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Differentially expressed long non-coding RNAs in adipogenic differentiation of human
adipose-derived stem cells
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Abstract

BACKGROUND: The obesity has led to a plenty of diseases including hypertension, coronary heart disease, fatty
liver, hyperlipidemia, and type 2 diabetes. Therefore, understanding the mechanism of adipocyte differentiation is
of far-reaching significance to the prevention and treatment of obesity. For the current studies of the mechanism
of adipocyte differentiation pay more attention to microRNA, rather than long non-coding RNAs (IncRNAs).
OBJECTIVE: To obtain the IncRNAs whose fold change was apparent during adipogenic differentiation, and to
further screen the INcRNAs that possibly play a crucial role in adipogenic differentiation for verification.
METHODS: Subcutaneous fat was obtained from human abdomen. Adipose-derived stem cells were collected
using tissue culture method. The third passage of adipose-derived stem cells was used for adipogenic
differentiation. Through microarray technology, the expression levels of IncRNAs and mRNA were analyzed at 0,
5 and 12 days in adipogenic differentiation. Combining with bioinformatics report, IncRNAs apparently presented
fold change were screened and verified by qRT-PCR.

RESULTS AND CONCLUSION: Fold change 1.5 (P < 0.05) was considered as a criterion during adipogenic
differentiation. The number of up-regulated INcRNAs was 748 for 5 days versus 0 day, 847 for 12 days versus 0
days, 593 for 12 days versus 5 days. At the same time, the down-regulated number was 828 for 5 days versus 0
day, 1 113 for 12 days versus 0 day, 750 for 12 days versus 5 days during adipogenic differentiation. In

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

EI%, §, 1988 F4,
LARERETA, Rk,
HREFRAEERAE,
ZAFE R4 EHAD RNA
JE B8 Wy T tm e B v Akt
ey £ FH KK, VA
% ACE2. VEGF %%
MLt 58 B % o S o &
K @R .

B By, IFE
IR, AR ASIR, I
REFRWEBER, &
T 524000

doi:10.3969/j.issn.2095-4344.
2014.28.011
[http://www.crter.org]

R 43 25:R394.2
SCHRFRUUT:A
G5 :2095-4344
(2014)28-04491-07
ettt % 2014-04-25

Yue Wen-jun, Studying for
master’s degree, Affiliated
Hospital of Guangdong Medical
University, Zhanjiang 524000,
Guangdong Province, China

Corresponding author: Peng
Zhi, Chief physician, Master’s
supervisor, Affiliated Hospital of
Guangdong Medical University,
Zhanjiang 524000, Guangdong
Province, China

Accepted: 2014-04-25

4491



R, 5 AT HIERE F THIF7 RNA 22572

% WWw.CRTER.org

combination with bioinformatics analysis results, 3 of 28 IncRNAs were related to lipid metabolism: AK304548,
BP216319 and DA852857, according to the standard that fold change in 0, 5 and 12 days was higher, and the target
genes were known to be associated with adipogenesis-related genes. PCR results showed that the expression of
AK304548 and BP216319 and its target gene presented an up-down trend, which is consistent with the microarray
sequencing results. These results indicated that INcRNA plays a critical regulatory role in the adipogenic differentiation.

Subject headings: intra-abdominal fat; mesenchymal stem cells; adipogenesis; RNA
Funding: the Foster-Type Technological Innovation Team Project of Guangdong Medical University, No. TD1123
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VA— At

LZEN
El2 RBEES0, 5, 12d A9 IncRNAs 3BE %
Figure 2 Intensity distribution of long non-coding RNAs at 0, 5 and
12 days of adipogenic induction
Pl ARvEAL G RIS (E AT, Gort 2 R 25 T W e (P <
0.05), Ak IR S IncRNAs 76 lE155: 0, 5, 12 d fE7EAH 11
FiLK-

1 A1, 2, 3 HYREATE RNAs T IR A #EEE AL i ik B i
Figure 1 Denaturing agarose gel electrophoresis pattern of total
RNAs in cells of samples 1, 2 and 3

KliE: Lane 1. 2. 3 4654 1 7155 0, 5, 12d 144 RNA & Lane
4. 5. 6 AEA2#4ESF 0, 5, 12d 1945 RNA &; Lane7. 8. 9
JokEAR 3EFHET 0, 5, 12d 11 RNA &2

B 3 ERFKIEH IncRNAs KBS E
Figure 3 Scatterplot of long non-coding RNAs differentially expressed
BlE: Elf A IncRNAs %55 5d vs.i5' 2 0d: B AT 12dvs.i5EF 0d; CAHEF12d vs.i5F 5d.

Celor gy Chorky

———— RERRRREE

B4 HSEERESIN(EREH>1.5, P{E<0.05) B 5 HABRXRREDTRHARELH

Figure 4 Hierarchical clustering (fold change > 1.5, P < 0.05) Figure 5 Hierarchical clustering and heatmap drawing of samples
By EhARET5dvsi%550d; BAETF12dvs, %5 0d; B FhARFEFS5dvs.i%5F0d; BAETF12dvs, T 5d;
CHEF12dvs. 5T 5d. CHFEF12dvs.i5F 0d.
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%1 IncRNAs LRIZZEESE PCR EA511951%
Table 1 Primers of long non-coding RNAs for real-time fluorescent
guantitative PCR

£2 K1, 2, 31550, 5 12dds-cDNA EENHT KR
Table 2 Quantitative analysis and quantification of ds-cDNA in
samples 1, 2 and 3 induced for 0, 5 and 12 days

R4 XI5 Y751 B P FEMAT  AssonsolbfH  Assonsolbfl  #SE(mg/L) AF(uL)  Jiidit(ng)

GAPDH  F:5GGG AAA CTG TGG CGT GAT 3’ 60 C 299 bp 1(81-0) 1.86 1.98 72.65 25.00 1816.25

R:5GAG TGG GTG TCG CTG TTGA 3’ 2(S1-5)  1.88 1.84 99.11 25.00 2477.75

AK304548 F:5ACG GTAGTG GTG GCGATGT3 60 C 298 bp 3(s1-12) 1.83 1.96 54.37 25.00 1.359.25

R:5CTG AGG TCAATG GCA GAG GA 3’ 4(S2-0)  1.87 1.83 138.42 20.00  2768.40

BP216319 F:5’ACA CCAACCAGG CTCGTCAG3 60 C  289bp 5(82-5) 1.92 1.84 81.69 20.00 1633.80
R:5TCT TGC CCG TCC CATTTC T 3 6(S2-12) 1.86 1.80 48.08 20.00 961.60

DA852857 F:5’CCT TCAGAC CGACTTTGGACT3 60 'C 67 bp 7(s3-0)  1.91 1.85 137.65 20.00  2753.00

R:5'CAG GCA GAC AGG CTG GAGA 3’ 8(S3-5)  1.81 1.84 61.27 20.00 1225.40

9(S3-12) 1.84 1.84 51.65 20.00 1.033.00

#3 HAEFSEIEHR 0,5, 12d 2P LIFmTE LncRNAs HE(E
SEH = 1.5, P < 0.05)

Table 3 Number of long non-coding RNAs showing upregulation
or downregulation during adipogenic differentiation of 0, 5 and 12
days (fold change = 1.5, P < 0.05)

Rk O REIR AgsolAso LLIEIAITE 1.8-2.1 Z I, AgeolAgao LLAH Y
>1.8, FWIFEA 1. 2. 3 ds-cDNA 4, 54tk

5 IncRNAs MiEM E 2R EFFRIEHEH
Table 5 Relative contents and fold change of long non-coding RNAs

E IncRNAs mRNAs GRS AK304548 BP216319 DA852857
5dvs0d Lif 748 206 A 6.65E-03 8.00E-03 3.70E-03
12dvs0d ki 847 277 B 2.94E-03 2.29E-03 8.70E-04
12dvs5d Ll 593 221 c 4.68E-03 4.75E-03 2.43E-03
5dvs0d Fifi 828 302 CIA 0.70 0.59 0.66
12dvs0d Fif§ 1113 422 cB 1.60 2.07 279
12dvs5d Fif 750 241 A/B 2.26 3.49 4.25
£ 4 THEEHE IncRNAs K HELEFE
Table 4 Screened long non-coding RNAs and its target gene
R Gy od 5d 12d ZES AR AL AL ARSCEER A4
AK304548 230.034 69 64.459 706 5 129.537 615 2.01-3.57 Down-up ARHGEF2
BP216319 438.545 455 279.814 995 338.929 11 1.21-1.64 Down-up FABP3
DA852857 130.763 435 310.887 38 275.696 78 1.13-2.38 Up-down CALD1
ARHGEF2 795.154 786 7 482.110 895 997.370 353 3 1.65-2.07 Down-up
FABP3 240.505 586 7 194.774 54 2344311167 1.20-1.23 Down-up
FyE: RIS EGE,  AK304548. BP216319 1ibiA 1 ()% R B aH HhiA 2, 3 B a% A, 1t DA852857 52 AKX .
O %% B % B A5912 N . .
7i0d B 5 5d 7 12d 3 i$i® Discussion
80 _ _ 3.1 IncRNAs#) kB & o fe 4% & IncRNAs & 5 K F
70 | 200 ntfIRNAs, A7 T41Zsiiisk N, A2 58RDb 5
0 1 R ARG 0 2 U SRR WX,
50 | L - I
RSB IAE 9T CL 3R I X 63 5% P2 ) ml Be EL 4 2 15 4l e 1)
40 . . . et ~ .
ﬂ;’j[ % WP, fEhRe ATy AR E A (5, H,
i - Wy 2 gz . NI=a)
B ol SIS AR Z R A 2 R e R AR O, G R
10| St A SR TIncRNASTE AR D7 T-41 o i 1 434k
LR R AGA R AL THIGI B, fE 4 205
AK304548 BP216319 DA852857

FiF 3k H () IncRNAs % [H]
E 6 IncRNAs #ZiFF 0, 5, 12d ER%iE
Figure 6 Differential expression of long non-coding RNAs induced
for 0, 5 and 12 days
FlvE: AK304548. BP216319. DA852857 & flf s T it #2 0,
5, 12.d SIS TG LR mAL .
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FER B AWE B BT, Ty SRAENR 1) 4400 72 o Ok
INcCRNAS 1) 22 553835, BRI Va7 B A3 v 8 2%

3.2 IncRNAs# % 7] % i (Microarrays) B & 412 & 5 &
M AEEARSNEE TGN 540 BRI et g i3 4
I3 5IxHE S0, 5, 12 d4i i (1IncRNAsiz H cDNA F4: 51
TSR, SRAFELL T T IIncRNAs. mRNAs#R A 1% &

4495



R, 5 AT HIERE F THIF7 RNA 22572

Cﬁ WWw.CRTER.org

HERRIEN. LEERMGH=1.5(P<0.05, %547 0¥
PER SOJATHIE 1%, AR Wai/MIFFaE, 1E8
¥ i Fold Change =2.0(P < 0.01) )\ K& % &Ik
INCRNAHHE—3D 016, AR A=W S 740 At MG e &5 SR o
PRk — P R n] A 5 I R AREHAH G HIIncRNA, 35284,
3.3 JHit B #9IncRNAs X 3 2 (1284~ 1] g 55 g AR g
FHEIINCRNASHE T 12— #T, IncRNA-AK304548 K 41
FEARHGEF27E3/M A 34 LS N 5 B i ds,
2 S 5500 5 IncRNA-BP216319 Az HAH 56 (1) #E ik [ i
JU R 45 45 2 11 (FABP3) £E 3N b A Hh 35 L B — B 56 R 1
i B ES,  H O K= SCERE BIFABP3 5 iR
A IF IS IncRNA-DAB52857X fEdr A2, 3 R I —
e LG N A, BIRIERICALD Al el T3
B, 55 R BRI e R S BN A Bk, B
TERRARA th o I AR AR A, (H 2% 18 S0 B s A, A
P FEAAH M S 2 IR R IAR A B A 7] T AR A2 013
MK, RS BEPRAT s 22 K, Wi A Nk —
EGEINCRNA; %7 3% H LA 3N IncRNAs g — 2 4
k.
3.4 B #9IncRNAs Z 3 7T 4% 44 ¥ 35 [ 3t QRT-PCREE
qRT-PCREG IS H 3/ 2 H (FIncRNASs A 56t 3 [ i ik
KAE0, 5, 12 d¥EBL NG LKA ias, x5
INcRNA-AK304548 J # 3% [l ARHGEF2 , IncRNA-
DA852857 & Il 3 [N FABP3 i A B 45 R M &, 5
INcRNA-DA852857 s Jv H 4l & FEANFF,  Mowi W 5 Jv 78
DA852857 i tH I FH 1 HL I HE I R CALD A A1 85 v Hicdhs dik
o0, B LATEIE TR s PR3t — 2P 9 HH IncRNA -AK304548.
BP216319 J i W 1) #0 5:  ARHGEF 2. FABP3 B4 1 Ji5 4L 7
FLoHT o
3.5 EFAEMINCRNASZ I T 4864 e 1k B 8 24547
3.5.1  AK304548 Fa 411 5L PH & 0E 04 A% R A0 e Rl T
(ARHGEF2) ARHGEF2/& & REM 4% 1 B2 A2 # K+ K 1)
— b1, HErHE PN AR R IUFARHGEF2 L) GERF 5T 1 SCHR
T AR ARHGEF 5 e ik R 1 2L mT e fr 46 ] - ARHGEF
FRFESEERNE 23, WENEEA. MiE s
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