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ABSTRACT

Nutrigenomics refers to research that investigates the interaction between nutrition and the human genome. Caffeine
in tea and coffee is widely and routinely consumed by people. This study was performed to confirm the effect of
caffeine treatment on the gene expression and cytokine profiling in 3T3-L1 adipocyte cells using microarray and protein
array methodology. Treatment of caffeine in 3T3-L1 adipocyte cells increased expression of several genes related with
obesity including adipocyte C1Q and collagen domain containing (ACDC), Adipsin (ADN), uncoupling protein 3
(UCP3), while glyceraldehyde-3-phosphate dehydrogenase (GAPDH), which is known as lipid storage enzyme, was
decreased by caffeine treatment. Furthermore, cytokines, such as interleukin-3 (IL-3), interleukin-12 (IL-12), inter-
leukin-13 (IL-13), granulocyte colony stimulating factor (GCSF), granulocyte macrophage colony stimulating factor
(GM-CSF) and vascular endothelial growth factor (VEGF), were decreased in caffeine treated 3T3-L1 adipocyte cells.
These results provided interesting information about the genes related with caffeine and cytokine expression profiling in

obesity. (Korean J Nutrition 38(8): 649 ~655, 2005)
KEY WORDS : nutrigenomics, caffeine, 3T3-L1, obesity.
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650 /7wi2le] ApAIE] )R 35 GRAEE 3o

2 59 o] I3t Agolgty & £ Qit}? ol F
OJFE st AuJEL AFLAZA uiRtly & njgt
AGE Y8l FEE AEAA 2 HAEAo] nwESs S
el o2 RuEw glon, o]gdt HAEAR Q
& AAEUY S FEE FARE 2 9NAEe] HlE @
= AFRIEC] EET Yo R ¥R #3}
Hojd o B2 fAzxkso] #odith 3T3-L12 AA%
AZF2HN Qedolt §EEo EAste] AWMLz
Eilshe 5438 7 A3, 2344 o8] 7HK] welq £
FRAERA Y Qg3 fAREE ZAeE dEA vigk digt
EARAFTE Y3 Aol 2 2ol A ELFoI)?
AMHEE3E ER8ks UIE 3 FARIAES proliferatior
activated receptor— 7 (PPAR 7 )2} CCAAT—enhancer
binding protein—a (C/EBPa) So| #ojsle] A9pA|xE
A58 ska A- YA Fofshe RARE AFEke A
HEAe] gofsh=]” dA7A] 3T3-L1 AAAEF7}
AEz B3 W) 23 5] & micro array g ©|
S8 FHAF AMo] o]Fo)x] AEloltl! Caffeined 2}
u Aol Soigls Wkl (alkaloid) AlS) EAZ, ol

Sh|Z2] MEAFE (apoptosis) & FE3H FU5S 7}

4

o il

Athz ATE HIFEs}], 1 s)fe] Zat Aa g Ast

o FHAE FEF FE\A, caffeineo] RS A3t
ATFETE Qo) o)9JolE caffeined mHEHe] AJEQ] o
HE=® (ephedrine) ¥ 7 ARSI AF 24, diEe)
7L A AE veRdo] QA o Agog B uFo
Ao AAZ AT AFLAR ARSI Ytk

oo £ ATolA= microarray € protein arrayE ©|
43} caffeinec] A AL £3}Ael FRARZC] v)x|E=
B cytokiners2] WHIE B3R

Nz 238

1. 3T3-L1 MIEF WY, caffeine M= X MEXR

Mouse embryo 3T3—-L1 HAA|LAEFE= American
Type Culture Collection (ATCC) ollA] 11819 10% fetal
bovine serum (FBS), 1% penicillin/streptomycin ©] 3
7}l Dulbecco’s modified Eagle’s medium (DMEM) Hl
Ao 2X10° cells/ml FEZ HF-HAIA 48A17H5<r wljek
3l confluent *Fej7} A 37°C CO, incubatorellA] i
Fsiiet. #3A] (10% FBS, 1% penicillin/strepto-
mycin, 5 pg/ml insulin, 1 #M dexamethasone, 0.5 mM
3~isobutyl—1—methylxanthine) & HAIE}] 2UzF wjek
¥, AAERe] #3158 £73817] 98] 5 ©g/ml insulin®)

s+l DMEMEIRIZ 3U7F wieksic), Caffeine *|A|T
5 mM caffeine & E3tAlel 2o A3} Mz HZ
38t8n)7d (Olympus, Japan) & ©]g3to] #E31ch

2. MTT P2 |83t caffeine SYUN

3T3-L1 AXAEFE 96 well plateol] 531 24
AZy vt &, caffeines FE¥ (10 M, 100 M, 1 mM,
2 mM, 5 mM, 10 mM) 2 st} 2417k vieFsigict.
3— (4, 5—methylthiazol—2—yl) —2, 5—diphenyttetrazo-
lium bromide (MTT) Al2FE 10 pl X3k 441k vl
Z, #iX| g} MTT Aleke AlASE, DMSO Ao 100 ul&
7F81d 570 nmelA ELISA readerZ o)-&3le] 733519t}

flo rlo Hd

3. cDNA microarray &8

AL F3}7F caffeine *2tg W22 TwinChip
mouse 7.4K cDNA microarray (Digital Genomics, Seoul,
Korea) & AR3l0] F341 L& ElE 2RI AgE
£ 0)7] 9314 23] i Ak

1) ZRNA 5

1X10" AjESo] 1 mlY Trizol & 3718}1 chloroform
300 plE 711 156% B3 A5k £33 & 4sds &
gJ8lo] 0.6 ml9 isopropanolS 715t & 587 vhAIA
t}. 12,000 X golA 1583 AR E F 70% ethanol
2 AA3}19] total RNAE $&31th

2) Fluorescence cDNA probe &Y

RNA 500 pg¥ oligo dT 2 pg& 70Tl 10874
2 A7) & Fe2lelA SuperScript T 2 1 (200 units/ ¢,
50 X dNTP mix 0.6 g1 (3% 53 500 ¢M dATP, dCTP,
dGTP, 200 #M dTTP), 5 X reaction buffer 6 ul, Cy3—
dUTP 60 M &= Cy5—dUTP 60 ¢ ME 37kl 37C
ol 2417 vkEAIZT) 5 M NaOH 2 z1€} 100 mM EDTA
0.3 plE A713ka 65Collx 1023 BESAIZ & 500 £19]
Tris—HClel 3]4}3}31 Microcon—30 (Amicon) & AR5
30 p1Z FF3Ack

3) Microarray hybridization

HFEAZ EA9 probeol 11 ¢19] 35 X SSCA0 ug
Yeast tRNA®} 0.3% SDS¥3H E H71sle] 95T 2
B A7) & Aol 587 wx]8kaL hybridization
chamberdl] 2o} 62°CollA] 10417} hybridizations 2385}
o). 2 X SSC/0.2% SDS$ 0.1 x SSCE 41Xt

4) Scanning®} AEEA

ImaGene Scan AnalyzerZ o]&3lo] dojxl JAHS



GenePix Pro 3.0 software® #2139t} Fluorescent
imagesv= A} RO R Hof glo] Ztzke] {AAte] o
Ashe AE0] RISt =, Cy3, Cyb 332 d%
AEE RFE3BIFTE Raw data 5 small diameter (€
120 £m), low signal intensity (K 300 fluorescence
intensity units), low signal to noise ratio (< 1.5)+ 4]
Al AR §FEA Cyds 25807 APAE £3}
ol BAFHGY, Cybs WO R caffeine Aol
FAEH ol F 1o f3A W Adid AxE 4
A3l7) A3 FPu)E (Cy5/Cy3) S 73 F, 23]9 v
Aol A 25 3u) o] Bdo] F7k= AU (Cy5/Cy3
ratios > 3), 38j o} W&o] 7kAE (Cy5/Cy3 ratios < 3)
FRAAREE A=t

4. Protein array

1) Eryme) 22
AZ g3 9EgA0% AT A1 1500 X g
I 1087 DyLeslel 4E3AL H3jo] wNAe B
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Fig. 1. The effect on cell viability at various caffeine concentra-
tlons. 3T3-L1 cells were incubated with different concentrations
of caffeine for 24 h, and percent viabilities of the freatment
groups were calculated by MTT colorimetric assay relative to
that of the control group. *: Represents statistical difference
from the control group (p < 0.05).

Fig. 2. Morphological change of
caffeine-freated 313-L1 cells A: 313
L1 adipocyte cells B: caffeine fre-
ated 313-L1 adipocyte cells. Scale
bar represents 100 ¢m.
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2lapaict.

2) Blocking and incubation

Protein array: mouse cytokine antibody array [ &
1.1 kit (Raybiotech, Inc., Seoul, Korea)& ARkt
22719 mouse cytokine antibody”} 9= membrane©]
1 X blocking €& 2 ml 7}5ked 30+ B AdollA Hbg
AZ1 &, blocking §4& AAsL 7 Mulwe @A
50 g€ 1 ml¢ 1 X blocking £l &§3}%] membrane
F} Ako| A SR HESAlA GAe AlASt AH G
12} = AH33ich

3) Detection

Biotin 2882 2417t A2-oA] ¥heA7)5, AlF &
Z4H [ [ o]g3lo] A)F, horse radish peroxidase?}
23 streptavidin 2.8 Aol 247F ¥RAIZATE o
W A Fol, ZHgAoR @] dES XA-filmS
olg-ato] AT

fLTL g L

1. MTT 2 & 0|23t caffeine] 3T3-L1 MEFS| SHHA

3T3—L1 AZFo] thet caffeined] EAETE 4714
A 10 #M, 100 «#M, 1 mM, 2 mM, 5 mM, 10 mMe]
caffeine e Hglslo], AMEZF7} 70% HEhe 28 st
o] B Ade) AR3sIITE 247+ caffeine ol 95.6,
92.1, 88.5, 82.5, 74.0, 65.5% 9 AEES Ve 713
So0A g3 JeEhE F59 5 mM R 2 A3 A
319t} (Fig. 1.

2. Caffeine®| Al ME 2919 OjAl= ¥¥

3T3-L1 AHAE B35 caffeine #2lr] AIE 3
gl W3l Fig, 29 ok AxAEQ] 3T3-L1ol &
3} WA E s HE ARAER EehEEA SR
o] mEA HAF o] WL dgnake] FAXLIAT} H2
=it} (Fig. 2A). Caffeine 5 mM ¥ Aot T49A]




652 /Z1=1]1] AAEe] vl X o FAAEE gl

B E2o] oAlE Ze B 5 J3c} (Fig. 2B). Caffeine
< theophylline 59| %FEEF o] AEssS S
ARl FIdzToR AT W HXshs AELAT
Z & AgME 3T3-L1 ABAES] APAIERS 3}
£ JAlske Roz B,

3. Caffeine®l 3T3-L1 AIg M 29N {TIA 2oe) 01X
£ 9% : Microarray & §2

Microarray 2 ©]&38}o] 3T3-L1 Az 2373
caffeine A2)e] FAx} LHES #3243 F3) Table 19
AAE vt} o] FA% AT 3T Sk A
%17}, Endothelial differentiation lysophosphatidic acid
G—protein—coupled receptor 2 (EDG2), Procollagen
type 11T alpha 1 (COL3a1), Claudin 8 (CLDNS8), Adi-
pocyte C1Q and collagen domain containing (ACDC),
Tissue inhibitor of metalloproteinase 2 (TIMP2), Pro-
collagen type I alpha 2 (COL1 @ 2), Procollagen type I

Table 1. Upregulated genes with caffeine freatment in 3T3-L1
cells*

Gene name Abbreviation Increase®

Endothelial differentiation

lysophosphatidic acid EDG2 5.9
G-protein-coupled recepfor, 2

Procollagen, type lll alpha 1 COL3 a1 5.8

Claudin 8 CLDN8 49

Adipocyte, C1Q and collagen ACDC 4.4
domain containing

Tissue inhibitor of TIMP2 40
metalloproteinase 2

Procollagen, type | aipha 2 COLl a2 40

Procollagen, type | alpha 1 COLleal 4.0

Adipsin ADN 3.8

Resistin like alpha RETNL & 3.8

Resistin RETN 3.8

Replication protein Al RPA1 3.8

S100 calcium binding protein A4 S100A4 3.6

Filamin alpha FLN & 34

Oxidase assembly 1-like OXAIL 3.4

Stromal interaction molecule 1 STIM1 3.3

Wolf-Hirschorn syndrome WHSC2 3.3
candidate 2 (human)

WD and tetratricopeptide WDIC1 3.2
repeats 1

Hydroxysteroid (17-beta) 17 s HSD7 3.2
dehydrogenase 7

T-cell lymphoma invasion and TIAM1 3.1
metastasis 1

Uncoupling protfein 3 UCP3 3.1

*Gene expression was profiled with TwinChipW(DigiTol Geno-
mics) microarray. A cut-off level of 3-fold change was used.
Increcsse” represents the times of control level

alpha 1 (COL1 e 1), Adipsin (ADN), Resistin like alpha
(RETNL @), Resistin (RETN), Replication protein Al
(RPA1), S100 calcium binding protein A4 (S100a4),
Filamin alpha (FLN ), Oxidase assembly 1-like (OX-
A1L), Stromal interaction molecule 1 (STIM1), Wolf—
Hirschorn syndrome candidate 2 (human) (WHSC2),
WD and tetratricopeptide repeats 1 (WDTC1), Hydro-
xysteroid (17—beta) dehydrogenase 7 (17 SHSD7),
T—cell lymphoma invasion and metastasis 1 (TIAM1)
Uncoupling protein 3 (UCP3) S°2 Jehyrt o)& &
AxFA AgA oz XA Lol 248 5= Qe A3
£91 ACDC, ADN, RETNL ¢, RETN, 17 sHSD7, UCP
AQE] 34} ol F7k=lo] A3t Nakatani 52 <
3hd, ACDC #A7te] Wol7} ¥Rl Fiergo] ohd A}
ol yehba Al 2 39 dde 4o $3e] Juvn
B E Yk Adipsing AAEAA FHEH, {17 4]
THEE 2221 ob/ob, db/db F N WAL FAY
7179 Az sk 1 wdo] 7HAE 9low,® H|gt
A Algelre Wszt gAY S7HEY Jlvhs A Bals
o] 9Jt}.? Resistine resistin like molecular family®l| %
3l Aol HH]E= adipocytokine 2 d#EA ¢
t}? Resisting A#FE] FU3HE Aed FES o4
3t resistin AP 718 FAATAAH IrEE
481 P AN AAET FAAAE s =HE ST
Fo] ouix|e] g ARl ARIE? B AFellA caff-
eine 2]l 2J3| resistin A7} 3.84] F7E O] Z|HHA)
X 23l RS v AAEAN THEEX)E adipo-
cytokine 7 WH3E 45 Ao Alg®ch 174 hyd-
roxysteroid dehydrogenase family: HFEEo|A] oA
EzZ Aol eg2A5e A2 EE ABMZIAY ZHaAl
A Az 22 BN E 3 Gho|h® o)FelA
17 B hydroxysteroid dehydrogenase type 72 A38%
EoA PN dhoflA FH|FHo)* AAFHA] o] Fasth
I A Qi oy AERo)E ¥ig G4} XA 2
A% A FHEAM? caffeine 3 AHAE B3l #o
She 3EE A FA JFE A E AS #EE F A
ot ES caffeines TE&ZF o) Wo| EAJ5l= Whzlz
gGubd71def] #Woddh= uncoupling protein 3 FAAE F
TINA® daE STt Q% AW 23S JAskE 98
S & Ao 7 AIFEF) Table 294+ caffeine A2]3]
3T3-L1 A A= E&hrolA 38} o) s F32t
¢ vehxn 9=t thEH o2 Plexin Bl (PLXNB1),
BCL2/adenovirus E1B 19kDa—interacting protein 1,



NIP3 (BNIP3), Creatine kinase, mitochondrial 2 (CK-
MT?2), Glyceraldehyde—3—phosphate dehydrogenase
(GAPDH), Troponin C, cardiac/slow skeletal (TNNC1)
ToE UElg ol 7A® FAAFA CKMT2:
creatine kinase®] ¥%°|1, GAPDHE A|WbA 7o o
she 847 4iA glof™ caffeine A2l7t AubA| o)
S A= Ao R AlgdEY) (Fig. 30).

4. Caffeine® 3T3-L1 ARIME 231 cytokineFll DIl
¥ : Protein array® B2
Protein array & ©)38}%§ 3T3-L1 A9A%E 237z
caffeine A2j-e] Do) W}t F cytokine F59] W3}
£ #AS A= Fig 37 2k
AR R 3T3-L1 APAE 37 (Fig. 3A)°] caf-
feine 21T (Fig. 3B) B} cytokine 72 WA w7} nlor
on, Q¥4 07 caffeine X2} A Bo] 7FAEE= cytokine
7T interleukin—3 (L-3), interleukin—12 (IL—12),

Table 2. Down-regulation genes with caffeine tfreatment in 3T3-
L1 cells*

Gene name Abbreviation Decrease’
Plexin B1 PIXNB1 77
BCL2/adenovirus E1B 19kDa- BNIP3 5.2
inferacting protein 1 NIP3
Credtine kinase mitochondrial 2  CKMT2 4.8
Glyceraldehyde-3-phosphate GAPDH 45

dehydrogenase

RIKEN cDNA 1810010M01 gene  1810010MO1TRIK 4.1

Troponin C cardiac/slow skeletal TNNC1 3.5
Max interacting protein 1 MXI 32
FXYD domain-containing ion FXYD5 3.0

fransport regulator 5
*Gene expression was profiled with TwinChip™ (Digital Geno-
mics) microarray. A cut-off level of 3-fold change was used.
Decrease” represents the times of control level
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interleukin—13 (IL—13), granulocyte colony stimula-
ting factor (GCSF), granulocyte macrophage colony
stimulating factor (GM—CSF), vascular endothelial
growth factor (VEGF) % o913, th 713 AL in-
terferon y (INF—7)olth ¢olA AAE cytokine®
Aur AL E3hete) TAE BEs 7)d A7) vnishy,
IL-3 A% Kyzer 59& nxpjgtoz Qs X4AA 4
=& 3 AFo] AT 739 cytokine FEME IL—
39} TNF- o7} fre]& o= ket & Busislch IL-
128 A7HASA "ol Bofshs 2oz deia] da”
GCSF&= dAlelA ®A) 34 (CD34) A& A== &
AR, BA| 349 AEp= Aol ““Eoi = AAE 5 9l
o}k webA ZAe) weh GCSF= Fojste] BA| 345 RHE

ol 7397} 9=, Cetlin 5% GCSF7} BMI 25 ©]
Ap9] WRIR) 3] Quielake 9l T oA ek
QY F Pt el ATHOR AgIE RS VALY

T 9o, B|¥to] GCSFO BARA ] H3S mXe g
Bk up g}, 3 I3 A 21E (vascular growth
factors) 2] 4E<! VEGF+ AWM EAME A= 2

2R, Silha & HAIZoI vIRRIQl 9ol VEGF7}
o] SV 9SS RISt INF-y &= gugo g
APFEolu, A Aol 28-g AAEh= cytokine 2
2 434 91, Raymond 57 AER¥A0FE 712 A}
goll A INF— 7y o] AlEAdo] d5Eo] 3as AE3I8Ich
olglel = H|wtolut A2 S] #-3ke} BE= cytokine
FE2 dttell oshd, IL-69 A vgkshd d% 5
o] T7FetaL ATl FAEW WoHH,® IL-6& FUE
AR FEolN 1X8F, 183G, AedATo] TEEA
o ek IL—-1, IL-8 ¥ IL-18 5% H|vte] AAxH
S7kethal RaE 3 glo, viRk} cytokine Fehe YA

Fig. 3. Images of cytokine and gene expression in 313-L1 cells treated with caffeine for 24 h A: 313-L1 adipocyte cells B: caffeine
treated cells C: image of gene expression using microarray-yellow: down-regulation genes, red: up-regulation genes.
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g BAPE 9oy}, tkst cytokine Fol Wigt A7) W&
$t AAolt
20 9 2

3T3-L1 A FAEe] caffeines A2t &
A

A &
1 cytokine FE52 W3E microarray$®} protein

array = g A= o33 2tk

Microarray 2% caffeinex]2lel 2J&f] 3wl old S715
+ #3A+= EDGZ, COL3 a1, CLDN8, ACDC, TIMPZ,
COL1a2, COL1al, ADN, RETNL ¢, RETN, RPA1,
S100A4, FLN e, OXA1L, STIM1, WHSCZ2, WDTCI,
17 BHSD7, TIAM1, UCP35-22 Yerty, ol& 4=t
FollM AFA g A e 5 Q= FAAES
ACDC, ADN, RETNL @, RETTN, 17 8HSD7, UCP Al¥
2 Uepdo) =3 3l ol TaEe #3A=E PLXNBL,
BNIP3, CKMTZ2, TNNC1, GAPDH %22 Jelton o]
% GAPDHE AAgel #ofehs 842 €eiA Stk A
WA U] cytokined] WEHE dolrr] 3 3T3-L1
AHAIE 23rF caffeine 270l protein array & HA|
gt A3}, caffeine *g]7elA] IL-3, IL—-12, IL-13, GCSF
GM—CSF, VEGF 50| Z459] caffeineo] A% A XU
oA ARFH S Z cytokineFee A7l ROE e
ok

B Aygdy, kA Ee] caffeines 2§ —"7]"—,
_,_§].o1] AxAog xl.g_sl 2= 9},_ =93 G
371 #EHo caffeined] FBIRF a5 oA
T U3, AAEY cytokine FE2 HEE
WAL 23 Ao @& vl Ao R Algdh

AJHEA)
AAE2
3 5

2l

3l

°
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