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THE: ke (atherosclerosis, AS) & — R & fa 8 ARG R W R A0, HRERES
WEENENITR (freefatty acid, FFA) ARMHFCER O HHEAH G . ASCR SR ENEER (ox-LDL) - FHHHEL
(55 20 B 1 S 5 ks R A A ) - SR Y SR PR AR i £ QT AL 27 D R AT 30 8 g 7 B A e R AR L DA R BRI 4T e
# B E A (hydroxysafflor yellow A, HSYA) FIRFE/ER . @il sh#& 2 RN AL (dynamic MRM) 7 20 min Py
SEULAIAL Y 27 PRI RR 1 B A A, B 27 FRIRITER N A B A . A5 G RN 13 A B kg iR R AL
AYbrEY, Hohr B R RE h R IR B ER S T R, W SRR HUUBRER . )\ BRI R & A
R ITIR B B R, BREARE AR A ST IR T IUBEA T )\ B R 55 R R A BAER, M4aiik
B 5 2 kE 5% I B O IS T G 2B 4 B % (de novo fatty acid biosynthesis), oleoyl-(acyl-carrier-protein) hydrolase
(OLAH) TR RFEALE AR A I ARITRICH B A,
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Hydroxysafflor yellow A repairing the metabolic
distur bances of early atherosclerosis based on fatty acid profiling
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Abstract: Atherosclerosis (AS) is acomplex metabolic syndrome that seriously harms human health, and its
occurrence and development are directly related to the metabolic disturbances of free fatty acids (FFA). In this
study, macrophage-derived foam cells were established as the model of early AS. Therefore, the metabolic
disturbances of FFA in ox-LDL induced foamy macrophages were analyzed using target metabolomics. Then
the effect of hydroxysafflor yellow A (HSYA) on regulating FFA was also explored. The quantitative analysis
of 27 fatty acids was obtained within 20 min based on dynamic MRM mode. Thirteen metabolic biomarkers
of macrophage-derived foam cells were identified using multivariate statistical analysis. It was found that
upregulation of total SFA and downregulation of C12:0, C14:0, C18:1, total MUFA were the typical metabolic
features in macrophage-derived foam cells. Furthermore, HSYA displayed obvious repairing effect on C12:0,
C14:0 and C18:1, which were involved in de novo fatty acid biosynthesis pathway. Oleoyl-(acyl-carrier-protein)
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hydrolase (OLAH), as the key enzyme in de novo fatty acid biosynthesis pathway, may be a drug target of HSYA.
Key words: metabolomics; free fatty acid; macrophage-derived foam cell; atherosclerosis, hydroxysafflor

yellow A; de novo fatty acid biosynthesis

Bk FERELL (atherosclerosis, AS) #&—Fh ™ &
fo H N BRI S W RELLRG1E, A2 sl
PP o I I A2 5 ) R S A TG B AT . 7R B bk ol A
4l Ak 2 AL, FES IR ER (free fatty acid,
FFA) RNk FERE AL fa [ R 3R 2 —, fE VB ZEMRE
YR ARG 546 351, NRIIEE 2 5 30 likok A s 4k
B R A R R IR, O T AR WA A B T el o B
TERY@. BERRIL, - NBRIR A s it f i C v R
1 (CRP). HEIRFEIE T (TNF-o) Flif5 510 —% 4L
BAEHE (INOS) IR I3 I B - T8 WL 58 14 S S i
M2 SN REREAL AT AR + )\ B R i i 3%
RN 5 R YR T B R 52 e R/ I A ST LI 3G
AT T, A BT ot 3 ik ok A 1 1 2F 72 AN B B g
SEEN A Bk AR = R T R T DL RO
IEL [ AR 2, R BB K SR AR R AL B R 3, Rt
JIE oy T AU B A% A 5 50k s A A A A % DD AR G

55 48 it i 5 A S T2 S o 40 T A2 50 ik ks o
R AW GG 2, 0 40 i e i e R AR AR
HRENREE T (ox-LDL) {233 5 5T 5 4% B A 4 A,
7 R (25 P G 7 A g i s R I A3 8 A RO, R
RO VR TR 7 B Tk D 0 R A U 7 A 2 DY
IR L BE N (AEA) I BEAR SR 2 B 41 M v v 0 11
RBEACURRAE, B 20 PR YR R L i FE AR 19 AR 2R
SLIE K B HE 7 B AH DG ARG %, SR R S e i R 7
AR 5 AR A M 2 TR 5% &R H AT MANE 2 . DR R 2
TARMREEREAS T EWGA BRI, %
NHIE 5T 30 Jok o6 6 A 10, - 101 B BR AR M RRAE, o 2
i 326 92 9 - BA AT b 54, 4 T PR 0 R AR R R
I 7E NGy F KPR 294 FBL SIS =2 dEE w2 H

B,

T AL H 24 75 3 K R R R A R B Y R R
BERT Y, BIEL WG E A (hydroxysafflor
yellow A, HSYA) & 254048 £ BTG Tk 7, REWS
T o A o) AR A AR B R IR A R R sk 2D 4 B P I [
et TG T R M T 00 1) 5 e 4 i 9% YL A 3 T R HE e
WZh Bk RERE AL (1 S, SRR IE L AE B R A KT
B IS B A0 3 RS T T U R A S 1 A 42 R
BEMANE 2 . IR AR g RO . R ESL e RAE
PP A SR RO AR AR DI RRIR S B N

T, R A 2 S R A T A S R R A AR
U R R G 7T, InoisE S AERTE, A BT IR
N BRI ARG TT I R A W A AR IR L o R itk
A% SC AR A AR 5 P IR o 5 3 0 R A e R L
2y 5K 585 R S A B LSRR, AR G T T TR R X
AR IR R A TR R], Rt e
WOER A BT SBKRRERE A 1 AL RN 95 12k 254
TEAE A FHBE R, Bl koot A B A I PR 32 i LR
HE R IR NS

mRERE*®

WAl FREAfEHOER A (Q-008-170303) T
r ] AT 2 AR MR A IR | N R X
) 3% 5 2% B Nu-Chek 2w + —#x& (dodecanoic
acid, C12:0). +/ Wk (palmitic acid, C16:0). P4
% (tetradecanoic acid, C14:0). +VURRIEER (myris-
toleic acid, C14:1). T /NixkMER (pamitoleic acid,
C16:1). +-EhkE2 (heptadecanoic acid, C17:0) . +-th%
142 (heptadecenoic acid, C17:1). + /\BIR (steatic
acid, C18:0). 1 J\fk M B (9Z-octadecenoic acid,
C18:1). +/\W )& (linoleic acid, C18:2). a-1/\
R =J%M (a-linolenic acid, a-C18:3).y-+ )\ Bk =& R
(y-linolenic acid, y-C18:3). + /LB (nonadecanoic
acid, C19:0). /Ul ER (nonadecenoic acid, C19:1) .
“ %R (arachidate, C20:0). — 1 ix)%ER (eicosenoic
acid, C20:1). — -+ fk /%R (eicosadiencic acid,
C20:2). =% (eicosatrienoic acid, C20:3).
— VUL (arachidonic acid, C20:4) . — 8% Ti ks
% (timnodonate, C20:5). —+ —HR/% R (erucic acid,
C22:1). —+ W =¥ (docosatrienoic acid, C22:3).
—+ —mIUEER (docosatetraenoic acid, C22:4) . -+
“WRNHEER (dacosahexaenoic acid, C22:6) . 1 U Ak
J# % (tetracosenic acid, C24:1), ik X} I i 4l 5 1)
KT 98%; RAW 264.7 Atk (15 5 S5 4 fifd 5% Y5 4k
ZR); DMEM }i9#3k. fad- mis fpEE A (3
HyClone A #]); BEME>: (MTT, bl SR
M), —H T (DMSO, ¥ Sigma-Aldrich 23
Al); EHFE R (TC). WFEHE i (FC) Aailliif &
(AL RS R H ARG IR A A, FAREEREA
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(M ZEEAEDFI AR AT]); TAKOE. HEE, H
BRUT HEE (MTBE). WA 2 G A Bikal (32
Fisher Chemical A &); #4li/K (3£ Millipore A 7).

25 Agilent 1260 = RGRAHEIE (A Agilent
6470 — F PULAF B BRIEC (2 Agilent A]);
Infinite 200 PRO % M) fEEEHR1X (Bfi - Tecan A #]);
U B 48 (351E Thermo Scientific 24 #]); IX71 3 &
R EMEE (HA Olympus A#l); 3-18KS &AL
(# % Sigma /A 7]); Bead Ruptor 24 Bk zURE 5T 85 8%
(2 [E OMNI A #]); Concentrator plus B 7S iR 4aH1 (1
Eppendorf 2 ).

MAEIE R R SLI 4R RAW 264.7 41tk EEAE
K, B#ETE 10% 645105 1% X051 DMEM £
FrFE, BT 37°C. 5% CO, % B # 15 7%, 0.25%
FRTRTH AL AR, G BN 04 K B0 B ik AT 5208 . S8
SRNT AU, BERAMBERIEEOR A 4T
43 MR, FAETAT 6 MEM. AN INAEL
R R RS e B (a3 A, BEARI41R A 100
ng-mL AR T R R 3 3R A 24 h, BEEa I
WE AMRM 40 pugmL T BEIWHOE AL
AbFE 1 h 5 4kSE R 100 pg-mL A A A B R G B 1 B
FEAML 24 he FRILLAETH O ER A HBAKECH] % 10
mg-mL " BEE, S2Beth B DMEM 58485 72 R B 1
40 pg-mL g

E AR AR BTN MTT VAR 40 i i
71: K RAW 264.7 4l %434l 1x10* MRt T 96 4L
W, LN FRIE 200 pl, 24l R 25 ab B
[FIHT . WA TR, a2 LA A MTT (0.5
mg-mL™") 200 mL BEEEEIE 4 h, IR, A
DMSO ¥ 150 pl, = i#E% 1 min, HEEFR O &
490 nm KOG FE o 40 A7 T 3 = & A 4H RO G FE AR
175 12 2L 4 T IR ' {1 < 100% o

W5 RH [ B e L IH [ B (CE/TC) A %R H
V] st R 2 L [ I ) G B R U B S, U A B
CE/TC{#. CE/TC=(TC-FC)/TC.

WA E R A AR IEIRE K RAW 264.7
YN AR L 2x10° AN RP T 60 mm fr4H i 8 77 L e,
RTINS 25 2 mL, S2I04> 4 K 254 Ak 3 [
BT, FEAHMIEE IR, P PBSIEYE 3, AL HEE
1mL AKYE, 2R MmN PBS 2 mL, K HH 4 i &) i
5 A — 5 ) i e P I S 77 LRG0, 40 i 2l 4 °C
TEL (1000 r-mint. 10 min)K7E400F, PBS K
B, B, EEMGEE, AR T 5 mL EP &
H. ULt RS SR A Uk b R,

K R ERCT Bl -H K (MTBE) A RiHAT
A AR ER I . B e N 75% HUEE 400 pL I
FE i BIF 2 R A0 WL RE 4R (S: 5.T: 20s.D: 20 s,
C: 3), BEEIINA MTBE 1 mL #&#% 30 min, RJ5 M0
AZK 250 pL =i F##E 52 10 min, 4 CFEL
(14000 r-min ', 15 min), Y8 BiER, SRIEHET H S
W4E, H 80% HEE 150 L H#% .

M E L RE MRS RS B BR TAE A ECH] 4 lAs
FRRE 27 Pz 250 B R BN, TG K 2T i
JREWZE N 1 mg-mL™t i &, Hi%E 1:25:2:
2:25:10: 2 WHHEL BRGNS .. Hr
C18:0. C14:0 KJZMiF N 10, 4. 2. 1. 0.4. 0.04.
0.02 pg-mL%; ¢-C18:3.y-C18:3. C12:0. C15:0. C16:1.
C17:0. C18:2. C20:4. C20:0. Cl14:1. C17:1. C20:1.
C22:1 W E Bt )y 2.5, 1. 0.5, 0.25. 0.1. 0.01. 0.005
ng-mL % C20:5. C20:3. C22:3. C19:0, C22:2, C24:1.
C19:1 ¥ E BN 0.5, 0.2, 0.1. 0.05. 0.02. 0.002.
0.001 ug-mL % C20:2.C22:4.C22:6 W & #i B 0.25,
0.1. 0.05. 0.025. 0.01. 0.001. 0.0005 pg-mL*; C18:1
WERBEN 5. 2. 1. 0.5, 0.2, 0.02. 0.01 pg-mL™";
C16:0 ¥ /& # B )y 20.8.4.2.0.8.0.08.0.04 pg-mL %,

M TE 4H B P 36F 53 R B BR AO R ME - R &
ZORBAX Eclipse Plus C8 i+ (2.1 mmx 100 mm,
1.8 pum); F:iE 45 °C; WishH: A AN 2 mmol-L 2
BRIk, B MG, BREEAT: A ARGy 45%,
{5 0.5 min, 20 min 7+ % 90%, {#F 2 min; Hi#E N
0.5 mL-min; BEFEE 1 pl; T 5 BT R A 6B 74
X, B AJS ESI; hA 2 MRS, 81X
Al Rl R S5 5 T3R8 1, TR 350 C;
THME 9 L-miny #5ERE 250 C; BYAIRIE
11L-min*.

FiFEDH KA MetaboAnalyst (www.
metaboanalyst.ca) 1t £k T. B xJ is 7 B2 & & Ja 45 24
HEATIH— b 4b#, R SIMCA-P 12.0 # {4 #k1T PCA
H1PLS-DA #£=201R 51 434, Origin 8.0 #5442 il #: 7%
FNFETE E, Cytoscape B AFHEAT AR I 2% 43 #7

ZER
1 REgHEEEASERMEAKIRGEEE
A

SRR B 40 pg-mL LRI R R A
HIE R R, B2 MTT e SR i (3
A (40 pg-mL HZ5Y)FF T B4 AEIE 209 95%, £
Bl 40 pg-mL t BRI EOER A B,
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Tablel The dynamic multiple reaction monitoring mass spectrometry parameters of free fatty acids (FFA)

Compound Formula tr/min Precursor ion (m/z)  Product ion (n/2) Fragmentor/V Callision energy/V
C12:0 C12H2402 1.97 199.3 199.3 105 5
C14:.0 Ci14H250; 3.55 2274 2274 150 5
Cl4:1 Ci14H260; 243 2254 2254 135 5
C15:0 Ci5H3002 4.95 2414 2414 105 5
C16:0 Ci16H3202 6.57 2554 2554 165 5
Ci16:1 Ci16H3002 4.6 2534 2534 135 5
C17:.0 C17H3402 8.4 269.4 269.4 135 5
Ci7:1 C17H320, 6.05 267.4 267.4 150 5
C18:0 Ci18H3602 10.13 2835 2835 165 5
Cc18:1 Ci1gH340> 7.63 281.5 281.5 165 5
C18:2 Ci1gH320> 5.76 279.5 279.5 150 5
y-C18:3 CisH3002 4.33 2775 2775 135 5
a-C18:3 CisH3002 4.06 2775 2775 135 5
C19:.0 Ci19H302 12.17 2975 2975 165 5
C191 Ci19H3602 9.84 2955 2955 180 5
C20:0 C20H1002 14.17 311.5 311.5 165 5
C20:1 Ca0H3g02 11.66 309.5 309.5 165 5
C20:2 CaoH3602 8.92 307.5 307.5 165 5
C20:3 Ca0Hz402 7.04 305.5 305.5 165 5
C20:4 CaoH320, 5.52 303.5 303.5 135 5
C20:5 Ca0oHz002 4.02 301.5 301.5 135 5
Cc22:1 C2H10, 15.08 337.6 337.6 135 5
C22:2 C2H1002 12.46 335.6 335.6 165 5
C22:3 CH302 10.34 333.6 333.6 180 5
C22:4 CxH3602 8.54 331.6 331.6 150 5
C24:1 C24H4602 18.77 365.6 365.6 180 5
C22:6 C21H420, 16.15 325.6 325.6 135 5

CE/TC 1H /& E W4t il ok b I VFAN FE AR, B M40
23 AR FE R 5 5 O g i, 2R 5
FECJH [ B 2 B T g, BRI CE/TC HVTAN 25
IAETE R A A Y A Ak 55 B U 45 A
(1E# 41l CE/TC<50%)™ . CE/TC I 5E 45 Bt
2R, 5EAAME, #A CE/TCEH)Y 63% (P<
0.01), 7 B 5L 1A 3l ik ks B A A A% 7Y 5 N7 B T, S A
RUHAALL, BREILEER A AWT 15 CETC E
40.38% (P<0.01), RIFRFL AL R A X E LY
MR PR EH .

Table 2 The relative value of cholesteryl ester of different cell
groups. n=6, x+s. P<0.01 vs control group; ““P<0.01 vs
model group. HSYA: Hydroxy safflor yellow A
Model
0.63+0.03"

HSYA
0.38+0.07°"

Control
0.41+0.02

Cholesteryl ester
CE/TC

2 BRETrEBERRER & B E

2.1 HPLC-QQQ/MS & #h 73 E8 L
T B RIRI A B R, SIS ARAL T IR BAE . TR

BAHBRIE . SR . RS EE, XTE
FAFAL, RAZNAS 2 B 0, 1% R
P 5B 7R B 7 0 B B AT bL AT 8 B, BRI AR
or I R AR AN e AR E . ARAEAS I 0 H AR LA,
AR T 1A SRR T N IR DT R B e S R
SR J K FA R BEES T (precursor ion). FEZHLE (frag-
mentor). 121 (product ion) i f#REE (collision
energy) HBHATIRAL, BRAESLEH X TRHRMLEMNIZ
SONE N 753, AT SEIRN 24k S i A I . 9
TSRS SR B KR A, R T TR
BRE. TRARE. BIRE. BRRESEE TES
Ko B 1 &N G 0T R B B 2 2 22 S e 0 7
BN, £ 20 min WSEIL T 27 MR TR 73 1 A E
BT MR Y 5 HAh ) (B AT AN FE)
A, TR AR DT R, WA, DR BRI TA) R OK
XPTABFINERTER, AHEGREEE, AHmmgse, R
B I T/

22 FHEFEER

221 ZMEEMESR AL TS R R
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Figure 1 Dynamic MRM chromatogram of 27 FFAs. Peak
order: 1. C12:0; 2. C14:1; 3. C14:0; 4. C20:5; 5. -C18:3; 6.
y-C18:3; 7. C16:1; 8. C15:0; 9. C20:4; 10. C18:2; 11. C17:1; 12.
C16:0; 13. C20:3; 14. C18:1; 15. C17:0; 16. C22:4; 17. C20:2; 18.
C19:1; 19. C18:0; 20. C22:3; 21. C20:1; 22. C19:0; 23. C22:2; 24.
C20:0; 25. C22:1; 26. C22:6; 27. C24:1

BIRAWIEIEA 5y, 456 Re BRI fEYE, RAT/K S
REAE R, ELh . © 2R (LOQ) =15
MLkl 10 BT RERTER IR EE, ZitEyal (linear range)
AR FE R & R DT I 58 2B . #% BT 57 HPLC-
QQQIMS 73 7k 43 M, SRJG LLE KR IIE 1) 27 Ml
0 B SR JER o W TR B O A ARy, IR BE AR AR X, 22

HIARAE 28 T R B RS (R). SR EWH
T 00 7 i 7 TR P U T AR 5 R B R MR O R R, AH R
FH R s T 0.9955, £k 1k v A B R W 3.
222 FEEE USRI IE A bR AR,
1 PR 25 5 9 R i ot R S R b A 6 R, I TR %
JEE R Mg F7 Rt FR R JZE 482 3 R A, AR 0 T BRI 45 9k
FEIfiH 5 RSD H . 45 R H N K% 2 RSD ¥1H 1.64%,
H A4S % BF RSD 418 8.99%, 3% BN 2% 4% 55 B K3,
T A i D PR K

223 WREM ALWEL TN LHEE 24 h
W 4 CRCE AR E Y, R — A sS4 PRRE i, 23 )
T 0,12 K1 24 h ERE S B, AR 04 TH AR 459k B2
HORSD fH, 253K FRE Mt RSD ¥I{H 4.01%, K
FESMAE 24h P 4 CILERE .

224 [EIE 500G E TR A N IREY R, AR
SIS AR FE NN G I B VR A R TV VR (PR BE K
SFLUARE RS B 0.5~1.5 fi) HERE AT, MR
U534 52 T ET A6 o 65 S % T 7 TR e WA R 304
113.48%, RSD ¥JMi 5.6%, # 1% J7i%n] T4 b

Table3 Liner regression equation and limit of quantitation (LOQ) of 27 FFAs

FFA Regression equation R Linear range/ng-mL"* LOQ/ng'mL ™t
C12.0 y=15.9104 x + 888.893 5 0.999 2 5-2500 5
C14.0 y=20.0417 x + 1536.527 4 0.999 8 20-10 000 20
Cl4:1 y=230.867 1 x + 783.549 6 0.999 7 5-2 500
C15.0 y=230.230 0 x + 959.505 9 0.999 6 5-2 500
C16:0 y=19.888 3 x + 4 323.766 0 0.999 8 40-20 000 40
C16:1 y=47.266 0 x + 1 268.454 9 0.999 8 5-2 500 5
C17.0 y=37.3832 x+461.456 5 0.999 8 5-2500 5
Cl7:1 y=35.179 3 x + 680.176 5 0.9999 5-2500 5
C18:.0 y=24.929 3 x +9560.811 9 0.9955 20-10 000 20
Ci18:1 y=46.1929 x +1471.980 4 0.999 8 10-5 000 10
C18:2 y=44.9046 x+1371.992 3 0.999 7 5-2 500 5
)-C18:3 y=54.8647 x+ 1135245 1 09998 5-2500 5
a-C18:3 y=64.8647 x+1135.2451 0.999 8 5-2 500 5
C19:.0 y=233.8196 x + 228.687 3 0.999 3 1-500 1
Cl19:1 y=313812x+128.7397 0.999 1 1-500 1
C20:.0 y=28.9957 x + 637.640 7 0.999 8 5-2500 5
C20:1 y=67.0729 x + 603.914 4 0.9997 5-2500 5
C20:2 y=63.3940 x + 189.393 7 0.9995 0.5-250 0.5
C20:3 y=441930x +81.8747 0.999 8 1-500 1
C20:4 y=56.130 3 x + 273.608 4 0.999 8 5-2 500 5
C20:5 y=45.301 3 x + 110.904 5 0.9999 1-500 1
Cc22:1 y=55.613 4 x + 540.488 0 0.9999 5-2 500 5
C22:2 y=32.6144 x + 308.492 8 0.998 5 1-500 1
C22:3 y=37.1717 x—0.028 8 0.9997 1-500 1
C22:4 y=36.2826 x + 37.744 7 0.9999 0.5-250 0.5
C24:1 y=37.6167 x +211.184 2 0.999 6 1-500 1
C22:6 y =463.764 1 x + 856.775 6 0.999 8 0.5-250 0.5
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JIg J R M 7 3K
23 YHRENFEBERER S =M E

PR BT 37, HPLC-QQQIMS 43 #5346
AN [R]9R FE Fg Joy W %o Tt o RO 4 I AE o, B SR R 1 s
SN BT ES QA R H R
BB A YT TR RIS &, AR
Giit TR R (saturated fatty acid, SFA). A
MAEWTEE (monounsaturated fatty acid, MUFA) Al
ZAMIFE R (polyunsaturated fatty acid, PUFA)
PEEE (B 2). 458%H C16:.0 f C18:0 &+ %
(LRI TR, C18:1 J& B AR TR, RIS
C18:2 & FEMZ AWAEI R, X LLfE IR & 24
A 2 TEE 5 T A R R B VLRI T RN 22 A AT

5
35000
30000
25000 "
20000
15000
10000 d

600

B Conirol
I Model
I HsY A

g
(=

%
S

Concentration / ng-mL-"!

(
C
C
C
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C
C
C
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C
C
{
C
C
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C
C
C
C
Total PUFA

Free fat acid

Figure 2 Concentrations of 27 free fatty acids of different cell

JE TR = 2 AR
3 YHARNFERENEE IR LIRS A
31 RSB REERER S T

AR 408 4 0 e a0 B T M R R A R, SR AR
SR AT TV, B SUAN R A R TR ) 43 A A
B 26K H MetaboAnalyst (www.metaboanalyst.ca) 7
T HEIN— 2% “Normalization by sum. Log
transformation. Mean centering” DLyl /N b A A% /)M Xt
KR s, B — i EdE $ . SIMCA-P
AT Z 0 Ge it o A, DL R A BT 45 IR I 1
FIE RS RE, X &HET IR B PCA 74T,
T 3o O R A R AT AR PR, o i 2 R AR
R AT R X 7 (RPX=0.646, Q°=0.435) (K& 3A), #*
B [ 4 B VEL A A S5 2 T 9 R DT R 75 B R AR T AR Ak
THH, BRI TR AR A AT,

HpRkaieime s A A0 T3 AR 4 2 (A

(RPX=0.634, Q°=0.424) (A 3B), KWL TREAL
wmOE A SRR R KA TN
32 EMEYAREIEARLE MIRETHIE

N T U R A BV R A AR AR A, B Se
TEHHMB R A — DA B R PLS-DA A4
SR HG T 4 K TTER R AR 2 (1R ) (] 3C), PLS-DA
R VIP{E (variable importance of projection) #]
DA S fly 2 A8 o0 T 40 2L DTk, VP ELBR OO0 22 7
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Figure3 The pattern recognition result of different cell groups.
model and HSYA; C: PLS-DA plot between control and model

Table4 Potential biomarkers of macrophage-derived foam cells (VIP >1).

A: PCA plot between control and model; B: PCA plot between control,

VIP: Varible importance of projection

: . : : , : : : : : : Total Total
FFA C12:0 C14:0 C17:0 Cir1 ci18:1 C19:.0 C20:0 C20:1 C20:5 Cc22:1 C22:3 MUFA SEA
VIP 1.58 1.18 164 1.38 1.36 1.22 1.44 1.04 111 1.37 112 1.42 1.04
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ALOX5: Arachidonate 5-lipoxygenase;

ALOX15: Arachidonate 15-lipoxygenase; OLAH: Oleoyl-(acyl-carrier-protein) hydrolase; PTGS2: Prostaglandin-endoperoxide synthase;
ACQOT2: Acyl-coenzyme A thioesterase 2; BAAT: Bile acid-CoA; Acsl1: Long-chain-fatty-acid-CoA ligase 1
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Figure5 Content of characteristics bio-markers intervented by HSYA.
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