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[(WE] aw SFIMEEN (hemodialysis, HD ) B Il 40 LA M3 oh AS [ ER AL RS EAR = i UG R - ( oxo-
eicosatetraenoic acids, oxo-ETEs) MUsIEIk S 225, Fek  WUHE 2020 4F 6 A & 12 AEEMMKE BARERE 12 MIZA AR
¥ (end-stage renal disease, ESRD ) B H232 HD JRYTHITJE 15N S0 K AT K AR AS o SR FH =0 38080 AH (233 - 53 I ot 33

( high performance liquid chromatography-tandem mass spectrometry, HPLC-MS/MS ) &5 Ifil 40 i A1 il 3% H 48 A= DU R A7
AR ERIL AT S oxo-ETEs MEE . 4%  HDIARYTHIG, MAHM P EEfL A% 25 oxo-ETEs ¥R /R B 2 i Sl ik 7 1 25
5o HD FEE200 M3 ER LA ES oxo-ETEs MRIHKT-. HD 45/ T I3 gk 12-0x0-ETE | Ji##5 15-0x0-ETE HliFEg
5-ox0-ETE WSk & it 22 5%, B4 T HEAL 15-0x0-ETE WYBIHlk & it 25 5% . 44 IMAAMEH oxo-ETEs XI HD A9 K2 W AR XS
R, M2 FIERIL oxo-ETEs 328 HD 520, X VWHEXS HD B8O 8 AR & A r= R Rl R2m
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Effect of hemodialysis on the biotransformation of oxo-eicosatetraenoic acids in peripheral tissues

LIU Tongl’z, Maik Gollasch®, Friedrich C. Luft!, LIN Pan'?, JI Jun', MENG Yao'"
1. Department of Nephrology, Zhongshan Hospital, Fudan University, Shanghai 200032, China
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Molecular Medicine, Berlin 13125, Germany

[ Abstract] Objective To analyze the differences of free and esterified oxo-eicosatetraenoic acids (oxo-ETEs) in blood
cells and plasma from arterial and venous blood in hemodialysis (HD) patients. Methods Arterial and venous blood samples from
12 patients with end-stage renal disease (ESRD) before and after HD treatment at Charité — Universitidtsmedizin Berlin, Germany,
from June to December 2020 were collected. The esterified and free oxo-ETEs derived from arachidonic acid in blood cells and
plasma were measured by high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). Results Neither
esterified nor free 0xo-ETEs in blood cells displayed significant arteriovenous differences before and after HD. HD predominantly
affected the metabolic levels of esterified and free oxo-ETEs in plasma. HD reduced the arteriovenous differences of esterified 12-
ox0-ETE, free 15-0x0-ETE, and free 5-0x0-ETE in plasma, while raised the arteriovenous differences of esterified 15-oxo-ETE.
Conclusions The oxo-ETEs in blood cells are relatively well-stabilized responding to HD treatment, whereas arteriovenous
differences of free and esterified oxo-ETEs in plasma are present and active in response to HD treatment, potentially contributing to
the cardiovascular disease.

[Key Words | hemodialysis; eicosanoids; oxo-eicosatetracnoic acid; biotransformation; arteriovenous difference
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(i PR 2L 2 W 5 800 T PR 2 e IR 2 T
TERNIE 2 ER . B, FAiRm (405 ) 1
AR AR OE R 2R, H AN 43
SAUNRTE HD A OCC IS S vh i E B i B, fif
DB XA AR Y
AAJE—F o-6 2 A1 g I R
( polyunsaturated fatty acid, PUFA ) , FE4JiY
JEE b 32 2 DAER AW I A UfE e o 2 40 i 32 )
B, BERgHE A2 ( phospholipase A2, PLA2)
FBEERE C (phospholipase C, PLC) ¥fHs
1k AA KA RGBS AA KIEEWZERON Y . AA F
BIWE 3 Pl AAL, BIAA AR (cyclooxygenase,
COX) . IR&E &M (lipoxygenase, LOX ) Fl4
fifl €5, % P450 ( cytochrome P450, CYP450) ',
AR ST RS, COX AR i i 41 iR &
( prostaglandins, PGs) FlIfil#2Z ( thromboxanes,
TXs ) XFRAIE A AR, CYP450 fRlH 35
Tk =R ( epoxyeicosatrienoic acids, EETs)
O I8 i AP s A8 TR A B AR AE T
LOX Rl ¥ 3 — Tk U2 ( hydroxy
eicosatetraenoic acids, HETEs ) £ Pt FIE M
T B R AR . IR R R
HD 3 A2 i 3 AL 20 M EETs #1 HETEs #9325
A= W A AT R 5 A A SR O DI RE 22 I AL
(/R SO /(1IN = =1 A/ SO = vy o /LIy 7
( oxo-eicosatetraenoic acids, oxo-ETEs) HIAfF5Y .
ox0-ETEs 3= 7 JH It fiie i I8 — A% 1 PR W iz
( nicotinamide adenine dinucleotide phosphate,
NADP ) iHFWZ 5T, @il 28 XEiE ek
Jii S A AL HETEs 8 A" 40 i 70 5 iy 52
B Ak B, AN [R] S R T 40 i 2 A A oxo-
ETEs 7E M4 N K2 0E . AR S 8505 i 250
PEAE RS T KA AE m 3 6 ] AR RO . ASESE
fRi% HD 50 oxo-ETEs WAEWIHEML, Hizftiby
LRI (end-stage renal disease, ESRD ) #H&
PR MBI A G . AT T B IR k4
RN L AR SR R - N B AR AR A
PSR, 4R HD i F2 b oxo-ETEs (¥4 4k
RAS, LI HD XX SRS 520

1 #REFE

L1 A& AW Ei RIS - &
(ClinicalTrials.gov) FiHEM (HFMH5.
NCT03857984 ) . 44A 2020 4 6 H % 12 A #E{&
R LR BE B ISR Y 12 9] ESRD 3% . ZA
. (1) FRRKT 18%; (2) EME24
Ji 3 HD i#YyY, HHD &b faE; (3) &l
5k A RS K N2 B Gore-Tex ok A 545 . HE
BRAm e . B2, 24L& B KPR T
80 g/L, FAAEIE BTG,

12 #EMTEAMARE, AR A REYR
BAR A 329897 o R H Polyflux 170H & #T#% M
PAES i€ ( Gambro AW ) . #ENTSE: ML
i#>250 mL/min, FEHHE 500 mL/min, B
], BEHTETEPEYIN 4 h 15 mine /e BT IT
BHTFIZE AT 5~15 min M shFr k2ol Gore-
Tex K A FEALRES P IMAEA, [F IR
IS A B A0 J e ik il o A I VRREAS B R 4 <C
Wird EDTA HAHRE.

S HEOCHR T R O R AT R S A WAL
BEOARMEAL . = RO 03 - BB EK BT (high
performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS ) i il #1145 & ib
4 B RER LSRR MR 22 IR A Sk
1.3 it SRA SPSS 25 Giit#k{t (IBM
Corporation ) #4770HT. IEAAR B THE TR
ks Kox, FESSANITERFEL M (P,
Pos) RN, IRITHTIG FCBCR FHECRT ¢ A6 50 53X
Wilcoxon ¥:56 . #:56/KHE (a) 4 0.05,

2 ®# B

21 BHAA&HE 1201BFH AN, &
AR 7P S I VB | B 3 M o o R o
(72+£12) %, FHKEFEREHER (27£3.3)
kg/m’*o PRI Rkt Bk B /N R AE AL AE 6
B, TgA B 1 6], EVERAEAEE 1], s
B 1B g E R B2 RN (autosomal
dominant polycystic kidney disease, ADPKD ) 2
Bl 250 1 B, BT A R A O
T, LRI A SN SR .
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22 A imhe oxo-ETEs #9407 4558 (K1) 4 FpliFE oxo-ETEs 7EMANM - &= &, &EM
R 4 FhEAL oxo-ETEs 15 I 40 b i) & 1 s KENIMEDR H 2 12-0x0-ETE>5-0x0-ETE > 15-0x0-
Himg e, WKBE/MER N : 5-0x0-ETE>15-  ETE>17-oxo-DHA. I4h, M4 12-0x0-ETE
0x0-ETE>17-0x0-DHA >12-0x0-ETE; [G#ERY, FELIF I ATE

Group
200 5-0x0-ET 12-0x0-ETE 0.6 L 5-ox0-ET 12-0x0-ETE | | Plasma (ng/mL)
0.4} M Blood cells (ng/mg)
100 +
0.2+
0r ot
17-ox0-DHA 15-0x0-ETE 17-ox0-DHA 15-0x0-ETE
Esterified oxo-ETEs Free oxo-ETEs
E1 4#MER°+mNGRELRMDAMIHSES S
Figure 1 Distribution of 4 types of oxo-eicosatetraenoic acids in plasma and blood cells
2.3 HD 2} oxo-ETEs & 4 54089 % v oxo-ETE £ B IE [0 ik & 22 5%+ (P<<0.05) ;
2.3.1 HD ¥ &1k oxo-ETEs #y £ 4 # 1 &4 HD i&J7)R, IM3EERIE 12-0x0-ETE A /R s ik

(F£1. #£2) Bx: HDIRITHIG, M41HET G ER, i 15-0x0-ETE Sk & 22 FH &
4 FhTiE 1k oxo-ETEs K & 7~ BH & 14 sh & ik & & 22 (P<0.05) . HDIRYTHTE, IM2EHEEfk 17-oxo-
o HDIRYFHT, MK HEE{L 12-0x0-ETE Fl 15- DHA 5 5-ox0-ETE#) K R ahffik & mE R .

&1 MEEFET X EE DA B oxo-ETEs BN

Table 1 Effects of hemodialysis on esterified oxo-eicosatetraenoic acids in blood cells of patients

N=12, ng/mg
Type 17-oxo-DHA 12-0x0-ETE 15-0x0-ETE 5-ox0-ETE
Pre-HD
Artery 36.051+£21.53 1.34+5.46 90.64+18.51 254.334+108.52
Vein 44.54+21.79 2.71£3.76 99.74+19.19 289.37£120.03
A-V difference —0.211+9.61 —0.56+7.15 —5.95+23.63 0.41£57.46
Post-HD
Artery 36.69(14.89, 49.48) 2.72+2.01 89.48(81.38, 111.25) 196.97(50.45, 252.94)
Vein 40.74(26.39, 61.11) 2.30+2.24 88.87(72.92, 103.06) 207.67(146.2, 240.82)
A-V difference 0.10(-7.97, 7.12) —0.1813.01 7.53(-10.59, 12.18) 14.57(-72.43, 39.4)
Vein
Pre-HD 44.54+21.79 2.71£3.76 99.74+19.19 289.37£120.03
Post-HD 40.74+£23.34 2.30+2.24 88.87+21.14 207.67+108.21"
Artery
Pre-HD 36.05(25.51, 56.48) 1.34+5.46 90.64+18.51 254.33(141.77, 285.67)
Post-HD 36.69(14.89, 49.48) 2.72+2.01 89.48 +26.44 196.97(50.45, 252.94)"
HD: hemodialysis; A-V difference: arteriovenous difference. "P<<0.05 vs Pre-HD.
232 HD W% & oxo-ETEs i & 4 3 11 44 BOJS MLZA R AR 4 Fh# RS oxo-ETEs K 7~ sl ik &

(F3) B . 5k oxo-ETEs 2X18l, HD J&J7 w25, HD AT AT, MAKUFE 15-0x0-ETE Hl 5-
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oxo-ETE WMl B IEmafkER (P<
0.05) ; HDIRY7 )5, IM3EU#E 15-0x0-ETE Al 5-

x2 MEEWEFTXEE MR PEL oxo-ETEs B0
Table 2 Effects of hemodialysis on esterified oxo-eicosatetraenoic acids in plasma of patients
N=12, ng/mL

Type 17-0xo-DHA 12-0x0-ETE 15-0x0-ETE 5-o0x0-ETE
Pre-HD

Artery 0.391£0.11 2.72£1.02 4271141 1.18+0.34

Vein 0.39+0.15 1.99+0.72" 3.56+1.16" 1.28+0.57

A-V difference —0.02+0.10 0.63+1.03 0.88+0.92 —0.06+0.35
Post-HD

Artery 0.33+0.24 2.45+0.69 3.89(3.15,5.41) 1.14(0.97, 1.64)

Vein 0.31%+0.19 2.55+0.87 3.54(3.23, 5.04)” 0.96(0.79, 1.26)

A-V difference 0.01£0.23 —0.27£0.60 0.05(-0.51, 0.68) 0.14(-0.06, 0.31)
Vein

Pre-HD 0.39(0.35, 0.52) 1.99+0.72 3.56(3.36, 3.99) 1.28(0.97, 1.39)

Post-HD 0.31(0.27, 0.43) 2.55+0.87 3.54(3.23,5.04) 0.96(0.79, 1.26)
Artery

Pre-HD 0.39(0.31, 0.45) 2.72£1.02 427+1.41 1.18(0.88, 1.28)

Post-HD 0.33(0.28, 0.39) 2.4540.69% 3.89+1.49 1.14(0.97, 1.64)

HD: hemodialysis; A-V difference: arteriovenous difference. *P<<0.05, “P<<0.01 vs Artery; 2P<0.05 vs Pre-HD.

2.3.3 HD W 5 % ® /% 1 oxo-ETE W& % . 4%
B (F£4) B/ HDIRIFETA, M4, shik
Fge kb 4 Fhii7 25 /M5 1k oxo-ETE Fu{E 22 %058

B HDIRYT e, IR IE B /R AL 5-oxo-
ETE BRI .

£ 3 MiEENEITXTEE MRS oxo-ETEs BIRE

Table 3 Effects of hemodialysis on free oxo-eicosatetraenoic acids in patients

N=12
Type Free oxylipins in blood cell/(ngsmg ") Free oxylipins in plasma/(ngsmL ")
17-oxo-DHA  12-0x0-ETE 15-0x0-ETE 5-ox0-ETE 15-0x0-ETE 5-0x0-ETE

Pre-HD

Artery 0.16+0.09 0.71£0.42 0.45+0.29 0.90(0.55,1.38)  0.03(0.02, 0.06) 0.13(0.09, 0.21)

Vein 0.15+0.11 0.71£0.49 0.33+0.27 0.65(0.35,0.95)  0.02(0.01, 0.02)" 0.11(0.08, 0.11)”

A-V difference  0.02+0.08 —0.1610.44 0.05+0.24 0.21(-0.07,0.49) 0.01(0, 0.03) 0.03(0.01, 0.06)
Post-HD

Artery 0.16+0.10 0.361+0.36 0.40(0.35, 0.47) 1.15£0.58 0.03(0.01, 0.04) 0.08(0.08, 0.08)

Vein 0.11+0.07 0.21£0.36 0.36(0.31, 0.45) 0.51£0.64 0.03(0.01, 0.04) 0.08(0.08, 0.11)

A-V difference  0.05%0.11 0.09£0.30 0.03(-0.02, 0.10) 0.69£0.98 0(-0.01, 0) —0.01(—0.01, 0)
Vein

Pre-HD 0.15%0.11 0.711+0.49 0.33+0.27 0.651+0.43 0.0240.01 0.11%+0.04

Post-HD 0.11+0.07 0.21£0.36" 0.36+0.29 0.51£0.64 0.03+0.02 0.08£0.03
Artery

Pre-HD 0.160.09 0.71£0.42 0.45+0.29 0.90+0.73 0.0310.04 0.13£0.06

Post-HD 0.16+0.10 0.36+0.36"" 0.40+0.42 1.15£0.58 0.03+0.01 0.08£0.02

The free 17-oxo-DHA and 12-0x0-ETE in plasma were not be tested. HD: hemodialysis; A-V difference: arteriovenous
difference. "P<<0.05, "P<<0.01 vs Artery; “P<0.05, ““P<0.01 vs Pre-HD.
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Table 4 Effects of hemodialysis on ratio of free/esterified oxo-eicosatetraenoic acids in patients

N=12
Type Vein Artery
Pre-HD Post-HD P Pre-HD Post-HD P

Blood cell

17-o0xo-DHA 0.34(0.16, 0.77) 0.27(0.20, 0.64) 0.480 0.4310.41 0.431+0.43 0.301

12-0x0-ETE 26.331+12.93 9.27+16.30 0.518 52.6(0.23, 93.27) 13.16(4.86, 2, 32) 0.347

15-0x0-ETE 0.33(0.26, 0.50) 0.41(0.32, 0.55) 0.583 0.50%+1.57 0.44%1.60 0.339

5-0x0-ETE 0.224+0.36 0.24+0.59 0.874 0.35(0.27, 1.08) 0.58(0.49, 1.76) 0.084
Plasma

15-0x0-ETE 0.54+0.78 0.80+0.63 0.584 0.62(0.37, 1.09) 0.70(0.28, 0.92) 0.433

5-0x0-ETE 8.331+6.19 8.394+3.58 0.688 10.66 +£19.08 6.95+2.99" 0.011

The free 17-ox0-DHA and 12-0x0-ETE in plasma were not be tested. "P<<0.05 vs Pre-HD.

3 i it

S kAT YA B g ) B A B 2
PRy 1 W AT 8 8 T3 o o L 12 i B B ZH 2
SEACEHE R, O’Donovan %" T ARSI
HAlhEER LB R ( non-esterified fatty acid,
NEFA) | iR HIM I sk 5, Wonig i
H 24U NEFA (RS 5 =P ny & AR % VT
X, Murashige 25" LA T 110 1583 O EFTT i
1) 300 R A Bk 22 5, RIS i 53
BOREA O MR LG, SIS BUN T 50% BYCER
W A T A A FL PR BH SR BE 22 R4 T T
2 EAESE, fE HD MRS IR R IGIT
S ISR FNZL A0 M S o R AR A e AE T
EHASUAS . AHFSER FAI R D52 R T HD i4
STHTE FELAZH4Y oxo-ETEs #9281k, #t—H5&
HH AR E 2L ZI%) oxo-ETEs MYAE WAk 52 B IE AT
WS, 5 Watkins 2" RS A IG)T 1 18] i
S ) 2 2 A e i e EO s e A 4 1)
WS —3, #E/% oxo-ETEs A REFE HD 1] X} 1A
PG I3 S L 77 A 2 o
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Figure 2 Metabolic processes of oxo-eicosatetraenoic acids in vivo

Created in BioRender (https://BioRender.com/y26z440). AA generates 15-HETE in the presence of COX and 15-LOX, while
15-PGDH converts 15-HETE to 15-oxo0-ETE. AA is converted to 12-HETE by 12-LOX, and 12-HEDH further metabolizes 12-
HETE to 12-ox0-ETE. AA generates 5-HETE in the presence of 5-LOX, and 5-HEDH transforms 5-HETE to 5-oxo-ETE. AA:

arachidonic acid; HETE: hydroxyeicosatetraenoic acid; COX: cyclooxygenase; LOX: lipoxygenase; PGDH: hydroxyprostaglandin

dehydrogenase; oxo-ETE: oxo-eicosatetraenoic acid; HEDH: hydroxyeicosanoid dehydrogenase.
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