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Purpose: Herniated nucleus pulposus fragments are

recognized by the immune system as a foreign-body, which

results in an autoimmune reaction. Human activation-inducible

tumor necrosis factor receptor (AITR) and its ligand, AITRL,

are important costimulatory molecules in the pathogenesis of

autoimmune diseases. Despite the importance of these

costimulatory molecules in autoimmune disease, their role in
the autoimmune reaction to herniated disc fragments has yet

to be explored. The purpose of the present study is to

investigate whether the overexpression of AITR and AITRL

might be associated with lumbar disc herniation. Materials and

Methods: The study population consisted of 20 symptomatic

lumbar disc herniation patients. Ten macroscopically normal

control discs were obtained from patients with spinal fractures

managed with anterior procedures that involved a discectomy.

Peripheral blood samples from both the study patients and

controls were collected. The expression levels of AITR and

AITRL were investigated by flow cytometric analysis, confocal

laser scanning microscopy, immunohistochemistry and by
reverse transcriptase-polymerase chain reaction (RT-PCR).

The soluble AITR and AITRL serum levels were measured by

an enzyme-linked immunosorbent assay. Results: Flow

cytometric analysis revealed significantly higher levels of both

AITR and AITRL in the lumbar disc herniation patients than

in the controls. The AITRL expression levels were also

increased in patients with lumbar disc herniation, shown by

using confocal laser scanning microscopy, immunohisto-

chemistry, and RT-PCR. Finally, soluble AITR and AITRL

were elevated in the patients with lumbar disc herniations.

Conclusion: The AITR and AITRL are increased in both the

herniated disc tissue and the peripheral blood of patients with

lumbar disc herniation.
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INTRODUCTION

Lumbar disc herniation is one of the most

common orthopaedic conditions to cause low back

pain and/or sciatica,1 which may be caused by an

inflammatory response to tissue injury or to a

direct chemical irritation.2 However, it has recently

been discovered that the nucleus pulposus can be

recognized as a foreign-body by the immune

system, inciting an autoimmune reaction3-6 which

is mediated by pathologically autoreactive T cells.

Preventing these autoreactive T-cells from running

amok are the regulatory cells, called CD4
+
CD25

+

T cells, which play an essential role in preventing

and suppressing autoimmunity.7,8

AITR (Activation-Inducible Tumor necrosis

factor Receptor) and AITRL (AITR Ligand) are

both costimulatory molecules, which are pairs of

molecules that interact with each other and are

expressed at high levels on the surface of CD4+

CD25
+
T cells.

9
When these costimulatory mole-

cules are activated, they inhibit the ability of the

CD4+CD25+ T cells to suppress the autoreactive

T-cells.10 This results in an increased autoimmune

response.

There is considerable evidence with animal-
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models to support that these costimulatory

molecules are important in autoimmunity. The

GITR (Glucocorticoid-Induced Tumor necrosis

factor Receptor) is the mouse equivalent of the

human AITR. Antagonistic and agonistic monoclonal

antibodies, specific to GITR, have been therapeuti-

cally used to both block and promote autoim-

mune disease progression in animal models.9-12

Although AITR and AITRL are considered to

play an important role in the pathogenesis of

autoimmune diseases, their role in lumbar disc

herniation has yet to be explored. The purpose of

the present study is to determine if AITR and

AITRL are overexpressed in symptomatic lumbar

disc herniation patients.

MATERIALS AND METHODS

Clinical samples

The Institutional Review Board approved the

present study and all of the patients provided

their informed consent. The study population

consisted of 20 patients who were suffering from

herniated lumbar nucleus pulposus. These patients

were classified as the patients group. In order to

be included in the study, a patient had to have a

diagnosis of sciatica with predominantly radicular

symptoms, which is defined as having more

lower-extremity symptoms than back or buttock

symptoms, and a confirmation of disc herniation

by preoperative magnetic resonance imagery.

Surgery was offered to the patient if they did not

recover after six weeks of nonoperative treatment,

had intolerable sciatica, or had severe neurological

loss, such as motor loss or symptoms or signs of

cauda equina syndrome. In addition, the symptoms

had to be attributable to a single intervertebral

disc level, and the patient had to agree to return

for follow-up examinations according to the

protocol. The average age at the time of surgery

in the disc herniation group was 35.0 years,

ranging from 22 to 54 years. The 20 patients (12

men and 8 women) in this group had on average

a symptom duration of 47.8 days (Table 1). The

types of disc herniation in the patient group were

either extrusion or sequestration.

Our controls were ten macroscopically normal

discs obtained from patients with spinal fractures

that were managed with an anterior discectomy.

All ten patients had magnetic resonance images to

confirm that their discs were not herniated,

degenerated, or otherwise injured by the fracture.

Peripheral blood samples were collected from

both the patients and the healthy controls during

the same period of time. Immunohistochemistry

was performed on the fresh specimens following

surging. The average age at the time of surgery

in the normal control group was 33.4 years,

ranging from 23 to 52 years. There were 7 men

and 3 women. The age and gender of the normal

control group were matched to those of the disc

herniation group (Table 1).

Cell isolation

Various immune cells (infiltrated T cells, CD4+

CD25+ regulatory T cells, B cells, and dendritic

cells such as macrophages and monocytes) and

tissue cells (fibroblasts from the annulus fibrosus)

were separated from the disc tissue. The chondro-

genic nucleus pulposus cells could not be obtained

from the disc tissue samples. Markers, such as

CD4, CD8, CD19, CD14, CD25, CD55, and CD68,

were identified from various immune and tissue

Table 1. Clinical Information about Age, Gender and Duration of Symptom in the Normal Control Groups

(Control) and disc Herniation Groups (Patients)

Control (n = 10) Patients (n = 20)

Age (yrs) 33.40 ± 8.71 (23 - 52) 35.00 ± 9.75 (22 - 54)

Male/female (n) 7/3 12/8

Duration of symptoms (days) 47.85 ± 6.70

Values are mean ± SD.
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cells as well as from the disc tissue samples

during the flow cytometric analysis after tissue

disaggregation. Peripheral blood mononuclear

cells (PBMC) were isolated from freshly drawn

heparinized peripheral venous blood using the

Ficoll-Hypaque density gradient centrifugation

method.

Antibodies

Monoclonal antibodies (mAbs) against AITR

(anti-AITR mAb; clone 621) and AITRL (anti-

AITRL mAb; clone CE2) were purchased from

ImmunoMics (Ulsan, Korea). Anti-AITR and anti-

AITRL mAbs were conjugated with fluorescein-

isothiocyanate (FITC). Phycoerythrin (PE)-conju-

gated mAbs (mouse IgG1) directed against CD4,

CD8, CD19, CD 14, CD55, CD68, and Cy-conjugated

mAbs (mouse IgG1) against CD25 were used. The

FITC, PE- and Cy-conjugated mouse IgG1 antibodies

were used as controls (R&D Systems, Minneapolis,

MN, USA).

Flow cytometric analysis

The disc cells and PBMC were subjected to

two-color flow cytometry in order to determine

the expression profiles of AITR and AITRL. The

disc cells and PBMC were stained with FITC-

conjugated anti-AITR or anti-AITRL mAbs and

with the PE-conjugated mAbs to the T cell marker;

CD4 and CD8, B cell marker; CD19, monocyte

marker; CD14, dendritic cell marker; CD68, and

fibroblast marker; CD55. Using two-color flow

cytometry on the FACSCalibur and CELLQuest

(Beckton Dickinson, Mountain View, CA), the

proportion of AITR+ and AITRL+ cells and the

mean fluorescence intensities (MFI) of the AITR or

AITRL antigen on the specific cell subsets were

analyzed. The absolute number of both specific

cell subsets was calculated from their proportions.

The PBMC was also stimulated with the anti-CD3

monoclonal antibody (OKT3) and flow cytometric

analysis was then performed to obtain a clear

distinction between the expression levels of the

patients and control groups.

Confocal laser scanning microscopy

The disc cells, which are the fibroblast from the

annulus fibrosus, were cultured in a monolayer

for one week. The slides were briefly washed,

blocked, and stained with both FITC-conjugated

anti-AITR mAb and anti-AITRL mAb. These

slides were analyzed using confocal laser

scanning microscopy (LSM 510, Carl Zeiss,

Heidelberg, Germany), which was equipped with

Ar and HeNe lasers. The control mAbs were

FITC-conjugated anti-mouse IgG, with the same

concentrations in each assay.

Immunohistochemistry

Disc tissues were separately snap-frozen in the

Tissue-Tek OCT (Miles Diagnostics, Elkhart, IN,

USA) and were stored at -80 until assayed.

Cryostat sections 6 micrometers thick were

mounted onto glass slides, boxed, and stored at

-20 until used for immunological analysis. AITR

and AITRL signals were revealed as a substrate

according to the instructions provided with the

Histostain-Plus Kit (Zymed Laboratories, South

San Francisco, CA, USA). Finally, the slides were

counterstained with hematoxylin and sealed with

Aqueous Mounting Media (Zymed). Control

mAbs were anti-mouse IgG, with the same con-

centrations in each assay.

Reverse transcriptase-polymerase chain reaction

The mRNA expression of AITR and AITRL were

determined by reverse transcriptase-polymerase

chain reaction (RT-PCR). The total RNA was ex-

tracted from freshly isolated disc cells in a

monolayer culture and from the PBMC using the

RNeasy kit (Qiagen, Countaboeuf, France) fol-

lowing the manufacturer's instructions. The single-

strand cDNA was synthesized by using 1 micro-

gram of the total RNA for reverse-transcription

using an oligo-dT primer (GenoTec, Korea).

Soluble serum AITR and AITRL

Serum levels of soluble AITR and AITRL were

measured by an enzyme-linked immunosorbent

assay (ELISA). Purified human recombinant AITR-

GST mAb or AITRL-GST mAb (Immunomics) were

used as standards.
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Cytokine assay

ELISA kits for inflammatory cytokines, such as

interleukin-1-b (IL-1 ), interleukin-2 (IL-2), interβ -

leukin-6 (IL-6), interleukin-8 (IL-8), and tumor

necrosis factor-alpha (TNF- ), were purchasedα

from R&D systems. Serum samples of the patients

and the healthy controls were analyzed with these

kits. The ELISA was conducted according to the

manufacturer's protocol. Cytokine levels were

expressed as the number of picograms of each

factor per milliliter of sample homogenate.

Statistical analysis

Statistical analysis was performed with SPSS 10

software. An independent-samples t test was used

to compare variables. The data from the patients

and control groups were checked first for equal

variances, and the p value was confirmed according

to the equality of these variances. A p value less

than 0.05 was considered significant.

RESULTS

Flow cytometry

The herniation patients had significantly higher

levels of AITR and AITRL than did the controls;

these levels are expressed as the percentages of

cells from the disc tissue (mean ± SD), AITR: 12.15

± 5.16% versus 6.84 ± 1.76%, p < 0.05, AITRL: 39.43

± 8.57 versus 18.71 ± 5.56%, p < 0.05) (Fig. 1). The

same was true for the percentages of PBMC (AITR:

resting state 10.36 ± 5.51% versus 2.18 ± 1.05%, p <

0.05, stimulated state 27.79 ± 8.54% versus 10.30 ±

3.56%, p < 0.05, AITRL: resting state 23.15 ± 3.78%

versus 17.02 ± 4.57%, p < 0.05, stimulated state

45.00 ± 10.75% versus 24.96 ± 4.75%, p < 0.05) (Fig.

2).

The flow cytometric analysis demonstrated that

the patients with lumbar disc herniations had

statistically higher levels of dendritic cells, in-

cluding macrophages, than did the controls, when

expressed either as a percentage of cells from the

disc tissue (12.11 ± 3.84% versus 6.26 ± 1.14%, p <

0.05) or by the PBMC (resting state 8.21 ± 2.48%

versus 0.63 ± 0.31%, p < 0.05, stimulated state

13.56 ± 5.99% versus 0.79 ± 0.42%, p < 0.05) (Fig. 3).

In addition, the disc herniation patients had

statistically lower levels of CD4+CD25+ regulatory

T cells when compared with the controls,

whether it is expressed either as a percentage of

cells from the disc tissue (0.07 ± 0.09% versus 1.72

± 0.48%, p < 0.05) or by the PBMC (resting state

1.15 ± 1.02% versus 4.80 ± 1.82%, p < 0.05, stimulated

state 7.51 ± 1.01% versus 17.03 ± 3.17%, p < 0.05)

(Fig. 4).

Fig. 1. Expression of AITR and AITRL in the disc cells. In
the flow cytometric analysis the patients with lumbar disc
herniation (patients) had significantly higher levels than
the normal controls (control), which is expressed as the
percentages of cells from the disc tissue (mean ± SD),
AITR: 12.15 ± 5.16% versus 6.84 ± 1.76%, p < 0.05, AITRL:
39.43 ± 8.57 versus 18.71 ± 5.56%, p < 0.05).

Fig. 2. Expression of AITR and AITRL in the PBMC. In
the flow cytometric analysis of AITR and AITRL, the
patients with lumbar disc herniation (patients) had signif-
icantly higher levels than did normal controls (control)
expressed as percentages of peripheral blood mononu-
clear cells (PBMC) (mean ± SD, AITR: resting state 10.36
± 5.51% versus 2.18 ± 1.05%, p < 0.05, stimulated state
27.79 ± 8.54% versus 10.30 ± 3.56%, p < 0.05, AITRL: resting
state 23.15 ± 3.78% versus 17.02 ± 4.57%, p < 0.05, stimu-
lated state 45.00 ± 10.75% versus 24.96 ± 4.75%, p < 0.05).
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No significant differences could be found

between the patients and the controls for the

other cell markers, such as CD4, CD8, CD19, and

CD55, from the disc tissue cells or the PBMC.

Confocal laser scanning microscopy

AITR and AITRL expression was apparent on

the herniated disc cells (Fig. 5), but not on the

control discs.

Immunohistochemistry

There was increased expression of AITRL and

slightly increased expression of AITR on the

herniated disc cells, but not in the controls (Fig. 6).

The expression of AITRL mRNA was in creased

in the patients when compared to the controls, but

there was no difference in AITR mRNA expression

between the two groups (Fig. 7).

Mean serum concentrations of soluble AITR,

soluble AITRL, IL-2, IL-6, IL-8, and TNF- wereα

significantly higher in the herniation patients,

whereas no significant differences in the serum

Fig. 5. AITR and AITRL in patients with lumbar disc
herniation (patients group) expressed by confocal laser
microscopy. Many round-shaped cells expressing AITR
and AITRL are evident. Confocal laser microscopic
staining × 200.

Fig. 6. AITR and AITRL, expressed by immunohistochemical
staining, in the disc tissue of the patients with spinal
fracture which was managed with anterior discectomy as
a control group of healthy individuals (control group) and
the patients with lumbar disc herniation (patients group).
Many spindle-shaped cells expressing AITR and AITRL
are evident inside the disc tissue. Immunohistochemical
staining × 200.

Fig. 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 macro-
phages, than did the normal controls (control), when
expressed either as percentages of cells from disc tissue
(mean ± SD), 12.11 ± 3.84% versus 6.26 ± 1.14%, p < 0.05)
or as the peripheral blood mononuclear cells (PBMC)
(resting state 8.21 ± 2.48% versus 0.63 ± 0.31%, p < 0.05,
stimulated state 13.56 ± 5.99% versus 0.79 ± 0.42%, p <

0.05).

Fig. 4. Expression of CD4+CD25+ T cells in the flow cyto-
metric analysis. The patients with lumbar disc herniation
(patients) had statistically lower levels of CD4+CD25+ T
cells than did normal controls (control), when expressed
either as percentages of cells from disc tissue (mean ± SD,
0.07 ± 0.09% versus 1.72 ± 0.48%, p < 0.05) or peripheral
blood mononuclear cells (PBMC) (resting state 1.15 ±
1.02% versus 4.80 ± 1.82%, p < 0.05, stimulated state 7.51 ±
1.01% versus 17.03 ± 3.17%, p < 0.05).
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concentration of IL-1 could be found betweenβ

the patients and control groups (Table 2).

DISCUSSION

Although AITR and AITRL play important roles

in the pathogenesis of autoimmune diseases, their

roles in symptomatic lumbar disc herniation have

not yet been investigated. The aim of the present

study is to investigate whether AITR and AITRL

are overexpressed in lumbar disc herniation

patients.

The discs and PBMC from patients with symp-

tomatic herniations were found to have signifi-

cantly higher levels of AITR and/or AITRL than

matched controls. These findings are based on the

results of flow cytometry, confocal laser scanning

microscopy, immunohistochemistry, and RT-PCR.

The herniated disc patients had a higher percentage

of macrophages and lower levels of CD4+CD25+

regulatory T cells. Mean serum concentrations of

soluble AITR, soluble AITRL, IL-2, IL-6, IL-8, and

TNF- were significantly higher in the patientsα

with lumbar disc herniations than in the controls.

These results confirm and expand the findings

of other investigators. The herniated nucleus

pulposus may be recognized as a foreign-body by

the immune system, resulting in an autoimmune

reaction.3-6 Antigen-antibody complexes (IgG, IgM)

seem to be commonly present in herniated disc

tissue, but not in healthy discs.3,4 Patients with

lumbar disc herniation show a significant increase

in preoperative serum IgG and IgM levels, which

decrease post-operatively.5,6 Macrophages have

been found to be abundantly present in acute and

chronic lumbar disc herniations.13 Activated T

cells and B cells are found in acute lumbar disc

herniations.13 Inflammatory cytokines, such as

TNF- , vascular endothelial growth factor (VEGF),α

basic fibroblast growth factor (BFGF), prostaglandin

E2, interleukin-1-alpha (IL-1 alpha), IL-8, and

matrix metalloproteinase-3 (MMP-3), are overex-

pressed in herniated lumbar disc tissue.14-16 The

Table 2. Quantitative Analysis of Serum Concentrations of Soluble AITR (sAITR), Soluble AITRL (sAITRL), IL-2,

IL-6, IL-8, TNF- and IL-1 in Normal Control Groups (Control) and Disc Herniation Groups (Patients)α β

Control group Patients group p value

sAITR 10.53 ± 8.16 35.22 ± 16.56 0.008

sAITRL 46.29 ± 21.49 500.97 ± 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-α 12.08 ± 6.43 28.23 ± 9.67 0.032

IL-1b 15.13 ± 1.81 20.50 ± 9.81 0.24

Values are mean ± SD (Picogram/milliliter).

Fig. 7. Representative RT-PCR derived from mRNA of
tissue cells (A) and PBMC (B) following culture in control
groups (control) and disc herniation groups (patients).
RT-PCR for AITRL and -actin was performed. Theβ
cDNA for -actin was used as the control. The PCRβ
products of AITRL and -actin were 513β bp and 230 bp
fragments, respectively.

B

A
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autoimmune reaction related with AITR and

AITRL might briefly initiate the inflammatory

reactions, resulting in the resorption of the

herniated disc.

Pathologic, autoreactive T cells are responsible

for autoimmune reactions. Autoimmunity is nor-

mally prevented by another type of T cells, which

are a lineage of the CD4+CD25+ regulatory T-cells,

that suppress pathologic T cells.7,8 Both the AITR

and AITRL have been shown to interact with one

another in order to inhibit these autoimmunity-

suppressing CD4+CD25+ regulatory T cells.10,17

Furthermore, blocking these costimulatory molecules

restores the capacity of the CD4+CD25+ regulatory

T cells to suppress the pathogenic, autoreactive T

cells, thereby preventing autoimmunity.17-20

The disc is immune privileged and, once the

disc is herniated, the body identifies it as foreign

leading to an autoimmune reaction.3-6 The cellular

elements of the disc must rely on a diffusional

system with the vessels that lie adjacent to the

disc, because the normal adult disc is avascular.

Likewise, antibodies need to be delivered to the

disc tissue by diffusion in order to incite the

autoimmune reactions along with the ingrowth of

granulation tissue and blood vessels. In a similar

fashion, AITR and AITRL might be increased in

both the disc tissue and PBMC in patients with a

lumbar disc herniation.

However, one limitation of this study is that all

of the data were obtained from patients who

required operative treatment of their lumbar disc

herniations, whereas the vast majority of patients

improve spontaneously. Another limitation of this

study is that the data of the control group were

obtained from patients with spinal fractures

during the anterior discectomy and fusion as the

second-stage operation for circumferential fusion.

Even though the tissue was harvested from patients

with spinal fractures in the subacute phase, they

were not healthy controls. Also, the herniated

nucleus pulposus lies somewhere in the spectrum

between organ specific and non-organ specific

autoimmune diseases. The exact position in this

spectrum is impossible to determine based on the

data in this study.

This may be the first study to demonstrate that

patients with lumbar disc herniation have a sig-

nificantly increased AITR and AITRL expression

in herniated disc tissue and in peripheral blood.

This phenomenon was not observed in healthy

control groups, suggesting that the increased

expression of AITR and AITRL might play a

specific pathogenic role in lumbar disc herniation.

These results suggest the intriguing possibility of

using biological agents, such as AITR blocking

antibodies to treat symptomatic disc herniations.

Both the AITR and AITRL increased in the

herniated disc tissue and peripheral blood of the

patients with lumbar disc herniation, but decreased

in the healthy controls. These costimulatory

molecules could be considered to play a special

role in the pathogenesis of lumbar disc herniation.
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