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Receptor activator of NF-kB ligand (RANKL) is an es-
sential cytokine for osteoclast differentiation, activation and
survival. T lymphocytes such as Ti7 cells, a subset of T hel-
per cells that produce IL-17, play an important role in rheu-
matoid arthritic bone resorption by producing inflammatory
cytokines and RANKL. It has not yet been cleady eluci-
dated how T cell activation induces RANKL expression. T cell
receptor activation induces the activation of nuclear factor of
activated T cell (NFAT) and expression of its target genes.
In this study, we examined the role of NFAT in T cell acti-
vation-induced RANKL expression. EL-4, a murine T
lymphocytic cell line, was used. When T cell activation was
induced by phorbol 12-myristate 13-acetate (PMA) and iono-
mycin, RANKL expression increased in a time-dependent
manner. In the presence of cyclosporin, an inhibitor of NFAT
activation, this PMA/ionomyciminduced RANKL expres-
sion was blocked. Overexpression of either NFATcl or
NFATc3 induced RANKL expression. Chromatin immunopre-
cipitation results demonstrated that PMA/ionomycin treat-
ment induced the binding of NFATc1 and NFATc3 to the
mouse RANKL gene promoter. These results suggest that
NFATcl and NFATc3 mediates T cell receptor activation
induced RANKL expression in T lymphocytes.
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Fsta 1 A% T o)A ofe] 71 Aol £
A= HAFRIARR] nuclear factor of activated T
cell (NFAT) &35 F=stte-8].

RANKL<> 1,25-dihydroxyvitamin Ds, prostaglandin E,, -
5 22, interleukin-1 (IL-1), IL-6, IL-7, tumor nec-
rosis factor-a (TNF-a) ‘& TFFgh Q1zte] o) wedo] =
A0, S2AE ATAE EA) RANKO] A58 v
A 25 RO, 10). FrkEl s WA EAbe] A
Gela} gutoll M 45 Al ETIRIQL IL-6, IL-7, TNF-a
o W Z7b} BREY, 954 A1 2TAE
b A EAES] RANKL EdE S7HAA ] F4e] 7]
ofghz o= A 11

Calcineurin> Zr#2|E4d o QAR airs
NFAT 2RIAFsHE fri=sto] NFATS] 2438t 3l S o]
F2 o718l 12,13]. G SA|AIR] cyclosporin A (CsA) S}
FK506+> calcineurin &5 A &ll3to] NFAT &/Jst= A}
etz grdolut AR A/ ] el of7| ¥ = T
HE 23S AsfsiAl HrH14,15].

w2} A A L] Aol tigk Tt o= wo 3]
7h g o g yehds Frbe s dd Ay 22 Ak
ol sto] thlo|vh16]. /3tE T HZTolA e
RANKLO| =A|E A 300] 2Rg-sto] afzA 23t 2
AEBEE S7HIA Z9E sk 2o 44 3
tH17,18]. 53] IL-17S Arbshs TERA3E(T; cell)= <
7 Al 7117 7] RANKL-S: #H|8to] AL 5}
& FASTH19]. 28 T #3223t mhE RANKL 2
37} 71202 o} 2 el QA ik PURBAET
A|3Ee] CXCL13-& A2 P& o RANKL &&o] 5718,
71 3 ellA NFATO] #rofdiths o] < 2ake nf
ATH20]. T HZ7F 2433k Al W) NFATS] 2793}
2 Wy F7PF e E R 24318 NFATO] RANKL
WS SRk AARIALR A8 7ol e AR
Az b 2 dTtellde 2] e S8k
70 F 27 ionomycinZ} protein kinase C2] EJ3}& =
8= phorbol 12-myristate 13- acetate (PMA)E AF-8-5}Fo]
T 923 @432 F58121021,22], RANKL 28 =7}
2 del A NFATS] S22 gRlstalx} shoitt.
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ME Wy
EL—4 A X ujjoF

AP B T YET AEF EL4 AT AHE}
Ak AlE= 10%2] AEfo %7} 100 U/ml penicillin (Thermoy;
Utah, USA), 5 pg/ml plasmocin (Invivogen; CA, USA)°]

SE3E HyQ-RPMI 1640 (Thermo)S ©]&-3}o] ksl
EL-4 A|3Z &/33= 1 mM PMA, 1 mg/ml ionomycin *]2]
of &) fEsl%lom, NFAT &3t JA1E 8l 10 pg/ml
CsA (Sigma; MO, USA)E 37} wiekslich

AR L FFAH 4G (RT-PCR)

NFATcl, NFATc3, RANKL %! glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) 52F2] mRNA & =& &
2517] $)4ll easy-Blue™ Total RNA Extraction Kit (S1E&
vlo] @ Bl A== A A, sk o] 83l miE Al total
RNAE FZ3%F 9 AccuPower RT premix (H}o] 2 H o}, tf
7, 3=nE o]g3l cDNAE A&tk RANKL mRNA 2
d glS 93t semiquantitative PCR< i-star Taq DNA
polymerase(QIE&E 10| QL HAEZA)E o] g3 om, &
%1 PCR AHE 1.2% agarose geloll 71953}l ethi-
dium bromide® GAste] Z}2]A StellA &RISISIT). Semi-
quantitative PCRO| AFE-3¥ Xgjo]m Q7|4 LdL2 b3
72kt) RANKL forward 5-CAGGTTTGCAGGACTCGAC-
3", reverse 5'-AGCAGGGAAGGGTTGGACA-3'; GAPDH for-
ward 5'-TGAAGGTCGGAGTCAACGGATTTGGT-3', reverse
5-CGTGTGGGCCATGAGGTCCACCAC-3". E3SF NFATcl,
NFATc3, RANKL mRNA® 54 #22 9Js] SYBR
premixEXTaq (Takara; Otsu, Japan)= AFE-3}0 real time
PCRE F3at3lom AFE-H Zefo]m 3714 L2 Table
13} 2,

Western blot 4]

AEE AAASEAATE AlFsta AEgd e
{10 mM Tris-Cl (pH 7.5), 1% Triton X-100, 150 mM
NaCl, 0.5% sodium deoxycholate, 0.1% SDS, 1 mM EDTA
(pH 8.0), 50 mM NaF, 1 mM , 0.2 mM Na3VO,, 1 pg/ml
aprotinin, 1 uM leupeptin, 1 ©M pepstatin} = ©]-&3}o]
A|3E-8-3ll=(whole cell lysate)= DT A Al 5= NE-
PER Nuclear and Cytoplasmic Extraction Reagents (PIERCE

Table 1. Sequence of primers used for real time PCR

Genes Primer sequences
RANKL F: 5'-CAGAAGATGGCACTCACTGCA-3'
R: 5-CACCATCGCTTTCTCTGCTCT-3'
NFATc] F: 5'-AATAACATGCGAGCCATCATC-3'
¢ R: 5-TCACCCTGGTGTTCTTCCTC-3'
NFATC3 F: 5'-TCATGGACTGCTGCAGTCT-3'
¢ R: 5'-GGAGCTGAAATGATGGTGA-3'
GAPDH F: 5'-TCAATGACAACTTTGTCAAGC-3'
R: 5-CCAGGGTTTCTTACTCCTTGG-3'
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Biotechnology; IL, USA)E ©]-&3lo] FH|sk3it) w4
A% modified Bradford reagent (Bio-Rad Laboratories;
CA, USA)E ©]&3513ith 30 pgel ©@AS 5X Laemmli
sample buffero] 41> ¥ 10% SDS-PAGE®! 17193}
3 PVDF He] d7]o)s AIZITh RANKL (R&D systems;
MN, USA), NFATcl, NFATc3 (Santa Cruz; CA, USA)¢]
o gt Ax}ekA| eF o] xFekA)|Q1 rabbit anti-goat 1gG-HRP, goat
anti-mouse IgG-HRP (Thermo)E A}&|= HEAIZ] & &
A7t Aget @A W= = Supex reagent (TFRIMlo] 2 A
o, sk=)@} LAS 1000 (Fugi photofilm; Tokyo, Japan) ©. %
glak3it

Transient transfection

EL-4 A|3ol4] NFATcl¥} NFATc32] #hédo] RANKL
o] vjX= gE dotry] 98 o)s HHAHE 2] tran-
sient transfections A13EFATE 2 x 10° cells/60 mm dish7}

L= BFska AlE7E 70-80% Y E 2wl pcDNA3.,
NFATcl 2HAHE|[23] E& NFATc3 W E(pOTBT-
NFATc3; Invitrogen; CA, USA)E Lipofectamine 2000 (In-
vitrogen)= ©]-23}0 transfection= A|3Y3FATE 24A17F &
total RNAS 4251310 RT-PCRS 37 whald A

TE )5l Western blot #+22 Al3Y3}3IT]

A3 W93 7H(ChIP) A4

EL-4 celloll PMA 9} ionomycine 24A17F A28 & 1%
SEFUHS| =R XS IStk AlEE EalA7] 5 200-
800 bp2] =712 DNA7} HutE| o5 2Sutulf & Algs)
At NFATcl 5 NFATe3 UxFarA|9) protein G aga-
rose = WS Aletal FdEe] 23 DNAE #
2]gh - ofgf ¢} 2 IetolwE AREE A5 RANKL =
ZHEQ] 1070 bpollA -858 bp F-9S ST 1.2%
agarose gel°|A] PCR At=S &1383lTY; forward 5°-GC-
AAGCTCCAGGCCAGCCTAG-3’, reverse 5’- CCAATAA-
GACGGCTCAGCTG-3’[23].

K

| le.

T H=ZF 43} &3 RANKL #3d =

A 3tE T FI oA RANKLO] Wy = A7 &
Q1&}a1AF EL-4 AM|3Eel ionomycinZ} PMAE *{2]3}al 0, 8,
24, 48X 7F kst 3 total RNAS +=H|3F9] RT-PCRE
A1 &&FSITE Tonomycin?t PMAE A E|8}A] &2 Uz
(0A1ZH T} B ske] 24 A1ZH) 48 A1 7E Hlj kst A3 toll A
RANKL mRNA & Z7F7F $2E QItHFig. 1A). RANKL
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Fig. 1. T cell activation by ionomycin and PMA increased ex-
pression levels of RANKL mRNA and protein. Activation of
EL-4 cells was induced by 1 mM phorbol 12-myristate 13-ace-
tate (PMA) and 1 mg/ml ionomycin, and the cells were incu-
bated for the indicated periods. Then, semiquantitative RT-
PCR (A) or Western blot analysis (B) were performed.

¢}

il o] wkel s whashy] flEl 0, 8, 12, 24413 AlRE
Western blot 42 Alajst Ay}, 12A]7HHE] RANKL
W Z717F BEE Qo w 24| 7ol = RANKL whal 2k
o] ¥ F7kgk 2% UEITHFig. 1B).
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NFAT 34 3} o7} RANKL 3ol v]x] &= g3

T x5 Z4slel o3l =% RANKL & of NFAT
o] #ofsh=AE &lst7] 913l CsAE A l3ke] RANKL
w3 o] Hals eItk EL-4 Al Eel CsAS 308 %
| 2]3k3L PMA £} ionomycing 24 A17He?F A 2] e % total
RNA S} wzS Ao real-time PCRY} Western blot &
21& &3 RANKLZ} NFATS] g gRlsielth PMAS}
ionomycin®] ]3] S7He RANKLS] &&o] CsA A& o]
ol HAsFtHFig. 24, 2C). ©] A calcineurin 23}
7} A=A 89 AlE Sl NFAT S &8kt A
gixlo] dojup= Ao E BAEGCHRE I NFATS)
AT S wEEksith PMA S ionomycine *{2|shH
Ul NFATcl1 ¥} NFATc3 wHuia o] ofo] ke & ofije}
ol A mRNA 'Tde F77F AEEHU O CsAE
A2 shd @M AT} mRNA S7PF B A4S oS
X STHFig. 2B, 20).

NFATc13} NFATc3 i3 o] RANKL Hdof v A=
g

oFol Avfi= Bdskd T HE o4 RANKLEEH
NFATcl ¥} NFATc37} #oidh 71548 AAstgorz,
EL-4 |30 NFATcl F3= NFATc3S #1248 A|7] RANKL
S ST 7)=A T ESEITE NFATel S5 NFATC3
78> RANKL mRNA S} bl gl S B5F Z7HA
ZTHFig. 3). $H8 NFATcl ZHPE3> NFATSS HdS 5
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Fig. 2. Inhibition of NFAT activation by cyclosporin A blocked RANKL expression in activated T cells. EL-4 cells were treated with
1 mM PMA (P) and 1 mg/ml ionomycin (I) in the presence or absence of 10 pg/ml cyclosporin A (C) for 24 h. (A, B) Western blot
analysis was performed using whole cell protein (A) or nuclear protein (B). (C) Real-time PCR was performed and relative mRNA
levels were obtained by normalization of Cr values of RANKL, NFATcl or NFATc3 genes to that of GAPDH. Data represent mean +
SD of triplicates (* p<0.01, compared to control(ctrl); # p<0.01, compared to I+P).
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Fig. 3. Overexpression of NFATcl or NFATc3 increased
RANKL expression. EL-4 cells were transiently transfected with
NFATcl or NFATc3 expression vectors and incubated for 24 h.
Semi-quantitative RT-PCR (upper panel) and Western blot
analysis (lower panel) were then performed.

7INRA O NFATe3 IPLEE NFATel &) o
VT vIAA BUTHFig. 3). ol Tk AFH= NFATel 3}
NFATc37F RANKL®] 2d& 52 4 317 NFATC3
= NFATcl9] 93] walo] Z71E-8 RolFeit)
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7INF e B, o5 FARIAZF RANKL L2 RE] A4
Agksto] RANKL AAHE Zdsh=A] dokr7] 913l ChIP
S FEITE CsA7E AW §liE AdElelA] EL-4 Al
o) ionomycin¥} PMAE 24A17F A2 dt & NFATcl¥}
NFATc3 Yk FAE ARE8Io] ChIPE A3l 7] 1
J[23]°llA] NFATe] Ajteh= 31 o= ¢ex] RANKL =

=
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Fig. 4. Both NFATcl and NFATc3 bind to the RANKL pro-
moter. EL-4 cells were treated with ionomycin (I) and PMA (P)
in the presence or absence of CsA (C) for 24 h and then chro-
matin immunoprecipitation was performed using anti-NFATc1
antibody, anti-NFATc3 antibody or normal IgG. Using DNA frag-
ments eluted from immunoprecipitates, RANKL promoter re-
gion spanning -1070 to -858 bp was amplified by PCR.

SE F-2lol el PCR& 38t A¥), &4J3kE EL4 Al
Fo|A= RANKL Z=Z T E|o] t)sk NFATcl 2} NFATc3 2
Agto] S7IsI o CsAE S| 2] $F Mo+ NFATcl
7} NFATe3 8] A% S717F A dtHFig. 4). o213t
A= T {270 &493h7F dofid wf NFAT HARIAL
7} &AdslElo] o Fofik $ RANKL Z=REY] A4
Agetel RANKL AAE 58 21s AAbsith

=2 A=

]

a

= AdelMs AF T HEZT AEF EL4 AEE
o] g-3Fo] HAFQIA}Q] NFATel# NFATc37} T 94 &
A3le] 93l %= RANKL 2&of #oisl==]¢] tjs)
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ool x gk},
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NFAT AARIAPZ} Fash 93ks diddhs AlAtsitt

NFAT Alzd Zr 571l o8l sk 24 4
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