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. Expression of AITR and AITRL 1in the disc

cells by the flow cytometric analysis

14

. Expression of AITR and AITRL 1in the PBMC

by the flow cytometric analysis -w--oeeeee

16
. Expression of CD68" dendritic cells
including macrophages 1n the flow
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. Expression of CD4"CD25" T cells in the

flow cytometric analysis: eseeereeeeeeeee 20

. AITR and AITRL 1in the patients with

lumbar disc herniation expressed by



Figure 6.

Figure 7.

confocal laser microscopy:«:«-=eeseeeeeee 21
AITR and AITRL in the patients with
lumbar disc herniation expressed by the
immunohistochemical staining::«--+- 22
Representative RT-PCR derived from mRNA

Of tissue Cell and PBMC 23
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Table 1. Quantitative analysis of serum
concentrations of soluble AITR (SAITR),
soluble AITRL (sAITRL), IL-2, IL-6, IL-8,
INF-a and IL-1b between normal control

groups and disc herniation groups:-- 25



HkS apoptosis SO E HHETH 27p WY
Whs-ol HH ZIHelA Fas 9EE st W9 =" T
Al (regulatory T cell)olA EAH & A= EAH(costimulatory
molecule) A Az #ZW FE&AQ  AlTR(human, activation
inducible tumor necrosis factor receptor[TNFR], GITR : murine,
glucocorticoid induced INFR)o] HT F& wi . = 29

Ayto A GITRY A1ZE HUYE= WA (agonistic) anti-GITR
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e BAel FUW 2H3h FAGIA AlRS AITRLE] 4 542
zAaA STk g B4 F FAR DEF BAT (APT

Ao AITR¥} AITRLEY] #d EAS FAHAXEA  (flow

ol

cytometric analysis), &=3d 3 dAwu|H(confocal laser
fluorescent microscope),
W 9 Z 2318+ M (immunohistochemistry), reverse transcriptase-
polymerase chain reaction(RT-PCR), enzyme-linked immunosorbent
assay (ELISA)& o]&3te] &At. FAEEY, 323 I3
A7, WdzAgstd Ao AR Ay AyTo]l dlzTrHTh
ATTR¥} ATTRL®] Fdo] F7hekqith. AITRL] mRNA= A ETolAM =
walo] AFHJoY, dxTodMe BEo] HA % AITR
mRNAE AP 2 tixd EFolA dzo] HA Fokrh. AW
soluble AITR, soluble AITRL, IL-2, IL-6, IL-8, TNF-a & g0
Hxzoro Fokou, IL-1b & Aol7t dw. &5 38 255

@ao Fha 223 dololA] AITRT AITRLE] ol F7Ha}9ieh,




ZZo| A9 AITR T AITRL &) E4

PSS fRgth! 200 9EZeld B3 24 A4S AAF
d st d4S wE, A WY e o ruda I’ 9%

WkS-3 A &ASF] 2 A E (macrophage), A A E(dendritic cell)

45 Ax FuF zANZ Fgo HuHZoHM
prostaglandin E,, interleukin-l1-alpha (IL-1a), interleukin-8
(IL-8),  tumor  necrosis  factor-alpha  (INF-a), matrix
metalloproteinase-3 (MMP-3), basic fibroblast growth factor

(BFGF), vascular endothelial growth factor (VEGF) £ t}jokst &

ol\

4 AFOlEZFQ1 (inflammatory cytokine)oll thabo] HW sl >V

r (

A INF-aol W3 monoclonal chimeric antibodyS 9]

op
ot

recombinant biologic anti-INF-a therapeutice A3t rat &%



presenting cell; FAFAZE, WAAE F)ol o Fdo] x4
T T Az FdE AFstAAFEH AAH=dH T A2 F84 (T
cell receptor)®2] A1& ZH(signal transduction)= F&] T A>XE
o] &3 (activation)7} o]Folxnt. T AEE9] g A Alxo
ofgt 12} AT AY 9 T AEX FHol| EAsts vt ¥4 EAE
(accessory molecules)oll o]gt 221421 A& ddo] T AlxE &3}
Ao BN AAAR] ARkl o] FojA A H=dH o|H

)=
n
% 2= B2} (costimulatory molecule)o]gtal gtch, tiths =}

=
=

ol

(2

g HkFolx = WYAd A7 g weA T M E(pathogenic

7}

autoreactive T cell)7} HeE] Aglo] Fo3 gL v}, A9 x4

wkS-o] 217} A (self-tolerance) Ao 83 9aS 3= A



A2 W 24 T AX Edo] 2HAHE 323

of

5 AT B4R

Mo

AEX FH F8A9  AlTRChuman, activation inducible tumor
necrosis factor receptor[INFR], GITR : murine, glucocorticoid
induced TNFR)Ol Wigt AF7F F= w9} ## GITRE TNFR
superfamily?] dFo 2 WY Z4A T AXoA F=2 LAY t}E

T AEE (CD25CD4" T, (D8 T, B cell)o] o 2] A

e

NA &=
e oz dEA Jdor T AE A wdol ¢
7 Ak ® Human AITRE murine GITR¥} o}w]:=Ab wjdol A 55%<]
identitye 7FA™ Al&e] dubd (lymph node), Hx dolo] wigf
(peripheral blood leukocyte)old — #ZdATh ™ AITR Ligand
(AITRL)= TNF superfamily®] dFolm AITRY} A&z8&S =

F2 4% Wy AFoA #FHAG.Y webx AITR¥ AITRLS
a3y
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& "] 7d (confocal laser fluorescent microscope),
W 22318 A (immunohistochemistry), reverse
transcriptase—polymerase chain reaction [RT—-PCR], enzyme—

linked immunosorbent assay (ELISA)& o]&3&}o] #2415}t

7h AlEe] & B o
T Qo3 FuR 2AE g F 0.4% (w/v) collagenase
type 119} 0.25% (w/v) trypsinaseZ A& slo] thdst " A=
(infiltrated T AXE; W9 22 T AlXE, B AlXE, iAAXE,
TFAFAEZ, ST F)e 22 AE (fibroblast cells, chondroblast

cells )& &9t 289 FH AIXELS 10% fetal bovine

I-Ll

serum (FBS) ¢+ 3417} A7t RPMI-1640 8N E o] &35t
COy wiF7]o A wjFstdth B2 Ao A Ficoll-Hypaque
density gradient centrifugation B ol o8] @AM E (PBMC;

peripheral blood mononuclear cell) & #3235} t}.

U g A 2 Aok
AITR 34 (anti—AITR mAb; clone 621), AITRL 3}A) (anti—
AITRL mAb: clone CE2)E ImmunoMics Co.(Ulsan, Korea) Z5-¥]

TY3A 21 fluorescein—isothiocyanate (FITC) &



-2k (conjugation) A7 & FAIERA, 23 FF dvA
gz sstd AN, ELISAS] Aleko. 2 ARE-s3lt CD4, CDS,
CD19, CD 14, CD55, CD68°ll thate] phycoerythrin (PE) &
BZA171 34 (monoclonal antibody : mouse 1gGl) & A}83}9 a1
CD25¢°l thsle] CyS #2271 @A (monoclonal antibody : mouse
IgG1)E AF&3FHTHR&D Systems, Minneapolis, MN, USA). T
AE B FAAEE CD49F CD8S, B A W FAAREE
CD19%, ©el W BAAZE CD14E, FAGAE B9

E2 A2 += CD68E, fibroblast cell £ X222+ CD55

ZF7b3 AlFEo A o] AITRIF AITRLO HAEAS ZALsH7] 930
wofe F7HE A|¥XE 1x Trypsinase—EDTAZ 83 & 2%
BSA®F 0.1% NaN; 7} ¥3td 1 Xphosphate buffered

saline (PBS) 2.2 A& 3}3t}. o]& AITR A9+ AITRL FA =

o

=
=

AAE e FAEEA 7] (FACSCalibur) & o] 83to] g
ZAYeR o1, A3l+= CellQuest software (BD Biosciences,
Mountain View, CA, USA)E o] &3} EA351% ) AITRLE]

o] M 24 T Axe] 7sg JAsH] wieel T AlxExt



o @ AN AEGAAE, AAE) D Fhw 2

_4

Aot g2 g A AEo o] AITRI AITRLO] & 54

BAF gz dfozyE Feg AXel talE A

A& 10% normal human serum¥ 4% BSA &0

=
285t o]& PBSE AHE T 1/1002.% 3AH FITCE

rulo

22070 AITR @49 AITRL @2 2LolA 147 Qa8 the

PBS® A& 3 & confocal microscope (Zeiss, Oberkochen,

Germany) & AR&3ste] #E3soth S NEZT S =2 1gG isotype

2

88 AA s

np, W %2 318k M (immunohistochemistry)
Fd 240 =4 dAE AFetn AX 28 547 H

10



Tissue—Tek OCT compoundE ©]&3}o] dry ice—chilled
isopentane®l A frozen tissue blocko. 2 A|ZEF A o™ [0° Col
BAsAAN Aol AFGARER AT CryostatE o] &3t 6
um 779 serial sections< 3} 2™ SuperFrost Plus slide ¢l
Sste] Ao AZRAIZY AxE TEE 47 ColA 1023t
acetoneo] 13 TS H|Eo] HFS-S Fo]7] 93] 10% normal
human serum3 4% BSA &80 =2 1A17F A28t} o] & PBS=E
AFE F 1/10002 389 FITCE A7 AITR 49}
AITRL AR A2oM 1A 943 T PBSE AlHE &
confocal microscope (Zeiss, Oberkochen, Germany) 2 A}-83}o
Dttt =k AZE A EAHL hemaxylinl =

counterstaingsd}e] Zeiss Axiophot photomicroscope 2. &

bt

(<0

B sAdNET o ® 1gG isotype FME A4

v}, Reverse transcriptase—polymerase chain reaction
(RT-PCR)
I AAF w3 PCRE RNeasy kit (Qiagen, Countaboeuf,
France) & AF&3l¥ T w52 93] 73 RNA, 0.2uMe] primer &
AF8-8FITHAITRL: 5 —AAG CTG TGG CTC TTT TGC TC —

37 ;5 —GAA TTG GGG ATT TGC CAG TA-3" ; B—actin:

11



5 — GGT CTC AAA CAT GAT CTG GG-3" ;5" — GGG TCA
GAA GGA TTC CTA TG-3" ).

HFS- 270 2% 50 ° CollA 2087 cDNA &A4S dtal 95 ° Coll A

30%7F pre—denature AZ 1, PCR Z& Yafix]= 95 ° CollA
0%7F denature A|AA 56 ° C oA 60%7F annealing, 72 ° Col A
60x FF FAHshE £AoR 408 WEISITH PCR 32 93

GeneAmp PCR System 2400 7] AlE A}&39 1, RT-PCR A&&

1% agarose gelolA] 77|99 &3sto] 225}t

AF. Enzyme—linked immunosorbent assay (ELISA)

TNF superfamily Al29 ¥F& A= BAES T84 isoforme
M dHE B3 oA HeEd FE AT NS #kHE
Roz d#A ). dx dSdozRE IS E3 T AITRIY
AITRL?] soluble isoform¢l sAITR¥} sAITRLE AZ3l7] 98l
ELISAE AAseth. A=< 9% ELISA kite AITR A9
AITRL Aol A= o2 2719 clones, & coatingg g3t AITR

A9 AITRL A9} detections 93] bioting F 23t A

o

ol&

O

Fo] ELISA kitE A|2s8Fach ELISA Wy o3 ok WA
Nunc Maxisorb ELISA plateo] 1 pg/mle] AITR sA¢+ AITRL

gAlE 0.06M NaHCO; @F=HS o]g3sto] 4°ColA overnight



coating 3ttt} ©]Z 0.1% Tween 20°] #71¥d PBSZE 33 A|# 3k

< 4% BSA &do= 37 °ColAl 1A]ZF &<t blocking dF3loH,

O

1% @44 0.1% Tween 207 1% BSA7} ¥719 PBSE o] &3}

38 343 t}e blocking® plated] YolFa 37°ColA 2417+

off

oF WESAIFATE o] F 0.1% Tween 20°] 4719 PBSZ 33 AH 3

T biotinylated antibodyE Yil A204 247 ¥FEAZ TF,

|29

S H platesE AlFEATE Eog wk$o] Eid plateo] TMB
peroxidase 7]Z 49 (Endogen, BD Biosciences) & Yo] 2204
2087 FE3 HAAYN T 0N He,SO, |90z HiES
BAANZRAO™ ODysp nm FFEANA THFEE SAHSUAT. A
AITR ©@® 2 (AITR-GST recombinant protein) ¥} AZ3 AITRL
A (AITRL—GST recombinant protein)< o]&3te] S E=3t
AME 98 715 (standard) 2 AREEFAATE Ed AU EAlS =

A A EANES FUD o AEHTh

of. BAIAY
EAETSE 2L A8 SPSS EAREA =2 gd 10
o] &3lo] APt EA AT+ student —test & o] &3P, P

<0.05A] frolgk zfol7h gl= Aom RS



AITR ¥} AITRL ¢ 2d& 73 oA Ead AEo] sl
FAEEAES Algst 2y zTHo AdToA] EAoHAITR

12.15 £ 5.16 % versus 6.38 £ 1.45 %, P = 0.04, AITRL : 39.43

+ 8.57 versus 18.51 £ 6.01 %, P = 0.01)(Figure 1).

Espression of AITR and AITEL in the disc cells

0
=]
30 (
H5 \
2
%30
=
aQ
(]
T 20
o

, L

contral AITR patients AITR contral AITRL patents ATRL

Figure 1. Expression of AITR and AITRL in the disc cells by the
flow cytometric analysis. In the flow cytometric analysis the
patients with  lumbar disc herniation (patients) had
significantly higher levels than did normal controls (control)

expressed as percentages of cells from disc tissue.

14



Tz ddogrE HId o3 Hxo] e FAEENS
A&st A% AITR I AITRL ¢ 2d AEE= ozTdwoh

Aol EAJTHAITR : resting state 10.36 £ 5.51 % versus
2.38 £ 1.37 %, P=0.01, stimulated state 27.79 £ 8.54 % versus
9.30 £ 3.40 %, P = 0.01, AITRL : resting state 23.15 * 3.78 %
versus 16.02 + 4.45 %, P = 0.01, stimulated state 45.00 =+
10.75 % versus 24.36 £ 5.10 %, P =0.01)(Figure 2). TF= AE

ulA el (D4, CD8, (D19, CD14, (D55 ¢ WL Z7kvk Z A oA

rl

Balg ANxe Uz gddozry Rl g8 HE ETFA
2

b

FAZLN G QT

15



Expression of A1TR and AITEL in the PEMC

80

2

T 40 —
(8]

G

o W

2 30 |
sl

=

L1}

o

2 20 T —

JENEE b I

0
AITR AITR AITR AITR AITRL AITRL AITRL AITRL
control patients cortrol pafients cortrol patients confrol patients
resing resting stirmulated  stimulated resting resting stimulated  stimulated

Figure 2. Expression of AITR and AITRL in the PBMC by the flow
cytometric analysis. In the flow cytometric analysis of AITR and
AITRL the patients with lumbar disc herniation (patients) had
significantly higher levels than did normal controls (control)

expressed as percentages of peripheral blood mononuclear cells

(PBMC) .
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FAFAE]  wEE Fd FFHAA EEE AlEoA
FAZEEAS AP A3 dzdRd 2dTolA F7H8E tHmean
+ standard deviation(SD), 12.11 + 3.84 % versus 6.22 + 1.18 %,
P = 0.02) (Figure 3). Zx FAqozRy Fd o Axo
diste]  FAEZENS Al A= FAFAEe] dde
zwrt g F7Hsklth(resting state 8.21 + 0.91 %

versus 0.57 = 0.45 %, P =0.001, stimulated state 13.56 =+

1.79 % versus 0.64 * 0.54 %, P =0.002)(Figure 3).

17



Expression of CD 83 " dendritic cells
20
i -
S 15
‘G
[5]
18]
Z 10 —
= T
5 A
Il
I3 T
s Ll -
0 . PR e s B P v s B
control patients control patients control patients
dizc tissue  disc tissue FBHMC FBMC PBMC PBRC
resting resting stimulated stimulated

Figure 3. Expression of CD68" dendritic cells including
macrophages in the flow cytometric analysis. The patients with
lumbar disc herniation (patients) had statistically higher
levels of CD68" dendritic cells including macrophages than did
normal controls (control), when expressed as either percentages

of cells from disc tissue or peripheral blood mononuclear cells

(PBMC) .
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He 29 T AES 2 F03 oA Z2d AlEo] sk
FAZEN0Z Zgt A¥ fxTETt APTodA ok THmean =+

SD, 0.07 = 0.09 % versus 1.76 £ 0.06 %, P = 0.01) (Figure 4).

Tz gdozrH B® @d el dstd FHAEENom
gos AveldE WY zd T Axe wde gxEng

Ae oA Ft(resting state 1.15 + 0.02 % versus 4.01 =+
1.43 %, P =0.04, stimulated state 7.51 = 0.01 % versus 16.80 =*

4.29 %, P =0.03)(Figure 4).
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Expression of CD4'CD2E™ T cells

25
= 20
o
[l
B 15
(]
[1E)
[m)]
M
=10
(&
o
o

5 T —
I
O 1 1 1
control patients control patients control pafients
disc tissue dizc tissue PBMC PEMC PEMC PEMC
resting resting stimulated stimulated

Figure 4. Expression of CD4'CD25" T cells in the flow cytometric
analysis. The patients with lumbar disc herniation (patients)
had statistically lower levels of (D4'CD25" T cells than did
normal controls (control), when expressed as either percentages
of cells from disc tissue or peripheral blood mononuclear cells

(PBMC) .
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FHE ZF oA EE T AdFA3F widd AMxe] diste FxF
FddAv A4S o]kl AITR 3 AITRL o e @Qlst 4y}
Aol es wddo] #AFFHPOY, dixRTidAE FEo] HA

okt (Figure 5).

AITR

Disc tissue

Figure 5. AITR and AITRL in the patients with lumbar disc
herniation expressed by confocal laser microscopy. Many round-
shaped cells expressing AITR and AITRL are seen. Confocal laser

microscopic staining X200.
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wazAsotd i AAste] g Fuunzdels FAH 2w

i
n (
M
2
B
M
&
o,

Z=7r1 Ao AITR 3 AITRL o] #td s =

R

Ae gk 4 . (Figure 6)

ATR AITRL

Control group %

Patients group

Figure 6. AITR and AITRL in the patients with lumbar disc
herniation expressed by the immunohistochemical staining. AITR
and AITRL in the disc tissue of the patients with spinal
fracture managed with anterior discectomy as a control group of
healthy individuals (control group) and the patients with lumbar
disc herniation (patients group) were expressed. Many spindle-
shaped cells expressing AITR and AITRL are seen inside disc

tissue. Immunohistochemical staining <200.
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RT-PCR 2 AITR ¥} AITRL ©] mRNA ¢] w&2 3heldt Axt AITRL 9
mRNA & A ToA = wdo] HAzy

A Feka AITR © nRNA & AT 2 oz EFolA @zl
A FdH(Figure 7).

Marker

. Control
. Patlents

1T 2 5 6 7 8 910 11

1,7, Marker

2. AITRL cell line
3. Control

4-6, Patients
8-11. p-actin

230 bp

Figure 7. Representative RT-PCR derived from mRNA of tissue cell
(A) and PBMC (B) following culture in control groups (control)
and disc herniation groups(patients). RT-PCR for AITRL and B-
actin was performed. The cDNA for B-actin was used as control.
The PCR products of AITRL and B-actin were each 513 bp and 230

bp fragment .
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Tz gAogHY dHHS 3 & ELISAE AAI3 23} SAITR,
SAITRL, 1L-2, IL-6, IL-8, INF-a = A&o] TR} =&

Aow FEHAoY, IL-1b = EATH Aol7F A tH(Table 1).
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Table 1. Quantitative analysis of serum concentrations of
soluble AITR (sAITR), soluble AITRL (sAITRL), IL-2, IL-6, IL-8,
TNF-a and IL-1b between normal control groups (control) and

disc herniation groups(patients).

Control Patients P value
SAITR 10.53 = 8.16 35.22 £ 16.56 0.008
sAITRL 46.29 £ 21.49 000.97 + 272.73 0.009
IL-2 5.96 £ 4.48 28.68 £ 7.01 0.001
IL-6 8.61 = 3.41 29.72 £ 9.35 0.005
IL-8 14.67 £ 5.90 58.57 £ 19.19 0.001
TNF-a 12.08 = 6.43 28.23 £ 9.67 0.032
IL-1b 15.13 £ 1.81 20.50 £ 9.81 0.24

The values are mean * standard deviation (picogram/milliliter)
unless otherwise noted. The p values were determined by

independent-samples ¢ test, level 5%.
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HZ WY 2d T AE g9 2y = $8% 25 A= EA=
AEX FH &A% AlTRChuman, activation inducible tumor
necrosis factor receptor(INFR), GITR : murine, glucocorticoid
induced TNFR)o] 5 @ta ok **  Murine GITRE  TNFR
superfamily?] dFo 2 WY Z4A T AXoA F=2 LAHA T tFE

T MEZTE (CD25CD4Y T, (D8 T, B AFE)olt} AN ZIAE

e

dule glog deA Jow P T NE7t st dee] ¢S

ol\

7tttz RuEch® Human AITRE <1A|o] dupd, dx Ao
Wy oA AITRLE =2 AAS & Wy AHEoA Iy o
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Abstract

The role of AITR and AITRL in the lumbar disc herniation

Moon Soo Park
Department of Medicine

The Graduate School, Yonsei University

( Directed by Professor Soo Bong Hahn )

In the lumbar disc herniation the herniated nucleus pulposus
may be recognized as a foreign-body by the immune system and
this will lead to autoimmune reaction. It was demonstrated that
antagonistic monoclonal antibodies specific for costimulatory
molecules could be used as novel therapeutic agents to block
autoimmune disease progression. Although human activation—
inducible tumor necrosis factor receptor (AITR) and ligand for
AITR  (AITRL) might be considered important costimulatory
molecules in the pathogenesis of autoimmune diseases, their
examination in lumbar disc herniation remains unexplored. The

purpose 1s to investigate whether AITR and AITRL might be
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overexpressed in the lumbar disc herniation.

The study population consisted of 20 patients suffering from
lumbar disc herniation. Five macroscopically normal discs were
obtained from the patients with spinal fracture managed with
anterior discectomy as a control group. Peripheral blood samples
from the patients and control groups were collected during the
same period of this study. The expression levels of AITR and
AITRL were investigated by flow cytometric analysis, confocal
laser scanning microscopy, immunohistochemistry and reverse
transcriptase-polymerase chain reaction (RT-PCR). Serum levels
of soluble AITR and AITRL were measured by an enzyme-linked
immunosorbent assay.

In the flow cytometric analysis of AITR and AITRL the patients
with lumbar disc herniation had significant higher levels than
did normal controls expressed as percentages of cells from disc
tissues and PBMC. We found increased AITR and AITRL expression
in confocal laser scanning microscopy, immunohistochemistry from
the patients with lumbar disc herniation. We did not find
increased AITRL expression in RT-PCR from the normal controls

but found it from the patients with lumbar disc herniation. We
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did not find increased AITR expression in RT-PCR from the normal
controls and the patients with lumbar disc herniation. Soluble
ATTR, AITRL, IL-2, IL-6, IL-8 and TNF-a were elevated in the
patients with lumbar disc herniations but there was no
difference of IL-1b in the normal controls and the patients with
lumbar disc herniation.

AITR and AITRL increased in the herniated disc tissue and
peripheral blood of the patients with lumbar disc herniation,

but decreased in healthy discs.

Key words: lumbar disc herniation, costimulatory molecule
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