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VR BRI 2 8555 S MILE-12 40 #33  i4 D g H
WAET B W E W, T OBRGHEE RS A %
(ZHMBEAKRFH _ERWEER A ®H, 408 230601 )

WE BM BRI 285 (LPS) 51 MLE-12 41 i M. Fix IRZ2 (1 pg/mL) 555 MLE-12 4
TR S i B0 A5 (AR S MBI, R R AR B 24 b, A3 4 41 : CON LPS | LPS + 100 nmol/L JEHi#% K \LPS +200 nmol/L &
IR, PREAS 41 At i 2 R RNA, qRT-PCR A6 JU 4 i Hh 48 E BB 1 A I A 38 (TL) -6 Jilgg SR SE R F-o (TNF-o0 ) (TL-13 2R
BamiEiatk N7 1(CCL2) (C-X-C FEF#a LR Tk (CXCL) 1,CXCL2 /K-, TUNEL 3246 40 Jifd i T, Western blot #6301 4% £
SRR RR 1k 2 G B(P-Akt) SRR LA ISME S IR (P-Erk) BYRBKF . R 5 CON 4 Lbig, LPS A Al il 5 AE /i Jix
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UL R B, 8 2 g 2 B (lipopolysaccharides,
LPS) 235 % PN 9 5 R 5 R ARG . Bl
JR b ALL 2R AIHUBGE S5 RTREVR YT , 4 B = Ry
BORIT TS o ALLRRIAE I [ B M -
SSENIN=95 =i A R NS o NI b Y MO w2
Jitl ( alveolar epithelial cells, AECs) it 157, AECs 3% it
JE SRS A S 73 TR, 7 — 2D il i
B 40 1, DT o ) 2 0 S Ry, S B0 ALL 9 17 2%
161, B, B AECs 4545 19 43 T 0L T O ALL
P W TE IR YT R WS o TR R M 3R A IR-1 ( gluca-
gon-like peptide-1,GLP-1) SZ (A7), an Rk,

level decreased by 60% compared with the control group. After overexpressing the HLF gene, the mRNA expres-
sion level was 2. 13 times compared with that of the control group, and the protein expression level was 1. 8 times
compared with that of the control group. The mRNA expression level of the HLF gene in the knockout mice de-
creased by 89% compared with the control group, and the protein expression level decreased by 65% compared
with the control group. The results of HE staining showed that there was no significant difference in the cell mor-
phology in the islet tissues between the knockout mice and the control mice. Inhibiting HLF increased the glycogen
content in MIN6 cells by approximately 20% . Conclusion The HLF gene knockout mice are successfully con-
structed, providing an animal model for studying the role of HLF in the pathogenesis of diabetes mellitus.

Key words hepatic leukemia factor; conditional islet B cells; RT-qPCR; Western blot; gene knockout; C57BL/
6J mice
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Wz AT 2 BOBER R B8, Bl pR i B
KRB A BT AESE, 76 LPS F15PYE & A 5 &
(19 /) BRI 35 48 4 2 I8 7, GLP-1 A2 (AR sl 390 %) Ho Ay
B RHORET . ERTE AT R RO R S Ak
A5 A RIFE e A 3, S F T 30 T B RO A
SEART - Rz 20 B T B R AL

1 #R5ET*

1.1 s
1.1.1 2 Z2MEL5XA  /NsUl_E 400 MLE-12
WH EEREFREYHARARAA (75
ORC0957) ;DMEM/F12 353 300 B _E i E s 4
PHECABR A  I6 4 09 AR BT (5 R
TR R AR 18 B 2 E R R B A H] 5 LPS
B7'5:1.8880) Wy AL st R K ERHCA R A ) 5 FE iz
BERK (175 : D424037 ) i { 36 E 4Lk 2 7] ; P-Akt 471
(425 AF0016 ) Il B YI.75 AffinityBiosciences 7%
H), P-Erk Hii& (555 AF1015) I [ 7175 AffinityBio-
sciences 7y w); HRP 5 ic B9 T % — 9t (52 5.
EAB1003) g B iU 3T 5 AR IR o w5 9 5%
55 SYBR 50 & B8 0L (B LR RHE A TR 2
] s TUNEL 127 &0 B 20U Sic B i 28 P RHE e fy
A BR ] 54% 22 5 F s FH A 2H 2118 52 Wi 5 Bio-
sharp A= ¥ 5 ARA FRZL 7] 5 Triton X-100 1 [ Jb 58 2%
IR R AT
1.1.2 wmiefA sl 5m MLE-12 i R4
KFE&H 10% it 4= 135 1 1% WAt DMEM/F12
Frgesih BT 37 °C 5% CO, I JC T 40 i 35 57 4
o R 2 d IR 1 IR A R 85% B, TR R
FIBEH AN, 250 5 FHE A, KA 4 4, BI
XFHRZH (CON) \LPS 4 (1 pg/mL LPS) , BERLBERRAR
FIH41 (1 weg/mL LPS + 100 nmol/L DUL) , Jif i 4
IE R (1 pwg/mL LPS +200 nmol/L DUL) , H
Hh 0T B ZH A T B SR AN A T HABA 3, HoR A2
A BEAE AR 259 T 10 24 h S5, 23 Bl AT R
1.2 7%
1.2.1 #6L ¥ JF9 B(sulforhodamine B, SRB) 523
BORE B0 A K 0 4 i #E 17 i 5, #5000 4~/100
pl/ L, I3 5 A B 40 i JS in A 96 fLAR, 37 °C |
5% CO, }55% 24 h J5,n#5 100 pL, BfLER AR N
200 pL, A2t 5 AR AL, FREos BRAL (i
MLE-12 ¥53%35) , & 37 C 5% CO, ¥535746 1552 18 h
Ja , BLINAC 100 pL 1 30% =4 LR, [ 52 20 it 1k
o #2596 FLAR PR, FIXUZE K e , 15 B [E &

WK, W5 B LA A 100 pL 4% SRB %t
W, FCE 1 h, FIZEBAIE A, B F: &1L
H R B RA, SR G T 1% MBS BR TR S5 U KT,
TEA LR 100 L 10 mmol/L =35 H & H b,
WAEREIR ERESEIR AT S min, {fEEFR{YAE 570 nm
PRI RE Y BE (optical density, OD) o 4% /1
1.2.2 EEFHFREEEH%EN KM (qRT-PCR) &
Ul mRNA RiEKFE ] TRIzol 1277 M 40 g Hr £ HK
Ak RNA SR 5 ol 308 7 73200 € 10 5 80 ¢DNA 42 R
SYBR 35 & e 5 it A PCR 2 48 98 47 52 ) /8 it
PCR, SEil44l CufH, R AN i 2722 ik ip
Tl RE R 2 1k 7K F-, i F GAPDH Ay I — 46 %) i,
FrA 512t 56 [ Genscript 2 " EH . 51T
k1,

x1 ATEEINRAMHERMASIWFS
Tab.1 Primer sequences for quantification of

real-time polymerase chain reaction

Gene Sequence(5'to 3")
IL-18 F. GGACAGAATATCAACCAACAA

R: TTACACAGGACAGGTATAGATT
1L-6 F. TAGTCCTTCCTACCCCAATTTCC

R: TTGGTCCTTAGCCACTCCTTC
TNF-« F. CCTGTAGCCCACGTCGTAG

R: GGGAGTAGACAAGGTACAACCC
CCL2 F. TTAAAAACCTGGATCGGAACCAA

R: GCATTAGCTTCAGATTTACGGGT
CXCL1 F. ACTGCACCCAAACCGAAGTC

R: TGGGGACACCTTTTAGCATCTT
CXCI12 F. CCAACCACCAGGCTACAGG

R: GCGTCACACTCAAGCTCTG
GAPDH F. AGTGGCAAAGTGGAGATT

R: GTGGAGTCATACTGGAACA

1.2.3  KuBLAM G B 445 8 dUTP 2 K 3% 4%
2 (TUNEL) %4 20 f 8 == MLEL2 41 7E 4%
Z R IEP & E 20 min, PBS FEESS 40 € Fr =
A 0. 2% Triton X-100 #,F 37 C#L48/EFH 10 min,
SRIG TR IRULHT 45 AR A B T IS bR AR
F 37 CBEYES R 60 min, PBS ¥4 3 WIS, F DA-
PT QLA 0B A%, BT 2 06 T K % B B0 21 40 i, 7
PRI T WL

1.2.4 &GP (Western blot) ik #m & & £ &
KF A E T UK SRR . Rk
JEiE 5k BCA J7iEAN ,10% SDS-PAGE 43 5 85 1 )it
Jaet® PVDF B b FEZ N 5% BNE Y58 %
P11 h, B P-Akt(1: 1000) P-Erk (1 : 1 000)
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4 CHETLTE TBST VI 3 Y IS
(1:10000) = FFE 1 h, 5, TBST Pk 3
WAL 2R R OEHI R . GAPDH {E RS % &
H, FI ] Tmage] 8434740000 70-#

1.3 Hir=4E XA GraphPad Prism 8.0 4&k{f
HATEARAE L, TR SCI BRI L« £ ROR, A
() P 7 LL 5ok ] LSD-r 4555, BRI 2 25 40 A 2 4
WH . DA P <0.05 JEFAL 28 X,

2 HR

2.1 AERE LPS FEH K MLEL2 /075
TR 5 CON ZAH L, AfHeE LPS(200,500
ng/mlL,1 we/mL) K B8 K (100,200 nmol/1) X}
MLE12 ZHH3% W sg i B 225, WK 1,

2.2 ERHERXT LPS 412 g MLE12 28 B FR{E ¢
EFrI&m 25d LPS Ab¥H Ry MLE12 Ziffarf {2 4

A

o o o ©

(¢}

- IL-18 . 1L-6 il TNF-o 1) mRNA 23k 7K 70 2
;55 LPS 4 AH HL, MLE12 20 g 22 W3 i A ] ik 3
(100,200 nmol/L) [ BEF M IRAL BESS , £ % P IL-
1B.IL-6 F1 TNF-a [) mRNA FikKF-REL, H
100 nmol/L J£ R B AL B JG R RE B B B, WA
2, bIRGEHEFW B RS K AT DL 3E i 0 i R A
SR fif LPS 75 1 il Bz 4 9 i 1 & o

2.3 ERHERXT LPS #i{5 MLE12 20 i fh {2 2 &
LEFHFEM CCL2 CXCLI fil CXCL2 /£ A g &
AR, 2 5 R A AT RS i E 28 0E 1 &
A, 5 CON 4 [k %, LPS 4b ¥ 5 i MLE12
CCL2 .CXCL1 J% CXCL2 ffj mRNA 21k #50H 55T+ o
Z&3 100 nmol/L FERIME KAL) , 3X 3 Fhkafk K+
) mRNA &35 Y8 8 F B 5 LPS 414 kb, 200
nmol/L JERIBE K AL B f5 , CXCL2 (1) 3k B 8 T B,
1M CCL2 1 CXCL2 KB A W 2221k, WK3,

B 150 - MLE-12 cell

W R

Cell viability (%)

0

a b c d e f

E1 FRERE LPS REREI MLE12 4 AEEER

Fig. 1

Cytotoxic effects of different concentrations of LPS and dulaglutide on MLE12 cells

A Different concentrations of drugs were set up in the 96-well plate; B: Histogram analysis of cell viability at different drug concentrations;a: CON;

b: LPS(200 ng/mL) ; ¢: LPS(500 ng/mL) ; d: LPS(1 wg/mL); e: 1 pg/mL LPS +100 nmol/L DUL; f: 1 pg/mL LPS +200 nmol/L DUL.
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Fig.2 mRNA expressions of IL-1@3, IL-6 and TNF-« in MLE12 cells

a:; CON; b:1 pg/mL LPS; c¢: 1 pg/mL LPS +100 nmol/L DUL; d: 1 pwg/mL LPS +200 nmol/L DUL; ** P <0.01,

group; P <0.01, P <0.001 vs LPS group.

*** P <0.001 vs CON
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4G BaREER J5 2k R 100 nmol/1 BEHIE AT
2.4 ErRMERKINE LPS 555 MLEL2 4f0E T
&R TUNEL Yefazh 5 R 50 AL A e, LPS 3
Y MLE12 4R 98 1=, 25 7 B PO KA B , U
T FHE 20 A . TR, LIl 4,

2.5 FEHitERAXT LPS #i{5# MLEL2 i@ P-
Erk % P-Akt {9200 LPS 41 MLEI2 4jigH P-Erk
F1P-Akt ()8 I FRIA I & XTI, 45 TR
FIBEAKIG , — 8 kK4 LPS 4 ¥ & F %, W
K5,

3 itig

SR RS B T A AR 5 5 198 8 e AR S A
S S A A g B Eh RE R, A I S A A it S Y

KRR IR o LPS J& P B AE 1) £ 2
PRI, ol 5k ™ 5 4 A AT 5 30 2 P 45 45
5 LPS 75 SN 5 3 MLAE T, ALL J2 Jili 4 (9 22 FE %
TSN o PRI, A 005 48 A SR ) 3 T i
TR FIIEST ALL, LPS 1y = 250 32 R /& Toll #:3Z
A 4 (toll-like receptor 4, TLR4) , @ik & Y LPS v] 5
ZH5G WG NF-B {6 P, fEF 50 710 7= 4=,
116 IL-18 TNF-a0 %51 22 245036 b 2 11 0 5%
J% ( mitogen-activated protein kinase, MAPK) FiI % Jig
Tk LI -3 -3 ifF ( phosphatidylinositol 3-Kinase, PI3K)
PR AR5 530 %, 3 o BT 200 T N 15 5 06 B i,
ALT 58 5E R 5L A4 . MAPK (553 B 0 T4
TRAE S G E B, Hovp Erk1/2 g2 — > OGB4
53 AEAHAETE oAb A g At A ek P SRR E
FAY o 53— i, PI3K- Akt 3 AR T3 R 1 6 i
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Fig.3 mRNA expressions of CCL2 (A), CXCL1 (B) and CXCL2 (C) in MLE12 cells

a: CON; b:1 pg/mL LPS; c¢: 1 pg/mL LPS +100 nmol/L DUL; d: 1 wg/mL LPS +200 nmol/L DUL;

#P <0.01 vs LPS group.
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** P <0.01 vs CON group; *P <0.05,
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Fig.4 Dulaglutide inhibited LPS-induced
apoptotic response in MLE12 cells x200
a; CON; b:1 pg/mL LPS; c: 1 pug/mL
LPS + 100 nmol/L DUL; *** P <0.001 »s CON
group; ¥ P <0.001 vs LPS group.
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Fig.5 The effects of dulaglutide on P-Erk and P-Akt in LPS-damaged MLEI12 cells

a: CON; b:1 pg/mL LPS; ¢: 1 pg/mL LPS +100 nmol/L DUL; * P <0.05,

group.

2N M 2R B 2 IR A [) 8 S BV P, 491 56 SR
Je G I A L FTAR A R bR 2 0 SR e A . X B2 e s
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25 S AN K K A B 1Y) Ja B DA B 250 1 R BIL A
A5 AR AT LA M BB VB L, 4545 Z2 MR 7
B PN RIS R rp A T B0 IE , A S 4 TRt ) W r
L INION R R E GANEZE 2 0k 17 B el 3
Aifa b, LPS 5 5 19 2 ¥ N TNF-o IL-18 il IL-6
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Erk (@R AL KPR

B — S o G SRR, 5 A A
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¥4 H 2 (sodium-dependent glucose transporters 2,
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B AR ARE R 5 )2k

Erk il Akt J& MAPK #1 P3K { S @EF R E
SR, BRI /K15 RAE 1Y A HE 0 E Je %5 VAR
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*** P <0.001 vs CON group; *P <0.05, * P <0.001 »s LPS
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Protective effect of dulaglutide on lipopolysaccharide-
induced MLE-12 cells

Fan Xingyu, Duan Hao, Yan Jie, Wang Yue, Du Yijun, Pan Tianrong, Zhong Xing
( Dept of Endocrinology, The Second Affiliated Hospital of Anhui Medical University, Hefei 230601 )

Abstract Objective To investigate the protective effect of dulaglutide on lipopolysaccharide ( LPS)-induced inju-
ry in MLE-12 cells. Methods An in vitro model of acute lung injury was established by inducing MLE-12 cells
with LPS (1 pg/mL) , followed by treatment with dulaglutide for 24 hours. The cells were divided into four groups
CON group, LPS group, LPS +100 nmol/L dulaglutide group, and LPS +200 nmol/L dulaglutide group. Protein
and RNA were extracted from each group. The mRNA levels of inflammatory factors, including interleukin (IL) -6,
tumor necrosis factor-a. (TNF-a) , IL-1B, monocyte chemotactic protein 1 (CCIL2), C-X-C motif chemokine lig-
and (CXCL) 1 and CXCL2, were detected by qRT-PCR. Cell apoptosis was assessed by TUNEL assay, and the
expression levels of phosphorylated protein kinase B (P-Akt) and phosphorylated extracellular signal-regulated ki-
nase (P-Erk) were measured by Western blot. Results Compared with the CON group, the LPS group showed in-
creased mRNA levels of inflammatory mediators ( TNF-a, IL-6, IL-13, CCL2, CXCLl, and CXCIL2), increased
TUNEL-positive cells, and elevated expression of P-Akt and P-Erk proteins. Compared with the LPS group, the
LPS + 100 nmol/L dulaglutide treatment group exhibited reduced mRNA levels of TNF-a, IL-6, IL-18, CCL2,
CXCL1, and CXCL2, decreased TUNEL-positive cells, and downregulated expression of P-Akt and P-Erk pro-
teins. However, the LPS +200 nmol/L. dulaglutide treatment group showed less pronounced improvement in inflam-
matory factors compared to the LPS + 100 nmol/L. dulaglutide group. Comnclusion Dulaglutide has a protective
effect on LPS-induced injury in MLE-12 cells, potentially through inhibiting Akt and Erk phosphorylation, thereby
reducing the expression of inflammatory mediators and alleviating inflammatory damage, ultimately protecting the
lungs.

Key words dulaglutide ; lipopolysaccharide; acute lung injury; MLE-12 cells; inflammatory response
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