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WB #i) ATF4 & & 49 & ik K-F ;qRT-PCR # M WL ATF4 it £k shem e K B FR-F %o, R 5 EH
DR AA M SRR R AR T ATFA RO R E TR, HiE AR BAREZRE TN, L Km0
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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 (IHC). 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

KIERAE B IR B
ATF4 J&—FhSe @R LR S sk N 1, 7V 2 4141
R IR IEH L, ATFA 2 5 ALEE JORE L
AT A B 1 7 35 R A e 58 28 A5 A B A 0

AT VA G R, rh DR R ik
L164 AC N, JE it B2 —A7, T Her 9096 [y 2 RUpE
JRIA (type 2 diabetes, T2D) , 7™l i A AT A4 21 i fik
Feo T2D JEh B ARG B g Th e 2 i 5 ik,

DA 5 A A A 6 R s , < 400 85 g T B 1
o IR B A T U O A )2 A5 [
SRR B SRR R R B il R AR R
TPERE , EES SHUARI L I SR s o
AR A5 R A BRI RE, b B R S R T kA
E SIS, A5 S I I AR5 W 408 M I 3% 3R
i T2D #ERY . NI, ke s S T2D 1
R YIRS et R A T R T2D Kokl
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TERAESN A FEAE AT, B ATF4 2725 T2D &
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1 #RERE
1.1 g

NZE B R Caco-2 40 k" bR 2%
e B P T S B A AR A UER AT
12 Y

fhe CSTBL/6J /)N B A b T KB AR M) FooR
AR FL, S A B A% AIE S o SCXK () 2022 -
0011, {5t (20+2) g, 42 HfE . Fir A /0 Bl i 1o M MR 5
1 RS TR S24G , WFR A5 TR (20+3) °C AR X
JEE 4500 ~5000 , WG S BRI 12 ho AR AR A HE
AREE A e sh ) 5290 A8 B2 D1 23 H AZ AL HE (HE TSR 5
GLMC202105049)
1.3 FEEH

A DMEM 85 37 3801 T 56 [ Gibeo A W], 75 %5
-8 R W T L AU Solarbio A= ¥ RHL 22 H, PBS 45
ARG T E R RAY A, BG4 (FBS) g 136
[ Gemini /A ], FL RIPA 4140/ 4l g 54 i . PMSF
T Solarbio A= ¥R 24 A, & H B AESE il
5% T | ¥ Beyotime Biotechnology 2\ &, 30 % 75 4%
Pt i - ST HHY B U A4 T i ( Aer-Bis) (29 + 1) (1 mol/T.
Tris-HCI pH=8.8.1 mol/L Tris-HCI pH= 6.8 Y H 3%
— M (TEMED) iR %L (APS) I Ft 5t Solarbio
BHE A R A F TGS T it Marker, ATF4 £
Y2 yi LA T3 [E ABclonal 23], GAPDH Fl i
PEHUARN T st b 2 S A YR G IR A W, Cy3
FRICH P RIOE P 488 PRI By F BT RO 4t
I F 5 [ Proteintech 23], DAPT 25 Qe Tt 52
Solarbio £}/ 6], PVDF k) F 1% [E Merck Millipore
NI - o= R0l GRS RPN | SN i /AT
TRIzol 4 T 2 [E Invitrogen 73 &), MonScript™ RTIII
All-in-One Mix with dsDNase . MonAmpTM SYBR®
Green qRT-PCR Mix Il TS A= Yy RHL A W], 85 5%
if5F] & ( ReverAid TM First Strand ¢cDNA Synthesis
Kit, #k1622) & T Jin & & MBI Fermentas /A @], PCR
I T A T A TR (L) A A 7], ATF4 3 3%
IR JFORE AR T b UEE AR 2 R A
1.4 {4k

O WAL T 3G BioTeK 28w, ¥ R B0
BB e 3 B0 Bl 2 3 S 0RO Bl Applied
Biosystems SZHT 3¢ ' %8 15 W T 32 [ ThermoFisher /3
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A, BE R R G KA R L R R R e T
K EMALR 2w 3] A ) BB W T H A% Olympus
Corporation 23 ) ,

15 FHiE

L5.1  4ifscse SR DMEM 44 55 37 3 8
1026 PLBiG A 1L UL ( penicillin/streptomycin ) 45
Bt Caco-2 4, 7E 37 °C,5% CO, 5 FIEE 3~5
PO TSE5 . A0 M Rl-& BEZY Sy 80 00 I, 44 1 7 ik
BTN R R AL B AR 24 b TR 22505 4N
M43 5 mmol/L % 8% (1E# 41) .30 mmol/L
W B (FBEAL) 19 DMEM K5 5% 3% 4b 7 48 b,
ATF4 73 300K Foad Feik ok i Je A ), 4 4 AR
B 4L (30 mmol/L) | ATF4 75 # 1& + w5 B 241
(30 mmol) , Ov-ATF4+ =620 (30 mmol/L) , % 2H Ak
48 h,

152 Zhord 5408 H% 12 2 CSTBL/6) /)b
HLT R IEHR AL T2D 21, 41 6 H, bl o i ) A it
VA SN (100) #E R e R (STZ) 7 15
VEGYS d, gk bl IR iRl SR 2 o] A5 18 h s,
LR DK I, D00 it B R B KT 16.7 mmol /T WU PR
FEHEB TN B 435 2L /IS RO (] 36467
Wi A 55 P i A28 T 4 0% 2 R W EE v
TG, KR ma HEUN G i a2 iR A
WA ,3 h 552 -80 CHA7, T Ia stk
1.5.3 FEHARPEE ¥ ( Western blot, WB) 4l
S| s el S IR (| B el WA el = N | B
RIPA L & TR YRS B B b R A7 505, 2 i
E VR BRI 2 /)N B [ FR AL 1 ZH 2 60 mg, TS
I 25 100 2 G A R0 9 RIPA L0 B 148
POt A b R AT A0 0 SR I TR R AR R IR
BCA P B2 I o 1ol 0] & U ] 3 #0405 BV M
HEWEE, A BRSO il 28 M 8 1 o
J& B FAREASTE 10 % SDS-PAGE Hif ik 73 85, vkif
300 mA B6J5E 3 b, 500 AR YRy R HE S 4] 2 h, TBST
VEYE 3 YK2E 30 min, {mAIT—$0: ATF4(1 = 1 000),
4 CWFHEHR. WH,TBST {EE)E, —Hi(1 : 5000)
W E 2 h, TBST 3G % 5 M 4 A sh k2% RO EIR
ST RGBS, Image Lab 504 25 KA, 1153
HEH PRI,

1.5.4 S5O ATFA 58 difI7E 46
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ZBPRE 2 15 min J5, 2 mL 0.2% ~0.5%
triton X-100 ( PBS [ i ) XJ 4 Jfd ik 17 3% 1k 4b 23
15 min, 5% BSA #}[4] 15 min, PBS ¥ i V41414
F 3 R, BRI S min, P—30 ATF4(1 : 100) ,4 CHE
Hag, 1 PBS IWTH UL, — 3T cy-3(LLOFOL) it
JCHIRIFE 2 he Bfif5 DAPT JUEHIEE 5~ 10 min, $i
PENCVRIGRN B R, A W e S WLER A i Y ATF4
FIRIKF,
1.5.5  SEIHEOERE TSR (qRT-PCR) A 240 i A i
EHL TNF-o 1L-6 IL-1B &1 F TRIzol i 7| M
AN E A S P SRR RNA, (] GenStar 35
& (HiScript RT Super Mix) ¥ RNA J2 5% 5% % cDNA,
SR )5 H GenStar X7 ( Ace Q-PCR SYBR Green Master
Mix) 5 Sz % s iU 1) ¢DNA 7E qRT-PCR 4285 r A6 )
IL-1B .IL-6 FI TNF-o 2 mRNA Y353k, Hd GAPDH
HNZ, R 2 95T mRNA HIXF R GA R, 5
Y A A TR (Bl ) Bty A R | B L,
Primer sequences 5| ¥ 5 %51 (5’ —3') : i 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  /INUW I8 i B2 A I 4 00 22 5 TR [T 2 /)
FUIEA L, oK, vKR AR a3, U e 1 R s
PBS JBAHEH], SRR R - (HE) Je i 5, 78 W
UL LR ERE L
1.5.7 /NI IE S g AUk R i A1 21 ATF4 5
W40 ZRWEEREE /R IE AL, WK, KR
HEFVELHE W) A B S, PBS AL, He 40 Akt )
EEAEL BRIEAT TE W B MR AN A
FEME.
1.6 FitFEHE

K H Prism 6.0 #4F T HEORILL v s 3201, SR
o KL 5 26 8] s T B R 3R 07 22 43 Fr A LSD 125 43 At

P<0.05 N EFA GRS

2 R
2.1 Hg& C57 /N T2D &

it F b s B B R SR /B 1 A H i 1S 2R
TSR 1 o BE STZ 5 d, A2k m b e AR 35 2 J&, 74
HT2D NEUERLT o T2D 2H AR IR 2H /N AR B
18 h, R, OB A DU 45 2R 7R, T2D 41/ B
MRS 35 = 16.7 mmol/L, B i &5 F XF FR 4, 2% 5
A EE X (P<0.05) (K 1A) . BEJ5 @it D-%
EFE W (2 g/kg) WEH HEAT O MR A 4 OB T L
(OGTT) 5255, 43 5 I 5 30,60,90 120 min 1 il 4%
B 5B IR, T2D 41 /)N BUFE 7 4 2 W A S o
R, LM (B o T IR AL, 22 R i X
(P<0.05) (1 1B) , LA 1%l o, T2D /)N U AU Ay
=R .

A

2} i % (FPG)/(mmol/L)

1
30 = T2D

& PR B SL % (OGTT)/ (mmol/L)
—_ )
S (=]

U 5€ Bef 18] /min

VE:AZEE 18 h 5, MU M 00 4 28 IR 0B s B. D%
WA S (2 o/ke) BEAT 11 I 46 285 W T 1t ( OGTT) 524,
735 AE 30,6090 120 min fY ILE(EL (2 OB PR /)N Bl A
BRI Ry 25 I U K5 T 16.7 mmol/L) o

B M#/AR(C57)T2D B (n=6)

2.2 T2D INRBAIER ATF4 BB RIERE(R
SIS WB 855 8w, 5 X LA EE, T2D /)
FUIEZH 2 ATF4 35 R A W B RAL, 2 R A it
SN (P<0.05) (B 2A) . BJE X /R IEA L
VKURD) 7 AT o B 8k 2 G £, 55 5 7R, T2D /)
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RpEAL T ATFA BHVE XS s /b, R ATF4 ATFA AR BURRA B, 5IEW A, 25 5
HEARIKEAL, 2R A58 L (P<0.05) (K fAgeitiE L (P<0.05)
2B) o DAL, T2D R T/ B 8 4 UK

Q
>
=}
]
)
§
g
ATF4E A RIEKF

N
& D

&V

¥

TE AR HENIETA (WB) Kl ATF4 (Y 25 205 LRI B B4 B A 414000 )3 A~ e (A )
ATFA fEEFERIL . HIEWALILEL, © P<0.05,
B2 T2D/MRAFEAR ATFA EHRIEEE(n=6)

2.3 T2D MNRHBKREXKFEAB HEAETHE  H/BUISEMLL, T2D /U IE 0 BE AL AR
ATF4 $83% 0 A 7 S B A (] 3B) L B G

] qRT-PCR il 18 4140 P 4 IR 7ok oF,  PBTARRIRI, T2DARZS T/ BB AE 19 ATF4 3%
LR, N IRAL AR T2D MU A4 de e AT RIER T IL-1B IL-6 TNF-a ({93235 7KF-52 L 61

FIL-1B JL-6 TNF-o 7K - 52 B TH 5, 22 B A it S 3C) , $E7m T2D ffif 98 4% R 7K 7Tt ml RE
Y (P<0.05) (& 3A), [ABE, HE Jefa iR, 5 HATF4 BEE5HE.

\

Control T2D
ok *k - Control

ofF W 120
K
"

4 F
z
E *
H_,
2F |
(=)
EES

IL-1B IL-6 TNF-a

C R=0.854 4 R=0.866 5 R=0.850 5

6r =(). 0.6 P=0.007 0 0.6 —0.
w0 . P=0.008 4 i . i P=0.008 8
4 . R o f; .
X . M 04} X 04t
w04 N w0 . ® O R
I . . o {0
Moot oo} Moot
|55 o9 |55
= = =
< < <

00 L L L J 00 1 1 1 0.0 1 1 L L ]
0 2 4 6 8 1.0 20 3.0 35 40 45 40 55 60
IL-1BHAE B F K ~F IL-6 4 E A F7KF TNF-a# it B F 7K

T s AL SN 38 6 H K6 T i 18 2H 2R TP S8 S K TL-18 TL-6 \TNF-o (3535 7KF s B/NBRUB B 2H 218 H HE Je (o W g2
B A LIE A AR AL ; C.ATFA ik K- 5 S0E H F AR . SIER A b4, " P<0.05, " P<0.01,
3 T2DMNBRBFEAARSFEENRRERFRIE(n=6)
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24 SIEZHET Caco-2 ffE ATF4 EBRIEFEIR.
RIEKEFHS

TEARANS2 86 v, BT 30 mmol/ L 4 2 0 45 75 3 4
M b Bz Caco-2 4l ffl 48 h, WB ¥ B/R, 5iFEH
P, EE AL g bR Caco-2 41K ATF4 & [
FRRETHE 4A) , HFEFICEER TR, Bt

A B
{,
ATF4 S0kDa 1y
GAPDH | i | 37kDa %
& 9 -
& < =
<
C Il Control
4 Hl HG
-& ek
LA 1
Z
1S B .
N : T 2
i) 1 I
H
X

0
IL-18 IL-6 TNF-a

HJ ATF4 66K B> SR iR (1 4B)
BESOE T ROBRALT ATF4 11 Rk, 2 R A5
%35 L (P<0.05) . [, qRT-PCR %5 5 &5 , 25
SR 1Y Caco-2 AL J6AE R T 1L-1811-6,
TNF-o KT, 2% B A Ge i 3 X (P<0.05) (4
4C) 1 D1 SR P S S S O

B Control

ATF4

*..
¥

..:

Q

150 0 B
- %
P
% 100 %
N
z :
R 50 =
K < 00
Qg /%Q &Qb&
& R 6Xo° &
& < Q‘Q@Xo

T AR H AN ATF4 (28 FH 2218 LA SOR B (6 AL 5 B 2R S B DO (R ATFA (12 1 3R 08 Ko
£ ; C.qRT-PCR A 41 il v 2 5E B 7 IL-18 IL-6 \TNF-o (IR KF-, HIEFH A, " P<0.05, " P<0.01,
4 BEFSEMT Caco-2 HfE ATF4 BARIKFIRAEREFRIZKTE(n=3)

2.5 WFRIE ATFA ZES IS SH MR TE

BT IE Caco-2 4HIAE mM A1 T 2 5 il 1t
T ATFA F3RA2 i S E BB, A SRS Yedd
HATFA 3 Rk B4R AL . 78 30 mmol/L =5 #1755
548 h Ji7, i Hrid ik ATF4 Kb BG4 38 (R I8
B (& SA)  BABAN ATFA 53 R A p # 2 , 24
FAGEIFE L (P<0.05), qRT-PCR 524521 .
NI FIA ATFA J m] LS 35 A R A 3 A 200
RAEKF- TL-18 \IL-6 \TNF-a FRIK/KW-, 22 7 A G it
L (P<0.05) (K 5B), LA RGN, i %3k
ATF4 R L2 fift o 755 0 2 20 e R

'ﬁ
™

@ F

RO o
& g°

«66

ar W HG
B HG+oe-NC

B HG+oe-ATF4

TNF-a

KEEEFmRNAKFE P
[\)

IL-18 IL-6
TE AR P EDIEE RGN ATF4 (28 11 4% 38 DA SR BE 51k
B¢ )i 5 A6 I 24 i v 48 E PRl - TL-18 \ TL-6 , TNF-au
HIFRBKT . SIEFALE, " P<0.05, " P<0.01,
B 5 Rk ATF4 ZEEEIES TRERFRIEKFE(n=3)
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3 iFig A2 = R IR i BRI R Ge b, o R AR A

iR — AR 2 R G, WA A
PR R R B B, o B A AR 2 80 % 4
FEANE . T B B RE N ER T SR R
T A R A L, % e e BRI K (R S, BG5S — A
BB D B 1 R AL A 9 BB A 2 AR
TS T b R A0 MR AR I 3 9 B
PEYIRETS , VR S R M REVE T A A R LRI
RHFRIFSE 7 BAE G W DR 11 2% A4 2 o T
FH M 3 e A O AR i 8, T A PR 0 52 5 S
P R R A | MU | 47 41 26 e 46 175 1
(9L DR B ek D B DA G . T, 56 T Ml T R
5 T2D SRR 19 56 R Z BRI se
i T RS BB IR T B T2D Rk R T B BR Y
ABFFEEE RS, T2D /NG T8 K58 KT, il
Y1 BRI R A T PR 20 O L 4 B 2
fk. Caco-2 4R — b K ¥ B 45 s H o 40 L,
25K RN I BESSA0L T AL i /N b Kz 20, HA (k
B, IFEA SN RS b B A G EE R, )
LA FH SR AT BB A B 1 46 i o 18 D RE 1 W s 1
st R, ASHFSE SRR B Caco-2 41 HLAE R B 5T
Xt G MRANIF T K BRAE 5 95 SR 5 T Y Caco2
241 48 i DR TR

WOIERE N T 4 R R SE AR B2 — T
HEFEGZRMAL RN R E T, B Z
SGRNVFZ R B R AT, 4 A0 RN, R LR
FIRS AR, P9 5 0 17 35, FIRE RERA S 46T BRIk,
ATF4 Fe 35 5% T S Z2 B . 18 S8 R
ATF4 7] 553 303 2 11 BB R (PKR) A% P 5t 0 38
(PERK) BETBERR (L8058 NRF2 9K 538 1 1k
A T« B (NF-kB ) B8 B0 116 7 20 T4 40 fa At
RS SO N T AR B ROk Y ATF4 =
DRI TE K" 0 T2D RS F ATF4 5 %
FEM G 4 R R, ARBFSE & B, T2D /N U i
ATF4 Fe3K MR, 75 B 15 37 25 5 32 T 19 Caco2 21 iy
ATF4 F3k/0, 13k ATFA AT LIS e T 5 5%
{19 7 3 240 i 2 PR K S T

IR ST T2D F8 3% 10 T BARAE , 49 2 95K
VEERAML R e B TH s o 48 P2 D 7 phy AR ] 2 2
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HNEVE FR S AN R R 4 20128 36T 523k T2D J L
I e — AL

4 &g

AHIFEL IR, Bl PR ] e il id jsi > ATF4
A IRAE LI RAE , 21k ATF4 ] DL 2l 58
SiE A1 107 A (EHC R 2 U IR P AL AT 7 TR A
TEo BEIRPIRAE TS, I 18 S AE BT £ 18 A9 £ (0 L 75
BE—LRIEE. AWTTER I, FBEEREE T ATR4 %)
i3l S A A7 HE B R 3 A 388 I 9 45 il D) RE 4
W PG 4 e A R AR TSR T R
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