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[FEZ ] B89 - BF5dLE A CBLIE T AE TgA 5955 (IgA nephropathy, TgAN) JFiALEI s AE T, M FRWLIEE 1% 27 ff AR i TgAN Y%
WAL, F5iE - AR Rk IgAN (% (IgAN Z41) 30 B, *FIEL 19 B (Mg FEA ST IRLL 16§, E% B H SRR X IBL 3 61), U
£ G JEE K i 3 BB AN A% 0L (peripheral blood mononuclear cell, PBMC) i T4, ELISA 7 4% IgAN 4 2 %} &2 PBMC e &
4 H3 fn H4 £t 4k /K F, Real-time PCR 3 # Ml P300, CREBBP, HDACI-3. HDAC7. HDACS. CIGALTI Fn STOGALNAC2 mRNA
Tk, Bt g L ULIE A CIGALTI T STEGALNAC? JEFUR )1 IX 2l (3 H3 F1 H4 ClEALk ¥, s 90 46 M 4 40
HDACI f1 H3Ac & B RKIE R, RM BB IETHEIT SN, SR - SXTHALLE, [gAN HHEH H3 1 H4 CEEALKR-F3 8 2T
& (P=0.035, P=0.012); IgAN 4 P300, CREBBP. HDACI, HDACS F1 ST6GALNAC2 mRNA [fJ % ik i 3 71 & (P=0.002, P=0.001,
P=0.001, P=0.045, P=0.012), HDAC2 F1 CIGALTI i) mRNA %Kik &8 BE T/ (P=0.035, P=0.008); IgAN 41 CIGALTI 3 &+
XKL 1 H3 1 HE ZREAEFR I B3R AE (P=0.043, P=0.005); STEGALNAC2 3P 3)+ X841 % 11 H3 i H4 ZReALFR ¥ 87t
# (P=0.038, P=0.021), IgAN P /NER BB /NVE i HDACT RIKWR 4%, 1ii H3Ac I RILREZH D, it - [eAN BEFEL
WA CBLIE S, AR A SRR 8 T T RE i P b i AL B R i, i 25 TgAN W0
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Role of histone acetylation in the pathogenesis of IgA nephropathy

DAI Qin', WANG Wei-ming®
1. Department of Nephrology, Xuhui hospital, Zhongshan Hospital, Fudan University ,Shanghai 200031,China; 2. Department of Nephrology, Ruijin Hospital, Shanghai Jiao
Tong University School of Medicine, Shanghai 200025, China

[Abstract] Objective - To study the role of abnormal histone acetylation modification in the pathogenesis of IgA nephropathy (IgAN), and explore the
pathogenesis of IgAN from the perspective of epigenetics. Methods - 30 patients with primary IgAN and 19 healthy controls were included. Of the 19
controls, 16 cases were used to collect blood samples and 3 cases were used to collect normal renal tissues. Peripheral venous blood was collected to
extract mononuclear cells (PBMC) for detection. The levels of histone H3 and H4 acetylation in PBMC of IgAN group and healthy control group were
detected by ELISA. Real-time PCR was used to detect the mRNA expressions of P300, CREBBP, HDACI-3, HDAC7, HDACS8, CIGALTI and
ST6GALNAC?2. The acetylation levels of histone H3 and H4 in promoter regions of CIGALT! and ST6GALNAC?2 were detected by chromatin immune-
precipitation (CHIP). The protein expression of HDAC1 and H3Ac was detected by immunofluorescence. 7-test was used for statistical analysis.
Results - Compared with the healthy control group, the acetylation levels of H3 and H4 in IgAN group were significantly higher than those in healthy
control group (P=0.035, P=0.012); the mRNA expressions of P300, CREBBP, HDACI, HDACS8 and ST6GALNAC?2 were significantly increased in
IgAN group (P=0.002, P=0.001, P=0.001, P=0.045 P=0.012); the mRNA expressions of HDAC2 and CIGALTI were decreased significantly (P=0.035,
P=0.008); the acetylation degree of H3 and H4 in CIGALT! promoter region was significantly decreased (P=0.043, P=0.005), the degree of H3 and H4
acetylation in the promoter region of STOGALNAC2 gene was increased significantly in IgAN group (P=0.038, P=0.021);immune fluorescent results of
renal tissue indicated that the HDACI protein expression was increased obviously, and H3Ac protein expression was significantly reduced in the renal
tissue of IgAN patiegts. Conclusion - Abnormal acetylation modification exists in IgAN patients. Histone acetylation modification may participate in the
pathogenesis of IgAN by regulating the expression of glycosylase gene.
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IgA 5 (IgA nephropathy, IgAN) 24 #5755 I
M /NER R, B S SR | RN Y, IgAN B
S FHUES NG AR IR0 B R A P, 2 FUbk Gk Z 1
IgAl (galactose deficient IgA1, Gd-IgAl) J&55k IgAN K
RHAEORIZ, MK Gd-IgAl #EIN A2 RS Fil IgAN
TG S e bR, & [gAN T 20 TS Rl R Pils A
Yrthrbdy Y, (B, Gd-IgAl P HLHI B R A2,
PN B A AEBSR KR ITE 2 2 H 28 060E, IRk
SRS Ol OO TR HAZ A B SC B T L
B, Sk, AT NALE A R R R 1gAN K
AL

1 HBREHE

1.1 WFFER%

A 2014 4R 1 H—2018 4 12 H T kil 28l K s
BT P ) B 4x B2 B 1 N PHEBE Y TgAN B35 30 i, A
brife: OFRISHI I &Pk IgAN B35, @ Z i MR i i
. REMEIRERTT. QR 1S ~ 653, @ EHE
fE9%  (chronic kidney disease, CKD) 1 ~ 4 #ipy 8, 4k
Erbrife: © FME. @ik, AREERR (ks RAw) .
CHF. BE R rEssR (s, Fooss)., etk
B, REMENE REREERFESRE. © IFHhRets
b E, O EIRSMFLIA A, OF BGu s BB Ol
FlEE . © PEODMERRMODIREA S, B,
ODEEREE. © CKDS iR L& BHRIGTE . ks
BeFe e Bz Aot (#50h No.2013-29), Fir A i 5%t
R B FE RIS

1.2 BPRE, WA IS

1.2 BB IgAN LM IEAEAS A IR T B Befibe 35, *F
EZH A LR A A R B i 4 O e (R4S OO D (R B . WO B
IgAN H#E (30 i) SokfRE4L (MAEA 16 f5]) &b J& 1 %
15mL EIFEPLELE. #iR 1500 x g 8.0 15 min J5 YT
TE W FH W 4% op 25 3% W (phosphate buffer saline, PBS)
1:1 i B Jm 7 4 140, Ficoll #: ™ 43 85 4 J& ifiL 24 /4 4%
i, B AN A% g (peripheral blood mononuclear cell,
PBMC) #j4x10° %, 4% 500uL EP 4,

IgAN 2 20 40k B T B Be B N B B8 28 8 B 2
FilbRAS, Xt B H SRR AR T R AP RN i B (3
i) SFARUIERG B B ESS o EH S,

1.2.2 FEIXFM RNA (Trizol) $2HUK (3£ Invitrogen),
qRT-PCR j#i ik & (3 Invitrogen), AZME MLk EL
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Mg wik (LK), AxyPrep PCR 4fifbid sl (3
[ Axygen), ZuaiifEILitigilng (3£ Millipore),
HEH H3 ORI 5 & (35 EPIGENTEK),
HE A HA CEEAL/KCF ARSI 5 & (3¢ E EPIGENTEK),
cy3- Ifpise (JE[E Abcam), 488-Alex- Il12EHi/h (3
Abcam), $T HDACI $pf& (CHIP &%, 3% [E Abcam),
bt H3Ac $1 & (ChIP 2%, 3% [E Abcam), %t H4Ac i 1k
(CHIP 4%, H:[E] Abcam), EpiQuik ™ g4 & 42 Bk
& (35l Epigentek), H A K ( LiffET), RNase A
(RilgAET), EABMKRE &Y (Lig4T), PCR 5]
WEhE A EA (L) ARAEE B, HAabiR
oy BTl it

1.2.3 (L% K250 HL (5 [E Eppendorf), & Al
R B0l (#E [ Eppendorf), 4fizk#L (3€[E Millipore),
B Ar (L (3% [ Bio-Rad), % 412 . il B I TH B ML B
&g (HAJEHE), £4E PCR (L (3[E Ml-research),
Opticon 2 #¢ Y65z & PCR Y (£ [F Bio-Rad), i)
FrHl (FE[E Leica), fif %% & I % & {X NanoDrop ND-
1000 (2 NanoDrop),

1.3 Jjik

1.3.1 $EIAHEE M —80 CukFHHELH 145 “1.2.17 i
) PBMC, Kk FdEfls Tl 2 fgik 24 % 10 min J5 KR 2
O Tmin, FF2 E{E; Al 100 pL (28R E 4008, ok
30 min; FEFEAEEEL 10 Hz 8875 10 s; A% 250 1 min, Y
LG (GHREMNER) 2138 EP &N Srip
fn 30 uL iy DTT F i 2 Eifh, R I E A 5o %
J5 T —80 C UK t-AF

1.3.2 ELISA {EAGI FF “1.3.17 $ZEAYLLER 4% IR
ST PRI, B A AL, BAPEx BRIl
BRESASIIEL, fRIMA—dT. —ht, EJait, WEEH
FEAR L B ARAE AL W, BEALINA SOuL 28 (iR 2% 1k Bz,
TERARIL 450 nm i K AL %L OD {A.

1.3.3 Real-time PCR # flll HX “1.2.1” Wi % iy PBMC,
Iy - ST EE RIS RNA, AR B ikl & Ui B
PR, RSG5 10 pL S RNA 54 (EARBUA
20 L), #EfTRET, 4 CokFERAF R, W real-
time PCR X G AHOCIA 5 2 pL [ sk P it & ¥4 53 ik
47 PCR ¥ /4. 50 'C 2 min; 95 C #iA8 #4: 5 min,
1 AMEFR; 95 CASPE 15s, 60 CiRKHEAH 1 min, it 40
B 72 CERGEH 5 min, HiPE real-time PCR J5 4445
MEER, R 2 M B REA R E NS AR ED
B FRE R, SIHFHINE 1,
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2 1 Real-time PCR 5|4)3:%1]

Tab 1 Primer sequence for real-time PCR

Gene Sequence (5'— 3")
GAPDH GGAGTCCACTGGCGTCTTC
GGCATTGCTGATGATCTTGAGG
HDACI CGCTCCATCCGTCCAGATAAC
TTGCCACAGAACCACCAGTAG
HDAC2 AACCGACAACAGACTGATATGGC
TAGTAATTCAAGGATGGCAAGCAC
HDAC3 TCTACTCGTGCTGGGTGGTG
TCTGGATGAAGTGTGAAGTCTGG
HDAC7 TGACGACGGCAACTTCTTCC
GCATCACGACTATCCTGAAAGC
HDACS TGTTATCTCAATGATGCTGTCCTG
GGTGAAACTGAATGCGTCTTCTAC
CREBBP GAGGGCTTTGGTTCGGTATGG

TGCGAAGGAGATGTTGACTGAG

1.3.4 Ye i iotie Qe e Diieid: (chromatin
immunocoprecipitation, ChIP) F-F-#MI& Fh4d & 3 & 1iAH
R RH AR E LA, TR E IR S, B
TR AU A 2 1 BURAR S iy e e U 240, Yool - |
A G AT IR BB U R £ 500bp 1 DNA R B, 43 3l
P H3AC HLik it H4Ae Bk HRUER A - A A 1k
MAifE by ik, 4ife, s Est DNA B, e
HFFl, PAREARES DNA MHAEHE R,

1.3.5 ChIP-qPCR #5 ]  ChIP-qPCR 45 II>{= FL i HE AL R iy
(core 1B1, 3-galactosyltransferase, CIGALTI) Fi M % fig
55 (a-N-acetylgala-ctosaminide a-2, 6-sialyltransferase
2, ST6GALNAC2) J&35hF X H3 F1 H4 LEEftkF: {4
I R A ) F X R 5149 38 CIGALTI il STEGALNAC2
JAB)FIX 38, LA 10pL fk REAT real time-PCR 44, LUxt
RLEY input AR, BRSREIE3IAEIL, EE 3K, B
X 5IFHIE 2,

3 IR R IEA RAE LS

Table 3 Comparison of basic characteristics of the experimental groups

Indicate Control group (n=19)
Agelyear 36.7+11.4
Male/n (%) 10 (56.3)
Hb/(g - L") 125.6414.7
BUN/ (mmol - L") 45+1.7
Ser/ (umol - L") 63.7+19.2
Alb/(g - L) 43.7+£5.9
Proteinuria/g 0.08 (0.010—0.013)
eGFR/(mL - min' - 1.73"' - m”?) 104.9 +26.7

P (1 ZBALAE TeA Wb ot | 1065

# 2 CIGALTI F1 STSGALNAC2 JAsh+ X385 14551
Tab 2 Primer sequence of promoter region of CIGALT1 and ST6GGALNAC2

Primer name Sequence (5'— 37)
CIGALTI pro TACAGGCCACAAGAGTCCTG
CTCCGCATTTCTGATCCTGC
ST6GALNAC?2 pro CAAGCCCACTACCAGTCTCA
CTCACAATCATGGCGGAAGG

1.3.6 HH G s AN TgAN 4% 20 ' 2 2
AW A e B K R PR A, o slin—4t (bt
HDACI $iifhk, $i H3Ac Hifk), U1 PR T &N 4 CHF
B In=hi, ROCERBEE 60 min, Ik & T PBS
HERRR BOE 3 4k, Smin/ ks 47, 6- KA -2- FRAEmS|YE
(4', 6-diamidino-2-phenylindole, DAPI) & Yuiiligtz, ke
JEE R E 10min 538 3 1k, Smin/ ik, P1R T E R0
GG RE s . VI T RIE A2 A TR
EERE.

1.4 il itk

% F SPSS16.0 Gt i 5k {1 47 #r $c #5, R M GraphPad
Prism5.0 # fEE B, FFAIERD il E R TR x+s %
w, BEESAERTEAM (0, 0,) Fow, EH
HE AN (%) Fon, RA BB &% 317 L,
P<0.05 AZESAHIFE L,

2 BER

2.1 WEFERRIHEAREAE

WFIEa A TgAN 21 et BE2H , TgAN 21 2 R B I ii
IgAN JE3% 30 (5l (MiRAEAS Xt HEZE A 16 Gl fAAS (i e
B SREA X BRE A 3 (91 i B TR UIBR I S5 AR
B, BRI RIVEARRHE L 3,

IgAN group (1n=30) ty Pl
36.5+10.5 0.063 0.950

16 (53.3) 1.440 0.230
1243+15.2 0.295 0.769
6.8+3.5 2.665 0.011
109.6 +56.0 3.436 0.001
39.8+5.8 2.278 0.027
1.95 (0.105—8.362) 3.756 0.001
79.7+34.5 2.708 0.009

Note: Hb—hemoglobin; BUN—blood urea nitrogen; Scr— serum creatinine; Alb—albumin; eGFR— estimated glomerular filtration rate.
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2.2 41N Ot itk

2 4 PBMC 2 2R 1 CREAL &1 O P AR 25 2R W3 4,

4 [gAN 41 531 41 PBMC 41 [ CBEALIE 1
Tab 4 Level of acetylation of histone in PBMC of IgAN group and control group

Indicator Control group (n=16)
H3 Acetylation percentage/% 22.92+1.55
H4 Acetylation percentage/% 2.91+0.38

2.3 HAT. HDAC JbiEALH; mRNA L4k

2 HHMFFE R B H CREACAH B HAT, HDAC K
FE FE b BlF mRNA Fb 55 45 3 DL & 1, real-time PCR 5 5. i
7~: IgAN {2 K 1 Ok Ak 7 F5 B P300. CREBBP mRNA

2020, 40 (8)

5xf WA AL,
(P=0.035),

IgAN A 240 & [ H3 SREIE R BTt &
H4 RIS (P=0.012),

IgAN group (7=30) t P value
30.84£2.51 2.18 0.035
7.05+1.13 2.62 0.012

Y 2% 3K 47 Bl & ok B4 (2.20+0.18) fi5 (P=0.001),
(0.44+0.08) % (P=0.035), (0.98+0.18) % (P=0.690),
(1.02+£0.21) f% (P=0.924), (1.47+025) f# (P=0.045),
I & 1B; IgAN 4 CIGALTI mRNA iy 3% ik & % B8 240 1Y

I 263K 4 Bl 2 % I 4H 1Y (2.81+£0.39) %2 (P=0.002), (0.284+0.06) f# (P=0.008), ST6GALNAC?2 ) mRNA ik
(244+027) fi5 (P=0.001), WLE 1A; HEA XL XA (2.88+0.60) ffF (P=0.012), WLE 1C,
fitf HDACI., HDAC2, HDAC3., HDAC7 F1 HDACS mRNA
A B
4r 3r
_ 0O Control group 0O Control groug
= d W 12gAN group = W 12gAN group
3 3} ; 3
= < 2r
= =
) )
E 2r E
E - - R
R 2
0 ] i
F3nn CREBREP HDACT  HDAC2 HJ’J'. I3 I.H'J. iC7 H.U.J{' b
_I_ P
@ OControl group (r=10]
- B I2AN group (r=10)
= 3F
=<
z
£ 2t
&
o [
CIFALTT STACGALNAC2

Note: A.mRNA expression of P300, CREBBP in two groups. B. mRNA expression of HDACs in two groups. C. mRNA expression of C/GALTI K. ST6GALNAC?2 in two
groups. © P=0.002, © P=0.001, © P=0.001, © P=0.035, ® P=0.045, © P=0.008, ® P=0.012, compared with control group.

1 2 AZ BRALARKEE R AE 2 LB mRNA RiX

Fig 1 mRNA expression of acetylation related enzyme and glycosylation enzyme in two groups

2.4 CIGALTI f1 ST6GALNAC2 K32 1 IX 41 % (1 H3 f1
H4 LAk 1
JH ChIP AG AL R JE 81 X ORIk, S5 R WA 2,
Xt “1.3.47 75 13815 19 DNA ¥ A 2 % A B9 Input {8 FH 51
Wy ¥ 3% CIGALTI F1 STEGALNAC2 J& 3 1 X I8, &5 % i
e SR A EL, IgAN 4 CIGALTI % R )3 3h 1 X 8k
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20 2K 1 H3 F0 HA Sk 16 B PR AR,

43 3 2k [(043+0.12)

s (1.00+0.16), P=0.043] F1 [(0.62+£0.06) vs (1.07+£0.05),

P=0.005]; STEGALNAC2 £ [K| J25h T [x 382l 2 1 H3 Fi1 H4 ik
RS B EFE, ok (342£0.76) v
P=0.038] Fi[ (2.07+0.17) w

s (1.00+£021),

s (1.10£020), P=0.021],
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A B
ir 25r i
OControl group OControl grows
E al B lzAN group £ 20k B IgAN group
£ 3t E1sf
= = ]
2 2} Z 10} . T
2 = T
S b i ne = 05} -
CIGALTY STACGALNAC2 CIGALTY STACGALNAC2

Note: A. Comparison of H3Ac enrichment in promoter region of glycosylase in two groups. B. Comparison of H4Ac enrichment in promoter region of glycosylase in two

groups. ” P=0.043, ® P=0.005, © P=0.038, “ P=0.021, compared with control group.

2 CIGALTI #1 ST6GALNAC2 JREh FRAEH H3 F1 H4 ZEHLKF
Fig 2 H3/H4 acetylation at the C/GALT! and ST6GALNAC 2 gene promotor region

2.5 H4141 HDAC1 1 H3Ac 14515 0L

IgAN JE5 B 20 21 555 MR ZH ) I 3 A R B S R L
Bl 3, SR EIR, IEHE AL /NE L B Nk R R
HDAC! Fk#RIR /D, 1l H3Ac & [ AE B /NVEFIE /N ER SR
B % . SRR EHLMLEL, IgAN HE Nk &
/NEHT HDACT FA W B9 %, i H3Ac & 19 3K58 81K
b, BHARMROBLRE.

Control

IgAN patient

HDACI1

H3Ac

Note: A. HDACI immunofluorescence results of glomeruli in control group. B. HDAC1
immunofluorescence results of glomeruli in IgAN group. C. H3Ac immunofluorescence
results of glomeruli in control group. D. H3Ac immunofluorescence results of
glomeruli in IgAN group.

3 IgAN HEIEE'FHLAH HDACT F1 H3Ac EEFIERBR (RBRARE)
Fig 3 Expression of HDACland H3Ac protein in renal tissue (IF)

3 itig

IgAN 2 5 IR B I B0, LA /hNER IXC IgA PR
A . BFZ T RBLLE IgAN B S REHA & F
Gd-IgAl Fp 5tk 1gG A Brbifk, X —%IHER T Gd-IgAl
£ TgAN Z Ll ih AU B 220, {2 IgAN KLl 2 4 i

http://xuebao.shsmu.edu.cn

AiE. L& B OB TR A 7 1 Z AL
il z—, HEACHAIE CREAL B E SR & &

B e Y & A R T ke % AR Y AR AR
T IgAN & K i fe ot 135 PBMC w2 & 1 CRE Lk F
B, DA R A CREACIE TBE mRNA Fik 28, o0
KL IgAN B354 & H H3 F1 H4 SRt ok -5 (B ) 1
PR ETE, AU EACEEKSS T IgAN [k kit
Fe. HEED CRACTNS CRELSZ 4 E A CREMCAHSCH HAT
FIHDAC iJif5, HAT Ry FEZERZE “¥TH” e lighi,
fEgER R Lk, HDAC & il EreH & e (AR
RAMEA) BEABR e £ FMWCRHERER, sliggt
O A A e R N T F I R s i R g Y, et I i
FAXE “FTIF” Fn “SEH” RIS R AR ",

A WF 7¢I H real-time PCR {545 MU T 2 21 WF 98 % %
PBMC i HAT F1 HDAC fJ mRNA % ik Jk *F, &5 # 8
NIgAN L HAT Y B 7 8. 2% B, A& A X CHtfb
liif HDACI %11 HDACS mRNA [y % ik T % F i, HDAC2
mRNA [JZRB R E T, Bk i, IgAN #3% PBMC H
H3 i1 H4 kL AKEF 54 HAT F HDAC 3 RIEEE I 45
Fo b T WG IgAN B ORI HE O, TR 4L
G SIEH ARG T 7Nk v HDACT 1 H3Ac Y& H
Foik, WEHE K BLIEF B 414 B /R b HDACT k1R
A, W H3Ac EARBK L., SIEHE EHLHHL, [gAN
EFEWE/NEkep HDACT WS EVH, 1 H3Ac & [H &0
b, BKCELRE. BT, HEACRILEITS
5T IgAN B &St . T I/E R ARE 2 v B2 TgA 59
BEKEIRA [gAl (P-algAl) THIAZREAN, &3
P-algAl REf% W& (R 2F R IEANN & AR b AL T,  FIRLT
Ve Bl SRR A A 35 (PAT-1) Rk, i H R B0 i
HDAC!, HDAC2, HDACS ¥ i % J}- 2, & F HDAC ]

A (B . 2020, 408) (@)
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il PRI AT TS AT AR 2 T HDACT [y3Rak, il
H3Ac ik, &M AR CREfbk T, SR T4
Hsh R IR A Bk YRR I — S R W E A CREE A
25T IgA BiRr R fe, o HrfDAghui i,

IgAl BEHAL 5 A TgAN gt B vp E AT ) A
WF90 45 5 i s TgAN 2 CIGALTI mRNA [k B E kL,
ST6GALNAC? [ mRNA iK1 2%, 5 Suzuki % " i
REER—3, HFHEX 2 A LR B Rk 5 L
A EW, b T 3E— 2B B CIGALTI F1 ST6GALNAC?2
f mRNA KGR 7K 1 & A LRI AL, Fe AT H] ChIP iy
TIEASIT Bk 2 A B R B 3h+ X 1Y H3 F1 H4 CREEftk
S, AR R IgAN 4 CIGALTI #£ I j54) X °H3 fi1 H4
CREACIR e et 2 1) W25 T % s STOGALNAC2 J: Tl 52l
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T IX 1Y H3 i1 HA SRt Tl 7k o 42 e e v IR 20 25 8 2
CIGALTI }: R 52X i H3 Fil H4 CFEEfLAkF FREE S
e TR AER ST ARA, i T CIGALTI B
2R, ST6GALNAC2 B K J5 5 1 [X 1) H3 Fi1 H4 Lk
EACERRIE S N TR, B AR TR R,
Mt T STEGALNAC2 ARk, 2 AR R 5
T IgAl BRI R,

i LAk, HATMES IgAN #25 PBMC F1'5 4H 41
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