
reported to improve to some extent 25 the thymic function. Combination of Zinc and sodium
diethyldithiocarbamate given 10 days prior a stress model in mice restored stress-impaired thymus

weight alnd imtﬁ@ﬂﬁé}b?%iﬁ}éﬂéﬁ@éﬁmdm&ﬁdhél-TB@&rb’t@ySg)iIL Gfaﬁf)hmmmn@mesﬂve .
Zn-supplementation may have disadvantages. A recent review reported that ough Zn is considere
10 be retativel BB IEPSS MBI U7 ARGERR T S HURG S (RUDGEE G AMiGhet

pain, 2 lethargynanciatpnmunitypceenelith higbctionsntakeadiigowminiBkeanut iat aangiunginig excess
of the Recommenfe(hDietaJl'_)EhAllowance %2? for exam;éle of 1&)&)-300 mq Zn/day, evidence of
induced copp@PRAFRERS WS RNt UGB SPERYMECHAN RS FHFRAS, IS GRT Y fbaired
immune fupictieffieacl5 cidveisereitscieverdae @itioaonoseppiysdipapiitestasuch as post-
high-density-lippprotein (LDL/HDL). chq|esterol have been reported. Even Jower levels of zing.
SupplementatbRoTIBUR FPARTALR HeCEN, AR VLR SAALen (P AUR P e Sation of
copper and iramérditoadarselyeffespbiide chodtstatiircoficeipaiiifits 4htsrivrebidmeieamidpurnal of
Clinical Nutrition. 10 1:2“2?55?. It was conseguently the object of thelpr%?enﬁ.inventi?n t(jprovid the art
with a nutritioneapapp A g’trea\('gﬂsprev Lm%ymlﬁ?ﬁﬁ?i%ﬁy th VI R in8 edients Sfid that
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invention[: late ef’f)néa&'%%{ﬁ[ﬁdﬁ Cgﬁr?ﬁ%lr%d‘%l?&%?ﬁ?%%ss?r&%sésprotein fraction thereof for use in
maintaining and/or improving thymus function and/or thymus health. The inventors have investigated
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More recently, systemic administration of cytokines (e.g. IL-7) and hormones
(e.g. GH, IGF-1) have resulted in increased thymic activity and T-cell output

20 with age (Henson et al.,, Exp Gerontol. 2004 39:673; Virts et al., 2006
Rejuvenation Res. 9:134).

Some nutritional approaches, such as oral administration of zinc (Dardenne et
al., 1993 Clin Immunol Immunopathol. 66:127; Mocchegiani et al., 1995 Int J
Immunopharmacol. 17:703) have also been reported to improve to some extent
25 the thymic function. Combination of Zinc and sodium diethyldithiocarbamate
given 10 days prior a stress model in mice restored stress-impaired thymus
weight and immune function (Obminska-Mrukowicz et al., 2005 J Vet Sci. 6:25).

However, excessive Zn-supplementation may have disadvantages. A recent
review reported that although Zn is considered to be relatively nontoxic,

30 manifestations of overt toxicity symptoms (nausea, vomiting, epigastric pain,
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a composition to treat or prevent thymus atrophy and further re-establish lymphocyte function and/or to
boost the immune system. In particular to 10 improve immune response during the aging process
and/or to increase the efficacy of vaccines. While the thymus usually reaches full size at the stage of
puberty, it tends to shrink thereafter. Thymus atrophy is consequently a well-known condition occurring
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clu

dlseases munodeficiency, cancer and autoimmunity; severe infections 10 including AIDS;
and consequently, the composition of the present invention may be applied in these conditions. In one
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immunosuppression states such as post-"chemotherapy/radiation therapy; to support organ
transplantatiomuities@reapproach to treat or prevent thymus atrophy that uses natural

ingredients and that overcomes the disadvantages of the methods listed above.

The present inventors were surprised to see that they could achieve this object

15 by a use in accordance with claim 1.

Hence, the present invention relates to a composition comprising whey or at
least one protein fraction thereof for use in maintaining and/or improving thymus

function and/or thymus health.

The inventors have investigated the ability of a whey-based nutrition to restore
20 the thymus weight and function in an experimental model of head-injury

inducing thymus atrophy.

The metabolic response to head injury (HI) is characterized by a dysimmunity
which is a risk factor, for example, for secondary infection and potentially sepsis.
A feature seen in Hl is a severe atrophy of the thymus. The thymus is a primary

25 lymphoid organ in which T cells undergo differentiation leading to a migration of
positively selected thymocytes to the T-cell dependent areas of peripheral
lymphoid organs.



15 anti-tumour immune responses; to restore antimicrobial immunity e.g. against bacteria, virus, fungi,
parasites; and/or to normalise T cell immunodysregulation states e.g. in autoimmunity, such as
multiple sclerosis, or lupus rheumatoid arthritis, allergy, and/or dermatitis/psoriasis. Further, the
composition may be used in a state of malnutrition, obesity; 20 immune deficiency, for example after
chemotherapyBy tiividgnée a0 ficHEDBAMAUINY disil fRicosierampleusy stensifdupLthatyzhamayosus
(SLE), muItipIercle ofgis (MS) %Edgrmatomyo itisr1]t§DM); stress, for example chronic or social stress;
infections, for 8% ﬁﬁi) < WASRNS PeF?ﬁf%?@iF Fi é!E‘PiBﬁQtEBQQ%(tion; or combinations thereof. 25

Generally, the composition of the present invention may be applied to any organism that has a thymus.
Preferably the mpRIBLRLePRiE B IR BB RISRERIAMEIAR IS INERAGH 1" fymaRs: pets
companion animals and/or livestock. It may be used for oral, enteral, topical or parentera
administrationh&aghcanshlysiihoaysg beetiovided in any form suitable for consumption. Preferably, the
composition may be a medicament, a food product, a pet food product, a food additive, a nutraceutical
or a drink. 5 Whey-based formulations were found to have the described effects. Any formulation
comprising or CoWSRYMPEPNRESE By piRbirBPHRiegonb eePeinRaPhanR fIoteMdrariieh
fraction in whepdagproximately 10% of the total dry solids within whey) comprises four major protein
fractions. These are beta-lactoglobulin, 10 alpha-lactalbumin, bovine serum albumin and
immunoglobulins. If whey protein is used, the source of the whey protein may be acid whey, sweet
whey, whey pi\dthayisolatdeasinixteneothardaiciuaftratdpf imiveberytea footdin poepesdtidraséd on
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hydrolysate is &gty cfrvaasioiedly available from several sources. One possible example of a whey
protein hydrolysate (WPI) is Peptamen , optainable from Nestle Nutrition. Using hydrolysed whey
protein has for example the advantage, that this protein fraction is hypoallergenic. Typical)(li%ﬁ08

and
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much less lysine blockage during the hydrolysis and subsequent thermal processing. 5 This enables
the extent of IJBIREWIGHRAGITINRNRS IL8EHSM about 15% by weight of total lysine to less than about

10% by weight of lysine; for example about 7% by weight of lysine blockage which greatly improves

the nutritional ually ol 06, PHRE DT AHEoR FHLEB A K R B R RSB 0% RSAATS ©f
nitrogen in thetorm o0
intended for consumption by adult and/or elderly subjects.

Thymus atrophy may also occur in response to various physiological or
20 pathological conditions, such as for example various inflammation conditions,
bacterial and viral infections, physical and emotional stress, chemotherapy

and/or exposure to toxins.

The thymus size appears also to be dependant on the nutritional status.

Malnutrition may lead to a reduced thymus size and activity.

25 Consequently, the composition prepared by the use of the present invention

may successfully be applied in particular to subjects with an impaired health, for
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10 free alpha-amino nitrogen as compared to total nitrogen as measured by the TNBS method
described by Adler-Nissen et al. in "Determination of the Degree of Hydrolysis of Food Protein
Hydrolysates by Trinitrobenzenesulfonic acid" (J. Agric. Food Chem. 1979. 27:1256). It is a measure of
the extent to which a protein has been hydrolysed. 15 The whey or the at least one protein fraction

thereof may fusieenpie skppleriesntegntitierammaidtetheasoanine anigs dsespeaisdavaishdt has a
low content (principally histidine and arginine), Consequently, the whey or the at least.one protein
fraction terodh TSP BTG SRHLE: IOl b, DUl B e A S CRIBA N TG
arginine in an agaouyt of from 0.1 to 3% 20 by weight of the total protein content of the composition
and/or free histidine in an amount of from 0.1 to 3% by weight of the total protein content of the

composition. The whey may also be supplemented in various amino acids for which an increased
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"Amino acids P%&ﬁ{gg%qrmr{&ﬁ&oggmé%:fgﬂgﬁ-ﬂw%vﬁgg gg}_efit 30 of a mix of Threonine, Serine,
ne .M

Proline and cyste as demonstrate reover, it I1s well known that glutamine is important
(conditionally indispensable amino acids) in a number of pathological conditions and thus it may be

also of interesTiyaAflf HegprPISoMbIay SiacRWNRYOasse Rl kg tainifioih@atBRME tryehsesor

example, the whey protein fraction may contain arginine in the range of 2-3 weight-%, of the total
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negative impagiohiding apsiraidhwfisahoertBosi®aomppuitien of fidensisent iprisidH aspn
thereof preferably represents at least 10 30 weight-%, preferably at least 50 weight-%, more preferred
at least 70 We%%@BP% ﬁ%%?é%@@ﬂ'gar&'least 90 weight-% and mostly preferred at least 95
weight-% of the total protein content of the composition. Preferably, the composition contains
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the reconifmerriitttaiguntakenand ﬂ@@mﬁmﬁpre@@tﬁmaﬂmig@@f dahunitiiesad iragRénir Zinc
for healthy pegplerFhe 3B FERERSEAR LM SR RISt RRIRIGRSE, HalER Ry-Calcium,
states e.g. in autoimmunity, such as multiple sclerosis, or lupus rheumatoid

arthritis, allergy, and/or dermatitis/psoriasis.

Further, the composition may be used in a state of malnutrition, obesity;
20 immune deficiency, for example after chemotherapy or HIV infection;
autoimmune disorders, for example systemic lupus erythematosus (SLE),
multiple sclerosis (MS) or dermatomyositis (DM); stress, for example chronic or
social stress; infections, for example such as bacterial or viral infections;

toxication; or combinations thereof.

25 Generally, the composition of the present invention may be applied to any
organism that has a thymus. Preferably the composition prepared by the use of
the present invention is intended for humans, pets, companion animals and/or

livestock.



Phosphorous, Magnesium, Vitamin D, and Fluoride (1997); Dietary Reference 25 Intakes for Thiamin,
Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic Acid, Biotin, and Choline (1998);
Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium, and Carotenoids (2000); and Dietary
Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, lodine, Iron,

Manganese, Miotyhderunsehlitkebrailiepterdanagioa oapdBntetaPadmihisastisenorts may be
accessed via www.nap.edu provided by The National Academies. Life Stage Group Recommended
daily Zn intake maximum recommended level of daily Zn intake Infants (mg/d) (mg/d) 0-6 months 2 4
7-12 months 3Th€ Himgppsition may be provided in any form suitable for consumption.

Preferably, the composition may be a medicament, a food product, a pet food

product, a food additive, a nutraceutical or a drink.

5 Whey-based formulations were found to have the described effects. Any
formulation comprising or consisting of whey, whey proteins or fractions thereof

may be used.

The protein fraction in whey (approximately 10% of the total dry solids within
whey) comprises four major protein fractions. These are beta-lactoglobulin,

10 alpha-lactalbumin, bovine serum albumin and immunoglobulins.

If whey protein is used, the source of the whey protein may be acid whey, sweet
whey, whey protein isolate or mixtures thereof. Preferably, however, the protein
source is based on whey protein isolate or modified sweet whey. Sweet whey is
a readily available by-product of cheese making and is frequently used in the

15 manufacture of infant formulas based on cows' milk.

The whey or whey protein may be obtained for example from human, bovine,

sheep, goat or camel sources.

In one embodiment, the whey protein fraction is at least in part enzymatically
hydrolyzed whey protein. Consequently, whey protein hydrolysate may be used

20 as whey protein fraction. Whey protein hydrolysate is readily commercially
available from several sources. One possible example of a whey protein
hydrolysate (WPI) is Peptamen®, optainable from Nestlé Nutrition.

Using hydrolysed whey protein has for example the advantage, that this protein
fraction is hypoallergenic. Typically, hypoallergenic hydrolysed whey protein

25 may have a degree of hydrolysis (DH) of between 8 and 20, more preferably
between 9 and 16. A particularly preferred degree of hydrolysis is 14. The whey
protein may be hydrolysed in any suitable manner known in the art, for example

6



1-3years 37 4-8 years 5 12 Males 9-13 years 8 23 14-18 years 11 34 19-30 years 11 40 31-50
years 11

as described in European Patent No. 322,589, the contents of which are
incorporated herein by reference. If the whey fraction used as the starting
material is substantially lactose-free, it is found that the protein suffers much
less lysine blockage during the hydrolysis and subsequent thermal processing.
5 This enables the extent of lysine blockage to be reduced from about 15% by
weight of total lysine to less than about 10% by weight of lysine; for example
about 7% by weight of lysine blockage which greatly improves the nutritional

quality of the protein source.

"Degree of hydrolysis" (DH) means the percentage of nitrogen in the form of
10 free alpha-amino nitrogen as compared to total nitrogen as measured by the
TNBS method described by Adler-Nissen et al. in "Determination of the Degree
of Hydrolysis of Food Protein Hydrolysates by Trinitrobenzenesulfonic acid" (J.
Agric. Food Chem. 1979. 27:1256). It is a measure of the extent to which a

protein has been hydrolysed.

15 The whey or the at least one protein fraction thereof may further be
supplemented, for example with those amino acids in respect of which it has a
low content (principally histidine and arginine). Consequently, the whey or the at
least one protein fraction thereof, for example sweet whey or whey protein
isolate, may be supplemented with free arginine in an amount of from 0.1 to 3%

20 by weight of the total protein content of the composition and/or free histidine in
an amount of from 0.1 to 3% by weight of the total protein content of the

composition.

The whey may also be supplemented in various amino acids for which an
increased requirement associated to pathological conditions was demonstrated.
25 This is of particular importance if the composition of the present application is to
be applied in diseases conditions. For instance in EP94 402 420 “Composition a
base d’acides amines pour le traitement d’infections” the benefit of a diet
enriched in Cysteine, Threonine, Serine and aspartate/asparagine and in
EP1638418 “Amino acids supplementation to restore intestinal flora”, the benefit

30 of a mix of Threonine, Serine, Proline and cysteine was demonstrated.
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40 50-70 years 11 40 > 70 years 11 40 Females 9-13 years 8 23 14-18 years 9 34 19-30 years 8 40
31-50 years 8 40

Moreover, it is well known that glutamine is important (conditionally
indispensable amino acids) in a number of pathological conditions and thus it
may be also of interest to add glutamine to whey since whey does not contain

high glutamine level.

5 For example, the whey protein fraction may contain arginine in the range of 2-3

weight-% of the total protein content of the composition.

If however the arginine content is too high, this may have a negative impact on

the flavour of the final composition.

The whey or at least one protein fraction thereof preferably represents at least
10 30 weight-%, preferably at least 50 weight-%, more preferred at least 70 weight-
%, even more preferred at least 90 weight-% and mostly preferred at least

95 weight-% of the total protein content of the composition.

Preferably, the composition contains minerals in amounts corresponding to no
more than 100% of the maximum recommended level of daily mineral intake per

15 100 g whey protein.

In one instance of the present disclosure, it may also contain minerals in
amounts corresponding to no more than 100% of the maximum recommended

level of daily mineral intake per daily dose.

For example, in a preferred embodiment, the composition may contain less than

20 35 mg zinc per 100 g whey protein.

The table below presents the recommended daily intake and the maximum
recommended level of daily mineral intake for Zinc for healthy people. The table
represents information taken from Dietary Reference Intakes for Calcium,
Phosphorous, Magnesium, Vitamin D, and Fluoride (1997); Dietary Reference

25 Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12,
Pantothenic Acid, Biotin, and Choline (1998); Dietary Reference Intakes for
Vitamin C, Vitamin E, Selenium, and Carotenoids (2000); and Dietary

8



50-70 years 8 40 > 70 years 8 40 Pregnancy 18 years 12 34 19-30 years 11 40 31-50 years 11 40
Lactation 18 years 13 34 19-30 years 12 40 31-50 years

Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper,
lodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc

(2001). These reports may be accessed via www.nap.edu provided by The

National Academies.

Life Stage Recommended maximum
Group daily Zn intake recommended level of
daily Zn intake
Infants (mg/d) (mg/d)
0-6 months 2 4
7-12 months 3 5
Children
1-3 years 3 7
4-8 years 5 12
Males
9-13 years 8 23
14-18 years 11 34
19-30 years 11 40
31-50 years 11 40
50-70 years 11 40
> 70 years 11 40
Females
9-13 years 8 23
14-18 years 9 34
19-30 years 8 40
31-50 years 8 40
50-70 years 8 40
> 70 years 8 40
Pregnancy
<18 years 12 34
19-30 years 11 40
31-50 years 11 40
Lactation
<18 years 13 34
19-30 years 12 40
31-50 years 12 40




12 40 The composition may consist of protein only. It may however also comprise a lipid fraction
and/or a carbohydrate fraction. Lipids and carbohydrates may have a positive impact, for example on
taste and mouthfeel. They also contribute significantly to the nutritional profile of the composition. 5 If
the composition is a food product, for example a nutritional composition such as a complete nutritional

composition, aryneiimpbisesh afagdibgdistnodpretéimaiopalfeagyonaweiercalsicabritpsipseterred if
the composition contains next to the whey or whey protein fraction also a carbohydrate fraction and a
ipid fraction. TBRITARRACURE SrESPo HEHE A Bl LR A R RSB D B prised
in the composiigoiitae ampaot, that excagriends tasteouht- o0 esithTeajorrD ofdheripateposition,
preferably aboyt 7-50 % of thE calobi_et's of ﬁ;?e cﬁ m ﬁ{tion, even more preferred about 10-30 % of the
calories of thesé%%b??sriﬁlw%ﬁ HEHVERRB W%ﬁ/%? BiFCTWREY4rbohydrate fraction may be

comprised in the composition in an amount that corresponds to about 5-1000% of the calories of the
compositian, 0-9Q 9 ri it : red about
1085 3 o the B BT e D B S D ey arate
may be used, & éx@@ﬁpﬂ’dﬁi@dﬁ@ﬁ@j@@@bggmj}%ﬁm,% fum?b@@,al:&n%ymﬁemﬂdg, iﬂ_@mutmarins, and
mixtures ther%fnﬁl&ﬁﬁf%&y&’ AR EASONRER T ROl CRIMRUSR SHRABABE YR *&%ﬁ'ﬁﬁm& fhien may

be comprised in the composition in an amount that corresponds to about 2-100% of the calories of the
composition, peeféaihaprit wEeyopisteie daoties alapeaconriposividrate\iagiioneandfardiridibout 5-
25 40 % of thg,calories of the composition may be derived from lipids. The lipid fraction may comprise
medium-chain triglycerides (MCT), for example provided in the form of coconut and/or palm kernel oil,
preferably in an amount of 60-80 weight-% of the lipid source. A high MCT content will allow that the
compositign caybegasiplabiubaady the wiebigcldasie drratpebidite fastiactiurestyni@ayrend0 a
né:n3 ratio in the range of 1:1-10:1. DHA may be added. The composition may further comprise
another immuFQTBBBSEAG A RR PRSI N ERcRmg U dAE CBIERABAB TP P RHL O the

composition. "B elgotiglofenos théctaiipsstlqTeprsrsians aiunpos@ntssifthuctaliabeadstnith a
beneficial effect on the 5 health or well-beintg{%‘_thi h%)tthiSaléngbep et zl. 999 Tlrends Ié?o Sci.
Technol. 10:1§NRASHGBiotVflicrB18FG aRHRI IS Dy BROW ed Tioledor #inlRewitR S reder fvention.
Preferably, the:propigitomaydesialeatedmionhdiepgodsin consisting of Bifidobacterium, Lactobacillus,
Lactococcus, Enterococcus, Streptococcus Ascomycota, Deuteromycota, Debaryomyces,

Kluyveromyces, 10 Saccharoymces, Yarrowia, Zygosaccharomyces, Candida, and Rhodotorula, in
particulari$eledtet anipoingdoate fractisistingyobBifidotriiseduim tbe gampsaiiliobactenuameagts,

Bifidobacteriu imalis,-Rifi {ng b (fi ium i tj ill ' ilus,
Lactobacillus @éﬁ%%ggggﬁ) L?cs? gg(ls\‘illg;?ug@I(_Y:g%(?go%%%%s%ascﬂ%@égiﬂgbg%mﬁétgfﬁ%@rrg%ﬁgg cillus 15
rhamnosus, LabebhdilltOp%rafaths, calomeaciitbsonasmisitiaotodeillsurimegiarredasgtsiicillus
salivarius, Em&%@%"éf‘fﬂ?‘é'&‘éﬁq%" fﬂ‘i@%ﬁ@?o%%ﬁ'% d8fiG ér%mcéérBBHiﬁ{%{&{.%y .
Lactobacillus reuteri or mixtures thereof, preferably selected from the group consisting of Lactobacillus
johnsonii (NC@BitableN@Kpahydpde Bifriohecteaach [igara Nt 490 CRCMCIoBE7 (Y| upse,
BifidobacieyiufpJeRAT (N2 L0n e NEkL: 26 B FAERORRCTCHHED Gt RRISIHENEM 173440).
Lactobacillus paracasei (NCC2461; CNCM 1-2116), Lactobacillus rhamnosus GG (ATCC53103),
Lactobacillus gaippiglreitaioomrelerably cogmpdses maledextinfaecium SF 68 (NCIMB10415),
and mixtures thereof. 25 The composition described in the present invention may also comprise a
prebiotic compound, "_Prgrbiot_ic" means food substances that promote the growth of probiotics in the

intestines. They'Sre Atk BRI ABIAY iPehELBRAEES RdBeuSBEMRRLRR S r b sIMMYth 1R G tract
of the person ingestiperitsnte kadhearedeymentekby-loeigassfointe Sorab BERIGNOler efedidpY

PRt 30 S R I e e e et abar 57
25 40 % of the calories of the composition may be derived from lipids. The lipid
fraction may comprise medium-chain triglycerides (MCT), for example provided
in the form of coconut and/or palm kernel oil, preferably in an amount of 60-80
weight-% of the lipid source. A high MCT content will allow that the composition
can be easily absorbed by the subject to be treated. The lipid fraction may have

30 an6:n3 ratio in the range of 1:1-10:1. DHA may be added.
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The prebiotics that may be used in accordance with the present inventions are not particularly limited
and include all food substances that promote the growth of probiotics in the intestines. Preferably, they
may be selected from the group consisting of oligosaccharides, optionally containing fructose,
galactose, 5 mannose; dietary fibers, in particular soluble fibers, soy fibers; inulin; or mixtures thereof.
Preferred prebjpiéicecrp bsidtsnotiggsaetiar staa dFssSanothaetretigneassbstiittgade?@hd/or a
isomalto-oligosacchayides, x Iooligosaccharides, oligosaccharides of soy, glycosylsucrose (GS),
lactosucrose (E%'ﬂ fgagﬁj\f&% Eﬁ?, palatinose-oligosaccharides (PAO), malto-oligosaccharides 10
(MOS), gums and/or hydrolysates thereof, pectins and/or hydrolysates thereof. For example a
stabilizing ageftpeotiiviic nmaydye mreseoidorihg agempasiticor. ARubbicdic meabe auddexhidhesll
composition tain pratecti rocolleids. a ms,. protein ifi rc
binders, film ?@réé%%%@n%sghr%&;ﬁg%%ﬂé égeﬁé?r%@%alri%é, w\gmzhgel %%?Eﬁa%,gﬁ% tff’ia;ocr:hg?r;'fi)5‘0unds,
15 coating$s, ehedliiieswsliHzegofitkeabests(Salotieninet adeHi® %ol ials Fwadescietibhmoétc.),
adsorbents, carfiersyfillars, ,dispersi ing.ag Ssing aj

A0S AP l@]&%ﬂkp%ﬁ%@oﬁ@%é@h m?%e“(fé&ﬂ lﬁy.&@é%r&é%%% %ﬂﬂ qils

(solvents), flowing agents, e masking a S, welg agents, Jellifying agents, gel forming
agents, antioxjttessnaridvemiiaicrdtielsratiyy theypdto aimtsiayc devaeiieciaio? frphatiaagraizal
additives and agqj afs, exeipi [ ts, |l 109, hut not_limi w. |ati f any
origin, vegetagg%\fjer{nﬁgjlig%rslfnsﬁ@(ﬁlog%g%@?ﬁﬂgé%%ﬁgc ﬂ!ng u meatarg&é?%éag%‘taatﬁ{tgﬁg ?égﬁjagkylene
glycols, flavouSitigrigentsysreAepmriyesiatdbdiziergrayootsifying caiynmybeafers|uyibeitemisasiorants,

weting agnis leks B0F B8 e 25, The SADoSONAIESEReR N e PEREIR AU be

administered in an amount sufficient to at least partially cure or’arrest the symptoms of thymus atrophy
and its complipatiieiglannssiesied atfequateeao grsstmpirsiving qdfidditidebagiervapelagiiy effective

dose". AmOUNig aliselive forA"IS AuRoSSl AlEnend A 2 Wt of BAIOE KRN 1D Uigsc el skil i

the art such as the 30 severity of the ¢condition and the weight and general state of the patient. In
prophylactic apffidatieatsréomhpdsites.acéaeipbaoittie inaeistiyrhives, adkaciceasd/us a casent
susceptible tOEé«ﬁQ _ E/}Efs 3&5/%8&@%@8%@88&%!9&%, i’é@f&ﬁé’&hﬂ%ﬁéﬁ@‘}lf' SopAgast
partially reduce the risk of developing thymus atrophy. Such an amount Is defined to be "a prophylactic

effective tdserhamaasuse dré@_@é’@@ﬂ@bmt@@lmionlaaﬁtﬂhbéﬂ/dﬁpai@/@ﬂ@@@’éciﬁ@fé@&ﬁsi/#@h as the
patient's Stateﬁéhfﬁﬁlwnﬂé/&%%%fciﬁﬁreésmwOVE%@%B&MLBWQMM%Y REQIRAFBRIAL S

administered in daily qoées in range of 5 to 15Q_g. For example for total enteral nutrition in critically
ill patients, theCESPEN.glideIescsuYeRst Apylaetiseokcal baciodpailtf iGtigHhaseyistures

pathology andyaepugd SRGd SEidaldurig e r%%ﬁ@%g%%é@%%@c‘iﬂ% PRI HPNtent of

most products on the 10 markef is between 15 and f total calorie content a range between 50

and 100g of ptdteia p&s:deiNialthd-a2d pkdicoragissmcen/and N eSd BlstéN pdd dag i result.
Nutritiona) SURBIEIRHHSHOMIRFISHIEHMANE WL NBIGERN FOB'AY), BHcbBARRAS AT RS DB 1

CNCM 1-3446), Lactobacillus paracasei (NCC2461; CNCM 1-2116),
Lactobacillus rhamnosus GG (ATCC53103), Lactobacillus rhamnosus
(NCC4007; CGMCC 1.3724), Enterococcus faecium SF 68 (NCIMB10415), and

mixtures thereof.

25 The composition described in the present invention may also comprise a
prebiotic compound. “Prebiotic’ means food substances that promote the
growth of probiotics in the intestines. They are not broken down in the stomach
and/or upper intestine or absorbed in the Gl tract of the person ingesting them,
but they are fermented by the gastrointestinal microflora and/or by probiotics.

30 Prebiotics are for example defined by Gibson & Roberfroid 1995 J. Nutr.
125:1401).
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Figure 1. HI induced an atrophy of the thymus which was not corrected by the control enteral diet
(HI-CED). Interestingly, the diet containing whey protein hydrolysate (HI-WPH) restored the thymus
weight. 20 Example 1: A typical composition that may be used in the present invention is the following:
Nutrientper liter 25 Protein (gm):40 Protein (% kcal):16% Carbohydrate (gm):127 Carbohydrate (%

kcal):51% 30 ﬁ'@teo(@iﬂ@bﬂllfgtth%t kaial):B3% dueen-Re:8RIandiawith AhEUhréSemk (incddiems are

(0272 Vitan TR e S5 MATIFR RECRSOS AN RGP 346 a5 & R avin-B:2

(mg):2.4 of probiotics in the intestines. Preferably, they may be selected from the group
consisting of oligosaccharides, optionally containing fructose, galactose,

5 mannose; dietary fibers, in particular soluble fibers, soy fibers; inulin; or
mixtures thereof. Preferred prebiotics are fructo-oligosaccharides (FOS),
galacto-oligosaccharides (GOS), isomalto-oligosaccharides, xylo-
oligosaccharides, oligosaccharides of soy, glycosylsucrose (GS), lactosucrose
(LS), lactulose (LA), palatinose-oligosaccharides (PAO), malto-oligosaccharides

10 (MOS), gums and/or hydrolysates thereof, pectins and/or hydrolysates thereof.

For example a stabilizing agent, a flavouring agent, a colouring agent and/or a
lubricant may be added. The composition may contain protective hydrocolloids
(such as gums, proteins, modified starches), binders, film forming agents,
encapsulating agents/materials, wall/shell materials, matrix compounds,
15 coatings, emulsifiers, surface active agents, solubilizing agents (oils, fats,
waxes, lecithins etc.), adsorbents, carriers, fillers, co-compounds, dispersing
agents, wetting agents, processing aids (solvents), flowing agents, taste
masking agents, weighting agents, jellifying agents, gel forming agents,
antioxidants and antimicrobials. They may also contain conventional
20 pharmaceutical additives and adjuvants, excipients and diluents, including, but
not limited to, water, gelatine of any origin, vegetable gums, ligninsulfonate, talc,
sugars, starch, gum arabic, vegetable oils, polyalkylene glycols, flavouring
agents, preservatives, stabilizers, emulsifying agents, buffers, lubricants,

colorants, wetting agents, fillers, and the like.

25 The composition described in the present invention may be administered in an
amount sufficient to at least partially cure or arrest the symptoms of thymus
atrophy and its complications. An amount adequate to accomplish this is
defined as "a therapeutically effective dose". Amounts effective for this purpose
will depend on a number of factors known to those of skill in the art such as the

30 severity of the condition and the weight and general state of the patient. In
prophylactic applications, compositions according to the invention are
administered to a patient susceptible to or otherwise at risk of thymus atrophy in

12



Niacin (mg):28 Vitamin B6 (mg):4 10 Folic Acid (mcg):540 Pantothenic Acid (mg):14 Vitamin B12
(mcg): 8133% Biotin (mcg):400 Choline (mg):452 15 Taurine (mg):100 L-Carnitine (mg):100 Sodium
(mQ):560 Sodium (mEQ):24.3 Potassium (mg):1500 20 Potassium (mEq):38.5 Chloride (mg):1000
Chloride (mEQ):28.2 Calcium (mg):800 Calcium (mEq):40 25 Phosphorus (mg):700 Magnesium

(mg):300 Iron émar8Uatime(megliffitieaorpert(feglLpartially reduce the risk of developing
thymus atrophy. Such an amount is defined to be "a prophylactic effective dose".
Again, the precise amounts depend on a number of patient specific factors such

as the patient's state of health and weight.

5 Preferably, however, the whey or whey protein fraction is administered in daily
doses in the range of 5 to 150g. For example for total enteral nutrition in
critically ill patients, the ESPEN guidelines suggest to give 1500kcal per day in
the initial phases of the pathology and around 2000kcal per day during the
recovery phase. Considering that protein content of most products on the

10 market is between 15 and 25% of total calorie content a range between 50 and
100g of protein per day in the acute phase and between 75 and 125g protein

per day will result.

Nutritional supplements on the other hand would typically contain only 10 to 20g

of proteins.
15
Figure 1. HI induced an atrophy of the thymus which was not corrected by the
control enteral diet (HI-CED). Interestingly, the diet containing whey protein
hydrolysate (HI-WPH) restored the thymus weight.
20 Example 1:
A typical composition that may be used in the present invention is the following:
Nutrient per liter
25
Protein (gm): 40
Protein (% kcal): 16%
Carbohydrate (gm): 127
Carbohydrate (% kcal):  51%
30 Fat(gm): 39
Fat (% kcal): 33%
Free H,O: 85%
Vitamin A (1U): 4300 (includes approximately 37% Vitamin A activity
35 as beta carotene)
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30 Zinc (mQg):24 Manganese (mg):2.8 Selenium (mcg):50 Molybdenum (mcg):120 Chromium (mcg):40
35 Example 2: A rat model of HI by fluid percussion was used. Rats were randomized into 3 groups:
(2) rats receiving control enteral diet (CED), (2) rats sustaining HI and receiving control enteral diet
(HI-CED), and (3) rats sustaining HI and receiving 40 a diet containing whey protein hydrolysate
(HI-WPH). Th@etiatalrdietsevaig)infusedSeensibogeisly during 4 days after the HI and were isocaloric,
isonitrogenous/aachisavqiwnic. After anirpabsacrifice, the thymus was removed and weighed. Results

are shown in figitseniha@hd ) table 1. Tabgy1: Body weight

Vitamin K (mcg): 50

5 Vitamin C (mg): 340
Thiamine-B1 (mg): 2
Riboflavin-B2 (mg): 2.4
Niacin (mg): 28
Vitamin B6 (mg): 4

10 Folic Acid (mcg): 540

Pantothenic Acid (mg): 14
Vitamin B12 (mcg): 8 133%

Biotin (mcg): 400
Choline (mg): 452
15 Taurine (mg): 100
L-Carnitine (mg): 100
Sodium (mg): 560
Sodium (mEq): 24.3
Potassium (mg): 1500
20 Potassium (mEQ): 38.5
Chloride (mg): 1000
Chloride (mEQ): 28.2
Calcium (mg): 800
Calcium (mEq): 40
25 Phosphorus (mg): 700
Magnesium (mg): 300
Iron (mg): 18
lodine (mcg): 148
Copper (mg): 2
30 Zinc (mg): 24
Manganese (mg): 2.8
Selenium (mcg): 50
Molybdenum (mcg): 120
Chromium (mcg): 40
35
Example 2:

A rat model of HI by fluid percussion was used. Rats were randomized into 3
groups: (1) rats receiving control enteral diet (CED), (2) rats sustaining HI and
receiving control enteral diet (HI-CED), and (3) rats sustaining HI and receiving
40 a diet containing whey protein hydrolysate (HI-WPH). The enteral diets were
infused continuously during 4 days after the HI and were isocaloric,
isonitrogenous and isovolumic. After animal sacrifice, the thymus was removed

and weighed. Results are shown in figure 1 and in table 1.
14



(9) Thymus weight (g) Thymus relative weight (%) CED 320 8 0,46 0,02' 0,14 0,01' HI-CED 318 5
0,30 0,03b 0,09 0,01b HI-WPH 339 9

Table 1:
Body weight Thymus weight Thymus relative weight
() (2) (%)
CED 320+ 8 0,46 + 0,02° 0,14 £ 0,01°
HI-CED 318+5 0,30 £ 0,03° 0,09 £ 0,01
HI-WPH 339+9 0,47 + 0,04° 0,14 £ 0,01°

Mean + SEM ; ANOVA + Newman Keuls. (a#b,p <0,01).
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0,47 0,04'0,14 0,01' Mean SEM ; ANOVA + Newman Keuls. (a b, p <0,01). Claims 1.Use of whey
or at least one protein fraction thereof for the preparation of a composition to treat or prevent thymus
atrophy, wherein the composition is to be consumed by adult and/or elderly subjects. 5 2.Use in
accordance with one of the preceding claims, wherein the composition is intended for humans, pets,
companion animals and/or livestock; is intended foCfgihgnteral, topical or parenteral administration;
and is for example a medicament, a food product, a pet food product a food additive, a nutraceutical or
a drink. 10 3.Use in accordance with one of the preceding claims, wherein the whey protein fraction is
obtained from human, bbldaefshbep ajcitieashons preikiodastion thevael fordteenpngdessisene. 4.Use

. 9 : iy o clai : At ; '
enmymatically By Ao S O B B A e R
wherein the wiebersisiumestiby aduthandipgeliderin shbjentige of 2-3 weight-%. 6. Use in

accordance with one of the preceding claims, wherein the composition contains minerals in amounts
corresponding to no more than 100% of the recommended daily mineral intake per 100 g whey

protein, in parficular 20 IHSE tiARRENO8H SR, WL BRE 100 eviEs G58tReh Claimise WSEEHrdBfce with

one of the pregpgipaSitadmss futk1rida faerrantae pHisacyeip@ienenindald shiacpasdaige with
one of the preceding claims, wherein the wh%ﬁ%r the at least one Protein fraction thereof are

comprised in t%e PEEGFH IR SFNEPRRuORISRESFRBIIETR AYHHSIEI orIRE dSIdRES of the
composition, pErigrply Alpesdichidntobthesthioriri ef theprameesibedduct a food additive, a

nutraceutical or a drink.

10 3. Use in accordance with one of the preceding claims, wherein the
whey protein fraction is obtained from human, bovine, sheep, goat or camel

sources and/or is whey protein hydrolysate.

4. Use in accordance with one of the preceding claims, wherein the

whey protein fraction is at least in part enzymatically hydrolyzed whey protein.

15 5. Use in accordance with one of the preceding claims, wherein the

whey protein fraction contains arginine in the range of 2-3 weight-%.

6. Use in accordance with one of the preceding claims, wherein the
composition contains minerals in amounts corresponding to no more than 100%
of the recommended daily mineral intake per 100 g whey protein, in particular

20 less than least 35 mg zinc per 100 g whey protein.

7. Use in accordance with one of the preceding claims, further to
increase the efficacy of vaccines.

8. Use in accordance with one of the preceding claims, wherein the
whey or the at least one protein fraction thereof are comprised in the
25 composition in an amount that corresponds to about 5-100°% of the calories of

the composition, preferably about 7-50 % of the calories of the composition,

16



even more preferred about 10-30 % of the calories of the composition are derived from whey protein.
9. Use in accordance with claim 8, wherein the carbohydrate fraction comprises maltodextrin, and/or
the lipid fraction comprises medium-chain 5 triglycerides (MCT), for example provided in the form of
coconut and/or palm kernel oil, preferably in an amount of 60-80 weight-% of the lipid source and has
a né:n3 ratio ipvee range qirbertddl aBoulUse-Bregsastlanee suibriesedif the peesdstictiare further
to maintain or re-estghlish | hocyte function. 10 11.Use in accordance with one of the preceding
claims further?@ﬂ\é% tEﬂB‘i%ﬁ%n%"é ftm, in particular to improve immune response during the aging
process. 12. Use in accordance with one of the preceding claims in a state of malnutrition; obesity;
immune deficigncy, for e h 15 HIV i tian; i dj , for
example systegrhic Iupu?ggg]r?ém%%g@sg ?gﬁoéSVﬁanﬁ%% s%’levr%sélgé mg%reﬂ%ﬂ?gﬁ%sﬁ%@ Ibls);
stress, for exapopipdbesninettedeidristressditiectivnslipist cxastiole stem prisescterediomsehpinfections;

toxication; or i %ﬁ'ﬁ&s f.e 13 ' i f ' i herein
the 20 com%oiﬂ%g%rt er g@ﬁgr?sé%]ra%ot eé‘%nil:g\nﬁe o&ﬁr‘ﬁg ggﬁﬁ;oﬂ%ﬁﬁ%muc r[E)rgeliﬁrably
selected from Kesngiovip pesfsiaily f aaaowailioBFtSPavtightLharbtyetipid; soucs anstéteistic
compound. Jé-n‘dﬁﬁi%%cﬂﬂ'?é‘?ﬁn@%?%‘?ﬁ e preceding claims wherein the composition further

comprises a pain relieving agent, a stabilizing agent, a 25 flavouring agent, a colouring agent and/or a
lubricant.
10. Use in accordance with one of the preceding claims further to
maintain or re-establish lymphocyte function.
10 11. Use in accordance with one of the preceding claims further to boost

the immune system, in particular to improve immune response during the aging

process.

12. Use in accordance with one of the preceding claims in a state of
malnutrition; obesity; immune deficiency, for example after chemotherapy or
15 HIV infection; autoimmune disorders, for example systemic lupus
erythematosus (SLE), multiple sclerosis (MS) or dermatomyositis (DM); stress,
for example chronic or social stress; infections, for example such as bacterial or

viral infections; toxication; or combinations thereof.

13. Use in accordance with one of the preceding claims wherein the

20 composition further comprises another immune boosting agent; and/or a
probiotic preferably selected from the group consisting of Lactobacilli,
Bifidobacteria and/or yeasts; and/or a prebiotic compound.

14. Use in accordance with one of the preceding claims wherein the
composition further comprises a pain relieving agent, a stabilizing agent, a

25 flavouring agent, a colouring agent and/or a lubricant.
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