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1. Projektets titel

FIAF: Mzlk som regulator af lipidmetabolisme og overvaegt. Afdaekning af
maelks evne til at oge faste-induceret adipose faktor (FIAF)-aktivitet

FIAF — Milk in regulating lipid metabolism and overweight. Uncovering milk’s
ability to modulate the expression and activity of fasting-induced adipose
factor FIAF
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e Bashar Amer, Institut for Fedevarer, Aarhus Universitet,
e-mail: bashar.amer@food.au.dk

e Ulrik Kreemer Sundekilde, Institut for Fedevarer, Aarhus Universitet,
e-mail: uksundekilde@food.au.dk

Endvidere er fglgende partnere med i det bagvedliggende F@SU-projekt:

e Hanne Damgaard Poulsen og Karoline Blaabjerg, Institut for Husdyrviden-
skab, Aarhus Universitet

e Liisa Lahteenmaki, MAPP, Aarhus Universitet
e Jun Wang, BGI-Shenzhen, Kina

e Lise Madsen, Bjern Liaset og Alexander R@nnevik, The National Institute of
Nutrition and Seafood Research, Norge. Alexander Rennevik er bade tilknyttet
NIFES og Kebenhavns Universitet.

e Fredrik Backhed, Goteborg Universitet, Sahlgrenska Center for Cardiovascu-
lar and Metabolic Research, Sverige

e Henrik J. Andersen, Grith Mortensen, Janet Hakansson og Karin Arkbage,
Arla Foods.

4. Finansieringskilder
DSF, FgSu

5. Projektperiode
Projektperiode med MFF finansiering: 1. januar 2011 til 31. december 2015

Evt. revideret: 1. januar 2011 til 30. juni 2016

Projektperiode i alt, hvis del af storre projekt: 1. januar 2011 til 31. december
2015.

Evt. revideret: 1. januar 2011 til 30. juni 2016

6. Projektresume

FIAF-projektets formal var at identificere den/de FIAF-inducerende komponent/er
i maelk samt unders@ge meelk indvirkning pa fedtmetabolismen. | ferste del af pro-
jektperioden blev det vist, at den FIAF-inducerende komponent var en del af fedt-
fasen, og senere blev korte- og mellemkaedede fedtsyrer i maelken identificeret til
at veere de primaere faktorer for opregulering af FIAF-genet i in vitro forseg. Disse
resultater gav ophav til interventionsstudier pa grise, mus og mennesker med hen-
holdsvis kontroldieet, + inulin og + maelk.

| griseinterventionsstudiet blev diseterne normaliseret i forhold til fedtniveauet,
mens proteinniveauet var hgjere i maelkegruppen vs inulin- og kontrolgrupperne.
Der blev observeret et gget FIAF-genudtryk i tyndtarmen efter 3 ugers maslkeind-
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tag i forhold til kontrol- og inulingrupperne, hvorimod FIAF-udtrykket i fedtvaev, le-
ver og muskler ikke blev pavirket af meelk. Kortkeedede fedtsyrer var hajere i den
distale tyndtarm for inulingruppen, mens udskillelse af langkaedede fedtsyrer i fee-
ces var hgjst i maelkegruppen. Udskillelsen af specifikke langkaedede fedtsyrer
blev eftervist i et humant interventionsstudie, hvor der dizeterne dog var normali-
seret i forhold til protein frem for fedt. | grisestudiet blev kort- og mellemkaedede
fedtsyrer (C4-C12) og de to oxidationsprodukter fra mellemkaedede fedtsyrer 3-
hydroxyadipic acid og suberic acid udskilt i et hajere niveau via urinen i grisene,
der fik meaelk vs kontroldiaet. Undersggelser af bakteriesammensaetning i forskellige
dele af tarmen, viste som forventet tydelige regionale forskelle. Overraskende var
det maelkeinterventionen og ikke interventionen med inulin, der resulterede i de
mest markante ggninger i antallet af butyratproducerende bakterier, hvilket dog
ikke blev reflekteret i niveauet af butyrate (smearsyre).

Nyeste resultater fra litteraturen indikere, at FIAF-proteinet (ANGPTL4) kan
haamme aktiviteten af den pancreatiske lipase, som er ansvarlig for hydrolyse og
optag af fedt fra tarm til blodbanen. Derfor blev udskillelsen af FIAF-proteinet un-
dersegt i henholdsvis cellestudier pa plader med permeable membran og Usssing-
kamre, hvor veev fra tyndtarmen fra grise blev anvendt. Eksponering af celler med
fedtsyrerne C4-C8 viste, at FIAF-proteinet blev udskilt bade til "tarm-" og "blod-
siden i det anvendte modelsystem med Caco-2-celler, saledes indikerende at
FIAF-proteinet kan have en indflydelse pa hydrolysegraden af triglycerid i tarmen
og optag af fedtsyrer til blodbanen.

Til at forsta det mekaniske forhold omkring disetens indvirkning pa mikrobiota i for-
hold til dyreart (mus versus gris) er der udfert 12 ugers fodringforsgg pa mus med
den to af de samme diseter (basis-foder samt foder tilsat inulin) som blev anvendt
til griseinterventionen. Forsgget viste 1) at mus fodret med grisefoder stadig beva-
rede et tarmmikrobiom, der lignede, det man finder hos mus fodret med normalt
musefoder samt 2) at indtag af foder med tilsat inulin i mus som i gris kun gav
mindre eendringer i tarmmikrobiomet.

Der blev fuldfert et humant overkrydsningsforseg med 3 interventioner af 3 uger
med henholdsvis maelk, inulin og kontrol med fuld isokalorisk kost. Der blev ikke
fundet forskelle pa FIAF/ANGPTL4-nivauet i plasma eller pa FIAF-genekspression
i fedtveev for inulin- eller maelkegruppen sammenlignet med kontrolgruppen. Der
blev dog fundet mindre aendringer i mikrobiomet, metabolitter og lipidkomposition
i respons til inulin og maelk sammenlignet med kontrol. Prgverne fra det humane
interventionsstudie er malt med henholdsvis NMR og GC-MS til henholdsvis untar-
geted metabolomics og kvantitativ analyse af FFA med ECF-FFA-metoden, der
fornyligt blev optimeret til faeces. De primzere resultater er en gget udskillelse af
specifikke langkaedede fedtsyrer i feeces fra maelkegruppen, hvilket understatter
resultaterne fra griseinterventionen samt et @get niveau af citrat of 2-hydroxyiso-
buterat i urin.

Forbrugeranalysen med 1189 deltagende er feerdig med Skyr som produkt. Fedt-
indholdet syntes at vaere den mest afg@rende faktor for forbrugernes valg efterfulgt
af produktets smag. Sundhedsteksten (health claim pa kortkeedede fedtsyrer) viste
en mindre effekt pa forbrugernes valg.

English

The main objective of the project was to identify the FIAF-inducing milk com-
pound (FIAF-IMC) and to elucidate the basic mechanisms by which FIAF-IMC
affects induction of FIAF and subsequently weight and energy homeostasis
in animals and humans. The first aim was to identify the FIAF-imc and an in in
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vitro screening assay we first isolated the compound to be situated in the fat frac-
tion. Short- and medium chain fatty acids were shown to be the primary compounds
responsible for the up-regulation of the FIAF-gene. In relation to these results three
interventions in pig, mice and humans were conducted with a control diet, + inulin
and + milk, given that inulin a dietary fiber is known to increase bacteria cultures
that produce short chain fatty acids.

In the pig study the diets were normalized according to fat content resulting in a
higher protein content in the milk diet than in the control and inulin groups. After
three weeks of milk intervention the intestine showed a higher FIAF-gene expres-
sion than the other two groups, but no other tissue (fat, liver, and muscle) showed
any changes in the FIAF-gene expression in any of the three groups. Analyzing
the intestinal content and feces for individual FFAs revealed higher levels of short
chain fatty acids (C2, C3, C4, iso-C5, 2-methyl-C4, and C6) in the distal small in-
testine in the inulin group while excretion of long chain fatty acids in the feces was
higher in the milk group compared to the control- and inulin groups. The water
soluble short- and medium chain fatty acids (C4-C12) and the two oxidation prod-
ucts origin from medium chain fatty acids 3-hydroxyadipic acid and suberic acid
were excreted in higher levels in urine from the pigs given milk vs the control group.

To understand the mechanism behind species, diets and microbiota a mice study
was conducted using two of the same diets (inulin, and control) used in the pig
study. The experiment showed 1) that mice fed the pig feed maintained a gut mi-
crobiome similar to that observe in mice fed normal regular mouse feed and 2) that
ingestion of feed supplemented with inulin as observed in the pig intervention stud-
ies only elicited minor changes in the composition of the gut microbiome.

A humane crossover intervention study was performed with 3 diets (milk, inulin and
control) over a period of 3 weeks using a full isocaloric diet normalized according
to protein instead of fat as in the pig and mice study. No differences was observe
between levels of the FIAF-protein in plasma or FIAF gene expression in the adi-
pose tissue for the milk or inulin vs the control group. Minor changes were observed
in the microbiome, metabolites and lipid composition in response to inulin and milk
vs. the control group. The primary changes were increased excretion of urinary
citrate and 2-hydroxyisobutyrate and increased excretion of some of the long chain
fatty acids in feces in the milk group the latter correlating with the results obtained
in the pig study.

A consumer survey (N=1189) was carried out in co-operation between AU MAPP
and Arla Foods. The study explored the role of values, self-identity, and health
orientation in the perception of health messages that varied in congruency. Skyr
was chosen as the target product as it has a high health image (high protein, low
fat) and adding a fat-based benefit creates an incongruent health message. The
findings from the survey confirm that Skyr is perceived as having a strong healthy
image and, regardless of any additional benefits promised, low fat content remains
as the most important feature when making their choices followed by not having
added flavour (natural vs fruit). The possible new health benefits expressed in
package information had no significant role in intentions

7. Projektets formal

Studier har vist, at indtagelse af mejeriprodukter kan have en veegtregulerende
effekt. Der er foreslaet forskellige forklaringer herpa, men ingen har knaekket koden
— sandsynligvis fordi forklaringen skal findes i en kombination af effekter.

Egne resultater viser, at der i tarmceller sker en opregulering af det gen, der koder
for proteinet fasting-induced adipose factor’ (FIAF), nar tarmcellerne stimuleres
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med maelk. FIAF stimulerer fedtforbraendingen og heemmer lipoprotein lipase. Sa-
ledes er det muligt, at FIAF kan pavirke udviklingen af en reekke livsstilssygdomme
positivt.

Med udgangspunkt i denne viden vil projektet:

o Undersgge meelkens effekt pa opregulering af FIAF.

e Klarlazgge mekanismerne bag en mulig vaegtregulering.

e Klarlazgge om mzelk indirekte kan pavirke veegtreguleringen via tarmbakte-
rierne.

e Identificere komponent(er) i meelken, der aktiverer genet, og udforske ef-
fekten i dyre- og menneskeforsag.

e Klarla=gge om stabiliteten af den FIAF-inducerende komponent i maelk pa-
virkes af fx forarbejdning.

e Undersgge forbrugernes holdning til specifikke sundhedsanprisninger af
basisfedevarer og identificere mulige kommunikationsveje.

English:

Recent studies have indicated that milk and milk products, apart from serving as
important nutrients, may regulate energy uptake and expenditure. One sugges-
tion is that milk contains components, which may diminish uptake of lipids from
the intestine, reduce uptake into fat cells, and/or increase lipid oxidation. In pre-
liminary experiments, we have provided evidence for a novel mechanism by
which milk may regulate body weight by showing the presence of components in
milk that enhance the expression of the so-called fasting-induced adipose factor
(FIAF; also named Angptl4). Increased levels of FIAF in circulation have been
shown to inhibit lipoprotein lipase (LPL) and thereby reduce lipid uptake in target
organs. FIAF was identified as a factor secreted from adipose tissue, but it is also
produced in the liver and the intestinal mucosa. The gut microbiota has been
shown to regulate expression and secretion of FIAF. Thus, the main purpose of
the project is to identify the component(s) in milk leading to enhanced ex-
pression of FIAF and to elucidate the mechanisms by which FIAF-inducing
milk component(s) (abbreviated FIAF-IMC) may regulate body weight and
energy homeostasis, using animal and human intervention studies.

8. Projektets baggrund

Helt nye data fra vores laboratorium viser, at maelk kan @ge faste-induceret adi-
pose faktor (FIAF)-aktivitet. Projektets hovedformal er derfor at identificere og ka-
rakterisere den/de i maelk veerende komponent(er)(FIAF-inducerende), der forhin-
drer fedtoplagring og stimulerer fedtmobilisering in vivo. Ydermere vil identifika-
tion af malbare biomarkerer for FIAF-akfivitet samt fedtlagring og -mobilisering i
dyremodeller vaere med til at forklare de bagvedliggende mekanismer. Denne vi-
den benyttes i humane interventionsstudier til at klarlaegge effekten af maelks ind-
flydelse pa fedtoptag. Studiet vil endvidere klarlaegge, hvor i maelkematricen den
FIAF-inducerende komponent findes, om der er indflydelse af korace, samt hvor-
ledes aktiviteten pavirkes af forskellige mejeriteknologiske behandlinger. En pa-
vist sundhedsunderstattende effekt af maelk og mejeriprodukter vil have afgg-
rende betydning for accepten af mejeriprodukters rolle i en sund og afbalanceret
kost, og projektets resultater kan dermed fa stor betydning i ernaeringsdebatten.

Overveegt og fedme er den vestlige verdens sterste sundhedsmaessige udfor-
dring i gjeblikket. The National Health and Nutrition Examination Survey’s (NHA-
NES) studie 12 og 1113 har tydeligt vist, at hgjere indtag af calcium/fgdevarer med
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sentligt redskab i meelkerelateret forskning. Den udviklede metode kan bruges di-
rekte som referencemetode til at optimere hurtigmetoder, hvis mejeriindustrien

finder det fordelagtigt.
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10.

Liisberg, U, Myrmel, LS, Fjaere, E, Rannevik, AK, Kristin, SB, Fauske, R,
Holm, JB Basse, AL, Hansen, JB, Liaset, B, Kristiansen, K, & Madsen, L
(2016). The protein source determines the potential of high protein diets to
attenuate obesity development in C57BL/6J mice. Published pre-print. Ad-

ipocytes.

Nielsen, SD, Amer, B, Mortensen, G, Petersen, RK, Kristiansen, K, Young,
JF, & Dalsgaard, TK. (2015). Medium chain fatty acids from milk induce
angiopoietin-like 4 (ANGPTL4) gene expression. Int. Dairy J. 42, 34-41
DOI: 10.1016/j.idairyj.2014.10.011.

Amer, B, Nebel, C, Bertram, HC, Mortensen, G, Dalsgaard, TK (2015). Di-
rect derivatization vs. liquid extraction methods of fecal free fatty acids for
GC-MS analysis. Lipids, 50, 681-689, DOI: 10.1007/s11745-015-4029-5.

Zheng, H Clausen, MR, Dalsgaard, TK and Bertram, HC (2015). Metabo-
lomics to Explore Impact of Dairy Intake Nutrients, 7, 4875-4896.
doi:10.3390/nu70x000x

Nielsen, SD, Jessen, R, Dalsgaard, TK, Young, JF. (2015). Secretion of
angiopoietin-like 4 protein from intestinal cells. J. Funct. Foods Health Dis-
ease, 5, 57-66.

Nielsen, SD, Young, JF, Mortensen, G, Petersen, RK, Kristiansen, K, &
Dalsgaard, TK (2014). Activation of the angiopoietin-like 4 (ANGPLT4)
gene by milk fat and casein. Int. Dairy J. 36, 136-142.

Hong Zheng, Morten Rahr Clausen, Trine Kastrup Dalsgaard, Grith Mor-
tensen & Hanne C. Bertram 2013. A time-saving design of experiment pro-
tocol for optimization of LC-MS data processing in metabolomics ap-
proaches. Anal. Chem. 85 (15), 7109-7116. DOI: 10.1021/ac4020325.

Blaedel, T, Holm, JB, Sundekilde, UK, Schmedes, MS, Hess, AL, Lorenzen,
JK, Kristiansen, K, Dalsgaard, TK, Astrup, A, Larsen, LH. A randomized,
controlled, crossover study of the effect of diet on Angiopoietin-like protein
4 (ANGPTL4) through modification of the gut microbiome. Manuscript sub-
mitted to Brit. J. Nuir.

Planlagte publikationer i preperation

Nielsen, SD, Amer, B, Blaabjerg, K, Dalsgaard, TK, Jessen, R, Petrat-
Melin, B, Krayer, M, Poulsen, HD, Young, JF. Whole milk increases intes-
tinal ANGPTL4 expression and excretion of fatty acids through feces and
urine. Manuscript in prep. Will be submitted to J. Agrsci. Food Chem.

Bleedel, T, Kjglbaek, L, Hess, AL, Kersten, S, Lorenzen, JK, Astrup, A,
Larsen LH. The association between Angiopoietin-like protein 4 and lipid
metabolism during weight management. Manuscript in prep.




Side 17 af 19

11. Blaadel, T, Valsesia, A, Viuerie, N, Cara AD, Armenise, C, Lefebvre, G,
Charon, C, Astrup, A, Langin, D, Hager, J, Saris, W, Larsen LH. Getic var-
iants and expression of Angiopoeitin-like Protein 4 in obesity: The DiOGe-
nes study. Manuscript in prep.

12. Hess, AL, Bleedel, T, Valsesia, A, Hager, J, Astrup, A, Saris, W, Cara, AD,
Larsen, LH. Analysis of Plasma Angiopoietin-Like Protein 3 Genetic Vari-
ants in Lipid Metabolism. Manuscript in prep.

13. Lamichhane, S, Sundekilde, UK, Blaedel, T, Hess, AL, Lorenzen, JK,
Astrup, A, Larsen, LH, Young, JF, Bertram, HC. Impact of sample prepa-
ration on stability of metabolites in human fecal metabolomics studies.
Manuscript in prep. Will be submitted to Analyst or Anal. Chem.

14. Amer, B, Zheng, H, Nielsen, SD, Bertram, HC, Young, JF, Dalsgaard, TK.
Short chain fatty acids in intestine section after intake of milk and inulin
diets. Manuscript in prep.

Populservidenskabelig formidling:

1. Seren Drud Nielsen, Jette Feveile Young, Dalsgaard, Trine Kastrup (2013).
Virker maelk slankende? Ny KvaegForskning, 11 (6): 3. ISSN 1603-600X.

2. Sgren Drud Nielsen, Trine K. Dalsgaard, Jette F. Young, Grith Mortensen,
Janne K. Lorenzen, Arne Astrup, Karsten Kristiansen og Lise Madsen.
2013. Mzelk der slanker? Mzelkeritidende 126 (2): 8-9.

Posters og konferenceindleeg:

1. Young, J.F., Nielsen, S.D., Amer, B., Mortensen, G., Petrat-Meling, B., Jes-
sen, R., Dalsgaard, T.K. Milk fat derived FFA induces angiopoietin-lilke 4
gene expression and protein secretion form intestinal cells. 17th Interna-
tional Conference of Functional Food Center. 5th International Symposium
of the Academic Society of Functional Foods and Bioactive Compounds, 18-
19 November 2014, California, USA.

2. Young, J.F., Nielsen, S.D., Dalsgaard, T.K., Rasmussen, M.K., Ekstrand, B.
qPCR for Food Quality and Identification of Bioactive Components in Foods.
2nd qPCR and Digital PCR Congress, 20-21. October 2014, London, UK.

3. Karsten Kristiansen, mundtligt indleeg: The gut microbiota and health pro-
moting effects of dairy products. Danish Dairy Research Foundation
symposium, Aarhus October 6, 2014.

2 Lesli H. Larsen og Trine K. Dalsgaard, feelles mundtligt indleeg: FIAF — Milk
in regulating lipid metabolism and overweight. Uncovering milk’s ability to
modulate the expression and activity of fasting-induced adipose factor FIAF.
Danish Dairy Research Foundation symposium, Aarhus October 5, 2014.



Side 18 af 19

Nielsen, S, Amer, B, Young JF, Mortensen, G, Andersen, HJ, Dalsgaard,
TK (2014). Can milk help protect against obesity? Abstract and poster ses-
sion presented at Keystone Symposium on Lipid Pathways in Biology and
Disease, 19 -24 March, Dublin, Ireland.

Bladel, T., Lorenzen, J.K,, Brahe, L. K., Kersten, S., Astrup, A., Larsen, L.H.
(2014). Angiopoietin-like protein 4 concentration is positively correlated with
weight, lipid oxidation and fasting triglycerides in overweight and obese par-
ticipants. Abstract and poster to be presented at the International Confer-
ence on Obesity 17" to 20" of March 2014, Kuala Lumpur, Malaysia

Saren Drud Nielsen, Bashar Amar, Jette F Young, Grith Mortensen, Arne
Astrup, Henrik J Andersen. Milk- Fat has Potential as Regulator of the Fast-
ing-Induced-Adipose-Factor (FIAF). IDF World Dairy Summit, 28. October —
1. November 2013, Yokchama, Japan.

Seren Drud Nielsen, Bashar Amer, Jette F. Young, Rasmus K. Petersen,
Grith Mortensen, Arne Astrup, Henrik J. Andersen & Trine K. Dalsgaard.
2013. Milk has Potential as Regulator of the Fasting-Induced-Adipose-Fac-
tor (FIAF). Food Biotechnology and Nutrigenomics, 30-31 May 2013, Vejle,
Danmark.

Grith Mortensen. Mzelk der slanker, indleeg til Mejeriforskningens dag —
Forskning, der nytter, 11. april 2013 Hotel Legoland, Billund, Denmark.

Karsten Kristiansen. Tarmens bakterier og deres betydning for menneskets
sygdomme, indlaeg til Mejeriforskningens dag — Forskning, der nytter, 11.
april 2013 Hotel Legoland, Billund, Denmark.

Trine K. Dalsgaard, Sgren D. Nielsen, Bashar Amer, Grith Mortensen,
Hanne C. Bertram, Arne Astrup, Karsten Kristiansen, Henrik J. Andersen &
Jette F. Young. Milk has Potential as Regulator of the Fasting-Induced-Adi-
pose-Factor (FIAF), IDF World Dairy Summit 2012, 4.-8. November 2012,
Cape Town, South Africa.

Grith Mortensen. Erfaringer med ansggningsprocedure og bevilling, Indleeg
ved informationsmede arrangeret af Det Strategiske Forskningsrad, 21.
marts 2011, Arhus.

Hjemmeside
Hjemmeside er etableret — se mere pa www.fiaf.dk eller www.fiaf.eu

Presseomtale:

1s

2,

NordicLifeScience.org: How Milk Keeps You Slim. 06.10.2014. http://nordi-
clifescience.org/blog/milk-keeps-slim/

ScienceNordic: Drinking milk could keep you slim. 05.10.2014. http://scien-
cenordic.com/drinking-milk-could-keep-you-slim

Videnskab.dk Pa sporet af hvorfor mzelk slanker 04.10.2014. http://viden-
skab.dk/kort-nyt/maelk-kan-vaere-slankende?utm_source=vores+nyheds-

brev&utm campaign=8590d5ac2b-2014110411 4 2014&utm me-

dium=email&utm term=0 d2f5c83eb4-8590d5ac2b-207954277




Side 19 af 19

4. DCA: Pa sporet af hvorfor meelk slanker 31.10.2014 http://dca.au.dk/aktu-
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8. Barsen, FedevareSundhed, p. 40, 16. december 2010: Milliarder til mael-
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14. Bidrag til kandidat og forskeruddannelse

Seren Drud Nielsen, ph.d. "Milk regulate intestinal ANGPTL4 gene expression:
An in vitro and in vivo study” blev forsvaret d. 30. oktober 2014 i Inst. for Fgdeva-
rer, Aarhus Universitet.

Alexander Krokedal Rennevik, ph.d "Effect of various protein sources on body
weight development” blev forsvaret sin afhandling d. 20. november 2014.

Hong Zheng, ph.d. "Potential of metabolomics to unravel the metabolic response
to intake of dairy products” ved Inst. for Fedevarer, Aarhus Universitet d. 21 april

2015.
Jacob Bak Holm, ph.d, "The Gut Microbiota in Host Metabolism and Pathogen
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