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Establishment of co-culture of mature SVFs with Hepa1-6 as a model for studying effects
on lipid metabolism of hepatocytes

WANG Yuzhu,ZHANG Xu, LI Zhong"

Key Laboratory of Rare Metabolic Disease , Department of Molecular Biology and Biochemistry , The Key Laboratory of
Human Functional Genomics of Jiangsu Province , Nanjing Medical University , Nanjing 211166, China

[Abstract] Objective: This study aims to establish a co-culture system of matured stromal vascular fraction (SVF) with Hepal-6
and study the effects on lipid metabolism of hepatocytes. Method: Primary SVF cells were isolated from mice subcutaneous fat and
induced to matured SVF cells with differentiation medium. Matured SVF cells were co-cultured with Hepal-6 by using Transwell
system for 2 days. RT-PCR was applied to detect the expression of differentiation biomarker such as PPARy and PGC-1a in SVF cells
and lipid metabolism related genes such as CD36, FATP2 and GPAT1 in Hepal -6. Cellular triglyceride level of co-cultured Hepal-6
was detected by GPO Enzyme Method. Results: Isolated primary SVF cells were successfully differentiated to mature SVF cells with
significantly large lipid droplets after treated with adipocytes differentiation medium for 6 days. The expression level of PPAR7y and
PGC-1a of SVF cells was significantly increased. The cellular triglyceride level of co-cultured Hepal-6 was significantly higher than
that of control group accompanied with increased expression level of GPAT1 and CD36. Conclusion: The co - cultured system of
matured SVF cells with Hepal-6 in Transwell insert has been successfully established. Co-culture with mature SVF cells induces lipid
accumulation in Hepal-6. This process may be maintained by the elevated expression level of CD36 and GPAT1, increasing fatty acid
absorption and triglyceride synthesis.
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tion, SVE)TEAR AL B A SRR AYHTR S I 55 A
BEAEH & BA 25 A A L R T A0 it A5
iR oA S TR AR D 440
T 18] 78 57+ 2 i (adipose tissue-derived mesenchy-
mal stem cells, ASC) , HAT RGNk B g 7 20 i
FUEERE o /N BRI 98 410 B (mouse hepatocarcinoma
cells, Hepal-6 ) & —F i H Y BG40 &% , GEA2
M o7 A1 SARHOT & A= 28AK
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1.1 A

DMEM/F12 5555 \ DMEM/H+15 52 56 i 2F 1
I JRE I (Gibeo 24 H), JE ) 5 #1222 v ER I
(RTRYEIR )5 1 Y2 Ji il (Sigma- Aldrich 23 7], 58
) ; TRIzol Reagent & RNA $2 5] | ik 5 2 (Invitro-
gen/y Al , ) ;3-5 T - 1-H LIRS i FE K
¥ B A& B ER (MCE 2> 7], 32 [E ) 5 SYBR Green 1

(SYBR Green qPCR Master Mix, R MERR N T )
0.4 wm Transwell /N2 (B4 /N 2 ) DL 20 j 1% 57
I 20 A 15 F72 FL AR (Corning A F] , 2 ) 570 wm S8 #%
(Fisherbrand 23 &), 3& [ ) ; ZH 240 Mo H vl =g i 2 i
& (LR RIS ] ) 5 A H R A (R A
A TRBFIERT) s B% 5% 57 £ (TaKaRa 24 W], H
A 5 51 R L TR g KA BR S m] A A CSTBL6)
N B CR I KA S 98 T ) 5 2 &8 44 . CO,
AN M1 FE AR (Thermo 28 H] , FEE ) 5 0 48] B L7 8
5% (Olympus 2 7 , 3¢ [# ) ; LightCycler480 7 Real -
time PCR 1% (Roche A F], Fii 1) o
1.2 Fik
1.2.1 /NASVF 2 fL 3R B

4~6 JF] C5TBL/6) Mt /N B (B ik 5646 2 25
IACUC-1601170-4) , B SAbSE IS , 7R B TAE & h
W /N R 7 (e ig 107 ) L 76 PBS it i T
5 A 2 mL B A LS A5 I 5, TG
BT SUBT A 1 mm? /B B B R A
37 CABHINAL 1 h, 55 min BRVERRS) 1R, R4
PIH A CFLBRIR IS I, T TAE S 70 pm
Mg . BUER T 20 °C, 1 500 r/min, B5.0> 10 min, 5+
i, M PBS EHEAVES, A LRELO &S H]
T SVF 4L vE . TR & A, fdi ] DMEM/
F12 58 4> 5% 55 3 (DMEM/F12 90% , Y & 4= if 5
10% , =H1 1% ) w40, B 6 fLARCT, BT 5%
COIEFA TSR, 2 d 4 1
1.2.2  NASVF Za i 44t

A4 2 100%I1) SVE 41, Bzl 2 d J57, hn
A T (54 5 wmol/L L ZEKHY, 0.5 we/mlL fif
% ,0.5 mmol/L 3-5 T - 1-H FL ¥ 205 | 1 pumol/L
P& S DMEM/F12 58 k59258 ) o 2 dJE#r1k
Wl BARMAMMEIET (FA 0.5 ng/mLES R
[ DMEM/F12 58 4853758 ) , 55 6 Kége 1 nl WL B i
534k, BIA AR 17 A
1.2.3  Transwell 23255 X ey 5

0.4 wm L RF IR /NE RENE fR I T 2 40 ) 40
JiL PR T B IR B A B R AN TG TR A
b, DT 5 25 2 o 4t [ 42 42 I R 0 H .
Hepal-6 ZHiFH A 0.4 wm /N, £ DMEM/H+58 42 5%
FRHEEP AR 1 d, A B IR B 50%0 , fifi ] PBS Pk
BeoINas B HUE B PBS VR 2 38 5 (19401 ik
SN AR T A A L, O S AR5 JC 1 v DMEM/F12 35
FE KL BE 55 48 h, U BE Hepal -6 40 i 74T F — 46
Do SR TRV R A /N2 ABAS 55 B2 R U 4 i 3 1%
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F= 1Y Hepal -6 40 i Ay xh B, 35 5% 2504 S0 T LG
DMEM/F12 }; 555,

1.2.4 Hepal-6 %8 it ¥ it = B5 K -F & % A2 [E] B K -F
i)

FEIRAE 1X10°NEMEHIA 100 WL 2, 1R
A5 E IR E 10 min SR RRANNL, TSR,
BL—2F T 70 CHNE 10 min, 58 58 5 #E47 W HEIR ST
20 °C 2 000 g #5.0> 10 min J , B35 R A7 B 24 0
Eo BT 4C 16 000 g B0 30 min Ji5 , HEATEH
VRPN A o R0 i < 2 R0 6 A VRO B I
411 LE A TRC ) SN R B AL 10 wL EIEWOmA
190 WL Wi o T 37 CJ ¥ 15 min, 550 nm bR
AR, MR BEAR M M 2 50 H I =R it . bRl
2R 22 Al ddHLO K 4 mmol/L H- ks i S A%
Fe# B A 1.000.0,500.0,250.0,125.0,62.5 pmol/L,
5Tt AR R 52 B AT 8 P e B A vk < B
I AR AR TR B SO A% 5 R T E o AR R
W E IR B A BIR LA 1: VIR S S i . B
10 L B S5 19 88 HUREAS DA 100 L J2 B, T
37 CJZ I 30 min, 562 nm AR EL, HE REAR M Hh
SITRE AW rifERR L H 2 M H ddH.0,
0.5 mg/mL 4 1ML F 2 F (bovine serum albumin,
BSA) b i f A5 HE R B4 0.500 0,0.250 0,0.125 0.,
0.062 5.0 mg/mL, 58 FIAEAR [N BT, fif &R
PR A I =R At

o AR B K AR AN, P R ), 2.5
TR (T B0 BN 250 WL KW, T 37 CR
10 min, 510 nm FFFRGEER, AR B AR I h e 115505 H
[ EE i, RifE TR il 7 vk A ddH.0 K 5.17
mmol/L JIH [&] B A7 o & A% LR B R 2.59.1.29.,0.65 .
0.32.0.16.,0.08 wmol/L, 5 FEA [ E RIT] . 2 1
I S 7V [ H I =R AR R A
E IR [ P
1.2.5 RNAZRIE AR E & K -F A2

6 FLH I A 1 mL TRIzol , 5 Ff JC B JC A 3k 1)
TN, TIORGOS
A 200 wL &5, FIZLE T EU SRS 30 s, EiREE
5 min Ji5 , BT TR RS 2558 B9 J0 A OB S A Y .
A SRR TS S NEE, IR SRS,
I E 15 min, 4 °C 10 000 g B5.0> 15 min, B €4,
DUREINIA L mL © B 1Y 75% £ B% | FERR IR — 2 g
(diethylpyrocarbonate, DEPC ) 7K Bt i , i {8 1 % o
4°C 10 000 g B5.0> 10 min, 3 ¥, FER 25 B B0
o WM O, A EUIIERN N RNA. A

DEPC ZbHEi (1) ddHLO0 %% 30 min BRI 7] . i F Nana-
Drop Sl 2 A% IR I 2 (%] il 19 RNA #5475 1 S 4l 2
I3

H— LFRFEHZH DNA (genomic DNA,gDNA),
JIA 5xgDNA Eraser Buffer 2 L, gDNA Eraser 1 pl,
Total RNA 1 wg, RNase Free ddH,O fill & 10 pL,
42 °C'5 min JE AR — B NL o 5 20 R SRR
N, 55— 20 OB (10 wL) , %S0 PrimeScript RT
Enzyme Mix I 1 pLL, RT Primer Mix 1 wL, 5XPrime-
Seript Buffer 2 (for real time)4 wL, RNase Free ddH,O
4 wL, B AL T 20 W #9 2 BE4K %, 37 C15 min,
85 C 5 s SEMUI L . Wi cDNALRAF T-20 °C.,

i FH S 26 O 2 1 2R A % SV (quantitative
real-time PCR) M 3& SVF 43tk A5 & 4 DA K Hepal-6
FRAR G A5 Tk o ¥ cDNAFRRE S RS o B
s B J5 cDNA 1 pL, SYBRGreen I 5 pL, FiE5 |4
(1 wmol/L)2 pL, P14 (1 pmol/L)2 pLIE~) 5,
A LightCyclerd480 % Real -time PCR {{ #4752 1) 2%
JEPCR RN o SUWARFF A :95 C 10 min, 95 °C, 15 s,
60 °C 60 s,40 MEI,95 °C 10 s,60 °C continuous,
40 °C20 min, 5I¥FFI LK 1.
1.3 %itds

A 5295 #1423 8 , FH Graphpad Prism #4%F
FI B HE AT G2 A AR 25 R A 45
WERR (3 £ 5:) R o U SL AR AS ¢ 4G 30 53 A 45
R, P<0.05 HZEFAGE L

2 # R

2.1 SVF@mfefshizfifife) E Rmbt T 2R
TE DMEM/F12 58 3553 A v di i A CHR By
SVF4IAE, K43 24 h B AT RE | 520K € ADIR A fif
JEAPIRAS (T 1A) o[RBT, 08T L AT D4 22 ek I g
24N ML, 75 7E IR H 3E47 7% 2240 L ) PBS VR4S
IR 2o $537 48 h, AUEB i R T R ERIE £
AL (E1B) , £B SVF B EL, B3R 72 h ),
SVF 4l 5¢ A eI R AARAHE I (| 1) . e
2 3~5 d, SVF 4l i 25 & 7] 3K 100% , 5 RSS2 32 fii
AR
2.2 SVF @259 6 dJG i A 3 g o 2a e,
24 SVF i g F il #0361 2 d 5, & S 1 b i
I (%45 wmol/L Mo ZEK A, 0.5 pe/mL 5 &,
0.5 mmol/L 3-5% T JE-1- I L FE IS |1 pmol/L B #%
S ) DMEM/F12 58 435 95 55 ) (b BE SVF i ffd 4 d,
DA% S SVE ) R 7 17 434k . =2 J5 i FH 24k T
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Table1 RT-qPCR primers of target genes and primers

HEA 51#(5'—3")
36B4-F(Mouse) CACTGGTCTAGGACCCGAGAAG
36B4-R(Mouse) GGTGCCTCTGGAGATTTTCG
PPARy-F(Mouse) CACAATGCCATCAGGTTTGG

PPARy-R(Mouse)
PGC-1a-F(Mouse)
PGC-1a-R(Mouse)
Plin1-F(Mouse)
Plin1-R(Mouse)
FSP27-F(Mouse)
FSP27-R(Mouse)

Adiponectin-F(Mouse)
Adiponectin-R(Mouse)

CD36-F(Mouse)
CD36-R(Mouse)
FATP2-F(Mouse)
FATP2-R(Mouse)
ACC-F(Mouse)
ACC-R(Mouse)
FAS-F(Mouse)
FAS-R(Mouse)
GPATI1-F(Mouse)
GPAT1-R(Mouse)
SREBP1c-F(Mouse)
SREBPI1c-R(Mouse)
SCD1-F(Mouse)
SCD1-R(Mouse)
PPARa-F(Mouse)
PPARa-R(Mouse)
ACOX1-F(Mouse)
ACOX1-R(Mouse)
MTTP-F(Mouse)
MTTP-R(Mouse)

GCTGGTCGATATCACTGGAGATC
AAGTGTFFAACTCTCTGGAACTG
GGGTTATCTTGGTTFFCTTTATG
GGTGAGCGGGACCTGTGA
TTCTCATAGGCATTGCACACAGA
AAGCGCATCGTGAAGGAGAT
GGTGCCAAGCAGCATGTG
TCACGGTGTACATGAAAGATGTG
GAGAACGGCCTTGTCCTTCT
TTAGATGTGGAACCCATAACTGGA
TTGACCAATATGTTGACCTGCAG
GATGCCGTGTCCGTCTTTTAC
GACTTCAGACCTCCACGACTC
TGGACAGACTGATCGCAGAGAAAG
TGGAGAGCCCCACACACA
GCTGCGGAAACTTCAGGAAAT
AGAGACGTGTCACTCCTGGACTT
CAACACCATCCCCGACATC
GTGACCTTCGATTATGCGATCA
GGAGCCATGGATTGCACATT
GGCCCGGGAAGTCACTGT
CCGGAGACCCCTTAGATCGA
TAGCCTGTAAAAGATTTCTGCAAACC
ACAAGGCCTCAGGGTACCA
GCCGAAAGAAGCCCTTACAG
TCCAGACTTCCAACATGAGGA
CTGGGCGTAGGTGCCAATTA
CCTACCAGGCCCAACAAGAC
CGCTCAATTTTGCATGTATCC

(&4 0.5 pg/mL [R5 2 1 DMEM/F12 58 4 85 57 5L )
ALFRSVE 20 2 d DAtk — B3 iR BiAR B2 . il 3
TR B B S SVE 4B A, B L5 7k
SORMIL, 24 1 . TiESsrb6 dJ5 ,SVF 4l

e

| '?» s -

JHL S BRR i i 5 5 i, 2 B Y IR TR R A, 42
IR IR AR (K 2A) o oAb, i f i sk
-5 & W B [ N (reverse transcription - polymerase
chain reaction, RT-PCR) ¥ il 73 b b5 7 3 -1 | 4k
W) It A 354 5 SR 0T 2 ARy (peroxisome proliferator acti-
vated receptor gamma, PPARV) ik AR WYy i A 8
TG Z AR IS I 1 (peroxisome proliferative acti-
vated receptor, gamma, coactivator 1 alpha, PGC-1a) |
fg % A 8% 85 1 (perilipin 1, Plinl) (40 AEAET 15
DFFA FERE R W) ¢ (cell death-inducing DFFA -like ef-
fector ¢, FSP27) . j& Vi & & Fif (fatty acid synthase,
FAS) B Z (adiponectin) Y mRNA 7KF-0H & [
([ 2B) , i 2o FHL R SVEF 40 E 2 L4k M 1
BIRTANN, \T TN s,
2.3 R E M a5 Hepal -6 FITIIR ST A
8 = A5 K

2253466 d,SVF &N IR A0l . Tkt
Hepal-6 #f' A Transwell /N2, i 2 A5 fE 5 5] (1] I B
FFAENGBE 24 hinf, 3 B AR BE 50% /247 . Wi 3
i, o 1 IR 5 200 B 55 Hepal-6 HEA T ] 42 82 filh C
i35 3 55 F% 48 h (P& 3A) DL Xt % 9% 48 h (4]
3B). HiFRoeEeE , PBS YR 23 , W AE Hepal-6 21 Jifl
PEAT e — 2D 5E o 53 A8 FH 8 M1 i 2H 220 e i
= T AL T 3R 6 D00 A el = R ALUE I
K, ST X R, 5173 Transwell H:1% 3%
(1) Hepa1-6 21 At H il =g /K7 @ & 5 m (P < 0.001,
P 3C) , T S I [ K S JE I e A2 1k (7 3D) , &
PP ot 208 ) o e B 5 © D SIS B, L SV 4
MIBEaE 75 5 Hepal -6 0 Mg BT HERE I
2.4  Transwell 3£3% 7% J5 4 Hepal-6 28 i Bg /X 34t 18 9%
KRR T

il 3 Transwell 5 B SVE 4 Jifg 3 5% 77 RE 5 4
i Hepal-6 1A N5 5 AR 2R , $27 Hepal-6 Ig{ i
BT Re R A ARk . B RT-qPCR A Hepal-6 4 it
NG 010 3 1% 6 4 3L I CD36 43 T~ (CD36 molecule,

BEl1 SVF#ARENSHE5% 24 h 48 h 172 h AAEFZS (x100)
Figure 1 Morphology of SVF cells after 24 h,48 h or 72 h cultured (x100)
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A:SVFZiES L0 d o6 d 5 i 4MIEIE S ; B: RT-PCR Kl
SVFS53ME 6 d J5 A AR 5P mRNA K954k . 545 0 K1
,°P<0.05,"P<0.01,”"P<0.001(n=3),
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Figure 2 SVF cells were successfully differentiated into

mRNA MR
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mature adipocytes

tein 2, FATP2) . Z kB a 2 1L (acetyl-CoA car-
boxylase, ACC) | Jg Il iR A i (fatty acid synthase,
FAS) | [E B E 1 To45 6 74 55 1 1 (sterol regulato-
ry element binding transcription factor 1,SREBP1c) .3
TR TR T I 5k J 5% A2 [ 1 (glycerol-3-phosphate acyl-
transferase 1, GPATL) | A i Pk % B A 2 10 RIS 1
(stearoyl-coenzyme A desaturase 1,SCD1) i %81k
A 148 B 384005 22 R o (peroxisome proliferator activat-

=y

ML 6 K SVF

Transwell
) EmER s

IEE 24 h Y Hepal-6

yl-CoA oxidase 1, ACOX1) Gk A& H i =R 5 8
F (microsomal triglyceride transfer protein, MTTP) f¥
Ak, Qi 4 B, A] L2 3G SR 5 /) Hepal-6 40
GPAT1,CD36 % ik /K-F-W] & L34, 1 FATP2  ACC,
FAS,SREBPlc,SCD1,PPARa, ACOX1, MTTP % JC
I A5 4k , $27R GPAT1 . CD36 235 7K 1Y T nl BE
ST ISR 5 Hepal-6 4 H i =R /K-F- 35 i m

3o #

AT AR B NS AE O R S T AR IAR PR
ARISY-S RS AT 231 D)l R WY B 7 | By N
e ITE A A I D 2 AR IBLRIAR 3 2 2% . IR I
T JEE 2 JEL PR A0 AT A P i U7 FE s 2 2 2 DA
KA . HATA N, 5 1 SO RE S iff 7 BE
B RE N MVE R IR SR T Wk,
I 177 400 e T S e LA R B O 1D DR 1 3
Wh , o R 2 5 S T A AR VA5 A 8Os, AT 515
PR RAE RSk o B ARSI 107 40 D 1) e 1A
VAR WD RE AT RN T fift , B mi 400 i
AR Z AL . SRR A T HA R
PRGIMEEIY X305 i i 200 1L AR 200 P R A
HAREE X,

FEBRZEAETR IR LR 0000 ) 20 L PR 3 o 1
TBAGIR R ARG B WSS | 55 %0 R A A2 AR 45 A
HEA AN AR A AFAE T . Transwell /N2 M5 57
AT ZAZ A TR, 0.4 m B89/ ALAR RERS R4

Rl = P

IEE 24 h ) Hepal -6 Te Mg ISR 48 h
c 80 dksk b 404
e )
2 60 =301
3 Ef
32 401 =201
m
£ 201 £ 104
:II[ =
0- 0-
XTREL SRRl XTREL SLRE R4l

A:SVF 5 Hepal-6 55 7R 525041 1557 )7 in & K15 B: Hepal -6 X B85 55 /R i 18] 5 C: 4T Transwell 235557 48 h 5 Hepal-6 B9 HIh =R AL

R SRR, P < 0.001(n=3)

3 SVF#iBF0 Hepal-6 £ 1E3%
Figure 3 SVF cells and Hepal-6 co-culture model
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4 Transwell 25555 48 h /5 Hepal-6 iR §HE BB < EE R T
Figure 4 Changes of key genes of lipid metabolism in Hepal-6 by co-cultured 48 h in Transwell

& A E R B o WA - LA B SR e s ik /ML
FEPG AP AR 5 i AT A A3 55 Ak
B E‘Jﬁéﬁ]ﬂﬂﬁﬁfﬁy\:iﬁ%m 7 Transwell 235 7
TG HbASEALL T R D7 240 5 P A R ) Y S PR o3 WA AT
B 0TS BRI - eSS i B AT S 0 5 S, A
e, R F TG IMTE By F5 5L SRR AR &R A UR
T W R 1 TIE W, ELRB RS AT () HE R 177
YO W FAE RS T4 [RIE %Ak Rkt ok
TR BT 25, DA A WA 40 i 1] 22 81 s 5 il [
FORHXT IR — R AT

SVF L& A7 8 22 WU 4 T4l i, HAT 3 AL i
fiE , TEAVRSMRERC LT MBS HURR 7 240 BEL M A 4 L &
B AR AN At RE . SVF A AR R i ¥ 5
22 ARSI, AR T IE AR AR N 1D 40 i 2% fiE
U b A /N B N LS IR T A MU i A . 2475 %40
16 19 SVF i1 30 B W A KOG L H 40 b dr ik
PPARYy.PGC-1a.Plinl ,FSP27.FAS. Adiponectin i
2 R R W SV BB = 3o Ak U
M, MECE SVEF By BB , AW 58 % Hepal -6
VA 2 A R

AEIRAAETS BRI 30 53 J5 X6 I ) 5% ey 32 3%
IRAERE 7 1R A0 H I = FR A Q0 o £8 Transwell 245
F2J5 , Hepal-6 20 g H i = Fa /K P 5500) B 20 1 35 1
Jn(P <0.001), i s IH [E RS- ICH AR 1k, R BT
20 3 0ok 55 0 7 A LA T B A S S L (AR
H B A5 BHE AR BA P, e IR LI ke 138 77
AN P A e SR AR T R o AEL I S I [
KT B AR A, HAT CHLRNEAR AR L oY . [RIA
WAL , A SVE 40 v] BB 43 52 Wi Hepal -6 21 /i
B H I = R A R T DR AR TR £

T S H 2R A o ME AR SR, = DU LA
77 - H1 CD36 FATP2 4541 5 (4 5 7 FR 5 JUHE 22

Srebplc, ACC 54 T i A i 2 M 3k 45 1 ; PPARac,
ACOXT A9 T R s R S AL/ s PR ATR 2 P AR B
(very low-density lipoprotein, VLDL) &4 5 A9 H il =
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