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Neuroprotective therapy using granulocyte-colony stimulating factor
for patients with acute spinal cord injury and rapidly aggravating
compression myelopathy: phase | and lla clinical trial

Masashi Yamazaki, MD, PhD, Tsuyoshi Sakuma, MD, Hiroshi Takahashi, MD,
Koichi Hayashi, MD, Mitsuhiro Hashimoto, MD, Akihiko Okawa, MD, PhD,
Masayuki Hashimoto, MD, PhD, Masao Koda, MD, PhD

Chiba Univ., Japan

Introduction:

In previous reports, we have shown that granulocyte-colony stimulating factor (G-CSF),
one of hematopoietic growth factors, has neuroprotective effects on experimental spinal
cord injury (SCI) [Brain Res 1149: 223-231, 2007, ] Neuropathol Exp Neurol 66: 724-731,
2007]. Based on the results, we have started a phase I and Ila clinical trial that evaluates

the safety of neuroprotective therapy using G-CSF for patients with acute SCI and rapidly
aggravating compression myelopathy.

Methods:

'The trial was performed in five patients with acute SCI and 5 patients with severe
compression myelopathy. After obtaining informed consent from the patients, G-CSF (5
pg/kg/day) was intravenously administrated for five consecutive days. We evaluated the
presence of diverse events that related to the G-CSF therapy. We also evaluated motor
and sensory functions of the patients and their damaged spinal cord magnetic resonance

imaging findings.

Results:

In all of the ten patients, neurological improvement of both motor and sensory functions
was obtained, though the degree of the improvement differed depending on the patient. On
the day following the start of G-CSF therapy, white blood cell count increased more than
15200. It was maintained from 15200 to 43200 during the administration, and returned to
preadministration levels by the third day after the final administration. No adverse event
occurred during or after the administration.

Conclusions:

In the present clinical trial, no serious side effect occurred, indicating that this low-dose
G-CSF administration is principally safe. In addition, a certain neurological recovery was
obtained in all the patients even after the low-dose administration. Further clinical trials
with high-dose administration of G-CSF (10 pg/kg/day) will be required to establish the
G-CSF therapy for patients with damaged spinal cord.

- 66 -
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5
THREE-YEARS RESUSTS OF CERVICAL DISC
PROSTHESES IN THE SWISSSPINE REGISTY

E Aghayev, P Moulin, CP Réder, on behalf of the SWISSspine Group
IEFO, IEFO, University of Bern, Bern, Switzerland

Background context: The Swiss federal office of public health
required a mandatory nationwide HTA-registry for cervical total disc
arthroplasty (TDA), amongst other technologies, to decide about
reimbursement of these interventions.
Purpose: The goal of the SWISSspine registry is to generate evidence
about the safety and efficiency of these medtech innovations.
Study design: Prospective multicenter observational case-series.
Patient sample: From 3.2005 until 3.2010 1,044 interventions with
implantation of 1,201 discs from five different suppliers were performed.
Outcome measures: neck and arm pain levels, medication, segmental
mobility, quality of life, work slatus complication and revision rates.
Methods: Surgeon ini instruments were primary
intervention, implant and follow-up forms; patient self-reported
measures were EQ-5D, COSS, and a comorbidity questionnaire. Data
is recorded perioperative, at 3 months and 1 year postoperative, and
annually thereafter.
Results: There was significant and clinically relevant reduction of
neck (preop/postop 58.6/22.4 pcmts) and arm paln (preop/postop 64.5/
20.4) on VAS and a quently d ption
Similarly, quality of life improved from preop 0.43 to postop 0.84
points on EQ-5D scale. There wcre 6 mtraoperauve complications and
14 revisions during the same hospi ion for 887
TDAs and 2 mtraoperanvc compllcauons and 8 rcwsmns for 157 two-
level surgeries. A phar ically treated d was identified
as important risk factor for achieving a cllmcally relevant pain alle-
viation >20 points on VAS. Two-level surgery resulted in similar
with the interventions.
Conclusions: Cervncal TDA appeared as safe and efficacious in shon-
term pam duction of pain killer
and in 1mprovcmem of quahty of life. A clinically relevant pain
reduction of more than 20 points was most probable if patients had
preoperative pain levels higher than or equal to 40 points on VAS. A
phar logically treated di ion and two-level surgery were
identified as risk factors for less pronounced pain alleviation or
quality of life improvement.

6

ANOMALOUS VERTEBRAL ARTERY AT THE
EXTRAOSSEOUS AND INTRAOSSEOUS REGIONS
OF THE CRANIOVERTEBRAL JUNCTION
DETECTED BY 3-D CT ANGIOGRAPHY:
ANALYSIS ON THE 100 CONSECUTIVE
OPERATIVE CASES

M Yamazaki, A Okawa, A Sakuma, H Takahashi, M Hashimoto,
M Koda, K Takahashi

Spine Section, Department of Orthopaedic Surgery, Chiba University
Graduate School of Medicine, Chiba, Japan

Objectives: To avoid intraoperative vertebral artery (VA) injury
during instrumentation surgery at the craniovertebral junction (CVJ),

we have preoperatively analyzed VA anomalies using 3-dimensional
CI‘ nngmgraphy (3DCTA).

We 100 patients who underwent
instrumentation surgery since July 1998. Fifty-nine patients had atl-
anto-axial subluxation, and cervical fixation including C2 was
required in 41 patients. Among the 100 patients, 28 had congenital
skeletal anomaly (CSA) at the CVJ (CSA-positive cases) and the
other 72 had no CSA. Anomalous VAs at the extraosseous and

regions were eval by 3DCTA.

Results: During operation, no lar injury d. (1)
Anomaly of extraosseous VA: Abnormal courses of the VA at the
extraosseous region were detected in 11 cases (11.0%) out of the 100
cases: 2 had fenestration and 11 had persistent first intersegmental
artery. In both anomalies, the VA entered the spinal canal at the
caudal side of the C1 posterior. Intraoperatively, we determined the
course of the abnormal branch of the VA using Doppler ultrasonog-
raphy, and carefully exposed the operative site. Interestingly, all 11
cases with had CSA at the CV]. When we focused on the 28 CSA-
positive cases, 39.2% of them had such extraosseous VA anomalies.
(2) Anomaly of intraosseous VA: In 29 cases (29.0% of 100 cases),
the VA groove was located too medially, posteriorly, and cranially at
the C2 isthmus (high-riding VA). Fourteen cases out of the 29 cases
had CSA at the CV]J, indicating 50.0% of the 28 CSA-positive cases
had high-riding VA.

Conclusions: The present findings suggest that the frequency of
abnormal VA at the extraosseous and intraosseous regions is
increased when patients have CSA at the CV]. With preoperative
3DCTA, we can precisely identify the anomalous VA, and reduce the
risk of intraoperative injury to the VA, in advance.

7

NEUROPROTECTIVE THERAPY USING
GRANULOCYTE COLONY-STIMULATING
FACTOR (G-CSF) FOR ACUTE SPINAL CORD
INJURY: PHASE I, IIA CLINICAL TRIAL

T Hiroshi, Y Masashi, O Akihiko, K Masao, H Masayuki,
H Mitsuhiro, H Koichi, K Kei, T Kazuhisa

Department of Orthopaedic Surgery, Graduate School of Medicine,
Chiba University, Chiba, Japan

Background: Granulocyte colony-stimulating factor (G-CSF) is a
19.6-kDa glycoprotein that is commonly used to treat neutropenia.
Several recent reports have indicated that G-CSF can be used as a

p drug for I injury including stroke. So we thought
G-CSF ini; ion has P ive effects for acute SCI, and
d in the ion-induced spinal cord in rodents. As a

result, we have reported the mechanism of G-CSF for acute SCI;
G-CSF mobilized bone marrow-derived cells into injured spinal cord,
and supp d the ] apoptosis directly (Brain Res 1149:223,
2007, J Neuropathol Exp Neurol 66:724, 2007). Because of these
studies, we have started a Phase I and Ila clinical trial to assess the
safety and feasibility of neuroprotective therapy using G-CSF for
patients with acute SCI. In this study, we investigated the progresses
of first 6 cases in acute SCI using G-CSF.

Materials and methods: Six patients with acute SCI were received
intravenous G-CSF injection [5 g/(kg day)] for 5 days. After injec-
tion, we had neurological evaluations with American Spinal Cord
Injury Association (ASIA) score, and confirmed side effects for
medication with physical findings and laboratory data. In all six

a Springer
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some logical imp: was obtained after

patients,
medication.

Results: In all six patients, some neurological improvement was
obtained after medication in ASIA score. And in two of six patients,
AIS was improved one step (B to C, and C to D). Mean white blood
cell (WBC) counts were 10.6 + 2.8 (103/1) previous the administra-
tion, on the other hand, 31.0 £5.3 (103/) on 1 days after
administration and that was significantly higher than previous counts
(p <0.01). From 1 to 5 days after the medication, during the
administration, WBC counts kept higher than previous counts
(p <0.01), and 1 days after the end of medication, WBC counts
returned to the previous rate. No severe adverse effects were seen in
all patients after G-CSF injection.

Discussion: In acute myocardial inf: and cerebral inf:
clinical trials of G-CSF administration have been started and some
studies showed the effect of improvements of function. We first
started the neuroprotective therapy using G-CSF for acute spinal cord
injury. The aim of this study is to confirm the safety and feasibility of
G-CSF administration. After the confirmation, we will have the Phase
IIb clinical trial that assesses the effect of G-CSF for acute SCI, and
want to prove the effect of it.

8

IMPROVED QUALITY OF LIFE, PAIN, AND
FUNCTION AFTER SPINAL FUSION IN CHRONIC
LOW BACK PAIN ARE NOT DEPENDENT ON
OPERATIVE TECHNIQUE

Y Robinson, B Sandén

Institute for Surgical Sciences, Uppsala University Hospital, Uppsala,
Sweden

Background: Despite being a widely accepted treatment for chronic
low back pain (LBP) the published long-term-results of spinal fusion
surgery with regard to different techniques are far from equivocal.
Patients and methods: A total number of 822 patients (461 female)
with chronic LBP were followed prospectively within the Swedish
National Spine Registry program after spinal fusion surgery. Func-
tional parameters as SF-36 subscores and Oswestry Disability Index
(ODI) were obtained preoperatively and after 2 years. Furthermore
VAS for leg and back pain was determined. Quality of life was
evaluated by EQ-5D.

Results: Sixty-four patients were operated with uninstrumented
fusion (UIF), 380 patients with instrumented posterolateral fusion
(PLF), and 378 patients with posterior or transforaminal lumbar
interbody fusion (PLIF). Average leg pain improved in VAS from 45
to 27, back pain improved in VAS from 63 to 34. SF-36 MCS (Mental
Component Score) improved from 33.7 to 39.0, SF36 Physical
Component Score (PCS) from 36.2 to 45.4. ODI improved from 45.6
to 28.1. EQSD improved from 0.33 to 0.61. A slightly greater
improvement of ODI was seen in the PLIF-group of about 3 points
compared to the PLF-group. No clinically relevant differences were
seen between the outcome of the subgroups.

Conclusion: The presented results are in line with the results known
from previously performed multi trials, that fusion surgery does
improve function, pain and quality of life of patients with chronic LBP.

@ Springer

ingly in the i d patient cohort operative fusion tech-
nique does not seem to have a significant impact on patient outcome.

9

A LONG TERM CLINICAL EXPERIENCE WITH
THREE DIFFERENT NUCLEUS REPLACEMENT
DEVICES: LESSONS LEARNED AFTER 9 YEARS
FOLLOW UP

L Oliveira, L Marchi, E Coutinho, L Pimenta

Scientific Dept, Instituto de Patologia da Coluna, Sao paulo, Brazil

The nucleus devices have been developed
for treating moderate forms of degenerative disc disease, trying to fill
the gap between discectomy and fusion. The surgical goals are pain
relief, maintenance of the disc height and flexibility at the index and
adjacent levels.

Purpose: The purpose of the present abstract is to show our experi-
ence after 9 years using three different nucleus replacement
prostheses.

Study design/setting: Prospective, non randomized, single center
clinical study.

Patient sample: 125 patients with moderate forms of degenerative
disc disease were enrolled in this study.
O : Radi phic (AP, lateral and dynamic) and
clinical were coll d preoperatively, 1 week and 1, 3, 6,
9, and annually through 9 years postoperatively. The VAS and ODI
questionnaires were used to assess pain and functional outcomes.
Material and methods: 80 patients had PDN disc prosthesis, 26
patients with PNR (Trans1) and 19 patients using the NUBAC (Pio-
neer) device. The surgical techniques for each device were performed
following the prosthesis indications.

Results: After 9 years follow up, the global retrieval incidence was
48.8% (61/125). From these patients, 15 (57.7% of the specific
device) had PNR failures, 8 (42.1% of the specific device) experi-
enced NUBAC retrievals and 38 (47.5% of the specific device) had
PDN flaws. The failures included significant loosening of the disc
height at the operated level, displacement, silicon inside de canal and
migration. All patients underwent fusion as a retrieval surgery.
Conclusion: The retrieval rate in our series is very high. It shows that
the end-plate reaction in a long period of time happens, resulting in
important subsidence and mechanic back pain. The device expulsion
was another cause of pain and second surgery, as shown in the
literature.

10

A FULL ECONOMIC EVALUATION OF DISC
PROSTHESIS VS. LUMBAR FUSION IN PATIENTS
WITH CHRONIC LOW BACK PAIN: A
RANDOMIZED CONTROLLED TRIAL WITH
2-YEAR FOLLOW UP

P Fritzell, S Berg, T Tullberg, F Borgstrém, H Tropp

Orthopaedic, Falun hospital, Falun, Sweden

Background: Patients with chronic low back pain may in selected
cases be treated with surgery. The gold standard today is lumbar

- 363 -



S342

Eur Spine J (2010) 19 (Suppl 3):5233-S364

P60

NEUROPROTECTIVE THERAPY USING
GRANULOCYTE-COLONY STIMULATING
FACTOR FOR PATIENTS WITH RAPIDLY
AGGRAVATING COMPRESSION MYELOPATHY:
PHASE I AND IIA CLINICAL TRIAL

S Tsuyoshi, T Hiroshi, H Koichi, H Masayuki, H Mitsuhiro, K Masao,
O Akihiko, Y Masashi

Orthopaedic Surgery, Graduate School of Medicine, Chiba
University, Chiba, Japan

Background: Rapidly aggravating compressive myelopathy results in
severe neurological deficit, and its functional recovery is quite poor
due to limited axonal regeneration. To date, there has been no
effective therapy except for early surgical treatment. In previous
reports, we have shown that granulocyte-colony stimulating factor
(G-CSF), one of hematopoietic growth factors, has neuroprotective
effects on experimental spinal cord injury (SCI) [Brain Res 1149:
223-231, 2007, J Neuropathol Exp Neurol 66: 724-731, 2007]. Based
on the results, we have started a phase I and Ila clinical trial that
evaluates the safety of neuroprotective therapy using G-CSF for
patients with rapidly aggravating compression myelopathy.
Purpose: In the present study, we evaluate the results of the first stage
cases of the G-CSF clinical trial.
Study design: Clinical case series
Patient sample: The trial was performed in five patients, in whom the
Orthopaedic A ion (JOA) score for cervical myelop-
athy decreased 2 points or more during a recent 1-month period.
Outcome measures: We evaluated the presence of diverse events that
related to the G-CSF therapy. We also evaluated motor and sensory
functions of the patients.
Methods: After obtaining informed consent from the patients, G-
CSF (5 pg/kg/day) was intravenously administrated for five con-
secutive days. We evaluated the patients’ American Spinal Injury
Association (ASIA) score, ASIA impairment scale, and JOA
score. In addition, we performed blood and urinary test of the

patients.
Results: All five patients enrolled in this sludy exhlbned myelopazhy
caused by ossi ion of posterior longi of the spine.

In all of the five patients, neurological improvement of both motor
and sensory functions was obtained, though the degree of the
improvement differed depending on the patient. On the day following
the start of G-CSF therapy, white blood cell (WBC) count increased
more than 15,200. It was maintained from 15,200 to 43,200 during the
administration, and returned to preadministration levels by the third
day after the final administration. No adverse event occurred during or
after the administration.

Discussion and conclusion: In the present clinical trial, no serious
side effect occurred, ind g that this low-dose G-CSF ad
tration is principally safe. In addition, a certain neurological recovery
was obtained in all the patients even after the low-dose administra-
tion, suggesting that G-CSF is an attractive candidate for therapeutic
drug for damaged spinal cord. Further clinical trials with high-dose
administration of G-CSF (10 g/kg/day) will be required to establish
the G-CSF therapy for patients with rapidly aggravating compression
myelopathy.

@ Springer
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EFFECT OF MULTILEVEL LUMBAR DISC
ARTHROPLASTY ON SPINE KINEMATICS
AND FACET JOINT LOADS IN FLEXION AND
EXTENSION: A FINITE ELEMENT ANALYSIS

H Schmidt, F Galbusera, A Rohlmann, T Zander, HJ Wilke

Institute of Orthopaedic R h and Bi h
of Ulm, Ulm, Germany

University

Total disc arthroplasty (TDA) has been successfully used for mono-
segmental treatment in the last few years. However, multi-level TDA
led to controversial clinical results. We hypothesize that: (1) the more
artificial discs are implanted, the stronger the increases in spinal
mobility and facet joint forces in flexion and extension; (2) deviations
from the optimal implant position lead to strong instabilities.

A three-dimensional finite element model of the intact L1-L5
human lumbar spine was created. Additionally, models of the L1-L5
region implanted with multiple Charité discs ranging from two to
four-levels were created. The models took into account possible
misalignments in the antero-posterior direction of the artificial discs.
All these models were exposed to an axial compression preload of
500 N and pure moments of 7.5 Nm in flexion and extension.

For central implant positions and the loading case extension, a
motion increase of 51% for two implants up to 91% for four implants
and a facet force increase of 24% for two implants up to 38% for four
implants compared to the intact spine were calculated. In flexion, a
motion decrease of 5% for two implants up to 8% for four implants
was predicted. Posteriorly placed implants led to a better represen-
tation of the intact spine motion. However, lift-off phenomena
between the core and the implant endplates were observed in some
extension simulations in which the artificial discs were anteriorly or
posteriorly implanted.

The more artificial discs are implanted, the stronger the motion
increase in flexion and extension was predicted with respect to the
intact condition. Deviations from the optimal implant position lead to
unfavorable kinematics, to high facet joint forces and even to lift-off

h Therefore, multilevel TDA should, if at all, only be
performed in appropriate patients with good muscular conditions and
by surgeons that can ensure optimal implant positions.

P62

A NEW IN VITRO BIOMECHANICAL TEST
SYSTEM TO EVALUATE ADJACENT LEVEL
EFFECTS OF THE LUMBAR SPINE

M Schulze, D Deemann, R Hartensuer, L Loehrer, MJ Raschke,
U Hoelscher, T Vordemvenne

Department of Trauma-, Hand- and Reconstructive Surgery,
University Hospital Muenster, Muenster, Germany

The in vitro testing of new surgical reconstruction or stabilization
methods provides essential findings for clinical use on biomechanics
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HAKRERR HH Efh--S1036

10:10~11:10 —#AR2 BIEWHE-BMP 5¥
BR RE B (ERARARREERY - U ITFH)

1-3-7 BMP & 7 %4 A4 VB & 2 BBRECBI T S R KBRStk AAtL---S1037
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1-2-P1-1 1-2-P1-2

BRHAEICY T MR MERORILICAY T SRR 2 BRI o= —FIEKET G-
CSF) DR

R Rty FEF 2RI R

[RUwic] bhbhixFBERE 3 5 MEmHEEE
WERLT 2701, 7 v M BLUCLVEBERGICN T 3
wERMESEOFMNERRE L TE . LoL, WEN
ZMIED T HERIEAICIZE > Tk, By RY T A
TRFHIELE, 20T b ATSEEERME (PS #ia) - #
SRR R B BERE 2P Ocbhbh i ZhET
AT > T & AR EBA L2V,
(I3 5 iPS MiRsRmERMESE] <
A iPS M % MHRERIC U ML, <~ ABCBEL 20
BRI O W TR L, B 0.01% Eosrt
EHEMREOEA LB E BT RER L. 22T
SHEAEFMERRDBAS 0.01% U TFD 27 o — v 2ALT<
v A BRI BET 5 &, BRI S S hTRIERE
DR L7z Kz, & b iPS M % AHER i MERE N,
Ffef e~y ARBEHCBIL, MIEREEET 5
EEBsMILE. Lbl, RUKSEREC X0 18T
MER A 50, OB~y A IPSHRTHS
M L 3R 5 EOMBTH S Z L s, ZOMED
RS HORH ERLZTETH 5.
[N 2 MHERE T SR chd 2
MRRERML L, BRETEARTo> TRLAICBLT
iPSMHIT L D bELRBMELE L THIRFShTWw3. bh
b, TORECHECOVTI I VYAV =y rvy
A% Rl TR 21TV, ARAERD, W, B
TFERBMIOFET 2 2 2Bo I L. &5 ICHl
Ffio 3 5 MR 2Ty, ZoRMMrRe
HEEREEL 72

[BbDic] HERYE, HFoBREMFORRS L
Bk, ThETTABLEZ SN TERERMOBER
BMOEBRLBYFETR 2 AV 20H5. LHrLALDY
HEZRE, BEOZSERZART 5L THY, T
iPS MR BEBSTE AR OO R % fBk L 72z W i, BRI 12
Hit e S 521870, Sk b EROTIR 2#HL Tv
(T EDRATHS.
SRR R A R
BRPEE

TR PR AR

ERfE Ef Sk BT #ER S PME®
NIZ #F AR B R T EA
KF BEEE  WiAE A L IER?

[E8] BBER 2 o = —FIME T (G-CSF) i MBR%R iz 7

AT s MERTFTH Y, BMABRAMEEDSE - W5 - £FF
(Bt EOIFREAT 5. AMRBEDE A IMEHITE
M F F—iont L CEMESio RS M OB B D7 i v
DFBEEAL T 5. F, BEFE T VT 2 fikk
WEFHORE S hl. 22 ThhbhidElREcTL T
b G-CSF pSiMeshi S L 5 5 WTHEME 24008 L KB %
fTo7k.

[#%] @ Green fluorescent protein (GFP) = %7 X fi 3
DM THMEER L+ 273y ACHEREBE D
2, G-CSF %85 L ¥ iM% Wt7. G-CSF iz & 2 HE
MIEBHEONRERF L. Q= —orD/Ls s
BB BMIIF = 3F 3 5 G-CSF % in vitro THRE L 7z,
@v v A+ 7y hEHEAETE 7L ic GCSF 215, 178
FIH - BRERT 21T, GCSFO=a2—u> . 7Y
THIRI RS BRI - MEFEREER SO 3
L.

[#R] O G-CSF 851z & » HEERHEE~ 0 BB KA
MBAMEES L TBY, %0O—&IZ astrocyte ® oligo-
dendrocyte 253 L TV 7. @ G-CSF %, in vitro TH
HFEMIED 7V 2 3 ERSEIGSE R G L. O~
v R« 7y FEHAGE 7 VicE8»T, G-CSF i3
fi@ + oligodendrocyte D 7 # b — > A - MEHr &
fER%H L Tvo7z. G-CSF i3I BAEEIE 2 (e L7z,

[£%5 L UK#H] G-CSF 3 BB REE =2 —
v« 7Y 7 ONBSFEINE], MERLERER £ OFER 2 E
UCTHEERBOBERE 2 ET 2 Lt Ex on. Zhd
DORHLE D, PR 20 4 & 0 EHERMIC R 5 G-CSF &5
DHFRERER phasel-la #BIAL T\ 5

ITRMULEIRGRET  CTREAREBEER  TRENIER
bz 54

— 51026 —
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1-3-20

1-3-21

BIEEHE ORI AR 8 5 FRER
bOBEEY —FRUEBHE~ 7 2 BRAERHTNE
& F o —

#H BHIE? b B RS RS RE B
wWE B W Ry M KZ  Fl R
it Rt

[E®] bhbhizZh g T, HBFHERHERMER
(NSPC) % R H i~ L, RIFLHBAERES 2 HE LT
e £ OMBHFEES £ » = X ik, OBHMERIC X
3 neural circuit OB, OB, QRERTFOH
B rBRBIshTIRVE 00, BREHTHEVL. &
Ebhbhiz KR~ 7 2 Th 5 shiverer mutant v
v 2 DFER NSPC % Ay CRIBEH~ L BTV,
M & 2 PR Lo BB & AT L e

[5i:] BERFEED MBP BEFERE# L, ER 2B
%R L 72 v> shiverer mutant = 7 X DB 4 14.5 HEGF
Ak 5 NSPC % #E (shi-NSPC) L, 4 A NSPC
(wt-NSPC) & D& %175 7z. @ in vitro: shi-NSPC 03
RERE, SMUBE R ERAICTHE L 72. @ in vivo: shi-NSPC
B & U wt-NSPC %~ 7 2 i #H#i#€ 7 )V ~ itk 9
HH o B4 L 7 (wt-NSPC(n=11) /shi-NSPC # ; (n=
13)). X S E LT PBS A DEAEE (control # . n
=11) %R L 7o, MR 6 8 ¥ CHRECEBRAERN
B & CRIEAETFE 21T\, £ OHRMMENRE 217>
7.

[%8) @ in vitro: shi-NSPC i3 Tujl+ ® = 2 — o >,
GFAP+O7 A u¥A4 b, O4+D4 ) ITF» Fay 4 b
(OGC) RBRART ~ D 53 b 12 B 72 b5, MBP+ # OGC
ADMEFELBD Shad ol @ in vivo: wt-NSPC
BT ik TOME L AR control B L L THE
A HRAEE R % 18745, shi-NSPCE#CiBEERE2E N
Aotz B S e shi-NSPC REEHOHE L U2D
FAB %% L, wt-NSPC  @#kic Hut D=2 — o >
GFAP+®7 A a4 +, APC+ D OGC Ri#flfa~ D
SHEIREE 72 25, wt-NSPC BET I3 5 h 5 BtkERa e
KD MBP+D 2 2 ) YBIAOHEE LB Sz ko
yz.

[#E8 1 X %R shi-NSPC 1% in vitro, in vivo i B \»
T=a—uY-7AbuyA bcHMETEZC LML S
3, shi-NSPC Bz & » BREEE BB S Wz ol &
BRI & 0 B & 3 MBP+OIER 2 s =) VB
BTz b b BRI i B R# R R LTV
LEEEMOTR S hi.
IR AR

AR

SRR Y T 2L 707 7 — V8
HEDGFNR

ERFE E# M e R
RS R A T KW R
1Ly TER

XM B
LLRIrS

(B8] FHEEESE  CRETRZT 7 ) 7R
B & A U CHERAR 2B AT L Twa. 18k
WOHBEHRABIER L 2 2B, 7)) 7REOBEZ O L
SOEBELZERTH L. Btz ruy s - RARE
Al - SESRR T O 10 & D BIREE 2T 21
AR HBFHREEMENIc B L TH 7)) 7RI L
TIFAL, FERFEMBSRE ST LML > 27k
M L2 BERRET- 72

[5%] 7 v b BRI 2R L, (HEEME % mac-
rophage colony stimulating factor FFE FicH#E L~ 7 0
77— #1879z, Bl 24 R 50 ng/ml DA ¥ 5 —7
vy 5L, w7077 —YREMLLE. BRSD
7 v e 9-10 Bl % L5 FREE T2 T9-10 VLS YRR
# IH impactor #% i v> T 200 kdyn o) ¥ 8l [ 4 #8488 % 15
B, 4 BgcER 7 07 7 — Y 2 EEBRCEEEAL
7o, Btk 8 38R, BBB locomotor scale iz THEEEB#E
BEEIE % BP0 U 7o, SIBERRAE & FRAE L 7e. BOEIERBERS L L
—y 7« SR O AR 21T 5 .

[#%] BBB locomotor scale Tit, ¥Et{tv27 a7 7—
IYBERCBOTCOARLZERE 25 her o7 ER
- BHIBTI & <2 allodynia 3 & Shk ot KHE
HHEE N v — v S ORER, Bt 07 7 —OBHER
B THESRAIC VO 7~ S i KRR
BB

(%6 X URSER) RMEREBEABE 7V oy 2 M
7077 - VYBHEEETOMBRENREIRD b O
O, BEEEMRET I S kot BHEOEA (K5
RTIBHF LI - e RBRTBCEL 2728) « B
HEMIAEH - BB Vi< 707 7 —VEMEEO 7o ba—
RESFEERFHCOE, SR T IRMSHS.
\FEMUHERER  CTEARERER  TEHILER
b

—S1045—
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1-3-32

1-3-33

B AR SRR o 3 5 JERER 0 o = —
FIEE T (G-CSF) 851 & 5 E{RAEHR

FAM & L IEE kR W E
ESES- BT R P I S
W RE R RT WA XE ERE ER
KW OBEE R X

(B8] FEEtEHE O BtEEC R BBMPHT T ORI -
7)) 7HROMEBEOBEI R ShTwb. bhbhid
G-CSF o #FHitam i 2 BRI v TR L T
e, TNETOT—% 5 G-CSF HHEEMFIER
HEREAIC B T O BMREIEA 2 E T 5 Z LR E h
7o, SH, bhbhiRESHERHEIERIIN T 268K
3L LTDG-CSF 0FZ: - Z2M 2 RN 5 HRCER
FRAER phasel - [1a #BASAL 7=,

[Hi] EEtaiEREMES 10 MicnL, ZADH
HEF K X 3 XRAE %28/ #%, G-CSF 10 xg/kg/day
gt 5 HMARIERS L. T4 57.3(32-75)
RTHoTe. RERODEHERRLFRL, W « BICFRE
DR, M - BT ROFE 21T - 7.

[RR] AMmBRBTESHT 6.2+1.8X10°/mm? izt L5
FH»55ABFTHEBIERL, #53HE 338t
6.6X10°/mm’ & BAEERD L. MEFRRICOVTRE,
G-CSF 8 5% iz &5 T:EB) - BEBMOWMK 2R 72
ASIA motor score T2 # 5 /191371 wxf L 5H 1
# BT 97.6+33, light touch 38541 94.7+16.2 12 Xf L
#5% 1% HAT9.3+1658, pin prick i3858 88.6+15.3
R LEE® 1 A AT9.7+121 COThLEEEZRED
7z. G-CSF #E5#M 5 & URERICEERROTLER
T oie.

(B85 L UFR] GCSFEEHMT 6 L b5 HkcE
FHERORER L, SEOKERS XUAETRERYE
iR EZ o, WEFRICOVTE, BED
#Zi3H 2 HO0LPITES B L VRRFEEOUESESh
fz. DT &5 G-CSF pHEEMERBIGED REHMERIC
BT b HEREFERA 2RO+ ICfF SN 5.
5kix G-CSF DM RO # £ B L ¥ 2 B8R
phase IIb 24 % DR AR MRS 23HETH 5.

FRREAEBEFRB R B

7 v M ERERMEEE 7 vt 3 3 prolyl hy-
droxylases (PHD) fEE 3 D %h5R

Rl
HH #5

B K
FH e

W RE FL 48

[E#9] hypoxia-inducible factor (HIF) i3 k2 Ifil f4: 4 fk &
Fiont UIER M2 #EF 3 2888, glucose transporter 4
B ka7 R -y AEASSHE STV S. HIFD
43f#13, prolyl hydroxylases(PHD) 3B B 1o (k77 L
TS5 T3 L 8MELNTBY, ZOBEEEGHET2 2
ik b HIF @@t L T, MigRESicox282 7
MRS NTw 2. bhubhil, PHD OEMEEAICH
BLTEREAGE T2 Licky, HIF ERRESE 2
MRERT B8 7 WEKD 1D & LT TM6008 %5
RL, EFEAOREMY, < ARFEEEFLAOEORE
W2 & BB 7 b — s RN, MREREEER R R L
7z (Thromb Vasc Biol, 2007). Zh & OfR2H % 2,
4, FHSMEEEE 7 Vi TM6008 2 ORE LK
OBEERF 2T L, 2R &M L LT OaREM I D
TR

[%¥] 7 v bBE#O®HIC, 24 FITH 2 fE0ENRI
BRT Vv VRER) v @RBT 2T V) R
BERE ORI U7z, F4i7 24 Rl &, carboxymethyl
cellulose 1z #f# L 72 TM6008 % 100 mg/kg/H, 1, 3, 5,
THMEORE L B(TME), L PBSOABE LM
(a¥bo—R)D2RCHT, V7 V84 LPCREE
AR o EmR T X D FHEL 2.

[#R] V7154 L PCRTit, TM#5 HH® HIF1a
O mRNARE BV o A#5HEL D ERBCHVE
FERHI(n=3, p<0.05). F@RETIE, TMR7HE
ORIz B1 5 TUNEL BtEMlg o > bo— LB 7TH
HEHBL THEEZBY 2@, TMB7THHCSY
active caspase3/APC [tz KHE, ELrba vt
o— VR LB L THRE Y2 RSB 5 hiz (n=4,
p<0.05).

[E£5 L UREHR) LA EX D, TM6008 D55t HIFla
DRFMERF 2 (BHE L TTREM SRR & 7. REREORE
R o RBREOMEOT7 X —y A 2HHL, £VTTFV
Foy4 b RRELLAEESEZ Shlk. ThsORR
75 TM6008 DIREBHEE 3 2 B3I s h,
B, SsicmNEERTWS.

HERFERERADERBIARE  REAFRAEEIR
N Sl o e ST PR e i
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2-Pb-1

< 2BEBEESE 7 v icxt 3 5 G-CSF BIERM
AR O e ARE

i £ ENE ERE WK BT KW EE
A bR bk B AWM B i
e X R IR

(B8] a5, BEERBEHE (SC) o3 2 MlaB R
DEPUSSHEES N T, RENIE EBLE
DORMEEN VL E BRI TLEL. —F, bhbhid
SCI =% 4 % G-CSF n#iEREIEM 2B S i LT T
HEPR BB 2 BME L T\ 4%, G-CSF 85 & 0 B &
D ARSI B R & h B CD34 B s i TRz M
BRECUHREEC B THAREREL LTRESNT
w3, HEERME 71 G-CSF 2#ERE L T bR
BB & h BRI A D EE T 0 ED
iz, T, GOEFERMmEN L Fk G-CSF i Tk
AR B8 & h s MmERHEE £ EUX - W L TR RE
Wi EEBIET 2 2 L THRIEPRERD SN 5 Lo I HE
KE-k.

[##:] 8 il#a NOD/scid = & izt LH 8 KAt HES Y]
B > % IH impactor % flv>» T BiE IR € 7V 2 1F
B L, 1##% control Bz 3EMDOA %, MBIIZE
Hi3k G-CSF By R 8% 1.5 10° @ #, CD34 Ffizik & b
i3k G-CSF ) & CD34 Btk epAfila 1.5 10° i R {801
HEEE A L 7o # il B #8 68 13 Basso Mouse Scale
(BMS) TR L 7. Bitith 88T~ v 2 % B LFHiO
FRMETH 2R L, AESERYS & USRS RO 21T
St BB b3 b3 Y FY 7HEC & B R
GOERL, MER - ENRASEIEY -y — L OZERE
o THABMIRR DM R RET L 7.

[£52) BMS iz 8 \» T i, control # 1 1t L, M#,
CD34 Bt : b BB cHEOBAY A SN, i,
KR AMRET T2 control Bz L MB¥, CD34 B L biT
HEEROBEN S SN, El, RSP IBHE
ML M B, CD34 2005 CIRIBEMAICEFL Tolk.

(B85 L URR] BKSHOE S 1, G-CSF#51c
& 0 RBERAINO RIBEERL, &51c%0%E)
Rxhz@ilaeEI LEBT~BETs L TEons
FHERSOMEEEI I NS 2 LTRSS Wz,
FEARFAFERIF

2-Pb-2

7y M EBRE IR 5 vy A AT S REMER
(iPS) MifgEIK astrocyte BHERNR

B AT ERE EE U ER
FHE B OKW BB MO e B
LRSIt RV

[E#] @ Neural Stem Sphere (NSS) ¥ ES #Hfa & v
B & < FERMIIG R BB T X 5. @ Astrocyte 23%
EOEREH, BEMBEOYA SV AERS, LR
BN 2 HRECBT A RE VMR TV 5. KB
DOERE, iPSHIMEX D NSS#ERBWTHMEFER L7 as-
trocyte 27 v M EBEBETVICBEL, 20RRER
HrszeThs.

(58] 8:EEHMESD 5 v b DF 9-10 Bl L~ e, TH
Impactor # v CHEEREZFR L. OXHEE3 E
iz, 10 1E/5 «1 0 iPS MY astrocyte * 8fiyE L 7o
b O % astrocyte BAEEE(N=20), DMEM %8 L7 b
0% DMEM #(N=10) & L7:. B4#3 %~FAlic PKH26Red
MEETo2—h—k Lk, TEEBBENME: LT,
BBB score %, inclined plane test, SCANET % 175 7:.
774 =7 OFHli & LT, % 8 BEFIC thermal hyper-
algesia test (¥4I L, mechanical allodynia test (FE#]
) 21TV, FEMRAGT v P (N=5 bMX TR L.
AERPRURRE & U CIRTFBERYR, GFAP MitiEM, CGRP
MR E R R EHR L. @ BiEM% 7 B %, astrocyte
BAlE (N=9), DMEM B (N=7) & L TRk B %217
2T,

[RR] O3 BEBH - THOEBIREN I il cHEZE
% ; o7z, Astrocyte BiliREE 2 —< VBRI L AR
BRBRETHY, /—~ B DMEM Bz L TH
B ERISOEE T b5 1o, BN I B 8 B DR A
TEFL TS, GFAP OREHEIIEM £ 25> T,
AREIRN TR, FRTOHE CHEMIcERR R 2
Sfe. @7 B&RBM | THRGEBIMAEZ & Ui SR - FER
Wz BV CHEMICEER 2 0o 7. RAEARFEITRN
ET>Tw35.

[E8s L UER] TREBREOKH T2 <, astro-
cyte BB CRMRBT+HATHE Z LaEX S hi.
astrocyte D7 07 4 =7 ~OBGHTH S 2 7228, Bl
R & D 2 ORRISBOHIH S
IFRAFAFBE TSRS B
LZG R = 1A E e 2

R JAvE Sl
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1-3-10 FEEMEHESMEERAICH T 32BN I0=-—-RBARF
(G-CSF) % A\ /-18#Z{REME | Phasel&llaffFREABR

Neuroprotective therapy using granulocyte-colony stimulating factor for rapid aggravating compression
myelopathy : a Phasel and Ila clinical trial

FRRFERF B R F R R E, TRH LH RER b

O Al B, miE & &% % ki BB,
[E A EIE A, bl IERE!

[BRY] e &, HEEVERBESMERESICH T 2 B RD o= —f#ME T (G-
CSF) % H\W 7MW REREICOWT, ReMMREL FHM L L /-Phase I/1affR
REEZ DTV D, EEOREESTHE L 72818k OG-CSF 5pg/kg/H¥%5 0%
VPR EN-DIZF EH X, S, 2Bk & L TG-CSF 10ug/kg/H D%
5 %4757, [hEE] EEEHERESEMEF 1261 L TARRBRZ T Lz, &
ADOBHERIZX 2 XHERZELXF/-%. G-CSF 10ug/kg/H % #fe5 H [ 2% HHE
B Lz, S RICAEFROFHELMHEAL, EE) - REREOHB O %17 -
720 [#ER] MiEHTRICOW Tk, G-CSFiGHRICBRENEIEIDH L DD, 2T
EB), REMREOLEI R LN G-CSFERSHMT B L UHRGRICEERRD
HET R o7,

Keyword : FH#JE (myelopathy) . FHRER 2 0 = —RIBMA T (G-CSF) . ##EIR#EHE: (neuropro-

tective therapy)

12321 SMEHBES I ENEF IO - —®BEF (G-CSF)
AW REREDRE ~ B3~

Neuroprotective therapy using granulocyte colony-stimulating factor (G-CSF) for acute spinal cord in-
jury: a phase I and Ila clinical trial : the third report

T RERFREBER I B RS EHE

OBl . ENEER. K& 197, AN 8.
ki BREL WG

[Bm] Frid, SHEFHEGICHT 5 G-CSFE H W - MR REmEIcoVn T, &
MR % EHB L 3 Sphasel - MaffRRBEZ D T2, SENIZ. ZOMEBIRN
WZOWTHET 5. [HE:] FRi204E4 H 20 & FRk224E3 H oific,. AEDEOH
7o 2RI E B B 17HIC 3 LG-CSF# G- 21T o 720 w#IO5B1IC135ug/kg/ H
it < 126012 1x10ug/kg/ H THEFSH B A EE L 7z AEFROAELAELL. M
BIEROHER (ASIA score. AIS) 3 & ML FT RO 217 - 72 [#R] AISIZ17
B8 T — Bt R D % 28 72, ASIA motor scorelIx G-RBEREH L WV AELRK
#EAD (p<0.01). sensory scoreldHG5HMH3HE X W HEICkFELA (p<
0.05) . HMIREIIHEGHBERHE 26, HEGRICHLTERICLEAL (p<0.01).
B WP EES R S, HRFESOSABRICIZZRESHOMEIZE - 2. 51
B L UORSBRICAEERROB LI L1072,
Keyword : ##i#% (spinal cord injury). ffi#EfR###: (neuroprotective therapy).
R #ABR (clinical trial)
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2-3-09  FIHsagittal alignmentDEIRIZL
Dynamic Changes of Sagittal Alignment in the Thoracic Spine

' ER ST SR B TSR

OFM KiE'. Bl TN, HlE £5. BB 2.
R OERT. I OB

MHE (ZMEBI & o TRE LB 7 . FIEHE L B3 5 L FHEBB OB S X
LhVEZEZONTELD, TN TICHEBRBICET 528G 1X 2 o Kot LIRET
alignment(Z 317 % BRI T D BI5- % multi detector-row CT (MDCT) % H\W\TH
F L7z RITMHER B DL VA% CEXERSS.4%) Th 5. MEAL THIHE
DV R WFIE AL & BB TMDCT2 i L. Stk B 0% E A2l L. Th
1-2%*5Th10-11Z 213 TTh6-7% F.LSER NI HEB 2R L. Th11-12I3 HEHRE
AL 72, W BRI Tha/5% .02 MARIZZE L L. Th 1/2THek4.0° O W] B
ZRW7z0 Th1-120H%BIIRIEN T37.4°, BB T104° Th o7z MBEEDZHEIC
BUTHHMATIEIZEITRETHY ., SRMICBIT 25 ER T 2 THEFICH
LUBEND 5,

Keyword : gt (tl;oracic spine). KARWF7 7 4 A ~ } (sagittal alignment) . B2t (dynamic

change

2-3-10 FHREHEEICHS EHEEMABICH UENEIO=-—
RBEAF (G-CSF) »ERL =26

Granulocyte-colony stimulating factor showed a remarkable effect for neuropathic pain due to ossification
of the spinal ligament : report of 2 cases

TRRFRFBEEER BT 2, TR L b

Ol Al . Wl 2. mi& £, KT RE. EREE
S, bl R

[Br)] FREEEEERER T, FEPTFSLERCTRESE 2 L ICERLTT
OF=T7HHEL, @EOEAIN L TUIHBRREETH 5, FA X, FRENF B
FEICPE > THMBEEMAIEAE U72260 T, G-CSF#&5- 29 % FH IR S 72
DT, ZORBEBES 5o FEBIL] MR B LR D FBE 20 LG-CSF
b H M B EHER S Lz 58 X ) fiER O L ki, BEEMIC—
BHLUTHLELERPHEE L.
[EBI2] Rt 2t 5B LIE 12 Pk 5 B BERE (20 L G-CSF 2 3##e5 H B i s E TR 5
L7z $e58# & ) MBEROSFE & IICH KB OEFmATHEE L. [FBR] E
ROKBICREDEIEZH D DOD, 26 & EFHFOWUEZEI RSNz, G-CSFix5-#
B L OBRERICEEREROREE 2, FRHBEEEEROERUEICENTD
B EEEARIE S 7z,

Keyword : (ﬁéﬁéﬁ;ﬁf‘t%ﬁ (neuropathic pain) . $Jf%E (allodynia) . JERIER 2 0 = — Rl B K T

—169—
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Saturday, December 4, 2010, 8:17—8:23 am CSRS-2010
Paper #56

Neuroprotective Therapy using Gr yte Col Sti g Factor (G-CSF) for
Acute Spinal Cord Injury: A Phase I and Ila Clinicnl Trial

Hiroshi Takahashi, MD, Chiba, Japan (n) Nothing;
Masashi Yamazaki, MD, PhD, Chiba, Japan (n) Nothing;
Akihiko Okawa, MD, PhD, Chiba, Japan (n) Nothing;
Masao Koda, MD, PhD, Chiba, Japan (n) Nothing;
Masayuki Hashimoto, MD, PhD, Chiba, Japan (n) Nothing;
Mitsuhiro Hashimoto, MD, Chiba, Japan (n) Nothing;
Tsuyoshi Sakuma, MD, Chiba, Japan (n) Nothing;

Kei Kato, MD, Chiba, Japan (n) Nothing;

Kazuhisa Takahashi, MD, PhD, Chiba, Japan (n) Nothing

Introduction: Granulocyte colony-stimulating factor (G-CSF) is a 19.6 kDa glycoprotein and an
important cytokine that is ly used to treat penia. Several reports have indicated that
G-CSF also has non-hematopoietic funcu(ms and could potentially be used as a drug for neuronal
injury, including stroke and deg ve di Thus, we hypothesized that administration
of G-CSF might have neuroprotective effects for acute spinal cord injury (SCI), and examined its
effect using compression-induced spinal cord injury models in rodents. We previously reported that
G-CSF mobilized bone marrow-derived cells into the injured spinal cord, and directly suppressed
neuronal apoptosis (Brain Res 1149:223, 2007, J Neuropathol Exp Neurol 66:724, 2007). Based
on those results, we have started a phase I and Ila clinical trial to assess the safety and feasibility
of neuroprotective therapy using G-CSF for patients with acute SCL The aim of the present study
was to confirm the safety and feasibility of G-CSF administration for acute SCL

Methods: The trial was performed in a total of 17 SCI patients within 48 hours of onset. Informed

was obtained from all pati In the first step, G-CSF (5 pg/kg/day) was intravenously
administered for five consecutive days to five patients (5 pg group). In the second step, G-CSF (10
ng/kg/day) was similarly administered to 12 patients (10 pg group). We evaluated the presence of
adverse events related to the G-CSF therapy. We also evaluated motor and sensory functions of the
patients using American Spinal Cord Injury Association (ASIA) score and ASIA impairment
scale (AIS).

Results: In all 17 patients, neurological improvement was obtained after G-CSF administration.
AIS increased one step in 8 of 17 patients. A significant increase of ASIA motor score was detected
one day after the injection (p<0.01), and both light touch and pin prick scores improved three days
after the injection (p<0.05). Mean white blood cell (WBC) counts rose to 28.6 + 3.2 (x10*/uL) in
the 5 pg group and 25.9 + 6.1 in x 10 pg group one day following the start of G-CSF therapy.
During the administration, WBC counts remained at higher levels than those observed before
administration (p<0.01). Three days after the final administration, WBC counts returned to the
pre-administration levels. No adverse effects were seen after G-CSF injection.

Conclusion: We have initiated a clinical trial of ve therapy using G-CSF for acute
SCL The results indicate that low to moderate doses of G-CSF are essentially safe and a degree
of neurological recovery was obtained in all patients. We suggest that G-CSF could be a
therapeutic drug for injured spinal cord.

See Disclosure Index pages 4079/ or legend on inside back cover.
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Neuroprotective Therapy using Granulocyte-Colony Stimulating Factor for Rapidly
Aggravating Compression Myelopathy: A Phase I and IIa Clinical Trial
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Hiroshi Takahashi, MD, Chiba, Japan (n) Nothing;
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Introduction: We have undertaken a Phase I and Ila clinical trial that evaluates the safety of
neuroprotective therapy using granul lony stimulating factor (G-CSF) for patients with
rapidly aggravating compression myelopathy

Methods: At the first stage of this trial, we confirmed the safety of administering G-CSF at
5 pg/kg/day. In the present study, the second stage of this trial, we investigated the administration
of G-CSF at 10 pg/kg/day. The trial was performed in twelve patients in whom the Japanese
Orthopaedic Association score for cervical myelopathy decreased two points or more during a
recent one month period. After obtaining informed consent from the patients, G-CSF
(10 pg/kg/day) was intravenously administered for five ive days. We evaluated the
presence of adverse events related to G-CSF therapy. We also evaluated motor and sensory
functions of the patients.

1 1

Conclusion: In all twelve pati neur of both motor and sensory
functions was obtained, though the degree of the lmprovement differed among the patients. The
mean American Spinal Injury Association score before G-CSF administration was 91 points for
motor function, 92 for soft touch and 88 for pin prick. One month after completing
administration, the mean score improved to 98 points for motor function, 99 for soft touch and
100 for pin prick. On the day following the start of G-CSF therapy, the mean white blood cell
count increased to more than 22.7 x 10°/uL. It stabilized between 22.7 and 47.3 x 10°/uL during
administration, and returned to preadministration levels by the third day after the final
administration. No adverse event occurred during or after the administration.

See Disclosure Index pages 40—79/or legend on inside back cover.
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