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Expression of 4-1BB and 4-1BBL in Graves’ Disease
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ABSTRACT

Background: 4-1BB mediated costimulatory signal is a recently identified immunotherapeutic strategy for
treating autoimmune diseases without depressing the immune response. In this study, we investigated the
expression of 4-1BB and 4-1BBL on the peripheral blood mononuclear cells (PBMC) and we assessed whether
the serum levels of soluble (s) 4-1BB and s4-1BBL in the patients with Graves’ disease (GD) and compared
them with normal subjects.

Methods: Expression of 4-1BB and 4-1BBL on PBMC of GD patients was determined by flow cytometry.
The concentrations of s4-1BB and s4-1BBL were assessed in the sera of GD patients by performing ELISA.

Results: 4-1BB was constitutively expressed on naive CD4" and CD8" T cells of the GD patients and this
was increased by stimulation. 4-1BBL was also expressed on the antigen-presenting cells such as CD19" B
cells, monocytes and dendritic cells in GD patients. The serum levels of s4-1BB and s4-1BBL were
significantly higher in GD patients than those in controls, and these levels were significantly correlated with
the serum levels of thyroid-binding inhibitory immunoglobulin and free T4.

Conclusion: These results indicate that effector T cells of GD patients can be activated through the
4-1BB-mediated costimulatory signal. Elevated s4-1BB and s4-1BBL levels in the sera of GD patients may
affect modulation of the clinical course in GD patients. (J Kor Soc Endocrinol 21:116~124, 2006)
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IS B3l ol FolX| A Uxt g
| 25 & T AlZ 8ol Alg=iiA ARk o] T
AE FHol| EAllsl= vkt 55A5AS(costimulatory
molecules)ol] &JgF o]x}Fel AlEHdo] o]FolF oz T
Al Az} o] FoIRIA] Hels). FEASEA Sl 2]t 4]
A AEEY, AZAE 9 AolegRl Eu]9) 22 Al
o] AAARI 755 FEAIFIET vllf- T3t A3E o,
kel o] A2 XkE 739 T AlEE= FHEFanergy) el
WAL AR Holge] Ao s B W
S A Febl ek A FEATRARE
CD28, inducible T-cell costimulator 2 Zk] A2} (tumor
necrosis factor, TNF) Alde] ofg] EAEo] gon] Es
OX40-0X40 2|7F=(ligand, L), 4-1BB (CD137) 4-1BBL
(CD137L), CD27, CD70, CD30-CD30L ! herpervirus entry
mediator 5°] F93 T A% =AAE d#A 9ul6,7].
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A AR ZeA] F2 HAE]E 4-1BBLOFS] A%
ZE-E B3 T AlE 43¢} 7de Ao Wyt
S-S =A%HS]. 4-1BB] 7% collagen-induced arthritis,
experimental autoimmune encephalomyelitis®} 742 554
¥ EelollA] anti-4-1BB Al e} 2p7F WA T A9
7155 AR eEZA A7 Agk X gel Al A
o2 Hyww glom, 4-1BBE F3F AleAdde FAHo
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TSH =8| &|(TSH binding inhibitor immunoglobulin,
TBI), AAZERAT} (A O3 AR
Al 74 a=la A 20 A S ERle] Asisla,
WHAA] AP HAAE S8k IAY A= 79+ Al
Slslgie). BA5S] Q9E S4E Table 16] Lehiigic

adlo|Br FAtel Y o] gAY B &
2]9193] 4ol wel 22} 52] & heparinized vacutainer
(BD PharMingen, Mountain View, CA, USA)ell 10 mL#%
Sasigon 84S 2ol ¥ 34 BE0T) BAslct

2. M= 22|t Byt

TAE 7 259 ¥ H o 2HE Ficoll-Hypaque
oH(Pharmacia, Uppsala, Sweden)= ©]83F W=l 44
el o3l T EE FelElglcl Eeld ez
1 xphosphate-buffered saline (PBS)Z 2¥ AJHg ol&
1x10° PBMC/mL* 10% fetal bovine serum (FBS)Z} 3-8
A7} %471 RPMI 1640 wiA|9} 3] 24-well vHFA]ol]
B30 CO, AIZ(37C, 5%)0l 24X17F viekslgict
A|Ze] FA3LE el anti-CD3 mAb (OKT3; 1 pg/mL)9}¢
lipopolysaccharide (LPS; 5 pg/mL)E 37 *2lslsich

challts Eelshr] Slal WA EE 2417 et 3wl
FHA vl £ol e AEES TR, 96.9%
CD14" ghall7l Hel=|giet. et Helsl gheiqte] Jis
GM-CSF (100 U/mL)$} IL-4 (1,000 U/mL)E 2 74
2 39 X3} 3 TNF-q (500 U/mL)Z 13] Xelslo] A
AR FoRAACE b EskE FAGAESY] SR
98.9% CDI11c'& vleldc}

o

3. M= 2M(Flow cytometry)

adlo|Bn Fpxtel AggRle] xR e v e a3t
kAl FollA] 4-1BB, 4-1BBLE] WAEAS =Aksl7] Sl
FAE BAS Ak WA A E(1x10° cells/mL)
FA3E 9)3l OKT3 1 pg/mLe} LPS 5 pg/mLE A3l
24A17F ekt ohg, 7 AIEE AL BSA (2%)9F
NaN; (0.1%)7} 47kl 1xPBS (washing buffer)S o]&s}
o] 2w Al=slgdc}l o]& FITC-labelled anti-4-1BB mAb
TEE anti-4-1BBL mAb$} PE-labelled CD4 mAb, CD8

Table 1. Clinical characteristics of each study group

Age Gender TBII free T4 TSH TPOADb TgAb

(years) (%) (ng/dL) (nU/mL) dU/mL) (IU/mL)
Reference Value N F M 0-15.0 0.89-1.81 0.35-5.50 0-25 0-40
Graves’ Disease 20 36 + 11 16 4 409 £ 17.3* 643 £ 239%*  0.01 £ 0.00* 466 + 358* 304 + 683
Control 20 42 +£8 20 0 38 £ 2.1 1.4 = 1.06 0.58 = 0.68 12 + 11.3 26 £ 34

TBII, thyroid binding inhibitory immunoglobulin; TgAb, antibodies to thyroglobulin; TPOADb, antibodies to thyroid peroxidase.

* P < 0.05 vs. control.
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mAb (T cell markers) B== CD19 mAb (B cell marker)Z
4°CellA 3027 o5 AAsRIck dAE AEE washing
buffer= 3 AlHslo] JA=R] k2 3AE AAZ vh
T A|Zoll4 2] 4-1BBS} 4-1BBLE] WS- SSC/FSC gate 2]

lslolom, A= Cell
Quest software (BD Biosciences)Z& o|8&lo] BA3l9ic)

lymphocytes populationol|4] ZHzh

4. Enzyme-linked immunosorbent assay
(ELISA)

] o ZHE] soluble (s) 4-1BB2} s4-1BBLE 73317] 9
3l] ELISAE- 48189l ®1#] ELISA microtiter plates (Nunc
Maxisorb ELISA plate)E 1 pg/mL anti-4-1BB mAb (AB
4815, Immunomics, Co. Ulsan, Korea) == anti-4-1BBL
mAb (AB 5G11; Immunomics)7} £013}= 0.05M NaHCO;
foloZ 47TollA overnight coatings}3ict. ©l& 0.1%
Tween 200] 7} washing bufferZ 33] AH3 ¥ Hv|&
o] HhS-S- Fol7] 9lsl] 4% BSA SN0 7 A2of4] 147+
<} blocking stk EX2 washing bufferd o]8s}o]
2ul| 2 3]438t o2 blockinge] £yt plateol] 100 plLA4 33]
HHEsto] Yo ¥ 4CollA overnight s}tk o5 tHA] 3
3] AZ3F % detecting anti-4-1BB mAb £ anti-4-1BBL
mAb7} S0]9)= 1% BSA-1xPBSE Yol A20jl4] 247+
HESAIZACE Plate s 33] A3 thy; 1% BSA-1xPBSE ©]
f31o] 1/500000Z 3]4%] HRP-straptavidin 89S $l1 3
7CNA 1AZF WESAIFE o5 k4] 33] AlXslar TMB
peroxidase substrate (Endogen, BD Bioscience)s Yo] 15
2 7188kE A7 R, 0.1 N HaSO, 8o Hhg2 A
AXZet WS- A= ODaso nm F350li] i sEs &
AslPom, oFdulEToZ 1 ug/mLe purified human
recombinant 4-1BB-Fc == 4-1BBL-Fc (PeproTech, Inc.
Rocky Hill, N)& o]&3}o] FE7k(pg/mL)S kst
Z|z% ELISA kite] 7%3H1E 4-1BB9} 4-1BBL 25 20
pg/mLo|$Aek.
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5. QAFICH

TBII (%), free T4 (ng/dL) B! TSH WU/mL)e] & 5%
+ Al¥k=]= ADVIA Centaur kits (Bayer, USA)E ©]-83}91
o1, TPOADb (antibody to thyroid peroxidase) (IU/mL)<}
TgAb (antibody to thyroglobulin) (IU/mL)S] 7l=
IMMULITE 2000 kit (DPC, LA, US)E ©]&3}o] positive

agglutination FE5 ZH3}

6. SHXzE

SRAEA ] 4 1BBSH 4-1BBLE] W 9 €4 ]
s4-1BB¢} s4-1BBLO] 55240l gt BE A& 33] o]
A i Ageiglen], BA Wi spss Taoe)
(SPSS inc, Chicago, IL)2] one-way ANOVAE- 53l -2
e A8, P < 0.054] freldh Apolrt Qe Zow
A} B3k s4-1BBS s4-1BBLO 4% A3k | 3
715 7AARE] ATALS- linear regression testE- o]-8-5}F

o] B3,

~

Z 1
1. 4-1BB2} 4-1BBL9| Ws EM

4-1BBe] &L tf=72] 7% anti-CD3 mAb (OKT3)
of] ofal] g4 skl challA Eoll Ak #2E W (mean + SD;
14.50 + 5.71%), #llo] Bl SERL- H|EHA] ghallA] o]
2] whslo] ks B olUel3.61 + 3.18%; P < 0.01), T4
3} w3 go] izl vlsl B8 $7K20.56 + 8.26%)
3}9ckFig. 1A; P < 0.01). X 4-1BBE 10| HH 32t
T3} =T 25 CD4" T AZ 9 CD8" T Al ZellAut A
g o2 Uk QlckFig. 2).

4-1BBL®| W&l tiz-9] 739 nlgA] kel oA
ke HlgE wE o320 £ 1.91%) T3 ¥ Z)s
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Fig. 1. Expression levels of 4-1BB and 4-1BBL on PBMC of the patients with Graves’ disease (GD). Naive PBMC
were activated with 1 pg/mL of anti-CD3 mAb and 5 pg/mL of LPS for 24 hr. Expression levels of 4-1BB (A) and
4-1BBL (B) on PBMC of patients with GD were analyzed by flow cytometry compared with control group.
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. T84 4-1BB% 4-
(1556 + 8.64%)(Fig. 1B). 4-1BBL2] u-e CD19" B Al 2. 784 4-1BB2 4-1BBL

Z, TR 1) S=AF A|ES) 7S LA AT Fa s4-1BBX= THZT4(164.11 + 72.04%)0) Hlsl] 2ao]H
WEEglom, thzgol HIdlFig. 24, 2B), L#lo]HAH W 3R}l Tls] =A838.00 + 1086.86%: P < 0.05)
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Fig. 2. Expression patterns of 4-1BB and 4-1BBL on PBMC of the patients with Graves’ disease. A and C, PE
conjugated CD4"/CD8" T cells with FITC conjugated 4-1BB/4-1BBL fluorescence dot plots in the lymphocytes
population of PBMC with healthy subject (A) and GD patient (C) by two-color cytometry. Square box presents
double-positive cell population. B and D, 4-1BBL expression on primary monocytes (Mo) and monocyte-derived
dendritic cells (DCs) of healthy subject (B) and GD patient (D) by single-color flow cytometric histogram. The thick
lines represent 4-1BBL" cells and the thin lines represent isotype-matched mAb as a control.
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7ZEE|9l o s4-1BBL 94| s4-1BBS} FAVsHAl tizd
(37.61 + 42.20%)°l] H]sl] Talo] B M SkapF-o] HAollA]
-9~ =A1(1006.80 + 1312.21%; P < 0.01) 7<% YrkFig.
3). T3k EUst o]y 3xte] WA ol EAlfsh=
s4-1BB&} s4-1BBLO| 5+ A2 o] AA3AE vehy
9rhFig. 4).

3. +2M 4- BB ZAMTIS ZAlele] Azt

a#lolBH 3xke] €A s4-1BBY E5E TBI (P <
0.01; I* = 0.425) 9 free T4 E5(P < 0.05; r* = 0.254)%}
Folet oke] AaAIE B9 om] TSH, TPOAb, TgAb 52
FEole AEAPE iickFig. 5A, 5B). 9 s4-1BBLE]
BE 94 s4-1BB9] 7359} 544817 TBI (P < 0.001; 1
= 0.317) ¥ free T4 E5(P < 0.01; 1* = 0.459)9} o] A
FIAIE BYIckFig. 5C, 5D).
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A glow, A5 T AlxE 76l 7473 ZA3HHLA-
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WS ksl Wele g dwA gich2~4].

Telo| BeHol|A] Z7FIIe] A= B AIE e AN
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Fig. 3. Serum levels of s4-1BB and s4-1BBL in the patients with Graves’ disease. s4-1BB (A) and s4-1BBL (B) were
assessed in sera of the patients with Graves’ disease by ELISA and compared with normal subjects as a control.
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Fig. 4. Correlation between s4-1BB and s4-1BBL levels in sera of the patients with Graves’ disease. The

concentrations of s4-1BB and s4-1BBL were measured in sera of the same patients by ELISA.
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Fig. 5. Correlation between s4-1BB/s4-1BBL and clinical parameters of the patients with Graves’ disease (GD). A,
Correlation between s4-1BB and TBII (%) levels in sera of the patients with GD. B, Correlation between s4-1BB
and free T4 (ng/mL) levels in sera of GD patients. C, Correlation between s4-1BBL and TBII levels in sera of GD
patients. D, Correlation between s4-1BBL and free T4 levels in sera of GD patients.
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Ze] & o2 HE] s4-1BB ¥ s4-1BBLS| 5% 3 =4
o] ApAS =ARE Azl AAdRlell vzl AAs] =2 s
] s4-1BB%} s4-1BBL7} o] HH] 3hate] HHof] EA)
= S $o18 4 ik wat B9 Hake] B o EA)
3= s4-1BB9} s4-1BBLE| 5= A& Go)at oluia)e 1
Ak T Al FellA] WHE= 4-1BB 9 4-1BBLEJ
walekihs A2 vl iSRS Sikrh(data
not shown). ©]= s4-1BB9} s4-1BBL7} HE=A] AE Fol]
4] WHx]= 4-1BBS} 4-1BBLZHE] proteolytic cleavage 71
Aol Sl freshe 24 o), mRNA splcings} & 5
A4 o] Az che 24l ks A% ek
Michel 5oll €J&P s4-1BB= mRNA splicingel] 23l wH&
olZIckar 19l om[20], Salih S-S s4-1BBLS] A% AL %
Hol| ¥ 4-1BBLZ4¥E] matrix metalloproteinase (MMP)
off ofafl Aed = ok slgich21].

Yamada-Okabe Sol] uw}2m, 7S 28 =835 vl
sk 9= Hela AlFE(HeLaTR)oA] T3 Xelol] 2J3ll 4-1BB
9l TRAFI, PSG7, fmfc 52| -F417} walo] d=3] St}
AekaL s, 53] 4-1BB 2] S7h= T-AlZuiie]
Houhe-5 528 3 ol M Z e 8 Wzt
A T3l o3k AT ARE wiE Qe Ao
Hasldrh25]. EEgF Seko 6 Takayasu’s arteritis $HA}F
9] = =704 9] 4-1BBL, Fas % MHC class I chain
(MIC)-related A (MICA) "} Z7}9} 4-1BB, FasL 9
NKG2D receptors Wdsh= T A EE5Q] Hx-S #olslsd
om, o5 7t TAES] XA AlEAET AT Aol
EFRI el o3k vl 1% fihs Sl Pl V)
oghclar s19ich26]. 3 Salih 5221 AIE FHo)|A]9]
4-1BBL wreke] w3y} AlEAE 7+ 43285 24%
Tl a3t AJ%S s, 53] s4-1BBL #H|= PMA,
anti-TgM, anti-CD40 5] 912 2=oi] 2J3l) #Ajs] 2715
of Wiy BASl T AIES B8 FEAT Aol e
w27 wlo] Lol EAe T AT FAR AR
SEstoma) A kgl slojila sjaick. e Fobe)
2= 940 WS 7§ WA o) 5] 4-18B7} el
™ rheumatoid factor (RF) FE8} 523k dddtAlo] Qu
sCD95 S7Iet 3 =4 Wl d5ihs< 7RIz
22 Bl Z3e]] 7|ofsl= Zlog HarE|girh23,24].

B ATellxle adlo] B ghrte] 7% 8dRlell Hl
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