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Effects of etanercept, a tumor necrosis factor receptor
fusion protein, on primary cell cultures prepared
from intact human intervertebral disc tissue
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Abstract. The aim of the present study was to investigate the
effects of etanercept (ETA), a tumor necrosis factor (TNF)
inhibitor, on human cell cultures prepared from intact inter-
vertebral disc tissue. ETA is used as a treatment for cases of
rheumatoid arthritis, psoriatic arthritis, axial spondyloarthritis
and ankylosing spondylitis accompanied by moderate or severe
joint pain. ETA was applied to primary cell cultures [annulus
fibrosus and nucleus pulposus (NP) from intact intervertebral
disc tissue]. Cell cultures without ETA treatment served as the
control group. Morphological and quantitative molecular anal-
yses of the two groups were performed. The number of viable
cells and cell proliferation decreased in the ETA-treated cultures
as compared with those in the control group. Furthermore, in
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the treatment group, the chondroadherin gene, an NP-specific
marker, was not expressed after 24 h. By contrast, the cartilage
oligo matrix protein was expressed 24, 48 and 72 h post-ETA
treatment, while its expression was significantly lower than that
in the control group. In addition, the expression of interleukin-1f3,
as well as matrix metallopeptidase-7 and -19, was markedly
decreased. Overall, the cell proliferation and gene expression in
the ETA-treated cells were significantly different from those in
the control group (P<0.05). These results suggest that the treat-
ment duration and dosage of TNF inhibitors, which are used
to suppress active inflammation, should be considered in the
clinical setting. These biological agents may delay the healing
of intervertebral disc tissue damage by slowing cell proliferation
and altering gene expression via anabolic and catabolic path-
ways.

Introduction

Tumor necrosis factor (TNF) increases the release of
pro-inflammatory cytokines, including collagenase, leading
to bone and cartilage resorption, as well as prostaglandin-E2,
granulocyte-macrophage colony-stimulating factor and inter-
leukins (ILs), with IL-f3, -6, and -8 causing the induction of
chemotaxis. In addition, TNF-a has a major role in numerous
other processes, including the activation of endothelial cells
through adhesion molecules; the stimulation of macrophages,
T cells and B cells; and the activation of maturing dendritic cells
by altering the cell surface structure (1).

Biological disease-modifying antirheumatic drugs
(DMARD:s) block specific pathways and signals of inflam-
mation (2). As alternatives, anti-TNF drugs, including
infliximab, adalimumab and etanercept (ETA), have gained
popularity in recent years as a treatment for common diseases
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(e.g., theumatoid arthritis, ankylosing spondylitis and psoriatic
arthritis) encountered in rheumatology practice that are unre-
sponsive to DMARD:s (2).

In the last decade, much research has focused on the effects
of ETA on spinal and cranial pathologies in the field of neuro-
surgery (3-7). For instance, the use of ETA has been extensively
investigated in spinal epidural fibrosis in a post-laminectomy
rodent model (3), in subarachnoid hemorrhage (4), in
Alzheimer's disease (5) and in partial spinal cord injury (6)
in live mammals. ETA functions as a soluble TNF receptor
fusion protein (p75 + immunoglobulin G) that blocks TNF-a
and is effective in distinct stages of inflammation in rheumatic
diseases (7). Antibodies against anti-TNF drugs reduce the
effectiveness of these drugs and increase the risk of serious side
effects. The average half-life of ETA, a lymphotoxin-binding
agent, is 102 h, without any effects of lysing TNF-expressing
cells. In controlled trials, the administration of ETA at higher
doses did not cause any change in the dose-response profile,
but increased dose-associated side effects (7). For this reason, a
dose not exceeding 50 mg per week is recommended for clinical
applications of ETA (7).

Certain drugs may accumulate in the body tissues of
patients, and numerous studies have reported on the cytotoxic
effects of accumulating drugs in the body (8-10). In terms of
ETA, studies suggested that it may cause cerebral tumefactive
demyelinating lesions (11), mycotic intracranial aneurysms (12)
and cerebral abscess development (13). However, to the best of
our knowledge, no previous study has focused on the positive
or negative effects of this pharmacological agent on interver-
tebral disc tissue. Therefore, the aim of the present study was
to investigate the effects of ETA on primary nucleus pulposus
(NP) and annulus fibrosus (AF) cell cultures at the cytological
and molecular level.

To evaluate the effects of ETA on cells from intervertebral
disks in the present study, the expression levels of chondroad-
herin (CHAD), an NP-specific marker (9,14), were examined.
Furthermore, the levels of the cartilage oligo matrix protein
(COMP) (15), which is involved in intervertebral disc catabolic
metabolism, were determined. In addition to these markers, the
levels of matrix metallopeptidase (MMP)-7 and MMP-19 were
examined using reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) (16-21). MMP-7 and MMP-19 have a
role in remodeling of the intervertebral disc and the extracellular
matrix structure, as well as in the catabolic pathways of these
tissues. In addition, the gene expression levels of IL-1f} (22-25),
the major pro-inflammatory cytokine of the intervertebral disc,
were examined.

Materials and methods

Materials. ETA (Enbrel®; Pfizer, Inc., New York, NY, USA) at
a dose of 50 mg was used. A RT-qPCR PureLink™ RNA Mini
kit (cat. no. 12183020), High-Capacity complementary (c)DNA
Reverse Transcription kit (cat. no. 4368814), TagMan® Gene
Expression Assay (FAM,; cat. no. 4331182), CHAD TagMan®
Gene Expression Assay (ID, Hs00154382_ml), COMP
TagMan® Gene Expression Assay (ID, Hs00164359_m1),
MMP-7 TagMan® Gene Expression Assay (ID, Hs01042796_
ml), MMP-19 TagMan® Gene Expression Assay (ID,
Hs00418247_gl), IL-1p TagMan® Gene Expression Assay (ID,

Hs01555410_m1), B-actin TagMan® Gene Expression Assay
(ID, Hs01060665_g1) and TagMan Fast Advanced Master
Mix (cat. no. 4444557) were all procured from Thermo Fisher
Scientific Inc. (Waltham, MA, USA).

Criteria for the inclusion or exclusion of the tissues obtained
from the patients. Exclusion criteria for tissue collection were
any pathology affecting the nervous system (e.g., human
immunodeficiency virus infection), a weak immune system
due to ill health, hepatitis B, severe nerve impairment, seizures,
any numbness or tingling sensations, multiple sclerosis or
Guillain-Barré syndrome; as previously explained, adverse
effects may become more evident in such patients (26,27). Of
the tissues obtained, those from six patients were excluded due
to the following reasons: Diagnosis of diabetes and treatment
with anti-diabetic drugs (n=2); cardiac insufficiency (n=1); use
of drugs, such as DMARDs (n=1); and use of anakinra (n=1I) or
abatacept (n=1) within the last 6 months.

Preparation of cell cultures from human primary interver-
tebral disc tissue. A total of six patients with a mean age of
35+3.37 years who were admitted to the emergency depart-
ment of Training and Research Hospital of Namik Kemal
University (Tekirdag, Turkey) between December 2017 and
April 2018 due to spinal trauma and had undergone imaging
and neurological examinations were included. All of the
patients were diagnosed with traumatic lumbar intervertebral
disc herniation and associated spinal cord edema and spinal
instability based on magnetic resonance imaging. The patients
were operated in the prone position under general anesthesia.
Following a midline skin incision, the paravertebral muscles
were sub-periosteally scraped to reach the traumatized area.
Spinal fusion was performed through a laminectomy, traumatic
disc hernia excision and the application of a transpedicular
screw-rod system in the area where the spinal cord compression
was detected. Following resection of intact intervertebral disc
tissue, the tissue was placed in sterile containers containing
penicillin-streptomycin (5%) and Dulbecco's modified Eagle's
medium (DMEM; cat. no. D5523; Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany). The samples were then trans-
ferred to the laboratory at 4°C. Subsequently, the cultures were
prepared in accordance with the protocol for the preparation of
standard primary cell cultures (9,14,28-30). Confluent primary
cell cultures were passaged. In the third passage, the cells were
stained with trypan blue and counted under an inverted light
microscope. The counted cells were plated at 1.4x10* cells per
well in 96-well plates, 3.6x10* cells per well in 24-well plates
and 3.9x10° cells per dish in Petri dishes (100 mm) for the MTT
viability assay, inverted light microscopy and acridine orange
(AO)/propidium iodide (PI) assays, as well as histopathological
evaluation, respectively. After overnight incubation, drugs were
added to perform experiments on the cell cultures that became
confluent and adhered to the cell culture plates or dishes.

ETA treatment of the cell cultures. Human primary intact AF/NP
cell cultures that were left untreated with ETA served as a control
group. The ETA stock solution (concentration, 50 mg/ml) was
prepared by adding DMEM. To determine the ETA dose to be
applied to the samples in the experimental groups, dose-response
curves were generated for the determination of a suitable ETA
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dose, which would not be toxic prior to commencement of the
experiments. Solutions containing different concentrations of
ETA (0.1,0.25,0.5, 1 and 2 mg/ml; 1 ml volume) were prepared
by adding DMEM to 50 mg/ml of ETA stock solution for use
in the dose-response curve studies. The ETA solutions with
concentrations of 0.1, 0.25, 0.5, 1 and 2 mg/ml were added to
the respective cell cultures. To determine cell viability, the
MTT assay was used as a preliminary experiment. The cell
proliferation was completely inhibited at doses of >0.5 mg/ml.
For this reason, 10 ul ETA solution with a final concentration of
0.5 mg/ml/well, which still allowed for cell proliferation, was
administered to the experimental group of AF/NP cell cultures.

Inverted light/fluorescence microscopy, AO/PI and Giemsa
staining. Cell surface morphologies were examined under
magnifications of x4, x10, x20 and x40 using an inverted
light microscope (model no. CKX41; Olympus, Tokyo, Japan).
Photomicrographs of cell organization were obtained and
analyzed during the confocal/contrast phase using Olympus
Cell Soft Imaging System software (Cell A 5.1; Olympus).
A fluorescent microscope (DM 2500; Leica Microsystems,
Wetzlar, Germany) was used for analysis of AO/PI staining.

To determine cell viability and confirm the results of the
MTT assay, nucleic acid binding dyes (AO and PI) were used.
AO generates green fluorescence and stains all nucleated cells,
irrespective of whether alive or dead. PI stains nucleated cells
but is only able to enter dead cells with poor membrane integrity
and generates red fluorescence. To prepare the AO/PI stain, 4 mg
AO (dissolved in 2 ml of 99% ethanol), 10 g sodium-EDTA,
4 mg PI and 50 ml fetal bovine serum (cat. no. 10270; Gibco;
Thermo Fisher Scientific, Inc. Waltham, MA, USA) were thor-
oughly mixed, and sterile distilled water was added to reach a
final volume of 200 ml (9,14,29,31). To stain the cultures, the
cell culture medium was discarded, and AO/PI stain was added
to cover the surface of the plates, followed by incubation for
10 min in the dark and subsequent monitoring using a fluores-
cent microscope.

No toxic effect from the ethanol was observed due to the
short administration time and because AO/PI dye contains <1%
ethanol. A number of studies have previously reported that cell
death observed following such ethyl alcohol administrations are
not caused by ethanol, but are caused by the drug applied (32,33).
In addition, spontaneous apoptotic cell death has been demon-
strated to occur even if no administration is performed in the
culture medium. Therefore, >100 cells were counted through a
microscope in the experimental groups and apoptotic cell death,
if it was >5%, was reported to be due to the applied drug.

For Giemsa staining, the cells in the petri dishes were fixed
with a glutaraldehyde (8%) and cacodylate buffer (25%) solution
for histopathological evaluation and then stained with Giemsa.
Images were captured under a light microscope at a magnifica-
tion of x20.

Cell viability analyses using MTT assay. The MTT assay
was performed using a commercial kit (Vybrant MTT Cell
Proliferation Assay; cat. no. V-13154; Cell Biolabs, San Diego,
CA, USA). In brief, 1 ml MTT stock solution (5 mg/ml) was
prepared with sterile PBS. After the abovementioned treatments,
the cell culture medium was discarded and 100 ul of this MTT
stock solution was added to each well, followed by incubation

for 4 h in a 5% CO, incubator. Subsequently, 50 ul of the solu-
tion in each well was discarded and 25 ul dimethyl sulfoxide
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was added
to each well. Following incubation for 15 min in an incubator
at a temperature of 37.4°C with 5% CO, to stop the reaction,
analyses were performed at 570 nm wavelength with a spec-
tral photometer (UV Mini 1240-UV-V15 Spectrophotometer;
Shimadzu, Kyoto, Japan).

RT-gPCR analysis. RNA isolation from primary cultured cells
was performed using the PureLink™ RNA Mini kit (cat. no.
12183018A; Thermo Fisher Scientific, Inc.). The amount of
RNA obtained from all of the samples was determined spectro-
photometrically. cDNA was then synthesized by RT of 100 ng
RNA. An Applied Biosystems High-Capacity cDNA Reverse
Transcription kit (cat. no. 4368813) was used to perform RT.
Changes in the expression of CHAD, COMP, MMP-7, MMP-19
and IL-1p genes were analyzed using RT-qPCR with TagMan®
Gene Expression Assay (FAM) Kkits in accordance with the
manufacturer's protocol. f-actin was used as the internal
control gene (housekeeping gene). The expression of each gene
was normalized to that of B-actin in the same cell culture.
Pre-test cultures without ETA application (group 1, O h) were
used as reference samples and their gene expression levels were
quantified using the 2"*2“9 method and were set as 1 for relative
quantification (RQ) of the expression of the analyte genes (34).
At 24, 48 and 72 h, the fold change in gene expression was
calculated as the RQ.

Statistical analysis. Statistical analyses were performed using
SPSS software (version 20.0; IBM Corp., Armonk, NY, USA).
Continuous variables were presented as the mean + standard
deviation. Analysis of variance was performed to assess whether
there were significant differences among multiple groups,
followed by Tukey's honestly significant difference post-hoc test
for multiple pairwise comparisons. P<0.05 was considered to
indicate statistical significance.

Results

ETA decreases the proliferation and viability of AF/NP cells.
Confluent primary cultures were trypsinized and detached cells
were cultivated in experimentally appropriate culture dishes
after centrifugation. After 24 h of incubation, the first-passage
cultures were obtained and ETA administration was commenced.
Representative microscopy images of the cells are provided in
Fig. 1. A phase contrast microscopy image (magnification, x10)
of the cultures at 0 h is presented in Fig. 1 A. In these cultures, the
cells were attached and began to proliferate, and no cell death
resulting from passaging was observed (AO/PI staining; x10
magnification; Fig. 1B). The results of Giemsa staining (magni-
fication, x40) at O h are displayed in Fig. 1C. As displayed in the
subfigures, the cell viability in the control group continued to
increase after 24, 48 and 72 h (P<0.05). Phase contrast micros-
copy, AO/PI staining and Giemsa staining images of the control
group cultures at 24 h are displayed in Fig. 1G-I, those at 48 h
are displayed in Fig. IM-O, and those at 72 h are displayed in
Fig. 1S-U, respectively. Likewise, phase contrast microscopy,
AO/PI staining and Giemsa staining images of the cultures
treated with ETA for 24 h are displayed in Fig. 1D-F, those
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Figure 1. (A-U) Photomicrographs of samples obtained using inverted light or fluorescence microscopes. (A, D, G, J, M, P and S) The first column displays
images for each experimental group recorded using an inverted light microscope. (B, E, H,K, N, Q and T) Acridine orange/propidium iodide staining results of
the same cultures are provided in the second column. Apoptotic cells with a red nucleus (or whole body) and green cytoplasm are indicated with white arrows.
(C,F, I,L, O, R and U) Giemsa staining of the same cultures, provided to better reflect the cell and extracellular matrix organization, is presented in the third
column (scale bar, 250 ym). ETA, etanercept.
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Table I. Assessment of the cell viability of intact tissues following etanercept treatment.

Group Oh 24 h 48 h 72h
Control 0.271+0.03 0.285+0.01 0.315+0.01 0.418+0.05
Etanercept-treated 0.271+0.03 0.279+0.05* 0.308+0.02¢ 0.307+0.01*

“P<0.05 vs. the etanercept-treated group at O h. The values provided are the optical densities of the cells.

RT-PCR

RQ (fold)

" Control 0h Control 24h

Control 48 h

ECHAD

B COMP

WIL-1f

W MMP-T
@ MMP-19

Control 72 ETA 72h

ETA 48h

Groups

Figure 2. RQ values obtained using RT-qPCR analysis. Cultures were prepared from the tissues of intact intervertebral discs (n=6) resected from patients and
treated with or without ETA. The expression of CHAD, COMP, IL-18, MMP-7 and MMP-19 was assessed at 0, 24,48 and 72 h. "P<0.05 vs. intact intervertebral
disc tissue (control) at 0 h. CHAD, chondroadherin; COMP, cartilage oligomatrix protein; IL, interleukin; MMP, matrix metallopeptidase; RQ, relative
quantification; ETA, etanercept; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

treated with ETA for 48 h in Fig. 1J-L, and those treated with
ETA for 72 h in in Fig. 1P-R, respectively. In the control group
cultures, continuous cell proliferation was evident; cells main-
tained their specific morphology. Also, no apoptotic cell death
was observed in these cultures. However, in the cultures treated
with ETA, the cell viability was suppressed, and certain cells
underwent apoptotic cell death (P<0.05). With the incubation
time progressing, the amount of apoptotic cell death increased,
as revealed by AO/PI staining (Fig. 1K and Q, white arrows).
Morphological analysis indicated that the ETA-treated cells
exhibited a response typical for that to exposure to cytotoxic
agents (i.e. a rounder shape and a tendency to become detached
from the flask surface; Fig. 1D, J and P).

The results of the MTT assay confirmed the morphological
observations (Table I). They revealed that the cell proliferation
increased with time in the control group, whereas the prolifera-
tion was suppressed in the cultures treated with ETA (P<0.05;
Fig. 1 and Table I).

ETA decreases the expression of genes in AF/NP cells. The RQ
values obtained for the experimental group are presented in
Fig. 2. In the 24-h cultures of the control group, CHAD expres-
sion was lower than that of the reference sample (RQ=0.65)
but increased over time, with RQ=2.06 and 3.57 after 48 and

72 h, respectively (P<0.05). In the ETA-treated cells, CHAD
expression was absent after 24 h of incubation. After 48 and
72 h, CHAD expression in the ETA-treated cells was ~13- and
~9-fold lower, respectively, compared with that in the control
group (P<0.05). Similar results were obtained for COMP, IL-1§3,
MMP-7 and MMP-9 expression in the ETA-treated samples.
COMP expression in the cultures was lower than that in the
control group (~4-, ~4.6- and ~5-fold after 24, 48 and 72 h,
respectively). In comparison, the decrease in IL-1§ expression
was greater, with the expression of this gene in the ETA-treated
cultures being decreased by ~10.6-, ~7.7- and ~9-fold of that in
the control group after 24, 48 and 72 h, respectively (P<0.05).
In the ETA-treated cells, MMP-7 expression was absent in the
24-h cultures and at subsequent time-points, it was lower than
that in the control group (5-fold after 48 h and 13-fold after
72 h). MMP-19 gene expression in the ETA-treated group was
slightly lower than that in the control group, with expression fold
changes of ~1.3-, ~1.7- and ~1.7 after 24, 48 and 72 h in the
ETA-treated cultures (P<0.05).

Discussion

Improvements in the pharmaceutical technology and phar-
maco-molecular fields have led to the use of biological agents
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that may influence, regulate and alter the biological response
of the immune system as clinical treatment modalities. As for
other biological DM ARDs, efficiency and safety studies on ETA
are ongoing. Wadhwa et al (31) tested the neutralization activity
of preparations of ETA against the third TNF-a international
standard in different in vitro cell-based assays (e.g., cytotoxicity,
apoptosis and reporter gene methods) using the commercial cell
line L929.

In in vitro systems, such as cell lines, there are no complex
interactive mechanisms with the microenvironment of the cells.
Furthermore, as the genetic structure of the cells in the cell
line has been modified, they do not carry the genotypic and
phenotypic characteristics that they have in the human body.
Therefore, the results obtained using experimental setups with
commercial cell lines may be misleading (7.9,10,14,28,30).

A previous study on the effects of various biological agents
on human chondrocytes and osteocytes in vitro reported side
effects and adverse events, and even cytotoxicity (2). The study
used primary cell cultures prepared from tissue obtained from
patients with gonarthrosis and performed morphological and
molecular-level analyses of these cell cultures prior to and after
the application of various biological agents. The study reported
that rituximab and adalimumab were toxic to chondrocytes,
whereas adalimumab and ETA were toxic to osteocytes.
However, to the best of our knowledge, the effects of ETA on
NP/AF cells have not been previously reported. Therefore, the
data obtained in the present study may significantly contribute
to the current knowledge in the field.

Most basic research suggests that anti-TNF-a therapy
may be beneficial for sciatica treatment. For instance,
Beyaz et al (35) indicated that inflammatory cytokines secreted
from NP tissue led to symptoms similar to those observed in
lumbar radiculopathy. They compared the effectiveness of
TNF-a antagonists applied via intravenous or epidural routes
in lumbar spinal pathologies and concluded that TNF-o antago-
nists administered epidurally may lead to accelerated healing of
radiculopathy-associated allodynia.

Watanabe et al (36) reported that TNF-a, as an inflamma-
tory cytokine, may cause neuropathic pain, including sciatica.
Their study on adult male Sprague Dawley rats elucidated the
effects of ETA in a dorsal root ganglion (DRG) compression
model and reported that ETA treatment reduced pain-associated
behaviors induced by DRG compression. They concluded that
ETA, in addition to its effects on NP in lumbar disc herniation,
may reduce the mechanical effects on the DRG.

Wang et al (37) investigated the expression of the ADAM
metallopeptidases with thrombospondin type 1 motif-like 7
(ADAMTS-7) gene, which may have a potential role in disc
degeneration on cell cultures prepared from NP tissues. The
study suggested that the increase of ADAMTS-7 stimulated
by IL-17A was significantly reduced in the group treated with
ETA when compared with the control group. Furthermore, they
indicated that IL-17A induced ADAMTS-7 expression through
TNF-a, which may resemble a molecular signaling axis in
human NP cells.

Another study investigated the neuroprotective effects of
ETA by examining histopathological and biochemical changes
after spinal cord injury (SCI) in Wistar albino rats (1). The levels
of TNF-a, IL-1, superoxide dismutase (SOD), adenosine deam-
inase, catalase (CAT) and malondialdehyde were investigated in

the tissue and serum. The results indicated that early application
of ETA after SCI may significantly reduce neuronal damage
by lowering tissue and serum TNF-a and IL-1{ levels, while
increasing the levels of anti-oxidative enzymes, including SOD
and CAT, in sub-acute and acute stages.

Based on previous studies, Chen er al (38) hypothesized
that deterioration of the structure of tendons stemmed from
elevated expression of TNF-a, and they studied the therapeutic
potential of ETA in preventing morphological changes in the
Achilles tendon in a rat model. In their study, the animals were
exposed to stress shielding of the left Achilles tendon and then
treated with ETA or PBS for 2 or 4 weeks. The right Achilles
tendons with no ETA treatment served as a control group. At the
end of the treatment period, the authors observed irregularities
in collagen fibrils and a significant increase in the number of
small-diameter collagen fibrils. They inferred that these changes
may be associated with an increase in the expression of TNF-a.,
MMP-3, MMP-13, collagen I and collagen III. They observed a
decrease in morphological changes in collagen organization and
structure induced by stress shielding at 2 weeks post-ETA treat-
ment. The study suggested that the administration of ETA may
have mitigated upregulation of MMP-13, MMP-3, and collagen
III levels. However, there were no significant differences in the
morphology of the Achilles tendons between the ETA-treated
group and PBS group after 4 weeks of treatment (38).

Of note, the sensitivity of certain tissues may differ between
humans and animals. Thus, the results obtained from studies
based on animal models may differ from those obtained in human
studies, and such results may be misleading (7,9,10,14,28,30).
Therefore, in the present study, no animal tissues or commercial
cell lines were used. Instead, human primary cell cultures were
prepared from intact human intervertebral disc tissue, which
may enhance the value of the present study.

Crnkic ef al (39) investigated the effect of the administration
of infliximab and ETA on the COMP levels of patients with
rheumatoid arthritis. They measured serum COMP levels at
treatment initiation and at 3 and 6 months of treatment. They
reported that the two TNF-a inhibitors had a protective effect
in patients with rheumatoid arthritis. In addition, they indicated
that serum COMP levels may be a useful marker for evaluating
tissue-level effects of novel treatment modalities in patients with
rheumatoid arthritis.

The results of the present study revealed that ETA adminis-
tration suppressed the proliferation of AF/NP cells and caused
an increase in cell death. In addition, ETA administration
prevented the cells from forming a healthy microenvironment.
In the cultured cells, the expression of the CHAD and COMP
genes associated with extracellular matrix formation were
significantly reduced. Numerous studies have reported that
inflammation has a role in intravertebral disc degeneration, and
certain studies suggested that the products resulting from extra-
cellular matrix degradation may cause inflammation (40,41).
IL-1p is secreted from degenerate intervertebral disc cells. In
the present study, the expression of the IL-1§ gene was assessed
to determine whether degeneration and extracellular matrix
degradation occurred in the cultured intact AF/NP cells. IL-1p
gene expression decreased significantly in the experimental
group. Thus, IL-18 gene expression may be considered a marker
of the protection of the cells' intact form (42,43). COMP enables
extracellular matrix elements and cells to bind extracellular
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matrix, and MMP-7 and MMP-19 are involved in the degra-
dation of COMP (15,16-21). As indicated by the results of the
gene expression analysis in the present study, the expression of
genes encoding these proteolytic enzymes was reduced in the
ETA-treated group.

In the present in vitro study, ETA administration was
observed to suppress IL-1f expression, a pro-inflammatory
cytokine. It may be inferred from this finding that ETA admin-
istration clinically prevents inflammation development or
suppresses inflammation in patients. In addition, the decrease in
MMP-19 and MMP-7 expression levels may reduce the degra-
dation of COMP in theory and enable cultured cells to secrete
more ECM. However, COMP and CHAD expression levels
were significantly decreased in ETA-treated cultures. It may be
inferred from this finding that ETA administration suppresses
more gene expression leves in cell cultures. The observation of
ETA-induced cell death, deterioration of cell morphologies and
slowing of proliferation in cell cultures supported this inference.

The present research was performed using an in vitro exper-
imental setup with primary cell cultures that were established
using tissues of six patients. However, it should be noted that
these biological agents may delay the healing of intervertebral
disc tissue damage by slowing cell proliferation and altering
gene expression via anabolic and catabolic pathways. Of note,
the present study has a number of limitations. All of the cell
cultures were obtained from only six patients and were analyzed
in vitro in experimental media. Molecular analyses should be
performed using the same markers with tissues from a larger
number of patients of different ethnicities.

In conclusion, ETA, a TNF-a inhibitor, which was indi-
cated to have a low side-effect profile in clinical trials, is a
biological agent that is frequently used to suppress inflamma-
tion in numerous diseases. In the present study, the expression
of a number of genes was markedly reduced in ETA-treated
primary cell cultures derived from intervertebral disc tissue.
Although the level of apoptosis in the ETA-treated group was
not significant as compared with that in the control group,
ETA-induced suppression of AF/NP cell proliferation warrants
consideration. The data obtained in the present study should be
confirmed in primary cell cultures isolated from tissues derived
from a larger case group. ETA has a number of indications in
the clinical setting. Although the present study was performed
in an in vitro laboratory setting, the results point to the neces-
sity to consider the inhibitory effects of ETA on intervertebral
disc tissue cells when prescribing this pharmaceutical agent in
the clinic.
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