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1.4 &

1. 1. XA xAA st (Lipid and Lipidomics)

d

A (lipid)& A WellA o]=ut (bilayer) 2] FEE AE9 (cell

d

membrane) = TSI oUA AFAL IS I FAC A AT
A &4 (signaling molecule) ® 2F-&3tty (1, 2). AA| U lipid ¢

el A& A (lipidome) = A #]4<2A2 (lysophospholipid) £,

Zy A Z1x A (glycerophospholipid) S, A3 1% 4 (sphingolipid) &,

=4 A A (neutral lipid) 5338 =43 backbone T-F° 25+ 44
of 22 ZFHYA (lipid class)E EFHH, 729 class H=E A4k
Zb7] (fatty acid moiety, FA) =2 %< wet 9 of XAF (lipid
species) 5°] TAE 7Fs/do] Atk (1, 3). olEA B3] vhFe lipid

species 7} £A3t}al AA R = EF-etal oA 7bA] lipid ¢ vk o]

A AzEelA S @B s BelA A or wehd o
ollety) A% e ATIE Bew Agolt
AAA (lipidomics) & AA el EAsH: thpdt A5 GTL

TAAoE oldslr] 9% A4Es FHSM (3 AHAT V=
(lipidomics technology) ©]#} $H2 t}eF3dl lipid species & EXZX O 2
HEs dndrh. dEskE  lipidomics
Z_I:]

AekE A7) (electron impact mass



spectrometry, EI-MS), g4 ojs 7|k A F47]
(atmospheric pressure chemical ionization mass spectrometry,
APCI-MS), WEHAXY golA 2&o]2st A% £47] (matrix—
assisted laser desorption/ionization mass spectrometry, MALDI—
MS), Ax} -5 o3} H& #A7] (electrospray ionization mass
spectrometry, ESI-MS) ¢} #2 A& &4 7|55 7|wte=z 24
HATk (3, 4). 53] 14T NA A=ZvlE 18k (high performance
liquid chromatography, HPLC)%} ZAZH HA EF 11 His
2 22 7] (electrospray ionization—high—resolution mass
spectrometry, ESI-HRMS) (HPLC—-ESI-HRMS)+= 8t ¥ #41&
3l Almel E3E theket lipid species 9 A B FAA dHolHE

andeor g58gt (5-8).

1. 2. AR AN 4 lipid #H A&

fl

AT=E =3 T= phosphatidylcholine (PO),

il

lysophosphatidylcholine (LPC), o}2}7] =4t (arachidonic acid, AA) ¥}
2o Akl 5 XAE who| HAEAIAE (alveolar epithelial

cel), g3 (serum), % (sputum), 283 7]&A FHFEAZ A
2



(bronchoalveolar lavage fluid, BALF) ¥ Z& AA ABE5oA]

™

Aduol olso] Al wAle FEFEol WelH LPC ¢ AA

rlr

e
¥ xggolA A2 (phospholipase A2, PLA2)d] <3 PC 9
ZbrieiE g (1D, LPC & @] # AdEgA
(pulmonary surfactant) @2, #H AIFA4, #H RAIHR FHLEE

WA 7] = dEe sttty wE R on (12-14), AA = AZGUAE

Hosttt BaEQlek (11, 14). skA|RE opA7kA] 2] &}

Ao
N
£
N

Y lipidome ©] A1} o3t zo]E Hol+=X%], 181 lipidome 2
W7l 29 WepAde  (pathophysiology) el olw3dl 9GS mx=

A djste] HEks] 8k xl nprt glok
1. 3. A A4 BALPF lipid profiling &) 9] 9]

71384 ¥ ZAA (bronchoalveolar lavage, BAL)S %3 BALF 9

FAHL 7= N (fluid lining the lower respiratory tract) A3 E

1o

FAs7] Ast 7HE AlFEE =2 el wmebxs BALF & 4
et 545 atdskrlel v AT Alsolt (15, 16). 71¢A
H 3Z A3 (bronchoalveolar cell)+= X219 w3} AHH o2 A¥E

QlaL, lipid &= type II H|3ZAME (alveolar type II cell) 2FE A% +=
3



AdGAdE4  (pulmonary surfactant) @] 4 Q40o|tk (15, 17).
Pulmonary surfactant += 47]3%A  (small airway)¥ 714
(patency) & 7FsatAl aF7] wiiel (17) BALF ¢ lipid profiling &
el 7]¥A lipidome ¢ W3S qrWels Al A WEHALE

ofgfst= H T3

ek
o

@ ol AgEAR obdztA WA

szt BALF o] £A]3}+= pulmonary surfactant ¢ thekgh lipid

species 5 &4 2= profiling & 4 ¢+ lipidomics technology 7}

e Aol gty weby B A5 F3l HPLC—-ESI-HRMS 9
Al HPLC o} O] LB I —A}Z2F—H] S A| 7F 2 R A7)
(electrospray ionization—quadrupole time—of—flight mass

spectrometry) (HPLC—ESI-QTOF-MS)E 7|4dto % 3= adzql
BALF lipid profiling & /Wdstauz} stglon wat g8 BAs
Fall HAEA 38 WY 4T 13 HoEFH F5% F 51 H Y
BALF lipid profiling & #4sto] HAgkxtel A4 o] 57
lipidome 2] Z}o]9} AAgztE 7F 5918 F2EFAHZO|E (inhaled
corticosteroid) A& fFol wWE FF7] lipidome ¢ =AolE

st ssic



2. A5 4 @i

g2 BALF 9 FHE 2% EHFgYSw B doA

A7t AMEER FA At B Ao A= Global Initiative for
Asthma (GINA) 7Fol=gtQl (18) & 7IHFo. R 7PHAY RG]
(mild to moderate)®l 3NEsh= HASIA=S FAASIT. Mild to

moderate HAE 1 % Z<¢F Y4 4 9=

rir
L.
=
1o
o}l
)
off
=)
o
@
|

FEV1)o] oSgkel Hlste] 75% o]stolm W

f
ol
¢ (o]
2
1>
o,
i
N

)
\o]
totr

Ao 7 2Ee® 7AESIE 3 WAl 152 inhaled S
systemic corticosteroid = A& AMFH A 4 F = Wx] 9o
MAEE FAYYer (NSBA, 18 W) F WA IFS inhaled

corticosteroid & A&AH o7 3 ¢ oA ALt MAEE FAHACH

(SBA, 20 7).



Bz FAEHdew FAAT (control
group)= 2 IFE A dolt o] AdAEZ 74 HAdw (NC,
13 9. 74 AAsL 25 Astd d¥5 (complete  blood
count) AAF, & IgE (total IgE)#AA}, F% wWAMA  HAAF  (chest
posteroanterior radiograph), &#]*] 2 HA} (allergy skin—prick
test), #H&F HAL (spirometry) 55 Rttt (19). FEst 4 Fof A3
AAZIZE E Z57IA Aol A" A, 1 del 10 ol
wd™go] AAF A, wA IHA #HZE (chronic obstructive
pulmonary disease, COPD)©o] Q& 49, screen &< post—BD
FEV1 7} ol Sgkell mlgte] 75% olst= Hofxl %= AdTolA wiA
HAg. o] A= WYL L3 (hospital ethics committee) 9

sls Wor RE SASEFH MW FAME Al Wun

¢

(SCHBC_biobank_2012-003).

2. 2. BALF +4

zk A= BAL (Bronchoalveolar lavage)+ 5871827
(fiberoptic bronchoscopy) (Olympus B2-10; Olympus, Tokyo,
Japan)= Abgste] X FdUstw P AeA  FEAT Hoh

AT BAL 3L od Aol & dwwel Yk (20). A



BALF + FAX ZH=Z AFHo] -80 ° C o AFHUY. E=

MA S 2] BAL 34 of A]

st

HE TAHA kst

A A EF=EELS BF Avanti Polar Lipids (Alabaster, AL, USA) ol A]
Telska ) HPLC =Y A EYEH (acetonitrile),
ol AxEHAFE  (2—-propanol), FEZEZZE (chloroform), W&
(methanol), & (water)< X% JT Baker (Philipsburg, NJ, USA)
oA Fekdt.  LC-MS 39 ¥EFAF (formic  acid),
OFMEAF R E  (ammonium acetate) = R Sigma—Aldrich (St.

Louis, MO, USA) | A %13}t

2. 4. AR ZA

BALF o &AjstA] &= C17:0 A4k 7] (fatty acid moiety,
FA)Z 49 AAEE ol&stel (21 ¥ IEF=4 (internal
standard, I1S)& Z3¥ES FHISHATE  chloroform/methanol (2:1,
v/v)&3tdle] LPC (17:0/0:0), PC (17:0/17:0), PS (17:0/17:0), PG
(17:0/17:0)&% 20 pg/mL ¢ sE=, TG (17:0/17:0/17:0) & 10

prg/ml FEZ AT F#6]d 1S &3 20 L & 400 pL 9



BALF °f Y3 vortexing 3+ ¥ 600 gL 9] chloroform/methanol
(2:1, v/v) EFHs F7FE 9l thA] vortexing 3sto] o] F ZdollA
20 ¥ ¢k w3 H 16,000 g oA 10 FE¢r AR E3ich

AYRYE B3 A T 3 F 3F

o

HPLC € wH}o]

e

o %1 %

HPLC—ESI-QTOFMS & o] g3}o] #4355t}

2. 5. HPLC-ESI-QTOF-MS =4

AR xA $4E Ed FuE RE A FE2E ARES TR

N

<02 1260 HPLC system (Agilent, CA, USA)°| F¢3s}%t}.
HPLC #4 A& theksh lipid species o @7 Heso] ==
ol ATE Fxsko] (22) Yad Fo] AASNUY. Yo w

AxAY  (Brownlee SPP C18, 2.7 ¢m, 2.1 mm X 75 mm
PerkinElmer, Branchburg, NJ, USA)S Algstglon Ax £
25 507 C 2 AAsd. A5 w2 Al & 7[&7] =3 (solvent
gradient condition)& &-&3}7] $3t] 2 714 T/ &4 (A, B)&
AHE stk €l A = 1% 1 M ammonium acetate @+ 0.1% formic
acid ¢ water, €] B 1% 1 M ammonium acetate £ 0.1% formic
acid 9] acetonitrile ¥ 2-propanol (1:1, v/v)ZFgE=Z T4+
o] ©]&3t gradient condition & W #ol A4 sk%lth 04
mL/min ¢ F52Z 65%% £ A H|EE 8 E Fo 20%%

8



HPLC & %3 #g ¥ lipid species + Agilent Jet Stream
Technology 9] ESI 227} &&% Agilent 6530 QTOF—MS (Agilent,
CA, USA)E eol&gsty e H3lt. QTOF-MS = ESI-positive
RToA ZEEHom AHALERE 7|std dA TPAVE ol 23E
el AFEESIT o] a2 FEvHe oEd 2 VA R
350° C, ¥ (sheath) 7~ 2%+ 400° C, 72~ % 11 L/min,
sheath 7}~ %2 12 L/min, ¥57] (nebulizer) ¢#-2 20 psi %
AN A gEbv)EHE o2y 29kt 2@ AY (capillary voltage)
2 4000 V, EAF A (nozzle voltage) & 0 V, ©@H3I} <4
(fragmentor voltage)< 170 V, ~7]19 A% (skimmer voltage) <
60 V Stk ®4 A A sA FhEHE E2F &9 (reference
solution) ©SZY¥El doj7 purine (m/z 121.0509) 2 HP-0921
(m/z; 922.0097) ° m/z #== Sl LT MS AFEHo| F3E

o= A ()} At () M (m/z) @kl AATo= A

BAHEAY MS AFERS 3 W= 50-1500 $ar MS/MS
T oA FFRY AR 98 9Hls ofyA  (fragmentation

energy) = °lAl (10, 20, 30, 40, 50 eV) Zt7} Fa =T},



2. 6. LC—MS Hlolg A3

HPLC—-ESI-QTOF-MS & %3] #53 9 AZ (raw data) =
mzData A 02 &€ ZT o]F 9Z AA LC-MS Holg Az
AT EOIQl MZmine 2.10 (23)°] dH3t T 2z}l AL x| H A

veld o2 (http://mzmine.sourceforege.net) peak detection,

chromatographic deconvolution, isotopic—peak grouping, gap
filtering, peak—list alignment & #FAHAES E3to] m/z 7, HFE A7

(retention time, RT), ¥ 3 W& (peak area) ® TAH I3 HolES

o
+
0%
ol

2
lo
H
o

zeaqnt. olF A Bd =M= TZ 77

e
R
)
=)
H
2_“
o
e
0%
1o
=)
H
i)
2
flo
o)
x>
-
ot
N
fifo
ot
N
ol
~~
N
o
ot
o

Eote] ¥F3t (normalization) 3t 2™ (24) T2 4

o
off
:(I)l:4
=
o,

H AdES dd YA ¥ IS ¥ AR normalization 3FSITE IS =
normalization ¥ ¥ 3 WA gk (Individual quantity) < %3 2z 229
S el A F+/4d8] (class composition) & Al4Ee ¥ individual
quantity 9} class composition 2] Z} H|o| &S CSV A o2 A 33lo]

MetaboAnalyst (http://www.metaboanalyst.ca/MetaboAnalyst) il

Q2= & 7 APAel wheb vhed ol AU (25, 26). ¢4
Axgkol WAl FAY 20% o4l WHEE AAT F 1 9o AR

Nd=s gko =2 thAske o).

o

=< HOlHAIE el Haghe] drbel
10


http://mzmine.sourceforege.net/
http://www.metaboanalyst.ca/MetaboAnalyst

ol 7} AeES =1 WE ¢ HAFASE (mean—centering) $F
¥ WA (standard deviation) &2 YFRal o] #HS o] &5t

offl
o
M
1%
ftlo
¥

3

bolet,

ol

2.7. TAEA

2. 7. 1. Univariate 9} multivariate ¥4

MetaboAnalyst & AFg3le] EE wHEF  (univariate) ¥ ThHE
(multivariate) #4-& 3Rt (25, 26). A A3+ (SBA, NSBA,

NC) zF lipid ¢ #}o]+= Kruskal—Wallis test & %3slo], 181

A& 7F ol 7) lipid ¢ #Fo]+= Wilcoxon rank sum test & E3)
Ttk B4 A3 p value Ze] 0.05 m]9F o]W Al false discovery

rate (FDR) gto] 0.1 vvkQl WEE2 FolAdo] vty Aoksksitt

v AdT = HHow e v HAsE Ad FEE 3

s
ol

fste] & HA 25 3H B4 (Partial Least Square Discriminant
Analysis, PLS—DA)& 3383t (25, 26). PLS-DA %4 & ZH9
WAHS (cross validation) 3= 7% &8 Rdg g9 siglow
g8 299 A (quality) S cross validation 232 ozl Q% zkz
R” #< Fstol AFeda oW Q° #e 7IFoE IF I TES

dstel AgEE exd HARE AFE FPHAL. =

et
i)
Al
(i,

11



ol o AE  (over—fitting) 4¥AS I1F I Hd5 AHI®

o

(predictive accuracy)®} 2] 72| (separation distance, B/W) &t
ol g3t +dHPW  (permutation testS T HTESATH
Permutation test A% p value ko] 0.05 =%kl 2 dlo] AL over—

fitting d3Ado] gloen HZAs # =

e
o
i
L
N
ol
oy
2
v
ok
rtfl
o
=
wm
|

DA RES g5st= FgoA AAtE 2t AFE2 A Ul Wi Fo %
(variable importance in the projection, VIP) &4 (score)ES =9
SHATE VIP score 7} & Wae O5 HY A¥E 2 o Hol
Ne= guigith. 2 AFoA = oldel F3E A ATeS FEeto]

VIP A7F 1 o]l WaE S sttt ddsisin (27, 28).

2.7.2.ROC =4 A&

S|
av

SHE FAEY AdelM #fodel lewA viE EA

i

Ao w3 F ottty FdE HEE (p—value € 0.05, FDR <€ 0.1,

=
)
V
\
o
=
o
o
!
it
o
Hd
=
4
M
ojr
i
tlo
%
O:

4 8] glekel Ay

<

¥Y2AE (Random Forest)@ilglgs 7IHWC®E sh= 22kl 417
%271 54 (receiver operator characteristic, ROC)=2A  A|3l7]

(http://www.roccet.ca/ROCCET) & %3 ROC =A4<¢ WA (area

under the ROC curve, AUROC)& AAFsA . AUROC 9 o] #t9
AlZE]47F (confidence interval, CI)< ZH7IEZ wxE4 (Monte

12


http://www.roccet.ca/ROCCET

Carlo cross validation, MCCV) 2] 100 & ®FE-S F3to] AlAl =Sl
0.9 1A 1.0 AFole] AUROC %2 Z1% Zboll Hold (excellent) -
THs Adva #4 =H)ytk (29). ¢ FE ROC F49] over—
fitting A S A58l Yste] 1000 3] HbEo] AX permutation
test & F3 3t¥tt. Permutation test A3 p—value #te]l 0.05
nukel A ROC =A12] over—fitting ZA3EAlo] glom o] ZHE&

A3k H3lvkar st (29).

2. 7. 3. Spearman’ s rank correlation test

f
1o
0
i
i
X

BALF W 9% AXE3 wele vwA FnE 3
(correlation) & ¥3]7] ¢k} SPSS (version 20.0, SPSS Inc.,

Chicago, IL, USA)E ARgsle Aol =9 43 I4

(Spearman’ s rank correlation test)S F33FH Tl p—value Zto]
0.05 "9kl A Fo04 = 4 IdAE BHAvy ATt

2. 8. Lipid +%& 794

_1 (
Jln
rok
=
wn

BALF Al£2] HPLC-ESI-QTOFMS #4& 53}

AHER 4 theFst fragmentation energy & (10, 20, 30, 40, 50



27}l AFE AT E9o]el  SimLipid ®# 3.0 (PremierBiosoft

International, Palo Alto, CA, USA) 9] database 9} H]w3}o] BALF U

AAe T2 AEe FAFACL

2. 9. Lipid 7= 27|

Z} lipid species 9 Fxv 7HE FZel wet thgd 2o

3tk A) lipid species ] 574 class 9F 1o AgE FA o] &g

o] (fragment ion) &= &3] TG EUAR FA o] 531914
(stereochemical position, sn—1, sn—2) = Yed & = 2A¢

(16:0—16:1)" ¥ o]  ‘lipid class (FA & ®&& 7154 A

“
N

FN
L

9
N

‘PC

ikl

FA o] 0|54 /MF - YA FA 9 &4 7y A] FA 9 o|54%

M) 2 7] ¥t B) lipid species & TFA3%= FA o £57}
=3}e] stereochemical position < ¥7]gF F+ A= A PC
(16:1/16:1)" <} o] /1 & A} 3HY. C) lipid class & o=

FYSHE FA B F wa AF % oF A% b wuHIAR

Z+7ko] FA &5 Yehy s %7 o]& (fragment ion) 52 MS/MS

soEY AN wdsA B A99 FAF RT A4 59

o

class ©° &8l Y3 parent ion & m/z S AHAE AZE thE

FA %302 749 isobaric #49) lipid species’ 7} #&% 4% PC

(32:0)¢F #o] lipid class (FA =9 F ©4& /I FA =
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ol=43% MF) B E7] ¥t D)

lipid class

FA

3ol

EAd3FA " FA 2] stereochemical position (sn—1, sn—2 position) 2]

Aolel estel 27] e RT el

isobaric A9

lipid

species = &L 37 ¢ste] LPC (18:2a) 2} LPC(18:2b) o]

RT o A0 et 9% 28242 7tz 17] sk

15



3. 1. Lipid & 73

H A= LPC, PC, PG, PS, TG, SM 9] 6 % lipid class & tjifo=
olof 23 lipid species 2] profiling ¥ 7l staA} sk} o] =

$1%t lipid 7% 71H S Figure 1 o ¥7]3 3 of wpe} Y343,

3. 1. 1. Internal spectral library

7} class ¥ lipid species ¢! LPC (17:0), PC (17:0/17:0), PG
(17:0/17:0), PpS (17:0/17:0), TG (17:0/17:0/17:0), SM
(d18:1/24:1) ¢l st EFF (authentic standard) A4S 3
u)g] internal spectral library & 33 3lo] B A9 A A|xH
Aol A lipid class ¥ ©Ju] o] (parent ion)% T ©o]23} FE|
(major ionization form)%! o]&°] % 59|34 fragment ion 5=
Aokt MS ~AFER Aol LPC, PC, PS, SM 2] major ionization
form & [M+H]" %32 PG ¢ A [M+Nal® $low TG 9 A¢
[M+NH4" it} (Table 1).

w3k A fragmentation energy & (10, 20, 30, 40, 50 eV) ollA]

FE3 MS/MS A EH AollA 9= lipid class H E4 3 fragment
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ion & o2k #Zokth 94 LPC, PC, SM £9 A% o5 EFo|
¥3td ¥ %4 head group ¢! phosphocholine © 333sl= 184.07
m/z ¢ [HG+H]" fragment ion = A3}t (Figure 2, 3, 6). PG 9
739~ head group ¢! phosphoglycerol o &33sl+= 195.00 m/z 9
[HG+Na] ' fragment ion & A 3stHth (Figure 4). PS 9] % parent
ion ©Z%E head group (185 m/z)°] Eolx gt [M-NL+H]*
fragment ion < A 3Gt (Figure 5). TG 2 A TGl x3d A

AAE J7] =

o

A ¥ak &7 7F "ol Uk [M—FA]' fragment
ion & A4 ATt (Figure 7).

Lipid class ¢ #d® Fxytge]l axpoz JPHNGd=
=78tal PC, PG, PS, SM 9] 4% FA ¢ A#¥ fragment ion £
ol A7I7F w3kl wiFel HE® XE& lipid species 9 FA F&xE&
T o= A7 AUt (Figure 3~6). Fragment ion 2] o]

NS (resolution) 7} E o=

ol

AZ1I7F JaF B s MS 919

Artd m/z gk Aot S5 Aol

)
il

Z A ole A

)
(o

Tx S Adletes 9o ® Agsth webA lipid & A s
FA %2 Rt ayzxo=w f9slr] 98te] @AY fragmentation
energy & (10, 20, 30, 40, 50 eV)& ZJelA MS/MS AFHEHS
g5ttt BALEF oA g3t thefst lipid species ™ME fragment

ion 59 fragment energy ¥ ol ZE7} tekelslr] wEe] EE

17



fragmentation energy 4l 53t fragment ion 5 & °|& =7}
7} =74 YEebd fragment ion 2 m/z # 0] FE TF FEol AME
=9tk (Figure 8 ~ 13). & &9 Figure 9 oA R A 3} o]
T 16:0-FA Z 4% PC (16:0/16:009 A% [M+H]® & 10

oA, [M-FA+H] "9} [HG+H]" 30 eV °lA, 283 [FA]T &
40 eV ollM 7 & ol AEE YERSIAL ol=el ATHE m/z dh=
3 4% EE #3889t LPC, PG, PS, SM ¢ A% Figure 8,

10~12 o)A lAlE 29 o] Ak T2 49 BAel A8HT

3 H B Ao A F3E HPLC-ESI-QTOFMS A|A~HS E3 EA%
BALF lipid & & TG ¢ A% F F °]d9 isobaric #A +=
TG 5°] 5Y43s RT oA Aol A= A} oF 59 Figure 13 3

2ol [M—-14:0]", [M-15:01F, [M-16:01", [M-18:0]" ol Zt7}
AFE= v 7N FR/FY [M-FA]lT o]2E59] HU3 RT oA
AZEH R, Y3 parent ion & F&3st m/z ¢ & ol TG
(15:0—-15:0—18:0), TG (16:0—-16:0—-16:0), TG (14:0—-16:0—
18:0)2] 3 7}A isobaric TG Fgo =z 4 Ak o)y 3 H$, Z+
=AE Al EAuZE 2437 wiiEel TG (48:0)0% o]
lipid class (FA &9 ®a/s & TFA 59 osd4¥ + F
ol

g o= %7] sk8th PC, PG, PS, % SM % FA ¢
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fragment ion 5°¢] X fragmentation energy °lA HEHA L

&

A% 919k BAF WO TS %7 Sk

Identification procedure

1. Development of Internal spectral
library with authentic standards
(LPC, PC, PG, PS, TG, SM)

- Major ionization form

- Class specific information and fatty
acid moiety information at a range
of collision energy (10~50 eV)

l

2. Parameter setting for High

Identification with SUM of the 3
information criteria

3. MS/MS spectrum
of BALF lipid extract
(10 ~50eV)

throughput identification (SimLipid)

- Precursor < A0.01 m/z

- Fragments < A 0.05 m/z

- Adduct ion selection (H*, Na*, NH4*)
- Automatic lipid matching system

1) Filtration with accuracy of precursor
and fragment ions

2) Class identification with class
specific adduct ion, fragment ion,
and retention time

3) FA identification

Figure 1. Lipid identification procedure
Ref. Kang YP, et al. (2014) Novel Approach for Analysis of
Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF-MS-—
Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—
Journal of proteome research

Treated Asthmatic Patients.

13(9):3919-3929.
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Table 1. A List of the authentic lipid standards and related adduct ion

forms.
Lipid standards Adduct ions RT(min) Use
[M+H] * [M+Na] * [M+NH,] *

LPC (17:0) Major Minor N.D. 8.4 IS and Spectral library
PC (17:0/17:0) Major Minor N.D. 17.7 IS and Spectral library
PG (17:0/17:0) N.D. Major N.D. 16.7 IS and Spectral library
PS (17:0/17:0) Major Minor N.D. 16.6 IS and Spectral library
TG (17:0/17:0/17:0) N.D. Minor Major 26.7 IS and Spectral library
SM (d18:1/24:1) Major Minor N.D. 18.4 Spectral library

The six lipid standard classes and major ionization form are shown.
(IS, internal standard; RT, retention time; N.D., Not detected) Ref.
Kang YP, et al. (2014) Novel Approach for Analysis of
Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF-MS-—
Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—
Treated Asthmatic Patients. Journal of proteome research

13(9):3919-3929.
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Lysophosphatidylcholine (17:0)

s [HG+H]*
3 184.07 m/z
(o] § o)
W\/\/\/W ho P~
o™ oo -
R NV
: 510.36 m/z
MS/MS spectrum
[HG+H]* [MeH I
510.3577
S
510.3577 10 eV
104.1073 184.0735 327.2863 l
L 4
20 eV
104.1070 18Ry
* 30eV
‘124 9992 327.2889
104.1073 184.0732
40 eV
124.9997 ¢
] ‘ ‘ 327.2897
86.0970
1250001  184.0731 50 eV
L. ‘ ‘ ‘206,1178 327.2731 ¢

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580

Figure 2. Internal spectral library spectra of LPC (17:0)

Ref. Kang YP, et al

(2014) Novel Approach for Analysis of

Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF-MS—

Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—

Treated Asthmatic
13(9):3919-3929.

Patients. Journal of proteome research
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Phosphatidylcholine (17:0/17:0)

[FA]* . R [M-FA+H]*
253.25 m/z 510.36 m/z
. [HG+H]*
: 1 184.07m/z
o ! o
\/\/\/\/\/\/\MLO :O’vﬁ\o
5% o SN M
/\A/\ANW : 762.60 miz
[FAI* & . [M-FA+H]*
253.25 m/z 510.36 m/z
MS/MS spectrum
[HG+H]*  [FA]* [M-FA+H]* [M+H]*
184.0734 253.2537 510.3555 762.6013
| \ ‘\\
Al n \
JU . L
7628013
86.0967 184.0729 553 2549 364.2616 422.5841 510.3558 579.5335 693.5931 10ev
1
1.0
,‘u‘
L 20 eV
184.0736 | | | |
30 eV
86.0974 253.2524  327.2882 433.2706  510.3555 579.5343 663.4506 7628008
184.0734
40 eV
86.0970 2532537  327.2899 433.2698 492.3455 579.5354 663.6055 762.2017
184.0734
50 eV
86'?968 2581100  327.2890 433.2696 492.3445 579.5346  649.0673 743,452‘9

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Mass-to-Charge (m/z)

Figure 3. Internal spectral library spectra of PC (17:0/17:0)

Ref. Kang YP, et al. (2014) Novel Approach for Analysis of
Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF-MS—
Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—

Treated Asthmatic Patients. Journal of proteome research

13(9):3919-3929.
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Phosphatidylglycerol (17:0/17:0)

., [M-FA+NaJ*
: 521.29 m/z

. [HG+Na]*

195.00 m/z

o i o
H i L HOH
\/\/\/\/\/\/\/\)LFO/Y\:Q{BP\O I _OH
JO H !

/\/\/\/\/\/\/\/Y [M+Na]*
o 773.53 m/z
_____ . [M-FA+Na]*
521.29 m/z
MS/MS spectrum
[HG+Na]* [M-FA+Na]* [M+NaJ*
195.0029 521.2853 773.5303
7735303
57.0698 195.0028 429.2567 5032709 579.5340 I 10ev
L J 20 eV
195.0029
30eV
57.0711 2532520 327.2005 4292378 503.2736 579.5338 699.4864 773?5289
195.0031
40 eV
57.0706 253.2532 327.2877 4292393 503.2760 579.5359 7735326
195.0031
50 eV
57'(‘]7‘10 253.2531 327.2893 429.2362 5032768 579.5331 R

50 100 150 200 250 300 350 400 450 500 550 600
Mass-to-Charge (m/z)

650 700 750 800 850

Figure 4. Internal spectral library spectra of PG (17:0/17:0)

Ref. Kang YP, et al

(2014) Novel Approach for Analysis of

Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF-MS—

Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—

Treated Asthmatic Patients. Journal

13(9):3919-3929.
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Ref. Kang YP, et al.

Treated Asthmatic
13(9):3919-3929.

Phosphatidylserine (17:0/17:0)

Delta m/z:
¥ 185
[M-NL+H]*
579.54
[FAI* .
253.25 m/z
; [}
\/\/\/\/\/\/\/\/lL» —P~,
/\(\q' P OJ’:S; [M+H]*
/V\/\/M 764.54 m/z
o;
[FA* . i
253.25miz
MS/MS spectrum
P Delta m/z: 185
[FA]* [M-NL+H]* [M+H]*
253.2522 579.5351 764.5430
I \
I\
I
I\
579.5348
764“:430 10eV
88.0402 253.2499 340.2846 407.2582 494.2832 628.8890 721.9874 h
20 eV
*
579.5351
30 eV
71.0862 253.2522 327.2896 407.2546 494.2906 .
579.5343
40 eV
‘ l \H ‘\ L 253.L2522 3273?88 407.2565 476.2789 .
50 eV
’ H 2532540  340.2852 579.5340
Ll “ [ L . *

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Mass-to-Charge (m/z)
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Figure 5. Internal spectral library spectra of PS (17:0/17:0)
(2014) Novel Approach for Analysis of
Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF-MS—

Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—
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Sphingomyelin (d18:1/24:1)

[Sph-2H,0+H]*
264.27 m/z

N . [HG+H]
. i 184.07 miz
[M+H]*
813.68 m/z
MS/MS spectrum
[HG+H]* [Sph-2H,0+H]* [M+H]*
184.0735 264.2687 813.6848
813@848
86,0067 184.?723 \‘ 10 eV
& 20 eV

184.0734

30 eV
86.0969 264.2672 447.3356 612.6068 736.5990 813§853
184.0735
40 eV
86.0968 264.2679 612.6073 795.67¢5
184.0738
50 eV

86.0965
1

264.2687 390.3726

612.6084 o

100 150 200 250 300 350 400 450

500

600 650 700 750 800 850 900

Counts (%) vs. Mass-to-Charge (m/z)

Figure 6. Internal spectral library spectra of SM (d18:1/24:1)

Ref. Kang YP, et al

(2014) Novel Approach for Analysis of

Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF-MS—

Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—

Treated Asthmatic Patients.

13(9):3919-3929.

Journal
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Triglyceride (17:0/17:0/17:0)

[M+NH4]+ _____ N [M-FA]+
\/\/\/\/\/O\/E\}q 77777777777777
\/\/\/\/\/\/\/\)J\O:/\g M
AT [M-FA]*
W ‘\‘ 57954 mlz
. [M-FAJ*
579.54 m/z
MS/MS spectrum [M-FAJ* [M+NH,J*
866.8194
866.8194
*>
579.5355
71.0867  165.1653  253.2536 381.1971 5269160 730.8957
)5
‘S
i b
579.5360
57.070815:0-15:0- 253.2522 327.2898 458.9457 705.0799 7918163 8677722
579.5348
71.0867 253.2528 337 2902 687.2210 764.3206 8677636
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J ﬂ h L L | 327.2896 4231043 645.3686 721.2396 8677606
) L .

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
Counts (%) vs. Mass-to-Charge (m/z)

Figure 7. Internal spectral library spectra of TG (17:0/17:0/17:0)

Ref. Kang YP, et al. (2014) Novel Approach for Analysis of
Bronchoalveolar Lavage Fluid (BALF) Using HPLC-QTOF-MS—
Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—

Treated Asthmatic Patients. Journal of proteome research

13(9):3919-3929.
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Lysophosphatidylcholine (18:2)

[HG+H]*
184.07 m/z
o 0
/\AM/\/\A\A\)I\O/\;(\:“O,/OP‘O\/\ -
HO H | ’i‘\
‘ [M+H J*
520.35 m/z
MS/MS spectrum
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184.0728 520.3453
520.3453
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|| .
\
184'?748 270.0298 3214778 428.8454 5202223 s0e
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Figure 8. MS/MS spectrum of LPC (18:2) in BALF

Ref. Kang YP, et al. (2014) Novel Approach for Analysis of
Bronchoalveolar Lavage Fluid (BALF) Using HPLC—QTOF—-MS—
Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—

Treated Asthmatic Patients. Journal of proteome research

13(9):3919-3929.

27

= A £ &

I

U



Phosphatidylcholine (16:0/16:0)

FAI* . [M-FA+HI
239.24miz © T 496.34 miz
i . [HG+HI*
: 184.07 m/z
o o
ANWM No—P~
Zio% %0 Ol M
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MS/MS spectrum
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Figure 9. MS/MS spectrum of PC (16:0/16:0) in BALF

Ref. Kang YP, et al. (2014) Novel Approach for Analysis of
Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF-MS—
Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—

Treated Asthmatic Patients. Journal of proteome research

13(9):3919-3929.
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Phosphatidylglycerol (16:0-18:2)

. [HG+Na]*
1 195.00 m/z
/\W | 2
of}{‘q_ﬁf‘o\)\/w [M+Na]*
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Figure 10. MS/MS spectrum of PG (16:0—18:2) in BALF

Ref. Kang YP, et al.

(2014) Novel Approach for Analysis of

Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF-MS—

Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—

Treated Asthmatic
13(9):3919-3929.
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Phosphatidyserine (18:0-18:1)

Delta m/z:
¥ 185
[M-NL+H]" .
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o 0 Q
A g oo Wlhon
- Tio% F O ey
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Figure 11. MS/MS spectrum of PS (18:0—18:1) in BALF

Ref. Kang YP, et al. (2014) Novel Approach for Analysis of
Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF-MS—
Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—

Treated Asthmatic Patients. Journal of proteome research

13(9):3919-3929.
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Sphingomyelin (d18:1/24:1)
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O e
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MS/MS spectrum
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Figure 12. MS/MS spectrum of SM (d18:1/24:1) in BALF

Ref. Kang YP, et al. (2014) Novel Approach for Analysis of
Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF-MS-—
Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—

Treated Asthmatic Patients. Journal of proteome research

13(9):3919-3929.
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Triglyceride(48:0)
TG(16:0/16:0/16:0)
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Figure 13. MS/MS spectrum of TG (48:0) in BALF

Ref. Kang YP, et al.

(2014) Novel Approach for Analysis of

Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF—MS—

Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—

Treated Asthmatic
13(9):3919-3929.
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3. 1. 2. Online database 7|4} high throughput X& +% 3

5k o] HPLC—ESI-QTOF-MS EA3%4 A dojxl= MS/MS
AHEYS F " Y. wEbA Zbzre] AFHER o ZHE  lipid

species o TFF THES FEoE APy A= GG AR

AEEYO]l  SimLipid & TE1d #Ael Agsld o
AT EYo]o] ¥3t¥l  ‘high throughput lipid search, HTP 7]&<
2gkel dolEH|o] A5 Ywteg AA MS % MS/MS AFHEHS

Aoz wlws) Fa E3 1000 AL MS/MS AHEH sl

ok

lipid o] #+% 74 A%4E & & oz Fgs 5 Q. vl AyE
wAetE BN FF TH LT (false positive) 7} A 7] wfiEell
w AFelA = HTP & 3sh7] A v gsal 2 internal spectral
library & 7IRFe® AHs HTP prHEs va3 Zo] 2%
gtk 4 x99 A] parent ion % fragment ion S°l T3
m/z ¢ 2537k (experimental value) ¥ ©]&3k (theoretical value) 2]
ezt 88 WHeE 727 0.01 Da "%k, 0.05 Da w|¥te s 73t
w3k LPC, PC, PS, SM 9] parent ion 2] ionization form = [M+H] =&,

PG 9] parent ion 2| ionization form = [M+Na]* %, TG 9] parent

ion 2] ionization form & [M+NH,] 2 A3t 3}3ic}.
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o]

i

&3l & dATelA = BALF oA F&53 XA E F LPC, PC, PG,
PS, SM, TG ol =&¥+= 69 T Ads 9 st #lF oA
ATelAl HPLC <9F Adst o]2ESH A#EA7] (jon trap—mass
spectrometry) £ AFE-3}o] Astd =9 PC, PG, LPC 55 BALF A
WA AREZE AAAINE (21), 27 ok sb # ATelA RSk
A HxE BALF o A8k A& F lysophospholipid ©f
Z3l LPC, glycerophospholipid ol 43 PC, PG, PS, sphingolipid
ol 4% SM, neutral lipid Fol &3 TG ¢ AA 2 A=HH

profiling & ] 407 74s3sA a3t

3. 2. Individual quantity scale < ©]£3 J2 2d Ad + 7+

lipid species & z}o] W=

o] d=°lA chromatography 7IM<= °]&% AR &2 glo]
ESI-MS & A3t BALF Wl PC ¢ PG & #4391, ¢ &2 class
composition scale & &3l 4T H4 A =S vl wskelot (15,
30). o]& E&| PC (16:0/16:0), PC (16:0—16:1), PC (16:0—18:1)
2 PG (16:0-18:1), PG (18:0-18:1), PG (18:1/18:1)7} z}z}
749152 BALF W PC & PG & % Hl&2 AA8hH, o] Hl&=0]
A2 A5 Fo4 Aolrt fles g S QT 2 ATelA
Ast HPLC-ESI-QTOF-MS 7]t lipid profile & o1& -5AMSH
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A S e A8 o (NO oM BALE #A] PC 8l PG ¢ class
composition A Z+ZF F FAHU]E X}A|Sk= lipid species E9]
ojde] Biud A+ AF}FH YA (Figure 14, HS MR
o (NSBA, SBA)¥} #2124 Apo]& HolA kokrt
ATE7E YA lipid species ¢] class composition #& F3H A3 o
= grell 94 ApolE yErliA ek skt
wd o9k UlRFo R PSS lipid species 9 individual
quantity #t=°] 2 2 AF I+ 1 {FYA e ZolE HERIT
Table 3 o] ®E7|¥ nl9} o] Kruskal-Wallis test A3 AA lipid
species (69 &) & It &= o]A9] lipid species (45 F) 7} NSBA,
NC, SBA & zrel #2974 ztolE debliSIth B3 Wilcoxon rank
sum test A% LPC, PC, PG, PS, SM, TG | <3t 40 %9 lipid
species 7} NC & NSBA ztell 2174 ztol& YES1LL, PC, PG, PS,
SM, TG °ll %3 29 F29] lipid species 7} SBA ¢} NSBA ztell 214

ztol & YERY T i SBA 9 NC + 7Fe] /914 zlo]i= A E XA
ole} o] H  AFoa BHE3ZF lipid profile AIE class

composition ©] °}d individual quantity #t= F3 Hx=Z Hd2 A9}

A 7kl 3w 913 BALF lipid species & z}ol & 1 8} T).
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Figure 14. Lipid species compositions belonged to corresponding
lipid classes of PC, PG in BALF from normal control Red arrows
indicate large abundant lipid species of PC and PG. Ref. Kang YP, et
al. (2014) Novel Approach for Analysis of Bronchoalveolar Lavage
Fluid (BALF) Using HPLC—QTOF—-MS—Based Lipidomics: Lipid
Levels in Asthmatics and Corticosteroid—Treated Asthmatic

Patients. Journal of proteome research 13(9):3919—-3929.
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Table 2. The number of significant difference among the NC, NSBA

and SBA groups

Lipid expression scale
Statistical analysis method

(p-value < 0.05, FDR < 0.1) Individual quantity Class composition
(Normalized by IS) (Mole percentage)

Kruskal-Wallis test

NSBAvs. SBAvs. NC N=45 (LPC, PC, PG, PS, SM and TG) N=0
Wilcoxon rank sum test

NSBAvs. NC N=40 (LPC, PC, PG, PS, SM and TG) N=0

NSBA vs. SBA N=29 (PC, PG, PS, SM and TG) N=0

SBAvs. NC N=0 N=0

Ref. Kang YP, et al. (2014) Novel Approach for Analysis of
Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF-MS-—
Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—

Treated Asthmatic Patients. Journal of proteome research

13(9):3919-3929.
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3. 3. HA#A9 u|FAA BALF lipid profile 3} o] didt
inhaled corticosteroid X 8¢ 3% a3

AAFTol Hlske] LPC, PC, PG, PS, SM, TG ¢ 7Zt7} £33 thekst
59 lipid 501 NSBA ©A wAdAoz Frtee] iglth (Figure

15A). °]& T LPC o uiste] olxdF¥E 29 wele] & st

En)
o2
%
2

T7F APHS. LPC = AAdRlel] mlste] 4 skAbee

BALF oA F7F5o] 1o (11, 13) wd+ (leukocyte) & Wi7lZ

ol
ol

Ir
g
o\
(=
ftlo

©
<)

=238k 71#A9 B €A (receptor) =

F78A 9= (31, 32) eosinophil o A& 71#x A A

o

7k A ok (14). wbE YA lipid class o A
g2l mistel A #Ate] BALF oA /94 #olE dEbd Havt

iglom Aol el wel 7gdel v 92 =i e A QA ekt

Lipid =+ pulmonary surfactant 2 "¢ SQ23 A EZo|7] wjio
(33) ¥ dAF74d7%E Tl AMaEA FEE "4 4 BALF lipid 2

AU Tk E&71A lipid Wskel dA o HEAdezte #AE
gs)7] s FrF A7t HeAE AAEIT

Inhaled corticosteroid & 24 Zd& 9t 7 @34 o F
shv=, 713 A AIAE (airway epithelial cells) 9 9% {2

frade wds oA

A

tlo

7)1 eosinophil, macrophage, T <3+
(Iymphocyte) ¢ 22 54 % Axs9 7|1HA A= A&S "ot
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i

R
)
ot
a4
ofN

= X
e T

ik

)]

rot

SBA ¥ A 57} YA & NSBA + 9

A3 PC, PG, PS, SM, TG ol &3t 29 9] lipid species &

a3%= vepdor (34, 35). Inhaled corticosteroid

H]

)
25

NSBA oA F7F=o] dglem (Figure 15B) °ol& % tiifto]l (23 ¥)

NC ol

Hlgtol NSBA oA F71= o] | AEo]dth (Figure 150).

weta] o] Aute vl PAA o7 Z7ld NSBA 9] BALF lipid species

< 4

3]

o

7} inhaled corticosteroid X& =2 <lslo] A3} FA}SH

859 b Ak,
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Figure 15. Pattern of significantly different lipids among the NSBA,
SBA and NC groups The auto—scaled intensities (mean—centered
and divided by the standard deviation of each variable) of the
differentially expressed lipid species for the comparisons of (A)
NSBA vs. NC, (B) NSBA vs. SBA, and (C) NSBA vs. SBA vs. NC
are  displayed in  box and  whiskers  plot. (LPC;
Lysophosphatidylcholine, PGC; Phosphatidylcholine, PG;
Phosphatidylglycerol, PS; Phosphatidylserine, SM; Sphingomyelin,
TG; Triglyceride) Ref. Kang YP, et al. (2014) Novel Approach for
Analysis of Bronchoalveolar Lavage Fluid (BALF) Using HPLC—
QTOF—-MS—Based Lipidomics: Lipid Levels in Asthmatics and
Corticosteroid—Treated Asthmatic Patients. Journal of proteome

research 13(9):3919-3929.
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3. 4. A2 89 v]AAA BALF lipid profile 9 biomarker 7N
7V &<l

3.4.1. PLS-DA

Univariate analysis (Kruskal—Wallis test, Wilcoxon rank sum tes)
s B oY HAAY HEEER 2 AFdAE A EApeA
vl A& o2 =713k BALF lipid species 7} A2 8F4}2] biomarker %=
AHEE ksl QA RS &9l 7] fl8ke]  multivariate
analysis 9] 4%l PLS-DA & T3l A Ad +& +9stA 5+
4 Q= lipid species & F7l=2 AA33t. PLS-DA 249 A5
(performance) % over—fitting A3 27} cross—validation %

= =]

permutation test & Z3) AA

ol

itk X459 individual quantity

scale % class composition scale & Z}Z} o]g3s}lo] &% PLS—-DA

24 59 cross—validation % permutation 23+ Table 4 £} 7#Zkt}.

Class composition scale & ©]|&3% HE&= PLS-DA RE=9 A%
over—fitting A4S Y9l e (p value > 0.05), W& Q% 3t (-

0.016~0.013) & YyEFH ¥bA individual quantity scale & ARE

<

PLS—-DA EdYE = NSBA ¢ NC & 7EH37] g3t mdle np=dn

[

29 performance #F (Q%= 0.321, R?= 0.431, accuracy = 0.85) ¥}

HAszte 2e AFAdS YERASAY (accuracy 7]1HF p—value = 0.007,
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B/W 7|4k p—value = 0.006). ¢] E9] score plot < Figure 16
oA vt A ol I 2 HEE YEsit webA NSBA
9} NC zreo] wlw Rdoal Z+2+e] lipid species o 1& 3 &9
)z gk wet AAkE VIP score & F7IE €8, 1 A3
LPC, PC, PG, PS, SM, TG °ll Z}Z} £38t= & 37 €9 lipid species °ll
et 5 1 FYel 2% FFHS Adua AqAAAE 1 ol
VIP score 7} @9 =S5 &1 &F3ltt (Table 5).

Kruskal—Wallis test, Wilcoxon rank sum test, PLS—DA & &EF
Agst Ay F 34 F9 lipid species 7} NSBA ¢F NC 7ol 94
apol gl & sEHe B UElY (p—value < 0.05, FDR < 0.1,
VIP > 1). ©] lipid species < 3 ¥ LPC, 20 ¢ PC, 1 ¥9 PG,
2 &2 PS, 4 T SM, 4 £ TG & F450] len =5 NC

Hlglo] NSBA oA S71s] o] Lt (Figure 17A).

3.4.2.ROC =4 A&

Univariate %! multivariate #4] A3} 53 34 9 lipid species

A

had

7} A2 $kx} E0] 4 biomarker & ZfEE ¢ QlEX] ofH= ROC

M

AlEe & A= HJrt. 71 A3 Figure 17C £ #Zo] 34 Z2] lipid
species & AFgE3ste] 5 ¥ ROC 412 1000 3] ¥H2-9] permutation
test A= E3 over—fitting H A Y-S0l A= HYOW (p value
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= 0.004), 0.903 (95% CI; 0.673 — 1) ¢ =< AUROC #= =3l ©]
lipid species 5°] NC 2 NSBA 7F9] excellent 3+ +% T8o| S
#de 5 SISk (Figure 17B). A5 NSBA °A F7beh 34 £
BALF lipid species = 2] #x}e]] 5o]Z 2l biomarker ¢ 7}Hs/d©]

¢l biomarker $XHE (biomarker candidate) = % ¥t}
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Table 3. PLS—DA results of the cross validation and permutation
tests among the NSBA, SBA and NC groups

Cross-validation Permutation test (p value)
Scale Model

Accuracy R?2 Q? Accuracy B/W
L ) NSBAvs NC 0.85 0.431 0.321 0.007* 0.006*

Individual quantity
SBAvs NC 0.673 0.138 -0.102 0.951 0.952
. NSBAvs NC  0.75  0.319 0.013 0.309 0.228

Class composition
(Mole percentage) NSBAvs SBA 0.706 0.854 -0.105 0.373 0.329
SBAvs NC 0.66  0.269 -0.016 0.559 0.564

Ref. Kang YP, et al. (2014) Novel Approach for Analysis of
Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF—-MS—
Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—

Treated Asthmatic Patients. Journal of proteome research

13(9):3919-3929.
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Table 4. VIP scores of lipid species from PLS—DA results for the

discrimination of NSBA and NC

Lipid species | VIP Lipid species VIP Lipid species | VIP Lipid species VIP
PC(34:1a) 1.5696 | PC(31:1) 1.1687 |PC(0-36:2) 0.89852 | SM(d36:1) 0.60214
PC(29:0) 1.5368 | PC(36:2) 1.1481 [ TG(46:1) 0.84109 | PG(18:1/18:1) |0.55047
PC(15:0-16:0) |1.4556 | PC(36:0) 1.1474 | SM(d38:1) 0.8401 | SM(d18:1/24:1) | 0.53083
TG(52:4) 1.3765 | PC(14:0-16:0a) |1.1338 | PC(30:1) 0.83868 | TG(49:1) 0.52229
SM(d34:0) 1.3616 | PC(32:0a) 1.1332 [ PC(38:0) 0.83396 | TG(48:0) 0.34278
TG(52:1) 1.3262 | SM(d42:1) 1.1213 LPC(18:2a) 0.79006 | PC(16:0-20:4) 0.32187
PC(32:0b) 1.2894 | PC(35:1) 1.1098 |[PG(18:0-18:1) | 0.76505 | PC(36:3b) 0.2857
LPC(20:3) 1.2708 | LPC(22:6) 1.1047 PC(36:3a) 0.76422 | PC(34:0b) 0.049532
SM(d40:1) 1.2632 | PS(36:1) 1.0919 |[SM(d41:1) 0.72622 | PC(34:0a) 0.035877
PC(34:3) 1.2607 | PC(30:0) 1.083 TG(47:1) 0.72349

PG(16:0-16:0) |1.2575 | PC(14:0-16:0b) | 1.0611 | PG(16:0-18:1) [ 0.71724

TG(50:0) 1.2442 | PC(38:2) 1.0499 | PC(32:0c) 0.71558

LPC(18:2b) 1.236 |PC(16:0-16:1) |[1.0235 |PC(16:0/16:0) |0.7086

SM(d34:2) 1.2315 | PS(18:1/18:1) |1.0164 |PC(36:5) 0.69617

PC(34:1c) 1.2314 | PC(38:3) 1.0101 |[PC(34:4) 0.68863

TG(48:1) 1.2158 | PC(16:0-18:2) |1.0078 |PC(0-32:0) 0.6471

PC(38:6) 1.1958 | PC(16:0-17:0) |1.0062 |SM(d42:2) 0.64198

PC(35:4) 1.1911 | PC(16:0-18:1) |0.97489 | PC(O-38:4) 0.63433

PC(31:0) 1.1897 | TG(48:2) 0.96566 | PC(34:1b) 0.62292

LPC(18:1) 1.188 | TG(47:0) 0.93346 | PG(16:0-18:2) [ 0.62173

Ref. Kang YP, et al. (2014) Novel Approach for Analysis of
Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF-MS-—
Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—
Journal of proteome research

Treated Asthmatic Patients.

13(9):3919-3929.
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Figure 16. Score plot of PLS—DA for comparison of the NSBA and
NC groups

Ref. Kang YP, et al. (2014) Novel Approach for Analysis of
Bronchoalveolar Lavage Fluid (BALF) Using HPLC—-QTOF-MS-—
Based Lipidomics: Lipid Levels in Asthmatics and Corticosteroid—

Treated Asthmatic Patients. Journal of proteome research

13(9):3919-3929.
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Figure 17. Receiver operating characteristic (ROC) curve and BALF
lipid biomarker candidates for the discrimination of the NSBA and NC
groups The discriminative and significantly different lipid species
between the NSBA and NC groups (p—value < 0.05, FDR < 0.1, and
VIP > 1) are displayed in a box and whisker plot (A). Additionally,
the ROC curve results of the significant lipid species (B) and the
1000—iteration permutation results (C) are displayed. Ref. Kang YP,
et al. (2014) Novel Approach for Analysis of Bronchoalveolar
Lavage Fluid (BALF) Using HPLC—-QTOF—-MS—Based Lipidomics:
Lipid Levels in Asthmatics and Corticosteroid—Treated Asthmatic

Patients. Journal of proteome research 13(9):3919-3929.

47



3. 5. BALF inflammatory cell ¥ BALF lipid biomarker
candidate 7+%] A#TA

BALF Y inflammatory cell & % eosinophil < 242 ®Hejya 9}

wdste] ZlwA Ay E43 AT oAsE oAt 4 A

&

slom (36, 37) ©°lx= NSBA A NC ol Hlst] #F94 S
Ho] It ®FH macrophage & NSBA oA NC eof H]3}o
o4 A A QA B ATl A EAPA v HGA
BALF lipid 7} Z7}8 9el& w3]7] 93 =89 2807 lipidomics
A2HS %3t BALF lipid biomarker candidate £} Z2]8Fx}ofA]
o4 JA =719 BALF W inflammatory cell € eosinophil %
macrophage 7Fe] A#A S 717} correlation analysis & %38 574
ST
Spearman’ s rank correlation ¥4 A%} Figure 18A °f YEhd A
¥ biomarker candidate & & NC ¢ eosinophil & PC (31:0)

dhek foE e AwEAE  deEdgd W NSBA 2

i

eosinophil & PC (31:0) ©]9]el PC (16:0-18:2), PC (38:2), PC
(32:0a) 7 o] wekgt PC = A3k <o o4 AdddAs

%)

flo

et old  AFsolA  HA RN EAleteE W
A1 3tE eosinophil ©] alveolar type II cell ¢ PC EvH|EZ A
Al7do]l FHEAT (38—40), o]+ NSBA oA PC ¢ eosinophil
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kel AFAlo]l  AekAl vERd delowm  Zgd 4 9ls Zolgt
JArE ot =3 NC ¢ tF=4 NSBA 2] eosinophil & SM (d34:0)
7 okol £ A@BHAAS Yergct. H|E SM I eosinophil 7H

ARA HE F7h B AAUSS B7)E oldfAw, H

XE
o

A=
3 SM o] A W thAtag S 7INEO. R eosinophil €] F7el 7]o]E
T UdeS Ay SM 2> A3 v dEubA (sphingomyelinase,
SMase) °f 9J&te] 7Z}dllEo] Aul = (ceramide, Cer) &
st Cer & WAl AlgvthAl (ceramidase) $F 2~ 34l 71UHA]
(sphingosine—kinase) © ¢3te] A3 314 (sphingosine) %
A3 1 Al—1-2¢14F (sphingosine—1—phosphate, S1P) ©°2 wW3l=}
(41). SM ¥ SMase 7} 2 &=} AdF (erythrocyte) Al3E5of|A
25 F7HEel Slues A7 Ade "4 #AeA SM S E A
ceramide 2] AAo] FXH =+ SAgs HEUAT (42). o]g} &}
7|U¥ = (guinea pig) 24 BE¥ A5+ 2B AHR (ovalbumin) ©

=% guinea pig o 7|HA ¥ delA Cer 7} F7FHSew o]+

N

13 (cough)& =771 EFEF (dyspnea)d FA7=

o

oA o] 713A] oy U #AAN v dHA St
(43). Cer + 1 AAZ HTAME  (mast celD FHHEA
(degranulation) ¥ eosinophil ¢ H&a T2 H9o ASHSS

wj7Rstct . G A QS ¥ ooyl Cer 9 WA} AFEQl S1P &= HE 3
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A2 &9 BALF o4 7kl glowA Zj#x nl d
remodeling ° A#=o] Ui eosinophil & =elE°le 384
(chemotactic) 4159 95 Wbl v &4 vk (43-46).

o]2t= YERFHO macrophage HAEE= NC A7 PS
(18:1/18:1) 2 A% %o AdudAE dEhllH  (correlation

coefficient = 0.720, p—value < 0.01) (Figure 18B). ¥d¥tx o=
PS & AZ2 434 v (plasma membrane) = o|F&= X4 2 ==

(lipid bilayer)9 W3 49  (inner leaflet) Zof vy Fo=w
Bzt oz AIE AFE (apoptosis) Al 2 Al
macrophage = A¥APEo] FdPE R ¢ (non—apoptotic) “JEHL

o] & PS 2 xwo] WHEAA AMEZ &8 (phagocytosis) & =3

MEAPES] A8 E = (apoptotic) AEES AANGT LdEHA Ut}
(47). o5 &3l NC oA yeElt PS ¢ macrophage e 73sh
A#AE macrophage E9o]# el PS o] 23t Aolgl Aarst

9loltk, WA NSBA oA macrophage HAEX= PS (18:1/18:1) %}
ddel gllerm PSS (18:1/18:1)> NSBA oA 5ojxow
Z7t5 o] 9t wela o)== NSBA ¢ BALF 4 PS =717}

macrophage 7} old H2 &xto] 3577

el A 7k 3=

Z7t2 3k A

F

o Z ol PS

M

r (

apoptotic epithelial cell &

M
¥

Z7ke) e (47, 48) Le1E5=7 ol Flolgt yzte 4

Ak



F3tslo] o] A= Z7F4E lipid biomarker candidate £°] #2]9]

R

L%

Al WsEd ddEo & el 52 dWEhdsith
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Figure 18. Spearman’ s correlation test between lipid biomarker
candidates and inflammatory cells In bar graph, Spearman’ s
correlation coefficient between lipid biomarker candidates and
inflammatory cells such as eosinophils (A) and macrophage (B) in
NSBA (red) and NC (blue) are displayed. (Significance: p—value <
0.05; %, p—value < 0.01; =#*). Ref. Kang YP, et al. (2014) Novel
Approach for Analysis of Bronchoalveolar Lavage Fluid (BALF)
Using HPLC—-QTOF—-MS—Based Lipidomics: Lipid Levels in
Asthmatics and Corticosteroid—Treated Asthmatic Patients. Journal

of proteome research 13(9):3919-3929.
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Abstract

Yun Pyo Kang
Department of Pharmacy, Pharmaceutical Analysis

The Graduate School

Seoul National University

Lipidomics provides an in—depth understanding of various functions
of lipids by using quantitative and qualitative analysis. Detailed and
precise analysis of complex lipidome was limited but the recent
development of analytic instruments has gathered interests in
studies using lipidomics to explain the pathogenic phenotypes of
various diseases including obesity, high blood pressure, diabetes
and cancers by focusing on the change in lipid metabolism. However,
direct analysis method to explore the change in the levels of lipids
of respiratory diseases are yet to be developed. In response, our
study focused on developing a novel method for lipid profiling of
bronchoalveolar lavage fluid (BALF) to better understand the
respiratory lipid phenotypes of asthma. BALF was acquired from 38
asthmatic patients (18 patients with non—steroid treated bronchial
asthma [NSBA] and 20 patients with steroid treated bronchial

asthma [SBA]) and 13 healthy subjects. Using HPLC—QTOF—-MS
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with an internal spectral library and high—throughput lipid
identifying software, we identified 69 lipids and which were each
categorized under six lipid classes: lysophosphatidylcholine (LPC),

phosphatidylcholine (PO), phosphatidylglycerol (PQ),

phosphatidylserine (PS), sphingomyelin (SM) and triglyceride (TG).

The results of this study showed significantly higher levels of lipids
in NSBA compared to the NC and SBA groups. Also, some lipids of
BALF can be developed as a possible biomarker for identifying
asthmatics (AUC > 0.9), and also have positive relationships with
eosinophils which are important for pathogenesis of asthma. Taken
together, these novel findings revealed a relationship between the
lipids of BALF and the phenotypes of asthma and the analytic
method developed from this research can be used to study the

change in lipids of various respiratory diseases.

Keywords: lysophosphatidylcholine, phosphatidylcholine,
phosphatidylglycerol, phosphatidylserine, sphingomyelin,

triglyceride, bronchoalveolar lavage fluid, asthma
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