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The Effects of Echinacea Extract on the Gene Expression of
Monocytes and Monocyte—-derived Dendritic Cells
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Purpose : Echinacea, a traditional plant medicine has been used as immune-stimulant. Recent studies
have revealed that extract of Echinacea has immunostimulatory effects on human blood mononuclear
cells. This study was designed for the purpose of screening the genes associated with immunologic
effects of Echinacea on monocytes and dendritic cells using a ¢cDNA microarray chip.

Methods : CD14" monocyte cells were cultured for one day with Echinacea extract(final concentra-
tion : 50 pg/mL) in experiment 1, but were cultured without Echinacea in experiment 2. The gene ex-
pression of these cultured monocytes was analyzed using the cDNA microarray chip. Dendritic cells
produced from CD14" monocyte were cultured for five days with GM-CSF and IL-4, and then cul-
tured for one day with Echinacea in experiment 3, but were done without Echinacea in experiment
4.

Results : In experiments 1 and 2, there were 17 significantly expressed genes with average expres-
sion ratios above 2.5, including interferon gamma-inducible protein 30(IFI 30), CDC(cell-division-cyl-
cle)-like kinase 2(CLK 2), syndecan binding protein(syntenin), superoxide dismutase 2, etc. In experi-
ments 3 and 4, there were 24 gene, with significantly expressed genes were 24 genes, which were
insulin-like growth factor 2(somatomedin A), methyl-CpG binding domain protein 3, IFI 30, small in-
ducible cytokine subfamily A, member 22, etc. The genes encoding CD44, IFI 30, mannose receptor
C type 1(MRC 1), chemokine receptor 7(CCR 7), CLK 2, syntenin and cytochrome C oxidase subunit
VIII were significantly expressed in both monocytes and dendritic cells cultured with Echinacea.
Conclusion : This study employed a ¢cDNA microarray chip to elicit the immune-associated gene
profile; the expression was enhanced by Echinacea in CD14+ monocytes and dendritic cells. Thus
we laid the basis for the quantitative and functional analysis of genes induced by Echinacea in
monocytes and monocyte—-derived dendritic cells. (Korean ] Pediatr 2005;48:779-788)
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Fig. 1. Schematic overview of experimental procedure. CcD14”"
monocytes were cultured for 1 day with Echinacea in Exp. 1,
but were cultured without Echinacea in Exp. 2. Dendritic cells
produced from CD14” monocytes which were cultured for 5
days with GM-CSF and IL-4 and cultured for 1 more day
with Echinacea in Exp. 3, but were cultured only with GM-
CSF and IL-4 without Echinacea in Exp. 4(PBMC, peripheral
blood monocyte; Exp., experiment).
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2 AY3tgot vl 59 FHo| Echinaceas #H718HAl ¢l 1
A7t 9 vl gstA T (Fig. 1).
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nacea purpura 2EAE 3% cichoric acidell *‘lﬁﬁf‘]ﬁ Az
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5. FMEZEAME 0|88 ME EHEE 24

FAGAELRZ BN AEZEY] AE TAgd 242 FA4
E A 7](FACScalibur cytometer, Becton Dickinson, Franklin
Lakes, NJ, USA)E AF&3}th Fluorescence isothiocyanate
(FITC)$ phycoerythrin(PE) %4 9AdZEIAERZ FITC-
CDla, FITC-CD83, FITC-CD86(PharMingen, San Diego,
CA, USA), PE-BDCA-4(Miltenyi Biotec, Bergisch Glad-
bach, Germany)E& AHSIATh 23 A5 42 Alg @
10,000719] Mx2E A=Y CellQuest software® A&
A5

6. cDNA microarray &4
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Fig. 2. Morphology of blood mononuclear cells(A), and CD14"
monocytes which were isolated from blood mononuclear cells
by magnetic cell separation system(B)(x200).
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W ENES 5 Ao TRy dal o] £ F 2X
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CD14" 972 481070 AAtHFig. 2). zHzte] 23
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Fig. 3. Morphology of cp14”* monocytes cultured for 1 day
with Echinacea(A) and without Echinacea(B)(x200). Both A
and B showed similar morphology with cytoplasmic veils.

Fig. 4. Morphology of dendritic cells stimulated with GM-CSF
and IL-4(arrow indicates elongated dendrite), and cultured with
Echinacea(A) and without Echinacea(B). Cytoplasmic veils
were more prominent on cells cultured with Echinacea(x200).
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Fig. 5. Flow cytometric analysis of dendritic cells. Immuno-
phenotyping of the dendritic cells cultured with Echinacea(A)
and without Echinacea(B)
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@ 491X Echinacea® H7lebAl 283l GM-CSF¢}F IL-4 &A
gholl & 66Ut FAFAER FSAIAA o] AXES FAXE 2
25t th(Fig. 5).

EchinaceaZ %71ste] 1€z o wikst CDla,
CD83, CD86, BDCA-47} Z}Z} 56.3%, 5.6%, 48.9%, 95.0%=
EHsYS WHd38l9 L Echinaceas H7F8HA] @i wiekst 4
A2FAIEE CDla, CD83, CD86, BDCA-47F 247} 67.7%, 4.6%,
39.0%, 96.1% % W AHFig. 5). 2P 3otk A 404 &
A Axs BF7E s FAGAEY 39ddEY 54 A

T ng .
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3. CD14" EH7e SXIMMEL REA LH B

Echinacea® 7}slx ¢k ©ol|l thd Echinacea™ 7}
o] f A EHTE 25 oo ® Frkd AE T WY
A FARES 1719 H(Table 1). Echinacea® 7}t
| e FX4ME] tlg Echinacea® #H71sE A °FAIEL
fraz ddnrt 25 o)do® FkE AE T Wy #AAd
FAAE S 24719 HTable 2).

Echinacea’t @79} FAGAE & tholl A v dA =zt
)7t F7kE AEC] T A=, o5 CD44,
feron gamma-inducible protein 30(IFI 30), mannose receptor
C type 1(MRC 1), chemokine receptor 7(CCR 7), CDC
(cell-division-cycle)-like kinase 2(CLK 2), syndecan bind-

2o

N

inter-

A donor 1 donor 2 donor 3

donor 5

B donor 4

Fig. 6. (A) The scanned features of hybridized cDNA micro-
array chips of monocytes. Results obtained from 3 donors
were similar. For instance, the site of the gene for MRC 1
expression was shown to occur in identical sites in all 3
donors(arrows). (B) The scanned features of hybridized cDNA
microarray chips of dendritic cells in experiment 3 and 4.
Results obtained from 2 donors were similar. For instance, the
site of the gene for CCR 7 expression was shown to occur in
identical sites in both 2 donors(arrows).
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Table 1. The Profile of Gene Expression Ratio in CD14+
Monocytes Cultured for 1 Day with Echinacea compared to
Those Cultured without Echinacea

2

Awde] vAe wt

Table 2. The Profile of Gene Expression Ratio in Dendritic
Cells cultured for 1 Day with Echinacea compared to Those
cultured without Echinacea

Up-regulated genes Exlr);teis;lon Genbank Up-regulated genes EX?:E;)S*IOH Genbank
Cell surface proteins Cell surface proteins
mannose receptor C type 1 3.49 NM002438 chemokine receptor 7 3.57 LO8176
complement component 5 receptor 1 2.95 M62505 CD83 antigen 3.41 711697
(C5a ligand) CD44 antigen 2.85 BC004372
opiate receptor-like 1 2.92 U30185 Fc fragment of IgG, receptor, 2.75 AIB59570
CD44 antigen 2.87 BC004372 transporter, alpha
integrin, beta 1(fibronectin receptor, 2.67 W38716 desmoglein 2 2.70 726317
beta polypeptide) mannose receptor C type 1 2.59 NMO002438
vasoactive intestinal peptide 2.57 X95097 Cytokines/secreted proteins
receptor 2 interferon gamma-inducible 4.32 AL120395
chemokine receptor 7" 2.15 L0176 protein 30
Cytokines/secreted proteins small inducible cytokine subfamily A 4.30 NMO002990
interferon gamma-inducible 4.07 AL120395 (Cys—Cys) member 22
protein 30 small inducible cytokine A4 2.93 AI688619
syndecan binding protein(syntenin) 3.68 AF000652 syndecan binding protein(syntenin) 2.54 AF000652
actin related protein 2/3 complex 2.94 AI929678 Signal transduction/growth control
subunit 3(21 kD) insulin-like growth factor 2 5.84 X00910
spectrin SH3 domain binding 2.88 AF006516 (somatomedin A)
protein 1 methyl-CpG binding domain 5.68 NM003926
IL-8 2.58 YO00787 protein 3
lectin, galactoside—binding, soluble 9 2.51 AB005894 nuclear factor of kappa light 3.80 U91616
(galectin 9) polypeptide gene enhancer
Signal transduction/growth control in B-cells inhibitor epsilon
CDC-like kinase 2 3.87 129218 TRAF family member-associated 3.07 N54823
prefoldin 5 2.53 AA287397 NFKB activator
Metabolism/enzymes BH3 interacting domain death 3.04 AI669308
superoxide dismutase 2 3.56 YO00472 agonist
(mitochondrial) CDC-like kinase 2 2.87 129218
cytochrome C oxidase subunit VIII 3.15 Al184515 insulin-like growth factor binding 2.75 AA451821
ubiquitin C 2.65 AIS65117 protein 7
“Expression ratio : average gene expression ratios from 3 do- Meta.bol.is.m/enzymes.
nors and expression ratio above 2.5 was considered as signi- ubiquitin-conjugating enzyme E2L 6 4.00 AAB28226
ficant. chemokine receptor 7' :chemokine receptor 7 was list- hexosaminidase B 390  MI13519
ed as significant because some authors considered expression Nedd-4-like ubiquitin—protein ligase 3.37 U9%6114
ratio above 2.0 zinc finger protein 272 AF060503
ubiquinol-cytochrome C reductase 2.70 NMO006004
ing protein(syntenin), cytochrome C oxidase subunit VIII & hinge protein -
o SARSo|9T Ea WHU I} 35 o]Fos Eo e NADH dehydrogenase(ubiquinone) 2.61 AF047181
) ) 1 beta subcomplex 5
& L oR udshd whelMs TFT 30, CLK 2, cytochrome C oxidase subunit VIII 2.51 AIl184515

A3

dismutase 2 & 47/M¢ FHAEO]
3, FASAHEANME insulin-like growth factor 2(somato-
medin A), methyl-CpG binding domain protein 3, IFI 30,

small inducible cytokine subfamily A(Cys-Cys), member 22,

syntenin, superoxide

ubiquitin-conjugating enzyme E2L 6, hexosaminidase B,
nuclear factor of kappa light polypeptide gene enhancer in

B-cells inhibitor epsilon, CCR 7 % 87012 #AAE°] AR

“Expression ratio : average gene expression ratios from 2 do-
nors and expression ratio above 2.5 was considered as signi-
ficant
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AR A AlgeA = AT
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ARA o R HAF F2 Aol Al vax e A& 5 9l
L= s A= == *a‘?ﬁ{r“’ﬂ | tztell Hlste] fdzr dde] gl
F7reGT e 9 2o dE HAAasit) o FEHE AF 4
g AN Ak B AFelNE CD14T G FHAAIE
Eol Echinacea® 7} wWigd A& A¥rLoz HA}

cDNAE Cy32.Z ¥FHA 3193 EchinaceaZ #H718HA] &2
A xzror MAste] Cyb= FdaAste] A dsArhFig.
6). cDNA microarray AgolA A&z
WEN7E 25 oS dutdoem ougle
H AFNAME A EARTE 25 oY
o] ou7h dvkar s skt

MEFHGN A (cell surface protein)E°lE MEFZEHILL]
CD I9E3 AEFHEA(cell adhesion molecule) 3 o]
Aol EFLele] FEAEo] gL, E AFoM CD FY 4

At2= CD44 #Fol QWA TAHAT. Ax FREARA

integrin beta 1 FAAZE uA LEFHUT. 1 LJoll=
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G FAFAEL] A EA@RT) 25 ojFer S AE T
WelH AR FAAES 24MA 3, AP ARG 52
52 BT S SR 5 ZWdEES A X
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syntenin, cytochrome C oxidase subunit VI 52 F+3AE
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3, IFT 30, small inducible cytokine subfamily A(Cys-Cys),
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