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Regulation of RANTES and MCP Expression in Human
Nasal Mucosal Fibroblasts
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ABSTRACT

Background: Fibroblast functions both as a structural element and as a vital
immunoregulatory cell. Fibroblasts regulate inflammation through governing of
chemokine expression. In order to elucidate the mechanisms by which the expressions
of chemokines were regulated, the co-stimulatory effects of Thl and proinflammatory
cytokines were compared using nasal mucosal fibroblasts. Methods: Human nasal
mucosa was obtained from surgery for septal deviation and the growth of fibroblasts
was established. Fibroblasts from 4th to 6th passage were stimulated with various
combinations of cytokines. To inhibit selected signaling pathways, fibroblasts were
pretreated with cyclosporin A, wortmannin, staurosporine, and dexamethasone prior to
the stimulation with cytokines. The supernatants were collected and chemokines were
detected with a sandwich enzyme-linked immunosorbent assay. Results: TNF-a/IFN-
V-induced production of RANTES was inhibited by all inhibitors used. MCP-1 was
produced constitutively and TNF-a-induced or TNF-a/IFN-V-induced production of
MCP-1 was not inhibited by cyclosporin A or wortmannin, but by stauroporine or
dexamethasone. All inhibitors used in this expetiment inhibited TNF-¢/TFN-V-induced
ot IL-1B/IFN-V-induced production of MCP-2 in nasal mucosal fibroblasts. Although
staurosporine or dexamethasone showed strong inhibitory effects, cyclosporin A or
wortmannin did not inhibit the production of MCP-3 by IL-1B/IFN-Y treatment.
Conclusion: Chemokines were strongly induced by stimulation of cytokines in
combination and showed different pattern of inhibition by the inhibitors. Therefore, it
was assumed that cytokines acted on multiple pathways or on unknown pathways which
converged to gene-specific transcription factors. (Immune Network 2003;3(1):61-68)
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£ HFHOoZ A7 35 mm H] Y7 ] (Greiner, Germany) s
ANA stiA) AdhujFste] vige] 100% A =W cy-
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ST RNAS 53 ths, 3ug9] total RNAS & %A}
‘?l’%"—ﬂ(MgClz 5 mM, 1 x RNA PCR buffer, AINTP 1 mM,
RNase inhibitor 1 unit/pl, oligo dT 0.125pM, AMV RTase
0.25 unit/l) @ EF3Fe] 42°Col A 1417 F3t WA A
cDNAE #-93tAth §9¢ cDNAE 10v] 3|4 ¢ oh&
2~50E T A WY} &8t glyceraldehyde-
3-phosphate dehydrogenase (G3PDH)-5-0] A4 & o] &
ato] WA PCRE A8k RT-PCR 535
2ELE 1.2% agarose gel’dolA] EA31HTh Ao A}
S ALA Y A7) AE B FF AEY ATV]E thy
7 2.

G3PDH forward : 5>~ ATCACCATCTTCCAGGAGCG-3’/
reverse . 5’-GATGGCATGGACTGTGGTCA-3’ (324 bp)
RANTES forward: 5’-CCTCCGACAGCCTCTCCACA-3’/
reverse : 5’-GTGTAAGTTCAGGTTCAAGGA (350 bp)
Chemokine T2 ¢] &7, RANTESS} MCP9] A
< sandwich enzyme-linked immunosorbent assay (ELISA)
Ho g2 =733 th. RANTESS} MCP-19] 372 ELISA
kit (R&D Systems, Minneapolis, MN, USA)E ©]-&3} 4t}
MCP-2 ¥ MCP-3+ capture &3} detection &4 (R&D
Systems)S WEZ T 435}o] ELISA plateS FH| 51T}
ELISA-& plate (Nalge-Nunc, Rochester, NY, USA)E 7}7}
o] Mol EFIQI capture A Z coatingd}] 4°Col| A 164]
b A2 st At olwf A9 F X coating buffer (PBS)
1 ml% 1] At Plate vehel] A=A 52 o<
capture FAE AAAd o 7 plate% 37°CAA 2%
BSA-PBSZ blocking3} 1T} Blocking ¥ plateS PBS-
Tween 20 (0.05%; vv)o2 Aol AAZ sou4
duplicate 2 7}5}th A 23 MCPE 2] R34S AR
719 =5 SA5t7] st AHSE AT 7 plates
< AlFH S T bioting A A7 rabbit Ao EFLQL
A S 7FsFATE 308 $ M A3}l streptavidin-pero-
xidaseE 7}Feh th 307 O AgstAh AlA & dd

714 & 7}3tal ELISA reader® =733t th MCP-19] o
gk A o] WA= 5 pgmlFth EE 715X duplicate
2 ZA L A= 339 243 593 APEA T o
2l #2315 Yehlilth o] AP A= ANOVAE H]
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Z it
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Figure 1. Effects of cytokines on the mRNA expression and
production for RANTES in nasal mucosal fibroblasts (NMF).
Confluent monolayers of NMFs were stimulated with IL-4 (20
ng/ml), I1-13 (20 ng/ml), TNF-a (10 ng/ml), and IFN-¥(20
ng/ml). These cytokines were used alone or in combination for
24 hours. (A) mRNA expression of RANTES. (B) RANTES
levels in the supernatants of cells. Co-stimulation with TNF-a
/IFN-Y¥ showed most potent effect in the production of
RANTES.
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Figure 2. Effects of cyclosporin A, wortmannin, staurosporin,
and dexamethasone on TNF-0/IFN-¥-induced RANTES pro-
duction in nasal mucosal fibroblasts. Cells were pretreated with
any one of cyclosporin A (CsA, 0.11g/ml), wortmannin (W, 100
nM), staurosporine (S, 100 nM), or dexamethasone (Dex, 2x107

M) for 18 hours and then incubated with TNF-a (10
ng/ml)/TFN-Y (20 ng/ml) for 24 hours. The RANTES amount
secreted was determined by ELISA. TNF-a/IFN-V-induced
production of RANTES was inhibited by all inhibitors used. NC:
negative control (no stimulation), PC: positive control (stimul-
ation with TNF-a/IFN-y). *: P<0.01 compared with PC.
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Figure 3. Inhibition of cytokine-induced MCP-1 production by various inhibitors in nasal mucosal fibroblasts. Cells were pretreated
with any one of cyclosporin A (CsA, 0.14g/ml), wortmannin (W, 100 nM), staurospotine (S, 100 nM), or dexamethasone (Dex, 2x10" M)
for 18 hours and then incubated with TNF-a (10 ng/ml) alone (A) or TNF-a (10 ng/ml)/IFN-Y¥ (20 ng/ml) combination (B) for
24 hours. The MCP-1 amount secreted was determined by ELISA. Staurosporine and dexamethasone inhibited TNF-a-induced MCP-1
production. Among the inhibitors used, only staurospotine inhibited TNF-a/IFN-V-induced MCP-1 production. *: P<0.01 compated

with PC.

M= TNF-a2] ©@=3% % IL-4/TNF-q, IL-13/TNF-q,
TNF-gIFN-v8] &332 A] E5% RANTES mRNAS]
LES B 5 doy A2 Aol 1T = gl
T} ELISAS A3 ¢ 237}, mRNAY] &S HHd 74§
W el o] PAkE o o)n] el upe} o] A
Fr 5LA| S o) 4 €] RANTES AJAbe]l B 83 2150 2 = TNF-
IFN-ve] 3 x7F dAstA &S AT F
ARemZ B Ao RANTESS 55 913 TNF-
o/IFN-v& &9t th(Fig. 1B). RT-PCRY] Z¥#} =
2ol 31013} 2= 99l o AJALEES = 4

AZF HA X onE o] % Ok"qtﬁz:rl«] ”
o ELISA A#vhs #Fastgo. obf A5% 7tst
A &L APYTE S UET(NC, negative control) 2. Z,
VAAE AAAGA B3 Ao EFRIR A2l g AHE
S FAHWEF(PC, positive control) 2.2 ZtZ} G35} A
ok AAAE MYT 47FA] 74749 APTE EFOlA
TNF-o/IEN-vo| ©]3F RANTESY A4to] A&
staurosporine?] A &7} 71 & A3 thFig. 2).

B A9 A2 A E ) A 2] MCP-1 4] o A, MCP-1
S A AFEAEY T FdEF AEE
ATH?2208+81 pg/ml). & AT MCP-19] =5
93t} TNF-0E @502 AX|8tA TNF-a9t IFN-v
£ Al A AXFoZH MCP-19] ks X313
o WA TNF-a2] @5 XA A|(45244+£5490 pg/ml)
cyclosporin A A A= 20% AT AiHS AAAIH oH
(36467+188 pg/ml) wormannin®] *X|= 23| 10% &
T S F7HA17]=(50828+1317 pg/ml) ¥ho) A3}
£ Ko At} 3 staurosporine (98134291 pg/ml) 2

i

Table I. Effects of inhibitors on the production of MCP-2,
MCP-3 by single cytokine treatment

S Cytokine Inhibitors No

(stimuli) inhibitor
CsA W S Dex

MCP-2 TNF-a ND ND ND ND ND
IFN-v 259 471 692 57 380
IL-1p 44 99 48 10 108

MCP-3 TNF-a 150 190 30 13 133
IFN-y 693 709 27 155 394

IL-1B 947 1481 170 155 1235

ND: not detectable, detection level: pg/ml

dexamethasone (14898+100 pg/ml)2] A & 3= &3}
Al 733t 2. staurosporine®] A &7}t 74 3EHA
THFig. 3A).
TNF-09} IFN-vE E§A 3¢

A4 X A9} AL fFAFe S B ot dexa-
methasones A X8k Z-5-o] A TNF-a9 5+ ]
H3l A== H=7F thi ok TH(Fig. 3B).

H A uk AR R A Z A A ¢ MCP-2 A4He] A, MCP- 2
= AN AFEATAgE A AYarE A egton A
ol AFESE Mo EFFRIS ©EA X Alo= ALbE A
SAY PH gk $FEo] A TH(Table I). TNF-a9] A3 <
A3 ¥hgskA] kot IFN-vo. & A X| g 7 cyclo-
sporin A= ol H&o oA a5 BHYSY wort-
mannin®} staurosporin> Q.38 A FIAIZ o
dexamethasone®] A a¥7} AAsFATE IL-18] 22

7d§-ol= TNF-a9 ©@
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wortmannin®] A A= B FFS v A X3P ot o= A AAtE A FRom Ko EFLRIS T A X]
cyclosporin A % staurosporine2] 7% 50% ©]/3 A5 of og Agole oFtt AAE AT TNF-a A X| 7o A
11 dexamethasone®] AA &7} 74 A A sl oF 90% cyclosporin A= S F]X A 531924 wortmannin
=72 QA AT 4 TNF-a9} IFN-ve] FA] =} 2 238 MCP-39 A4S F7HAIH S 2184 stauro-
= T IL-1p9} IFN-ve] FA] A= A] MCP-29] 37} sporine 5=+ dexamethasoned] A X+ A e JA| a3}
7} 71 A A st o] 59 A= A] MCP-29] AAFS &7 E HAFYY. IFN-v XA cyclosporin A 2
she FAlY] EHE FRISAT A AF Al B A wortmannin A & 77} glo] 23] A A F7HA
Ao & JA AT PSS ol 5 ARe 715 $AS B} O staurosporine> $HA 3 A & v}
H dexamethasone®] 7Z-%-7} AA @7 M E9gth £ H 43, dexamethasone> 50% ©]* MCP-39] AJ2HS
(Fig. 4A, B). a7l 9L 9 IL-1B HAFAAME cyclo-
B A9 A2 AEH A2 MCP-3 A4He] A 4. MCP-3 sporin A= ¢F7Fe] ZHAE, wortmannind °F7He] E7HE
o] AT MCP-2 A} v/t A2 Ap=3812] e 7 X 01} staurosporine?}t dexamethasone> ¢H3 g A
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Figure 4. Inhibition of cytokine-induced MCP-2 production by various inhibitors in nasal mucosal fibroblasts. Cells were pretreated
with any one of cyclospotin A (CsA, 0.1hg/ml), wortmannin (W, 100 nM), staurosporine (S, 100 nM), or dexamethasone (Dex, 2x10" M)
for 18 hours and then incubated with TNF-a (10 ng/ml)/IFN-V (20 ng/ml) (A) or IL-1B (10 ng/ml)/IFN-¥(20 ng/ml) combination
(B) for 24 houts. All inhibitors used in this expetiment inhibited TNF-a/IFN-V-induced or 1L-1B/IFN-¥-induced production of
MCP-2 in fibroblasts. *: P<0.01 compared with PC.
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Figure 5. Inhibition of cytokine-induced MCP-3 production by various inhibitors in nasal mucosal fibroblasts. Cells were pretreated with
any one of cyclosporin A (CsA, 0.1hg/ml), wortmannin (W, 100 nM), staurospotine (S, 100 nM), or dexamethasone (Dex, 2x107 M) for
18 hours and then incubated with TNF-a (10 ng/ml)/IFN-v (20 ng/ml) (A) or IL-1B (10 ng/ml)/IFN-V (20 ng/ml) combination
(B) for 24 hours. Staurospotine or dexamethasone showed strong inhibitory effects on TNF-a/IFN-¥-induced or IL-1B/IFN-y
-induced production of MCP-3. *: P<0.01 compared with PC.
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AHE e ATHTable D).
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MCP-37} 23] FA 53921 staurosporine # 2|
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HASA WolEFIQJIER] TNF-a9} IL-187} ffﬂﬂru}
AEG AFEAE 283k MCP-19] Aihs =g
g3 BE % t(14). TNF-a= phosphat1dy11n051tol 3 OH
kinase (PI3K)2] &A3}E &3 A& Al ff 1t

Yo 7=t PIBK2 34 3 3L phospholipase C, proteln
kinase C (PKC), protein kinase B 5©| 1t} H] = TNF-a
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o JFdth NFkBe JAE=Z kBol|l 93] AT
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24 Pld-kinaset} PKCE A A|8}1A] eke=t) & Ao 2
Fol) = wortmannin®] A3 X7} TNF-ao] 9|3 AH %
Aol A e] MCP-19] A4Hs A JAlstA] et ov
staurosporinel} dexamethasone©®] & 3}A] A A o=
2 AFEAEAM Y] MCP-12] HAHe TNF-a2 A=3
o PI3K®] A== 7%i111 Boe Add F AT g
H TNF-0= IKKp % p38 MAP kinase 52 F2E 53t
A AGS FHHOZ Faste] HFHOE WA

Dexamethasone< 7} 78 8F3 9+g = glucocorticoid
2ZA FAFAH FHAAY AALE T €548
Axte] AAbs AN 2N FASHFES JASH
(17). Dexamethasone®ll ]3| HAL7} A E = cytokines
2+ IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-13, TNF-a 5 ©|
2o IL-8, RANTES, MIP-1q, eotaxin 53 #2 AX
= JAgte] dHA ATk I Y= FEA nitric
oxide syntase, 54 cyclooxygenase, f+ =4 phospholipase
A2 2 adhesion molecule 5©] dexamethasone®l] 2]3] <A
He Ao g2 484 vt Dexamethasoned] 2]3F FH
ddgAY 7L Bae AAHE FZFTOoZH NF-
KBS E&43A7]= Zlojdh Bk ofygt AARIA]]
activating protein (AP)-10] 34 fAA}e] FZ Ao A7t
= RS Adste At AAE dojuA] E3kx
= 3t} Martin 5 (18)2> AFE9] W EkA| 3o 4 2] MCP-1
o] B o= NF-kB2} AP-19] 5o R3S Hs}
Ao m Ping 5(14) = T2 AARIAS Sp19) Ao
TNF-aol 9|3 MCP-1 379 31249 23} &4
stol] FrAolgtal Bagk vb gtk & AFo)A dexame-
thasone®l| &J3ll A S}A A= A& ¥ ol 2} PKC &
Xﬂ ?ﬂ] el staurospormeoﬂE AAE Yo =2 TNF-a/} PKC

frote AzdERAY S T3 MCP-19] 58 ¢
97"2‘ Zigi T4 E A

RANTES®] 4o 910l INF-a/h ofzte] =52
HoFu 22 AYEA Ao BRG] L3 116
A= A ddko] gt Lebovic 5(9)2 endometno-
tic stromal cello]l A IL-1po] 2J3 RANTES7} 1
o]& NF-kBo| 9JZ=A AL ¥ 1atQC™ Yamada o(19)
2 IL-1p] Aol 93k RANTESS] AJ4bol| Syke} TNF
receptor associated factor (TRAF) 67} #<]3}3 TNF-a2
NS AGo|E TRAR2ZF #ojditta B st 2 4
oA IFN-v $E5 XA 2= FE5HA ¢y TNF-a9
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of A=A} o}A7EA] TNF-a¢} IFN-v9] A A}=0]
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