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Predmluva

Vazena ¢tenarko, vaZeny ¢tenafd,

v ruce drzite unikatni knihu. Transplanta¢ni medicina je typickym prikladem multioborové mediciny a dat
dohromady tak $iroky kolektiv téch nejlepsich autort z dané oblasti je maly zazrak. V ptipadé této knihy se
podatilo dat dohromady dokonce mezinarodni tym prednich odborniki v oblasti transplanta¢ni mediciny.

Kniha je rozdélena do dvou ¢asti. V prvni - obecné, jsou probirany nové poznatky z transplanta¢ni imu-
nologie a z dal$ich souvisejicich obort. V ¢asti specialni jsou poté probirany nékteré nové a vzacné transplan-
tace. O transplantacich ledvin, srdce, jater a slinivky bylo napsano velké mnozstvi knih a je proto spravné, ze
o téchto transplantacich autofi nepisi.

Mezi ty vzacné patfi zcela jisté transplantace v oblasti hlavy, at obliceje, nebo vlasaté ¢asti, transplantace
krku, trachey, ale i bfi$ni stény. Dal$imi ptiklady téchto transplantaci je napriklad transplantace délohy, peni-
su ¢i anorektalni oblasti. K problematice, kterou se ja zabyvam, jsou nejbliZe prace o pouziti cévnich $tépt.

Myslim si, ze se jedna o knihu, kterd by neméla schazet v knihovné Zadného odbornika zabyvajiciho se
transplanta¢ni medicinou a méla by byt v kazdé nemocni¢ni knihovné, protoze s pacienty, u kterych by byla
nékterd vzacnéjsi transplantace indikovana, se budou v budoucnu nepochybné setkavat i lékati véech nemoc-
ni¢nich zafizeni.

Kniha ma tak veliky seznam citaci, Ze si neumim komplexnéjsi ani predstavit.

Zavérem bych chtél fici, Ze kniha je zcela jisté vyznamnym pfinosem poznani pokroku v této krasné oblasti
mediciny.
prof. MUDr. Jan Pirk, DrSc.

Kolektiv autort plastického chirurga MUDr. Martina Molitora si predsevzal shrnout sou¢asny pohled a zku-
$enosti v oblasti transplantaci tkanovych celktl v rekonstrukéni chirurgii. Dosud nebyla tato problematika v ¢eské
literature komplexné timto zptisobem zpracovana. Podrobné a pritom prehledné jsou probrany mechanismy trans-
planta¢ni imunologie, od kterych se odviji pochopeni zakladnich principt transplantaci. Diky mraven¢imu usili
autortl je k dispozici prehledna historie transplanta¢ni chirurgie véetné popisti prvnich klinickych ptipadi.

Z vice uhl pohledt jsou diskutované etické a psychologické otazky, které s sebou prenosy tkani z jiného
téla prinaseji.

V dnesni dobé patfi transplantace visceralnich organti mezi slozité, ale jiz standardizované operace, jejichz
mnozstvi rok od roku narista. S pacienty po transplantacich se stéle ¢astéji setkavaji 1ékari z jinych speci-
alizaci, ktef{ museji reagovat a prizpisobovat svoji lé¢bu pacientit vzhledem ke specifikiim jejich nasledné
imunosupresivni terapie a s nimi souvisejicimi vedlej$imi zdravotnimi nélezy.

Kniha svym $irokym zabérem je tak urcena nejen specialistim podilejicich se na transplanta¢nich pro-
gramech, ale i vSem ostatnim, ktefi chtéji ziskat uceleny prehled v této problematice. Zkusenosti a vysledky
ziskané z transplantaci jednotlivych organu oteviely v posledni dobé nové moznosti v rekonstrukéni plas-
tické chirurgii. Transplantace obliceje, ruky, bfi$ni stény, penisu a dalsich oblasti zatim nepatfi mezi rutinni
vykony, jejich vysledky ale ukazuji v budoucnu smér i nadéji pro fadu jinak nefesitelnych stavi pacient.

doc. MUDr. Andrej Sukop, Ph.D.






»Operace, kterych cilem je napravit deformace, pred-
stavuji nejbrilantnéjsi triumf chirurgie.“ (Alfred A. L.
M. Velpeau, 1795-1867)

Transplantovat ktidla orlii na télo lva s oblicejem
a mysli lidské bytosti neni zaldtek chimérismu. Je
to zdkladni filozofie plastické chirurgie - kreativita.
(John M. Converse, 1980)

Nemocnému muzi zbyvalo pouze par hodin Zivota.
Nemoc mu zachvitila celou pravou nohu a on uz
jen Cekal na smrt, ktera pro ného bude vysvoboze-
nim, protoze nesmirné trpél. Muz byl obycejnym
¢lovékem, kostelnikem fimské baziliky zasvécené
svatému Kosmovi a Damidnovi (dvéma bratfim 1é-
kaitim, ktefi podstoupili mucednickou smrt stétim,
jelikoz se nechtéli vzdat viry a byli pozdéji prohlase-
ni za svaté). V poslednich hodindch svého Zivota se
na né nemocny obracel ve svych modlitbach a pro-
sil je o pomoc. Nakonec upadl do hlubokého span-
ku a zdal se mu sen o svatych brattich. Jeden drzel
v ruce niiz a druhy podnos s rdznymi mastmi.

»,Kde vezmeme zdravou nohu, kterou bychom
mohli nahradit tuhle téZce nemocnou?* zeptal se je-
den z nich. ,Na hrbitové svatého Petra byl dnes po-
chovan jeden Etiopan,“ odpovédél druhy. ,Vezméme
nohu jemu a dejme ji tomuto zboznému trpicimu,
jenz nas tolik prosil o pomoc.“ Za nékolik hodin se
muz probudil a mél dojem, Ze je po smrti. Krutd bo-
lest, ktera mu predtim pronikala celou koncetinou,
byla pry¢. Ohromené se na svou nohu podival - byla
naprosto zdrava. Byla vak uplné ¢ern4, jako by ji né-
kdo nattel smolou.

Uvedeny pribéh je soucasti sbirky zivotopist svét-
ct s nazvem Legenda Aurea, pochazejici z roku 1260
od italského dominikdnského mnicha Jakuba de Vo-
ragine. Udélost se méla stat 348 let po Kristu. Jen téz-
ko Ize predpokladat, ze k uvedenému skutku realné

doslo, je vSak vidét, Ze moznost nahrady nemocnych
¢i chybéjicich ¢asti téla stejnou ¢asti od jiného jedin-
ce se v myslich lidi objevuje pfed mnoha staletimi.

Néhrada podobného podobnym, obnoveni vzhle-
du a funkce je zdkladnim kamenem rekonstruk¢ni
chirurgie. V ptipadé, Ze nelze vyuzit tkané dostupné
u stejného jedince, se logicky nabizi myslenka vyu-
ziti tkani od jedinct jinych. Transplantace kompo-
zitnich tkani, nebo také vaskularizované kompozitni
alotransplantace, jsou novou rozvijejici se oblasti
transplanta¢ni mediciny a rekonstrukéni chirurgie,
kterd nabizi lécebnou moznost pro komplexni tka-
nové defekty obnovou struktury, tvaru a funkce.

Muj zajem pro vyuziti konceptu transplantace
vaskularizovanych kompozitnich alograftti se napl-
no rozvinul v dobé mého ro¢niho piisobeni v The
Microsearch Foundation of Australia v Sydney pod
vedenim prof. E. Owena a prof. M. Lanzetty. Tito
dva obdivuhodni lékari, védci a nadSenci byli ¢leny
ptipravného i opera¢niho tymu prvni tspésné trans-
plantace ruky v roce 1998 a vedli prvni krtcky této
lécebné metody od experimentu ke klinickému vyu-
ziti. Bylo mi velkou cti je osobné poznat a pracovat
pod jejich vedenim a ztistava to pro mé velkou inspi-
raci pro cely zbytek Zivota (obr. 1).

Moznosti rekonstrukénich transplantaci jsou ne-
smirné. Jsou v$ak v povédomi laické, ale i odborné
vefejnosti v tstrani a povédomi o jejich indikacich, pro-
vadéni i celkovému smyslu je velmi neusporadané.

Dovolujeme si proto predlozit ucelenou publika-
ci o této problematice. Monografie zahrnuje $irokou
skalu rekonstrukénich transplantaci, jejichz cilem
je nahrada chybéjici funkce, kterd neni nutnd pro
preziti organismu jako fyzické jednotky. Smyslem
téchto operaci je rekonstrukce funkce a/nebo tvaru
s cilem zlepsit kvalitu Zivota, navratit Zivotu jedince
plnost a ¢asto i smysl. Samotny pojem rekonstrukéni
transplantace se v literatufe neobjevuje a pouzivame
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ho zde pravé z divodu zdiiraznéni hlavni idey téchto
operaci, kterou neni ,,zachrana Zivota“ ale ,rekon-
strukee Zivota®

Publikace vznikla spolupraci $irokého tymu auto-
rt, kterym byl ponechan prostor pro prezentovani
vlastni filozofie pii psani ptislusné kapitoly. Proto se
¢lenéni i celkovy koncept jednotlivych kapitol mo-
hou lisit. Domnivdme se vSak, Ze to odborné stran-
ce neskodi a publikaci jako celek spise obohacuje.
Omlouvame se zde i za riznou terminologii, ktera
neni jednotna v odbornych publikacich ve svétovém
méfitku. Setkate se zde s riznymi pojmy oznacujici-
mi stejny vykon (alotransplantace - homotransplan-

tace, composite tissue transplantation-vascularized
composite allotransplant apod.). Jsme vsak presvéd-
Ceni, ze lidé srozuméni s problematikou se budou
orientovat dobfe, a pro ty, ktefi se transplantacemi
nezabyvaji, jsou pojmy v kapitoldch vysvétleny a uzi-
ty srozumitelnym zptisobem.

Nakonec bychom radi upozornili na to, ze cas
rychle plyne. V dob¢, kdy budete ¢ist tuto knihu, bu-
dou uz nékteré informace zastaralé ¢i nedplné. Je to
bohuzel udélem vsech publikaci z oblasti mediciny,
ale i z jinych, rychle se rozvijejicich obort.

MUDr. Martin Molitor, Ph.D.
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The history of composite tissue
allograft transplation

Stefano Lucchina

1.1 The ancient history, myths and legends

Previous reports say that transplantation as a surgi-
cal procedure dates as far back into human history
as cave paintings. However there is no solid eviden-
ce from the archaeological records from the Bronze
Age that skulls from this time were subjected to tre-
phination with the aim to relieve intracranial pres-
sure (a disc of bone removed and later replaced as an
orthotics autograft). And in spite of previous reports
about myths and legends from Egypt, India, China,
and early Christendom there is no solid evidence
that ancient civilizations performed surgery on li-
ving humans and certainly nothing, mythological or
otherwise, in the way of transplantation. In ancient

India as far as 3000 years BC there is description of
nose reconstruction in written hymn Rig Veda. The
second episode of Indian encyclopaedia Ayurveda -
Sushruta Sambhita reported that in 800 BC the surge-
on grafted a new nose from skin flaps.

From the earliest time physicians have sought di-
vine help in their healing endeavours. In the early
Christian era there were four patron saints of me-
dicine, all from Asia and all educated in the Greek
medical tradition. They were the apostle Luke, saints
Cosmas and Damian and saint Pantelemoin. Throu-
gh the centuries they have served as worthy role mo-
dels for the physicians who have invoked their aid.
The first reference of a transplanted extremity dates
back to 348 AD and the sainted twins Cosmas and

Fig. 1.1 Sts. Cosmas and Damian (cca 1370-1375), Master of the Rinuccini Chapel (Matteo di Pacino) (Ita-
lian, active 1350-1375), tempera and gold leaf on panel. North Carolina Museum of Art, Raleigh, gift of the

Samuel H. Kress Foundation
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Damian. It is described in ,,Legenda Aurea“ - a col-
lection of biographies of saints coming from Italian
Dominican monk Jacob de Voragine. According to
sources a physician, St. Cosmas, and a surgeon, St.
Damian, removed the gangrenous leg of a sleeping
man, and replaced it with that of a recently decea-
sed Ethiopian Moor. While one brother removed
the dead leg with a saw, the other went to the pagan
gladiator graveyard on Vatican Hill at the Circus of
Nero and exhumed the body of the buried Ethiopian
man, harvested his legs and returned to the church.
The saints joined the Ethiopians leg to the dying
man’s stump. On awakening the man discovered that
his ill-looking and very painful leg was amputated
and he had a new one that was perfectly healthy, in
spite of being black (Fig. 1.1). From that time on
various types of ,,ancestral transplants persisted in
following centuries.

In the 16" century Italian Gaspare Tagliacozzi, the
father of Plastic Surgery (Fig. 1.2), took a flap of tissue
of a forearm slave to reconstruct a nose of a man pre-

Fig. 1.2 Gaspare Tagliacozzi (1545-1599), conside-
red the father of plastic surgery

viously severed during a swordplay. The reconstruc-
ted allogeneic nose survived for 3 years until it rejected
suddenly. According to the story, the slave who donated
the tissue from his arm for the surgery died at the same
time as the rejected graft. Tagliacozzi concluded that the
allograft was rejected as a result of difficulties in ,,bin-
ding" tissues together from two disparate individuals for
an adequate amount of time (Fig. 1.3).
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Fig. 1.3 Gaspare Tagliacozzi in Venice in 1597 publis-
hed the book ,,De curtorum chirurgia per insitionem"
(surgical care of mutilations with grafts), the first tech-
nical description of an operation of plastic surgery

But only a couple of centuries later successful allo-
grafts (transplants from one human individual to
another) or xenografts (from animals to humans)
were carried out: in 1668 van Meeneren performed
the first successful bone graft, i.e. bone from a do-
g’s skull was used to repair a defect of in a human
head.
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But in reality, ancient transplantation attempts all
failed and success existed only in myth and misre-
presentations until 50 years ago.

1.2 The,modern” history of composite

tissue transplantation

At the beginning of the 20" century, advances in
vascular surgery served as stimulus for early trans-
plantation experiments. In 1906 the first corneal
transplant by the Austrian ophthalmologist Dr. Ed-
ward Zim was performed, followed in 1908 by the
first skin allograft by a Swiss surgeon, Dr. Jacques
Louis Reverdin. In the same year Dr. Alexis Carrel
described successful avascular orthotopic hind-limb
transplantation in dogs and in humans Dr. H. Ju-
det and Dr. E. Lexer described the first whole-joint
transplantation. No immunosuppression was used.

However the modern field of transplantation bio-
logy began during the Second World War, aimed at
allografting skin and composite tissue for the recon-
struction of severe burn deformities suffered by Alli-
ed sailors. To pursue these goals, biologist Sir Peter B.
Medawar joined plastic surgeon Dr. Thomas Gibson
in pioneering experiments of skin allograft immu-
nology in Scotland where war victims were treated.
Repeated failure in experimental skin allotransplan-
tation turned the efforts towards other possibilities.

After the discovery of immunosuppressive drugs
in ‘60s, clinical advancement of Composite Tissue
Allotransplantation (CTA) transplantation seemed
to be more realistic. In 1954 Dr. Joseph E. Murray in
Boston performed the first successful human organ
isograft, a kidney donated between identical twins.
The recipient had normal kidney function for eight
years.

The first successful human allograft followed 3
years later. It was also the first CTA, an ,en-bloc®
digital flexor tendon mechanism made by Dr. Erle
E. Peacock Jr. in 1957. His flexor tendon mechanism
grafts from cadavers were done without immuno-
suppression and were vascularized by inosculation.
The significant element transplanted was the gliding
space created by the synovial membrane lining the
sublimis and profundus tendons, the collagenous
pulleys and sheath, the vascular vincula and the at-
tached volar plates. The technique was later replaced
by introduction of silicone rods, which allowed re-
construction by pulley autografts and silicone-rod

generated pseudosheaths followed by staged tendon
autografts.

In 1959 Dr. J. E. Murray (Fig. 1.4) accomplished
the first successful organ allograft, with renal grafts
between fraternal twins using total body irradiation.
The first successful kidney transplant from cadaver
was performed in 1962 by Murray as well. The pati-
ent had normal kidney function for 21 months.

Fig. 1.4 Joseph Murray (1919-2012). As an Ameri-
can surgeon in 1990 won the Nobel prize for medicine
for “the discovers related to cells and organ transplan-
tation for the treatment of human pathologies”. In De-
cember, 1954 in Boston at the Peter Pickle Bent
Brigham Hospital Murray performed the first success-
ful human organ isograft, a kidney donated between
identical twins. In 1959 Murray accomplished the first
successful organ allograft, with renal grafts between
fraternal twins using total body irradiation. The first
successful kidney transplant from cadaver was perfor-
med in 1962 by Murray as well. He died at 93 at the
Boston’s hospital where the pioneering surgery was
performed. He loved the word ,,curious".
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In 1963 the first lung transplant was performed by
Dr. James Hardy at the University of Mississippi Me-
dical Center; also in 1963 the first successful liver
transplant was performed by Dr. Thomas Starzl on
a 3-year-old child in Denver (U.S.A.). In 1967 the
first successful heart transplant was performed by
Dr. Christian Bernard at Groate Shure Hospital, Sou-
th Africa. The recipient had normal heart function
for 19 months. In the same year the first successful
pancreas transplant was performed by Dr. Richard
C. Lillehei at the University of Minnesota (U.S.A.).
In 1981 the first simultaneous heart and lung trans-
plantation was carried out by Dr. Norman Shumway
at Stanford University Medical Center, Stanford, CA
(US.A)). In 1988 Prof. E. Deltz and coworkers in
Kiel, Germany, performed what is considered to be
the first successful intestinal transplant.

Many investigators used immunosuppressive
drugs, such as Azathioprine, 6-mercaptopurine and
corticosteroids and reported successful extension of
allografts survival. The toxicity related to these drugs,
however, were substantial and often fatal.

During the last third of 20" century liver, heart,
lung, pancreas and small bowel allotransplantation
were all realized as drug regimens improved. Renal
allograft success led to the first human hand trans-
plant, reported by Dr. Robert Gilbert in Ecuador in
1964 in a bilateral amputee (Fig. 1.5).
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Fig. 1.5 First modern hand transplantation was per-
formed in Ecuador in 1964. It was briefly reported in
Medical Tribune on Monday, March the 9", 1964 un-
der the title , Transplant is Successful With a Cadaver
Forearm*

Despite the use of systemic steroids, Azathioprine
and irradiation the hand had to be amputated by 3
weeks. This outcome, plus total failures in experi-
mental trials led all to conclude that skin and skin-
bearing structures were too antigenic for transplan-
tation. Clinical efforts were abandoned and more than
30 years passed before performing of any successful
skin-bearing CTAs.

Shortly after Dr. R. Gilbert’s failed hand CTA,
Dr. E. Peacock and associate Dr. John W. Madden
in North Carolina nearly succeeded with a hand
transplant between identical twins. One sister was
on life support with an irreversible brain injury, and
the other had a burn equivalent of amputation at the
wrist level. Skin grafts were successfully exchanged,
but the recipient called off the transplant at the last
moment because of psychologic stress from contem-
plation of ,wearing® her sister’s hand.

The discovery of cyclosporine A (CsA) by Dr.
Jean-Francois Borel in the early “70s opened a new
era in both solid organ and consequently CTA trans-
plantation. Dr. C. W. Hewitt and Dr. K. S. Black re-
ported initial studies with cyclosporine and limb
allografts in 1980, reporting indefinite survival un-
der chronic cyclosporine administration in rat hind-
limb allografts. Clinical peripheral nerve allografting
has been done since the late 19" century, with a long
history largely characterized by failure. Experimen-
tal studies on nerve allografts using modern immu-
nosuppressants were done by Dr. S. Mackinnon and
co-workers in St. Louis on patients with massive pe-
ripheral nerve deficits and reporting their results in
1992.

In the same year D. J. C. Guimberteau transplan-
ted the digital flexor tendon system based on ulnar
artery in 2 cases with substantial improvement in
range of motion without rejection at the price of
temporary immunosuppression. No advantages were
shown over Peacock’s original CTA technique, or its
successor, the silicone rod ,pseudosheath” and ten-
don autograft. In 1997 Dr. G. O. Hofmann and Dr.
M. H. Kirschner performed the first clinical vascu-
larized femoral diaphysis allotransplant by using an
immunosuppression regimen similar to solid-organ
transplantation. In 1998 they reported the first allo-
genic vascularized knee joint transplantation with
partially successful technical results.

In 1998 a muscle allograft was done to cover a lar-
ge defect in the scalp of a renal transplant patient wi-
thout the need for additional immunosuppression.
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In the same year Dr. M. Strome and co-workers per-
formed the first total human laryngeal transplant
including the thyroid gland, the parathyroids, the
pharynx and 5 rings of trachea in a patient suffering
traumatic laryngeal loss 20 years earlier. The patient
could speak and sing but after 14 years of immuno-
suppression the larynx was explanted.

This experience has been expanded substantially
by Dr. L. Tintinago and co-workers in Medellin, Co-
lumbia, who had performed more than 18 clinical
laryngotracheal CTAs by late 2007. One of these also
included the first oesophageal CTA as a component.
Dr. L. Tintinago report high-quality functional out-
comes; over 70% of recipients achieved tracheosto-
my closure. Two grafts were lost to rejection, one of
these due to nonavailability of immunosuppressive
drugs. The sum of these experiences makes laryn-
gotracheal CTAs the most frequent indication outsi-
de the upper extremity.

Based on a detailed basic research made by two
microsurgeons of the team, Dr. Earl Owen from
Australia (Fig. 1.6) and Dr. Marco Lanzetta from Ita-
ly (Fig. 1.7), the first hand transplantation was per-
formed in Lyon in 1998. The procedure, performed by
an International team (France, Italy, UK and Australia)
leaded by Dr. J. M. Dubernard in Lyon went well, but
the recipient prematurely left the care of his phys-
icians against advice. He abandoned rehabilitation,
and took immunosuppressive drugs in an irregular
and unmonitored fashion. As a result, he never ac-
quired more than minimal motor function or range
of motion, and progressive rejection and withering
over several months resulted (Fig. 1.8 a,b). Two years
after transplantation, he requested amputation from
members of the original team. This outcome reinfor-
ced early controversy surrounding these CTAs.

In January 2000, the first bilateral hand CTA was
done also by dr. J. M. Dubernard and co-workers
in Lyon (Fig. 1.9a,b). This first transplantation was
followed by hand transplants performed in the Uni-
ted States, 5 different sites in China, Malaysia and
six different countries in Europe. Over 100 clinical
CTAs in 22 centres have been done since the mid
1990s, in addition to the 40 or 50 earlier flexor ten-
don mechanisms. For different reasons some grafts
were lost in Western countries as well as in China.
Several patients however died for sepsis, pulmonary
oedema or cerebral anoxia.

In April 2000, a first uterine transplantation was
done by Dr. W. Fageeh and co-workers in Saudi Ara-

bia on a 26-year-old female who had lost her uterus
6 years earlier due to post-partum haemorrhage. The
second uterus allotransplantation was performed
from a deceased donor in Turkey in 2012. The re-
cipient was a 21-yo female with uterus aplasia. Nine
Swedish women have received new wombs. In a re-
cent article by Tzakis several live birth has been re-
ported after uterus transplantation.

Fig. 1.6 Earl Owen (1934-2014). One earliest and
most enterprising pioneers in the field of microsurgery.
He caused considerable controversy after conducting
the world’s first successful finger replacement on
a child, and was subsequently discharged from the
Sydney Childrens Hospital. Later, he co-led the first
successful hand transplant, trained the team that com-
pleted the first double-hand transplant, and completed
the first reverse vasectomy and complete fallopian tube
ligature.

Fig. 1.7 Marco Lanzetta (1961). Hand surgeon and
microsurgeon, was part of the worlds first hand trans-
plant team in 1998 in Lyon, France, first double hand
transplantation in 2000 in Lyon, France and leading-
team surgeon performing the first single Italian hand
transplant in 2000 in Monza, Italy.
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Fig. 1.8a The first human hand transplantation was
performed in Lyon on Sep, 23 1998 on a 48-year-old
New Zealander man who had lost his hand in an acci-
dent while in prison 14 years before. After the operati-
on, the patient wasn’t comfortable with the idea of his
transplanted hand and failed to follow the prescribed
post-operative drug and physiotherapy (Courtessy of
Prof. M. Lanzetta).

Fig. 1.8b The transplanted hand was removed at his
request by a member-team surgeon in UK on Februa-
ry 2, 2001 following another episode of rejection

Fig. 1.9a The first bilateral human hand transplanta-
tion was performed in Lyon in 2000 on a 33-year-old
French man whose hands were blown off by a home-
made model rocket. a - see the amputation stumps
with the uncomfortable prosthetic devices (Courtesy of
Prof. P. Petruzzo)

Fig. 1.9b The first bilateral hand transplantation -
immediate post-operative care. b — the functional re-
covery after a long-lasting and intensive hand therapy
(Courtesy of Prof. P. Petruzzo)

The first facial CTA was done by Dr. B. Devauchel-
le and co-workers in November 2005, in Amiens,
France. The recipient suffered loss of all lip tissues,
nose, and central cheeks from a severe dog bite. Lip
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sensation and motor function returned over the first
6 months, with subsequent gradual improvement to
produce high-quality functional and aesthetic re-
sults. The rejection of the transplanted part of face
requested heavy immunosuppressive treatment but
finally patient dies due to duplex cancer 11 years af-
ter surgery. A second facial CTA was done in April
2006 by Dr. G. Shuzhongand co-workers in Xian,
China, for a recipient who lost the right side of his
face in a bear attack. Progressive functional return
over the first 6 months produced a good aesthetic
result with a minor revision at 6 months. However
the patient died several years later as he had stopped
taking immunosuppressant drugs in favour of herbal
medication. The third facial CTA was done by Prof.
L. Lantieri and co-workers in Paris in January 2007
for an exceptionally deforming, advanced neurofi-
bromatosis, which massively enlarged the lower face,
and destroyed all lip and cheek function bilaterally.
All soft tissues below the zygomas and inferior orbi-
tal rims were replaced, with a substantial aesthetic
improvement. As of late 2008, these initial experi-
ences have been assessed favorably, another face
CTAs has been performed by Dr. M. Siemionow and
co-workers in Cleveland, Dr. B. Pomahac in Boston
and other centres in U.S.A. In the period 2005-2013
a total of 27 face transplantation were performed in
7 countries, being the majority of them performed in
France, US and Turkey with a considerable increase
since 2008. Other countries performing face trans-
plantation were Spain, Poland and China. The mid-
term outcomes following face transplantation have
confirmed satisfactory restoration of both form and
function. In 2012 the most extensive facial allotrans-
plantation was performed by Dr. E. Rodriguez and
co-workers at the R. Adams Cowley Shock Trauma
Center at the University of Maryland Medical Cen-
ter in Baltimore, Maryland that included all facial
skin, mimetic muscles, the tongue, the midface and
the mandible. The surgery took 36 hours. The pati-
ent was a 37-year-old male who suffered a shotgun
wound to his midface. At one-year post-operatively,
the patient is noted to have intellegible speech.
Abdominal wall CTAs based on the rectus ab-
dominus myofasciocutaneous unit with a femoral/
inferior epigastric vascular pedicle were introduced
in 2003 by Dr. D. M. Levi and co-workers in Mia-
mi, Florida. Many recipients had substantial loss of
the abdominal domain, which left exposed visceral
grafts. Abdominal wall transplantation has been uti-

lized to reconstitute the abdominal domain of adult
and pediatric small bowel and multivisceral organ
recipients. Forty percent of patients required com-
plex or staged closure. Abdominal wall transplanta-
tion differs from the other CTAs because it is perfor-
med as secondary procedure for coverage purposes
after a life-saving transplantation, such as intestinal
transplant. The primary importance is to preserve
intestinal or multivisceral graft. The recipients re-
quired immunosuppression for their simultaneous
intestinal or multivisceral grafts; no alteration of that
drug regimen was needed. 18 abdominal wall CTAs
in 17 recipients were performed in Miami and Ita-
ly; 1 graft was redone after a technical failure. 23.5%
were children.

In 2003, a total tongue CTA was performed at the
time of tongue carcinoma resection by Dr. R. Ewers
and co-workers in Vienna, Austria. The recipient was
a 42-years-old man with tongue cancer (squamous
cell carcinoma). The surgical procedure started with
the recipient total glossectomy, neck dissection, rese-
ction of the floor of the mouth and hemi-mandibu-
lectomy followed by transplantation of the harvested
tongue. Technical success was later followed by dea-
th from tumour recurrence and generalisation one
year later.

The first successful lower extremity transplanta-
tion was performed in 2003 in Toronto (Canada)
when a functioning limb for one ischiopagus twin
with a lethal cardiac anomaly was transplanted to
the other. The results are encouraging although the
transplanted extremity is 6.5 cm shorter compared
to the other one. The patient is mobilizing well and
engaging in sporting activities with her peers in
a mainstream school.

In 2004, bilateral ears joined by a pedicle of ce-
phalocervical scalp skin was transplanted by Dr. H
Q. Jiang and co-workers in Nanjing, China, for a re-
cipient after surgical resection of advanced melano-
ma. The tumour carried a poor prognosis. The initial
technical success was followed by reports of the re-
cipient’s death.

In September 2006, a penis allotransplantation
was done by Dr. W. Hu and co-workers in Guan-
gzhou, China, after traumatic amputation. The re-
cipient was a 44-year-old man who has sustained
the loss of most his penis (1 cm long stump) in an
accident. Urination became difficult and a sexual in-
tercourse impossible. His quality of life was dramati-
cally severed. The graft harvested from a brain-dead
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22-year-old man, was initially successful restoring
normal urination, but the recipient and wife expe-
rienced severe psychological stress postoperatively,
and demanded elective removal after 2 weeks.

In 2011 a bilateral lower extremity transplantati-
on was performed in a 22 year recipient (traumatic
amputation) in Valencia, Spain by Dr. P. Cavadas. At
one year after transplantation the patient showed Ti-
nel’s sign at malleolar level; active knee extension and
active plantar flexion; he was able to walk between
parallel bars. The immunosuppression was the same
used in hand allotransplantation. One episode of acu-
te rejection occurred 3 months after transplantation.
Re-amputation in February 2013 after post-transplant
lymphoproliferative disease was performed.

Conclusion

The emerging field of reconstructive transplantati-
on offers a chance to significantly alter the current
paradigm for the reconstruction of complex defects.
The development of protocols and the medical in-
frastructure are constantly being refined as we learn
from the transplants performed thus far.

While the current guidelines and ethical conside-
rations are based on data from solid organ transplan-
tation, new data from those patents who have un-
dergone CTA continues to lead to refinements and
alterations in strategy. While CTA is successful with
current immunosuppressive therapies, the widespre-
ad application and acceptance of this emerging field
will likely depend on future scientific discoveries that
will allow for the reduction or elimination of chronic
immunosuppression.

»Ihe past was great, future will be even more exci-
ting.“ Dr. Joseph Edward Murray, an American plas-
tic surgeon and pioneer of modern allotransplanta-
tion (Fig. 1.10).
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Terminologie a klasifikace transplantaci
v rekonstrukcni chirurgii

2.1

Terminologie prenosu tkani v plastické
chirurgii

V plastické chirurgii je u tkani pfenasenych na jiné
misto dlouhodobé uznavano nazvoslovi zalozené na
prokrveni a jeho zdroji. V zasad¢ jsou dvé moznosti:
1. $tép (graft): Pfenasena tkan nema vlastni cévni
zasobeni. Je vloZena na pfijmové misto jako tkan avi-
talni. Prvni dny je $tép ziveny difuzi a postupné do
néj prorustaji cévy. U kozniho $tépu lze za optimal-
nich podminek pozorovat napojeni cév ltizka na cévy
$tépu s pratokem krve jeho kapilarami 72 hodin po
transplantaci. Nazev pochazi z 16. stoleti z danského
slova ,,gryft, coz znamena vyhonek vlozeny do §tér-
biny v jiném kmeni s obnovenim toku mizy.

2. lalok (flap): Na rozdil od $tépu ma lalok zacho-
vané cévni zdsobeni (cirkulaci krve v cévach). Krev-
ni obéh je zajistén cévami ve stopce a laloku. Timto
zptisobem lze prenaset vétsi tkanové celky, které by
bez cévniho zasobeni nekrotizovaly. Ndzev pochdzi
rovnéz ze 16. stoleti z danského slova ,flappe®, coz
znamena cokoliv visictho a volného, ptipojeného jen
na jedné strané. Nazev lalok se v plastické chirurgii
uziva prevazné pro prenos kize s prilehlymi tkané-
mi. Pro pfenosy jinych tkdni se uzivd spiSe nazvu
vaskularizovana kost, nerv, slacha apod.

V Kklasické transplanta¢ni chirurgii je terminologie
rozdilna. Transplantované tkdné maji vidy nazev
$tép, at uz se jedna o jakoukoliv tkan nebo organ. Ve
vztahu k alogennim transplantacim se plasticka re-
konstrukéni chirurgie priklani spi$e k nomenklature
zauzivané v transplanta¢ni mediciné. Nazev lalok
uzity pro prenos napriklad trachey, kloubu, bfisni
stény apod. by byl pro vétsinu lékait ucastnicich

Martin Molitor

se transplanta¢niho procesu (imunology, internisty
a jiné) nesrozumitelny a vnasel by do terminologie
zbytecny chaos.

2.2 Terminologie jedincii podle vztahu

k transplantované tkani

1. darce (donor) - jedinec, od kterého jsou ziskany
tkané pouzité k transplantaci

o zijici darce

- pribuzny

- nepfibuzny

« nezijici darce

- s bijicim srdcem (Heart Beating Donor — HBD).
Synonymem uzivanym hlavné ve Spojenych statech
americkych je darce po smrti mozku (Donor After
Brain Death - DBD)

- s nebijicim srdcem (Non-Heart Beating Donor
- NHBD). Synonymem, uzivanym hlavné ve Spo-
jenych statech americkych je darce po smrti srdce
(Donor After Cardiac Death - DCD). Ve Velké Bri-
tanii se NHBD nékdy oznacuje jako asystolicky dar-
ce (Asystolic Donor — AD).

2. prijemce (recipient) — jedinec prijimajici trans-
plantovanou tkan

2.3 Terminologie transplantaci podle

vztahu darce-prijemce

Podle interakci mezi darcem a pfijemcem a jejich imu-
nitnimi systémy rozliSujeme tyto typy transplantaci:

1. autotransplantace (autogenni transplantace, au-
tologni transplantace) — prenos tkdni mezi rliznymi
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misty stejného jedince (kuZe, Slachy, nervy, cévy, prst
z nohy na ruku apod.)

2. alotransplantace (homotransplantace) — prenos
tkani mezi jedinci stejného Zivoc¢isného druhu (¢lo-
vék - ¢lovek)

« pfibuzenské transplantace

« neptibuzenské transplantace

3. izotransplantace (izogenni transplantace, syn-
genni transplantace) — prenos tkdni mezi geneticky
identickymi nebo témér identickymi jedinci (jedno-
vajecna dvojcata, experimentalni zvifata apod.)

« pfibuzenské transplantace

« neptibuzenské transplantace

4. heterotransplantace (heterogenni transplantace,
xenotransplantace) — prenos tkani mezi jedinci rtiz-
ného zivoci$ného druhu (klinicky je znama docasnd
xenotransplantace prase¢iho kruponu pri 1é¢bé po-
pélenin u lidi)

« konkordantni (¢lovék — primat)

« diskordantni (¢lovék - jiné)

2.4 Terminologie transplantace tkanovych

celki uzitych v rekonstrukcni chirurgii

Nazev ,kompozitni tkané“ (Composite Tissue
Transplantation — CTT) vznikl v pocatcich experi-
mentt s transplantaci koncetin z déivodu odliseni od
transplantaci organd. Tento nazev mél zdiraznit, Ze
na rozdil od solidnich organt je transplantovand ¢ést
téla slozena z riznych druht tkani, jako jsou kosti
a kostni dren, chrupavky, $lachy, vazy, svaly, nervy,
cévy, tuk, kiize a adnexa, synovie, lymfatické tkané,
zlazy apod. Oponenti tohoto nazvu zduraziuji, Ze
ani solidni organy neobsahuji pouze jeden typ tkané,
ale vzdy obsahuji vazivo, cévy, nervy a jiné.

V soucasnosti se nazev CTT ktizi s ndzvem, ktery
se povazuje za vhodnéjsi, a sice transplantace vasku-
larizovanych kompozitnich alograftti (Vascularized
Composite Allografts — VCA), ktery presnéji definu-
je, Ze se jednd o alogenni transplantaci vaskularizo-
vaného kompozitniho bloku tkéni.

Ve Spojenych stiatech americkych byly v roce 2014
tyto vykony oficialné uznany a registrovany v United
Network for Organ Sharing (UNOS) pod ndzvem
VCA.

2.5 Klasifikace vaskularizovanych
kompozitnich alografti dle
komplexnosti

Transplantace v rekonstrukéni chirurgii maji riizny
stupen technické, imunologické i pooperaéni na-
roc¢nosti. Jen tézko lze srovnavat celkovou zatéz 1é-
karského tymu, pacienta a dosazené vysledky mezi
transplantaci celého obli¢eje a nevaskularizovaného
nervového §tépu. Proto byla vytvorena klasifikace,
kterd zohlednuje tyto faktory. Ta se s uvadénim no-
vych typt transplantaci dynamicky méni. Uvadime
modifikovanou Gordonovu klasifikaci, kterd pracuje
se ¢tyfmi stupni komplexnosti vykonu:

1. nizka komplexnost: vaskularizované a nevaskula-
rizované $lachy a nervy, jazyk, déloha - §tépy neob-
sahuji kazi, je redukovana antigenicita, neni nutna
komplexnéjsi rehabilitace

2. stiedni komplexnost: brisni sténa, ¢ast obliceje,
skalp, vaskularizovany kloub penis, larynx, trachea
— §tépy obsahuji kiiZi nebo sliznici, neni nutna kom-
plexnéjsi rehabilitace

3. vysoka komplexnost: horni koncetina, oblicej —
$tépy obsahuji kizi nebo sliznici nebo oboji, vykon
provadi komplexnéjsi multidisciplindrni tym, je nut-
nd slozita a dlouhodobd rehabilitace a komplikovand
kortikalni reintegrace

4. maximalni komplexnost: konkomitantni transplan-
tace (simultinné oblicej a ruce, nebo Ctyfi koncetiny
apod.) — jako u stupné 3 s tim, Ze je pridruzené vysoké
riziko komplikaci a mortality slozita a dlouhodoba

Zavér

V rekonstruké¢ni chirurgii se v soucasnosti trans-
plantuji organy slozité (ruka, oblicej) i jednodussi
a slozenim v podstaté identické se solidnimi orga-
ny (klouby, trachea, déloha) nebo dokonce tkiné
nevaskularizované (kosti, slachy, nervy apod.). Ne
na vSechny tyto transplantaty lze aplikovat uznanou
nomenklaturu (CTT, VCA) a termin, ktery by vyho-
voval u vSech prenasenych celkd, neexistuje. Je ale
otazkou, zda je vitbec potfebné vymezovat pro nové
druhy transplantatii novou terminologii. Nabizi se
uvaha, zda neni vhodnéjsi pridrzovat se vSeobecné-
ho nazvoslovi organ, tkan a §tép, a je mozné, Ze s vét-
$im rozvojem na poli rekonstruk¢nich transplantaci
se nakonec k této jednoduché a desetileti uzivané
terminologii v$ichni prikloni.
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Transplantacni imunologie

Transplantace je prenos tkané nebo organti od dar-
ce ptijemci. Imunitni systém prijemce je vyzbrojen
komplexnimi a G¢innymi mechanismy, kterymi roz-
poznava darcovsky organ jako cizi a je vic¢i nému
schopen navodit imunitni odpovéd - rejekci.

3.1  Druhystépi

Rozsah imunitni odpovédi zavisi na mife genetic-
kych rozdilt mezi ddrcem a prijemcem. Xenotrans-
plantace predstavuje nejvétsi genetickou rozdilnost,
vyvolava silnou imunitni odpovéd a vede k rychlé
a zavazné rejekci. Autotransplantace, pfenos $tépu
z jedné ¢asti téla na jinou, nepredstavuje pro hosti-
telsky organismus cizi tkan, nevede k rejekei, a pro-
to nevyzaduje imunosupresivni terapii. Podobné to
plati pro izotransplantaci, tedy transplantaci mezi
geneticky identickymi jedinci (napt. jednovaje¢nymi
dvojcaty).

Alotransplantace predstavuje nejcastéjsi formu
transplantaci. Riziko rejekce u alotransplantaci zavi-
si na mife shody - histokompatibility - mezi darcem
a prijemcem.

Stupen a typ imunitni odpovédi také zavisi na typu
transplantatu. Nékteré organy jako oko nebo mozek,
jsou imunologicky privilegované, tj., obsahuji mi-
nimélni nebo nulovy pocet imunokompetentnich
bunék a dokdzou tolerovat i neshodny $tép. U jinych
$tépt, které nejsou inicidlné vaskularizované (napt.
nevaskularizovanych koznich), hrozi rejekce az po
vyvinuti krevniho zasobeni. Po transplantaci vyso-
ce vaskularizovanych organu (ruka, oblicej, ledviny,
srdce apod.) je imunita darce schopna okam?zité vy-
vinout intenzivni odpovéd a vést k rejekei.

Mariana Wohlfahrtovd

3.2  Vrozena aziskana imunita

Ke spravnému pochopeni imunitni odpovédi je za-
potiebi porozumét zakladiim imunitni odpovedi.

Vrozena (prirozena, nespecifickd) imunita je
soucasti starsiho nespecifického imunitniho systé-
mu, ktery zahrnuje makrofagy, neutrofily, pfirozené
zabije¢e (NK bunky), cytokiny, buné¢éné recepto-
ry a komplement. Poskozeni nebo infekce dokaze
spustit fadu zanétlivych procest, které nevyzaduji
rozpoznani specifického antigenu, a presto dokdzou
indukovat silnou zanétlivou odpovéd.

Ziskana (adaptivni, specifickd) imunita zahrnu-
je T a B lymfocyty, které jsou schopny rozpoznat
specificky antigen a navodit imunologickou pamét.
T lymfocyty rozpoznavaji antigen ve formé peptidu
navazaného na proteiny hlavniho histokompatibil-
niho systému (MHC). B lymfocyty maji imunoglo-
bulinové receptory, kterymi rozpoznavaji antigenni
¢asti intaktnich molekul. Vrozena a ziskdna imuni-
ta jsou tzce propojeny. Aktivace T lymfocytii vede
k produkei a sekreci cytokint a chemokint, které
dale pritahuji komponenty vrozené imunity a spous-
téji specifické mechanismy: produkci protilatek
a CD8+ zprostfedkovanou cytotoxicitu. Obracené,
pro aktivaci T lymfocyti specifickym antigenem je
nevyhnutelnd lokalni aktivace komplementu, nespe-
cifické slozky imunity.

3.3  Antigeny HLA systému

Za rejekci geneticky odli$nych tkani jsou odpovéd-
né antigeny histokompatibilniho systému, prevazné
antigeny hlavniho histokompatibilnitho komplexu
(MHC - Major Histocompatibility Complex). U lidi
se MHC antigeny nazyvaji antigeny HLA systému
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(Human Leukocyte Antigen). Ostatni antigeny (mi-
noritni, non-HLA) zptsobuji obecné slabsi rejekci.
HLA antigeny jsou exprimovany kodominantné, coz
znamend, Ze kazdy jedinec exprimuje na buné¢ném
povrchu obé rodicovské alely pro tyto geny. Dédi
se v haplotypech, neboli v polovi¢nich sadach (po
jedné od kazdého z rodici). Proto je ¢lovék v MHC
komplexu z poloviny identicky s rodi¢em.

HLA antigeny se déli do dvou skupin: Antigeny I.
tridy (HLA-A, B, C) se vyskytuji prakticky na vsech
jadernych bunkach, zatimco antigeny II. tfidy (HLA-
DR, DQ, DP) se za normélnich okolnosti exprimu-
ji pouze na profesionalnich antigen prezentujicich
bunkach (dendritické buniky, aktivované makrofagy,
B lymfocyty). T lymfocyty dokdzou rozpoznat anti-
gen, pouze pokud je prezentovan v komplexu s HLA
molekulou na antigen prezentujici burnice. HLA mo-
lekuly I. tfidy jsou zodpovédné za prezentaci peptidii
endogennich antigent (napf. intracelularnich vird,
nadorovych elementd, autoantigent) CD8+ T lym-
focytiim, zatimco HLA molekuly II. tfidy prezentuji
peptidy exogennich proteinti (extracelularni bakte-
rie) CD4+ T lymfocytim.

T lymfocyty prijemce dokdzou rozpoznat HLA
antigeny prostfednictvim tfi hlavnich mechanisma
(obr. 3.1).

3.3.1 Primé rozpoznani antigenu
Pfi pfimém zpisobu (obr. 3.1a) rozeznavaji T lym-
focyty prijemce intaktni HLA antigeny exprimované

pfimy nepfimy polopfimy
MHC ’ MHC
prijemce .: dérce
|® I
MHC .
dérce peptid
T buriky prijemce
a b 4

Obr. 3.1a-c Hlavni mechanismy rozpozndni antigenii
ddrce (dle Benichou et al.)

na darcovskych antigen prezentujicich bunkach, pre-
vazné intersticidlnich dendritickych bunkach prene-
senych transplantovanym organem od darce. HLA
antigeny I. tfidy jsou rozeznavany prostfednictvim
receptoru (TCR) CD8+ T lymfocytti, zatimco HLA
antigeny II. tfidy jsou rozeznavany pomoci TCR na
CD4+ T lymfocytech. Pfimy zptisob rozpoznani alo-
antigenu dominuje v ¢asné aloimunitni odpovédi a je
unikatni mechanismem, se kterym se setkdvame jen
u transplantaci. Proliferace T lymfocytt u ptijemce po
kontaktu s darcovskymi burikami je enormni ve srovna-
ni s mnozstvim T lymfocytt aktivovanych APC ptijem-
ce (nepfimé rozpoznani antigenu), coz svédci o dilezité
roli této cesty prevazné v akutni rejekei Stépu.
3.3.2  Nepiimé rozpoznani antigenu
Pfineprimé cesté (obr. 3.1b) rozeznavaji T lymfocyty
pfijemce aloantigeny na povrchu antigen prezentuji-
cich bunék prijemce, které migruji do $tépu. APC pak
migrujize §tépu do sekunddrnich (perifernich) lymfatic-
kych organd (lymfatické uzliny, slezina), kde jsou HLA
antigeny darce intracelularné zpracovany a v komplexu
s HLA antigeny piijemce pfedlozeny CD4+ T lymfocy-
tam. Tento zptisob rozpoznani se zasadné nelisi od kla-
sické prezentace jakéhokoliv cizorodého antigenu.
Rozpoznani antigenti pfimou cestou dominuje
v prvnich tydnech po transplantaci, kdy ve $tépu
jeSté prezivaji darcovské antigen prezentujici bun-
ky. S ubytkem darcovskych APC dochazi k prevaze
nepfimé cesty rozpoznani antigen diky neustalé-
mu prisunu antigen prezentujicich bunék prijemce.
I proto se tento typ imunitni odpovédi uplatni v pa-
togenezi chronické nebo pozdni akutni rejekce a je
spojen s reakci T lymfocytl na podstatné variabil-
néjsi repertodr peptidi.
3.3.3  Polopfimé rozpoznani antigenu
Miize se stat, ze mezibunéénym kontaktem dojde
k pfesunu fragmentt intaktni membrany dércovské
APC na APC ptijemce. Pii této ,polopfimé® cesté
(obr. 3.1c) rozeznava T lymfocyt darcovsky komplex
aloantigen - MHC molekula na APC piijemce.

3.4  Rejekce stépu

Imunitni alogenni odpovéd sestava z bunééné (T lym-
focyty zprosttedkované) a humoralni (protilatkami
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zprostredkované) odpovédi. Ackoliv se na rejekci
podileji i jiné typy imunokompetentnich bunék, T
lymfocyty hraji Gstfedni roli. Rejekce se sklada z faze
senzibilizace a efektorové faze.

3.41 Faze senzibilizace

Imunitni rozpoznani antigent darce, aktivace T lym-
focyta.

V této fazi, CD4+ a CD8+ T lymfocyty rozpo-
znavaji prostfednictvim svych receptorti aloantige-
ny exprimované na bunkach stépu. K rozpoznani
antigenu jsou potfebné dva signaly. Prvni signal je
zabezpeden interakci mezi receptorem T lymfocytu
(TCR) a antigenem prezentovanym MHC moleku-
lou na antigen prezentujici bunice. Druhy signal je
zabezpelen prostfednictvim interakce mezi ko-
stimula¢nim receptorem T lymfocytu a ligandem
na povrchu antigen prezentujici bunky (obr. 3.2).
Nejznaméjsi z kostimulacnich signald je interak-
ce mezi CD28 na buné¢ném povrchu T lymfocytu
a povrchovymi ligandy APC buiiky, B7-1 (CD80)

nebo B7-2 (CD86). Tento kostimulac¢ni signal patfi
mezi aktivaéni (posiluje imunitni rozpozndni). Na-
vaze-li se na stejné ligandy APC bunky cytotoxicky
T lymfocytarni antigen (CTLA-4) na T lymfocytu,
vznikne inhibi¢ni kostimula¢ni signal. Mezi dalsi
kostimula¢ni molekuly patti CD40 na APC a jeho li-
gand CD40L (CD154) na T lymfocytu. Kostimulace
je dtlezita jak pro aktivaci, tak pro preziti T lymfocy-
tl. Bez dostatecné kostimulace dochazi misto akti-
vace T lymfocytt k nastartovani pochodt vedoucich
k apoptoze. Na blokad¢ kostimulace je zaloZen napt.
imunosupresivni uc¢inek belataceptu.

Kostimula¢ni signaly aktivuji tfi signalni trans-
dukéni drahy: kalcium-kalcineurinovou drahu, dra-
hu pro MAP kinazu a drahu pro proteinkinazu C,
které dale aktivuji transkripéni faktory — nuklearni
faktor aktivovanych T lymfocytd (NFAT), aktivac-
ni protein 1 (AP-1) a nuklearni faktor B (NF-kB).
To vede k expresi CD 154 (a dalsi aktivaci antigen
prezentujicich bunék), a fetézce receptoru pro IL-2
(CD25) a interleukin-2. Receptory pro fadu cytoki-
nu (IL-2, -4, -7, -15 a -21) maji spole¢ny y fetézec,

antigen prezentujici bunéénd membréna
buriky signal 3
interleukin-2 interleukin-15
peptidy MHC kostimulace
(b4 bunéénd
; (D80, 86 membréana
antigen

signal 2 D28

signal 1
synapse T burika
IKK PI 3K - — 4\ _ syntéza
TCR/CD3 (DKcykllny . nukleotidt
kmazy MAP —
/ (DS2
kalcmeunn , s
bunecny
/ NFAT AP-1 NF-kB cyklus GZ S-1-P receptor

jadro

\
. mRNA —

Obr. 3.2 Tti signdly potebné k aktivaci T lymfocytii (dle Hallorana)
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na ktery vaze Janusova kindza (JAK3). IL-2 a IL-15
spoustéji signdl 3, nevyhnutelny pro proliferaci T lym-
focyt. Prostfednictvim drahy pro fosfatidil ino-
sitol-3 kinazu (PI-3K) a drahy pro mTOR dochazi
k iniciaci bunééného cyklu a nevyhnutelné syntéze
purinovych a pyrimidinovych nukleotidt, kontro-
lované inosinmonofosfatdehydrogenazou (IMPDH)
a dihydroorotatdehydrogenazou (DHODH).

3.4.2 Proliferace a diferenciace T lymfocyti

Stimulované naivni T lymfocyty produkuji IL-2,
autokrinni ristovy faktor, ktery podporuje jejich
proliferaci a naslednou diferenciaci a ziskani efek-
torovych schopnosti. V zévislosti na pfitomném cy-
tokinovém prostredi se T lymfocyty diferencuji do
riznych typt efektorovych lymfocyti a produkuji
rtzné typy cytokint (obr. 3.3). Aktivované T lym-
focyty vystavené IL-12 se diferencuji na T lymfocyty
1. typu (Thl) a produkuji prevazné IFN-y, zatimco
T lymfocyty exponované IL-4 se diferencuji na T
lymfocyty 2. typu (Th2) a produkuji IL-4, IL-5, IL-10
a IL-13. Expozice TGF-P a IL-6 vede k diferenciaci

na Th17 lymfocyty a produkci IL-17, IL-22 a IL-21.
Dojde-l1i k aktivaci naivnich T lymfocytd v pfitom-
nosti TGF-p a IL-2, dochazi k diferenciaci na indu-
kované (adaptivni) T regula¢ni lymfocyty (Tregs),
které dokazou potladit imunitni odpovéd a pomoct
navodit toleranci. U transplantaci se akutni rejekce
nejvic spojuje s produkci IFN-y 1. typem T lym-
focytd, i kdyz v posledni dobé nabyva na vyznamu
produkce IL-17 bunikami Th17 a cytokinti Th2 bu-
nék.
3.4.3 Efektorova faze alospecifické odpovédi
Aktivované T lymfocyty prestupuji z lymfatickych
uzlin do krevni cirkulace a infiltruji transplantova-
nou tkan. Efektorové T lymfocyty aktivuji ziskanou
imunitni odpovéd a ohroZuji transplantovany organ
akutni rejekci. Dominuji-li mechanismy humoral-
ni imunity, dochdzi ke vzniku akutni protilatkami
zprostfedkované rejekce (AMR, z angl. Antibody
Mediated Rejection). Uplatnéni mechanismti bunééné
imunity vede k navozeni akutni T bunikami zprostred-
kované rejekce (TCMR - T-Cell Mediated Rejection).
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Obr. 3.3 Diferenciace T lymfocytii v zdvislosti na cytokinovém prostiedi (dle Jetten)
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