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Effects of activating transcription factor ATF4 on the development of

intestinal inflammation in type 2 diabetes mellitus

CHEN Songtao', YIN Kai*, HE Qingzhi"”, ZHU Xiao'*
(1. a. Guangxi Key Laboratory of Diabetes System Medicine, b. College of Intelligent Medicine and
Biotechnology, Guilin Medical University, Guilin 541199, China;2. General Practice,

the Fifth Affiliated Hospital of Southern Medical University, Guangzhou 510920, China)

Abstract Objective To explore the expression changes of activated transcription factor 4 (ATF4) and its effect on
the occurrence and development of intestinal inflammation in type 2 diabetes (T2D) , state. Methods Streptozotocin
( STZ) combined with high-fat diet was used to construct a mouse model of T2D. The protein expression level of ATF4
in intestinal tissues of mice was detected by Western Blot( WB) and immunohistochemistry (THC ). The pathological
change of intestinal tissue was observed by hematoxylin-eosin ( HE ) staining. Real-time quantitative PCR ( qRT-
PCR) was used to detect the levels of inflammatory factors in the intestinal tissues of mice. Caco-2 cells were treated
with high-concentration glucose medium to simulate the hyperglycemic state, and the protein expression level of
ATF4 in the cells was detected by WB and immunofluorescence (IF). Caco-2 cells were transfected with ATF4
overexpression plasmid, and the protein expression level of ATF4 was detected by WB. The level of inflammatory was
detected by qRT-PCR. Results Compared with normal mice, ATF4 protein expression in intestinal tissues of diabetic
mice was significantly down-regulated, and the intestinal tissue showed significant pathologic changes, such as
thinning of intestinal wall and sparse goblet cells. The levels of inflammatory factors in intestinal tissues of diabetic
mice were significantly increased compared with those in normal mice, the difference is stootistically significant( P<
0.05). Compared with normal group, the protein expression of ATF4 in Caco-2 cells was significantly down-regulated
after high glucose treatment( P<0.05). The levels of inflammatory factors in Caco-2 cells were significantly increased
compared with those in normal group. Overexpression of ATF4 reversed the expression levels of inflammatory factors
in cells induced by high glucose environment(P<0.05). Conclusion Hyperglycemia may promote intestinal
inflammatory response in T2D by inhibiting the expression of intestinal ATF4.

Keywords: type 2 diabetes; hyperglycemia; activated transcription factor 4; intestinal inflammation
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1 #MRl57A%
1.1 M

NG IR Caco-2 4 AR SRk B2 2
B b DR i S e = AR R A
1.2 ¥

{5 C57BL/6] /NI T D K E A P He R
HBRA W, sh L= A #IES o8 SCXK () 2022 -
0011 WA (20£2) g, A HfE, T A /)N BRI I PR R 77
1 JJE TFUG S5 SR A5 IR (20+3) °C AHXT IR
JE45% ~50% , WIS S IR 12 h, A A5 HE
MRS 2 Bt B ) 52 0 A0 328 D3 o W AR A o (G5
GLM(C202105049) ,
1.3 FEiRiA

= DMEM 55 5% 50 T 35 [ Gibeo A W], H %5
KR R T 5 Solarbio E W) FH4% 2 F], PBS #
ARG THEERAY A, KB4 (FBS) g 138
[ Gemini 23], 254 RIPA 440/ 20 il 2L Wk . PMSF
W4T [ Solarbio ZE ¥ FHH 28w, 8 1 FESE Ml
5 F [ Beyotime Biotechnology 2\ Hl, 30 % PN 4
5 iz - S FP B X P A IBE % ( Aer-Bis) (29 2 1) (1 mol/L
Tris-HCl pH=8.8 .1 mol/L Tris-HCl pH= 6.8, P4 3
T ZWZ(TEMED) G354 (APS) I Tt 5T Solarbio
BHE A F] A LYY 5> F 5 Marker , ATF4 il
PEZ TR T3 [ ABclonal /A 7], GAPDH LA
PEUIARIE T b 50 A2 S 0 A M BOR A BRA W], Cy3
FRCHSEPT R 5t Bt (488 FRic B EHT R TOE T
W4 F 32 [E Proteintech 23 ], DAPT % YAk g F b 5
Solarbio /A ], PVDF JEI4 T4&[E Merck Millipore
VNG TR 3 AR RN N | /A
TRIzol 1 T € [# Invitrogen 23 &), MonScript™ RTIII
All-in-One Mix with dsDNase, MonAmp™ SYBR®
Green qRT-PCR Mix W T BG4 LE MR A Wl | i 5
X7 & (ReverAid TM First Strand ¢DNA Synthesis
Kit, #k1622) Il T il ¥ KX MBI Fermentas 2\ H], PCR
I T T AW TR (L) RS\l ATF4 3%
IR TR ARG T 1 PR A B R ]
1.4 {4

PN i B W T 95 [ BioTeK /23 A, ¥ VR B 0>
B e B0 B, 2 T 3 &8RS 0 Bl Applied
Biosystems 52 %€t 5 5t 4 T 3¢ [§] ThermoFisher 2%
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A BER UG R G KA B R B IR R G T
LA SR | 48 B A4 8B I T H AR Olympus
Corporation 2\ HJ

1.5 FHik

1.5.1  #AESCE SRA] DMEM V4R 85 3% 36 4 in
10% PRIEHG AR S ST ( penicillin// streptomycin ) 55
K% Caco-2 4L, 7E 37 °C,5% CO, &M TFAEZE 3~5
R T 280 . A0 fh G B2y 80 6 I K % 5 Bk
A IO G AR K 5% 24 b HTIRELm, 4
M43 % 5 mmol/L #2588 (1E % 2H) . 30 mmol/L
WM (A Y DMEM B 7% KL 4 BH 48 h'™
ATF4 23 30 Ko ad F 38 ORI FE Y ML J5 K o3 2k
EBE 4L (30 mmol/L) . ATF4 25 3% 1K + &5 B 41
(30 mmol) . Ov-ATF4+ & 40 (30 mmol/L) , % 41 itb
P 48 h,

1.5.2 548 K 12 2 C57BL/6) /N
B IR AL T2D 4, A4 6 L, b i A 1 el it
F& VA A G SRR (120) BEREE R (STZ) IR
FEGTS d, dke bl iR R SR 2 /L A5 18 h s,
SBC RSB F ot 00 il MR B DR T 16.7 mmol/ L IUHE PR
TREERL IR L WIS S EE AL/ BRUR R 114
B Ko I T e T 4 % 2 R
FokvR Yl R AT 4120 3 A AR A 2, TR A
WA ,3 h G5 E-80 CHAT, TR &k,
1.5.3 Rk ik (Western blot, WB) £l
PRI M B T, WS N IE 1 %0 B A R
RIPA ZFE T AE PR G 3 B P R A7 50 0K 2
T PR A /)N B R0 7 T ZH 2 60 mg, R
I 7 1260 2 AR ) RIPA 240 T 2E
YIRS A AT S 0 BRI T R, T e B
BCA v B 0 159 6 100 B A3 484, I 1 v W
FEAWE, AR A LS il s AR M A R
J& W FIREASTE 10% SDS-PAGE HHLIK /M85, vk
300 mA 5% 3 h,5 % AR Wk rh 45404 2 h, TBST
THUE 3 3L 30 min, W0 —HT: ATF4 (1 : 1 000),
4 CWFEIK, H,TBST {H 35, —Hi(1 : 5 000)
HIRPEE 2 h, TBST {5 V5 4 A sk 2s &G EIE
MRS 5Y , Tmage Lab 3K T 400 K BE AL, 15
HEHRREE,

1.5.4 M0 EED G/ ATF4 &8 40M0A7E 4%
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ZRHEE T EZ 15 min J5,H 2 mL 0.2% ~0.5%
triton X-100 ( PBS L il ) XJ 40 My i 17 i35 fb &b 38
15 min, 5% BSA 4] 15 min, PBS {F 15 VE4H 414
A3 K, BIR S min, BSIM—HT ATF4(1 = 100) ,4 CHiF
FHit %, FH PBS WG Ve, BT ey-3 (£LET0)
JEHIEMFE 2 h, BEJS DAPI R E 5~ 10 min, 3t
PENCVEKFNE A6 U N WAL AL ATF4
FIiLKF,
1.5.5  SEZOLE 72K (qRT-PCR) Al 40 i F1
AL TNF-a  IL-6  IL-18 %5 H TRIzol {5 A
M Az 2 2P HE EOR RNA . i GenStar i85
% (HiScript RT Super Mix ) ¥ RNA %% 5% i cDNA
SRJ5 ] GenStar 77 ( Ace Q-PCR SYBR Green Master
Mix) 5 5% 5% B ¢DNA 78 qRT-PCR {35 #4601
IL-1B .IL-6 A1 TNF-a % mRNA )33k, Hih GAPDH
KNS RH 2 ST mRNA MR R A R, 5
Yrd A TAE W TR (Bl ) ey A FRA w & g,
Primer sequences 5| ¥ /¥ %1 (5'—3') : il TNF-a F:
CCGACTCTGACCCCCATTAC  R: CCCAGAGCCA-
CAATTCCCTT; IL-18 F: CAGGATGAGGACCCAAG-
CAC R: GTCGTCATCATCCCACGAGT;IL-6: TGCCT-
TCTTGGGACTGATGT R: TGGTCTGTTGTGGGTGG-
TATC; GAPDH F; AGTGCCAGCCTCGTCTCATA R:
AGAGAAGGCAGCCCTGGTAA; A TNF-oF ; GTGAG-
GAGGACGAACATC R: GAGCCAGAAGAGGTTGAG;
IL-6 F: TTCGGTCCAGTTGCCTTCT R: GGTGAGTG-
GCTGTCTGTGTG; IL-1B F: TTACAGTGGCAATGAG-
GATGAC R :GTGGTGGTCGGAGATTCGTA
1.5.6  /NEE R E AR 490 2 5 R
BB L, K, KRR a3, U1 R % R e,
PBS LA, A R0 (HE ) Y5, 78 W il Be
T B PR
1.5.7 /NRIGIE S A AU G 412 ATF4 &5
i AV ZRWRERE /N E A WK, TR
M Y] R % RS, PBS AL, 44 4 Akt 5
SR BT  AE W B TSR SN
FafEi,
1.6 FitFEFHE

K Prism 6.0 3144, i PR xxs TR, R
¢ RGr 0y 5 2H 1] Lo 5 B PR 3R 7 22 43 A AL LSD ¥ 43

P<0.05 WESFAGIFE X,

2 %FR
2.1 % C57 /MR T2D HEHY

it FH bl e e T RL SR /N B L S A R 28
WA 10 STZ 5 d, dkek mpi s AR SR 2 J8 1
8 T2D /NEURE AT g 2D 2 AN IR 4/ BLAR £
18 h, IR, i A I 245 2R s, T2D 2/ B
MR EE Y] =16.7 mmol/L, B i & T X BR4H | 22 57
BHITH#E X (P<0.05) (B 1A), b5, 8T D
EEV W (2 g/keg) HEH AT 1R WG %5 B it 5
(OGTT) SZ56, 43 51 5 30.60.90, 120 min A I B
B ZE R R, T2D 4170y BRUAF 76 3 28 AR 52 o
00, ELIMOBS(E R 5 T X RR A, 22 R A Gt X
(P<0.05) (E 1B) . LA LEdE B7R, T2D /N BUS ALY
=R

AR 18 b IR I i 2 6 IO 5 B. D-#i 44
WA S (2 o/kg) HEAT F1JIRA 5 B Y et ( OGTT) 5555,
43 50 5E 30,6090 120 min B4 MUHE (2 U R /N B4
AR R s I8 K 5 F 16.7 mmol/L)

Bl 1 /AR (C57)T2D A (n=6)

2.2 T2D /MNRIFEM ATF4 EEFRIEBER

S E WB 25 B, SR A e, T2D /N
SUBIELHZ D ATRA 8519 R8BI, 2 A58t
SR X (P<0.05) (B 2A) , BfE /)N BB 38 40 207
UKURYI R AT e e gl 22 et 25 28 /R, T2D /)
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FRAIEH LT ATFS BHE X B/, R ATF4 ATF4 O RIEREBE S EFHAMIL, 252
EARBREM, ZRA5F¥E L (P<0.05) (B HGi#E L (P<0.05),
2B) . LA EZERUIIT, T2D AR T /N B 8 2 2L

AR EDIEE: (WB) K il ATF4 (1985 113235 DL XK BB HE AL ; B. 50 538 41 40470 1 Ak 2 e €0 46 )
ATF4 IR E A, SIEFHILE, * P<0.05,
2 T2D/MNRIFEESR ATF4 EARIEEE (n=6)

2.3 T2D MREBAREAEAS EATAES  H/EBHEML, T2D /NEUGE 907 REAEHE HROR
ATF4 483 0 LR B S B A Ak (P 3B) O A AR e

{6 FF QRT-PCR AW 30 41 40 S e (R Tk, PP, 12D RS /D BUBIE Y AT 3%
SRR, G IRAL RS, T2D N AL e R AT RIEF IL-1B IL-6 TNF-o ({32357 2 B 6
FIL-1B .1L-6 TNF-a K 55 TF 55, 22 R4 Gi it A (K 3C) 37 T2D fi R 5E R T 7K ST s vl fe
B (P<0.05) (& 3A), RN HE et o, 5 B ATRFRRGHE,

T 2 AL I 7 38 2 2 b 48 E PRl IL-1B IL-6 . TNF-a 193834 7KF; B./N R B 4 414 B HE 4 B 152
B A BIE AR ; CLATRS FRik KT 5 RARE R FACEA 8T, SER A, " P<0.05, " P<0.01,
B3 2D /MNRBFEARARSFENRKERTFRIE(n=6)
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2.4 BIEZMET Caco-2 HE ATF4 B H RIEMEIR,
RIEKEHE

TERAN S5 | F 30 mmol/L 4 v 4 1% 5% JE 4b
Bz b J Caco-2 4 48 h, WB £0¥E B, 51EH
HIEL, = L Caco-2 ZRfIHY ATF4 #E H
FIRWETIH(EI4A) , REEVOCEE R BN, mfid

IS ATF4 DG 5650 B8 55 (1 4B) | [A]
FEIOUE T F b4 ATF4 B AR R WD, 2R G501
X (P<0.05) , [AAf, qRT-PCR 453 W/ |, = d
Ba W Bz Caco-2 4L 48 4% A IL-1B | IL-6
TNF-a 7KV, 22 %A Gt 52 L (P<0.05) (Kl
4C) T R SR Ay S 25 SRR EIE

TE: AR BN IEAS I ATF4 1425 1 2638 LA SO BE (BB AL 5 B 4RI S St U (R I ATF4 1 8 1 20k Kbt
&5 C.qRT-PCR A5 I 20l 2 4E ¥~ 1L-1B \IL-6 TNF-o fIZRIK/KF-, SIEW A LH, * P<0.05, " P<0.01,
B4 SHEBSEMBT Caco-2 Ml ATF4 A RIEMARERE FRIEKF (n=3)

2.5 WFRIE ATF4 ZiESHES SH MR TE

NHHIATE Caco-2 NRTE BHE AT Al 1L
T ATF4 23R4 3F 5 5 PR, R FH R Yety
H#ATFA S FRIK A MIBIAL, 7E 30 mmol/L (=i HH /5
S48 h 5, Mt F ik ATFA 4bBR )5 A9 3 11 K 51
B SA)  BIERANML ATF4 3o AR by 2 ol | 2%
SAEG ¥ L (P<0.05) , qRT-PCR 2545 51 i
R, FEIR ATF4 J5 ] DL 2 AR A 55 i 4n it
RIEHF IL-1B IL-6 | TNF-a FiAKN, 2= 5 A Gt
¥ X (P<0.05) (E 5B), L ES5RBEH, id£ ik
ATF4 AT LA fife o 755 0 0 1 A B A

A E BN AN ATF4 B2 8 35 DA K BE(E 1k
B¢ ' A2 5 0 240 L v 46 AE R F IL-1B \ IL-6, TNF-o
MFRIBAKF-, FIEHH LI, " P<0.05,"" P<0.01,

B 5 TREATH ZREEES TREERFRIEKTE(n=3)
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3 itig

Wit Je— AR H E Y R G, oA A
R e 2w, O B A AR 2 80 % 4
FEANML ) B Y ) REAS (LR T35 3R
TH AL R WG D R H fige 5 FTK AR S, HL D) — Al
HE Y D) R A o R AL T R A = )R
ST RREE Y P b R A AN A 1 B P 4
A YIREE W I A R E PR A A R B IR
ROVBFSE 2 He s W PR 1) 2 A K e vl 2
H 0 1 A 2 Bk 0 T -5 380, T PR 8 W IE 55 5 95 I
P B SE FOIRAS B ACE & AR 4% sliht R M
A R A s A VIR G HAT, 6 T i 18 TR R
5 T2D SRS 1 26 R k) 12 fFgT e
B RAZS TR IR T BE 2 T2D KA R JR I B ER 5
AW AR T2D /AN I R KT, I iE
VIR R B AR T AOTR 200 B % 55 5 B A8 22 A8
b, Caco-2 ZH M Y 2 —Ff N 5 [ 405 i ot o 440 L
SRR REZE LT AL /N b Rz A, B AR
B IFEH SRR I AR R T
DL A TR 9 i 3 R AE | 3 T e R i i
Az PRI A28 3 B Caco-2 40 MIAE R 0F 5%
X RSN 5 e BRAE (o 8 R 5L 57 T Y Caco2
0 AR R RS

R SRR 4 REAW AR EEZ —, 1M
HREEEGZMAL P RBNHERHE T, BETUS
S URNVF 2 A PR FR AR AL R SO, SRR
FIRR BRI, P9 J5 0 1 38, FRE s fa S 5 I,
ATF4 K3k 530 AT 5 K Z2 R . T8 RAE I Hr
ATF4 A8k 0% 25 MRS R (PKR) B P 5T ) 334 il
(PERK) 1B FR AL IT-36 NRF2 SR )5 18 1 61k
K F--kB (NF-kB) 3 E 4340 116 )i 8h T4 240 i fX
R 85 A RE B P AR B R KR ATFS e = AT
DI HE 78 2698 (0 T2D IR T ATF4 5718 %
FERC R i ARTE R, AU KB, T2D /N U i
ATF4 FER AL, mM R R LB 32 T 1Y Caco2 41 i
ATF4 FRW8/0 1363k ATF4 n] LIsiis st r 530
1) i 3 240 B AR A R T 7K ST

IR S0E S T2D BB H 1 I ZERHE , 20 2 5 3L
DEER A PR 5~ B T s o R P i PR 1y A [] 2 A
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AR IR A I BN PR R GE b i SR 7 | A A
A1 JE AV RS AR [l A L0203k T 5 88 T2D S
HIAEHE— A

4 Zig

ABFFTLE AR, Rl PR ] e il i i ATF4
IR HE I RAE , i 31K ATFA AT DL 208 /b 48
iE A7 107 A (R R IR IR AL AT e R A
BT, BHIRPIRAS S, I 18 JAE B I 1 A (ot 5
R LI, AW RBL, O BERET T ATR4 XF
W SR AT K -7 A S 3 Dl ek 1 45 i 3 U RE A
VR PR A A e R B PR T B AL 1T SR
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