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ABSTRACT

Cacao Theobroma cacgowhich includes a large amount of

polyphenols has been reported to have potent benefiefidcts on

obesity. However, all of these previous studidsave focused on the

extract form of cacaor procyanidirs and their potential mechanisms

have not been fully elucidated wittonsideringADME (absorption,

distribution, metabolism, and excretionHere, n this study, |

investigatedthe inhibitory effect of metabolites of procyanidins on

adipogenic cocktail (MDHnduced adipogenesis and lipogenesis in

3T3L1 preadipocytes. Especiallys-( 3 6 ,-Dihydrdxyphenylho-

valerolactone PHPV) which is known for the major metalitel of

proycanidins, had the best inhibitory effexton adipogenesis and

lipogenesis. | found that DHPV decreased the protein expression levels

which are involved in adipogenesis such as peroxisproéferator



activated r ea)e p@Ghienhanerpiiiig RoteinU
(C/EBP U) and lipogenesis such as fatty acid synthase (FA®)
acetylCoA carboxylase (ACC)dosedependently These inhibitory
effects were mainly due to G1 phase arrest in the early stage of
adipogenesis which called as mitotic @dbrexpansion (MCE) by
swppressing cell proliferation. Iikinase array,CDK2/cyclin O was
preferentially selectedthrough several citeria. DHPV directly
suppressed activation of CDK2/cyclin O complex. DHPV inkitbithe
phosphorylation of C/EB®  wh i e$ponsibke fornduction of
PPARo a n d UCTAkErBt@®yether, thistudy impledthat DHPVis
one of the biologically active compound of cacao whibrings the
potential benefitson antiobesity by inhibiting mtracellular lipid

contentsand cell differatiation
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. INTRODUCTION

Obesity is one of the biggest health problems worldwide,

because itan lead a risk of severaiiman diseases such as cancer,

hypertension, and type 2 diabefés?Z. As its prevalence is constantly

growing,numerous strategies addugsare appearetb prevent or treéa

obesity [35]. However,it has been reportethat there are many de

effects ofthe antrobesity drugsTherefore, it is important to find the

compounds which have both very few side effects and much greater

effects.

Recent studies have focused on the -abésity effect of

natural compaonds such as polyphenols [6,].7Cacao Theolioma

cacag which is the essenti@nd mainingredient of the chocolate, is

also known for including alarge amount of polyphenols ][8

Interestingly, cacao has more phenolic and flavonoid contents than teas



and red wine [P Among theecacao polyphenolshe procyanidins are

reported to be the moabundant types gfolyphenol groupDue to this

high concentration of procyanidins, cacao could provithe

preventative effect§10]. It has been reported that cacao could

contributethe variouspotential hedah benefits such as cardiovascular

disease[1l], cancer[12], neuronal diseas§l3], and diabete$14].

Furthermore the antiobesity effects of cacao haw&eadily been

reported [1518]. However, all of thee previous resear@sare limited

to studyingthe extract form of cacaor procyanidins

Numerous studies are revealed the-ab#sity effects of cacao

which contaiis high contentof total procyaniding17, 19. However,

the many functions of biologically actiigs may not resulin the

systemic biavailabiity of procyanidinsit has been suggested that it

may have minimal effects in vivo studyelto intestinal decomposition

[20]. Therefore,it is essentially considereth terms of absorption,



distribution, metabolismand excretion (ADME That is metabolites

of procyanidins mighplay a very key role in the overall effeaté

native conpounds of procyanidingl0O]. Additionally, it is important

that which concentration of metabolites remains in blood and plasma

for an extended period of time.

In the presenstudy | focusedon metabolites of procyanidins

which bring the potential benefits oantiobesity. | investigatedthe

beneficial effect of procyanidirs and theirmetabolies. According to

previous stdies procyanidins are metabolized {e)-Catechin, (-)-

Epicatechin, 2-(3, 4-Dihydroxyphenyljacetic acid (DHPAA), 2-(3-

Hydroxyphenylhacetic acid (HPAA), 3-(3, 4Dihydroxyphenyl)

propionic acid (DHHC) 3-(3-HydroxyphenylBpropionic acid (HC)

and 5-( 3 6 46Dihydroxyphenyljo-valerolactone  (DHPV) as

metabolite§10, 21-23].

First, | examined the antdipogenic effest of procyanidins



and their metabolites on MDInduced adipogenesis. Of the 9

compounds,DHPV most strongly caused the inhibitory effeah

adipogenesis in3T3-L1 preadipocytesinterestingly, DHPV is been

reported that exists a higioncentration in fasting plasnjal]. DHPV

was found to block cell cycle progression, thereby inhibitim¢ptic

clonal expansion. DHPV also inhibited CDK2/cyclkh activity and

suppressed adipogenesis and lipogenetsded biomarkers. These

results @monstrated that DHPV attenuateddipogenesis and

lipogenesis in 3TA.1 preadipocytes.



. MATERIALS AND METHODS

2.1. Chemicals and reagents

Procyanidin B was purchased from Funako€§to. (Funakoshi,
Japan. Procyanidin B3, (+Catechin, (-)-Epicatechin 2-(3, 4
Dihydroxypheny)-acetic acid 2-(3-Hydroxyphenyljacetic acid, g3,
4-Dihydroxyphenyl}propionic acid isobutylmethylxanthing(IBMX),
dexamethasone, antuman insulinwere purchased from Sigma
Aldrich (St. Louis, MO, USA).3-(3-Hydroxyphenyl}propionic acid
was purchased from Alfa aeser.Gmcheon, South Koreak-(3G 46
Dihydroxyphenyl)-o-valerolactonavas purchased from Chemieliva.Co
(Chondqing, China)Dul beccobs modi fied weagl e
fetal bovine serum (FBSand bovine calf serum (BCS) were purchased
from GIBCO (Grand Island, NY).

Antibody againstperoxisome prolifestoractivated receptoo



(PPAR 2 )cyclin-dependent kinag(CDK2), cyclin O, b-actin and
CCAAT/enhancebi ndi ng proteins U wemd b (C
purchased from Santa cruz biotechnology (Santacruz, CA).

Fatty acid synthase (FAShcetybCoA carboxjase (ACC),
sterol regulatory elemesiiinding protein 1¢c (SREBPLcnd phospho
CCAAT/enhancebinding proteind (p-C/EBPD) were purchased from

Cell signaling Technology (Danvers, MA, USA).

2.2. Cell culture and preadipocytes differentiation

3T3L1 prealipocytes were purchased from American Type
Culture Collection(ATCC). 3T3-L1 preadipocytes were maintained in
DMEM supplemented with 10% BCS, a 5% £.@nd 370 until 100%
confluence. After postconfluent (day 0), cells were incubated in
DMEM supplementedwith 10% fetal bovine serum (FBS) and

adipogenic cocktail (MDI) which waa mixtue of 0.5 mM 3isobutyt



1-methybanthine (IBMX), 1e M de x a méd0iEX)asand 5 &g/ mL
insulin for 2 days in order tanduce differentiation. After2 days,

medium was changetb DMEM containingl 0 % FBS and 5 ¢€g/
insulin. 2 days later, medium were switched to DMEM containing 10%

FBS until preadipocytes were fully differentiated.

2.3. Cell viability assay

In order to assess cell viability, 3 T3 preadipocytes were
seeded ir24 well plate at a density of 5 x 4@ells per well. After
confluence, cells were treated with 10% FBS DMEM supplemented
with DHPV oronly 10% FBS DMEMas a controlA 10% of MTT [3-
(4, 5-dimethylthiazoi2-yl)-2, 5-diphenyltetrazolium bromide] solution
(Cleveland, OH, USADf total mediumwas added to each well, and the
cells were incubated for 1 hour. The medium was removed and the dark

formazan crystals were dissolved in dimethyl sulfoxide (DMSO). The



absorbance at 570 nm was measured with spectrophioyoniée
results wee expressed as percent MTT reduction relative to the

absorbance of the control cells.

2.4. Oil Red O staining

In order to evaluate accumulated lipid contents in the cells,
3T3-L1 preadipocytes were seeded invedll plate at a densitgf 5 x
10* cells per well. After confluence, the cells were differentiatedsfor
days with or without compoundsMedia were removed and
differentiated cells were fixed with 4% formalin for &n and washed
with the phosphate buffered salin®BS. The fixed cells were then
stained with Oil Red O solution for 15 min at room temperatutée
dark Oil Red O solution was prepared by dissolving 0.25®@igRed
O powder (SigmaAldrich, St. Louis, MQ USA) in 50 mL 60%

isopropyl alcohol(Amresco, Solon, OHYollowed by filtering with



0 . 4 5metnManeAfter staining, the cellsvere washed 8mes with

PBS. Intracellular lipid contents were quantified by eluting Oil Red O

staining with isopropyl alcoholand measured at 515 nm with

spectrophotometryT'he results were exgssed as percent Oil Red O

staining reduction relative to the absorbance of the control cells.

2.5. Glycerol assay

In order toevaluateglycerol releasg 3T3L1 preadipocytes

weredifferentiated in 24 well plates as described above. The cells were

thentreated with 10% FBS DMEM supplemented with or without 5, 10,

and 20 eM DHPV and isoproterenoSigmaAldrich, St. Louis, MO,

USA) as a positive contrdR4] for 3 days. Next, the cefree culture

supernatants were transferred to clear 96 well plates. Glycerol

concentrations were measured using Fregc&bl Reagent $igma

Aldrich, St. Louis, MO, USA)s described by the manufacture



2.6. Western blot analysis

After 3T3L1 preadipocytes were cultured incé distesat a
density of 5 x 10 cells per disHor 2 days in DMEM supplemented
with 10% BCS. When cells reached @aence, medium was changed
with DMEM supplemented with 10% FBS and MDI hormone cocktail
containing with or without 5, 10and 20 eM DHPV. The cells were
washed with PBS and harvestby scraping in cell lysis buffeThe
protein concentration was measured using a protein assay reagent kit
(Hercules, CA)as described by the manufacturer. The proteins were
separated on sodium dodecyl sulfatepolyacrylamide gel
electrophoresis (SDBAGE) and transferredto nitrocellulose
membrane (GE healthcare, Piscataway, NJe membranes were
blocked in 5% skim milk for 1 hour, and then incubated with a specific
primary antibody at 4 overnight.Protein bands were visualizdxy a

chemiluminescence detection kit (GE Healthcare, London, UK) after

10



hybridization with a HRRonjugated secondary antibody (Life

TechnologiesWaltham, MA.

2.7. Flow cytometry using a fluorescence-activated cell sorter
(FACS)
In order to analyze cell cycle, 393 preadpocytes were
seeded in 6 cm dish@sdensity of 5 x 1Dcells per dish and cultured
until confluence. And then, cells were incubated in DMEM
supplemented with 10% FBS, 0.5 mM IBMX,e1M D,E X5 € g/ mL
insulinandwi h and without h &I1b 206,MMardAP V f or
hour, respectively. Aftercells were trypsinized and centrifuged at 1000
rpm for 3 min. The pellets were-seispended in PBS and centrifuged at
1000 rpm for 3 min againThe pellets were suspended in cold 70%
(v/v) ethanol (SigmaAldrich, St. Louis, MO, USA)for fixing and

maintained at 4 overnight.And then, cells were centrifuged at 1500

11



rpm for3 min and resuspended in’ 0 o RBScontainingl 0 eLg/ m
Pl solution ($maAldrich, St. Louis, MO, USA and 0.2 mg/ml
RNase(Amresco, Solon, OH). Cells were incubated ab37or 15 min

in the dark. Finally, fluorescence emittédm cells was measured
usinga flow cytometer (FACSCalibur, Bectelickinson, San Jose, CA,
USA) with CellQuest software (BC Bioscience$gn thousand cells in

each sampled were analyrf5|.

2.8. Kinase assay

In order tofind the molecular targets of DHPkinaseprofiling
were conducted by kinase assay servicesRdaction Biology
Corporation. Briefly, kinasewas incubated wittsubstrate and required
cofactos. The reaction wainitiated bythe addition of the compound in
DMSO and®P-ATP (specific activity 10mCi/m). After incubation for

120 min at room temperatyrthe reactionwas spotted ontaP81 ion

12



exchange paperGE Healthcarg and wahed extensively in 0.75%

phosphoric acidKinase activity data were expressed as the percent

remaining kinase activity in test samples compared to velid#SQ)

reactions.

2.9. Pull-down assay

Sepharose 4Breezedried powder was purchased from GE

Healthcare (Little Chalfont, UK). Sepharose 4B beads (0.3 g) were

activated in ImM hydrogen chlorideHCI) and suspended in DHPV (2

mg) coupled solution (0.1 M NaHCGCand 0.5 M NacCl). Following

overnight rotatiomat 4o , the mixture was transferred to 0.1 M TFris

HCI buffer (pH 8.0) and rotated ate} overnight againThe mixture

was then washed with 0.1 M acetated buffer (pH 4.0), 0.1 MHTE

0.5 M NaCl buffer (pH 8.0) and suspended in PBS. After beads were

ready for useCDK2/cyclin O active protein $ignalchem, Richmond,

13



Canada was incubated with dier Sepharose 4B alone or DHPV

Sepharose 4B beads in reaction buffer. After incubation at,4he

beads were washed with washing buffer and the proteins bouthe t

beads were analyzed lestern blot.

2.10. Statistical analysis

Statistical analyses were performed using-eag ANOVA

followed by Duncard s Mu | tge Pest,and (Rvalues of less than

0.05 were considered statistically significant.

14



. RESULTS

3.1. DHPV had the most potent inhibitory effects on MDI-induced

adipogenesis in 3T3-L1 preadipocytes.

The structure and tentative pathway for human microbial

degradation of procyanidins tacao showed ifigure 1A [34, 3. To

investigate theantradipayenic effects of procyanidins and their

metabolites 3T3L1 preadipocytes were incubated with each

procyanidinsand theirmetabolites simultaneously with Z2M for 6

days. Lipid contents were quantified with Oil Red O stainiI -

treated differentiated cells were significantly increasedrétative lipid

contents by6-fold compared to undifferentiated cells as cont@RO

staining result showed that DHPVost strongly reduced lipid contents

among other procyanidins and theietabolites (Fig. 1B To determine

whether the decreasdigid contents was a result of diminishing cell

15



number, | examined the cell viaiyl of each procyanidins and their

metabolits usingMTT assayAs a result, none of compounds&l not

decline cell viability (Fig1C).

16
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Figure 1. continue
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Figure 1. The greatest inhibitory effects of DHPV on MDI-

induced adipogenesis in 3T3-L1 preadipocytes

(A) Provisionaldegidation pathway for procyanidin®) Oil Red O

staining images andata showed thaDHPV significantly inhibited

intracellular Ipid accumulation in 3T-B1 preadipocytes among other

procyanidinssuch as procyanidins B2 and B®ich are known for rich

in cacao [B, 27], and their metabolitessuch as(+)-Catechin, (-)-

Epicatechin2-(3, 4DHPAA), 2-(3-HPAA), 3-(3, 4DHHC), 3-(3-HC),

and DHPV (C) All above compounds did not affect on cell viability

Data were represented as medn standard error of mearSEM)

values of at least three independent experimehite sharps(##)

indicateda significant difference between the control group and the

group treated with MDI cocktail along (< 0.01). To compare the

differences among the groups, emay ANOVA was usedwith

Duncands mul tiple r angeddtatsichlly .

19
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significant differences gi < 0.05.

20



3.2. DHPV inhibited the adipogenic and lipogenic effects in 3T3-L1
preadipocytes.

To investigate the effestof DHPV on adipognesis in 3T3d.1
preadipocytescells were treated with or without DHPV. Differentiation
of 3T3L1 preadipocytes were induced by the method asiqusly
described and lipid contents were quantified with Oil Red O staining.
As a result, compared to undifémtiated cells, the relative lipid
contents of MDlinduced cells were increased bydd. DHPV treated
group reduced intracellular lipid contentssdalependentlyat 5, 10
and 20 ¢ ML% 6G3%anth % respedvely (Fig. 2A).

Consistent withthis resulf | also examined the MBhduced
expressiorof proteins, which are miger proteins of adipogenesigg]
and lipogenesis2p]. Western blot data showed that DHPV grgssed
the protein expression levels of PPAR and C/ EBP U whi ch

regulators of adipogenes{fig. 2B). Furthermore DHPV suppressed

21



the expression levels #dREBP1c, ACCand FAS which arépogenic
proteins (Fig. 2C). Next, | performed MTT assafo investigate the
toxic effectof DHPV oncell viability in 3T3-L1 preadipocytesAs a

resutDHPV did not have t2Dxicity up to .

22
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Figure 2. Effects of DHPV on MDI-induced adipogenesis
and lipogenesis 3T3-L1 preadipocytes
(A) Oil Red O staining irages anddata showed that DHPV
significantly inhibited intracellular lipid accumulation in 3T3
preadipocytes.R) DHPV downregulated the protein expression levels
of adipogenesis such as PPAR and (C./CEBHPV down
regulted the protein expression levels of lipogensseh as SREBP1c,
ACCand FAS. () DHPV did not affect on
Data wererepresented as medh standard error of mean (SEM)
values of at least thremdependent experiments. The gisa ##)
indicated a significant difference between the control group and the
group treated with MDI cocktail along (< 0.01). To compare the
differences among the groups, emay ANOVA was used with
Duncands mul tiple r angeddtassichlly .

significant differences ai < 0.05.
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3.3. DHPV inhibited MDI-induced adipogenesis at mitotic clonal
expansion step in 3T3-L1 preadipocytes.

After growth arrested by contact inhibition, pd#pocytes
progress to cell differentiatiocalled the adipogenesis his process is
divided into two broadstages, the mitoticclonal expansionwhich
increase<ell number, and the terminaifférentiation which increases
intracellular lipid contents, respectively30, 3]. Therefore |
investigated whichthe critical timepoint of the inhibitory effectof
DHPV on adipocyte differentiationTo elucidate which stage in
adipogenesis is affected by DHPV, | treated DHP\E2BI at di
periods of adipogenesis during days forfull differentiation (Fig 3A).
As expected, cHd treated with DHPV for @lays showed a complete
inhibition of lipid contents like previous study (FigA). All stages
were modeately inhibited oflipid contents, however interestingly,

DHPV suppressed adipogenesis effectively when it wadettleon the

25
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duration including € days (Fig3B). This result indicatedhat DHPV

primarily modulated inthe early stage of differentiation, in which

mitotic clonal expansion occurred

26
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Figure 3. Effects of DHPV on MDI-induced mitotic clonal

expansion in the early stage of adipogenesis

(A) A schematic diagram of experiment; time schedule for periods

treated DHPV for each group (B) Oil Red @iring images and data

showed that DHPV had ¢hstrong antadipogenic effectvhen it was

treated period including-2 days.Data were represented as mean

standard error of mean (SEMplues of at least three independent

experimentsThe sharp##) indicated a significant difference between

the control group and the group treated with MDI cocktail algne (

0.01). To compare the differences among the groupswageANOVA

was used with Duncands multiple

statistcally significant differences git< 0.05.

28
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3.4. DHPV blocked the cell cycle progression by inducing G1 arrest

in 3T3-L1 preadipocytes.

Continuously! investigated how DHPV inhibited the mitotic

clonal expansion, which is known as a prerequisite stageaily e

adipogenesis32]. To confirm that DHPV directly made impact on

proliferation, | performed FACS analysis to investigate cell cycle

progression on 3TF81 preadipocytes during mitotic clonal expansion.

According to FACS analysis data, Mididuced cell gcle progression

was blocked by DHPV compared to the differentiated groups 4Ap

At 16 hr, the MDHreated cells moved S phase compared to control

Then, distinctively the number of cells in S phase were increased by

MDI. However, the cells treated MIvith DHPV did not undergo cell

cycle progressiomnd stayed in basal stage, G1 phase, which was the

same as control groups. (Fi4B). These results indicated that DHPV

delayed cell cycle progression from G1 phase to S phase in the early

29



stage of differatiation.
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Figure 4. Effects of DHPV blocked the G1 phase during

mitotic clonal expansion.

(A) FACS analysis histograms and)(uantitative data showed that

DHPV blocked the G1 phase in the early stage of differentialata

were represented as med@n standard error of mean (SEM) values of

at least three independent experiments. To compare the differences

among the groups,oeay ANOVA was used with

range tests. Different letters indicated statistically sigairft

differences ap < 0.05.
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3.5. DHPV directly inhibited CDK2/cyclin O activity.

To elucidatethe molecular mechanisnadout how DHPV had
the inhibitory effects| performed kinase profiling analysi&irst, |
tested in duplicate mode at a conceiraof DHPV 10e M ( Tabl e 1) .
Based on Table 1, 6 kinases were selected, which were inhibited more
than 65% by DHPV. Nexi, tested in a 14@lose 1Go mode with 3fold
serial dilution starting at DHPXY60¢ M(Table 2) Additionally, based
on the results from Table Rconsidered thes®&llowing requirements.
Target kinaseshouldregulate to cell cycle, werexpressed in mouse
and adipocytesandwererelated to MDiJinduced signaling. As a result,
| preferentially chosen CDK2/cyclin O kinase for potential target of
DHPV.

DHPV effectively inhibited CDK2/cyclin O activity with the
half maximal inhibitory concentrationdso) (ICso=8.79¢ M) .GA).i ¢

To demonstrate whether DHPV directly interacted with CDK2/cyclin O

33



then inhibited its activity | peformed pulldown assay using
CDK2/cyclin O active protein. As a result, DHPV could dilgbind to
CDK2/cyclin O (Fig 5B).

Continuously | investigated how CDK2/cyclinO affected
during MDFinduced adipogenesis. According to previous study, CDK2
acts sequentially phosphorylation ar
adipocyte differentiation33] . C/ EBP b ampimportaetiole pl ays
in mitotic clonal expansiof34, 3] and also a key transcription factor
for transcriptional activation of C/EBB  a n d o BR3YRwhich
are master regulators of adipogenesis and expression in terminal
differentiation. Therefore, | examinghe proteinexpreson of C/EBP
b. As a result, DHPV r edukge5€). phosphc
Theseresuls implied DHPV inhibited mitotic clonal expansion by
suppressing C/ EBP b which i s not 0

CDK2/cyclin O but also a transcription factor dEBPU and oPPAR

34



Table 1. Kinase profiling of DHPV (10 niM)

Kinase profiling analysisvas performed on whole humgmpe kinases @9 kinases) to find the target of DHPV (&) by

kinase assay service (Reaction Biology Corporatioaja weregepresentatie of two independent experiments that gave

similar results.

Kinase Activity Kinase Activity Kinase Activity Kinase Activity Kinase Activity
ABL1 105 ALK2/ACVR1 84 Aurora A 79 BRK 103 CAMK1la 69
ABL2/ARG 106 ALK3/BMPR1IA 85 Aurora B 93 BRSK1 100 CAMKI1b 89
ACK1 89  ALK4/ACVRI1B 75 Aurora C 100 BRSK2 89 CAMK1d 82
AKT1 85  ALKS5/TGFBR1 52 AXL 111 BTK 101 CAMK1g 103
AKT2 84  ALK6/BMPR1B 79 BLK 105 c-Kit 87 CAMK?2a 93
AKT3 118 ARAF 94 BMPR?2 101 ¢c-MER 77 CAMK2b 86
ALK 93 ARKS5/NUAK1 102 BMX/ETK 91 c-MET 87 CAMK2d 101
ALK1/ACVRL1 69  ASK1/MAP3K5 101 BRAF 101 c-Src 106 CAMK2g 66
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Table 1. continue

Kinase Activity Kinase Activity Kinase Activity Kinase Activity Kinase Activity
CAMK4 94 CDK2/cyclin A 81 CDKT7/cyclin H 114 CK1g3 102 DAPK2 91
CAMKK1 115 CDK2/CyclinAl 102 CDKO9/cyclin K 95 CK?2a 116 DCAMKL1 107
CAMKK2 101 CDK2/cyclin E 85 CDKO9/cyclin T1 96 CK2a2 76 DCAMKL2 95
CDC7/DBF4 103 CDK2/cyclin O 39 CHK1 91 CLK1 95 DDR1 103
CDK1/cyclin A 106 CDK3/cyclin E 60 CHK2 117 CLK2 93 DDR2 100
CDKl1/cyclin B 96 CDK4/cyclin D1 93 CKlal 94 CLK3 91 DLK/MAP3K12 95
CDKl1/cyclin E 100 CDKd4/cyclin D3 92 CKlalL 87 CLK4 102 DMPK 111
CDK14/cyclinY 99 CDK5/p25 48 CK1d 83 COT1/MAP3K8 95 DMPK2 96
CDK16/cyclin Y 91 CDK5/p35 96 CKlepsilon 118 CSK 95 DRAK1/STK17A 94
CDK17/cyclinY 102 CDKé/cyclin D1 93 CKlgl 84 CTK/MATK 94 DYRKI1/DYRK1A 96
CDK18/cyclin Y 95 CDK®6/cyclin D3 92 CK1g2 94 DAPK1 122 DYRK1B 101

36



Table 1. continue

Kinase Activity Kinase Activity Kinase Activity Kinase Activity Kinase Activity
DYRK2 79 EPHAS8 97 ERN2/IRE2 91 FLT4/VEGFR3 91 GRK®6 76
DYRK3 99 EPHB1 87 FAK/PTK2 91 FMS 104 GRKY7 99
DYRK4 73 EPHB2 90 FER 88 FRK/PTKS5 78 GSK3a 89
EGFR 93 EPHB3 96 FES/FPS 97 FYN 110 GSK3b 98
EPHA1 90 EPHB4 95 FGFR1 91 GCK/MAP4K?2 103 Haspin 90
EPHA2 97 ERBB2/HER2 89 FGFR2 98 GLK/MAP4K3 92 HCK 96
EPHA3 104 ERBB4/HER4 88 FGFR3 95 GRK1 105 HGK/MAP4K4 95
EPHA4 94 ERK1 102 FGFR4 88 GRK2 100 HIPK1 117
EPHAS 88 ERK2/MAPK1 92 FGR 91 GRK3 85 HIPK?2 94
EPHAG 101 ERK5/MAPK?7 114 FLT1/VEGFR1 97 GRK4 87 HIPK3 99
EPHA7 95 ERK7/MAPK15 96 FLT3 98 GRK5 100 HIPK4 114

37



Table 1. continue

Kinase Activity  Kinase  Activity Kinase Activity Kinase Activity Kinase Activity
HPK1/MAP4K1 114 JAK?2 97 LCK 90 MAPKAPK3 104 MEKK3 104
IGF1R 100 JAK3 100 LCK2/ICK 100 MAPKAPK5/PRAK 92 MEKK®6 97
IKKa/CHUK 94 JNK1 87 LIMK1 96 MARK1 118 MELK 104
IKKb/IKBKB 103 JNK2 97 LIMK2 98 MARK2/PAR-1Ba 104 MINK/MINK1 118
IKKe/IKBKE 99 JNK3 95 LKB1 154 MARK3 128 MKK4 95
IR 96 KDR/VEGFR2 100 LOK/STK10 93 MARK4 110 MKKG6 116
IRAK1 123 KHS/MAP4K5 95 LRRK2 86 MEK1 105 MKK7 108
IRAK4 105 KSR1 100 LYN 106 MEK?2 103 MLCK/MYLK 100
IRR/INSRR 98 KSR2 98 LYN B 90 MEKS3 104 MLCK2/MYLK2 99
ITK 99 LATS1 97 MAK 105 MEKK1 105 MLK1/MAP3K9 100
JAK1 84 LATS2 79 MAPKAPK?2 129 MEKK?2 85 MLK2/MAP3K10 105
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Table 1. continue

Kinase Activity Kinase Activity Kinase Activity Kinase Activity  Kinase  Activity
MLK3/MAP3K11 96 MST3/STK24 122 NEK5 92 p70S6K/RPS6KB1 98 PDGFRb 94
MLK4 96 MST4 102 NEKG6 107 p70S6Kb/RPS6KB2 93 PDK1/PDPK1 109
MNK1 92 MUSK 92 NEK7 121 PAK1 101 PEAK1 96
MNK2 96 MYLK3 98 NEK9 91 PAK2 103 PHKg1l 115
MRCKa/CDC42BPA 102 MYO3A 92 NIM1 103 PAK3 105 PHKg2 95
MRCKb/CDC42BPB 97 MYO3b 97 NLK 113 PAKA4 116 PIM1 98
MSK1/RPS6KAS5 104 NEK1 66 OSR1/0OXSR1 94 PAKS5 102 PIM2 100
MSK2/RPS6KA4 88 NEK11 118 P38a/MAPK14 116 PAKG6 108 PIM3 91
MSSK1/STK23 91 NEK2 85 P38b/MAPK11 106 PASK 94 PKA 99
MST1/STK4 90 NEK3 111 P38d/MAPK13 97 PBK/TOPK 107 PKAcbh 111
MST2/STK3 106 NEK4 106 P38g 95 PDGFRa 98 PKAcg 103
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Table 1. continue

Kinase Activity Kinase Activity Kinase Activity Kinase Activity Kinase Activity
PKCa 87 PKCzeta 103 PLK4/SAK 107 ROS/ROS1 101 SLK/STK2 107
PKCbl 103 PKD2/PRKD2 90 PRKX 100 RSK1 98 SNARK/NUAK2 129
PKCb2 82 PKGla 90 PYK2 92 RSK2 94 SRMS 89
PKCd 131 PKG1b 90 RAF1 101 RSK3 96 SRPK1 99
PKCepsilon 92 PKG2/PRKG2 79 RET 154 RSK4 105 SRPK2 111
PKCeta 86 PKN1/PRK1 287 RIPK2 93 SGK1 83 SSTK/TSSKG6 118
PKCqg 84 PKN2/PRK?2 119 RIPK3 98 SGK2 123 STK16 104
PKCiota 100 PKN3/PRK3 103 RIPK5 76 SGK3/SGKL 134 STK21/CIT 110
PKCmu/PRKD1 89 PLK1 71 ROCK1 101 SIK1 76 STK22D/TSSK1 112
PKCnu/PRKD3 106 PLK2 76 ROCK2 97 SIK2 98 STK25/YSK1 109
PKCtheta 107 PLK3 68 RON/MSTI1R 97 SIK3 108 STK32B/YANK2 107
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Table 1. continue

Kinase Activity Kinase Activity Kinase Activity Kinase Activity Kinase Activity
STK32C/YANK3 103 TAOK3/JIK 110 TNK1 93 TYKL/LTK 99 WNK1 107
STK33 97 TBK1 102 TRKA 86 TYK2 89 WNK?2 96
STK38/NDR1 64 TEC 107 TRKB 97 TYRO3/SKY 86 WNK3 105
STK38L/NDR2 102 TESK1 94 TRKC 94 ULK1 111 YES/YES1 100
STK39/STLK3 96 TGFBR2 105 TSSK2 104 ULK2 139 YSK4/MAP3K19 106
SYK 101 TIE2/ITEK 71 TSSK3/STK22C 100 ULK3 101 ZAK/MLTK 104
TAK1 99 TLK1 105 TTBK1 123 VRK1 91 ZAPT70 100
TAOK1 98 TLK2 79 TTBK2 127 VRK2 62 ZIPK/DAPK3 96
TAOK2/TAO1 104 TNIK 104 TXK 89 WEE1 113
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Table 2. Kinase 1Cso of DHPV
Based on Table B kinases were selectelddecause omhhibiting more than 65% kinase activigHPV were tested in a i@ose

ICs0 mode with 3fold serial dilution starting at DHPV 160 M.

Kinase Activity
CDK5/p25 6.04

CDK2/cyclin O 8.79
STK38/NDR1 18.4
ALK5/TGFBR1 20.8
CDK3/cyclin E 30.6
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Figure 5
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Figure 5. Effects of DHPV on CDK2/cyclin O activity and

binding interaction

(A) DHPV markedly inhibited CDK2/cyclin O activitylCs0=8.79¢M)

(B) DHPV could directly bind to CDK2/cyclin O in vitto(C) DHPV

reduced phosphor yl -4lpreadipocyds. WestethBP b i

data are represented at least three independent experiments.
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3.6. DHPV decreased lipid accumulation in 3T3-L1 mature

adipocytes.

Next, | evaluated the effest of DHPV on adipocyte

hypertrophy.The cells were diffrentiated by the method as pomsly

described and treated with 10% FBS DMEM supplemented with or

without 5, 10,and 20 eM DHPV for 4 days. Lipid contents were

quantified withh Oil Red O staining. ORO staining result shovtiedt

DHPV had the inhibitory effeain intracellular lipid accumulatiofFig.

6A). Thenl investigated whether DHPV mighégulate themetabolic

process offree fatty acidssuch as lipogenesis. & a result, DHPV

suppressed thexpression of the SREBP1c, AC&ndFAS which are

thelipogenic proteins (FigoB).

The adipocytes aremainly composed of a neutral lipid

(Triglyceride)as the most important storage form of faisglycerides

are hydrolyzed and release glycerol and fatty acidwerefore, he
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measurement of releasing levels of glycerol and free fatty acids are

supposed to reflect lipolysisdowever, ulike the glycerol, the free

fatty acids can reise and uptake by adipges [41]. Therefore, ¢

evaluate the lipolytic effestof DHPV, | measurd the released glycerol

contents in the medi&ut, there was no difference orieased glycerol

contents (Fig. 6). Thisresult impliedDHPV did not affecon lipolysis

andfatty acid oxidation.

To prove that above results were not associated with

diminished cell number, | performed MTT assAg.a result, DHPV did

not decline cell viability (FigéD).
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Figure 6. Effects of DHPV on lipid accumulation in 3T3-L1

mature adipocytes

(A) DHPV inhibited intracellular lipid accumulation in 33 mature

adipocytes. (B) DHP\suppressed the expression of lipogenic proteins

such as SREBP1c, AC@nd FAS. (C) DHPV had no effect on released

glycerol contents. (D) DHPV did not affeon cell viability up to 20

e M. Werdrepresented as medh standard error of mean (SEM)

values of at least three independent experiments. To compare the

differences among the groups, emay ANOVA was used with

Duncands mul t iDfifdreat letteasnirglieate tstatisticadly.

significant differenceatp < 0.05
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. DISCUSSION

Obesity is described as a condition of abnormal or excessive

fat accumulationin adipose tissudecause of an energy lb@lance

between calories consumed and expend8f]. When calories

consumed is more than expended, excessed calories will store the form

of triglyceride then accumulate in adipocytes.

In the present study, | investigdtthe antiobesityeffectsusing

adipogenesis modeRAdipogenesis is the process of cell differentiation

by which preadipocytes become adipocytes andonsists of two

stages bymitotic clonal expansion and terminal differentiatibrused

the 3T3L1 preadipocytes cell lines to elucidatestimodel. The 3T3

L1 preadipocytes are a wabktablished cell line taleterminethe

process of adipogenesis model which can study both hyperplasia

(increase in cell numbe@nd hypertrophy(increase in cell sizedf
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adipocytes 30, 31, 39, 4p

Confluent preadipocytes become growth arrest by contact

inhibition and be fixed in G1 stage [B#1When adipocytes are

stimulated with  a  hormonal  cocktalil consisting  of

isobutylmethylxanthine (IBMX),dexamethasoneand insulin (MDI),

the adipocytes synchronously-eater the cell cycle then we called this

stage, mitotic clonal expansion [42, 43 DHPV suppressed

adipogenesis (Fig2) by inhibiting the mitotic clonal expansion stage

(Fig. 3). Because DHPV blocked the G1 phase then reglit cycle

progression (Fig4). The cell cycle constitutes fophass as G1S, G2

and M phase [4445]. Cell cycle is adjusted by the several regulatory

proteins containing both cyclidependent kinases (CDKs) and cyclins.

Activation of some CDKssi generally known during the leeycle:

During G1 phase; CDK2, CDK4nd CDKg During S phase; CDK2,

andDuring G2 and M phase€DK1 [44]. Therefore, | inferred DHPV
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could affect the cell cycle regulatory proteins.

Next, | found to elucidate the direct molecular target of DHPV.

| scremed the 359 kinases and selected 6 kinases which were inhibited

more than 65% by DHPV. And then, | tested various concentrations of

DHPV with above kinases, | picked out 5 kieasexcluding VRK2

kinase which wagalse positive because of no detecti@go. Although

CDK5/p25 kinase had the lowestsiC it was pushed back on the

priority list. Because CDK5 bond to p25hibits P P A R atbwaypby

its phosphorylation [8, 47]. Also, mice which ablated CDKS5in

adipose tissues worseérsulin resistance [48

For these reasons, | preferentially chosen CDK2/cyclin O

kinase for potential target of DHPV based d¢mese following

prerequisitesexpression in mouse and adipocytes, regulation to cell

cycle and relation to MDinduced signalingl further determined that

DHPV played a significant role in modulating CDK2/cyclin O activity
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by binding directly (FighA and B.

According to Figure 4, DHPV regulated cell cycle progression

by blocking G1 phaseCDK2 is weltknown for regulating G1 and S

phase during cell cyclg9-51]. Additionally, Cyclin O is a novel cyclin

family protein which isalsoinvolved in cell cycle. Cyclin O has been

reported as a G1 phase regulated protein whose promoter region

contains cisacting elements. Also, cyclin Oqiein and mRNA levels

increaseduring G1 phase in vitro B§. Additionally, cyclin O is been

reported to interact with CDK2 then induces the intrinsic ap@ptos

pathway in lymphoid cells [§3

In mitotic clonal expansion stagdiet cells increase in number

and require CCAAT/enhaerbi ndi ng protein b (C/ EB

stimulated by IBMXC/ EBP b i s an i mportant pr o

clonal expansiori54, 53 because it is an essential prerequisite for

transcription of master regulator of proteins in terminal differentiation
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can be activated3-37.C/ EBP b sequentially phosj
priming phosphorylation on Thr 188 by MAPK/ERK in G1 phase. Next,

C/ EBP b undergoes a phosphorylation
glycogen synt hase ki nase , 3dh AfierGauH 3b) [
phosphorylati on, C/ EBP b wundergoes
induces dimerization througts C-terminal leucine zipper domain [57

58]. As a result, it can bind with DNA and obtain the transactivation

capacity. In this process, CDK2 plays a role tetain the
phosphorylated (Thr 188) stat f C/ HEBriag nhitotic clonal

expansion and thereby progressiof terminal differentiation [33

Therefoe, | investigated th@rotein expression of phosphorylation of

C/l EBP b, DHPV s uppr eretairewhichachivats e x pr e s s
the key markers such as C+dvaed U and
receptor (Fg.5COPPAR 2)

| demonstrated that DHPV effectively inhibited adipogenesis
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and lipogenesis in vitro model usidJ 3-L1 preadipocytes. However,

one of the biggest unsolvedsue on using fat cells stydy is still

remain how it can be applicable on human. Also, adipocytes are active

organ which is not only storage organ of energy but also endocrine

organ of several hormone$t is considered as asstalk between

adipocytes and other orgaj#l]. Therefore, it is required that the anti

obesity effecd of DHPV in vivo and clinical studies. Also effectlye

physiological dosage needs to be determined by in vivo animal and

clinical case

In summary,DHPV suppressed MBihduced adipogenesis in

3T3L1 preadipocytes by delaying cell cycle progression. DHPV

inhibited CDK2/cyclin O activity and thereby, regulated C/EBP

phosphorylation and reduced adipogenic markers. Additionally, DHPV

inhibited MDFinduced lipogenesis by sumssion lipogenic markers

(Fig. 7).
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Taken taeher, these observations impligsht DHPV which

presents a significant increase in plasma after cocoa consumption,

could be a potential compound for the objective assessment of

procyanidins in cacao intake that could help lienefical effects on

antrobesity. Further, it is required how DHPV structurally binds

CDK2/cyclin O and regulates its function. And because, there is a

possibility that another target interacts with DHPV. Therfbneed to

perform additional studies to determine the other targets.
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