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Mediator Lipidomics: array of >80 lipids
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sample lipid
extraction
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SPE clean up / / mediator lipidomics

Massey & Nicolaou FRBM 2012



Mediator lipidomics workflow

Sample preparation

(=

Solid phase extraction

(=

Lipid extract preparation
& storage

(=

LC/ESI-MS/MS

(=

Data processing and
calculations

Solid: Homogenise in 15 % (v/v) methanol in water
Liquid: Adjust to 15 % (v/v) methanol
Add internal standard(s)

Remove precipitated proteins
Acidify sample (pH 3.0)
Load on C18 SPE cartridge
Elute lipids with methyl formate

Remove solvents under N,
Reconstitute extract in small solvent volume
If needed, store at -20 °C and for up to 1 week

Prepare fresh calibration standards
Check baseline and instrument sensitivity
Run COX assay or
Run LOX/CYP assay or
Run chiral assay




Solid phase extraction (SPE) clean up

CONDITION LOAD WASH ELUTE
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Selective sorbent bed = more efficient sample clean up
High recovery and reproducibility

1. Condition SPE: Prepare C18 sorbent bed
2. Load extract:

3. Wash: Remove weakly bound impurities, then wash Reduce matrix
with hexane to remove water effects

4. Elute: Selectively desorb lipid mediators




tandem mass spectrometer
typical lipidomics platform

MS2
MS1 . m/z filter
Collision
Sl m/z filter Cell QQQ detector
ESL, APCl 1l oyadrupole(Q) ToF (QTOF)
lon Trap (QTrap)
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LC/ESI-MS/MS (ESI-)
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Liquid chromatography:
reverse phase

Lipid mediators typically separated by
hydrophobic moiety (C18, e.g. Luna ®)

Prostanoids:
Isobaric species e.g. PGE and PGD
optimal separation: acetonitrile-based
gradient elution system

Masoodi & Nicolaou RCM 2006; Masoodi et al RCM 2008



LC/ESI-MS/MS (ESI-)
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Liquid chromatography:
reverse phase

Lipid mediators typically separated by
hydrophobic moiety (C18, e.g. Luna ®)

Hydroxy fatty acids:

poor resolution with acetonitrile
strong interaction with C18 column
improved elution with methanol

Core shell columns: behave like
UPLC columns (pore size 2.5um)
Improved peak resolution and better
sensitivity

Masoodi & Nicolaou RCM 2006; Masoodi et al RCM 2008; Massey & Nicolaou FRBM 2012



Very fast even better separation of isobaric
compounds with different RP UPC2 column

PGE2

8-1so-PGE2




Chiral separation by LC

Stationary phases:
Amylose: 18(S)-E Resolvins (oh et al., J Clin Invest. 2011;121)
Cellulose:12(S)-HETE in blister fluid (Massey and Nicolaou, FRBM. 2012)
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Very fast separation of isobaric compounds
with chiral UPC2 column



mediator lipidomics protocol

= Solid phase extraction clean-up step (matrix effects).
= Multiple Reaction Monitoring (MRM) assays.
for > 80 lipid mediators; LoD/LoQ 1-10 pg.
= LC/ESI-MS/MS (Q?%); calibration lines; d-internal standards.

Biological material
= Solids: skin, tumours, liver, brain, uterine, ocular, nerve
tissues, cells, etc.

= Liquids: plasma, urine, seminal plasma, follicular fluid,
blister fluid, cell culture media, etc.

= Samples snap-frozen; extracted/run within days; dark/cold.

Masoodi & Nicolaou RCM 2006; Masoodi et al RCM 2008; Nicolaou MMB 2010; Massey & Nicolaou FRBM 2012






Inflammation In cutaneous disease

psoriasis
photoageing sunburn
atopic dermatitis squamous cell
skin cancer

wound healing
-
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UVR-Induced skin inflammation
(sunburn)

Acute inflammatory response
Erythema, pain, oedema (vasodilatation)

Leukocytic infiltration




cytokines




Sprecher pathway
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® healthy adult volunteers, skin type I-1IV
® skin exposed to UVR

(UV6; 280-400 nm; 23% UVB :77% UVA)
® 3-4 minimal erythema doses (MED)

Suction blisters and skin sections (0 -72 h post UVR)



Overlapping sequential eicosanoid profiles may mediate
the early and late phases of sunburn response
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.................. ) CET T
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x
S " pGE
s 100 ® 11-HETE
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< . 12-HETE
2 59 15-HETE
;
neutrophils CD3+
0
0 12 24 36 48 60 72
time (h)
early: inflammation late: resolution
vasodilatation, chemotaxis repair

Rhodes, Nicolaou et al FASEB J 2009



erythema in skin types I/ll and Ill/IV post single
high UVR dose (12 SED)
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n=16; *p<0.05; *p<0.01 Nicolaou et al Photochem Photobiol Sci 2012



PGE, higher in subjects prone to sunburn

pg / mg protein

n=9; p<0.05
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15-HETE higher in subjects prone to sunburn
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higher neutrophil infiltrate in subjects
prone to sunburn

neutrophils in dermis
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lipid biomarkers of skin

Inflammation In human

nutritional studies




cytokines

Nicolaou et al Chem Phys Lipids 2011



n-3PUFA In skin inflammation and immunity:
photoimmunosuppression

Randomised double-blind study (n=79 subjects)
control: GTCC
active: 1g capsule-~70% EPA&10% DHA; 5 cps/day; 12 weeks

A TTTTTTTTTTTTTTTA

Pre supplementation

Blood sample

Erythema assessment
Photoimmunosuppression test (Ni)

Post supplementation

Blood sample

Erythema assessment
Photoimmunosuppression test (Ni)

Pilkington et al AMCN in press



EPA supplementation did not increase skin
DPA or DHA levels

skin
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AA, EPA, OA mediators in cutaneous blister fluid

Mean (SEM) (pg/pul)

Baseline 12 weeks
Control (n=19) EPA (n=17) Control (n=19) EPA (n=17)
Unexposed UVR- Unexposed UVR- Unexposed UVR- Unexposed UVR-
exposed exposed exposed exposed
PGE 9.5(1.9) 19.5 11.0(2.4) 22.2(3.8)' 10.7(2.2) 28.1(5.4)™ 6.0(1.1)* 19.9
) 5 (1. (3.0) .0 (2. 2 (3. T (2. 1 (5. .0 (1. (3.4)1T
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13,14 dh-
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11-HETE  1.6(0.2) 3.7(0.6)'"" 16(0.2) 4.3(0.5)" 1.4(0.2) 4.8(0.5)" 1.3(0.3) 4.3(0.6)"
15-HETE 3.4 (0.5) 4.6 (0.6) 3.3(0.5) 6.0 (0.7)'1 3.0(0.5) 6.3 (1.3)'" 4.5 (0.9) 6.1 (0.9)t
15-HETrE 0.9 (0.1) 2.4 (0.5)1" 1.3 (0.3) 2.2 (0.5)7 0.9 (0.1) 5.4 (2.4) 0.9 (0.2) 1.9 (0.3)'"

18.2
12-HEPE ~ 25(04) 3.9(0.5"  3.1(0.4) 5.3 (0.5) 3.0(0.6) 6.4(19" 59(.7)

(3.5)ftT**
11-HEPE ND 0.4 (0.14)a 1.7 (0.9)b 1.7 (0.6)f 7.4(45b 0.4(0.05c 0.6(0.3)c 4.1(2.0)¢g
15-HEPE ND ND ND ND ND ND 3.4(0.9)d 5.0(2.2e
9-HODE 34.3(5.6) 46.3(9.6) 459(10.6) 63.7(7.7)" 26.1(4.8) 51.1(9.0)0t 32.6(11.0) 56.1(9.3)'"
13-HODE 36.6(7.0) 32.6(5.2) 32.3(44) 555(84)" 305(59) 33247 26.3(.2 385(5.9)




systemic EPA alters skin eicosanoids
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RCT: n=16-19 volunteers per group; skin type I/Il;
n-3 LC-PUFA (EPA: 70%; DHA: 10%) 5 cps/d, 3 months



oral n-3 PUFA supplement protects against
UVR-Iinduced immunosuppression

60~ -®- Control
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Protection at 3.8 J/cm? — 15 min summer midday sun at Manchester

SSR: Solar simulator; nickel allergy; n=33-36 per group; p=0.04

Pilkington et al AMCN in press



® Randomised double blind study (n=18 subjects)
® placebo (mineral oil) or
® active (1.6 g EPA+1.2 g DHA/day, 81 mg aspirin) 28 days

A4 A Day 28 A

Day O Blood samples
Admission; Blistering (forearm)
Blood samples

Food frequency questionnaire Blister fluid sampling:

12 h post blistering
24 h post blistering

Monitoring of wound healing:
1-15 days post blistering

McDaniel et al Wound Repair Regeneration 2011



n-3PUFA supplement and COX-mediators

AA (20:4n-6)-derived
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n-3PUFA supplement and LOX-mediators
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Area of wound (blisters) remaining

myeloperoxidase (MPO) levels, to re-epithelialize on Day 5

(leukocyte marker enzyme)
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Green Tea Catechins (GTC) and UVR-
Induced cutaneous inflammation

Healthy human volunteers: n=14, 27-56 yrs; all female;
phototype I/Il (tend to burn not tan)

Supplement: GTC 550 mg/day + 50mg/day vit.C
Study period: 12 weeks
Green tea supplement
Admission 12 Weeks
MED assessed MED assessed
Irradiation 3xMED (pre.supp.) Irradiation 3XMED (pre.supp.)
no UVR & 24h post UVR: no UVR & 24h post UVR
- skin punch biopsies - skin punch biopsies
- skin blister fluid - skin blister fluid

urine samples: compliance
Rhodes et al BJN 2013
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Mediator Lipidomics

® LC/ESI-MS/MS mediator lipidomics: versatile,
sensitive approach.

® Role of lipid mediators in health and disease.

® Discovery of novel mediators and biomarkers;
development of therapeutics.

® Contribution to systems biology.
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