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Dynamic regulation of m°A in patients with type 2 diabetes mellitus and its mechanism
Chen Yeqian'*

(1. School of Pharmacy, Xinxiang Medical College , Xinxiang 453003, Henan, China;
2. Henan Provincial Children’s Hospital , Zhengzhou 450000, Henan, China)

Abstract: Objective To observe the dynamic regulation of hyperglycemia on the mRNA N6-methylade-
nosine (m®A) in peripheral blood of patients with type 2 diabetes mellitus (T2DM), and to analyze the possible
mechanism. Methods We selected a total of 60 patients with T2DM as the study subjects, who were admit-
ted to the Affiliated Hospital of Nanjing University of Chinese Medicine in 2017. And we also selected 65
healthy subjects who had physical examination with matched age and gender of T2DM patients. The fasting pe-
ripheral venous blood of the subjects was collected. After being treated with erythrocyte lysate, white blood
cells were separated and collected for further RNA extraction. First, 9 patients with normal fasting glucose,
hyperglycemia or hypoglycemia were selected for detecting the content of RNA m°A in their blood samples by
liquid chromatography-electrospray ionization mass spectrometry (LC-ESIMS). The mRNA levels of methy-
lase and demethylase were measured by qPCR. In addition, relevant studies were further confirmed in HepG2
cells treated with high glucose and HepG2 cells with FTO knockout or over-expression.  Results In T2DM
patients, their m’ A decreased, while the mRNA expressions of FTO, METL3 and METL14 increased, and the
content of m®A significantly decreased. However, in HepG2 cells, the up-regulation of FTO protein by high
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glucose had no significant effect on METL3 or METL14, and the mRNA expressions of FOXO1, G6PC, and

DGAT?2 significantly increased.  Conclusion

In patients with T2DM, high glucose promotes the mRNA ex-

pression of FTO, leading to a decrease in m®A. The up-regulation of methyltransferase is probably caused by
the decrease of m® A content. In addition, FTO induces changes in mRNA expressions of G6PC, FOXO1, and

DGAT?2 and these genes are closely related to glucose lipid metabolism. It indicates that changes in m®A are

highly correlated with glucose metabolism.
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2 T BE JR 9% (type 2 diabetes mellitus, T2DM) 7E
60 % LA b2 N AR i &0 38 9 HLAE B HE &
5 BT HR I BEAL G R AR B MR A5 .
CA MR, T2DM [ & 9% 518 2 2 K DL K 3R B3 A
KHBEARKIERY . A5 M, B8R A R
(fatty acid synthase, FAS) ., X 3k % % A T (forkhead
box O1,FOXO1) FIi % -6 B2 i ( glucose-6-phos-
phatase catalytic , G6PC) & K 2 )8 7] B8 2% 7 A5 b g
R F %, XEILFE T2DM Bl P A HE
VRIS A3 0 R R (1 5 R 36 2 ply T MR 4% Ay sl AR
SRR ER RSN, 25 R ELS L. CAKRE
WFFEIRIT 1A [] J2 K 04 28 00 81 428 %o 1485 22 A P 9 9 1Y)
W, H 2 H XS T2DM 9 26 W §% 5% 8 5 09 3F 58 ¢
DT PR FE R TR IR A AL e LA SR AL
R e — D EZE T,

N6-F % i 7 ( N6-Methyladenosine, m®A) &
mRNA H=F B 1 R sk E L2~ e
JHE B DRI J88 A RN A AN SRR SR Z S m° A &
WA A S0, IF H, m® A B — R AL T st A
RERY B W1 — T . AR AR A2 B AR 3 (methyl-
transferase like 3, METTL3) . H & # % [ #£ 14
(methyltransferase like 14, METTL14) #1 Wilms i
JB 1 A8 H (Wilms’ tumor l-associating protein,
WTAP)YJE M m® A W BE 5% 7% g 52 & W) mT LA AE i 2
YA il mRNA P m® AP 5 — 5 T o i
T R AR A AN R 2 1 SR R 2 S BT < g I RN
AEJE#H ¢ 2 H (fat mass and obesity associated pro-
tein, FTO) K o i 13— PR AR A UMD 48 B e J 2 1 il
[ &%) 5(alk B homolog 5, ALKBH5) 1 i 2= H 34k
B, AT LA SRR mRNA o m® A KEDC S m A
FH R 2 % i 5 5 ) R 2 TR R A T A T 2, 7 20 L
JERL T X m® A S84, EXF T T2DM Hrix gk i
SEAC G AN £ BB R SRR 2 B8k 5 T2DM k&
o A7 G Y i PR 3 TR 7K1 15 32 HLR i 23X 2 ] L id
AR FE . BRI A 50E A T2DM B m® A
KBS AR A LA K H A Tl 0 25 HY 3 AL il 1Y 22 S R
ik, BRI FMEL SR AE T2DM & AL H B4R
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1 #EMERE

L1 — SR e lpg 5 b BE 25 7 MR B2 Be 2017
AFIGAR B 60 ] T2DM B3 (T2DM 41, Horp 5 44 29
), 2k 31 B AF K 52~64 %) F1 ) S0 AAR G A 4 % 1
SIAHVCEC Y 65 ] filt i N Cfilt 5 X B2, i 55 1 32
i, ek 33 Bl AF W 52~66 ) MEFIET 4,

1.2 SR AeFE bRk A RE T A DF R Z a8
Ah Rk 2 ml, 4 B 35 Beckman AU5800 A= 4k
A ACIN 52 L bE L H 3l = B8 Ceriglyceride, TG) L L JH
[E % (total cholesterol, TC) . /& % & g K M JH [ B
(high density lipoprotein cholesterol, HDL-C) | {f§ %
g 45 1 1H B B (low density lipoprotein cholesterol,
LDL-O) S Atk 6 15 .

1.3 A S RNA A28 1 Blood RNA fi] 5
R & CORAR A Al A6 50 AR i I 1 400 i 4 25 4 A
RNA, f# FfL e 43 Y6 Y6 B 7T (Nano Drop) 1l RNA
W B2 ] B 368 g H UK V5 I 7€ RNA S22, S5 4h,
e HC T2DM 41IC MW S0 [ (28 8 B <<2. 5 mmol/L
SR A5 M I WS IE % (3. 9~6. 1 mmol/L) 11 3 {51l &5 Ifi.
Bl SUE (45 1 I =22, 5 mmol/L) T2DM & #E 17
FTO mRNA 3Rk &1l & .

1.4 RNA B/Kf#E I RNA m* A Kl & RNA %
Niand 3R B9 75 1 #E47 B R, JF SR OO (351
5% 55 L B IO i K T 2R 8 0 A% AT 43 BT AR JB 3 A
A AB 3200 QTRAP ( Applied Biosystems, CA,
USA) , T2 IEAH HL 8 55 1 B A0 0N 2R 47 B A il . ]
Mm'’A 5 MrA @ HETHH m° A & &, d Mm°A
B m A PEER LM MrA J& RNA AR5 ol m i
H A MRS . BT ZBE R, >0, 998, Lt
2l 0.05%~5.00% (m°A/rA MEE/R L) .

L5 AiMsh R BORFe g ¥ HepG2 4 & OF
S80S FAD X HepG2 #2554 5.5 mM Al
16.7 mM R E A RE R SR AL F 48 h J5 AR 4N e
PEHL RNA % . 1 Dulbecco’ s Modified Eagle
Medium (DMEM) ¥ 3% % 8 3% . DMEM i fin 10%
FBS (Jii 4= 1. &) Ml 1% Pen-Strep (W #7 ). Lipo-
fectamine (I8 44 ) 3000 (Invitrogen, 3¢ [E) I F DNA
UKL (peDNAS. 1-FTO., §ifi Y& 5 i 4 BE I 5 ) Al si-
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FTO ¥ 4%, si-FTO 41 H 5'-AAAUAGCCGCUGC-
UUGAGA-3", 3 LA ¥ %1l 4 5-UUCCGAACGUGU-
CACGUTT-3" W76 X siRNA fE R %t B, B 2 mg/
L EEFE R FTO MR Mot AT E MR .

1.6 Szt h PCR &M mRNA i9%i5  ffi ] TR-
Izol i 57 (invitrogen, 3% [E) $2 BUAH ifg &L RNA, 2 5 fiff

5% 7] & (invitrogen, 38 ED 5 H il %5 i cDNA
S, TE Q5 SERF PCR R & 48 (ABI, D E HIAH
MBS ¥ PowerUp SYBR Green Master Mix(2x)
5] (Thermo Fisher, 3 FED # ] FTO,METTL14,
METTL3.FOXO1,FASN,G6PC fl DGAT2 ) mR-
NA %Kik, W& 1,

£1 WM mRNA HBEHS %

251 1E 4 S S

FTO 5'-ATGGATGAGCCAGCTTCACT-3' 5'-TTTCTCCAACCCTGTTGCACAT-3'
METTL14 5'-AATGGCCGTTCTGTGCTCAT-3' 5'-AGGCTTTTAAGGATCTCAGCCT-3'
METTL3 5-ATTTTCCGGTTAGCCTTCGG-3' 5'-CTAGTCTCCCAGCCCTGACA-3'
FOXO1 5'-ACATTCAACAGGCAGCAGCG-3' 5'-TTAACTTCGCGGGGCCATC-3'
FASN 5'-GGTGAGCTTCATGGACACCA-3' 5-TGTACAGCTTCTGCCTGTGG-3'
G6PC 5-TGTACAGCTTCTGCCTGTGG-3' 5'-ACGTAGTATACACCTGCTGTGC-3'
DGAT?2 5'-GCTTCAGCCATGAAGACCCT-3' 5'-CCACTCCCCATCTCCCAGA-3'

1.7 EEAFETRM AR 10% SDS-PAGE
BEE Ay B R B PVDF ), 5% Wi AE 24 W& b4, 7
4CTFEIES —4i (bt FTO (27226-1-AP, Protein-
Tech) . it 3t GAPDH (10494-1-AP, ProteinTech) ] ¥
B, & TBST Wik 3 Wa . IAEZ= I H =P
H 2 h, f2EROG B, I H image] R 4
AT IR BEH

1.8 SiitsEry: W SPSS 11. 0 #1750 112
S #r i GraphPad Prism 5 XT84E S iH - /ER .
Y80 SE g i s A8 L FH o K D A 4% 4 AR R Y 22
5. P <<0.05 WERAGIHEX.

2 HR

2.1 T2DM 4 il 4 | i i 7K 7 S HY Ak il 2 H 4k
gk Ar  T2DM 41 3% %5 JE B . TC. TG M LDL-C
K4 2 T AE B X R4, HDL-C R T X a4, 2 %
A X (P <<0.05), W3 2, Jy WE = 0 )
WOE X mRNAH AR A2 H 3 Ak i 2 35 K-
SN, qPCR A 1 52 50 v 35 43 £ 5 R4kt B X BB 2 19
40 METTL14 . METLL3,WTAP #l FTO 1Y%
kK F, 45 R B R T2DM B # (W METTLI14,
METLL3.FTO ik Fh &, 5% A 2% 7 A g1t
HEXCP<0.05), WE 1A, HXH&A 5.5 mM Fl
16. 7 mM 1) % 25 % 19 55 352 5L 05 5 19 HepG2 41 Jf A5 )
BRI BRI P E RS T FTO mRNA £k (P
<<0. 05) , HZ&Z X METTL3, WATP fl METTL14
JoH W, WE 1B, S45 DL B 7E T2DM & &
M HepG2 20 it v, 4 45 05 80 808 52 2 28 7 FTO 19
mRNA ik, {2 Jyfif METTL3, WATP 1 MET-
TL14 FE R P3RS A — 350, W] R 2 WK A 5 R
SRR FEHLE . (H S WY R AT LA B

FTO Fik Tt m, I i 4538, X 7 3 B
R IBE 2E T2DM B | s 20F T2DM & s
2 104 1 # f BRE X BEE 9 FTO mRNA, 45 5 8 /R 7
Mk 22 B Fh FTO mRNA #9235k 85 778
R A 22 EE, WE 1C,

% 2 T2DM AEE SRR A M #EF A KT L&

Xf HE 40 T2DM 41
i H

(n=65) (n=60)
/L 58.70+1.59 58.56+2.01
25 B MBS/ (mmol « L) 4.5240.08 9.2540. 69"
TG/(mmol + L) 1.2140. 04 2.0440.15°
TC/(mmol « L) 4.3620.06 7.20+2. 48"
HDL-C/(mmol « L") 1.2740.02 1.1240. 03"
LDL-C/(mmol « L") 2.5940.06 2.6720. 10"

EORATEXAHHABELGEDRT; Q5 X B A KK, a:
P <<0.05,b: P <C0.01,

2.2 EWRALE FTO MTHm T8 m A & 2 T %

FTO j& mRNA 1 m’ A &M 1) 25 3kl 2 — . 5¢
KR Bk T2DM i E m*A S RHE FHFEP <
0.0, WK 2A, £ W FTO £ m°A F & it & B AR
F . 78 HepG2 4t b 46 I 51 28 LA 45 38, B m® A 75
FTO & m 40l b i FTO Rk 2, 1 m® A
£ FTO RBMMEHBE FTO 893K 38 Z 0 2>,
Kl 2B Kl 2C, XSt — 2B R m° A & a ek A
W RAEFESEH T FTO M9k, SR, 78 FTO i £ ik
HepG2 40 Jfl tf, METTL3, METTL14 fl WTAP #
mRNA £k g8 EH ML, WE 2D, XEERLY
25 E/RT FTO X mRNA B LD K HE m° A H
BE I B I 1 52 ) 7E AR N AEAE 2 2 0 R HE LTI
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FTO mRNA expression

METTL14 METTL3 WATP Patient 12 3 4 5 6 7 8 9

Glucose 46 45 55 22 24 21 246 265 282

HAEiEH A B mRNA B9k ;@ 1B 5 88 % HepG2 4 8 5 .FTO mRNA % ik

4B E 1C.FTO mRNA 7 3 ] &= ff % i 4% £ 2 (P1~P3) (% Jf M #<T3. 9~6. 1 mmol/L)F1 3 #] %2 B 1% i 4%
B #(PA~P6) (X fE M #8<<2.5 mmol/L)#Fr 3 ] & fL 4 & 4 B # (P7~P9) (R i ##>22. 5 mmol/L) # kK 1§ A,
MWIE® iy % — (&0 FTO mRNA MM R* B EE, §HBEAkE, . P<<0.05, % x ; P<C0.01,
A1 ®itER#F FTO mRNA k%

A E= controls B
. B2 T2DM patients 0.0020 *

0.0015

2

;0.0010-

£
0.0005 -
0.0000 L—E

C KD-control KD-FTO D

_ N | o
cm— - caorn

OE-control OE-FTO

—— — FTO

methytransferase mRNA expression

S S oo

F L 2A:T2DM g AF B ALl & 0+ m® A &

1.5+

T
KD-controls KD-FTO oe-controls oe-FTO

E=E oe-controls
E oe-FTO

METTL14

METTL3

B 2B s it ki FTO & HepG2 4 fi

m'AASEENTMH;H2C. EHH LKL FTO 8 HepG2 4 i F FTO & A %k ik 89 Western blot 4 #7 ;

B 2D:FTO %t F % % HepG2 4 ¥ 3
M2 ®HiigEMmFTO %

2.3 W% FTO % FOXO1,FASN,G6PC fl DGAT2
) mRNA RIKBFEW O 75 T2DM & T FTO
5 VR BE IR A 00 DG B 3L P 22 B Y 56 R L qPCR WA £
T FOXO1,FASN,G6PC #il DGAT2 i mRNA %
KK, BdE R oR, £ T2DM B # #, FOXO1,
FASN.G6PC.DGAT2 B AH % mRNA FKikK-F 3 1
XFRRZH s WL 3A. S T FAIRERIE FTO MR 4E/E- .
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BHE mRNA LKA KT, GHEHALEK, x
MK T KK E HepG2 40 & m° A Fn 3L 4 £ B 6y £ 35 1§ UL

: P <<0.05,

TE FTO #% & 4% ) HepG2 4 Mg v, FXO1 1 DGAT?2
1) mRNA £ kK- B FREAL, WIE 3B, 1A, FXO1,
FASN.G6PC #l DGAT2 7 FOT #f if %35 HepG2 4
Mo R E —E RS A ERTGHFE L P
=0.05), WA 3C, RAZEIXELE R, X i 2 3 Y OF
W CFTO JEIEH L EW
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A B C EX1 oe-controls
controls =3 sh-controls 1.5+ oe-FTO
254 B8 T2DM patient % 1.5

Ea sh-FTO

FOXO1

FASN

FASN G6PC DGAT2

FOXO1

G6PC DGAT2

FOXO1

FASN G6PC DGAT2

% :H 3A:T2DM & # #1 FE % At FOXO1.,FASN.G6PC 8 DGAT2 t mRNA % i A& F; & 3B.FTO # h HepG2 4 i1 #
FOXO1,FASN.G6PC #2 DGAT2 # mRNA £k (n =3); F 3C.FTO 1t %k 3 HepG2 4 . # FOXO1,FASN,
G6PC #1 DGAT2 #y mRNA % KF, GarBaths, x . P<0.05, * x . P<(0.01,

B 3 FTO % % Jig U A0 3 4 8 K5 48 % 2 B mRNA k%

3 itig

FLAZ A0 AR — B AT LT IZ 1) mRNA &
Mi-m® A B, Fik B I m° A B S S5 mRNA Y
Ige & A B i, X vl g — 2B 51 ks M B E 2 R
. T2DM ™ fE 3 30 2 AR fi B 4 4 1), 2
A AR R A PR R, B 2020 AEFRE Y
T2DM #B# Al fE 233k 3] 8000 7%, SR, % T RNA
1) 28 L6 5% 8 42 Bl 8 AE T2DM 95 B a2 72 o 4 4 J1
SEMA , BEAEXT R 2 LD TR R IR Y2 e T 20 Y
mRNA B AL KA A 4B S LR s ik 25 i L i1
JEERER . MR AR L B = . AR5 R,
T2DM 35 (40 i 403 m® A &4 2 sl &2 1k,
T2DM % £ W I FTO mRNA ik 5 m°A KF
MR . BT B WRGES: T2DM & I b 2 5% 8 % FTO
mRNA KK ] G2 W 5 LU AR i 20iE A8 38 T ey L i
Xof 3 L) LE LW | R IO 2 R B R A
Ay AT WL IOBE R N FTO kK FEZ ML R,
[ ZEAR SN HepG2 40 i /=5 0 52 56 25 5, HO B B0
MR T AR AR FTO Rk, Xebss
WoRmES RS FTO RSB, N — 2 S m°A
£ T2DM T REASAE R . [RIES & T2DM iR i+
H L Bl O3 B2 R2 i METTL3, METTL14, WTAP
mRNA F£HEKF . ERE/R, T2DM % METTL3 fl
METTLI14 mRNA 357K F U] & 5 T O & X 4,
ELFE AR S 1 vy 0B i) 33 S 5 b, JF R R B METTL3
METTL14 mRNA £k KVFA B FHZA, [, 7
I RIRM FTO 4l rh i W2 A3 METTL3 1 MET-
TL14 mRNA FkKFHFEARENRE ., XFh2ER
W v IRLBE X RNA B9 m® A 846 6 3k P8 45 7K F L 78 1K
AT A B B 22 AL . AR TG IR FE AR N 34 J2: 1R A1 3%
A LLE B R 1 FTO 2k A MR m° A &
AT A AR B G

fE T2DM 19 9% #5372 b, FOXO1, FASN, G6PC

FDGAT2 Z2Z 5B WM HEER,. A FEFEE
BIVE L2 A BFSE T2DM B % FTO mRNA ik
FF+5 FOXO1,FASN,G6PC Fil DGAT2 mRNA %
ik EEAT 6, 0F H BRTE FTO 2 323K 59 40 i 5256 vh 1%
A& W] W a3 R AE B AE FTO @R i HepG2 4f
JiL v X5 B R — B 25 . X SR R WL FTO 1]
fE#Em FOXO1,FASN,G6PC #l DGAT2 mRNA %
KK, FER B HepG2 4 m® A-Seq I g h =2
BH,FXO1 A 54 m°A {7 5. FASN FH 2 P m°A i
A LA m® A PR B L S e R R Y 3R
IR RN B PE 5T 1 O 3 A K 2 I IR Y B S O R A h R
B m'AREEZEEN. Fik, BidaY m AR K
BV FTO BRI R 8 Y 13X 2L 3L R R TR 7K F . X
L6 LK e 1% 1 — 2P 5 i A RN B BT R AR . T
J L TEME S AR FIOBE R 2 i b, GEPC & H vp iy 56 B il
FOXO1 i@ i fFBE 0 28 X EAR KRB LR T
T2DM #1185 7 5 5 A B 1 mRNA B LAk 7
FEAHEE R . 5y —FhnT BE M AL R S R BT (IR) .,
FOXO1 /& Forkhead X1 i B 5% . 7 JBE 5 X A i R
FAKKEF 1AGF-D E 516 i AR i = o
B SRR L A BT A 418040 i rh ) iz kT
FASN J&—Fi g 7 B2 45 10 , AT DL A6 T8 BT 19 i 07
Fiz e AR e s b T DLaE IR KOG B Y 1
FHES i AE N BUFIE A DGAT2 il ad BE ik . &7 4k
JUE I TR, T D sk 2 5 TR ) T R SR 43 5 el A
ARG 5T 0 AR K
ZE LA b R AT A3 I FTO Fik K. M
Mm% m"A KF R, T2DM 5 A B FOXO1,
FASN.G6PC #l DGAT2 ) mRNA ik /K &8 % T+
F IR H FTO BK )5 FOXO1 il DGAT2 # mRNA
FIRKOF B E AR, W FTO X263 A mRNA fi K
SEAT B RZ M . (F i IR R B A FTO AKSF3E
AR AL 3 T 2 T — P R
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