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Control of the pathology of discogenic low back pain by regulating
micro-inflammation

Endo, Kenji
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The pathological process of intervertebral discogenic pain involves a
chronic micro-inflammation. IL-1la /% is a proinflammatory cytokine believed to play an important
role in chronic microinflammatory conditions and its bioactivity is regulated by a balance with the
endogenous inhibitory protein, IL-1Ra. However, the regulatory mechanisms of these three molecules
are unknown.

In this study, we aimed to elucidate the mechanism by which IVD forms a chronic micro-inflammatory
condition through autocrine-like positive feedback mechanisms of IL-1 derived from IVD cells
themselves or neighboring cells. Furthermore, we focused on MAP kinases and their dephosphorylating
enzyme, DUSP1, investigating the possibility in the control of this process, with the goal of
exploring new treatment of the disease.

interleukin-1 autocrine MAP kinase DUSP1



85

collagen aggrecan
(matrix metalloproteinases: MMPs)
(nerve growth factor: NGF)

ZHHMIREROIL- 18 L TIL-1ZBEHOHIR

NP: Non-degenerate - Grade | NP: Degenerate - Grade 12

Al g e >

- R =

) ) (micro- : @ s RS oo
inflammation) x : &

. Bl e ] B2 —_—

z N o ¥

by - 2 \ )

= g Q §ove
o et
o

Le Maitre et al., Arthritis Research & Therapy 2005, 7:R732-745

interleukin (IL)-1

IL-1
MMPs NGF (NSAIDs)
COX-2 NGF
prostaglandin (PG)E: NGF 1
PGE: PGE: NGF
2 3,
IL-1
IL-1 IL-1a IL-1B
IL-1 receptor antagonist (Ra)
IL-1a/B autocrine
positive feedback IL-1
mitogen-activated protein (MAP) kinases
dual-specificity phosphatase (DUSP)-1
IL-1a
IL-13 autocrine  positive feedback
IL-1o/B IL-1Ra
MAP kinases (p38, ERK, and JNK) IL-1a/B IL-1Ra
DUSP-1 IL-1a/p autocrine  positive feedback
IL-1o/B IL-1Ra
IL-1a IL-1B (0.5, 1, 5, 10 ng/mL)
IL-1a/B IL-1Ra realtime-PCR
MAP kinases (p38, ERK, and JNK) IL-1a/B IL-1Ra
p38 (SB203580) ERK (U0126) JNK (SB600125)
30 IL-18 IL-10/B IL-1Ra
realtime PCR
DUSP-1 IL-1a/p autocrine  positive feedback
DUSP-1 siRNA (sense: 5-CCACCACCGUGUUCAACUULt-3 and antisense: 5'-
AAGUUGAACACGGUGGUGGtg-3) Lipofectamine
RNAIMAX DUSP-1 knockdown
DUSP-1 knockdown IL-1 IL-1o/B IL-1Ra

realtime PCR knockdown



IL-10/B IL-1Ra

IL-1o IL-1p IL-1o, IL-
1B IL-1Ra realtime PCR IL-
la (Figure 1A) IL-1p (Figure 1B) IL-1Ra (Figure 1C) IL-1a IL-
1B IL-1a0  IL-1B
A oo - §§§ B 0 - §§§ C 200
- . §§88
E 800 E:moo E1500
% 600 % g
o O 2000 91000
T 400 = K
:, 200 31000 3 500
0 ] 0
(hgml) 0051 510 0051 5 10 (ng/ml) 0051 510 0051 5 10 (hg/m) 0051 510 0051 5 10
IL-1a IL-1p IL-1a IL-18 IL-1a IL-18

Figure 1. Regulation of IL-10/p and IL-1Ra by exogenous IL-1a or IL-1f in human 1VD cells.
Confluent human IVD cells were serum starved and then stimulated with the indicated
concentrations of IL-1a or IL-1B for 24 h. Relative expression levels of IL-1a (A), IL-1f (B)
and IL-1Ra (C) were quantified by realtime PCR. Results are expressed as the mean + SEM
(n = 4 individuals) after normalization to GAPDH, and expressed as a relative value to that
of unstimulated cells. *** and §§§, P < 0.001 between untreated cells.
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Figure 2. Involvement of various mitogen-
activated protein (MAP) kinase pathways
in IL-1B-induced IL-1a (A), IL-1B (B) and
IL-1Ra (C) expression in human IVD cells.
LB - + 4+ 4+ + + + o+ 4+ o+ 4+ Confluent human IVD cells were serum
(M) - - 1 5 10 1 5 10 6 12 24 starved, preincubated with the indicated
None  SB203580 U0126 SP600125 concentrations of a p38 inhibitor
150 - (SB203580), an ERK inhibitor (U0126),
or a JNK inhibitor (SP600125) for 30 min,
and then stimulated with IL-18 (10 ng/mL)
for 24 h. Relative expression levels of IL-
la/p and IL-1Ra were quantified by
realtime PCR. Results are expressed as
the mean = SEM (n = 4 individuals) after
normalization to GAPDH, and expressed
LB - + + o+ o+ o+ o+ o+ 4+ o+ 4 as a relative value to that of IL-18 alone.
(M) - - 1 5 10 1 5 10 6 12 24 *P<0.05,**P<0.01, and *** P<0.001 vs.
None  SB203580 u0126 SP600125 IL-1B alone
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Figure 3. 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 75% in three independent experiments (n = 3 individuals). Scale
bar: 100 ym (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
realtime 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 5. Effects of DUSP-1 knockdown on IL-18-induced expression of IL-10/p and IL-1Ra
in human 1VD cells. Untransfected and DUSP-1 knockdown human IVD cells were serum-
starved and stimulated with IL-18 (10 ng/mL) for 24 h. Expression levels of IL-1a/p and
IL-1Ra were quantified by realtime PCR. Results are expressed as the mean + SEM (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 IL-1a/p and IL-1Ra
was significantly enhanced in DUSP-1 knockdown cells. **P < 0.01 and ***P < 0.001 vs.
untransfected cells stimulated with IL-18
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