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IDENTIFICATION OF FRACTALKINE PRODUCTION
BY FIBROBLASTS DERIVED FROM
NASAL POLYP USING GENECHIP

Makoto IibA, Mamoru YOSHIKAWA, and Hiroshi MORIYAMA
Department of Otorhinolaryngology, The Jikei University School of Medicine

Toshiharu NAkKAJIMA and Hirohisa SAITO
Department of Allergy and Immunology, National Research Institute for Child Health and Development

We investigated genome-wide gene expression by cultured-fibroblast derived from nasal
polyp using the high-density oligonucleotide probe-array system (GeneChip). Eleven Chemo-
kines, i.e., RANTES, MCP-3, eotaxin, GRO-«, GRO-8, GRO-y, CKA-3, IL-8, IP-10, I-TAC,
and SDF-1 were upregulated at detectable messenger RNA levels in cultured-fibroblast after
simulation with tumor necrosis factor a and interleukin 4. We also found that fractalkine
(FKN), a newly found unique chemokine that combines properties of both chemoattractants
and adheision molecules, were produced by the fibroblasts at high mRNA levels, and comfirmed
it at protein levels. Genome-wide gene expression screening should be useful for detecting

unexpected but potentially important molecules.
(Tokyo Jikeikai Medical Journal 2003 ; 118: 253-60)

Key words : fractalkine, chemokine, fibroblast, sinusitis, nasal polyp

L ¥

EMEEIREER I, ~ 270 T4 ROREIREREDY
PNESE T RNEIREEFMROZAYY 12 X D IHE
BB Bas 5 7228, DARTH RO OB T
B> IREEISTAED 7 VIV F — B OB & D
BHELTEY, L ICHEEZEHL T 3R
FZOERFI D HIEH ST 599,

i

t N7 ARHI R T 7 MBI T LY, i
ZIGHALIZRA b« 7 NECHIEITRFZE S I L
Twa, & b7/ ARG, FiREE LT
DHEHLIBIEDERK £ v 5 HSte, ZOIHAME
¥ORBICEBT 5 2 EXTFHIS N, IFROER
RO, FMELTOE N DERICHT 3
EZHCREFERE5255 2 eEHESNT
W3, HBE, 7 ACblVEET 5 —HES



254 AR

B d D SNIEBIE /KOO0 THEITL Tw
CEFENE, 7/ AFHIENTA OB L WIERES S
Lo TWwWb, —F, 7/ ARFIOBFIC LY, —
DOMIICFAES 2 2FEFGEET (mMRNA) Ei#
(b2 RZ VT b —L0) &Y N7 EGTF (T
74 —2A) ZDOWTOERER, HEERENT ]
BEWCR D DD H 5, EBHEISERST VL F —&
BlX, ZLOEERTFORELZ T THRIET 55
BThY, 7/ AEVNESR LD IE, £ET 2
mRNA 2 E & T 2 BETHABNTPEETH
%. Affymetrix # @ 7 & % GeneChip 13 £ 1.4
cm MU A DA 7 Ao ¢ 12,000 O & b s
TRELERETLIENTEXLEETHL, 20
£ i BTE R FRBIENEE ORI LY, 7
J AT R RIS T 5 2 L S HREIC
o TETWAEY, bilb XSRS FE R RRE
THEHELZBE 2RI EEZ SN, IF, B0y
A WALy, TEIAVEEET EEZOND
£ Do TEARMEEFIICER L, KAEMEY
A NhAORETDH 2 EEEIENT o (TNF
—a) BXUOA vF—uAF4 (IL-4) 12X 5H]
BHTICBWT, GeneChip Zb B WT KT > A
707 =L ETo N, ZORE, $TI%
 DEENH 5 RANTES, eotaxin, [L-810-19)
4 F THE D% o 7z Fractalkine (FKN) 7¢ &
BAEED 7T A Y HBRIPLIC L DFEL SHERT 2
ZerRRHLT.

I & & K&

1. fERaisE

SR ORRHES M, FATRTRY R A mEEE
SZOFRICAID A VT x—LFarer &Gk
1eHEISEREE 4L ID, FilRcERY) —7
ZEEL, ZOME»r oML, bbb, &
R — 7%l U CHfafRmm 2 S L 71, Y
CEEREE K (LUF PBS) THE L7z, Z O
Mz, FE@EM L7z 10% 4G 1RE (FCS, JRH
bioscience, Lenexa, KS), ==Y > 100 Ef7/
mlA L7 b =AY 100 gg/ml (GIBCO
BRL, Grand Island, NY) & amphotericin B 3
ug/ml (Sigma, St.Louis, MO) Z ¥ L 72
RPMI1640 < 37°C, 5mmCO, ® CO, f >~ F =
N—F —THFE L7z, EBRcix 3 26 10 R oM

1%

Rz L7z, £7z, b G ERRHE S Rk
MRC-5-30 (Health Science Research
Resources Bank, Osaka) ® [FEIffIcE# L7z 31
S 34K OMBEE B U7z, b b R EREEE A
# NHDF7555 (Clonetics, Walkersville, MD)
1%, 10%FCS, 1 xg/ml human recombinant fi-
broblast growth factor (hFGF), 5 xg/ml insu-
lin, 50 xg/ml gentamicin (Clonetics), 50 xg/ml
amphotericin B (Clonetics) Z¥iNL 7z Fibro-
blast Basal Medium (Clonetics) T L 7z 3 &
S 5 MR DORHESE 2 A L 7z,

2. IRHEFEREIOY A b AA IS DR

AT 6 /s 7L — b+ (Becton Dickinson,
Flanklin Lakes, NJ) TFCSIE®H n o
Dulbecco’s modified Eagle’s medium (DMEM,
GIBCO BRL) & Ham’s F12 medium (F12,
GIBCO BRL) % EEEM L /-8 2 A L 7z,
A MAA X BHEOREE 7V — DK
809% F CHUFEASHESE L 7o ST, IL-4 (R & D
systems, Minneapolis, MN), TNF-« (R & D
systems) OHIF 721X WE 2L TfT-o 72,

3. IRHESEIRRROEG T RIRGRT

TNF-a« (50ng/ml) & IL-4 (10 ng/ml) OfF
£ T 24 FF[EBEEE U 7o SRR O 845 T F5 81
% GeneChip (Human Genome U95A, Af-
fymetrix Inc, Santa Clara, CA) ZFH W THEH L
7z. GeneChip FHDZEHIML X V total RNA %
BEIL, Affymetrix ftD 7w s a )iz L7zai-
THBLL 72, WL 72 £ 4 F 21k cRNA % Gene-
Chip &g 7V I A R&EE, APV NTE
Vr—74ax) A »EKIGEYE, GeneChip
&L 743V R v EV—YF—Z F ¥
+—THIE L, GeneChip Y 7 b Suited.0 (Af-
fymetrix) THEHTL 72,

4. RT-PCR (2 & % Fractalkine (FKN)-mRNA

DIRH

B 2 &5 O mRNA @ 3 %1 13 Rneasy kit
(QIAGEN Inc., Valencia, CA) # w7z, ¢cDNA
EHkiE, Ready-To-Go kit (Amersham Phar-
macia Biotech, Uppsala, Sweden) %W T{T->
7z. PCR 1%, AmpliTaq Gold DNA polymerase
(Applied Biosystems, Foster City, CA) %M\
T GeneAmp PCR system 9600 (Applied
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Biosystems) T & 7z, Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) ® oligo
primer % forward primer & L T 5-GTC TTC
ACC ACC ATG GAG AAG GCT-3, reverse
primer X 5-CAT GCC AGT GAG CTT CCC
GTT CA-3 =L, FKN o oligo primer I
forward primer & L T 5-ATG GCT CCG ATA
TCT CTG TCG T-3, reverse primer |5~
AAA AGC TCC GTG CCC ACA-3" =R L 7z,
PCR 1%, 94°C 143, 55°C 143, 72°C 2 53D K
% 3794 7 V7o 7z, PCR EYZ Agilent 2100
Bioanalyzer (Agilent Technologies, Wald-
bronn, Germany) Tl L GAPDH & g L 7z,

5. ELISA (2&% FKN & > /\JBNDt&H

ELISA 1%, Nunc immunoplate MAXISORP
F96 CRET (Nunc, Roskilde, Denmark) 1Z&Y
7a—F ikt b FKN Hif& (5 ug/ml R & D
systems) % 100 ul @M L 4C T—HaA > F 2
N—phLTa—b L7k, 400puld7ay 7
X3 (Boehringer, Cat. No. 1112589) Z@shnL 1
REET R CROG & 72 %, 0.1%Brij, PBS T 3 [H
YEEr L, 0.1%BSA, PBS THR L 72 FKN f2H#EH
(0.14~100 pg/ml) F 72133k 100 w1 Z¥RIIL <
£C TGS B 7z, Fiv THEER, &/ 100
ul DX F 4P & » FKN H1 44 0.8 £g/ml
(R & D systems) %¥H0IL T 3 K =R TRIG
¥ . Kt #, 100 u1 @ horseradish
peroxidase- labeld Streptavidin (GIBCO BRL)
PUITL T & SIIEERT 30 4 n & &, 100 1 D
Tetramethyl benzidine (TMB Microwell Per-
oxidase Substrate System, KPL) % ¥iNIL T=
BTHREI T, FEXIGIE 50 £l © 1M H;PO,
TR L7, Ffid ELISA #HIEHS: (Dynatech
Laboratories Inc.) % FWIERE 450 nm  O&FHE
630 nm) THIE L 72,

6. HhEHEREMT

FE B 1X 9 X T Student’s f-test & B Z 7\,
p<0.05 2 HEELHEL T,

I #% R
1. GeneChip IZ & #RHESFHABRICH T BT ENA
VEEFRBEORE

TNF-a & IL-4 DFFEFCTHELZAR Y —

THROEMEFMIC BT 2 &8y Th A4 > DF
12 2T GeneChip 2 W TR L7-. =D
B, GeneChip THHEMHER 35 FEEHD 7 TH A ~
di, 2FEE DO CC 4>~ (RANTES, eotax-
in), 5f D CXC 7 E#H 4 > (GRO-a, GRO-4,
GRO-y, CKA-3, IL-8) 125\ T L WHIHHE®
Wil 5z (Table 1), Z o, BEH 2 2 12
CX3C 7 EHA > ThHsFKN b9 EDOFEI
AT S LTz,

2. RT-PCR (& % FKN mRNA 0i&H

GeneChip Z Wiz 7 Eh A > OBETFRKILE
Mra» & FKN OFBIEE80 5 il T, RT-
PCR %MW CEHlICHET L7z, &R ) — 7 HkiR
HEZEHAN X IL-4 & TNF-a OB E 72 3/ O
AT T 12 K[l & 48 el Rz#E L /2. Fig. 1A
W9 &9, TNF-a Bijli % 7213 TNF-a &
IL- 4 OFFLE T THAMEZEMIE T D FKN O FHLH
RNz, £z, 20 FKN OFHIZ 12 B
¥ — 2 %23, TNF-a & IL-4 OFEET T, 48
REfH] & T2 OFEEDFE L Tz (Fig. 1B).

3. FEKN %> /5o BnigH

B8R — 7 HRAHER g % IL-4, TNF-oa #
TR 72 IXWH OFAE T CTH#E L T FKN 8 > o8
BOREL R RIFINCHRET Lz, 2 ORE, IL-4,
TNF-a Bl L 2 OMiE ORI CRIFRE E & b
12 FKN OFEAMEED 5Ntz (Fig. 2A), D EIC&
R —7 RN = Ly o IL-4 &
TNF-a F4E T C 24 FeEE#E L OB BT o
FKN EAZBET Lz, Z OfEE, FKN OELR
IL-4 & TNF-a OW#H OEEMRERICHEEL /2
(Fig. 2B).

51T, b b RRIBATRHEEE Ik (MRC-5-30)
Lt b EERHER AR (NHDF 7555) 12w
b IL-4 £ TNF-a OEFEET, T2EBIZB D 3
FKN EEZBE LIz & 25, &K — 7Hkf
HEFHIN L [FIBEIC FKN 0% > X 7 E O FEA DR
»oniz (Fig. 3).

Iv. = =

SlEEk 2k, SEHSROMEFAIIIC B W TH
RZEE T 2 BETFIC DWW T GeneChip % FWilks
HNCHIE L7z, £ OFER, dTIKImESA TV
RANTES, eotaxin % ¥ D7 T H 4 VBEFOF
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Table 1. The expression of chemokine transcripts in human nasal polyp derived fibroblasts.
The fibroblast was cultured in the presence of TNF-« (50 ng/ml) and IL-4 (10 ng/
ml) for 12 hr. The chemokinetranscripts were detected by Human genome U95A
GeneChip. The expression level is the percentage of the mean of housekeeping

genes (beta-actin and GAPDH).

GeneBank

chemokine accessin # medium TNF-a+I1L-4
C-chemokine CL1, Lymphotactin AL031736 <0.1 <0.1
CL2, SCM-1p D63789 0.3 <0.1
CC-chemokine CCL1, I-309 M57506 <0.1 <0.1
CCL2, MCP-1 M26683 0.7 1.1
CCL3, LD78a D90144 0.2 0.1
CCL4, Act-2 J04130 <0.1 <0.1
CCL5, RANTES M21121 <0.1 70.0
CCL7, MCP-3 X72308 <0.1 0.9
CCL8, MCP-2 Y16645 <0.1 0.8
CCL11, eotaxin U46573 3.0 104.1
CCL13, MCP-4 AJ001634 0.3 0.7
CCL14, HCC-1 AF088219 0.6 0.2
CCL16, LEC AB018249 0.6 0.4
CCL17, TARC D43767 <0.1 <0.1
CCL18, PARC Y13710 0.6 0.3
CCL19, ELC AB000887 <0.1 <0.1
CCL20, LARC U64197 <0.1 <0.1
CCL21, SLC AB002409 <0.1 <0.1
CCL22, MDC U83171 <0.1 <0.1
CCL23, MIP-3 AF088219 0.8 0.5
CCL25, TECK U86358 1.6 14
CCL27, ALP AJ243542 <0.1 <0.1
CXC-chemokine CXCL1, GRO-« X54489 0.2 12.9
CXCL2, GRO-8 M36820 0.2 2.3
CXCL3, GRO-y M36821 <0.1 1.7
CXCL4, PF4 M25897 0.4 0.3
CXCL5, ENA-78 X78686 0.2 0.5
CXCL6, CKA-3 U81234 0.1 20.0
CXCLS, IL-8 M28130 <0.1 38.9
CXCL9, MIG X72755 <0.1 <0.1
CXCLI10, IP-10 X02530 <0.1 0.4
CXCL11, I-TAC AF030514 <0.1 0.4
CXCL12, SDF-1 136033 13.8 3.3
CXCL13, BLC AF044197 <0.1 <0.1
CX3C-chemokine CX3CL1, fractalkine U84487 0.9 8.0

BN o iz, & 512, FHEFHE,» S FKN ©
FB AR LTz, Z ORAMEEF 2 & O FKN &
TNF-a 2LV EESRH, 72 IL-4 OFFAE T TRE
B RO Tz, TORNIRAREFEEZ B 255
T B Y FATHT O FH A I P O BRBL D 2
HIFIEnwERbns, 2, b MEIRRRIE

itk (MRC-5-30) &t N BM#RESFfaik
(NHDF 7555) ic2W T IL-4 &£ TNF-a O
FET, SR — 7 HREESFN & Ak FKN
DY 27 BOEENED 5h, FKN OEA R
R Y — 7R OIS O S T3 72 2
EARE NI, T, BRI B v RS
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4h “Gh

The expression of FKN mRNA in human nasal polyp derived fibroblasts.

A. The fibroblasts were incubated with TNF-« (50 ng/ml) and/or IL-4 (10 ng/ml) for 12
hr. The FKN mRNA was detected by RT-PCR. B. The kinetics of FKN expression was
determined up to 48 hr by RT-PCR. The expression levels were quantified by Agilent 2100

Bioanalyzer.

PEDRIEL T TR T VIVF —DiEWEG1NE 2
5NTEBY TNF-a, IL47EDY A b A 0
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MW & D ERET 2. R oM SRk EE
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Al & D IR 2 e S ¥ 2 B Ry A T A4 >
By 2Fso 5 2N ETH S, % OREEIIBAER
FINTWS SO TH S50 FEEE 2, 7 DR

fatRE > T s, —BREINCT Th A ¥ IRRPIO
20DV AT A UEERS NI XY CXC, CC, C,
CX3C DY 77 ZAZHEHEINT WS, £22h
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FoTWnBEM,

FKN &, JrFEF R S s mE W e -
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ELTORBEm 2B T 5 CX3CrEAA T
HHY, ZDaFEIFI5 kDa THY, D7 €D
AV EHARIFREICRE RS FTHS, Fiz, K
D CXC, CC, CTrEh A »uEEDFUW S > %
JBETHDHDINL, FKN ZE K% 2 7 >~ HHE,
Al E i & MIMNES 2 E 3 5. ZOEL
A, WIS N M, =2 —ar, Bk
Mg, IBE LM, W7 A ey A b, I
Fuftfte, Wit Bl L 2 > 7 o o Al
WEE &N Twb, TNF-a converting enzyme
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Fig.2 The expression of FKN protein in the culture supernatant from human nasal polyp derived
fibroblasts.
A. Human fibroblast was incubated with TNF-a (50 ng/ml) and/or IL-4 (10 ng/ml) from 3
to 96 hr. Fractalkine protein in the culture supernatant was detected by ELISA. B. The
dose-dependency of TNF-a and IL-4 for the FKN induction. The fibroblasts were cultured
with TNF-« and/or IL-4 for 72 hr. (*P value<0.05)
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Fig.3. The expression of FKN protein in the culture supernatant from human fetal lung derived-
fibroblasts (MRC-5-30) and human skin-derived fibroblasts (NHDF7555). These fibrob-
lasts were incubated with TNF-« (50 ng/ml) and/or IL-4 (10 ng/ml) for 72hr. (*P val-
ue<0.05)
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HIV-1 (human immunodeficiency virus-1) &4
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