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Fig. 2 Approach to analyze the effect of HGF in ALS. To explore the effects of HGF on ALS, we first generated
transgenic mice overexpressing rodent HGF under the regulatory control of the neuron-specific enolase (NSE)
promoter (NSE-HGF-Tg). Then hemizygous HGF mice were crossed with hemizygous G93A mice. The mating re-
sults in the generation of four groups of mice: 1) wildtype (Wildtype), 2) HGF single transgenic (HGF), 3) G93A

single transgenic (ALS), and 4) G93A and HGF double transgenic (ALS/HGF).
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Fig. 8 Neuroprotective effects of HGF in a transgenic mouse model of ALS. A, The effect of HGF on motoneuronal
death. Cresyl violet staining of lumbar spinal cords. Only a small number of motoneurons remained at 8 months of

age in the ALS mice, compared with wildtype or HGF single transgenic littermates. The remaining motoneurons
in the ALS mice were atrophic. In contrast, double transgenic (ALS/HGF) mice retained a significantly larger
number of spinal motoneurons with a healthier morphology than ALS mice. B, The effects of HGF on axonal de-
generation. Degeneration of the ventral root was evident in 8-month-old ALS mice, while in double transgenic lit-
termates, degeneration of the ventral root was slight. C, The effect of HGF on muscle weight. Neuroprotective ef-
fects of HGF are also indicated from the delayed loss of weight of the gastrocnemius muscle.

2. HGF D EE~AOH#KICEIYALSY Y
AMEE)I = 21— FRIEINE &S h 3
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Tg & ALS-Tgl DY TNV INF VAV I
7w A (ALS/HGF-Tg) %{EM¥§ 52 &T, ALS-
Tg MM HGF Bz F 2 REIMIC D20 5
HWEE5H I ET, HGFDALS-Tgiz x4 5 3h#
A L7 (Fig. 2). HFHO A I ER
(wildtype) ¥ 7 A L HGF-TgidWwihd Ko
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Fig. 4 Bifunctional role for HGF in delaying ALS progression. As HGF acts on both survival and axonal regener-
ation of motoneurons and astrocytes, we propose that HGF is the first example of an endogenous cytokine that
plays a dual role in ALS. This could take place through 1) direct neurotrophic activities on motoneurons, i.e. pre-
venting the up-regulation of the proapoptotic protein “caspase~1" in motoneurons and 2) indirect modification of
glutamate neurotoxicity in motoneurons by maintaining appropriate levels of the glial-specific glutamate trans-
porter “EAAT2" in astrocytes, which is known as the main contributor to glutamate clearance, .
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BV TR E RIS =2 — T v 2 S HED T
ZE,S, HGFIZ X ) ALS-Tgl2 BT 2 &8 =
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ALS/HGF < 7 A Ti3 ALS-Tg |2 <2 |2 %1
SNBEZENHL,L RS (Fig. 3B). &5
I ALS/HGF < 7 A CIRERB OGRS L 5
fl s iz (Fig. 3C).
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Fig. 5 HGF improved motor performance. Comparison of motor performance in wildtype, HGF, ALS, and ALS/
HGF mice, determined using the hind limb reflex test, revealed that the reflex score was markedly decreased in
ALS/HGF mice, while the score was retained in ALS/HGF mice. The left column shows a schematic representation
of the hind limb reflex test. The right column shows quantitative values of the hind limb reflex test in different
mice. O, Wildtype (n = 14) ; @, HGF (n = 15) ; &, ALS (n = 16) ; and &, ALS/HGF mice (n = 16).

TAIaY A FEAAT2IRTIC L2708 I VB
O clearance DAL TAY, MBHIZHEEBL TWwA L
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ALS/HGF-Tg = B\ CEBIHEE VS KIBICHE S
nTW®, 54, BERSTF A+ (Fig. 575)
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Wi, HGF & eMetD L X 9s& HIZIKT L

— 119 —



Table 1 HGF delays the onset of paralysis and prolongs the life span in a transgenic mouse model of ALS.

G93A(+/-) G93A(+/-)/HGF(+/-) Pvalue
Onset 243.8 +4.7 271.9+586 0.004*
Length 15.7+ 1.8 148+ 1.6 0.686
Mortality 259.5+5.0 9286.8 6.5 0.003*

G93A(+/-) G93A (+/-)/HGF (+/~) P value
Onset 137.8+24 1615+ 3.4 0.007*
Length 12.0 £2.0 13.8+ 3.4 0.457
Mortality 147.5+5.7 175.3 £ 6.5 0.007*

*statistical significance was evaluated by t-test
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Hepatocyte Growth Factor (HGF) Retards Progression of ALS

Hiroshi FunaxosH:, Toshikazu NakaMura

Division of Molecular Regenerative Medicine, Course of Advanced Medicine, Osaka University

Graduate School of Medicine

We reviewed the role of HGF in retarding the
progression of amyotrophic lateral sclerosis
(ALS). Gene transfer of hepatocyte growth fac-
tor (HGF) in the nervous system attenuates

motoneuronal death and axonal degeneration,

and prolongs the life span of transgenic mice
overexpressing mutated Cu®’/Zn®" superoxide
dismutase 1. HGF prevents induction of cas-

pase—1 in motoneurons and retains the levels of -

the glial-specific glutamate transporter
(EAAT2/GLT-1) in reactive astrocytes. We pro-
posed that HGF could alleviate the symptoms of
ALS by dual mechanisms i.e. direct neurotroph-
ic activities on motoneurons and indirect activi-

540  MRREEBE Vol 20 No.5 (2008)

ties on glial cells, presumably favouring a re-
duction in glutamatergic neurotoxicity. The
latter activity was not reported for known neu-
rotrophic factors, which may be an advantage of
using HGF for ALS treatment. In addition, we
recently reported that HGF and its receptor,
¢-Met, are similarly regulated in patients with
familial ALS and sporadic ALS, suggesting the
endogenous regulation of HGF and ¢-Met in re-
tarding disease progression. These findings
raise the possibility that HGF could be used for
the treatment of both familial and sporadic
ALS.
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A

sham-operated retina

rhHGEF-treated retina
on 28 days after
ixchemia-reperfusion

MO B (20035 45T05)

C
vehicle-treated retina
on 28 days after
ischemia-reperfusion
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