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AT FEAE BB A IR AC U 2R EL 4B M A o, B Krippel #£5 ¥ 7 (Kriippel-like Factor 7,
KLF7) 7E3EE RS 4 A8 i P AT (nonalcoholic fatty liver disease, NAFLD) K4k i fEHH IfEH,
F 18] B KLF7 & 75 38 ok $E 15 b8 #/k 7o 88 B 5% A 5t 1A (Heat Shock Protein Family A Member
1A, HSPA1A) {3 NAFLD IR EKE, A NAFLD 2 WG I7 1R (8 1) 7 1 #EA5 .
T3k
1. NSRS

(1) #J% NAFLD /MRS HEPE CSTBL/6 /N 73 7 AT MK & (Normal Diet, ND, n=6)

A R & M2 9% (High Fat Diet, HFD, n=6), fF£:E 5 15 A, K/ 50L& b AT WE A i H b =g
(Triglyceride, TG) FIfH[E EE (Total Cholesterol, TC) % &; H&E Jet L O Feta il /N B AT
g FRUTAE Ut; qRT-PCR FIEE (4 4% EN Y% (Western blot, WB) &l NAFLD /)N iR AFIE Y KLE7 ()
FIETEDL .

(2) P4 Stk it e 75 KLF7 M2 o KLF7 /N BB AL . BfEME CS7BL/6 /) B e IR W 35
FEJs, RREKIES AR M DS % (Adeno-Associated Virus, AAV), 434 HFD-KLF7 41 (n=6). HFD-
CTL 240 (n=6). HFD-shKLF7 4l (n=6) & HFD-shCTL 4 (n=6), ZkZ:mEMEIEE%E 15 i,
qRT-PCR 1 WB 5ilk KLF7 75 /)N U P 4 e M I 328 08 BRI 100 DA B IR AR A D 5 BT 1) 2R 7K P
WAV ERIATA TG, TC & &, MiE TG. TC. FFA & & XIMiE ALT. AST 35, 8 % b i &
1% (Glucose Tolerance Trial, GTT) A1 & & ifif =156 (Insulin Tolerance Test, ITT) PEAli/ RMEFRAS
W¥ERE ) H&E Yefi, M4 O Jeti. F4/80 %y 2. Masson G (R R AR & 20 Y 0P Aik /N BRI
JRIUTAR . RIEA AL DL
2. AN S5

(1) 7£ Hepal-6 Hl HepG2 4 g o i FiE B Ik KLF7, JH4L O Je o MHalifl &l TG & &4
HTE e R DURE BL; qRT-PCR A1 WB 2 A7 HH S BE R R 1A 1 00

(2) NCBI ¥ #5 % 1 JARSPAR %4 % 7l KLF7 5 HSPAIA W% & 475, 43 HI(E HEK-293T
A1 HepG2 4 3 ek X0 5% 5 28 Tl 757 A [R] S 6 R G €8 57 G 28 U SR dEAT B0 0E

(3) Hepal-6 403 35455 e KLF7 it ik FURL AT HSPALA T4 F B IF F FFA 40, HepG2 i
YL KLF7 T4 Bofl HSPALA i 38 iUk IE H FFA 403, 4T O Gt il 4n i v TG
SR MR R ITTRUE L, qRT-PCR AT WB A& H 1193 PR ) 235 1 L«

3. Gt ik



K F SPSS 26.0 FAF X HAHE AT 4041 o BdlE IR A IEZS /A B FH ¢ A6, AR 15 25 40 A7 o 45 FH Ak
ARG, =K UL i S R ANOVA /56 /0. P<0.05 A Giit 2 L.
g5

1. 5 ND @Ak, HFD 4/MNRARE . FFE. & LA TG 1 TC & &, frim st n, %
PRI A2 40 . MHACT XA, NAFLD /NN KLF7 1) mRNA Fld HKF S B E N, 55X
ZIAHEL, FFA ACEREUZA0AE Y KLF7 #) mRNA FIEE EKCFBE R ER . D EZERAAS R X

(P<0.05),

2. i R IEBFAK KLF7 A0 FE IR S A4 i P AR SR s 7607 25 8 7 BR I B &6 1F T
KLF7 i ZE G manfi iy TG & &, N KLF7 P& TG & & KLF7 IE R R30G5 3 R i %
AR BENE AR R . DL EZE R AASFE L (P<0.05).

3. 5 HFD-CTL #tt, HFD-KLF7 ZH/NAFEAREL . FFIE TG, 1% TG. FFA. ALT. AST
AKSEHE DN AR B A OGS R ) mRNA FRIERIIN, FF2H S 7 728 P R 9 i a2 i i 781 26 4 i
RS WU . D EERBEA SR L (P<0.05),

4. 5 HFD-shCTL #Ht:, HFD-shKLF7 41/NEHEAAE L. HIE TG, IfLiE TG. FFA. ALT.
AST ZKFREA%, TG ekl G EE R ) mRNA RIE PR, AR I 2 MR S 12 s, &
LR B R BB R RIS . D EERYEA SR L (P<0.05),

5. KLF7 FI4E [0 1% HSPAIA, {&i# FFA AbBLRH4EMBA IR R . DL EZE R AA G 7R
X (P<0.05).
g5k
FRERA T KLF7 RiA3E 0, wi@id i HSPALA R IA {23 NAFLD R4 .

Se4#iE: KLF7; HSPAIA; NAFLD; fgJi& Rk
WIRM . A GERERTT)



Abstract

Objective:

Based on the animal model and the cellular model of lipid metabolism disorders to simulate the high-
fat environment, this study aimed to elucidate the role of Kriippel-like Factor 7 (KLF7) in the development
and progression of non-alcoholic fatty liver disease (NAFLD) and clarify whether KLF7 promoted NAFLD
by targeting and upregulating Heat Shock Protein Family A Member 1A (HSPA1A), thereby providing a
new molecular target for the diagnosis and treatment of NAFLD.

Methods:

1. Animal experiment in vivo:

(1) Male C57BL/6 mice were randomly assigned to either normal chow (ND, n = 6) or high-fat diet
(HFD, n = 6) groups for a 15-week feeding regimen. Serum and hepatic triglyceride (TG) and total
cholesterol (TC) levels were measured using assay kits. Hepatic lipid deposition was assessed using H&E
and Oil Red O staining. Hepatic KLF7 expression in NAFLD mice was quantified by qRT-PCR and
Western blot (WB).

(2) Male C57BL/6 mice were fed a high-fat diet for two weeks and then injected with adeno-
associated virus (AAV) via tail vein. The mice were divided into four groups: the HFD-KLF7 group (n = 6),
the HFD-CTL group (n = 6), the HFD-shKLF7 group (n = 6), and the HFD-shCTL group (n = 6). All
groups continued on the high-fat diet until the 15th week. Real-time quantitative PCR and Western blot
were used to validate liver-specific KLF7 overexpression or knockdown and assess lipid metabolism-
related gene expression levels. Hepatic TG and TC levels, as well as serum TG, TC, and free fatty acid
(FFA) levels, along with serum ALT and AST activities, were measured using assay kits. Glucose
metabolism was evaluated by Glucose tolerance test (GTT) and insulin tolerance test (ITT). Hepatic lipid
deposition, inflammation, and fibrosis were assessed using H&E staining, Oil Red O staining, F4/80
immunohistochemistry, Masson staining, and Sirius Red staining.

2. Cell experiment in vitro:

(1) The mouse hepatocyte line Hepal-6 and the human hepatocyte line HepG2 were transfected with
KLF7 overexpression plasmid or KLF7 siRNA. Lipid droplet deposition were observed using Oil Red O
staining, and intracellular TG contents were measured. The expression levels of target genes were
quantitatively determined through qRT-PCR and WB.

(2) The binding sites of KLF7 and HSPA1A were predicted by NCBI database and JASPAR database.
The binding of KLF7 to the promoter of HSPA1A was validated through dual-luciferase assays and ChIP



analysis in HEK-293T cells and HepG2 cells, respectively.

(3) The mouse hepatocyte cell line Hepal-6 was co-transfected with KLF7 overexpression plasmid
and HSPA1A siRNA and then treated with free fatty acid, while the human hepatocyte cell line HepG2 was
co-transfected with KLF7 siRNA and HSPA1A overexpression plasmid and also treated with free fatty acid.
Similarly, the size and quantity of lipid droplets in the cells were observed by Oil Red O staining, the
intracellular TG contents were measured, and the mRNA and protein levels of the target genes were
analyzed by qRT-PCR and WB.

3. Statistical methods:

Statistical analysis was conducted with SPSS 26.0. For comparisons between two groups, data
following a normal distribution were analyzed using #-tests. Non-parametric rank-sum tests were employed
for non-normally distributed data. For comparisons among three or more groups, one-way analysis of
variance (ANOVA) was applied. The P < 0.05 was considered statistically significant.

Results:

1. Compared to the ND group, the HFD group exhibited increased body weight, liver weight, serum
and hepatic TG and TC levels, and lipid droplet accumulation, along with impaired glucose tolerance.
KLF7 was significantly upregulated in the livers of NAFLD mice at both mRNA and protein levels versus
controls. The mRNA and protein levels of KLF7 increased in cells treated with free fatty acids. These
differences were statistically significant (P < 0.05).

2. Under basal conditions, overexpression or knockdown of KLF7 had no significant effect on
intracellular lipid accumulation. However, overexpression of KLF7 increased intracellular TG content,
while knockdown of KLF7 reduced it. Further analysis revealed that KLF7 influences lipid accumulation
by promoting the expression of lipid synthesis-related genes. These differences were statistically significant
(P <0.095).

3. Compared to the HFD-CTL group, the HFD-KLF7 group exhibited an increased liver-to-body
weight ratio, elevated hepatic TG, serum TG, FFA, ALT, and AST levels, as well as upregulated mRNA
expression of hepatic lipid synthesis-related genes. Additionally, hepatic steatosis and inflammatory
infiltration were aggravated, and glucose tolerance and insulin sensitivity were impaired. These differences
were statistically significant (P < 0.05).

4. Compared to the HFD-shCTL group, the HFD-shKLF7 group showed a reduced liver-to-body
weight ratio, decreased hepatic TG, serum TG, FFA, ALT, and AST levels, as well as downregulated
mRNA expression of hepatic lipid synthesis-related genes. Furthermore, hepatic steatosis and inflammatory
infiltration were alleviated. Both glucose tolerance and insulin sensitivity showed significant improvement.
These differences were statistically significant (P < 0.05).

5. KLF7 promoted lipid accumulation in FFA-treated hepatocytes by upregulating the expression of

v



HSPAT1A. These differences were statistically significant (P < 0.05).
Conclusion:
Under high-fat conditions, the upregulation of KLF7 expression facilitates the progression of NAFLD
through the transcriptional activation of HSPA1A.
Key words: KLF7; HSPA1A; NAFLD; lipogenesis

Paper Type: A (Basic Research)
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ARS8 K5 Mk Ag B 4 BT (Non-alcoholic fatty liver disease, NAFLD) , J& H Ajtt: 7 I

5 WK MR 2 — e A [ PR e 2 SRR R F ARG T e e 5 A0 5 g 19 A2 B

(Metabolic dysfunction-associated steatotic liver disease, MASLD) ” X—#ifw %, 58
HERG 2 [ LB, HE T4 NAFLD FriE ) B 580505 8 MASLD Fr 1 &
B ZAMAAE 1% AEES, #85% KU1V NAFLD —id231, NAFLD F4HE A2 H il
— M (Triglyceride, TG) VIR AT AL AR A FE VAR, MR A8 st Je T i A AR
¥ 1% B W5 P BT %6 (Non-alcoholic steatohepatitis, NASH) , {E I BT 40 o 5145, HEL
R AN SR, BTk — 0 S BUH L 4EA I S 26 K 9 I AEAL BL 28 S da g 470 B 5 IE
H1 2 BURE R O RS2 T, NAFLD W& # i 2B KA, B, &
BRA 38%MIAE N, 7~14% ) JLEM T D4 A NAFLD L, Fiiit £ 2040 4, A
NAFLD S R RGN E] 55% LA L0, S FHIRm R BT, 8 Yl 2 NAFLD
I SN R TAE,  DARf R 24 SRR IT 77 1%

NAFLD IR& T, MR EAeMiER (Free fatty acids, FFA) S &1 %, g
AL E R RENTER, (R H M =R G R, SEnEw a0 12, NAFLD A3 HEREE 4 A
JiR & ZHKPT (Insulin resistance, IR) fH UL HIL, T BRI RS RPURMIEH %
W, USRI SR, MEERtEbE R, G R OIEA R AR LS S B4R A
UL E— 2 INE IR, JERCHRMEIEIAIS 4, thah, R I3 TR k& K

(De novo lipogenesis, DNL) LA & il 41 23 %6t I 197 2 (1) R FH 2> 5 8 vl 5 80 FFA &% &
FRIsg N0, AR A 1 AR D PR o IR 35 DNL, L4 A & DNL IR A i JrURHe
8, AN EY, O A £ OIAHEE A FRALEE (Acetyl-CoA carboxylase, ACC)
AL N AE RN AN A, FE AR G0 (Fatty acid synthase, FASN) HI/EH & 1k
MR (Palmitic acid, PA) , PA &[5 MM. BB M Bs LSz G, &L
TG W 2 A7 40 A B 2H 2 AR AT 5 T B 1 RO 70 WA 1 N IV A 019- 200, B 52
R {E B NAFLD (BB, R K4 26%11) TG 5k H DNLEY. 5¢F NAFLD
HARW o FHLHIA R4 52 447, H HT FDA #it#EF T8 77 NAFLD WS A
resmetirom®l, #RTM, #F resmetirom H53ELEZ54) (AN LS R EOA RS RN,
ARE S RAEE M EAER, A, resmetirom XF<18 % )T /DA 15 24 H 2 H w4
ANHEREDY, RF, 32 T iE NAFLD KA & R BIHLE] X PR 28 76 7 S8 s R - g
it e g3 R
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KLF7 J&# 5% K F Kriipple #£ 5 j% (Kriipple-like factors, KLFs) & i, HL I
HA 3/~ C2H2 SFfa 453829, KLFs Al @ s N R ML XS 5T S M s
AR AR A e E AR AS, WIRFAE. MRS, ORI BE LSRR 20, B R B, KLFS
AT KLFO {12 HE AT g B AR B, 1 KLF10. KLF11 A1 KLF15 00 BT i B 7 22 1 127310,
Qiu £ AR R R I: /NEASHT 423 KLF7 38 3 2 RE K 7 IL-6, TNF-ofl MCP-1
BRI T 9 RE e L FIREAR I 25 L0, Ak, AW R B KLF7 1I3R1E 5 X8 154 g
7 L 23 1) Er B IR AR DR B IR A BT I AU B ) FRA &b 2 /) BRUFF 96 40 i &R
Hepal-6 1\ JFRE 40 & HepG2 7] bl KLF7 (315, LLEWFRSE E42R: KLE7 5H1
AR 2 (M B BB &R, B H T KLF7 16 FF40 B b 1 51 i 1 4% A A
T A IR IE

PR EH H KR A A 1A (Heat shock protein family A member 1A, HSPA1A)
HRTLE A 70 FEWR R, 584N, FAEAE 58 S4B, O ik
H]: HepG2 4 flid %1k HSPALA &t 1 5 b & A K E Kl FASN AT ACC )31k 5 51
YT P I A BN, A, R HSPALA R84 Y I IR A R0, ghAk, 76K
B2 i R B S B 70 S0 R U & BE VR T EE 2 78 (GRP78) i IR, MG
NASH % 4 i XU B8, P RRZH B W17E Hepal-6 ZH it i KLF7 J& 34T RNA-seq, S
R RN FiH KLF7 #8077 HSPALA () mRNA £ik. EYE B E0H R .
KLF7 1£ HSPAIA B A 3+ X AF R RN S5 G AL s

g BN, AR B N (B 1-D - ERREST, SRR KLF7 8
SKWOE HSPALA, R R IEACUIAH SRR 3Rk, FEURAR RGN, 5K NAFLD.
N T RAERL B, AT RAIN S (1) 7£ NAFLD /)N BB R AR 7035 77 1)
Hepal-6 Zi /i f1 HepG2 41, BAHH KLF7 55 NAFLD (At  (2) Mg/ RATIE
KLF7 %5 5 I8/ A, B KLF7 %F NAFLD K4 KRR (3) {h4hEs
7% HEK-293T ZHMd A1 HepG2 i, 8 I W08 i 2 Bl 7 22 AT S0 A1 G €84 J57 G 128 PTE 5K
5, WIEG KLF7 X HSPAIA WHE R IEER . (4) f&51M53% Hepal-6 400 A1 HepG2 4H
M, R KLF7 22 Sl (2 HSPALA KRS e gE g fle iR 2. DL EF il s
NAFLD KA BAR TR S BEEIR K YE . O NAFLD W2 W a7 2 5 vl 66 1) 48
B R
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