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COMPOSITIONS AND METHODS FOR EFIGENETIC REGULATION OF LONG
CHAIN POLYUNBATUNATED FATTY ACIO PRODUCTION

This application claims the beneflt, under 35 UR.CL & 119, of U N, Provisional
Appheation Senal Mo, 61889178, filed Quicher 10, 2013, the entive comnterds of which are

incorporated by veference herein,

STATEMENT OF GOVERNMENT 8UPRRY
Thas inveniion was male with governmend support under Gragt No. PSO ATOR 782

gwarded by the National Institutes of Health, The povernyment has cortain rights in the

invention.

FIELD OF THY INVENTION

o~

This invention relates 1o the fleldy of mslecular hiology, genetics, entgenetics and

polyunsaturated fatty acid {PUFA) synthesis and metabolistn. More specifivally, the present

»}/

methods of us

veniion p\HVI des Lomp positions and

and ireatment of disorders associaled with redueed or gherrant PUITA

Levels of omega-d {(0-6) snd zmsega«i% (3}, fong chain polyuasaturaed fatty acids
{LePUF Agy such as srachidonic actd {AA; 2004, n-8), elcosapentaenoic soid (RPA: 2003, 03

and docosahexaenois actd {INIA; 228, -3} tapact a wide range of biologivs! setivitles

including frormune signaling, inflammation, brain development and functon as well a3 huran

o~

disoases ranging from cardiovascudar disease (inclading heart disease and giroke), dishetes,

&
1

cancers, Alzheimer’s disease and mental disorders. Two desanease steps (A6 and AS} ave

rate lnniting v the conversion of diztary sasential, medhnn chain, 18 carbon PFUPAs

(MePLUFAS) sueh as LA (B2, n-8) to AA and o-hinclenio acid (ALA, 183, n-3) 1o BFA and

-

DHA (Figure 1) Marguard! and colleagues first diseovered the presence of the fatty acid

'r

desaturase {(F408) pone family (he FADS cluster) an chromosome qi 2~13 in hwmans that

appeaved 0 be essential for the symthesis of LoPUVAS. F4UST and F4057 wers
demonstrated to code for the enzymes, AS and AS desaturase, respectively, Believed 1o have

arisen through gene duplivation, FALS{ and F4752 are both central 1o TePUFA
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blosynthesis. There is considerable Hukage disequilibeiuee (LD in this vegion and gerome

WS

ently identified ag

wide assoctation studies (GWAY) and candidate gene studies have consis
many as 00U single nuclestide polymorphisms (SNPsY within FADST and FADST as

sand levels of LePUFAs n

determinands of FALS and F4ADY2 desaturase

v, cellndar and breast ik Hnisds

1o by

§

weiie eapacity of different individuals and

There ave dramatic &ifferene

o varighion in and

populations © synthesize LePUFAS and thoge dif

around the FADS chuster. When humans consume a modern western det with vey v high

fovely of w6 medinm chain PUFAs and with smch fowsr tevels of 1023 mediom chain {18

carbony PUFAs, gene-diet intergctions (a3 a resalt of varistion F4DST and F4H82 ¥in

LePUFA blogynihesis create LePUFA deficioncios (specificaliv n-3 M\» in cetlain

eacting

uals within populations and
o haman diseases and disordess.

Certain n-6 LePUFAs, ¢ 3 play & key rols in

a

srehesivating a wide vartety of inflammatory diseases, snd consequen thy, an individual™s

esize ARA plays a vele in the incidence and impact of inflammatory

X

s gene-wids asseoiation and candidale pone studiss have now

cvaration in the PADS clugior together with consuaption of the

demonstrated §

modern westem diet causes ruarkedly enbanced arschidonic acid levels, BMomarkers of human

disense, s well a8 the discases themselves in cortaln humans. For example, SNPy inand
arcund the FADS cluster that are associated with excesses of the p-6 LePURA, amchidonie
acid are also axsooiated with important cardiovascular disease risk factors [otal, LML, and

~
H
N
N

Aoy sicosanaids

HIL cholesteral, trighyeerides, Chreactive protein (CR Piand pro-indl

as well as coromary artery disease, metabolic syndrome and diabetes,

&

With regard to -3 LePUFRAg, the n:3 LePUFA, dovosahexacnsic acid (DHA; 22:6, n-

ol

3} is the most alumdant Bty acid in the brain and refina, constituting 50% of the weight of

on's plastaa membrane, N-3 LePUFAs are not only stucturally important, as they

ave esvential for proper braln function and development, DHA plays a oritical vole in

ntial for viseal, newal

rogenesis; and adequate diefary DHA and other LoPUFAs are as

and eognitive development in il cvelopmng fetus and young it

snant and breast feeding mothers impacts braln develo s{a

developing fetus and yvoung child. The seeond trimester tntl] two yoars of age appears o be

V‘
$¢

apectally sensitive period of thue |

b
h‘s

developing foms and young ohild 10 makes Lo A has beon shown
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be very faiporiant to brain development and fusction with diet-FADS pene (rrpely as a resalt
of the modern western diet) intergations leading to shavinral defivits and

heve have been assooiations

developmental, nearological and mpod disord

N

with variation m the FADS cluster and with cognitive development, and in particular, with

those mothers and Retoses with Hitle genetic (FADS) zapacity 1o synthestee 103 LeFLUIP Az

befng of highest risk,
~

Hagnostic surveys 60,463 adults in 14 countrics wound the world found menial

iness 1w 26.4% {over 58 million) of people in the UR with much lower percentages iu

developing, especially Afvican conntries (.., only 4.7 % of Migerians), Addidonally, these
surobers are increasing dramatically 3 and 33 fold-increase singe 1987 in adults and

chibdven, respectively, receiving federal sid), Currently, four of the ten leading causes of
disabiiity in the US ave estimated o be memtal disorders. In addition, developrantal and
as attention deticient disorder, smism and obsessive compulsive

ian ehildren,

s& at an alaroing rat

s and young ciiddren who gre at risk of omege-3 de

¥

o ahevion 5 clsaiystie R P v oy et Taaal Dl AT TR A
Figure 3 shows a dravatic decrease o clrenlating (hlood) levels of omepa-3 (33 LePLiFAs

T

{'a

,.“z

gver the past 75 vears, Our studies farther demonstvate that there are numerous individuals

within a given population (African Amerivans and Buropean Asmsricans) that have very low

fevels of vivculniing o3 LePUFAS such as DHA (Fleare 4). Numerous studies have
LS e

pog ¥

o~ Y

examined avsooiations between the fatly acid composition of peripheral blood comparnments

sruny oosnponents), and postmortent braln Hssue and payehiatric

X<

omental disorders aid dementia. These studies have found

cid eomposition when subjects ave compared (o controls. Major

deprossive disordey is perhaps the most siudisd w d 0 11-3 LoFLIFA composition; a

recent meta-analysis of 14 sindies concluded that sith depression had significantly

lower n=3 LoPUFAs In blood compartmenty then conirol sublects, A few studies have

examuned postmortsie brain tssue, However, MeNamars and collsagoes found that

postmoriem orbitofrontal cortex from patienis with schizephrenis, bipolar disurder and major
depressive disorder gl had significanly lower amowts of THA when compared to contyol

card to developmental disorders such ag ADHED, a recent meta-analvais fn nine

o

st
5]
s
fgid
%
2

subievts.

~ ~

studies {(n=586) found significanly lower Mlood lovels of p-3 LoFUFAs in ADRD children

v

versus controls snd concluded that n-3d LePUF A arereduved o ohildren with ADHD
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showy a dramatie, unexplained rise i the prev e spectnan disorders (ASD) in
chitldren, Although only a fow studies have examined assoctations between LePUFAs and

suggest tughier ratios of n-6 to 03 LePUFAs exist duoe to excess levels in-

ARL, these stind ;

3TN

& LoePUTFAs and deficiencies inn-3 LePUFAs.

2%

Apimal and human stedies indioate that the absence of v-3 LePUFAs during brain

«

foomation and later in Kfe can oreate 03 LePUFA deflciencies and hyve profournd adverse

copsegquences for mond and pewologicad disorders and optimal drain Rmetion in adults

ym

3:\(\ ¥

{Mibbeln et al. 2008, Hwt Rey Poolianry 18R I107-18). ¢ mideriologioally, brain tesue

composiiion and randonnzed clinieal triads have suggested that the western diet has created ne

v

¢ 3 LePUFA deficlencies in significant proportions of lumans on western diets {Figuves 3 and

o3
<

St . ~ .
1]

enetits of dietary n-3 LePUF As, eapocially tor ant~ and bipolar
©and attention-deficienthyperactivity disorder (ADHD),

' axi}-’ intorosting whe eral groups have shown w3 LePLFA
sk factor’, Avmoinger and colloapues demonsirated that o3

15 LePURA supplomentation dramatically reduced the developmeni of psychosia iy individuals

N

on between 8 SNP inthe FANS

Brookes and colleagues showed an assos

S2Y HIdvases. This result is supported by thres p

Fiars
o
e
5
=2
[
=]
9
(43

for ADHD, two of which have idemtified a

ooty e sxnth fhe Iocadioe oo i FLg Pam? el X4 IS o ¢ W hag heen ooyt
averlapping with the location of the F4D57 and K482 genes. ¥ has been shown that

o

ATHES subjecis have det

encies in plasma n-3 LePUFA¢ compared to contio! sublects.,

NS
-

s verified available bomarkers for post-traumatic siress
By who s gt dakoor who might benefit fron a specific thevapy,

snd neurenal plastieity sre important fue

{hrain tesee injury, inclading peychological ranmas,

2% boeep demonstrated o be involved in these provesses. A case-control of active-duty sul

dicated lowsy sevum levels of the n-d LePUFAL DHA were sasocinted with a markes

aaiode risk,

b

her, major differences in the Sequencies of Fi458 variants that vary the

M

synthesis of LoPUFAs in individuals and populations make the p dity of antform
30 PUFA nutritional resommendations impossible. To understand individual risk of o PUFA-
induced inflarnmatory disorder ineluding casdiovascular disease, diabetes, arthritis, asthma,

Alzheirmer’s disease and cancer cansed hy making s excuss of n-6 LePLFAs orrisk for s

PUF A-induced mental, behavioral or neurologics! disorders ineluding loss of cognitive

function cawsed by an -3 LePURA deficisney, 1t is beneflcdal 0 seness an individual’s

¥
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SUEA levels either as oxoeases

The present invention overeomes previons shosteomings i the art by providing

< o~ <

thods and compositions for 1@:?1;5 subjects that have or who are at risk of having

b exeess (O6E]), as well as methods and compositions

nega~d defivieney

b} 3

¢ such subjects for diseases and disorders associaied with O3D or Q6F,

SUMMARY OF THY INVENTION

The prasent fnvention provides a method of identifving & subject as having, or as

bad

having au wreased lkelibood of havigg, omesad deflciency (O30
obtaining a biolegical sample s;t{';.z'n_pri g nuctele acid from the subleot; and b) det

£

nethylation pe

wherein the methylation site s selected from the group consisting

cgla2 13375, cplOSI367Y, 3805684 and opiBSI0GS on clvomosowme 11, whereln a

methylation percentage at the methvlation site wt or above  threshold value identifiss the
3

subject as having, or as having an inoreased lkelihood of having, G3D.

In addition, the present Invention provides a method of dentifving a subjecl as

}JJ

fthood of having, 1330, compising: &) oblaining

e

having, «r a8 having an i

'15

biclogical sample comprising nuclele sold from the sulject: and B8} determining a

methyviation pereertage st & methylation site in the nucleie acld of the b

-

wherein the methylation stie is In s chromosome region on chremesome 11 defingd by and

Gt base palr positton 81,580,300, whersin a

o o
»~1

including hase palr position 61,8

Jation pereentage at the methvlation site at or above g threshold value dentifies the

meth

3 H

biget as having. or as having an incrzassd likelthood of baving, O30, Thus, s me

Bk

s inverdion can be any methylation s present in the nucleotide sequence of BRQ

¥

D N2, wheven methyiation sites are underiined,

¥

The methods desertbed abuve can fluther comprise the step{e) of treating the subjeet

~

as having an ereased Hkelihood of having, O3,
Also provided herein is a methed of idatifving a subject ws having, or as having an

& polyunsatarated fatty acld excess (06

increased likelthood of having, long chain ome

ot and &)

pct

comprising: 4} vhlaining a bologieal sample comprising nucleic scid frows the 3

D
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MHNE 8 sitage 8l a mothyviation site

o od ocosving oy Fex ey Shv e oSd Py beyes oy S8 R Fau b
tlologieal mmpiev, whgrein the melhviation site i selecisd

o site al or below a threshold valne idemifies the

subiect as having, ov as having an inereased Hielihood nf having, (6E,

+

thod of identifving & subject as

Furthermore, the presont invention provides a me

3
H

tof having, D65, conprising: a)  obtaining a

pe—,

raving, or as having an increased Hbelihood

biciogieal sample comprizsing nucleie acid Trom the u%w 2Uoand by delennining a

£

methyiation percentage at a methylation site in the nueleio scid of the hicleg

wherein e methylation site is in g chrofmesonms region on chromosome 11 defines
cluding base palr position {'§§_,5S6:_=i§61 o base palr position 81390300, wherein a

v

methylation perog

50y

ithood of having, O

car be any methyiation site present in the nocleotide sequence of 8REQ

P NG, wheretn methylation sitos are underlined.

The methods duseribed above can further comprise the siep(s) of ?rzL the subjeci

,,A
A
[ n3
03
]
P

]
g
<
pt
=
N
&
Pl
rx,
v
>
>
s

-
,v:
3
7
o

7
o

%
o
ot
[a4]
=
ps?
sy
2’
=y
os
A

by reducing the consumiption of medivm-chain {

> - . I e B
acidds by the sublegt

wving an increased Hkelihood of baving, O8E.

iy provides & kil comprisiog reagents and instruciions

nrh
..3..
7
”
,.s
‘1’
,
2
S
A
et
poes
pas
=
i3
*’l
V
M
=,
poeet
&)
%
bt
,u
frsed
Y
=
..'J
s
o
o
o
_—

&

for carrving out the method of any preceding claim.

BRIEF DESCRIPTION OF THE DRAWING!

ylll

& bie‘}s;\fm‘hcsig from distary casential PUFAs,

SN Y .

e rate of docosahexasnoic sad (UHAY utilization with stage of

gestation and its relationship w distary intake of bosynthetic capacity (FADS autivity and

U-)

=355 (20100 The anouy of BHA

N

methylation staius). From Hagparty. dnmw Sev Nor 3023
H

froa tissue such ag the braln = 1 D eformed from the diet + 2 DHA that

o
»,
o
e
o
&
S
g
?1\
?"
bed
e
7
boe/

is synthesized o oinegae procursor fatly agi

variation) -+ 3 DHA that s found in fissue reservolrs suel

and FADS ge

&
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A oxidation exeseds the sun of the three sowrces of DEA scer son, levels of BDHA In

duced. We bave termed this omegs-3 deficiency (O3

- b

Sobid arrows indieate the

prreentage of LoPUFAS (36,8%) and the esfimated omega-3 index {vireasiating ne3 LoPUFAs)

5 calenlsted from available nutrient intakes for 1909 waditiovat fonds (190921 With {he

CPUFA levels have dropped to below 4% «

e BTy Rage O -O%4 OV
Lodnn  Clie Nutr 93,9349 m(’u?i}‘

shows the DHA Tevels in cireulating plasraa phospholinids from Aftican and Bw ropeas

~

10 merican populations. The gray shaded area indicates those individuals in the popaiations

da

f«

with fow levels of DHA, or Q3D FEA = free i‘ai‘{}:‘ acids,

Figurs 3 Manha
(33
sites, Povaloes are based on the germiw trenud tost and adjusted for age, chip, ane eh‘;p

position. ted fevel of sipnitivance

15 of LO3 x 107 (084850005 The upper panel shows results from the mets-analysis (using

Ewropesn Amencans and African-Anericans), the middie panel shows Boropean Amertcans

only, and the lower paued shows African-Americans only.

Figure & Localization of FADS eluster CpQ sites 10 snhanoes v g:lon in FADS

3

fower pangd shows the o

2 for H3K4Mel, HAIRZT7AC, and H3

promater andfor regulatory veglons in seven cell lines. Th

= .

6326, andd the vther bwo sites from the region that met Bonderront adiustiment are

TR

ced 738
above the horfrontal dushed lins,

Figure 7, DNA methylation mife of the eywsine af position 4490 1 the nucleotide

) o

25 sequence of 8EQ D NOGT and FADST (AAL FADST{GLA/LA) efficiencies,

Figure 8. Model for the ¢ of methylation of cytosine within the enbancer

al phenotyy

SEQ YN con

regton of the invention \n molee

Figure %0 The nuclsstid

within the

;“"Z

30 Figars Ml Association between the methylation percentags at egd i3

focus 1n DINA from prostate tissue and arachidesie geid and docosapentacnoie acld levels,

Figare 11, Assoviation between the methylation perventag

o~

locus in DINA from prosiate Hesue and ratio of srachidonic acid and dietary precursors of

arachidonic acid, dihomme gammalinolenic acid and Hnolele suid.
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Figure 12, Methyvlation poreents : the eg27386326 CpG s o DNA fram
prostate tissne., Throshold values st the 15 M and }3“” peresntiles are indivated

Figare 13, Mathyd

fieane hold valnes gt the 137 and 85% percontiles are indicated.

Fipure 140 Methylation peves ‘m;gﬁ al the cpd?386326 Cpl locus in DNA from
wbid Theeshold valuos at the 187

Figure 18 Methylation pt:i’cﬁ,mage at the og@738632¢ CUpG locus In DINA from

saliva, Threshold values at the 157 and 35 vercentiles ave indicated,

NTION

DETAILED DESCHRIPTION OF THE INY

Fatty acid desaturation (FADSY enzymatic procssses are the rate Hmiting steps in the

blosyotbesis of omega-3 (n-3) and omega-6 (-0} long chain polyunsaturated fitty acids

{LePUFAS). While many SNPs (both within and outside the FADS closter) have beey

identified that are associated with the capacity of humans fo symiﬁm;a LePUFAs, none ¢

m
g
2
o
(%3
g
o
pors
Al
Go
1%
2
e
o3
Foin
e
ey
hrd
74
3
(1
%
o3
Ty

thase SKPa themsslves have been shown 1o be the actual oauss

¢

expression ot enzymatic efficiency; they are simply In Hnkage diseguilibriam with unknown

causal geneliv variant{s) that divectly regulate FADS gene expression or some other

< e

apacity t synthesize 3

males
and n-0 LePUFAs, Perbaps this s best fllastrated by the fact that the SKP 16174537, which
figs been shown 1o be most highly associated with F40ST expression and LePUFA levels sits

e the FADE cluster, upstream from F4 087,

%
]
.
Wi
]
£
po
i
.
[

stion of Upll sites has boen shown o occur i transoriptional sfart sifes

‘.f’:

A5}, i gens bodies, in regpud eloments and in repeat

ntly, the vast majortty of work has focused on DNA methylation in or around

transeviptional start sites in promoters. According to the accepted pmaiigmg methiviation in

N

the inunediate vicinin

uasenptingal stard sites blocks initiatien; however, it has been

bodies may have a variety of effects from blocking to sven

v

3
47
e

shown thet methylation in gen

stimudating transeription and fmpaciing gene splicing,

i

The present invention is based on an snexpected discovery that was

iy

survey of 485,577 Cpld methylation sites throughowt the human genone o

FADSE activity. This survey revealed there was g very small med ’f}yiam-;i 3

{containing r.m‘:‘{h}*'iaiifm sites) in a yegulaton

proximal promoters of the desaturass penes {

1

x Aditiod

sties was highly relat

osynthesis. Surprisingty, the methydation staw

g
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Wl o
A now nielic

o the a:ﬁz;s«‘maiic aetivities of F4087 and F4082, and thus the capacity in himans o
synthesive n-3 and n-6 LePUFAs. Thus, the opigenetic informational content (e, the
stion of five sites i a very specifie reglon of the human genome) determings the

o which the F405 genes ave regniated and thug LePUFA blosyuthetic capacity,

N

in aceordance with the present invention we have identified methylation ats

gactivity of both 84

[%3

regulatory region within the human gen

i o

Az, Thus, a method fi

vities and thus the capacity 1o synthess

assessing 4 subient’s innate capacity of Ussues within individuals 1o synthesiee long chain

poiyunsatorated Sty acids (LoPUTAs) based on this discovery iz provided. An exemplary
method comprises obtaining frem the subiect a blologiead mﬂu that containg genomic

3

ouieie acid having at least one methylag

capacity to syathesize LePURAS and determining the methvlation status of the at least one
methylation site, wherein the reothylation status 4t the site is corvelated with fatty seid
desaturase efficicncies within celly and tissues and levels of choulating and tesue

Hy

LePUFAs and further, wheredn the site is selected from the group consisting of a ovtosine at
ke o &

position 449G n SEQ 1D MNOU, a cytosine &t position 1237 1o the nuclectide sequence of

v 10 & puanine &t posttion 2410 inothe nucleonide

complamentary 0 a guanine at posision 12844

in in one embodinen, the site s 2 ovtosine at

position 4480 1 the pucleotide sequence of SEQ 1D NGO, which s located approximately

3.5KD from the Fa8 ription intation site in genomic DINAL

In a pavticular ewbodiment, the present invention provides a method of identifving a

subject as having, or 85 having an inoreased likslihood

» having, omega-3 deficiency (O3,

ng: a3 ohiaining a blological sample comprising nnelete acid from the subject; and 1)

Loy

defermining a wmethy ge al a wethyistion site in the nuelele anid of the

&

Hem percent:

biological smrr;pif:, wherein the }‘ﬁf:fh}-"ié{ii(}m site is selected from the gronp consisting of

ROt

SSES67T, cpO3ROS6ES and o 19610808 on chyomosome 11,

5
ot
{J;
‘Ja
'31«

Satirir ot - o Yeriey g b syl wadie Fo oo
ge al the methylation site at or above a threshold value (..,

approNirmal
having,
Also ;:s“fm,\;d herein is g method of identifying a subjeet as having, or as baving an

N

incrzaged Bkehhood of having, 03D, comprising: &) obtuining a belogical sample

9
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comprise the step of not treating the subleet as deseribed herein if
P

a8 having, or as having an inereased Likelibood of having, O35

In some embodiments, the long-chain smega-3 polyunsaturated Sty acid can be

X

¥

administered as a long chain omepa-3 pobawsaturated fatty acid-enriched food, @

K $

x>
}

elary
supplen, a medisal foud, presoription product or any combination thereof,

fis sumne embodiments, the long chain omega-3 pelyunsaturated fatty acid-erviched

food can bo an aily aimon, mackerel, trout and any
combination thereofl

In some embediments, the dietery supplement ean be, but is not Hamited 1o, fong chain
omega-3-onriched twiglycerides, phospholipids, Koill ofl, esters, ethy! esters and any
combination thereef

y

in stme smbodiments, the medical food andior prescription product can be g

eride, phospholipad or ester version of g long

in omega-3 polyunssturated fatty acid

\'.

T

that containg a bigher dose and/or concentrativn of omega-3 polvunsaturated fatty acid than
distary supplements, such a5 Epanove, Lovaza, Vasceps, or any combinstion thereof

A subject of this invention can be any animal thet produces amega-3 LePUFAs and

omepa-6 LePUFAs. In some embodiments, the subject can be 2 pregnant andfor lactating

temale, o some embodiments, the subjeat can be a newhomn, infan, child adoloseent,

2

toenager or adult that has, oris suspected of ha:x‘-"ixsxg,, adiminished intelligence quotiont (JO), a

flaes

order, autism, attention de

wperartivity disorder (ADHDN, agention

CA VY . O P RS JUNERY: Tgn vy
ADL, sehizophrenis, depreasion, Wpolar disorder, panic disorders, or any

X

combination thereol as s result of, or agsociated with, O30, b some embodiments, the

I

subject can be achid

depression, bipolay di;am.t_ier, schizophrenia, paic disorders, obsessive compulsive disorders

{OCL, dementia, Alrhelmer’s disease, post tranmatic stress disorder (PTSD) or any

combingtion thereof as a result of, or associated with, Q3D.

L

Further aspeets of the present invention provide a method of ientifving a subjecs

]S

A

having, or as having an frereased lkelihond of having

ong chain omega-6 polyunseburaied

&

fatty acid excess (DEE) impacting fnfammatory disorders inchudivg comcer, comprising: a)

pac
b
&
f')

oltaining a blological savaple comprising acid frov the subdect; and b) determining a

methylation percentage st s metiylation site in the sucleic acid of the biclogieal sample

'y

wherein the methyiation site is sefected from the growp consisting of egdT3IR6126,

£

o

el PIRTS, cglUR15671, colIR05684 and cg 19610505 on elrowmosome {1, whorein a

L X baty &3

methylation poreentage at the methylation site wt or below a threshald value {e.g.,

il
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: N e 1 AHR
approximately the {5

$oi

percentile) identifies the subject ax having, or as having @t incroases
S &

fkelihood of having, O8E.

The present mvention further provides a method Qi“‘,‘:dﬁﬂﬁif}f&ﬂg‘; a8 sub}&ci as havi

J

ay having un incrsased Rkelihood of having, ORE, oo

sarapie comprising nuclole acd from the subject; an

-A.~ S SRS e ORI DU O OF B
nereontage af @ siethyvlation sie mthe nucleic setd o

k3

methviation site (¢ in a cleomosome region on chromesome 11 defin and nelnding base

pair position §1,586,461 1o baae pair position 61,590,300 (SEQ ID NO:2), whersin s

T

methylation perceniage at the methylation site at or below a threshold valne identifies

subiect & g, of &% having an increased kelibood of having, O6E,
i the wethods above directed to (6F, in some embodiments the hological sample is

stood, the meth STIRGRZS angd the threshold value 18 &t or helow the

=
;—j/
%
c:f‘

yiood, the 15th pereenitle is

. -  eans S 1os eres wans Ao e
abont T3% {e.g., T0%, 7196, TI%, T3%, 74%%, 7%, 7

1

In some ermbodiments, the bologieal sample is

BEEINE maned thia AW Ay 3 TERGT. SN “ b g
¥632¢ and the 157 percentile threshodd value iy at @

I8, 30%, 0%, 419, 2%, 4395, 449, 45%). In

sativy, the

elow aboy

some embodiments, the biclogical sample i prostate tissue, the methvlntion site i

‘\.g; % L . . B . ', - e
the 157 perzentife threshold value i3 at ov below abow 81% (g, 77%.

%,

2007 ¥ fj
8%, 79

Ak

BV, 830, 84U, B3%, 0%, ¥7%)  In some embodiments,

CD4+ T cells, the methyiation sis i »;:’@f?i‘?ﬁ%Sﬁﬁ%iZ(i and the threshald

i at or below about 0% {e.g., 45%

S4%, S5%.

The methods desoribed bereln, for identifying a subjeet as having, or as having an

increased hikslihood ol haviag, O6F can further comprise the step{s) of treating the ¢ abiect by

reducing the consumption of medivni-chain (18 carbon) omege-6 polvunsaturated fatty acids

by the subject, reducing the consumption of long-chain omega-6 polyunsaturated fatty acids

&

by the subject andior administering medinmechain omega-d polyuss

andior polvimsaturated fatty ackly to the subjeat, i

P

mcthods can

wenitfied as having, or ax having an inoreased Hkelihond of kaving, O6F. These

&

fwrther compria the step of ot treating the subject ag deseribed herein if the subject is not

identified us having, o as baving an increased Hkelthood of having, Q68
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-3 polyunsaturated Sty acids andior

It soms erabo , the mediom-chatn omeg

Y o

the long-chain omegad polyunsaturated fatly acids can be adwministered as a dictary

ovany gornbination thereot)

supplement, 2 medical fowd, a preseriptio

In sume gmbodiments, the mediua-chain omegs-3 pelvensaneated fatly scids are

eh]

administered 10 a food, distary supplement, medical food andfor preseription produst, in any

3,

combination, enviched fn 18 carbon omegn-3 polvonsaturated falty agids.

i some embodimens, the medivm {18 carbon) omega-3 polyunsaturated fatty aei

3

can be alpha-inolenic acids ALA), stearidonic acids (8D A and any combination thereof, In

senne embodiments, the 18 carbor emega-3 polvunsaturated fatty sclds can be administered

ey send, SDA suriched vegetable oil, and any combination thereot

dorde,

8y
In some smmbodiments, the long-chain omega-3 polvunsaturated fatty acid can be
docosahexagnoic anid (DHA), sicosapentusnoie acid (EPAY, docosapenisencic acid {IPA)

LN

and any combination thereof

In some embodiments, the long chain omepa-3 pohnmsaiivated falty acid can be

omega-3 polyvansaturated fatty acidvmuriched food, which can be,

& v o

adminisier

o

i and any combination thereof

h, saimon, mackerel, o

fi.fi SHaMn .p{
fa some embodiments, the dietary supplement can comprise, long chain omega-3-

enriched trighveerides, phosphadipids, Krill oil, esters, sthy! esters and any combination

o some cmbodunents, the wedieal food andior proseripfion prodngt can be g

eraion af a lone oha
or version of a long ok

o

,.4

ceride, phospholipid or ¢

¥ ¥

that containg & bigher dose andfor concentration of ome

distary supploinents, such gs Epanove, Lovazs, Yasceps, or any combingtion thereot,
methods deseribed hereln, the subject can have, or be suspected of having a

chisease caused by inflammation or sn lnflammatory responss including cancer a8 a resali of)

e
e
]
%
e
pts
L
1

75
f«ff
pack
pev]
o
3},
o

or associated with, 0E, As non-lingiting examples, ¢ v have, or may be
»

t by <y " T R R TR L AT LR L Aapaae  affveraesiowreie dinheden
suspeeted of having cardiovascdar disease, corebrovascular disesss, stherosclerosis, dirbeses,

metabolic syndrome, cancey, artheitis, allergtes, asthona, allergio vhinitis, inflanunatory B
disease, atopic dermatitis, poriasis, an inflammatory beadn disorder, Alzheimer’s disease,

muliiples selerosis and encephalitis, ecliar discase, myopathy, avioimmune diseass, svstemic

natosus (SLEL or any combination therent.

s evy

As oot forth hereln, dramatic differences have been demonsirated in the eapactty o

tchividoals within diffevent populations to produce 2 and 16 LePUFAS. We have Ruther

'
R =
‘\ ST ‘i iay

demonsirated that penetic determinants {methylation

Y

it



[

iB

Py
e

WO 2015/054645 PCT/US2014/060153

in determining LePUFA levels. Conseguently, O30 and 063 arise from gene-digt
wieraciions as desertbed herein. In addition to blood and fissue levels of LePUFAs, 1 has

3 R Tvad Fhaes s e e ¢1s : ot e Beeia et e 8 Pl
demonstrated that there are marked differences in the impact of 03 LePUTFA

('}

supplene LPUFAS and the capactty 1o alier ratios of -3

o e Lo sent ndividuals,

3

gable subsets of fndividuals with high,

3

enrnediate, and low blood levels of LoPUFAs due io the genetic variation ax deseribed

THETI

herein, Therefore, olimdeal inlals with botanica] or marine oils contad wing -3

had prixed resuits because not pveryvers: nesds thent, Providing individuals with 03 PUFA

supplements who do ot have 0-3 LePUFA deficiencies s nnbikely to provide any results

because the suppleroentation is not corresting a deficiency. Conseguently, the methods of

o

this fnvention will provide a means of identifving those ndividuals with 03D or O6F who
bave gene dist interactions that are catsing or contributing to thelr dsease. Future olinical
trinks with faity aeid-based dietary Inferventions including providing PUF A-swriched dietary
supplements, medical foods and preseription products could be designed with specific
methylation % priteris cutoffs to capture only those individuals i need of these faity acids ©
corret an eanega-3 deficieney or balance an pmwgs-0 excess. [ s anticipaied that shis fes

will faciiiiate treaiing only those who need reating and would warkedly enhance the

11}

Hhoost of effizacions trials.

smethods o the

The present Invention also comprises embodiments in which

present invention can be used to dagnose a disease, disorder or condition andfor rule o the

nregence of a Heease, disorder or conditio

o

The methods provided herein can alse be ueed for predicting the potential risk of eventually
developing a disease or dsorder or condition of this Invention andfor for determining a likely
gourse or puteome of a disvase, disorder or condition of this fnvertion, Additionad
smdedinents of this invention include wsing the methods of this invention to choose the most

sifective and appropriate freatmens(s} andfor intervention(s), as well as guidi

managament and moniloring response to freatment throughout care. I s Rurther

contmplated that the methods of this fovention can be wsed © assess ehgibillty fr inclosion

solusion Srom g olheal teial,

WO E

fn some ernhodiments, the present invention provides a method of guiding a unan

sutgect’s treatment of s ofnega-3 deficiency (O30, comprising: 8) oblaining g first

biological swnple comprising nuelete acid from the subject; b) determuining a methylation
percemtage ol a methylation site n the vuclele acid of the Hrst blologica! sample, wherein the

i4
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methylation site ¢ selectod from the group consisting of cp2 7386328, ¢g 16213375,

cglOSI5671, cpg038USH84 and cg i BO1090S on chromosome H (e, 1o idemtify the subject as

o

1

1subject in need of reatment for 03D o) treating the subjeet for 031 &) obiaining &

o

secondd rclogioal sample comprising nuckele acid from the subject at a tme point during or

affer step {o}, wherein the second binlogical sample v of the same tissue type as the first

brological saraple; o) determining & wmsthylation percentage at the wme thylation site in the
Py X ¥ fosd &

nueleis ao nologioal sample; and £ guiding the subjent’s reatment of the
Q33 using the methyvlation percentage values as determingd in steps (B and (o), such tha &

N

dfecrease in the methylation percentage a5 determined in step () relative w the methylation
perciatiage as determined 1o step (b} loads to no chungs or & subseguent reduction of the
trestment Tor O3 and ar increase or no change i the methylation percentage as delernyined
in step (e} velative o the methylation percentage as determined in step (b) leads to 8

subsecpient merease or enhancement of the treatment for Q3D

I some embodiments, the present inventon provides & method of guiding a human

subject’s tredtment of an omega-3 deficiency (O30 comprising: a) obtaining a first

determnning a methylation

o
)
g1

biologival sample cemprising muclele seid from the subject; B«

perceviage at g methylation site in the muclels acid of the fivst hlologival i the
5 selected from the growp consisting of 73,
IIRUSHRA and ogt9610905 on chromosome 11 ¢f oblaining a first fasting

£

froms the subject

iC 2., hie f';\j%

maning the amount of chrgylating

{e.g., plasma’ serum} and celhular {e.g., red Blood oellt ALA, DHA, FPA and DBA andior a

ratio of DHASEPACDPA/ALA inthe first fasting bologleal sswple; o) neating the
for O30 5 obtaining a second fasting bological sample from the subject gt ¢ time point
charing or afler step {g), wherein the second fasting biological swnple 15 of the sams
the firgt fasting biological semple; &) determining the amount of chraulativg and

& &

DHA, BPA and DPA andfor g ratio of DHASERACDPA/ALA in the sorongd

biodogical saraple; and by guiding the subject’s treatment of the O30, uxir g the amount of

ALA, DHA, EPA and DPA andfor the ratio of DHASEPATDPA/ALA as determined in steps

3
b
R X

i~

(i) and (g}, such that an fncrease In the amount of DHA, EPA and DPA and/ or i the maslo of
DHAFERADPAALA as determined in step {8) welative to the amount of DHA, EPA and

N

DPA anVor of the ratio of DHASEPACDPA/ALA as determined in step (b

change or a subsequent reduetion of the treatment for 03D, and a decrease or ne change In

EPATDPAJALA

the amount of DHA, BEPA and DPA andfor in the rmalie of

deterenined w step (g} relative to the amount of DELA, EPA and DPA andor of the ratie of

T
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PAMDPAALA as determined fn ostep (b} leads 0 a schesguent lncrmase or
enhancement.of the reatment for O30,

+

nally provided hereln is a method of

gUte fremiment of

guiding 2 human soby

&

feney (3D, comprising: a} obtaining a fiest binlogleal sample {e.g., Blood)

EANRN

ol
2
<
b
“=
b
peas
]
ooy

from the sobjuct whew the sobject i3 In 2 fasting statel b) determiving the aw

e v e baovrend 3 eelliiar fe g ved hie
chroudating {e.g., plasmalserum) and cedindar {e.g., red blo

andior a raste of DHATEPFA+DPAALA n the first x“v

aubject for Q31 d) ohtaining @ second biologival sample

& fime polnt during or after step (¢}, wherein the second bivlogical sample

< N

cal sampde; ¢f determining the amount of clroulating

AYDPRAALA n the

N

iy of the same type as the fot blolog

i
and cellular ALA, DHA, EPA and DPA andfor a ratio of

st

7.

secondt biological samplel and §) mading the subject’s trestment of the O30, wsing the

amound of ALA, DHA, ERA and DFA andior the ratte of DHAREPASDPAIALA as

amount of DHA, BPA and DPA

aned’ or 1o the ratio o DRA tep {} relative 1o the amount

of BHA, EPA and DPFA ¢

TAMDIPASALA as determined in step
by feads 1o no chavge or a subsegoent reductinn of the tregtment for O30, and a deorsase or
1o nd. o the amoont of DHA, BEPA and DPA anVor In the wnatis of

as determined in step {8) relative 1o the amount of DHA, BEPA and

foe of DHAAEPAHDIPA/ALA as determined in step (b) leads @ 2

B

,u

subseguent increase or enhancemsnt of the treatment for O3

The present inveniton turther provides a method of guiding & human subieet’s

treatment of @i omepa-6 axecess (6, comprising: &) mbi:sning a first brologieal sample
comprising nocleic acid fom the Suf“} coi: B) determingny reentage a a

.\
2]
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£
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pa
2
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o
.
J
&
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P
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)
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o
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oy
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e
<
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o
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o
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o
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P
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o]
e
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ot
¢

methyvlation stte in the nuddeie acld

m the group consisting of ¢gdTIRE326

and {t:%;’;‘i",??‘fiii} 0% on chromesome 11 ¢} freating the su y o) olaining a second

N

frovn

biglogical sample comprising pucleic seld fom the subjeet at a Bme point during or alter step

P

¥

(o}, wherein the second biclopical sample s of the smme tiosee type as the Sest biolouical

»

sample; e} determing vethyiation percentage af the methviation site In the nuelelo anid of

3
i
H

the second Mologioal

3

iation perosniage

, such that an noregse in the

-
e
i
«’3
0
s
o3
g
o
i
,...4
3
7 ¢

meth

e

ningd in sop {e) relative o the metﬁhy’ie@tﬁgn pereentags as

methviation percenig

deterrnined tu step (b leads 0 no change or a subseguent reduction of the treatrent for Q6R,

Sl
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yiation percentage s

enhanvement of the treatment

In additional emboditoenis, the preseat invengion provides

human subject’s Weatment of an cnega-0 excess {O6E), comprising: &

v, Bloed eolls {ep., red biood ¢

ol \z‘I al S‘Lﬂpi& {e. &

A asting state; b) determining the avount of arschidonic acid (ARA)

and ity elongation product, advenio acid andfor the ratio of AR &+adrenic acidfinnleic acitd in

i

the frst binlogieal sample; o) roating the subgect for O6E; d

1

4} obtaining a second biclogieal

he sublect is 1o g fasting stgle, at & time point dwing or sfter

i biclogical sample is of the same type as the frst bislogical

Sﬁm};}h; s determining the amount of arachidonic acid {(ARA) and its elongation producy,

wicdfor the raticeof ARASadrenio acidflinolele acid in the second bink sgical

adrenic

N
e

and (e}, such that a decresse in the snount of arachidonie aoid and sdrenic acid andior in the

o oof ARAvadrenie/linoleie soid as determined in s sier

arnchidome soid and advenic geid anddor the ratio or ARS

ditermingd mstep (b} leadsto no sequent reduction of the reatment for Q8F,

and an inergase o no at‘mzmge: i the amount of arachidonic actd and adrenie acid andfor in the

ctejr actd ay determined in step ()

rofative to the amaoont of

arachidonio acid and adrenie acid andlor the ¢

2 ~. OV Flay 3 <
mined i step by i

L A subseg uent inerenss or enhan

ihe treatment for

The present invention also provides @ method of goiding & human subject’s reatment

of an eamega-6 excess (O6E), comprising: 4} obtaining a firgt Mological sample {e.p, bload)

<

et when the subject is ina fasting stale; ) determivdng the amount of
! b P

]

S

Seotn the sah
ITOTTE ANC 840

el Hnolele acid (LAY, ARA

("2

circulanng {o.g., plasma’ servwn) and cellular {e.g., red blood

e

and adrente acld anddor a ratio of ABA adrenic soid/L A inthe §ir

sating the subjeet for O8E; d) obtaining a second binlogical s:m*pi‘f.“.
the sublect §s 1n g fasting stte, al o time potnt during or afler step (o), wherein the second

Non

biological sample i of the same type as the fiest blologleal sample; &) determingy 1g the
LU o e .

amout ol circidating and cellpiar LA, ARA and sdrenie acld andior g ratio of ARAH adrsuic

achl/L A in the second biclogieal sample; and ) guiding the subject’s treanment of the a8,

|3
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asing the amo

acid/L A avds

e
AGTeT

id and or in the ratio of ARA adrenic aeid/LA as determined i step (0) relative o

the amowtt of ARA an sute acid and/ or i the ratio of ARAS adrenic acid/LA ax

determined in step (b Ieads to no change or & subsequent reduction of the reatment ¢

and a decrease ar ne change In the amount of ARA and adrvenic acid andfor in the ratio of

+adrenic aoid/LA as determined in step (o) relative to the amount of ARA and adrenic

b

vatiorof AR A adveuic 4

aoid anddor i the LA as determined fn step (b} leads to &

subsequent inorease or onhancement of the freatment for Q6.

3

ta the methods of this Inveution, the step of determining the methvlation pe
2]

o
&

can be cavried 0wl by a method that can be but s not Hnited to, methylation specific P

whole genome bisuliite sequencing, HELP assay, ChiP on ehip sssays, methy

sequenving of sudfite weated DMA, methy] sensitive restrivtion

binding of methyl UpQ binding protelns and Imoumocomplex formation between

X

C'

viated DNA antibodies anst said mothylated sites, ineluding any sombination

3

The biclogieal sample containing the nucloic aoid to be tested in the wethods of this

o o .. ~ 4 o~
mvention can be obtmned &

any suitsble apusee, for sxample, 8 bucosl swab
¥

i<
blood sample, & buffy coat sample comprising mononnclear leukooyies (g, CD4+ T cell:

a urine sample, & blopsy savple. a Hver tissue sample, u prostate ssue sample, & seram

ple, Other sarnple types could include DNA from Sssue {ox. Hves,

3

akin, fal, Kidaey, avtery} or cancer (prostate, breast, lung, colondrectal bladder, pancreas,

mystoid, vmphoid, Kidney, endometrial, and thyroid) biopsies, plasmafserum and Bood cells

v

Y

. ieutrophils, basophils, macrophages, erythrocyies and Iymphooyvies)

A by

v some eovbodiments, the tnvention provides g test ang nethod

1 and/or amehorating a discase, disorder or comfition associated

UFA prodaction. Thus, the detection methods desoribed above, 1o certain
embodiments, further entat] treating subjects Wentified as having altered capanity for nnats
LoPUFA synthests with an effective seatmeny, such as an effective amount of a lipid-

confaining conposttion. Such compositions can inclinde, but are not Hmited to, falty seid-

o

containing dietary supplements, medical foods, funetional foods, preseription products andVor

pharmacsutical formulations: In some eotbodiments,

eot can e treated with an ggexa

that modulates methylation of TUpls sites

"y
peie}
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N

In one embodiment comprising 8 subject dagnosed as baving, or as having an

o

(3D, the individoal is a prognant andfor nursing fornale and

iroreased hikeliood of having,

3 TN . syt bwner e W P O Iiog b Sod wend " T TR P
the treatment inoreases LoPUPA tevels in g fotus andfor bresat milk. o anatherembadimant,

e O
4

the individual is & female who has recontly given birth and satd reatment Increases levels of

x

desirable Lo-FLUTFAs in breast milk. In vet other smbodiments, the individus! is st increased

riak of having or developing & developmentst or seurodegens

ae having an morzased genetie hkelihood of O30, T

pediatric subjact
in another embodiment, the individual identified g3 having or as haviag an increased
likelihood genetically of producing oxcess 06 LePUFAS i3 at incrsased risk for g
cardiovasceolsr disorder and troafment yeduces levels of n-6 LePUFAs.
The present invention Rurther provides a method of measuring the methylation status

£y

't that has career or s suapected of

af tissue 10 g biopsy (e.g., 8 tumor biopsy) from a subi
A cancer, By denfifving the methylation status of vells in the Mopay tissue from the

aceording to the methods described herein, 2 determination can be made regarding

how amuch the n-6 FLIPA content of the modern western diet {as opposed to other couses) is

Cwhat subset of casicer

coptribating o fromenng the subigets canger snd w

patients} would be most tmproved by altering the subiet’s dist by reduch

¥

mereasiog n-3 as desortbed hereln, In further smbodiments, even before 2 sabject develops

specied of having cancer, a subiect’s Helibood of developing cancer a3 a resalt

of omega-f polyunsaturated fatty acids in the diet could be determined by measwing the

mothylation status of colls n certain Ussue samples (o.g., saliva, blood cells or CD4+ T cells)

ned from the sublect according 1o the method desoribed hereln, The

fake action asdior be trented o reduce the lkelihood atsf’deve}opiﬂg cancer by reducing

@

s as deseribeg

his‘her intake of n-d PUF A anddor {ncreasing Wisther dake of ne3

hereir

¢ €

Also encompassed by the invention are kits for practicing the methods deseribed

i vt another aspet, the invention pro

that abler the methydation states of g Cp( site in the Fa08 o

Anexemplary method comprises providing ¢

monbating
methyiation status of at least one site selected fronu a {:}-‘t@éim* al position 4490 in the

PREQ I NG L e oviosine al positiont 1237 in the nucleotide seguens

,...
poe]
e
3
b
5
o
4
o
£
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£

£
o
¢
g

)
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of SEQ I N1, 2 oytosive complementary to 2 goanive at posttion 2410 in the mucletide

manine af position 12844 in

teisd]

gence of SEQ ID NG 1 and 3 oytesine complementary §

ide seguence of BEQ X NG L, inthe presence and absence of said agent,

wherein methylation status is correlated to fatty acld desativase levels, and wherein agens

W

that aliey the mothviation status relative o untrested control cells are

5
ek
e
3
34
3
3
)
ol
it
%
=

X
0
(¢4
e
m 4
el
Fens
&
o]
e

tmoedulating fatty achd dessturase lovels,

The following definitions are provided to facilitate an understanding of the prosent

As used hereln, 2" or "an® or "the” can mean one o more thaw one. For exanple, "o
cell van mean one cell ar a plorality of eolls,

Also ap wsed hergin, “"and/or” refers o and encompasaes any and/or all possible
combinations of vne or move of the assoclated Heted tems, as well as the lack of and sndéor
corabinations v srpreted nthe alternative (Mer”).

Furthermore, the ferm "about” as wsed herein when refersing o 2 messurable value
such as an amount of 2 cotapeund or agent of this Inventioy, dose, time, temperature, and the
Hke, w meant (o encompass variations of £ 20%, & 10%, © 5%, & 1%, 2 0,59, or even + 0. 1%

ol the speciiied aruount.

As used herein, the frausitional phra: " means that the scope

of a claim is to be interpreted fo cncompass the sproified mat

N
&

r steps reoited in the
clatm, "and those that deo not materially affect the basic and vovel characteristic(s? of the

clasmed lnvention, See, frre Herg, 53T F2d 349, $51-52, 190 ULS PO 461, 463 (TCPA

L
£

e § S TR
sviginaly; see alvo MPER § 211103, Thus, the term “consistin 0

T

1 used i g oladm of this Hvvention is not itended 1o b interpreted 1o be

equivaiﬁm i “eomprising.

pe

i

As used hm‘aiﬂ, the term PUFA refers to polyunssturated ity asids.

¥

As used heretn, the term “risk” refors to an aspect of personal behavior, ar tifesivie, an
exvironmental and distary exposues, oran inhern or inherited chimracteristic which on the
hasis of epideminiogical evidence is known to be associated with health related condition(s)
considered important to amediorate or prevent,

1 inereased risk” or “inereased Hkelthood meuns o lovel of

sk or likehihood that is iereased as a resuli of having an iners

propensity o produce omega-6 (0-0) or omega-3 (003} long chaln polvonsatin

7

I the case of an increased propensity to produce omega-6 tong chatn polyunssturated falty
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N

acida such as a.z‘ewhickmie geid (O6E), the risk or likelihood of baving an nfla mnistory

disorder, including cancer, s increased. In the case of a veduction in the capseity 1o prodace

g

omiega-3 long chutn polvonsaiursted fatty soids suwh as docosshexaeneic scid (DHAY, this

e

o o~

vould be an nersased visk or likelhoud of Yosing cognitive function andior of

REVING &

5 mood, newological and/or developmental disorder as a result of reduced levels of omega-3
tong chain polyunsaturated faity acids (O313) In some embodiments, the risk or likelthood iy
increased jnoa subjsel as compared {0 a subject having & normal mothyiation siatos at the
raethylation site ¢ 26 as defined herein that te within the range of 15%4-85%.

As uaed heretn, the terms DHA, ARA, BFAL DGLA, GLA and ALA roferto the
10 polyunsaturated fatty acids docosshexuenoic ueid, arachidonic acld, sioosapeniaenoic acid,
dihomumo gamma-linolenic acid gammadiinolenie acld and alpha-Unolenle acid, respectively.
As nsed heren, the terms FADST and F4082 refer to the fatty actd desaiurase genes
that evicode enzyomes known as A-5 desaturase and A-6 desalurase, respectively,
As used hereln, the terms "C" and "G oy O
15 rospecti Phe terny 'y’ 2o the phosphodiester bond betwoen the ovtosine and the

icates thal the Cand the G are next 1o cach other In sequence

foos
&
=
o
o
%
%
P
7
proc a8
=,
=
foas
-
w
b
[
&

As used herein, the torm "methviation site e used i the context of a UpG, refers

is immediately followed by a G The nucleotide sequence of SEQ ID

ston eontaining 4 of't

Lol

&

Az used hevein, the torm "poaonio DNA refers to DNA found within the 46

chromozomes in lumans, The genowmic IINA provides & complete set of genetic jnformation

tncluding coding and non-coding DNA,
Az used heretn, the torm "sodivm bisulfite”

3

2% the chemival formula of NaHSO, Sodium | leaminate cviosine into

wacil; but does not alleet Sometly osine with a methyl

oo

up attached to carbon 3} Whaen the bisulffte-fresterd DNA 15 amplitied via polymerase

f—h-

chain reaction, the wac s ampdified as thymdne and the methylate

eytosing,

30 As used hereln, the tera "msthylation” refin to the addition of s methyl group to the

5 carbon of the eytosing base ju a deoyyribonueieie acld sequange of UpG within s gene on a

Fuman chromosome.

As psed heretr the ferm "methylation stapus® i the preseuse or abeenes or

wmors fypically the proportion or pereentage of & methylated vytosine base at a methyiation

&

21
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o o~

site i a CpG within a gene, Methylation of a UpGis often associated with inhibiton of gens

o
7
reis

Sy eybagd Sy oy
acated uran

vred methylgted Cps ar

£

exprassion. For purpeses of this application, prefs

Pl

enhancer region which regulates F4OST and F4 D82 activity.
A used herela the terms “methiylation percentage” or “DMA methylation percentag
“methviation proportion” refer 1o the percentage of DNA molecules that are mex:hg»'im.ssd at
a given Upll site, relative to the total pumber of molecnles examined a that site, using
standard methods.
As ased herein, the terms “western diel”™ or “modern western diet” refer to the typiesl

3

western izt eaten by a subject in g doveloped country such as the Usiied Staies. Such a dies

typically coutaing grester than abont 6% of energy {calovieq) as the omega-6 polyunsaturated

» T

.

B (TRCEA-2

¥

Sty seid, Hnoleld actd and less than about 3%%

sobyunsaturated fatty actd
As used herein, the terms “reanlting fom” or “associnted with™ when used in
reference to diseases, disorders or conditions eaused by O3D or O6E, respectively, refer in

stances where U310 and O6K is likely to cause or contribuie i some way to diseases,

Az wsed hereln, the tenm "methylation specific POR™ refers to the use of primer pairs
s POR reaction thal are c.@mpﬁiﬁ:r.nemar}f to PNA that s converted by sedinm bisulfite and
that containg several CpG dinuclontides (Le., nmitiple methylation sites) that can he
msthylated fn vive, Primers can be complementary to the methylated template where
methviated OpG oytosines are not converied o wacil by the sodivm bisulfite treatment and

non-UpG oyinsines are converted o uracil,

Az used hevein, the term “nested PR refers o 8 variation of the polymerase chain
eaction {(PCRY In that two pairs of PCR primers are wsed o sraplify a fragroent, The fat
pair of PCR primers amplifies a portion of g gene to form a frst amplicon. The seeond pair

o

of primers 15 pested within the first amplicon and bind inside the fiest amplicon w allow

amphification of g second amplicon which is shorter then the first anap

A

As used herein, the torm “real time PCRY {aiso called guantitative polymerase chain

reaction or gFOR} refers to & method for the detection and quantitation of an ampiified PCR

¢t based on meorporation of a fnorescent reporter dyve; the Suorescent signal increases
e aiirect propertion o the amount of PUR product preduced and is monttored at cach eyele,

‘i real Hame, such that the thne polnt of the fest significant Increase in the amount of POR

product correlates with the inftial wmount of target template.

As used berein, the term "primer set™ refers fo a pair of PUR primers that include a

\)

22
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forward primer and reverse primer used ina POR resction and allows the generation of

S inehudes, for example, 8 TaghMan probe nsed fna

asist of g Huorophore covalenaly atached to the $heng

ofan oligonncleotide d\,:mw such that i anncals within a DNA region smplified bv s

specific set of primers and » quencher at the hend. The quencher molecule quenches the

Hoorescence emidtied by the Quorophore when exeiied by a i m; souree vig FRET

amerase extends the primer during

s
et
g
e
.
o
£y

o
o

st

{Flusrescance Resonance Energy Transfor), As i

s the nascent sfrand, the §' w0 3 exonucloase activity of the polvmerase

’ D
%
(o]
=
147
~
5
B
,'D.':

5
e
i
-
=

J

degrades the probe thet has annealed (o the wmplate, Degradation of the
Huoraphore from it and breabs the close proximity to the guencher, thas relioving the

&

quenching effect and allowing Hoorescence of the ﬁ-‘;;;m‘s'}g.kh<ﬁfe.

odd heveln, the term "detecting the roethylation status of & gene” refers o

detesting or assessing the presence or ahsance

methylation specific FOR, methylation specific PCR or Beullite sequencing.

dictary supplerents” encompasses dietary supplements,

vaceutical formulations, functinnal foods and fonctional beverages

2

levels of Lo-PUFAs of ierest. In cortain embodiments, it 1s desirable

administer FDA approved phasmacentical prepavations of fatty acids (v, Omacor from

S i >

Reliaot Fharmaceuticals) to g subject In need theseof. Preferred Hpid-containing dietary

o

sapplements andfor pharmacentical fonmulations comprise faity avids (as riglveerides,

phospholipids, fatty acid methyl esters, galactolipids) designed o provent or overcorns the
PUFA defiviencizs or excesses in PUPA blosynthests identified avcording 1o the present

vention.

&

As ased herein, the phase “FALN cluster” refers o the A5 (FA)

cessfurases encoded by members of a gene family cluster (FADSY, FADSH and F4D5H

invalized o a TOOKD region on chromosome 11 {

“f\ jERL

v ong aspect, the present invention provides : wlation

{Le., detecting TNA methvlation status) in o sample of genes inchuding thase in the FADS

fred In

cluster on chromosome 11 i&x‘l IRCTCEBE:

desaturase

]
j&¥
<
i
oy
b
b
%
a3
o
‘rn
,
V
CL

w13 found 1o be correlate

acoard JIA\” with the e SSent v

3

activity and a modalstion of & subjeet™s innate capacily to synthesize LePUFAs. The prosent
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b3

25 @ step of oblainiog a biolbgical sample colleated from a huntan subject,

b

o

A from the sample. In one approach, isolation is followed by treating

a chemival agent (such as sedium bisulfise) fo convert unmathyl
.J' o

evitosing 1o wractl. The DNA methylation at fhe identified site is detected using a bwn roungd

brrrd

PR protocel. The fivst round POR applifies DNA roglons of interest that sndergo DNA

methylation, and the second round PR ix g nested methylationespecific POR. The present

e

provides a DNA methelation defection assay that offers good sersitviiy and

The present DNA methylation assay offers an optimal test to ‘y‘c‘, an

i

HO D KG:T and the other shier identified hersin,

frs cortan embodinents, where a disorder or altered cap

identified, a subyect may require oy benefit fom treat

I

menitoring. Thus the types of assays deseribed above can be performed at scheduled

15 intervals. Additional assays way include gssessing ciroudativg PUFA levels

T

Meothuade of Tenting

I aceordance with the

focated on Buraan chtomosomes 11

R
<

from the Hiuming HomanMethylationd 30 Bei&ﬁ(i?zip and their designations, The locations of

Hloming 1D Genonsie Location {GRCHAT, hald
cpiiiRasakd chril®],561.219

cgte2 13575 ehv L6584, 727 (O at position 1221

25 cplgSiaeyl chrt DELSEE 300 (U complementary 1o G at position 2410

(0 at position 4490}

wentary to G at position 12844}

me Refersoce Congortiom assembly GRCR3T, also reforred 1o as

Hunan genome build hgl9

03
L

Bor detection of the CpG DINA methylation sites locsted on human of

buase palrs 61,587,980 (C) to 61,587 981 (O, several difforent approaches may be emploved.

i,

inone a&ipefﬁ; the target C nucleotide is assayed with the omina HumanMethylaiond 50

BeadChip microarray, and ia reforred 1o as target IRG326 0 a oytosing at position

1 ‘ " 3. .
thylation at this focation,
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guantitative method must bewsed. Most detection methods surrently availabie rely on ind

of the BMA, which chemically converts non-methyiated eviosine

¥ PR

bisulfile conver

sucleotides () 1o urac Pnuclsotides are then converted o

i

thyvmine rnucleotides (1)

3
b

viesine nucleotides are methyvinted {raeC), binudfus

;,”4
-
./"‘
.»M
,.
G
LA
L5

treatment has o effect, Atter bisulfite treatment, DNA methylation assays sxamine the

sequence of UpG sites and quantitatively determing the rasio of UST (Tormerdy an

sametiiylated £ 1o O {(formerty methylated ). Therefore after POR, the resuitant product

1

cofains ovtosine onh

»- o

he position where S-methyloytosine oconrs in the siarting template

W

AL This makes the diserimination betwern vnmethylated and msthylated eviosine

pussible. Uselul conventional techniques of moleoular bology and mucleie acid chemistey

for assessing sequence differences are well known in the wt. {Se

Maolsoudar Cloning: A Laboratory Manual (2001 Ird edifion

inone embodimen, the present DINA methylation metho

two stepy FUR reaction for detecting the mothviation stains of the £47
Fy £ 2

FALSS genes. The present twosstep POR s an
much higher sensitivity and specificity for detesting DNA methylation,
in the first round FOR reaction, primer sets (Le., forward primer and reverse primer)

. potential methylation sites).

tesigned wy flank the wethvlation siies

Preferably, primers are designed 1o aoneal to non-UpQ containing reglons within the specific

Lp( 1 ite of that particular gens. After the fiest round PCR, the resulting amplicon containg
0 dinncieotides that ave abeveantly methylated, The anplicon generated from the fest

yeaction, which then

reand PUR rosetion thus provides a g
the methylation status of the respective penes.
in the second round POR reaction {Le., nested methylation specific PCR), the primer

sets (1o, forward primer and reverse primer) are desipned to perform as a nested wethvlation
: : - t ¥ A

s

specifio POR reaction, The sscond POR amplifies the region within the amplicon {gencrated
fromm the first round PCR reaction) that contains the methylation sites of iaterest, Therefore,

§

second round POR wses primer sets that are methy

o

the second vound POER uses the Hrst round amplivon as g templaie for the POR resctinn, The

Jation specific primers. The methiviation

&

s e

specific primers are designed to hybridize nfercally within the flanking primers of the st

ronnd PCR.

ja®

al protocols available to the skilied artisan for detection of methylated

well a3 cusiom methods, WNon-

. These ielude commercially avall

Limiting oxamples of some of the mest commionly wied methods are deseribed below.
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Bisulfite scquencing

Tiis provess involves using ste Sarnger DRA scquencing o sequence DNA that

r—»{»

westd

e tregtad and known

been sulfite tregted, A comparison is made betwesn the bsul
sequencs 1o Wentily methylated sites, This method is considered loss quantitative than some
5 ofthe others, and requirgs & DNA sequencer, such as the 310, 3504, or 3730 DA

3

Analbyzers {Applizd Biosystems, Inc.

£

eneing

Pyroseq

Considered the gold standard for DNA methyl i, this method tavelves

sequencing shott sequeness of BNA around the target

guencing guantitatively measures the addiiion of each hase onto &

10 CONVErSIoNn.

+3

grevwing nucleotide chain, and the ratio of C (methyiated) o T {unmeth

tedy at each targes
site arourately measures DNA methyiation. This nwthod requives specific nstrumentation,
such as the FyroMark Q24 ((lagen, Ine)

-

15 This assay stavts with bisulfite-treated DNA and is followed by PCR, i vitre

s

g produets differ by methyvlation

/..

ansonphion, and dase-s
2

.

and are detected by it
in

This method

- and relies on mass spectrometty nstromentation (MALDL-TOFY from the company.

This equiptpent has been used for SNP gesotyping and is available in many luboratories that

20 do SNF genotyping.

Whole cenome hisulfile sequencing

Also known as B8-Seq, this approach entails o ligh-throughpt genome-wide analysis

ol PINA methylation, 1t s based on aforementioned sodium bisulfite conversion of genomic

TN e ic _,‘ 4 ey & Sy RO RS ™M T Ty
DNA, whic then sequenced on & next-generation sequencing platform. The segnenges

fe2
]

i
L

v
o

oblained are then re-aligned to the reference genome to determine methylation states of CpG

disuclentides based on mismatches resulting froen the conversion of nomethyls
it uraci,

The HELP assayv

i PR R Ty e e
oy’ differential ahility to recagnize and ole

3 o restriction eng

This assay is bas
30 methylated avd wonethylated CpG DNA sties,

ChiPeon~ohns assavs

These gssays are based on the ability of vommercially prepared antibodies to bind tw

o
¢3

ONA methviation-associaied proteing ke MeCR2

Methyvigted IAmmunoptesipiaton el

B2
nt
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Analogous to cloromatin iImmuonoepreciptiation, this assay uses immanoprecipiistion 1o
ispdate methylated DINA fragments for input into DNA detection methods such gs INA

(MeDMP-chip) ov DNA sequencing (MeDIP-seq).

N <

Meleoular break Helt assay for DNA sdenine methvBranaforase activity

» velies on the speeifielty of the restriction enzyme Dypad for fully met

,
49
[
Pt

{adenine methylation) AT sties i an olig a fluorophore and

5 + i

aeleotide, making fta

guenchesr. The adenine methyransferas

substrate for Dpnl. Cutting of the sligonuciectide by Dpnd gives rise to 8 flusrescence
Hrease,

5 el \

Methyl Rengtiive Sowthern Bloiing

This assay i3 simUar to the HELP agsay, although i uses Southern Motting technigues

to probe ge lation using restriction digests. This techaique is

uged toevaluate lncal o b}i,ﬁ on near the binding site for the probe,

P Bindime Proteins {IMBPs)

b g

MEBVFs and fusion proteins containing just the methy! binding domain (MBD) are used

DA Into methylated and vomethyiated fractions. The poreentage

fey

mathylation of ndividaal CpG tslands can be determined by quantifying the amount of the

target in each fraction, Extromely sensitive detection can be achieved in FFPE o
Absenpiion based deweetion,
{n some embodiments, the present lnvention provides compositions and methods for

determining a subject’s nnate capacity fur eynthesis of 16 and 2 LePUPAs. The method

3

entails g test and treat parsdigm for such subjects tn order 1o identify compromised subjects

o~ X

hose reguining therapeutic intervention. Thas, following determination of the methyiation

¥
X

ey

or

state of the & sntifted herein, methods for treating g disease or dleorder andior condition

i a subyeel 1y nesd thereolare provided, In some smbodiments, the disg Stsorder andfor

condition that is treated includes, but is not Hmited to, cardiovascular dissases, inflammatory

2

A3 ey e T AtV T Py et e Y ¥ o <yt P ey peve e o Fhees perweays aratline chaengan ¥
diseases, and various types of cancer. I other Cm-.md;s'nmis_, the cavdiovascular diseases to

be treated can iclude but are not Limited to, hyper ary heart disease,

stroke, acute myvoeardial infarction and atherosclerosiy, In Nuther embodiments, the

inflanrnatory diseases io be wreated can inelude but ave not limdted to, asthma, srihritis,
allergio rhinitis, psoriasis, atopic dermatitis, Inflammatory bows! diseases, Crohn's dissase,

N

and ailergic riunoconjuncuvitis, o st further embodiments, the cancers fo be treated oar
include but are not Hmited to, prosige cancer, bresst cancer and colon cancer, 1n additional
embodiments, the discases, disorders andfor conditions to be treated can inchude psychiatric

~rr
A
e d
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nehude depression,

ot

disorders. Monlinviting examples of psyehiatric disorders of this invention
bipolar disvrder and schizopluyenia. In addition, the compostiions of the fnveution can be used

opnitive function.

i some embodiments, the subject can be a gravid fomale, who can be tested before,

ANCY 10 axsesy the bi?b§(’£§f:}§§- capucity to pfoduvx 03, 3022 carban

LePUFAs to determine whether she provides sufficisnt 023 lov saturated fatty

acidds o a fetus dewfere andior o an Jufaat during breast feeding, Tt is also well recognized

= ¥

that sufficient n-3 and n-6 LePUFAs and particularly DHA are required for brain

development and functicn of the developing fetos (Figure 2) (for a review, sce Haggarty
SO0 Ameme Rew Nl 3UZRT-288). Bubicots who lack this capacity can be treated with

B v

fatty acid supplerentation sad/or praseription reglmens to promote and/or support healthy

bram development and function of 2 developing fetus andfor nfant.

it 1x alse well recognized that sufficient n-3 and 16 LePUFAs we required for brain

N
3

gevelopment in young Infants and children (Figare 2). The present tnvention provides
compositions and methods for determining a child’s innate capacity @ prodace LePUFAs
nevessary for early childhood development. Children who lack this capacity can be treated

with fatty acid supplementation and/or prescription regimens to promote andfor sapport

healthy brain development and function,

Methods of Treatment

A frther agpect of the present invention provides administering appro

or agents that modulate PUFA production, 1o 8 subject 50 tested and shown o be deficient or

&

for the therapeutic andfor prophylactic traatment of a diacass,

T have excess

dissrder-or condition,

by 3

For exaraple, the invention includes methods of determining as

<

disease in a subject based on the subject’s Innate genelic capacity to sy

&

wchades adiministraiion of geem

foe

o for preventing and/or ireating the disease. Buch
dispases can ielude, without Hmttation, cardiovascalar disease, chronie inflammation, acuie

achexia, cardiag restenosis,

rs

inflamnation, gastrointestinal disorder, cancer,

£

N

newrpdegencrative disorder, degenerative disorder of the Hver, blood lpid diserder,

asteoporesis, estevarthritls, antoimmune disease, presclanpsia, praterm Bieth, age relsted

naculopathy, pulmonary disorder, schizophrenia, depression, wedght _ma:ixmmme,

rooctsoraal disorder, astoinununy diso inflammatory disorder, contral nevvous sysiem

N

disorder, chronic pain and any combination thereof by providing the fa

28
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3ive SR Eta Ao Mo b g
andfor agenis as deseribed hereln,
Cavdiovasoular discases and disorders that can be tregted with the faity acid

formulgtions and/or agents desoribed herein include, bt are not Hmited 1o, anging

e

atteresclorosts, hypercholesterolenia, hyportrighyceridemia, low HDL, high blood pressure,

Raynaod's discase, and vardiae arvhyilunia, Methods of treatment desoribed hersin inchude

prophylasia to prevent postcardiotomy (including bet not limited 1o coronary artery bypass

nm“}fi cations {inchuding but not Hintied to depresaton,

gm“i surdery and valve sury

Py w

lotting events, and

nevrs-nognitive dealine, congestive heart fatbure and tufarction,

N .

arrhiviinmiag) as well ag for the treatment of such complications. The hnvention nclades

mizthod of preventing or reducing the risk of w second myvocardial infh
B 3

nesd thereol by providing fatty acid-containing composiions or PU

fae

wi formelations a¢ deseribed

modulating agents

5, 18U davs, 360 days, or more 1o 2 pati

mfarction,

o one embodiment, the falty acid conpositions, formulstions, and agents deseribed
herein can be ased fo treat and/or prevent cell carcinomas, In some embodiments, the
compositions, Tormadations aud agents described herein are given to a subject Inremission to

reduce the risk of recurrence.

<

In other aspents, a kit or a package comprising the compositions, Tormmulations andfor

sent invention is provided. For

us fur oblaining a biclogioal sample from g sulject. An

hed

¥ the cytosine

G.?{i?i’)}‘;)ihii“ Nl ma

at posttion 4490 in the nucleotide sequence of SEQ ID NG T and other sites present within

the enhancer regulatary element of the FADS cluster located on chromosome 11, whoss

3

slatus is asseciated with anincreased or decreased vapachty to synthosise

o
s
%
pho
fosch
=

hFss
Yoore
5
fid
=
ey
)
)
o]
9

237 i the musleotic

e seguence o SEQ ID Mivi, a

yordh

LePUFAs {o.g., @ ovtosine a1 position

o
i
oot
o}
P
A

eyiosine complementary 0 a guanosine at position 2410 in the neelectide sequenes of SEQ

acviosine mmpi mentary 1o 8 guanosine at position 12844 1n the nucksotide

seguencs of SEQ D NG, Sueh reagents can include site-speciBe probes andd or primers

R

that Tacilitate olation and biochsmica! chavacterization of nucluie acids cmztapi‘ismg the

3 'f{}nns or PLURY
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midulating ageuts in & confainer; and instructions for using the dosage form for prophyiactic

o therapeutic reatment of o sulgect. [n stme srobodiments, the present invention provides a

ot

kit comprising a phanmaceutical composition of the present fnvention. The 1t can contain
(M O MIDTS separaie containegs.
g

Although the struetional matertals, when present, typleally comprise written or

primted materiala they arg not iis‘z}.z-tﬁd to such. Any medium capable of storing such

media {e.g.

vlude, but aes not Umited to electronie storag

dges, chips), optical msdia{ U8 ROM), and the ke, Such media may incinde

3 to internet sites thay provide sach insiructional materials,

When the contponents of the kit are provided In one or mors Hould solutions, the

Higquid solution is preferably an aqueous solution, with a sterile agueous solution being

particularly preferred, However, the components of the kit may be provided as i
powder(s}. When reagents or components are provided us & dry powder. the powder can be

reconstituted by the addition of & suitabde solvent, 1t ie envisioned that the solvem may alzo

b provided in another container. Por exavaple, wherein the components of the kit are in

¥

fonto)

fyophilized form, the Xit may optionsily contain a stevile and physiologically

H

rezonshitution medhan such gs water, seling, buffered ssltne, and the like.

i some embodiments, the containers of the kit can inchide st least one vial, test tube,

flask, bottle, syrings, fnger prick test or othier containers, o which the

&

i«

compositivns/formulations of the present invertion, and any other desired agent, may be

placed and suttably allguoted. Whers separate cotiponents are included, the

LA
kS

enerally contain at least o sevnd container fmo which these are placed, enabling the

&
o

ated designed doses. The kits may alse comprise additional containers

administration of sepu
for condaining @ sterlle, pharmacawically accepiable buffer or other diluent
Sereening Assays

.

The mothods deseribed hereby include methods (also referred to herein as "soreenin 14
assays”} for identifying vompounds that modulate {Le., increase oy decrease) methylation af

the Cpls sites described herein. Such compounds include, e.g., poly weplides, pontides,
A ¥ » x 2

ey

tbodies, peptidemimettes, peptoids, small inorganic molecnles, small non-nucleic acid

arganic molecules, nucleic acids (&g, anti-sense mucleic scids, sIRNA, oligonucietides,

drates, ov other sgonts that derfere with or wodulate

NS

\‘)E}tﬂﬁl?wc,\\ui ld } ‘})“\%‘\; i

specific methylation of the enhancer reglon within the FADS gene cluster, have a stimalatory

N

ot inhibitory effect on, for example, LePURA production within a subject. Compounds thus

3
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identilied can be used to modulate the expression andfor activity of F408

aved their encoded profeing and enzymatic producty, LeFUFAs in s prophylactic andior

thevapeutic protocal,
In peneral, screening assays involve assaving the effect of & tes] agent on expression

& o It ~

or aetivity of a target nuelele acid or target protein in & fest saraple (Lo, a sample containing

compoand or agent van be compared 1o expression or activity in a congre! sample{ie., &

conditions, bud withowt

¢ the targel profetn that 1s iy

saraple containg
the test compound),. A change in e expression or activity of the target oeleis asid oy target
prodetn w the test sample compared 1o the control indicates that the test agent or compound

modnlates expression or activity of the targst nucleie acid ortarget protein and is a candidate

Compounds van be tested for thelr abiltly to modudate one or more aclivities rmediated

o

i as desertbedtheremn. For example, compowunds that modulate fatty agid-

O

bility to treat disorders assoctated

assaving a compound for such activilies are
known i the art. In sonw cases, a compound s tested for the ability to divectly affect target
gene wxpreasion oy modulate methyianon status, thereby infuencing fatty acid production

i b i

The test compounds used {n the methods described herein can be oMained osing any

¥

of the numereas approaches in the at incloding combivatoris] Ubraries, bological lihran

X

septofd {ibraries {libraries of moleondes having the Runetionalities of peptides, byt with 8
A fod r 3

novel, nonepephide backbone, which arg resistant to eugyy

sy

Ploactive: .., Zackermamn stal. €

;@am.i.ie-?. suitd phase or selntion phase Ubra Cmethods reguiving

deconvolution; the "one-bead one-vompennd” Bhrary method; and

affinity chromatography selection, The Mological Hhwary and ps‘:{).‘mica it

a:pprcfaehe:: e speeific for peptide libraries, witle the ether four approaches are applicable to

de, now-peptide oligomer or small weleende Bhraries of compounds (Lam {19973

s for the syrthesis of molecular Bhraries can be &

¥

for exanple i BeWitt et all, Proc Nl dead Sel UsA, 856008, 1993; Erb et all

,,,
=
;’3
@
:"'J
g
o

¥ Rlvggd  F e g FTOA G114 i Ao P ivmis st o o FodFasd T FTUIATY
Froo Netl dead, Sei UR4, 9011422, 1994 Zuckernmans et gl J 8ed Chon, 372678,

VOV AL ) R IR ¥ s B T B S '$] 3 YA vt gy . fond I Famd 3770051
1994 Cho gtal,, Seience 2601303, 1993 Carvell of all dagew. Chem Ind £d Enpl 3320359,
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1994 Carell et all dngew. Them, fmr Fd

, 19940 and Gallop et sl & Med

&

Libraries of componnds may be presented in solution (e,

L 19923, or on heads { Lany, Natare, 35

34840 and 32253 409), plasmids {Cull et all Proe. Narl dead Sci USA,

¥

BRIISOS-1869 1992) or phage (Scott and Smith, Seignce, 249:386-390, 1690; Doviin,

-\

~

Seience, 245404405, 1990 Cwirla et al. Proo. Mol dead Sei US

x

5
In some embodiments, o o tny which a cell that expresses

o

the FADS gene cluster or biologically aciive portions thereof is contacted with o test
compound, The ability of the test compound to modulate expression or activity of the gens

clusier 13 then deterrmined. The cell can be, for example, a veasteell or 2 cell of mammalian

origin, o8, tal, mouse, o human.,

e

The present inventing will now be deseribed with reforence o the foli owing

examples. It should be appreciated that these oxamples are for the purpose of Hiustrating

aspeets of the present invention, and do sot Hmit the seope of the invention 45 defined by the

2

W(

EXAMPLER
YRAMPLE 1 Methylation within the FADS chustor is associated with FADS activity

»

and the formation of LePUF A in human fver
SNP association studies have identified thousands of gssociations belween common
variants and phenotymie trait {for review, ses HindorfT ef al. 2009, Prae Mol Acad Sei.

G:H362-936T) However, very fow studies have o sarly determingd the actual

I“("’
Ci:
(3

moleruiar mechanisms that anderbie the observed SNP-tmil assoviations, Varlants may affoct

P
$595)

£0N0 EXPILSKION 0 several ways, noluding abiering tramscriptional start sites, the Lgiou

bod

tandseape {e.g, promoier o enhancer) of & gene, alternative spliving, transeript degradation,

and franseription of non-coding RMA. Association of SMNPy with phenotype is often due to an
unidentified genelio variant in LD with an associated SNF, or an ep Tgenetic alteration, that is

N

e for the obssrved hinlogical variation and not the achual associsted SNP Hself

Geneme-scale mapping of DNA methylation suggests that methylation has the potential to

mpact gene transoription via a vaviety of mechanisms, depending on iis leeation (Lo,
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aal slart sites, gene bodies, regulatory cloments and repeat seguences) within the

ranseriptionsal nnd,
We oxamingd the polential associations betwesn genotypss s
wl

which has been strongly correlsted with FADST activily and methylation at 85‘3“” (Ip{;

Aw.\
sties threughont the nunan ¢

LoPUFA bosynd

i sanples obtained Hom the

wal Deteominants of Atherosclercsis o Youth (BDAYY stady. Briefly, PDAY

Pathobiolog

P

was an anfopsy study designed o gxamine the pathogenesis of atherosclerosia in young

peopie, For this siudy, we sasess cart Amertcan and 72 African Amerfesn males,

PO
HESEEY
P

&

within 72 hours affer injury and underewent

4,

autopsy in one of the cooperating medical oxaminers” labovatories, The sl

ot
Is

4537 genotypes

were obtained as part of & custons genotyping panel of 77 SNPs, utihizing the Seguenom PMlex

&

genotyping system, To determine if there were sasociations within the human penome,

D=

f

probes represented on the Homing HumanMethylstiond 50 BeadCUhip (485,577 Col sites)

.\7 2

wers tested for assogiation with rs1 74537,

SETF e e v Hist
2337 in both pepulations. Meia
s accountitng for sample size and

1

socintion was observed with

methyiation probe ¢gd 73 6 {p=2 69 1™ for the msta- analysis; p=3 -66::\11§}~2"§ in
Buropean Americ \.zm& xi“??»\(‘“ in Alrican Americans), located approximately 3.5kb
from the FAO8 tavseription inttiatlon site. Four other siies: cg 18213375 i\pq"’\\i\\:

cglOSISATE (p=6.93x10"), co03R05684 (p=6.22x107%, & -

0.05485,000=1.03x107, horizonial

e
1
o
[
.
o

reached 8 Bonferront-adiusted level of significar
dashed lne o Figure )

3

sites in OpC istands in or around transcriptional start aites ¢

«
%
bedt
147
o
&
oy
o
)
5
L]
fel
,.
Pyl
73
o
uJ
€5

5

cations where pene expression i regulated. Surprisingly, the methyvlation Jod

>

wdentified i tns study were not near transeriptional start sifes but wers Iocuted in &

Yy e

CODE regulation

Fa

regnisiory region lovated between FANST and FAO52 (Figure §). B

ted methyiation reglon i located in s region that has an

,.1

caled that the highdy

“erhanoer st wiy monomethylation of histone H3 Iysined (H3Kdmelyand

H3KZT A lower zoomed portion of Flgure ). In addition, this site ix

it or near mnscription facior Moding sites Tor o-Fog, STATY snd Maf¥,

ek
s
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To determing imethylation of the eviosine at position 4490 in the nucleatide

3

¥ associated with the SNP rs174337 or plaved a cansal
’-C‘{i\f‘ii};; we examined the asseciation between U3 mothylation status
enwynraiic activitvieificlency using the miio of levels of AA 1o

o

\, respeehively, ?igur ¥ showes there way a strong association between

o

3

masthylation status and FADST activity in Tiver tUssues (ANOVA p=3.8% x 107
s 1 relatiouship with methyvlation status. In contrast the product of the

"'f'eaat.’é:mg ARA, accumulates in cells and dssuea, The methylation proportion differed

Cin individuals vanging fom 25 0 90%. Te ow knowledge, this magnitude of
allele-spreific or associated methylation hay nof been vhyerved ontside of the Tmprinting and
X-chromosome rsctivation comiext,

A possibie explanaiion for the association between the genetie variant 13174537 and

’ﬁ

the methylation lovel obagrved at the cvtosine focated al position 4480 in SEQ NG 1 is

that & SNP 1o linkage disequilibrium (LD with ¢

Such a methylatior-gliering BNF, known as an mONF, would lead to an apparent change in

DNA methylation that was actually due to alternate genotypes at the OpG site, Torule owt
this possibility, we sequenged the wu% encompassing the oytosine st position 4490 inthe

study population av

Taken together, these date ruveal that there i3 8 very small region of met]

{containing S methylation loel) In a regulatory enhancer that Hes between the two proximal

CADET and FADSZ), and the wethylation

provasters of the two Rmetional desaturase |

status of this region condrols the efficiency of these twor desaiurase genex arad thus the

A
Lol

e

T VIR A Int ot et o smosidae SN 1. IS TR BT S S s £
PUFA blosyathetic pathway in hwmans, Speeifivally, the degres of m-:?th};-;:a:;zo,a of this

A
N
’1‘4
o

PN
"'M(
e
o
"-I
s.v
f
tiod
i
i
s
e
o
b4
s
L
Bheg
s
g8

region is correlated with the cnzymatic efcienstes of K408 v

cotieont (1.6,

brogvathetic capacily tu buwan tissues, Thus, it s the epigenetic informational

3

the methylation of five ¢ x

¢ residuss in g very speeific region of the human genome) that

FADE gones and oot seen i the DNA sequences of the Faom

ciocwhivd the F4O5 genes ave tumed on and thus individoal

s from promoters that can play a key role In regulating gens

2

ically w CpG-ponr reglons, whols-methelome analysis has

tabie levels of methylation ot until the present invention, the

interaction between this methylation and gene aotivities around the enhancer has been poerly

unsderstoad
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Higure 8 shows a pathway in which methylation of the oytosine at position 4

NOOY {gndd nearby foot) plave u Key eansal rede in the

A-gontaining lipids, th wdﬁ}s directly impacting cholesterol, iriglyeeride

formation as well as levels of ne3 LePUFAS iy orities] tissues such as the

*‘f"nr* and ulthately clinical endpoints that lead 1o human disease, These diseases rangs from

Harnmatory diseases cuused by enhanced n-8 LePUFRAS (O6FY, 1o cognitive, hehavioral and

negrological disorders caused by deficlencies in w3 LePUFAs (O30, It i importans to

{)w

Y

FaTE ot that e coareresd 3 raeseryad s il el TYRT A SN ) & -
potat e that knowin ansal variant (3 critical DNA methyiation fooh) has niany

advantages over simple not-specific 8NP associations, Flrst a5 shown in Figy

oAl

shancer are the cansal vartams, they diree thy eontrel F4DST and

atton togt inthe er

FAO52 efficioncies {exprassion) and are much betler pradiciors of FADS chter efficiencies

SFUFA capaelty. Secondly, as epigenctic markers, the methvlation of these el is not

onty bumng impacted by genetic variation within the human genome, bot they are also sonsin

P

a wide range of environmenial factors {inchuding for exarmple, age, sex, pregnaney, and

VT 5 ] Tl Yoyt wmpms fro RO o : 3 Tier ed
PREVIOUS These loci p;owéc an assesameny of the genstic capaciiv of
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AFVE sxrm v S e sy e " s P 3 v T e 3 1 i3
40% gverage diffirence in methylation between GG and TT at 13174537, In contrast, the

idetification of the causel methyiation locd provides o much greater and more dynamic range

from g methylation proportion (methylation per to V0% 1n the 144 tssue

samples examined, Finally, identification of the cf provides the opportusity to divsetly

ba subject by aliering methylation status of the ool In contrast, inducing a mutation of g

sequence variant such as rs1 74337 s much more complex. However mors tngpe

3

~
&

wuaiion i a GNP such asre 17453

7
i

would be pnitkely to impact FADS cluster acti

this SME ov those in LD are not causal but simply associated with FADS sotivities,

We and others have demonsirated large gregraplie variance, with a bigh frequency of

=

a haplotvpe with an ncreased capacity 1o aynthesize LePUFAs In African and Afviean

s

ancestry papolations and a loss of that converting capacity across Asia into North and South

il 2

Ameriean sative populations. Two haplotypes have been identified (A and D) based on

1.

esgturase antivity efficiency and the high efficiency haplotype has been shown to be

1]
-
P

¥ o~

eiore 3% and <5% In native

Adiica, while Torope was ~75%, Nastern Asia and Oeearsic v

Arnerigay populations,

Tk
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e

W examingd genetic varianis in 1092 individuals from 14 ditfere

(E‘«?ﬁzzﬁ;‘-:f}ias 2t af AN PLoR Owe T, 0445826), We found dramatic differences in the

requencies of variants in the FADS cluster between African verses non-African populations,

-~

These data rovealed recent positive seleetion along & 1Mb region on elvomosome 11g12-13

f‘“

Alviva, with no evi dence for seloction in

wdhe window econdainh

83

either Europe or the Amerieas. Simulations saggested that the target Ioous is likely to be

T

within 50 kb ofthe signal. A sclegtive sweep ab oy noar 1174337 within the Aftiean

<

wniplete, as there is Rttle evidence for selection

o

within Africa. Median-jolning network visualization of the haplotypes within this block

Inrnil s o it gz DY o i ¥ R T
suggests that the selection process oeourred 85,000 vears sgo
Phis work contirmed marked global differences tn the allels freguencies of variants

tusted in studies on Afttean Americany and Foropean Amerieans,

sspectatly al variants strongly associated with the efficiency of conversion of PUFAs.

wide differences i the frequencies of'the specific alleles that faver

5 typicaily weregse

A raetabolisit across populstions, and these frequenc

e

with an increasing African admixinee component. Ttis wot ol

'm-»

ear why the positive selpoetive

0 5 s ~ .

pressure on the high efficiency 408 varlants was lost sfter the sxpansion of populations

1

from Afvica, We have specnlated that ence LePUFAs conld be olained in the diet due o the

s

genve of hunting, fishing, avimal husbandey and other technological advanees, the

Loy

efY
;t:aﬁ:.?wva}' tost s selestive advantage. In any eveni, thers ave now large diverse global
they are particularly dissimilar with regard to thelr capaciiy to synthosizs

s associntad inereased or deoreased fneidence of human disease,

ples, Liver saniples were obigined from the Pathoblologics] Determinants

s in Youlh {PUIAY ) study

Catheroselerog
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o
American and 72 Alrican-American males, 15 10 34 voars

o RS

vand underwent awtopsy in one of the cooperating

within 72 bonrrs after ju

examiners” laboratoviza, DNA was isolated from liver sumples that kad boen stored at -700

N

11:‘& -"E }
A AT

by [Hixson met

SHNP G@i§i§’i}’§§~3w A panel of 77 SNPs for genotyping in fatty acid candidate genes

3&0
wd by using 13 using an 1™ threshold of .7 in the HapMap CEU population, and 2)

sdditional ANPs 1o gusrantes tagaing at an r* threshold of 0.7 in the Hap Map YRI population,

g B X
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by

using the tagger option i Haploview. THE SNP 1174537 was forced to be & taguing SNP,

dus o 1ty extensive associations in the Hiersture 55 perfonmed with the

Seguenom iFlex genotvping svstom, and only s}
study.
Segnencing sround the gl 7388326 probe {position 44390 {n SEQ ID NGl DNA

probes on the HumanMethylationd 50 BeadChip consist of $0bp fragments, and the

subsequent base s the assayed Cpt. To exclude the possibility that the Cp@ site incladed o
SN, we sequenced the 50bp probe and imumediately surrounding sequence using Sanger

v

serppencing. A 724 bp PCR produst was muplified using the following primers: 3%

bz

ATGATGTAAGTTITGOOTACAGADASY and S CAATTCASCAAATTTATGTOGGY .

POR cyeling conditions were 93°C, 3 nuiry 30 eyeles of 93°0 for 3¢ see, 5670 for 30 see, and

7250 for U min followed by a & min extension a1 72°C. Sequencing reactions were

emistry,  Sequencing products were

performed wni the ABL Bighye Tominator V11 ¢

30 XL DNA Analyzer (Applied Bioystems, Ine., Foster City, CA) and

=y
]
e
1
%
-
o
)
PiY)
pos)
B
o,
e
i
»
l*\

3 AN

analyzed with Sequencher V4.8 {GeneCodes Corp, Ann Arbor, MDD,

the Hlumma

DBNA methylation analysis, Sampleawere evahuated wing

HumanMethylationd 50 BeadChip, which assays 483,577 antque OpG sites. The averags beta

{essentially the vatic of he wethylsted to anmethylated signal) for each site was used to teat

'L

for differences by genpivpe. Association maiysiia was periormed in the Buropean American

e
 pwd

and Alrivan-Amenivan samples separately using 8 generalized Hnear model (proe glmy), as
mnplemented i SAS (Cary, MO A, ohip, and zhig position were incladed in the model as

Swarat

. Meta gualysis was pueformed using METAL, w

ghting by saruple size and

accounting for divechion of effect.

{solation of fafly acids from Heer samples, The fatty acid profile was svaliaied in

v

fovnogenived Hver samples. Tissue was homozenized in fee-wold detorired water 8t 100

peey

mglml Patty acid methy] esters were prepared in triplcate homogenate samples (100

Yorrrs

e

analvzed by gas clvomatography. Fatty acids in samples were ideniified based ou retention

imes of commaercially avatlable authentic fatly acld methyl esters.
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EXAMPLE 2. Aualysis of methylation sigtn

donic aeid and products from this long chain omega-6 polvunsasurated fatty

ey

acid such g5 prostaglandin B2 and feukotricnes play @ role in indusing cancer gell

probifevation, migration and invasion, and survival { Wany and DoBois Najure Keviewn
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Cancer THIEL-193 (30103, Conseguently, the abili'{y o detorming whether an individual

sed risk of having or developing cancer §s puiting himself

e fatty acid compositic

knowledge, # cancer patient or subject st increased wisk of cancer conld make

vations to histher diet with regard to polyonsaturated fatty acids both in terms of

foods, distary supplements, medical foods and preseripiion products lo atienuate the

“}‘7

atien and invasion, and

biotogical properties {increast

survivall of arachidonic acid and iis metabolites.

erbating thelr

To identify prostate cancer pationts who are at tncreased risk of exe

cateer due to thely exposure to polyunsaturated fatty ackds from thelr dist and the s ubaeguent
conversion of these polyunsaterated fatty seids to cancerdinducing rrachidonic acid and
products, we examined the association belween the methylation percentage in the

i X

eg2TAB6 3G site (niilizing pyrosequencing st that particular site) and the lovels of flong ohag

solyunsaturated fatty acids in those tissues. Flgure 18 chows the strong a negative
o = L

3y

association between the methylation percemage and levels of arschidonic acid {8-6 lomg

2

fatty acid} and docosapentasnoic acid (03 fong chain polyvunsaturated

fatty acid} in the prosiafe tissue. Figure 11 Hustrates the relationship

methylation percentage and the product: precursor ratios in the bochermical path

prostate tissue. Thess ratios are 8 surrogals marker of the desaturase a

make the r-b long chain polvensaturaied faity aeld, arachidonic acld, As shown in Figure 11
and similar o the liver, the methvlation percentage is highly corelated with the capseily of

<

prosiate tssue to make arachidonic acid from dietary prevursors with & higher

pereentage associated with a reduces capacity to synthesize ARA. Taken tog

insfivate that methylation nercentage of prosizte Hssue iv a STONE gensiio m

capacity of the prostate tissee to produce cancer-inducing omega-8 polyunsatur:

acids and their products, thereby quantifying the risk imposed by polvunsaturated falty acids

o

i aw individaal’s diet on cancer ngidence and progression,

K

The methylation peroentage af cg2 7386326 has been measured in DNA from four

erent sample typea. In DNA from prostats tissue, the dynamic range of methylation

sxtends from about T5% to 100% (Figure 12), The thresholds for high (85" percentile) and

th " o ape ;
pereentile) producers are about 93% and 8196, respestively, and are shown ag

e
fow {13

o

dashed Hues in the figore. In DNA from Hvertisaue, the dynamic range of methylation

2

. S ST g TE o e L dA
exiends from about 24% to 89% (Figure 13). The thresholds for h;g} {85 percentiley and

ow {‘\5‘ percentile} producers are sbont 86% and 40%, respect

(" "}

-
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dashed hines in the fgure, Io BMNA from whole Blood, the dynamic range ofm

extendy from abogt 66% o 92% (Figure 14}, The witds for kigh (83 pereentiie’ and

o {1 g% pereeniile) producers are about 84%; and 73%, respectivaly, and are shown as
dashid fnes in the figure, In DNA from salive, the dvnamiv range of methylation extends
% to 8196 (Figurs 18). The thresholds for high (85" percentite) and low 158
i) producers are about 0% and 40% s, respectively, and are shown as dashed Bnds in

To determine the DNA methylation percentage in CD4 T colls, these colls will first

b solated from whole Mood, Using standard wethodelogies {e.g., magnetic beads,

-1 eetls will be separated fron other cell dypes

DONA methylation

nm OPree iii‘ 23 prgsard

i whole blood and the DNA will be tsolated from these cells apecifica

siyets will he performend using any of the previousty deseribed methods (e, sequenciug of

bisulfife troated DNA, ete), and the methylation percentage will be ﬁetermim«i The same
other colf types and tesues (15" and 85™ percentiles) will he used

DNA methylation percentage cutoff values i (3D and O6E.
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WHAT IS (LAY

1 IS SRR TE S B 3 oy oy Frereatiag e e c i B edd e
Lo A mcthod of dentifving a sulje ¢, o @5 having an inersased lbkelithood of
having, emega-d definiency (0310, comprising:

\ \

A} oblmning g bologicel sanple comprising nuclske

'53,} deterraiming a methylation peresn a of

3

whersin o wmethylation percemis

abon site gl or ahove g threshold walee

C)
r_;r;,
P
.
Cacd
2
bk
]
-
oy
-
o
3
o
e
"2
R

wdentifies the subject as having, or as havivg sn inereased likelihood of having, 03D

sbjeet aa having, o a3 having an inereased Blolihood of

a) oblaiuing a Melogical sample comprising maclele acid from the suljeen and

by dotermining a reethylation percentage at 3 methvlation site

blologieal swy whersin the methyvlation site ¥ i a2 chromosome vegion on

fined by and inclading base pair position 01,586,461 o base pair position

eint g meths site at or above a throshold

,M
,,.
pees
bt 103
(/
£
b
e
Sl
o)
¢
—a
.
£
.
bary
2
».
%
o3
»
%
Hooc

W

i
i1

hnod of baving, Q31

¢ subjest aa having, or as having an fnoreased Hkel

~
/7

3. The method of vlaim | or 2, wherein the bivlogieal sarople is whols blood, the methvlation

suie is og2 7380326 and the Hweshold value 15 at or above ghout 84%,

he method of claim 1 or 2, wherein the binlogical sample is Tver tiseus, the methyluion

St v ey T IIRERITR Togin S v pud st ok v
site 1 oplTIRG3ZS and the threshold valve 1s af of shove about 8694,

the methylation site is

A
.
oo
7
%2
-~
ok
e
o
=,
o
o

i

oo
(oo
=
&
borss
M
.
A
B
i
b
}:‘5“
m.
ot
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"J
,...4
".)
35
=

,
£

5o
iy
o
jid
3
~

o
o
&
o
iy

IIR6326 and the threshold value s &t or above about 0%,

& T 2

he method of olalin 1 oor 2, wherein the blologieal sample s prostate 4

methvlation stie i o2 7386326 and the threshold value a1 or above shogt 938,

iy
w‘

7. The mwthaed of elaim 1 oor 2, wherein the Mological

£

[

wiethylafion site 1 cgd 73RE320 and the threshold value is at or sbove about T0%,

45



WO 2015/054645 PCT/US2014/060153

& The method of any preceding claim, further comprising the step of trea

. -

Srer. '*x\‘ A Ta x;"« OVIYY OO e L
gtk g OIS~ pOIVISaie aiad ?u‘: ¥ ae id Seio0t d 30‘:}1 the IO WP 20N SIshing o3

dovomahexaenote acid (AL, elcosapemtaennic seid (BPAY % docosapentasnoic acid (DPAY,

3

24} and any combination theveof, i the sulject {s identified as having, or

9. The method of claim 8, wheveln the omega-3 polyunsaturated fatty acid is admind

ped
3

omega-3 polyunsaturated fatty acid-enviched food, dietary supplement, a medical food,

preseription product or any combination thersof,

o

10, The method of claim 9, whereln the omega-3 polvunsatarated fatty soid-enriched food is

setected from the group consisting of an oily Hish, salmon, mackers], trout and any

tion thereof

-
i

The method of clamn 9, wherein the detary supploment is selected from the group
consiating of onuspa-3-cuviched triglyeerides, phospholiptds, Kaill oil, esters

auy combination thereof,

14 The method of clatm ¥, wherein the medical food andfor preseription product

§ o

tgiyceride, phospholipid ov estor version of g omega-3 polyinsaturated fasty acid tha

(o)

comtains a Mgher dose for concentration of omega-3 polyonsaturated fatty acid than dictary

suppicments, such as Epanova, Lovasa, Vaseepa, or any conination thereot)

13, The method of any preceding claim, wherein the subiect is a prognant fomale,
t4, The method of any of clatms 1-12, wherein the subject is an infant, child or adolescent

that bas, or 1v suspected of having, a diminished {ntelligence quotient (Q0, a developrental

5

disorder, autism, attewtion deflell hyperactivity diserder (ADHD, attention deficht disorder

(ALY}, schizophrenig, depression, bipolar dicorder, panie disorders, or any combination

£, The method of s ot ks an adult that bas, or is suspeated

of having {iep}'e:‘ssia- spclar dis v, schizophrenia, panie disorder, obsessive compulsive
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disorder {£3CD), dementia, Alzheimer’s diseuse, post traumatic stress disorder (PTSI) or any

combination thersof, as g result of or associatad with 3D,

16, A method of deutifving a subject as having, or a3 having an i ikelthood of

having, long chain omega-6

=

.

a3 obtaining & blological sample comprising nuclsie acld from the sublect; and

4 At o’ v adteery oites 3 & g e Vel R )
ton percendage at a methyiation eite in the sucleic actd of

b} determining a methyl

wal sample, whereln the methylation site is selecled from the group consisting of

F1, cgl3B05684 and ¢gl1961068% vn clvomoasomes 11

clow a threshold value

{7 A method of identifying & subject as baving, or a8 having av ingreased lkelihood of

having, D6, comprising:
a} obaining a biological sample comprising muclele scld from the subject; and

methylation percentage at 8 methylation site in the nuclele acid of

&

’)’J

e

b sarmple, wherein the methylation sfie 8 i a chvomosome repion on

TR

chvommosome 11 defined by and includi ¢ pair position 61,386,461 1o base pair position

2

e af the methylation site gt or below a threshald

ua methyviation perce

3
-3

the subject as having, or as having an incressed likelihood of having, O6E.

18, The methed of claim 18 or 17, wherein the bological sampie is whole blood, the
methylalion site is cp2 7380326 and the threshold value is at or below ahout 75%.

N

© figsne, the

~r
&
I

of claimy 16 or 17, whereln the | izal sample s

oy o

c2TIR0326 and the thveshold valae i af or below about 409,
20, The method of claim 16 or 17, wherein the biological sample is salive, the methylation

326 and the threshold value is at or below about 0%,

21, The method of clalm 16 or 17, wherein the Yological sample is prastate tssue, the

e 15 cgd 7386326 dndd the

vatoe feat or below about 81%4,

4

he biologival sample s CDds

22, The method of clalm 16 or 17, whe

dovalue inat or below ghawt 30%.

sthylation site 13 o 7388
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of clalms 16-22, fwther comprising the step of ireating the subiect by

fed
s
s
;
ot
Y
(
{3
,,,.
,,»
4
7
s
[~
h-ﬁ-
i

§ carbon} omega-6 polvonsaturated fanty acids

by the subject, reducing the consumption of long-chain omegs-§ polyunsatmrated sacids

4"3
'-M
=,
o
&

by the sabject andior administering medhmu-chain omega-3 polvensatusated faty acids

ander long-chain omega-3 polyunsaturated Sty aclds 1o the subject, if the subject is

rdeniified as having, or as having an inoreased likelihood of having, 8K,

24, The method of clam 23, wherein the ruedivm-chaln omega-3 polyvunsaturated fatiy acids

H S

andior the lougechaln omega- urated fanty acids sre admindstered as o dietary

supplement, & medieal food, 8 presoviption product, or sny combination thereof,

The msthod of claim 24, wherein the medium-chain omega-? polvunsaturated f iy acids

are admimsiered in g food, distary supplemeny, medieal food andfor preseripfion product

enviched in 18 carban ome aturated fatty acnds.

]
[

The method of wlaim 25, whevein the mediom (18 earbon) omega-3 polvunsaturated fatty

ety wprun cb et iart RN 3 Y TrNA Ay ciotime oF alvibi Weedan be amtedm ¢ AT o
acids are selected from the group consisting of alpha-Hnolenie soids (ALAY, stearidonic ac

(SDAG and any combination thereol

/“-

70 The method of claim 25, whereln the wedium chain 18 carbon omega-3 pelyunsaturated

stered as Hax seed, SDAenriched vegewble oil, and any combination

fatly acids are admi

28 The method of clalm 24, wherein the long-chain vmegs-3 polvansatorated farty acid is
selented from the group consisting of docosshexaennic anid (DHAY, mmsaptmé.aa-z.m}:ic acid

{EPAY, docosapentasnois asid (DPA) sud any combination thereof,

2%, The method of claim 24, wherein the long chain emega-3 polyimsaturated § atty acid is

i

A food iss

administored i a long chain omegas3 po aturated fatly aoid-cnni

from the grouy consisting of an ofly fish 24P el troutl and any combinatios

thereot
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The methed of claim 24, wherein sh distary supplement is selected from the group

g of tong chain omega-3-enrivhed wiglyeerides, phospholipids, Krill oil, esters, ethyl

sstors sndd any combination thereof

rethodd of elaim 24, wherein the medical food andfor eseniption produet s g

3

o, phosphelipid or ester version of @ long chain omega-3 polyansatorated Bty acid

that contains & higher duse for concentration of .}m&.)&& polvunsaturated fatty acid than

X

dictary supplements, such gs Epanova, Lovara, Vasceps, or any combination thereof

-

32, The method of any ofclaims 16-31, whereln the subject hag, or is suspeeted of having a

s

af, 0T associxted

1‘;}
-
P
5
X1
%
b,
o
P

diseass caused by nflammation or an inflanunatory response as

with, O6E,

33, The nwthed of auny of claims 16-31, wherein the sublect has, or

cardiovasaddar discase, corcbrovasoular diseasy, atherosclerosis,

syndvomg, cancer, arthrids, allergies, asthma, allergio shindtis, infa vamatory howe! disease,

topie dermatie, psoriasis, an inflammatory brain disorder, Alzheimer's disease, multipls

s

ac dizease, myopathy, swioimmune disease, systerie lipus

siovosis and encephalitis, cel

L’/

£}, Or Ay combing

e of determinimg t

mothvigled IINA mnmwmoprecipiiation, o ¢ ireated DINAL nwthyl

siricticn enzvimes: binding ol methyl © ;;t} binding proteins and mmumecomplex

sensitive

¥yt otesd o
s and said nwthyinted sties,

33 A KE compriving reagents and instractions for carrying out the method of gay precedin

49
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