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Nerve Regeneration in the Central Nervous
System by a Semaphorin Inhibitor
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It is well known that injured neurons in the central nervous system have only limited capability to regener-

ate and recover neurological function. We identified a low molecular weight compound, SM-216289, from
cultured broth of a fungus isolated from the soil of the Osaka Castle Park as a new semaphorin inhibitor. SM-
216289 completely inhibits semaphorin activity at less than 1 UM in vitro. The compound could accelerate

neuro-regeneration in the central nervous system in vivo. Semaphorin inhibitors may become innovative drugs

to enhance nerve regeneration after spinal cord or brain injury
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1. Neurons extend long neurites from their cell bodies. A fan-like
structure called growth cone is observed at the tip of each neu-
rite. 2. In the presence of neurite outgrowth inhibitor or repulsive
axon guidance molecules, neurite growth is inhibited. 3. When
growing neurites encounter a gradient of repulsive molecules,
the neurites make a turn to avoid higher concentration of repul-
sive molecules. 4. Growth cones are collapsed and neurites are re-
tracted by exposure of neurite outgrowth inhibitor or repulsive
axon guidance molecules onto growing neurite.

BEEE  Effect of neurite outgrowth inhibitor and
repulsive axon guidance molecules to
neurite extension
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BGEEW  structure of SM-216289 (xanthofulvin)

BEEEN  Scanning electron micrograph of Penicilli-
um sp. SPF-3059
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(A) A schematic representation of collagen gel co-culture assay.
When a cell aggregate of Sema3A-producing cells (Sema3A-Cell)
and DRG are cultured in collagen gel matrix, concentration gra-
dient of Sema3A is formed around the Sema3A-Cell due to difficul-
ty of diffusion of the Sema3A in the matrix. Neurites extending
from DRG explant are repelled by Sema3A and can only grow
avoiding Sema3A-Cell. (B)-(D) DRG and cell aggregate were co-
cultured in collagen gel matrix. (B) Repulsion of the neurites was
observed without SM-216289. (C) In the presence of SM-216289
neurites could grow even toward Sema3A-Cell, and radial exten-
sion of the neurites was observed. (D) Radial extension of the
neurites was observed, when DRG was co-cultured with control
(non-Sema3A producing) cell-aggregate. Dashed-circle indicates
the location of explanted DRG. Dashed-line indicates the position
of neurite tips extending in the direction of cell-aggregate. Scale
bar: 0.5 mm.

BGEEW  SM-216289 inhibits the repulsive activity of
Sema3A.
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(A) A schematic representation of experimental procedures. (D:
SM-216289 and Sema3A (Sm3A) are independently added to the
assay medium. @): Sema3A was pre-incubated with 0.5uM of
SM-216289 before addition to the assay medium. Final concen-
tration of Sema3A and SM-216289 were identical in both cases
(3 units/ml Sema3A and 0.1uM SM-216289). (B) Collapse activi-
ties of Sema3A observed in procedure-1 and procedure-2) are
shown. In the procedure-1), Sema3A was not inhibited. However,
in the procedure-2), significant Sema3A-inhibition was observed,
although final condition was identical to the procedure-1. Thus,
incubation of Sema3A with higher concentration of SM-216289
was crucial to inhibit activity of Sema3A, suggesting that SM-
216289 directly targets Sema3A. ** Student’s #-test: P<0.01.

BGEEEE  SM-216289 directly targets Sema3A.

48

0000000@OODO000000000000
00@O00000000000000000000
OO0000D0OSema3AD SM-2162800 0000000
ooobooocooooooooooooboon SM-
2162800 0 000000COMMOOOOOO0OO0O
goooboooosM-2162800 000000000
gooobooobooobooooobooboboOoooo
gooosmMm-216280000000000O0O0CO0O
gobooooobooobooboooo
oooosm-21628000000000C0OO0OO
gooooooboobobooooobOoobOobooo
000000000000 00000 Neuropilin-10
goOoocosroooNpPI-CcOSOODOODOOODOO
goobooooooboosM-2162890 0000000
Neuropilin-lOOOOOO0O0O0O0OO0OCOOOOOOO
O OFig. 6-A, BCO O O 0O Neuropilin-lOOOOOOCO
oooobOoocboooooooobOobobOooboon
oooooOooboooooobooobOobobOooDoon
goooooobooboboooooboobOobonoo
o0sM-21628000000000000000O0O
000000000 drig.e-Ccm

o)

! 12
e o0
Sy S
b *q LB
e E‘% 0.6
: °§ 0.4
UM B 02
0 10 20
|
SM-216289 SM-216289 (uM)

SM-216289

(A) Alkaline phosphatase-fused Sema3A (Sema3A-AP) could bind
to COS cells expressing a Sema3A receptor component, neuropi-
lin-1 (NP1-COS), and were stained black. But in the presence of
SM-216289, the binding was significantly inhibited, which could
be seen as faint staining. (B) Quantitative measurements of the in-
hibition of Sema3A-AP binding to NP1-COS by SM-216289. SM-
216289 inhibited Sema3A-AP-binding in a dose dependent man-
ner. (C) SM-216289 also inhibited binding of Sema3A-AP to DRG
neurons, in which functional Sema3A receptor was expressed. Ar-
rowheads in (C) indicate neurites.

PBGEEE  sM-216289 inhibits binding of Sema3A to
its receptor.

Oooog 2005-1



goobobooooosM-2162800 0000000
obOooooooobOOoobOoocbOoooboOoobooon
obOoocooooobOOoobooOooboOooboboon
ooooo

SM-2162890 0000000000

ooo0opooooUoooOooUooooooooo
O00o00doo0ooo0ooUoDoOooUOoooooo
ooooolodooooooooooooooo
oooo0doooooOooUoDoOooUooooooo
O00oo00doOoooOooUoDoOooOooooooon
O00oo00doo0ooooooDoOooooooooo
000000000000 Y%CW000000oooo
O00oo00dooooo0oooDoOooooooooo
O00oo00dooooo0oooDoOooooooooo
gobobooboboboobobboobobouoobo
goooooosm-2162800 0000000000
goboboobobouoobobbuobobouoobo
gobobooboboboobobobuobuoobobo
moooooooobooooooobbooo
gobobooooobbboooobbbuooooo
goboboobobouoobuobuoobobuobo
gboboobobouoobobbuobuoobobo
gobobooboboboobobobuobuoobobo
gboboobobouoobobbuobuoobobo
gooooobooooooobobmooboboooo
gobobooboboboobobobuoboobobo
gobobogboboobuobbuobobuoobo
0000000000000 Wooooooooon
goboboobobooobobobuoboobobo
goboboobobouoobobboboboboobo
Jooopo20300000000ooooooooo
goooooo

goobooooboboobobooooboo
goooosm-2162800 000000000000
good2000003000000ooooO0oo
O WGA-HRP: wheat germ agglutinin-horseradish perox-
idase conjugate 0 O OO0 000000 D0OODOOOOO
goooooboooobooogboboooog
gooooosM-2162800 00000000000
0000000000 000dFg. 700000000
SM-216289 00 0000000 SemasAD OO0 OonO
gooobooboooobobobuoboobuobo
gooobooboooobobobuobooboobo
goooooooooboboooobobbuooooo
gooboooboooobooboboobooo
gooboooboooobooboboobooo
goobooobooooboboboboobooo

oooo 2005-1

ooooooooobbooboobooDbo

O PBS
I O SM-216289  «

.

10 -

Regeneration score
[es]
T

12 -

14

2wk 3wk
B
PBS SM-216289

4
~ 5
£ *
3
@
o
S 6
K
3
=
[
x
3
Z 8 e
o
R *
©
&

9 = S g

10 TN T b oy

Olfactory nerves of rats were axotomized, and PBS or SM-216289
was locally administered into injury sites for two or three weeks.
Regenerated olfactory nerves were stained and the level of regen-
eration was quantified by scoring. (A) Schematic representation
of our scoring method. Regenerating nerves grow from bottom to
top in this figure. Horizontal sections (30um thickness) were pre-
pared from top to bottom of the olfactory bulb, and the number of
the first section in which regenerated nerves were used as regen-
eration score. Note that smaller scores indicate faster regenera-
tion. (B) A series of sections from PBS- (left) and SM-216289-
(right) treated rats (3 weeks) are shown. Asterisks indicate the
first section in which regenerating nerves were detected in each
treatment. Scale bar: 300um. gl; glomerulus, ob; olfactory bulb,
on; olfactory nerve (growing bottom to top), cx; cerebral cortex.
(C) Graphical view of the results. Acceleration of olfactory nerve
regeneration by SM-216289 treatment was statistically significant.
Regeneration scores are presented as the mean + SEM (2 wk:
PBS; n = 4, SM-216289; n = 3, 3wk: PBS; n = 4, SM-216289; n=5).
* Student’s t-test: P<0.05.

SM-216289 promotes regeneration of axo-
tomized olfactory nerves in rat
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In rat spinal cord injury models, SM-216289 was administered in
the proximity of the injury site by osmotic mini-pump. SM-216289
promoted recovery in the motor function of hind limb.

PG Functional recovery by SM-216289
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Semaphorin inhibitor promotes the axonal elongation from the
transplant cells into the spinal cord by inhibits the activity of sem-
aphorin in the injury site.

BEEEN  Application of semaphorin inhibitor in the
stem cell implantation
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