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Effects Unripe and Ripe Rubus coreanus Miquel on Peritoneal Macrophage
Gene Expression Using cDNA Microarray Analysis
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ABSTRACT Rubus coreanus Miquel (RCM) has been used as one of the Korean traditional medicines for prostate
health. In addition, recent studies have reported that RCM reduced chronic inflammatory diseases such as cancer,
and rheumatoid arthritis. Therefore, in this study, we investigated the effects of unripe and ripe RCM on inflammation-
related gene expressions in LPS-stimulated mouse peritoneal macrophages. Mice were fed with 2% unripe RCM (U2),
10% unripe RCM (U10), 2% ripe RCM (R2), and 10% ripe RCM (R10) for 8 weeks. Peritoneal macrophages were
isolated and stimulated with LPS then proinflammatory mediators (TNF-a, IL-1B, and IL-6), and prostaglandin E,
(PGE,) productions were assessed. Moreover, gene expression profiles were analyzed by cDNA microarray method.
Unripe and ripe RCM significantly reduced TNF-o production but only unripe RCM decreased IL-1B and IL-6
production. RCM intake significantly reduced inflammatory-related gene expressions such as arachidonate 5-lip-
oxygenase, interleukin 11, and nitric oxide synthase 2. Furthermore, unripe and ripe RCM significantly decreased
ceruloplasmin, tissue plasminogen activator, thrombospondin 1, and vascular endothelial growth factor A expression
which modulates symptoms of chronic inflammatory diseases. RCM intake also significantly increased hypoxia inducible
factor 3, alpha which is the negative regulators of hypoxia-inducible gene expression. Furthermore, only unripe RCM
reduced chemokine (C-C motif) ligand 8, chemokine (C-X-C motif) ligand 14, and phospholipase A2 expression.
In this study, we showed that RCM had anti-inflammatory effects by suppression of pro-inflammatory mediator ex-
pressions and may reduce chronic inflammatory disease progress through regulation of gene expressions. These findings
suggest that RCM might be used as a potential functional material to reduce chronic inflammatory responses.
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phenol®] ATHHES GASH=Y axyolgta BHis i
QTH11-13). = o

A7tk B s I eH(14).
B2 (Rubus coreanus Miquel)= | 25 =3} F
oA ARRE O] & FRAE TN u&HE Fol| dof U]
FA, AT, Fad, 12, gu27] 23 2 g A
|50 gvh(15-17). H&Ae] G52 H&A W v g
H polyphenol®l] 2] Ao 2 dex] 2™ (16,18-20), &
A E o 7 += ellagic acid, gallic acid, cinnamic acid, pro—
tocatechuic acid, sangiin H-4, sanguiin H-6, 2,3(s)-
HHPP-D-glucose, 23-hydroxy tormentic acid % niga-
ichigoside F1 o] R ¥ AvH(18,21-23). 53] A=K
o vt S22 polyphenol o] Hf 2 Ao B
¥ e (23), FHEAS] AFH7E AW st S A
Z oo} FulEE, Ayt 5o vAgdE we A%
A3 9 2uEs 59 S4S dAGe om BRuEdnt
(16,18,19,24-27).
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AAs= a7t vk
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H% ek 4% BEA A @ B4 dAAEe] 9%
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Table 1. Experimental diet

Group Diet

CON AIG-93G

U2 AIG-93G+2% unripe Rubus coreanus Miquel
u10 AIG-93G+10% unripe Rubus coreanus Miquel
R2 AIG-93G+2% ripe Rubus coreanus Miquel
R10 AIG-93G+10% ripe Rubus coreanus Miquel

Peritoneal macrophage £&

Peritoneal macrophage: mouse &7 W™ol| 4% thi-
oglycollateZ 2 mL F3}1, 3Y9 & mouseE COE 3|4
A 21 5 cold RPMI 1640 media(WelGENE, Seoul, Korea)
& o] &3t HAoREE FE3Sth Macrophage”} &
gt RPMIE 3,000 rpmell A 1087+ 94182 & $, RPMI
2 28 o Algetsith A8 AIEE 10% fetal bovine
serum(FBS, v/v), 1% penicillin/streptomycin(P/S, Invi—-
trogen, Carlsbad, CA, USA)°] &% RPMI 1640 media
2 3|43 & 37°C, 5% CO. incubatoroll A wj kst

Prostaglandin E»(PGEy) &H

Peritoneal macrophagesS 24-well plateol] well@d
5x10°% ¥F38ke] 16A17F W FE 5, LPS(1 ng/mL)= 18
AE AEEES TSI L A gy FF NS
AT PGE29} cytokines S0 AL&313 . PGE.=
Prostaglandin Es enzyme immunoassay(EIA) kit(Cay—
man Chemical, Ann Arbor, MI, USA)& A}-&3Fo] AA &
A vl wEl S35t A7 ' E 96-well plate
of ujkel AZololi} standard, EIA Buffer, prosta-
glandin E; AChETracer, prostaglandin E2 monoclonal
antibodyE Yo 18AIZF &<F 4°CellA REGAIZ +
Ellman's reagentE 2|3t 90 5ot wH-§-A]7]aL 420
nmel A FFEE F7438te] PGE: #HlZFS ALt

Cytokines &3

TNF-a, IL-18, IL-69] ©+d %L Enzyme-linked im-
munosorbent assay(ELISA) kit(R&D System, Minneap-
olis, MN, USA)& olg3te] HA4stltt. FA7E 299
96-well plateo] macrophage?] Hj %N ArZ=Moj} stan-
dard& 2413t St WHEAIZ & Al H ke conjugated WA
th. A& % substrate solution® & ¥H$A]7] 3L stop sol-
utions H7Fste] W& HAAAIA 450 nmellA FFEE
548024 cytokines?] HH|FS AT

Peritoneal macrophage RNA 22|
Peritoneal macrophage® B mRNAZS F%3}7]
60 mm culture disholl 2x10°71¢] AEES E3Fat0] 1647+
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w3k & 1 pg/mLe] LPSE 18A17F B4 3} AJ# T} Al
£ cold PBSZ 23] A|#]&}ar Trizol(Invitrogen, Carlsbad,
CA, USA)E o]&3}9 mRNAS F&3}th Al Trizol
S 23 2o B33 I chloroforme Yl &%H3le] A
2ol BT 10,000 rpmoll A A8 st FS S
23k & isopropanol@} £33Fe] mRNAE 32 A]7]7]
3] 10,000 rpmell Al 412l 3F3ith. RNA pellets 75%
ethanol® A% gk & A4 #2]35}31, RNAse-free water®
ol A H7HA] -80°Coll Al B#stglth RNAS %+
S E=E o] &sto] A oM, RNAS qualityx agar-
ose gel& Wlgl I3}t

)

cDNA Microarray A&

33 32| cDNA +H]: 7} 7oAl FZ3¢ RNA(Z pg)el
oligo—dT primer(2 pg/uL)E A7}t 65°Coll A 10E7H
annealing WF-5-< A7l ¥, pre-reaction mixture(5X first-
strand buffer, 0.1 M DTT, unlabeled dNTPs)¢} reverse
transcriptase enzymed} &7 ¥ P E X Cy3-
dUTP(I 29} Cy5-dUTP(EE)E Yol IJ7lAlshe]
cDNAE FH]3H3i

23 e 2 FAA R 54 AlxE FFEA cDNAE
blocking agent, nuclease—free water, fragmentation
buffers} &7 & 41 & 60°ColA 3083F WA 7] 4L,
hybridization buffer HI-RPM& &3%3%+c}. Agilent Mouse
Whole Genome 8<60 Oligo chip(Agilent, Wilmington,
DE, USA)<S Agilent prehybridization buffer® 65°Cel| A
AF g &, FRSF cDNA AES chipoll ¥ 65°ColA 17
AlZE 5ot wAgkg Al F ), ®h-3-o] E% microarray chip
S GE wash buffer 122 A& 3s}1, GE washbuffer 22
37°Coll A Al g 5, 30°Coll A 283+ 23tk Ak 2d
2 laser fluorescence scanner(Agilent Bioanalyzer 2100,
Agilent)E o] &3to] ¢cDNAS HF A=E FH3om,
% 29 W EAE gl

Ofm

A M

HEA Aold W& PGE22] A4 cytokines?] W
3] o] WA Ule meantSEM(E 7+ EF A2
2 ¥AsIgl o 153 2Fol& Statistical Package for
the Social Sciences(SPSS, Chicago, IL, USA) 18.0= A}
45to] dhux] AR F Duncant o2 A AA4S A
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2831 Mo M= peritoneal macrophage?| proin—

flammatory mediator &2H]|
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o APATFE npgez A3 TH30,31).

v atel e B3 2E AFHAIX FH A peritoneal
macrophages #2]dle] LPSZ fd5WHeS 53 & +
Q 9% w7 &2 PGE:e] #4]%3} proinflammatory
cytokines®l TNF-a, IL-69} IL-189] #H|#%S =45 4
7= Fig. 13 2k Asmeh AF g datglo] 52t
AF = PGEp9] &Hlel dFS +4 & 2 o= ettt
(Fig. 1A). ¥hd EE2}o] 43 +& TNF-q, IL-1B9} 1.-69]
oS AdAEE Aoz yErwth(Fig. 1B~D). 4
TNF-a #H| & Hizbe] sl #AIglo] Hiat 443 ol

o

o fe
P H

os)] FylEo] fejdom FAasiglen, U2 Ul0 A4
OZAE 2L o)EH o7 7+A489tHFig. 1B). 18t

IL-1B3¢] #¥]&= U0 A3 gl v izt H| s}
Fod oz 45 oM (Fig. 10), IL-69] &1 )%z}
AR (U2 UL0)el A ol s o2 ghadhs 2o 1
Bbtth(Fig. 1D). Wb e waps s njss 22X
7} ARy 93 vhgo] Hojd o AlRHY, T
SEARl AEE Holv AL EwT)

2 23 A3} polyphenol Tt 313t 9+ blue-
berry2] A% 7} TNF-a9} IL-69] EH|E oA At
a9} FAFSE S B ATH32). ¥ Kim 5 (23)3 Park
5(33)2 HiAte AsEd wel 74 ARy 3 S0
2ol 7k v, o= ksl gytel] &S wxIvhal Basta
Nl Aso mE apolE AW THE). HdaATol ot
W BHz}e] A4 ol whE} phenolic compoundse] $H-3F
o] xol7} Q& AL ®E YEFRTH23). s B2t s
I BExHE T} 16909 cinnamic acid, 641 2] ferulic acid<}
epicatechine, 499 protocatechuic acid, 3¥]¢] gallic
acid, 2.5W¢] vanillic acidE& 3f3tE 2oz UEyth
(23). & A3 AN E HEA Ao i 74
o] zbo| & ksl AR olyEt FF RSl =
A W&y SRV deaEn g95 a9
Yang 5(16)¢] d723}et & A A v}ete
EPES

wrEhA EEzke] AFHE vk~ giAMEZY TNF-q
IL-1B%} IL-69] wH|E Ao =N a5 a5 e
i, st mE AYSdEHY Aol= Q3 mds
EEA AF Y] FS a9 B Hold AR AR En
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Fig. 1. Effects of unripe and ripe Rubus coreanus Miquel on PGE,, TNF-0, IL-1f, and IL-6 productions in peritoneal macrophage.
Mice were fed with U2, U10, R2, and R10 diet for 8 weeks then peritoneal macrophages were isolated. Isolated peritoneal macrophages
were stimulated with 1 pg/mL of LPS for 18 hr then PGE, (A), TNF-a (B), IL-1B (C), and IL-6 (D) productions were measured

from supernatants.

Table 2. Gene down-regulated of inflammatory and immune regulating genes in peritoneal macrophages by unripe and ripe Rubus

coreanus Miquel

Genes

Functions

U2

uU10

R2

R10

Arachidonate 5-lipoxygenase

Transforms arachidonic acid into leukotrienes and is a
current target for phamaceutical intervention in a number
of diseases.

0.87

0.42

0.57

0.47

Ceruloplasmin

The major copper-carrying protein in the blood, and in
addition plays a role in iron metabolism.

0.22

0.17

0.26

0.14

Dynamin 1

A member of the dynamin subfamily of GTP-binding
proteins.

0.49

0.65

0.58

0.43

Interleukin 11

A key regulator of multiple events in hematopoiesis,
most notably the stimulation of megakaryocyte
maturation.

0.20

0.45

0.19

0.29

Nitric oxide synthase 2,
inducible

Involved in immune response, binds calmodulin at
physiologically relevant concentrations, and produces
NO as an immune defense mechanism, as NO is a free
radical with an unpaired electron.

0.42

0.78

0.58

0.48

Plasminogen activator, tissue

Catalyzes the conversion of plasminogen to plasmin,
the major enzyme responsible for clot breakdown.

0.97

0.40

0.64

0.40

Thrombospondin 1

An adhesive glycoprotein that mediates cell-to-cell and
cell-to-matrix interactions. Play roles in platelet
aggregation, angiogenesis, and tumorigenesis.

0.43

0.32

0.54

0.49

Vascular endothelial growth
factor A

Mediating increased vascular permeability, inducing
angiogenesis, vasculogenesis and endothelial cell growth,
promoting cell migration, and inhibiting apoptosis.

0.51

0.37

0.48

0.38
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Ao 7 YElgt} 5-LOXE arachidonic acid thA S A
Jet= A4 leukotrienesE FA3te] G5uHeS fd
e 8 oo}, A SR A - 5-LOXS I &g o]
Fol s sl 0“1]4«] s FX8ke Aow &
#HA JoH(34-38). T3 HEA] 4F = interleukin 11
(IL-11)¥} nitric oxide synthase 2, inducible(NOS)<]
HAE 80%%} 50% AE 7HAA7]= Ao E vebyt) 11L-11
= @5 A Al ES] FES £-8k= cytokine o

2 d#A dem, INOS B3 nitric oxide(NO)E A4 3fo]

NO-sensitive enzymeS 43 AA A4l w58 F
WA Y g A0l A5 A S oA HEF Y| E o] YA
ZTAE A, AGMEL} 24 E4E FTE AR

Baxar Jek39-41).
2328 e 9% B9 B4 o9d e AR S X
A3l= ¢1A2] ceruloplasmin, vascular endothelial growth
factor A(VEGF A), tissue plasminogen activator(tPA),
thrombospondin 19] && & ZHAA 7= A o2 e
T4, @FdA FEE RketE @A R G cer-
uloplasmin®] &2 80~90%7FA] #AA A=, H &
1ol 9] ceruloplasmine @5 RE-SE ozt Ad#A
A3} g2 W AR #o] e o HiEo
m(42-45), A ARLE 243+
ouﬂ}‘_g] A e = o] o JTke-
O

VEGF A% il FS T ZoE W
IEATH4A6-48). L3 tPAE DN a9l B gl AR
© 2 plasminogen< plasmin®. = A3slo] M SE &

EE W ool AlE ]EJ% M3 remodelingS %3}
3, gAgaR Qs WE

ischemic strock®} = iﬂr%
tPAS] BES Ax|sto

%, myocardial infarction, acute
| J= AoR Buyal 9o,
A AERA 43S A SIEHE

A7} Y E I JQTH49-52). A E o2 R A=
adhesion molecules?] thrombospondin 19 &3 & 74
A7l Ao 2 YE%+=d], thrombospondin 12 th2] A 3

7} extracellular matrixel F2%7] 93] €23 mem-
brane receptor@ A ¥ 2] Roly A MEFVE Z
dale= Aoz deA o, @ FaetE FHo] e
Ao R BuH JrH53-57). wpehA] v &The} A&T)
Ak AFH 7T dsuks I B Hd S A W oof
g RS 53] Ad3A #H 24 ceruloplasmin,
VEGF A, tPA, thrombospondin 19 @& S JA|5l= Ao
2 Hol Ao AEAALE ool a7t s A
o2 AlgHE

Ao 2 BEAe] HFH7F frolH o)A = kot
TNF-a, IL-17, IFNy 59 pro-inflammatory cytokines
o] #BdE A9AE S 2, phopholipase C(PLC) beta$}
mitogen—activated protein kinase kinase 6(MAPKK)2]
S BE22 AF 93 Haste AR e (data
not shown), PLC2} MAPKK signaling®l] 9J&l &5wHg-o]
AAE NS FHom Al FET

v & of s B2k A& ol ©J3 hypoxia inducible
factor 3, alpha(HIF3A)7} 2u) o]} #do] Fr7le Aoz
e tH(Table 3). o] FHAE 4t w7t vhe 44
@ wjo] HIFO] 7]5& oAste HAZRARJAAR o] A
Ft Aol JAst=E AezZ LA JH5E8-60).

v & BRape] Al ofEA Rt o] A=
2} 2= chemokine(C-C motif) ligand 8(CCL8), chemo—
kine(C-X-C motif) ligand 14(CXCL14), phospholiase
A2(PLA2) 5o] 9= Ao Yelstth(Table 4). CCL8E
monocyte chemoattractant protein(MCP) % slu= 33

N

J

1"04_4[‘
s
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Table 3. Gene up-regulated of inflammatory and immune regulating genes in peritoneal macrophages by unripe and ripe Rubus

coreanus Miquel

Genes Functions

U2 Ul10 R2 R10

Hypoxia inducible factor 3,

alpha subunit .
expression.

Regulate many adaptive responses to low oxygen tension
(hypoxia). Negative regulators of hypoxia-inducible gene 2.43 2.26 2.05 2.48

Table 4. Gene down-regulated of inflammatory and immune regulating genes in peritoneal macrophages by unripe Rubus coreanus

Miquel

Genes

Functions U2 Ul10

Activates a many different immune cells, including mast cells,

Chemokine (C-C motif)

eosinophils and basophils, (that are implicated in allergic responses), and

ligand 8 monocytes, T cells, and NK cells that are involved in the inflammatory 041 0.35
response.

Chemokine (C-X-C motif) Chemotactic for monocytes and can activate these cells in the presence 0.43 035

ligand 14 of an inflammatory mediator called prostaglandin-E, (PGEy). ' '
Recognizes the sn-2 acyl bond of phospholipids and catalytically

Phospholipase A2 hydrolyzes the bond releasing arachidonic acid and lysophospholipids. 0.43 014

Upon downstream modification by cyclooxygenases, arachidonic acid is

modified into active compounds called eicosanoids.
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