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Nature Outlook 2016 / Outline 2017

Vol. 540 No.S49, December 7, 2016

Nature Outlook: Regenerative medicine

www.nature.com/articles/540S49a

Vol. 544 No.7650 supp_out,April 20, 2017
Corneal repair

https://www.nature.com/collections/pdryjrsvnz/videos

Vol. 546 No.7659_supp, June 22, 2017
Eardrum regeneration: membrane repair

https://www.nature.com/collections/rzfrydkflp/videos

Vol. 548 No.7668_supp, August 24, 2017

Critical limb ischaemia

https://www.nature.com/collections/vmxkcnxvwg/videos
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Vol. 563 No. S33, November 7, 2018
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Vol. 564 No. S73, December 20/27, 2018
Liver Cirrhosis Registration trial
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https://www.nature.com/collections/ycpfrvtnhj/video
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The Principles of Regenerative Medicine
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¢ This collection describes
the paradigm shift
occurring in medicine. ¢
- Masanori Fukushima, TRI Director
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ease Control

An overview of regenerative medicine: its )
principles and the scope of the current revolution

Masanori Fukushima

CEQ and Chairman, Translational Research Center Medical Innovatic

1. INTRODUCTION
we medicine medicine represents a coming revolution in the
. crging the

vested from the patients themselves are demonstrating extremely promi
als and other studies. Referred 1o as scem-cell ther-
aking stem cells from the body,
culturing them, and then putcing them back into the body ta induce ¢

apics that use stem cells ha

ing resules in clinical

apics, or just call ther

sue to regrow. Jap
many years of hard wark are bearing fruit as clinical crials progress a
ing to schedule. We can be oprimistic that novel therapics will soon make
currently untreatable diseases and disorders ereatable.

The chapiers of this collection describe six regencrative therapies. Be-
fore considering sp in this essay | provide an overview,
explaining the principles enerative therapies: the u
on of framework materials
as scaffolds for tissue regenerarion using tissue engincering.

ics, howeve

e of

2. WHAT IS STEM-CELL THERAPY?
Stem cells are found in various tssues in the body, including the blood,
bone marrow, far, connective tissue, nerves, skin, © cd,

stem cells have the capacity to produce specific, mature cell types. Ste
cells are believed to replenish damaged or dead cells in the body.

The stem cell therapics described here use adult stem cells. Since cell
manipulation is not applicd. there is no risk of developing rumaurs. The
ethical issues associared with embryonic cells are also avoided. There is
no risk of rejection by the immune system, as the patient’s own cells or
immunotolerant stem cells are wsed. This means that, u

c organ trans-
plantation, stem-cell therapy does not need adjuvant therapies such as the
continuous administration of immunosuppressants. Furthermore, boh
<l cxraction from the body and cell replacement (cither as-is or after
culturing) can be parcially automatcd. Many procedurcs can be performed
using relatively simple technigues. such as intravenous infiusion and other
wechniques thar do nar require general anacsthetic.

Adul . Onc is haematopaictic
stem cells As their name indicares, these stem cells can produce blood cells

ATTACKS TO A LIVING BODY

Micrabes Injury

Degeneration, Prinaid
Neoplasm in

Wfarct

Figure 1. Multicellular symbiotic system for mai

ing hommeostasis that inherits seli-

buethey can also generate vascular cels. The other type is currendy referred o

as mesenchymal stem cells. They are so named because these stem cells were

cluding the bone and fat. However, recent studies have revealed
that some me: can creare nerve cells, which are not of me-
eded to uncover more about these cells.

nchymal stem cells

sodermal o Further research

How do we identify adult stem cells when they exist only in minute
quantities in the body? The answer lics In using markers for the glycopro-
teins that arc expressed on their membranes. For example, since hacmato-
poietic stem cells have a glycoprorein called CD34, they can be identified
as CD34" cells, These CD34" haematopoietic stem cells show potential
for treating blood vessels in the legs that have been obstrucred in critical
3) and for treating intractable fractures

on with a scaffold. An example of an
nchymal stem cells is one for spi-
nal cord injurics (Stem Cell Therapy 1), in which nerve cells are regencrared
using CD105* cells.

Some adule stem cells defy categorization due to their diverse character
istics. For example, multlincage differentiating stress enduring (Muse) cclls,
which were discovered by Mari Dezawa of Tohoku University in 20107,
are tho

€ 10 create cells of various tissue types and (o play a specialized
role in the repair of body tissucs. Muse cells arc the basis for an cxperimen-
tal approach to treating myocardial infarction (Stem Cell Therapy 2) and
have been used to regenerate cardiac muscles, which had previously been
considered difficult to do. Remarkably, studies have indicared that intra-
venous infusion of Muse cells is cffective for treating myocardial infarction
patients and, despite being an allogeneic transplant, immunosuppression s
ot needed for the initial infusion.

The abave-mentioned stem-cell approachcs all emplay cxtremely simple
medical procedures. They harness the body's innate healing mechanism, by
extracting stem cells, boosting them outside the body and then returning
them ta the paticn, as is the case in intravenous infusion of stem cells from
the patient. The therapics are based on bialogical principles known as scem-
cell physiology, which have been described in the publications listed in Rtef.

INTERNAL REPAIR IN A LIVING BODY

pair
8T
&

)
M1

Innate
immuni
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Vol. 552 No. 7684 _supp, December 14, 2017

Spinal-cord injury: spurring regrowth
https://www.nature.com/collections/ctdkppganx/videos

Prof. Osamu Honmou

Department of Neural Regenerative Medicine, Research Institute for Frontier Medicine,
Sapporo Medical University School of Medicine, Sapporo, Japan

#

X

Honmou O., et al.

Intravenous administration of auto serum-expanded autologous mesenchymal stem cells in
stroke.

Brain 2011: 134; 1790-1807.

Honmou O., et al.

Mesenchymal stem cells: therapeutic outlook for stroke.
Trends in Molecular Medicine 2012 May;18(5); 292-7.
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Spinal-cord injury @V

Figure Magnetic resonance imaging images of patients’ brains before and after the
administration of mesenchymal stem cells.

A: 4h before B: 4h after C: 1w after D: 2w after [MIHSS)

25

20

H B : Honmou et al., Intravenous
administration of auto serum-expanded
autologous mesenchymal stem cells in

stroke.
Brain 2011: 134; 1790-1807. r I - | T | |
=160 -50 L] 150 250 350
[Days)
Figure Effect of administration of mesenchymal stem cells on the NIH stroke scale
(NIHSS) of patients.
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RESEARCH ARTICLE

Age-specific characterization of spinal cord
injuries over a 19-year period at a Japanese
rehabilitation center

Mitsunori Toda'®, Eiji Nakatani®*, Kaoru Omae?, Masanori Fukushima?, Takaaki Chin'***

1 Department of Physical Medicine and Rehabilitation, Hyogo Rehabilitation Center, Akebono-cho, Nishi-ku,
Kobe, Japan, 2 Translational Research Informatics Center, Foundation for Biomedical Research and
Innovation, Manatojima-minamimachi, Chuo-ku, Kobe, Japan, 3 Department of Biostatistics and Data
Science, Osaka University Graduate School of Medicine, Yamadaoka, Suita, Osaka, Japan, 4 Department of
Rehabilitation Science, Kobe University Graduate School of Medicine in Hyogo Rehabilitation Center, Kobe,
Japan

& These authors contributed equally to this work.
* t-chin@pure.ne.jp

PLOS ONE | https://doi.org/10.1371/journal.pone.0195120 March 29, 2018
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ASIA: American Spinal Injury Association

Fig 3. ASIA impairment scale (distributions at set intervals).

https://doi.org/10.1371/journal.pone.0195120.g003
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Fig 4. Time (month) from injury to admission (distributions at set intervals).

https://doi.org/10.1371/journal.pone.0195120.g004
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Fig 5. (A) Age-group distributions for various causes of spinal injury. (B) Distributions of spinal
injury levels within patient age groups. (C) Distributions of AIS scores within patient age groups.

https://doi.org/10.1371/journal.pone.0195120.g005
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Table 4
Patient information and changes in the AIS and ASIA motor scores
No. Age Injury Day Size of SCI (mm) AIS
of TX Initial 6M Initial 6M

1 35 C5: DL +FX 13 62 x 8 21 = 11 A A
2 50 Cé6: DL ] 23 %6 Sx5 B D
3 45 C4: DL +FX 13 38«6 11 %6 C** D
4 23 C5: DL +FX 17 ND TO » 22% A A
5 51 C4-6: DL+F 14 63 « 0 45 % 15 A A

All the five patients were male.
AIS = Amencan Spinal Injury Association Impairment Scale. (A = Sensorimotor complete lesion. No motor ¢
sacral segments. B = Motor complete lesion. Sensory but not motor function preserved in at least the sacral se

e F Saito et al. Administration of cultured autologous
bone marrow stromal cells into cerebrospinal fluid in
spinal cord injury patients: A pilot study. Restorative
Neurology and Neuroscience 30 (2012) 127-136.
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Table 6

Changes in the AIS and ASIA scores

Case AIS grade Motor score Light touch score
at TX 6 M after TX at TX 6 M after TX at TX 6 M after TX

| A B 30 S0 62 78
2 B D 33 09 70 106
3 A A 3l 57 17 79
4 B C 30 57 61 05
3 A A 30 S0 59 67
6 A A 20 22 26 28
7 B B 30 32 35 T8
8 B C 19 31 40 76
0 B B 30 S0 16 17
10 A A 12 16 20 36

Complication refers to adverse events related to this study:; Recovery from the anemia in cases 3 ani
Abbreviation: TX, transplantation

H B8 SuzukiY, Ishikawa N, Omae K, Hirai T, Ohnishi K, Nakano N, Nishida H, Nakatani T, Fukushima M, Ide C.
Bone marrow-derived mononuclear cell transplantation in spinal cord injury patients by lumbar puncture.
Restor Neurol Neurosci. 2014;32(4):473-82.
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e chronic cerebral infarction

(EESRIEES

Komatsu, K., et al. Therapeutic time window of mesenchymal stem cells derived from
bone marrow after cerebral ischemia. Brain Res. 1334, 84-92 (2010).

Namioka, T., Namioka, A., Sasaki, M., Kataoka-Sasaki, Y., Oka, S. et al. Intravenous
infusion of mesenchymal stem cells promotes functional recovery in a rat model of
chronic cerebral infarction. J. Neurosurg. https://doi.org/10.3171/2018.5.JNS18140
(2018).

e cerebral hemorrhage

fd H I

Nakazaki, M., et al. Intravenous infusion of mesenchymal stem cells inhibits intracranial
hemorrhage after recombinant tissue plasminogen activator therapy for transient middle
cerebral artery occlusion in rats. J. Neurosurg. 127, 917-926 (2017).

e chronic spinal cord injury

1BMEREES

Morita, T., et al. Intravenous infusion of mesenchymal stem cells promotes functional
recovery in a model of chronic spinal cord injury. Neurosci. 335, 221-231 (2016).

e post-resuscitation
encephalopathy

FRERDIHIEE

Zheng, W., et al. Therapeutic benefits of human mesenchymal stem cells derived from
bone marrow after global cerebral ischemia. Brain Res. 1310, 8-16 (2009).

e Parkinson’s disease

Inden, M., et al. Therapeutic effects of human mesenchymal and hematopoietic stem
cells on rotenone-treated Parkinsonian mice. J. Neurosci. Res. 91, 62-72 (2013).

e prion disease TUA TR Song, C. H., et al. The effect of transplantation of bone marrow-derived mesenchymal
stem cells on mice infected with prion. J. Virol. 83, 5918-5927 (2009).

e hypoxic ischemic ivizEREIrAilil Sakai, T., et al. Functional recovery after the systemic administration of mesenchymal

encephalopathy in the 14 BXYEE stem cells in a rat model of neonatal hypoxia-ischemia. J. Neurosurg. Pediatr. 22, 467-

developing brain 599 (2018).

e epilepsy TAD A Fukumura, S., et al. Intravenous infusion of mesenchymal stem cells reduces
epileptogenesis in a rat model of status epilepticus. Epilepsy Res. 141, 56-63 (2018).

e brain tumours X fEE Nakamura, K., et al. Anti-tumor effect of genetically engineered mesenchymal stem cells
in a rat glioma model. Gene Ther. 11, 1155-1164 (2004).

e peripheral neuropathy SRRy RpE= Matsuda, Y., et al. Intravenous infusion of bone marrow-derived mesenchymal stem cells

reduces erectile dysfunction following cavernous nerve injury in rats. Sex. Med. 6, 49-57
(2018).

Takayanagi, A., et al. Intravenous preload of mesenchymal stem cells rescues erectile
function in a rat model of cavernous nerve injury. J. Sex. Med. 12, 1713-1721 (2015).
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Developenent of Muse cel therapy for KAITEX! socety

Vol. 540 No.549, December 7, 2016

Nature Outlook: Regenerative medicine
www.nature.com/articles/540S49a

Prof. Shinya Minatoguchi
Department of Circulatory and Respiratory Advanced Medicine,
Gifu University Graduate School of Medicine

Prof. Mari Dezawa
Department of Stem Cell Biology and Histology, Tohoku University
Graduate School of Medicine

374
Tanaka T., et al.
Mobilized Muse Cells After Acute Myocardial Infarction Predict Cardiac Function and Remodeling in
the Chronic Phase.
Circulation Journal. 2018 ; 82 (2) ; 561-571.

Minatoguchi S., et al.

S1P-S1PR2 Axis Mediates Homing of Muse Cells Into Damaged Heart for Long-Lasting Tissue Repair
and Functional Recovery After Acute Myocardial Infarction.

Circulation Research. 2018;122:1069-1083.
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Advances in Experimental Medicine and Biology

© 2018

Muse Cells

MUSE CE‘”S Endogenous Reparative Pluripotent Stem Cells
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Saving limbs by growing new blood
vessels

Stem cell therapy offers hope of rescuing blood-starved limbs
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A stem'cell fix for limbs

Patients with renal failuré and blocked arteries in their legs respond favorably
to a new.kind of stem cell'therapy
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Peripheral Vascular Disease
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A, Overall survival curves after intramuscular injection of BM-MNCs according to type of diseases.
Survival probability was determined by Kaplan-Meier curve as a function of months after BM-
MNCs implantation. B, Amputation-free interval curves after intramuscular injection of BM-MNCs
according to type of diseases. Probability of leg amputation (including ankle) was determined by
Kaplan-Meier curve as a function of months after BM-MNCs implantation.

Background Angicgenic cell therapy by intramuscular injection of autalogous bone marrow menenuclear cells

was first atiempted in patienis with peripheral ariery disease (PAD) with critical limb ischemia, and the feasibility was shown by
a randomized controlled Therapeutic Angiogenesis by Cell Transplantation (TACT) study.

Methods and Results The present study was designed to assess the 3-year safety and clinical outcomes of this
angiogenic cell therapy by investigaiing the moriality and leg amputation-ree interval as primary end points. The median
follow-up time for surviving patients was 25.3 months (range, 0.8-69.0 months), and 3-year overall survival rates were 80% (5%
Cl68-21) in patients with atherasclerofic peripheral arterial disease (11 died in 74 patients) and 100% (no death) in

41 patients with thromboangiitis obliterans (TAO; Buerger's disease]. Three-ysar amputation-res rate was 60% (95% Cl 46-74)
in PAD and 91% (95% CI 82-100) in patients with TAQ. The multivariate analysis revealed that the severity of rest pain and
repeated experience of bypass surgery were the prognostic factors negatively offecting amputationfree interval. The significant
improvement in the leg pain scale, ulcer size, and painfree walking distance was maintained during at least 2 years after the
valve did not significantly change.

Figure 3
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angiogenesis using bone marrow mononuclear cells
(BM-MNCs) in patients with chronic limb ischemia due
to peripheral artery disease (PAD) or thromboangiitis

reported a significant improvement in transcutaneous
oxygen pressure, rest pain, ankle brachial index (ABI),
and pain-free walking time in patients with critical limb

H B8 : Satoaki Matoba, MD, PhD, et al.

Long-term clinical outcome after intramuscular implantation of
bone marrow mononuclear cells (Therapeutic Angiogenesis by Cell
Transplantation [TACT] trial) in patients with chronic limb ischemia.

American Heart Journal. 2008;156:1010-8
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Time-dependent changes of rest pain, ulcer size and pain-free walking distance after intramuscular injection of BM-MNCs.

REAFZAZREFATR AIREFBRE

88



ext One

itati TR
Citation =

Web of Science : 176

1 24 23
20
20 e S 18 18 18T
_ 14 14
10 N R B B R B B B .
7
I 2
0
0 i
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 21O/

Matoba S, Tatsumi T, Murohara T, Imaizumi T, Katsuta Y, Ito M, Saito Y, Uemura S, Suzuki H, Fukumoto S,
Yamamoto Y, Onodera R, Teramukai S, Fukushima M, Matsubara H; TACT Follow-up Study Investigators.
Long-term clinical outcome after intramuscular implantation of bone marrow mononuclear cells
(Therapeutic Angiogenesis by Cell Transplantation[TACT] Trial) in patients with chronic limb ischemia.

Am Heart J. 2008;156(5):1010-8.

89

FERFAFREFATR  RIREFBRE

2019/6/27



CLI: G-CSF mobilized peripheral blood

mononuclear cells

p)
/m

Sone Marro w Tra nsplanta Son (2001) 48, 275254
& L1 Moonilian Fublshars Limiied Al rghts nsanvad 0288335911

WA TR PR o

ORIGINAL ARTICLE

Bone marrow mononuclear cells versus G-CSF-mobilized peripheral blood
mononuclear cells for treatment of lower limb ASO: pooled analysis
for long-term prognosis

R Omnodera’, § Teramukai**, 5 Tanaka®, § Kojima™', T Horie*, 5 Matoba®, T Murohara®,
H Matsubara® and M Fukushima®, BMMNC Follow-Up Study Investigators, M-PBMMNC
Follow-Up Study Investigators’

| Colahoration Center for Conpmuniny and fndusrry, Sappora Medical University, Sappors, fapan; *Departmanr aff Cliniral Trial
Diesign and Management, Transdational Research Center, Kyoto University Hospital Kypoto, Japan; *Trandational Resawrdh
Infarparics Cenrer, Foumdarion for Biomedical Research and fwovarion, Kabe, Japan; * Deparroenr af Surgery, Sappora Holuyu
Fospital, Sappare, Japan: *Department of Cardiovascular Madiane, Kyok Profecaral University School of Mediane, Kvow, fapan
md‘qummr af Cardialngy, Nagopa University (raduae School of Mediane, Nagaya, fapan

Onodera et al. Bone marrow mononuclear cells versus G-CSF-mobilized
peripheral blood mononuclear cells for treatment of lower limb ASO:
pooled analysis for long-term prognosis.

Bone Marrow Transplant. 2011;46(2):278-84.

Table 3 Prognostic factors affecting overall survival and amputa-
ton-free sumnvival, identified weing Cox's regression analyss with

hackeard variable sdecton
Fazpor HR 8 O Powalwe
vl servival
History of dialysis 1
+ 440 L6941 =001
Totalno, CI* cells Lo 1
callactad High 045 OH-098 ood
Age Per year 103 L00-1.006 O
Sex Malke 1
Feamake 054 0X-108 a0E
Amgpuragon. (e survival

Fardaine clissfication I 1

Y 181 LEET1 =001
Tatalna (M7 elk Lo 1
caillactad High 048 -0 0004
History of dialysis 1

+ 1% B3 000
Sex Malke

1
Famake 053 00054 TeE]

Ahhrevaton O, confidence mmsrval, HRE, hapard raso.

a
§
5
=
=
3
B
&
°
5
3 921 — Low dosa
—— High dosa
e
0 6 12 18 4 30 33 42 48
No. at risk Months after implantation
Low dosa 135 104 27 E7 E2 a3 = 15 E
High dosa 48 42 1) a3 23 14 7 4 -
b 1.0
c
z
g 08 uls_t g
‘é . £S5 ‘-I_E.a.__Hin 0.8
5 04 036,
5
3 02
5 — Low doso
@ gg |—— Highdose
Q 8 12 18 24 30 28 42 48
Months after implantation
Mo. at risk
Low dosa 135 r-] EZ 48 35 = 17 10 5

High dose 43 33 B 22 18 10 5 2

1

Hgare 2 OS5 () and amputation-free sarvival (b) carves for aneno-

wlercess ohlierans (ASCY) patentss after mplantatson aocording

1o the

quantity of D347 cells collected. High (10347 cell harvest = == 5= 10F

per patent; dow C34 4 cell harest = <4 x 107 per patient.

90



blood mononuclear cell

CLI: G-CSF mobilized autologous peripheral -@
/

ext One

Advance Publication by-J-5TAGE

Cirm J ORIGINAL ARTICLE
dai:10. 12530, GHT1220 Peripheral Vascular Disease

Outcome From a Randomized Controlled Clinical Trial

— Improvement of Peripheral Arterial Disease by Granulocyte
Colony-Stimulating Factor-Mobilized Autologous
Peripheral-Blood-Mononuclear Cell Transplantation (IMPACT) —

Takashi Horie, MD, PhIY; Seiji ¥ amazaki, MD); Sayaka Hanada, ML,

Shueo Kobayashi, MDY, PhD; Tatsuo Tsukamoto, MDD, PhI); Tetsuya Haruna, MD, PRI,
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for the Japan Study Group of Peripheral Vascular Regeneration Cell Therapy (JPRCT)

Background: The clinical usefulness of peripheral bieod {PB) menenuclear ceil (MNC] ransplaniation In patients wih peripheral
anarial dsease (PAD), sspecially In thoss with mild-to-moderate saverfty, has not bean fully clartfiad.

Methods and Results: A rEndomized cinical el was conducta to svalusss the Sfcacy &nd safety of granukcyte colomy-Emulating
tactor (G-CEEHMonlizen PEMNG (ranspiantason In patients with PAD (Fontsine stage IHV end Rutherond casagory 1-5) caused
by arteripsciencsts obillerans of Busrgers disaase. The primary endpoint wes progression-res sunvival (PEE). In fotel, 107 subjects
were enrolled. At basaiine, Fontaing stags was (LIl In 82 petiants and I In 21, and 54 patents weare on Remodialysis. A total of 50
patients had Intramuscular transplantation of PEMNC combinad with standard of cane {S0C] {csll Terapy group), and 52 raceived
S0C only (conirol group). PFS tended to be Improved In the el therapy grow than In the control group (P=0.07). PFS In Fontaina
stage IV subgroup was significantiy better In tha call therapy group than In the control groug. Cal therapy-ralated advarse avents
wiers fransiant and not sarious.

Conclusions: In this st rEndomizas, lame-scale cincal nal of G-CEE-mabiiizad PEMNG ransplantation, the oail nersgy was
tolerated by & varlety of PAD patients. Tha PEMMC therapy was significantly efiactve for Inhibiling disease prograssion i
milg-to-mederaie PAD.

Key Words: Granulocyle oolony stimulating tactor; Periphersl arenial disease; Peripharal bicod mononudlear cels: Prograssion-fee
suntval

Horie et al. Outcome from a Randomized Controlled Clinical Trial:
Improvement of Peripheral Arterial Disease by Granulocyte Colony-
Stimulating Factor-Mobilized Autologous Peripheral-Blood
Mononuclear-Cell Transplantation (IMPACT) .

CircJ. 2018;82(8):2165-74.
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Figure 2. Kaplan-Meier estimates of the progression-free
survival (PFS), which was the primary endpoint of this study.
Disease progression was defined as (1) worsening Rutherford
category, (2) increase in skin ulcer size, (3) gangrene exten-
sion, (4) new ulcer or gangrene, or (5) major limb amputation.
mo, monthe.
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CLI: bFGF+7>O35—%

Advance Publication

Circufation Joumal ORIGINAL ARTICLE
o 0.1 26 3cinej. C.H1B-0815 Peripharal Vascular Dissase

First-in-Man Clinical Pilot Study Showing
the Safety and Efficacy of Intramuscular Injection of
Basic Fibroblast Growth Factor With Atelocollagen
Solution for Critical Limb Ischemia

Kazunori Ono, MI); Kenji Yanishi, MD, PhD); Makoto Ariyoshi, M), PhI;
Satoshi Kaimoto, MD, PhD; Motoki Uchihashi, MD, PhID;
Keisuke Shoji, MD; Satoaki Matoba, MD, Phl»

Background: Therpautic angiogenasts win basic fibmblast grow factor (BFGF) with atelocollagen was conflmed In & study using
& 1Imi) ISCNEMIa MouSe Modal. BECEUSE e NUMBaF of Elsenly PESENts WIN Crtical Imb IScnEmia (CLI) 15 INCraasing, particlany that
C2USEd by BrtEncsCierols ohiterans (ASOH, tha cevalopment of less ITVEshe Engloganssis Merapies oesima

Methods and Results: This irsHn-man cinical shudy was designed 1o 352a58 the safety and SMcacy of Lm. Injection of bFGF with
atelocollagan. HUMEn recamisinant BEGF (200pg), comained with 4.8mL 3% atelocolagen soltion, was prapaned and injectd o
e gasinocnemius muscle of the Ischemic keg. The pdmary andpoint was saledy, evaluatad on all adverse evenis over 48 waeks
after this treaiment. The sacondary endpeint was efficacy, eveluated by Improvement of lschamic symploms. No serlous procedure-
relatad sdverse events were cbserved durng the Tollow-up pariod. Visual anslogus scale [VAS) score was significantly Improved at
4, 24 and 48 weaks Compared Wit baseling (P-<0L05), and T palients bacamea pain free durng the follow-up perod. Fontaing clas-
sHfication was Improvad In 4.of 10 patients &t 48 weaks. Cyanotic laslons diseppearad In 2 patients at 4 weeks.

Conclusions: |.m. injection of DFGF with ateiocoliagen Is sate and Teasible In patients with CLLL Randomized controlled tials are
therefone needed to confirm Fese rasults.

Ky Words: Easic bobiast growtn 1actor; Criscal I lschemia; Penpheral arery dseass; Tharapeutic angiogenesis

e 1 the Tecent rise im the number of diabenc In recent years, cell therapies have boen developed and are
D patiens, a5 a result of the a.gmﬁ of the pencral performed. in clindcal ioe, as advanced medical rear-
population worldwide, the provalence of critical ment. Procedures thar faciliae angiogenasis and collaveral

limb ischemia (CLI; Fomzine classification 1 and IV, or circulation have recently been assessed for the reduction
Rutherford classification cavepories 4. 5. and &) has also of vssue damape. These procedures include the use of
been increasing. Although medical and surgical rrearmen:, growth facors (vascular endothelial growih facwor, VEBCGE,
incl maneous ransluminal an A e th factor, HGF: and basc fibroblas
mdmhypassp;mmwdm hawcmalku:lly ng;ougl';ﬁamdﬁrdi mﬁ unﬁ‘;[ﬁ and F(E-Z), and bome marmow oclls
wrearment of CLI, many patenis are forced 1w underpo (C1334+ or mononeclear cells [MNC]L# * The Therapeutic
ampumarion of the lower imbs because of arerioscerosis Angog:rmsh_',l{_‘cﬂ Transplanation (TACT) wrial repored
ablicerans {AS0) or Buerger's disease (thromboangiits on the safi of im. |mpl.munun ol bona
oblierans; A.()]]_ In spiwe of the remarkable progress in marmow MB {Bhl-m implantarion) as a reament
the wearment of CLI, therapeutic owicomes remain far for CLL and, in pamicular. those patenss with ASO or TACY
from satisfaciory and the prognosis of CLI remains chal- with no opuion for cther reatment. w1 Concerns regard-
lenging.** Therefore, new therapeutic approaches are ing the effeciveness, immune or inflammarory responses 1o
needad for the effective management of CLL genetic materials and myvasiveness ul'ﬁ:m therapy or cell
No effoaive aliernaives w0 percutancous or surgical wransplaniaiion, however, sill exise. Many pavenis with
revascularization presenily exist for the ireamem of CLIL CLL especially those with AS(), have ischemic hean dis-

Ono K et al., First-in-Man Clinical Pilot Study Showing the Safety and Efficacy of
Intramuscular Injection of Basic Fibroblast Growth Factor With Atelocollagen
Solution for Critical Limb Ischemia, Circulation Journal, 2018,
doi:10.1253/circj.CJ-18-0815
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2. Change in visual analogue scale [VAS) score dur-
ing the follow-up period, after i.m. injection of basic fibroblast
growth factor with atelocollagen in patiente with critical limb
ischemiz. Data given as madian and IQR.
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Non-union bone fracture: a quicker fix /@

ext One

Vol. 550 No. $193, October 26, 2017

Non-union bone fracture: a quicker fix
https://www.nature.com/collections/gmpthxknbn/videos

Prof. Ryosuke Kuroda
Department of Orthopaedic Surgery, Kobe
University Graduate School of Medicine

Kuroda R, Matsumoto T, Niikura T, Kawakami Y, Fukui T, Lee SY, Mifune Y, Kawamata S, Fukushima M, Asahara T,
Kawamoto A, Kurosaka M.

Local transplantation of granulocyte colony stimulating factor-mobilized CD34+ cells for patients with femoral
and tibial nonunion: pilot clinical trial.

Stem Cells Transl Med. 2014;3(1):128-34.
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Non-union bone fracture —@
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CD34+ cells Local transplantation of
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stimulating factor-mobilized
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Figure 1. Schema of the treatment procedure. Abbreviations: G-CSF, granulocyte colony stimulating factor; VEGF, vascular endothelial growth factor. 2014;3 ( 1) :128-34.
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Non-union bone fracture @

Hi B8 : Kuroda R, Matsumoto T, Niikura T, Kawakami Y, Fukui T,
Lee SY, Mifune Y, Kawamata S, Fukushima M, Asahara T,
Kawamoto A, Kurosaka M.

Local transplantation of granulocyte colony stimulating factor-
mobilized CD34+ cells for patients with femoral and tibial
nonunion: pilot clinical trial.

Stem Cells Transl Med. 2014;3(1):128-34.
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Vol. 544 No.7650_supp_out,April 20, 2017

Corneal repair
https://www.nature.com/collections/pdryjrsvnz/videos

Prof. Chie Sotozono
Department of Ophthalmology, Kyoto Prefectural University
of Medicine

#

X

Sotozono C, Inatomi T, Nakamura T, Koizumi N, Yokoi N, Ueta M, Matsuyama K, Miyakoda K, Kaneda H, Fukushima M,
Kinoshita S.

Visual improvement after cultivated oral mucosal epithelial transplantation.

Ophthalmology. 2013;120(1):193-200.

Sotozono C, Inatomi T, Nakamura T, Koizumi N, Yokoi N, Ueta M, Matsuyama K, Kaneda H, Fukushima M, Kinoshita S.
Cultivated oral mucosal epithelial transplantation for persistent epithelial defect in severe ocular surface diseases
with acute inflammatory activity.

Acta Ophthalmol. 2014;92(6):e447-53.
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Corneal repair
- FREER -

Figure 2. Procedure for transplanting cultivated autologous oral
mucosal epithelial sheets. A mucosal specimen containing the oral

mucosal epithelium was collected to create an oral mucosal epithelial

sheet at the Cell Procession Center. After about 2 weeks, this
stratified epithelial sheet was used for cultivated oral mucosal
epithelial sheet transplantation.

1. 6mm-diameter biopsy 2. Amniotic membrane
of buccal musoca

Dissemination and culture of
oral mucosal cells on amniotic
L ] membrane (10-14 days)

A )
| (1) ] a4 Feeder cells
(3T3 fibroblasts)

2}

Transplantation of cultured oral
mucosal epithelial sheet

After surgery Before surgery

p)
/m

Figure 6. Improvement in visual function using limbal rigid contact lenses. A
patient with Stevens—Johnson syndrome with severe adhesion on the ocular
surface and a preoperative vision of counting fingers (0.004). The patient’s own
oral mucosal epithelium transplanted onto the cornea was nearly stabilized 6
months after surgery, improving visual acuity to 0.05; the use of limbal rigid
contact lenses further improved visual acuity to 0.9—-1.0. This improvement has
been maintained for over 7 years since surgery. (Modified from Ref. 43.)
COMET, cultivated oral mucosal epithelial sheet transplantation
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Vol. 546 No0.7659 supp, June 22, 2017

Eardrum regeneration: membrane repair
https://www.nature.com/collections/rzfrydkflp/videos

Prof. Shinichi Kanemaru
Department of Otorhinolaryngology/Department of Head and Neck Surgery,
Tazuke Kofukai Medical Research Institute, Kitano Hospital, Osaka, Japan.

&b

X

Omae K, Kanemaru SI, Nakatani E, Kaneda H, Nishimura T, Tona R, Naito Y, Kawamoto A, Fukushima M.
Regenerative treatment for tympanic membrane perforation using gelatin sponge with basic fibroblast growth
factor.

Auris Nasus Larynx. 2017;44(6):664-71.

Kanemaru SI, Kanai R, Yoshida M, Kitada Y, Omae K, Hirano S.

Application of Regenerative Treatment for Tympanic Membrane Perforation With Cholesteatoma, Tumor, or
Severe Calcification.

Otol Neurotol. 2018;39(4):438-44.
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Eardrum regeneration ]
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Methods and Procedures

The tympanic region was fully anesthetized by applying a
cotton ball soaked in 4% lidocaine to the perforation in contact
with the residual TM for 15 minutes. Mechanical disruption of
the perforation edge was then created under the microscope by a
myringotomy knife. A gelatin sponge that was larger than the
perforation was immersed in b-FGF (5-30 pg of Trafermin
[recombinant human b-FGF] of 100 pg/ml) then inserted into
the perforation in contact with the perforation edge of the TM.
Fibrin glue was then dripped over the sponge. Figure 3 shows
these procedures in detail. In cases in which complete closure of

1. TM perforation 5. After 3 weeks

4. Fibrin Glue

2 Donptonarve FIG. 4. Case 1: A 65-year-old woman with chronic otitis me-

perforation edge

dia persisting for 30 years. A, Large, dry, Grade |l perforation.
FIG. 3. A schematic diagram showing the method and proce- i i i i i
dures used in this treatment. 1, TM perforation. 2, After local B, DISI’UptIDn of the parforatlon adga' ¢, Galatin sponga var
anesthesia with 4% lidocaine, a mechanical disuption of the TM b-FGF was placed over the TMP and sealed by fibrin glue.
paricraion: Sagn s Chasa (fEler S GmecOpE: 3 1\ geiain D, Three weeks after the treatment the TM was perfectly regen-
sponge immersed in b-FGF is placed over the perforation in 5
contact with the residual TM. 4, Fibrin glue is dripped over the erated. E and F, Four months after the treatment, slightly hyper-
sponge. 5, Three weeks after the treatment, residual crust is H H H H
SOV lnbasies o Weomilons close of 16 TIDe Horilon, e trophic tlssue_ became thinner, and an almost normal TM with
treatment is performed repeatedly. hypervascularity was ragenerated.

H B : Omae K, Kanemaru SI, Nakatani E, Kaneda H, Nishimura T, Tona R, Naito Y, Kawamoto A, Fukushima M.
Regenerative treatment for tympanic membrane perforation using gelatin sponge with basic fibroblast growth factor.
Auris Nasus Larynx. 2017;44(6):664-71.
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U.S. National Library of Medicine

ClinicalTrials.gov

Find Studies « About Studies ~ Submit Studies ~ Resources ~ About Site

Home >  Search Results >  Study Record Detail [1 Save this study

Fibroblast Growth Factor Regeneration of Tympanic Membrane Perforations

ClinicalTrials.gov Identifier: NCT02307916

The safety and scientific validity of this study is the responsibility of the study sponsor and investigators.
Listing a study does not mean it has been evaluated by the U.S. Federal Government. Read our
disclaimer for details.

Recruitment Status @ : Active, not recruiting
First Posted @ : December 4, 2014
- March 5, 2019

Sponsor:
Dr. Bradley Welling

Collaborator:
United States Department of Defense

Information provided by (Responsible Party):
Dr. Bradley Welling, Massachusetts Eye and Ear Infirmary

Study Details Tabular View No Results Posted Disclaimer [l How to Read a Study Record

Study Description Goto | = ]

Brief Summary:
A Phase |l randomized trial will be initiated to evaluate closure of the perforated tympanic membrane as the primary measureable outcome. The geal is to determine the safety and efficacy of Fibroblast Growth Factor-2 (FGF-2) in the closure of
chronic tympanic membrane perforations (TMP). If FGF-2 is topically applied for the treatment of chronic TMP in humans, it is hypothesized it will be safe, tolerable and effective for use as treatment for tympanic membrane perforation. A total of 60
subjects will be recruited.

Condition or disease @ Intervention/treatment €@ Phase @

Tympanic Membrane Perforation Drug: FGF-2 Phase 2
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ECRIN Certificate
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BECRIN

EUROPEAN CLINICAL RESEARCH
INFRASTRUCTURE NETWORK

ECRIN Data Centre Certification
program

The ECRIN Independent Certification Board certifies that:

Translational Research Center for Medical Innovation (TRI)

Foundation for Biomedical Research and Innovation at Kobe (FBRI) - 1-5-4
Minatojima-minamimachi, Chuo-ku - Kobe, Hyogo 650-0047 JAPAN

meets the ECRIN requirements for IT and Data Management within
Clinical Trials, as per the conclusions of an independent external on
site audit.

Reference : ECRIN Data Management Standards
Version 3.1, Dated January 2016

7% May 2019
ECRIN
rk, 5-7 rue Watt
~———75013 Paris~ FRANCE

Jacqués Demotes-Mainard
ECRIN Director General
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ext One

Efforts for global data sharing :@

SRR i Acggl;::apgon ECR(::[el:lrtli)faiact::t?oell1 e Imple(::nlﬁzict:ation
A No Plan Preparing Preparing
B Preparing Preparing Completed
C No Plan No plan Preparing
R D No Plan Preparing Preparing
E Preparing No plan Preparing
F Preparing Preparing Completed
TRI Planning Certified Preparing
No response: 4 institution
KOREA H Accredited Preparing Preparing
SINGAPORE I No Plan Preparing Completed
TAIWAN J No Plan Preparing Preparing

AAHRPP : The Association for the Accreditation of Human Research Protection Programs, Inc.
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