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Anti—obesity effect of EGCG and glucosamine—6—phosphate through decreased
expression of genes related to adipogenesis and cell cycle arrest in 3T3-L1
adipocytes”

Kim, Kkot Byeol'-Jang, Seong hee?'
"Department of Medical Research Institute, *Pediatrics, Seoul Medical Center, Seoul 131-865, Korea

ABSTRACT

Purpose: Several studies have proven that EGCG, the primary green tea catechin, and glucosamine—6—phosphate
(PGlc) reduce triglyceride contents in 3T3—L1 adipocytes. The objective of this study is to evaluate the combination effect
of EGCG and PGlc on decline of accumulated fat in differentiated 3T3—L1 adipocytes. Methods: EGCG and PGlc were
administered for 6 day for differentiation of 3T3—L1 adipocytes. Cell viability was measured using the CCK assay kit. In ad-
dition, TG accumulation in culture 3T3—L1 adipocytes was investigated by Oil Red O staining. We examined the expres-
sion level of several genes and proteins associated with adipogenesis and lipolysis using real-time RT-PCR and West-
ern pblot analysis. A flow cytometer Calibar was used to assess the effect of EGCG and PGluco on cell-cycle progression
of differentiating 3T3—L1 cells. Results: Intracelluar lipid accumulation was significantly decreased by combination treat-
ment with EGCG 60 uM and PGlc 200 ug/m compared with control and EGCG treatment alone. In addition, use of com-
bination treatment resulted in directly decreased expression of PPARyY, C/EBPa, and SREBP1. In addition, it inhibited adi-
pocyte differentiation and adipogenesis through downstream regulation of adipogenic target genes such as FAS, ACSLT,
and LPL, and the inhibitory action of EGCG and PGlc was found to inhibit the mitotic clonal expansion (MCE) process as
evidenced by impaired cell cycle entry into S phase and the S to G2/M phase transition of confluent cells and levels of
cell cycle regulating proteins such as cyclin A and CDK?2. Conclusion: Combination treatment of EGCG and PGlc inhibit-
ed adipocyte differentiation through decreased expression of genes related to adipogenesis and adipogenic and cell
cycle arrest in early stage of adipocyte differentiation.
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A= F A A frej A ake] Bl o)) A
Aefate] gt oUA] S 285k Fas 9E¢S 5t
], A2 Rk A2 9] F2- HRhe] WAl HEHo]
TEofQIeE® o]t o] 5= 3T3-L1 AAEZE F3f vlvt
e AqtEo] ol ZdE|ojgtet 3T3-L1 AFA| 2= cell

cultureE 3|4 preadipocyte®llA] mature adipocyte® 5
37} §= 5 o] M4S adipogenesisghal 3L Preadipo-
cyte= postconfluent AEjoll 4] 3-isobutyl-1-methylxanthine,
dexamethasone, 2°5% insulin (MDI differentiation medi-
um)= A= cell-cell contactel] 2Ja) A% A7} =i
AJ3E7} ThA] 5412 AJAFHCE 0] mitotic clonal expansion
(MCE)°]2kxL 3=, o] MCEZ}%-2 adipogenesis A}
9 IS 913+ DNAS] remodeling #7402} a1at,” o] 1}

Ao o)ito] A7IckA A4S adipogenesis7h ol Fo]d 4

=
o, A7 sk g3 el Agko] w2 ] oot @ e FE]
SHAY o] S8R SEE Yk KAk it
2HE, A, U, @HFY LS E AV s &
of A7t ¢le Al r HuEoejlom A 2T} oyXA]
AHlof| e JgFg mRckal B g vhE QJek &} W) GC
(gallocatechin), EC (epicatechin), EGC (epigallocatechin),
ECG (epicatechingallate), EGCG (epigallocatechin-3-galla-
te)2] 7}e|7] (catechin)’d& & E3] EGCGE= Aad, oA+
2 dAtzAtell A B9 Giego] 37} Qloke Halvt
o, A 2o} vihEER o)A gugt aikE 4l
Tpof AT AHIA| O] F3lef FA)of PRk mIX|H H]
oM AR, A, Al 8% A, 25, ¢
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. Glucosamine hydrochloride, sulfated glucosamine, Phos-

phorylated glucosamine, N-acetyl-glucosamins¥} 2 =

FAAR FEA7E EAEH, EAR| A ZAS] 1LG-0] B
I} 2 op et 2L 7] sAe] digt At B aEojQck

2 AtollMls mAkeE FFAANI] P49 mFo] &
olstaL A5 Rl=7} £tk Mol =419 7171 5 EGCG
Of FFIAANIGEA] F AlHEl= 1771548 Al Azl %
o] A%+ FE?l Glucosamine 6-phosphat (PGlo)< 0|8
Shof, 3T3-LIAPA|ZA A 7= 7FA] Adio] AJHA| 22 0] atet
A2z W A 2 Eaf T IAEe] W] v)A)=s 9%
2 ofe} cell cycle Aol A1) & E3l cell cycle arrest
T} Tof| whE 13t A A vt 5 Byt adFE 2l
staLApghe}, 3k = A2 W] At o 7|t
o A= vk Aol gt A=A (synergy effect)oll thal
A% gRlstarat gk

re
It

=

M=

Mouse embryo 3T3-L1 ZAYA|ZFE+= American Type
Culture Collection (ATCC, Rockvill, VA, USA)oIA -5}
itk Al zZrfekoll A8 Dubelcco’s modified Eagle’s medi-
um (DMEM)2} bovine calf serum (BCS), antibiotics+= Gib-
co (Gaithersburg, MD, USA)of|A] -+Ql}t}. ZwA| 2o A
2]t Glucosamine 6-phosphate2} EGCG+ Sigma Chemi-
cal Co. (St. Louis, MO, USA)ol A 7-9J5}%aL, Cell counting
kit-8 (CCK-8)- Dojindo molecular technologies Inc. (Gai-
thersburg, MS, USA)9] Al &S AH-319tE RNA 52 TRi-
zol (invitrogen, Groningen, Netherland)Z, cDNA 34 kit
X TaKaRa (Shuzo Shiga, Japan)2] PrimeScript 1st Strand
cDNA Synthesis Al5-2 ©]-8-5}3Itk Real time RT PCRE Ro-
che Diagnostics (Mannheim, Germany)2] Universal Probe-
Library Probe®} LightCycler480 Probe MasterE ©]-85}%
O, PPARY, cyclin A, CDK28} B-actin antibody + cell sig-
nalling (Beverly, MA, USA)°l|Al, bovine anti-rabbit [eG-HRP
2} bovine anti-gaot IgG-HRP= Santa Cruz Biotechnology
Inc. (Santa Cruz , CA, USA)olA] IS cell cycle £4
£ 95 A= Cycletest™ Plus-DNA Reagent Kit (BD Biosci-
ences, San Jose, CA, USA) A|&S AFg-313ch

3T3-LIX[EMIZ R0 HiQfut E3tRE 3 XX

Mouse embryo 3T3-L1 AAYA|ZEF= 10% BCS, 1% an-
tibiotics®] 1715 Dubelccos modified Eagle's medium (DM-
EM) HiAJol] 1 x 10° cell/mL =2 F-3-A17A 48A17Hg3k vl
Fste] confluent AE|7} E]7)] 37°C CO, incubatorof| A HiF
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Sk, B3luiA) (IBMX 0.5 mM, dexametasone 1 uM, insu-
lin 1.7 uM, 10% FBS , 1% antibiotic-antimycotic DMEM me-
dium; MDI medium)2 A8} 29, insulin 1.7 uM, 10%
FBS, 1% antibiotic-antimycotic DMEM medium (INS me-
dium)& ©]&3s}te] 24, 10% FBS, 1% antibiotic-antimycotic
DMEM medium & & 49 53+ £3}+5 F-=51%ich EGCGot
Glucosamine 6-phosphate= s=E 2 HjX| LA A 7|ujc} $+

7 A2s3it.

YZE £% (CCK-8 assay)

3T3-L1 A ZEFE 1 % 10* cell/100 uLE 96 well plate
of] B335} 24A17F vljoF 3 EGCG2} Glucosamine 6-phos-
phateS =2 225t 48A)7F vlFSt 2 Cell Counting
kit-8 (CCK-8:;-(2-methyoxy-4-nitrophenyl)-3-(5-nitrophe-
nyl)-5-(2,4-disulfophenyl)-2H-tetra-zolium salt)< 10 ulL #]
25ko] 1A17E vljoF 3= 450 nmollA SUNRISE microplate rea-
der (TECAN Austria GmbH, Austria)& ©|-8-5}o] =73tk

Oil Red-O &M

Oil Red O stock solution< 0.7 g Oil Red O (Sigma Che-
mical Co. St. Louis, MO, USA)2} 200 mL2] 100% iso-pro-
panol& 4ol ATAIZ] & 4Co|A EHsteich Oil Red O
working solution& 4ColA E34E Oil Red O stock solu-
tion¥} B S FHTE 6 1 42 Ho| ATAIT] & ARE51STh
Dish W] six]E A%t ¥ PSBE A%}kl 10% formal-
dehyde A2t F 5871 Aol A ®Fx]8k3ict Dish el 10%
formaldehydeS A|A3} AH=Z-E 10% formaldehyde= &
2 ol A 1AI7E o Aol A F=3det ThA] 10% formalde-
hydeS AJASF 3, 60% iso-propanol® Ak 2H3] 7
ZAZIeE Az & dishel Oil Red O working solution2 &
31 3087 ALl A incubationdt¥itt. 308 3 DW= 31
AL dishE &S AHgoleleE & o Sl ol
o ) 2k - o|nfR|E ¥531aL, 100% iso-propanols
do] & gAI5te] 490 nmeol|A SUNRISE microplate reader
£ o835} El

ol

i
o

Real time-Reverse Transcriptase Polymerase Chain Re-
action (RT-PCR) assay

AZ]§F 3T3-L1 A A] Trizol& ©]-8-51] total RNAS
=3lt) %3 RNAE PrimeScript Ist Strand cDNA Syn-
thesis kitE ©]-85}9] reverse transcriptione Al# cDNAZ
THEo] £t} o8] E4dHE cDNA: 3]4381e45=1L, LightCy-
cler480 Probe Mastere]] Table 12] primer, Universal Probe-
Library Probe®} 7 &35}t LightCyclerd80 Multiwell

Table 1. Primer sequences used for RT-PCR

Gene Primer Sequence
PPARY Forward 5'-CAA GCC CTT TAC CAC AGT TGA-3'
Reward 5'-CAG GTT CTA CTTTGA TCG CAC TT-3’
C/EBPuo.  Forward 5'-AAA CAA CGC AAC GTG GAG A-3’
Reward 5'-GCG GTC ATT GTC ACT GGT C-3'
SREBP1  Forward 5'-AAC CAG AAG CTC AAG CAG GA-3'
Reward 5'-TTT CAT GCC CTC CAT AGA CA-3'
Perilipin  Forward 5'-ACG AGG CTG AGA CTG AGG TG-3'
Reward 5'-GAG CAC GTT CTC CTG CTC A-3'
FAS Forward 5'-GCT GCT GTT GGA AGT CAG C-3'
Reward 5'-AGT GTT CGTTCC TCG GCG TG-3’
LPL Forward 5'-CAG AGT TTG ACC GCC T1C C-3'
Reward 5'-AATTIG CTTTCG ATG TCT GAG AA-3’
HSL Forward 5'-TGC TCTTCTTCG AGG GTG AT-3'
Reward 5'-GAT GGC AGG TGT GAA CTG G-3'
ACSLI Forward 5'-AAA GAT GGC TGG TTA CAC ACG-3’
Reward 5'-CGATAATCTTCA AGG TGC CATT-3'
B-actin  Forward 5'-CTA AGG CCA ACC GTG AAA AG-3’
Reward 5'-ACC AGA GGC ATA CAG GGA CA-3'

Plate®]] 55} LightCycler480 (Roche Diagnostics Ltd.
Rolkreuz. Switzerland) AH]E ©]83}9] real time PCR &

g AAR

Western blot analysis

A 2]QE 3T3-L1 A|2zof| vljFolE Al AL PBSE AlAeh &
lysis buffer (100 mM Tris-HCL, 0.5% Triton X-100, 1 mM so-
dium orthovanadate, 100 mM NaCl, 10 mM sodium fluo-
ride, protease inhibitor cocktail)S ©]-&3}4] cell pellet= &
H|gte), ¢halE == Bradford B (Bio-Rad Laboratories,
Hercules, CA, USA)S 018310 Z4313Lt. 10% SDS-PAGE
gelS o]&-5fo] Thal-g E2l3kal nitrocellulose membrane
of transferE St § 5% (w/v) fat-free milk powder =g}%l
TBS-T=4 blocking= AAIRITE 1% (w/v) fat-free BSA7} &
3t=] TBS-TO]| 34 A|7] primary antibodyS 4T A over
night =< ¥F-8-A171 & HRP-conjugated secondary anti-
bodyE A2ollA] 1AI7F F<F A2]skal, WEST-ZOL plus Wes-
tern Blot Detection System (NtRON Biotechnology, Gyeong-
gi-do, Korea)& Ag|sto] W52 A7l ¥ AaHE 2Hlgith

FM=ZEH (FACS)

3T3-LIAI3EE fully confluent”’} B &= w3t & MDIZ
At} B3} =5 AlRkeltt MDIE WA$F 0130, 14, 16,
18, 20, 22, 24, 38, 48A)7tutth N ZE 4=A3}o] Cycletest™
Plus-DNA Reagent Kit2 ©|-8-3}9] propidium iodide (PD&
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AMEE & 0 N LE A7) (FACS Calibar, BD Biosciences) 2
olgsto] M22F7|E 453tk olet FUsH Wl o 2 EG-
CG9} Glucosamine 6-phosphateS s EH =2 thel Fio Ha
sho] A2siaL 18RIt 3 25715 ZHHLE”

SHEN

H Ao A& AubE= SPSS 16.0S o]&5ko] 24351
t} T-test@} one-way ANOVA test 2= Duncans multiple range
testoll 2Jalf p < 0.05 oA 72 AT 7He 94 A5
39l on] mE AV mean + SEMO 2 EASHCE

Z2

X[HMZS| M EES 2HE

3T3-L1 preadipocyte®] EGCG2} Glucosamine 6-phos-
phate®] o]2] 5= & A{2|sto] CCK-8 assay S 53l 484171l
A9 MEZAEEES S8 Fig. 1). EGCG= 60 uM o4
of| FE F-oJH 0 & st AiHE B (60 uMellA] 182
+ 4.2%, 80 uM 259 + 5.3% 7}4~), Glucosamine 6-phospha-
te= w0l T2 AlEAEE0] ZJolE HolR] Aottt (data not

shown).

K|LME L SEXE =X x|
Oil Red O staining= Z-3l AWA|Z2] Lipid droplet= &+
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Fig. 1. A: Structure of EGCG and Glucosamine é-phosphate. B:
The change of cell viability in 3T3-L1 preadipocyte in condition of
EGCG of serial concentrations. Value represent the mean + SEM.
**. P <0.001, vs. EGCG 0 uM.

15}, iso-propanol® Oil Red O dyeZE 8%3}0] 490 nm
oA FF=E A5 (Fig. 2.

Oil Red O staining 23}o|A] EGCGY A= H=7} o}
245 Lipid droplet] F2gS 2RI &= %It} 53] EG-
CG 40 uMOIA 45,6 + 1.6% 74, EGCG 60 uMellA 673 +
3.2% 7raElo] ol A E AelslA] oFi Bk SE3t fully
differentiation® AYAIE (control)2} Bl WS o FAZ L
2 890 & ZI4EQt) Glucosamine 6-phosphateS #|
2]t 7 Lipid droplet controli?} 72 H]<=5}it} (Fig. 2B).

EGCG®} Glucosamine 6-phosphates Beksto] 22| 2
HE ¥H (Fig. 20), EGCGE 60 uM3} Glucosamine 6-phos-
phate 200 pg/mL-Z et 7% control2t} 75.8 + 0.9%
olF o2 Z4skeh =3t EGCGE 60 uMiE B0 2 %
2|3 9 (673 + 3.2% ) HErt of 8.5% = v A
om SAHORE FoaiA AHEA At ASES
ghlskoict.

Adipogenesis®} adipgenic ¥ lypolytic gene2| mRNA
s

AA 2 W) ARE29) A ZakE BE EGCG 40 uM,
60 uM, glucosamine 6-phosphate 200 ug/mLe] T& E=
Hska2] Al adipogenesis ¥ lipogenic, lipolytic & -5-4#}
o] Bl lskglrt

Fully differentiation® A|%A| 3ol 42 PPARy2} C/EBPo,
SREBP1 &S real time PCRY} western blot2 53l &4
31t (Fig. 3). Adipogenesis®# 4221 PPARy2} C/EBP
o, SREBP12] mRNA levelo| 42| W& EGCGE 60 uM=
cH=2]2] (PPARy 29.6 + 3.5%, C/EBPa 337 + 0.2%, SRE-
BPI1 364 + 0.2%%42)2} EGCG 60 uM + Glucosamine 6-
phosphate 200 pg/mL= 42| (PPARy 18.8 + 4.9%, C/
EBPa 46.6 £ 0.004%, SREBP1 50.8 + 0.001% 7tA)ol| 4] 7+
259t} B]= PPARy mRNA WS EGCGE wHEA]z)d
A E Y =2 TAE BYATE Western blot 53} protein
levelol 419] PPARy W& @913t A3} (Fig. 3B)oA4l+= con-
trol?t Hjasto] EGCG 60 uM THEA]2]ol|4] 44.5% 744, EG-
CG 60uM + Glucosamine 6-phosphate 200 pg/mL 34 2]
ol 52.9% 2= AN H w& HaE UERL

EGCG 40 uMe] - 4= PPARy2} C/EBPo, SREBPI
©] mRNA level W&o 715 AaFa Hol7|e shel o,
protein levelolA12] PPARy2 W&lo] AR = A& &oldh
T A3k

Fig. 4] AollA4] adipogenic target S-A#}21 FAS, ACSLI,
LPLS| ®F& oA] PPARy®} C/EBPo, SREBP1S} H|S:gh
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Fig. 2. Effect of EGCG & Glucosamine é-phosphate on lipid accumulation in 3T3-L1 cells. A: Cell were subjected to Oil Red O staining
B, C: These cells were then subjected to quantitative analysis of interacelluar lipid accumulation. Value represent the mean =+ SEM.
*#1 p <0.001, vs. control. T:p<0.05, E40 vs. E60. T: p <0.05, E4O vs. E60P200. E: EGCG, P: Glucosamine é-phosphate.

GO 2 EGCG 60 uM TEA7] (FAS 35.6 + 0.05%,
ACSLI1 133 + 2.8%, LPL 472 + 11.6 %44) ¥ EGCG 60 u
M + Glu-cosamine 6-phosphate 200 pug/mL2}e] kA2
(FAS 422 + 1.1%, ACSL1 11.1 + 34%, LPL 46.8 + 40%
Aan)ol|x] dddo] gyt

Fig. 31} Fig. 4A%|A EGCG2} glucosamine 6-phosphate
7F A&E8) (Lipolysis)olli= oE gt ok vlx|=A] g<lst
9tk EGCGE} glucosamine 6-phosphate #2]of] w2 HSL
O] &2 controlof| A1 9] Waw} v|S=stAL ST WA
perilipin®] ¥&-& control?} H| S W EGCG 60 uM &
= HEof|A] 422 + 0.001% 24, EGCG 60 uM + Glucosa-

mine 6-phosphate 200 ug/mL HgrA o4 61.3 + 0.001%
aste] F g REFo|A Tastel o, E3] BakAe|ofA
o W2 HH-S et (Fig. 4B).

MCE ZHA0IIA] cell cycle arrest

3T3-L1 preadipocyteS confluent AE|7} E =5 wljofFs}o]
S AANZ F, 48A17Hs<E MDI HiA| o ke AlA £
£ 3532 0| mitotic clonal expansion (MCE) &S 3]
= o]t cell cycle W35 #E3ATH (Fig. 5). FACSE &
3 Aojxl AR IS Faf E3F KgHo| whet GO/Gl
phase©l| 4] S phase®, S phasel|A] G2/M phase® cell cy-
cleo] ®z}sh, oF 38A17F Feof| A cell cycleo] OAZE A9
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Fig. 3. Effect of EGCG & Glucosamine é-phosphate on adipogenesis transcription factors. PPARy expression in 3T3-L1 cells as exam-
ined by real fime PCR (A) and western blot (B) analysis. C/EBPa and SREBP1 expression in 3T3-L1 cells as examined by real time PCR (C).
Confluent 3T3-L1 preadipocytes in medium with or without differentiation concentrations of GCG & Glucosamine é-phosphate for 6
days (from day 0 to day 6) were differentiated into adipocytes. Value represent the mean + SEM. Means with different letters (a-f) at
each mRNA are significantly different (p < 0.05) by Duncan's multiple range test. Control: fully differentiated control adipocytes, E: with

EGCG, P: Glucosamine é-phosphate.
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oFZ5 SRISHIT T12jar oA ATHE R kS
g2 = cell cycle BA|9] F25 eI = L}E‘rlﬂj
FolAE 3L Ko TE cell cycle®] BZHE
1517 &helgt 4= Qlet (Fig. 5B).

A WA 22 0] Bgl G = ukg ol MCE ©@HAlollA] AAFE ] cell
cyclets}o] tiste] EGCGL} Glucosamine 6-phosphate”}t
o]yt k2 u|x)=4] Eelslr] ¢Jske] MDI medium®l &
7] BAL T B Weko 2 A2)dko] cell cycle S TS
ok i 23 F2l Mz A2 e] B3t {18417
01359 cell cycle S phase® Eo7tckal A&A )1,” Fig.
59] Aol ] 18A17FAA] cell cycle®] 37} F=%7] o
ol 18Rl A 9] A7] A5 #aFstGi) o|uf GI/S tran-
sition®] thgt 221 913l cyclin A, CDK22} 22 cell cycle
ZAzto) drg o] ¥skE A 2elstiet (Fig. 6).

Fig. 6A%2} B2 A3}of|A] control¥ v S wf EGCG &
L7} EolALE GO/Gl phase ©A1Q] A|3EL] 427} Z7)=|a
(control 43.2%, EGCG 40 uM 58.1%, EGCG 60 uM 62.0%),
S phase (control 34.0%, EGCG 40 uM 22.8%, EGCG 60 uM
21.7%)2} G2/M phase (control 22.3%, EGCG 40 uM 18.3%,
EGCG 60 um 157%)2] AI2E =7} 7ra=| 90t o]2fgt GO/Gl
phase 572} S phase, G2/M phase 74~2] H3l= EGCG 60
uM<e} Glucosamine 6-phosphate 200 pg/mL HgA 2| o)A
7V Atk (GO/GI phase 67.8%, S phase 20.0%, G2/M phase
11.2%).

E3E cyclinA®} CDK29] w2 wh-a wHig) 3
6Ce] Axke} 7o control B w3l EGCG 6

;ﬂ';
n:m}n

ru*LJ:—

i o

ot
ol

kol A Fig.
0 uM T4

2] 9] A$-ollA Z+ 7} 20.9%2} 37.9% TAaE13L, EGCG 60
uM + Glucosamine 6-phosphate 200 ng/mL H3HA2] gt 7
S0\ A 7k 7} 377%9} 357%= HWHEo] 7HAE|9ith EGCG 60

w522t EGCGEF Glucosamine 6-phosphate 34|
2] 3+ 27}2 v|wsj i cyclinA WE-S 16.8% © 7481
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Fig. 4. Effect of EGCG & Glucosamine é-phosphate on FAS, ACSL1 and LPL expression (A) and HSL and perilipin expression (B) as ex-
amined by real time PCR analysis. Confluent 3T3-L1 preadipocytes in medium with or without differentiation concentrations of GCG &
Glucosamine é6-phosphate for 6 days (from day 0 to day é) were differentiated into adipocytes. Value represent the mean + SEM.
Means with different letters (a-d) at each mRNA are significantly different (p < 0.05) by Duncan's multiple range test. Control: fully
differentiated control adipocytes, E: with EGCG, P: Glucosamine é6-phosphate
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Fig. 6. Cell cycle analysis of EGCG and glucosamine-é6-phosphate treated 3T3-L1 cell during th MCE process of adipocyte differentia-
fion. Two day postconfluent 313-L1 cell were indicated with the adipogenic cocktail in the presence or absence of various concen-
fration and alone or combination of EGCG and glucosamine-6-phosphate. After 18hr of freatment, differentiating cell were stained
with propidium iodine (PI). These cells were then subjected to flow cytometric cell-cycle analysis (A) and quantitative analysis of cells
in different phases in cell cycle (B). Data were analyzed using CellQuest Pro software. (C) The protein levels of cyclinA and CDK2 in these
cells were detected by immunoblot assay using their specific antibody, B-actin was used as a loading control. M1: subG1 phase,
M2: GO/G1 phase, M3: S phase, M4: G2/M phase. Control: fully differentiated control adipocytes, P: with Glucosamine é6-phosphate.
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