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Piata ingineriei tisulare si terapiel
celulare in Japan

Cell therapy market in Japan
50-60 million US$
PBSC (peripheral blood stem cell) transplantation.

@ Tissue engineering
Marks%t, Research Institute, Company in Japan
Market Start year 2002
3000 million US$ (2010)
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Inceputul anilor 1800, Dr Charles-Edward Brown-Séquard
(1817-1894) a injectat suspensie din testicule animale pentru a
stopa inbatranirea,

Paul Niehans (1882-1971), celule embrionare de vitel cu scop
de terapie celulara (Switzerland).

Prof Jean Dausset in 1952 experimental a determinat mai
muti HLA antigeni pe suprafata celulelor. (Nobel Prize in
Physiology or Medicine in 1980).

La sfarsitul anilor 1950s primul transplant cu succes intre
gemeni. Transplantarea a fost efectuata de E. Donnall
Thoma§ (Nobel Prize in physiology in 1990).

Georqe$ Mathe, oncologist francez, a efectuat primul
transplént de maduva osoasa la 5 Jugoslavi, lucratori nucleari
|rad|at4;|n 1959 intr-un accident la Institutul Nuclear Vinca

Nuclear, dar toate grefele au fost rejetate. Tot el este
pionerul in utilizare transplantului maduvei osoase in leucemii.



http://en.wikipedia.org/wiki/Georges_Math%C3%A9

In 1968. in Mir
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Celule stem hematopoietice din cordon ombilical transplantate
iIn 1988, in Paris, la un baiat de 6 ani cu anemia Fanconi,
In 1997 Celule stem din cordon ombilical expandate ex vivo
au fost tranplantate unui adult cu leucemie cronica mieloida
1998, James Thompson, Universitatea Wisconsin — Madison prima
tulpina de celule embrionare.
In 2006, Shinya Yamanaka Univ. Kyoto, Japonia, Celule stem
pluripotente induse din fibroblaste de soarece.
In noiembrie 2007, James Thomson at University of Wisconsin—
Madison and Shinya Yamanaka CSPI de la individ adult uman.
In ultimii 20 de ani celulel stem, celulele din diferite tesuturi au
fost.caracterizate, crescute in mediu nutritiv testate pe animale si in
clini€ipe un'numar impunator de maladi.
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* Terapia noului mileniu - stimularea pe
cale naturala a celulelor stem adulte

Cercetarea in domeniul utilizarii terapeutice a celulelor stem
adulte are un trecut de aproximativ 3 decenii. In 1978 E.
Donall Thomas si colaboratorii sai au introdus intravenos
celule stem extrase din maduva osoasa, la pacienti cu
leucemie. Pentru aceasta descoperire epocala au primit
Premiul-Nobel.
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Terapia noului mileniu - stimularea
a pe cale naturala a celulelor stem adulte.,






Maladii cardiace
Diabetul

Scleroza multipla
Distrofie musculara
Maladia Parkinson
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Geron 6 Osiris 2
Living Cell 4 ReNeuron 2
Isolagen 3 Saneron 2
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In vitro fertilization
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Cell therapy
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Human cell culture

Detection and study
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Treatment of
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Celulele multipotente
progenitoare adulte e

S IZOIate din méduva OSOaSé Isolated form human bone marrow

* O subpopulatie a celulelor din maduva
OsoaSé A subpopulation of marrow stromal cells
« Se diferenciaza orice tip de celula in vitro

§I I n VIVO « Differentiate into virtually every cell type in vitro and in vivo

 Toate atributele celulelor stem embrionare.

All the positive attributes of embryonic stem cells

2 N u fo rm eaZé te ratO m e Do not form teratomas



Cum se doneaza celulele stem?

Donarea de celule stem hematopoietice se face fie din
sangele periferic, fie direct din maduva osoasa. Inainte de a
dona, donatorul/ea va putea discuta cu un medic specialist
despre fiecare modalitate de donare in parte, iar in final
donatorul/ea va decide ce metoda prefera.

« Donarea de celule stem din sange periferic (afereza)

Donarea de celule stem hematopoietice din circulatia
sanguiné se face in doi pasi:

LV‘

Pasuf 1. in mod obisnuit, concentratia de celule stem
hematopmetlce in sangele periferic este mica. Pentru a
créste concentratia acestora se injecteaza sub piele, timp de
4 Zzile, o proteina sintetizata, denumita factor de crestere, a
caréi- actiune seamana cu cea a unei proteine naturale
produsa de oraanismul nostru.



Surse de celule stem hematopoietice

Bone marrow/blood sources of stem cells

« Celule stem ale cordonului ombilical umsiical cors

stem cells

« Celule multipotente adulte progenitoare

Multipotent Adult Progenitor Cells

 (Celule stromale din maduva osoasa

Marrow stromal cells

=) « CD34, CD133 celule mobilizate din
Sé ngele pe rife ri C CD34, CD133 cells mobilized into peripheral blood
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NIH Stem Cell Website
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este substitufia tesutului sau unei populatii de
celule afectate de boala sau nefunctionale
terapia cu celule poate fi utilizata ca metoda
separata de tratament sau in asociere cu terapia
genica, ingineriea tisulara.

daca tratamentul se realizeaza numai prin

inocularea simpla a celulelor in focarul patologic,
atunci este corect sa o numim terapie celulara.



Etapele
autogre
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3. Cariotipz

Aastrom Biosciences, Inc. Ann Arbor, Ml



 Cu intoleanta la proteinele si citochine specifice;

» Care fac abuz de alcool;

«Care au folosit timp indelungat corticosteroizi si preparate
antiinflamatorii;

» Cu maladii renale cronice si diabet; S . w B b
» Cu tabacism pronuntat. o e o
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a) marcata proiectia spinei iliace posterioare
superioare. b) frotiu din maduva osoasa. Coloratia
hematoxilind eosina. x100.
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Pentru transplantarea celuara pot fi
utilizate si celulele stem (progenitoare) sau
celule diferentiate (fibroblaste, osteoblaste,

condroblaste).

In functie de tehnica administrarii,
transplantarea poate fi sistemica sau
locala. In maladiile scheletice mai frecvent

este utilizata cea locala



Celule stem Vit C; dexametazona, Ca glicerofosfat
mesenchimale

Osteoblaste




Cejule glin .
maduva osoasa







Terapii curente

*Pentru unele boli sunt singura terapie, pentru altele se foloesc doar in cazul
in care tratamentele uzuale nu au avut succes sau daca afectiunea este
faorte agresiva.

1. Leucemii — Leucemia este un cancer al sisitemului imunitar, al
leucocitelor.

*Acestea sunt boli pentru care HSCT (transplaturi cu celule stem
hematopoetice, celulele stem izolate din sangele cordonului ombilical ) sunt
un tratament standard.

*1.1. Leucemii Acute

*Acute Lymphoblastic Leukemia (ALL) Acute Myelogenous Leukemia (AML)
Acute Biphenotypic Leukemia, Acute Undifferentiated Leukemia

-Non—Hong:kin's Lymphoma Burkitt's Lymphoma
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1.2. Leucemii Cronice

Chronic Myelogenous Leukemia (CML)
Chronic Lymphocytic Leukemia (CLL)
Juvenile Chronic Myelogenous Leukemia (JCML) Juvenile
Myelomonocytic Leukemia (JMML)

Sindroamele Mielodisplazice - Mielodisplazia este denumita
si pre-leucemie Refractory Anemia (RA)

Refractory Anemia with Ringed Sideroblasts (RARS)
Refrastory Anemia with Excess Blasts (RAEB)

Refraetory Anemia with Excess Blasts in Transformation
(RAE‘B T) Chronic Myelomonocytic Leukemia (CMML)

lef@ame - Limfomul este un cancer al leucocitelor din
sange. si limfa Hodgkin's Lymphoma.



4. Anomalile mostenite ale eritrocitelor - Eritrocitele sunt Celulele rosii care
contin hemoglobin si tranporta exigenul in organism

Beta Thalassemia Major (also known as Cooley's Anemia) Blackfan-

Diamond Anemia
Pure Red Cell Aplasia
Sickle Cell Disease

S. Alte afectiuni ale sangelui
5.1. Anemiile sunt deficiente sau malformatii ale celulelor rosii

Aplastic Anemia severa
Sursa:

http://parentsguidecordblood.org/content/usa/medical/diseases.shtml?navid
=35 oy

Cohgen'rt:fal Dyserythropoietic Anemia
Anemia“Fanconi (Nota: primul transplant care a avut loc a fost pentru
aceasta afectiune)
Paroxysmal Nocturnal Hemoglobinuria (PNH)

Pure/R&d Cell Aplasia
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5.2. Anomalii ale trombocitelor - Trombocitele sunt celulele sangelui care
determina coagularea)

Amegakaryocytosis / Congenital Thrombocytopenia
Glanzmann Thrombasthenia
5.3. Myeloproliferative Disorders

Acute Myelofibrosis
Agnogenic Myeloid Metaplasia (Myelofibrosis) Polycythemia Vera
Essential Thrombocythemia

9.4. Imunodeficiente combinate
Severe Combined Immunodeficiency (SCID)

9.9,

SCID with Adenosine Deaminase Deficiency (ADA-SCID) SCID which is X-
1@ linked

SGID =% - with absence of T & B Cells

SCID wnfh absence of T Cells, Normal B Cells
Omenny Syndrome

Neutrqpenll

Neutrq?benias Kostmann Syndrome Myelokathexis



5.6. Alte tulburari ale sistemului imunitar mostenite

« Ataxia-Telangiectasia
Bare Lymphocyte Syndrome
Common Variable Immunodeficiency
DiGeorge Syndrome
Leukocyte Adhesion Deficiency
Lymphoproeliferative Disorders (LPD)
Lymphoproliferative Disorder, X-linked (also known as Epstein-Barr Virus
Susceptibility)
Wiskott-Aldrich Syndrome
« 5.7. Tuburari fagocitare
( Fagocitele sunt celule ale sistemului imunitar care pot ucide
organistmele
- . sfraing)
- “Chediak-Higashi Syndrome
- Chrogic Granulomatous Disease Neutrophil Actin Deficiency Reticular
Dysgenesis
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Cancere ale maduvei osoase

Sursa:
http://parentsguidecordblood.org/content/usa/medical/diseases.shtml?navid=
35

 Plasma Cell

 Multiple Myeloma

» Plasma Cell Leukemia

« Waldenstrom's Macroglobulinemia
» Solid tumors*Neuroblastoma

«  Retinoblastoma

« Tulburari mostenite in crearea sistemului imunitar si ale altor organe
Immune: System & Other Organs

. Cartilane-Hair Hypoplasia
Gunthef's Disease (Erythropoietic Porphyria) Hermansky-Pudlak
Syndfame
Pearspn's Syndrome
Shwaghman-Diamond Syndrome
Systémic Mastocytosis

 Tulburari metabolice mostenite



Esenta transplantului celulelor stem adulte consta in
faptul ca, inainte de operatie, maduva osoasa - sistemul
de producere al sangelui si al sistemului imunitar al
pacientului este complet distrus prin chimioterapie sau
radioterapie.

Dupa aceasta etapa se introduc in circulatia sangvina
celule stem adulte sanatoase.

De aici celulele strabat drumul pana la maduva osoasa,
deoarece de acolo primesc semnalul de chemare, fiind

locul-unde este cea mai mare nevoie de ele. Aceasta

: cale;torle a celulelor stem se numeste 'homing' , adica

sosurea acasa.

Ajungand In maduva osoasa incep sa se inmulteasca si
saise diferentieze, dand nastere astfel noului sistem
hematopoetic.



Inherited Disorders — Other
Lesch-Nyhan Syndrome Osteopetrosis

Sursa: http://parentsguidecordblood.org/content/usa/medical/diseases.shtml?navid=35
Terapil in studii clinice

Pentru alte boli, tratamentul cu celule stem poate fi o cura,
dar doza optima si utilizarea celulelor stem este inca in curs
de investigare.

Boli auto-imune

Boala Crohn: Faza 1: Transplant heterolog cu celule stem
placentare , Faza 2 transplant autolog: transplant de celuls
stem, © Faza 3, transplant heterolog: celule stem
mezefichimale (celule stem recoltate din maduva osoasa),
Faza 8 Transplat autolog: ASTIC

Diangt de tip 1 (Diabet juvenil): Transpalt autolog: Sange
placgntar, = Transplant heterolog: PROCHYMAL[tm]
mesgnchymal cells
Lupus



Repararea sistemului nervos

Paralizie cerebrala, hipoxie, encefalopatie Paralizie cerebrala,
Hipoxie, Encefalopatie Screloza multipla: (European study
review, Canadian news )

Leziune a maduvel spinarii

Leziuni cerebrale traumatice

 Tulburarl ale Metabolice

* Fibroza chistica: (Australia research web page & article)
Histiocytic Disorders
Epidermolysis Bullosa

 “Terapie-Genetica

- ~Glanzmann Thrombasthenia
Sevege Combined Immunodeficiency (SCID) SCID with
Adenosine Deaminase Deficiency (ADA-SCID), SCID which
isXdinked

o






Name: Kara Anderson

Sex: Female

Country: USA

Age: 9

Diagnosis: Cerebral palsy (paralizie cerebrala)

Admission Date: 2009-12-16

Days Admitted to the Hospital: 38

Kara was born with the umbilical cord wrapped around her neck. Soon
after her birth she had cyanosis, and about 2 minutes later, she cried. She
was then put on a special diet. Her family members found that her upper
left limb was often flexed onto her chest region and she was unable to
turn over. The head CT scan showed that she had cerebral palsy. Kara
received rehabilitation training, and afterwards was able to turn over when
she was 9 months old. She was able to sit up when she was 15 months

old, and crawl when she was 2 years old.

Treatment: Then we gave her a total of four stem cell transplantations and
stem cell activation treatment to repair the damage to the neurons. She
received treatment to improve the blood circulation in order to increase
the blood supply to the damaged nerves and to nourish the neurons.




Name: Saber Lofty Mohammed Owes

Sex: Male

Country: Egypt

Age: 39

Admission Date: 2010-04-21

Diagnoses: Sechele posttraumatice ale maduvei spinarii.

Sequelae of spinal cord injury post trauma, diabetes type 2

Days Admitted to the Hospital: 35

e Saber is a 39-year-old male who was
Involved in a car accident, then shortly
after developed a sensory disorder and
had difficulty moving for the past 9 months.

« Saber was sent to a local hospital
Immediately; where it was discovered that

he had a spinal fracture at the C6-7
segments
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. ayo Clin Proc. 2000;84:876-892 Proceedings
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Repararea Organelor

 Reinstalarea vederii ca urmare a cresterii unei noi cornee
 Tratamente Experimentale
o Afectiuni auto-imune Arthritis, Juvenile

e Arthritis, Rheumatoid Evan Syndrome
Juvenile Dermatomyositis Scleroderma

« Terapia.genetic: Fanconi's Anemia

- Metabolic Disorders (Leukodystrophy Diseases, Storage
Diserdars, etc.)

N
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Repararea celulelor nervoas
Boli ale sistemului nervos central
« Amyotrophic Lateral Sclerosis (ALS, or "Lou Gehrig's

disease") Alzheimer's Disease
Huntington's Disease
Parkinson's' Disease

s SN Alte boli ale sistemulul nervos

Hearing loss (transplant autolog) medical journal, newsletter1,
newsletter2 Stroke recovery (transplant autolog)

Repararea organelor. Rinichi.

. Combirfarea transplantului de rinichi cu cel de celule stem
hematoPoetlce (din sangele cordonului omblical)
Cresteﬁea numarului de celule renare ca urmare a unui
tranplant de celule stem

v
RE



Ficat

*Cresterea numarului de celule ale ficalutului prin transplant
de celule stem

*Acestea sunt bolile pentru care tratamentul cu celule stem nu
s-au dovedit a avea nici o eficacitate pentru fiintele umane. in
Faza | a studiului clinic, scopul este de a afla daca tratamentul
face nici o

diferenta in cursul bolii, in comparatie cu un grup de control.
In cercetarea experimentala, nu este intotdeauna clar daca o
terapie ar fi auotoloaga sau alogena.

°Sursa Iﬁttp //parentsguidecordblood.org/content/usa/medical/diseases.shtml?navid=35
-Repararea cirozel hepatice prin transplant de celule stem
Plamanl

Cresterea epiteliului cailor respiratorii din celule stem din
madu¥a osoasa.

*Sursa: htfp://parentsguidecordblood.org/content/usa/medical/diseases.shtml?navid=35
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Transplantul de hepatocite mature

1 Posibil de restabilit functia ...
"IRepopularea prin inocularea grefei

celulare
1 Pot produce suficiente enzime pentru a

schimba calitatea vietii si controlul

t = o ]
l I I eta b O | I C Can bring sufficient enzyme activity to change quality of lfe and metabolic control

 []Posibilitetea infuziei prin vena porta. .......



Prima transplantare de
eritrocite cultivate (2011)

» Luc Douay spitalul Trousseau,

Paris

* Din celule CD34 de la pacient,
cultivate 18 zile pana cantitatea lor
s-a marit de 61 mii ori.

Bibliografie: Giarratana M.C., Rouard
H., Dumont A.et al. Proof of
principle for transfusion of in vitro
generated red blood cells. Blood.
2011 Sep 1. [Epub ahead of print].



http://bloodjournal.hematologylibrary.org/content/early/2011/08/30/blood-2011-06-362038

GENERAL INTRODUCTION

e (Cell Osteoarthritis Treatments
are being studied for their
efficacy in improving the
complications in patients with
OA, through the use of stem \
cells. These procedures may help ',
patients'who don’t respond to
typical drug treatment, want to
reduee their reliance on
medication or are looking to try

*stem;cell therapy before starting /t‘

*“drugjtreatment

(volontéi¥dzhandy.com/news/pravda i vymysly stvolovye kletk
» 1/2015-08227-2228).

. Stefn cells have tremendous
poténtial fof treating disease and
replacing or regenerating the
dlﬁ@&S@d t1SSUE. Tissue Eng Part A (2013) Repair

of Gartilage Defects in Arthritic Tissue with Differentiated
Ha Han Embryonic'Stem Cells. (PubMed: 24028447)



http://volonterydzhandy.com/news/pravda_i_vymysly_stvolovye_kletki/2015-05-27-2228

KINDS OF CELLS USED IN O

» Platelet-rich plasma - is blood plasma
enriched with platelets. Platelets are
irregularly shaped cell fragments derived
from precursor megakaryocytes, and
contain many growth factors e psma evence resuts by year

graph, PubMed.gov, National Center for Biotechnology Information, U.S. National Library of Medicine, retrieved 23 March 2016).

Platelet-rich plasma might:

1. Inhibit inflammation and slow down the
progression of osteoarthritis.

2" Stimylate the formation of new cartilage. " bloodcels (91—
3.4ncrease the production of natural lubricating
fluidin the joint, thereby easing painful joint
friction.
4. Co[j'tain proteins that alter a patient's pain
receptors'and reduce pain sensationuanswicn

KoevoetWLM, Kops N, et al. Platelet-rich plasma relea- sate inhibits inflammatory processes in osteoarthritic
chondrogytes):

(i

Plasma (554) =—

White blood cells
and platelets (1)

)



HOW THE TREATMENT WORKS

E The cells are & They grow into new 1

N then injected cartilage/slowing and
into the knee even stopping tissue fro
heing destroyed

< amounts of
- fatare ”
:gllt\‘oan;i;g Mesenchymal cells - \ Tht; cells mh?xme 5
BT atype of stem cell - to the joint lining,
' Q are extracted and grown in . Where they help halt
I |\ alaboratory for two weeks . inflammation

i
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Grefe compozite:
L Matrice osoasa demineralizata + COP
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Obpnute prin doua modalitati:
1).Ame§tecul a doua componente ex vivo

2) Cult}\/area in prezenta particulelor de MOD in vitro
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Transplantarea celulelor autologice din maduva osoasa
Medicina r(;enerativﬁ

Pl

Propagarea
celulara

Colectarea
maduvei osoase

Ingineria tisulara

l

Diferentierea
celulara

Schema obtinerii si transplantarii grefei autocelulare din maduva
0s0asa
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.~ Pagientul P., 20 de ani:

(fa')ﬁtare dupa recuperarea defectului tegumentar cu lambou radial; b) la

_ opt duni dela traumatism, pseudartrozi oligotrofic, 1/3 distal3 tibia
“gambei stangi.
=



Y

Inocularea grefei complexe MOD cu celule din maduva osoasa in
focarul fracturii: din stdnga imagine RX pe monitor si pe imaginea din
dreapta inoclarea grefei cu seringa printr-un ac de punctie osoasa.



luni dupa inocularea grefei; b) sase luni dupa inoculare se constata
\ consolidarea fragmentelor.



PaciéntaiB., 57 ani, 54 luni dupi traumatism (MOD+COP)
a)pseud}r,trozé oligotrofica tibia gambei drepte 1/3 distal3;
b)douaghini dupa inocularea grefei celulare complexe;
c)patr'u'g:ni dupé grefare;

d)201uni de la terapia celulara, pseudartroza e tratata, faza de remodelare.
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Aceeasi pacienta

a) scintigrafie pana la inocularea grefei celulare. Se
constata o acumulare redusa de radiofarmaceutic la
nivelul pseudartrozei femurului drept;

b) scintigrafie la doua luni dupa inocularea grefei
celulare. Se constata o acumulare excesiva de
radiofarmaceutic la nivelul pseudartrozei femurului
drept

a) radiografie — pseudartroza oligotrofica a
femurului drept;

b) la doua luni de la terapia celulara;

c) la cinci luni de la transplantare;

d) la 7 luni de la terapia celulara se constata

consolidarea pseudartrozei



Trei luni
dupa terapia celulara

M., oV Z‘Bfani.
10 luni dupa traumatism,

pseudartg;ozé a osului scafoid pe stanga in
1/3 medre.
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ay 16¢luni dupa traumatism (scorul Mattis 34):
b).2 [@ni dupa inocularea culturilor celulare
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5 luni dupa
terapia celulara




Pacienta O.T., 21 ani:

a)fractura de os radial drept 1/3 distala si dubla a ulnei cu deplasarea fragmentelor;
b)osteosinteza combinata centromedulara cu tije Bogdanov si extrafocara in apara
llizarov;

c)la 6 luni dupa traumatism — pseudartroza oligotroficda a ambelor oase als
antebratului drept 1/3 distal3;

d)la o luna dupa terapie celulara;

e)la doua luni dupa grefare celulara;

f)la trei luni dupa grefare, se constata consolidarea fragmentelor;




Pacientul L. A., 26 de ani:

a) pseudartroza a
olecranonului pe stanga;

b) verificarea radiologica a
pozitiei acului la inoculare;
c) la 2 luni dupa inoculare
celulara, spatiul
interfragmentar diminuat;
d) Ia 4 luni dupa terapia
celulara se constata
consolidarea fragmentelor;
e) la 4 ani dupa tratament
celular flexia in articulatia
cubitala a constituit 459°;
extensia 1759,
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Terapia celulara in
osteonecroza capului femural

* Incidenta NACF doar in S.U.A. constituie intre 10.000 s1
20.000 de cazuri noi in fiecare an.*

* Reprezinta 10% a ATS in S.U.A **

« In S.U.A costurile tratamentului este estimat la peste 1,6
miliarde de dolar1®**

b
*Mont MA; ,ﬁ ungerford DS. Non-traumatic avascular necrosis of the femoral head. J Bone Joint Surg Am 1995: 77:459.
** Mankin @Nontraumatlc necrosis of bone (osteonecrosis). N Engl J Med 1992: 326:1473.
***Santor1 ES, Santori N. Avascular Necrosis of the Femoral Head: Current Trends. New York: Springer 1st edition; 2004.



http://www.uptodate.com/contents/osteonecrosis-avascular-necrosis-of-bone/abstract/3
http://www.uptodate.com/contents/osteonecrosis-avascular-necrosis-of-bone/abstract/4
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Se efectueaza cu ajutorul
unui ac pentru punctie
osoasa, conectat la o
seringd, din spina iliaca
postero-superioara in volum
de 40 ml.



Materiale s1 metode

Materiale si metode

09 19 2006

« Tiump de obtinem suspensia de autocelule nucleate din
mifiduva 0soasd In numar necesar pani la



Materiale s1 metode

Sub control fluroscopic se
ctectueaza o mcizie (~1 cm)
pe suprafata laterala a
soldulur, cu avansarea
ulterioara treptata a trefinel
cu canula pina in focarul
necrotic, dupa care se
inlatura trefina astfel mitial
prin canula se realizeaza
decompresia.




Materiale s1 metode

 Ulterior prin canula (dotata
cu valva pentru a preveni
extravazarea suspensiel
celulare) se injecteaza
suspensia de autocelule in
focarul necrotic (
concentratia

3

 * Inlaturarea canulei

e Suturarea plagii.




et TR

 NACF bilaterala,
gr. [V pe dreapta,

gr. II pe stanga (Ficat-
Arlet)






