DOI: 10.11844/cjcb.2025.06.0003
o [E i A ) 244 Chinese Journal of Cell Biology 2025, 47(6): 1240-1248 CSTR: 32200.14.¢jcb.2025.06.0003

BFS RAIAE P & oSV TR SLEA L T AHORAS

K WEE FIL OBHC BIEE BHE KER
(EABERIR AR B 2 B A AR 2 &, b 100069; > FEE R MR AL 5UAGE EERE, JE5 100050;
Y HREERL R 2 R A R 2 B Bt R 2 X SR e v L, BT 100069)

FE g IR R @ e b A F oS(ITGAS) M BABL S B4 A 1 (ALDH4A 1) & 5 89 % vh
#) AIDNAF F AL 5. RNAR B B f o 20 L840 53 o A7 4 5+ ¥ @) U > BT 52 R 4m Bltga St
ALDH4AI R & 3T # 7 FEAKF. mRNAZRZ & K-F 6% em., A8 LEALFEEHR Ry
At R e AT BB AL . Ao B AR 2R A TGAS A ALDHAA 149 % & /K -F . F) A siRNAGUB AT 5%
JR 4m P ITGAS, #) 8 52 if & ERT-PCRA % /& 40 ioAt 5 F &3 K, 947 SURITGAS T AR 52 )7 4m
fi, s ALDH4A1 mRNARZ & KT 09800, 4R DT, 57k ) ST 5% 4050 Ttgas, FFAE4E 2R
¥ ALDHAAIL B B 3)F 45 F AAKF R E G KPR & TR, £ 74 %5 & L(P<0.05).
B A, BARANT 52 R 48 B P ITGAS 49 & A K-F-, ALDH4A1 4 mRNAK-F Fa & & KT8 B & F
BB ZH(P<0.05). Reit PAAFARAG B4 69 AT IR 4L 22 P ITGAS & & K-TAK T EF 4t , MALDH4AIE &
K& FEFRE, £RA G FE(P<0.05). FFREM, TSR mit T 20Fo57T fid il H
A F BT B F AAKF AT ALDHAAL 69 KA,
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Abstract This study investigates the effect of ITGAS (integrin a5) in hepatocytes on the expression of
ALDHA4A1 (aldehyde dehydrogenase 4A1). DNA hydroxymethylation sequencing, RNA sequencing, and immuno-
histochemical analysis were employed to examine the impact of specifically targeted knockdown of Itga5 in mouse
hepatocytes on the hydroxymethylation level of the ALDH4A1 gene promoter, as well as its mRNA and protein
levels. Immunohistochemical staining was used to analyze the protein levels of ITGAS and ALDH4A1 in liver tis-
sues from patients with biliary cirrhosis and normal donors. siRNA was utilized to knockdown ITGAS in human
hepatocytes, and real-time quantitative RT-PCR along with immunocytochemical staining were performed to assess
the effect of ITGAS knockdown on ALDH4A1 mRNA and protein levels in human hepatocytes. The results showed
that specific knockdown of Itga5 in mouse hepatocytes significantly increased the hydroxymethylation level of the

ALDH4A1 gene promoter and its protein level in liver tissues compared to the control group, with a statistically sig-
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nificant difference (P<0.05). Similarly, knockdown of ITGAS in human hepatocytes also led to significantly higher

mRNA and protein levels of ALDH4A1 compared to the control group (P<0.05). In liver tissues from biliary cir-

rhosis patients, ITGAS protein levels were lower than those in normal donors, whereas ALDH4A1 protein levels

were higher, with statistically significant differences (P<0.05). The study suggests that integrin a5 in hepatocytes

may regulate the expression of ALDH4A1 by modulating the hydroxymethylation level of the gene promoter.
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methylcytosine, 5-hmC) % UIAH M. FRATHTHA
W FE R I, REYHPEFAE AL (biliary cirrhosis) & 4 T4
LA YEAL X 35 5-hmCoK P[RR, R B 20 41
B 2 AR 4 &K aS(integrin o5, ITGAS)H £k /K
SR T IR AR Pl R e 1 R S 0T 24 P
a5, g B E 4 23 ShmC/KF BL S i fb
JE 1% ShmC 1)+ —+—#% A7 [ 1(ten-eleven transloca-
tion enzyme 1, TET1)imRNA J &5 [ 7KF 1 R FE2,
DNAF RN 7 73 A B, macl 52 ot 40 i 8
a5/ ERH IR 2 R AN [F] B ] (1) J5 31 ShmC /K
HHEAR,

1% Ry S0l 4A1(aldehyde dehydrogenase 4Al,
ALDHAA )3 R i i 2 R A4 52 57 NAD i o it &
B, SFRS(1)-ME P pk-5- R ER (PSC) i A B (PSCDH), J&
T it S TR SR B, A B I R A ik A
FREERE, 25 2R M A Z R 1 OB B R BT
i 1t S 5K 1 53— A 0t ALDH18A1(PSCS) i i
WA RE, B R ERR & AR ™. 5
LU, 4 Ff T S AR R A AR s AT P R 1R 036 14
SIS 22U RR AN 5 S R i M A R A7 T B
fi-ALDH18A 12> b B 31| — 5k = I R ATP 5 i 10
dehifirh B HIX SRR T 2 5 &% ALDH4AL
ANIERE . FRATHT AT FE I, mecis 52 o7 240 i 5
oS/NERF IR ZA = U 1 S R A 25 i B k1
I, EACTERR K BE I ™, H eI, H S5 44 g
G R oS I T BRI T ALDH4A L

70 B, e 4 i 8 S AU AN F D) e A G
(R E A KRG, Kb FEALDH4ALC, 1E
CTEMRIR A /N BRALYE A 52 BT 40 i - ALDHAA 1
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A A AT 5] 2 ALDH4AA1E A1 mRNASE i 7 HE)
ALDHAA1RIEIK - S5HH —E KR K5
B R S 0 1) i T S T 40 B 2R S/ BRUHF
MEZHER . RETPE AT AR AL 58 25 A 4 21 DA R AR A 8% 97
R N SI2 o 24 ., R 0 TSI Joi 48 i 4 35 oS 7K T
A5 fk % ALDHAA 1 35 HIVE R -

1 MR57EE

1.1 #&
1.1.1 i ANHE4IMHepG2 H 1 ARl R 245

it I 2 e 40 i A= ) 2 R AR AT

112 AdkzRgR HPTPERTREAL AT SR A AN it
IR AR B REL, 3R AR AR 48
B Gt /B A HEAE 5 92017SY10.

113 Bz SER/NREIN4~6aik, 18~20 g
(R EEYE BALB/c/INBR, /N BRI B b 5 i 1) 42 5L 56 )
P AR BR A A . FIFH CRISPR/Cas94 AR 57 P i
PN B S 5 41 B R Ttga S Y IA 7K °F: i FI CRISPR
Bt L H (http://crispr.mit.edu), Vs #EAR R K
BEAS 0 NbRAE, Wit T DU HE A 85 2R oS sgRNA,
S U JS , B A 0 5E I — X sgRNAFF BN F: 5
cac cgA AGT CCC CGT CGA CGT CTG GGC G-3'; R:
5"aaa ¢cCG CCC AGA CGT CGA CGG GGA CTT ¢-3/,
K FRER RIS 751 (coding sequence, CDS), iX
oy ey R E AR . NP RERR RS
JFA, IR XA 2 B P R 1 T . TtgaS-sgRNA
T /N B2 Sl R FH 5 AR e 18 JE Bl 1 1(liver-spe-
cific promotor-1, LP1) RAH I 25 L5 2 8(AAVS)
AR A K a5 sgRNA-pCasOFIXT 1 sgRNA-
pCas9, B 2 /N R kv 56 7 B2 110" A A4
[Al2H (vector genomes, vgs). ¥4 4)H J5 AbFE/N R P,
FT A sh ) SR 354 I B # R R R AR BE S 25 ()
SEHEAT, A0 A5 252017SY10.

1.1.4  SREIx 43 R S B ) DS B S
4 TegaS I 2 23 5 06 B8 /s B AR 2H 2 DNA Y&
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FH S AL 7 #5085 (GSE162409) & RNAN - % #5
(GSE159053)K H T4 S50 = Aif 1 3R 15 1 258
1.1.5 ZZiXF  DMEMIEFEIEE. JA2F M (fetal
bovine serum, FBS). OPTI-MEM®57£ 3£ H10.25%
[ -EDTAI H 2 E GIBCOA ] ; HRATITGASH#
SoFE PR (PR LE AP 1:500)0 H 22 [E Abcam /A 7] ; %
Pt ALDH4AA 15 5e B T4 (W B E A7) 1:200)0 H 3%
Proteintech 2 7 ; A7 AR IR 08 K pH6.0+ 38 AL IR
FIE N/ REBEEYERIN RS ) 50 &
H A R A0 B G R S AR AR A IR A
A AR a5 35 ARG PR AR I B VL5 T R S
WMARAF; KA. SLR 2 & RT-PCRIR
Ffr . PetE B 96FLPCRIR. e # MK (ABD).
7 K M BE % R W H £ [ ThermoFisher ScientificZy
A] ; RNAFERGA T &8 H 42 [H Qiagen/A ] ; HEEE
Tipsiy H 36 B AxygenA H] ; HAT 100 mmZH % 7= 10
It 35 E BDA 7] ; ON-TARGET SMARTpoolinte-
grin a5 siRNA(L-008003-00-0005). Non-targeting
siRNAs(D-001810-10-05)F1 Dharma FECT 4014 [ 5%
Dharmacon’s 7] ; 73 AR 2 2L Je il & W B b i
RHEEFHAWAF . GeneAmp PCR System 2400
PCRAE H # 3% ABI/A 7 ; QuantStudioTM 5 Real-
Time PCRAXJ¥ [ & [F ThermoFisher/A ] ; TCS SP8#
H6 3 T = BB (MicroSystem LAS AF-TCS SP8)
H 1% [E Leicazy ) ; Pannoramic SCANJRFRY] A HHE{X
% H %) 4 F|3D Histech’A &

1.2 7%

12,1 AFFERmpet LA BAERIER B4
S I5E, IMN10 mLE 1% 55 2 MEE 5 2 (PBS
F15 mLE LY, 4 °C 1000 r/minE .05 min. |, 3
1%, EET510% FBSHIDMEME; 773, 37 °C.
5% COZMF FH5 %

1.2.2 siRNA%EZE  SHUE KB HepG244 1 8x10°
AN SRR T 244U R , 37 °C 5% COLZ1F R 1597
24 hiHATHEYL . BB sIRNAKS YL, siRNAV (UL 24
FUB AN LRI RG] ): BL7.5 pLiRIE NS pmol/LIY)
siRNAE T TCRNARF) 1.5 mL EPE h, MIA42.5 uL
opti-MEM, #E2MFTIRE], 2 H . X siRNA (LA
24500 1N FLEIE A ): BL7.5 pnLIRE NS umol/L
ff) Non-targeting siRNAE TG RNAJFH 1.5 mL EP
B, IIAN42.5 uL opti-MEM, #252WHTIRE], % H
B PR TR B L) (BA 2444 2N FL oI, — AN ITGAS
siRNAfLAI—~> Non-targeting siRNAfL): H{ 4 pL
Dharma FECT 4%% 4475l A\ TGRNAFE¥/1.5 mL EP
) FEINN96 uL opti-MEMIE TR T 457, ANfE
BRI, & G  EL50 pLin A ITGAS
siRNA A i Fl1Non-targeting sSIRNAVA R+, FRZ 4% L
NREBEWETIRSI3~5IR, ERFHE20 min. MWHEFRF
HY tH HepG24ti i, WIEZHMUIRAS, & IHREFRAE, HTG
5 R AR R INPBSIEVEA IR, &:FLINA400 pL
opti-MEM, 73 A% FEZHFI BG40, 23 i I 100 pL i)
ITGAS siRNAYS i AlINon-targeting sSIRNAVA W, B FLHAR
BIEIGAG i, ANELRET, IONRG 7R . KiFR24 h)E,
WS MRS, BFFLIIAN500 uL DMEM 52 415 77 3 .
Y72 WG o3 B 2 R AR A L

123 S8 E FRT-PCRAM 28 A & H 49 mRNA
KF F| F RNeasyMiniKiti 71| &, % HE Ui 1542
B OR #2040 2 RNA . FH SuperscriptITI % 5%
TGS, TS D IR RNATS % 5 i cDNA
SR € B RT-PCRAG I % 2 Fl mRNA R IE KF . Af
F Primer Premier SAF & 11514, 5190 4t 52 B}
EWIFARE IR THTE A A A . PCRIIMITHI WLE L,

124 BHALIANHEFREE  AHETIH B
HLB AT #RAE H 70 °CH% 20 min, H LB KAL, %

®1 AWM PEMAOPCRS IR
Tablel List of PCR primers used in this study

mRNA%: T K 4 S HI(5'—3")
mRNA accession number Name Primer sequences (5'—3")
NM 002205.4 ITGAS F: TGT GAC TAC TTT GCC GTG AAC C

R: CGG AGA TGA GGG ACT GTAAACC

NM_001161504.2 ALDHA4A1

F: ATGACT CCG TGG GCTACT TT

R: CAG CGT CTC CTT GTA CTT GTC

NM_001317964.1 188

F: CAC CCAAGAACA GGG TTT GT

R: TGG CCATGG GTATGT TGT TA
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FECR Z 0 SR s KAk . B IR I(S min)— T HER
1I(5 min)— — 2K III(5 min)—JC/K Z.E% (2 min)— 95%
LI (2 min)— 85% £ (2 min)—75% £ ¥ (2 min)—
ANZEWK o TR G I FIH L E 47 min. H
ZENRKME2 mine  FHO.5%EhRR C B34S s. 7&K
Ve A S5 3 mine FHELYRG 10 s. FHZLE
KIFBE10 s YA BEAGE RIS : 75% .2 (10 s)— 95%
ZFFEI(10 8)—>95% L FEII(10 8)—TE/K ZEEI(1 min)— TE7K
ZEETI(1 min)— W ZE 12 min)—~ —HE 1. &5 H
H AR RS o

12.5 a¥AZIA WL EasiF e HBUL
RIS 8T AR T R AE, 60 °CHERE2 h, 2218
ARG EW . BRI R IR R
I(15 min)— AL II(15 min)— 57K ZEE1(S min)— 57K
LIS min)—95% (S min)—~90% /(5 min)—>80%
2% (5 min)— 70%Z. 1% (5 min)— 7K (5 min). ¥R £h
PUFAS I (pH 6.0)5 AT 1 LAGE/K A, F0R A7 s
HAVI RN = RS TR B E . R %
WA IR, 4K 1 min/5 BT PBSH . FHAUE A
W 2H 23] ;R DK 3 81, 0 3~4 il AL I
Wi, ACE T, PRERRIE, =R CE 20 min.
PBSIZ ¥t 33, i 5 min. FHHUAHREFIECHIBTiA,
BN 3~4% , AIEASY R R AL, AT
o [HUC—Pt, PBSIZ PR35, S min. FH 40K
U BK 8T, Wbr L 5N /R 1gGRAM =
9% E 20 min. PBSIZVE 38, £F/K 5 min. FH4LE
LA BT, LRI DABIRGH, RS W
A5 RO FHU N IR A PBSH, TR A SR
o Al K 5, 4% B8 FURF R 70% £ (3
min)—80% 2. (3 min)—90% £ BE(3 min)—95% . %
(3 min)— /K ZEEI(5 min)— /K ZEEI(S min)—~
F 2K 1(5 min)— - F 2R TI(5 min). JH Tipkih A 44 fig
TR A —ih, A RERS L, Bkl
A BHE—50T . BT RN R EREA.
126 SEmiofuFe TR, H
PBSIZ VLA 336 . FEFLIIA 300 pL 4% % FEHEE, 7
720 min. FFIHW, FEFLIIAT mL PBS, 12 ¥E41 A3,
fS5 min. 77 IHWE, BEFLINA300 pL 0.3%TritonX-100,
FEIPFE S min. FEIHW, BALIAL mL PBS, 12541
W33k, RS mine FFIHWE, JIA300 pL 10%F 1fiLi,
FWIFE B 60 min. FFIHWR, FEFLIIA 300 nL et
ALDH4A1$0#4(1:200), A4 *CUKFHI B IR’ [HIIL

—4t, FEFLIIT 000 L PBSIR ¥EZH 33, 355 min.
FEIHW, BEFLINA300 pL Alexa Fluro® 488FRic *EHif
1gG(1:500), 37 °CHEE:HF H 30 min. FFIH, BELLIMN
A1 000 uL PBSYZ 4 A3, 4565 min. 7 IH,
FLIIA 300 puL DAPL AR, ST & S min J4i i
. FEIBT, FEFLIINT 000 pL PBSIZ ¥E4 e 33k,
W5 mine F3 A SRk A RRC [ e 2By b,
JeBEF . TCS SP8EOLIL R Tl Ee, A
MicroSystem LAS AF-TCS SP8EUG#FHH IR A o
Imagel T35 W9 2 240 i o 2 Ol 2 FE AR, B3 4H.50 /4t

1.2.7 ALDH4AI}R B #h T # F AAKTF 69 T4k
oA UCSCidh il wig SO UM 1E 5 i 22 2 M
hMeDIP-seq (4 2= B 1, T L% UCSCaEAT AT
b

128 SitFaotr  FrASERESIR, HiELiY
1B R HEZE (x+5) Ko, K H SPSS 16.058 T8/ xf 5k
I 2E AT M, WAL IA) LR FH AERC XS student’s ¢
K. P<0.05 35 M 22 5 B Geit-22 5 3.

2 R

2.1 BURCNERATSEEARRE R ITGAS EiRT AR LR
HALDHATEE B3 T2 B 2K F HImRNA
K

BT FRATHT HARE FT 2 SR AT A e B 1) R R/
B S 5T 48 g TT G AS 0 28 235 x6F /s Bl JHF U 4
ZIDNAFE HH AL 7 2048 (GSE162409) 2513t — 254y
Mrios, o 184N R R 1) JH 3l 7 & i 2 H B E KF
At HeA 45 ALDHA4AI™ . ALDHA4AI# W HEALZE
S B SR 4R 47 14 (transcription start site, TSS)H]
BARALE -1313; 7T 45 G544 (chr4)139621301-
139621860[X 1, K J¥ 559 bp, k1% (log,FC) Ny
7.29. J8IF UCSCHE K 2H M ¥k (http://genome.ucsc.
edu/)% hMeDIP-seq#i#fs H ALDHAA 1 5 FE PR 2 H1 Ak
WEAR AT T AT R 7 HT (BT 1A) .

S5 R IR, B S 0T 20 MRy e 1 rs ek tga S (Ttgas
sgRNA)/N U IF 4L 28 ALDHAA TR J5 51 4 1
2 AL KT T R4 (Cas9), A Gt 2R
(E11B). FE[RE 372 F A /KF 138 e o 25 51
EE mRNAZKFIE N, Ak, FeATT3E— 507 Ttgas-
sgRNAZ Fl cas92H /)N B3 JIE 44 2 RN A F 45 2R
(GSE159053) R HlL, 7 Itga5 sgRNA/IN R AT 4 rh
ALDHA4AI mRNAZKF & XA, (H il T AR AMA
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A: ALDHAA T 5IER 52 W SEAL 25 S aT WAL . hMeDIPI 45 H 78 55 ALDHAA 1 3E R A IR A B B s AL 3 B, SR 7ETtgas sgRNA(n=3)
HCasOH (n=3) [\ F LD FHREAFNIE T . ALDHAADFEFIBIAERTE b5 DL SR (B Sk 2 Rs N & T AE R 2 R R K U7 9], B HE R ZRUTRSs,
BEMER NI T, F3 FIRA K 22 55 X B ATt s 5 s . B: hMeDIP-seq S5 ) HTALDHAA LIS 21 X 38 TtgaS sgRNAZH FICas9ZH 15 H SE 4k
K. Itga5-sgRNA, n=3; Cas9, n=3. C:RNAJF 4% F 5 /RItgas sgRNAZ FICasOZH /N AT 4L 2 i ALDHAA T FImRNAJK -, n=3

A: visualization of single-gene hydroxymethylation results for ALDH4A1. The normalized number of reads covering each nucleotide position of the
ALDH4A1 gene from hMeDIP sequencing is shown in individual biological sample tracks for the Itga5 sgRNA group (7=3) and the Cas9 group (n=3).
The ALDH4A1 gene model is displayed in black above the tracks (arrow lines indicate introns and the direction of the gene in the genome, narrow
boxes represent UTRs, and wide boxes represent exons), with hydroxymethylation level difference segments highlighted in yellow. B: hMeDIP-seq ex-
perimental analysis of hydroxymethylation levels in the ALDH4A41 promoter region in the Itga5 sgRNA group and the Cas9 group. Itga5-sgRNA, n=3;
Cas9, n=3; C: RNA sequencing results showed the mRNA levels of ALDH4A1I in the liver tissues of the Itga5 sgRNA group and the Cas9 group, n=3.

E1 BUs)BRBTSC R 4R T I tgaS XS BT B LR 4R ALDHAA TR F 32 R E AL K EAImRNAK A E2 0
Fig.1 The effect of ItgaS knockdown in mouse hepatocytes on the hydroxymethylation level and mRNA level
of the ALDH4A1 gene in liver tissue

25, Gt =R A EEILC).
2.2 ER R BT SERABE R ITGAS LiERTREZELR
ALDH4A1ZEH/IFRIE

itk — 20 B Rk B ITG A S A& 75 42 5 T i
2028 ALDHAA L F/KF 1 284k, FRATTRIH 4 9%
H UL 2250 #T TtgaS sgRNAZL AT Cas94L /N 53T A2
21 ALDHAA L RIEARA,, 25 R UK 277, Ttgas
sgRNAZLH ITGAS £ H 3R /K V- B AR T B4
MAEITGAS H H R IE KV KX I, ALDH4A 1R IA
AP 2 T, Tmagel 2 AT IR G iR W] —
G B A5 87 R (P<0.000 1), 45 RE0, R/ i

JHFSE B4 I ITGAS 1 T HEZH 23 ALDHAAT I 25
H 7K
2.3 FETMRTRE L B ERTARE LR PITGASERIR
FILX B HIALDH4A1E B 3RiA 7K 1 m
FATHTHARE 7R B, RHVE P R AL AR
M ITGASTRIE NI, N 1 IR I M 5 3
ITGASFIE T A2 550 ALDHAALE (R IE 11
L, FRATIR FH G2 4 A4k 2 53 B 3481 R - s 4
14 1 L35 1 IR 41 21 ALDHA4A L) 3RIE 2L
SERWMEBFTR, 51EE FAL R AL, IR
4 V) 7 ITGASH H /KT N X3k, ALDH4A1
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A HE J % 20 234k 2% Gt 43 B ) BR4H.(Cas9) A ok /1S BRUFF 52 5 41 R 22 4 R oS 2 (TtgaS-sgRNA )N R ZH 2L 5 2 a5 M ALDHAA T KA .
FEAE T K TR I S AT M A SRS R IR N R X . B: Imagel 1 & 543 40T HE 2L A R s B S 5 200 0 88 5 oS /N U HIE 2L 2 8 45 3RS
FIEEF KT C: Imageld 58 /3 ronk 2 Ko/ BT S B 20 i b B 45 3R oS/ BUHF IR 24 ALDHAA T ) 3 F KT

A: the expression of integrin a5 and ALDH4AL in the liver tissues of mice in the control group (Cas9) and the knockout group (ItgaS-sgRNA) were an-
alyzed by HE and immunohistochemical staining. The black arrow shows areas of decreased integrin a5 expression in hepatocytes. B: relative intensity

of integrin a5 protein levels in the liver tissue of integrin o5 mice in control group and knockout mice hepatocytes was analyzed using ImagelJ software. C:

relative intensity of ALDH4A1 protein levels in the liver tissue of integrin a5 mice in control group and knockout mice hepatocytes was analyzed using

ImageJ software.

E2 SRR AT SE R AP T Itgas_EHRTBE4E LA ALDH4A 1N E H K F

Fig.2 Knockdown of ItgaS in mouse hepatocytes resulted in upregulation of ALDH4A1 protein levels in liver tissue

T ARIEKT-BET S, Imagel & 200 41t
FW T B B 257 (P=0.000 2). ALDH4A1
HRIEIK EIA X R 2R R 4T, 451K
B, PRS0 S R A0 i P ITGAS B FHIRR IR IX
B IALDHAA 5 R IE K30
2.4 RURABFSERABEFITGASHIFRIA LHAL-
DH4A1HIF=IX

R FC R IR N I S 40 R ITGAS & & 52
g ALDH4A 1)KL, TATH ITGAS siRNA L X HE

SIRNA 7> 53l 56 e 2 Hep G241 i, #4272 hjm,
FH SEB 52 2 RT-PCRIM T ML ITGASF ALDH4A
1) mRNAJKF-. 45 R EY], 50 siRNAZAHLL,
ITGAS siRNAKLFEZ] HepG24H i 1 ITGAS ) mRNA
P FEK T 60%~70%(1K 4A), ITGAS siRNAKEEZ]
HepG241iJfi th ALDHAA1) mRNAK - &3 B, %
A G E (K4B).

YL 72 hig, R FH G2 40 Ak 2 23 A 4 i
ITGASHI ALDH4AT K& H K. 455K, ITGAS
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Az HE J G 95 21 2340 22 G 0 43 A 3490 IE 7 1 A 4L 5858 (biliary cirrhosis) 22 145 % HE 2H (normal liver) FF 20 23 Fp 32 4 K05 . ALDHAA T H) Kk o
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A: HE and immunohistochemical staining were used to analyze the expression of integrin o5 and ALDH4AL in the liver tissues of 3 patients with bili-
ary cirrhosis and 1 control case. The black arrow shows areas of decreased integrin a5 expression in hepatocytes. # represents a donor; ITGAS: integrin
o5. B: relative intensity of integrin a5 protein levels in hepatocytes was analyzed using ImageJ software. C: relative intensity of ALDH4A1 protein lev-
els in hepatocytes was analyzed using ImageJ software.
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Fig.3 The expression of ALDH4A1 was increased in liver tissues of patients of biliary cirrhosis
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A: SIS E BERT-PCRAMTITGAS siRNAFIN FEsiRNAKLFEHepG2H ITGASIHIMRNA/K . B: SZiF & S RT-PCRZ HIITGAS siRNAFIRT HEsiRNA &b

i HepG2H ALDH4AIfimRNAKF .

A: the mRNA level of /ITGAS in control siRNA treated HepG2 and /7GAS5 siRNA HepG2 was analyzed by Real-time RT-PCR. B: the mRNA level of
ALDH4A1 in control siRNA treated HepG2 and /7GA5 siRNA HepG2 was analyzed by Real-time RT-PCR.
E4 FUk AR HepG2H 2 & RaS_EHALDHIATHImMRNAIK
Fig.4 Knockdown of integrin a5 in human hepatocytes HepG2 resulted in upregulation of ALDH4A1 mRNA levels

siRNA 4L ZH HepG24H il ALDH4A1 ) £ H /K~
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DAPI/ALDH4A1

50 pm

JbFE T HepG2H ) 8 H K
A: the expression of ALDH4A1 in control siRNA treated HepG2 and ITGAS siRNA treated HepG2 was analyzed by immunocytochemical staining. B:
relative intensity of ALDH4A1 protein levels in hepatocytes was analyzed using ImageJ software.

ES5 FURiHepG24HpEHEE 4 R oS EJALDH4AIHIEBKFE
Fig.5 Knockdown of integrin a5 in human hepatocytes HepG2 resulted in upregulation of ALDH4A1 protein levels
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