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........ a diky tomu je
transplantace kmenovych bunék krvetvorby
|éCebnou metodou u:

= leukémii/lymfomu, kde selhdvd chemoterapie nebo

chemoterapie neni schopna eliminovat maligni klon
(ALL, AML, CML, MDS,...)

m zavaznych zivot ohrozujicich (vrozenych Ci ziskanych) ‘
poruch krvetvorby nebo imunity
(SCID, SAA, Thalasémie,...)

s neékterych metabolickych vad - dodava bunky

schopné produkovat chybéjici enzymy
(MPS, adrenoleukodystrofie,...)




Zdrojem
kmenovych bunék krvetvorby je:

kostni dren

periferni krev stimulovana
ristovym faktorem

pupeénikova krev novorozence.
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princip HSCT

Bone marrow
transplant

Recipient

Donor bone marrow cells repopulate
recipient bone marrow
FADAM.



o Neprihojeni/rejekce stépu
(Blood): ,,Je nezbytné
nejdrive eliminovat prijemcovu imunitni
odpoveéd’ (celotéeloveé ozareni)"
o Problematika GVHD
(Science 1967)
(Sem Hemat 1968):

v HLA Ize vysetrit MLC a typizaci
lymfocyti

v'25% sourozenct je HLA identickych
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o 1. Transplantace
INTRAVENOUS INFUSION OF BONE MARROW IN PATIENTS RECEIVING

RADIATION AND CHEMOTHERAPY™ _ USA:; E.D. Thomas

E. DonnarLL Tromas, M.D.,$ Hanrry L. Locute, Jr, M.D.,} WaN Cuine Lu, Pu.D )
AND Joserx W. Ferrenee, M D.q

COOPERSTOWN, NEW YORK, AND BOSTON, MASSACIIUSETTS

Human Marrow Grafts 1958-68

# Patients

DICEREE Total Graft GVHD
Failure

| Aplastic anemia 73 66
Hematologic malignancies 26

Immunodeficiencies 3

Total

Bortin, Transpl 9: 571, 1970




HLA systém

- hlavni histokompatibilni systém leukocytarnich antigenu

0 Imunitni systém rozpoznava pres
molekuly HLA cizorodé antigeny, které
by mél eliminovat.

o Systém byl objeven v 50.letech.

o Neshoda darce s prijemcem v HLA
antigenech je prekazkou uspésne
transplantace.
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HISTOOCOMPATIBIITY AND ThHANSPLANTATION 1001

Mont

HISTO(.'OMPATIBILITY testing is the de-
termination of the degree of alloantigenic
similarity between the tissues of two individuals,
Its use in organ transplantation need not be em-
phasized here, as 3 voluminous literature already
exists on this subject.™* This paper will be
lmited to a review of the most widely em.
ployed methods of histocompatibility testing and
to an outline of some of the work being done
in laboratories in different countries and par
ticularly in Canada.

Histocompatibility and Transplantation

E. F. POTWOROWSKI, Ph.D.* and G. LAMOUREUX, M.D,, Ph.D.,}
real

Postupny proces
poznavani diverzity
HLA systému u lidi

be clearly demonstrated. While matching pro-
vides an overall pressi of antigenic dif.
ferences between two Individuals, typing gives a
more detailed though incomplete idea of the
antigenic profiles. This is at present a serious
shortcoming of typing. However, typing has the
great advantage over matching that it can be
done in n few hours, while matching by leuko-
cyte culturs takes several days. Matching, using
antisera of unknown specificity, is a compromise,
but it carries the same disadvantage as typing,
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HILA systém

Chromosom 6
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How many HLA loci?

Jean Dausset

———
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Srpen 1968 - Minneapolis

THE LANCET -

The Lancet, Yolumwe 292, Fssue 7583, Pages 1366 - 1369, 28 December 1968

doi:10.1016/50140-6736(68)92673-1

IMMUNOLOGICAL RECONSTITUTION OF SEX-LINKED
LYMPHOPENIC IMMUNOLOGICAL DEFICIENCY

fichardA. Gatti M.D. St. Louis , Hilaire). Meuwissen M.D. Nymegen , HughD. Allen M.D. Cincinnati ,
Richard Hong M.D. lllinots , RobertA. Good M.D., Ph.D. Minneapolis

Abstract

Treatment of a S-month-old male with sex-linked lymphopenic immunological deficiency utilising
immunologically competent cells from peripheral blood buffy coat and bone-marrow of a sibling donor
resulted in reconstitution of both cellular and humoral immunity. Fatal graft-versus-host disease was
circumvented by using donor cells which were histo compatible with the patient’s ceils with respect to the
HL-A locus, as determined by both mixed lymphocyte cultures and lymphocytotoxic assay. A mild graft-
versus-host reaction appeared at 8 days post-implantation but resolved spontanecusly. Biopsies of rectal
mucosa and skin indicate a continuing round-cell infiltration of host tissue 2 months post-implantation;
the patient, however, remains clinically well.

From the Department of Pediatrics and the Pediatric Research Laboratories, Univarsity of Minnesota, Minneapolis,
Minnesota 55455, United States
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BONE-MARROW TRANSPLANTATION IN A PATIENT WITH THE
WISKOTT-ALDRICH SYNDROME

FritzH. Bach, M.D. Harvard (ASSISTANT PROFESSOR OF MEDICAL GENETICS AND MEDICINE), RichardJ. Albertini, M.D.
Wisconsin (POST-DOCTORAL FELLOW IN MEDICAL GENETICS), Patricia Joo, M.D. Wisconsin (ASSISTANT CLINICAL
PROFESSOR OF PEDIATRICS), JamesL. Anderson, M.D. Wisconsin (CHIEF RESIDENT IN PEDIATRICS), MortimerM. Bortin,
M.D. Marquette (ASSOCIATE CLINICAL PROFESSOR OF MEDICINE)
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Article Info

Summary

Abstract

A 2-year-old boy with the Wiskott-Aldrich syndrome has been treated by bone-marrow
transplantation. An initial attempt to transplantation without extensive preparation of the recipient
failed. Subsequently the recipient was prepared with a 4-day course of cyclophosphamide followed
by bone-marrow transplantation from a sister identical at HL-A— the major histocompatibility locus
in man. 6 weeks after transplantation the patient is chimaric and has shown no evidence of graft-

versus-host disease.
o
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TRANSPLANTATION OF BONE-MARROW CELLS AND FETAL
THYMUS IN AN INFANT WITH LYMPHOPENIC
IMMUNOLOGICAL DEFICIENCY

J. De Koning, D.W. Van Bekkum, K_A_ Dicke, L.J. Dooren, J.J. Van Rood, J. Radl

B Show more
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Abstract

A 5-month-old male infant with lymphopenic immunological deficiency (Swiss-type
agammaglobulinazmia) was treated by transplantation of a fetal thymus, and of bone-
marrow-derived cells from his 7-year-old sister. The bone-marrow donor was selected for
histocompatibility by leucocyte typing at the HLA locus and by mixed lymphocyte culture.
Mucleated bone-marrow cells were centrifuged on an albumin gradient and a small number
(5 x 10%kg. body-weight) from the fraction assumed to contain concentrated haeamopoietic
stem cells, were transplanted. 3 months after the transplantation the boy resumed normal
development, and the cellular and humoral immunity were restored. There was an increase
in the three major classes of immunoglobulins to a level that exceeded normal adult values.
In addition a homogenous 1gG-L and an IgA-K band were detected in the serum_ A
temporary mild exanthema was taken to be a sign of graft-versus-host reaction. Nursing in a
laminar-flow cabinet appeared to be relatively simple and highly effective for protection
against contamination with microorganisms from the environment.




Darcem muze byt ...

o , HLA identicky"
sourozenec

o deédicnost ,mendelovska"

One example of the inheritance of HLA haplotypes

hather Father

M1 M2 F1
| | |

Child 1 Child 2 Child 3 Child 4

M1 F1 M2 Fi1 10 | M2 F1

prvni uspesné transplantace

3 vrozené imunodeficience (Minnesota,
Wisconsin, Leiden) *1968




.... a tak zacala nova - Uuspéesnéjsi - etapa
alogennich transplantaci kmenovych bunék krvetvorby

45,000+ o _ [ Remission with
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| Initial report on use
| of BMT as cancer treatment

Calcineurin inhibitors to prevent
graft-versus-host disease

Appelbaum F. N Engl J Med 2007;357:1472-1475

' Successful transplantation
from unrelated donor

Introduction of
reduced-intensity transplants

Publication of negative
breast cancer study




1. Transplantace ve FN v Motole
*28.11.1989

darcem identicky sourozenec
prijemcem chlapec s akutni leukemii

1989

Generalni stavka
27.11.1989




Prvni souhrnna publikace 1995

Allogeneic transplantation of bone marrow in childhood

Stary J, Kobylka P, Kavan P, Komrska V, Syrtickova Z, Vavra V,
Sedlacek P, Hruba A, Frydl J, Mracek J

Cas Lék Cesk. 1995 Dec 13;134(24):779-84.

Provedena analyza prvnich 40 alogennich transplantaci kostni
drené u deéti v obdobi 1989-1994.

Transplantace je Uu¢innou lééebnou metodou u pacientd s
malignim onemocnenim krvetvorby Ci poruchou imunity.

Predpokladem uUspésné transplantace je spravna indikace, volba
darce, prevence a lécba akutni reakce stépu proti hostiteli a
infekCnich komplikaci.




Life-island - ,,stan*
laminarni proudéni vzduchu

V breznu 2003 byla po 14 letech od
zahajeni programu otevrena nova
transplantacni jednotka

s deseti jednoltzkovymi pokoji

s HEPA filtraci a pozitivnim pretlakem




Pieziti po transplantaci
od identickych rodinnych darcu
1989-2014

Logrank
p=015

Cum Survival

— 70,0+3,6% (n=169;e=49)

1.0

-
2005-2014 > 81,8+7,0% (n=53;e=7)

0.6+

0,4+

1989-2004 > 58,4+4,2% (n=137;e=57)

0,24




Transplantace od identického sourozence
(FN Motol; 1/1997- 9/2018)

10

v priiméru 6 pac /rok

10.6 mil obyvatel
pod 2 mil déti (0-17,99 let)
cca 120 000 porodu/rok




Sance na HLA identického sourozence

1.1.2001 - 1.10.2004
100 déti s nové dg malignitou
potencialné indik. k aloSCT

Akutni lymfaticka leukémie 71
Akutni myeloidni leukémie 24
Myelodysplasticky syndrom 5

o vlastni sourozenec : 500/
O jen nevlastni sourozenec : 13%
o bez sourozence : 28%

Pravdépodobnost (25% sour.) :

~ 159% déti s HLA identickym
sourozencem




Dostupnost identického sourozence
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Alternativni darce

1. jiny fenotypicky shodny darce z
rodiny ~ 2% rodice, sourozenec

2. haploidenticky rodinny darce
T deplece stépu

3. nepribuzensky darce z registru

4. pupecnikova krev z registru/banky




Haploidenticky darce

CHRIMACS™ ( all 5

Lymfo-deplece
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Imunologicka bariéra zabranuje
transplantovat neupravenym Stépem
HLA neshodnych darcu

Odstranéni lymfocytl ze Stépu
umozni toleranci cizorodé krvetvorby




Co jsme zjistili ?

1. Pokud mame k dispozici technicke vybaveni a zkuseny
tym laboratornich pracovniku, Ize ze stepu odstranit T
lymfocyty a tim snizit riziko fatalni GVHD.

2. aﬁ'&cle je prakticky vzdy k dispozici, Ize prekrocCit bariéru

ano, ale ....

Vysoké riziko:

1. neprihojeni Ci odhojeni stépu s nutnosti opakovat
transplantaci.

2. relapsu leukémie.

3. mortality v dusledku infekce (virové, mykotické) pfi
velmi Spatné a pomalé rekonstituci imunity.

1. Stary J, Sedlacek P, Vodvarkova S, et al.,Cas Lek Cesk. 2002 Mar 29;141(6):176-81.
2. Sedlacek P, Stary J, Vodvarkova S, et al., Neoplasma. 2001;48(4):302-6.
3. Polouckovéa A, Vodvarkova A, Sedlacek P et al., Neoplasma. 2001;48(5):374-81.




SelekEni kritéria nepfibuzenskych darcua

HLA :

typizace alel A*, B¥, Cw*, DRB1* a DQB1*

Stép :

kostni dren, periferni kmenové bunky, pupecnikova
krev

Sex / gravidity :

muz > zena > zena po gravidité

Vék :

mladsi (dekady) > starsi (19-55; median 33 let)

Krevni skupina :
kompatibilni > mala > velka neshoda

Registr :

CZ > SRN > EU > USA > ...

Cas :

dostupnost (ochota) darce, moznost druhého darovani
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Transplantace od vhodného nepfibuzenského darce
(FN Motol; 1/1997-9/2018))

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

v prumeéru 25 pac/rok



Co jsme zjistili ?

1.

2. Neshoda v HLA je Iépe tolerovana, pokud je mimo hlavni
antigeny/alely HLA (A, DRB1, B).

3. Riziko silpé GVHD lze snizit pou2|t|m protilatek proti T
lymfocytum (antithymocytarniho globulinu).

ano, ale ....

1. Vysokeé riziko akutni a chronické reakce stépu proti hostiteli.

2. Vlysokeé riziko opakovanych reaktivaci virovych infekci (CMV,
ADV, BKV, EBV,...).

3. Vy&§i riziko pozdnich nezadoucich U¢inkd (pneumopatie,

Pro vétsinu paC|entu Ize najit v registru darcu (33mil./2018)
vhodného darce 7-10/10 HLA identického.

endokrinopatie, sterilita,...).

Sedlacek P, Formankova R, Keslova P, et al., Bone Marrow Transplant. 2006 Dec;38(11):745-50
Sedlacek P, Formankova R, Mejstrikova E, et al., Pediatr Transplant. 2008 Feb;12(1):24-31
Sedlacek P, Mejstrikova E, Formankova R, et al., Bone Marrow Transplant. 2008 Oct;42 Suppl 2:510-5.




Cum Survival

0,8

0,6

0,4

0,2

Preziti po transplantaci
od identickych nepfibuznych darcu
1989-2014

2005-2014 > 68,2+3,6% (n=194;e=56)

1989-2004 > 57,6+5,0% (n=99;e=42)

Logrank
p =0,05

years



Darci z celého svéta

Monica Sue

Sarka Ivo



http://foto.xgallery.cz/index.php?akce=kat&kat=23
http://foto.xgallery.cz/index.php?akce=kat&kat=23

Pupeclnikova krev nepfibuzenského darce

o Pupecnikova krev je alternativnim zdrojem zarodecnych
krvetvornych bunek, které jsou schopny rekonstituce krvetvorby u
pacientﬁ po transplantaci.

o Pupecnikova krev od nepribuzenského darce je vhodnym
alogennim stépem pro pacienty, kteri nemaji jiného vhodného HLA
identického darce.

o Dosud byla pouzita k transplantaci od rodinného Ci
nepFibuzenského darce u cca 40 000 pfijemcu. Je povazovana za
srovnatelnou alternativu s kostni dreni a to predevsim u déti,

v poslednich letech se zvysSuje pocet transplantaci i u dospélych.




Transplantace
CB v Motole

1994 - 1. Transplantace CB v CR

darce sourozenec
LAD syndrom (vroz. imunodeficience)

1995 — 1. Transplantace CB
nepribuznym darcem — Italie
juvenilni myelomonocytarni leukémie

2001 — 1. Transplantace CB
darcem z BPK - Praha
mukopolysacharidoza typ I (Hurler)

2007 — 1. Transplantace , double-cord"
Ph+ ALL

Stary J, Bartinkova J, Kobylka P, et al., Bone Marrow Transplant. 1996 Jul;18(1):249-52.




1. Pro vétsinu pacientt Ize najit v registru pupeénikovych krvi
(770 tis./2018) vhodného darce 4-6/6 HLA identického.

2. Dulezitym dal&im parametrem je kromé& HLA také kvalita
steépu (jadernost, CD34+, viabilita).

3. U pacientl s vy$$i hmotnosti Ize kombinovat dvé rtzné
pupecnikoveé krve.

ano, ale ....

. U pacientt s vy&&i hmotnosti je vy$si riziko komplikaci.
2. Transplantace je jednorazova, nelze opakované vyuzit
stejneho darce.

3. Prihojeni stépu je vyznamné pomalejsi.

1. Boelens JJ, Bierings M, Tilanus M, Lie J, Sedlacek P, Bone Marrow Transplant. 2009 Apr;43(8):655-7.
2. Sedlacek P, Formankova R., Keslova P, et al., Transf a Hemat. Dnes 2008 (14), 52-56.



Cum Survival

1,0

Pieziti po transplantaci
pupecnikovou krvi

\ HLA shoda 2 8/10 (N=16): 78,8 + 11,1%

12

0,8
0,6—
0.4- HLA shoda £7/10 (N=9): 33,3 + 15,7%
0,2
Breslow
p =0,023
0,0 I T T I I 1
0 2 4 6 8 10

Roky



Barbora *

D+42 (veku) zahajena terapie

Primarni hemofagocytujici lymfohistiocytozy
D+46 zahajeno hledani darce 5

MUD 10/10, zena, 22 let, registr CR, kostni dren
D+80 zahadjen pripravny rezim

Prevod planovan na 30.5.2012

24 hodin po zahajeni pripravy
zaCaly u darkyné horecky,
nasledne byla prijata na JIP

48 hodin po zahajeni pripravy
odbér zrusen

24.5. 2012 zadost o step CB 10/10 (Francie)
Dodan 30.5.2012
Podan 31.5.2012



Victoria *

23.2.2012, ve véku 2 mésicli CMV pneumonie, rotavirova enteritida
Diagnoza: T-,B+,NK+ imunodeficit
(Cartilage Hair Hypoplasia)

29.2. vysledek typizace HLA
1.3. hledani darce
6.3. zahajeni transplantacni pripravy

12.3. CBTx (10/10) 18 dni od pFijeti



https://novy.email.cz/download/i/6VWd0v7tOCma8c4dowin9J_2HxDSVtFpakUK0MX7VkGJB5FEN4NZIPMGdUh_EgFUOh6NYKQ/IMG_0849.JPG
https://novy.email.cz/download/i/6VWd0v7tOCma8c4dowin9J_2HxDSVtFpakUK0MX7VkGJB5FEN4NZIPMGdUh_EgFUOh6NYKQ/IMG_0849.JPG

Ve 3 letech véku zjisténa
preleukémie (MDS) na zakladé
genetické dispozice.

Darce v rodiné nema, zahajeno
hledani darce v registrech,
neuspesne.

Po 11 mésicich objevena
vhodna pupecnikova krev v
krevni bance v New Yorku.

Rok po zjisténi dg provedena
uspésna transplantace.




Chlapec, FHL

0 RA: sestra 4 r, zdrava
o0 NO: 2,5 m zivota:
> 1. den T 39 st, PNC
> 5. den prijat na DO, HSmegalie, FW
8/hod, trombocyty 30, hepatopatie
» 7. den prijat v Motole, trombocyty 10,
koagulopatie, ferritin 91000 ug/l,
hypertriglyceridemie, hemofagocyt.
makrofagy v KD, lécba: kortikoidy, ATB
> 10. den ARK - UPV, MOF, krvaceni do
mozku

> 14. den exitus




Dévce, FHL, mutace PRF1 genu

0 RA: sestra 4 r, zdrava
0o NO: 1 mésic zivota:
1. den T 39 st, prijata v DO, trombo 55

2. den trombo 31, HSmegalie, koagulopatie, trf
ery + FFP

3. den FNM, trombo 10, DIK, hepatopatie,
ferritin 40 000,HHV6 PCR+, CD3+CD8+DR+
92%

Perforin negat., cytotoxicke testy patologické,
mutace PRF1 genu

3. den lé&ba HLH 2004 (kortikoidy, VP-16, CsA)







Dévce, FHL, mutace PRF1 genu

0 4. den ARK-UPV

o 3,5 m zivota (2,5 od Dx): nepribuzna SCT v
klidové fazi nemoci, priprava BuCy+VP-
16+ATG, GVHD 0, MC (35% autologni
krvetvorby), zije vylécena







Karolina - MPS I. typu

e nar. 6/2001
- dg. MPS 8/2002




Karolina

¢ 13.11.2002 - ve véku 17 més
 darce: nepribuzny, kostni dren (10/10, muz, CR, 28 let)

 propusténa z TJ: D+107

11/2013 (ve veku 12,5 roku)

¥ - .'\'11 -
3 N ® AN
- - A ’ <




Karolina 11 let po HSCT

11/2013 (ve veku 12,5 roku)

 kompletni chimerismus

- aktivita enzymu v normé

» subklinicka hypothyreoza

« ECHO srdce v normé

* sluch v normé, bryle pro strabismus

» vySka pod 3.P., ale rustova rychlost
nyni v SirSich mezich normy

* sledovdna na ortopedii, RHB (genua
valga, pedes planovalgus, gibbus)

 PMV v norme, intelektové

schopnosti v pasmu priméru

6. trida ZS, zdjmové krouzky




Honzik

chlapec, narozen v 9/2004

Klinické projevy OP se rozvijely od 5 mésicl véku, diagnéza stanovena az
v 10 mésicich v UDMP (3x hosp. na riiznych de‘rskych odd)

Anemie zavisla na trf krve, trombocytopenie, HS-megalie, typicky
habitus, typicky rtg skeletu

10 mes




Honzik 8 let po HSCT

< 30.9.2005 - HSCT ve véku 12 meésicu
< ddrce: nepribuzny, HLA id. (9/10), PBSC

&

PMV v normé, 3. tfida ZS

sledovan v centru zrak. vad
- atrophia pap. n. IT bilat part.
- zrak. ostrost - L oko v pasmu tézké
slabozrakosti, P oko lehce snizena pod normu

D)

*

d

D)

*

L)

0‘0

antropologie:
vaha 37kg (1,1SD), vyska 133cm (-0,6 SD)
OH stredni




8 let po HSCT




Cum Survival

0,8+

0,6—

0,4-

0,2—

Preziti pacientu po
transplantaci pro leukémii

2005-2017 > 72,6%3,4% (n=223)

1989-2004 > 50,0+3,8% (n=171)

I
5

Logrank
p <0,001

years



Cum Survival

0,8—

0,6—

0,4

0,2

Preziti pacientu po transplantaci pro
nenadorové onemocneéni

0.0

2005-2018 > 83,7+3,5% (n=112)

1989-2004 > 76,9%5,0% (n=65)

I I I [
15 20 25

years

th—
-
=

Logrank
p =0,54

30



setkani byvalych détskych pacientd
k 25. vyroci programu - Praha, cerven 2014



D¢ékuyt za pozornost



