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(HE] Hm WK HNEE S 1 (aquaglyceroporins ) AQP3 \AQP7 . AQP9 ik PRI 7E il B 5415 3 114 I8 M5 A% 14 T 400
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AP IR AR M P 4 AT R RV 2 O € K 200 L A H e T 3 o 0 A 000 JHF 240 S s s A ik 2 B, 3490 F 0,12
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mRNA 7K 12 h B R IEFF IR I8 ,48 h B (0.39 £0.08) KB m AR, SXTIRA M L 22 R B A G248 L (P <0.05) ; AQP7
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Expression of aquaglyceroporins in nonalcoholic hepatocyte steatosis and its significance

Qiu Liewang, Gu Luyun, Lu Lin, Wang Kui, Mei Zhechuan ( Department of Gastroenterology, Second Affiliated Hospital
Chongqing Medical University, Chongging, 400010, China)

[ Abstract | Objective To study the expression of aquaglyceroporin genes ( AQP3, AQP7 and AQP9)
in a sodium oleate-induced hepatocyte steatosis model and its significance. Methods  Routinely cultured
human HepG2 cells were used as controls, and steatosis of HepG2 cells was induced with sodium oleate to
establish a nonalcoholic hepatocyte steatosis model. Hepatocyte steatosis and triglyceride level in hepatocytes
were measured with oil red O staining. Expression of AQP3, AQP7 and AQP9 was detected by RT-PCR and
Western blotting respectively at 0, 12, 24 and 48 h. Results Oil red O staining showed that hepatocyte
steatosis occurred 12 h after HepG2 cells were treated with sodium oleate and aggravated with the stimulating
time. The triglyceride level in hepatocytes was significantly higher at 48 h (79.76 £0.75) than at 0 h (P <
0.05). The expression level of AQP3 mRNA was lower at 12 and 48 h (0.39 £0.08) in model group than in
control group (P <0.05). The expression level of AQP7 mRNA was slightly higher in model group than in con-
trol group (P >0.05). The expression level of AQP9 mRNA was higher at 12 h in model group (1.59 +0.11)
than in control group (P <0.05). The expression level of AQP3 protein was lower at 12, 24 (0.016 +0.002)
and 48 h (0.012 £0.001) in model group than in control group (P <0.05). No significant difference was
found in expression of AQP7 protein between model group and control group (P >0.05). The expression level
of AQP9 protein was higher at 12, 24 (0.050 £0.002) and 48 h (0.079 +0.002) than in control group (P <
0.05). Conclusion The expression of AQP3 is down-regulated while that of AQP9 is up-regulated in hepato-
cyte steatosis model, indicating that different types of aquaglyceroporins may be involved in hepatocyte steatosis
via different mechanisms.
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JEIAE 14 B8 B 14 BT ( nonalcoholic fatty liver dis-
ease, NAFLD ) H 25 i A 4= BRME: (1% it B ] A1, % 3% [ 3L
RIFFAWTFE 0 NAFLD J& —Fh R et 2 1k i
JT S50 LA 55 J5 40 A B 195 728 1 0 H il =15 ( triglycer-
ide, TG) W R FEAS KR AL A 8 A . HUAE — B fR S
HRT DK R BCA R T ORS P B 7 P %% ((nonalcoholic
steatohepatitis, NASH ) , I 7] g 3 J& i, > AT 18 £k 0 JT
fiE o NAFLD {9 R A R SR 55 HE R A e 5 Z 4
DU N R YIS H Y] B & LA 4 e e —
AR BIFSE R

JK H i858 2 H (aquaglyceroporins ) 52 3| H i
1E&ZBLAY 13 Fh 7K 38 iE 25 H (aquaporins , AQPs ) AQPO-
AQPI2 H ) — A E K, 46 AQP3  AQP7 [ AQP9 |
AQPLO NSNS AT HX H i R 2R 58N T R B
AENES . H RS S RS A ey i
P, TG G R IR SR, BRI DR A = 2E
FIEY . BIFSE B, ZRh oK i 18 2 S TE P
U N 1IN E N5l S A B ) = I B B - = Do
Tl i A e iz, 2B 25 T RIS PR 7
ST REMLH RS AN TG E o BRI IR T I BRI A2
Pk HepG2 4il i 2 A58 NAFLD fi38 & el il . A
WFFEANAEAAR SN ST 1) HepG2 20 i i 15 72 1 4G 114 ks
fili b, BEFEK HhEE & AQP3 (AQP7 (AQP9 7E i iy
PSP I A4 i 1 3 R AR A IR R AT BRI BILAR o

1 ##57FE

1.1 &K A

HepG2 41l [ HRHSE E G414, DMEM 15 353 i 4= i
TH AR G B Gbico 240 W), HERENFIILL O W H Sigma 2y
A, I = ER (TG) K] & W F R st #E A Y F52 r, BCA
FEAERIRF &I A Pierce 22 7], & B0 HI R A A5 W H
Roche 72 H], & RNA $ IR L 52 i) £ L S 90 e it
PCR A& #)4 A TaKaRa 22 ], ILFEHLA AQP3 Sdi A AQP7 |
WZEHT A AQPY —Hi H Santa Cruz A F], /NPT B-actin HLTE
BEBiiR RIPA TR (G & . SDS-PAGE |- #£ 4% shii Fl SDS-
PAGE SIS FCIS IR & F 28 = KA Y HE ARSI, SR i A
&N TRUOR R NI TE ST 8 Rk IV EE7 WA = et i A= B [
A2 G A A2 R 35 g [ A M i
1.2 @ ie3E 3R B AR B AR VL AS By TP AT 2 RS A 3 5

SHESCHR8 -9 ] )51, HepG2 4l Lk FH &4 100 U/ml 7§
FHE 100 pg/ml 555 ZE M 10% fG2F M55 (1 DMEM (IR 7 5t
Kig=F 100 ml 40l 5500, & F & 5% CO, MR EAY 37 C
R PG IR . AU AR T 35 mm REFR ML, fil 7
K3 50% ~60% AT AR TCIM I EEFRIERE R 18 h J& , IA MK
J¥24 50 mmol/ L jii R 87 WK (TR #7% T & 5% BSA (1) DMEM
MBI AE ) 22 ml B P BZK)E M 0.5 mmol/L, 435
FIMABREIA W A9 0,12 24 48 h W AE4HA, 4l O Yo i

BT T A NE D AS MR R . I E O h & X IR 4, 12,24
48 h Ry SLE
1.3 # M HepG2 w1 TG 4%

HepG2 ZHfIL) 3 x 10°/ml ¥k BE 470 T 35 mm BEFR LY, 3%
RS BIL L AREA B E 3 AR AL, 24 h 40N EE S
FEARTC MG R R B AR S B IR 18 h 5 Tty MR T, 77 012,
24 48 h Ji5 SR A M, e FE TR & 0 W AT R4, 0T SR AT BCA
EHATER L E & TR TR T LY TG &&= .

1.4 Zmje ¥ RNA JRIE cDNA 4%,

o EEEFRAIM % 0,12 .24 48 h, 435K 35 mm FEFRILH 55
FrRAEF L 4 CHUR K PBS W VEAM ML 1 WK, B A% W
IR PBS, &1L i A 1 ml RNAiso plus 2877 7543 22 fi# 4
s WET 1.5 ml B0, #2838 TaKaRa 23 7] RNAiso plus
AR R BCA M B RNA /e BTl 58 A RNA B,
FEah D(260)/D(280) Y LLIEAE 1.8 ~2.0 Z[H], £5HL 1 pg &
RNA , ##118 TaKaRa 2\ 7] PrimeScript® RT reagent Kit With gDNA
Eraser J 7% 5% 1 771 &0 10 FH 5 Be i SR AR &, 8 58 42 °C M
2 min EBRE RNA W P340 DNA SRS #LAF 444 (37 C
15 min,85 °C 5 s) [ A iA535] 20 pl cDNA %5 .

1.5 b3 k2% PCR 4w &L B mRNA & kK
F T

RS2 9% 2 it PCR A 45 41 4f it AQP3 | AQPT7 |
AQP9 J:[H iy mRNA /K., %8 SYBR® Premix Ex Tag™ 11 i
& (TaKaRa) 3 W] ECE 2N IR, B 25 T SR B4 &
£335 SYBR™ Premix Ex Tag™ 1 (2 x )ik 12.5 wl, EF#¢5I
Py (WEE 10 pmol/L) £ 0. 75wl Wi %% 5% i i cDNA #i4R 2l
KHEZEMEAK 9 ul, [ PCR 54K F Beacon Designer 7. 8 %k
it %l RiE A ARG, 51T 503 1, PCR Jz
W AE CFX96 SZi7¢ 56 58 1 PCR #: Ul & 4t ( Bio-Rad, USA) H 3k
T, 0 R E 3 AE L, BIGFR &N 95 °C AR
1 min;95 °C 10 5,60 °C 30 s, #HEHG(ES 40 PMEH ;65 C ~
95 °C 435 #FHE 0.5 CIHBERDCAG Tl & gt k. L
B-actin F[FIN NS, B T CFX96 Manager #1443 #7 S5 50 8048 o

%1 SRSENZER PCR 3| #1535

SRy EE5 15 (5'—3") ST (5 —37)
B-actin CCTGGCACCCAGCACAAT GCCGATCCACACGGAGTA
AQP3 CCTCTGGACACTTGGATATGAT ~ GGGACGGGGTTGTTGTAG
AQP7 CCGCATCTTCACCTTCATTG CACCCACCACCAGTTCTC
AQP9 CTCCTGATTATTGTCATTGC ATCCACCAGAAGTTGTTT

1.6 mieBs & & a3 &% Western blot &4 & 3 K
RO RBKFEA

35 mm B IR L5 R AL 50 55, JF A8 1Y PBS Bk ik 3
WM RN . BN EFRILAPINA 100 wl RIPA ZUf# 3%, 5
RPN S R AR FR L, B T UK 3R 2% 30 min,
A E 2 1.5 ml B0, 4 CF 16 000 x g £5.0
15 min, W HR I VE(RAFT - 80 C 4. $4H& Pierce® BCA Protein
Assay Kit Ui BEAEHITHR O E &G, 12% 1Y SDS-PAGE
BEEHATHLVK /3 5, 485 100 VIEIE 1 h B E 11 % PVDF i
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A3 BE4E;B:12 h 523640;C.24 h 5:3448;D:48 h 5254

Bl lEgiiES HepG2 AMRARER E MM O RERRABAETSE

o K EERL IS PVDF B E T8 5% W EEIBUIE Wik ) TBST ¥k
(% 0.1% Tween20) Hdf [ 1 ho SRFTILFEHIA AQP3(1:200) |
SPTA AQPT(1:200) (ILEEHT A AQPI(1:200) /NRBLA B-actin
(1:1.000) —#Ht 4 CF i BB T HEAT 8 1 BN, 5803 DR 5 R
JH HRP #3300 —Hi R T EE 1 h, ECL 3 W, #] 1] GEL
DOC XR IR 1% £ 5t (Bio-Rad, USA) i 1% , % ] Quantity One
AR T EUR I3 4T o
1.7 %it5o#

BHE L x5 F0R R SPSS 13. 0 Gt ST SR R Ty
25T o

2 HR

2.1 HERANE OO RT AR By R R AR AN 09 1 S R H
= Ega 2

THEREAALEE HepG2 4iiffd 0,12 24 48 h [ #E4TIMEL O e e
TR T WEE, IR R Th A TCAG 41 A g%, 12 h A4t
Jif B AT R/ NASSE R AR 215 63 , 24 148 h A PG 41 4 R T
B (& 1),0,12.24 .48 h JiF 40 i 9 H il = & &
(wg/mg) BN, KK g (24.09 £0.60) , (45.13 £0.73) |
(57.49 £0.58) ,(79.76 £0.75) , &4 41 55 %F BB £ Lb 4 9% 7
YWHRAG L (P <0.05) , R @l 3 A
JHF9E HepG2 A0 M AR TR RGP NG I A8 AR AL,

2.2 FFampafe by AR AQP3 (AQP7 (AQP9
mRNA #§ £ &

LG f PCR £5 17301 o, VIR 8475 5 1 g M A2
PE HepG2 21 Jitd H 7K H- i3 36 AQP3 [ AQP7 ., AQP9 FEL A 11y
mRNA KRR EA AR AR LA B-actin F kK F-Hy
WS HE,0.12.24 48 h AQP3 £ [H mRNA i HH X 2 i ik 7 7 o
fiK,24 h }2 48 h SLI 4l S X} A L Z F AG ST ¥E X
(P<0.05), 0.12.24 48 h AQP7 :[H mRNA {45t 35 ik S FY
AN, 25 L H 2 5 0] B LR 22 RS L (P >0.05)
0.12.24 48 h AQP9 HL[H mRNA [ #H %] Feik B AR R I & , 45 5K
I 53 At e i R B4 SL(P <0.05) (&12) .
2.3 FFamiele b T HALA  AQP3 AQP7 (AQP9 & §

a9 Rk

Western blot 255 73§77 , I 2 JH- 20 B G s 28 PEAR B2 11
TR, 2% K H-ih 38 38 2 Rk 7K 5 mRNA kK PEAE (b AR
—3, P B-actin FIRIK - S IR, B 2 T 2 4 08K B[] 1)
A AQP3 (R R IA K2 TR ,24 h & 48 h L5604
X IR 2 R A G E B L (P <0.05), 0,12,24 .48 h

AQP7 F)RE I FRIB KT IEA AL, £ S0 4 5% B AH L 22 =
TG E L (P>0.05), 0.12.24 .48 h AQP9 [) & FH # kK
R RE#T 24 h J 48 h SLIRZ S5 X A M b 2 R A ]2
BN (P<0.05), WK 3,

e 35r doh  Oi2h 1240 M48h
&30t
~
= 25
Z L0t
s 2
Z 15t
E -
2 10
£ 05
(g
- 0 N "
AQP3 AQP7 AQP9

a:P<0.05,5x8848(0 h) rbdg
2 LR EE PCR #&iHERNIF S A E Bt 8 i B Z BF
Y RE &k HifiEiE & 8 mRNA f3Ri%

Oh 12h 24h 48h

AQP3(35X107) > —
o DT
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A:Western blot #-| 45 £ ;B ¥ T T o &R
a:P<0.05,5m8(0 h) rbizx
B3 Western blot & illit & 515 S A E BT E BE AT L AT 4RAR &
sk imiEEE A kERRE

3 g

NAFLD J&— i , G0 4% M4l 200 i fi 117
ARPE BTN PE i P 28 G S ] REE J88 o A Ak
FE TR ARG o 204 90% () NAFLD
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BE AR 1 WACHZE G AR FRIE H 2 33% 1)
NAFLD 82 9 B 12 W g A 5 B AE, Pt NAFLD
WA N EZE S AE (metabolic syndrome ) fJTFIE R
I, J5 A R 2R AT B IR ARG EE L L i A
BRI 2 AP S o A 6 7 20 A
R RG2S Y B AR B 5K R A2 AR R 4
0 RT LU SR 3R 77 NAFLD, {H 2 508 I A s,
FE NA BT s, T 22 e 08 BHL 1k i o 7 JHE U v 1)
FERU S NAFLD ) %5 B 14 A 58 4 T, 4 ik
J A2 W R AT B, TR R AR R
A H R =R KR DU S BU e IR I & AR A —
AT BRI TN (5,25 P4S0 R45 77 A KR I TG 1
AT AR LR L S B g o A A SR A Y
Z: 5 AR IR I A8 1 2 e )k B W VR I 58 T Ak
AL S AT E

JKGHIE AR 1 — 2 K A3 HA R A M 4
LB AR 11, )32 0 A T AR 5 K AR AE 5C iy 2 41
MEEH . @5 Mk, CafEwI It BT 13
it AQPs( AQPO-AQP12) , 43 5il 4 5 A [ 28 R 4t Jfd v 7K
B A/ T s I 2 L AR IR RE A,
K AT LAAY R 3 AR RN E K% : D2 3L 7K
HIE L, 4 AQPT AQP2  AQP4 Fl AQPS, BT
B KT PRI AR EEAE T ; @K H b B
M, 65 AQP3 L AQP7 (AQP9 AQP10, Bk 1 18 1% /K ik fiE
B HH AN 5T QB B Bk B B 1 AR % gk
I & [, 45 AQP6 ,AQP8 (AQP11 il AQP12'" i
T R R DU s, H AT JH Al A R b SRR
AQP1 ,AQP3 AQPS . AQP9 . AQP7 F1 AQPI1 £ £ Fi/K
SRR 4= I e 3 M e = R A N [ s SV
AR IfRg I A A 4 22 P AR B B AR A O
JHREAE R A AR AU 9 B 22 85 1, AR E MUK 70%
~90% (o H AR, T H R I R = W A i
4 R R4, L K e E S B S 1 s TE T
EMERR A A5 F AR

HAT, B NN TF K HE & & S SR
fRIE ST 5 B AE R I AT LH SR . AQPT 1
Sk I 240 B v 3 K H I E G R A AR Bl
b DR 07 4 B R T H i, T AQPO AR Ay JHF I 32 22 11
A Y A S I DA S 2 %) SRk ] JH 4
Wiz, 3 IR R HOm e s A b i o %
Bt ARSZIATTT A B, IR AN S A AR PR i
Ve HepG2 T4 Mo v, Bl 5 ) 1a] %) 38 i, JH- 240 Jfd
VA R AR v = W SR, O R ] S B
i PCR il Western blot 77 7&K Jig 722 Aif i 7K H- i 38 18
FEAMFRRZ . FRATEI AQP3 [ ik Fifi i) [H] ZE
WIS REAIR, 507 BRAH b3 25 S A e 24 55 3L, AQPT 3R

ISR A, 50 B 2H A RS R L, T
AQPY iKWl B b, 5 X BRZH LA 2 Sl Gt
S WRFER B, NG 5 4 I o AQP3 75 4 it I Fn Jfw 3K o
YA A, 1 AQPT ) 3= 43 A i 3% B i i JE L
AQPO W34 F R I B Az A4 s 7l B 3T3-11 41 fify
KL AQP3 I AQP7 M3 F M 45 R , WA E A1 AT
BEA SN K gt i 772 A B H i e o RS R R
— Rl RN 17 43 i B AR BT, Rodriguez 2617 17
98 i HepG2 4, & 3 AQP3 3k Bl B 1,
I AQP3 TTHEA T T H il AN, T AQP7 33k
R A JFE 40 e B T 10820, AQPY ek AR B R
VA, SRR S A A H W =R A Rz 30 BT Be A AT
AR . 45 S TRATT RSB0 4% S A LA [ M
S BT  FA TR I 40 B i s 7 e AR e B
TG A o0 HH il R B34, AQP3 T 3 AT R Ak H- it fr9)
AN T AQPO 3 b 18 i 5 1 A1 4 5 42 ) il
AT 20 B AR A ah = T S BT R B0 3 Bl IR
Lee 2" B 581 % SR AL 31N FF40 0 P 08 Hl
TR A it 38t ( GK) 38, ) il % B AQP9 %
5 R, AQPT F2ik 5 X IR LA T B 25 R, OF
R RE TS 5 FLE T 40 M g 05 725 1 v AT RE B9 7 T, G T R
3 3k 22 il 5 A7 A L5 AR5 1) MR B s S
5 40 O i s 8 P

ARSI R TOKHEEEQRA T ES S
T MR B S0 T 400 S RS B 7 s 1 R T L
AT A ) 17 50 B i T 1 AT B 3o A ] B AL
ey S S i R b R O O =90
AP PR AT HARTE L, 776 NAFLD g
TR IRTT SOHT 25 0 i Y e SRR TR B
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