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EVA1A overexpression improves non-alcoholic fatty liver disease in mice by regulating

lipid metabolism and promoting lipophagy
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Abstract: Objective To investigate the role of transmembrane protein EVA1A in liver lipid metabolism and development of
non-alcoholic fatty liver disease (NAFLD). Methods Eight-week-old male ob/ob mice were randomized into control group
injected with AAV null vector via the tail vein (AAV-null group) and AAV-Evala group injected with recombinant vector AAV-
Evala (n=8). HepG2 cells transfected with the lentiviral vector LV-EVA1A or the null vector were induced with oleic acid to
construct a cell model of NAFLD. The expression levels of EVA1A, lipid metabolism-related and autophagy-related genes in
mouse livers were detected with RT-qPCR, Western blotting, and immunofluorescence staining, and lipid accumulation in
mouse livers and blood and in the treated cells was examined with HE and Oil Red O staining and lipid detection kits. Serum
levels of ALT, AST, IL-6, IL-1p, and TNF-a of the mice were detected, and hepatic lipophagy was observed with transmission
electron microscopy. Results The mouse livers in AAV-Evala group and LV-EVA1A-transfected cells showed significantly
increased expression levels of EVAIA mRNA and protein. The liver weight and coefficient and lipid deposition of the mice
with AAV-Evala injection and triglyceride (TG) content in LV-EVA1A-transfected cells were significantly decreased. The mice
in AAV-Evala group showed significantly reduced serum total cholesterol, LDL-C, and HDL-C levels and hepatic TG levels
with lowered serum levels of ALT, AST, IL-6 and TNF-a. In both mouse livers in AAV-Evala group and LV-EVA1A-transfected
HepG2 cells, acetyl-CoA carboxylase, fatty acid transport protein, and diacylglycerol acyltransferase expressions were all

significantly decreased and adipose triglyceride lipase

increased. Hepatic lipophagy, autophagosome numbers
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and LC3-II and ATG5 expressions were enhanced and p62
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expression was lowered in the mice in AAV-Evala group

(ZR2022MC053) 5 [ 5K ¢ Ok 5 4 B3 @ ol 91 25 71 % 1 H and LV-EVA1A-transfected cells. Conclusion EVAIA
(202311065062) overexpression alleviates fatty liver and inflammation in
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Tab.1 Primers sequences for RT-qPCR

Gene Forward primer (5'-3") Reverse primer (5'-3")
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Mus f-actin CCCGGGCTGTATTCCCCTCCAT CCTCTCTTGCTCTGGGCCTCGT

Homo f-actin
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H 1 h,PBS k5 FHED A DAPI {4 15 min, FRK
PBS thyk /a3t i il SO0 W S A A

1.4.3 s ZATRERS AR M6 A A IR IR
4 “C337 ,3500 r/min 5.0 15 min, Ff 5 B _E T 5 AR,
FI &AM 135 TG . TC .LDL-C .HDL-C K215 TG
TC 7K.

1.4.4 fif Koz B-F4m S IEELISA B & ui B 5%
P2/ N BT T ALT  AST, ZAEA JC AR - 1L-2.,
IL-6 LA K TNF-o0 5985 PR 24 TG

1.4.5 HE & B/ AL 0% 5 R0 7 i VR
YR XD AT I ARG DL g £ R DG B0
B (OLYMPUS/CX43) #Hf T A AHE .

146 A O e H/NEIIERM KR A &2
20 min Ji7 PBS %%t 3 min, £ 60% S AL EE 1 min,
SRIGIEAIMZL O TAEMA 4 (2 10 min, FHH 60% 11 57
TNEEALHE 3 s, P I PBS A UL, AR et 6 s Ji B FIK
HIEUE, PR 1% ERIRTWIAS 06 2 s, PRt B oKk

BB PSR

1.4.7 E5 0NN IEA LG E B L BN
RS A AL ZUbRAS 1 2.5% 13 — 1 [ % e i= i 7E
1% MU ARk, o3 3 A TR 53-4500.5.0.7.0.8..0.9 YA
A B MK, SHEA AL i VR ¥ (50~70 nm) U0 1, 88
Jii FHBS TR FIFT AR A A T YL 6 ZE B ST HL BT P UET:
EisliH

1.4.8 Western blotting #& ) AT I 28 27 % 28 it P EVA1A
Fo fig FA S A B AR X R G 09 R A KRR B FAEZHZY
SRS PBS PRI 3 K, A ZH B4, 22
PRS2 ) PBS VIR Je B IS 24, 2
IEVER 11 5 BCA 5 & vk 0 5 2 vk B, AL 5
Loading buffer & i 10 min fifi £ (4145 PE . SR J5 SDS-
PAGE B Pk LA, B0 2 h, #22 156 BH 5 1 HE 514
B AH Y — 31 [ (EVALA, 1: 1000) . (CD36, 1: 1000) ,
(ACC1, 1:1000) . (ATGL, 1: 1000) . (p62, 1: 1000) .
(LC3,1:1000) . (ATGS5,1:1000) . (B-actin, 1: 5000) ],

4 CHWFE R, TBST YEBE LS , 4t (1:10000) % i
$¥E 1 hJ5, TBST UYL, {fi JH ECL ik & At 5,
P B-actinfE NS B M, ff 1] Image J 4504 a1
S IR EEAEL, UL H R 140 R EEE S NS B 4%
IR BE (B FAEAE A H B AR ik i, 5 51
56 3R, SR E IR
1.4.9 mpe i R AFkE FHAMBERE]E coverslip Y
1290 42 1.3 3 (R A FRANARLIS , FH 4% 23
it [ 52 40 if2 10 min, J PBS #h{%:, # [ 0.2% Triton X-
100 A T ARANEE , i NI & 5% L =F IS =3 1 h,
In—4t4 CHER I, S oo —hi = iRk E
1 h, SR 5 B2 DAPL Y, 86 E 10 min, f¢
Je BT K = 7 R R 38 e PO 2R A R
WEZ
1.4.10 mfaimsr O F & KA MEERh 20N fLbR 4%
13905 AR A SR ARLSS | o LIS FE TR 80% Fif 5
FHEFR AL 2 mL vk FEE R I 2 S FLAR P
10 min [FEEANME. Flf5 3725 0KHTBE, FH 60% S R BEEIE
YL 5~10 s, SR IFHF 60% HITMLT O YL E 75 LAk
FIIFE 30 min, WEEEH)E , HHIIARZE YA S min,
FHE KR, FEE) S A P UIER
14.11 e TG4 E YL 1x10°41 T EP &,
1000 r/min 5.0 10 min, 7 3E AR AIAILTE . A
JCHEH PBS H 40, 1000 r/min 5.0 10 min, 3 FIETR
TRERVLTE, A 2K, HILA 0.2 mL A HRER K I THLAR 2D
Ko JRLEETE 1.4.3%8 7 TG GBI E
1.5 %t 3ot

{4 FH GraphPad Prism 9 #1754l 48 1153 #r . har
I 3K, T OB A S Bl br vl 22 R, 45 4 1)
25 57 SR ST REAS (K56, P<0.05 N 2R A G

2 R
2.1 Evala 212 ob/ob /> RAFRELA LR i & ik

5 AAV-null 4 e , AAV-Evala 21/ ST AEZH 2R
H Evala mRNA A FGE RN (P<0.01, B 1A) ; Gl



http://www.j-smu.com

J South Med Univ, 2026, 46(1): 150-158

+ 153

Pt B R, AAV-Evala 2/ RUHIEZH S Evala i
M1 2235 K F 5 F AAV-null 41 (P<0.001, & 1B) ;

Evala

AAV-null

Evala mRNA expression 3>

AAV-Evala

AAV-null AAV-Evala

c AAV-null

Mr
Evala “... 17 000
= a=s

p-actin S | 42 000

AAV-Evala

B 1 EvalaE ob/ob/INRAFAE AT RIE

Western blotting 4554 i 7v , AAV-EvalaZf Evalaf5 1
FkIKOEE T AAV-null 41(P<0.05, K 1C).,

DAPI

Relative fuorescence intensity

AAV-null AAV-Evala

*
3j—[
1_

0_

AAV-null AAV-Evala

Evala protein expression
[ )
1

Fig.1 Overexpression of Evala in ob/ob mouse liver. A: Relative hepatic Evala mRNA levels. B: Immunofluorescence

staining for detecting Evala expression in mouse liver tissues (Original magnification: x200). C: Hepatic Evala

protein expression levels detected with Western blotting. AAV-Evala: Mice overexpressing Evala; AAV-null: Control

mice. ¥*P<0.05, **P<0.01, ***P<0.001 vs AAV-null group.
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Fig.2 Effect of EVATA overexpression on steatosis and inflammation in ob/ob mice and on lipid deposition in OA-induced
HepG2 cells. A: Observation of mouse livers. B: Liver tissue HE staining and Oil Red O (ORO) staining (x200). C: Liver weight
and liver coefficients of the mice. D: Triglyceride (TG) and total cholesterol (TC) levels in mouse livers, and TG, TC, low-
density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C) levels in mouse serum. E: Serum
levels of AST, ALT, IL-6, IL-13, and TNF-a of the mice. F: Infection efficiency of LV-EVA1A or LV-Vector in HepG2 cells
determined by fluorescence microscopy (x200). G: RT-qPCR analysis of Evala mRNA levels in HepG2 cells infected with LV-
EVA1A or LV-Vector. H: Western blotting of EVAIA protein levels in HepG2 cells infected with LV-EVA1A or LV-Vector. I:
ORO staining for lipid droplets in the cells in LV-Vector and LV-EVA1A groups treated with 400 pumol/L OA for 12 h (x400). J:
Quantitative analysis of cellular TG contents. AAV-Evala: Mice overexpressing Evala; AAV-null: Control mice. LV-EVA1A:
HepG2 cells overexpressing EVA1A; LV-Vector: Control cells. *P<0.05, **P<0.01, ***P<0.001 vs AAV-null group or LV-Vector
group.
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Fig.3 Effect of EVA1A overexpression on expression of lipid metabolism-related genes in the liver of ob/ob mice and in
HepG2 cells induced by OA. A: Relative hepatic mRNA levels of CD36, ACC1, DGAT2 and ATGL. B: Protein expression
levels of ACC1, CD36, and ATGL in the liver of ob/ob mice. C: Protein expression levels of ACC1, CD36, and ATGL in
HepG2 cells treated with OA. *P<0.05, **P<0.01, ***P<0.001 vs AAV-null group or LV-Vector group.
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Fig.4 Effect of Evala overexpression on lipophagy in the liver of ob/ob mice and in OA-induced HepG2 cells. A: Lipophagy
in mouse liver observed with transmission electron microscopy (x30 000). B: Immunofluorescence staining of LC3-labeled
autophagosomes in HepG2 cells treated with OA (x1260). C: Protein expression levels of autophagy-related genes p62, LC3,
and ATGS5 in ob/ob mouse liver. D: Protein expression levels of autophagy-related genes p62, LC3, and ATG5 in HepG2 cells
treated with OA. The red arrows indicate lipid droplets. *P<0.05, **P<0.01, ***P<0.001 vs AAV-null group or LV-Vector

group.
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