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Discovery of novel target molecules that regulate discogenic pain by
investigating of the mechanism of suppressive action by prostaglandins.
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Discogenic pain is caused by the invasion of nerve fibers responsible for
pain sensation into the inner part of degenerated intervertebral disc. Nerve growth factor (NGF)
plays an important role in this process, however, a mechanism of the regulation of NGF expression
has been unknown. We have previously shown that NGF expression in human intervertebral disc cells
increases when PGE2 production is suppressed by selective COX-2 inhibitors commonly used to treat
low back pain, and conversely its expression is suppressed by treating the cells with exogenous PGE2

or PGE1.

In this study, PGE1/2 was found to suppressively regulate NGF induction by attenuating MAP kinase
pathway, an intracellular si?naling pathway, and this was confirmed to be due to the induction of
DUSP-1. The study will shed light on new insight for the development of therapeutic approach to
treat low back pain by targeting DUSP-1.
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Figure 1. Involvement of various mitogen-activated protein kinase (MAPK) pathways in
interleukin-18 (IL-1B)-induced nerve growth factor (NGF) expression in human
intervertebral disc (IVD) cells. Confluent human 1VD cells were serum starved, preincubated
with the indicated concentrations of a p38 inhibitor (SB203580) (A), a MEK1/2 (upstream of
extracellular signal-regulated kinase [ERK]) inhibitor (U0126) (B), or a ¢c-Jun N-terminal
kinase (JNK) inhibitor (SP600125) (C) for 30 min, and then stimulated with I1L-18 (10 ng/mL)
for 24 h. Relative expression levels of NGF were quantified by real-time PCR. Results are
expressed as the mean + SD (n =4 individuals) after normalization to GAPDH, and expressed
as a relative value to that of IL-18 alone. *P < 0.05, **P < 0.01, and *** P < 0.001 vs. IL-18
alone
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Figure 3. Effects of PGE2 and PGE1 on DUSP-1 expression in human IVD cells. (A)
Confluent human IVD cells were serum starved, and then left untreated (circles), treated
with PGE; (1 pM) (squares), or treated with PGE: (triangles) for 0.5, 1, and 3 h. Relative
amounts of DUSP-1 were quantified by real-time PCR. Results are shown as the mean + SD
(n = 4 individuals) of DUSP-1 after normalization to GAPDH, and expressed as a relative
value to that of untreated cells at each time point. *P < 0.05, **P < 0.01, and ***P < 0.001
between untreated and PGE:- or PGE:-treated cells at each time point. (B) Confluent
human IVD cells were serum starved, left untreated (black column), preincubated with
PGE: (light gray column), or preincubated with PGE1 (dark gray column) for 3 h (1, 10, or
100 mM), and then stimulated with IL-18 (10 ng/mL) for a further 6 h. Relative amounts of
DUSP-1 were quantified by real-time PCR. Results are expressed as the mean + SD (n =4
individuals) of DUSP-1 after normalization to GAPDH, and expressed as a relative value to
that of untreated cells at each time point. **P < 0.01 and ***P < 0.001 between untreated
and PGE: or PGE;: treated cells at each time point.
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Figure 4. DUSP-1 knockdown by the transfection of small interfering RNA (siRNA) into
human 1VD cells. (A) Transfection efficiency of siRNA in human VD cells. Semiconfluent
human IVD cells were transfected with FITC-labeled siRNA oligonucleotides and cultured
for 24 h. Cell images were captured by a digital fluorescence microscope. Transfection
efficiency was more than 80% in three independent experiments (n = 3 individuals). Scale
bar: 100 pm (B) DUSP-1 siRNA was transfected into semiconfluent human IVD cells to
attenuate DUSP-1 expression. The relative amount of DUSP-1 expression was quantified by
real-time PCR. Results are expressed as the mean + SD (n = 3 individuals) of DUSP-1 after
normalization to that of GAPDH, and expressed as a relative value to that of untransfected
cells. DUSP-1 expression was significantly suppressed by more than 70%. ***P < 0.001 vs.
untransfected cells
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Figure 6. Effects of DUSP-1 knockdown on IL-1B-induced
expression of NGF in human IVD cells. Untransfected and
DUSP-1 knockdown human 1VD cells were serum-starved and
stimulated with IL-18 (10 ng/mL) for 24 h. Expression levels of
NGF were quantified by real-time PCR. Results are expressed as
the mean + SD (n = 4 individuals) after normalization to GAPDH,
and are shown as relative values to that of untransfected cells
stimulated with IL-18. IL-18-induced expression of NGF was
significantly enhanced in DUSP-1 knockdown cells. **P < 0.01 vs.
untransfected cells stimulated with IL-18
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