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A Study on the Gene Expression of Adipogenic Regulators by an Herbal Composition
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In our previous study, it was reported that an herbal mixture, SH21B, inhibits fat accumulation and
adipogenesis both in vitro and in vivo models of obesity. SH21B is a mixture composed of seven herbs:
Scutellaria baicalensis Georgi, Prunus armeniaca Maxim, Ephedra sinica Stapf, Acorus gramineus Soland,
Typha orientalis Presl, Polygala tenuifolin Willd, and Nelumbo nucifera Gaertner (Ratio 3:3:3:3:3:2:2). The
aim of this study was to investigate the detailed molecular mechanisms of the effects of SH21B on
various regulators of the adipogenesis pathway. During the adipogenesis of 3T3-L1 cells, SH21B sig-
nificantly decreased the expression levels of central transcription factors of adipogenesis, such as per-
oxisome proliferator-activated receptor (PPAR)y and CCAAT/enhancer binding protein (C/EBP)a. To
elucidate the detailed molecular mechanism of the anti-adipogenic effects of SH21B, we examined the
expression levels of the various pro-adipogenic or anti-adipogenic regulators of adipogenesis upstream
of PPARy and C/EBPa. The mRNA levels of Krox20 and Kruppel-like factor (KLF) 15, which are
pro-adipogenic regulators, were significantly down-regulated by SH21B treatment, whereas the mRNA
levels of C/EBPP and KLF5 were not changed. KLF2 and C/EBP homologous protein (CHOP), which
are anti-adipogenic regulators, were significantly up-regulated by SH21B treatment. These results sug-
gest that the molecular mechanism of the anti-adipogenic effect of SH21B involves both the down-reg-
ulations of pro-adipogenic regulators, such as Krox20 and KLF15, and the up-regulations of anti-adi-
pogenic regulators, such as KLF2 and CHOP, which results in the suppression of central transcription
factors of adipogenesis including PPARYy and C/EBPa.
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ponectin  (ADIPOQ), solute carrier family 2, member 4
(SLC2A4) 5< 233t adipogenesis®] 3 Z 717 (terminal mark-
er) &S FE3U}H7,9]. £, C/EBPas}t PPARyE adi-
pogenesis pathwayoll A 9]0 948 Krox20, Kruppel- like
factor (KLF)5, KLF15 5% 22 AAEIA f= 284
(pro-adipogenic regulator)$} C/EBP homologous protein
(CHOP), C/EBPy, KLF2 53} 2-& AWM Z&A oA 23
A}(anti-adipogenic regulator)E°ll 9]} 27 ¥ o] ZITH20].
A, A, FAS, Tk SOl o Y EHEY AT
of e A7k %ol Rusa itk SH21B= 33 (Scutellaria
baicalensis Georgi), W (Prunus armeniaca Maxim), v}
(Ephedra sinica Stapf), A %3 (Acorus gramineus Soland), 38
(Typha orientalis Presl), 92| (Polygala tenuifolia Willd), 3t
(Nelumbo nucifera Gaertner)2] (& 3:3:3:3:3:22) 2.2 o]
FoIl AGEFER T & A3l s o] Fof AdHA
7o 23 ST3LIAE 3 uAT4 o] vhg-2 FERd oA
adipogenesis G A& &3 AW=2 AA AR} 5ol 18
A TH11]. & Aol AE 3T3-L1 A4 Eojl A SH21B7} 1)
A= adipogenesis A Al tiet B} AFA S EAHA Al AYUZ
& 9387 918+4 adipogenesis® XA sHE ThFet FHA}
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SH21BS M= ¥ =

SH21B] Az ¥ HF3} AL A8 A=A st
A AXNEASH o] & Qokstd v 2o11]. A7 &
= A dYuto] A2 H wasung, Korea)oll A -1 3%
o &=, A9, g, AR, 23, 4R, 99770 Aoks
3:3:3:3:3:2:29] H|- &2 T33ta] 30% o BHEo A 34 7HA 23]

FE 5, eI T B9 FEES 7hsho] 243t
T FET U FEsE % E Bt ol FEe
THES SLEFVIE ol &t BviE ST B2
B9l SH21B| =5 AQit HEAH o2 dojxl SH21BY 29
Fe FE A At 98 F9 49%Athw/w). SH21BY %
%, thin layer chromatography & AH&-3le] 7%F<] Aok %é]
o] &S ZARSIAL high performance liquid chromatog-

raphy & AH&3td 74 B2 4& A 23, 114% %
42%5 227 AASe vho]Zd (baicalin)¥ ot 1EH
(amygdalin)o] SH21BS] -8 AFo2 F4 Ut

MIZ HHF 3 Al

Agd AMEE 3T3-L1  AX(preadipocyte)= ATCC
(American type culture collection, Manassas, VA, USA)ell A

93te] Dulbecco’s modified Eagle’s medium (DMEM)¢]
10% calf serum, 100 pg/mL streptomycin, and 100 units/mL
penicillin 7 37 37°C, 5% CO, A1 H BN A Bl oFatsict.
T2 AJFE-2 Sigma Chemical Co. (St. Louis, MO, USA) %l 4]
T8k

Adipogenesis #&

3T3-L1 AlZ < phosphate buffered saline (PBS) & 0.2
AFE F, 1~2x10° cells/ml& 6 well-plated] Al ZHx7}
100%7} 2 w7t 8 F3t et 29 F(day 0), 10% fetal bo-
vine serum (FBS)S X33 DMEMe®] 1 pg/ml insulin, 0.25
UM dexamethasone 12|31 0.5 mM 3-isobutyl-1-methyl-
xanthine®] %7} differentiation-induction medium (%3}
i vl A)E wAste] 48413 A ety 2§ 29 HA o
2 10% FBSE x3st Al wlx]o] 1 ug/ml insulin®] ¥ 7}4
differentiation-maintenance medium (£3} %] #jA)Z
A = Atk Adipogenesis®] 713§ 778 o A|SH21B] &%5& &
Ast7] A, #3F F= wiA 9 B3} A W AE FHHE o
SH21BE g7 A3kt

Total RNA =

Total RNA¥ acid-phenol &% & ©]83 RNeasy kit

(Qiagen, Hilden, Germany)E AH&-3}e] A\ A€ Aol uf}
2 AAHNT 29 total RNAE £FFEAE ©] 83}
o] optical density (OD)gts S48t 7 AKreverse tran-
scription) WHg-& WY w712 -80°Ce] H A3t

Real-Time polymerase chain reaction (PCR)

1 ug total RNA® cDNA Reverse Transcription Kit
(Applied Biosystems, Inc., Foster City, CA, USA)E ©]&3}4
A ZA} 319t} Real-time PCR< 7000 Real-Time PCR System
(Applied Biosystems, Inc., Foster City, CA, USA) HIE A}
&ato] JAFH AT PCRE 59 2402 HF Hhs 7o
£ 20 pl2 FHlske] 3ukE s}tk TagMan gene expression
master mix, 250 nM TaqMan Probe, 2 uM<] Z} primer, 2
ue cDNA. A4 24 oz g e=de 845 243}
A1717] 913 95°Col Al 103t §H&A1 7] 5, 95°Coll A] 1539}
60°Coll A 1202 T4 H 40 cycles F3 3T} Real-Time
PCRe] A% primer= Applied Biosystems AF] assay on
demand gene expression AEFS TFulEtd AMEEAT
(Applied Biosystems, Inc., Foster City, CA, USA). Endogenous
control= Gustafson¥} SmithE #11E 185 rRNAE AF&-31%
‘ﬂr[()] Zt A Eol i AFHAImRNA FFL L A
= 9] 185 rRNAC] 9Jsf £F85 00, £58 9 &S0
e AAYA E(day 0) #S 7]FSE Ct methodol <3

ATH13].

13
4

tdom

HEy 24
€ AFZA = SPSS ver. 14.0 ZZ 1 (SPSS, Chicago,
IL, USA)S o] &3}0] % (mean) ¥ %2 AHSE)Z LEPHTh
SH21B7} 47bel w3 7k A o2 &, T Abol9] Hla
3k A9 F24& unpaired t-testoll 23 HZH At

SMAE =5 ¢ 53017 7K Fé._i

AAERA, BleE B Qled R AEE AT SN Ay
O 2 AMEE= 3T3-L1 AAHAE= msulm, dexamethasone
2 isobutyl methyl xanthine (IBMX) 5¢] ¥3f%= E3do]
HA7HE A AAZE E5hEEA A2 el A 3
AEL FHHE Ao2 4 A doh20]. AN 23t 7
FEAes He = ALY 42 1 53 F=d gt
12319 w7t 9 4 9oH Oil Red O GA4S E3 AlZtstE
T Atk 39 1A AAGAZ7F AMAZRE Z3hg ol whet
Oil Red O Ao &5 A @ME FHA Y] S7HEE B
o] &t} E3 100 pg/ml SH21BS) 7kl o) F4 Aol
A #HAaPOoZHA SH21BY AAZZY A a3S Ko
Tk SH21Bol 93t AWAZH A AT = & A7 Y
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ADIPOQ +&A|(AdipoR) 9} Zgste] o] thatel 2lad
215 7 2 (insulin pathway)E Z83}= o} Z7}2] (adipokine)
o2 7z 4¥7 ADIPOQE AMAIZEA Y tE A HEnt
71| HH10]. Real-time PCR®| A}l 4, ADIPOQS mRNAE
£33} A3} vlarste] #3}F Foll A 15,0004 o] S7HE AT}
SH21Bel ©J3 343k 7145 2CHFig. 1B) SLQ2A4E GLUT4

e *ﬁ(glucose transport) 7 2 A )AL A F 23
7Iss e ALE deA ATl AWAEEEY FHF0}
7191 SLC2A4 Q Al #3} A3 vwste] E3F oA mRNA
W o] 200 o]} A F7HskATh7F SH21BY 46]] R
25 A o]¥ 3 AL SH2B7F AWAZE S oA
grozm FAAY] %4 2 HFvH] o] mRNA 23S A3
& AA gt

LM EZSY HMBARIRI FHAL LB
ARALGS 3R AT 4 223 HFrpA o] EE
< YHHARIAQL C/EBPast PPARyel <3 zd o

preadipocyte (0 day)
0 pg/ml SH21B

Terminal markers
(B)

(A)
adipocyte (7 day)
0 pg/ml SH21B
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[12,17,21]. Nuclear hormone receptor superfamily®l| &3}=
PPARyE AWA X9 #3} 287 Az FA4 ¥ oh
gt @ 53 22 4% AUHAANE FoF V5S¢
SATH1,24]. wh¢-29] AfrobA Zol A PPARyE ok 2dd
785, AAES B3V 233 frEEol BiEa26
PPARy7} A28 E vh§-2oxe A2 T 2 Ao] &
TEA g3 dedite] EAVF dAE e AR HuE)
14,27, 2 AT realtime PCR ZojA, PPARy
mRNA 282 23} d7} vluste] 31 $oA 108 o4
S7FetAth7h SH21BS) #7tell ol frofshAl Z4aH At
(Fig. 2A). C/EBPa: PPARyS} 45482 3] H2o]
& S7HA AMAZY F3E frestal HEehA Y wds
Z7HAZ . Freytag 5 th3t A -fretH o] C/EBPaE
THHE A A adipogenesisE =30 24 C/EBPad] 715 2
248 a4l 19 2Bol A C/EBPaE £3}7} 213
= 158 7hto]l AA| F7bekThzE SH21BOl o 3f st
Al Ak o3 st %52 SH21B7} adipogenesis 9] +
& 229, C/EBPagt PPARYY &S Ao 24

ol
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Fig. 1. Anti-adipogenic effect of SH21B. Oil Red O staining shows inhibitory effects of SH21B on lipid droplet formation (A).
mRNA expression of ADIPOQ (B) and SLC2A4 (C) which are terminal markers in 3T3-L1 cells differentiated for 0 and
7 day with or without 100 pg/ml SH21B treatment. *** p, 0.001 compared with untreated adipocytes.
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Central transcription factors
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Fig. 2. Effects of platycodin D on the mRNA expressions of the central transcription factors of adipogenesis. mRNA expression
of PPARy and C/EBPa in 3T3-L1 cells differentiated for 0 and 7 day with or without 100 pg/ml SH21IB treatment.

** p, 0001 compared with untreated adipocytes.
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2 adipogenesisS ATt Hiska QIT2]. & Aol A
Krox202] mRNA &2 adipogenesis 273 %ol F3i3}HA
S7FetAIRSH21Bel| el o skA oA = XA Th(Fig. 3B). 1¥
3A% 4] C/EBPBS] mRNA & o] SH21Bo| <f3f w7t §19
7] wiell, SH21B 7ol & Krox209) mRNA W=
C/EBPRSI= HIOJEA 02 A G Aol Ffgitha Azt
wlojzlth. KLFE A2 A, #3 3 84S 243t T8
S AR AAE G A QA TH8]. KLF familyell & 3t= KLF15
o} KLF5© AMAEZAY FE2d8A20 A EZ A 2
A #HEE s o2 G A ATH15]. PPARyS 49 2384
Ql KLF59} KLF15& Zt2t 7], 7] £3lo|A PPARy9)
promoterdll At FAALE ZHFTH519]. 2 AFolA
KLF15¢] mRNA 282 adipogenesis T4 ol 371744 2
Al F7FekAIRE SH21BS] Aol s FofZH oz A=At
(Fig. 30). ©]¢}= 2] KLF59] mRNA 2¥-& SH21Bo| 93]
FIFs WA gdrh(Fig. 3D). ABAMEZAY FEAA
KLF5& C/EBPBY oJs ¥ etk &¢ejA Slvk SH21BY
A7kel o8 dFE WA of> KLF59] mRNA 2d Avhe
1% 3A4] C/EPBRS] A#E Awd 4 Ut ol 4
HEE SH21BY] AFAEZFA AA&H7}E oy AFAEY
A FERAA F Krox203 KLF159] 23S gtozH
PPARy®} C/EBPa®] F34} S 2-she AY-S VEbd

XM EEY ARMZEXIS FHX} Lsd

Adipogenesis pathwayol| 4] KLF= 34 24 2Q] PPARY
£ 702 shal vk KLFI5, KLF5¢9hE 28] KLR2= A%
AZZEES JAlshs 24AE 42 ok KLRe AA 2
7b 238kE 7] Aol =A EdE o] vk B3 Al A
B4 A1) & A7A KLR29 a4 dde &
s}7} A A AT SH21BY] A 7ol 9f3) 4G A+
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B fro3tA Z71E A Fig. 44). T T2 AAIEEA AdAZ CHOPY 7l5-e C/EBPRWE Hohe 11 848 28ste A
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FEFomM O AL dAGTL dHA AT3]. & A T SH21Bell 93 wistzt gl C/EBPRY Z#}(Fig. 3A)%
ol /] CHOP9] mRNA T3 £3} 2729 A 74 SH21Be] 9J3 JAI =AW PPARyS] 23K Fig. 2A)0] 24
Attt SH21BS i 7tell olel #oJstAl 57t Atk (Fig. 4B). 2 AYE 5 ot o] AR5 SH21B7F AA £ F A
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Fig. 3. Effects of SH21B on pro-adipogenic regulators located in the upstream of C/EBPa and PPARy. mRNA expression of
C/EBPB (A), KROX20 (B), KLF15 (C) and KLF5 (D) in 3T3-L1 cells differentiated for 0, 2, 4 and 7 day with or without
100 pg/ml SH21B treatment. * p<0.05, ** p<0.01, *** p, 0.001 compared with untreated adipocytes.

Anti-adipogenic regulators
(A) (B)

== Opg/ml SH21 ==0Oug/ml SH21
'KLF2 100/l SH21 CHOP Hg/

1.50 2.00 —*-100pg/ml SH21
*% T
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4
050 -
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0.00 . 0.00 . ; .
0 day 2 day 4 day 7 day 0 day 2 day 4 day 7 day

Fig. 4. Effects of SH21B on anti-adipogenic regulators located in the upstream of C/EBPa and PPARy. mRNA expression of
KLF2 (A) and CHOP (B) in 3T3-L1 cells differentiated for 0, 2, 4 and 7 day with or without 100 ug/ml SH21B treatment.
* p<0.05, ** p<0.01, ** p, 0.001 compared with untreated adipocytes.
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