544 3 WPl KRR (2R 2 ) Vol.44  No.3
20234F 5/ JOURNAL OF SUN YAT-SEN UNIVERSITY (MEDICAL SCIENCES) May 2023

HE A AR 12/15 - A AR QU fe fERs bR V9
Klerb e

U T
(MR AR5 — BR B BB, MK KA 130021)

8RR (DKD) 2R R 8 fe b UL A UM A O A e 2 — , R R M W Sl A9 = 2 Y, A
PLEI LB % o R IR SR UE S A WLEt 1~ ML L 15 20 2 P A A Wi S5 R B A ™ 1 12/15 g S8 AL (12/15-1L0) =
5545 DKD BRFAE P BHAE B R, A 8080 AT 22 18] A9 AR ELAR IO 2 i e, itk — 2483 DKD AL,

DKD iR 7 4R BB BB 5T J7 1

SRSRA W PR B 5 12/15- IR SR ALl s L3 Ak 2181 ABHE1Z s TGR-B

FE 5 2ES:R692.6 XERFRERD : A

X ERE:1672-3554(2023)03-0534-07

DOI: 10.13471/j.cnki.j.sun.yat—sen.univ(med.sci).2023.0323

Role of Histone Modifications and 12/15-lipoxygenase Metabolic Pathway in
the Development of Diabetic Kidney Disease

LUO Jing, YUAN Hang
(Department of Nephrology, The First Hospital of Jilin University, Changchun 130021, China)

Correspondence to: YUAN Hang; E-mail : hangyuan75@foxmail.com

Abstract: Diabetic kidney disease (DKD) is one of the most common microvascular complications in patients with di-

abetes. DKD is also the main cause of end-stage renal failure, with very complex pathogenesis. A large number of experi-

ments have confirmed that epigenetic mechanisms, including histone chemical modifications and lipid metabolites 12/15—

lipoxygenase (12/15-L0) , are involved in regulating the characteristic pathophysiological process of DKD, based on

which, this review further explores the pathogenesis of DKD and provides the new research direction for DKD treatment.
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A —E [ DKD 3 JE2 XU , 33 =5 s S 8500 “ 1R g
G127 & DKD R E N R 2 — X5k
IR T AR 3 FALEDZ L/ 0 . HETE IR
SR ZEEL o7 B R B A T R i T R
BT ' /NERAE A DL B SE R JEE B /N A, |
6 453 477 S8 2 v IR X O 7 A G 2 e g 2
BLI o B8R F8 R 2 850nT LIS 21 i fg 554
TIF 5 TIE S R R JHE 5 22 AN 10 g s £ G ™
A= R BT AL KT T AR G X B i T A Ak ™
Yy a] LA SR A R B RE AR AR B I ik
A LS R R TR AT KO, 20 TH28 40 4R 4R
Waddington B ¥R H& H FRM i A% X —HE &, FUas 1%
SELEAN R I A G LT 5 M BE R 9 255 F 1
TIRE , e PR IE Ak PR 22 (R AH ELAR ) —Fh e B, 4
5 DNA W 34k (2H 2 s i AE i i RNA 3 26
AR AR PN A S 56 F S 3 W ast % 2= AL 2 5 PR
DKD REAF A5 B A B A, 0B /NBRAE K B /NS
[i) Jo 27 2 Ak | A0 AR O T L R Mk S R L AR R I K
S ARSOK LR Y AT BB L 2 AT S B, 7] R
R L fb2A B 1 A K 12/15 i 5 AL B (12/15-lipoxy-
genase, 12/15-1L0) 7£ DKD f4 & & LA M o Jié i 78 v
B — ZR BT AF 5T, 38 2 Yo ik BB fifF 5% 45 S () A 4
VT DKD & AL i 41 28 s i S50 2,
5 12/15-LO fRififig 48 DL R Ak A K 7B (trans-
forming growth factor—B, TGF-B) MAH HAEH KX R,
78 R AL T AL 2 5 DKD s #4507 5 L K]
TR H B EE

1 EG%4EDKD b g 424k A

T AL X — L&Y e T A b DLEE R Oy
HUC A, BLE AT ST UE S G (8 5 20 2R R S
& i (post—translational modifications, PTM) A1 DNA
H AL AE 9% DKD A B o (2 25 4 AL A G 48
i B R R E AR

Yo {0 ST 45 P 16 D58 DNA 6 SR A Pl 25 G
VERT, e s DUER XA S e 00 ST AS 3y Wi 5%, e s ik
BR DX 1) G 60,51 58 ) 7 st SR E AT T RPIR S S ®
T2 18104 B 2528 Ak 52 FRWst A A LT IR 5, %
T 2H 28 1 PTM 1Y 2H G 2800 30 3 4 ) 5 2 60, BT s
Y o o R A FE T A2 S A e %, TR AR A

i 52, 112 £ Bk 4K (histone lysine acetylation, HKAc)
F1H F AL (histone lysine methylation, HKme ) o 7E %
g i, 208 SR AL AL RO A A KR R
W, FE B SR AIE R, W H3K9Ac \H3K14Ac
H H4Kac, T3 BARARX BEAGE , AR A0 il
fC RAEVER], HKme 55 15 PE SR P IS 3h ARG,
X Ik T P A A 2 R, — JBOR UL, H3K9  H3K27
I H4K20 8 = WAL 70 531 55 A 36 R A o6
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L FOMEE D A A O 2 T B B IR AT R
PR 5 TN AT 2 1h 58 DR DA S B /s i W A% TR (M-
croRNA , miRNA) [ & 15 3 i, sl 41 ol £ 9 26 1)
RAR LB AE W], H3K4me Tl H3K4Ac 23 4E 8 DKD £F
Ui AL E R, H3K9me2/3 R H3K9/27me3 2340 il {2 £F
2 Al BE A 280 B DR A9 26 38, DU REE 22 DKD i
JE B 2 £ T R (histone deacetylase,
HDAC) & — M & AR 8 v 25 BR S e A
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0 H3Kac #1 H4Kac"™"' . H3K4me FUKE R (1) 3%
il SET7 = 5 W Wb B Ak 24 7 ) 32 14 (advanced
glycosylation end product receptor, RAGE ) Bt 44 il i
FIA) R A0 LR PR /1 B I W 200 v A A i A
Fik  JF H SET7 3458 T NF—kB 715 (1) 5 5E 3 [ Ji
JREIRAE IR F- (tumor necrosis factor, TNF) Al a4k K+
2(chemotactic factor, CCL2 ) %S SEIMIG ™. 76N K
AR e URSE O SET7 LUK N H3K4mel Jf:
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5 RBHCAZ Z ] YR FR |, Miao 55 Xf DCCT/ED-
ICZ 5 0 — 87 FL AN EA T R R 4 73 #r L 45
RIS JAE AN A I R AEA KB 24
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P, TXNIP & —FhAie A6, 5 v B bR &5 Zh g
EREIVNE TS R r Al IR PN N=Fi ¥ 2 <]
Ko XL ILUETL TR M 1L AR L AT
1 EZIE) N Z— X — W

g5 Bk SRR AL F ML 2 5 45 DKD £
Ao PR LR, JLDREJC TR n] RE S PR 20 A
WHCAZ AR EAR RAE R A FZORAENLH . AR
AL AR EE 52 W0 2 AN BEAT BB ST W PRI I A E 1
TR 2 — B L5 1% 2 L A 58 T RE N
TR T AT BB PR I S RE 4 (8 0 BRI AR
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Jig BT AR 5 8 AT DAGR HE AR L JRRE S
LR /NER R AN IR AE K, LO &S A HE
LT R BR 0 AR Sl , AN R 107 R 4 A8
AR R AR P, DT S i 4 i A5 A AR
KA 555 N 12-LO fl15-L0 B A & B [,
BEIE2E R 12/15-L0 , FE7E TE 45 B WEAE 9 19 2 Fh
VA, JEAERE PRI R 3 . AT SR 3R
B 12/15-L0 5 TGF-B 7E DKD % AL il H 77 75 —
PR B AR FH G 2 L X Rl B A FHBCK T 521 DKD
o 15 R 1 A DG TR PR ) 22387

TGE—B 68 5 25 MOl T B % 200 16 (4 52 ) 5 T
EEEAEH, B &A FE 1 TGF-B1, TGF-B1
JE TGF-B M Z R I AL, B 75 5 2 40 i 1 AE A
HERB9/E R . s Ang I L AGE DL K A= KR 1
EIAr LR TGF-B1 ;=A™ TGF- il PTM Al
3 PTM & 4218 95 5 DKD & 5 FH 5 1R JE B 1 R 3k
RN AN SCBGUESE , TGF-B1 15 T p21 3k 1 i & 5
OB /NERIE K A LR AR B 9T K
B, A R B0 M, & I B N TGR-B1 3 i T
H3K4mel/3 Fl H3K9ac 1) 335 K-, BRAK T 412 £F 4k
B S 3 T4 H3K9me2/3 B F2 57K 5 A 1id
HAINT SET7 R HAT (p300 ) 3 35 AR 52, A3 T
BEE RS BT 4b H3K4mel . H3K9/14Ac 1 323565,
TGF— 38 A 41 #1108 17 ol 15412 2 24 £ 35k PR A 4%
i L DA L 5 B BFSE R, TGR-B 7R S
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15-1.0 2 5 DKD & Z i 40 £ 2 4k AB K R
PR 2 HERT L 36 P 4R (reactive oxygen species,
ROS) FIfg Bt i AL #B 72 DKD A AL r b 8 B4
FA o U AGE A K R A 40 it (X1 34 AT i
ROS 774, 12/15-LO WAT £ i ROS ;=4 I i it
AALMTER™ . BF5E R 12/15-1.0 2 SR R
#E 1 (low—density lipoprotein , LDL) S AL & i A 3 5h
ik sk BEAE AL 14 S04 LDL A it B2 , I HL A8 Sl ik ok R A
b BEIRIE FIAE R R RV E R B IOR , 92 S5 05IR
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o e HLIF o Y e A Y L #E DKD B3 R, 41
I T S0 A0S e D A 1 590 p27 3k R AR TR I
BR 0 A 1A, P S AR K A BT
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(12-hydroxyicosatetraenoic acid, 12(S)-HETE ) A] 4
BN p21 F1p27 (A58 11 32 35 K V- I8 2o 5 5% 1
p21 FEFF IR,

12(S)-HETE ifi i:f CREB H1 Smad % 5% H 7
T A A M P AT AL S I A R N
TGF-B FNATIR B3k , AT HG 58 Z2 B 20 it b TGF—
B AYZERIAE A . TR Ui R T ML 2E 5 Bl
TG FE R ek TP 2R, TGR-B A e Pk
9 B A R ROV I 12-LO AR N TGF-B1 1Y
U T, S TGF- B A ELEOE | 75 e I AR
PF T SR 2 5 408 2 2 £ 35 PR 27 32 I D 383 751 90 o)
7 -1 (plasminogen activator inhibitor—1, PAI-1) | Ji&
DRI T 4 7 3 8 1 0 = 2 3k, BB Ak, #E ) 12/15-10
B DKD /N TGF-B1 25 4R 22U K HF T RURT TV
TS I LA B PAT-1 251 £F S Ak ik R 63k F i, JR 2R
1B T SR T EE T R R /INER R B X 5K D
B0 B INER T i AR 4T AL IR B k15 B ik
3 HER 12/15-LOsiRNA BA3 W 5 1 B AR VR
12/15-LO B2 k55 T R4 TCR-B (55, i —
HAESE T 12/15-L0 5 TCGF-B Z [l A AH AR .

Zi b, a3 12/15-1L.0 X B WE 28 15 40 it A1 /)N
BRI B AR FH DL RS S 3 19 TCF-B i AH B
YEFHIER] T 12/15-1.0 1£ DKD 3 J& v it o5 BEVE FH

3 12/15-10 55 418 & b 3 154 2 i)
B X &

12/15-L0 7 B Mk & ik, R R T ig 2 78
TRAN 2R AR A S T RUAN T BOBE DR A AR Y | 55
IMBEAR AT AR #E LR GR . PR AR T I 2 el
AR B BB SE DKD A % A 7™ o AR 39 i A = 22 A
B, R ALAHUH B e AL E SR R
[ 5| K 11 2 W35t A% el AR ML o ANV R . AR IR
HUHRGE T 12/15-LO AR =4 12(S)-HETE 7] LA
B IS 50 27 4R AL BE R e ik 1 4 3R A k2 &
M Y kAR, F R4l g SET7. BBk, /N FRAR Y
12/15-1L0 Bt = 7] DL ¥ 3% DKD Il RAEAR , I B 7T 2L

0B PRI 5 1A 19 TGF-B A £ 2 4k 3 R Fl SET7
ByZEIA . XS BRI 12/15-L0 K HAC ™=yl
DA i 98 5 s AL >k 2 5 DKD Bk i 2 .
16 Z B 40, @ O g FD TGF- B nl 3 5K
H3K4me ,H3K9Ac 1 SET7 () F 3k K-8 A, FEARAE
YA JS 3 F Ak H3K9me 097K, SET7 AT LALE 5
TGF-B 1755 A {2 21 4 £ 35 DR 2 308 R DR 1 1 4
JHE 1) 9 RE FE PR 23K 7 TGF- B i i iih o
e SR DR, A 25 40 R SHE At B U 40 TP Y Smad
H E—box Z5 45 B 11, VAR AN [) (12 27 28 A R 240 A S 441
SER Ik . WRFEIESE TGF-B fi ik £F 2 fk 3k
g gh FA & A AR B AL, IS5 h i
Wi 51 045 5 % 5% S A DG 1Y H3K4me Fil
H3K9Ac, IV 1Y H3K9me , UL S 7E 22 540 B AR 21
AL LR R 3A 7 2 e A2 i OGS4 B 1 H3K4
SL AW SET7 By 3R38% . WFIE & BLAE DKD /R
B v RE T AR PR /N B, T S IR A TR R
(Streptozotocin, STZ) FBH FR % 71N B SET7 7K - 18 1
B SRR /NERBE T, [R] B TGF-B . 12/15-L0 FIfE £F
Y A0 BE R ARG in™, X 48R 78 DKD 1, TGF-B F
12/15-L0 38 J&R- 5 SET7 A M EAE . A G
W9 B, TGF-B 1 12/15-L0 22 [a] it 4H T AE F ik
KT W B 55 05 bR B D REAS 4 AH 56 1 I K A2 £F
Y AL SE R R M55 56 Sk . B PR 1T A
PR EF 4 AL FE RUFN SETT 76 B WEAY 2R 3K, 78 12/15-L0
B R (12/15-LO Gene knockout, 12/15-LOKO)
B I R TGF-B 51 & A1 £ 4 Ak 5 IR K%
H B 37 4b H3K9Ac . H3K4mel W] 50855 , 31 H. 12/
15-LOKO /IR, B8 R 5 R /Y SET7 1 9 il
PAI-1 5 /KA 8 ehcsg | B/ INERY 5K | 41 if o1 Ik
Jit (Extracellular matrix, ECM ) FH 5 1 3L )5S g s J=L
[i1] 5T 27 4 AL AV /N ERBE AL B /R TGF-B YR Ik
S5 DKD S5 BRAFAE 4T BF 055 . 3 B4 SR 3k B
12/15-L0 7] Lk 2 5 TGF-B (1) ) 5 32 Wi 35 15 234
N7, DT 3 80 2R 40 B 02 &1 4 b 3L R R 3k
H3K4mel FEAR £F A AL 5L R ) 2 7 4b i S BE1E
SET7 5 NF-kB V{2 5 0 4% R B 40 i i
H3K4mel™" . TERFFE 12(S)-HETE X} SET7 [/ 75
VeI & 1, 12(S)-HETE A L) 48 i1 SET7 & 4
JF K P A A A 2T e AL L R S 3h T Ak 1 % 5
LA R, SET7 5 P UL R B 90l T 12(S)
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~HETE 7K, R SET7 ] fig i i 54 i 12/15-1L0
R AR 7= W)k 4% 2 5 DKD p g BRAEE R . 12
(S)-HETE X} p21 3 H (1) 3 s 4 2 i ik 4l &
A S BLAY ™, 12(S) -HETE 8 1 34 i p21 J&
Bl T U 5 X B H3K9Ac Fll H3K4me3 , FEAR T p21
SR BT X ) H3K9me3 LA TN p21 Ay 335 , I HAR M
HE A LRSI p300 33 3k X 5 p21 B FRIK R
TEAHSG AL, 38 AT LAREAR p21 K& K 3l 5 461 24 1R
5 P B 4 B8 (lysine specific demethylkinase,
LSD1) , 54 p21 i S
25 LTk, 12/15-1L0 v] L5 R B4 i b 5
& 21 4 A L R 3 38 K B IS KA SR i A B
&4, IF H 12/15-LO A] LA 2 5 DKD &% 1 TGF-B
() S B e WL AL RN o TGF-B P F Ak vl LAY
15 MR 519 ECM BE R 38 B FL A 27 4b 4 2 1
B AR N B4R SR, BT TCF—B 78 S 28 4 i v
B ZAE T, $ ] TGF-B AR B il g 28 ASFI 5

S% 30k

(1] XIS . R IDFCA Bl RO 1A (45 10 hi) ) 58
BERRIE %A [N]. 2022.08.13.

Liu XL. Blockbuster news! The full version of IDF
Global diabetes Map (10th Edition) was officially re-
leased [N]. 2022.08.13.

[2] Jager KJ, Kovesdy C, Langham R, et al. A single num-
ber for advocacy and communication—worldwide more
than 850 million individuals have kidney diseases [J].
Nephrol Dial Transplant, 2019, 34(11): 1803-1805.

[3] Ceriello A, Thnat MA, Thorpe JE. Clinical review 2:
The "metabolic memory": is more than just tight glu-
cose control necessary to prevent diabetic complica-
tions? [J]. J Clin Endocrinol Metab, 2009, 94 (2) :
410-415.

[4] Defronzo RA, Reeves WB, Awad AS. Pathophysiology
of diabetic kidney disease: impact of SGLT2 inhibitors
[J]. Nature Reviews Nephrology, 2021, 17 (5) :

12/15-1.0 385 J $900 ] 751) DUJ P 58 200 e L i) s 4 39 AL 3t
FEHLEI M DKD #2458 TG T AT fE

3

4 NELRERA

DKD 2 37 8t % F 355 PR 25 ) 114 UL
e IR RN ol B QI S o R S B R S i R
B BRAN T, FL RS L R A QIR il 3 30 ) 2%
K22 A A) 52 2 AR IR s G . F AT 60 T8 Bt oy
BEAS 2], W DR B AT 2342 ) R i 1M
IE BT Rl ACHCAZ G 45 PRI 1A 7 ok
THE KPR, X R RN BB AR YT DKD 1) FE R
o SIEGm LA AN 0, F s (L 25 2 A
FERALRIVE R EE R, K2 R0 . ARZER g
TR AL AL ) R 2 TR v A B AR
1 RNFREEAE 9 0 F F 1 2 BB AL LA B 12/15-
LO 5 TGF-B X} DKD % #5405 h i D RIAE A o 12/
15-L0 5 TGF-B ¥ Z 5445 5 DKD &L #H ¢
) 2 W 3 AL 00, X 6B 12/15-LO T RE = 2 Fh 5
55 DKD % L R 25 S 35 R W5t 4% o2 iy S R 4
JiT, $ Im) 12/15-L0 A e A3 5% 2 55 08 DR 5 2 g
AN 41 2R W 35 A% 2 AL 1Y) — B 72, S DKD 42
BRI HLSS

319-334.

[5] Shevalye H, Lupachyk S, Watcho P, et al. Prediabetic
nephropathy as an early consequence of the high—calo-
rie/high—fat diet: relation to oxidative stress [J]. Endo-
erinology, 2012, 153(3): 1152-1161.

[6] Kato M, Natarajan R. Epigenetics and epigenomics in
diabetic kidney disease and metabolic memory [J]. Na-
ture Reviews Nephrology, 2019, 15(6): 327-345.

[7] Kato M, Natarajan R. Diabetic nephropathy——emerg-
ing epigenetic mechanisms [J]. Nature Reviews Ne-
phrology, 2014, 10(9): 517-530.

[8] Reddy MA, Natarajan R. Epigenetics in diabetic kid-
ney disease [J].J Am Soc Nephrol: JASN, 2011, 22
(12): 2182-2185.

[9] Hampsey M, Reinberg D. Tails of intrigue: phosphory-
lation of RNA polymerase I mediates histone methyla-
tion [J]. Cell, 2003, 113(4): 429-432.



55310 B AEA B 1215 — IR A AR CBIRASTERE IR B 9 K e b 1 539
[10] Gerber M, Shilatifard A. Transcriptional elongation by Physiol Renal Physiol, 2014, 306(8): F916-F925.

[11]

[12]

[13]

[14]

[15]

[20]

[21]

RNA polymerase I and histone methylation [J]. J
Biol Chem, 2003, 278(29): 26303-26306.
Kurdistani SK, Grunstein M. Histone acetylation and
deacetylation in yeast [J]. Nat Rev Mol Cell Biol,
2003, 4(4): 276-284.

Advani A, Huang Q, Thai K, et al. Long—term admin-
istration of the histone deacetylase inhibitor vorinostat
in experimental diabetes

attenuates renal

injury
through an endothelial nitric oxide synthase—depen-
dent mechanism [J]. Am J Pathol, 2011, 178 (5) :
2205-2214.

Komers R, Mar D, Denisenko O, et al. Epigenetic
changes in renal genes dysregulated in mouse and rat
models of type 1 diabetes [J]. Laboratory Investiga-
tion, 2013, 93(5): 543-52.

Miao F, Smith DD, Zhang L, et al. Lymphocytes from
patients with type 1 diabetes display a distinct profile
of chromatin histone H3 lysine 9 dimethylation: an
epigenetic study in diabetes [J]. Diabetes, 2008, 57
(12): 3189-3198.

Li Y, Reddy MA, Miao F, et al. Role of the histone
H3 lysine 4 methyltransferase, SET7/9, in the regula-
tion of NF-kappaB—dependent inflammatory genes.
Relevance to diabetes and inflammation [J]. J Biol
Chem, 2008, 283(39): 26771-2678]1.

Kouzarides T. Chromatin modifications and their func-
tion [J]. Cell, 2007, 128(4): 693-705.

Pang M, Kothapally J, Mao H, et al. Inhibition of his-
tone deacetylase activity attenuates renal fibroblast ac-
tivation and interstitial fibrosis in obstructive nephrop-
athy [J].Am]J Physiol Renal Physiol, 2009, 297(4).
Cordero—herrera I, Chen X, Ramos S, et al. (—)—Epi-
catechin attenuates high—glucose—induced inflamma-
tion by epigenetic modulation in human monocytes
[J]. Eur J Nutr, 2017, 56(3): 1369-1373.

Miao F, Gonzalo IG, Lanting L., et al. In vivo chroma-
tin remodeling events leading to inflammatory gene
transcription under diabetic conditions [J]. J Biol
Chem, 2004, 279(17) : 18091-18097.

Natarajan R. Epigenetic mechanisms in diabetic vas-
cular complications and metabolic memory: the 2020
edwin bierman award lecture [J]. Diabetes, 2021, 70
(2): 328-337.

Chen J, Guo Y, Zeng W, et al. ER stress triggers
MCP-1 expression through SET7/9-induced histone
methylation in the kidneys of db/db mice [J]. Am J

[22]

(23]

[24]

[25]

[26]

[27]

[29]

[30]

[31]

[32]

[33]

Lee HA, Cho HM, Lee DY, et al. Tissue—specific up-
regulation of angiotensin—converting enzyme 1 in spon-
taneously hypertensive rats through histone code modi-
fications [ J]. Hypertension, 2012, 59(3): 621-626.
Hainsworth DP, Bebu I, Aiello LP, et al. Risk factors
for retinopathy in type 1 diabetes: the DCCT/EDIC
study [J]. Diabetes Care, 2019, 42(5): 875-882.
Miao F, Chen Z, Genuth S, et al. Evaluating the role
of epigenetic histone modifications in the metabolic
memory of type 1 diabetes [J]. Diabetes, 2014, 63
(5): 1748-1762.

Ducasa GM, Mitrofanova A, Fornoni A. Crosstalk Be-
tween Lipids and Mitochondria in Diabetic Kidney
Disease [J]. 2019, 19 (12). doi: 10.1007/s11892—
019-1263-x.

Proctor G, Jiang T, Iwahashi M, et al. Regulation of
renal fatty acid and cholesterol metabolism, inflamma-
tion, and fibrosis in Akita and OVE26 mice with type
1 diabetes [J ]. Diabetes, 2006, 55(9): 2502-2509.
Kim YS, Xu ZG, Reddy MA, et al. Novel interactions
between TGF— {betaf 1 actions and the 12/15-lipoxy-
genase pathway in mesangial cells [J].] Am Soc
Nephrol : JASN, 2005, 16(2): 352-362.

Fukami K, Ueda S, Yamagishi SI, et al. AGEs acti-
vate mesangial TGF-beta—Smad signaling via an an-
giotensin Il type I receptor interaction [J]. Kidney In-
ternational , 2004, 66(6): 2137-2147.

Monkawa T, Hiromura K, Wolf G, et al. The hyper-
trophic effect of transforming growth factor—beta is re-
duced in the absence of cyclin-dependent kinase—in-
hibitors p21 and p27 [J].J Am Soc Nephrol : JASN,
2002, 13(5): 1172-1178.

Abdel-wahab N, Weston BS, Roberts T, et al. Con-
nective tissue growth factor and regulation of the me-
sangial cell cycle: role in cellular hypertrophy [J].]
Am Soc Nephrol: JASN, 2002, 13(10): 2437-2445.
Zheng H, Whitman SA, Wu W, et al. Therapeutic po-
tential of Nrf2 activators in streptozotocin—induced dia-
betic nephropathy [J]. Diabetes, 2011, 60 (11) :
3055-3066.

Guo Q, Li X, Han H, et al. Histone lysine methyla-
tion in TGF-B1 mediated p21 gene expression in rat
mesangial cells [J]. BioMed Res Int, 2016, 2016:
6927234.

Sun G, Reddy MA, Yuan H, et al. Epigenetic histone

methylation modulates fibrotic gene expression [J].J



540

HlR AR 2 (R A2 )

B4k

[35]

[39]

[41]

[43]

Am Soc Nephrol : JASN, 2010, 21(12): 2069-2080.
Yuan H, Reddy MA, Sun G, et al. Involvement of
p300/CBP and epigenetic histone acetylation in TGF—
B1-mediated gene transcription in mesangial cells
[J]. Am J Physiol Renal Physiol, 2013, 304 (5) :
F601-F613.

Jia Y, Reddy MA, Das S, et al. Dysregulation of his-
tone H3 lysine 27 trimethylation in transforming
growth factor—B1-induced gene expression in mesan-
gial cells and diabetic kidney [J].J Biol Chem, 2019,
294(34): 12695-12707.

Chen S, Hoffman BB, Lee JS, et al. Cultured tubule
cells from TGF-betal null mice exhibit impaired hy-
pertrophy and fibronectin expression in high glucose
[1]. Kidney International, 2004, 65(4): 1191-1204.
Dobrian AD, Morris MA, Taylor—fishwick DA, et al.
Role of the 12-lipoxygenase pathway in diabetes
pathogenesis and complications [J]. Pharmacology &
Therapeutics, 2019, 195: 100-110.

Xu HZ, Chen YL, Wang WN, et al. 12-lipoxygenase
inhibition on microalbuminuria in type—1 and type-2
diabetes is associated with changes of glomerular an-
giotensin I type 1 receptor related to insulin resis-
tance [J]. Int J Mol Sci, 2016, 17(5).

Yuan H, Lanting L., Xu ZG, et al. Effects of choles-
terol-tagged small interfering RNAs targeting 12/15-
lipoxygenase on parameters of diabetic nephropathy in
a mouse model of type 1 diabetes [J]. Am J Physiol
Renal Physiol, 2008, 295(2) : F605-F617.

Singh NK, Rao GN. Emerging role of 12/15-Lipoxy-
genase (ALOX15) in human pathologies [J]. Prog-
ress In Lipid Research, 2019, 73: 28-45.

Yuan H, Reddy MA, Deshpande S, et al. Epigenetic
histone modifications involved in profibrotic gene regu-
lation by 12/15-lipoxygenase and its oxidized lipid
products in diabetic nephropathy [J]. Antioxidants &
Redox Signaling, 2016, 24(7): 361-375.

Coqueret O. New roles for p21 and p27 cell-cycle in-
hibitors: a function for each cell compartment? [T].
Trends Cell Biol, 2003, 13(2): 65-70.

Deliri H, Meller N, Kadakkal A, et al. Increased 12/
15-lipoxygenase enhances cell growth, fibronectin de-
position, and neointimal formation in response to ca-
rotid injury [J]. Arteriosclerosis, Thrombosis, and

Vascular Biology, 2011, 31(1): 110-116.

[44]

[45]

[46]

[47]

[52]

Zhang YY, Wang WN, Su SS, et al. Roles of 12-Li-
poxygenase and Its Interaction with Angiotensin Il on
p21 and p27 Expression in Diabetic Nephropathy [J].
Nephron, 2019, 142(1): 61-70.

Cui YC, Liu N, Ma FZ, et al. Role of histone modifi-
cation in 12-lipoxygenase—associated p21 gene regula-
tion [J]. Molecular Medicine Reports, 2016, 14(4):
3978-3984.

Reddy MA, Adler SG, Kim YS, et al. Interaction of
MAPK and 12-lipoxygenase pathways in growth and
matrix protein expression in mesangial cells [J]. Am J
Physiol Renal Physiol, 2002, 283(5): F985-F994.
Meng XM, Nikolic—paterson DJ, Lan HY. TGF-(:
the master regulator of fibrosis [J]. Nature Reviews
Nephrology, 2016, 12(6): 325-338.

Xu ZG, Yuan H, Lanting L, et al. Products of 12/15-
lipoxygenase upregulate the angiotensin I receptor
[J1.J Am Soc Nephrol: JASN, 2008, 19 (3) :
559-569.

Reddy MA, Sumanth P, Lanting L, et al. Losartan re-
verses permissive epigenetic changes in renal glomeru-
li of diabetic db/db mice [J]. Kidney Int, 2014, 85
(2): 362-373.

Sasaki K, Doi S, Nakashima A, et al. Inhibition of
SET domain—containing lysine methyltransferase 7/9
ameliorates renal fibrosis [J].J Am Soc Nephrol :
JASN, 2016, 27(1): 203-215.

Frangogiannis N. Transforming growth factor—@ in tis-
sue fibrosis [J]. J Exp Med, 2020, 217 (3) :
€20190103.

Aseem SO, Jalan—sakrikar N, Chi C, et al. Epig-
enomic evaluation of cholangiocyte transforming
growth factor—f signaling identifies a selective role for
histone 3 lysine 9 acetylation in biliary fibrosis [J].
Gastroenterology, 2021, 160(3): 889-905.

FEKIK, RETE, A4, 45 12/15- DR A AR N
I3 08 S JHE R S P W /N R B R /)N U ZH LA R
Ak (DN R N T
2021, 47(6): 1337-1346.

Ren MM, Gao MH, Wang J, et al. Protective effect of
12/15-lipoxygenase gene knockout on kidney tissue of
obesity-related glomerulopathy model mice and its
mechanis[J].] Jilin Univ (Med Edit) , 2021, 47(6) :
1337-1346.

CE N ¥



