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[BE] B - HITH ILEEFERE 3 (methyltransferase like 3, METTL3) P45 pri-miR-21 () N®-F ZEIRFF (N°-methyladenosine,
m°A) H LA IE AR PR % (diabetic nephropathy, DN) /INEUPIESE de Ak K ALl h BOFEFE . 7735 - SR 8 RIS It
db/db /N ER A DNALEL/INERL,  db/m/INERUAE S 0 B, ] b4 IR 75 28 P2 IO e S0 S 1 5 212 I S K e e 4m o) 1) 3-8 U0 1
(3-deazaadenosine, DAA), JLREHLA M4 (5H/41), 4510 db/m4l, db/db4l. db/m+DAA Z1F1 db/db+DAA 4 ; 8 JHi%
THAETEST DAA, H1/5d, HES 8K, DAA THIL R4S TR/ E 19 R, WIS 4U/NRIIL . TR . B IEA S s
A, Ko meE . I LA . PR 18 I ULEF . (albumin-to-creatinine ratio, ACR), BHEATIR AN -4 (H-E) J¢ff . Masson
Yty K KAR LT YL (0 MBS ERAR AL 5 350 £ I B T B RNA A mCA () FE ALK SF- 5 Western blotting 46 JIlE METTL3 J% £F
AEAVAHSCER (363K 5 SE0E 1 PCRAG N B JIE & pri-miR-21 AL miR-21; fiff FH S yss i Bk = 45 B 4120 m°A FJEfK RNA,
FFifad PCRAGINH A moA AL 1 pri-miR-21, 53R - AT db/m 41, db/db41/NEUMME, IMALEF, ACR, ¥ IFEMETTL3,
m°A ALK | SF4EEAIRE R . B pri-miR-21, m°A HEEAL pri-miR-21 AR miR-21 R kKP4 BE 8 (¥ p<
0.05), /NREIERBEEESIG 2 | B /N ISEIG S | 2 e RAR AN, ARECT db/db 2R, db/db+DAA A MM, il
BiF, ACR, B m°A HIEALBIMKF . LF4ELAHCE T . m°A B JEAK pri-miR-21 A A miR-21 A K B8 TR (B P<
0.05), M pri-miR-21 Fik/KF B ETE (P=0.000), METTL3 4K 135K F K L G548k, /N BB RS 05 M 2T 4 AL T s
FWE . 4518 - pri-miR-21 19 m°A FEAL B F miR-21 B, HET A 2F DN /N BUE ESF 2 b i & A= & J 5 3l METTL3
AT 38 3 S pri-miR-21 ) m°A H BB &I DN /N RV IELT i1k
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Role of methyltransferase like 3 regulating pri-miR-21 methylation in renal fibrosis
of diabetes nephropathy
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[Abstract] Objective:To investigate the role of methyltransferase like 3 (METTL3) acting on N°-methyladenosine (m°A) and regulating
pri-miR-21 methylation in the renal fibrosis of diabetic nephropathy (DN). Methods - Eight-week-old male db/db mice were used as DN
models, and db/m mice were used as controls. The mice were randomly divided into 4 groups according to whether they received the
treatment of 3-deazaadenosine (DAA) by tail vein injection or not (5 mice/group): db/m group, db/db group, db/m+DAA group and db/
db+DAA group. From the age of 8 weeks, DAA was injected once per 5 d for a total of 8 times. After the DAA intervention, the mice
were kept until they were 19 weeks old. The blood, the urine and the kidney tissue samples of the mice were collected, and blood glucose
(BG), serum creatinine (Scr), and urinary albumin-to-creatinine ratio (ACR) were detected. The kidneys were stained with hematoxylin-
eosin (H-E), Masson and sirius red to observe the pathological changes. The methylation level of m°A in total RNAs of the kidney was
detected with the kit. The expression levels of METTL3 and fibrosis-related proteins in the kidney were detected by Western blotting. The
overall pri-miR-21 and the mature miR-21 were detected by real-time quantitative PCR. After enrichment of the m°A-methylated RNAs
in the kidney by immunomagnetic beads, the methylated pri-miR-21 at m°A was detected by PCR. Results:Compared with the db/m
group, the levels of BG, Scr, and ACR, and METTL3, m°A methylation level, fibrosis-related proteins, overall pri-miR-21, m°A-
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methylated pri-miR-21 and mature miR-21 in the kidney in the db/db group significantly increased (P<0.05). Furthermore, the mesangial

matrix in the kidney increased, glomerular basement membrane thickened, and the accumulation of collagen fibers increased

significantly in the db/db group. Compared with the db/db group, the levels of BG, Scr, and ACR, and m°A methylation level, fibrosis-
related proteins, m°A-methylated pri-miR-21 and mature miR-21 in the kidney in the db/db+DAA group decreased significantly (P<
0.05) and the degree of renal injury and fibrosis was significantly reduced, but the expression level of overall pri-miR-21 significantly

increased (P=0.000). The expression level of METTL3 protein did not change significantly. Conclusion:The m°A methylation

modification of pri-miR-21 promotes the maturation of miR-21, thereby promoting the occurrence and development of renal fibrosis in

DN mice; inhibition of METTL3 can inhibit renal fibrosis in DN mice by regulating m°*A methylation of pri-miR-21.
[Key words] diabetic nephropathy (DN); renal fibrosis; N°-methyladenosine (m°A); methyltransferase like 3 (METTL3);

pri-miR-21; miR-21

PR I% 9% (diabetic nephropathy, DN) S ## JK
R H LA MM A I R 2 — ), R AE 40
MuAP LT (extracellular matrix, ECM) & [T 4,
ZMHNES5 T DN AW, HPHRNA (microRNA,
miRNA) £ DN H 9 3 5 15 HTI 4F oK 45 %2 Gk . i
5% 1 IESE miR-215 DN B ELF (L UIAR G, B g
WA EF AR A BRI b K05, SR ELT dE AR T
(0 o 0 A . EABFSE 7 UESE miR-21 0] 3 i 1 3
Sma Al Mad #H 56 1 3 (Sma- and Mad-related protein,
SMAD3) . "FifHl SMAD7, L) Je 5 ¥k DRl 19 i g5 ik
J1EHFJEY) (phosphatase and tensin homolog, PTEN)
FER G5 G M LRI 5 2 R R 0 F T LT 4Efk, 2
miR-21 {1 LT HLH X DN AsZma A TE 2

N B AR 4 (N°methyladenosine, m°A) J&—
v 2 5 9 mRNA &4 . BF5E S KB, ISP
mA RIS, S HEFAEY R, I 500
PR UIMIE, SRR AR . A B
FW, miR-21 H P 55 A2 LAY pri-miR-21 [i] Ji 24
miR-21 #44k 32 2| B FEF2 [ 3 (methyltransferase like
3, METTL3) ffbi m°A AL B 45, {0 miR-
21 5 SR 5 1 mC A H IEAAE A 7E DN A 58 BRAE R AR
FERLH R BT, 4875 HAE DN EZF 24k b iy /R
F4A7 BT DN B3 TF AT TR IT 50 . ARWF5E R
db/db 4 R /N BRAE Sl DNACAL/INEL, #4858 pri-miR-21
7 m°A H AL 7E DN B IELE 41k b iy A4E ) 5 D g
FTSTERY 704 HLH, B 7E0 DN B IELF 4Rtk 3G
I BT I B AT

1 BE5E5EE

1.1 S8
db/db /N B 6 %% db/m /N BL (RFRE/NEL) 4% 10
H e, 8 R, IR 20~25 g, W H B R K-
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AR E T B, SEE s ) AR U AR S
SCXK (75) 2015-0001. sh¥inFs T b agil Ko B
2Be bt E A Tr S BE SPF HAnifEsh ¥ by, LR shifii
VFATIES A SYXK (97) 2018-0013. 1l FF 544 . £
Rl E N 18~29 °C, HIiE2E<3 °C, AHXHZEE K 40%~
70%, BOEE FUEDRIESE, BRBABIL A SO, 12h
B

1.2 S0 AL

3-8 A R 17 (3-deazaadenosine, DAA; I Vi
Perfemiker, #%%5 6736-58-9) . WL (creatinine, Cr)
MR & (B atE, 595 C011-2-1) . TRIzolixt
(26 Invitrogen, 55 15596026) . EpiQuik m°A RNA
3tk E Bl H & (35 [ Epigentek, %75 P-9013-
48) . RIPAZYRZEMR (LB AR, 455 P0013B),
BCAE & & (RBEAR, 535 P0012S) .,
YL METTL3 §ifhk (J2[H Proteintech, 575 15073-
1-AP) . Sdi R a-FH WAL E M (a-smooth muscle
actin, a-SMA) Fiik (FE[E Abcam, 5 ab32575) .
Gt BF % B A (fibronectin, FN) Hr /& (3% [F
Abcam, %75 ab124964) . ot B 1 B K & B
(collagen 1, COL-1) #Hifk (3&[E Abcam, %%
ab34710) . HPTERIVAAL R (collagen IV, COL-
IV) ik (H[E Abcam, 55 ab6586) . Hdi FH
M -3- BE MR WA A
dehydrogenase, GAPDH) #T & ( % [E Abcam,
ab8245) . HUR i A AL W AR IC B SR IgG PidEk (B
Abcam, $7%5 ab288151) . ECL Western blotting JiS
ikl & (5% [® Biovision, %% %5 K820-500) , One
Step PrimeScript® miRNA ¢cDNA & Wil & (H A
TaKaRa, %75 D350A) . SYBR Green Realtime PCR
Master Mix ( FHFECIEA Y, §3°5 LM-0049) . &
A/G Gk (£ E MCE, %% HY-K0202) . m°A Hifk

(glyceraldehyde-3-phosphate
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(1% = Synaptic Systems, 575 202-003),

Jiti R AL (MK3, & [E Thermo Fisher Scientific) .
BEIE AL 43 A (FR-980A, il H B AR
Al o MBSO o Rgt (GERERAE) . A
Prage (B 3500, HA Hitachi). JRHHH K& Crok
SRS I Vi A8 R 2 B 2 e B A I e A 0 B

SR

1.3 S8 yik

1.3.1 hWsrdi sy F/NRBENL R 44, 550
Jy db/m 4 . db/db 2H . db/m+DAA 4 . db/db+DAA
., S Ko K/ NRGE RN MR SR 2 S Y. DAATE
DN BA i 0 T JCSCRRIRGE , 2% DAA TEH AR
o3 MR e A 8 R R B B Ok T, AR A AR IR
20 mg/kg Y5 4t 3d o 2w KE ST /NRL, 1 iR/s d, 3t
T8 Y, A5, db/m ZH A db/db 41 [w] i v 5 [+
B — LA (DMSO) % 57 .

1.3.2 PR AR 8T DAA THI45 )5
kLR LEL 6 J, RI/INER 19 JE S i . bR . B AR
ZUbRA . MR RS B E, IRER 41/ 24 hJR
W, AW PEAG /N BUBR A B UUIEF G (albumin-to-
creatinine ratio, ACR). & 4/NRATREEIKECMm,,
JFHER S I AT SRS /0N BB R B 5 3 2o 4 B — M MR Bk
BiUifiL 0.5~1 mL, #8 IR 20 5 BULiE , (A Crill &
A& (VAR AR ) A/ BRI Cr 7K P
(Ser) o 252 /0N BRULA STUAHE I F 325 A B8 S5 T 1 ik EBORLA]
B, B — MBI T mL EP A S TR AU R AE

#&1 LA qPCRE|I¥FF

Tab 1 Primer sequences for real-time qPCR

Gene Forward primer
miR-21 5'-ACGTTGTGTAGCTTATCAGACTG-3’
pri-miR-21 5'-ACAGGCCAGAAATGCCTGGG-3'
U6 5"-CTCGCTTCGGCAGCACA-3'
Gapdh 5"-AATCCCATCACCATCTTCCAG-3’

Note: U6—small nuclear RNA U6.

1.83.7 fPEHLPivE  FRICE BEE RNA JF ¥ A/G
RN mC A LA BRI £ bR D BRIEA T B0, I
Tl SRR PR TR, A TR LT A S RER I A
RNA 1, m°A iS5 % 4 m°A B ZEAL 1546 (1) RNA
S5ty o RARES 2N mo A s G R I T E 45 . A
fify %t 5 4 B Y RNA-PUIR R A W T IL . meA Bk
Bk se /s HBI R RNA, SR H pri-miR-21 A4 S5
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PP BE RS it 3 VA4 pri-miR-21 FREARAB R 7EME PRI 155 905 155 IIEF 4 Ak rh ) £ | 3

T3 — MBS 25 B B A B A DD TF SR A 4% 2 H
PR T A5 H o

1.3.3 B Emss FBHAHY G,
S AT IR ARG - 4T (H-E) Jeff . Masson 42 {4 fil K
IRRLLYA, SaF DI TSR /N /NS 95
P, DA B ELT AEAR G I

1.3.4 WIALER {6 /1 EpiQuik m°A RNA H 34k,
SE R A0 1B E AL RNA o m°A 4 B L4k K F 7R 4T
peh-ix oalll /o VIR VEC (N

1.3.5 Western blotting  Ji] RIPA 2 fif 2% if i $2 1
WESE 15T, JFH BCA 8 1 il e 350 & k17 &
o SR 10% - o6 S 2 94 - 2R TN A T i 5 s P Tk
(SDS-PAGE) 7B B, B ERM R LM
(PVDF) fi5t; 238 T L S% WA WO B4 1 hy in—
Hi [METTL3 i /& (1:1000) . o-SMA $ifk (1:
1000) . FNHif& (1:500), COL-I4if& (1:1000),
COL-IVHifk (1:1000) =k GAPDHHLH& (1:1000) |
T4°CTFMAELR, Wk 5 ik 4 il () ¢
i) 41 (1:2000) 9% H 2 h; 5 PEJ5 f H ECL
Western blotting Ji& #i7] & .4,

1.3.6 SR PCR i ] TRIzol i 71 M\ B HE 2 21
rh 3 R RNA, fifi il One Step PrimeScript® miRNA
cDNA & Bk 7 & K5 5 4 cDNA, 4R J5 f# ] SYBR
Green Realtime PCR Master Mix i#F 17 25 B %€ i PCR
(qPCR) kil . 51955 W3k 1. PCR I 5% -
95°C, 15 min; 95°C 10s, 60°C30s, 72 °C 60 s,
40 MEFR; 72 °C 7 min, B PNFEMEE 3R,

Reverse primer
"-AATGGTTGTTCTCCACACTCTC-3’
"-GATGGTCAGATGAAAGATAC-3’
"-AACGCTTCACGAATTTGCGT-3’
"-AAATGAGCCCCAGCCTTC-3’

AV BV R Y

Yy, X F 1 RNA #E4T qPCR

1.4 il hr

F| FH GraphPad Prism 7 AT 4 it 0 b, SE56
R UL ks s, AL 18] P HSR H o 46 36 DA R L IR R
0T, P<0.05 FRR 2R BEAGIEE L.
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2.1 AALMR 7 AL R b B 0w BRAE 4

% T db/m 4, db/db ZH Il 4 . Scr & ACR /KF-
B EFE, ZREARIFE L (¥P<0.05);
BT db/db2H, db/db+DAA ZH i # . Ser & ACR K
¥R ERAL, Z2RYESIHHE L (3 P<0.05). 4%

A

40

30

20

Blood glucose/(mmol-L™")

2023,43(1)

ZH /N BB HE H-E 446, . Masson 4t {0, K KA B 21 4L {6,
ZERR . db/m ZH F db/m+DAA ZH /)N BB I 15 A I
B S G B A 5 AHER T db/m 4l db/db 41/ BB IE
R L, B/NRILRBGR, BN N
R SRR I R AR, SRR B NERR B NV R A T
44k db/db+DAA 41/ BUE E 5 405 B e SR 41 4k R
FU#E db/db 4B sz . BARTEILE 1.

Masson H-E

Sirius red

B C

200
o = ®
2 150
9
=
= 100
[5]
2
~ 50
@]
< ,_—u—_| I___|

& >
o §~é§
s&& 8&5

Note: A. Analysis of blood glucose levels in the 4 groups. B. Analysis of Scr levels in the 4 groups. C. Analysis of ACR levels in the 4 groups. D. H-E staining,
Masson staining and sirius red staining of kidneys in the 4 groups (x200). ©P=0.006, 2P=0.033, “P=0.000, *P=0.016, *P=0.023.

E1 KANRMHE.Ser ACRKE SHHFIBI

Fig1 Changes of blood glucose, Scr, ACR and kidney pathology in the mice of the 4 groups

2.2 BHAUNBUEIEmeA WPILLL B K. METTL3

KOV B LT AL OGS 1 R B 1S L

HHE T db/m 41, db/db ZH /N BB IE H meA H 34k
B4k, METTL3, a-SMA, FN, COL-I . COL-IV
EARBKFHERE LR, 2RGEEHIT2EXL
(# P<0.05) ; 1 db/db+DAA 4 ) m°A H % 4k ,
a-SMA ., FN, COL-I . COL-IV %A /KF I db/db 41
¥R F R (¥ P<0.05), METTL3 & H % iA/KFE Ak
UL AR (B12),

, 1) JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2.3 AU BV DE T JE4E pri-miR-21. AR 4 miR-
21 S B4 pri-miR-21 4 545 5L

AHET db/m 2H,  db/db 28 /)N BB L pri-miR-
21, m°A 34 pri-miR-21 FIRE miR-21 F 1k /K -1
WET S, ZREAZIFE L (¥ P<0.05); 1fidb/
m+DAA 20 1 B E A pri-miR-21 FKZ miR-21 FEik K
V5 do/m 4 22 S T GE T A L, L pri-miR-21 KA
K0 5 TEE (P=0.000) . A% T db/db 4, db/
db+DAA 4 H 4K, pri-miR-21 F A miR-21 23k 7K
A E T () P<0.05), & pri-miR-21 FiA K]
WBETHE (P=0.000, £13).
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£ 4t
B
=
S 2rf
=
E
0 1
& & ¥ kod
¥ S &XOY' &
N o B
Odb/m
o @ db/db
© S VXQVXV = ® @db/m+DAA
o ¥ 28 o -0 Dldb/db+DAA
o ©) © o
70000 [SS - & METTL3 g 6l 2 o 2o
5 @,
40000 [~ = = =] 5.sMA S 20
=]
250 000 [w e o o | FN 2 4
[}
130 000 [ s | cOL- | 5 51
160 000 T COL-IV o
B — =
35000 [N G APDH = 0
2 METTL3 a-SMA FN COL-1 COL-IV

Note: A. The m°A modification levels in the 4 groups. B. The protein expression levels of METTL3, a-SMA, FN, COL- | , and COL-IV in the 4 groups. "P=
0.000, P=0.019, ®P=0.022, “P=0.038, ®P=0.007, ©P=0.009, ©P=0.021, ®P=0.039, ©P=0.017, *P=0.045.

2 BANRGSHmA BELEHKE METTLI K ER FENBEXEARIEITH

Fig2 Changes of levels of m°A methylation modification, METTL3 and fibrosis-related proteins in the 4 groups of mice kidneys

Relative expression
(pri-miR-21 versus GAPDH)

o L] e

0
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S
Relative level of methylated
pri-miR-21
N
Relative expression
(mature miR-21 versus U6)
IS

& ¥
® 8°\ XQ?' ¥ XQY'
So\& S&b

S oy
8&& 8&6

Note: A. The levels of pri-miR-21 in the renal tissues in the 4 groups detected by qPCR. B. The levels of m°A methylated pri-miR-21 in the renal tissues in the
4 groups detected by immunocoprecipitation. C. The levels of mature miR-21 in the renal tissues in 4 groups detected by qPCR. “P=0.008, 2P=0.000, ©P=
0.004, YP=0.001, ®P=0.006, “P=0.005.

3 BANREES pri-miR-21, FEA pri-miR-21 B A 3 miR-21 B RIAE
Fig3 Changes of total pri-miR-21, methylated pri-miR-21, and mature miR-21 in the 4 groups of mice kidneys

3 g FeAb K w3 THR BF9E 7 & B db/m/NELS db/db
INRZ R A B AR S AAAE I B 22 7, dlad

m°A H LA B 1 & B AR Y R UL mRNA DL SR qPCR AN 22 B H: mRNA 2635t B B ANH . AH

o AF % % RNA B %% 3% 5 & #i ', METTL3/  SCRFSY 'S W] METTL3 /E A 5 mCA 4 i = 5 H0
METTL14 5 R4 E M1 m°A BB EEE 59, L B 2 5 DN B IR0, J2 51 DN 2 41 it
1 5T SHB 43I 7L 30 P 240 L 9 mRNA 9 m°A B 561k & P EE ST o AWF5E T DN BN (db/db /)
B R U RIS IR R AR IR B A L B B NEZH 2 m°A W ALK X METTL3 ik 7K
PRAE 11 B M B s F8 3 I 4 2 P S K mRINA H PR EFE, —ERE LUESS T METTL3 A %
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m°A FILLE I 5 DN & A K A A e

S-J 5 2K Bk & B2 S METTL3/METTL14 5 — %
RE A YMEHIF, DAA PP S-ART = 2B
% 7K gk DT 410 1) mOA T3 A mRNA K, #E i
0 mRNA % A& B 34 L M e BF g 0 AE s
METTL14 {{ & METTL3/METTL14 & & % ' JC i %
BI43 FAEAE, BRI HED DAA 3146 mCA T 354 32 250
b METTL3 B35 Ve A& EEH] . ABF5EiE i DAA
P mOA F AR AE i 35 AR T DN AL/ B 1L
Wi, Ser S ACRIK-, Wiz v 5 Eps B4 45, [w] i) 410
Hil T HEH L ECM R 3R ik, /R 0 METTL3/
METTL14 5 — R E 5P 50 m°A B EEA &4 mT
M3 DN AAL/IN BB DRI T I % B IR LT A AR 3 . I
G, MM gT P e AR B 5 AT e K 2 R
PR B JBE ) ZHCPUAH 5, DAA BT DL i 4 il B e 4k
HE IR S A SO R 1 3Rk, WO W o e i
B FEMPT P, X AT AR A5 h DAA &b AT RR AR
db/db /Iy FRIBE A 1) JRL A

FEWTFST 2 EAIESE miR-21 55 DN B 21 4 {L AR
X, miR-21 78 B /N b Rz 40 i %) 3 B8 ¢ 38 mT DA oF
T MY 08 B O () S 4T A s R IE R AR A P A 5 A
MRS P R miR-21 75 DN /) BUSE AL b )3 Fe 38 7]
i o 34 o % 4k 4E K F - B1 (transforming growth
factor- B1, TGF-B1) i T M b K - [0 58 i 5% 1k
(epithelial-mesenchymal transition, EMT), JitJil & )i
Pi5; BFFE 2 KB miR-21 5 25 S ik PTEN (132
5 AT IR B ) S 27 4k . 230 g 2 R
miR-21 3 i 5 ] TR KR A #E DN iy B 2R 4E b, (H
miR-21 Y W HLEIA A TG R . Ao Rk — 2P
PRZE miR-21 {2 ifF DNBLAY /N B A= B LT 4E AL 1Y) R i
W, IR SRR S mOA 3B MG 7E pri-miR-
21 [ A miR-21 Ak 78 A o A B 5% 4 3 DN
RN BB P 3 miR-21 K S B H 34K, pri-miR-21
FIRIKEBE RN, 4T DAA TG & Pl 23
ik, UESE T miR-21 131k 5 DN B HELF4EAL A AH G
P, [A]ES 2B pri-miR-21 % I ALK P 5 4 miR-21
HESIYI G I

MG F 58 7 EIE 52 meA 18 A6 AT 2 JE pri-
miRNA [7] J8 24 miRNA # 4k, H miRNA 19 Ji 2000 H
RIEAYFRN BREHE, A5 i — P&
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ZH /N BUB E2H 20 b B pri-miR-21 3235 7K F, &K B DN
RIS BB I ZH 2 pri-miR-21 19 SR K S48 i 411
il m*A B LA fS /N BV IE D pri-miR-21 S35k
K —2 BE, iR miR-21 B ik K T .
XEER AN pri-miR-21 ¥ H IEARIEM S, HIC Ak
R miR-21, M H 3R pri-miR-21 B M Ak
Tt . ABER WA — AR, AR RERH
METTL3 @155 /1N BB AR A0 i 512 56 1F — 25 0647 30 1F
KAEHE— L HRTT miR-21 {2 #F DN BN ERUL A= B IELF
AR T IR A

Rz, ARIGHFGE K B pri-miR-21 ) m°A F L4k 1&
MifE #E miR-21 i, T2 i DN B IELF 4Rk i & A=
&, METTL3 25 T pri-miR-21 #J m°A Ff 54k &
Wi, 3K DN ATRYT SR AR A4 A
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