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Objective: Low back pain is frequently treated with nonsteroidal anti-inflammatory drugs
(NSAIDs), but little is known about intervertebral disc metabolism of the prostaglandins
that are diminished by these drugs. Hence, this study aimed at delineating prostaglandin
actions in cytokine activated disc cells by comparing the response of nucleus pulposus (NP)
cells to the pro-inflammatory cytokine interleukin (IL)-1p with and without cyclooxygenase
2 (COX-2) inhibition.

Methods: NP cells cultured in alginate beads were activated with IL-1p + the COX-2 inhibi-
tor Sc-58125. Media harvested from cultured cells were analyzed for prostaglandin E2 (PGE,),
prostaglandin F2 alpha (PGF.,), IL-6, and matrix metalloproteinase (MMP)-3 by enzyme-
linked immunosorbent assay and nitric oxide by Griess Reaction. Gene expression along
with proteoglycan, collagen, and total protein synthesis were also measured.

Results: TL-1p increased culture media PGE, and PGFa., but decreased proteoglycan and
collagen syntheses as well as mRNA expression of the matrix genes aggrecan, versican, col-
lagen I, and collagen II. COX-2 inhibition partially rescued proteoglycan and collagen syn-
theses and collagen I mRNA, but decreased collagen II mRNA IL-1f activated NP cells.
COX-2 inhibition initially enhanced and subsequently reduced IL-1f induced inducible ni-
tric oxide synthase, without altering medium nitrite. IL-1f induction of MMP-3 mRNA
was increased by COX-2 inhibition at 24 and 48 hours.

Conclusion: COX-2 inhibition alters the response of NP cells to IL-1p, suggesting IL-1 ac-
tion on disc cells is mediated at least in part through COX-2 and its prostaglandins. COX-2
inhibition produces minimal effects on several key catabolic mediators, with the exception
of MMP-3. Blocking COX-2 might be beneficial for maintaining disc matrix since it pro-
vides an overall rescue of IL-1 induced loss of matrix protein synthesis.
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INTRODUCTION treat the symptoms rather than intervening to slow or reverse
the course of IDD. Nonsteroidal anti-inflammatory drugs (NS-
Low back pain is often associated with intervertebral disc de- =~ AIDs) are often prescribed for their analgesic and anti-inflam-

generation (IDD)." IDD therapies continue to be palliative and ~ matory effects. However little work has addressed the actual
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role in disc metabolism of the prostaglandins whose synthesis
and accumulation are diminished by these drugs.

We reported results from microarray analysis, which showed
that inflammatory stress increases expression of synthases and
receptors for prostaglandin E2 (PGE,) and prostaglandin F2a
(PGFa), resulting in elevated PGE; and PGFa. production in
conditioned media (CM) of disc cells and underscoring the im-
portance of these inflammatory mediators.>® We therefore eval-
uated the effects of PGE, and PGF.. on human nucleus pulpo-
sus (hNP) cells in culture.” PGE; diminished disc cell proteo-
glycan synthesis, in a dose-dependent manner. Semiquantita-
tive reverse transcription-polymerase chain reaction (RT-PCR)
revealed differential effects of PGE, and PGFa. on disc cell ex-
pression of key matrix structural genes, aggrecan, versican, and
collagens type I and II. PGE; and PGFa, also decreased message
for the anabolic factor insulin-like growth factor-1. PGE, de-
creased mRNA expression for the anticatabolic factor tissue in-
hibitor of metalloproteinases 1 (TIMP-1) while PGF.. increased
mRNAs for catabolic factors matrix metalloproteinase (MMP)-
1 and MMP-3. The data suggest that PGE, and PGF., may have
an overall negative impact on disc matrix homeostasis, and the
use of NSAIDs thus could positively impact disc metabolism
while treating back pain.

However, the action of prostaglandins on disc cells under in-
flammatory conditions, as is often the case when prostaglan-
dins are secreted, may be different from those observed in the
studies cited above due to complex interactions of the intracel-
lular signaling pathways in cytokine activated cells. In addition,
prostaglandins other than PGE, and PGF-y, are produced un-
der inflammatory stress, and these prostaglandins could also
have specific and differential effects on disc matrix homeostasis.

The potential role of inflammatory mediators in IDD is sup-
ported by the increase in cells expressing IL-1 and tumor ne-
crosis factor (TNF)-a in degenerated human disc specimens.*’
These cytokines have multiple actions that contribute to matrix
loss and disc degeneration. That these cytokines induce COX-2
in disc cells, with subsequent synthesis of prostaglandins, is well
documented.*® Given the frequency with which patients with
low back pain are treated with NSAIDs, which block COX-2
activity, it is appropriate to test if inhibiting COX-2 activity and
thus prostaglandin synthesis, will change the cascade of respons-
es usually elicited by cytokines. Through comparing cell respons-
es in the absence and presence of COX-2 inhibition, we exam-
ined the role of prostaglandins in cellular responses in IL-1 ac-
tivated disc cells. We hypothesized that these effects will differ
compared to noninflammatory conditions. This has great clini-
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cal relevance since the desired effect in using NSAIDs is an an-
ti-inflammatory response, and not a detrimental effect on the
overall disc matrix homeostasis, which could further perpetu-
ate the degenerative cascade. The findings in this study enhanced
our understanding of NP cell metabolism which could lead to
future therapeutics aimed at targeting the response to inflam-
matory stimuli.

MATERIALS AND METHODS

1. Nucleus Pulposus Cell Isolation and Culture

Disc tissues were harvested from 8 female patients (age 18 to
66 years; mean, 41 years), and 8 males (age 31 to 67 years; mean,
45 years) whose diagnosis was disc degeneration. The discs were
classified as grades 1-4 disc degeneration according to the Thomp-
son scale," and the average was 2.14 (females) and 2.38 (males);
only one grade 4 preparation was used for these cell prepara-
tions. The samples came from patients undergoing lumbar dis-
cectomy, scoliosis surgery in which discs were removed with
anterior approaches, and lumbar interbody fusions for spinal
stenosis and/or spondylolisthesis whereby disc tissue was readi-
ly acquired as part of the surgical procedure. We excluded pa-
tients with tumors, infections or any spine surgeries where disc
removal was not part of the planned surgical procedure. No
granulation tissue was present, and the nucleus could be clearly
defined from the anulus. The nucleus pulposus was dissected,
washed with HanKk’s balanced salt solution (HBSS), and trans-
ported to the laboratory within 30 minutes. The experimental
protocol was approved by the human subjects Institutional Re-
view Board at the University of Pittsburgh (No. 0312055), which
included informed consent from the patients.

Specimens from individual patients were rinsed with HBSS,
minced into small fragments, and cells (hNP) were isolated, ex-
panded in monolayer, and passed to 3-dimensional (3D) cul-
ture in alginate beads as previously described."" Cells were cul-
tured in F-12/Dulbecco’s Modified Essential Medium contain-
ing 10% fetal bovine serum, 1% penicillin-streptomycin, and
25-pg/mL L-ascorbic acid under standard conditions (37°C, 5%
COs, 95% air, bicarbonate buffering to maintain pH 7.2). Cell
culture materials were purchased from Invitrogen/Gibco unless
otherwise noted, and the hNP cells were used at passage 1 or 2.
Experiments began after the cells had been in 3D culture for at
least one week, and cells from the same patient were used for
matrix synthesis, conditioned medium analysis, and RNA ex-
traction when possible based on cell yield.
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2. Response to Cytokines

The response of hNP cells, in low (1%) serum media, to acti-
vation by 1-ng/mL recombinant human IL-13 (R&D Systems,
Minneapolis, MN, USA) and 5-ng/mL TNF-a (Sigma-Aldrich,
St Louis, MO) was followed for 3 days. COX-2 activity was block-
ed with 0.5 pM of the inhibitor SC-58125 (Sc) (Calbiochem,
San Diego, CA, USA) dissolved in dimethyl sulfoxide (DMSO).
Sc (0.125%) or DMSO vehicle was added to the cells 30 min-
utes before addition of IL-1 or TNF-a. Experiments for analysis
of gene expression were terminated on days 1, 2, and 3 and total
RNA was extracted using the RNeasy Mini Kit (Qiagen, Venlo,
The Netherlands), according to the manufacturer’s instructions.
CM was harvested at the same time and stored at -40°C until
analysis. Proteoglycan synthesis was measured on day 3 and to-
tal protein and collagen syntheses were done after 24-48 hours
of activation as described below.

Experiments were terminated by harvesting the beads and
dissolving the alginate. Cells were harvested, digested in papain
buffer at 60°C overnight, and the digest assayed for DNA using
Picogreen (Molecular Probes, Eugene, OR, USA).

3. Matrix Protein Synthesis

Proteoglycan synthesis was measured from a six-hour pulse
labeling with **S-sulfate at 20 uCi/mL as previously described"
and the results calculated as pmol *’S incorporated/pg DNA
and expressed relative to Control. Collagenase sensitive and to-
tal protein synthesis was measured as 24-hour *-H-Proline in-
corporation as described,'” calculated as dpm/ug DNA, and ex-
pressed relative to control.

4. Assay of Conditioned Media

hNP cell production of nitric oxide was assessed as CM ni-
trite using the Griess Reaction. CM PGE;, MMP-3, TIMP-1,
and IL-6 were assayed using enzyme-linked immunosorbent
assay kits from R&D Systems (D6050 for IL-6, DMP300 for
MMP-3, DTM100 for TIMP-1, and KGE004B for PGE,). CM
PGFa, was assayed using a kit from Assay Designs (ADI-900-
091). The CM data were normalized to DNA content of the cells
in the beads.

5. Gene Expression

Gene expression was analyzed by real-time RT-PCR using an
iCycler IQ4 detection system (Bio-Rad, Hercules, CA, USA).
The reactions were done with primers designed (Beacon Ex-
press) and tested to assure specificity with melt curve analysis
performed with each assay.>"* Real-time RT-PCR reactions were
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done in duplicate in 96-well plates in a volume of 25 uL using
the reagents and an optimized protocol per the Bio-Rad iScript
One-Step RT-PCR Kit. The cycle threshold (Ct) values were
obtained, and data normalized to GAPDH (glyceraldehyde
3-phosphate dehydrogenase) expression using the AACt meth-
od to calculate relative mRNA levels of each gene.

6. Statistical Analysis

Data are given as mean * standard error of the n noted in the
figure legends. A p-value of Student t-test was calculated, and a
p-value of less than 0.05 defined statistically significant differ-

ences.

RESULTS

1. Prostaglandin Synthesis

The efficacy of 0.5-uM Sc-58125 to block cytokine-induced
prostaglandin synthesis was evaluated from CM assays for PGE;
and PGF,, after 72-hour activation (Fig. 1). Note the substantial
production and release of PGFx. as well as PGE; by cells exposed
to IL-1P. TNF-a increased prostaglandins to a lesser extent, but
preliminary studies showed that COX-2 inhibition neither in-
fluenced matrix protein synthesis nor CM content of MMP-3,
IL-6, nitric oxide (NO), or TIMP-1 in these TNF-a activated
cells. Thus, subsequent experiments examined NP cell response
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Fig. 1. Cyclooxygenase 2 inhibition blunts production of pros-
taglandin E2 (PGE,) and prostaglandin F2 alpha (PGFz) in
culture media of human nucleus pulposus (hNP) cells activat-
ed by interleukin (IL)-1 or tumor necrosis factor (TNF)-a.
hNP cells were maintained in alginate beads, activated by IL-
1+Sc-58125 (Sc) or TNF-0.+ Sc and conditioned media har-
vested after 72 hours for prostaglandin measurement. Values
are mean + standard error of n=6. *p <0.05 vs. IL-1 alone.
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to IL-1 when prostaglandin accumulation was altered over the
higher concentration range seen in response to this agonist.

2. Proteoglycan Synthesis and Gene Expression

IL-1 decreased proteoglycan synthesis to less than 40% of
control and blockade of prostaglandin synthesis in these cells
counteracted IL-1 action with a modest increase to 48% + 4% of
control at 72 hours (p=0.05). In contrast, the decrease in ag-
grecan mRNA (to 20% of control at 72 hours) was further re-
duced to ~10% of control by inhibition of prostaglandin syn-
thesis (p=0.003). Similar results were seen for versican mRNA
at day 3 (p=0.024) (Fig. 2).

3. Total and Collagenase Sensitive Protein Synthesis

IL-1 does not change total protein synthesis, however, if pros-
taglandin production was inhibited in these cells, synthesis ac-
tually increased by ~60% (p=0.003). Collagenase sensitive pro-
line incorporation was similar, with the increase in synthesis ef-
fected by COX-2 inhibition 35% above control (p=0.012). IL-1
decreased collagen I message, however, if prostaglandin synthe-
sis was blocked, this decrease was restored from ~5% of control
to ~30% of control (p=0.0005). mRNA for collagen II was also
reduced to ~5% of control in IL-1 activated cells; when prosta-
glandin synthesis was inhibited, this value further decreased to
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Fig. 2. Cyclooxygenase 2 inhibition reverses interleukin (IL)-1
depression of proteoglycan synthesis but decreases aggrecan
and versican mRNA in human nucleus pulposus (hNP) cells.
hNP cells were exposed to 1-ng/mL IL-1+0.5-uM Sc-58125
(Sc) for 72 hours and proteoglycan synthesis determined as
.S sulfate incorporation (n=7) during the final 6 hours of
culture. Aggrecan and versican mRNA were assayed at 72 hours
(n=38). Values are mean * standard error of n=7-8 expressed
as % of control, untreated cells. *p <0.05 vs. control. p <0.05
vs. IL-1 alone.
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~3% (p=0.017; data is plotted X10 for visualization of these
differences in Fig. 3). These results are summarized in Fig. 4.

180

# o IL-1
| IL-1+Sc

160
140
120
100

80

% of control

60
40
20

e o SO (S
N B
e

Fig. 3. Cyclooxygenase 2 inhibition increases *-H-proline in-
corporation into collagenase sensitive and total protein while
decreasing collagen II and increasing collagen I mRNA in in-
terleukin (IL)-1 activated human nucleus pulposus (hNP)
Cells. hNP in alginate beads were exposed to IL-1+0.5-pM
Sc-58125 (Sc). Synthesis was assessed during 24- to 48-hour
exposure; mRNA was isolated after 72 hours. n=4 for colla-
gen and total protein synthesis, and n=38 for collagens I and II
mRNA expression experiment. Values are mean +standard
error of n=4-8. *p<0.05 vs. control. “p<0.05 vs. IL-1 alone.
Collagen IT data are plotted x 10 for visualization of these dif-
ferences.

(+Sc-58125)

Matrix factors IL-1p effects 1L-1B effects
Proteoglycan synthesis 60% ﬂ 52% ﬂ

Aggrecan mRNA 80% @ 90% @

Versican mRNA 75% ﬂ 90% @

Collagen synthesis 10% Il 40% ‘.

Collagen T mRNA 95% 70% @
Collagen IT mRNA 95%@ 97@
Total protein synthesis 5% 1 60% "

Fig. 4. Summary of effects of COX-2 inhibition on matrix gene
expression and protein synthesis in nucleus pulposus cells un-
der inflammatory stress. COX-2, cyclooxygenase 2; IL, inter-
leukin.
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Figs. 5-6 show 3 different patterns of time-dependent response
to COX-2 inhibition in IL-1 activated NP cells. As shown in
Fig. 5, the 6,000-fold increase in iNOS mRNA is almost dou-
bled by COX-2 inhibition to 11,000 at 24 hours (p=0.021). How-
ever, by 48-hour iNOS mRNA expression is unchanged in cells
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0
0 24 48 72
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Fig. 5. Cyclooxygenase 2 inhibition has biphasic effects on in-
ducible nitric oxide synthase (iNOS) expression by interleu-
kin (IL)-1 activated human nucleus pulposus (hNP) cells.
hNP cells were maintained in alginate beads, activated by IL-
1+Sc¢-58125 (Sc), and conditioned media harvested and RNA
isolated after 24, 48, and 72 hours. mRNA level on the y-axis
indicates fold changes relative to control untreated cells. Val-
ues are mean + standard error of n=38. “p <0.05 vs. IL-1 alone.
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Fig. 6. Cyclooxygenase 2 inhibition increases matrix metallo-
proteinase (MMP)-3 gene expression and accumulation in the
media of interleukin (IL)-1 activated human nucleus pulposus
(hNP) cells. hNP cells were treated as described for Fig. 3. n=8
for MMP-3 protein level measurement in culture media and
n=12 for MMP-3 mRNA expression. mRNA level on the y-
axis indicates fold changes relative to control untreated cells.
Values are mean + standard error of n=8-12. Sc, Sc-58125.
*p<0.05 vs. IL-1 alone.
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treated with IL-1 alone but dropped to 2,500 when prostaglan-
din synthesis is inhibited by Sc (p=0.035). By day 3, iNOS mRNA
had declined to 1,700- and 816-time control, with the value in
cells exposed to IL-1 + Sc still significantly less that that in cells
exposed to IL-1 alone (p=0.015). Interestingly, the accumula-
tion of Nitrite in the CM is not significantly changed by COX-2
inhibition at any of the timepoints examined (Fig. 6, inset).

The pattern of MMP-3 mRNA induction (Fig. 6) differs from
that of iNOS. In this case, COX-2 inhibition enhances MMP-3
message in IL-1 activated cells at both 24 (from 3,000- to 11,000-
fold of control, p=0.05) and 48 hours (8,800- to 16,000-fold,
p=0.008). By 72 hours levels of message are similar to cells treat-
ed with IL-1 alone. The conditioned medium accumulation of
MMP-3 reflects the changes in mRNA, with the pattern suggest-
ing an approximately 24-hour lag time between mRNA expres-
sion changes and MMP protein synthesis

Two other factors that might affect matrix degradation were
evaluated. After 3 days of exposure, IL-1 increases mRNA for
MMP-13 to 8.9+ 0.6-fold of control, and when COX-2 was in-
hibited, this induction was similar at 10.1+0.77 (n=6). mRNA
for TIMP-1, an inhibitor of MMP activity, was not changed by
COX-2 inhibition in IL-1 activated cells, except at day 1 when
the values are modestly increased from 1.12+0.16 to 1.72+0.26
times control. By day 3, message in IL-1 and IL-1 +Sc cells was
decreased to 0.26- and 0.28-time control, respectively, and CM
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2,500 |+ 24 48 72

2,000

1,500

IL-6 mRNA (x 107)
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0
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Fig. 7. Cyclooxygenase 2 inhibition blunts human nucleus
pulposus (hNP) interleukin (IL)-6 gene expression at 48 and
72 hours after IL-1 activation. hNP cells were treated as de-
scribed for Fig. 3. n=4 for IL-6 protein level measurement in
culture media and n=8 for IL-6 mRNA expression. mRNA
level on the y-axis indicates fold changes relative to control
untreated cells. Values are mean * standard error of n=4-8.
Sc, Sc-58125. *p < 0.05 vs. IL-1 alone.
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accumulation of TIMP-1 was not significantly different at any
time (data not shown).

Fig. 7 shows that IL-1 induction of IL-6 mRNA is decreased
by COX-2 inhibition, suggesting a role for prostaglandins in
modulating IL-6 expression under IL-1 induced inflammatory
stress. Although the differences in mRNA are significant at 48
hours (1,500 vs. 860, p=0.029) and 72 hours (951 vs. 480, p=
0.002), there are no significant differences in CM accumulation
of IL-6 at the times evaluated.

DISCUSSION

This study was designed to determine whether any of the ob-
served IL-1P actions on disc cells are through induction of COX-
2 and subsequent prostaglandin-mediated effects on matrix
metabolism. We did not observe complete abolition of IL-1f
effects by COX-2 inhibition, as would be expected if COX-2
and prostaglandin activity was the only mediator of IL-1 action.
However, the observation of several modifying effects by COX-
2 inhibition demonstrates that IL-1p actions are partially de-
pendent on COX-2/prostaglandin actions. This is not unex-
pected given the numerous effects of IL-1B on cells, and the re-
sults reveal complex adaptive responses under IL-1p -induced
inflammatory stress when COX-2 is inhibited.

The relationship between iNOS/NO and prostaglandins in
articular cartilage has been the subject of intense study and spec-
ulation as to NO’s relevance to cartilage degeneration (recently
reviewed by Weinberg et al.'*). In general, although exogenous
NO can inhibit prostaglandin production (and decreasing en-
dogenous NO can increase prostaglandins) there has been no
conclusive evidence for “cross-talk” in the reverse direction, i.e.,
that prostaglandins affect NO production in disc cells. This con-
trasts with the well-known action of prostaglandins to modu-
late iNOS/NO synthesis in other cell types.'*"* We did observe
significant effects of decreasing prostaglandins on iNOS mes-
sage in IL-1 activated hNP with an initial increase, followed by
decreases at both 48 and 72 hours. Although the accumulation
of nitrite in the CM at 24-hour intervals was not significantly
different, we cannot know whether there may be transient dif-
ferences in tissue exposure to NO that could modulate cell func-
tion. Regardless, the data suggests that prostaglandins can affect
IL-1 induction of iNOS in hNP; the consequences for disc ma-
trix homeostasis remain to be explored.

Sc almost completely inhibits both PGE, and PGF. accumu-
lation, thus diminishing NP cell exposure to these and poten-
tially other prostaglandins whose syntheses are mediated by

https://doi.org/10.14245/ns.2040050.025

COX-2 after IL-1 activation. Proteoglycan, collagen, and total
protein synthesis were all enhanced by COX-2 inhibition in IL-
1P activated cells. These changes were seen in spite of the fact
that COX-2 inhibition decreased aggrecan, versican, and colla-
gen II mRNA, and are in contrast to the observations in cells
not exposed to inflammatory stimuli.” The increase in message
for collagen I in IL-1{ activated cells might account in part for
the increase in collagen synthesis, i.e., collagenase sensitive *H
proline incorporation. However, as shown in Fig. 2, in spite of
the effect of prostaglandin synthesis inhibition to increase col-
lagen I message, the values are still significantly less than con-
trol during the time that synthesis was evaluated, e.g., 24-48
hours, when Col I mRNA was between 55% and 35% of con-
trol. These data suggest that when prostaglandin levels are de-
creased, hNP cells experience a general, enhanced protein syn-
thesis. Although extrapolation to the in vivo situation from the
response in isolated cell experiments cannot be done with cer-
tainty, the results suggest that prostaglandins produced by cells
of the NP could diminish matrix protein synthesis in IL-1f ac-
tivated hNP, and thus therapy to minimize prostaglandins may
be beneficial to the anabolic balance of the disc when the disc is
in a pro-inflammatory state.

The observed changes in collagen I and collagen II mRNA
are consistent with the well-documented actions of PGE, on
chondrocyte expression of these matrix proteins."'® Blocking
prostaglandin accumulation increases collagen I message and
decreases message for collagen II, thus we infer that prostaglan-
dins in IL-1p activated hNP decrease collagen I and conversely
increase message for collagen II, as PGE; does in chondrocytes.'®
Addition of exogenous PGE, decreased message for both colla-
gen I and collagen IT in hNP cells,? suggesting that regulation of
these matrix components, especially collagen II, is determined
by signal pathways activated by IL-1p, which over-ride those
activated by PGE; alone in the cells under a noncytokine acti-
vated state.

The effects on hNP cell collagen and proteoglycan synthesis,
however, are not consistent with some previous data from carti-
lage'” and a rat chondrocyte cell line'® where PGE; actually stim-
ulated matrix protein synthesis. However, our observation that
COX-2 inhibition increases hNP proteoglycan synthesis is con-
sistent with recent studies showing that selective COX-2 inhibi-
tors which depress PGE; can actually increase proteoglycan syn-
thesis by chondrocytes in situ in cartilage explants.'”*® More
germane to the actions of prostaglandins in hNP, the increase
in proteoglycan synthesis when prostaglandin synthesis is in-
hibited is consistent with the decrease in synthesis seen in hNP
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exposed to exogenous PGE,.> This again suggests that therapy,
which blunts ecoisanoid accumulation, could enhance matrix
proteoglycan synthesis. However, a limitation of our study is
that disc cells were cultured in normoxia instead of hypoxia,
which is known to influence matrix production to some extent.

The matrix synthesis results do not directly correlate with the
gene expression data. Intuitively one would expect gene expres-
sion to be reflected in matrix synthesis and production of con-
ditioned medium factors. However, the translation of genes into
proteins, especially the complex proteins of the disc matrix, in-
volves multiple regulated steps in synthesis, cellular transport,
and export to the extracellular space. Another obstacle to rec-
onciling the dissociation between matrix protein gene expres-
sion and synthesis is that we have evaluated mRNA for only a
few of the genes that may contribute to total “synthesis.” For ex-
ample, microarray analysis of hNP showed high levels of ex-
pression for multiple proteoglycans other than aggrecan and
versican in these cells* with mRNA for Decorin > Syndecan
2>Mimecan > Versican > Aggrecan. Others have shown that
relative abundance of the small leucine-rich proteoglycans deco-
rin, biglycan, and lumican in the disc may vary with mechani-
cal force as well as stage of degeneration.”” Microarray analysis
identified multiple forms of collagen as well, with mRNA for
collagen I>XV>VI>III>XI>IL* Eyre et al.* have reviewed
the collagens of the disc, which included those listed above as
well as collagen ITTAT and collagen VIA1-3, and confirmed that,
regardless of the relative abundance of message, the bulk of nor-
mal disc matrix is composed collagen types I and II. Polymor-
phisms in collagens are associated with susceptibility to disc
degeneration,”* thus it may be important to determine how
different collagens, as well as proteoglycans, are modulated by
cytokines/prostaglandins, and how changes in their relative abun-
dance affect the structure and function of the disc.

A time-dependent modulation of message and protein of cat-
abolic mediators by COX-2 inhibition in IL-1f activated cells is
clearly shown in the results with iNOS, MMP-3, and IL-6. iINOS
mRNA was initially elevated and then depressed at a later time
(Fig. 5). MMP-3 mRNA was also elevated but returned to IL-1f
alone levels by 72 hours (Fig. 6), while IL-6 mRNA consistently
decreased throughout the 3-day period evaluated (Fig. 7). Thus
COX-2 mediates IL-1{ action on disc NP cells through com-
plex temporal regulation of these catabolic factors. Whether
COX-2 inhibition modulates net matrix loss from the catabolic
action of IL-1p on disc tissue requires further investigation.

Blocking prostaglandin synthesis actually increased both mes-
sage and synthesis/conditioned medium accumulation of MMP-
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3, suggesting that the prostaglandins normally produced by
IL-1 activated hNP could limit disc matrix exposure to this me-
talloproteinase. This contrasts with the results seen when hNP
were exposed to either PGE, or PGF,q alone, with PGF, incre-
asing both MMP-1 and -3 message while PGE, diminished MMP-
1 message without affecting that for MMP-3. The differences
may be explained by alterations in COX-2-mediated synthesis
of prostaglandin products other than PGE, and PGF.., or by
the complex interplay of signaling pathways in hNP exposed to
prostaglandins alone versus those activated in IL-1 stimulated
cells.

The relevance of any influence of COX-2 inhibition on IL-6
awaits further investigation. The data suggest a direct relation-
ship between IL-1 induced prostaglandin concentration and
induction of IL-6. This is consistent with studies showing PGE,
is necessary for IL-1 induction of IL-6 in human articular chon-
drocytes®® and synovium.” IL-6 can have anti- and pro-inflam-
matory actions in arthritis® and Legendre et al.**° showed IL-6
down regulation of matrix protein transcription and up regula-
tion of MMP and ADAMTSs gene expression in chondrocytes
and Flannery et al.”' reported that IL-6 augments aggrecanase-
mediated proteoglycan catabolism in cartilage. Cells of degen-
erating discs can produce high concentrations of IL-6,° howev-
er, little is know concerning the effects, if any, of IL-6 to change
disc cell metabolism. IL-6 in combination with its soluble re-
ceptor can decrease proteoglycan synthesis and acutely enhance
IL-1 and TNF-a mediated inhibition of proteoglycan synthesis
in human NP."” However, in the current studies the average IL-6
in CM was not changed by COX-2 inhibition in IL-1 activated
cells, in spite of the decrease in message. Whether there could
be discrete, localized differences in IL-6 production and auto-
crine action remain questions for future experiments.

CONCLUSION

In conclusion, COX-2 inhibition significantly affects the re-
sponse of hNP cells to IL-1f. The dissociation between iNOS
message/nitrite accumulation, aggrecan and versican message/
proteoglycan synthesis, and collagen message/synthesis sug-
gests actions downstream of transcription or actions affecting
other proteoglycans and collagens that should be investigated.
The data suggest that blocking prostaglandin synthesis in cyto-
kine activated hNP cells could have both anabolic and catabolic
effects; determining the specific mechanisms involved and whe-
ther these changes can alter the course of IDD requires further

study.
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